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ABSTRACT

Tmbamﬂnﬁnﬁwhwnhnmmm:ﬂmm
chiorophyll a/b binding (CAB) proteins was investigated. Microspore-derived (MD) embryos
culiured in the presence of ABA (50 M) rapidly lose chiorophyh and CAB polypeptides.
embryos cullured in the presence of light and ABA (50 ;M) established thet the LMC I
weated MD embryos revesied a diminished level of Cab tranecript in the laler.

Greened MD embryos deprived of light exhibit reduced chiorophyll and CAB
polypeptide levels compared 10 their Buminsted counterparts. However, unitke the ight
Type | Cab transcript within the first & h of light deprivation.




ARhougr e« - s that ABA mediates photosystem disassembly in MD
embryos of & xo-- - ‘equired 10 establish how these events relate 10 canoia
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1.  INTRODUCTION
The term ‘cancla’ is used to describe cultivated varieties of Brassios napus and

grown extensively in Canada (Figure 1) as a source of edible plant olls. The value of the

when the crop is exposed 10 a sub-lethal frost prior 10 the completion of normal seed

through the sirategies of plant biotechnology and genetic engineering (not vough costly
in embryonic degreening be oblained.
cytokining are known 10 aflect the levels of CAB proteine and chiorophyll in other plant
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2. LITERATURE REVIEW

2.1  PHOTOSYNTHESIS

2.1.1  Conversion of energy - electromagnetic 10 chemicel

ARhough a review of photosynthesis is not within the scope of this work, centain
components of the photosynthetic machinery must be identitied 10 faciitate an interpretation
of the green seed problem at the molecular level. Oxygenic photosynthesis in the Plant
Kingdom invoives a complex set of chemical and photochemical reactions that 0ccur within
the chioroplast. mmuwmmmmunm
chioroplast which provides the framework for the organization of molecular players involved
in photon utiitization. Photosystems one and two (PS8! and PSI) are multi-component
Mmmuummmmamwmnm
photon reception by internalized chiorophyll molecuies (Golbeck 1962; Matioo of o/. 1080).
in a chain of redox reactions on the thylakoid membrane, the eleciron(s) is passed in siep-
mwmamummmmuwmm
potentisl energy. Coupied 1o this process is the transiocation of protons acroes the ipid
bilayer into the lumenal space by a large mukti-component membrane assembly termed the
by complex (Anderson 1982). The vectorial movement of protons into the lumen produces
an elecirochemical gradient acroes the thylshold membrane thet is expiolied by yet ancther
chioropiast mulli-subunk complex 10 produce cellular energy in the form of ATP (Ont and
Onborough 1908). Celluler energy and reducing equivalonts generated by photosynthetic
mwunmmwumu
carbohydrate thereby conferring autotrophiem 10 the plant. Alhough al chiorephyll is held
within protein assemblies (Martavell of al. 1979), only a small percent of the pigment is
bound to polypeptides invoived in the photochemical reactions described above. insteed,

4



the vast majority of chiorophyll has 8 more intermediate role In the process of
photosynthesis and is, 88 8 consequence, associated with polypeptides of a distinot nature
(Bennett 1979). These pigment-protein assembiies are discussed next.

The polypeptides with which the bulk of chiorophyll associates are, ike the
pigment-protein complexes are associsted with, but peripheral 10, the reaction centres of PSI
and N. Polypeptides in these complexes are calied the chiorophyll ab binding (CAB)
apoproteins because they bind chiorophyl b in addition 1o chiorophyll 8. ARhough they 100
act as photon receplors, the CAB complexes are not required for core photochemical
light-harvesting complexes (LMCs) or the photosystem antennae (Green of &/. 1991). There
two major polypeptides of molsculer masees 25 10 38 kDa (Green of al 1901). R is worth




do ot permit the identification or characierization of the three LHC Iib component
readily distinguishable from LHC (ib.

include antigenic reistedness (White and Green 1987a), appreciable genstic homology
(Green ot &/. 1991), and analogous trans-bilayer organization (Thomber ef a/. 1903). CAB
proteins are encoded by a nuciear gene family (Bustow ef &/ 1968; Dunsmuir 1985) that
ovoived via duplication and mutation of an ancesiral gene sequence (Green et o/. 1991).
The properties of Cab genes and their products are under investigation by many laboratori
and, consequently, CAB nomencisture has become difficult 1o follow. The confused or
1908; Jansson ot &/. 1902).

responsive 1o light (Apel and Kioppstech 1978; Cuming and Benneit 1981; Tobin 1981) with
generated (Apel and Kioppetech 1978; Cuming and Benneit 1981; Tobin 1981) and by virue
of a ransit sequence the pLHCP is directed 10 the chioroplast and across the envelope in
an energy dependent manner (Grossmen of al. 1980). Processing of the LHC i apoprotein
of $he ransk 90quence leaving behind the mature (lower molsculer Mmess) ight-harvesting




An examination of the transbilayer organization of the LHC Hb polypeptide
m-mmmm.ammmmm.
and three membrane spanning a helices (Burgi of &/. 1987). The above findings have since
been contirmed with the recent elucidation of the three dimensional structure of this
polypeptide by eleciron crystaliography (Kuhibrandt and Wang 1901). in pianta, LHC Hb
exists as & homo-trimer with each subunit binding 15 chiorophyll molecules. From the
analysis, Kuhlbrandt and Wang submit that the primary role of LHC Hb s 10 eficlently pack
photosynthetic pigments into an orientation that oplimizes energy transfer from the
chromophores 10 the reaction centres. The potential for invoivemnent of LHC Hb in the
mummmwwmmmﬂn
WM.hMMMGGMDWMNWM
sssembly (Bennett 1983; Green 1988).

22  PHYTOHORMONES AND PHOTOSYSTEM COMPONENTS

The biological reguiation of LHC Hb apoprotein abundance is a complex prooess thet
is mediated by light, phytohormones, pigment avallability, and the state of tissue
development. Both the cytokinin class of phytohormones and abscisic acid have been
idendiied by our group as potential mediators of the green seed problem in cencie.
MMManmMMGMMﬂ
mmmmmm-umomwummm
Staden of ol 1982; Zoovaart and Cresiman 1988), the implication s justified. Addionally, &
phytohormones (van Siaden of ol. 1982).



22.1 Cytokinine - chioropiast ultrastructure

and extemal cues. A multiude of studies regarding cytokining have repeatedly

organeiiar ultrastructure and on chiorophyll retention during periods of senescence. Over a

Quarnier contury ago, R was demonestrated that application of 8— laminoy (BAP), a

the normal onset of chiorosis and leaf senescence ova of o/. 1968). Hormone!

Remarkably, within § d the accumulation of chiorophyll was noted and by 20 d, stached
Yeoars later, Nallo and coworkers (Nalto of 8. 1981) examined the elect of BAP on

was discovered that tissue response 10 hormone varied with leaf age (development).
in lamellar mambrane destruction and in ioss of chiorophyll.

222 Abecisic asid - ehisrapiast ulirestructure
in 1971 Minsihouser and Van Steveninck studied the effect of exogenous sbecisic



immedistely priof 10 the Waneter 10 darkness explants were exposed 10 ABA, oytokinin or no
88 the organelies had become a mass of globules that were devold of ribosomes. The

of abacisic acid. in these explants, chioroplast starch grain metabolism was conepicuously
membranes showed signs of degeneration for a further § d of light deprivation.
respect 10 thelr interpretation by that organelle. On one hand abecisic acikd promotes a rapid
ulirastruciure and extends the longevily of the organelle.




