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Abstract

The mouse mammary gland (MG) is capable o f undergoing numerous cycles of 

post-natal differentiation involving the switch from massive cell proliferation to 

controlled cell death. This switch encompasses the switch from lactation to involution. 

By screening the first day after weaning of the pups, different subsets of genes were 

found to be differentially regulated over the course of MG post natal development. 2 

groups o f genes (iron metabolism and the calycin superfamily) were subjected to northern 

analysis due to functional commonalities. A second method of examining genetic 

expression at the switch was executed by observing the northern, western and in situ 

localization o f a transcriptional co-activator, cited2, which was previously identified in 

another stressed degeneration model (light induced retinal degeneration). Together 

cited2, the calycin superfamily and genes related to iron metabolism were found to be 

associated through a potential transcriptional regulatory pathway: PPAR mediated 

transcription.
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1

CHAPTER 1 - INTRODUCTION

1.1 INTRODUCTION

A major research interest in our lab is to understand the role o f cellular stress over the 

course o f tissue involution. The progression of involution is reflective o f a distortion in 

the balance o f active cell death (apoptosis) and cell survival processes, which favours 

death. A consistent goal in the lab is to identify genes that might help define an 

“involution” phenotype. Although many groups have studied the roles o f very specific 

genes involved in the involution process, very few groups have taken a more global 

approach to define the molecular phenotype. For my studies I focused on identifying 

changes in gene expression over the course o f mouse mammary gland (MG) involution. 

My goals were to characterize genes that show altered expression over the course of 

mouse MG involution.

1.2 THE MODEL SYSTEM

The fully developed MG consists o f highly organized networks o f ducts that make and 

secrete milk. At a structural level the MG is quite complex despite the fact it is composed 

only o f three major cell types, the luminal epithelial cells which form the lining of the 

alveolus, the myoepithelial cells which lie between the epithelial cells and the basement 

membrane and stromal cells which provide structure to the MG (Figure 1.1). The stromal 

cells are most prominent in the virgin and virgin like states o f the MG. The 

myoepithelial cells act as a muscle layer to contract the alveolus and force milk down the 

duct work and out the nipple. The third cell and most metabolically active is the epithelial 

cell, which is most developed in the lactating animal and is responsible for producing 

milk (Mather and Keenan, 1998). Other cells such as macrophages, blood cells, and 

adipocytes are also present in the MG.

1.3 POST NATAL DEVELOPMENT OF THE MAMMARY GLAND

The MG of a mature female rat undergoes a full developmental cycle o f pregnancy, 

lactation, involution, and reversion to a virgin-like state each time the Dam becomes 

pregnant (reviewed in Figure 1.2). The fully developed MG evolves from a virgin or 

virgin-like state consisting mainly o f stromal cells with adipocytes present throughout the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Figure 1.1: Alveolar Structure: The MG alveolus is comprised o f two major cell types, 

the epithelial and myoepithelial cells. The Epithelial cells create the lobular structure and 

line the lumen o f the alveolus. The myoepithelial cells lie in between the epithelial cells 

and the basement membrane. Upon stimulation by oxytocin the myoepithelial cells 

contract and force the milk out o f the lumen into the duct. The arrows indicate the 

direction of milk flow. The top image was taken from http://classes.aces.uiuc.edu/ 

AnSci308/mamorganize.html.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 1.2: Development of the MG Through Pregnancy: The MG follows a cyclical 

development post-natally once the female mouse has been impregnated. After 

fertilization the MG begins to differentiate into a complex network o f ducts and alveoli. 

During Lactation the MG becomes very active in milk production and the alveoli swell. 

Once the pups have been removed from the Dam, the MG begins to regress as is seen in 

the involution panel above and begins to mirror the virgin like state. At the end of 

involution some alveoli remain. Arrows point to terminal end buds (TEB) that 

differentiate into alveoli. Figure obtained from Dierisseau and Hennighausen. 

http://mammary.nih.gov/atlas/wholemounts/normal/index.html
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6

fat pad o f the MG. The virgin state is produced by a simple duct work that invades the 

fat pad comprising the majority o f the MG. Upon pregnancy the MG responds to a 

number o f hormonal signals such as growth hormone and estrogen, factors responsible 

for regulating the development o f the ductal system (Hovey, Trott and Vonderhaar, 

2002). Numerous branches extend from the original duct work and the terminal end buds 

(TEB), the very tips o f each o f the ducts, multiply in number and eventually develop into 

the alveolus when the system receives prolactin and progesterone signals (Brisken, 2002). 

The MG during pregnancy is therefore characterized by a large proliferation of alveolar 

structures. The lobular structure o f  the alveolus is only able to take form if a scaffold is 

present to grow into; in the MG the stromal cells provide this. The interaction of the 

stromal cells, myoepithelial and mammary epithelial cells (MEC) allow for the 

production o f the basement membrane (Jin el al., 2000). This basement membrane is 

responsible for the structure that mediates physical stress signaling to the epithelial cells 

and also provides tensile strength o f the MG that prevents rupturing o f the alveolus. 

Once these alveolar structures have been established and the system receives signals from 

hormones such as progesterone, placental lactogen and corticosteroid, the alveoli begin 

production o f milk protein such as the caseins, whey acidic protein and alpha- 

lactalbumin. These milk proteins are secreted into the lumen of the alveolus via micelles 

and expelled down the ductwork to the nipple upon stimulation of oxytocin (Lefcourt and 

Akers, 1983).

The presence o f prolactin and the physical suckling of the pups maintain a state of 

lactation, once these factors are removed a physical buildup of milk in the MG lumen 

leads to engorgement, and we get the progression into involution. Thus in the lab setting 

we can induce involution in Dams by removing the pups (weaning). The physical stress 

o f the strained alveolus on the basement membrane upon weaning signals for apoptosis to 

occur in the epithelial cells and causes the induction o f the inflammatory response or the 

acute phase response (the first set o f genes transcribed and translated after insult or 

injury) (Stein et al., 2004). The epithelial cells are connected to the basement membrane 

through various mechanisms, including integrin-extracellular matrix interactions, the 

distortion o f these interactions due to the physical stress on the alveolus from milk build-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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up can lead to an alteration in genetic transcription (Jones and Walker, 1999). It is 

believed that the disruption o f this connection due to mechanical stress induced by an 

engorged alveolus is a primary event in the initiation o f MG involution though the exact 

mechanism of involution initiation is not known. A physical remodeling o f the alveolar 

structures and an eventual proliferation o f stromal tissue then follow this. Restructuring 

leads to a virgin-like state where the organ has now reset itself and is now ready for 

another cycle. Postnatal MG development is therefore a highly complex process. For the 

purposes o f this thesis the stages o f MG development are summarized in figure 1.2. The 

important stage with respect to my studies has involved the transition from a lactating 

gland to an involuting gland.

1.4 MAMMARY GLAND APOPTOSIS

The death o f epithelial cells over the course of MG involution is mediated by an 

apoptotic mechanism (Kumar et al., 2000). Although the complete mechanism is not yet 

known, several studies demonstrate that MG epithelial cell death involve DNA 

fragmentation, apoptotic body formation and macrophage invasion and can be induced by 

tumour necrosis factor (TNF) and transforming growth factor beta 3 (TGFP3) 

(Thompson, 1955; Quarrie Addey and Wilde, 1995). Overall, MG involution can be 

broken down into two stages; reversible or proteinase independent involution and 

irreversible or proteinase dependent involution (Lund et al., 1996). The proteinase 

independent involution in mice is defined by the first 2 days after weaning of the pups, or 

day 2 involution (12), and is characterized by a small number o f isolated epithelial cells 

undergoing apoptosis due to the engorgement o f the alveolus and removal o f oxytocin 

stimulation (Liu et a l, 1995). The presence of prolactin and the physical suckling of the 

pups maintain a lactation phase, but once these factors are removed a physical buildup of 

milk in the MG lumen leads to engorgement. The physical stress on the alveolus from 

milk build-up causes a distortion o f the interactions between the epithelial cells and the 

basement membrane that leads to an alteration in genetic transcription (figure 1.3) (Jones 

and Walker, 1999). It is believed that the disruption o f this connection due to mechanical 

stress induced by an engorged alveolus is a primary event in the initiation o f MG 

involution, though the exact mechanism of the process is not well understood. Even

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Figure 1.3: Cellular Interactions in the Alveolus: The epithelial cells are connected to 

the basement membrane which provides a rigid structure to the alveolus and prevents 

rupturing o f the alveolus and maintains the milk in the lumen o f the alveolus. The 

epithelial cells interact with the basement membrane through integrins and other various 

receptors. When the basement membrane becomes distorted or damaged, the integrins 

relay signals to the epithelial cells. These signals can activate a response in the epithelial 

cells to initiate programmed cell death. Through connections between epithelial cells, 

signals are also transmitted to neighboring cells in a response to stress in the 

environment. This image was taken from Hagions et al. (1998) Philos Trans R Soc Lond 

B Biol Sci 353:857-870
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though apoptosis occurs at this point, the entire process can be reverted to the 

metabolically active lactogenic state by reintroducing prolactin and oxytocin or by 

reintroducing a suckling stimulus to the Dam (Li et a l, 1997).

During the second stage o f involution (days2-10 after weaning), proteolytic 

enzymes such as matrix metalloproteinases (MMP), for example stromelysin-1, 

stromelysin-3 and gelatinase, are produced and mediate a structural remodelling of the 

gland (Furth, 1999). The disruption o f the basement membrane can cause an alteration of 

normal integrin signalling resulting in the induction o f ICE and the caspase apoptotic 

pathway in the remaining epithelial cells (Prince et al., 2002). The highest levels of 

apoptosis occur 2-4 days after weaning(2-4 days into the involution stage, 12-14) and are 

largely restricted to epithelial and myoepithelial cells (Lund et al., 1966). At about 4 days 

after weaning (14) the alveoli collapse and adipocytes become more prevalent. The 

stroma begins to infiltrate the regressing areas once encompassed by the alveoli and the 

adipocytes become prominent by the late stages o f involution (19). The ductwork in the 

gland becomes less complex and the numbers of alveoli have decreased dramatically. 

There is still the presence o f apoptotic bodies by 10 days after weaning (110) though the 

numbers are far lower. At the end o f involution the gland is similar in structure to the 

virgin, but there are scattered alveoli still present with a mildly more complex ductal 

structure.

1.5 GENE EXPRESSION

With respect to MG development most studies have focused on changes in gene 

expression that marks a stage o f active lactation (milk production) or the transition 

between early and late involution (apoptosis). Until recently, the approach most studies 

have taken to define the developing MG was to examine the expression o f a single gene 

over the course o f development. A large majority o f the studies have focused on specific 

groups o f genes involved with milk synthesis (caseins and whey acidic protein, ferritin), 

proteolysis (TIMPs, gelatinase, metalloproteinases), apoptosis related events (clusterin, 

ICE, bcl-x, bax, tgf/3, IGFBP5) and a long list of transcription factors or mediators (Stat3, 

IRF-1, p53, Smad3, Nf-kB, Stat5, AP-1, Esx, Msx, Oct-1, Nf-1) ( Kane et a l, 2000; 

Hebbard et a l, 2000; Marti et a l, 1999; Marti et a l, 1994; Neve et a l, 1998; Lee et a l
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2000; Baik et a l, 1998; Breton-Gorius, 1980; Paape et al., 1996; Wright et al., 1990; 

Miyake, 2003; Furth, 1999; Watson et al., 2003; Satoh et al., 2004; Zhao et al., 2004). 

With the advent o f microarray technology a number o f groups have attempted to take a 

more global analysis o f gene expression over the course o f MG development, a topic that 

will be further discussed in chapter 3.

1.6 THESIS PROPOSAL

At the time of my thesis proposal there had been no concerted effort to definitively 

characterize the gene expression that marks the transition from a lactating MG to an 

involuting state at a global level (Day 1 after weaning (II)). Tgf/33 causes local apoptosis 

without structural remodeling o f the MG and its up-regulation at both the mRNA and 

protein levels one day after weaning makes this developmental time point very relevant 

in understanding the transition o f  a lactating gland to an involuting gland (Nguyen and 

Pollard, 2000). Characterization o f gene expression at this developmental time point (II) 

will lead to insights into the process o f early MG involution. I hypothesize that 

differences in the expression o f specific subsets o f genes may define the change in the 

tissue environment at this developmental interval.

1.7 SUMMARY

I have identified genes that are differentially expressed during early involution through a 

differential macroscreen o f cDNA clones taken from a MG cDNA library created from 

cDNA derived from mRNA isolated from MG tissue taken one day after weaning (II) 

(Chapter 3) and by northern analysis o f genes known to be involved in involution of other 

model systems {cited2, Chapter 5). The expression profile o f select genes identified from 

my screen that belong to specific gene families (iron binding proteins or the calycin 

superfamily o f genes) are discussed in Chapter 4. Bioinformatic analysis o f these genes 

(icited2, iron binding proteins, and calycin genes) led to the common link o f a 

transcriptional regulation pathway mediated by peroxisome proliferator activated 

receptors (PPAR) (Chapter 4 and 5). The sequence o f experimental events can be 

observed in figure 1.4.
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Figure 1.4: Experimental Flow Chart: Outlined above are the series o f experiments 

executed to analyse the onset o f involution in the mammary gland. 2 methods of 

screening were used to examine genetic expression in the MG; on the left macroarray 

analysis lead to the discovery of differential clones; on the right, selection o f a gene 

isolated from a stressed environment and examined in the mammary gland.
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CHAPTER 2 - MATERIALS AND METHODS

2.1 MG TISSUES

Tissues were isolated from female mice at different stages over the course o f the MG 

development cycle representative o f the first parturition: 15 week virgin (virgin 15 

weeks, V I5), virgin 20 weeks (V20), 2 days into pregnancy (pregnancy 2 days, P2), 

pregnancy 13 days (P I3), 3 days into the lactation period (lactation 3 days, L3), lactation 

10 days, L10), 0.08 days after weaning, the induction o f involution (involution 2 

hours/0.08 days, 10.08), involution 1-10 days (11-10). MG involution was induced by 

removal o f the pups (forced weaning) at L10, and all involution time points are measured 

with reference to this event. The tissues were procured using standard protocols in the 

Myal laboratory (Dr. Y. Myal, Dept o f Pathology, University o f Manitoba). All protocols 

used are in accordance with the interdisciplinary principles and guidelines for the use of 

animals in research, testing, and education issued by the New York Academy o f Sciences' 

Ad Hoc Committee on Animal Research.

2.2. RNA EXTRACTION 

2.2.1. Total RNA Extraction.

Total RNA was isolated using the Chomczynski and Sacchi method (as described in Life 

Technologies-TRIzol extraction, Invitrogen, Carlsbad, CA), from the isolated tissues. 

Frozen tissues were wrapped in tinfoil and placed on dry ice to be fragmented with a 

blunt object. Pieces were transferred to previously weighed falcon tubes from VWR 

(West Chester, PA, USA) and weighed to obtain the tissue mass. Keeping the tissue 

samples on dry ice, 1.5 ml of TRIzol was added to each tissue in the tubes. The tissues 

were then subjected to homogenization utilizing a polytron. Each tissue was subjected to 

3-15 second (sec) periods with an approximately 30 sec incubation on ice in between 

runs. After homogenization, TRIzol was added until a final volume was obtained that 

corresponded to a ratio o f 2ml TRIzol for every lOOmg of tissue. 0.2 ml o f chloroform 

per 2ml o f homogenate was added and the sample was shaken vigorously for 

approximately 15 seconds (secs). The samples were then aliquoted into individual 1.5ml 

centrifuge tubes and centrifuged at 13000rpm at 4°C for 15 minutes (mins). The aqueous
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layer containing the RNA was removed (not exceeding 700|nl) and transferred to new 

1.5ml tubes to which an equal volume o f cold isopropanol was added. Samples were 

mixed and left at room temperature for 10 mins. They were centrifuged at 13000rpm at 

4°C for 10 mins and the supernatant was subsequently decanted. To wash the resulting 

RNA pellet, 1ml o f cold reagent grade alcohol was then added to each tube and re­

centrifuged for 5 mins. The alcohol was decanted and the RNA pellets left to air dry for 

5-15 mins. Depending on the size of the pellet, re-suspension was executed with DEPC 

treated water ranging from 10-60pl. 3 pi were removed to be run on a denaturing agarose 

(FMC BioProducts, Rockland Maine; Seakem, Cambrex, East Rutherford, NJ) gel and 

the remaining sample was placed on dry ice and stored at -70°C.

2.2.2 Isolation of the mRNA.

150pg of total RNA was used in the isolation o f mRNA using the small scale Promega 

(Madison, WI) PolyATtract mRNA Isolation System. Brought to a final volume of 

500pl, the RNA sample was heated for 10 mins at 65°C. The samples were removed and 

at room temperature 3pl o f the biotinylated-oligo (dT) probe and 13pl o f 20XSSC were 

added to the RNA sample. The samples sat at room temperature for approximately 10 

mins until the samples reached room temperature. During this time 0.5XSSC and 

0.1XSSC were made. This was accomplished by adding 30pl o f 20XSSC to 1.170ml of 

RNase free water to make 0.5XSSC and by adding 7pi o f 20XSSC to 1.393 ml o f RNase 

free water.

2.2.3 Prepping the Streptavidin Paramagnetic Particles.

For each sample, one tube o f Streptavidin-Paramagnetic Particles (SA-PMPs) was re­

suspended until all particles were evenly distributed in the solution. The tubes were then 

placed in the magnetic rack for approximately 30 secs until the magnetic beads had 

settled on the side. The supernatant was carefully removed using a 1ml pipette, followed 

by a 200pl pipette to remove the remaining solution. To wash these particles three 

successive washes were completed with 300j.il o f 0.5XSSC removing the supernatant

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



16

each time as described above. After the third wash the pellets were re-suspended in 1 OOjul 

o f 0.5XSSC.

2.2.4 Isolating the mRNA-SA-PMPs.

The contents o f each RNA mix were added to an individual SA-PMP tube. The samples 

were allowed to incubate at room temperature for 10 mins with a gentle inversion every 

couple minutes to prevent sedimentation. The supernatant was then removed as 

described above by placing the tubes in the magnetic rack. The mRNA-SA-PMP now 

should be collected along the side of the tube. To wash these samples lOOpl o f 0.1XSSC 

was added to each tube and mixed by gentle flicking. This was repeated 3 more times.

2.2.5 Elution of the mRNA.

After the last wash the mRNA-SA-PMP were collected on the side o f the tube as 

described above and the supernatant carefully removed. To elute the mRNA from the 

beads lOOpl o f RNase free water was added to each tube and gently flicked. The beads 

were collected on the side o f the tube. The supernatant was removed carefully and placed 

in an RNase free tube. To increase the elution from the beads a second wash was done 

with 150pl of RNase free water. Removing the supernatant was repeated as above and the 

150pl supernatant was added to the initial elution. Based on the generalization that 

mRNA constitutes approximately 1-3% of total RNA we assumed that we obtained 

maximum 5pg o f mRNA. To concentrate this mRNA we added 0.1 volume (25pl) o f 3M 

sodium acetate and 1.0 volume (250pl) isopropanol to the samples and let them 

precipitate overnight at -20°C. The next day we centrifuged the samples at 13000rpm for 

10 min. This was followed by a wash in 70% ethanol and a second centrifugation as 

above. The pellet was dried in a vacuum chamber for approximately 15 min and re­

suspended in 30pl RNase free water.

2.3 cDNA LIBRARY SYNTHESIS AND MAKING OF MACROARRAY

A cDNA library was created from cDNA derived from the purified mRNA isolated from 

mouse MG excised from dams 1 day after weaning (II), UniZAP-XR cDNA Library 

Synthesis Kit and ZAP-cDNA Gigapack Gold Cloning kit (Stratagene, La Jolla, CA). All
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buffers, enzymes, primers, and reagents were supplied by the kit and all concentrations, 

volumes and protocols utilized followed the recommendations o f the provided protocol. 

cDNA was synthesized using a cDNA Synthesis Kit (Stratagene, La Jolla, CA).

2.3.1 cDNA - First Strand Synthesis.

Synthesis o f the first strand was completed using Stratascript reverse transcriptase which 

is based on the Moloney murine leukemia virus reverse transcriptase (MMLV-RT) that 

lacks any detectable RNase H activity. This was engineered by a point mutation in the 

RNase H region o f the gene, which subsequently inactivates any function in that region. 

Taking a third o f the isolated mRNA, the first strand of cDNA was synthesized with a 

linker-primer that would complement the poly A-tail o f mRNA and contained an Xhol 

endonuclease restriction site. 5(xl was removed and transferred to a tube containing 0.5pl 

o f [a-32P] dATP (800 Ci/mmol) as a first strand synthesis control reaction.

2.3.2 cDNA Second Strand Synthesis.

At 16°C RNase H and DNA Poll were added to the first strand mix along with [a-32P] 

dATP (800 Ci/mmol) and the required reagents. RNase H was to degrade the original 

mRNA template which would now act as numerous primers for elongation by DNA Poll. 

This reaction was executed at 16°C to eliminate hairpin formation o f the template. The 

radioactive nucleotide was added as a method o f detection when the sample is run 

through the sepharose column.

2.3.3 Blunting the cDNA.

Pfu DNA polymerase was added with the corresponding reagents to the second strand 

mix and incubated at 72°C for 30 mins. Following phenol/chloroform purification of the 

cDNA, the sample was precipitated using sodium acetate and ethanol overnight at -20°C. 

After precipitating the cDNA and the supernatant carefully removed, the pellet was air 

dried and re-suspended in 9pl o f EcoKl adapters at 4°C for 30 mins.
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2.3.4 Ligating the EcoRI Adapters.

T4 DNA ligase was added to the second strand sample and incubated for 2 days at 4°C in 

the respective buffer and rATP. The reaction was stopped by incubating the sample at 

70°C for 30 mins.

2.3.5 Phosphorylating the EcoRI Ends.

Once the sample had cooled to room temperature T4 polynucleotide kinase was added to 

the mix with the respective buffers and rATP. The reaction was carried out at 37°C for 30 

mins. The reaction was inactivated by incubating the sample at 70°C for 30 mins.

2.3.6 Digestion with Xhol.

Xhol was added to the mix with the respective buffer and allowed to incubate at 37°C for

1.5 hours. To stop and precipitate the reaction STE was added followed by 100% ethanol. 

The samples were precipitated overnight at -20°C and centrifuged the following morning 

for approximately60min. The pellet was re-suspended in 14pl STE buffer and 3.5pl of 

column loading dye was added. Following these steps the cDNA fragment should have an 

EcoRI site at the 3’ end and an Xhol site at the 5’ end allowing for directed insertion into 

the UniZAP-XR vector.

2.3.7 Size Fractionation.

The column was created out o f a 1ml pipette, 10ml syringe, cotton plug from the pipette 

and rubber tubing. Sepharose C1-2B was added to the column by first filling the column 

with STE and allowing the sepharose to pool at the bottom. Once the sample has been 

added to the column, the dye will mark the area o f cDNA fractionation that will be 

recovered after size fractionation through the column. The column should separate 

complete cDNA molecules from smaller fragmented samples, and unincorporated 

nucleotides. Fractions were obtained from the leading edge o f the dye in 3 drop samples 

to the lagging edge of the dye. Using the scintillation counter two peaks were observed 

at the leading edge and used for further steps.
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2.3.8 Processing the cDNA Fractions

The samples were purified using phenol/chloroform extraction and the cDNA in the 

aqueous layer was precipitated via ethanol overnight at -20°C. After centrifugation as 

above for cDNA precipitation the pellet was checked for radioactivity and the supernatant 

decanted. The pellet was washed in ethanol, dried and re-suspended in 5pl o f sterile 

water.

2.3.9 Ligating the cDNA into the UniZAP XR Vector

A potion of the cDNA was added to UniZAP XR vector and T4 DNA ligase containing 

the respective buffer for T4 DNA ligase. The reactions were incubated at 4°C for 2 days. 

The final product should be contain a complete UniZAP XR fragment with the cDNA 

cloned into the MCS with the poly A tail o f the cDNA at the T3 end o f the vector.

2.3.10 Preparation of the Host Bacteria and Titrating the Library

E.coli XLI-Blue MRF’ cells were grown up in a 25ml liquid culture containing lOmM 

MgS04 and 0.2% Maltose. XLI-Blue cells were used due to their RecA' genotype which 

prevents recombination in the cell. The cells were grown to OD6001.0 centrifuged down, 

and re-suspended in lOmM MgS04 to an OD600 o f 0.5. To 200pl o f these cells, lp l o f the 

library was added and incubated at 37°C for 15 mins. This was then added to 8ml of 

NZY top agarose melted and cooled to approximately 47°C. The mix was gently but 

quickly mixed and added to the surface o f pre-warmed NZY agar plates. The plates were 

allowed to sit for 10 mins to allow the top agarose to solidify and then incubated 

overnight at 37°C. This was completed with multiple plates to obtain a wide array of 

clones for isolation. To amplify the library for storage, three samples were created with 

an overabundance of library to promote clearing o f the lawn. Plating was executed as 

above and after incubation overnight 8-10ml o f SM buffer was added to the surface of 

each plate and let stand overnight at 4°C. The next day the SM buffer was collected and 

the plates were rinsed with an additional 2ml SM buffer. Chloroform was added to each 

tube to a final volume o f 5%; the tubes were thoroughly mixed and incubated at room 

temperature for 15 mins. The cellular debris was removed by centrifuging the tubes at
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500xg for 10 mins. The supernatant was decanted into a sterile polypropylene tube and 

chloroform was added to a final concentration of 0.3%. Aliquots were then made with a 

DMSO concentration o f 7 %( v/v) and stored at -80°C. The library constructed 

represented a mouse mammary gland cDNA library representative o f the tissue one day 

into involution (II).

2.3.11 Isolation of the Plaques

Plaques were recovered from the unamplified cDNA library plated above and stored 

individually in approximately 300pl SM buffer. An aliquot o f each phage clone was PCR 

amplified as follows using standard T3 and T7 primers that flanked the cloning site. An 

initial denaturation o f 94°C was carried out for 5 mins followed by a 30 cycles of 

annealing the primers at 50°C for 2min with an extension period of 3 mins at 72°C by taq 

DNA polymerase and a denaturation o f 1 min at 94°C. The presence o f PCR products 

was confirmed by gel electrophoresis on 1% agarose gels stained with ethidium bromide 

(EtBr) run in 0.5xTBE buffer.

2.3.12 Phagemid Extraction

XLI-Blue MRF’ and SOLR cells were grown in an overnight liquid culture to a final 

ODgoo o f 1.0. From the cored stocks obtained above, 250pl was added to 200pl o f XLI- 

Blue MRF’ cells with the addition o f 1 pi o f ExAssist Helper phage provided by the kit. 

The mixes were incubated at 37°C for 15 mins. After the initial incubation, 3ml of LB 

broth was added to each sample and incubated for 2-3 hours at 37°C in a shaking 

incubator. To stop the reaction the samples were heated to 65°C for 20 mins and then 

spun down at lOOOxg for 15 mins to remove any bacterial components. We then 

decanted the supernatant into sterile polypropylene tubes; this supernatant now contained 

our filamentous pBluescript phagemid with insert. To grow the phagemid, we then added 

lOOpl o f the phagemid supernatant to 200pl of SOLR cells, and lOpl o f the phagemid to 

another tube with 200pl SOLR cells. The tubes were then incubated at 37°C for 15 mins 

and 200pl o f each mix was spread on LB-Amp (50pg/ml) plates for selection. The plates 

were then incubated overnight at 37°C. The next day colonies were picked and added to a
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tube containing LB-Amp broth for overnight growth at 37°C. These cultures were then 

prepared into small glycerol stocks for long term storage at -80°C.

2.4 II MOUSE MG MACROARRAY ANALYSIS

2.4.1 Creation of the Macroarrays

The PCR products obtained as described above, that consisted o f a single band greater 

than 500 base pairs in length when run on an agarose gel, were selected for inclusion on 

custom-made macroarrays. Multiple copies of the macroarrays were made by spotting the 

PCR products onto nylon membranes in triplicate using a 96-pin arraying device (V&P 

Scientific, San Diego, CA). Approximately lul o f each PCR product was spotted onto the 

macroarrays. The arrays were then soaked for 2 mins in 0.4 M NaOH to denature the 

DNA. To neutralize the denaturation the macroarrays were then soaked in 1 M Tris-HCl, 

pH 7.5 for 2 mins. Once the arrays dried to the point that there was no more solution on 

the surface o f the membranes, the DNA was UV cross-linked to the nylon membrane 

with 1200 j o f UV light.

2.4.2 Amplification of cDNA for Labelling

The following protocol is a derivation from Clontech's SMART cDNA synthesis 

protocol. The first strand was created by adding 3pl o f the RNA sample to lp l o f the 

CDS oligo (10 pM) and 1 ml SMART II oligo (10 pM). These were incubated for 2 mins 

at 72°C and then cooled on ice for 2 mins. To the tube 2 pi 5X first strand buffer was 

added with 1 pi DTT (20mM) 1 pi lOmM dNTPs and 1 pi Powerscript reverse 

transcriptase. The reaction was let incubate for 1 hour at 42°C. To create the second 

strand 66.4 pi ddH2 0  was added to the reaction with 10 pi 10XPCR buffer, 10 pi CDS 

amplification oligo (10 pM) 1.6 pi dNTPs (25mM) and 2 pi Qiagen taq. The reactions 

were then carried out in a thermocycler using the following protocol.

95 C for 5 mins 

1 cycle of 

60 C for 30 secs 

72 C for 4.5 mins
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Amplification was carried out by adding 71.4 pi ddH2 0 , 10 pi 10X PCR buffer, 10 pi 

CDS amplification oligos (20 pM), 1.6  pi dNTP (25mM each), 2 pi Qiagen tag, and 5 pi 

second strand product from above to a new tube. The reaction was then subjected to 23 

cycles of:

95 C for 30 secs 

60 C for 30 secs 

72 C for 4.5 mins 

Final cycle 72 C for 4.5 mins 

The reaction was purified using a Qiaquick PCR purification kit according to the 

manufacturer’s protocol.

2.4.3 Hybridization of Radioactively Labelled cDNA to Macroarrays

Differential expression levels were detected via labelling cDNA isolated from tissues 

V I5, P I3, L10, II, and 13 as described in the probe section above. The arrays were pre­

hybridized with Hybrisol II solution (Serologicals Corporation, Norcross, GA) at 6 8 °C 

for 1.5 hours. The probes were boiled at 95°C for 5 min and then cooled on ice for 5 mins 

before they were added to the hybrisol. Hybridization in the presence of the denatured 

probes and Hybrisol II took place overnight at 6 8 °C. Minimum activity used per 

hybridization was 1.6 x 106 CPM/ml o f hybridization buffer. The next day the 

membranes were washed 3 times for 0.5 hour each with 2X SSC / 0.1% SDS, then twice 

for 15 mins each with 0.1X SSC / 0.1% SDS. Film was exposed to the macroarrays and 

exposures were taken of the samples ranging from 3 hours to 24 hours. The resulting 

autorads were scanned into the computer at a resolution o f 600dpi.

2.5 SEQUENCING, SEQUENCE ANALYSIS AND BIOINFORMATICS.

2.5.1 Sequencing

Clones corresponding to differentially expressed genes identified by autoradiography 

from the macroarray screen were selected for sequencing. Sequencing was done using a 

Dyenamic ET Terminator Cycle Sequencing kit (Amersham-Pharmacia Biotech, 

Uppsala, Sweden) as per the manufacturer’s protocol. The sequencing protocol I used is 

as follows. Denaturation o f the double strands was completed at 95°C for 20 secs
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followed by an annealing period of 15 secs at 45°C. Elongation of the reaction was 

carried out at 60°C for 1 min. This cycle was repeated 25 times with a final hold at 4°C to 

prevent potential degradation o f the DNA sequence. The sequenced DNA fragments were 

then precipitated with 3mM sodium acetate and ethanol. The samples were then washed 

with 500pl 70% ethanol and then pelleted by centrifugation at 13000rpm for 10 mins at 

4°C. The pellets were then air dried for sequencing for approximately 5 mins and 

submitted to MBSU (molecular biology service unit) to be sequenced. To determine the 

identity o f the II mouse MG cDNA clones and their human orthologues, sequences were 

submitted to a BLAST search against the GenBank database at NCBI 

(www.ncbi.nih.gov). The BLAST searches were executed using the default parameters 

for the non-redundant (nr) database.

2.6 ANALYSIS OF THE IDENTIFIED GENES

2.6.1 Examining RNA Expression

2.6.1.1 Northern Analysis 

2.6.1.1a Sample Preparation

9.5 pg o f Total RNA isolated from the MG tissues was added to a loading mix composed 

o f 4pl 10X MOPS, 7pl formaldehyde, 20pl deionized formaldehyde, and lp l EtBr 

(lmg/ml), for a final volume o f 41pl. Each sample was heated to 55°C for 15 mins and 

immediately cooled on ice. To each sample 8 pl o f 6 X loading buffer (0.25% 

bromophenol blue, 0.25%xylene cyanol FF, 15% Ficoll (Type 400, Pharmacia) in water) 

was added. The samples sat on ice until the gel was ready to be loaded.

2.6.1.1b Gel Electrophoresis o f Total RNA

Total MG RNA from animals representing our developmental profile as well as a 0.24-

9.5 kb RNA size ladder (Invitrogen, Carlsbad, CA) were electrophoresed on a 1% 

agarose / 18% formaldehyde / 10% MOPS gels (Wong et al., 1993; Sambrook et al., 

1989). Gels were run initially at 120 volts for approximately 20 mins and then either 

lowered to 25 volts for an overnight run, or raised to 200 volts for a 1-2 hour run.
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2.6.1.1c Northern Transfer

After electrophoresis the 18S and 28S ribosomal bands were visualized with UV light. 

Overnight the RNA on the gel was passively transferred to BioDyne-B nylon membrane 

(Pall Corporation, Port Washington, NY) using 10X SSC as a transfer medium. 

Transferred RNA was UV cross-linked to the nylon membrane using a Stratalinker 

(Stratagene, La Jolla, CA). Transfers were kept in Whatman (Rose Scientific Ltd. 

Edmonton, Canada) paper in a dry location until later use.

2.6.1.1d Hybridization o f Radiolabelled PCR Products to Northerns

Gel purified PCR products derived from a single clone as described below served as 

templates for random primer radiolabelling (as stated in 2.7.1). The hybridization and 

wash conditions were identical to those described above for the array analysis in 2.4.3 

except hybridization was carried out at 65°C.

2.6.1. le  Detection o f Expression and Normalization o f the Exposures

Depending on the amount o f radioactivity detected with the Geiger counter, exposures

were completed on X-ray film from a matter o f minutes to 3 week exposures. The

autoradiograms were digitally scanned at 600dpi and then analysed by densitometry

using the histogram function in Adobe Photoshop v7. The autoradiography results of the

Northern hybridization were normalized to the 18S band of each blot’s corresponding

RNA gel prior to transfer (Correa-Rotter et al., 1992). The process quantifies the net

intensity o f each band on the Northern autoradiograph relative to one another while

correcting for variation in RNA loading between each lane. Normalized intensity values

were calculated using the following formula, (bg = background)

(Mean intensity subject band -  mean be intensitv)*(pixel number)
(Mean intensity 18s rRNA -  mean bg intensity)*(pixel number)/(lowest net value)

2.6.1.2 In situ Hybridization

2.6.1.2a Fluorescent In situ Hybridization

2.6.1.2al Preparation o f  Sections Samples were obtained from the Myal lab at the 

University o f Manitoba already embedded in paraffin. 5-8pm sections were made and 

were placed on Fisherbrand Superfrost/Plus Slides (Fisher Scientific, Hampton, NH).
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They were incubated at 37°C overnight and then placed in slide holders with Drierite 

(W.A. Hammond Drierite Company, Xenia, OH) as a desiccant. To remove the paraffin 

from the slides they were treated 2X10 min with xylene. The sections were rehydrated 

through a series o f 2  mins washes in various percentages o f reagent grade ethanol as 

follows; 100%, 100%, 95%, 80%, 70%, 50%, ddH20  (DEPC treated) 1XPBS for 5 mins. 

I then treated the sections with a 0.02M HC1 solution for 10 mins followed by a 2 min 

wash in 1XPBS. To fix the sections a 4% paraformaldehyde wash was executed for 10 

mins. The sections were then subjected to a proteinase K digestion; I varied the 

concentrations initially to obtain the most suitable working concentration. The 

concentrations were lpg/ml, 20 pg/ml, 100pg/ml and lOOOug/ml. The decided 

concentration to use in future experiments was 20 pg/ml. The slides were incubated at 

37°C for one hour and subsequently washed with a 1XPBS solution with 2mg/ml glycine 

for 5 mins. A control slide was set aside for lOOpg/ml RNAse A digestion at 37°C for 

one hour. The slides were then washed 2X5 mins in 1XPBS. Some trials were then 

subjected to dehydration by repeating the rehydration steps (see above) in reverse order 

or air dried.

2.6.1.2a2 Hybridization o f  DIG Labelled PCR Product. Hybridization was carried out 

with Sigma Hybridization buffer for in situ's. DIG labelled probes were made from 

purified PCR product as stated in section G-3. lOpl o f the probe was boiled for 5 mins 

and then cooled on ice. 190ul o f hyb buffer was then added to the lOul sample. The 

complete 2 0 0 pl was added to the sections by dropping the probe on the centre o f the 

section. The sections were then covered with a Fisherbrand coverslip (Fisher Scientific, 

Hampton, NH) and sealed with rubber cement (Ross Adhesives, Toronto Can.). The 

slides were placed in a humid chamber at 42°C for hybridization overnight.

2.6.1.2a3 Posthybridization. The slides were soaked in 2XSSC at 42°C with a gentle 

shake to remove the coverslips. Once the coverslips were removed the slides were 

washed 3X5 mins in 2XSSC/50% formamide at 42°C. This was followed by 5X2 mins 

washes in 2XSSC at 42°C.
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2.6.1.2a4 Detection o f  Fluorescence and mRNA Localization The slides were incubated 

in blocking buffer (0.1%Triton X-100; 2% lambs serum) or a nucleic acid hybridization 

blocking reagent in 1XPBS from Roche (F. Hoffmann-La Roche Ltd, Basel, Switzerland) 

for 30 mins at room temperature. The anti-DIG FITC antibody was diluted 1:1000 in 

hybridization buffer and lOOpl placed on the slide, covered with a coverslip and sealed 

with rubber cement. The slides were incubated at 37°C for one hour and subsequently 

washed 2X5 mins in 4XSSC; 0.1% Tween 20 at 42°C. 50p.l of DAPI (Sigma-Aldrich, St. 

Louis, MO) was added to each slide and let sit for 5 mins. After the DAPI stain, one drop 

of Antifade (Molecular Probes) was added and covered with a coverslip. Sections were 

viewed under a single photon confocal microscope.

2.6.1.2b Radioactive in situ hybridization

Protocol was completed by Anne Blanchard alongside Dr. Yvonne Myal at the University 

o f Manitoba in Winnipeg, Manitoba, Canada. Sense and Anti sense probes o f cited2 were 

synthesized using the Promega (Madison, WI, USA) Riboprobe synthesis kit and 

corresponding protocol.

2.6.1.2bl Preparation o f  Sections. Tissues were sectioned and placed on slides as 

indicated above. Treatment o f the slides with paraffin sections are as follows. 

Deparafinization occurred with two washes of 2 mins each in xylene and was succeeded 

by a dehydration sequence as follows. 2x 2 min washes in 100% Ethanol, 2 min wash in 

95% Ethanol, 2 min wash in 70% Ethanol and a 5 min wash in DEPC treated H2O 

followed by 2X5 min washes in 1XPBS. The sections were then treated with proteinase 

K (lpg/m l) in a solution o f lOOmM Tris pH 8.0; 50mM EDTA pH 8.0 for 30 mins at 

37°C. The reaction was stopped by 2 successive washes in PBS for 2 mins. Fixation of 

the sections was complete via a 4% Paraformaldehyde; 1XPBS pH 7.4 incubation for one 

min. Next two 2 min washes were done in 1XPBS followed by an acetylation reaction as 

follows. 6.1ml TEA in dHaO ph 8.0 brought to a final volume of 500ml with dH20. A 

presoak was done in 250ml o f the above solution for 2 mins. The slides were then drained 

and placed in a dish containing acetic anhydride for a final percentage of 0.25% in 250ml 

(0.625ml/250ml). The dish was then filled with the remaining 250ml of TEA and the
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slides were incubated for 10 mins at room temperature. The slides were then washed 

twice in 2XSSC for 2 mins each. Dehydration was completed as above and dried for a 

minimum of lhour to a maximum period o f overnight.

2.6.1.2b2 Hybridization o f  Sections. Probes synthesized as stated above were diluted to a 

final working concentration o f lXlOcpm/ml. 5M DTT was added to the probe to obtain 

150mM from lOOmM. The probes were then vortexed, centrifuged and heated to 65°C 

for 10 mins. They were quickly centrifuged and stored on ice until ready for use. Under a 

fumehood the probes were applied to the sections ranging from 20-40pl sealed with a 

coverslip and rubber cement. The slides were then placed in a humid chamber overnight 

at 42°C.

2.6.1.2b3 Posthybridization. The next day the hybridizations were stopped and coverslips 

removed by washing the slides in 4XSSC/10mM DTT for 30-45 mins. Once the 

coverslips came off the slides were then washed 2 more times in 4XSSC/10mM DTT for 

15 mins each. Dehydration o f the slides was repeated as above except this time 

containing 300mM Ammonium acetate. The slides were then incubated in a solution 

containing 20mM Tris/ ImM EDTA/ 0.3M NaCl/ lOmM DTT/ 50% formamide for 10 

mins at 55°C followed by 2 X 2 min washes in ice cold 2XSSC/10mM DTT. To remove 

any remaining background Riboprobes the slides were treated for 30min at 37°C in a 

solution containing 0.5M NaCl/ lOmM Tris/ ImM EDTA with lOug/ml RNaseA 

(5prime-3prime Inc, Boulder, CO). The slides were then washed with the previous 

solution lacking the RNaseA for 10 mins at 37°C. The final washes were completed at 

room temperature on a slow shaker as follows. 2x 5 min washes in 2XSSC; 1X15 mins in 

1XSSC; 3X15 mins in 0.1XSSC. The slides were then dehydrated as above containing 

300mM Ammonium acetate and dried overnight in a fumehood.

2.6.1.2b4 Detection o f  Radioactivity and Probe Localization. For detection Kodak 

emulsion NBT-2 (Eastman Kodak Company, Rochester NY.) was used at 40°C. The 

emulsion was poured into a dip miser and allowed to sit for 15 mins. To remove potential 

bubbles, 3 blank slides were dipped in the solution. The sample slides were then carefully
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dipped into the emulsion; the backs of the slides were wiped clean and then placed on a 

drying rack. The slides were dried in a humid chamber for one hour and then placed in 

light tight boxes with small bags o f Drierite (W.A. Hammond Drierite Company, Xenia 

OH). 3 sets o f duplicate slides were run in the process. The slides were then placed in a 

refrigerator in the light tight boxes and exposed at 2, 4 and 6 weeks. Development was 

executed as follows: 4 min incubation in Kodak D-19; 10 dips in dH20; 5 min incubation 

in Kodak fixer; 2 X 5  min washes in dH20 . Slides were then stained with Lee’s stain for 

20-30 secs, dehydrated by dipping the slides 5-7 times in 70% ethanol, 15-20 times in 

95% ethanol, and 2x 2 min soaks in 100%. The sections were finally cleared in xylene via 

2x 2 min washes. The resulting signal from the probe on the sections was viewed using a 

Nikon E1000 Microscope and the ACT1 V.2.62 Nikon corporation software.

2.6.2 Examining Protein Expression

2.6.2.1 Western transfer analysis.

2.6.2.1a Protein Isolation

Proteins were isolated from the organic layer that remained from the TRIzol protocol of 

RNA extraction. The proteins were then quantified using both the Bradford assay (lOmg 

coomassie blue g-250, 5ml 95% EtOH, 10ml 85% orthophosphoric acid in a final volume 

of 100ml (ddH20)) and the Bio-Rad DC protein quantification assay.

2.6.2.2b Sample Preparation

Based on the stock protein sample with the lowest concentration, aliquots of each time 

point were made containing 6 pg o f protein in lOpl o f 1% SDS. To each sample lOpl of 

2XLaemelli buffer was added and the samples were boiled for 5 mins and put 

immediately on ice.

2.6.2.2c SDS PAGE o f Protein Samples

Samples were run in a 5.36% SDS stacking and 13.2% SDS polyacrylamide separating 

gel. The gel was run at 68  volts for approximately 30 mins and then raised to 

approximately 160 volts to complete the process. Markers used in the gel were Gibco
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Benchmark pre-stained protein ladder (Invitrogen, Carlsbad, CA) and Bio-Rad 

Kaleidoscope Prestained Standard (Bio-Rad incorporated, Hercules, CA).

2.6.2.2d Western Transfer

Once the gel was run it was then electro-transferred to nitrocellulose membranes to 

produce a blot (Bio-Rad incorporated, Hercules, CA) using the BioRad Mini-Protean II 

wet transfer apparatus. Transfers were carried out at either 300mA for 1 hour or 100mA 

overnight in IX transfer buffer (6.06g Tris-Base, 28.8g Glycine, 400ml Methanol, 

1400ml water, pH to 8.3 and brought to a final volume of 2L). To determine the quality 

o f the transfer the membranes were stained in Ponceau S for 90 secs and then washed in 

MilliQ water.

2.6.2.2e Antibody Production

Cited2 antibody was made by Covance (Princeton, NJ) based on the peptide sequence 

used to create the antibody originally obtained from Shioda. The peptide sequence used 

was NQYFNHHPYPHNHYM and corresponds to amino acids 120-135 o f the cited2 

protein. On day 0 of the test, the rabbits were pre-bled subsequently injected with 500pg 

o f the immunogen in FCA (Freund’s complete Adjuvant). 3 weeks after the initial 

injection, the rabbits were boosted with 250pg o f the immunogen this time emulsified in 

FIA (Freund’s incomplete adjuvant) and 10 days following the boost the rabbits were 

subjected to the first test bleed (5ml; Day 31). The next day the rabbits were boosted 

again with 250pg of the immunogen emulsified in FIA and the second test bleed was 

carried out 10 days after this point (5ml; Day 52). The third boost was injected 11 days 

after this again with 250pg of immunogen in FIA and 10 days after the boost the first 

production bleed was executed (20ml; Day 73). The rabbits were subjected to another 

boost as above and a second production bleed (20ml) was taken 21 days (Day 94) after 

the first production bleed. A final boost was given on Day 105 and a production bleed 

was taken 10 days after this (20ml, Day 115). To terminate the production a final bleed 

was earned out on day 118 and approximately 50ml of serum was extracted.
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2.6.2.2f Antibody Detection

The blots were blocked (200ml TBS, lOOpl Tween20, lOg skim milk powder) for 1 hour 

at room temperature, then stained with the anti-MRGl antibody (obtained from Shioda, 

and subsequently from the Windber Research Institute) diluted from 1:500 to 1:10000 in 

antibody buffer (NaCl 8.1g, Tris base 1.2g, Tween20 300jnl, 1% Skim milk, final volume 

1000ml (ddHaO)) for one hour. Secondary antibody (anti-rabbit) (Stressgen, Victoria, 

BC, Canada) labelled with horseradish peroxidase was prepared in a 1:2000 dilution in 

antibody buffer mentioned above and incubated for one hour at room temperature. In 

between antibody stains and after the final stain, the transfer was washed 3x20 min in 

antibody buffer. Detection was executed by ECL detection (amersham pharmacia 

biotech) and exposures were taken on x-ray film at 5, 10, and 30 secs as well as 1,5, and 

10 mins.