Trestment of these tissues with protein synthesis inhibliors demonstrated that the promotory
effect of cytokining on pigment acoumulation was nuliified by suppression of cytoplasmic
ribosomes (Fletcher and McCullagh 1971). Shortly thereafter, R was confirmed that
cytokinine enhance the production of 8—aminolevulenic acid (ALA) - a chiorophyll precursor
that is normally imiing in the dark and during the inial stages of llumination (Fletcher of &/,
1973). interpretation of these findings was that the sole stimuiatory effect of cytokinine on
green pigment biosynthesis was a dark induction of the ALA formation system - the inllial
rate Smiing step in chiorophyll production (Fistcher and McCullagh 1971; Fistcher of &/.
1973).

Further analysis established that the reguiation of chiorophydl biosynthesis by
cytokining is more compiex than originally assumed. R was ister recognized that the action
of cytokinin on chiorophy#l production and acoumuiation invoives two separable events (Dei
1962; Low and Touji 1982). The first event is the previously characterized elimination of
pigment-lag by hormonael induction of ALA production. & was demonstrated that & shon
incubation with cytokinin followed by a hormone-iree dark period was suiicient 10 generate
this condiion. The subsequent lumination of tissue treated in this manner rapidly induced
the appearance of chiorophyll from the pool of oytokinin promoted ALA (Lew and Taw
1982). The second, delayed, eflect of Cytokinin on pigment production requires extended
dask inoubation of the tiseue prior 10 Bumingtion. This Weatment resulls in & Masked leng-
form promotion of chiorophyll acoumuistion. At the time of discovery this eflect remained
difficuR 9 explain and was speculatively atiributed 10 a nonselective hormonal inhibilion of
aging (Low and Teujl 1982) or 10 an acosierated steady-siate rate of chiorophyll synthesis
(Del 1902).

Perhaps the resulls of & study conducied by Ford and coworers (1979) adided %
the confusion sumounding the long-temn efiect of cytokining on pigment produclion.



incongrulties with respect 10 the anticipated relstionship between ALA and chiorophyil. First,

greening of young eticlated wheat leaves (Beevers of &/. 1970). In that study, etiolsted leal
reguistor exhibiled & marked prolongation of the inisl lag phase in chiorophyll syrthesis, &
resull in sirict epposiion 10 the eflect of Cytokining on this process.

Sengston and coworkers (1977) resxamined the efect of ABA and oytohinin on

1"



been exposed 10 ABA. These workers demonstirated that ABA treatment prohiblied the
generation of protochiorophylide - a chiorophy precursor that is, ksell, dependent on the
level of endogenous ALA. N, however, exogenous ALA was supplied 10 the ABA treated
tissues, pr wochiorophyllide regeneration was obeerved. Consequently these researchers
Wmmmmmdwmummu
forming system, an event that oocurs outside the chioropiast.

MM“,NMdMNMMMW
germinating embryos of Agrostemma githago was examined (Schmerder of a/. 1978).
Results with this tissue were identical 10 those from the studies on etiolated wheat leaves
discussed above. MMWR‘“MW“hNWMM
Whﬂnmmamanmnmummunm
reguiator (control). MﬂW.MMWW“hbmm
formation. Tissue incubated with 1 ug mL™' BAP produced greater than 150% of the
chiorophyll manutactured in control issue over the same period. BAP at a Concentration
one-thousandih of this was sufticient 10 elevate chiorophyll lovels over that of conirol iseue.
wunmmmm(tnu-')wnm.m.
prohiblled any production of chiorophyll during the subsequent 24 h. Addbionally, ABA ot &
mmuumuwuwnnm
below that of the conivol tissue. The antagonistic roles of ABA and cytokinin were further
WMAMMMMWhMM
reguistors. mwmmnmummm
by the sollary application of abscisic acid (Schmerder of al. 1978).

These three siudies (Beevers of ol 1970; Bengston of ol. 1977; Schmerder of of
1978) clearly demonsirate that abecisic acid cbetructs chiorophy®l accumiation in etislated
(hotorsiraphic) tiseuss. Further 1o this, Back and Richmond (1971) showed that ABA can
oscaiste the rate of chisrophys ises by green (sutotraphic) Sssues. n this study, groon load

12



segments of three 8pecies were removed and ealed with abecisic acid, cytokinin, of &

combinaton of the wo. $enescence was then iNduced in these explants by Nght

deprivation. Analysis of chiorophyf levels reveaied that ABA greatly enhanced pigment loss
Analogous 10 the results documented by Schmerder of /. (1978) regarding the

Richmond (1971) established that i cysokinin is applied 10 tiseue In combination with
sbecisic acid, the rapid ABA-directed oes of chiorophyl is abollshed. Consequently, Back
and Richmond (1971) conchuded that an interpiay among changing endogencus levels of
diverse developmental responees. The coniradiclory foles of abeoisic acid and oytokining in
the preservation and production of chiorophyfl is akin 10 their opposing elects on the
reguistion of chioroplast Uirastruckure.

The 1008000 0oll SUspension culure AG,, |8 an undierentisted tesus thet is unable
10 produce thylshoid membranes and chioraphyl in the abeence of oytolinin regentises of
whether it is Bumineted (Seyer of &/, 1975). In the ight, en0gencus oytokinin inkistes
accumulation of the major ight-harvesting protein of photosystem N (Asios and Peaud-

chers using antibodiss apecilic for the LMC b apapretein, in
combination wih the highly sensiive technigue of radio-imm N
Svon residual lovels of this CAD pretein in oytehin




cultures (Axelos of &/. 1084). in cytokinin treated oslis, however, a strong comelation
between the rale of chiorophyll synthesis and the speciic acoumulation of LHC b was
revesied. Consequently, R was proposed that Cytokining are required 1or the stablitzation of
ﬂMhM“NhMMNMbWMMMhI
block in greening (Axeios of o/. 1984).

Shortly thereater, the way in which cytokining exert control over the LHC b
polypeptide was claried (Teyssendrier de ia Serve of &. 1988). An analysis of in o
mmmmmmmunmmun
WNWMMMWMGNMM
amenna. Addhionally, Northern biot analysis of the cylokinin reated 10bacco suspension
cells demonsirated & ten-fold increase in the CAB MANA over that of controls. As 8 resull,
MNNMMMMMNWUNM-
hervesting apoprotein(s) by amplitying the sieady-state level of the relevant mANA.
MNWGNMMWGNW.
however, remained a predominant question.