2.6.2.3 Antibody Competition Assay

Peptide that was used as an epitope to raise the cited2 antibody was dissolved in water to 

a final concentration o f 1 mg/ml. To block the antibody before western hybridization the 

lOug of the peptide were incubated with the diluted antibody (1:5000) for one hour at 

room temperature. Another sample was treated with the same conditions, one hour 

incubation in IX antibody buffer at room temperature, except without peptide as a 

control. The two samples were hybridized to western test strips o f L10 total protein and 

incubated overnight at 4°C in a rotating hybridization oven. They were then washed for 

approximately 3X20 mins in IX antibody buffer, 1% skim milk at room temperature and 

then immunohybridized with the secondary antibody (HRP labelled Goat anti-rabbit IgG; 

1:5000) at room temperature for 1.5 hours in a rotating hybridization oven. The strips 

were then washed as above and treated with the ECL detection kit from Amersham 

Pharmacia Biotech. The strips were then exposed to x-ray film as described above.

2.7 PROBE PREPARATION

2.7.1 Random Primer Labelling of Probes for Northern and Macroarray Analysis

5pl of cDNA (or 5pl o f insert PCR product) was diluted to a final volume of 34pl with 

ddLLO. To this lOpl o f 5X random prime buffer (1M HEPES buffer (pH 6 .6 ), hexa-
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deoxyribonucleotides, 27 hexa-deoxyribonucleotides 27 OD27o/ml, O.lmM dATP dTTP 

dGTP, 50mM P-mercaptoethanol, 0.25M Tris-Cl pH 8.0, 25mM MgC^) mix was added 

and heated at 95°C for 5 mins then immediately cooled on ice. At room temperature 1 pi 

o f klenow fragment (Invitrogen, Carlsbad, CA, USA) and 5 pi o f a - P 32-dCTP (Perkin 

Elmer, Boston, MA; Amersham Pharmacia, Buckinghamshire, England) was added and 

mixed thoroughly. The reaction was carried out for either 30-60 mins at 37°C or 

overnight at room temperature. Both methods were attempted to optimize the 

effectiveness o f the reaction. No major difference was noted in the activity o f the probe 

based on scintillation counting. Probes were purified using QIAquick PCR purification 

following the stepwise procedure outlined in the kit manual (Qiagen, Hilden, Germany). 

To stop the reaction I added 250pl o f PB buffer (Qiagen) and then spun it through a 

QiaQuick spin column (Qiagen) for 15 secs. Then column was washed 2 times with 

450pl o f PE buffer (Qiagen), centrifuging for 15 secs at 14000rpm with each wash. To 

elute the probe I added lOOpl o f ddH20 to the column, let it sit for 1 min and then spun 

the column for 1 min to collect the probe. 1 pi o f the purified probe was to be counted for 

specific activity in the scintillation counter. The probe was then heated at 95°C for 5 mins 

then directly transferred to ice for 5 mins ready for use in the corresponding experiment.

Invitrogen’s Random Primer Labelling Kit (Carlsbad, CA) was also used in 

varying labelling reactions. The protocol requires 25ng o f DNA dissolved in 5-20pl of 

water. The diluted DNA is then boiled for 5 mins and cooled on ice. To the DNA sample, 

2pl of dATP, dGTP and dTTP are added along with 15pl o f the Random Primers Buffer 

Mixture (Invitrogen, Carlsbad, CA). The a 32P-dCTP is then added in 5pl quantities to 

each reaction. To optimize the final working concentrations the samples are brought to a 

final volume o f 49pl with ddH20 and lp l of klenow fragment is added. The reaction was 

carried out for a minimum of one hour at room temperature and purified as stated directly 

above (G-l).

2.7.2 DIG Labelling of PCR product

To make the probe 3pg of PCR product in 15pl total water was boiled for 15 mins and 

promptly cooled on ice for approximately 5 mins. After a brief centrifugation in a table
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top microcentrifiige, 2pl o f hexanucleotide mix, 2pl o f dNTP mix and lp l o f klenow 

from the Roche (F. Hoffmann-La Roche Ltd, Basel, Switzerland ) DNA DIG labelling kit 

was added to each sample and incubated at 37°C overnight. The reactions were stopped 

the next day by adding 2pl 0.2M EDTA pH 8.0, 2.5pl 4M LiCI, and 75pl cold ethanol to 

each reaction. The samples were precipitated at -20°C for 30 mins and centrifuged at 

13000rpm for 25 mins at 4°C. The pellets were then washed with 1ml 70% ethanol, 

centrifuged for 15 mins at 13000rpm at 4°C. Post centrifugation the pellets were dried via 

vacuum centrifugation and subsequently dissolved in 50jnl TE at 37°C. lp l was taken for 

detection and quantification. The remainder of the sample was diluted with 551 pi TE, 

5pl salmon sperm DNA (lOmg/ml), 5pl tRNA (lOmg/ml), and 61 pi 3M Na-Ac pH 5.5. 

The mix was then split into 2 tubes (335pl each) and 840pl o f cold ethanol was added to 

each tube before allowing the samples to precipitate on ice for 30 mins. After the 

incubation on ice, the samples were centrifuged at 13000rpm for 50 mins at 4°C. The 

pellets were dried in a speed vacuum for 5 mins and then re-suspended in 50pl of FSP 

(50% deionized formamide, 2XSSC, 50mM Na-P04) to be stored at -20°C until later use.

To detect the strength o f the probes a dilution series was prepared for each probe 

as follows: 1/10; 1/100; 1/1000; 1/10000. The samples were compared to a dilution series 

o f control DIG labelled DNA in the magnitude series as follows: lOOpg/pl; lOpg/pl; 

lpg/pl; O.lpg/pl. lul from each tube was dotted onto a nylon membrane (Amersham 

Pharmacia Biotech, Uppsala, Sweden ) in a grid with proper identification of samples 

and control. The membrane was then fixed by baking the membrane for 2 hours at 80°C. 

The membrane was then treated as per the protocol provided with the Roche (F. 

Hoffmann-La Roche Ltd, Basel, Switzerland) NBT/BCIP detection kit.

2.7.3 Radioactive insitu Hybridization Riboprobe

At room temperature an NTP mix was prepared by adding 1 pi rATP, 1 pi rCTP, 1 pi rGTP 

and lp l RNase free water to a tube. To individual tubes for sense and antisense probe 

synthesis add 4pl 5x transcription buffer, 0.5pl RNasin, 2.0pl lOOmM DTT, 4.0pl o f the 

rNTP mix made above, l.Opl o f lOOpM UTP, lp l o f template DNA (1 mg/ml), lO.Opl of 

dried down 35S-UTP and lp l o f primer (Sp6 , T7, or T3 depending on sense, antisense,
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and plasmid). The mix was allowed to incubate at 37°C for 2 hours. Following the 

reaction lp l o f DNase 1 was added to each reaction and incubated at 37°C for 15 mins. 

After removal o f any DNA, 29 pi o f RNase free water was added to each tube. 1 pi was 

removed for scintillation counting and the stock was stored at -70°C. Sephadex columns 

were inverted several times to re-suspend the sepharose beads. The columns were drained 

and then centrifuged at 1 lOOxg for 2 mins to compact the column. The riboprobes were 

thawed on ice, heated at 65°C for 10 mins and then briefly spun down and applied to the 

centre o f the sephadex column. The columns were placed in a collection tube and spun at 

1 lOOxg for 4 mins to collect the probes. The probes were then diluted to a total volume 

o f 90pl and lOpl yeast tRNA (lOmg/ml), 50pl o f 5M sodium acetate pH 5.5 and 300pl of 

cold absolute alcohol was added to each tube. The samples were allowed to precipitate 

overnight at -20°C. The next day the probes were precipitated by centrifugation at 12500 

rpm for 45 mins at 4°C. The ethanol was pipetted off and the probes were allowed to dry 

on ice for 30min with parafilm covering the tubes. Once the pellets were dry, 25pl of 

DEPC treated water was added to each tube, heated to 65°C for 5 mins and placed on ice. 

Scintillation counts were done on lp l o f probe and total counts were done on 2pl of 

probe. Quantities o f probe were calculated to have a final working value o f 1X10 

cpm/ml.
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CHAPTER 3 - 1 1  cDNA LIBRARY ANALYSIS

3.1 INTRODUCTION

To date there has been no concerted effort to definitively characterize the gene expression 

that marks the MG transition from a lactating gland to an involuting state at a global level 

(II). Historically genes known to be expressed at this time point have represented factors 

associated with milk metabolism and lactation. More recently, tgf(13 was found to be up- 

regulated with respect to mRNA and protein levels within the first day after weaning 

(Nguyen and Pollard, 2000). The significance o f tgfj33 expression is that it has been 

associated with apoptosis process (Nguyen and Pollard, 2000), suggesting that the 

process o f MG involution is already active one day after weaning. In order to gain some 

insight into the molecular phenotype at this MG developmental time point I made and 

screened a cDNA library made with mRNA isolated from MG taken from Dams one day 

after weaning. As opposed to a conventional library screen I used clones isolated from 

this library to create a custom macroarray that was then differentially screened.

The macroarray or microarray screen is a tool that allows us to examine the 

expression o f a large number o f genes in a relatively short period o f time. Conventional 

microarrays consist o f gene specific oligonucleotides or cDNA inserts dotted onto a 

nylon membrane or a glass slide. In either case the array is screened with a cDNA 

derived probe. The macroarray I used was constructed by dotting purified PCR products 

o f individual clones isolated from the II cDNA library onto a nylon membrane. In order 

to ensure reproducibility of the results each “clone” was dotted onto the same membrane 

in 3 different spots. A constant amount o f PCR product for an individual clone is on each 

macroarray allowing for direct comparison between screens. The macroarrays were then 

probed with radiolabelled cDNA created from various conditions, in this case, cDNA was 

created from various time points during MG development (Virgin week 15 (V I5); 

Pregnancy day 13 (P I3); Lactation day 10 (L10); Involution day 1 (II); Involution day 3 

(13)). The results obtained depend on the amount o f cDNA in each probe that is able to 

specifically hybridize to the PCR product of an individual clone on the macroarray. 

Therefore the varying levels o f signal intensity from the autoradiographs o f the 

macroarrays should be representative o f the level o f mRNA expression in the tissue that 

the cDNA was created from. By comparing intensities produced by the hybridization of
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cDNA created from the different conditions, one can obtain an expression profile o f a 

gene across the developmental time points in question.

In the last few years a number o f studies have taken advantage o f a global 

expression analysis that the macroarray/microarray screening allows. One group has 

taken to create their own limited cDNA clone array from cDNA libraries made from MG 

tissues taken from lactating animals and screening them with cDNA probes created from 

a broad spectrum of MG developmental tissues, including involuting MG (Lemkin et al., 

2000). Four published studies have screened affymetrix arrays, consisting of short gene 

specific oligonucleotides on a glass slide, for developmental time specific gene 

expression (Master et al., 2002; Clarkson et al., 2003; Clarkson and Watson, 2003; 

Rudolph et al., 2003). The first approach has the advantage that the genes being screened 

are known lactating MG expressed genes, the limitation is the small size o f the number of 

genes on the array (about 3000) and the fact that positive identified genes in the screen 

still need to be verified with respect to whether there is true expression during MG 

involution. The second approach has the advantage in that a very large number o f genes 

can be screened; however each putative positive signal that results from the screen needs 

to be verified for MG involution expression before any conclusions can be made. Both 

approaches, however, give significant information that can be used to draw upon the 

types o f cellular processes that are being augmented to define a specific transition from 

one developmental stage to the next stage in the course o f MG development. The 

macroarray screen approach I utilize is different from the existing published microarray 

screens. First o f all I started by generating my own gene array with clones taken from an 

II MG cDNA library derived from mRNA extracted from tissue at the exact 

developmental time point that I am interested in. This means that all the genes identified 

from the array constitute II MG expressed genes. For my work I wanted to obtain clones 

that had a high expression in II and had a varying expression pattern over the remainder 

o f the MG developmental profile, representing the switch in genetic expression with the 

change in environmental pressures at this point.
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3.2 RESULTS

3.2.1 Quality Control of Total RNA

Total RNA was isolated from the MG of a female mouse one day after weaning (II) of 

the pups. The RNA was run on a 1% agarose denaturing gel to determine the quality of 

the RNA based on the integrity o f  the 18s rRNA band. Figure 3.1 A shows the 18s and 

28s rRNA bands o f the MG at day 1, 2, and 3 o f involution (II, 12 and 13 respectively). 

The RNA used in the creation o f the day 1 involution cDNA library (II MG cDNA 

library) is observed in the first lane (II). The rRNA bands are well defined and there is 

little to no smearing above or below each band. This quality can be compared to the RNA 

in lane 2  (12) where degradation is observed and characterized by bands that run lower on 

the gel and show smearing below the band. Lane 3 consists o f 13 total RNA and does not 

appear to be degraded. The creation o f the library using the total RNA from the first lane 

(II) resulted in a phage library with a titer o f 1.27X109 plaques/ml. 2685 plaques 

produced from plating an aliquot o f the library were isolated, PCR amplified, and the 

resulting products were run on a gel (figure 3 .IB). The products that appeared to have a 

single band were used to create macroarrays. The bands amplified from the library ranged 

in size from approximately 400 bases to approximately 3kb.

3.2.2 Differential Screening of the U  Involution Library
Two sets o f screens were completed through the course o f my experiments (figure 3.2). 

Both screens involved cDNA libraries made from total RNA isolated from mouse MG 

tissue one day after weaning or involution day 1(11). The basic protocol was followed in 

both screens. Selection o f clones with differential hybridization signals were identified 

and the clones were submitted for single pass sequencing to generate an expressed 

sequence tag that could be used for BLAST analysis and gene identification.

The first screen involved the isolation o f highly expressed genes by screening 

plaque lifts made from an existing amplified II MG cDNA library with II MG cDNA. 

Unfortunately, because the MG is involved in the production o f milk proteins during this 

period, a high number o f clones representing milk associated proteins were isolated; 

30/53 or 57%.
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Figure 3.1: cDNA library synthesis and validation:

A) Quality of RNA: Total RNA was isolated from the MG of mice at different 

times during development. One day after weaning (Involution 1) is the focus of 

the study and the time point selected for creation o f the cDNA library. After 

isolation, total RNA was run on a 1% agarose denaturing gel, stained with 

ethidium bromide and photographed. The corresponding 18s and 28s rRNA bands 

are indicated. RNA from the sample run in involution lane 1 was used to make a 

cDNA library in the Uni-ZAP XR phage vector system.

B) Validation of the cDNA library: Clones were isolated from the library and the 

cloned inserts were PCR amplified using primer sites adjacent to the cloning site. 

PCR amplified inserts were run on a 1% agarose gel and stained with ethidium 

bromide. The negative image o f a representative gel is shown. The sizes of the 

inserts shown are representative o f the clones isolated in general. Some PCR 

reactions did not produce any detectable insert (CG 200 bordered) but in general 

The cloned insert sizes ranged from 400 bp up to 3000 bp (*). The standard 

marker used in these gels is Invitrogen’s lkb+ ladder. Those PCR products that 

displayed a single tight band were used in the creation o f the macroarrays.
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Figure 3.2: Distribution of Clones Isolated From the MacroArray Screen:

A) All clones that were subjected to sequence analysis were grouped based on their 

biological function and common characteristics. Groups with 5 or more 

representative clones isolated from the screen were tabulated above. Groups with 

4 or less representatives isolated from the screen were placed in the “other” 

category. Clone numbers are present from the first and second screens with the 

total number o f representatives in the last column.

B) A comparison was done between the two screens to identify the effectiveness of 

the selection process. The total number o f clones representing one group was 

divided by the total number o f clones identified in that screen. The subsequent 

values are compared to each other in graph B.

C) The number o f isolated clones was totaled for each group and divided by the total 

number o f differentially expressed clones identified in the screen. The resulting 

percentage was graphed as above. Letters identifying each column (A ....I) 

correspond to the respective group in the chart (A).
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In case the high incidence of clones corresponding to milk proteins was due to 

the library amplification, I made a second cDNA library from new II MG tissue with the 

intention o f working with it in an unamplified state. In total 2685 plaques were isolated 

from the unamplified library. Each clone was subsequently amplified by PCR. O f the 

2685 clone stocks, 1488 produced a single PCR product upon electrophoretic analysis. 

Macroarrays were created from the PCR products that produced single amplified DNA 

bands. Differential screening was performed on the macroarrays with radiolabelled PCR 

amplified cDNA made from RNA isolated from MG from Dams at day 10 lactation (L10) 

and MG from Dams one day after weaning (II). In the pilot analysis o f 20 apparent 

differential clones I found a high number of clones corresponding to milk associated 

proteins (10/20, 50%). As an alternative I reanalyzed the macroarrays using the 

hybridization patterns for each clone on the arrays with 5 different PCR amplified cDNA 

probes derived from mRNA isolated from (figure 3.3):

a) MG from 15 week old virgin animals (V15)

b) MG from Dams at 13 days pregnancy (P13)

c) MG from Dams at day 10 lactation (L10)

d) MG from Dams one day after weaning, Day 1 involution (II)

e) MG from Dams three days after weaning, Day 3 involution (13)

A few clones that gave identical hybridization profiles as a known whey acidic protein 

(WAP) clone on the array were also sequenced. In all cases the clones were found to 

correspond to the WAP gene sequence, thus confirming the reproducibility and 

consistency of the screen employed. Clones that showed a MG developmental 

expression profile that was different from WAP were further selected for sequencing and 

subsequent blast analysis.

Application o f a 5 way differential screening system identified 293 clones as MG 

developmental differentially expressed genes over the course o f postnatal MG 

development. 73 o f these clones were found to correspond to milk related protein genes 

(alpha casein, WAP etc). With only 33% of the sequenced clones from this screen 

corresponding to milk associated protein genes, this selection system appears to be more 

efficient in obtaining non-milk associated factors, than selecting for highly expressed

genes (57% milk protein genes; figure 3.2). From the analysis o f the 5 way differential
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Figure 3.3 Macroarray Screen: Mammary macroarrays were created from the II cDNA 

library. Macroarrays were made in 5 duplicates and each macroarray was probed with a 

different cDNA probe representing 5 developmental stages o f the MG postnatal 

developmental cycle. Differential clones were selected by eye based on the varying 

profiles. A second selection was done in an attempt to reduce the number o f milk 

associated proteins by looking for profiles that did not conform to the WAP profile. 

Minimum activity used per hybridization was 1.6 x 106 CPM/ml.
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selected clones, 33 corresponded to Escherichia coli related sequences, and attempts at 

sequencing 78 o f the clones did not give readable DNA sequence. In the end 109 (7% of 

total number screened) clones from the original 1488 PCR products on the macroarray 

corresponded to putative MG differential developmentally expressed genes that were not 

milk protein genes.

The sequence analysis o f all clones isolated in the study is summarized in figure 

3.2. Clones were categorized according to the perceived function o f the gene that they 

corresponded to. Between the two major screens (the screen for highly expressed genes, 

and the 5 way differential screen) a total o f 103 clones were identified that corresponded 

to milk associated protein genes, and a total o f 132 clones were identified that 

corresponded to MG developmentally expressed genes o f non-milk protein gene origin. A 

distribution o f the types o f genes isolated according to broad gene function is given in 

figure 3.2. What is evident from these results is that the second screen reduced the 

number o f isolated milk proteins (56% down to 25%) while mostly maintaining the 

percentage o f informative clones (43% compared to 37%). Unfortunately with this 

screen, the number o f novel clones isolated decreased (9.4% down to 4.8%).

The sequence o f each non-milk protein associated clone and the corresponding 

blast analysis results can be found in appendix A. Within the subgroup o f 132 non-milk 

protein gene clones, 2 0  either do not have sequence similarities to known sequences in 

the NCBI database, or correspond to expressed sequence tags that do not yet have a 

known function. In either case I regard these 20 clones as representing novel 

uncharacterized genes. 2 2  clones that corresponded to genes that segregated into distinct 

functional groups but which were the only member of that group were classified under 

the category “other”. Other groups o f clones obtained fell into functional gene categories 

such as stress related, ribosomal, cell adhesion, protease inhibitors, transcriptional and 

translational related, iron metabolism, and the Calycin superfamily of genes (figure 3.2). 

Clones belonging to iron metabolism and the Calycin superfamily of genes will be 

elaborated on in Chapter 4.
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3.2.3 Validity of Genes Isolated from the Mammary Gland

To determine if the cDNA clones I identified and sequenced represented genes that had 

been previously isolated from the MG, I examined the UNIgene database. Out o f the list 

o f clones, only 3 clones represent genes (orm2, cox2, cox3) that have not been previously 

isolated from mouse or human MG. The remainder o f the genes isolated from my screen 

have previously been identified in the MG (though not necessarily during the course of 

involution). Therefore the screen that I completed on the MG to identify MG expressed 

genes is consistent with previous studies with the large majority o f genes having been 

previously isolated from MG cDNA libraries.

3.2.4. Expression

A DNA probe for WAP was hybridized to a northern blot to confirm the postnatal 

developmental profile o f the tissues and RNA used in the study (figure 3.4). WAP mRNA 

levels become detectable by L3, and remain high at L10, I 0.08, and II, but begin to 

decrease by 12. By mid-late involution (15-19) WAP mRNA levels return to those 

observed in the virgin time period. This confirms the profile observed in the results of 

Burdon etal., 1991 and Lee etal., 1996.

The origin o f each clone in the current study is from an II MG cDNA library. By 

definition each clone isolated defines a gene that is expressed in MG one day after 

weaning, one day after the induction o f the involution process. Northern analysis was 

used to confirm that a portion o f these genes are differentially expressed over the period 

o f postnatal MG development. 14 o f the northern analyses are shown in this chapter 

(figures 3.5-3.6). The analysis o f clones corresponding to known genes is presented in 

figure 3.5. The analysis o f clones corresponding to novel genes is presented in figure 3.6. 

The MG developmental northern profile consists o f MG RNA samples isolated from V 15 

or V20, P2, L10, II, 13, and 19 or 110 animals.

The developmental MG expression profiles o f non-WAP genes placed on 

northerns isolated from the II MG cDNA library, revealed a differential expression 

profile for all o f the clones/genes analyzed (figure 3.5 and 3.6). The majority of the genes 

assayed by northern analysis do not share the same profile as WAP (something that was 

selected for). Three genes (malic enzyme, glycaml and claudin 3), however, have
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Fig 3.4: WAP Northern Expression Profile: The probe for WAP was made from the 

PCR product produced from the respective cDNA clone. It was labelled with a -32P-dCTP 

using Invitrogen’s Random Primer Labelling Kit. Hybridization was carried out 

overnight at 65 degrees Celsius. Bands observed on the northerns were normalized to the 

18s rRNA from the gel and processed through densitometry. The results from the 

normalization can be observed below the northern. The intensity o f the EtBr stained 18S 

rRNA band was used as a loading control (Correa-Rotter, 1992).

V: Virgin; P: Pregnancy; L: Lactation; I: Involution
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Figure 3.5: Known Clone Northern Analysis: Probes were made from the PCR 
product produced from the respective cDNA clone. They w ere labelled with a - 32P-dCTP 
using Invitrogens Random Prim er Labelling Kit. H ybridization was carried out overnight at 
65 degrees Celsius. Bands observed on the N ortherns were norm alized to the 18s rRNA 
from the gel and processed through densitom etry. N ortherns with multiple bands were 
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loading control (Correa-Rotter, 1992).
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Figure 3.6: Unknown Northern Analysis: Probes w ere m ade from the PCR product 
produced from the respective cDNA clone. They w ere labelled with a - 32P-dCTP using 
Invitrogens Random Prim er Labelling Kit. Hybridization was carried out overnight at 65 
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band was used as a loading control (Correa-Rotter, 1992).
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similar profiles to WAP with an increase in mRNA levels during lactation, high levels 

through early involution, after which levels decreased by 12/13.

Looking at the transition from lactation to involution stages a number o f genes 

show a more pronounced difference in relative mRNA levels between L10 and I2h/Il 

than that seen with WAP. From the nine known genes examined on northern blots in this 

chapter, 5 show expression profiles where mRNA levels increase from L10 to II 

(minopontin, clusterin, LLRep3, haemoglobin alpha, claudin 3 (1.2b band)), 3 show a 

decrease in levels from L I0 to II (eukaryotic translation elongation factor 1 gamma (EF1 

gamma), glycaml, and spare) and one does not change (Malic enzyme)

Gene L10

Densitometry

11

Densitometry

11/

L10

Net

change

Ontology

Glycaml 58829.03 53614.2 0.91 D adhesion

Eeflg 88286.2 61970.26 0.7 D translation

Sparc 714.20 267.22 0.37 D stress

Malic enzyme 210778.4 209876.5 0.99 N other

Minopontin 151.99 26071.18 171.

53

I other

Clusterin 5205.88 10674.62 2.05 I stress

LLRep3 5467.39 9353.32 1.71 I ribosomal

haemoglobin alpha 6453.34 22584.75 3.5 I iron

metabolsim

Claudin3 54863.63 113454 2.06 I adhesion

Table 3.1: Difference in Densitometry Values Between L10 and II for Known 

Clones: The normalized densitom etry values were com pared between L10 and II to exemplify those 

clones that exhibit a decrease in mRNA levels at the switch, and those that exem plify an increase in mRNA 

levels at the switch. (D= decrease; H n crea se ; N=neutral)

The gene expression profiles revealed by northern analysis can be clustered, by 

eye, into 3 broad profiles according to when the initial induction that leads to the peak 

level is observed (figure 3.7). The three profiles observed are as follows; Wave 1 genes: 

Genes that are pregnancy induced (the initial rise in mRNA levels that leads to the most
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prominent peak occurs between V I5 and P I3); Wave 2: Genes that are lactation induced 

(the initial rise in mRNA levels that leads to the most prominent peak occurs between L3 

and L10), and; Wave 3: Genes that are involution induced (the initial rise in mRNA 

levels that leads to the most prominent peak occurs between L10 and II). The genes that 

“peak in pregnancy” are spare, LLRep3, and haemoglobin alpha and claudin 3. The 

second wave o f genes that “peak in lactation” are glycaml, malic enzyme, TL2 341, TL2 

352. The wave 3 genes that “peak in involution” are clusterin, minopontin, TL2 324, TL2 

283, TL2 215 (1.9kb), and EF1 gamma. For the majority o f all genes examined in this 

chapter by northern analyses, mRNA levels fall by late involution (19) to levels close to 

those observed at V I5 (the virgin period). In the developmental profile examined 19 is 

quickly approaching a state that is defined as the virgin-like state (few epithelial cells, 

higher density o f stromal cells, and a reappearance of adipocytes). The profiles for iron 

binding protein genes and the calycin superfamily genes identified in this study are 

presented in chapter 4. In brief, the majority of the genes in these two gene groups have a 

similar expression profile to the patterns described above.

3.3 DISCUSSION

3.3.1 Effectiveness of the 5 Way Differential Screen

O f the clones screened by the 5 probe differential system roughly 7% were found to be 

putatively differential in nature. This percentage is higher than what is typically seen in a 

differential screen o f 1% (Guenette et al„ 1994; Ishida et al., 1992), but the selection 

process implemented in my study was much broader as it encompassed an analysis of 5 

cDNA probes as opposed to 2. The relative profile o f a known WAP clone on the arrays 

was used as a rough guide to help avoid the selection o f milk protein genes. This 

selection was only partially successful. O f the clones identified and that gave analyzable 

sequence, 33% (73/215) still corresponded to milk associated protein genes. Although, 

not perfect, the screen was able to reduce the isolation of clones associated with milk 

production as compared to a screen for purely highly expressed genes or by a L 10/11 

differential screen.

The presence o f clones with E.coli sequence from the screen was unexpected. The 

mouse MG cDNA library was screened with mouse MG cDNA, which should result in
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the isolation o f genes expressed in the mouse. I eventually found out from the 

manufacturer o f the vector used (Stratagene) that some o f the components in the cloning 

kit may have had abnormally high levels o f bacterial contamination and that bacterial 

DNA was more than likely incorporated in the cloning procedures. This contamination 

would be present in the phage library and hybridization with cDNA within the probe that 

had sequence similarities to E. coli genes could lead to their isolation.

A correlation o f the selective macroarray results shown in figure 3.3 with their 

corresponding northern profiles (figure 3.5) suggests that for a good portion o f the clones 

the array results are reflective o f the northern results. In some cases however the array 

profiles and the northern profiles are different (fabp4, WAP). This result could be due to 

the fact that I used amplified cDNA as probe for the macroarray screens. Depending on 

the extent o f the amplification o f the cDNA the amplification could have altered the 

actual representation o f expressed genes in a given tissue (Ji et al., 2000).

Alternatively, another reason the macroarray screen produced gene profiles that 

did not match up to their corresponding northern profiles could be due to differences in 

the nature o f hybridization that is occurring in each o f the experiments. In the case o f the 

macroarray, a specific DNA sequence is being screened with a probe that is made up of a 

mixed array o f cDNA sequences (a tissue derived cDNA probe). In theory, if  a particular 

gene is a member o f a gene family, then more than one “gene” sequence can be 

hybridizing to it, especially at the reduced stringencies that the array screening is carried 

out. In the case o f a northern analysis you have many possible gene sequences on the blot 

but you are hybridizing a single gene sequence to it. Although many bands may be 

detected (in cases where the gene in question is part of a very similar gene family) the 

transcripts that hybridize and therefore the genes themselves can be differentiated by size. 

Although the northern profiles o f the genes tested in this chapter did not necessarily 

reflect the profile seen on the macroarray (data not shown), the analysis did reveal that all 

clones/genes placed on a northern blot showed a differential gene expression profile over 

the course o f MG development. The screening method therefore was successful in 

identifying those genes that did change their levels of expression over the course o f MG 

development, although the accuracy o f the profile could not be assured.
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3.3.2 Gene Expression

In the further analysis o f my clones it became evident that certain groups o f genes were 

more abundant than others. The most pronounced gene groups include genes related to 

iron metabolism, and genes coding for ribosomal proteins (figure 3.2). Ribosomal protein 

genes have been previously isolated from a cDNA differential screen and displayed an 

increase in involution o f the MG (Lee et ah, 1998). LLRep3 (Rps2) has not been analyzed 

functionally in depth over the course o f MG development, but the basic activity o f any 

ribosomal protein suggests that changes in ribosomal protein expression reflects either 

the requirement for translation, potentially of specific translation, or changes in the 

translation machinery. The potential roles of iron binding proteins and calycin 

superfamily during post-natal development are elaborated on in chapter 4.

A high percentage o f clones representing novel (uncharacterized) genes were 

identified in the current study. 20/346 or 6% of the total clones analyzed contained 

features that categorized them as novel. To better understand a possible role for the 

unknown genes in the MG, a number o f the respective clones were used for northern 

analysis on MG developmental blots. All of the clones examined showed differential 

expression over the MG developmental profile, with a high level o f mRNA in the period 

o f the profile where there is a switch from lactation to involution (figure 3.6). TL2 341 

and TL2 352 could be associated with milk production as they produce similar expression 

profiles as WAP, though they maintain high levels o f mRNA in 13, which is typically 

lower in factors associated with milk (Liu et al., 1995; Bong et ah, 2002). Factors that 

show a high level o f mRNA during or after this switch could represent genes with a role 

involved in the induction o f involution or the progression of this event. To specifically 

define their role during MG development requires additional studies, including a more in- 

depth sequence analysis, elucidation o f potential gene structures from the mouse genome 

database, and subsequently additional studies to define function.

The switch in expression between L10 and Il/I2h represents the switch from cell 

proliferation/maintenance to cell death. The difference in genetic expression between 

these two environments should be reflective of the global events that are occurring in the 

tissue through this change. Genes involved in metabolism and maintenance of function 

appear to be prominent before the switch to involution, i.e. in pregnancy and lactation

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



58

(malic enzyme, claudin3, glycaml, spare, LLRep3). These genes are known to be down 

regulated when the system becomes stressed and begins to involute (Clarkson and 

Watson, 2003). When the MG involutes, genes involved in cell protection and cell death 

are induced, this would include proteins associated with inflammation, apoptosis, and cell 

stress (clusterin, minopontin, eeflg). These genes are known to underlie roles in 

alleviating stress by either adding a protective effect or by aiding in controlled cell death 

(French et al., 1994; Standel et al., 2004; reviewed in Yan et al., 1999). Thus the switch 

from lactation to involution depicts a switch in genetic expression from milk production 

to cell protection and death.

3.3.3 Gene Profiling

A comparison o f the expression profiles of the clones placed on northerns revealed three 

distinct patterns (Wave 1 (pregnancy induced), Wave 2 (lactation induced), Wave3 

(involution induced) genes (Figure 3.7). Wave 1 genes include spare, LLRep3 and 

hemoglobin alpha, claudin 3. Sparc is a soluble protein involved in tissue development/ 

differentiation (Bradshaw and Sage, 2001) by inducing and organizing connections to 

ECM proteins such as fibronectin and collagen IV (reviewed by Brekken and Sage, 2001; 

Puolakkainen et al., 2003). LLRep3 has been observed to be up regulated in 

embryogenesis and its expression is dependent on cell growth (Heller et al., 1988). 

Haemoglobin alpha is a subunit o f haemoglobin and is present in high amounts where 

there is high blood content. During pregnancy there is a massive increase in 

vascularization throughout the MG (Djonov et al., 2001) and the induction o f the genes 

identified here as Wave 1 genes may contribute to this process. Claudin 3 is involved in 

the formation o f tight junctions between epithelial cells, as development during 

pregnancy occurs, MEC number increases and so does the number of interactions 

between cells (Matsuda et al., 2004). These factors identified in Wave 1 correlate to the 

development o f the MG.

Wave 2 (“lactation induced”) genes include glycaml, malic enzyme and three 

novel genes (TL2 341, TL2 283 and TL2 352). The production o f milk is the 

predominant metabolic activity o f the MG during the lactation stage o f MG development. 

Glycaml has historically been classified as a milk protein (Dowbenko et al., 1993) as it is
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present in the membrane o f milk globules, but more recent studies suggest that glycaml 

might also play a role in the immune system by mediating the transfer o f blood borne 

lymphocytes into secondary lymph nodes (Rasmussen et al., 2002). Malic enzyme is 

required for NADPH production and expression is dependent on levels o f carbohydrates 

in the system, but is also influenced by thyroid hormones (Gonzalez-Manchon et al, 

1995). The increase o f malic enzyme at lactation could be due to the increased 

requirement o f energy due to the high metabolic activity o f the tissue during lactation.

Wave 3 (“involution induced”) genes include clusterin, EF1 gamma and 

minopontin and two novel genes (TL2 324 and the 1.9Kb band o f the TL2 215 clone). 

Clusterin expression has been previously observed at this stage in MG postnatal 

development (reviewed in Jones and Jomary, 2002; French et al., 1996) and has been 

associated with providing a protective effect to neighbouring apoptotic cells (French et 

al., 1994). Clusterin has also been identified as a potential pro-apoptotic factor showing 

high levels o f expression in the nucleus o f cells in apoptotic tissues (Yang et al., 2000). 

Either one o f these functions validates the observed expression of clusterin after the 

switch from lactation to involution and the removal of expression by late involution. 

Minopontin (osteopontin) is a factor known to be associated with invasive metastatic 

growth (Borlak et al., 2005) and has been thought to be expressed in tissues undergoing 

apoptosis (Kittling and Novick, 1997, Lee et al., 2000). EF1 gamma has yet to be 

characterized in the MG, but is known to traffic tRNA to the ribosome for translation 

(Lew et al., 1992). The clustering o f the genes identified above indicates a possible 

coordinate regulation o f various genes that is in turn regulated by the switch from one 

phase to another during MG development. The functions o f the genes identified and the 

stage during MG in which they are highly expressed seem to correlate with the perceived 

biological needs of the tissue at that specific stage of development.

3.3.4 Conclusions

Through the macro array screen I was able to identify 132 clones that displayed a 

differential profile over the course o f postnatal MG development. Among the most 

abundant types o f genes identified were genes that represented ribosomal protein genes 

and iron binding/metabolism genes. Northern analysis validated the differential
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expression over the course o f MG postnatal development for 14 genes selected from my 

screen. Genes identified here in the current study define 3 groups of genes (3 waves) with 

distinct expression profiles. 8 known genes of those identified define molecular changes 

during the LI 0 to II transition period. The results o f the current study support my initial 

hypothesis that differences in the expression of specific subsets o f genes may define the 

change in the tissue environment over the course o f MG postnatal development.
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CHAPTER 4 -  THE CALYCIN SUPERFAMILY AND IRON METABOLISM
GENES

4.1 INTRODUCTION

O f the 132 clones identified and that correspond to non-WAP genes; further analysis was 

done on two subgroups o f genes identified, namely genes defining iron binding proteins 

and those that are members o f the Calycin superfamily o f genes (Table 4.1).

Group Gene Nam e Accession N um ber

Iron M etabolism transferrin (trf) NM 133977.1
Iron M etabolism lactotransferrin (Iif) NM 008522.2
Iron M etabolism ferritin heavy chain (fth) BC012314.1
Iron M etabolism ferritin light chain (fit) AK011244.1
The Calycin Superfam ily fatty acid binding protein 4 (fabp4/afabp) AK003143
The Calycin Superfam ily fatty acid binding protein 3 (fabp3/hfabp) BC002082
The Calycin Superfam ily lipocalin 2 (lcn2/NGAL/24p3) X I4607
The Calycin Superfamily orosom ucoid 1 (orml/AGP) NM 008768

Table 4.1 Genes Relating to Iron Metabolism or the Calycin Superfamily: The gene 

identity o f  each clone was identified using the NCBI BLAST analysis (Appendix A). Genes that define 

either iron m etabolism  genes or m em bers o f  the calycin superfam ily o f  genes and identified in my screen 

are tabulated here. In cases where a given gene has more than one gene symbol, the symbol shaded in grey 

is the one used for the duration o f  the thesis.

Under careful scrutiny it was found that these two groups are interrelated, lipocalin 2 

(lcn2) has iron binding capabilities (Yang et al., 2002, Kaplan, 2002) and orosomucoid 1 

{orml) is an acute phase response protein which has anti-inflammatory properties (de 

Vries et al., 2004; reviewed in Fournier, Medjoubi-N and Porquet, 2000). 

Lactotransferrin (/(/), an iron binding protein, is also capable o f performing both 

functions mentioned above (reviewed in Legrand et al., 2004). Indirectly then members 

o f these two gene groups have a common role in responding to cellular stress. 25 clones 

of the 132 isolated belong to either o f these two categories o f genes. In this chapter I will 

review what is known about these genes in the context of MG biology and function, and
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use bio-analysis and meta-analysis approaches to search for any additional common 

features between these two groups o f genes.

4.1.1 The Iron Binding Proteins

Iron is a metal that is required in numerous cellular processes, but can also be extremely 

toxic to a cell (Halliwell and Gutteridge, 1984; reviewed in Meneghini, 1997). High 

levels o f iron can result in massive tissue and DNA damage; in contrast, extremely low 

iron levels can result in anemia (reviewed in Arosio el al., 2002; Doreswamy and 

Muralidhara 2005). The cell produces numerous factors that can modulate iron levels to 

meet the metabolic requirements, as well as some that can protect cells from the toxic 

effects o f free iron (Halliwell et al., 1988). It is essential to cell survival that these factors 

exist since free iron can react with hydrogen peroxide through the Fenton reaction 

(Figure 4.1) to produce hydroxyl radicals (Casanueva and Viteri, 2003; Held el al., 1996). 

These radicals can cause single and double stranded DNA breaks. Free iron also has the 

ability to cause lipid peroxidation that leads to the formation of hydroxyl radicals and 

aldehydes that can damage DNA (Casanueva and Viteri, 2003). The presence o f oxygen 

free radicals can also result in the production o f 8-hydroxy-deoxyguanosine that can 

cause mutations in DNA by base mispairing during replication (Halliwell and Aruoma, 

1991).

Through the differential screens I performed (Chapter 3), clones relating to iron 

metabolism were identified. Transferrin (trf) is a factor that can bind iron molecules 

outside o f the cell and transport them into a cell by binding to the transferrin receptor 

(tfrc) on the cell membrane (Monteiro and Winterboum, 1988; Donovan and Andrews, 

2004). This association internalizes diferric trf, and once internalized iron is released due 

to an acidic environment in the endocytic vesicle and used for normal metabolic needs or 

stored. The tr f  is subsequently returned to the extracellular space to repeat the process 

(Klausner et al., 1983). Lactotransferrin or lactoferrin (Itf) binds iron in the same manner 

as tr f  and has a similar structure to tr f  The activity o f I tf  however, is more pronounced 

in stressed environments with high levels o f free iron. Typically when levels of free iron 

are high, tr f  and tfrc are down-regulated to prevent toxic levels o f iron in the cell, 

whereas Itf will be up regulated to take iron and sequester it in macrophages (Iyer and
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Fe2+ + H20 2 — > Fe3+ + -OH + OH- 

Fe3* + H20 2 — > Fe2+ + OOH + H*

Figure 4.1: Fenton Reaction: Ferrous iron salt has the ability to react with 
hydrogen peroxide and form the hazardous oxygen free radical -OH. This radical can 
then react w ith other organic m olecules in the cell and dam age them. This includes DNA 
which can have double stranded breaks created or insertion o f  mutation inducing agents 
such as 8-oxo-guanine. (Henle et al. 1996).
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Lonnerdal, 1993; Nuijens et al., 1996). A macrophage is capable o f storing large amounts 

of iron bound in ferritin molecules resulting in a protection for the surrounding cellular 

environment (Oria et al., 1998). L tf  also has the ability to bind siderophore iron as a 

secondary protective action to prevent it’s utilization by bacteria (Kanyshkova et al., 

2003). Though the mechanism o f action is similar for these two factors, the designated 

role for each is substantially different. By regulating these factors the cell is able to 

maintain an optimal level o f iron to carry out normal cellular activity, without sustaining 

serious damage. Once inside the cell the free iron can be taken up by ferritin, a large 

spherical structure composed o f numerous ferritin heavy chains (fth) and ferritin light 

chains (ftl) (Arosio et al., 1978; Boyd et al., 1984) that can sequester the free iron 

(Monteiro and Winterboum, 1988). Alternatively the iron can be immediately used in 

processes such as the electron transport chain, transcription, or oxygen transport 

(Crichton and Ward, 1995).

4.1.2 The Calycin Superfamily

There are three main groups o f proteins that comprise the calycin superfamily; they are 

the lipid binding proteins (LBP), the lipocalins and the avidins. Members belonging to 

this superfamily are grouped based on their similarity in protein physical structure rather 

than sequence similarity. The hallmark structural feature o f these proteins is a P-barrel 

configuration (figure 4.2) that has a general role in binding hydrophobic molecules. The 

P-barrel structure is compositionally different among the three subgroups o f calycin 

genes; the LBPs have a 10 stranded p-barrel configuration while the lipocalins and 

avidins are comprised o f 8 strands (Flower et al., 1993; Muller-Fahmow et al., 1991). In 

addition the different groups o f calycin gene proteins bind to different things. The LBPs 

have a major role in trafficking o f fatty acids, the lipocalins are involved in binding 

extracellular hydrophobic compounds (LaLonde et al., 1994), and the avidins have a high 

affinity for factors such as biotin and other related vitamins. Though there is some 

structural similarity, the relationship o f avidins to LBP and lipocalins has been 

questioned due to weak structural homology between the groups.
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Figure 4.2: Beta Barrel Protein Structure: The image above depicts the basic 
structure o f  the beta barrel formation. Beta sheets are created (usually in anti-parallel 
orientation) to form a structure that represents a hydrophobic pocket. Above, the beta sheets 
are arranged in parallel, which is depicted by the direction o f  the arrows. The sheets above 
are then tethered together by alpha helices, but this is not always the case. The dotted lines 
represent hydrogen bonds that aid in the structure o f  the barrel. In the situation o f  the LBP, 
alpha helices form and serve to function alm ost as a lid to the barrel creating a com plete 
hydrophobic environm ent that is used to  sequester various elements. Typically the calycin 
superfam ily beta barrel structure is created by beta sheets in anti-parallel conform ation 
(review ed in Flower et al., 2000). The structure was provided by Dr. O liver Kreylos 
(2004).
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The LBP are classified as being tissue specific proteins, and the different LBPs 

were initially named based on the tissue from which they were originally isolated. On a 

genomic level the LBP genes all maintain the same gene structure that consists o f 4 exons 

(Li and Norris, 1997).Two clones were identified in the differential cross screen that had 

sequence corresponding to the LBP, fatty acid binding protein 3 (fabp3) and fatty acid 

binding protein 4 (fabp4). Fabp3 is also known as heart fabp  (hfabp) since it was initially 

identified in that tissue, even though it has a broad profile o f tissue expression (Paulussen 

et al., 1989). Fabp3 has also been identified as being the human form of MG derived 

growth inhibitor (MDGI) (Phelan et al., 1996). MDGI has been shown to have 

differentiation properties in the MG and is able to inhibit growth of the MG by restricting 

proliferation of the epithelial cells (Grosse et al., 1991; Bohmer et al., 1987; Kurtz et al., 

1998). Fabp4 was initially isolated from adipose tissue and as such was named adipose 

fabp. Fabp4, unlike fabp3, is mainly expressed in adipose tissue alluding to a highly 

specific role in this tissue (Bemlohr et al., 1984). Both factors have similar roles in that 

they are responsible for binding with high affinity to long chain fatty acids, but can also 

bind other molecules with structures similar to fatty acids (Kaikaus et al., 1990). The 

reason for sequestering these fatty acids is not well known. It has been proposed that the 

trafficking o f these fatty acids by FABP is part o f a regulatory pathway mediated by 

peroxisome proliferator activated receptors, PPAR (Sorof, 1994; van Bilsen, 2002; 

Schoonjans et al., 1995).