The eNlect of exogenous cytokinin on the aquelic plant Lemne gidde (or duciweed
88 & is commonly known) is in keeping with the results obiained with the tobecco oell
suspension system. That is, oytokining similarly increase the steady-state lsvel of LMC
Meesages in this plant (Plores and Tobin 1906). In the study, pholosynihetic (green) L.
ORbe were transterved 10 darkness and grown heterotrophically On & SUCOSe MOGuM.
Under these condiions, the meesage for the major light-harvesting apoprotein is reduced 1
undsteciabie lovels by the seventh day of darkness Bhis species, unihe Mmost plants, dess
not degrade chisraphyll or the CAB apoproteing under these conditions). Afler the extended
dask poried and in the compiste abeence of light, oytolinin was applied 10 the duciweed
oulres. (ncubation under 1heee condiiions for 24 h was suliicient 1o inliste & Mmared
noresse in hybridizablo MANA for the apapreteings). To dutormine whether the gens(s)

14



oncoding the Message was ranscribed more aclively in the presence of cylokinin, nuciel
from the duckweed cullures were isolated and the Unprocessed ranecripts (MRNA) were
examined. The anaiysis demonetrated no levatory effect of the hormone on the hnANA of
for the CAB protein indicating that cytokining do not increase Cab gene transcription.
However, since the hormone eMectively ampiifies the level of CAB MRNA, Fiores and Tobin
(1966) proposed thet cytokinine promote the accumuistion of these ransoripts by enhancing
their cytoplasmic stabilty (a post-tranecriptional event).

The technique of nucisar run-off tranecription measures the extent 10 which a
particular gene is being tranecribed al the time of nuciear isolation. Essentially, the rate of
RNA production from a tranecription unit is measured without regerd 10 MANA processing
or MANA accumulstion. Fiores and Tobin (1888) used this procedure 10 confirm that the
primary eflect of cytokinin on the MANA of the major ight-harvesting apoprotein of derk
grown L. gibba is a post-ranecriptional stabiiization of the cytoplasmic moleculs. Ahough
the hormone had a siight stimulatory impact on the rate of CAB tranecripiion, this eflect was
negligible compared 10 iis post-ranecriptional funclion.

Recaling that green heterotrophic L. gibbe requires no light for oytokinin-mediated
CAB mANA scoumulstion (Piores and Tobin 1906; 1908), the findings of Abdeighani of &/.
(1901), who were working on tobacco cell suspension cullures, are confiicling. For instance,
in the absence of ight, cytokinin treated tobacco cells are unable 10 accumuiste the CAB
Mossage 1o an appreciabie atent. However, Il Buminated 1008000 csll suspensions were
wealod with oytekinin, 1heee ressarchers reporied an etensive acoumuistion of light-
Rharvesting apeprotein ranscripts (Abdeighani of &t 1900).

These apparent incongrullies in the way the mRNA for light-harvesting antennse
reapend © cytehinin may be stirbuvishis to plastid dovelopment. BSecause duchwesd
culres had boen treated with iight prior 1o euperimentation, chisropiast development was
promsted and mainiaingd oven in the abeonce of ight. Cenversely, the Bumingied tsbesse



ool are incapable of the developmental iransition from etioplast 10 chioropiast in the
abeence of oytokinin. [Essentially then, the ranscriptional response of two different
W(WR.W)MMWWMbMNN
state of development has proven 10 be & key acior in hormonal responsiveness.

Amuommummwmmum.
wmmmmmnmammumm
10 sccumuiate LHC b mANA but aiso the relevant CAB protein (Longo of o/. 1990). Unilke
NWM“,NW*“WWM‘NM
w(mmnmmmwmmnmum.
wum,m.mumnnmmumm
Mm-mmmmmmwm
possess eliopiasts. This plastid developmental siate appPears 10 permit one tissue 10
interpret oytokinin difierently than another tissus. These species cOMpParisons (10becco
Suspension culiure, heterotrophic ducioweed culture, and dark-grown walermelon Cotyledon)
cisarly domonetrates that the state of tissus development is of paramount importance 10 Rs
phytchormonal responsivensss.

220 Abscisic scid - chierephyll 8/® binding apepreteins

Whereas cytokining promote the accumulstion of Cab mANAg, abscieic acid s
known 1o negatively regulate the accumulation of these Wanscripts. For instance, the
soybean (Giyae max) Cab 3 gene is tumed off by the growsh reguiator during
SNbryogonesis in this species (Chang and Walling 1801). Expreseion of Cab 3, the mest
mwmum.nmmunwum
@hecisic acid @uring 200d dovelopment. Northem biot analyeis indicated thhat the Csd
MO0sage is af Rs poak lovel during the early stages of 50ybean embryogenseis when the



lovel of endogenous ABA is low. As seed development proceeds, endogencus ABA peaks
and the Cab message begins 1o deciine.

in the same report (Chang and Waliing 1901) the effect of exogenous ABA on
soybean cotyledonary Cab 3 mRNA levels at various stages of embryo development was
examined. Since the aitainment of high endogenous abscisic acid by the soybean embryo
coincides with the deciine of the light-harvesting message, & was hypothesized that the
abundance of this transcript is developmentally coordinated by ABA. To test the premise,
ombryos were removed from the seed coat and the embryonic axis was separated from the
remainder of the embryo. Cotyledons were cullured with a defined photoperiod for 8 d in
the presence of exogenous abscisic acid. During soybean seed development, 38 days afler
flowering (DAF) is the stage at which embryonic Cab mRNA levels are highest and ABA
lovels lowest. Upon compistion of 8 5 d incubstion of 30 DAF cotyledonary explants with 80
MM ABA, no hybridizable Cab tranecripis could be detected in the tiseus.

At 88 DAF, soybean seed development is typically characterized by a peek in the
endogenous ABA conceniration accompanied by the commencement of Cab mANA decline.
Cotyledonary explants at this developmental stage diler rom cotyledons at 35 DA in thet 8
§ d incubation of 50 DAF explants with 50 v ABA diminishes, but dose not elimingle, the
hybridizable Cabd tranecript.

The contradictory action of ABA and cytokining with respect 10 chioroplast
ulvastructure, chiorophy acoumuastion, and Cab ranscript accumulation, three distingt
8apecs of photosystem development, makes this antagoniem a recurrent thems.

17



23.1 OW deposition

esterified 10 glyoerol 10 form triacyiglycerols (TAGs). These neultral ipids are the primary
and Sicbart 1987). The production of TAGs during rapeseed embryogenesis is temporally
reguiated with rapid synthesis and acoumuistion commencing circa 16 10 18 DPA and
persisting for a further 20 10 24 d (Perry and Harwood 1903; T2en of &/. 1963). Depending
on growth condiions of the parent sporophyte, 38 10 45% of the seed weight at maturily wil
be derived from these energy reserves (Johneon-Flanagan ef /. 1091, Stymne and Stobant
1987; Wesslake of &/. 1903).

232 Reguistion of slsssin, cruciierin end REPIN SOCUNY
The production and acoumuistion of clecein proteins is a characteristic embryonic
1903). The cleceins are a group of low moleculer mass alkaline polypeplides that are



during periods of TAG catabolism (Huang 1902). Not uniike the production of the oleosin

oruclierin and nepin - the major seed sorage proteins of this species - is inkisted.
Furthermore, synthesis of theee proteins is unique 1 the embryogenic stage of the canols
We cycle (Crouch and Sussex 1981). In a sirategy similar 10 that of TAG deposition,
oruciierin and napin are accumulsted by the developing seed in anticipstion of germmination.
The stores of carbon and nitrogen within these polypeptides are mobiiized during this

hic period and sre utitzed for growth by the young sporophyte (Crouch and

Suseex 1991).
Mass compiex (300 kDe) which is composed of several polypeplicies within the range of 20
10 30 kDa. Napin, on the other hand, is 8 low moleculsr mass protein consisting of wo
8 with moleculer masees 9 and 4 kDe (Crouch and Sussex 1981). Whils the

laboratory 1o another (compare Crouch and Suseex 1981 with Musphy of &/, 1969), those
concemed do 8gree that these proteing do not sccumulate in the eerly stages of seed

Transcriptional analysis of !hese genes has revealed that the leve! of both cruoliertn
this event is accempanied by & prenounced o n of the polypeptides. I the




Napin accumuiation (Crouch and Bussex 1981). The level of crucierin MANA, 0n the other

reguisted by the phytohormone abscisic acid. Culiure of excised zygotic embryos of 8.
napus In the abeence of ABA, for inetance, results in a drastic deciine in the storage protein
tranecript socumulation approaches that of the normal seed (DeLisle and Crouch 1989) and

embryonic events, 50 100 is the temporal degradation of embryonic chiorophyll. Johneon-

40% seed molsture range (a period normally requiring S 10 6 wi) thers is a direct comelation
between peroent seed moisiure’ and the quantity of embryonic chiorophyll.

Chromatographic analysis of chiorophyl catabolile generation by the developing canols seed
the maturing embryo. As 8 cONSequUence of 1hese events, by the tme the seed Mmatures the

jadged by seed molsture content then & is temperally (DPA).



24 FROST STRESSED SEED DEVELOPMENT

2.4.1 Mestensd embryo development
mmm”mwmmmm“m

weeks, embryogenesis is hastened following a frost and seed maturation (desiocation) is
MM.M«M(WW«J!”!;MW«.&
1962). M.MMMNMNMMMdeM
development, the stress does not adversely allect the germination potential of seed at or
below a moisture content of 0% (Johneon-Fianagan ef o/. 1991). Conversely, lipid and
storage protein synthesis are influenced by frost stress. For instance, not only is TAG fatty
acid elongation and desaturation altered by a frost but 30 100 is the prolonged post-frost
accumuiation of the seed storage proteins (Johneon-Flanagan of /. 1901). R should be
mm.nnammum(muammmn
mammw)mnmmmmamumm
the siress. This post-siress synthesis permits a significant acoumulation of these
polypeptides prior 10 seed desiccation (Johnson-Fianagan ef al. 1901).

24.2 kmproper retention ef embryenic chisrophyll

m.nmmummmnm
desiccation and seed maturation (Johneon-Flanagan ef ol 1902) internupts the typical
mumwmmmcmmmumwn
degreen (Johnson-Fianagan et &l. 1900). Early roet is the primary factor reaponeible for the
@oneration of green cancia seed, and henoe green ol, in Canads. Because sarly ost is
mmhummunmmuwhmmu
potential for green seed produciion in theee arees is genuine.



by acting as a catalyst poison (Abrsham and deMan 1986), 2) generates "ol tastes” and ol
rancidity by supporiing photooxidation reactions (Dahlen 1973; Usuki of &/, 1984a) and 3)
contamination (Usuki of a/. 1984b).

landill space. Furthermore, this method of chiorophyll removal is wastehul and ineflicient
allowabis level set by the Canadien Grain Commission. Because this condiion is expecied
schemes have achieved rather modest uccessss on smell scale rials (Dicsady 1991, Singh
however, is expected 10 be 100 high 10 allow their implem




28 MICROSPORE-DERIVED EMBRYO CULTURE

2.8.1 Ratiensie fer expilokietion ¢f embrye euliure

model 10 study the effect of phytohormones on the changes in embryonic photosystem
reasons. m.lumwuml.muommmnm
Merally hundreds o thousands of individual embryos within the space of a conv tional petri
donor plants.

Second, unitke seed development, MD emryogenesis ocours independently of the
Sutonomy is panicularly important 10 the work reported herein because responsivenses of
this tissue 10 phytohormones is examined.

MlhdthhmﬁﬁnMEm
wmuummumhmmm
s, now flowers are continually iniated and, as a consequence, seed development is
Soyncivonous. N seed embryo development were 10 be properly moniiored, the task of
MM~M’Mhmhm“ﬂmmﬂhﬁ
mumdmmmhmoﬁmi:ﬁm
(ehnson-Flanagan and Singh 1903). Consequently, an accurste assessment of cancle




asynchronous embryogeny s not circumwented by the cullure of MD embryos,
the besis of morphology (size) by passing the cullure through fiers with diminishing pore
diameters.

Regardiess of the potential advantages of the MD system, I the moleculer and

R is the purpose of the following section 10 examine the lsghimacy of MD embryo culture as

262 Ol biosynihesis - MD embry
Pomeroy and coworkers (1991) noted that MD embryos are much lerger than thelr Zygotic
1901). In the sams study, R was noted that during 8. napus 500d development there is 8
Por instance, seed of the high encic acld (22:1) culiiver Reston inkislly containg & pavelly of




cotyledonary $1age and proceeding through 10 the very iaf My $lage of embryo

h 0p0r0-derived embryos of this cultivar accurately mimic this temporal
patiern of 22:1 acoumuistion as they begin and compiete erucic acid synthesis at
embryogenesis. Likewise, Pomeroy and coworkers (1901) reported that MD embryos of
coworkers (1901), for instance, reponed that during TAG deposkion in the Reston cultiver of
8. napus embryonic acylation enzymes exciusively insernt erucic acid at giyoerol poshions an
1andan3. Liewise, these researchers report the identical stereoep
patiern of 22:1 into the giyosrol backbone of TAGs from micn
Reston.

ved embryos of

10 synthesize very long chain fally acids (VLCFAS) and 10 incomporate these units inte the
Wisoyigiycerol storage reserve. On a percent acyl lipid basis, & was reported that MD
ombryo homogenates elongale oleic acld (10:1 10 20:1 and 22:1) and incomporss




Dlacyigiyoerol acyiransfersse (DGAT - (£.C. 2.3.1.20}) is the enzyme which
catalyses the scylation of sn 1,2-dlacyigiyoerol 10 form TAG. The speciiic activity of this
oNZyme was determined throughout development in the seed and MD embryo tissues of 8.
napus (Weselake ot /. 1003). In this developmental analysis, R was revealed that the
tormporal appearance and activity of this enzyme is similer in both tissues. ARhough the
trend is not as prominent during MD embryogenesis, DGAT activily increases in the eerly
slages of development, peaks during rapid TAG accumuistion and then declines as TAG
acoumulation piateaus (Weselake of . 1083).

mmmmmmummmm.
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(Taylor ot . 1”').3)”%““&“““““0“““
ot &l. 1982), and 4) the temporal reguistion of DGAT activity (Weselske of &/ 1983). The
mmmmmnmmmmam
conciusion among these researchers - MO embryo cullure is an exceliont system for the
investigation of lipid enzymology and ipid biosyrihetic pathweys during seed dovelopment.