The lipocalins are mostly extracellular factors that have a role in binding 

hydrophobic compounds such as retinol and pheromones, and transporting them to cells 

by binding to extracellular receptors and that can internalize these factors for transport to 

their appropriate target. Three clones isolated from this screen are members o f the 

lipocalin family. These factors are lipocalin 2 (lcn2; NGAL; 24p3), orosomucoid 1 

(orml) and orosomucoid 2 (orm2). Lcn2 has been characterized as a 25 kDa protein that 

associates to a matrix metalloproteinase, human neutrophil gelatinase (Kjeldsen et al., 

1993; Flower, North and Atwood, 1993). As a protective agent, lcn2 is part o f the acute 

phase response, the initial protein response to a toxic or damaging agent to the body, and 

has numerous functions. In the MG it can prevent neutrophils from invading the early 

involuting MG by forcing the neutrophils to enter apoptosis (Nilsen-FIamilton et al. 2003;
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Bundgaard et a l, 1994). Post involution levels o f lcn2 remain high supporting a 

protective affect for the MG, possibly by inducing apoptosis in inhabiting neutrophils that 

are considered to be major contributors o f oxygen free radicals. Interestingly lcn2 has 

been shown to bind bacterial catecholate-type ferric siderophores alluding to a role in an 

immune response by preventing bacterial growth (Goetz et al., 2002). MG lcn2 also has 

the ability to bind iron in a fashion similar to tr f  and can transport this iron into epithelial 

cells resulting in modulation o f iron responsive genes (Yang et al., 2002). Although the 

levels o f iron transport are typically lower, the mechanism of action o f lcn2 is highly 

similar to both tr f  and Itf.

The last two members o f the calycin superfamily that were isolated from the 

screen are orml and orm2. Also known as a - 1-acid glycoprotein (AGP) types 1 and 2 

respectively, these factors have a role in the acute phase response o f the innate immune 

response (reviewed in Hochepied et al., 2003). The two genes differ by a stretch o f 22 

base pairs in the gene structure (Dente, 1987), with a difference in at least 21 amino acids 

at the protein level (Merritt and Board, 1998). Activity o f orm hs  not only dictated by the 

level o f protein present, but also by the glycosylation patterns on the protein. Orml can 

be categorized into three forms based on the levels of glycosylation: AGP A; AGP B; 

AGP C (van Dijk et al., 1995; Bennett and Schmid, 1980; Higai et al., 2005). Patterns of 

glycosylation o f orml are known to be altered during the course of pregnancy and stress 

in the MG (reviewed in Fournier et al., 2000; van Dijk et al., 1995). Orml was originally 

identified as a breast cancer glycoprotein (Twining and Brecher, 1977) and its mRNA 

message has been localized to epithelial cells in MG (Gendler et al. 1982). Orml can be 

up regulated by addition of peroxisome proliferators (PP) (Anderson et al., 1999), and 

has the ability to prevent superoxide anion formation in the presence of phorbol myristate 

acetate (Vasson et al., 1994) promoting activity in response to oxidative stress.

In the current chapter I examine the two groups o f genes (iron binding proteins 

and the calycin superfamily) that share a common feature in that members o f each group 

respond to cellular stress. L tf trf, fth, and f t l  are all known to play a role in regulating 

iron, a source of oxidative stress. Lcn2, l t f  and orml are all thought to be part of an acute 

stress response. In order to examine if any other similarities exist a more thorough 

bioinformatic analysis was performed. Because o f the known association of PP induced
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orml expression, I made a focused examination for evidence o f peroxisome proliferator 

activated receptor (PPAR) mediated transcription for each of the genes in question.

4.2 RESULTS 

4.2.1 Northern Analysis

Genes I identified that relate to iron metabolism and/or the Calycin superfamily display a 

differential expression over the profile o f the MG. These results support the initial screen 

of the macroarrays in that they do have a differential profile.

4.2.2 Northern Analysis of Clones Relating to Iron Metabolism

4.2.2.1 Transferrin

The tr f  PCR product used to probe the MG northern for tr f  transcript levels was 2kb in 

size and the single pass sequence obtained (appendix A) aligned to bases 698 to 1500 of 

the Mus musculus tr f  gene. The single band observed on the autorad was present at 

approximately 2.5kb, which is consistent with the expected transcript size of 2332 bases 

in UNIgene (Figure 4.3). The levels for tr f  mRNA increased gradually between late 

pregnancy (P I3) and early lactation (L3) and persisted into early involution (12) after 

which levels decreased. T rf mRNA abundance is significantly lower in 19 (Virgin-like 

stage). After repeating the northern analysis, a common trend was observed confirming 

the initial expression profile (figure 4.3). These results confirm the results previously 

published by Grigor et al. (1990).

4.2.2.2 Lactotransferrin

The l t f  PCR product used for probe labeling was approximately 1.1 kb and the sequence 

(appendix A) aligned to bases 1405- 2106 o f the Mus musculus lactotransferrin transcript. 

When probed to the MG northern blot a single prominent band was observed at 2.7Kb on 

the autoradiograph which correlated to the estimated l t f  transcript size (2744 bases in 

UNIgene). L tf  mRNA levels sharply increased upon progression into the involuting 

period at II. A high level o f l t f  mRNA persisted through early involution and rapidly 

dropped down to levels that are characteristic o f the virgin time point at 15 after which 

they remained constant (Figure 4.3). Levels of mRNA were undetectable during virgin,
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Figure 4.3: trf  and ltf  Northern Analysis: Probes were made from the PCR product 

produced from the respective cDNA clone. They were labelled with a -32P-dCTP using 

Invitrogen’s Random Primer Labelling Kit. Two sets o f mouse tissue were used to create 

MG Northern profiles and were used to confirm the expression profile for each clone. 

These are presented under the columns tissue set 1 and tissue set 2 A) The tr f  probe was 

hybridized to northern created from the RNA of tissue sets 1 and 2. B) The l t f  probe was 

hybridized to northern created from the RNA o f tissue sets 1 and 2. Bands observed on 

the northern were normalized to the 18s rRNA from the gel and processed through 

densitometry. The intensity o f the 18S rRNA band was used as a loading control (Correa- 

Rotter, 1992). V: Virgin; P: Pregnancy; L: Lactation; I: Involution
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pregnancy, lactation and late involution periods. Northern analyses of MG RNA isolated 

from a second independent group of animals confirmed the basic trend of l t f  mRNA 

levels throughout the MG postnatal developmental profile (figure 4.3). These 

observations support the findings by Lee et al. (1996).

4.2.2.3 Ferritin Light Chain

The f t l  PCR product used for the current study was sized at approximately 720 bases 

based on gel electrophoresis. When sequenced (appendix A), the fragment aligned to 

bases 147 to 786 of the Mus musculus f t l  mRNA transcript. Over the course of MG 

postnatal development f t l  mRNA levels were found to increase during II and remain 

elevated until 14 after which levels decreased to levels similar to those present during the 

virgin and pregnancy stages o f the profile. The single band observed on the northern is 

approximately 950 bases and correlates to the documented size in the UNIgene database 

o f 924 bases, although this has not been confirmed as the complete mRNA molecule. Ftl 

mRNA levels peaked at Virgin 15 and levels decreased throughout pregnancy and 

reached their lowest levels during MG lactation (L3, L10, and I 0.08). During early 

involution, levels o f f t l  mRNA began to increase. A second peak in levels occurs at 12, 

after which levels decreased slowly the remainder o f the involution period (Figure 4.4). 

The data observed for f t l  has not been previously reported in the MG during postnatal 

development.

4.2.2.4 Ferritin Heavy Chain

The fth  PCR product used to identify f th  mRNA transcripts on MG northern blots was 

approximately 750bp in size and the sequence (appendix A) aligned to bases 295 -  845 of 

the Mus musculus fth  mRNA transcript (reported to be 866 bases). The most prominent 

band on the autoradiographs resulting from the northern analysis was approximately 1 kb. 

A second band was observed at approximately 920 bases on the autoradiographs during 

the lactation period where the lkb band levels decreased. The lkb band is still visible 

during this period but in relatively low levels when compared to the 920 base band. 

During 10.08 (2hours after weaning) the two bands appear to be present in equal intensity,
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Figure 4.4: f th  and f t l  Northern Analysis: Probes were made from the PCR product 

produced from the respective cDNA clone. They were labelled with a -32P-dCTP using 

Invitrogen’s Random Primer Labelling Kit. Two sets o f mouse tissue were used to create 

MG northern profiles and were used to confirm the expression profile for each clone. 

These are presented under the columns tissue set 1 and tissue set 2 A) The f th  probe was 

hybridized to northerns created from the RNA isolated from mouse tissue sets 1 and 2. B) 

The f t l  probe was hybridized to northern created from the RNA isolated from mouse 

tissue sets 1 and 2. Bands observed on the northerns were normalized to the 18s rRNA 

from the gel and processed through densitometry. The intensity o f the 18S rRNA band 

was used as a loading control (Correa-Rotter, 1992). V: Virgin; P: Pregnancy; L: 

Lactation; I: Involution
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and the lkb band is solely observed after this point. An increase in mRNA abundance is 

observed at 10.08 which peaked at 13. After 14, levels again decreased to those observed 

for the virgin period (Figure 4.4). The data obtained for fth  expression supports the data 

produced by Lee et al. (1996) and follows the common trend observed in figure 4.4. The 

900 nucleotide band was not observed by Lee et al., (1996); however resolution o f the 

two bands (which are relatively similar) will rely on the specific electrophoretic 

conditions used in the experiment. In addition, subtle differences could have arisen 

through genetic differences in the animals, differences in ages o f animals used, or 

differences in the way animals are cared for (food, water, light) at different institutions.

4.2.3 Northern analysis of members of the Calycin superfamily

4.2.3.1 Fatty Acid Binding Protein 4

The fabp4  PCR product isolated and amplified for probe labeling was approximately 475 

bases when analyzed via gel electrophoresis. The sequence (appendix A) obtained from 

this product aligned to bases 187-620 of the fabp4  mRNA transcript. The sole band that 

appeared on the autoradiograph resulting from northern analysis was approximately 750 

bases which approximates the expected fapb4  mRNA transcript size of 635bases from 

UNIgene. Fabp4 produced a profile that had a peak in mRNA levels in the virgin (V 15) 

and late involution (19) periods with a drop in levels through P I3, L10, II and 13 (Figure 

4.5). Fabp4 mRNA has previously been identified in the virgin MG (Bansal and Medina, 

1993), but the finding offabp4  mRNA in the restored MG has not been observed before. 

I repeated the northern analyses on a second set o f RNA samples (derived from a second 

set o f animals) and obtained data which confirmed the trend o f relative fabp4  gene 

expression profiles from the first study (figure 4.5).

4.2.3.2 Fatty Acid Binding Protein 3

PCR amplification followed by electrophoresis o f the clone representing fabp3  revealed a 

band that was approximately 650 bp in size and the sequenced PCR product (appendix A) 

aligned to bases 17-635 o f the fabp3  mRNA transcript. From the northern analysis a 

single band was detected at approximately 750 bases. This size is consistent with the
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Figure 4.5: fabp3 and fabp4  Northern Analysis: Probes were made from the PCR 

product produced from the respective cDNA clone. They were labelled with a - 32P-dCTP 

using Invitrogen’s Random Primer Labelling Kit. Two sets o f mouse tissue were used to 

create MG northern profiles and were used to confirm the expression profile for each 

clone. These are presented under the columns tissue set 1 and tissue set 2. A) The probe 

for fabp3  was hybridized to the northern created from the RNA isolated from the MG 

tissue set encompassing the short profile. B) The probe for fabp4  was hybridized to the 

northern created from the RNA isolated from the MG tissue set encompassing the short 

profile. Bands witnessed on the northerns were compared and normalized to the 18s 

rRNA band via densitometry (right o f the Northerns). The intensity o f the 18S rRNA 

band was used as a loading control (Correa-Rotter, 1992). V: Virgin; P: Pregnancy; L: 

Lactation; I: Involution
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expected (669 bases) size o f fabp3  obtained from UNIgene. Fabp3 mRNA levels were 

undetectable during the virgin stage examined but became detectable by P I3 and peaked 

at L I0/1008. After this, levels decreased by II and returned to virgin state levels by 19 

(Figure 4.5). The observation o f fabp3  in the MG has been previously identified in the 

MG during pregnancy and lactation (Treuner et al., 1994) and this supports my findings 

(figure 4.5), but the complete developmental profile has not previously been determined. 

The only discrepancy that is apparent in my fabp3  northern profile data is that high levels 

o f fabp3  mRNA are observed by P I3 in the first data set, whereas high levels were not 

detected until L10 in the second analysis. Following this initial presence o f high mRNA 

levels the profiles do follow the same trend with a decrease in 13 and minimal levels in 

19.

4.2.3.3 Orosomucoid 1

The amplification o f the orml PCR product resulted in a band approximately 551 bp in 

size. When sequenced and analyzed it was found to align to bases 18-548 o f the orml 

mRNA transcript. The documented mRNA transcript size for orml is approximately 768 

bases; the single band observed upon northern analysis was approximately 900 bases in 

size. Orml mRNA levels are barely detectable until L10 where there is a minimal 

increase, followed by a large increase in levels at II and a gradual decrease though 

involution by 19 (Figure 4.6). Orml has been previously identified in the lactating MG 

(Clarkson et al., (2004) based on microarray analysis, but nothing has been done to 

confirm these findings. The results produced here show the first northern profiles of orml 

over a broad course o f MG postnatal development.

4.2.3.4 Lipocalin 2

The size o f the lcn2 PCR product used to probe the MG northern was approximately 780 

bases in size. When the PCR product was sequenced it aligned to bases 1-723 of the Mus 

musculus lcn2 mRNA transcript. Analysis of lcn2 on the MG northern revealed a band at 

approximately 1.0 kb which approximates the expected 868 base mRNA transcript size 

obtained from UNIgene. Little to barely detectable levels o f lcn2 mRNA were observed 

in V I5, P13 or L10 samples (figure 4.6). Lcn2 mRNA levels increased by II and peaked
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Figure 4.6: orml and lcn2 Northern Analysis: Probes were made from the PCR 

product produced from the respective cDNA clone. They were labelled with a -32P-dCTP 

using Invitrogen’s Random Primer Labelling Kit. Two sets o f mouse tissue were used to 

create MG northern profiles and were used to confirm the expression profile for each 

clone. These are presented under the columns tissue set 1 and tissue set 2. A third tissue 

set (tissue set 3) was used to create the short profile observed for orml. A) The probe for 

orm l was hybridized to the northern created from the RNA isolated from the MG tissue 

sets 1 and 3. B) The probe for Lcn2 was hybridized to the northern created from the RNA 

isolated from the MG tissue sets 1 and 2. Bands witnessed on the northerns were 

compared and normalized to the 18s rRNA band via densitometry (right o f the northerns). 

The intensity o f the 18S rRNA band was used as a loading control (Correa-Rotter, 1992). 

C) Graphs represent profile trends between northerns o f the same clone. This confirms 

the profile o f each clone observed in the northern blots. V: Virgin; P: Pregnancy; L: 

Lactation; I: Involution
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at 13, after which high levels were maintained throughout involution. The data observed 

for lcn2 is similar to previously published findings (Bong et al., 2002) except that I 

observed high levels o f lcn2 mRNA during late involution. This finding is in contrast 

with the work of Bong et al. (2002) where mRNA levels taper off by late involutioa In 

support o f my results is the finding that my second replicate study confirms the basic 

trend o f the lcn2 expression profile observed in the initial study, and the fact that an 

independent study had previously reported that lcn2 mRNA levels are maintained in the 

mouse MG after the first pregnancy (D’Cruz et a l, 2002).

4.2.4 Multi Tissue Bioinformatic Analysis

A search of the UNIgene database was made to determine the broad spectrum tissue 

expression profile for each of the genes analyzed by northern analysis in this chapter. The 

data was compiled and tabulated in table 4.2. The eleven organs/tissues selected for the 

bio-analysis were: bone, heart, kidney, liver, MG, pancreas, brain, spleen, muscle, eye, 

and lung, trf, ftl, and fth  cDNA have all previously been isolated from each of the tissues 

mentioned above. L tf  cDNA has previously been isolated only from bone, heart, 

pancreas, MG, brain, spleen, and lung. In contrast, none of the calycin superfamily genes 

analyzed have been previously identified in all the tissues tissue listed. Orml has been 

identified in the fewest tissues (3/11); the liver, MG and muscle. Lcn2 has been identified 

in brain, kidney, liver, MG and spleen. Fabp3 has been previously isolated from bone, 

heart, kidney, liver, MG, brain, muscle and eye. Fabp4, the most abundantly expressed 

calycin member that I studied, has been found in the heart, kidney, liver, MG, brain, 

pancreas, spleen, muscle, and eye. To summarize, all genes considered in this chapter 

have been previously isolated from the MG. In general genes relating to iron metabolism 

are more ubiquitously expressed than those that belong to the calycin family o f genes. All 

data described here was obtained from the ncbi UNIgene database.

4.2.5 Association with PPAR Mediated Transcription

A very cursory analysis of the literature revealed that several of the genes discussed in 

the current chapter were under the influence of peroxisome proliferator activated 

receptors (PPAR) or affected by peroxisome proliferators (PP, chemicals that induce
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Ftl X X X X X X X X X X X

Fth X X X X X X X X X X X

Trf X X X X X X X X X X X

Ltf X X X X X X X

O rm l X X X

Lcn2 X X X X X X

Fabp3 X X X X X X X X

Fabp4 X X X X X X X X X

Table 4.2: Multi-tissue Bioinformatic Characterization of Clones Related to Iron Metabolism and the Calycin 
Superfamily: For each clone, the Mus musculus gene was used to search UNIgene and identify in which tissues 
cDNA relating to the subject had previously been isolated. 11 o f the major mouse organs were selected for 
comparison among the 8 clones. The observation that the cDNA of each respective gene had been previously 
Identified in a tissue is indicated by an “X” in the appropriate column. 
http://www.ncbi.nlm,nih.gov/entrez/query.fcgi?db=unigene
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PPAR transcription which have structural homology to fatty acids (Krey et al., 1997). 

Historically PPARs are factors involved in the increase o f peroxisomes in response to PP. 

However, more recent evidence attributes PPAR mediated transcription to regulate 

numerous pathways such as fatty acid metabolism, inflammation, glycerol metabolism, 

angiogenesis and glucose homeostasis (reviewed in Desvergne and Wahli, 1999; Wahli et 

al., 1995; Latruffe and Vamecq, 1997; Tabernero et al., 2002; Tien et al., 2004; 

Elangbam et al., 2001; Auboeuf et al., 1997; Auwerx et al., 1996). In the current section I 

ran a meta-analysis to determine if the genes under consideration in this chapter had the 

correct recognition promoter elements that could place them under the control o f PPARs. 

This was followed by a more involved literature mining to uncover published evidence 

that these genes may be under the influence o f PPAR control or responsive to PPs. In 

brief, the meta-analysis revealed the presence o f a PPAR responsive element in the 

majority o f the genes under consideration.

The series o f events that leads to PPAR mediated transcriptional activation is 

initiated by the presence o f a PP. This PP is then trafficked to the nuclear membrane 

where it is received by PPAR. PPAR then binds to a secondary factor, retinoid X receptor 

(RXR) and this heterodimer then binds to the respective peroxisome proliferator response 

element (PPRE) in the gene to be activated (Kliewer et al., 1992). All three isoforms of 

PPAR (PPARa, PPARp, and PPARy) have been detected in the MG during the virgin, 

pregnant and lactation periods in either adipocytes or MG epithelial cells (Gimble et al.,

1998). Both PPARa and PPARy are at their highest levels during the virgin period after 

which levels decrease, but PPAR expression has yet to be determined during the 

involution stage of MG development. The removal of a PPAR interacting factor (PRIP, 

peroxisome proliferator-activated receptor interacting protein) greatly hinders the 

metabolic activity o f the MG by reducing the number o f functional alveoli and the 

efficiency o f the alveolus suggesting that PPAR or the PPAR pathway plays an integral 

role in MG development (Qi et al., 2004). From the literature search using Entrez 

PubMed from the NCBI database, documentation associating some of the factors 

identified in our screen to PPAR and PP was obtained. Though each association is not 

directly related to the next, the indication that in some manner the majority o f the factors 

are involved with or are regulated by PPAR is interesting.
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4.2.5.1 Promoter Analysis for Evidence of a Potential PPAR Interaction

The putative promoter region for each gene isolated in the current study and discussed 

above was obtained from the NCBI Entrez Gene database. Each promoter (as defined in 

the text provided for each gene in the NCBI Entrez Gene database) was subjected to 

ClustalW alignment with the consensus sequence for the PPAR response element 

(PPRE). In general the putative promoter region ranged from 740 bp to 3000 bp. The 

consensus PPRE sequence (AGGTCAAAGGTCA) used to identify the binding element 

is a direct repeat hexamer (DR1) with one base separating the repeats. The DR1 repeat is 

quite leaky and is also a recognition sequence for RXR (9-m-retinoic acid receptor) 

homodimers and RXR/RAR (retinoic acid receptor) dimers (Nakshatri and Chambon, 

1994). Following ClustalW alignment it was observed that each gene studied in this 

chapter showed some homology to the consensus sequence in their respective promoter 

and the alignments with the highest homology (as determined by ClustalW) are illustrated 

in figure 4.7. The homology o f the PPRE sites ranges from 7/13 bases for orml and 

fabp4  to 11/13 bases for tr f  and fabp3. These sites are probable PPRE sites given the 

finding that the majority o f the genes identified have known associations with PPAR 

regulation or are PP responsive (discussed below).

The putative PPRE site (GAGTTAGAGACCA) for the fabp4  gene identified by 

my search with the consensus PPRE sequence does not coincide with the PPRE 

established recently (Schachtrup et al. (2004). The PPRE sequence established in that 

study was TCTTACTGGATCAGAGTTCA. The fabp4  PPRE site defined by Schachtrup 

encompasses a much larger region of sequence than the consensus sequence mentioned 

above and was approximately 5000 bp upstream of the start codon. In their PPRE 

sequence they also included a 5’ flanking region of the PPRE. This region 

(C(A/G)(A/G)A(A/C)CT) was found to be more important with respect PPAR/RXR 

binding specificity to the promoter region than the PPRE itself (Juge-Aubry et al., 1997). 

The PPRE identified by Schachtrup et al. (2004) was functionally analyzed and was 

found to interact with PPARy and weakly with PPARa. The putative PPRE site identified 

based on the consensus sequence is much more similar to the PPRE found in fabp3  and 

may correspond to an alternative binding site for PPARs.
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Figure 4.7: Identification o f Putative PPRE in the Promoter Region of Genes
Related to Iron Metabolism and the Calycin Superfamily. A) The prom oter regions 
for each gene were obtained from Entrez Gene and were scanned using ClustalW  alignm ent with 
the consensus PPRE sequence AGGTCAAAGGTCA to find the best possible alignm ent between 
the prom oter sequence and the consensus PPRE. Each gene’s representative PPRE sequence was 
then aligned to other putative PPRE to com pare the homology. B) For each gene 5000 bases 
upstream o f  the start codon (ATG) was scanned with the consensus PPRE sequence including the 
5 ’ flanking consensus sequence that is believed to aid in PPAR/RXR recognition. The consensus 
sequence (sequence that the prom oters were aligned to) (grey shading) is indicated at the top o f  
each group o f  sequences and is depicted by the notation “PPRE” . Boxshade was used to view the 
alignm ents. The black boxes indicate bases that occur most frequently and bases with a lower 
frequency are marked by a white box. Each sequences position has been referenced to the start 
codon for each gene and is indicated by the numbers present bordering the sequences. Upstream 
sequence was obtained from the mouse genom e inform atics database. 
http://www.inform atics.jax.org/
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As a secondary screen I expanded the region upstream of the translational start 

codon o f each gene to 5000 bp and rescreened them for the PPRE consensus sequence 

containing the 5’ flanking consensus sequence (Schachtrup et al., 2004). The best match 

to the consensus PPRE sequence CAAAATCTAGGTCAAAGGTCA for each gene is 

presented in figure 4.7B. It is interesting to note that in all cases except for fabp3 

different regions in the upstream region were identified with the extended PPRE 

sequence than that identified by the (AGGTCAAAGGTCA) sequence alone. In general 

the overall homology for each extended PPRE region is lower than that of the PPRE 

sequence alone. The best homology was found in the case o f f t l  (16/20) and the lowest 

degree o f similarity o f 12/20 in the cases o f l t f  lcn2 and fabp3. The data suggests that for 

the genes examined that each gene may have as many as 2 to 3 potential PPRE sites 

within the promoter region.

4.2.5.2 Iron Binding Proteins and PPAR Mediated Transcription

O f the genes related to iron metabolism l t f  tr f  and f t l  expression was previously found to 

be affected by PPAR mediated transcription. Trf expression is repressed by PPAR in the 

liver. This mechanism is thought to act not as a direct inhibition by PPAR binding to a 

PPRE, but an indirect mechanism that prevents HNF-4 (hepatic nuclear factor) from 

binding to the PRI (proximal region I) element in the tr f  promoter. In this case PPAR 

binds to the PRI element, thus HNF-4 cannot activate tr f  transcription, and ///levels drop 

causing an eventual decrease o f iron transport into cells (Hertz et al., 1996). In the case of 

the MG, I observed an increase in ///levels  during lactation, this would correlate to the 

control mechanism described above since inherent levels of PPARs decrease during 

lactation (Gimble et al., 1998, Hasmall et al., 2000).

Microarray profiling o f hepatic gene expression suggests that liver l t f  levels 

decrease in response to treatment with a PPARa specific PP, diethylhexylphthalate 

(DEHP). In the MG I observed that l t f  levels increase during late lactation and early 

involution. Correlating these observations to PPAR levels observed by other groups 

(Gimble et al., 1998, Hasmall et al., 2000) it would appear that increases in l t f  levels 

could again be responding to decreases in PPAR levels. Supporting this possibility is the 

finding that the l t f  gene does have a putative PPRE (figure 4.7A and B) in its promoter. In
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brief PPARa could be acting as a repressor of l t f  expression in the MG. Further analysis 

o f l t f  and tr f  expression, however, in wildtype and PPARa null mice showed a decrease 

in expression after PP addition. This suggested that the effect seen may represent a PP 

mediated effect as opposed to a direct effect by PPARa (Hasmall et al. 2002). This 

down-regulation in expression is believed to be responsible for a positive growth effect 

by preventing the /(/"inhibition o f TNF-a, allowing TNF-a to induce cell proliferation. In 

the case o f the MG this would correlate to the pregnancy and lactation stages of 

development.

Addition o f 15d-PGJ2 (15-deoxy-D 12,14-prostaglandin J2), a derivative of 

arachadonic acid that is a known PP activator o f PPARy, to human monocytic TF1P-1 

cells results in an increase in f t l  mRNA levels. (Jang et al., 1999). Since f t l  and fth  

produce the 2 different subunits that interact to form a single ferritin functional complex, 

the regulation of f t l  may underlie a corresponding regulation o f fth. Alternatively an 

effect that decreases or increases the relative levels off t l  or f th  will have an affect on the 

relative number o f functional ferritin complexes that can be assembled. The initial high 

levels o ff t l  MG mRNA during the virgin and pregnancy periods followed by a decrease 

in mRNA levels during lactation, observed in the current study, follows the published 

expression profile o f PPARa (Gimble et al., 1998)

4.2.5.3 The Calycin Superfamily and PPAR Mediated Transcription

The Calycin superfamily genes examined in the current study (fabp3,fabp4, orml and 

lcn2) have published evidence that their expression can be affected by PPAR and/or PP. 

Fabp3 and fabp4  are induced in liver with Wy 14,643 a potent activator of PPARa, as a 

latent effect following liver fabp  induction (Motojima, 2000). Fabp4 mediated transport 

of fatty acids is directly associated to the PPARy activity in adipose tissue. PPARy binds 

to a PPRE in the promoter o ffabp4  subsequently increasing expression and production of 

fabp4, which in turn positively regulates PPARy by transporting substrates to PPARy for 

activity (Storch and Thumser, 2000; Tontonoz et al., 1995). The result o f this may be to 

aid in the differentiation of the adipose tissue, though the exact result of this interaction is 

not fully understood. In the case o f the MG, adipocytes are predominantly present during 

virgin or virgin-like states o f the tissue and both levels o f fabp4  and PPARy seem to
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correlate with the presence or absence o f this cell type in the MG tissue over the course 

o f development. The involvement o f orm l with PPAR and PP is currently speculative. In 

a study examining PP induced acute phase protein expression, PP (Wy-14643, a PPARa 

activator) treatment o f normal livers in rats was found to cause a decrease in orml 

mRNA levels, while the same treatment in cancerous livers in rats resulted in an increase 

in orml mRNA levels (Anderson et al., 1999). Lastly lcn2 expression appears to be 

selectively induced in murine prolymphoid progenitor cells (FL5.12) exposed to Wy- 

14643 (PPARa activator) (Tong et al., 2003). The observation o f a putative PPRE in the 

lcn2 promoter does coincide with the previous finding o f lcn2 being up-regulated in the 

presence o f PP Wy 14,643 (Tong et al., 2003).

4.3 DISCUSSION

Two groups o f genes were analyzed in the current chapter, iron binding protein 

genes and members o f the calycin superfamily o f genes. Literature mining resulted in the 

initial realization that members o f both gene groups shared a common functional role in 

responding to cellular stresses (oxidative stress response or an immune response). For 

most of the genes the most prominent increase in mRNA levels is followed by a decrease 

by late involution (19-110, the virgin-like state).

Upon careful analysis there are actually three waves of gene induction over the 

course o f MG development. A collective summary o f the northern data is presented in 

figure 4.8. Fabp4 (a marker o f adipocytes) and fabp3  mRNA expression (a marker of 

MG epithelial cells) define the first wave o f changes in gene expression and mark the 

major switch from a virgin MG (adipocyte cell rich tissue) to a developed MG (epithelial 

cell rich tissue) back to a virgin like tissue (adipocyte cell rich tissue). The increase in 

fabp3  mRNA levels during pregnancy and lactation coincides with the possibility that 

fabp3  may be involved in differentiation o f the MG and a regulator o f MG growth (Yang 

et al., 1994; Borchers et al., 1997). In hindsight it is not surprising that the PPRE sites 

that contribute to defining the expression offabp3 and fabp4  are different. The expression 

profiles between fabp3  and fabp4  are inverted, when the expression of one is very high 

the expression of the other is typically low. Both fabp3 and fabp4  can be induced by 

induction and activation of PPARa (Motojima, 2000), but increased fabp4  cellular
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Figure 4.8 Expression Trends for the Calycin Superfamily and Genes Related to 

Iron Metabolism: The normalized mRNA values obtained from densitometry are 

graphed and the profiles o f genes related to iron metabolism and the genes related to the 

Calycin superfamily were grouped based on common expression trends.

V: Virgin (weeks); P: Pregnancy (days); L: Lactation (days); I: Involution (days)
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activity has been correlated with increased PPARy activity in adipocytes. It is possible 

that the balance o f PPARa and PPARy activity controls the drastically different profiles 

offabp4  and fabp3  that are observed.

In the context o f this chapter, the iron metabolism genes and the remaining 

calycin superfamily genes define wave 2 and wave 3 o f changes in gene expression. 

Within this group, tr f  is the only gene to show its major increase in mRNA levels 

between P13 and L10 (Wave 2). During pregnancy and lactation the MG is in a state of 

high metabolic activity, an induction in tr f  is therefore logical since tr f  expression is 

largely associated with iron metabolism for normal cellular processes. When the 

mammary gland becomes stressed by the buildup of milk in the alveoli, there is a down 

regulation o f ///indicating that the MG has shifted its cellular phenotype.

The wave 3 genes (lcn2, ftl, orml, fth, Itf) all show marked increases in mRNA 

levels between L10 and II and which remain relatively high during 13. The majority of 

the mRNA levels for the genes surveyed peaked at 11-13. The major induction o f wave 3 

genes encompasses the switch from lactation to involution and defines gene products 

which have roles in responding to environmental stresses. Expression of these genes 

marks a change in the physiology o f the MG. After weaning there is a build up o f milk in 

the ducts o f the MG which causes physical stress that can lead to oxidative stresses to the 

tissue and set up an environment for bacterial growth and infections. Four o f the five 

genes in wave 3 define products that play a role in regulating free iron levels within the 

tissue or modulate an immune response or surveillance pathway. Lcn2, I tf fth  and f t l  all 

have direct roles in the control o f free iron. Lcn2 is believed to mediate the removal of 

oxygen free radicals (Devireddy et al„ 1993; Kjeldsen, 1994) and can traffic iron from 

the extracellular space into cells using the same endocytic mechanism as tr f  (Yang et al., 

2002/ In addition lcn2, like Itf  can bind siderophores produced by bacterial cells that 

transport iron into bacterial cells for metabolism (Goetz et al., 2002; Braun, 1987; Bullen, 

1981). Theoretically, when lcn2 or /(/"binds the siderophores, it prevents the iron from 

being taken up by the bacteria and therefore limits bacterial growth (Flo et al., 2004). Co- 

coordinately, these two factors could have an important role in the involuting MG by 

preventing bacterial infection in the static milk (Erickson et a l, 2003).
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The exact functional role of orm l is not fully understood, although it is thought to 

be regulated by varying degrees o f glycosylation of itself as well as the quantity o f orml 

present. Orml is the only gene in the current genes examined that has a sharp peak of 

mRNA levels at II, with levels sharply decreasing after this developmental stage. The 

presence o f orml is seen upon induction of the acute phase response as is lcn2, and thus 

is associated with the acute phase response (Williams et a l, 1997). Orml has the ability 

to delay the onset o f apoptosis and inflammation in the ischemic kidney (de Vries et al., 

2004); therefore the high levels of orml mRNA in early involution in the MG may 

represent an attempt to delay the progression towards a proteinase dependent state of 

involution and the progression to the virgin-like state (Daemen et al., 2000). Orml may 

therefore represent one component that is essential from the switch from a lactating to an 

involuting MG. A common theme that seems to be inferred by the wave 3 genes, in 

general, is that changes in specific gene expression observed during the onset of 

involution and subsequent maintenance o f these mRNA levels through early involution 

may therefore exist to compensate for the destruction of neighbouring cells (Wang, 

2001).

There is a subtlety in the expression profiles of wave 3 genes that allow them to 

be subdivided into two groups, wave 3 genes that show a marked decrease in mRNA 

levels by 19-110, the virgin-like state {orml, fth, Itf) or genes that show only a slight 

decrease in mRNA levels by 19-110 relative to the peak levels o f expression {lcn2 and ftl). 

Genes that maintain a very high level o f expression relative to levels observed at the 

virgin stage (V I5) are interesting because they indicate that there is a molecular 

differentiation between the virgin stage and the virgin like stage. The high level o f lcn2 

observed through late involution (19), for example, is thought to provide an anti-cancer 

protective affect in women who have been pregnant (Devireddy et al., 1993; Kjeldsen, 

1994).

It is already documented that fatty acids are ligands that can stimulate PPAR 

mediated transcription (reviewed in van Bilsen et al., 2002), but a role for PPAR 

mediated transcription in iron metabolism has not yet been established. The results from 

my screen identified at least two putative PPRE sites in the promoter region of each gene 

analyzed in this chapter. As noted above the consensus sequence used for the PPRE
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analysis did not pick up the known binding site that is present in the fabp4  gene. The 

data therefore suggests that there may be a number o f different sites within these genes 

that govern its potential interactions with PPARs. Although the majority o f genes show a 

in increase in where there is a known decrease in PPARa and PPAR y levels, and that I 

have found potential PPRE sites within the promoters o f the iron metabolism protein and 

calycin superfamily genes examined, the mechanism of PPAR interaction with the 

promoter elements for each of these genes cannot be elucidated. Either a PPAR can 

directly bind to a PPRE and either positively or negatively regulate gene expression or a 

PPAR can bind to alternative promoter motifs that then inhibit the binding o f other 

transcription factors that would activate the expression o f that gene (Hertz et al., 1996). 

The information accumulated here relating fatty acids, iron metabolism and the mammary 

gland although preliminary, may aid in the definition of the events leading into, during 

and following MG involution.
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CHAPTER 5 - CHARACTERIZATION OF CITED2 EXPRESSION IN 
MAMMARY GLAND INVOLUTION

5.1 INTRODUCTION

In addition to a direct or differential cDNA library screening approach (chapters 3 and 4) 

I also initiated a study to use a comparative functional genomics approach to identify a 

putative molecular component that might be essential to the involution process. In this 

approach the goal is to identify common changes in gene expression between 2 

independent models systems undergoing a common process, involution. In addition to 

MG involution, other members o f the lab also study light-induced retina degeneration 

(LIRD) in adult rats.

LIRD in rats involves involution o f the retina. More specifically, intense green 

light (1300-1500 lux) induces oxidative stress in the retina, which is followed by the 

onset o f apoptosis (Wong et al., 2003, Wong et al., 2004; Kutty et al., 1995, Organisciak 

et al., 1989). What drives apoptosis is a change in genetic expression, protein expression 

and/or a modification of existing proteins (Wylie et al., 1984). The mouse MG is an 

excellent candidate to compare against the LIRD model. It shares similarities to the retina 

in that both tissues undergo postnatal development and both tissues responds to external 

triggers to undergoing involution. Weaning of the pups from the Dam causes a 

mechanical stress to the MG because of milk engorgement, this coupled with hormonal 

change induces the process o f apoptosis leading to MG involution (Li et al., 1997). In 

addition the expression of clusterin, a gene that is responsive to stress and a state of 

active cell death is highly induced in both systems undergoing involution (Wong et al., 

2001, Chapter 3). Because we see this similarity in gene expression in both models it is 

reasonable to hypothesis that both systems may employ similar programs to undergo 

involution. Thus when a factor shows up-regulation during LIRD a question that arises is 

if  this factor also shares a similar response during MG involution, and vice versa.

One gene that changes its levels o f expression over the course o f LIRD is CREB 

binding protein/p300 interacting transactivator with ED rich tail 2 (cited2), a member of 

the CITED family o f transcriptional modifiers (Figure 5.1; Maciejko et al., 2005 

published abstract). Although cited2 has been previously reported as an expressed
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Figure 5.1: cited2 Gene and Protein Structure:
A) The gene structure o f  cited2 consists o f  three exons and tw o introns. The first 

intron has characteristic boundaries, while the second intron does not and is 
present in the longest alternative transcript o f  the gene. The main transcript is 
depicted below the gene, and the second intron is identified by the different 
colored box. It is this region that is present in the largest splice variant and 
produces the srj region. This region is absent in the second most common 
transcript.

B) The structure o f  the M RGI protein is characteristic o f  the CITED  family with 
the CR2 domain that is responsible for p300/CBP binding. The CR3 domain is 
evident in CITED 3 and 4 as well. Notice the serine glycine rich region, it is 
present in the largest splice variant (270 aa) but not in the second observed 
isoform (213 aa).
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sequence tag derived from mouse MG (http://www.ncbi.nlm.nih.gov/UniGene/clust.cgi? 

ORG=Mm&CID=272321), no published reports examining cited2 expression over the 

course o f MG postnatal development have appeared. There is significant homology at the 

nucleic acid level between human and mouse gene structure (Figure 5.2) (88.9%, 

obtained from the NIH Homologene database). The human cited2 gene spans a region of 

2.4kb, and is comprised o f 3 exons and 2 introns (Leung et al., 1999). Predicted 

alternative splicing o f the human gene reveals 4 putative products with the respective 

open reading frame sizes 1939bp (36kDa), 710bp (23.9kDa), 482bp (17.2 kDa), and 

450bp (11.6kDa) (Mammalian Gene Collection (MGC) Program Team, 2002). The 

36kDa protein and 24kDa protein correspond to products p35srj (Bhattacharya et al.,

1999) and Mrgl (Shioda, 1997) respectively. There are no documented factors that 

coincide with the smaller sized products, though to date both are now classified as cited2. 

Each putative protein variant harbors exon 2, which is the exon that contains the region 

coding for the CR2 (conserved region 2) domain and is responsible for interacting with 

p300/CBP (Figure 5.1) (Braganca et al., 2003; Freedman et al., 2003, Yin et al., 2002; 

Bhattacharya et al., 1999). The variant known as p35srj is the only product that 

maintains intron 2 in its coding sequence. The second intron introduces a region that is 

rich in serine and glycine and is thought to act as a flexible arm in the protein, though the 

exact benefit o f this region is unknown (Leung et al., 1999). O f these 4 possible 

transcripts the 1939 bp transcript has been consistently observed and the 3 smaller 

species are thought to be rare products if  not artifacts (Bhattacharya not yet published).

Members o f the CITED family o f genes cannot bind DNA directly, but have the 

ability to associate with the CHI (cysteine-histidine rich 1) domain o f the p300/CBP 

(Creb binding protein) complex (Yahata et al., 2001; Freedman et al., 2003) via its ED 

rich CR2 domain and act as a transcriptional modifier. p300 itself is critical for cardiac 

and neural development and CBP is involved in angiogenesis, skeletal and cardiac 

development, neurulation and hematopoietic differentiation (Bamforth et al., 2001). 

Cited2 as a transcriptional modifier has the ability to prevent factors such as hypoxia 

inducible factor 1 subunit alpha (h ifl-a ) from associating with the p300/CBP complex 

and subsequently hinder expression o f genes regulated by these co-activators 

(Bhattacharya et al., 1999; Yin et al., 2002). H ifl-a  is the oxygen sensitive component
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Figure 5.2: cited2 Sequence Alignments: Alignments were made between the clone our 

lab isolated and; Top: Mus musculus M rgl mRNA; Bottom: Homo sapiens p35srj 

mRNA. Sequence highlighted in red corresponds to the second intron o f the cited2 gene, 

indicating the isolated sequence is the largest splice variant. Alignments were completed 

using the NCBI nucleotide alignment BLAST program.
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Isolated: 54 qcqqtqqcaqcaccatqcncqcctcqqtnnctcacqtccccqcqqcaatqctqncqccca
M i l  1 M l  I I  I I I  1 1 1 I I  I I  I I I  1 I I I  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
acqqtqqcaacaccatqcccqcctcqqtqqctcacqtccccqcqqcaatqctqccqccca

113
Mm Cited2: 803 862
Isolated: 114 atgtcatagacactgatttcatcgacgaggaagtgcttatgtccttagtgatagagatgg 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
atgtcatagacactgatttcatcgacgaggaagtgcttatgtccttagtgatagaaatgg

173
Mm Cited2: 863 922

Isolated: 174 gtttggaccgcatcaaggagctgccagaactctggctgggccaaaatgagtttgatttta 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
gtttggaccgcatcaaggagctgcccgaactctggctggggcaaaatgagtttgatttta

233
Mm Cited2: 923 982

Isolated: 234 tgacggacttcgtgtgcaaacagcagcccagcagagtcagctgttgactcggttaacctc 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
tgacggacttcgtgtgcaagcagcagcccagcagagtcagctgttgactcggttaacctc

293
Mm Cited2: 983 1042

Isolated: 294 gc-ggctgaaagaaatcaccct-----ccctgcccccacccccaacttcttcggtgtgaa
II III I I I 1 I 1 I I I I I I I I ill I I 1 1 1 1 1 I 1 1 1 1 1 1 1 i 1 I 1 1 II 1 i 1 i 1 1

347

Mm Cited2: 1043 gcaggcggaaacaaatcaccctccccaccccacccccacccccaacttcttcggtgtgaa 1102

Isolated: 348 tt 349

Mm Cited2: 1103
1 1
tt 1104

Hs Cited2: 816 catqcccqcc£ccqtqqcccacqtccccqctqcaatgctqccgcccaatqtcataqacac 875

Isolated: 67
1 1 1 1 1 1 1 1 1 1 1 I I  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
catqchcqcctcqqtnhctcacqtccccqcqqcaatqctqncqcccaatqtcataqacac 126

Hs Cited2: 876 tgatttcatcgacgaggaagttcttatgtccttggtgatagaaatgggtttggaccgcat 
1 1 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I I 111 
tgatttcatcgacgaggaagtgcttatgtccttagtgatagagatgggtttggaccgcat

935

Isolated: 127 186

Hs Cited2: 936 caaggagctgcccgaactctggctggggcaaaacgagtttgattttatgacggacttcgt 
11 1 1 1 1 1 1 1 1 1 1 1 I I  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 II  1 1 1 1 
caaggagctgccagaactctggctgggccaaaatgagtttgattttatgacggacttcgt

995

Isolated: 187 246

Hs Cited2: 

Isolated:

996

247

gtgcaaacagcagcccagcagagtgagctgttgactcg 1033 
1 I I  I I  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1  
gtgcaaacagcagcccagcagagtcagctgttgactcg 284
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of the transcriptional activator hifl that ultimately regulates the complex’s activity. In 

environments consisting of low levels o f oxygen, h ifl-a  is activated. Through the 

interaction o f h ifl-a  with p300/CBP, genes that are involved in angiogenesis and relief of 

hypoxic environments, such as vascular endothelial growth factor (vegfa/vegf), are up 

regulated (Bhattacharya et al., 1998). If cited2 can prevent the interaction o f h ifl-a  with 

p300/CBP, levels of vegfa mRNA expression and subsequently protein expression should 

decrease due to the lack o f activation. It has also been found that the promoter region of 

cited2 has 3 HRE (hypoxia response elements), which suggest that the gene is regulated 

by h ifl-a  (Leung et al., 1999; Bhattacharya et al„ 1999). If this were true, levels of 

cited2 mRNA would eventually rise in the presence o f prolonged hifl exposure. The 

competition between cited2 and h ifl-a  for p300/CBP suggests that cited2 may act as a 

negative regulator o f /?//7-a/p300/CBP (Freedman et al., 2003). Therefore cited2 can 

indirectly mediate numerous pathways via its interaction with p300/CBP, and potentially 

may have the ability to activate transcription of other genes through its interaction with 

p300/CBP.

Cited2 has also been implicated in the regulation o f transcription via PPARa 

(peroxisome proliferator activated receptor), a known activator o f many subsets o f genes 

such as those involved in glycerol metabolism, fatty acid metabolism, glucose 

homeostasis, inflammation and angiogenesis (Tabemero et a l, 2002, Tien et a l, 2004; 

reviewed in Desvergne and Wahli, 1999). In a study by Tien, Davis and Heuvel (2004), 

they discovered the direct interaction o f PPARa with an over-expression of cited2 

resulted in the reduced expression of mRNA for the genes angio-like protein 4 

(ANGPTL4), Forkhead C2 (FOXc2), hypoxia inducible factor 1 a  {hifl-a), and MAPK 

phosphatase 1 (MPK1). In addition, over expression o f cited2 has been shown to have 

transforming qualities (Sun et a l, 1998). In contrast low levels of cited2 results in 

decreased levels o f B m ll/M ell8  mRNA and protein and a subsequent increase in mRNA 

and protein levels o f cell proliferator inhibitors INKa/ARF (Kranc et a l, 2003).