2853 Reguistion of emirysnic preteing - MD embryegensels
mmuwummmwmu
of direct interest 10 the validity of this cullure sysiem as & potentially ueshsl 90ed
dovelapmental model. twumqtmmmnmm
(1 OPA) and torpede-stage MD (21 @ culture) embryos of B. napus ov. Tepas are doveld of
doteciable quantiiss of napin and cnclierin MANA. ¥, however, eliher embiryo Oypo is
ulred with 10 ni ABA for 8 perind of 48 h, they both ewhibl & marked acoumiation of
000 5000-0peciiic ranscripts (Tayler of ol 1900). The premetion of Rapin and crsclienn
anecript sccumuiation in sygotic and MO emiryes of this specios by abscisic asid has



8ince been confirmed by Wilen and coworkers (1901). Similarly, these researchers
demonetrated that transoription of the oruoliern and nepin genes is induced by the plent
ke conventionsl seed development, there is & femporal acoumulation of the cleosin proteins
during MD embryogenesis, this accumulaiion is posiively reguisied by ABA, and suboeiuler
iractionation confirms that thees proteing are appropristely located in the olibody Fraction
(Molbrook ot. al. 1901). The precise emulation of Tygolic embryogenesis by embryos of
microspore derivation further lusirates thelr validity as & potentiel model for the study of
s00d development.

A number of proposais have been put forth in an stlempt 10 explain the abnormel
retention of chiorophyll by frost siressed cancia seed. These postulstions are discuseed, in
fumn, below.

immaturlly.
o




(@ 96t of s00d-speciic genes that are normally induced 1oward the tall end of
ombryogenesis) is rapidly activated following & sublethel frost. Successtul inliation of this
otherwise late embryogenic event is in direct opposition 10 the proposal that irost leaves the
000d green by arresling subsequent development.

W.MRMNNMMGLMMWMh
ftemporally improper with respect 10 the time ine of typical seed development, induction of
mmmmmmm»mmmm
regand 10 s00d moisiure content (Johnson-Flanagan of a. 1962). The main conclusions of
MMMM')“MWEMMMWU!M
moisture rather than temporally and 2) rost siress does not cbetruct candia $00d Maturation
ummnmmuummau
1982).

282 Qorminstive ove
mm,mnwumnummw.m
that the abnormal retention of embryonic pigment cocurs because the cancls seed
Wisintomrets the Frost siress 28 & germinative cus (Johneon-Planagen of &'. 1901). This
propossl dictates that the 500d remaing green, not because & is IMmature Bit, because the
MdMMbM”Mﬂhmwhm
shik %0 photosynthesis. Seemingly contrary 19 the hypethesis is that fvost siressed seed i
"ot sbeerved 0 precociously germinate. This discrepancy can be resoived, hewever, by
mummmmuummnmm
(Johnson-Planagen of &l 1901).
wm.lummuummmmd
ombryonic chisrphyll (Johnoon-Planagan of al. 1004) but does net stimulste Mmalocater
mnunmmwnmmau



allowing the heterorophic embryo 10 synthesize complex carbohydrates from stored
wiscyigioerols. The oneet of this hetercirophic phase is marked by the substantial
ranscripiion of iscolirate lyase - & key engyms in the giyoxyiate biosynthetic pathway

Aside of greatly acosleraling seed desiccation and maturation, then, i is evident thet
out siress does not invoke & major shik in seed development. Theretore, i is conoeivable
that frost may promote green seed by speciioally impairing ensymasic reactions iwolved in
#he degradation of embryonic chiorophyll. ABhough Shere is evidence for muliple, species-
1907), the mecheniom of the Process is o0 peory charcierized thal & has recensly been
reforred 10 as & biokagiosl enigma (Hendry of al. 1987). Nevertheless, the programmed’
catabollem of embryonic chiorephyll is of divect intereet © s project.
characteriaed by chiorophyll degradation, embryonic degreening is 8 phenomensn that s
thorwies quite wvelsied 1 hat of sensecence. Deaphe the dssimlarty betwoen these
oventa, Syisheld perenidase and chisrepiyinse, enzymes presumed to catabeline
ShisrapiyB Guring 50n0ecence, have Deen identiied as petential medialen of plgmont




in their study of the thylakoid peroxidase (1990a), an enzyme known to calalyze the
oxidetive destruction of chivrophyll (Hult 1982), Johneon-Flane
g ,,’,’,;i,;;’,hmmmhmmmmm
chiorophyll levels are high. As seed development progresses, however, R was revealed that
normally rapidly degraded. Finally, as the seed approaches full maturity, chioropiwll is fully
ostabolized and the aclivity of the thylekoid peroxidese is dimi 0 NAQRS

19000). wmnnmmmhnmmmm
peronidase activity for the first 24 h period following oet. This set beck is Minor, however,
mnﬂmmmmmﬁﬁﬂmﬂ

lsnagen and MoLachian 1900a).

Not uniie the thylahold peroxidase, the actiivity of chiorophyliase, the enzyme which
mnmcmmmmdgmhmﬁh

and Molachian 19000). mmﬂmm-ﬁnm
Mﬂmm W conirast to ylaheld paronidase, however,
e aclivlly of phylince is not adversely aflected by out sirees. Purthormere, 3 ¢ ¢




following the stress, chiorophylisse actvily is neerly three-fokd grester than X is in Uneiressed
chiorophyliase, thus explaining ks elevated post-stress activity (Johneon-Fianagen and

The induction of green seed by frost, then, cannot simply be atiributed 10 &
dieruption of enzymaiic pigment catabollsm. ARhough peroxidese sciivity in cancia seed is
inkially represeed by the siress, this activity recovers shortly afterward. Moreover,
ohiorophyliase synthesis and activity is not adversely sitected by irost but is, rather,

¥ the cumulstive knowledge regerding green seed is taken into consideration, X is
germination (1he shilt 10 autobrophic development), and does not eiectively impalir the
suspected paths of pigment ostaboliem. What remains disturbingly unciear is how Wost does
speciiic developmentsl stages, 10 renew synihesis of chiorophy! (Johneon-Flanagan ef &/
imnnm-ﬁmmmmm:glm)m
Provide a ciue. I is cumently presumed, by these reseerchers, that the inappropriste
sccumulation of chiorophy® In the sireesed seed arises om & devek
induction or stabiization of photosystem chioraphyl-proteins w
8 found in oivict asescistion with chiorephy® binding preteins (Mastevel of . 1979; Thamber




in the tissues of frost siressed cancia seed (Johneon-Flanagen of o/. 1904). N is not
mmmmmmmmum-nm
retention and/or acoumulation of pigment in the seed following a frost.



3.  MATERIALS AND METHODS

31 PLANT MATENIAL

Plant material used in the present study was Brassios napus L. ov. Topes. Topes
was chosen for its ability 10 yield large numbers of microepore embryos by the methods
ouliined in the following section. Donor plants were cullivated 2 per pot in Peat—Lite Comell
Mix st a temperature regime of 20°C/15°C (daynight) untl boRing ocourred st which time
plants were grown at a temperature regime of 10°C/7°C (daynight). Cotyledon, leef, and
seed samples were harvestied from donor plants that had been culivated 2 per pot in the
soll mixture described above. Plants were cultivated in environmental growth chambers
under a 16 h photoperiod with a minimum iradiance of 400 umol ms™" at a temperature
regime of 20°C/15°C (daynight). Numination was provided by a combination of 40 W
incandescent bulbs and 215 W very high output (VHO) cool white fuorescent tubes (2:1
ratio). Plants were fertiiized once & week with a compiste, instant soluble, 20:20:20 (N:P:X)
fortiizer applied at & concentration of 200 mg L™ (200-300 mL per application) using a
Cameron buchet syphon injector.