The examination o f cited2 mRNA and protein levels in the MG was initiated to 

answer the question “Is cited2 expressed during MG involution, a second model that 

undergoes apoptosis?” To better understand the role of cited2 in the involuting MG, I 

looked at vegfa, a gene whose function is known to be affected by cited2 protein. cited2
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protein indirectly inhibits h ifl-a  activity and results in the down-regulation o f vegfa. I 

looked at the mRNA expression o f vegfa to see if the levels o f vegfa mRNA decreases 

with an increase in cited2 protein. If levels do decrease after an increase in cited2 protein 

is observed, then it is possible that the presence o f cited2 may be inhibiting vegfa mRNA 

expression (figures 5.3 and 5.4).

5.2 RESULTS

5.2.1 mRNA Analysis

5.2.1.1 Cited2 Northern Analysis

The clone used to probe the northern blots was isolated from a rat cDNA library. The 

PCR product o f the clone was approximately 400 bases in length and aligned to bases 

803 to 1103 of the Mus musculus M rgl/ p35srj/cited2 mRNA. The predominant mRNA 

band size that is observed throughout the experiments involving cited2 is approximately 

2.2kb which correlates with the mouse expected transcript size o f 1960 bases (NCBI 

UNIgene). The mRNA expression levels over the profile exhibit increased expression 

during early involution and a basal level during the virgin and virgin like stages (figure 

5.3). We see a moderate increase in mRNA levels during late pregnancy, but the most 

notable increase of the 2.2kb band intensity is at involution 0.08 (or 2 hours after 

weaning) and it persists throughout the onset of involution until day 4 where it begins to 

drop. The larger 3.5kb band follows the same profile as the 2.2kb band, though this band 

has yet to be documented in the literature (figure 5.3). Confirmation of the ciied2 

northerns were similar in band size and relative intensity, only in 1 northern was there a 

slight deviation between time points II and 13 where it appears that maximal mRNA 

levels were reversed. This can be more clearly observed in the trend analysis (figure 

5.3C).

5.2.1.2 Vegfa Northern Analysis

The cDNA clone for mouse vegfa was obtained from RESGEN and amplified using PCR. 

The cloned insert was approximately 1.2kb bases and its sequence aligns to bases 814- 

1236 o f the Mus musculus vegfa mRNA. Hybridization o f labelled vegfa PCR product to 

the mammary profile revealed an approximate 1.2kb band that first appears at P I3. Vegfa
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Figure 5.3: cited2 Northern Expression in the Mammary Gland: The cited2 probe 

was created from the PCR product o f the rat cited2 clone, a -32P-dCTP, and Invitrogen’s 

Random Primer Labelling Kit. A) The probe was hybridized to the Northern created from 

the RNA of the long profile o f MG tissue. Bands were detected and compared to the 18s 

rRNA for normalization. B) The probe was hybridized to a Northern created with the 

RNA from the short MG tissue profile. Densitometry was completed using the 18s rRNA 

band as a loading standard. Calculations were carried out with numbers obtained from 

Adobe Photoshop 7 analysis. C. The intensities acquired from densitometry were 

normalized approximately based on pixel resolution of the images. The general trend for 

each northern is plotted on the line graph selecting common time points.

V: Virgin; P: Pregnancy; L: Lactation; I: Involution
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mRNA levels increases to peak levels at L10 and is present at these levels through early 

involution 10.08. After the switch to an involuting environment, there is a large decrease 

in mRNA by II and levels taper off to those observed in the virgin period (Figure 5.4).

5.2.1.3 Fluorescent in situ Analysis of cited 2

To identify the cellular localization o f cited2 mRNA expression fluorescent in situ 

analysis was attempted. Preliminary trials o f in situ analysis were executed with whey 

acidic protein (WAP) because the expression pattern and location o f this gene is already 

known. When the experiment was executed with normal conditions, using DIG labelled 

PCR product described in 2.6.1.2 there was a moderate difference between the RNAse 

treated and untreated samples, though a definite result could not be interpreted due to the 

high levels o f background fluorescence. L10 and II Sections subjected to the protocol 

with the modification of removing both primary and secondary antibodies from the 

hybridizations revealed fluorescence that was moderately similar to the results obtained 

in the previous experiment with antibody, but there was more intense fluorescence in the 

stromal tissue suggesting the results around the alveoli were just background 

fluorescence (Figure 5.5).

5.2.1.4 Radioactive in situ Hybridization

The Myal lab at the University o f Manitoba executed the following experiment to 

determine the location o f cited2 mRNA expression via radioactive in situ analysis, which 

was thought to be more sensitive than the method defined in B.1.3. Prior to the in situs I 

subcloned the PCR product representing the cited2 recombinant phage into a TA plasmid 

cloning vector. This was sequence confirmed and the plasmid was sent to the Myal lab 

for in situ hybridization experiments. The plasmid was used to generate S35 antisense and 

sense riboprobes. Anti-sense signalling localized cited2 expression to the alveoli o f the 

MG in the 10 and 12 developmental stages (Figure 5.5). Sense strand was used as a 

control. The sections hybridized with the sense probe showed minimal radioactivity. 

H&E staining was completed to provide a visible structure o f the MG for reference to the 

staining witnessed with the antisense probe. The levels o f stain in the in situ follow the 

levels o f mRNA observed on the northerns, where mRNA levels are high during early
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Figure 5.4: vegfa Nothern Expression in the Mammary Gland: PCR product obtained 

from the RESGEN vegfa clone was used as a probe in the above short profile Northern. 

A) Probes were labelled using a -32P-dCTP and Invitrogen’s Random Primer Labelling 

Kit. Trials were completed on three different mouse MG tissue sets above to confirm the 

Northern profiles. B) Densitometry was completed using the 18s rRNA band as a loading 

standard. The panels right o f the northerns represent normalized calculation o f the 1.3kb 

band. Calculations were carried out with numbers obtained from Adobe Photoshop 7 

analysis. V: Virgin; P: Pregnancy; L: Lactation; I: Involution
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Figure 5.5: In  situ analysis. A) DIG labelled probes were created using Invitrogen’s 

DIG labelling kit. Whey acid protein PCR product was used for the reaction. Probes were 

hybridized to Lactation day 10 sections as a control. Anti-DIG antibodies conjugated to 

FITC were utilized for detection. Propidiuim iodide was used as a nuclear stain. B) 

Radiolabelled riboprobes were used in the reaction. Tissue sections were extracted from 

an involuting mammary gland 0,2 and 8 days after weaning (10,12 and 18 respectively). 

Anti-sense (AS) and sense (S) probes were used in the experiments. In situ analysis was 

executed by the Myal lab at the University o f Manitoba.
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involution and decrease in late involution (18). In fully developed MG In situ analysis 

localized cited2 mRNA expression to the alveoli of the MG. From the images it appears 

that the mRNA is localized to the cells lining the alveolus, the epithelial cells and 

myoepithelial cells. The alveoli consist o f mainly epithelial cells and few myoepithelial 

cells in close proximity to the epithelial cells; therefore due to the low resolution o f the 

microscope the exact location could not be discriminated.

5.2.2 Protein Analysis of cited2

5.2.2.1 Competition Assay

The cited2 antibody produced by Covance (Princeton, NJ) through the Windber Research 

Institute was designed to a peptide created from the sequence Shioda (Shioda et al., 1997) 

used to create his cited2 antibody. To determine if the band on the western was specific 

to the antibody, the peptide used to raise the primary antibody was incubated with the 

antibody before immuno-hybridization (the competed antibody). The competed antibody 

and the un-competed antibody were immuno-hybridized to test strip westerns comprising 

of only total protein from the P I3 and L10 MG and processed accordingly. A 22 kDa 

protein, the size expected for cited2, was detected. The western that was incubated with 

the competed antibody showed highly reduced levels o f antigen detection compared to 

the western that was incubated with the uncompleted antibody thus demonstrating that 

the antibody was specific for the protein it was intended for (Figure 5.6).

5.2.2.2 Western Analysis

Protein isolated from the MG tissue used for RNA isolation for northern analysis, were 

purified for western analysis. Blots obtained from these experiments were blocked, 

incubated with the cited2 antibody and processed accordingly. A protein of 

approximately 22 kDa was detected on the western blot. Protein levels were undetectable 

in the virgin (V I5) and pregnancy (P I3) developmental stages. Upon the switch to 

lactation (L10) the protein levels o f cited2 increased dramatically. These levels persisted 

through late lactation and early involution (II, 12, and 13) and decreased dramatically by 

mid to late involution. Expression was absent in late involution (19) as it was in virgin 

(V I5) (Figure 5.7).
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Normal Competed Competed Reprobed

Figure 5.6: cited2 Antibody Competition Assay:
T est western stripts consisting o f  P13 and L10 M ammary G land Proteins were probed with 
cited2 antibody created in conjunction with W indber Research Institute. A) Test strip 
probed with anti-cited2 antibody in a 1:5000 dilution. B) Test strip probed with solution 
containing a 1:5000 dilution o f  the anti-cited2 antibody, but was previously incubated for 
one hour before hybridization w ith 10pg o f  the peptide used to create the antibody. C) T est 
strip originally incubated with the competition solution from B, but probed with un­
com peted ant\-cited2 antibody in a 1:5000 dilution.
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Figure 5.7: Western Analysis of cited2/Mrgl : Antibodies were made to 
the sam e peptide sequence as used by Shioda et al. (1996). Secondary antibodies 
w ere conjugated with horseradish peroxidase (HRP) and detected with ECL detection 
kit from Amersham Biosciences. D epending on whether the anti-body used was from 
Shioda or whether the anti-body we had created was used, the dilution ranged from 
1:500 to 1:10000 respectively. In this western the prim ary antibody dilution used was 
1:10000. The sam e W estern b lot was stripped and reprobed with anti-actin 
(Stressgen) antibody (1:1000 prim ary antibody dilution) as a control for protein 
loading.
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5.2.3 Cited2 and a Possible Role in PPAR Mediated Transcription

To examine the possibility o f a common transcription regulatory pathway I completed a 

bioinformatics analysis and literature mining of cited2 and PPAR. Until recently no 

known association between cited2 protein and any PPAR had been uncovered. In 2003 

Tien et al. discovered a direct interaction between cited2 and PPARa. In an attempt to 

identify novel PPAR interacting factors they isolated cited2. The interaction between the 

2 was direct and independent o f any cofactors or PP. Cited2 did aid in the PPARa and 

PPARy mediated transcriptional regulation pathways, but did not show any affect on 

PPAR8/p mediated transcription. Unfortunately levels of PPAR have not been examined 

in the involuting MG; therefore no direct correlation can be discerned between cited2 and 

PPAR activity in the MG.

5.2.4 Isolation of PPRE in Upstream Sequence of Factors Involved with cited2

To identify if  there are any putative PPRE sites in the upstream regions o f cited2, hifl-a, 

and vegfa, I scanned the promoters and an additional 5kb upstream of the transcription 

start sites. The methodology is the same as in 4.2.5.1. From the clustalW results there is 

evidence o f putative PPRE in each gene with homology exceeding 50% in each case for 

both the scan of the promoter region and the scan of the 5kb upstream of the transcription 

start site (figure 5.8 A and B). The scan o f the cited2 gene produced 2 potential PPRE, 

though the homology to the PPRE at -4063 bases was higher with 70% homology 

opposed to the 61% homology o f the PPRE scan lacking the 5’ flanking consensus 

sequence. H ifl-a  contains a PPRE with the highest homology out of all the genes 

examined in this chapter with an 80% match from the scan of the 5kb upstream sequence. 

Vegfa contains a putative PPRE that has the highest homology in the scan with the 

promoter region and the PPRE without the 5’ flanking consensus (figure 5.8 A). When 

the scan was completed on the 5kb upstream DNA sequence and with the probe 

containing the 5’ flanking consensus sequence, it produced the lowest match, compared 

to cited2 and h ifl-a , with only 12/20 or 60% (figure 5.8 B).
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Figure 5.9: vegfa and cited2 mRNA comparison: The normalized 
densitom etry values for cited2 and vegfa mRNA were com pared to exem plify a relation 
between the expression profiles o f  the two genes. Levels w ere obtained by dividing the 
norm alized densitom etry values by the highest value for that gene. N ote that with the 
increase o f  cited2 mRNA levels, there is a subsequent decrease in vegfa mRNA levels.
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5.3 DISCUSSION

The profile o f the cited2 band observed from the northern analysis peaked in early 

involution (11-13), the period dictating the switch in activity o f the MG, and decreased in 

levels by mid to late involution, a period in which the MG has almost reset itself into a 

virgin-like state. The northern that was made from a different set o f MG tissue produced 

a profile similar to the previously mentioned northern when probed with cited2. The 

general trend where an increase in expression from virgin to early involution and a 

decrease into late involution is observed (figure 5.3), but the exact period o f induction 

varies. In both cases the peak level o f expression encompasses the time where there is a 

switch from a lactating gland to an involuting one and that levels decrease after 13. The 

results obtained from the in situ analysis, localization o f cited2 mRNA to MG epithelial 

cells is logical, as the epithelial cells that comprise the alveolus are the most 

metabolically active cells in the MG during the periods o f lactation and involution. 

Secondly it is these cells that undergo the most apoptosis during involution (Boudreau et 

al., 1995); therefore cited2 may play an important role in the involution of the MG.

Western analysis was used to determine whether the cited2 protein was present at 

the same time as the mRNA during the MG postnatal developmental cycle. Although the 

mRNA levels are induced moderately during late pregnancy, we do not detect the 

presence o f the protein until early lactation. The peak in cited2 mRNA during early 

involution is synchronous with the high levels o f cited2 during early involution. At the 

mRNA level, cited2 is induced during early lactation and peaks at 12/13; the protein is 

expressed in late involution and is maintained until the cited2 mRNA levels begin to 

decrease (14). It is after 13 that the protein levels drop and are minimal by 19. The levels 

o f the protein expression and the mRNA expression do correlate and are present 

throughout the switch from lactation to involution. The delay in translation o f a protein is 

not unheard o f especially in factors that are required for temporal transitions 

(Charlesworth et al., 2000). The half-life o f cited2 is extremely short, approximately 

20mins, which may tie in with the delay o f cited2 translation. This short half life also 

allows for exquisite control o f cited2 activity (Bhattacharya et al., 1998).

Cited2 is a nuclear protein (Sun et al., 1998), this fact with the observation that 

cited2 mRNA and protein levels are high at the onset o f involution in the northerns and
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westerns alludes to a possible role for cited2 as a regulator of gene expression 

participating in the transition from lactation to involution. This is also supported by the 

previous information from Sun et al. (1998) indicating that cited2 has transforming 

capabilities and is a transcriptional co-activator. Unfortunately the direct affect o f cited2 

on gene expression has yet to be examined, though it has been implicated in the 

regulation o f angiogenesis via inhibiting h ifl-a  from binding to p300/CBP.

To examine if cited2 had a direct affect on the angiogenic pathway I looked at the 

expression o f vegfa. The vegfa northern results lead me to conclude that vegfa mRNA 

levels are elevated during pregnancy and lactation, but decreased during the induction of 

involution. Vegfa is involved in vascularization and the presence o f the mRNA during 

pregnancy correlates to the requirements of vascularization for cell growth and 

differentiation o f the MG at this time. When the MG enters lactation and proceeds into 

involution the requirement for vascularization is removed (reviewed by Djonov, Andres 

and Ziemiecki, 2001). Therefore the levels of factors involved with angiogenesis o f the 

gland should be removed and this appears to be the case with vegfa. Although the mRNA 

levels depict this, the protein levels were not obtained and therefore a role for vegfa on a 

protein and functional level cannot be concretely stated. It has been observed that vegfa 

protein is present in human MEC during pregnancy and lactation (Nishimura et al., 

2002). Therefore it is possible that vegfa is affected by the increase in cited2 expression. 

Previous knowledge of the inhibition of hifl-a , the regulator of vegfa, by cited2 suggests 

that it may be partake in the inhibition o f angiogenesis, and subsequently the reduction in 

the supply o f oxygen to the MG, by preventing angiogenic factors from being transcribed 

(reviewed in Mazure et al., 2004). This mechanism may be present in the MG system 

given that there are large levels of cited2 mRNA and protein during late lactation at a 

time where levels o f vegfa mRNA start to decrease (figure 5.9). This regulation is 

obtained through the interaction o f the CR2 domain of cited2 and the CHI domain o f the 

p300/CBP complex; cited2 prevents h ifl-a  from binding to p300/CBP through this 

interaction (de Guzman et al., 2003). Through the interaction of h ifl-a  with p300/CBP 

genes that are involved in angiogenesis such as vegfa are up regulated. If cited2 prevents 

this interaction, levels o f vegfa mRNA and subsequently protein expression should

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



114

A)

PPRE 1
Cited2 -1157
H ifla -172
Vegfa -748

A G G  T C A A A G G T  C A  13
-1145  
-160  
-736

g [§ e E c  a Q |g g  g E E a

G A  G C C 0 G 0 G 0 T  C A  
A G C C A G G G G T C A

B)
PPRE
Cited2
Hifla
Vegfa

1 C  A  A A A C  T  A G G T  C A A A G G T C A  20
-4063 A G  
-3118 G C  
-2421 C A

-4044  
-2999  

G -2402

Figure 5.8 : Identification of PPRE in the Promoter Region of Genes 
Involved with cited2.
A) The prom oter regions for each gene were obtained from Entrez Gene and were scanned 
using ClustalW  alignm ent with the consensus PPRE sequence AGGTCAAAGGTCA to find 
the best possible alignm ent between the prom oter sequence and the consensus PPRE. Each 
gene’s representative PPRE sequence was then aligned to other putative PPRE to com pare the 
homology.

B) For each gene, 5000 bases upstream o f  the start codon (ATG) was scanned with the 
consensus PPRE sequence including the 5 ’ flanking consensus sequence that is believed to aid 
in PPAR/RXR recognition. The consensus sequence (sequence that the prom oters were aligned 
to) (grey boxes) is indicated at the top o f  each group o f  sequences and is depicted by the 
notation “PPRE” . Boxshade w as used to view the alignments. The black boxes indicate bases 
that occur m ost frequently and bases with a lower frequency are marked by a  white box. Each 
sequences position has been referenced to the start codon for each gene and is indicated by the 
num bers present bordering the sequences. Upstream sequence was obtained from the mouse 
genom e inform atics database, http://www.inform atics.jax.org/

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

http://www.informatics.jax.org/


115

decrease due to the lack o f activation (Freedman et al., 2003). Therefore cited2 may be 

involved in the regulation o f vegfa mRNA expression in the MG. In contrast the noted 

difference in mRNA levels of cited2 and vegfa fluctuate after the period o f proteinase 

dependent involution, with levels of cited2 always exceeding vegfa. The differential 

levels at 13 however are quite small and this suggests that other mechanisms that regulate 

and require vegfa and cited2 must also be in place.

The evidence o f cited2 acting as a co-regulator o f PPARa adds a new element to 

the presence o f a PPAR mediated transcriptional regulatory pathway in the MG. The fact 

that cited2 does contain a putative PPRE and interacts with PPARa provides strong 

evidence that cited2 may play a role in PPAR mediated transcription. The evidence o f a 

strong PPRE in the h ifl-a  promoter region suggests that it is possible that cited2 may 

regulate h ifl-a  and vegfa through a PPAR pathway. The regulation of vegfa through a 

PPAR mediated pathway is supported by the previous evidence o f a PPARy induced up- 

regulation o f transcription of vegfa (Jozkowicz et al., 2000; Yamakawa et al., 2000; 

reviewed in Josko and Mazurek, 2004). This is further solidified by the observation o f a 

PPRE in the promoter region o f vegfa (figure 5.8). Conversely, PPARa can inhibit the 

transcription o f veg/b-receptor 2 via an association with the transcriptional regulator Spl 

(Meissner et al., 2004), indicating a secondary method of angiogenic regulation through a 

PPAR mediated pathway. Whether PPARa can regulate vegfa expression is not yet 

known, but it could introduce a possible method o f exquisite regulation o f the vegfa gene 

by counteracting the affects o f PPARy.

These observations compiled with the evidence of the involvement in the 

regulation of numerous factors from chapter 4, emphasizes an even more cohesive 

finding in the selection and screen of the macroarrays. Potentially, cited2 may be 

involved in the regulation o f these factors, but expressional analysis specifically looking 

at these affect of these genes from cited2 over-expression would have to be completed to 

solidify this hypothesis.

The evidence obtained in regards to the expression pattern o f cited2 and the 

location o f the mRNA and protein lead to the idea that cited2 may function as a regulator 

o f various pathways involved in the switch of the MG from lactation to involution. In 

addition to the possible inhibition o f vegfa by cited2, it may also have an affect in the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



116

system via an association with p300/CBP and PPARa in up-regulating other subsets of 

genes, such as those involved in cell proliferation, or those involved in protection from 

the stressed environment. It can be further postulated that cited2 may even act to regulate 

genes such as fabp3, I tf  tr f  f t  I, and lcn2 through an interaction with PPARa. To develop 

the idea that vegfa is affected by cited2 protein, localization o f vegfa mRNA would be 

critical to determine if they exist in the same cells. As well protein levels of vegfa would 

also be beneficial in the development o f this interaction as it is necessary to see if the 

protein levels decrease concomitantly with the mRNA. To elaborate on the function of 

cited2, over-expression of cited2 in a cell culture system and the subsequent cDNA 

produced would have to be compared to a culture exhibiting un-induced expression. 

Through this a comparison may be made and possible factors up regulated by cited2 

could be determined. The exact role o f cited2 at this point cannot be elucidated based on 

the results obtained, but a requirement for cited2 during the switch from lactation to 

involution is quite evident. Ultimately to develop the idea o f a common PPAR mediated 

transcriptional regulation, the genes mentioned here need to be further scrutinized in the 

presence o f various PPAR and in the absence of cited2.
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CHAPTER 6 -  CONCLUSIONS

My work over the last few years has been reasonably productive and has/will give rise to 

a number o f primary author and co-authored manuscripts (Table 6.1). The objective of 

my thesis was to identify differentially expressed genes over the course of the MG 

postnatal developmental profile with an emphasis on the switch from a lactating state to 

an involuting state. The shift between LI 0 to II has never been the focus o f study in MG 

development, though much work has been done defining the Lactation stage, and the 

transition between proteinase independent to proteinase dependent involution. In total 17 

genes, examined in the current study by northern analysis, were found to either increase 

or decrease between the stages o f L10 and I I .

From the macro array screens I was able to identify 132 clones that had 

differential expression profiles over the course o f postnatal MG development. Among the 

most abundant types of genes identified were genes that represented ribosomal protein 

genes and iron binding/metabolism genes. Examination of the literature lead to the 

realization that two of the gene groups (iron binding/metabolism genes and calycin 

superfamily genes) shared common features that allowed me to join them into a larger 

group. Select gene members in both groups have documented roles in iron metabolism 

and in an immune response to changes in the tissue environment. In total 25 of the 132 

clones fall into this supergene category. The results o f the current study therefore support 

my initial hypothesis that differences in the expression o f specific subsets of genes may 

define the change in the tissue environment over the course o f MG postnatal 

development. In the case o f the supergene family it is thought that they would serve to 

help protect or attempt to protect the tissue environment in the face o f high levels of 

active cell death.

Northern analysis validated the differential expression over the course o f MG 

postnatal development for 22 genes selected from my screen. Based on the gene 

expression profiles obtained I observed three major patterns o f gene expression based on 

when the initial increase leading to peak values occurs (genes in which the initial increase 

in mRNA levels leading to peak levels occurred between V I5 and P I3; genes in which 

the initial increase occurred between P I3 and L10; genes in which the initial increase
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occurred between L10 and II). All genes that fell in the iron binding/metabolism and 

calycin genes were found to have a PPRE element that could be controlled by PPAR

Publication (m anuscript or abstract) Contribution

D ata in the paper 

appears in part or 

w hole in C hapter
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factors in their respective promoter regions. Indirectly these patterns seem to conform 

with a reported down regulation o f PPARa and PPARy, though the direct mechanism of

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



119

transcriptional control is not fully understood. The correlation of PPAR mediated 

transcription to the factors examined from the screen described in this thesis may indicate 

an involvement o f PPAR mediated transcription in the switch between different stages of 

the MG. Unfortunately the presence o f various PPAR in the involuting MG has not been 

well examined, and only minor analysis has been completed in the developing MG and in 

the cancerous environment (Gimble et al., 1998). Ultimately more than just PPAR control 

is occurring to be able to explain the presentation o f 3 waves o f gene expression.

In a parallel series o f studies, that adapted a functional genomics approach to 

identify a putative molecular component that might be essential to the involution process, 

lead to the examination o f cited2 expression over the course o f MG development. We had 

identified cited2 as a light-inducible gene in a retinal system (LIRD) induced to undergo 

retinal degeneration. Cited2 had not been previously studied in MG development and is a 

transcription mediator that interacts with the transactivator CBP/p300. Interestingly, 

cited2 protein has recently been found to physically interact with PPARa. Analyses of 

cited2 through northern, western and in situ experiments imply high levels o f cited2 

during late lactation and early involution. In the LIRD model system cited2 is induced by 

a light-mediated oxidative stress, suggesting that MG during lactation and involution may 

be under a state o f oxidative stress. Potentially cited2 may be part of the induction of 

PPAR mediated transcription, which may be responsible for the regulation of subsets of 

genes analyzed above, or the activation o f other mechanisms in the MG during stress.

The subsets o f genes analyzed above may be involved in the onset of controlled 

tissue involution due to the nature o f the MG at the developmental stages analyzed. A 

speculative overview of the regulation by PPAR interactions with each o f the genes from 

chapters 4 and 5 and the subsequent effect in MG involution can be observed in figure 

6.1. The data at this point is suggestive; nothing can be concretely stated at this point as 

the sets o f experiments carried out in this thesis are merely starting points to the 

characterization of subsets of genes that may be involved in the alleviation o f stress in the 

MG during involution. Realistically the network of genes and proteins involved in this 

process is much more complex, diverse, and elegant and as such requires much more 

work to fully elucidate the system.
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Figure 6.1: A hypothetical Model

The focus o f  this thesis has been the identification o f  subsets o f  genes that share associations with the 
postnatal developm ent o f  the m ouse MG. Subsequently iron binding genes, calycin super family genes, and 
Cited2 w ere further characterized and found to share a common association with PPAR and PPs.

Cited2 can act as a transcriptional co-activator by interacting with PPAR-alpha and PPAR-gam m a, and can 
also act as a co-repressor by inhibiting the h ifl-a  interaction with p300/CBP (1). This inhibition o f  h ifl-a  
subsequently down regulates vegfa expression, a  factor involved with angiogenesis. This down-regulation 
can be associated with the lack o f  cell growth during involution and the removal o f  the requirem ent o f  
vascularization (D jonov et a l, 2001). The activating abilities o f  cited2 with PPAR may w ork in num erous 
ways. Activation with PPA R-alpha could result in the increased activity o f fabp4  and fabp3  increasing fatty 
acid metabolism. The increase in fabp4  activity results in adipogenesis during the virgin and virgin like 
periods (Rival et al., 2004) (2). Subsequently the activation o f fabp4  results in the transport o f  fatty acid 
ligands (PP) to PPARy for further activation (Tontonoz et al., 2995). The activation o f  fabp3  activity is 
believed to  be involved in differentiation o f  the MG during late pregnancy and lactation as it represses the 
proliferation o f  the gland and promotes differentiation (3) (Yang et a l,  1994; Clark et a l ,  2000). As such 
the increased expression in late pregnancy and lactation correlates to the previously determ ined role. The 
increase in activity o f  orm l and lcn2 is induced by the presence o f  PPAR-alpha activator W y-14643 has 
only been observed in cancerous cells, but at the same tim e has been observed to inhibit orm l expression in 
norm al cell lines (4) (Gupta et al., 2001; A nderson et a l,  1999). In the normal involuting MG, the role o f  
lcn2 and orml are believed to  be involved in an anti-inflam m atory response to the stress on the system  by 
preventing neutrophils from invading the gland (kjeldsen et a l ,  2000; Daemen et a l ,  2000; de Vries et a l ,  
2004). This has been shown to be independent o f  PPAR-alpha, but has yet to be confirm ed. The activating 
effect o f  cited2 on PPAR gam m a may also be involved in activating activity o f fabp4  and an increase in 
transcription o f f t l  (5). Fth (the cooperative subunit to the ferritin molecule) has been previously observed 
to be induced after the sw itch to involution (Lee et al., 1996). Fth has been observed to have an inhibitory 
effect to apoptosis. There is an increase in fth  levels HeLa cells induced to enter apoptosis via T N F -a  
(Cozzi et a l ,2003). Therefore the presence o f  ferritin during involution may be a result o f  cells trying to 
avoid apoptosis, which is why levels o f fth  decrease after early involution where the system can no longer 
resurrect. Fth was also observed to increase in oxidative stressed HeLa cells (Guzzo et a l, 1994) and as 
such m ay be induced in the involuting MG to prevent oxidative damage, possibly by sequestering free iron 
(Arosio and Levi, 2002). How iron is introduced into milk o f  the MG is unknown, but it is believed that 
iron in the milk is m ost likely extracted via transferrin receptors during lactation to be used by the MG 
(Sigm an and Lonnerdale, 1990). Therefore the coordinate increase in f t l  and fth  during involution may be 
involved in reducing cellular free iron levels thusly preventing oxidative stress during involution. The 
association o f  PPAR alpha and cited2 may also have a negative effect on the expression o f  Itf (6) and trf  as 
it has been shown that an increase in PPAR-alpha activity results in a decrease o f  Itf expression and by 
inhibiting HNF-4 from binding the prom oter o f  i f  prevents transcription from the t f  gene (H ertz et al., 1996) 
(7). A lthough the levels o f  PPA R-alpha are unknown during early involution, the presence o f  these factors 
m ay indicate the absence o f  PPAR in the involuting MG. Tf may have a second role in the MG besides that 
o f  general iron m etabolism . By increasing the defense mechanisms by inducing cytokine production, t f  may 
benefit the entire gland (Ryu et a l, 1998). The presence o f  Itf in the MG is required for bacteriostatic 
properties in the m ilk preventing growth o f  fungi such as Candida albicans and other bacteria (M orrill et 
al., 2003). Through these properties it can provide a protective effect to the offspring and during early 
involution it may aid in bacteriostatic and anti-inflam m atory properties (reviewed in Dorea, 2000; Lee et al, 
1996; Nickerson, 1989). Together these factors may act through a com mon transcriptional pathway that 
m ediates expression o f  these genes through activation and repression during specific stages in MG post­
natal developm ent. Though these separate pieces o f  inform ation are potentially associated, this is purely a 
speculative theory describing the interplay am ong the factors analyzed in my thesis.
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C atego ry / 
C lone  ID#

Identity A ccession S c o re E-V alue mRNA
length

N ovel/U nknow n
function
B2 254 GCGGNCGAGCTGNCTGAGACGGCACGAGGAAAAATCACGGNGGTTTAATAAATAGCGCCACGTTTCAGTATAATAAG

CTCCACCCTGTCCTGTGCGGGACATGGCCCAGCAGGCCAGGAGGACAGGTGGAGCCAGCGTCCGATGCTGCACGG
TCCTGAGAATTGCCCCTTGGAGTGGTTAGTACAGATGGATGGGGACAGGCCAGAGGCACCCAAGCACACAGGTCAG
TCAGGGCCTTGACACACTGGTTCCGTTACACAGCTTCCGGGAGCATCTGAGTGGGGGCCCGGTACCCAATTCGCCC

M us musculus RJKEN cDNA 
18I0010G06 gene

BC042772.1 490 e -1 3 6 partial c d s  
Length = 

2295

C  140-2 GCAATCCNGATCATGTGTGCTGTGATGGTGTNGGCTCTGGGAATCATCTNGGCNTCTGTTCCCTCCAATCTANACTTT
ACCTCAGTGTNTNCCATCCTGNGGAGAATCTGGCTACCCATTTGTAGGAGCTTTGI11111GCCATCTCTGGAATTCTG
TCTATTGTCACAGAGAAAAAGATGACTAAGCCTTTGGTTCACAGCAGCCTAGCCCTGAGCATCCTGAGTGTCCTCTCT
GCTCTTACAGGCATCGCTATTCTCTCTGTCAGTTTGGCTGCTTTAGAGCCTGCCTTGCAGCAATGTAAGCTGGCTTTC
ACACAACTAGACACAACCCAAGATGCTTATCATTTCTTTAGCCCTGAGCCATTAAACAGCTGCTTCGTGGCCAAAGCT
GCTCTGACTGGAGTCTTTTCACTGATGCTAATCAGCAGTGTGTTGGAGCTTGGCCTGGCTGTCCTCACTGCCACACTG
TGGTGGAAACAGAGCTCCTCTGCTTTCTCTGGGAATGTGATTTTCCTGTCTCAGAACTCAAAGAATAAATCCAGTGTAT
CTTCAGAGTCACTTTGTAACCCTACATATGAAAACATATTGACTTCNTCAGAATTAAGTAGAGGTATATAGCANAAAAAT
CTGTCTTAACATGATTTAGAAAANCCANTTACTGTGTGACAACAATGCTTAATATCTTAATATCTAATGTGTNTTTGGNT
AATCANAACNTNAAACATANAACTGGNTGGTTCATANCCGNCTTGATTGGCGTCAGNCAAACNNACCTGTAATCCATT
TTGTNTGGCAAGATCCAATTTT 1 1 1C AAAAANG AG ATNTTC

M us musculus membrane- 
spanning 4-domains, 

subramily A, m ember 6D 
(M s4a6d), mRNA

AK004295.1 1237 0 1351

C 230 CACGAGGCCTTAGTCTACAGTGCCTGCTCTTTTACCGGTACCACCTCACCTCACTTCAGGAGGGCAAGGCATTATACC
CATCAGGCAAAGCGGTCAAGATTGCAGCCTGTGCCCAGTGTCCTGGGCTTCCACTTCTCCCACATGTGTGCACCCTA
GCTTGGCCAGCCCTTAGTCTGACTGTGGGGCCCAAAGCGTCTTGCACTCCCGTTTGCATCTCTGGGACTGGGATGAG
TGCCTAGC7CTCATCTCTTTTTCGTCTTTTGCTGCCTCTTGCAGCTGCTGGCTCAGCGGCATCCCTACCAGTGGCCCC
AGGGGTTCATTGCCTGGGACAAGGGCTCCAGAACCCACCTCTGTAGCCACCCACGACCAGAAAGGCTAAGGTCTTTA
TGCTGGATATTTAAGTTTAGCGGCCAGTrCCTGGGCGGGAAAATAAATAATTTCAGCATTGTTNAA

Mus musculus chromosome 
19 clone RP24-179M18

AK013256.1 876 0 163878

C 282 CCCTGTNTGAATTCGGCACGAGGGCACATTAGCCGGCTGATTTTCTTTGCATGCATGTATTGAAATGACTCATGTTGC 
ATTCAGCTTTACCTCAGCTCTTGTTAGCCAAGAGCCTGGTCCGTGTCCTTGGAAACAGTAACCAAGGTTACCGTTCTC 
AATGCTGTACATTGTGTCGGGCAGCTTCACCCACAGATTGAATGGCGACTAATGAGCACTTGGGTTTGGGTGCCGTG 
CCTTGCCTTCTGTCCTGTGGTTGGTGTGTGACCTGTGTGGCCATGCTTGAGACAGAAGGGTCTCGAGGTGCCCATGG 
ATACCATCTGAGCTTCCCTGTCTCAGTCTGCTAGTTAGCATACCATCTGGGAAACACATTTTAAATTGGTAmTGTGTT 
GCTATATGTATTTTAGGTGTTTAGGTGTTTTGCTTG1111 1 ATI 111GGTCCTATTTCCTGTTTTCCTATTTATGTGTCATC 
AAAAAGATTTCTCAAACAGAAATTGGAAATGCTTGCTTTGCACTGAGGGCTGCTCTAAGGCCCCTAAGTAACATCGAG 
GTCAAACACGCTTTAACAGNTAACAAATGAACTCTGACATTTTCAGACATCTGTCCATGCAGGAGCCATTGGAGCCTG 
CTGTAGACATTCCAGCAGATGCCACNAATGCAGGTCAAGATGTGTGTAGCCTGNTGGTTTNGTCTANATTGGGTACCA

Mouse DNA sequence from 
clone RP23-395B22, 

chromosome 11

AL645615.14 1291 0 196812

C 47 CCNTGAATCAGNNTCGANAGAGGGCGCAGTCCAAATCCAAGTGATGGGGGAGGAGANNCTCCCTTGGCACAGTCTG
ATGAGGAGGACGGGGATGACGGAGGGGCAGANCCTGGACCCTGCAGCTAGCAGTGGGCCNCGTACAGACTGACCA
GCCCGGCTGTTCTCCATGGAAAGGAGACCTAGGCCCAGCAGAGCCTGGAGAAGACCTGACACTTTCCTTACTTCAGC
ACCAAAGGGAGGGAAGGATGGTGGATGGTGTGCCTGAGAGTTAGCCTCCCCTGCTTTACCGCTAACGCTATCCTGCT
GCCACGCCCCCACAGTGCTTTrCTTCTGAGGTAGGACTTCCAAGTGAGACTTGAGAGGTGAGGTGGGACAAGACGCA
GCTGCTTTCTTAGTCCCCTCCTGCCCCCAGATGATCCTGTTGTCTTCCACAGAGTCTCCTAAGCCAGTGTCTCTGAGG
GGATGTTCTGAGGAGTTCCACTTTCCAGTTATCCTGCCTCTATAAGTTCTrTTGGGAACAGGATATGGTATAAATAATA

Mus musculus DNA segment, 
Chr 2, Brigham & Women's 

Genetics 0891 expressed 
(D2B\vg0891e

XM_130592.3 940 0 1031

CH-10 CACGAGGGGCGCCATCTTCCTTGAGACTCCTGCGCCATGAGAGCGAAGTGGCGGAAGAAGAGAATGCGCAGGCTGA
AGCGCAAGAGAAGAAAGATGAGGCAGAGGTCCAAGTAAGCCAGCCCGTGCACCTACGACGCCTGCAGGAGCAGAA
GTGAGGGATGCTGAGGGCCGGGACAAGCTATCGGACTGTGTGCTGCCATCGGTAATGAGTCTCAGTAGACCTGGAA
CGTCACCTCGCCGCGATCGCCTGGAGAAATGACCGCCTTTCTTACAACCAAAACAGTCCCTCTGCCCTGGACCCCCG
GCACTCTGGACTAGCTCTGTTCTCTTGTGGCCAAGTGTAGCTCGTGTACAATAAACCCTCTTGCAGTCAGCTGAAGAA

Mus musculus 10 days embryo 
cDNA, RJKEN full-length 

enriched library.

AK019I78 745 0 384
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CH-17 CGGCACGAGGATCNGTCCNGGATACANCAGCAGGATNNANCTACTCAACAGCCTGGTCTTCTGCTCCCTNTTCCTGN
TAGTCTGCCNTGNNCGGTTCCTGGCATTNNTTNNTGAAGNNTTCCAAGGGNCTGTAGACNTGNNTNNACCCTGCNCT
GANATNATGNAANCNGNCTNNAAAGATNTAAACNAATNNTTCCNTGNTCANGGNAACTATTATTNNNNCCANCGGGGT
CCCNNNGNNGTNTGNCNTGCGGNTANNATCNGNGNTNNNNNAGATAACNTTCTCNANTNNTNCGGAAAAAGNNACCA
GGACTNCNTGGNTGANCNAGAAGNCNACANNNNTGGTCNCCANGNNAAAAACCCNAATNACNACAGANCTCCTGNA
CNNACTGNCAAATANTNNCNTNCCTCCTATGACNACAAAAGGCNGTCNTNCTATCCTNACGGTNGGGTCTGTTCTNCN
TATCNAGGAACANTCNNGATNCTCTNTGNNGCAACATAGNATACCNCNCNTGTGTNTATNCCACATAGNTCTCATATT
NGNATTCCNCAAGCNTTACTTAATGCTTTAAGACGAGAAGNTANTACTNNTGNACTTGGGAAATGGNAATAAACAANA
AATTGGAAANTGGNAGGGGGGCCCCNNAACCCNATTCNCCGGGGGGGGGGGT

novel n/a n /a n /a n/a

DS-A2 GCTGNACCCGNGTCTGAAGGAATTCGGCACGAGGCCTCGTGCCGAATTCGGCACGAGGCGCCACGCCTGGTCTCA
GAACTTTCCAGGACATCAGGCTTTCATTTGATCCCTTCTCCCCCAAAGTACCCAATGCCACCTGAGTCAGGCATCAGC
TCCTTGGGGAGATCTGCAGACCTGCCCTTCAGAGGACGTAGGCTTAGAGTTCTGGGCAGCTTGGGGCCTAGCCTGG
GTGAGGGGTCTGTCCTGGGTGAGAGGTTGGCTGCAGTGACTGCCTTGAGAGCCCTGGAGGCGTCCTCAGGCCCCA
GCCATCGAGCCCAGGGATGTCCAGACCCAAAGCCAGCACTAGGTCCAGCAGCTTGCCCTCCAGGGCTCCACTGCCT
TCATCACCTGAACCCTATCCCTCCAGCCCATTCTCTCCCTrAGTGTAACCTTCCCTTGCTGATATCTCTTGGCCTAGGT
GGGGCCACAGTGAAGTAGGTGGAGCTGGGGCTGGACCCTTTAGATATCCCAGGACTCTGGGTCATCTATATGGCCC
AAATTCTGAGCCTGCTTATCCTANGGGTTCAAAATTGCGCAAGCATNCTGGGAAGATTTGCAGGTTTCCTTATGTGGG
GGCAGTTCCTTTCTGTTGGGACANCATATACCCTCTGTAAAAGCCAAGCGAATCATTTTCAACTCTCANGTATTGCAGA
AATGTGCTTTACTTTGCAAGCAATGGGTTGGTTCAATNAATTATTNAGTTGTCAAAAAAAAAAAAAAAAANTANGGGGG

M us musculus 8 days embryo 
cDNA, RIKEN full-length 

enriched libraty, 
clone:5730427C23, full insert 

sequence

AKO17603 1277 0 2391

KS-13 GANNAGNACGNGNCCCNCNNACACAAGAATTCGGCACGAGGCCTCGTGCCGAATNCGGCACGAGGAGAGTGTCGA

CATCGCAGCTTTCAACAAGATCTGAATGTCCGAAAGAGTGTGGNTTCATGTGTGTGAGGACCTGCTGAGATTAAAGAC

TGAGACTCTGCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAN

GGGGGGG

Mus musculus 8 days embryo 
cDNA, RIKEN full-length 

enriched library, 
clone:5730435B20, full insert 

sequence

AK017616 184 0 1589

L2T-136 TCTGCAGGAATTCGGCACGAGGCCCAGACTTGGTGTCTGTGTGTGGAGAAGGATGAGGTGCCCTAAGCTGTGCCCA
GCAGGGCCAGGGGAAGAGGTGCCCAGCCAAGGCTGCCAGCCCACCCGGTCGGTCCCTAGCTTCGCTTCCACCGTG
AGCATTTGGTACTGGCTrTTGTGATATTTAGGAACCCTGCGTTTTTCTATCTTATCCTGTGTGATAATCTmCATGTTTT
CTAGAGCAAAGACAAAGCAGTTACTCTTCTATCGCAATACCCAGGTTTGACTAGGAAGAGCAGTATTTIIATGGAGCAT
TTACAAAGTTATAI 1111AAAAAAAAAATCAAAAACATGTGGGATGAGTGTAGAGGGAGGAGCGTGGGTGTGGCCAGG
GCTTTGTCTGTGTGACAGGTGGCGTCCCCAAGCCATGTGATCTCTGAGGAGGTGGCTCCTGTCTGGTGCTTTCTCTT
GATGACCCAGAAGAAACCCTAGCACCGGCGGGCCACTTGCTGTGGCTGCTCCCAGCAGATGTAGGACAGCCCAGAC
AGAATGGAGTCCTTCTGNCCTGNCCTGTCACCTTCCAGAGCCAACCGCATNCCTCCTCAGGCAGGGACTTCCCTTAC
CAGTGGTAGAGCCCTCAAGGGCCAAAAAGANCTGCTTGGTGGCGGGTCANGCAANAAAACATTTGTCAGCATCTTAT
TCTGGTCATGGCATTAA7TGGTGGCTTTTCAAAAGAGTTTAAATAAAGTGTTNCAAGC

Mus musculus 8 days embryo 
cDNA, RIKEN full-length 

enriched 
library, c!one:5730435B20, 

full insert sequence

XM_134599 706 0 1776

L2T-283 AGAGCGTCGGCACGAGGACAGCGCAGGGATGANCCANNGCATGGTGGGCATGAACATGAACATGGGGATGTCGGC
CTCGGGGATGGGCTTGTCGGGCACCATGGGAATGGGCATGCCCAGCATGGCCATGCCTTCTGGAACTGTGCAACCC
AANCAAGATGCCTTTGCAAACTTTGCCAACTTTAGCAAATAAAAGGTTGTAACGGAGCGAGTGGAAAGAAGACTCTGT
AACTGCAATAGGTGATGTTGGGATGGAAGATGCTAAGCAGTTCCCTTTNCTTTTATCANNTAATTAAATAACCCACATN
AAGAACCNAAAAGGCNGGTGTTTCANAAGCGATGCAAGAGCACTTCANATNANGTAGTCAGGATCGGTTTCCCCANT
GAANATACNCTCCAAATGGGGTGAGGGTCNNGANANCCTCTCTGGGTCANANANCCCATGTNACANCGTAATCTGNG
GGANGANTGGCACAAATNGGGCTGANTGTGTGTGNTTCANNCNTTATANTTCTTTCTCCCNGAGGAANTTGANTTTTC
TGNCCCTCAATCNNCNTGNCATGANTGGGTCTGNTCCNTTANTAACNATCTCAAGTCCNTAGATGAAATCATTAAAGTT
GGNTNATCANNTTTTATAAAAATATATATTTTTGTCCAAAAAAAAGGCATACATATGTGATTATGGCTAAATCACANGTN
ACTGGATGTGTGTGCTTTTGCCNAANTCCACCAGNGCTGCNAACACCATNGAGTTNCNTGGATTTGANCCTCTTCCC

Mus musculus 8 days embryo 
cDNA, RIKEN full-length 

enriched 
library, clone:5730435B20, 

full insert sequence

B C 004080 946 0 2943

L2T-324 CNNAGATCCCGGNTCTGCAGGAATTCGGCACGAGGATAATGTTGAATTTCTGTAAAATAAACTGTATTTGCAAATCCAA 
CACTGAGTTGCTGGGCTGCGCTAAGCCCACTGCTGCGTCCTCTGTGGAGGGTCGGCCGTTTGCAGTTGAAGCGAAC 
TGGAAATGTAGCCCTGCAGCTGACGTGTCTCACTCTGTAAGATGTGTACGGTACTGGCAGAAAAGTCGI1111 TAAAA 
GCCATAGATAGGCTTTTCCTTGTTCTTAGCTGTAATAACACATCTAGTrTTGGTTCCCTCAAGAGCTGTGTTTCTGTCTG 
TCACCTGTGTACTGGCCCCATGTCTACCATCCTGGCCCTTGTCACTCCTGTCCCCCCTGGTCTTTTGGAGTTTGTGAC 
ACGGATCTGAAATGGATGTGTTCTCTTGCAAGCGAATAAGATTGTTAGAGTTAATTCCAGCTATCCAGTTTTCTAACGT 
AGCTCTAAGGTCCTCATTGCTGTTGTGATAATTGATACATAGCTCATTGGAAACGTGTGCATACATTTATATTCAGATGA 
AATTATGGTTTGCACCGTCTATTAAATATCTCGATTTAATTTTAAAAAAAAAGGGGGGGCCCGGTACCCAATTCGCCCT

Mus musculus 8 days embryo 
cDNA, RIKEN full-length 

enriched 
library, clone:5730435B20, 

full insen sequence

NM _029362 1073 0 1080
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L2T-341 CCGGNTCTGCAGGAATTCGGCACGAGGAGGACGTTAAGACACCTCTTCCTCATGAAGGCACTTCTTGACTCTTGGGT
TCCTGGCATCTTGGGTAGCTGCAGGAGAGCACGCATTGAGAGGTGAATGTCCGGCTGACCCTCTTCCATGTCAGGAG
CTGTGTACCGGAGACGAATCCTGTCCCCAGGGGCACAAATGCTGCAGCACAGGGTGTGGCCATGCCTGCCGCGGA
GACATCGAGGGAGGGCGGGATGGTCAATGTCCCAGAATCCTGGTAGGCCTGTGTATTGTCCAGTGCATGATGGATG
AGAACTGTCAATCCGGGGAAAGGTGCTGTAAGTCAGGCTGCGGCCGCTTCTGCATCCCAGGACTCCAGCCCCTCCA
ACAGCTCAAAGACTCCAACCTGACTGATGGCTTTAATTCTAAACTGGAGGCTCAAGCGCCCTAGCTGACCCGATTTGC
TTGGAGCTCCAGGAAGCCAGGAAGGGGTGACATCCTGGGGCTTGTGACACTCCCTGGAGTATCAGGCCTTTTCCTC
GTATCTACTGCTACTTGCATGTAGCATGNAACTGCCCTGGTGCTGGGCGCTTCTCTTTCCCAATAAAATGCTGGCATG
GANCCTCTTGTCTGTACTGTGTAGGCATCACTGANGCAGGAGACCCAGTGAGTCTTCCTGTNCATGGATTNGGNNGT
GTGAAATCTATGGACAAATNAAAATGGCCCTTCTTTTTAAAA

Mus musculus RIKEN cDNA 
1700015LI3 gene 
(1700015L13Rik)

AK007299 985 0 608

L2T-352 TCACTATTNCTACCCTTGATGATGTGNTGANCGACATTCGCCGNATCANCGACNTTTGTTCGCTGCCGCTGCTGGTGG
ATGCGGATATCGGTTNAGGTTCTTCGGNCTTTAACGTGGCGCGCACCGTGAAATCNANGATTAAANCCGGTGCGGCA
GGATTGCTTATTGAAGATCAGGTTGGTGCGAAACGCTGCGGTCATCGTCCGAATAAAGCGATCGTCTCGAAAGAAGA
CATGGTGGATCGGATCCCNGCGGNGGTGGATGCNAAAACCGATCCTGATTTTGTGATCATGGCGCNCACCGATGCT
CTGGCGGTAGAGGGGCCCGGTANCCAATTCNCCCTATANTGAGTCGTATTACANGCCCCGCNGC

Mus musculus RIKEN cDNA 
111001 SB 13 gene 

(11 l0018B13Rik), mRNA

NM_025369 1225 0 672

L2T-363 ACGGTACGGCACGAGGATCGTTTAATTCTTTATTGTGTATGAACAAATGCACACAGCACAGCAATACAAGCAGACCAT
GAACTTAGACCAATGGGAGGAGCAGGGACTGAGCACTCAACGCTTACTGCTTTCTACCAAGGTGCGAGCAAGCAGCT
CTAGAAAGTGCTGCTGGGACGGACGCAGGTTTACAAAATGGTGACAGGGAGCAACAGGGTCACAGCAGAGCACAAA
GGTCACAGGCATTGCCAAGCCACCGCCATGCGATTATGGAGACCCAGGGGCTCACAGGTATTCTGGCTTCTAAAGAG
AATGCAGACATTTTTATTTTATGTGGAATCTCTCAATTTTTAATTCTGGCACCCAATTAAATAGAACAAAGAAATATCACG
GGGCCTAATAAAACACAGAGCCAGATGGCTGGGGATGGGGAGAAGGGCCAGCCTGTGACATATTAAGCCACCTATTA
CCGGTACTTAAGTTGGTCCATTTTAACCCGTGAGAATGTACTCACTCTCTACGGTTAAGAAGTCCTGGCTCAANACAAA
GGGAACAATCAAGGTTGAGANCCTGGGTCCTNCACAAGAAGCCCTGGGGCTGGTGGAGTGNAGCTTCTATTGTGGA
TCTAAGCAGAANGCACTTAATGGGATCTGGGTGCGCAAAACCNNAATATNTGTGTCCTCCAATGNAGTCTCGGCCATA
CANAAATCATGGGCTAATGTGTCAACTTCAGCACAAAGGCTCAGTCNTAGGAANATCTNTGCGATCATATCAGCTATC
ATACGCCACCCAGGGGGCCGTACCATTCC

Mus musculus, fatso, clone 
MGC18317 

IMAGE:423726I, mRNA, 
complete cds

BC022222 906 0 3524

L2T-422 ATNACAGGATTCGGCACGAGGCCTCTCTCCTTGGTAGAAATTGCTGGACGCTTCTGTACGTTTCGCAGTTTGTCTTCG
CTGATCGGTGAGACTTCGAGCAGTTAGGATGCCGCGTGGAAGCCGAAGCCGCACTTCCCGGGTGACTCCTCCGGCC
AGCCGGGCCCCTCAGATGAGGGCTGCTCCCCGAAGAGCACCTGCAGCTCAGCCTCCAGCAGCAGCTGCGCCATCT
GCAGTTGGCTCACCTGCCGCTGCGCCCCGGCAGCCAGGCCTGATGGCCCAGATGGCTACCACCGCGGCCGGTGTG
GCTGTGGGCTCTGCAGTGGGACACACCCTGGGTCACGCCATCACTGGGGGCTTCAGCGGAGGTGGCAGTGCTGAG
CCCGCAAAGCCCGACATCACTTACCAGGAGCCTCAGGGAGCCCAGCTGCAGAACCAGCAGTCTTTTGGACCTTGCTC
TCTAGAGATCAAGCAGTTTCTGGAGTGTGCTCAGAACCAGAGCGATGTCAAGCTCTGTGAGGGCTTCAACGAGGTGC
TGCGGCAGTGCAGGATTGCAAATGGTTTAATGTAATCAAGAAATTCAAGCTGAAGAGATGTAACATTGGTTCTGTATAA
TTGATAGTACAAGTGTGGACCCTTATATTTCTAACAGTTCATTGNTTTGGAATGGCCGTGAAAGAATTNACTGTGGATG
TTACTGAGGNTGTATGTATGTTGTTATGGGAATGTTGGCTCCTGGATGTGTrGTGATGTAGTTAAAAAATAATTGGTAT
f.TGAAAAAAAAAAAAAATCGGGGGGGCCGG

Mus musculus coiled-coil- 
helix-coiled-coil-helix domain 
containing 2 (Chchd2), mRNA

AK003399 1239 0 745

L2T-460 GTCCCGGNGCAGAATTCGGCACAGGCTGCCATCTCTGAACTGATTCCATTTAGGATGCCAGGCAGAGTGCAAATGAA
CCCCCAGAACTTGAAGATGCTCAAGATTCCAAATGTCCTAAATCACAGCCATATGTTAGTGAACTTAGGAAAAGCAATG
AATTTATCATTTGTCACTGTGAATTTAGGAAAAGCAATGAATTTATTGCCTGTCTTTATGAACAGCTTTGACTTTGGACT
ATGCTTTGCAATCCAAGATCATGACTTGGCCATCTTATAAGCAGGAACCTCTTAGAAGTCCTCAGAACAAGGACAAGT
GGGACCAGCTCTAACCTGGTGGGTTTGTGGATTAGCTGGGCATGCCTTCTTTGCTGTCATTCTTTGTCATAAAGTATG
GGAGGCGGCCACATGCTCTGGGATGCTTGGATGGAAGAAAAGATGCTCTGGCCTGCTTCCCTCTTTGTTGAAAGAAC
CANTTGGCTGTGGCACTGCTCTGGCTTTCTCTTCAGTTACTCCCACTTTTGNCTGCAGGAAATTCCACTGTTAGGCCC
CTACTTCTGTTTGGGAGGTATTTTGAGAGTGTCAAGATTAGCAGACTATATACTTGATGCCTAAAACTGNACTCATTAN
CCTGGTNACCAGTTAATNCAAATTTTTTATTTAAAAAAAAAAAAAAAACCCGGGGGGGGCCCGG

Mus musculus hypothetical 
protein A2300I6E22, mRNA 

(cDNA clone 
IMAGE:5011290), partial cds

BC029706 1154 0 1589
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VL-258 ANAAAAAGNTTTGAATGTNACTGCCCAACAGAAGTGGGGGNTCCTGAGAGCCAACAGCATTGGTCTCTACAAGTGTG
AACTTTGTGAATTTTNTCANTAAATACTTTTCTGACCTANGGNNAGNATGTGATCCTGAAACACAAGCGCACTGACTCG
AATGTGTGTCGGGTGTGTAAGGAAAGCTTCTCTACCAACATGCTTCTCATTGAACACGCCAAACTCCATGAAGAAGAC
CCCTACATCTGTAAGTACTGTGATTACAAGACTGTGATCTTTGAGAACCTCAGCCAGCACATTGCAGACACGCACTTC
AGCGACCACCTTTACTGGTGTGAGCAGTGTGACGTGCAGTTCTCCTCAAGCAGTGAGCTCTACCTGCACTTCCAGGA
GCATAGCCGTGATGAGCAGNACCTGTGCCACNTTCTGTGANCACGAGACAGGGGACCCTGAGGACTTGCACAGCCA
CGTTGTCAACNAGCACGCTCNCAGACTGATTGAGCTGAGTGACAAGTGTGGCANTGGTGGCCATGGGCAGTGCAGC
CTTTTAAGCAAGATCCCCTTTGACAAATGTAAAAATTNCTTCGTGTGTCAAGTATGTGGNTTTCGGAGCCAGACTTCAC
NACAAATGTCAACAGACACGTGGCTATCGAGCATACNAAAATATTCCCTCATGTTTGGATGACTGNGGGAAGGGNCTT
TTCCAGCATGTTGGANTATTGCAAGCNTCTAAATTCACATCTATCTGANGGATTTNCTTNTGCCAATNTTGTGAATATNC
ACNGGACAAATTGNCGATOTTACATCNTNTAGATTTCANGCATTCAGCTGACTNCCCTCATAATGTGTGNGTGCTGAT

Homo sapiens zinc finger 
protein ANC_2H01, mRNA

BC042660.1 1239 0 1202

HC-2 CCGTCCGGCTNTNNGAATTCAGGCACGAGGCTTCCCTNCAGACTCCTGGCGCCATGAGAGCGAAGATGGCGGAAGA
AGAGAATGCTGCAGGCTGAAGCGCAAGTAGAATGACAAGATGAGGCAGAGGTCCAACGTAAGCCAGCCCGCTGCAC
CTACGATCGCCTGCAGGAGCAGAAGTGAGGGATGCTGAGGGCCGGGACAAGCTATCGGACTGTGTGCTGCCATCG
GTAATGAGTCTCAGTAGACCTGGAACGTCACCTCGCCGCGATCGCCTGGAGAAATGACCGCCTTTCTTACAACCAAA
ACAGTCCCTCTGCCCTGGACCCCCGGCACTCTGGACTAGCTCTGTTCTCTTGTGGCCAAGTGTAGCTCGTGTACAAT

Mus Musculus Pale Ear 
Mutant HPS1

BX649236.1 1199 0 1371

Senators AAAAGAATTGGTCTCCNCANNTGCCGAATTCGGCACGAGGCATCAACGTNTATTTCAACGCCTTCTGGACTTTNCCGG
TATATAAACCCATGNATGACTTCCTGAAATACGACTTCTTCCAGACCATGTCAGTGATTGGAGGCCTGCTCCTGGTGG
TGGCTCTTGGCCCAGGGGGTGTGTCCATGGATGANAAGAAGAAAGAGTGGTAACACACAGATCCCTCCCCTCCCTG
GCTGAGGCACAGGGCCCTGGCCTGGTTCAGGGCAGAGTCAACAAACTGCCGGCGTTTGTGTGTCCTTCTCCCTTCC
CCTCCCTrGGTAAAGGCACAGATGTTTTGAGAACTTTATTTGCAGACACCTGAAAATTGGAGATAAAATCTTTGGAAAT
AGTCTGGAGTCTTGACTGTCCAGGGCTGGCGAGCTGGATGGTCACTCCTTAGCCAAGGCTTGGAGGANACAGCGTG
CTGGGCTG1GGCCTCATTCCTCCTGTCTCCGAGTNCCTTTTGGGGAAGTCGNACTGAGCTGTA11111ATCATTCAAA
GCAGTTTCCCTTCTTAGTTTNGAGTTCACATCCTTAGCTCAAACTACTAAATGACTTAGGATAGTNCACCAAACNCCAA
ACGGTTAAACCTCCAGTCANAATTCTACCAGTGGNCCACATNGGTTCTGCCCTGTATTNATAGGATCAGTGAAAATGT
TANAAAACCAAGTCAAANAACAGTACAGTATTGGNAAGGGGGTNTTCTGNTGCCCCA

Mus musculus, surfeit gene 4, 
clone MGC6155 

IMAGE.-3582114, mRNA, 
complete cds

BC027352.1 1132 0 2781

20

Iron Metabolism/ 
Binding proteins

B2 515 GAACGNCACGGGAGTCCCTTCACATGCTGTCGTATCCCGAAGCACGAATGACAAAGAAGAGGCCATCTGGGAGCTTC
TCCGCCAGTTTCAGGAGAAGTTTGGAAAAAAACAAGCATCGGGATTCCAGCTCTTTGCCTCCCCCTCGGGACAGAAG
GACCTGCTGTTCAAGGAGTCTGCCATTGGCTTTGTGAGGGTTCCCCAGAAGGTAGATGTAGGGCTCTACCTGACCTT
CAGCTACACCACATCCATACAGAACCTGAATAAAAAGCAGCAGGATGTGATAGCCTCAAAGGCCCGGGTCACATGGT
GTGCCGTGGGCAGTGAGGAGAAGCGCAAGTGTGATCAGTGGAACAGAGCAAGCAGAGGCAGGGTCACCTGCATCT
CATTCCCCACCACGGAAGACTGCATTGTCGCAATCATGAAGGGAGATGCTGATGCCATGAGCCTGGATGGAGGCTAT
ATCTACACTGCGGGCAAGTGCGGTTTAGTTCCAGTCTTGGCAGAGAACCAGAAATCCTCCAAAAGCAATGGCTTGGA
TTGTGTGAACAGACCAGTGGAAGGGTACCTTGCTGTAGCAGCAGTTAGAAGAGAAGATGCTGGCTTCACCTGGAGCT
CTTTGAGAGGCAAGAAGTCCTGCCACACTGCCGTGGACAGGACCGCAGGCTGGAACATCCCATGGGCCTGCTTGCT
AACAGACCAGATCCTGCAATTAATGAGTCTTAGCCAAAGCTGTGCCCTGGTGCTGACCCAATCAATCTCTGTGCCTGT
GTTTGGTGATGAAAGGTGAGAGATGTGCTCCACAGCAAAGAATACAGNTACr.TGGGCTTAGGGTTG

Mus musculus lactotransfem'n 
(Ltf)

NM_008522.2 1320 0 2744

C 113 GAATTCGGCACGAGGGAAGAAACCATGGTGCTCTCTGGGGAAGACAAAAGCAACATCAAGGCTGCCTGGGGGAAGA
TTGGTGGCCATGGTGCTGAATATGGAGCTGAAGCCCTGGAAAGGATGTTTGCTACCTTCCCCACCACCAAGACCTAC
TTCCCTCACTTTGATGTAAGCCACGGCTCTGCCCAGGTCAAGGGTCACGGNAAGAAGGTCGCCGATGCTCTGGCCAA
TGCTGCAGGCCACCTCGATGACCTGCCCGCTGCCCTGTCTGCTCTGAGCGACCTGCATGCCCACAAGCTGCGTGTG
GATCCCGTCAACTTCAAGCTCCTGAGCCACTGCCTGCTGGTGACCTTGGCTAGCCACCACCCTGCCGATTTCACCCC
CGCGGTGCATGCCTCTCTGGACAAATTCCTTGCCTCTGTGAGCACCGTGCTGACCTCCAAGTACCGTTAAGCTGCCT
TCTGCGGGGCTTGCCTTCTGGCCATGCCCTTCTTCTCTCCCTTGCACCTGTACCTCTTGGTCTTTGAATAAAGCCTGA

Mus musculus, similar to 
hemoglobin alpha, adult chain 

1, clone

BC043020.1 1008 0 569

co
CD
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C 16 ATTCGGCACGAGGGTGGGCAGTGAGGAGAAGCGCAAGTGTGATCAGTGGAACAGAGCAAGCAGAGGCAGGGTCAC
CTGCATCTCATTCCCCACCACGGAAGACTGCATTGTCGCAATCATGAAGGGAGATGCTGATGCCATGAGCCTGGATG
GAGGCTATATCTACACTGCGGGCAAGTGCGGTTTAGTTCCAGTCTTGGCAGAGAACCAGAAATCCTCCAAAAGCAAT
GGCTTGGATTGTGTGAACAGACCAGTGGAAGGGTACCTTGCTGTAGCAGCAGTTAGAAGAGAAGATGCTGGCTTCAC
CTGGAGCTCTTTGAGAGGCAAGAAGTCCTGCCACACTGCCGTGGACAGGACCGCAGGCTGGAACATCCCCATGGGC
CTGCTTGCTAACCAGACCAGATCCTGCAAATTTAATGAGTTCTTTAGCCAAAGCTGTGCCCCTGGTGCTGACCCCAAA
TCCAATCTCTGTGCCCTGTGTATTGGTGATGAGAAGGGTGAGAACAAGTGTGCTCCCAACAGCAAAGAGAGATACCA
AGGCTACACTGGGGCTTTAAGGTGTCTGGCTGAGAAGGCAGGAAATGTrGCATTTTTGAAGGACTCCACTGTCTTGC
AGAATACTGACGGGAAGAACACTGAAGAGTGGGCTANGAACTTAAGCTGAAGGACTTTGAGCTTTTGTGCCTTGATGA
CACCGGAAACTGTGACTGAGGTTANAACTGCANCTACCATACCCAAACATCTGTATGTCTCGACAANAAGTGGAANCC
TTCACAGTGTGCTGACACNGTCATTGGAAAATGAANAGTGTCAGAAATTTGCTTCCNTTAAACAAACTTTGTCAGAAAT
GATTTGCAANCCNNAACCTCAATTTGGAAGNTCTTANACANCTANNGCNCCCCTCGACTGTTTACANANCNAAAAACT

Mus musculus lactotransremn
(Ltr

NM_008522.2 1334 0 2744

C 24 CAACNTGGACNANGGAACTTTGCCAAATACTTTCTCCACCAATCTCATGAGGAGAGGGAGCATGCCGAGAAACTGAT
GAAGCTGCAGAACCAGCGAGGTGGNCGAATCTTCCTGCAGGATATAAAGAAANCAGACCGTGATGACTGGGAGAGC
GGGCTGAATGCAATGGAGTGTGCACTGCACTTGGAAAAGAGTGTGAATCAGTCACTACTGGAACTGCACAAACTGGC
TACTGACAAGAATGATCCCCACTTATGTGACTTCATTGAGACGTATTATCTGAGTGAACAGGTGAAATCCATTAAAGAA
CTGGGTGACCACGTGACCAACTTACGCAAGATGGGTGCCCCTGAAGCTGGCATGGCAGAATATCTCTTTGACAAGCA
CACCCTGGGACACGGTGATGAGAGCTAAGCTGACTTCCCCAAAGCCACGTGACTTTACTGGTCACTGAGGCAGTGCA
TGCATGTCAGGCTGCCTTCATCTrTTCTATAANTNGCACCAAAACATCTGCTTAAGTTCTTTAATTTGTACCAmCTTC

Mus musculus renitin heavy 
chain, mRNA (cDNA clone 

MGC: 19422 
IMAGE:3488821)

BC012314.1 1068 0 860

C 278 GAGAAANTGATGAAGCTGCAGAACCAGCGAGGTGGCCGNATCTTCCTGCAGGATATAAAGAAACCACANCCCCNATN
ACTGGGNGAGCGGGCTGTATGCAANGGNCNNCNCCCCGCCNNTCNCGCGCANGGTGNCAACCANGGGGNNGCNG
fS R iir r R R N w a a r 'fS T W w r w r jre M R T T W w R w r

Mus musculus renitin heavy 
chain 1 (Fthl)

BC012314.1 299 e-78 866

C 85 TNCNNGANCCCGNTGNNGCAGGAATTCGGCACGAGGTTCACCTGGAGCTCTTTGAGAGGCAAGAAGTCCTGCCACA
CTGCCGTGGACAGGACCGCAGGCTGGAACATCCCCATGGGCCTGCTTGCTAACCAGACCAGATCCTGCAAATTTAAT
GAGTTCTTTAGCCAAAGCTGTGCCCCTGGTGCTGACCCCAAATCCAATCTCTGTGCCCTGTGTATTGGTGATGAGAAG
GGTGAGAACAAGTGTGCTCCCAACAGCAAAGAGAGATACCAAGGCTACACTGGGGCTTTAAGGTGTCTGGCTGAGAA
GGCAGGAAATGTTGCA1111IGAAGGACTCCACTGTCTTGCAGAATACTGACGGGAAGAACACTGAAGAGTGGGCTA
GGAACTTAAAGCTGAAGGACTTTGAGCTTTTGTGCCTTGATGACACCCGGAAACCTGTGACTGAGGCTAAGAACTGC
CACCTAGCCATAGCCCCAAACCATGCTGTAGTGTCTCGGACAGACAAGGTGGAAGTCCTTCAGCAGGTGCTGCTTGA
CCAACAGGTTCAGTTTGGGAGAAATGGACAGAGGTGTCCAGGAGAGTTTTGNCTGTTCCAGTCTAAAACCAAAAACCT
TCTGTTCAATGACAACACTGAGTGTCTGGCCAAGATNCCCGGCAAAAACACATCGGAGAAGTATCTGGGAAAAGGAG
TACGTCATAACGANCGANCGCCTGAANCAATGCTCCAAGCTCCCCAATTCCTGGGAAGCCTTGNGCTTTTTCrrTACC
CAGTGNAAAAACTTGAGCAAATTACANAAACCTTCCAAGGAANTTTCATTCCCGGNANCCACNGGCCCGGGGGNCCC
T r r a a f l f l r r A f l T r T r i R r i T r T r r r r . r n T r r r r T r i r i i o R r s T r N r T T f l f i r s r s T N N f i f la f l T A A A A T r i A A W M T A A N M R T T r . r i N r .T

Mus musculus 
lactotransfenin, mRNA 

(cDNA clone 
IMAGE:3485548)

BC009662.1 1310 0 1751

D 213 GNCNGCGGAATTCGGCACGAGGCGGTGGGGATGTGGCCTTTGTCAAGCACACAACCATATTTGAGGTCTTGCCGGA
GAAGGCTGACAGGGACCAATATGAACTGCTCTGCCTTGACAATACCCGCAAGCCAGTGGATCAGTATGAGGATTGCT
ACCTGGCTCGGATCCCTTCTCATGCTGTTGTGGCTCGAAAAAACAATGGCAAGGAAGACTTGATCTGGGAGATTCTCA
AAGTGGCACAGGAACACTTTGGCAAAGGCAAATCAAAAGACTTCCAACTGTTCAGCTCTCCTCTTGGGAAAGACCTGC
TGTTTAAAGATTCTGCCTTTGGGCTGTTAAGGGTCCCCCCCAAGGATGGACTACAGGCTGTACCTTGGCCATAACTAT
GTCACTGCCATTCGGAATCAGCANGAAGGCGTGTGCCCGGAGGGCTCGATCGACAACTCGCCAGTGAAGTGGTGTG
CNCTGAGTCACCTGGAGAGAACCAAGTGTGACGAGTGGAGCATCATCAGTGAGGGAAAGATAGAGTGTGAGTCAGC
ANAGACCACTGANGACTGCATTGAAAAGATTGTGAAACGNAGAAGCGGACNCCANGACTTTGGGANNGAGGACATGC
CTACATTGCAGGCCANTGTGGTCTTAGTGCCTGTCATGGCAGAGTATTACNAGAGCTCNAATTTGTGCCATCCCATTC
ACAACCANGTANCTTNCCTAAANGGTATTTTNCCGNGGCTNGTGGTGAAGGCNTCGGAACCTANCATCACCTGGAAA
CCACCTGAANGGCNAAAANTCNTGCCAAAOTGGGGTANANNGAAACOGr.TGGTTGGAACATTCCTTNNGGRCNTGCT

Mus musculus transrenin 
(TrO ,

NM_133977.1 1207 0 2345
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D 252 GCACGAHGTCTCAAAGTGGCACAGGAACACTTTGGCAAAGGCAAATCAAAAGACTTCCAACTGTTTTTCTCTCCTCTT
GGGAAAGACCTGCTGTTTAAAGATTCTGCCTTTGGGCTGTTAAGGGTCCCCCCAAGGATGGACTACAGGCTGTACCT
TGGCCATAACTATGTCACTGCCATTCGGAATCAGCAGGAAGGCGTGTGCCCGGNGGGCTCGATCGACAACTCGCCA
GTGAAGTGGTGTGCACTGAGTCACCTGGAGAGAACCAAGTGTGACGAGTGGANCATCATCAGTGAGGGAAAGATAG
AGTGTGAGTCAGCANAGACCACTGAGGACTGCATTGANAAGATTGTGAACGGAGAACCGGACCCCATGACTTTGGAT
GGAGGACATGCCTACATNGCAGGCCAGTGTGNNCTACTGCCTGTCATGGCCAGAGTACTACCAGAAGCTCTAATTGT
GCCANCCCNTCACNACAANGTATCTTNCCTAAAGGNTATTATGCCCGTGGCTGTNGCTGAANGGCATTCNCNACNNT
TACCTCCACCTTGGNACCAACCTGAAAAGCAACNAACNCCTGCCCAAACTGNGGTATACAGNAACNGTTNGTNGCAA
ACCTCCCTATGNGGCATGCTNGTACAACAAGGATCNAACCACNTGCNAATCCGCTGAACTTNTTCAGNNCAAGGCTN
GCCGCTCCCCCGGTATNNACAAAAATTCCACCCTCTGTGACCTGGGNTTCGN

Mus musculus transferrin (Trf BC018573.1 825 0 2345

L2T-100 GGAGNAACTTATAGAAAAGATGAAGGCAGACTGACATGCATGCACTGCCTCAGTGACCAGTAAAGTCACGTGGCTTT
GGGGAAGTCAGNTTAGCTCTCATCACCGTGTCCCAGGGTGTGCTTGTCAAAGAGATATTCTGCCATGCCAGCTTCAG
GGGCACCCATCTTGCGTAAGTTGGTCACGTGGTCACCCAGTTCTTTAATGGATTTCACCTGTTCACTCAGATAATACG
TCTCAATGAAGTCACATAAGTGGGGATCATTCTTGTCAGTAGCCAGTTTGTGCAGTTCCAGTAGTGACTGATTCACACT
CTTTTCCAAGTGCAGTGCACACTCCATTGCATTCAGCCCGCTCTCCCAGTCATCACGGTCTGGTTTCTTTATATCCTGC
AGGAAGATTCGGNCACCTCGCTGGTTCTGCAGCTNCATCAGTTTTCTCGGCATGCTCCCTCTCCTCATGAGATTG

Mus musculus, Similar to 
ferritin heavy chain, clone 
IMAGE:3968914, mRNA

BC011096 878 0 887

L2T167 AACCCTNTGGAAAAGAATCGGCTATNCGTATATGACANNATGCACAGTCTCTTCGCGGTTAGCTCCTACTCCGGATCA
ATTTGACCTCTCAGATTCGACAGAATTATTCCACCGAGGTGGAAGCTGCCGTGAACCGCCTGGTCAACTTGCACCTG
CGGGCCTCCTACACCTACCTCTCTCTGGGCTTCTTTTTTGATCGGGATGACGTGGCTCTGGAGGGCGTANGCCACTT
CTTCCGCGAATTGGCCGAGGAGAAGCGCGAGGGCGCGGAGCGTCTCCTCGAGTTTCAGAACGATCGCGGGGGCCG
TGCACTCTTCCAGGATGTGCAGAAGCCATCTCAAGATGAATGGGGTAAAACCCAGGAGGCCATGGAAGCTGCCTTGG
CCATGGAGAANAACCTGAATCAGGCCCTCTTGGATCTGCATGCCCTGGGTTCTGCCCGCGCGGACCCTCATCTCTGT
GACTTCCTGGAAANCCACTATCTGNATAAGGAGGTGNANCTCATCAAGGAANATGGGCAACCATCTGACCAAANCTC
CGCAGGGTGGCGGGGCACAACCAGCGCAAACTGGNGCGCCCCAGGGGTCTCTGGCGCGANTATTTCTTNNACCGC
TTNCTCTCCAAGCACNACTAGGAGGCCTCTGTTCCTTCCAANGGGCTCCCNCCTCTGNTCTNCACCAGNCCCGCCNG
GACCTNCATTTGTTGAACTCTANGCCACTAGCANTTTNNACCCCCCGGANCTCTTTAACNTNTGCCCANTCAAATANA

Mus musculus 10 days embryo 
whole body cDNA, RIKEN 
full-length enriched library, 

clone:2600017I12 ferritin light 
chain 1, full insert sequence

AK011244.1 979 0 924

L2T-221 CGGCAGAGGGCCGCTTCGAGCCTGAGCCCTTTGCAACTTCGTCGTTCCGCCGCTCCAGCGTCGCCACCGCGCCTCG
CCCCGCCGCCACCATGACCACCGCGTCTCCCTCGCAAGTGCGCCAGAACTACCACCAGGACGCGGAGGCTGCCAT
CAACCGCCAGATCAACCTGGAGTTGTATGCCTCCTACGTCTATCTGTCTATGTCTTGTTATTTTGACCGAGATGATGTG
GCTCTGAAGAACTTTGCCAAATACTTTCTCCACCAATCTCATGAGGAGAGGGAGCATGCCGAGAAACTGATGAAGCTG
CAGAACCAGCGAGGTGGCCGAATCTTCCTGCAGGATATAAAGAAACCAGACCGTGATGACTGGGAGAGCGGGCTGA
ATGCAATGGAGTGTGCACTGCACTTGGAAAAGAGTGTGAATCAGTCACTACTGGAACTGCACAAACTGGCTACTGACA
AGAATGATCCCCACTTATGTGACTTCATTGAGACGTATTATCTGAGTGAACAGGTGAAATCCATTAAAGAACTGGGTGA
CCACGTGACCAACTTACGCAAGATGGGTGCCCCTGAAGCTGGCATGGCAGAATATCTCTTTGACAAGCACACCCTGG
GACACGGTGATGAGAGCTAAGCTGACTTCCCCAAAGCCACGTGACTTTACTGGTCACTGAGGCAGTGCATGCATGTC
AGGCTGNCTTCATCTTTTCTATAAGTTGCACCAAAACATCTGCTTAAGTTCTTTAATrrGTACCATTTCTTCAAATAAAGA
ATTTTGGTACCAAAAAAAAAAAAAAA

Mus musculus ferritin heavy 
chain, mRNA (cDNA clone 

MGC: 19422 
1MAGE:3488821), complete 

cds

BC012314 1538 0 860

L2T-429 GCCTCTNATAGTTCTANAGCGNCGGCACGAGGCTACACTGGGGCTTTAAGGTGTCTGGCTGAGAAGGCAGGAAATGT
TGCArmTGAAGGACTCCACTGTCTTGCAGAATACTGACGGGAAGAACACTGAAGAGTGGGCTAGGAACTTAAAGCT
GAAGGACTTTGAGCTTTTGTGCCTTGATGACACCCGGAAACCTGTGACTGAGGCTAAGAACTGCCACCTAGCCATAG
CCCCAAACCATGCTGTAGTGTCTCGGACAGACAAGGTGGAAGTCCTTCANCAGGTGCTGCTTGACCAACAGGTTCAG
TTTGGGAGAAATGGACAGAGGTGTCCAGGANAGTTTTGCCTGTTCCAGTCTAAAACCAAAAACCTTCTGTTCAATGAC
AACACTGAGTGTCTGGCCAAGATCCCCGGCAAAACCACATCGGAGAAGTATCTGNGAAAGGAGTACGTCATAGCGAC
CGANCGCCTGAAGCAGTGCTCCAGCTCCCCACTCCTGGAAGCCTGCGCTTNTCTTACCCAGTGAAAACACTGAGCAA
ATAGCAGAACCTTCCCAGGAAGTCTCATCCCGGAGCCACGGTCCGGGGGCCTTCAGACCATCTGGTCTCCTCACTCC
CTGCTGTCACTTTAGGTAGAAATANAATGAAGTANTGTTGANTTTCTCGTCCAAAAAAAAANAAAAAAAA

Mus musculus 
lactotransferrin, mRNA 

(cDNA clone 
IMAGE:3485548), partial cds

BC009662 1221 0 1751



R
eproduced 

with 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

L2T-435 GCAGAATTCGGCACGAGGCCGCGCCTCGCCCCGCCGCCACCATGACCACCGCGTCTCCCTCGCAAGTGCGCCAGA
ACTACCACCAGGACGCGGAGGCTGCCATCAACCGCCAGATCAACCTGGAGTTGTATGCCTCCTACGTCTATCTGTCT
ATGTCTTGTTATTTTGACCGAGATGATGTGGCTCTGAAGAACTTTGCCAAATACTTTCTCCACCAATCTCATGAGGAGA
GGGAGCATGCCGAGAAACTGATGAAGCTGCAGAACCAGCGAGGTGGCCGAATCTTCCTGCAGGATATAAAGAAACC
AGACCGTGATGACTGGGAGAGCGGGCTGAATGCAATGGAGTGTGCACTGCACTTGGAAAAGAGTGTGAATCAGTCA
CTACTGGAACTGCACAAACTGGCTACTGACAAGAATGATCCCCACTTATGTGACTTCATTGAGACGTATTATCTGAGTG
AACAGGTGAAATCCATTAAAGAACTGGTGACCACGTGACCACTTACGCAAGATGGGTGCCCTGAAGCTGGCATGGCA
GAATATCTCTTTGACAAGCACACCTGGGGACACGGTGATGAAAGCTAAGCTGACTTCCCCAAGCCACGTGACTTTACT
GGTCACTGAGCAGTGCATGCATGTCAGGCTGCCTCATCTTTCTATNAGTGNACCAAACATCTGCTTAGTTCTTAATTG

Mus musculus. Similar to 
rerritin heavy chain, clone 

MGC: 19422 
1MAGE:3488821, mRNA, 

complete cds

BC012314 1178 0 860

L2T-454 ANCNTGATCACTANCTTCTAGAGTGNTTCGGCACGAGGAGGACGCGGAGGCTGCCATCAACCGCCAGATCAACCTG
GAGTTGTATGCCTCCTACGTCTATCTGTCTATGTCTTGTTATTTTGACCGAGATGATGTGGCTCTGAAGAACTTTGCCA
AATACTTTCTCCACCAATCTCATGAGGAGAGGGAGCATGCCGAGAAACTGATGAAGCTGCAGAACCAGCGAGGTGGC
CGAATCTTCCTGCAGGATATAAAGAAACCAGACCGTGATGACTGGGAGAGCGGGCTGAATGCAATGGAGTGTGCACT
GCACTTGGAAAAGAGTGTGAATCAGTCACTACTGGAACTGCACAAACTGGCTACTGACAAGAATGATCCCCACTTATG
TGACTTCATTGAGACGTATTATCTGAGTGAACAGGTGAAATCCATTAAAGAACTGGGTGACCACGTGACCAACTTACG
CAAGATGGGTGCCCCTGAAGCTGGCATGGCAGAATATCTCTTTGACAAGCACACCCTGGGACACGGTGATGAGAGCT
AAGCTGACTTCCCCAAAGCCACGTGACTTTACTGGGTCACTGAGGCAGTGCATGCATGTCAGGCTGNCTTCATCTTTT
CTATAAGTTGCANCAAAAACATCTGCTTAAGTTCTTTAATTNGTACCATTTCTTCAAATAAAGAATTTT

Mus musculus rerritin heavy 
chain, mRNA (cDNA clone 

MGC: 19422 
1MAGE:3488821), complete 

cds

BC012314 1241 0 860
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L2T-403 GGCTNNTNATNACNGGANCGGCACGAGGGNCATANTCNGGANAAAAAAAGGTGCTCTCTGGNGAAGANAAAAGCAA
NATCAAAGNTGACTGGGGGAANATANGTGGTNAANGTGCTGNATATGNAGCTGAGNGANCGGGCANNGATNTTGGC
NATNNTCNCCNCCACCAATAACCACTTCCCTCANATCATCATCTATANACGGGTNTGNCCANGGNATANGTCANNNTA
TNAAANNNGTCNNNNTTCNNTGNAATNATGCANGACNCNGCAAAGATNNGTNNGNAGANCTGANCNGATCTGACNGA
ACTNGNTGGCCNCTCAGNCGCNTGNGNGTNCCGTCAACNNCAAAACTCCTANNTCCANTGACTGCTGGTGAANTCNN
TGTTAANNACCACCCTNCGNGATNTGANCCCCNNTNCNNANGCCGTCTCTGGANANAAATCCTANCCTCTNTGATCN
CCGGGNCTGGTCCCCNAAANAACCNNAAAATGACTNCTNTGGNGCTTGANTGCTNAAGCATGNCCCTCTNTTNTGCC
TTGAAAATAAAACCTCTTGGGNTTTTNGANAAAGCCCCACTAGG

Mus musculus hemoglobin 
alpha, adult chain 1 (Hba-al), 

mRNA

NM_008218 62 1e-6 564

L2T-407 AAGGATNCGGCAGAGGGACAGACTCAGGAAGAAACCATGGTGCTCTCTGGGGAAGACAAAAGCAACATCAAGGCTG
CCTGGGGGAAGATTGGTGGCCATGGTGCTGAATATGGAGCTGAAGCCCTGGAAAGGATGTTTGCTAGCTTCCCCACC
ACCAAGACCTACTTCCCTCACTTTGATGTAAGCCACGGCTCTGCCCAGGTCAAGGGTCACGGCAAGAAGGTCGCCGA
TGCTCTGGCCAATGCTGCAGGCCACCTCGATGACCTGCCCGGTGCCCTGTCTGCTCTGAGCGACCTGCATGCCCAC
AAGCTGCGTGTGGATCCCGTCAACTTCAAGCTCCTGAGCCACTGCCTGCTGGTGACCTTGGCTAGCCACCACCCTGC
CGATTTCACCCCCGCGGTGCATGCCTCTCTGGACAAATTCCTTGCCTCTGTGAGCACCGTGCTGACCTCCAAGTACC
GTAAAGCTGCCTTCTGCGGGGTTGCTTCTGGCCATGCCCTTCTTCTCTCCCTTGCACTGTACCTCTTGGTCTTTGATA
AAAGCCTGAGTAGGAAGAAAAAAAAAAAAAAAAAAAAAAAAAA

Mus musculus similar to data 
source:MGD, source 

key:MGI:96021, 
evidence:ISS~hemoglobin, 

beta adult major 
chain~putative (LOCI 92803)

XM_109189 1003 0 564

16

Calycin
Superfamily

B1 56 TGCNGCAGGAATTCGGCACGAGGCCTAAGCATGGCACTGCACATGATTCTTGTCATGGTGAGCCTCCTGCCGCTGTT
GGAAGCTCAGAACCCAGAACATGTCAACATCACCATAGGCGACCCTATCACCAATGAGACCCTGAGCTGGCTCTCTG
ACAAATGGTrTTTCATTGGTGCGGCTGTCCTAAACCCTGATTACCGGCAGGAAATTCAAAAGACGCAGATGGTATTTTT
TAACCTTACCCCCAACTTGATAAATGACACGATGGAGCTTCGAGAGTATCACACCATAGATGACCACTGTGTCTATAAC
TCCACTCATCTAGGAATCCAGAGAGAGAATGGGACCCTCTCCAAGTATGTAGGAGGAGTAAAAATCTTTGCAGACCTG
ATAGTCTTGAAGATGCATGGGGCCTTCATGCTTGCCTTTGACTTGAAGGATGAGAAGAAACGGGGACTGTCCCTCAAT
GCAAAAAGGCCAGATATCACCCCGGAGCTGCGGGAAGTATTCCAGAAGGCTGTCACACACGTGGGCATGGATGAAT
CAGAAATCATATTTGTTGGACTGGAAAAAGGATTAGGTGCAGTCAGCAGGGAGAAGCNGCAGCTTGAGCTGGAGAAG
GAGAACAAGAAAGATNCTGGAGGAANGGCCAGGCATGAACTCAGCTCTCTGAACTCCGANGGNTGGTCCACANGCT
CCACAAAANCCCANCCCTCCTGTGCACTTTGGATTCTGTCTCTGCCCAATNAAAGGTTTGCTGACACAGTCAAAAAAA

Mus musculus orosomucoid 2 
(Orm2

NM_011016.1 1229 0 739

CH-14 TGCCGAATTCGGCACGAGGCTGAGTGCCCTCAGCATGGCGCTGCACACGGTTCTTATCATATTGAGCCTTCTGCCGA 
TGTTGGAAGCTCAGAACCCAGAACATGCCAACTTCACCATAGGCGAACCTATCACCAATGAGACCCTGAGCTGGCTC 
TCTGACAAATGG1111ICATGGGTGCAGCTTTCAGAAAACTCGAGTACAGGCAGGCAATTCAAACAATGCAGAGTGAA 
TTNNGTTACCTTACCACCAACTTGATAAACGACACAATAGAGCTTCGGGAGTCTCAAACAATAGGTGACCAGTGTGTC 
TATAACTCCACCCATCTAGGATTCCAGAGAGAAAATGGGACCTTCTCCAAGTATGAAGGAGGAGTAGAAACCTTTGCC 
CACCTTATAGTGCTGAGGAAACATGGGGCCTTCATGCTTGCCTTTGACCTCAAGGATGAGAAGAAACGGGGACTGTC 
CCTCTATGCCAAAAGGCCAGATATCACCCCGGAGCTGCGGGAAAGTATTCCAGAAGGCTGTCACACACGTGGGCATG

Mus musculus orosomucoid 1 
(Orml),

NM_008768 1019 0 768
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D 25 GAGGCCTAAGCATGGCACTGCACATGATTCTTGTCATGGTGAGCCTCCTGCCGCTGTTGGAAGCTCAGAACCCAGAA
CATGTCAACATCACCATAGGCGACCCTATCACCAATGAGACCCTGAGCTGGCTCTCTGACAAATGGTTTTTCATTGGT
GCGGCTGTCCT AAACCCT GATT ACCGGC AGG AAATTC AAAAGACGC AG ATGGT A TnTT T AACCTTACCCCC AACTT G
ATAAATGACACGATGGAGCTTCGAGAGTATCACACCATAGATGACCACTGTGTCTATAACTCCACTCATCTAGGAATC
CAGAGAGAGAATGGGACCCTCTCCAAGTATGTAGGAGGAGTAAAAATCTTTGCAGACCTGATAGTCTTGAAGATGCAT
GGGGCCTTCATGCTTGCCTTTGACTTGAAGGATGAGAAGAAACGGGGACTGTCCCTCAATGCAAAAAGGCCAGATAT
CACCCCGGAGCTGCGGGAAGTATTCCAGAAGGCTGTCACACACGTGGGCATGGATGAATCAGAAATCATATTTGTTG
ACTGGAAAAAGGATAGGTGCAGTCAGCAGGAGAAGCAGCAGCTTGAGCTGGAGAAGGAGACCAAGAAAGATCCTGA
GGAAGGCCAGGCATGAACTCAGCTCTCTGAACTCCGAGGGCTGTCCACAGGCTCACCAAACCCCACCCCTCCTGTG
CACTTTGATTCTGTCTCTGCCACAATAAAGGTTTGCTGACACAGTCAAAAAAAAAAAAAAAAAT

Mus musculus orosomucoid 2 
(Orm2)

NM _011016.1 1431 0 719

DH-B4 CGAGGCCTCCAGCACACATCAGACCTAGTAGCTGTGGAAACCATGGCCCTGAGTGTCATGTGTCTGGGCCTTGCCCT
GCTTGGGGTCCTGCAGAGCCAGGCCCAGGACTCAACTCAGAACTTGATCCCTGCCCCATCTCTGCTCACTGTCCCCC
TGCAGCCAGACTTCCGGAGCGATCAGTTCCGGGGCAGGTGGTACGTTGTGGGCCTGGCAGGCAATGCGGTCCAGA
AAAAAACAGAAGGCAGCTTTACGATGTACAGCACCATCTATGAGCTACAAGAGAACAATAGCTACAATGTCACCTCCA
TCCTGGTCAGGGACCAGGACCAGGGCTGTCGCTACTGGATCAGAACATTTGTTCCAAGCTCCAGGGCTGGCCAGTTC
ACTCTGGGAAATATGCACAGGTATCCTCAGGTACAGAGCTACAATGTGCAAGTGGCCACCACGGACTACAACCAGTT
CGCCATGGTAI111ICCGAAAGACTTCTGAAAACAAGCAATACTTCAAAATTACCCTGTATGGAAGAACCAAGGAGCTG
TCCCCTGAACTGAAGGAACGTTTTCACCCGCTTTGCCAAGTCTCTGGGCCTCAAGGACGACAACATCATCTTCTCTGT
CCCACCGAACAATGCATTGACAACTGAATGGGTGGTGAGTGTGGCTGACTGGGATGCCCAAANACCAATGGTTCAGG
CGCTGCCTGTCTGTCTGNCACTCCATCTTTCCTGTTGCCAGANAGCCNCTGGGTGNCCACAGCACATACCAGGACAT