32 MICROSPORS-DEANVED EMBAYOS

&2.7 MD embvye produstion
mmummuwmmwu

muumnmmmm-umnma

32% Porcell cushion was dsisted. Microspores were inlislly cultured in modilied Lichier

Wodhum (Lichter 1908; O of &l 1900) containing 13% sucrese (NLN-13%). The celiuler

Suapensions were incubated at 32°C in hhe dask 1o 4 ¢ 19 induce embryogeneeis after which



the cullures were transferred 10 26°C with rotary agitation (80 rpm). The durstion of this
period of embryo growth at 25°C varied depending on the experiment (see below).

loR under the previous conditions of cullure (negative conrols) for a further S d or, greened
by subjecting the culure 10 § d of conlinuous kradiance st 30 10 35 umol m~'s™" provided by
(80 rpm). An outtine of the manipulations is provided in Figure 2.



Figure 2. Culture of 8. napus MD embryos used in the analysis of greening. Embryos
the embryos were greened by transler 1o continuous Bumination of 30 10 35 umol s
(day 0). Tiesue harvest was inkisted on day 0 and continued unti day §.



DAYS

36



3.2.3 Pholcsysiem dissssembly - MD embryo degreening

¥ the influence of phytohormones on degreening was studied, greening of the MD
ombryos was iniliated 14 d following microspore isolstion. A compiete exchange of medis,
in addition 1o the seilective retention of a cullure composed essentially of one morphological
stage (early to mid-cotyledonary embryos) was simuansously sccomplished by screening
the cullure through sterlle polyester mesh with a pore diamseter of 530 um (PeCap, Tetko
Ssepiically iransferred 10 fresh NLN—13% and greened over a 5 d period by exposure 10
continuous Mumination of inlensity 80 10 100 umol m™*s™". Mumination was provided by
fluorescent fubes with long wavelength supplementation (Syivania 40 W 000l white wubes in
8 0Ne 10 ONe ratio with Syivania 34 W warm white fubes - GTE, Drummondville, Que). At
the end of the greening period cultures were 19 d old.

ARer the § d greening period, developmentally delayed embryos were agein
Fitrate embryos (mid-cotyledonary stage) were asepiically subouliured into fresh NLN media
Wilh 2 Sucrose content of 20% (NLN—20%) containing either 1) no growth regulator, 2) ABA’
& & concentration of 80 uu or, 3) BAP at a concentration of S WM. Both the sbecisic acid
wwunwmnummmnmuﬁm
ool culture tested’, and cbtained through Sigma Chemical Company (8t. Louls, MO).

MdnmwmdhmmMWNMﬁﬁ
munmmuwm,n—mmn‘r’um
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with rotary agliation. The duration of embryo cullure under these condilions and al

’ IM“*“““‘“Q“M“W
contont of greonsd MD embryes of 8. napus ov. Tepas cultured in NLIN-13% has boen
Provisusly decumented (Jehmeon-Mlanagan and Singh 10093).



. ummmmmuﬁmm
reatment, and MD embryo degreening are presented in Figure 3.




Pigure 3. Culture of 8. napus MD embryos used in the analysis of degreening.
Conditions of growth are indicated on the uppermost e 81d those Points COOKNINEIe With
the time-ine below: (a), point of microapore isolation (day -19 on the time-ine); (), point of
media enchange (NLN-13% 0 fresh NLN—13%) and ransler of all cullures 10 continuous
Sumination of 80 1o 100 umol m~*s™' (day -8); (0), point of embryo iraneler 10 NLN-20%
(%o a final concentration of 50 uM), BAP (1o & final concentration of § uM), or No growth
reguiator (controls). Tissue harvest was inllisted on day 0 (immed prior to the addition
of growth reguistors) and continued for a period no longer than day 13.
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MD embryo greening experiment coourred with the onest of lumination, 23 d afler
Dark grown cullures (negetive controls) were harvested under green ight’. Dey 0 of the MD
embryo degreening experiment occurred following the greening period, 19 d after the

MO embryos were harvested over nylon fabric, rinsed with distilied H,0 10 remove
Quaniiiation were iyophized (ueually 24-48 N in the absence of ight and the dry Mmasess
roerded. These sampise were stored at —20°C over & desicoant unill pertioviar anelyees




34 COMBINED CHLOROPHYLL EXTRACTION AND PROTEIN PRECIPITATION

&4.7 Chisraphyll exiraction and detorminetion of senseniration

Al operstions pertaining 10 80urce iseues collscied 107 the extraction of chiorophylt
and simultaneous precipitation of polypeplides by aceione were conducied either under the
Slumingtion provided by a dim green light or in the absence of light. Lyophilized tissue was
homogenized in the presence of 80% acstone (wv) in a § mi conical glass tiseue grinder
(Belco Giass, Inc., Vineland, NJ). Grinding was performed within a dry ice/acetions beth.
Following homogenization, samples were quantitatively fransferred 10 18 mi capaolily high-
8poed Corex brand giase centrifuge tubes (Fisher Scientilic, Oltawa, Ont.) and leRt at —20°C
for 18 min. Samples were centrifuged at 10,0009 for 15 min in a high speed relrigerated ~
oentriluge maintained at a temperature o —15°C. The soivent (containing exiracied
pigments) was gently aepirated from the pelist with a pasteur pipetie, ransierred 10 & 14 mi
capacily Faicon 2060 polypropylens tube (Fisher Scisntilic, Otawa, Ont.), capped, and
stored on ice. The pelist was agein extracted with 80% acetone (Wv) for 18 min at —20°C
and ceniriluged as above. The solvent was aspirated and combined with the previous
axiraction. The final extraction was performed with 100% acetons for 15 min at —20°C and
conirifugation was caried out as above. The 100% aceions was 2epiraied away iom the
polist and combined with the two previous extracts. Distiled H,0 wes added © the
combined pigment euiracts 1 bring the final concentration ef 208ioNe 10 S0% (Wv).

Because the presence of co-extracted siorage-iipids wes & major cbetacle 10 the
accurate detenmination of chisropiyll concentsation by specirephstometry fight scatier), the
Plgment eudract was subjected 10 contrilugation (3.000g for 10 min at reom tompeaiure) 10
oloar e solvion. Abssrdances of euiracts were reconded at 608 am and 640 Am and
ohisraphyl Concenirations were fessived 2000rding 19 the oquations Geecrbed by Vemen
(1900).



The pelist remaining afler pigment sxtraction was dried of residual acstone with &

siream of nitrogen gas in a water bath maintained at 60°C". The acstone-precipliable

mL) of SDS reducing buler (10% giyosrol (vv), 8% 2—$—mercapiosthanol (vv), 2% SD8

shurry for 15 min at 96°C with occasional vigorous mixing. The solubiized proteins were

remainder of the sample was immediately frozen in liquid nitrogen and stored st —20°C uniil
MmWMhﬁmﬂm(immm

following micro-centrilugation at 10,0009 for 10 min. Pelists were then dissoived in an
appropriste velume (100 19 200 L) of 0.1 ¥ NeOM and this solstion was subjecied 1 the

ﬂmﬂm_mﬂﬂjmﬂﬁ!ﬁl
Sepasating gols prosented in this repent are one of twe longthe, 10om or Tom. The feamer
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‘Protesn xi' ool (Bio—Rad Laboratories, Hercules, CA) at 9 mA/gel (constant current). The
ialier were 15% acrylamide gels run on the Hosler ‘SE 250 - Mighty Smait i cell (San
Francisco, CA) at 100 V (constant vollage). Gels not imended for Western biot anelysis
were stained ovemight in 0.1% (wA) Coomassie biue R—250 in fixative (40% methenol, 10%
glacial acelic acid) and destained by diNusion in fixative (Sh).