Mouse SV-40 induced 24p3 
mRNA

X14607 1304 0 853

DS-A7 GCAACNGNGCGCCNCAACCCGNGCTGCAGGAATTCGGCACGAGGCCTCGTGCCGAATTCGGCACGAGGGGAAGGC
TGTCACACACGTGGGCATGGATGAATCAGAAATCATATTTGTCGACTGGAAAAAGGATAGGTGCGGTCAGCAGGAGA
AGAAGCAGCTTGAGTTGGGGAAGGAGACCAAGAAAGATCCTGAGGAAGGCCAGGCATGAACTCAGCTCTCTGAACT
CCGAGGGCTGTCCACAGGCTCACCAAACCCCACCCCTCCTGTGCACTTTGATTCTGTCTCTGCCACAATAAAGGTTTG

Mus musculus orosomucoid 1 
(Orml),

NM _008768.1 492 e-137 768

DS-N7 CGGCACGAGGCCTCGTGCCGAATTCGGCACGAGGCCGATGTTGGAAGCTCAGAACCCAGAACATGCCTTCTTCACC
ATAGGCGAACCTATCACCAATGAGACCCTGAGCTGGCTCTCTGACAAATGGTTTTTCATGGGTGCAGCTTTCAGAAAA
CTCGAGTACAGGCAGGCAATTCAAACAATGCAGAGTGAATTrTTTTACCTTACCACCAACTTGATAAACGACACAATAG
AGCTTCGGGAGTCTCAAACAATAGGTGACCAGTGTGTCTATAACTCCACCCATCTAGGATTCCAGAGAGAAAATGGGA
CCTTCTCCAAGTATGAAGGAGGAGTAGAAACCTTTGCCCACCTTATAGTGCTGAGGAAACATGGGGCCTTCATGCTTG
CCTTTGACCTCAAGGATGAGAAGAAACGGGGACTGTCCCTCTATGCCAAAAGGGCAGATATCACCCCGGAGCTGCG

ORM1 N M _008768.1 914 0 768

L2T-202 GGTNGCGCAGAATCGGCACGAGGGGGGATTTGGTCACCATCCGGTCAGAGAGTACTTTTAAAAACACCGAGATTTCC 

TTCAAACTGGGCGTGGAATTCGATGAAATCACCGCAGACGACAGGAAGGTGAAGAGCATCATAACCCTAGATGGCGG 

GGCCCTGGTGCAGGTGCAGAAGTGGGATGGAAAGTCGACCACAATAAAGAGAAAACGAGATGGTGACAAGCTGGTG 

GTGGAATGTGTTATGAAAGGCGTGACTTCCACAAGAGTTTATGAAAGGGCATGAGCCAAAGGAAGAGGCCTGGATGG 

AAATTTGCATCAAACACTACAATAGTCAGTCGGATTTATTGI 11111111AAAGATATGATTTTCCACTAATAAGCAAGCA 

ATTAATmTTCTGAAGATGCATTTTATTGGATATGGTTATGTTGATTAAATAAAACCTTTTTAGACTTAAAAAAAAAAAAA 

AAAAA

Mus musculus 18 days embryo 
whole body cDNA, RIKEN 
full-length enriched library, 

clone:! 100001A08:fatty acid 
bindingprotein 4, adipocyte, 

full insert sequence

AK003143 807 0 638

L2T-294 ATAGTNAGAGCGTTCGGCACGAGGGAGAACAATAGCTACAATGTCACCTCCATCCTGGTCAGGGACCAGGACCAGG
GCTGTCGCTACTGGATCAGAACATTTGTTCCAAGCTCCAGGGCTGGCCAGTTCACTCTGGGAAATATGCACAGGTAT
CCTCAGGTACAGAGCTACAATGTGCAAGTGGCCACCACGGACTACAACCAGTTCGCCATGGTATTTTTCCGAAAGACT
TCTGAAAACAAGCAATACTTCAAAATTACCCTGTATGGAAGAACCAAGGAGCTGTCCCCTGAACTGAAGGAACGTTTC
ACCCGCTTTGCCAAGTCTCTGGGCCTCAAGGACGACAACATCATCTTCTCTGTCCCCACCGACCAATGCATTGACAAC
TGAATGGGTGGTGAGTGTGGCTGACTGGGATGCGCAGAGACCCAATGGTTCAGGCGCTGCCTGTCTGTCTGCCACT
CCATCTTTCCTGTTGCCAGAGAGCCACCTGGCTGCCCCACCAGCCACCATACCAAGGAGCATCTGGAGCCTCTTCTT
ATTTGGCCAGCACTCCCCATCCACCTGTCTTAACACCACCAATGGCGTCCCCTTTCTGCTGAATAAATACATGCCCCC

Mus musculus lipocalin 2 
(Lcn2), mRNA

XM_130171 1178 0 911

144
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L2T-60 TTAGATCGGTACCTGGAAGCTAGTGGACAGCAAGAATTTTGATGACTACAT6AAGTCACTCGGTGTGGGCTTTGCCAC
CAGGCAGGTGGCTAGCATGACCAAGCCTACTACCATCATCGAGAAGAACGGGGATACTATCACCATAAAGACACAAA
GTACCTTCAAGAACACAGAGATCAACTTTCAGCTGGGAATAGAGTTCGACGAGGTGACAGCAGATGACCGGAAGGTC
AAGTCACTGGTGACGCTGGACGGAGGCAAACTCATCCATGTGCAGAGTGGAACGGGCAGGAGACAACACTAACTAG
GGAGCTAGTTGACGGGAAACTCATCCTGACTCTCACTCATGGCAGTGTGGTGAGCACTCGGACTTATGAGAAGGAGG
CGTGACCTGGCTGCTCCGTCACTGACCGCCCGCTCCTCTGCCAACTGGCCACCCCCTCAGCTCAGCTCAGCACCAT
GCTGCCTCATGGTTTTCCCCTCTGACAnTTGTATAAACATTCTTGGGTTGGGATTTTTCTGGGAGATACGGGGCATCA
GCCTGGACCCAGTTCCTACTATGTATGTGGTTTATTmTAAAACTGTATCCAAAGGGTGCTCCAAGGTCAATAAGCAG

Mus musculus. Tatty acid 
binding protein 3, muscle and 

heart, clone MGC:6249 
IMAGE:3485639, mRNA, 

complete cds

BC002082 1148 0 701

9

R ib o s o m a l

C 197 CCCGGCTCTGCAGGAATTCGGCACGAGGCAGGTTCAAGGCTTTCGTCGCTATTGGGGACTACAATGGTCACGTTGGT
CTTGGTGTTAAGTGCTCCAAGGAGGTTGCCACTGCCATCCGAGGGGCCATCATCTTGGCCAAGCTTTCCATCGTCCC
TGTGCGGAGAGGCTACTGGGGGAACAAGATTGGCAAGCCCCACACTGTTCCATGCAAGGTGACAGGCCGCTGTGGC
TCTGTGCTGGTGCGTCTCATCCCTGCCCCCAGAGGCACTGGCATTGTCTCTGCTCCTGTGCCCAAGAAGCTCCTGAT
GATGGCCGGTATAGATGACTGCTACACTTCAGCCAGAGGCTGCACTGCCACCCTGGGCAACTTTGCTAAGGCCACCT
TTGATGCCATCTCCAAGACTTACAGCTACCTGACCCCCGACCTCTGGAAAGAGACTGTCTTCACCAAGTCTCCTTATC
AGGAATTCACG6ATCATCTTGTGAAAACCCACACCANAGTCTCTGTTCAGAGGACCCAGGCTCCAGCTGTGGCTACC
ACATAAGGGTTTTTATATGAGAAAAATAAAAGAATTAAGTCTGCTGAAAAAGGGGGGGCCCGGTACCCAATTCGCCCT

Mouse LLRep3 protein 
mRNA from a repetitive 

element

M20632.1 1090 0 1728

C 83 CCCGGNTCTGCAGGAATTCGGCACGAGGACTTCATCAAGTTTGACACTGGGAACCTGTGTATGGTGACTGGAGGTGC 
TAACTTNTGAAGAATTGGTGTAATCACCAACAGAGAGAGACATCCCGGCTCTTTTGATGTGGTTCATGTGAAAGATGC 
CAATGGCAACAGCTTTGCCACTCGGCTGTCCAACA11 1 1 IGTTATTGGCAAGGGTAACAAACCATGGATCTCTCTTCC 
CAGAGGAAAAGGAATCCGCCTCACCATTGCTGAAGAGAGAGACAAGAGGCTTGCGGCCAAACAGAGCAGTGGNTGA 
AATGGTCTCTAGGAGACATGCTGGAAAAGTGTTTGTACAAGCCTTTCTAGGCAACATACATGCTAGATTAAACAGCAT

M. musculus, ribosomal 
protein S4, X-linked

NM_009094.1 712 0 885

C H -1 9 CCCAGGCGCTCGGCTGTGTCAAGATGAAGCTGAACATCTCCTTCCCCGCCACCGGCTGTCAGAAGCTCATCGAGGT
GGATGACGAGCGCAAGCTCCGCACCTTCTATGAGAAGCGCATGGCCACGGAAGTAGCCGCTGATGCTCTTGGTGAA
GAGTGGAAGGGTTATGTGGTCCGGATCAGCGGTGGGAATGACAAGCAAGGrTTTCCCATGAAGCAAGGTGTTCTGAC
CCATGGCANAGTGCGCCTGCTGTTGAGTAAGGGGCATTCCTGTTACAGGCCAAGGAGAACTGGAGAGAGGAAGCGC
AAGTCTGTTCGTGGATGCATTGTGGACGCTAATCTCAGTGTTCTCAACTTGGTCATTGTAAAGAAAGGAGAGAAGGAT
ATTCCTGGACTGACAGACACTACTGTGCCTCGTCGGTTGGGACCTAAAAGGGCTAGTAGAATCCGCAAGCTTTNTCAT
CTCTCCAAAGAANATGATGTCCGCCAGTATGTTGTCAGGAAGCCCTTAAACAAAGAAGGTAAGAAGCCCAGGACCAA
AGCACCCAAGATTCAGCGACTNGTTACTCCTCGTGTCCTGCAACACAAACGCCGAC

Mus musculus ribosomal 
protein S6 (Rps6), Mus 

musculus 10, 11 days embryo 
cDNA, RIKEN full-length 

enriched library, 
clone:2810027I03,

NM 009096 1146 0 821

C 331 CGGGCTGCAGGAATTCGGCACGAGGCAGAGGTCACCTGCCAAGATGGTTCGCTACTCTCTTGGACCCAGAAAACCC
CACAAAATCATGCAAATCAAGAGGGTCAAACCTTCGTGTTCACTTTAAGAACACCCGGGAAACTGCCCAGGCCATCAA
GGGAATGCATATCCGCAAAGCCACCAAGTATCTGAAGGATGTCACCTTAAAGAAGCAATGTGTGCCATTCCGGCGGT
ATAATGGTGGAGTTGGTAGGTGCGCCCAGGCCAAACAGTGGGGCTGGACACAGGGTCGGTGGCCAAAAAAGAGTGC
TG A A I11 1 IGCTGCACATGCTTAAAAATGCTGAGAGTAACGCTGAACTTAAGGGTTTAGACGTAGATTCTCTAGTCATT
GAACACATCCAGGTGAACAAGGCACCTAAGATGCGCCGACGAACCTACAGAGCTCATGGCCGGATTAACCCATACAT
GAGCTCCCCCTGCCACATTGAGATGATCCTCACTGAGAAGGAACAGATCGTTCCAAAGCCAGAAGAGGAGGTTGCAC
AGAAGAAANAGATATNCCAGAAAGAAACTGAAGAAACAAAAACTCATGGNCCGGGAATTAATTCAGCATTAAATAAAG
GNAGATAAAGTTTAAAAAAAAAAAAAAAAANCNCNAAAATANCCTCGNGCCCAAAATTNAAAAATGGCCGGATTGGGT
GNNCTNACTGAAATATCTTCTNNANGTNGGCCCAAAAATCCTCNANAAGGGCCCCCCCGNCAACTTGTTCCTCCGGN

Mus musculus ribosomal 
protein LI7, mRNA (cDNA 

clone IMAGE:3594373

BC003896.1 1128 0 639

C H -9 GAATTCGGCACGAGGCGCCTCCCAGGCGCTCGGCTGTGTCAAGATGAAGCTGAACATCTCCTTCCCCGCCACCGGC
TGTCAGAAGCTCATCGAGGTGGATGACGAGCGCAAGCTCCGCACCTTCTATGAGAAGCGCATGGCCACGGAAGTAG
CCGCTGATGCTCTTGGTGAAGAGTGGAAGGGTTATGTGGTCCGGATCAGCGGTGGGAATGACAAGCAAGGTTTTCCC
ATGAAGCAAGGTGTTCTGACCCATGGCAGAGTGCGCCTGCTGTTGAGTAAGGGGCATTCCTGTTACAGGCCAAGGAG
AACTGGAGAGAGGAAGCGCAAGTCTGTTCGTGGATGCATTGTGGACGCTAATCTCAGTGTTCTCAACTTGGTCATTGT
AAAGAAAGGAGAGAAGGATATTCCTGGACTGACAGACACTACTGTGCCTCGTCGGTTGGGACCTAAAAGGGCTAGTA
GAATCCGCAAGCTTTTTAATCTCTCCAAAGAAGATGATGTCCGCCAGTATGTTGTCAGGAACCCCTTAAACAA

Mus musculus ribosomal 
protein S6 (Rps6), Mus 

musculus 10, 11 days embry o 
cDNA, RIKEN full-length 

enriched library, 
clone:2810027103,

N M _ 009096 .1 1021 0 821
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DS-A5 ATCACAATAAAATGAAAGANTGGGCTCAGGTTNANCTNAANCAAACCGNNNACCTANGACCNNTGCNGGACCCAAAC
TGANGGNTNCTNAGGGNNGANACAAGCTATCGNAATGTNTNCTGCCNTNGNTAATNAATCTCATNAAACCTGGAATGT
CNNCTCGCCNNGATCGCNTGNNTANATGACCNANTTNCTTANTAGGCTANACATNCCCTCTGACCNGTGACCCCGNC
CACTCTGATACTATCTCTGTCTCTCTrGTNNACNANTGTATCTCGTGTACAATAAAACCTCTTGTCCTTNAGNTGAAGAA

Mus musculus ribosomal 
protein L41 (Rpl41), mRNA

MM_018860.: 591 e-166 391

DS-N8 NCANNNGCGCNNCACCCGGNNCTGNAGGAATTCGGCACGAGGCCTCGTGCCGAATTCGGCACGAGGCGCAGCCAT
GAGTATGCTCAGAGCTACAGAAGAGGCTTGCCTCTAGTGTCCTCCGCTGCGGGAAAAAGAAGGTCTGGTTGGATCCC
AATGAGACCAATGAAATCGCCAATGCCAACTCCCGTCAGCAGATCAGGAAGCTGATCAAGGATGGGCTGATCATCCG
CAAGCCTGTGACTGTCCATTCCCGGGCTCGTTGCCGGAAAAACACCCTGGCCCGACGGAAGGGCAGGCATATGGGC
ATAGGGAAGAGGAAGGGTACTGCCAATGCTCGGATGCCTGAGAAGGTGACCTGGATGAGAAGGATGAGGATCCTGC
GCCGGCTTCTCAGGAGATACCGGGAATCCAAGAAGATTGACCGCCATATGTATCACAGCCTGTACCTGAAGGTCAAA
GGGAATGTGTTCAAAAACAAGCGCATCCTCATGGAGCACATCCACAAGCTGAAGGCAGACAAGGCCCGCAAGAAGCT
CCTGGGCTGACCAGGCTGAGGCTCGCAGGTCTAAGACCAAGGAAGCACGAAAGCGCCGGGAGGAGCGCCTCCAGG
CCAAGAAGGAAGAGATCATCAAGACTCTGTCCAAGGAGGAGGAGANCAAGAAATAAAGCTTCCTCCGTGTTTTGTACA
TAGCGGNCTGGCTGTGGGCCTCATGTGGGATTCANTCTTTAAAATAAACAAGCC

Mus musculus. Similar to 
ribosomal protein LI9, clone 

MGC:6500 
IMAGE:2648593, 

mRNA

BC010710 1193 0 701

KS-19 GGACTCTGNGGAGGGACTTCAATCACATCNACGNGGAGCTGANNCTNCTTGGGAAGAAGAAGAAAAGGCNCCGGGN
NNACAAACGGTGGGGNANCAAAAAGGAACTGGCCACCGNCAGGACCATCTGCAGTCATGTCCAGAACATGATCAAN
GGNGTCACGCTGGGCCCCGATACAAGATGCGGTCTGTGTACGCNCACACCCCCATCAACGCCGTCATCCAGGACAA
NGGCTCTTTGGTTGAAATCCNAAANGCCNCGGGTNANAAATACANCCGCAGGGTTCGGANGANGACANGTGNGGCT

Mus musculus ribosomal 
protein L9 (Rpl9),

NM_0H292.il 341 7E-91 694

L2T-137 CCCAGAACCCGGNCTGCAGGAATTCGGCACGAGGTGCCATCTGTTTTACGGCATCATGGCTGCCCTCCGGCCTCTG
GTGAAGCCCAAGATCGTCAAAAAGAGGACCAAGAAGTTCATCAGGCACCAGTCAGACCGATATGTGAAAATTAAGCG
AAACTGGCGGAAACCCAGAGGCATTGACAACAGGGTGCGGAGAAGGTTCAAGGGCCAGATCCTGATGCCCAACATC
GGTTATGGGAGCAACAAGAAAACCAAGCACATGCTGCCCAGCGGCTTCCGCAAGTTCCTGGTCCACAATGTCAAGGA
GCTGGAGGTGCTGCTGATGTGCAACAAATCTTACTGTGCTGAGATTGCTCACAATGTGTCCTCTAAGAACCGAAAAGC
CATTGTAGAAAGAGCAGCACAGCTGGCCATCAGAGTCACCAATCCCAACGCCAGGCTACGCAGCGAAGAAAATGAGT
AGATGGCTTGTGTGCATGTTTTATGTTTAAATAAAATCACAAAACCTGC

Mus musculus 11 days embryo 
whole body cDNA, RIKEN 
Tull-length enriched library, 

clone:2700077I05 
product:ribosomal protein 
L32, Tull insert sequence

AKO12525 944 0 507

L2T-157 TTCGGCACGAGGCGGGAACTGCGCATCCGCAAGCTCTGCCTCAATATCTGCGTCGGGGANAGCGGAGACAGACTGA
CCCGGGCAGCCAAGGTGTTGGAGCAGCTCACAGGCCAGACCCCGGTGTTCTCCAAAGCTAGATACACTGTCAGGTC
CTTTGGCATCCGGAGAAATGAGAAGATTGCTGTTCACTGCACAGTCCGCGGAGCCAAGGCAGAGGAAATTCTGGAGA
AAGGCCTGAAGGTGCGGGAGTATGAGTTGCGGAAAAATAACTTCTCGGATACTGGAAACTTTGGTTTTGGAATTCAAG
AACACATTGACCTGGGCATCAAATACGACCCAAGCATTGGGATCTACGGCCTGGACTTCTATGTGGTGCTGGGTAGG
CCAGGGTTCAGCATCGCAGACAAGAAGCGCAGAACAGGCTGCATTGGGGCCAAACACAGAATCAGCAAGGAGGAGG
CCATGCGCTGGTTCCAGCAGAAGTACGATGGAATCATCCTTCCTGGAAAATAANCTTGATNCAAAAAGCTAATAAAATT
TTCTCAGAAATGCNAAA

Mus musculus ribosomal 
protein LI 1, mRNA (cDNA 

clone MGC:7812I 
IMAGE:6475559), 

complete cds 
Length = 613

NM_025919 1057 0 598

L2T-241 GGNATNCCNTTTANNACGAGAGAGGTGCCATNATGGNTGTAGAGATTCGCCANAACAAGGACCCAAANGTTCGNCNC

AAGGAGCNCAAAAGCCAGGACATNTNTCTGCGGCTGNNNGTCNATACTGNNCAGGTTNCTGGTCAGAAGGAGCAAC

TCCAANTTNACNCAGGTNGNGCTGAAGAGGTTGGTCATGAGCCGNACNAAACNGCCNGCACTGNCCNTGTTCCGCA

TGATCCTGACAANTGNNCNTCCTGGCCGG

Mus musculus 11 days embryo 
whole body cDNA, RIKEN 
full-length enriched library, 

clone:2700088D17 
product:ribosomal protein 
LI 8, Tull insert sequence

AK012580 113 0 636

L2T-276b GGGNTGAGTCGNTGANTTCGGCACGAGGCGCAAGCCTGTGACTGTCCATTCCCGGGCTCGTTGCCGGAAAAACACC

CTGGCCCGACGGAAGGGCAGGCATATGGGCATAGGGAAGAGGAAGGGTACTGCCAATGCTCGGATGCCTGAGAAG

GTGACCTGGATGAGAAGGATGAGGATCCTGCGCCGGCTTCTCAGGAGATACCGGGAATCCAAGAAGATrGACCGCC
ATATGTATCACAGCCTGTACCTGAAGGTCAAAGGGAATGTGTTCAAAAACAAGCGCATCCTCATGGAGCACATCCACA

AGCTGAAGGCAGACAAGGCCCGCAAGAAGCTCCTGGCTGACCAGGCTGAGGCTCGCAGGTCTAAGACCAAGGAAG
CACGAAAGCGCCGGGAGGAGCGCCTCCAGGCCAAGAAGGAAGAGATCATCAAGACTCTGTCCAAGGAGGAGGAGA

CCAAGAAATAAAGCTTCCCTCGTGTCTGTACATAGCGGCCTGGCTGTGGCCTCATGTGGATCAGTCTTTAAAATAAAA
CAAGCCTTTGTCTGTTGAAAAAAAAAAAAAAAAANAAAAAAAAAAAAAAAAAAAAAAAAAAA

Mus musculus ES cells cDNA, 
RIKEN full-length enriched 
library ,clone:2410007J07 
product:ribosomal protein 
LI9, full insert sequence

AK010440.1 1305 0 719
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L2T-371 TCTCNATNAAAGGTTCGGCACGAGGAAACAACGGTCGCGCCAAAAAGGGCCGNGGNCATGTGCAGCCCATTCGCTG
CACGAACTGCGCCCGGTGCGTGCCCAAGGATAAGGCCATCAAGAAGTTTGTCANTCGGAACATTGTANAAGCCGCTG
CTGTCAGGGACATATCTGAAGCAAGCGTCTTCGACGCCTACGTGCTTCCCAAGCTCTATGTCAAGCTGNATTATTGCG
TGAGCTGTGCCATCCATAGCAAGGTTGTTAGGAATCGATCCCGCGAGGCCCGGAAGGACCGAACACCCCCACCACG
ATTCANACCTGCTGGCGCTGCACCTCGACCTCCACCAAAGCCCATGTAAAGAGGCCGTTTTGTAAGGACGGAAGGAA
AATTACCCTGGAAAAATAAAATGGAAGTTGTACTTTAAAAGGGGGGGCCCGGTACCCAATNCGCCCTATAGTGAGTCG

Mus musculus. Similar to 
ribosomal protein S26, clone 

MGC46874 
IMAGE:4987659, mRNA, 

complete cds

BC036987 757 0 453

L2T-374 CTNGACTAGATCGGCACAGGAAACAACGGTCGCGCCAAAAAGGGCCGCGGCCATGTGCAGCCCATTCGCTGCACGA
ACTGCGCCCGGTGCGTGCCCAAGGATAAGGCCATCAAGAAGTTTGTCATTCGGAACATTGTAGAAGCCGCTGCTGTC
AGGGACATATCTGAAGCAAGCGTCTTCGACGCCTACGTGCTTCCCAAGCTCTATGTCAAGCTGCATTATTGCGTGAGC
TGTGCCATCCATAGCAAGGTTGTTAGGAATCGATCCCGCGAGGCCCGGAAGGACCGAACACCCCCACCACGATTCA
gacctgctggcgctgcacctcgacctccaccaaagcccatgtaaagaggccgttttgtaaggaggaaggaaaattac
CCTGGAAAAATAAAATGGAAGTTGTACTTTAAAAGGGGGGGCCCGGTACCCAATTCGCCCTATAGTGAGTCGTATTAC

Mus musculus ribosomal 
protein S26, mRNA (cDNA 

clone MGC:46874 
!MAGE:4987659)

BC036987.1 793 0 453

L2T-376 GNGTCTTNATNACNGGTANGCACGATGAAACAACTGTCGCGCCAAAAAGGGTCGNGGGGCATGTGCAGACCCATCC
NCTGTACGAACTGCGCCCGGTGCGTGCCCAATNTATAATTGNCATCAANAATATNTGTCGGGNGGGAACATTGTNGA
AGCCGCTGCNTGTCANNNACCATATCTGAAGNAAGCGTCTTCGACGCCTACGTGCTCCCCAAGCTCTATGTCAAGCT
GCATTATTGCGTGAGCTGTGNCATCCNTAGCAAGGNNGTNAGGAATCGATCCCNCNAGGCCCGGAAGGANCGAACA
CNCCCACCACCTAGTCAGACCTGCTGGNGCTGCACCTCGACCTCCACCAAAGNCCATNTTAANAAGGTCGTNTTGTT
AAGGACGGANAAGAAAATNACCCTGGAAAAAATAAACANGGAAGTTGTTCNTTCTNAAANGGGGGGCCCGNGTNACC

Mus musculus. Similar to 
ribosomal protein S26, clone 

MGC:46874 
IMAGE:4987659, mRNA, 

complete cds

BC036987 281 0 453

L2T-427 ATNCGGCACGAGGCNTGNNCNCATGCNGAAGCTCGCATGAGTACAANATTCGGCNTNACCCGTGATTCACCGTCATG
GCCGAGGAAGGNATATGTGNTGAGAGCGTGTAATGGACGTNAAGACTGNTCTACAANANGTGNTGNNNGACCGACC
TCATCCACTATGGNCTAGCANGTGGCATACGCNAAGCTGCCAAANCCTTATACAANCGCCAAGNCCATCTGTGTGTG
CTCGCNTCCAACNGTGATGANCCCATGTATGTCANNCTGGTGGAGGCACTTTGTGCTNGAGCACCAANTCAACCTGA
TNAACGTTGNTGACGACAAAANANTATG

Mus musculus ribosomal 
protein SI2, mRNA (cDNA 

clone MGC: 19264 
IMAGE:3986648), complete 

cds

BC018362 272 0 937

L2T-64 CGCAGANGTCCTATNGAGAGNCGNATNACAAGAGGAGGGGCTGAGGTGAGAGCATGAGGTTGTCNCTGGNTGNCG
CTATCTCCCACGGNCGCGTCTACCGCCGCCTGGGCCTGGGTCCGGAGTCCCGCATCCATCTGCTGCGGAACTTGCT
CACGGGCCTAGTTCGCCACGAACGCATCGAGGCGACATGGGCACGCGCGGACGAGATGAGGGGCTACGCGGAGAA
GCTCATCGATTATGGAAAGCTGGGCGACACCAACGAACGAGCCATGCGTATGGCTGACTTCTGGCTCACAGAGAAGG
ACTTGATCCCAAAGCTGTTTAAAGTGCTAGCGCCTCGGTTCCAAGGTCAGAATGGGAACTACACAAGAATGCTACAGA
TCCCGAATCGGAAGGAGCAAGATCGGGCCAAGATGGCGGTGATAGAATATAAAGGGAACTACCTCCCTCCCCTGCCT
CTGCCTCACAGAGACAGCAACCTTACTCTCCTAAACCAGCTGCTCCTGGGACTGCAGCAGGACCTGCACCATAACCA
GGACGCAAGCCTCCACAGCTCCTGTACAGTTCAAACACCAAAGACTTAACTGGAGCTGNAGAGTGGTGCATTAGGTG
TGGTGCCCGTGTTCGTGGGTCTTGGAGCTCGTGTTAGTGTGTGAGGCCTGGGAANNTAGCATNGTAAANCCCCCTCA
TAATNGAGACCAGAACTCCCTGCTGACTCACACGATCCTCTNTGNACAG

Mus musculus mitochondrial 
ribosomal protein LI 7 

(Mrpll7)

NM_025301 1247 0 891

17

Cell Adhesion
B2 507 TNGNNACCCGGTTGTGAAGGAATTCGGCACGAGGCTGACCTTGTTCCAGTGCCACCATGAAATTCTTCACTGTCCTG

CTATTTGTCAGTCTTGCTGCCACCTCTCTTGCTCTCCTGCCTGGGTCCAAAGATGAACTTCAAATGAAGACTCAGCCC
ACAGATGCCATTCCAGCTGCCCAGTCCACTCCCACCAGCTACACCAGTGAGGAGAGTACTTCCAGTAAGGACCTTTC
CAAGGAGCCTTCCATCTTCAGAGAAGAGCTGATTTCCAAAGATAATGTGGTGATAGAATCTACCAAGCCAGAGAATCA
AGAGGCCCAGGATGGGCTCAGGAGCGGGTCATCTCAGCTGGAAGAGACCACAAGACCCACCACCTCAGCTGGTATG
AGCCAGGGAAGAAGGAAGATGTCTTGGGAGGTGCAACCACCTCAGAGGAAAATCTGACCAAGTCAAGCCAGACAGT
GGAGGAAGAACTGGGTAAAATAATTGAAGGATTTGTAACTGGTGCAGAAGACATAATCTCTGGTGCCAGTCGTATCAC
GAAGTCATGAAGACAAAAACACCTAACCACTAAGTCCCATGCTAGGTGGTGCCTTCATCAGCCACATTCTGNTCATCT
GGACCANCANCTCTCAGTCTGGCCTTTGATGTCTTACATTAAAGTATTGCAACCTAAAAAGGGGGGGGNCCGGGTAC

Mus musculus glycosylation 
dependent cell adhesion 
molecule 1 (Glycaml)

|XM_128312.2 690 0 625
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B2 524 TCNCCAAATGAAGACTCAGCCCACAGATGCCATTCCAGCTGCCCAGTCCACTCCCACCAGCTACACCAGTGAGGAGA
GTACTTCCAGTAAGGACCTTTCCAAGGAGCCTTCCATCTTCAGAGAAGAGCTGATTTCCAAAGATAATGTGGTGATAG
AATCTACCAAGCCAGAGAATCAAGAGGCCCAGGATGGGCTCAGGAGCGGGTCATCTCAGCTGGAAGAGACCACAAG
ACCCACCACCTCAGCTGCAACCACCTCAGAGGAAAATCTGACCAAGTCAAGCCAGACAGTGGAGGAAGAACTGGGTA
AAATAATTGAAGGATTTGTAACTGGTGCAGAAGACATAATCTCTGGTGCCAGTCGTATCACGAAGTCATGAAGACAAA
AACACCTAACCACTAAGTCCCATGCTAGGTGGTGCCTTCATCAGCCACATTCTGCTCATCTGACCACCACCTCTCAGT
CTGCCCTTTGATGTCTTACATTAAAGTATTGCAACCTAAAAAAAAAAAAAAAAAAAAAANCCGNNCCNNGGGCCAAATT
CTTGNAGCCCGGGGGTCCNTTI I 1 11 rAAANGGNCCNCCCCCNGGGGGGACCCCCCNNTTTNGTCCCCTTTANGGG

Mus musculus glycosylation 
dependent cell adhesion 

molecule 1 
(Glycaml), mRNA

XM_12831 2 .2 985 0 625

C 132 CNCNGACACNNGTTAGAAGGAATTCNNNACGANGTmTNTATTGCACAGTGTTTCTTTAATTGAGAGACAACTGACCT
CATAAGCAGTTTCTCCCTCTTGCTGGGTGCAACTGACCATCACCTCCTACCACATCAGGGACCCAGGGGTGAGGGAG
GGGACCTAGCCATCTTGGGGAGAGAGCAGGGGCCAATGCAAACTGGTTCTGGCGGCTCTGATGGCCTGCTGAGCCT
CTCCAGGGGCTANGAAGCTCCTTGATCCTCGTCTTGATAGCAGANTATGAACCCTTTCCTGGACAAAATGGACAGGAT
TCTGGGCCTCCACCTTCCAGCTTCCTCCAGGGTTGGGGGGTCAAGTTCTGGGTATGGCAATCAGGAAGATACTTGCC
CCATATTTGTTTGTGGAGGGACTGGCTANAGACCTGTNAAGCANAAAGCAGCCTGGGGCCTCGTGCCCAATTCGGCA
CGAGGAGAGAGANACAGACAGAGANACNNAGANNNANAGAGNNANAGAGANAGAGAGAGAGANANNNAGACAGAC
ACAGANAGAGATAGAGANNNANATANACGCACCCCNCCCCCCCCATCNCNNCTCCTTTAGTGCTGCNAACAACCATN
CTCNACCCNCNCNACCCCACTCCCAGNNGCNCCGCGNNNCCCCACNCACNTACACNNTTCCTNCCCCCAGCCTCNC

Mus musculus biglycan, 
mRNA (cDNA clone 

MGC:60404 
IMAGE:30061850),

BC052857.1 733 0 2376

C 136 AGAATTCGGCACGAGGTTCACACTTTAAAAACTTTTATTTATATAAAAAACTCATTTGTTTTTAAAAGCATTAANTAAGAG
AAAGAAAGAGAGAAAAGATACAGAGCAGAAGATATGCCCCTTAGTAGTATTCGGTGGGAGGGTAGGATTTTTGGTTTG
CTGAAATTGAATGTTTAGTGTTTTTATAAATGAAAAAGGAAAAACAAAACAAACAAACAAAAAAACAGTTAAAGGTCCCC
AAAGCCCATGGCTATTCTATTACCCACACCCCACCGAGAAGAAAGAGCACCAGGAAGAGCAGAAGAGGACAAGAGAA
CCCAAAACCAGAGGCAGATAGATGTGGGTGGGGGAGGCTCCCCTGTGCAGTGTACTCTGAGGGTCACAGAGAGCAC
ANAGCTCCTTTTNGCCAGAAAAGGGAAACGGGACTAGGAAGAAATGGGAAGGAATCAANGGTTGGGGGGAGGGGGT
GACTGCAATGTATAACAAAAAGGAGTTGGTGGGCTGTGCACTTTTCTCCTACCCCCATAGCCTCAATATCTTAACGGA
ACNGGACAAGAGGGATAACGAATTCCCACTTGCCTTCGCAATTAGAGCCTTTTAAGAATTCACGGGA

Mus musculus catenin src. 
mRNA (cDNA clone 

MGC:54774 
IMAGE:63090I0),

B C 0 4 6 5 8 9 .1 958 0 5435

C 150 NCTGAACCCGGGCTGCAGGAATCGGCACGAGGCTGACCTTGTTCCAGTGCCACCATGAAATTCTTCACTGTCCTGCT
ATTTGTCAGTCTTGCTGCCACCTCTCTTGCTCTCCTGCCTGGGTCCAAAGATGAACTTCAAATGAAGACTCAGCCCAC
AGATGCCATTCCAGCTGCCCAGTCCACTCCCACCAGCTACACCAGTGAGGAGAGTACTTCCAGTAAGGACCTTTCCA
AGGAGCCTTCCATCTTCAGAGAAGAGCTGATTTCCAAAGATAATGTGGTGATAGAATCTACCAAGCCAGAGAATCAAG
AGGCCCAGGATGGGCTCAGGAGCGGGTCATCTCAGCTGGAAGAGACCACAAGACCCACCACCTCAGCTGCAACCAC
CTCAGAGGAAAATCTGACCAAGTCAAGCCAGACAGTGGAGGAAGAACTGGGTAAAATAATTGAAGGATTTGTAACTG
GTGCAGAAGACATAATCTCTGGTGCCAGTCGTATCACGAAGTCATGAAGACAAAAACACCTAACCACTAAGTCCCATG
CTAGGTGGTGCCTTCATCAGCCACATTCTGCTCATCTGANCACCACCTCTCAGTCTGGCCTTTGATGTCTTACATTAAA

Mus musculus glycosylation 
dependent cell adhesion 
molecule 1 (Glycaml)

XM_12831 2 .2 1146 0 625

C 238 TCTTGACCCGGGCTGCAGGAATTCGGCACGAGGCTTCAGAGAAGAGCTGATTTCCAAAGATAATGTGGTGATAGAAT
CTACCAAGCCAGAGAATCAAGAGGCCCAGGATGGGCTCAGGAGCGGGTCATCTCAGCTGGAAGAGACCACAAGACC
CACCACCTCAGCTGCAACCACCTCAGAGGAAAATCTGACCAAGTCAAGCCAGACAGTGGAGGAAGAACTGGGTAAAA
TAATTGAAGGATTTGTAACTGGTGCAGAAGACATAATCTCTGGTGCCAGTCGTATCACGAAGTCATGAAGACAAAAAC
ACCTAACCACTAAGTCCCATGCTAGGTGGTGCCTTCATCAGCCACATTCTGCTCATCTGACCACCACCTCTCAGTCTG
CCCTTTGATGTCTTACATTAAAGTATTGCAACCTAAAAAAAAAAAAAAAAAAAA

Mus musculus. Similar to 
Glycosylation dependent cell 
adhesion molecule 1, clone 

IMAGE:4039244

BC031931.1 767 0 2095

C 288 GAGCAAGGCTGGGCAGGAATTCGGCACGAGGCTGACCTTGTTCCAGTGCCACCATGAAATTCTTCACTGTCCTGCTA
TTTGTCAGTCTTGCTGCCACCTCTCTTGCTCTCCTGCCTGGGTCCAAAGATGAACTTCAAATGAAGACTCAGCCCACA
GATGCCATTCCAGCTGCCCAGTCCACTCCCACCAGCTACACCAGTGAGGAGAGTACTTCCAGTAAGGACCTTTCCAA
GGAGCCTTCCATCTTCAGAGAAGAGCTGATTTCCAAAGATAATGTGGTGATAGAATCTACCAAGCCAGAGAATCAAGA
GGCCCAGGATGGGCTCAGGAGCGGGTCATCTCAGCTGGAAGAGACCACAAGACCCACCACCTCAGCTGCAACCACC
TCAGAGGAAAATCTGACCAAGTCAAGCCAGACAGTGGAGGAAGAACTGGGTAAAATAATTGAAGGATTTGTAACTGGT
GCAGAAGACATAATCTCTGGTGCCAGTCGTATCACGAAGTCATGAAGACAAAAACACCTAACCACTAAGTNCCATGCT
AGGTGGTGCCTTCATCAGCCACATTCTGCTCATCTGACCACCACCTCTCAGTCTGGCCTTTGATGTCTTTACATTAAAG

Mus musculus glycosylation 
dependent cell adhesion 

molecule 1 (Glycaml

|XM_128312.2 1150 0 625



R
eproduced 

with 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

L2T-299 CTACNTCTAGNTNNAGCTGCGTACG6CACGAGGAGCTGANNNTGTTCCAGTGCCACCATGAAATTCTTCACTGTCCT
GCTATTTGTCAGTCTTGCTGCCACCTCTCTTGCTCTCCTGCCTGGGTCCAAAGATGAACTTCAAATGAANACTCAGCC
CACAGATGCCATTCCAGNTGCCCAGTCCANTCCCACCAGCTACACCAGTGAGGAGAGTACTTCCAGTAAGGACCTTT
CCAAGGAGCCTTCCATCTTCAGAGAAGAGCTGATTTCCAAAGATAATGTGGTGATAGAATCTACCAAGCCAGAGAATC
ANGAGGNCCAGGATGGGCTCAGGAGCGGGTCATCTCAGCTGGAACAGACCACAAGACCCACCACCTCAGGNGNAA
CCANCTCAGAGGAAAATCTGACCAAGTCAAGCCAGACAGTGGAGGAAGAACTGGGTAAAATAATNGAANGATNTGTA
ACTGGTGCACAANACNTAATCTCTGGTGCCAGNCGTATCACGAAGTCATGAAGACAAANNGANCTAACCACTAAGTCC
CATGCTAGGNNGTGCCTTCATCAGCCAAATTCTGCTCATCTGACCACCACCTCTCAGTCTGCCCTTTNGATGTCTTAC

Mus musculus glycosylation 
dependent cell adhesion 

molecule 1 (Giycam 1), mRNA

XM_128312 987 0 625

L2T-321 CCACTAGTCTAGAGCGTCGGCACGAGGAGCTGACCTrGTTCCAGTGCCACCATGAAATTCTTCACTGTCCTGCTATTT
GTCAGTCTTGCTGCCACCTCTCTTGCTCTCCTGCCTGGGTCCAAAGATGAACTTCAAATGAAGACTCAGCCCACAGAT
GCCATTCCAGCTGCCCAGTCCACTCCCACCAGCTACACCAGTGAGGAGAGTACTTCCAGTAAGGACCTTTCCAAGGA
GCCTTCCATCTTCAGAGAAGAGCTGATTTCCAAAGATAATGTGGTGATAGAATCTACCAAGCCAGAGAATCAAGAGGC
CCAGGATGGGCTCAGGAGCGGGTCATCTCAGCTGGAAGAGACCACAAGACCCACCACCTCAGCTGCAACCACCTCA
GAGGAAAATCTGACCAAGTCAAGCCAGACAGTGGAGGAAGAACTGGGTAAAATAATTGAAGGATTTGTAACTGGTGC
AGAAGACATAATCTCTGGTGCCAGTCGTATCACGAAGTCATGAAGACAAAAACACCTAACCACTAAGTCCCATGCTAG
GTGGTGCCTTCATCAGCCACATTCTGCTCATCTGACCACCACCTCTCAGTCTGCCCTTTGATGTCTTACATTAAAGTAT

Mus musculus glycosylation 
dependent cell adhesion 

molecule 1 (Glycaml), mRNA

XM_128312 1193 0 625

L2T-423 AGGGGAAAGATGAACTTGTTCCAGTGACANCATGAAATTCTTCACTGTCCTGCTATTTGTCAGTCTTGCTGCCANCTCT
CTTGCTCTCCTGCCTGGGTCCAAAGATGAACTTCAAATGAAGACTCAGCCCACAGATGCCATNCCAGCTGCCCAGTC
CACTCCCACCAGCTACCCCAGTGAGGAGAGTACTNCCANTAAGGACCTTTCCAAGGAGCCTTCCATCTTCAGAGAAG
AGCTGATTCCCAAAGATAATGTGNTGATANACTCTACCAAGNCACANAATCCNGAGGNCCAGGATGGGCTCAGGAGC
GGGTCATCTCAGCTGGCANAGACNNAAAGACCCACCACCTCCGCNGACAACCAC

Mus musculus glycosylation 
dependent cell adhesion 

molecule 1 (Glycaml), mRNA

XM_128312 529 e-148 625

C 328 AGNGTCACCAAGCTTGCGTACAAGACGAGACGGCCAAGGTCCAAGATCACCATCGTGGCGGGAGTGCTTTTCCTGTT
GGCGGCTCTGCTCACCTrAGTACCGGTGTCCTGGTCGGCCAACACCATCATCAGGGTATTTCTATAACCCGTTGGTG
CCCGAGGCCCAGAAGCGGGAGATGGGAGCTGGGTTGTACGTGGGCTGGGCTGCCGCCGCGCTGCAGTTGCTAGG
GGGCGCCTTGCTGTGTTGCTCCTGCCCACCGCGCGACAAGTATGCACCCACCAAGATCCTCTATTCTGCGCCGCGAT
CCACCGGCCCTGGCACCGGTTACCGGCACCGCCTACGACCGNAAGGACTACGTCTGAGGGGCCGGGGTGCACGCA
GACCGTACCGTCACCACTACCAGCAGTCGATGAACCCCACCCGTTCCAGCGTGCAGCCCTCNCGTNTGACACCACC
CCCACCTTTCCAGATGGTGACAGACGACACACAGTTCTGCTTGCTAAGNTTGGAAAAAGGACAGGACAGGCTGGCAT
CTCCCCCTTTNTNCNGGGTTGGNCAACNTGAACTNCCGGGNCCTAGGNANCTGTCCCAGCCCCATGGNCCAAAAAAA
ACCTCCNCCCTTCCCCAANAAANTGGGGTNGGNNTNNCCACNNGNACCTCCTTCCCCCCCCCC

Mus musculus ctaudin 3 
(Cldn3)

NM_009902.2| 805 0 1260

11

Transcription
/Translation

B1 75 CAAGGAAGTCAGCACCTACATTAAGAAAATTGGCTACAANCCTGACACAGTAGCATTTGTGCCAATTTTCTGGTTGGA
ATGGTGACAACATGCTGGAGCCAAGTGCTAATATGCCTTGGTTCAAGGGATGGAAAGTCACCCGCAAAGATGGCAGT
GCCAGTGGCACCACGCTGCTGGAAGCTTTGGATTGTATCCTACCACCAACTCGTCCAACTGACAAGCCCCTGCGACT
GCCCCTCCAGGATGTCTATAAAATTGGAGGCATTGGCACTGTCCCTGTGGGCCGAGTGGAGACTGGTGTTCTCAAGC
CTGGCATGGTGGTTACCTTTGCTCCAGTCAATGTAACAACTGAAGTCAAGTCTGTTGAAATGCACCATGAAGCTTTGA
GTGAAGCTCTTCCTGGGGACAATGTGGGCTTCAATGTAAAGAACGTGTCGGTCAAAGATGTTAGACGAGGCAATGTT
GCTGGTGACAGCAAAAACGACCCACCAATGGAAGCAGCTGGCTTCACTGCTCAGGTGATTATCCTGAACCATCCAGG
CCAAATCAGTGCTGGCTACGCTCCTGTTCTGGATTGTCACACAGCCCACATAGCATGCAAGTTTGCTGAGCTTAAAGA
AAAGATCGATCGTCTTTCTGGTAAGAAGCTGGAAGATGGCCCAAGTTCCTGAAGTCTGGCATGCTGCATTGTTGATTG
GTCCTGGCAAGCCATGTTGTTGAAGCTTCTCTGCTANCCTCACTGTCNTTGCTGTCTGNATAAGCNACGTGTGTGGTG
TATCAACTNGGACANAAGTGTGGAGCTGCAATCnCAGNTGCANAAN

Mus musculus. Similar to 
eukaryotic translation 

elongation factor 1 alpha 1, 
clone IMAGE:3488648

BC003969.1 1306 0 1722
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B2 544 TTCAANATCCCGNNGGNGCAGGAATTCGGCACGAGGAAAAAAGGCAGCTGCCCCAGCTCCTGAGGAAGAGATGGAT
GAGTGTGAGCAGGCATTGGCTGCTGAGCCCAAGGCCAAGGACCCTTTCGCTCACCTGCCCAAGAGTACCTTTGTGTT
GGATGAGTTTAAGCGTAAGTACTCCAATGAGGACACCCTCTCTGTGGCACTGCCATAI I 1 1 1GGGAGCACTTTGATAA
AGATGGCTGGTCCCTGTGGTATGCCGAGTACCGCTTCCCTGAAGAGCTGACCCAGACCTTCATGAGTTGCAACCTCA
TCACTGGGATGTTTCAGCGATTGGACAAACTGAGGAAGAATGCCTTTGCTAGTGTTATCCTCTTTGGAACCAACAACA
GCAGCTCCATTTCTGGTGTTTGGGTCTTCCGAGGCCAAGAGCTTGCCTTTCCGCTGAGTCCAGATTGGCAGGTGGAC
TATGAGTCGTATACATGGCGGAAACTGGATCCTGGGAGCGAGGAAACCCAGANCCTGGTTCGAGAGTACTTTTCCTG
GGAGGGGANCTTCCAGCATGTGGGCAAAGCCGTCAATCAAGGCAAGATCTTCAAGTGAACAAGTCTTGCCAGTCGCC
TAGCTGNCTGCACCTACCCTTCAAGGGAGATGGGGGTCATTAAAGGAAAATGAACATTGAACCTCGTGCCGAATTCG
GCACGAGGGGGGGCCCGGTANCCAATTCGCCCTATAGTGATCNNANTTAAAA

Mus musculus eukaryotic 
translation elongation factor 1 
gamma, mRNA (cDNA clone 

MGC:30982 
IMAGH:5251765), complete 

cds

BC023495.
1

1239 0 1391

C 78 CATTTCCACTCCGACAAGATGAAAGAAACAATCATGAACCAGGAGAAACTCGCCAAACTGCAGGCACAAGTGCGCATT
GGTGGGAAAGGAACTGCTCGTAGGAAGAAGAAGGTGGTTCACAGAACGGCCACAGCAGACGATAAGAAACTGCAGT
TCTCCTTAAAGAAGTTAGGGGTGAACAACATCTCTGGTATTGAAGAGGTGAACATGTTTACAAACCAAGGAACAGTGA
TCCATTTTAACAACCCTAAAGTTCAGGCATCCCTGGCAGCAAACACCTTCACCATTACAGGCCACGCTGAGACAAAGC
AGCTGACAGAAATGCTTCCCAGCATCCTCAACCAGCTTGGTGCAGACAGCCTGACTAGTTTAAGGAGATCGGCTGAA
GCTCTGCCCAAACAATCTGTGGATGGAAATCCACCCCTTGCTACTGGAGAGGATGATGATGATGAAGTTCCAGATCTG
GTGGACAAnTTGATGAGGCTTCTAANAATGAGGCAACTGAATTGNANCANNTTCTGAATAAGGTGATNNTTNCNNAA

Mus musculus basic 
transcription factor 3

BC080837.1 1033 0 859

C 255 CCGGTTGGANAGGAATTCGGCACGAGGGCCAGATCAAGTCTGCAGGCTCAGCCCTTTATGCCTCCCGCCTCTATCTG
GGGCNTTTACCAGATCACTCACCCAGAACGGCTAGCCAGACACACTCCAGGGGGCCCACGCATCAGAGGAAATGTTT
ACATCCATCCAACCGCTAAAGTGGCCCCATCAGCTGTGCTGGGCCCCAATGTCTCCATTGGGAAGGGGGTGACCATA
GGCGAGGGTGTGCGTCTGCGAGAGAGCATTGTCCTCCATGGAGCCACTTTGCAGGAACACACCTGCGTCCTTCACA
GCATTGTGGGCTGGGGGAGCACTGTGGGGCGCTGGGCCCGTGTAGAGGGGACTCCCAATGACCCCAATCCGAATG
ACCCCCGAGCTCGCATGGACAGTGAGAGCCTCTTCAAAGATGGAAAGCTGCTTCCTGCCATCACTATCCTGGGCTGC
CGCGTTCGGATCCCTGCCGAGGTGCTCATCTTGAACTCGATTGTTCTACCACATAAGGAGCTAAGTCGAAGCTTCACC
AACCAAATCATCCTGTGAGGATGCTGCCAAAAGGNCCCCAGGACTCCCGNCCACACTCCTTTGGGCTGCTGCCTGCC
TGGCTAGCTCTGTCCAGATAGGACCTGAGGAAGCCACCTTGTANGGAGCCTTGTGTTTTGCCAGGGACACCTGGCTT
NCCCCCCTAATGGCAAATAAACCCTATGAACTTGAAAAAAAAAAAAAAAAAAAAAA

Mus musculus GDP-mannose 
pyrophosphorylase A, mRNA 

(cDNA clone MGC:7719 
IMAGE:3498021), complete 

cds

BC008116.1 1263 0 1500

D 116 CCNCTTTNTGAATTCGGCACGAGGGCCAGAGGTTGAGACTGGCTGTTCTCAAGGCCTGGCATGGTGGTTACCTTTGC
TCCAGCTCAATGTAACAACTGAAGTCAAGTCTGTTGAAATGCACCATGAAGCTTTGAGTGAAGCTCTTCCTGGGGACA
ATGTGGGCTTCAATGTAAAGAACGTGTCGGTCAAAGATGTTAGACGAGGCAATGTTGCTGGTGACAGCAAAAACGAC
CCACCAATGGAAGCAGCTGGCTTCACTGCTCAGGTGATTATCCTGAACCATCCAGGCCAAATCAGTGCTGGCTACGC
TCCTGNTTCTGGATTGTCACACAGCCCACATAGCATGCAAGTTTGCTGAGCTTAAAGAAAAGATCGATCGTCGTTCTG
GTAAGAAGCTGGAAGATGGCCCCAAGTTCCTGAAGTCTGGCGATGCTGCCATTGTTGATATGGTCCCTGGCAAGCCC
ATGTGTGTTGAGAGCTTCTCTGACTACCCTCCACTTGGGTCGCTTTGCTGTTCGTGACATGAGGCANACAGTTTGCTG
TGGGTGTCATCAAAGCTGTGGACAAGAAGGNTGCTNGAANCTGGCAAANNCCCCAAGTNTGCCCANAAAGCCCANAA

Mus musculus eukaryotic 
translation elongation factor 1 

alpha 1

BC003969.1 983 0 1722

D 117 TCCNCNGNCNTAAATTCGGCACGAGGACCACAGCATNTGTCTCAAGTGTATTCGCAAGTGGAGAAGTGCTAAACAATT
TGAGAGCAATGATCATAAAGTCCTGCCCCGAATGCCGGATCACATCTAACTTTGTCATTCCAAGTGAGTACTGGGTGG
AGGAGAAAGAAGAGAAGCAGAAACTCATTCAGAAATACAAGGAGGCCATGAGCAACAAGGCGTGCAGGTATTTTGAT
GAAGGACGTGGGAGCTGCCCATTTGGAGGGAACTGTTTTTACAAGCATGCNTACCCTGATGGCCGTAGAGAGGAGC
CACAGAGACAGAAAGTGGGAACATCAAGCAGATACCGGGCCCAACGAAGGAGCCACCTTCTGGGAGCTCATTGAGG
AGAGAGAGAACAACCCCTTTGACAACGACGAAGAGGAGGTTGTCACCTTTGAGCTGGGCGAGATGTTGCTTATGCTT
TTGGCTGCAGGTGGGGACGACGAGCTGACAGACTCTGAGGACGAGTGGGACTTGTTTCACGATGAGCTGGAGGACT
TTTATGACTTGGATCTATAGCAGCGTTGCGTGGCGCGGGCACTGGTCTGCGNGAGCCTCAGACAGTAGCTGTCCCCC
TNTGCTGTGTGGCAGTGCGTGTGGCTCTCCTANGCNGGCCTCTCAAACTCCAGGTGCTNTGATCACCTTCCCAGGGC
CTGTTNCTCTACCCNCACCNCCCCAAGNNGTGNGTTGNTTTNCNCCTGTTTCCAAAGTTT

Mus musculus makorin, ring 
finger protein, 1 (Mkml)

NM _018810.1 1219 0 2963

D 124 CATGGCCTCGCTGCCGAATTCAGGCACGAGGGGGTCAAGAGGCTTGTGATGGTCAAGGTGCCAGCTGCTCTCATGC
TACTGGGGATCGGGAGGGTCCACTTGGTGGAGGAACCTGCAGCACCCCGGGTACTAGGACCCTCAGAAGCCCCTCT
GAGAAATATCTTACCCAACAGGCCTCTGCAGCCACTGTTACCCTTCCCAGAAGCCTCTGCGTGTCCTCCACAGGACTT
ATTCAGTATCCTGAGCTTATTGTGACTCTAGACCCTGTAGCTGGTAGCTGCAGGTCTTTGCAGCCTTTGAAGAATGTG
GCTCCCAGGGGGCTTCCATTAATTAGGTGGGGCGGTCAGAGTTCCTAACAGCCCTANGCTGAGTGAGGGTCCACCC
TGGGGTTATGCTGGCAGCCCCTANCTGACTAGANATCTGTCCCTGCCTCCTTCAGGGTTGTTCCTACAUNTCTTAAG

Mus musculus interferon 
regulatory factor 3 (iRF3)

AF036341 662 0 622
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D 31 TGAGGAATCTAGCTTAATGGGACTGTTTGANAAACGCCGTTTCAGGAAGTrCCTGGTTTATGTTGCCAACTTTGATGA
GNAAGATCCTAGAAGCTTTCGAGGGTGTTGATCCTAAGAAGACCTCCATGAGAGATGTGTATAAGAAGTTTGATTNGG
GCCAAGATGTTATANACTTNACTGGCCATTCTCTTGCACTGTACAGAACAGATGACTACTTAGATCAGCCGTGTTGTGA
AACCATTAATAGAATTAAACTTTACAGCGAGTCTTTGGCAAGATACGGTAAAAGCCCGTACCTGTATCCGCTTTATGGT
CTTGGAGAATNGCCGCAAGGATTTGCAAGGTTNAGTGCCATATATGGAGGTACCTACATGTTGAATAAACCAATTGAA
GANATCNTTGTGCAAAATGGAAAAGTGGTTGNTGTAAANTCCGAAGGAGATATTGCTCGCTGTAAACAGCTCATCTGT
GATCCCAGCTATGTTAAAAGATCGGNTTCAANAAATGGGCCANGTACTCANAGTNATCTGCATCCCTTACCNACCTAT
CAANAACNACCAACGATGNCNACTCTGGCAGATCATCATTCCACANNAAACNAGTTCGACCGCNAGTCAGATATCTAT
GTTCTGCCTGATCNCCTTCGCACATANTGTGGCCCCACCACGGGC

Mus musculus guanosine 
diphosphate (GDP) 

dissociation inhibitor 3 (Gdi3)

NM_008112.1 920 0 1391

L2T-244 GGCNANGCAGAATTCGGCACGAGGCTTTGGCTTCACCGCTGATCTGCGATCCAACACCGGCGGNCAGGCCTTCCCC
CAGTGCGTGTTTGACCACTGGCAGATCCTGCCTGGGGATCCTTTTGACAACAGCAGCCGCCCCAGCCAAGTGGTAG
CTGAGACGCGCAAGCGCAAGGGCCTGAAAGAGGGCATCCCAGCGCTGGACAACTTCCTGGACAAACTGTAGGCAGC
CTGATACTGCCACATGCTGCACAGTGCCCACCCATCAGAAGACACCTTGAGACTGTCCCACAGTGCTCCTCTAGAGG
CTGCTGGGGCCACCCTGACATCACTCAGCACTCACTTGCTACCAATTCTATTTATTTCGGAATTACAAGATAGCGGGA
ATCTCTCTGCAGGCTGGACTGGCAGGCTGTGGGGTGGGNNGNACACGGCTCTTAACATTTTCAGAGGGAAACGCGC
AGATGTCCAAAAGTCTAAATAAATGCATTCAGAGGTTTTTGGGGTCCATGGCCAAGTGGAGTTCCCCCAGAGGGGGA
GGTGGGGTAAGTGCCTCCAGGAAGGCAGGCAGCCTGCCTTAGACTTGCAGCCCGGCTGTGGGAATGAATCATTGGA
GTAATAAACTACAGTGGTTGATCCAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Mus musculus, eukaryotic 
translation elongation factor 2, 

clone MGC6761 
1MAGE:36003S2, mRNA, 

complete cds

BC007152 1189 0 3111

L2T-256 GCCCGCCCTGCAGGAATTCGGCAGAGGAAGCAGATGAAGGACAAGCAGGATGAGGAGCAGAGGCT7AAGGAAGAA 
GAAGAGGACAAGAAGCGTAAAGAGGAAGAAGAAGCTGAGGATAAAGAGGATGATGATGACAGAGATGAAGATGAGG 
ACGAAGAAGATGAGAAGGAGGAAGATGAGGAAGAATCCCCTGGCCAAGCCAAGGATGAGCTGTAGAGGCCACACCA 
CCTGCCTTCAGGGCTGGACTGAGGCCTGAACACCCTGCCGCAGAGCTGGCTGCTCCCAATAATGTCTCTATGAGACT 
CAAGAACTTTTCATTI 11 TCCAGGCAGGTrCAGATCTGGGGTAGATTCTGATTTTGTTCCCCTGCCTCCCCCATTACCC 
CCCCCCmTTTNTNACTGGTGTTTGTCTTTAATTCTCCTrCAGCCCTCATCTGGTTTCTCATTTNNGAATCAACATCTr 
TNCCTTCTGTCCCTCCCTTNCTCCATCTTNTGGTCACTACCCTCCAACTCTAGGAACAGGGGTGTANAGGANAACCCT

Mus musculus, calreticulin, 
clone MGC:6209 

IMAGE:2655918, mRNA, 
complete cds

BC003453 387 e-104 1856

L2T-259 AAGANTTCGGCACGAGGCAGGCTGACTGTGCTGTCCTGATTGTTGCTGCTGGTGTTGGTGAATTTGAAGCTGGTATC
TCCAAGAACGGGCAGACCCGCGAGCATGCTCTTCTGGCTTACACCCTGGGTGTGAAACAGCTGATTGTTGGTGTCAA
CAAAATGGATTCCACCGAGCCACCATACAGTCAGAAGANATACGANGAAATCCGTTAAGGAAGTCAGCANCTANATTA
AGAAAATTGGNTANAANCCTNACACANTAACATTTGNGCCAATTTCTGGTTGGAATGGTGANAANATNNTGGANCCNA
NTGNTAATATNCCTTGGTTCAAGGGATNGAAANTCACCCNCAAANATNGNANTGNCNNTGGCACCANNCTGNTGGAA
NCTTTGGATTGTATNCTANCANCAANTCNTNCAANTGACAANCCCCTGNGAATGGCCCTCCANGATGTCTATAAAATT
GGAGGCATTGGCACTGNCCCTGTGGGCCNAGTGGAGACTGGTGTTCTCAANCCTGGCATGGTGGTTACCT7TGCTC
CACTCAANGTAACAACTGANGTCAAGTCTGTGGAAATGCNCCANGAANCTNTNAGTGAAGCTCTTCCCTNTGGACAAN
GTGGGCTTCAATGTNAANAAAGTGTCTNTCANAAATNTTNNACAANNCANTGTTNCTGTTGACANCAAAACANCCNCC
ANTGGGAGCAGCTGGGTCACTGCTCACGTGATATNCTNAAACANNCNGCNNATCANNGTGCTACACTCCTGTNTGGA
TGTNCACANCCCATATATGNANTTTGTTGNGCTAAAAAAAA

Mus musculus, eukaryotic 
translation elongation factor 1 
alpha 1 .mRNA, complete cds

AK083361 811 0 1761

L2T-337 CCNTGGACTAGNNTCGNCACGAGGNTCCGTCTGANGGGTGGCATGCAGATCTTCGNGAAGACCCTGACTGGCAAGA
CCATCACCCTGGAGGTGGAGCCCAGTGACACCNTCNAGAACGTGAAGGCCAAGATCCAGGATNNAGAGGGCATCCC
CCCTGACCAGCAGAGGCTGATCTTrGCCGGCAAGCAGCTGGAAGATGGCCGCACCCTCTCTGATTACAACATCCAGA
AGGAGTCAACCCTGCACCTGGTCCTTCGCCTGAGAGGTGGCATGCAGATCTTCGTGAAGACCCTGACCGGCAAGAC
CATCACCCTGGAGGTGGAGCCCAGTGACACCATCGAGAATGTGAAGGCCAAGATCCAGGATAAAGAGGGCATCCCC
CCTGACCAGCAGAGGCTGATCTTTGCCGGCAAGCAGCTGGAAGATGGCCGCACTCTCTCTGATTACAACATCCAGAA
AGAGTCGACCCTGCACCTGGTCCTCCGTCTGAGGGGTGGCTATTAATTATTCGGTCTGCATTCCCAGTGGGCAGTGA
TGGCATTACTCTGCACTCTAGCCACTTGCCCCAATrTAAGTTTAGAAATTACAAGTTTCAATAATAGCTGAACCTCTGTT

Mus musculus ubiquitin B, 
mRNA (cDNA clone 

MGC:29922 
IMAGE:5123849),

B C 019850.1 1172 0 1146

Lears AAAAAATTCGGCACTACGCCTCGTGCCGAATGNGGCACGAGGGTTACTTTACAATGTTCCCTTAAGCAAGATTTNATT
TTCTTTGAATTTTAGNGGNTCATAGACTGAAATAAACCTAGGTCCTGCCCAGTTTTAAGTGTGATGTACTAATGATATAA
AGCAACTGGCGGAAATTGAAAGAAGCTATAGTCCTCTAGTAGCTGAGACACTGTGGCACTTTGGGTGGAATGATAAA
GCGGTGTTTAAGAGCTGCTGTGAACACAAGCCAACAGATAAGGGTAGGAACCACACTGAAGATTTGCAAAGGGGTTC
CTTCCTGGTTTCTCTATGGGGATGCAGAGCTATTGTAACGTCTTTATTTGGAAATGTAAAACTCAGATGCCAGTGTCCT
TTCAGTTTAAGGGTACATTGTAGAGCTCAACTTTTCAGTTACTGTGCAAGATTGTNTTTCATGCTGTCAnTGTAATATG
TNTGTGAAAATCTTTGGGGATTAAAGnTTGGTTACAAATTGTTGTTTNACTTGAAAGCCTGTTTTTCCTTGCACACTCA
AAATCTGTGAGCTTGGGTATCAAGTCCAGGTAAAACATTCCTATTGGGAGCCATCCTTATATTTTTCTGGTAAAGTGCT

Mouse XI6 mRNA MMXI6MR 1033 0 1396
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Sabres NCCCTCGGNCCAAGGCCNNNCACTCANAAANANNCAATTNCNCAAAGNNCACTNGGNNCTATCCTACCGNAGGTTNC
CCGNCTCTATNNCTCACANTTTnTAACTTGTCATACTCTAGGGGCTGTTTTCCCNNTCAAAACTGCCTTCCANGCTGT
CACAGGCAANCGAGCACANCTCCGCGCCAAAGCTAACTAATTTGCTAATCACCATNGATTTCTCCAAAATGTGTCGGA
GATTNGGCTGGACAGGTNACCATCAGAGTGNATGTACCATTGAGTNAAAANCAANATANAAAAACTGCCAAGTTGTGT
GGCAAGTNATCAGTTCTGAAATACCTTGCAAGATACCGATATTCAAGCTGTTGACATACTCGTTGCCTACTTTAACAAC
TGTCAGAAAAACGTGATGGGGGTAANGAGGTACTTTCTAAAATCGTNCATAGACTCCTGTAAAANGCAANATAAANTA

Mus musculus. Similar to 
eukaryotic translation 

initiation factor 2, 
subunit 2 (beta, 38kD 

).

BC003848 502 e-139 2327

L2T-181 CCTGGGACGCAGNATCGGCACGAGGCTCAGTTGTAACTTGTTGTATAATGACTGTCTGTNTCTTAATGGCTTCCATAA
ATGACTAGTrGCTATTCAAAACATATTTTTGTGATTTGAAGATGGGGAAGGAAAACACTAAATGACAATTTGAGAAAGG
TGTATTGTTCCAAATTCTGACTGGAGGGGAGAGGCTCTTGCAGTGAGATCGTTGATAAGTTACTGCAAAAGTAGCCAC
TAGTTTATTAAAAACCAAACTGTACAGATTAATAAACCTTTTCCACAATATTCAGTTTTCTAACTCCTTGTTGCCGTACAG
TGTATGTTTTCTTACTCATACATTATTTAATTTCTTTAACCTCTGCTATTTATGCTCCACAAGTAAAATGTACTTAGACTG
GTCACTGTATTGTCCCTTATTAAGATGCTGATATTAATT7TTACAGTTTATTATCTATGTACAATGGTAAATGATAAACAT
TTTGTGTACCTTTGCAATATGTGTGTTACTGGGTrTACTTCGGATTGATTTCTTTCTGAATAGGGTGTCTTCATATGGAA
ACCTCACATTACATCATTTATATTTGGTGGTCTACATGTGATTAGAGCTnTATACATTCTGTATAnTTTATTAAATGTAA
GACTrTTGCTTCTATAATGTTAGAGGAAGGTAGCTCACACATGTATTTATAATTTAGTCACATTACATTAAATTTTAGATT

Mus musculus RAB18, 
member RAS oncogene family 

(Rabl8)

NM_181070.2 1267 0 2257

C 50 TATCTGCTGGCATACAGACCAGTTTTAGGACTGGTAATCCAACAGGGACTTACCAGAACGGTTATGATAGCACTCAGC

AATATGGAAGTAATGTTGCAAATATGCACAATGGTATGAACCAACAGGCATATGCATATCCTGCTACCGCAGCTGCTG

CGCCTATGArTGGCTATCCCATGCCAACAGGGTATTCTCAATAAGACTrTAGAAGTATATGTAAATGTCTGTTTNTCATA

ATTGCTCTTTATATTGTGTGTNATCAGACAAGATAGTTATTTAAGAAACATGGGAAATGCAGAAATGACTGCAGTGCAG

CAGTAATTATGGTGCACI1 1 11 ICGCTA'I IAAG IIG GA IAI i IC IC I AC IICCTGAAACAI11IANGTI II 111GNCTAAA

ATGCAGCGTGTTTNCAAGTACTGTCGTGATTCAATACATAATAAGCATGCTGGCCTCCATAANATTTGAG

Mus musculus adult retina 
cDNA, RIKEN full-length 

enriched library, 
clone:A930106P08 

product:DEAD (aspartate- 
glutamate-alanine-aspartate) 

box polypeptide 5

AK044792.1 1415 0 2329

16

Protein Inhibitors
B2 597 GCTNGAGGAATTCGGCACGAGGTGAAGCTCTAGANGAAANGNANTGGCAGTGCTCTACCCCTGTGCCATAAAGCTG

GAATAGCACAATGGCGTACTGTTCCAGGANACACCNAATCAAGTACCAAGCGCTTNGTTCCATGGCCGGCAGCCCAA

CCATGTGTGGCTCCAGGATANATGGGGAGATAGACTGGACTGACAGGACCAGGGCCAGTCTCAGGGAGGNTGGGCT

NGGGGCTCAATCCANCATGAGCAGGCTCCCTAGCTGTTGAANGATCCCATGGGTCANGCACTGACCACCTTGAAGGT

GTNGGNCATTCTGTGCTCTGAGGCCACNGACCATGCANANACNAGGACAAGACGTCCATTGTGCATCAACTTCATCC

TTGAGGGCTGGCAGGTGGATGTCTGGGTTCTGTTGGTAACTGGGTACCTGCAAAAGAGCTNTAGGACACTTTGCTCA

TTAAAGCATCCCTTTTGGATGCNAGGAAGCATTNNAGGAACAGTGGCTANAATNCTCCANATAGGTTTGGGAATGNAN

ATNACTTGGACCCTGATTTAAANGAAAANGTAAAAGTGGAAA

Mus musculus adult male 
colon cDNA, RIKEN full- 

length enriched library, 
clone:9030416B16 
product:similar to 

PROTEASOME INHIBITOR 
PI3I SUBUNIT (HPI31) 

[Homo sapiens]

AK078867.1 896 0 3236

C 15a NCNNTNAGTGCCGCACAGTCTTTGTTCTGGTAGCTTTGATTTTCATGACAATGACTACTGCCTGGGCTCTGTCTAACC 
CCAAAGAAAAACCTGGCGCTTGTCCTAAGCCGCCCCCACGCAGTTTTGGAACTTGTGATGAACGATGCACAGGAGAT 
GGATCGTGCTCTGGCAACATGAAGTGCTGCAGCAATGGCTGTGGTCATGCCTGCAAACCTCCTGTCTTTTAACCATGT 
GGAAGATGGATCTTTATAAGCAGGACTGATGGCTAGCCCCAGAAGA11 1 IT \ 1GAACCTACAGACCCCATGCTTGGCT 
CCTCCTTAGACCTAGAATTGCATCCTTGGAAGAGGAAGATCTATACTGTGGTGACAGCTTCCTAACGTGTTTGTGTCTA

M.musculus mRNA for 
WDNMI protein

X93037.1 749 0 424
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C 94 GNGNNTNGTGTCCCATNACATNTNCAGGAAATCGNAACNAGGCAGCCACAGTCTTTGTrCTGGTAGCTTTGATTTTCA
TGACAATGACTACTGCCTGGGTCTCTGTCTAACCCCAAAGAAAAACCTGGCGCTTGTCCTAAGCCGCCCCCACGCAG
TTTTGGAACTTGTGATGAACGATGCACAGGAGATGGATCGTGCTCTGGCAACATGAAGTGCTGCAGCAATGGCTGTG
GTCATGCCTGCAAACCTCCTGTCTTTTAACCATGTGGAAGATGGATCTTTATAAGCAGGACTGATGGCTAGCCCCAGA
AGATTrTTTTGAACCTACAGACCCCATGCTTGGCTCCTCCTTAGACCTAGAATTGCATCCTTGGAAGAGGAAGATCTAT
ACTGTGGTGACAGCTTCCTAACGTGTTTGTGTCTAAAATAAACTATCCTTAGCATCCTTNNANAAANAAACCACAACAA

Mus musculus extracellular 
proteinase inhibitor (Expi), 

mRNA

NM _007969.1 743 0 424

DS-A10 TGAAGACAGCCACAGTCTTGTTTCTGGTGGCTTTGATCACTGTGGGGATGAACACTACCTATGTAGTGTCTTGCCCCA

AAGAATTTGAAAAACCTGGAGCTTGTCCCAAGCCTTCACCAGAAAGTGTTGGAATTrGTGTTGATCAATGCTCAGGAG

ATGGATCCTGCCCTGGCAACATGAAGTGCTGTAGCAATAGCTGTGGTCATGTCTGCAAAACTCCTGTCTTTTAAATGG

TTGACAGCCATGTGGAAGATGGATTCAATCTTCATAAACATGAATGATGGCCAGCCCCAGAAGATTTC7TCTGAATTCA

CAGAGCCTGTGCTTGGCTACTTCCTAGCCCTAGAATTGCATTCTTGGACAAGGAAGATCTATATTGTGGTGACAATGC

CCTAATATGTCTGTGTCCAAAATAAACTACCCTTAGCATTAAA

Similar to Rat WDNMI 
mRNA fragment from 

nonmetastatic mammaiy 
adenocarcinoma, Mus 
musculus, Similar to 

extracellular proteinase 
inhibitor, clone MGC:6000, 

mRNA, complete cds

XI3309 212 0 429

L2T-322b TCGACACGAGGGTTCTGGTATCTTTGATTTTCATGACAATGANNNCTGCCTGGGCTCTGTCTAACCCCAAAGAAAAAC
CTGGCGCTTGTCCTAATTTCNTCCCCACGCAGTTTTGGAACTTGNGNNGAACGATGCACAGGAGATGGATCGTGCTC
TGGCAACATGAAGTGCTGCAGCAATGGCTGTGGTCATGCCTGCAAACCTCCTGTCTTTTAACCATGTGGAAGATGGAT
CTTTATAAGCAGGACTGATGGCTAGCCCCAGAAGATTTTTTTGAACCTACAGACCCCATGCTTGGCTCCTCCTTAGAC
CTAGAATTGCATCCTTGGAAGAGGAAGATCTATACTGTGGTGACAGCTTCCTAACGTGTTTGTGTCTAAAATAAACTAT

M.musculus mRNA for 
WDNMI protein

X93037.1 642 0 424

L2T-430 TTCGGCACGAGGCCACAGTCTTTGTTCTGGTAGCTTTGATTTTCATGACAATGACTACTGCCTGGGCTCTGTCTAACC
CCAAAGAAAAACCTGGCGCTTGTCCTAAGCCGCCCCCACGCAGTTTTGGAACTTGTGATGAACGATGCACAGGAGAT
GGATCGTGCTCTGGCAACATGAAGTGCTGCAGCAATGGCTGTGGTCATGCCTGCAAACCTCCTGTCTTTTAACCATGT
GGAAGATGGATCTTTATAAGCAGGACTGATGGCTAGCCCCAGAAGAI1 1 1 1 1 1 GAACCTACAGACCCCATGCTTGGCT
CCTCCTTAGACCTAGAATTGCATCCTTGGAAGAGGAAGATCTATACTGTGGTGACAGCTTCCTAACGTGTTTGTGTCTA
AAATAAACTATCCTTAGCATCCTTAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

Mus musculus extracellular 
proteinase inhibitor 

(Expi),I49390 WDNMI 
protein ,mRNA

N M _ 0 0 7 9 6 9 753 0 424

DS-A6 CCCGTCCNCTGTNNTGAATTCTGGCACGAGGCCCTCNNTGCNGAATTCTGGCACNAGGGACAGCCACAGGTCTTGT 
GTNCTGGATAGCTTTGAGTTTGTCATGACAAGTGACTACTGCCTGGTGCTCTGTCTAACCCCAAAGAAAAACCTGGCG 
CTTGTCCTCAAGCCGCCCCCACGCAGTTTTGGAACTTGTGATGAACGATGCACAGGAGATGGATCGTGCTCTGGCAA 
CATGAAGTGCTGCAGCAATGGCTGTGGTCATGCCTGCAAACCTCCTGTCTTTTAACCATGTGGAAGATGGATCTTTAT 
AAGCAGGACTGATGGCTAGCCCCAGAAGAI1 1 1 1 1 IGAACCTACAGACCCCATGCTTGGCTCCTCCTTAGACCTAGAA 
TTGCATCCTTGGAAGAGGAAGATCTATACTGTGGTGACAGCTTCCTAACGTGTTTGTGTCTAAAATAAACTATCCTTAG

M.musculUs mRNA for 
WDNMI protein

X93037.1 642 0 424

L2T-292 CTCTATAATNTNGAGCGTCGGAACGAGGTTTTGAANATGAATGGACTNTCCNTATTAGATAACAATGTGTATGTTAGCC
CTTGCTAAAGATGTCCTTGATGNCCAGGTGGTTGCTCCGAAGCTCTGTTGAGCCTGCTGCCTCTCCCTTTATNTCCTG
GGCGCNCAGCGCACGTGCTCTCTTCTATNGTCACCTTCANCATGGNTTCTGGTGCCCTTNCTTCCCTTCTGCTCTTCA
CTAGGGCTCCGGTGTGGCCGGCTCCTCACCTCCCTGTGCTTCTGACGGTAAGGANTCCTGCTTCTGCTTCGCCGGCT
GNTCTCANCCCGGCTACGGCTCCGACTTCGGATTCCCCGATTTCTGTCAGACCCTTTCNTCTCTGGACTGTGCCGNT
GGNTTCTGGATGTCCGGTCAGAAGCAGAATGGACCCACATGCTATTCTCCCCAGAACTCTCTTGTNTTGNAAACCTTA
ATNTNTNCTGGGCNANTCCCTGTCANTGTGACTGCTGGAAAGTTCNTCGTAAANCATGTNCTTATGCTTGTCCTCCTTA

Mus musculus CBF1 
interacting corepressor (Cir- 

pending), mRNA.

NM_025854 813 0 1857

8
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Other
C 77 TGAACACTGNTTGAANAGAATGGNACGAGGCAAGGAGCACCCACTNGGTGACAGGCCAGTGCTCCTGATCTTGTCAG

GTGATGTNTNCCAGGGCTCTGCACAAATAAGCTCTCTGGCTAGCCACCACCCTCTTGAGCAGGGCCTGTACTCCAGA

TACTGCCTCTGCCCGGATCAAGCGCTCCATATTTTAGACAAATTGGGAAGAGAGAGGGCTGAGCAGCTCAGGGGTGG

CCCTGACTGCGTGTCAGTGTTTTATCTTGGACTGCAGTCCACACCCAGCACACAGCAGCAGCATAACTTCTTGAGGTG

CCTTTAGAAGCAACCTGTCAGGCCCAAACCGTCCAAGTAACACCAGAATATTCTTAAGTTCCCCAAATAATTCTGACAC

TCATCAGCCAAGCTGCTGCCCTCAATAAATCCACTGTACCCTTTCAAANAAAAAAAA

Mus musculus B lymphocyte 
B cells CRL-1669 BCL1 

Clone 13.20-3B3 
cDNA, RIKEN full-length 

enriched library, 
clone:G430003E02 

product:NIMA (never in 
mitosis gene a>related 

expressed kinase 6,

AK089919.1 739 0 3129

C 130 TTCGGCACGAGGTCCAAGTCCATGACCATTAACTGGAGCCTTTTCAGCCCTCCTTCTAACATCAGGTCTAGTAATATG
ATTTCACTATAATTCAATTACACTATTAACCCTTGGCCTACTCACCAATATCCTCACAATATATCAATGATGACGAGACG
TAATTCGTGAAGGAACCTACCAAGGCCACCACACTCCTATTGTACAAAAAGGACTACGATATGGTATAATTCTATTCAT
CGTCTCGGAAGTATTTTTCTTTGCAGGATTCTTCTGAGCGTTCTATCATTCTAGCCTCGTACCAACACATGATCTAGGA
GGCTGCTGACCTCCAACAGGAATTTCACCACTTAACCCTCTAGAAGTCCCACTACTTAATACTTCAGTACTTCTAGCAT
CAGGTGTTTCAATTACATGAGCTCATCATAGCCTTATAGAAGGTAAACGAAACCACATAAATCAAGCCCTACTAATTAC
CATTATACTAGGACTTTACTTCACCATCCTCCAAGCTTCAGAATACTTTGAAACATCATTCTCCATTTCAGATGGGTATC
TATGGGTTCTACATTCrrCATGGGCTTACTGGATTCCATGGGACTCCATGTAATTATTGGGATCAACATTCCTTATTGG
TTTGGCTACTACGAACAACTAAAATTTCACTTCACATCAAAACATTCACTTCNGATTTGAAGGCCGCNGCATGGATACT
GGACATmTGGTANAACGTAGTCTGGACTTTTTCCTATACGNTCTCCATTTATTGGATGAGGATCTTTAGGGGGGGG
GCCCGGGAAC.COAATTPGNCCTATAGTGGGNOCGNTTTAAAAA

Mus musculus BAC clone 
RP23-8J15 from chromosome 

1 with homology to 
mitochondrial Cox3 subunit

AC116997.3 1207 0 190712

L2T-277 GGGCNGAGCTGCTGAGACGGCACGAGGCCTCGTGCCGGAATGGCTCTGCTGGCGAACCTGGACCAAAGGGAGAAC
GTGGACTAAGTGGACCTCCAGGACTTCCAGGTATTCCTGGTCCAGCTGGGAAAGAAGGTCCCTCTGGGAAGCAGGG
GAACATAGGACCTCAAGGCAAACCAGGTCCTAAAGGAGAGGCTGGGCCCAAAGGAGAAGTAGGTGCTCCTGGCATG
CAAGGATCTACAGGGGCAAAAGGCTCCACAGGCCCCAAGGGAGAAAGAGGTGCCCCTGGTGTGCAAGGAGCCCCA
GGGAATGCTGGAGCAGCAGGACCTGCCGGACCTGCCGGTCCACAGGGAGCTCCAGGTTCCAGGGGGCCCCCAGG
ACTCAAGGGGGACAGAGGTGTTCCTGGAGACAGAGGAATCAAAGGTGAAAGCGGGCTTCCAGACAGTGCTGCTCTG
AGGCAGCAGATGGAGGCCTTAAAAGGAAAACTACAGCGTCTAGAGGTTGCCTTCTCCCACTATCAGAAAGCTGCATT
GTTCCCTGATGGCCGAAGTGTrGGAGACAAGATCTTCAGGACAGCAGACTCTGAAAAGCCTTTTGAGGATGCCCAGG
AGATGTGCAAACAGGCTGGAGGACAGCTGGCCTCCCCACGTTCTGCTACTGAGAATGCTGCCATACAGCAACTCATC
ACAGCCCACAACAAGGCTGNTTCCTGATTTGACAGATNTGGCACAAGGGCANTTCACTACCCACAGGAGACCCTGTT
TTTCTATTGGTGCAGGGAGOCACACATGTGGACAANATGNTGAGATCTCACATGGCATGATATAGNTTTGAACAPCTN

Mus musculus surfactant 
associated protein D (Sfrpd), 

Mma

NM_009160.1 1318 0 1288

L2T-401 CCCGGNTTGCAGGAATTCGGCACGAGGTGGGCTTCTACCCTGCTGACATCACCCTGACCTGGCAGTTGAATGGGGA
GGAGCTGACCCAGGACATGGAGCTTGTGGAGACCAGGCCTGCAGGGGATGGAACCTTCCAGAAGTGGGCATCTGTG
GTGGTGCCTCTTGGGAAGGAGCAGTATTACACATGCCATGTGTACCATCAGGGGCTGCCTAAGCCCCTCACCCTGAG
ATGGGAGCCTCCTCCATCCGCTGTCTCCAACACGGTAATCATTGCTGTTCTGGTTGTCCTTGGAGCTGCAATAGTCAC
TGGAGCTGTGGTGGCTTTTGTGATGATGAGGAGGAGAAACACAGGTGGAAAAGGAGGGGACTATGCTCTGGCTCCA
GGCTCCCAGACCTCTGATCTGTCTCTCCCAGATTGTAAAGTGATGGTTCATGACCCTCATTCTCTAGCGTGAAGACAG
CTGCCTGGAGTGGACTTGGTGACAGACAATGTCTTCTCATATCTCCTGTGACATCCAGAGCCCTCAGTTCTCTTTAGT
CAAGTGTCTGATGTTCCCTGTGAGCCTATGGACTCAATGTGAAGAACTGTGGAGCCCAGTCCAACCCTCCACANCAG
GAACCTGTCCCTGCACTGCTCTGTCTTCCCTTCCACAGCCAANCTTGCTGGTTCAGCCAAACACTGGAGGGACATTTG
NAGCCTGTCAGCTNCATGCTAACCTGAACTGCAACTCCTCACTTCCACACTGANAATAATAATTTGAATGTAACCTTGA

Mus musculus 
histocompatibility 2, K region, 

mRNA (cDNA clone 
MGC:7052 IMAGE:3156482), 

complete cds

BC011306 1419 0 1345
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L2T-59 ACATCCCACACTATGAACACAAACAATCCTGGTGTAAATTACCTAACTACAGTTGGAAATCTAACTGGCTTTAAAAGGA

AAAGAGAGCCTGCCGTCTCTTTGTGGTTGCCATTTTATATAGATGATATATATTGAGCTTTGGTCTGTTATGCTTTGGAA

TGCTTAGTGCAAGCCCTGGTTGCCCCAGAGACCCAAGTGATGTTATGTGACCTTGACCCTAAGTTACTTCTGGTTGGT

gaataaagatgcctgcagtcgatagctgggcaggagagaccagggtggggtttagggttcctgagcttggggttgt

AAGAGAAGCACCAGGAGGGCGAGAAGGTGAAGGGAGGAGGAAGCGGGCGTGGATTGGGTGAGTTGTGGAATGATG

GCTATGTGGGTTGGCTAATTGGAGTTAAGAGCAGCCCAGATGGAAACATGAGGAATTAGATGATGGCTTACTGGCTG

GGGAGTAGGCATACTAGTGTAGAGGATAGATATCTGCCCAGCTCTTGTGCTGArrAAGGCTTGTTAT

Muo musculus major 
histocompatibility locus class 

III regions Hsc70t gene, partial 
cds; smRNP, G7A, NG23, 

MutS homolog, CLCP, NG24, 
NG25, and NG26 genes, 

complete cds; and unknown 
genes

AF109905 1039 0 135545

L2T215 AANCGNTGGANANGAANATCAATATTNTCCTGCCTTTGTGGCCCAGGGGGGTCAGGGTGTGGCCAANTATTTACAGG 
TCACNTAAAAATTCCATTGTGTNTNNATTACCTCATAACTCACGACANANGGNGGGTNATAAATAAAACTCTACACAAA 
CCTTGACAAACTTAATCCTAGAGACTGGCACAGACTTACTTGGTGCCCCTTCCCCTTGGCCCTATTNAGAACTGAGAA 
TACTCCCTCTTGATTCGGTTTTAATC11 11IAAGATCCTTTATGGGGCTCCTATGCCCATCACTGTCTTAAATAATGTGT 
TTAACCCTATGTTGTTATANTANTGATCTATATGTTAANTTCCAAGGCTTNCAGGTGGTGCANAAANACGTCTGGTCAC 
ANACTGGCCTACNGNCAACGAGCCAGGTNCCCCAANGGACATCNCACCANTTCCGGGCCAGAGATCTGATCTACGT 
ACACCTGCNTCCTGCCTGANACCCTCCAAGCCTCCANTAAAAGGGTCCCTGNCCT

Mouse major 
histocompatibility complex 

region containing the Q region

1MHC322F1 430 e-117 159179

L2T-50 GCGGNACGAGGCTGGCTCGGGACCCCCGCGCGCCATGCCGTCCGAGAAGACCTTCAAGCAGCGCCGGAGCTTTGA
ACAAAGAGTGGAAGATGTCCGGCTCATCCGGGAGCAGCACCCCACCAAGATCCCAGTGATTATAGAGCGATACAAGG
GGGAGAAGCAGCTGCCCGTCCTGGACAAGACCAAGTTCCTGGTGCCTGACCACGTGAACATGAGCGAGCTCATCAA
GATAATCAGACGGCGCTTGCAGCTCAATGCTAACCAAGCC7TCTTCCTCCTGGTGAATGGGCACAGCATGGTGAGTG
TGTCCACTCCCATCTCCGAAGTGTACGAGAGTGAGAGAGATGAAGACGGCTTCCTGTACATGGTTTATGCCTCGCAG
GAGACATTCGGGACAGCAATGGCTGTGTAAGACTCCAACAAAGCCAATGGTTGTTAAGCCCTTACCAAGGCAAAAAG
GGATGTTACCAGCGGACGCTGGACGGCTCACCACCCACAGATGAGAACGTAGGCACCCACATAGGGTATTAGGAAC
TGTTCATCAGCCAGAAACTGAGCTCCATGCAAGTGCACTCAGNTTGGAAACTCGTCTAAACTAGGCTATTTNGTGTTC

Mus musculus microtubule- 
associated protein 1 light 

chain 3 Mapllc3

NM_026160 1197 0 1711

D 378 CAACTTCGANAGAAGGGACNGAGGTTAAGTCTACGACTGGCCAGGGGGGNGNTGAACAGTATCCTGATGCCACAGA
TGACGACCTCACCTCTCACATGNNTTANCGGTGAGTCTAAGGAGTCCCTNGGGNGTNNTCCCTGCTNGCCCAGCTTC
TGAACATGCCCTCTGATCAGGACAACAACGGAAAGGGCAGCCATGAGTCAAGTCAGCTGGATGAACCAAGTCTGGAA
ACACACAGACTTGAGCATTCCAAAGAGAGCCAGGAGAGTGCCGATCAGTCGGATGTGATCGATAGTCAAGCAAGTTC
caaagccagcctggaacatcagagccacaagtttcacagccacaaggacaagctagtcctagaccctaagagtaagg
AAGATGATAGGTATCTGAAATTCCGAATTTCTCATGAATTAGAGAGTTCATCTTCTGAGGTCAACTAAAGAANAGGCAA
AAACACAGTTCCTTACTTTGCATTTACTAAAAACCAGAAAAAGTGTTAGTGAGGGTNAAGCACGAATACTAACTGCTCA
TTTCTCAGTTCAGTGGATATATGTNTGTAGAGAAAGAGAGGTAATATTNTGGGCTCTTAGCTNACTCTNGTTGTGTCAT
GCACACNCCGGTTGTAACCAAAAGCTTCTGCACTTNGCTTCTGrTCTTCCTGTACAANAAATGCANACNGCCACNGCA
TTTNAANGATTGTAATNCNNGCTTGAATANAATGNATGTANAANCNAGCAA

Mouse mRNA for minopontin X13986.1 1025 0 1328

C 213 CTCTTGAACCCGGGCTGCAGGAATTCGGCACGAGGGGAAATTACTGCCCTGAGGAGCCAGGTGGGTGGCCAGGTCA
GTGTGGAGGTGGATTCCACTCCCGGTGTCGACCTAGCCAAGATCCTGAGTGAGATGAGAAGTCAGTATGAGATCATG
GCCGAGAAGAACCGGAAGGATGCTGAAGCCACCTACCTTGCTCGGATTGAGGAGCTGAACACCCAGGTCGCCGTCC
ACTCTGAGCAGATCCAGATAAGCAAGACCGAAGTCACGGACCTTCGACGGACCCTCCAGGGCCTTGAGATTGAGCTG
CAGTCCCAGCTCAGCATGAAAGCTGCCCTGGAAGGCACGCTGGCAGAGACGGAGGCCCGTTATGGAGTCCAGCTGT
CACAGATCCAGAGCGTGATCAGCGGTTTTGAAGCCCAGCTGAGCGACGTGCGTGCCGACATAGAGCGCCAGAACCA
GGAGTATAAGCAGCTCATGGACATCAAGTCCAGGCTGGAGCAGGAGATCGCCACCTACCGCAGCCTGCTGGAGGGC
CAGGAAGCCCACTACAACAATCTGCCCACCCCCAAGGCCATCTGAGCTACCAGCGAGACTCCCCTGGGAAGGGGNC
TGACTGGGGTGATAAAAGTTTACTCTAACCCTCCCTCGACTTGTCAATAAAACTATCCTCCAAGGG

Mus musculus keratin 
complex 1, acidic, gene 19, 

mRNA (cDNA clone 
MGC:25344 

IMAGE:26550I6)

BC034561.1 1193 0 1382



R
eproduced 

with 
perm

ission 
of the 

copyright 
ow

ner. 
Further 

reproduction 
prohibited 

w
ithout 

perm
ission.