Gels for Westem biot analysis were elscirophoretically transferred onto nivoceluioes
mombrane (BA~8 83 - 0.2 um pore, Schisicher and Schuell, Keene, NH) in a carbonate
Sutier of composiion: 10 MM NaHCO,. 3 mM Na,CO,, pH 9.9 in 20% methano! (Dunn
1908). mw-nnmmnmmuuvmw)mau
or, &t 40 V (constant voltage) for 4 h in a Hoeler biotting oell (Model TE 80, San Francisco,
CA) equipped with a glass cooling coll. The temperature of the carbonate iransfer bulier, in
both cases, was maintained below 28°C by running cold waler through the glsss coll.

Upon compietion of tranefer, biots were incubeted ovemight with blocker (3%, W,
Telsostean gelatin - from cold waler fish skin - Sigma Chemicsl Company, 8t. Leuis, MO in
PBS (1.37 M NaCl, 27 mm KCL, 81 m Na,HPO,. 16 M IG4,P0,. pH 7.4)) and wanslemed
10 antiserum (1/300 diation) in blocking solution for 1h. Biots were washed ¥wee times, for
10 min each, in PBS containing 0.08% (wv) Tween—20 feliowed by one 10 min wash with
mnmuummmmmoum
secondery sntibody (Sigma Chemical Company, S1t. Louls, MO) in blocking sosion.
MW*“MWM.MM“WM
imes, for 10 min each, in PBS containing 0.00% (wv) Tween—£0 feliowed by ene 10 min
wash with PBS and one 10 min wash with 50 mas TRIS-HCI, pi 8.0. Artigenic
polypeptides were enzymatically decorated wih 0.1% (W) disodium napthe! AS—-MX
phosphate and 0.2% (w'v) fast red TR sak (oth rem Sigme Chomical Company, 8t. Lauis,
MO) in TRIS-HCL, pH 0.0 as doscribed by While and Green (1987).



The antibodies a—CPla and a—CPil were the generous git of Dr. Beverly R. Green
(Dspanment of Botany, University of British Columbia, Vancouver, BC). The a—CPla
antbody was raised against purified CPia, 8 compilex of the reaction centre (CP1) and the
CAB antenna (LHCI) of P8I, from barley (White and Green 1967a). This antibody
recognizes the four chicrophyll ad binding proteins of P8I (21-24 kDa on these denaturing
gels) and two of the chiorophyll b binding proteins, LHC lia and LHC Iib, of P8Il (White
and Green 1087a).

The a—CPil antibody was raised against CPH (a form of LHC 1ib that does not
include the minor 2§ kDa polypeptide of thet CAB complex) from berley. This antibody
recognizes both the major and minor polypeptides (27 kDa and 25 kDa respeciively) of LHC
Hb but does not react with polypeptides of LHC | (White and Green 1987D).

38 NORTHERN BLOT ANALYSIS

381 ANA extraction and guantiietion

A modilied method described by Natesan of al. (1900) was employed for the
exiraclion of total colhuler ANA from the source issus. A § mi conical glass tlesue
homogenizer (Beico Gilass, inc.) wes used 1© homogenize frozen source tissus in §8°C
phenol saturated with 1 M TRIS—C1, pH 8.0 (3 mL per gram source tissus). The
homogenate was cooled rapidly by placing the homogenizer into a dry los/acstons bath for 2
0 3 ¢ intorvals with mixing. Care wes taken 10 avoid freesing the homogenate. Onoe cold,
the sample was placed on ioe, followed by additionsl grinding (30 s) In an equal vohume of
0.2 % NaAc pi 5.2 and ono—shith velume of 10% SOS. The homogenate was iranslenred
1 sterlie 14 mi. Faloon 2080 round botiom polypropylens contriluge hubes (Becten
Olchingen & Company. Lincein Park, NJ) and incubated at 68°C for § min with ecossiens!



mixing. immediately following the incubation, sampies were centrifuged at 3,0009 for 5 min
8 4°C, and the aquecus phase was iransterred 10 & clean Faloon polypropyiens ube on ice.
An equal volume of ios cold chiorolomm:isoamy! alcohol (24:1, vAV) was added with vigorous
mixing followed Dy centrifugation as described above. The aquecus phase was Wanslermed
10 & fresh Failoon polypropylens tube and the chioroform:isoamy! sicohol extraciion repeated.
ANer centrifugation the aquecus phase was again ransferred 10 a clean Faloon
polypropylene fube and total celiuier ANA was precipitated ovemight st —20°C in the
presence of one—sixth volume of DEPC treated 6 M LICI and two and one halt volumes of
$3% ethanol. Precipitated ANA was pefleted by centrifugation at 12,0009 for 20 min at 4°C
and washed with cold 70% ethanol 10 remove salis. The dried samples were dissoived in a
sultable volume of DEPC treated sierile waler and, according 10 Maniatis of &/. (1962), the
concentration of ANA was determined by the absorbance at 260 nm.

3.6.2 RANA slectrepheresis and photegraphy

A volume of solution comesponding 10 150 ug of total coliular ANA wes transferred
10 & sterlle 2.0 mL screw cap microluge tube (Fisher Scientific, Oitawa, Ont.) and
yophiized. The sampie was prepared for elscirophoresis by dissolving the pelist in
formaidehyde ANA sampile bulier (3% (wv) deionized formamide, 11% (wv) 10X MOPS,
17% (wv) formeidehyds®, 7% (w'v) glycerol, and 0.0% (w) bromophenol biue in DEPC
treated sterile H,0) and heating at 05°C for 18 min (Foumey of &/. 1988). Denatured
sampies were slecirophoresed at 100 V (constant voRtage) 1or 2 h at room temperature in 8
donglhuring 1.2% ageroes-lonmaidehyde gel (Foumey of &/ 1988). ANA was photographed
following the elsciraphoresis on a short wave iransiluminator using an crange filer and
Polasoid hpe 008 PN fim.

¢ Velume pertaining to 37% (w/v) formaidehyde.



8.3 Tranefer and erecsiinking of RNA
Following photography, gels and Zeta—Probe nylon membranes (Bio—Rad

Laboratories, Heroules, CA) were prepared for ransfer by soaking in autociaved 10X 88C
(1.5 M NaCl, 178 mm NaCR) for 10 min. ANA was ransferred 10 the membrane over a 24 h
mmoxncnwmm-umbymmuuum)mm.
pONnge was not empioyed 10 enhance the capliiary action. Translermed ANA was fixed 0
the damp (10X S8C) membrane by a 2 min exposure (RNA-side up) 10 an overnead short
wave ulira-violet iight s0urce coneisting of two 40 om, 18 W, UV—C fiuorescent tubes
(Xymotech, Mt. Royal, Que) with a maximum output st 254 nm. The distance between the
membrane and the energy source was 30 om.