C 53 CTTCTGANCNNTCTANNNAGAATNCGGCACGAGGCTGCATGGCCAAAACACACTTGTCCTTGTCTCACAACCCAGAG

CAAAAAGGGGTGCCTACTGGTTTCGTTCTGCCCATCCGGGACATCCGTGCCAGCGTrGGGGCAGGTrTCCTGTATCC

TTTAGTAGGAACGATGAGCACAATGCCTGGACTCCCTACGCGGCCCTGTTTTTATGATATTGATTTGGATCCTGAAAC

GGAACAAGTGAATGGATTGTTTTAAGCAGATCTTCCATCTCCAAGAGGCCACTCTGTCCGGCCAGTGTCTGTTCAGGC

CCACTGAAGAAGTGTGCAGAAGTCTTGGAAGTCTGTCCCCGCCCTGAAGAGCTTCAGAAATAGTGGGAGTTTCCCTA

AAGCCTTTCATAGCCTTAATTCATGTCATGTATAAATTAACATAAATCATGTCTATTTACATAGTGAAGGTCCAGAATAA

ATGAAATAATTTTGCTAAAAAAAAAAAAAAAAAAAAA

Mus musculus 
methylenetetrahydrorolate 

dehydrogenase 
(NADP+dependent), 

methenyltetrahydrofolate 
cyclohydrolase, 

rormyltetrahydrofolale 
synthase (Mthrdl),

NM_138745.1 892 0 3159

L2T-150 CNCTGCACCGGGCTGCANGAATTCGGCACGAGGCGTGCGCACTGGCCGCAGCATCAAGGGTTACACTCTGCCTCCG
CACTGCTCCCGTGGAGAGCGCCGTGCAGTGGAGAAGCTGTCCGTGGAAGCTCTCAACAGCCTGACGGGCGAGTTCA
AGGGCAAGTACTACCCTCTGAAGAGCATGACGGAGCAGGAACAGCAGCAGCTCATTGATGACCACTTCCTCTTTGAC
AAGCCCGTGTCACCTCTGCTGCTGGCCTCAGGCATGGCCCGAGACTGGCCCGATGCCCGTGGCATCTGGCACAACG
ACAACAAAAGCTTCCTTGTGTGGGTGAACGAGGAGGACCACCTCCGCGTGATCTCCATGGAGAAGGGAGGCAATATG
AAGGAGGTTTTCCGCCGCTTCTGCGTGGGCCTGCAGAAGATTGAGGAGATCTTCAAGAAGGCTGGTCACCCCTTCAT
GTGGAACGAGCACCTGGGCTACGTGCTCACCTGCCCCTCCAANCTGGGCACCGGGCTGCGCGGAGGCGTGCACGT
GAAGCTGGCGAACCTGAGCAAGCANCCCAAGTTTGAGGAGATTCTCACTCGCCTTCGTCTGCAGAAGCGCGGCACA
NGTGGCGTTGACACGGCTGCGGTGGGCGCCGTGTTCGACATCTCCAACGNCCGATCGGNTGGGGCTCATTCCGAA
GTTCNAACAAGGTGCAGCTTGGTGGTGGATGGCCTTGAAACTTATGGTGGGANATGGGAN

Mus musculus creatine kinase, 
muscle (Ckm),

NM_007710.1 1206 0 1415

L2T-151 GCGGTTGAGCGCNGAGACGGCACGAGGGTCACATGCAACCGCAGTGCCTTTTGANNTGATCTCACCCAGAAGCATG
AATTTCACACCTAACATTCTTAATAACCACCTGTTCTAAAAAAAAATAATAATNNTTAGTATTTCTAGTATGAATTCAGTG
AGGAAGAAATAGATGGAAAAATAGCGATAGAGAACAGTGGCTCACTGAGCATATTAGACTCAGAATCTCAGCACTCCT
ACTTTCAGGCTGAGTTACAAATACTACAGAAGTGATGGGCCCATGCTATGTATCCGGGTATGGAGGAGTATGCGGAC
CTTACCACACTTAAGTGAAAACACACGTTAACATCATTGTAGATCTCAAAAACTGAATTCATAATGTGTnTACTTCAAA
TAATACCAGCGATAATCCATCACTCGTTAAAAATTTGCCTACTACCAAGTTTGCCTGGnTTAGTCACCTATAAAACACA
CCCATGAAGCCAGGTGTTTTAAAATGTTTGATCCAGCATTTAAATTTCTrCTTCATAAAGATGGTTTTCTTTGCCCAAAG
TAGAGCCATTTATTTTTTATTTCACTACTTTAATCTTNGCATGCCTATTAAAAACAAAAACNAACAAACAAAAAAAAANCA
AAAACGGCAACAACAAAAAAAACTGTGTCAGGTGTCTTTGGAGTNGGAGGCTGGGATGTCTGGTTCCTGGAACAGGA
AGGAGGGATGTCAACACTGANNCAGAGCTGCTTTGTCCAGAAACCATAAGACGATGCANTGANAANAAAAAAANANA

Mus musculus carbonic 
anhydrase III gene, exon 7 and 

complete cds

AF294988.1 1047 0 1426

L2T-322 CTCTCACCACNAGTTCNNAGGATTCGGCACGAGGGTNCTGNTAGNTCTNNTTCTNATGANANGGACTACTGCCTGNC
CTCTGTCTAANCCCATAGAANAANCTGNTNCTAGTNCTNNANCNGCCCCACGCAGANNCGCAACNAGGGATNANNGA
TGCAGAGGANATGGNTCGAGCTCTGNCATCATGANNTGATNNANTATTGGCTGNGNTCANGCCTGNGAACCTCCTGT
NNTTNTATCATGTGNNANATGGATCTNTATAANCAGNNCTGATGGCTATGCCCACNAGATNNCGTGGANNCTANTNNN
NCCATGNTTGGNTCCTCCTTNGACCTAAANTNGNATNCTTGNNATATGNANATNNATACNGTNNTGACANGTNCCTAA
CGTGTTTGTGTCTAAAATGGTTATCCTATCATATCCTGATCCAAANCAAGATAAGANTCCTGGGGGCANCCGNACNNN
NGTTCNCNGTANCCANTACTTTTAANACCTGTNATAAACAGCTTTATAATATTGAAAACTTAGTGCTTAAAAAAAAAAAA

Mus musculus cathepsin L 
(Ctsl), mRNA

N M _009984 76 e-10 1374

L2T-180 GAATACGGNACGAGGCACACTCGCTTAGTGTTGCTGGACCCTTGGGGGAGACCTGGCTGGAGCTTGTCCAGCTGTT
CTGTTCTGTGGTTCCTCACCCTGGGTTCAGATTGCTGCCCTCTGCCTGTCTGAAGGAGGCCAAGGCCCACCCAGTAC
ACGAGGCTGCCTTCAAAGGCCCCTACTGGTTTAATAGCTGCTGAGATGGATTGTCTTGTCCTGCCGCCCTTrGCTGTG
TGGGCAGTACTCTGAAGCAGGCAAATGGGTCTTAGGATCCCTCCCAGAAACCTGCTCTGACCCAGACCCATCACCCA
GCTTGGGGATGGCACCACGTTCTACTGCCCCTCCAACTCTGGCCTGGCAAAGGCCTGAAGGTGAGCAGGAAGGAGC
AAGAGGACAGAAGCAAAACTATGAACCTGGGGGGTTACCTAGGGCTTGACCCCGCCCTCCTGGGAAGGCATGCCTC
AGCCTGGGGTAGAGGTAGGATGACTGACTGGTTTTGGCTGGCCTCTGCTGCCCTCATCCTGGGCTANGCAGCTGGG
AGCCAAAGTTGAAATACAAATAAAGTTGTTTTGGGCCTTGAAAAAAACAAACAC

Mus musculus cathepsin D 
(Ctsd), mRNA

NM_009983 1106 0 1979
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C 72 GCCCGGNTCTGCAGGAATTCGGCACGAGGTGATCTTGCATTACATTTGTCTGAATAAGATGAAGATTATGGTGGTTAA
GGACGTTGNAAGAGAAGACATTGAATTCATCTGTAAGACAATTGGAACCAAACCAGTTGCTCACATTGACCAGTTCAC
TGCTGACATGCTGGGTTCTGCTGAGTTAGCAGAGGAAGTCAGTTTAAATGGTTCTGGAAAACTATTCAAGATTACAGG
TTGTACAAGCCCAGGGAAAACAGTTACAATTGTCGTACGTGGTTCTAACAAACTGGTGATTGAAGAAGCTGAGCGCTC
CATTCATGATGCTCTCTGTGTCATCCGATGCTTAGTAAAGAAAAGAGCTCTTATTGCAGGAGGTGGTGCTCCAGAAAT
AGAGCTGGCCCTCAGACTGACAGAGTACTCCCGAACACTGAGTGGTATGGAGTCCTACTGTGTTCGTGCTTTCGCGG
ATGCTATGGAAGTCATTCCATCTACACTAGCTGAAAATGCTGGCCTGAATCCCATTCCTACAGTAACAGAGCTAAGAAA
CCGCCATGCCCAAGGANAAAAAACTACAGGCATNACTGTCCGAAAGGGTGGGATCTCCAACATTTTGGGAGGAAATG
GTTGTTCAGCCTCTGTTGGTGGTCAGNCATGCTTTGANCTTNCCAACTGGAAACTGNGCGGACCTTCNGGAAAATCG
ATGATNNGGNAAATNCCCAAAACTCNGGANTAAANGCTTGNTTGCCNGGCNTCATTATGGCCAAAAANTANNGGGGG
CTCNNGAATNNAAGGCNNACCNCCCTNGNNCCNTGGTCTNGGNANACTNNAANANTTTTTGGGGCACTTGGNNTTNC
CNNNTTGGCNATTTGGTTNNNAAACTNGTNTTTGNAANCANNTTNNACTNAAAAACCANTCAAATNCNTGNGNTTTTNC

Mus musculus chaperonin 
subunit 4 (delta) (Cct4) 

mRNA, or Mus musculus ES 
cells cDNA, RIKEN

NM_009837.1 1162 0 1966

C 179 GTTCCTCGCCTCCTGGACGTCGGNTTCTCNTGNANNAGNCACTGGGAGGAAGNTGAGAACAGGAGAGAAACTCTNC
TGGCCCGGGACCGCGACCGGGGCGGAACCCGGGACCGANTCGCCTTGGCGGCNCTGACCGAGATCGAGCAGTCC
CTGGATCCCTAAGGAGGAGGCGCTCAGGCGGAGGCCTCTTGTCAGNAGAACCAGAGATGGCATCAGTAGATTTCAA
NACCTATGTGNACCAGGCCTNCAGAGCTGCAGAGGAATTTGTCAATGTCTATTACACGACTATGGATAAGCGGCNTC
GGCTGCTGTNCCGCCTGTACATGGGCACAGNCACTTTNANTATGGAATGGANATGCTGTTTCANNGACCANAATCCTT
NAGTGANTTTNTNGAGGATGTNGCCCTTCCAGTGAGTTCNAAANTCAGCNATGGTNGAACTGCCAGTCCTGTCCATN
GATGAACCTTCNACCNANCGCAGANCANCGTGATCTGTGGTCNTCNGTGGNACANCTGAANTTTGAAGGNNGCAAAC
CCCGNGACTTTCANCCNGAACNTCAANCTNGNCTGGNNCNNGGCGTCAACCANGNACACCGCGTGC

Mus musculus NTF2-related 
export protein NXT1 (NXTI) 

mRNA, complete

AF156958.2 567 e-158 644

C 182 CACCATGCCACTGCCCGTGTGTGCCGCGTCAGTCATGCCGAAGCACGAGTTCTCCGTGGACATGACCTGTGAGGGC
TGTGCTGAAGCCGTCTCCAGAGTCCTCAACAAGCTGGGAGGAGTGGAGTTCAACATTGACCTGCCCAACAAGAAGGT
CTGCATCGACTCTGAGCACAGCTCAGACACCCTGCTGGCAACCCTCAACAAAACAGGAAAGGCTGTTTCCTACCTTG
GCCCCAAGTAGCCAGGACCTGGGCGAGTCCTTCCGGATATAAACTGAAGAGGCAGGCTGTTGATCTGGTCTCCCCG
GCAGATCTGGAACACCAACTGCTCAGTCCAGTCCAGCCCAGCCATGGAGTTCCTGCCCAGACAGGCCTTCCCCGCT
GGCTCCCTGCAAGCTTCCATGTAATAAAGTCAAGCTGAGTTTGTTGAAAAAAAAAAAAAAAAAA

Mus musculus copper 
transport protein Atoxl 

(ATOX1) mRNA, complete

AF004591.1 839 0 432

L2T-297 CTACTCCTAGTTCTNGAGNGTTCGGCACGAGGGCAAGATCATCTGAAAAGGATTTGGCTCCCCCTCCCGAGGAGTGT
CTTCAGCTTATCAGCAGAGCCACCCAGGTGTTCCGAGAACAGTACATTCTCAAGCAGGACCTGGCCAAGGAGGAGAT
TCAGCGGAGGGTCAAATTATTATGTGACCAAAAGAGGAAACAANTCGAAGATCTCAATTACTGTCGAGAGGAAAGGAA
AAGTCTCCGGGAAATGGCTGAGCGCTTAGCTGACAAATATGAGGAAGCCAAAGAAAAACAAGAAGATATCATGAACA
GGATGAAAAAAGTGCTTCACAGT7TTCATGCTCAGCTCCCAGTTCTCTCTGACAGTGAGAGAGACATGAAGAAAGAGT
TACAGCTGATACCTGATCAACTGCGACATCTAGGCAACGCCATCAAACAGGTTACTATGAAAAAAGATTATCAACAGC
GGAAGATGGAAAAAGTGCTGAGTCCTCAGAAACCCACCATTACTCTCAGTGCCTACCANCGGAAGTGCATGCAGNCC
ATCCTGAAAGAAGAGGGTGAACNCATAANGGAAATGGTGAAGCAAATCAATGACATCCGAAATCATGTCACCTTCTGA
NACCACCTGGAATGAACATAANTTGAAGGCTGTAAAACAAACANGGANCACTGTNTAATTTATAAAGGAGCATNTTGG
ATAAGATTCGGTGTGGTTATTCCTTTGTATrCCTTTNGTATNATTCCTGGTAAATAAATTNANTATCCAATAAGTTTGATA
AATTTNTTNAAAAftAAAAAAAAAAT

Mus musculus nucleoporin, 
mRNA (cDNA clone 

MGC:41381 
IMAGE:1379673), complete 

cds

NM_172394 1271 0 2418

C 148 GGGAAGAGTNGGCACGAGGAGACGCCACATCCCCTATTATAGAAGAGCTAATAAATTTCCATGATCACACACTAATAA
TTGTTrrCCTAATTAGCTCCTTAGTCCTCTATATCATCTCGCTAATATTAACAACAAAACTAACACATACAAGCACAATA
GATGCACAAGAAGTTGAAACCATTTGAACTATTCTACCAGCTGTAATCCTTATCATAATTGCTCTCCCCTCTCTACGCAT
TCTATATATAATAGACGAAATCAACAACCCCGTATTAACCGTTAAAACCATAGGGCACCAATGATACTGAAGCTACGAA
TATACTGACTATGAAGACCTATGCTTTGATTCATATATAATCCCAACAAACGACCTAAAACCTGGTGAACTACGACTGC
TAGAAGTTGATAACCGAGTCGTTCTGCCAATAGAACTTCCAATCCGTATATTAATTTCATCTGAAGACGTCCTCCACTC
ATGAGCAGTCCCCTCCCTAGGACTTAAAACTGATGCCATCCCAGGCCGACTAAATCAAGCAACAGTAACATCAAACCG
ACCAGGGGTTATTCTATGGGCCAATGCTCTGAAATTTGTGGATCTAACCATAGCTTTATGCCCATTGGTCCTTAGAAAT
GGTTCCACTAAAATATTTCGAAAACTGATCTGNTTCAATAATTTAATT

Mus musculus cytochrome c 
oxidase subunit II (Cox2) 

Mma

IAF378830 1158 0 725
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KS-ll A A TC N G T N C A C G A G A A C C TA C C A A G G G G CAN CA CA CTCCTA TTG TN CA A A A AG G A CTA CG A TA TG G I1 1 1 1 1 ICTA TTC
A T C G TC TC G G A A G TA Tm TC TN TG C A G G A TTC TTC TG A G C G TTC TA TC A TTC TA G C C TC G TA C C A A C A C A TG A TC T A G
GA GGCTGCTGA CCTCCA A CA G G AA TTTCA CCACTTA A CCCTCTA G A A G TCCCA CTA CTTA A TA CTTCA G TA CTTCTA G C
ATCAGGTGTTTCAATTACATGAGCTCATCATAG CCTTA TA G AA GG TA AA CG AAACCA CA TAA A TCA AG CCCTA CTAA TT
A CCATrATA CTAGG A CTTTACTTCA CCATCCTCCA A GCTTCA GA A TA CTTTG A A A CA TCA TTCTCCA TTTCA G A TG G TA T
CTATGG TTCTACA TTCTTCATGG CTA CTG G A TTCCA TG G A CTCCA TG TA ATTA TTG GA TCA A CA TTCCTTA TTG TTTG CC
TACTACGACAACTAAAATTTCACTTCA CATCAA AA CATCACTTCG GATTTGAA G CCGCA GCATGA TA CTG ACA TTTTG TA
GACGTAGTCTGACTTTTCCTATACGTCTCCATTTATTGATGAGGATCTTAAAAAAAAAAAAAAAAAA

Mus musculus domesticus 
mitochondrial DNA, complete 

genome

AB042432 1090 0 16300

HC-12 C T T C G C A C G T G C C G A A T T C G G C A C G A G G G G C A A G A T G T C G G C G G C G C T G A C C T T C C G N N T nT G T T G A C T C T C C C C
A G G G C N G C A C G G G G TTN C G G G G TTC A A G T G T C G C C G A G C G G G G A A A A G A TC A C G C A TA C C G G C C A G G TG TA TG A T
G A A A A A GA CTA CAG GA GG GTTCG TTTTG TAG A TCG TCAGAA AG A GGTGA ATGA GA ACTTTGCCATTGA TTTGATA G CA
CA A C A G C C T G T G A A TG A G G T G G A G C A C C G C A TC A TA G C C T G C G A TG G A G G C G G TG G TG C C C TG G G C C A C C C C A A G
GTG TA CATAAA CTTGG ACA A AGA A ACA A A A A CG G G GA CA TG TG G CTA CTG CG G CCTG CA G TTCAA G CA G CA CCATCA
C TA G TG TG G G C T G T G T C C TG G T C C TC TG A C TC C TA TG G A A C A TC TC C A C G C TG G G TG TTC TG TG TG A G G C C A C T G C T
CTG TG A A TG GTGTCCCTTGTTTTGA ATAA AG GA TG CTCCCA CCA TG A AAA A NA ACCAC

Rattus norvegicus NADH 
ubiquinone oxidoreductase 

subunit (IP13)gene

RATIP13A 470 e-130 3093

C 304 C A C G A G G A A C C C TG G C C C TG C TG A G A TA C TC G G G TG TG N G N G TG A G TG TA G C C TG G G C A G TG A G A A G G G C TG C A G
G A G G G TC C TT G A G A C G G G G C C C T G G G A A C C C A C C TC TG A G A N G G G G G A G TC A G A TG C C A G A C A G TG G TTC C C A G A
CA A G CTCA G G CTCC A TG A A G A TC A C C TG C TC TA A TG TC C C TG TG C TTA G TTC G G A G G A C TG A G A G C TC A TG G C A TG A
GTAAATACATCTCTAATGCCTACCTTTCTATCAGATATTAAAATATGTTAATTACCAAAACCATTCTCTGAGAAAAAAAAA
CCA A G CCTTTCCCA G G TG GTATTAA TTTA CTG GA CA CG TTG A TA A TG GCA TG A CTA G A A ACA G CCTTA A CTCCTA A G CT
C A G G TTC A A G A A C A TTC TG TG TA TC TA G A G A C TCCTG A CTTTG A A G TTG CTTTA A A G CCTG TG TG G G TTTG CG G CG G G
C A N C TC TG TA C A G TG A G C TC C T TG A A G G TG A GG G TG CA G A A G CTTTCA G G TG TG A G CTA A AA G G G TA CA GA CTTCCT
AATGACAACTTGTGACTA ACG GTTTCTTCAG TG TA GTTA TTTG A GA AA GA TTCA G AA TTTCTA TCTTTTCTTG TATGTTTC
CATGTTGTCAGGTAGTTGTAAATGAATGTATTTACCTATGCNAAAGATTTATTANAGCCTAGAGAATATGAAAAAAAAAA
A A A A A A A A A A A f *

Mus musculus 13 days embryo 
male testis cDNA, RIKEN Tull 

length enriched library, 
clone:6030481D21 

product:malic enzyme, 
supernatant, full insert 

sequence

AK077968.1 1172 0 3112

22

Stress
C 82 G C G G A T G A N C G C T G A G A C G G C A C G A G G G G A G C G C A G G C C C A A C A G C C A TG G C G G N G G A A G G A G G A A TG A A G TG T

G T C A A G T T m G C T C T A C G T T C T C C T G C T G G C C T T C T G C G C C T G T G C A G T G G G A T N G A T C G C C A T T G G T G T A G C G G T T
C A G G T T G T C TTG A A G C A G G C C A TTA C C C A TG A G A C TA C TG C TG G C TC G C TG TTG C C TG TG G TC A TC A TTG C A G TG G G
T G C C T T C C T C T T C C T G G T G G C C TTTG TG G G C T G C T G T G G G G C C TG C A A G G A G A A C TA C TG TC TC A TG A TTA C A T TTG C
CA TCTTCCTGTC TC TTA TC A TG C TTG TG G A G G TG G C TG TG G C C A TTG C TG G C TA TG TG TTTA G A G A C C A G G TG A A G TC
A GAG TTTAATAAAAGCTTCCAGCAGCAGATGCAGAATTACCTTAAAGACAACAAAACAGCCACTATTTTGGACAAATTG
CA G A A A G A A A A TA A CTG CTG TG G A G CTTCTA A CTA CACAG A CTGG G AAA A CATCCCCG G CA TG GC CAA GG A CAGA G T
C C C C G A TTC TTG C TG C A TC A A CA TA A CTG TG G G CTG TG G G A ATGA TTTCA A G G A A TCCA CTA TCCA TA CCCA G G G CTG
CG TG G A G A CTA TA G C A A TA TG G C T A A G G A A G A A C A TA C TG C TG G TG G C T G C A G C G G C C C TG G G C A T TG C TTTG TG G A
G G T C T rG G G A A T T A T C T T C TC C TG C TG TC TG G TG A A A G TA TC G A A G TG G C TA TG A G TA TG TA G G G TG G G G G C G T TG T
CTTTCATGATGATCTCAGTTTCATTAAOGATATTTTOAAC

Mus musculus Cd63 antigen, 
mRNA (cDNA clone 

MGC:7I23 IMAGE:3157993

BC008108.1 1386 0 878

L2T-266 G A GTTCG G CA CG A G G GTCG TTTCTCA CTCA CCA CA A G CA CCA A A TTCA CTA G A GTACA CTG G TTCCA G A G A GCA G A A
TC A TG TTG G C C TTG G CTA A TTTCA A A A TGCTG TCTTTTA CTrrG G TA TA TG TTG A G G G CTTTTCA TA A TTTA AA G TG TG T
TCTGTTAG CA AG GCAA AAATTATGAGTCTTAATTCTACAGGCAAAATATGCAAAGGAGCCAAAAACTGTAAACCCAGCA
TTTG G G A TG G TG A A GA CTG G AAG CTA ACTCCTCATTG NA TTCA CAA A GTCNTTTA TN CAAN TTCN G GA CAT

Mus musculus CD24a antigen 
(Cd24a), mRNA

NM_009846 478 e-132 1800

L2T-267 G A GTTCG G CA CG A G G G TCGTGTCTCA CTCA CCA CA A G CA CCA A N N TCG CG A G A N TN CA CTG G TN N CA G ATAA CA N A A
TCA TG TTG G CCTTG G CTN A TTTCA A A ATGCTGN CTTTTA CTG G GG TA TA TG TN G A G GG CTTTTCA TA AN N TA A A N TGTG
TTCTGTTNGCNAGGCAAAAATTNTGA GTCTTAA TN CTA CACG CNA A TATGCA AAG GA G NCG AA A CTGTAAA CCCA A AC
A T T T A M ' A T C T T K A A r 'T A A T m A A U A T A A A T r T A A T T A A A T T A i r A U A A T A T T A A

Mus musculus CD24a antigen 
(Cd24a), mRNA

NM_009846 281 0 1800
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H C I7 TATCAAANGAATTCGGCACTAGGCCCGCTTGGGTCCGCAGGGNTCATGTCTCCCTCCCACTATGGGCCTCCGAGCTT
CCANTTNCATGTTCCAGCCTTTCTTGGNGATGATCCACCAGGCTCAACAGGCCATGGATGTCCAGCTCCACAGCCCA
GCCTTCCAGTTCCCAGACGTGGATTTCTTAAGAGAAGGTGAAGATGACCGCACTGTGTGCAAGGAGATCCGCCGCAA
CTCCACAGGATGCCTGAAGATGAAGGGCCAGTGTGAAAAGTGCCAGGAGATCTCGTCTGTGGACTGTTCAACCAACA
ATCCTGCCCAGGCTAACCTGCGCCAGGAGCTGAACGACTCGCTCCAGGTGGCCGAGAGGCTGACAGAGCAGTACAA
GGAGCTGCTGCAGTCCTTCCAGTCGAAGATGCTCAACACCTCATCCCTGCTGGAGCAGCTGAACGACCAGTTCAACT
GGGTGTCCAGCTGGCTAACCTCACACAGGGCGAAGACAAGTACTACCTTCGGGTCTCCACCGTGACCACCCATTCCT
CTGACTCANAGGTCCCCTCCCCGTGTCACTTGAGGTGGTGGTGAAACTTGTTTGACTCTGAACCCATCACAGTGGTG
TTACCANAAAAAGTCTCTAAGGATAACCCTAAGTTTATGGACACAGNGGGGGGAAAAGGNGCTNAAGGAATACCCAG
GAAAGCCNGNCGGAATGAGATAAAAACNTCNCCTCCTATATTTAGGANTGTCTGGGAGGGAATCCCCNNCTCCCCAG
GGGGGTGCNACCCCCNAANAACCCAI111 ICAGGGGANTGGCCACCCAAANGCNGCCTTCNCNGGNTTTGTAAAAAT
r r N r r T r s N R f 'r r r w r s r s A A A N M M T M f 'r r .M r r a t jM a M f 'r A a f l f tA r r r w r s M A A A r iR A A A A A A A A A f la A A A

Mus musculus suirated 
glycoprotein-2 isororm 2 

mRNA

AF248058 1070 0 1374

L2T-124 GCGCCACACCGATCNNCNCCTTCCCNACTAGNTCGGNACGAGGAATATATCCCCCATCCCCCCACACACAGTTTAAA
TATATATTT7GGTGAAGCTGTGGTACACCATTAATTGTTTCAAAATGCAATCTAAAGATGCAATAAATAGAGTACCTTGA
TAGTTTGAAGGAATTCTTCANTTCTTGCAGCTGTGTrTTAGAAAGTGATTAAGCAATATTTTTCAAACGTGGATATTTAG
CTATCCATTGTCCTCTGAAGAGTCCTTTTCATGTnTCAAAGATGTGCTTTGTGCTGAAGATTTGTGTGTCCGTrCCTCT
GTGCTTCCAACTATCACTGAAGTCTTCTACCTGATTGATCTGCCAAGGATTATAGTTTGCTTTAACTTCAGAGTA11111
ATCTTCCATTTTATTTAATTTTGNTCC11111CTTTTCTTTCAAGATAATGTTTTANATATGTNATTGGGGAAAAACNCTAN
ATTTCTGTCAAAAAAATGAAATGTTACTGGAATTCAAGTAANCAACTCTCCATTGAATATCAATACTGGGGGATATACTT
ATTANAAATGTATGTCTCANAAGATGGTTTCTGGTTAAATATATGAAGTTACCATTACTGAATNCTAATATGGATTAAAA
GCTCCNCATTAATATTTTAAAAAAAAAAAAAAAAAAAAA

Mus musculus 12 days embryo 
embryonic body between 

diaphragm region and neck 
cDNA, RIKEN full-length 

enriched library, 
clone:9430025L12 

product:cullin 3, full insert 
sequence

AK034695 640 0 1152

M-38 GAGGCTCTTCTGCCGCCTGCCTGCCTGCCTGCCTGCCTGCCTGTGCCGAGAGTTCCCAGCATCATGAGGGCCTGGA
TCTTCTTTCTCCTTTGCCTGGCCGGGAGGGCCCTGGCAGCCCCTCAGCAGACTGAAGTTGCTGAGGAGATAGTGGA
GGAGGAAACCGTGGTGGAGGAGACAGGGGTACCTGTGGGTGCCAACCCAGTCCAGGTGGAAATGGGAGAATTTGA
GGACGGTGCAGAGGAAACGGTCGAGGAGGTGGTGGCTGACAACCCCTGCCAGAACCATCATTGCAAACATGGCAAG
GTGTGTGAGCTGGACGAGAGCAACACCCCCATGTGTGTGTGCCAGGACCCCACCAGCTGCCCTGCTCCCATTGGCG
AGTTTGAGAAGGTATGCAGCAATGACAACAAGACCTTCGACTCTTCCTGCCACTrCTTTGCCACCAAGTGCACCCTGG
AGGGCACCAAGAAGGGCCACAAGCTCCACCTGGACTACATCGGACCATGCAAATACATCGCCCCCTGCCTGGATTCC

Mus musculus secreted acidic 
cysteine rich glycoprotein 

(Sparc),

NM 009242 1007 0 2079

L2T-14 TGAGCGCTGGACGGCACGAGCC1AAGTGAGCA1 CAT11G 1GAGAA1111IAGICAGTGVI1IG A A C A A IIA IIG IIT IT  
CTAAGCTTCATGTTGACTTTCTCTGATGCGTAGAAAAGTGTTCTAACGTGGCTGAGGTTAAGCCGCTGTCATTACTGAA 
ATGCTAAGAATTTTCCTCTTTTCCCGTAGTGTAGAGGGGTAGGGTGTGGGCAGAAGCCGTGTTAGCACATCTGTAGTA 
TTGTGTGTGTATGCTTAGAACCAGCGTAGACCGGATGGGAGGATGGACTAGGCCTAATCCCTCCCAACTGGTGGATG 
TGAAGAGGTCAGGTAGGAAGGCACAGGAGGGTCACCACTGTCACAGCAGTGCCATGCAGACATCCTAGGAGAAGAC 
ATGGCAGTGTTTCTTCTCAGTGCTTCTTCCCTTAACTGAGCTCTGCTCACAGACAGCTAGAATAGATTTTAACTGAAAC
a g a a a c c t a a a t g t a a t t a a a a a c c t g g t c t t c c t t g g t a a g c a g a c t t a a a a t a t c t g t a t a g t a c a t g c a a g t g g a a

AATTTGGGAATGCGTGTCTCTGAATACATACCGGAAGGGCTACTATTACCTTTTrCTTACCATTTATACTTACCTAATGG
AAACGAGCTTGTTTTAACTATCAGAACACTATTTTGTAAGGTGCTGCAAAGACAGTTGAAGTmCATTACCAATTCCCC
AATAAACCAGGTGTTCAAAAGGGGGGCCGGTACCAATTCGCCTATAGT

Mus musculus, p53 apoptosis 
effector related to Pmp22, 

clone
MGC18961

IMAGE:3985702

BC 021772.1 1354 0 1849

L2T-260 CTGGGACGCACNAGGGCCATCGGCTGCAGGAACTTATCAGNGAGACTCTGGATGTCTTAGTCATCACAACTGGCCTG
GTTACGCTGGTGCTGGAGGAGGACGGCACCGTGGTGGAGNACAGAGGAGTTCTTTCAGACCTTAAGGGACAACACG
CATTTCATGATCTTGGAAAAGGGACAGAAATGGACACCGGGTAGTAAGTATGTCCCAGTCTGCAAGCAACCAAAGAAA
TCGGGAATAGCCAGAGTCACCTTCGACCTATACAGGCTGAACCCCAAGGACrTCCTCGGCTGTCTCAATGTCAAAGC
CACGATGTACGAGATGTACTCGGTGTCCTACGACATCCGATGCACAAGCTTCAAGGCCGTGTTAAGGAATCTGCTGA
GGTTTATGTCCTATGCTGCACAGATGACGGGACAGTTCCTGGTCTATGCGGGCACATACATGCTCCGAGTACTGGGC
GATACAGAAGAGCAGCCATCCCCCAAGCCTAGCACCAAAGGCTGGTTCATGTAACCAGGGCACAGCTACAGAGGCC
CAGGGACCCTGCTCTCTGTTATAGGCTGTGGGATGCCAGGGGAAGGAATGGGGGCTTGGGGGTGGTACCCAGTGC
AGGGCTGAGTAGCAGGATTCCTGCAAAGGAAAGCGGCAGAGGGCCTTTAAGCGCTTAGGAANGGATCAACAGCGAG
TGTGTGGGAACTGCTGGATACAATCAGTTCTTGGATCCTTACTACTGGATAAACAGTCCCTG

Mus musculus cell death- 
inducing DNA fragmentation 

factor, alpha 
subunit-like effector A 

(Cidea

NM_007702.1 1166 0 1114
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L2T-265 ctatcagagcgttcggcacggagggncctgggaagacnaacacccctggaagcccagggntaggaagatggtctc
CAAAACANGGTGAGCAGCACCCTGAGGAACATCTGACATTGACTGACTTCTGGNGTCCATCACAGGTGCACCCCACG
ANACACCCACACACAACGTGCNCACAACTAGAAATGTGCATTCATTTNCACCCTGTTCTGGGAACAGATTGGATTGGA
CNAAAACTTATCNGNTNTTATGATTTGNAATTGANNTAAATTGGACATCANGAAANCANCTGGGTNTGANCNCATTAAG
TNNGGGNCCTTNGNNTNCNTNATAAGTTNCANCNGNCNCNGNAAGGGAACCTCNCNGNTCTAANAATCNTTCTTrAT
GGNTACTGGTCTNTGNNTGGNCCTAAACNTGGCANAAATTANAANTGNNTATTTGAACNGGGGTCACACAGGANTCC
ngtgtnganacagggantctgtgttcncttggatgngagccgggaatgaactntanaaggnaanntgttaatccccc
CNAAAAATGTGGNTGTGTGCNAAACCNACTCTGTGTTGNTAAGAAATTGTGI1111GAACCGANTTATTTTCCAANCCA

Mus musculus transforming 
growth factor, beta receptor II 
(Tgfbr2), transcript variant I, 

mRNA

NM_009371 488 e-135 4702

L2T-158 CGNCACGAGGCTNANTTNGNCNTTGGAGANAATGNCAAGAAGNGGGNNCGNACTGACGAGAAGGTGGAACGCGTG 
CGCAGAGCCCACCTGAATGATCTTGAAAACATCGTTCCCTTTCTCGGGGTNGGCCTCCTGTACTCCCTGAGTGGACC 
ACATCTCTCTACAGCCCTCATGCACTTCAGAATCTTTGTAGGTGCTCGGATCTACCACACCATTGCTTACTTGACTCCC 
CTTCCTCAGCCAAACAGGGGCTTGGCATTmTGTTGGCTATGGAGTTACTTTGTCAATGGCTTACAGGCTGCTAAGG 
AGCAGACTGTACTTGTAAAGAGAATTGTGATCTTCACCTTCTAATTGATTCI1111AAAAAAAGAATTCCTATATTTTCAG 
tggattcanactctttctgaggttttaatgcgtgaaaggagcagagaaattaggaatcagggaaaattcagttaaaaga
CTAGCATCAGTAGGCTCTATTCTTTTGTATTTGGGTTAGAAATTTAATATAATCAGCCTTAACTATGTTGTCTANCTCCT
AAAGTACTrTGTTATAAAGTCTTGATTTCATCATAATTTGTTACATTTGTCTATATTTCCTACGGTGCATCTATAAAGAGT
GCACACNCCTATGGGAAACCTAGGTTCATTATAGCTGAAGTAGACACCTGAATTTACAACATTACAAATGAAAAAAAAA
AAAAAAAAAAAA

Mus musculus adult male 
cerebellum cDNA, RIKEN 

full-length enriched 
library, 

clone:1500002K10 
product:microsomal 

glutathione 
S-transferase 1

AK005122.1 1098 0 944

L2T-147 TCGANCACTTGATCACTAGNTTCTAGAGGGNTTCGGCACGAGGGCAGCATGTGAAAGCTAAAACAAGTAGCCTTCTA
GTCATTTCTTTCTTTCCCCAGCCAGATAAAAGGAGCTTCAATATATGTGTACTTGATTTTTATTCACTTCAGCTGAGCTG
CTGTTTCCTTCATGTAATATTGTATACTGGGTTGTGTATAGAAGAAGCTGGTAAGAGTGCCCTCCTTCATAAATAAGCA
ATTGCAGTGTTTTGCATGCAAATTTAAAAAAATTTAAATTGTCCTGATTCTATTTTGTAAATGGAGAAACAATCTTTCTAA
GCAGTATGGAGGAAGACTAGTGCTTTGTGCACTrTTGGTATATTTGAGTTCATGTTTCCACAATGTCATTCCCTTGACA
CAGTTGGGTTTCTCATAAGTATCCTAGTTCATGTACATCCGAATGCTAACTAATACTGTGTTTAAGTTTCGTGTTGCAAG

Mus musculus myotrophin 
(Mtpn)

1M_008098. 852 0 3863

B2 529 GGACCTNACGAGGTGGACNCGGAACGAGATAAGGAAGTCNGTGATGATGAGGCTGAAGAAAAGGAAGAGAAAGAGG
AAGAGAAAGAATNAGAAGAAAAGGAGTCTGATGATAAACNTGAAATAGAAGATGTTGGCTCTGATGAAGAAGAGGAG
GAGAAGAAGGATGGTGACAAGAAGAAAAAGAAGAAGATAAAGGAAAAGTACATTGATCAAGAAGAACTCAACAAAACA
AAGCCGATTTGGACGAGAAATCCTGATGACATCACTAATGAGGAATATGGAGAGTTCTACAAGAGCTTAACTAACGAT
TGGGAAGAACACTTGGCAGTAAAGCArTTTTCIGI IGAAGGACAAIIAGAAIKXGGGCCCIICI 1111GTCCCAAGAC
GCGCTCCTTTTGATCTGTTTGAAAACAGAAAGAAAAAGAACAACATCAAGTTGTATGTTCGCAGAGTTTTTATCATGGA
TAACTGTGAGGAATTAATCCCTGAGTATCTGAATTTCATTAGAGGGGTAGTGGATTCTGAGGATCTCCCTCTAAATATT
TCCCGTGAAATGCTGCAACAAAGTAAAATTCTGAAAGTTATCAGAAAGAATTTGGTCAAGAAATGCTTAGAACTATTTA
CTGAACTAGCAGAAGATAAAGAGAACTACAAAAAGTTTTATGAGCAGTTCTCAAAAAATATAAAGCTTGGAATTCACGA
GGACTCTCAGAATCGGAAGAAGCTTTCAGAGCTGTGCGGTACTACCATCTGCTCTGGGACAGATGGTTCTCTGAGGA
CTnTGTACAGATGANGAACCAAAGCTCTTTTATCCAGNNGACAGGACGGTGTNCTCN

Mus musculus heat shock 
protein 1, alpha, mRNA 

(cDNA clone 
IMAGE:6816250)

BC049124.1 1096 0 2869

L2T-32 GTCGGNACGAGGCCAGTTACTCGCCCTTGTTTCAGTGGCTGGGTGTCTGCTGCGCACCATGGCGCCCAAAGGAAAA
GTGGGTACCAGAGGGAAGAAACAGATATTTGAAGAGAACAAAGAAACTCTCAAGTTTTACCTTCGGATCATACTGGGA
GCCAACGCCATCTACTGCCTTGTAACCTTGGTCTTCTTCTATTCCTCTGCCTCATTCTGGGCCTGGATGGCCCTGGGC
TTTAGCTTGGCCGTGTACGGGGCCAGCTACCACTCTATGAGCTCGATGGCTCGGGCATCCTTCTCTGAGGATGGGTC
CTTGATGGATGGTGGCATGGACCTCAACATGGAGCAGGGCATGGCAGAGCACCTTAAGGATGTGATCCTACTGACAG
CCATTGTTCAGGTGCTCAGCTGTTTCTCCCTCTACATCTGGTCCTTCTGGCTTCTGGCTCCAGGCCGGGCCCTTTACC
TTTTGTGGGTAAACGTGCTGGGCCCCTGGTTCACAGCAGACAGTGGAGCCCCTGCACCANAGCTCAATGAGAAACGA
CNACGCCGACAGGAGCGGNGGCAGATGAAAAGGTTATANCATCCTTAACTGAGGCTGTAGGCTGCTGCGCACTGNT
tggctctgttatgctgcntggccccatgcctggagcactgagggactagttnagggccaaancacctggattatang

Mus musculus RIKEN cDNA 
1700006C06 gene 

( 1700006C06Rik) Homologue 
to HSPC171

NM _025486.1 1273 0 757
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Appendix B - RECIPES

Antibody Buffer
(10X) (10X)

NaCl 81.8 g 8.1 g
Tris-base 12.1 g 1.2 g
Tween 20 3 ml 0.3 ml
ddH20 to 1 liter to 100 ml

pH to 7.4 with HC1

Dilute 10X antibody buffer and add skim milk powder to 1% final 
concentration before use.

Blocking Buffer fo r  westerns

TBS (Tris-buffered saline)...................................... 200 ml
NP-40 detergent......................................................... 100 pi
Skim milk powder 10 g

Coomassie Blue Staining Solution

0.1 % Coomassie R-250 0.5 gm
40% Methanol........................................................... 200 ml
10% acetic ac id  50 ml
ddH20......................................................................... 250 ml

total volum e...............................................................500 ml

Coomassie Blue Destaining Solution

40% methanol........................................................... 400 ml
10% acetic acid  100 ml
ddH20......................................................................... 500 ml

total volum e...........................................................  1000 ml
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L B - 1 L
tryptone (1% ) 10 g
yeast extract (0 .5% ) 5 g
NaCl (1% ) 10 g
Shake until the solutes have dissolved. Adjust the pH to 7.0 with 5 N NaOH. 
Adjust the volume o f the solution to 1 L with water.

for plates add agar (1 .5 % )........................................... 15 g

Sterilize by autoclaviog for 20 min on liquid cycle.

For LB-AMP add ampicillin solution to 100 mg/L after autoclaving and cooling.

ForLB-AMP-X-gal-IPTG add ampicillin solution to 100 mg/L, X-gal dissolved in 
N,N-dimethylformamide (20 mg/ml stock) to 40 mg/L, IPTG (0.2 g/ml stock) to 
0.5 mM.

N Z Y - 1 L

NaCl (0.5% ) 5 g
yeast extract (0 .5% ) 5 g
M gS04-7H20  (0.2% ) 2 g
NZ amine (casein hydrolysate) (1% ) 10 g

Shake until the solutes have dissolved.
Adjust the pH to 7.5 with 5 N NaOH.
Adjust the volume of the solution to 1 L with water.

For plates add agar (1 .5 % ).......................................... 15 g
For top agarose add agarose (0.7%) 7 g

Sterilize by autoclaving for 20 min on liquid cycle

Phosphate Buffered Saline (PBS)-IOX

NaCl...................................................................................80g
KC1....................................................................................... 2g
Na2H P 04........................................................................ 14.4g
KH2 P 0 4...........................................................................2.2g

Dissolve in 800ml ddH20 and pH to 7.4 with HC1. 
Top up volume to 1L
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10XPCR buffer -1 0 0  ml

1 M KC1 50 ml
1 M Tris buffer (pH 8.3) 20 ml
1 M M gC h 5 ml
2% gelatin 5 ml
sterile deionized w ater 20 ml

5X Protein Loading Buffer - 10 ml

1 M Tris buffer (pH 6 .8) 3.5 ml
glycerol 3 ml
SD S...................................  1 g
Dithiothreitol (D TT)..................................................0.93 g
Bromophenol blue 1.2 mg

Add water to 10 ml.

Protein Gel Running Buffer [SXJ pH  8.3

Tris B ase.........................................................................15 g
Glycine............................................................................72 g
SD S................................................................................... 5 g
ddH2 0 ..................................................................... to 1 liter

Check pH, should be around 8.3-8.6 
Make two litres o f  IX  running buffer at a time.
For [IX] running buffer: mix 200 ml [5X] buffer with 800 ml ddH20

[2XJ sample loading buffer (Laemelli buffer)

stock volume needed in master mix
ddH20 10 ml
0,5 M Tris pH 6.8 2.5 ml
Glycerol 2.0 ml
10% SDS (10 g SDS/lOOml ddH20) 4.0 ml
1.0% bromophenol blue (1 g bromophenol blue/100 ml ddH20) 0.5 ml
P-mercaptoethanol (add this just prior to use) 1.0 ml
Total volume 20 ml
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SM buf fer -1L

N aC l 5.8 g
MgS04-7H20  2 g
1 M Tris buffer (pH 7 .5 )............................................ 50 ml

add water to 1 L

10% Separating Gel (0.375 M  Tris, pH  8.8) (40 ml)
for protein gels

Solution__________________ stock_solns_______________________amt required
ddH20 16.0 ml
1.5M Tris-HCl pH 8.8 90.83 g/500ml ddH20 titrate with HCI 10.0 ml
20% SDS 20g/100ml ddH20 0.2 ml
acrylamide/6w-acrylamide 30% / 0.8% w/v 13.2 ml

Total volume -40  ml

4% Stacking Gel (0.125 M  Tris, pH  6.8) (30 ml)
for protein gels

Solution__________________ stock solns_______________________amt required
ddH20
18.3 ml
0.5M Tris-HCl, pH 6.8 30.28g/500ml ddH20, titrate with HCI 7.5 ml
20% SDS 0.15 ml
acrylamide/6/5-acrylamide (30%/0.8% w/v) 4.02 ml

Total volume -30  ml

2 0 X S S C - 1 L

175.3 g
..88.2 g

Add water to 800 ml.
Adjust pH to 7.0 with a few drops IONNaOH.
Add water to 1 L.

N aC l........
NaaCitrate
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T B E - 1 L  (SXsolution)

Tris base......................................................................... 54 g
Boric acid....................................................................... 27.5 g
0.5 M EDTA, pH 8 .0 ................................................... 20 ml

Add water to 1 L.
Working concentration = 0.5X

Transfer buffer fo r  westerns

Tris-Base 6.06 g
glycine 28.8 g
methanol.....................................................................400 ml
water......................................................................... 1400 ml

pH to 8.1-8.4. Add water to 2 L. Store at 4°C.
For a single transfer box you should make 2 litres
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