3.5.4 Probe preparstion and hybridizstion

A ull length (887 bp) Braseice napus cONA clone representing the LHC N Type |
Cab gene of PSN (White of a. 19020) was kindly provided by Or. Jas Singh (Plant Research
Contre, Agricuiure Canada, Ottawa, Ont) in Esaherichis coff strain MV 1183 on &
recombinant plasmid (PGEM 4Z). The bacterium was grown 10 saluration on LB media
supplemented with ampioliin (100 ug mL™") and the plssmid isolated according o the
alkaiing iysis method of Maniatis of &/ (1962). The plesmid wes disscived in TE pH 8.0 and
mutnnm.wnmnmmmmmmmy

TNMUQW‘OM‘.WQW‘I“M“
slocrophoresed in & 1.2% agarces gel. The 857 bp Cab cONA fragment was encised from
uuuwmmm.muuwmtogm,uu
CA). The purified fragment was labetied 15 high GEBNINC activily wih [e-"P)CTP
mmmynmmmmumm; Upon
complstion of the labeling reaction, unincerperated desxynucioctides were removed frem
~~~~MMMMM~M~
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TE buter pH 8.0 (Manistis of &/. 1062).

plastic bags. mion was conducted o 1 h in & solution consisting of 50%
formamide, 0.28 M NaHPO, pH 7.2, 0.28 M NaCl, 7% (wv) SDS, and 1 mm EDTA at 43°C
&ccording 1 the Zeta—Probe manual (Blo—Rad Laboratories, inc.). Mybridization was
m“amnah:ﬁhnmanmmm
hybridization, the membranes were rinsed brisfly in 2X 8SC and washed for 16 min at 22°C
in 2X $8C/0.1% 808 followed by ancther 15 min wash at 22°C in 0.5X $SC/0.1% SOS.
membranes were autoradiographed with Fuji RX medical X—ray fim for 2 10 3 h st —80°C in




4. RESULTS

Continual irradiance of 23 d old etiolated MD embryos resulted in a Sime-dependent
scoumulstion of CAB polypeptides from both photosystems (Figure 4). Accumuistion of LHC
b was examined with two antibodies, a—CPla (Figure 4A) and a—CPYi (Figure 48), both of
which demoneirate identical patiems of accumulation for that PSN CAB protein. The
acoumuistion frends of the light-harvesting antenna of P8I (LHC 1) and LHC Na were
consistent with the trend exhiblited by LHC Wb (Figure 4A, B). CAB polypepiides were
missing from MO embryos cultured in the absence of ight (Fig 4A, B).




Pigure 4. Wesiom biot analysis of the light-dependent accumulstion of CAB
polypeptides by greening MD embryos of 8. napus. Twenty-three d old dark grown embryos
maintained in NLN—13% were cullured for a further § d in the absence of ight (@) o, under
constant Bumination (O) of 30 10 38 umol m™s™'. Total embryonic protein was separated
by SD8~PAGE on 7.5 10 12% linear acrylamide gradients, ransferred 10 niroceliuiose,
probed with a—CPia or a—CPH, and antigenic polypepiides detecied with 2° antibody
conjugated 1o aikaline phosphatase. A, 60 g total protein loaded per lene - biot probed
with a-CPla. B, 30 ug total prosein loaded per lane - biot probed with a—CPH. Days of
harvest, and the location and identity of CAB polypepiides are indicated.
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the MD embryos than in the cot) ons or leaves (Figure S - compare signal intensity of
lanes a-c).




Figure 8. A tissue comparison of CAB polypeplides rom leaf, cotyledon and MD
embryos of 5. napus - Westem biot analysis. Total acetone-precipiiable protein wae
separated by SDS—PAGE on a 12% acrylamide gel, ransferred 10 niroceliuioss, probed
with a—CPla, and antigenic polypepiides detected with 2* antibody conjugated 10 alkaling
phosphatase. CAB polypeplide abundance wes anslyzed by equel loading on the basls of
total chioraphyll (2.5 g ol per lane). Lanes are as foliows, (), Cotyledon - § DAP; (),
loat; (5). 19 @ old greened MD embryos culiured under constant ilumination (80- 100 pmol
i 's™') for § ¢ in NLN-20%.






13 d period of investigation (Figure GA). The decline of the photosysiem components was
ombryos was skin 10 that of Buminated control embryos that had aged & further 10 d
of ight, on or belore day 11 (Figure 6C - lane 6).

o abeonce of plant growth regadaters (ABA or BAP) ang with or without Iumination
rovesiod conaploveue @lerences in pelypeptide compesihion (Pigures § and 9). Embryes
=




ouliured under continuous lumination with absoisic acid (Pigure 08) inlisted an extensive
time-dependent sccumulation of specific polypeplides. Novel polypeptides with apparent
molecular masses 32, 29 10 26.5, and 20 kDa were detectable within the first 24 h of ABA
trestment. Mmamummmuuumm
beginning on or about day 3. The largest of the three polypepiides had an apperent
moleculer mass of 24 kDa while the other two resoived directly above and below the 6.5
mmmmmummmuwmm
these gels). in contrast, embryos cultured under continuous umination (Figure 8A), in the
mum(mlc)u.mmmumwumam«m
8D), did not accumuiate these polypeplides 10 8 comparable extent.

mutoawmwmmmmmw
WMMMMMNWWMWM
Masses in the 17 10 20 kDe rangs (Figure A - polypeptides marked with closed
amowheeds). mmwmmtmmmwuyt
MMM.MMMMMWU‘NMGNOJ
mwmmu-mwmmmm. This faint
band also migrated with a prominent polypeptide in the mature 300d (Figure SA - lane 1).
Conversely, 19 d old MD embryos culiured under continuous Blumingtion with BAP inkiste
produciion of only one of the wo polypeptides in the 17 10 20 kDa range (Figure 98 -
MWﬂlMWMUWMM
in the abeence of this growth regulator. Moreover, the polypepilide that migrates in the
vicinlly of the 6.5 kDe stendard mesher in Blumingied MD embryos was mashedly diminished
hW”MMM“?CmdMMO-
posiion indicated by an epen ameowheed).



4.3.3 Chisraphyll ansiysis
Among 19 d oid greened MD embryoe cultured in NLN—20% and the dark, the

chiorophyll content (based on dry weight) was not altected by ABA or BAP tresiments. in
Other words, in the absence of liumination degreening was not influenced by chemical
(Figure 10). However, among luminated 19 d old MD embryos cultured in NLN-20%,
chioraphyll content varied signiiicantly between all treatments (ABA, BAP and control).
Embryos inocubated in BAP possessed 24% lsss chiorophyll than lluminaied control tiseue
whils embryos incubated in ABA possessed 52% less ohiorophy!l than luminsted control
ombryos (Figure 10). With regard 10 all freatiments, liuminated control embryos exhibied
the greatest quentity of chiorophyll whereas illuminated embryos culliured in media
supplemented with ABA exhibiled the lsast quantily of chiorophyll (Figure 10).

Muminated control tissue had 33% more chiorophyfl than tissue cultured in the dark.
However, the converse is true of MD embryos reated with ABA. in the light these embryos
dispiayed signiicantly less chiorophyll (25%) on a dry weight basis than they did when
oullured in the dark (Figure 10). Comparison of BAP reated embryos demonsirated no
significant diference in chiorophyll content among Buminated and ight deprived tissue
Figure 10).

Finally, the chiorophyll content of MD embryo tissuss declined inserly (p < 0.08, ¢ «
0.98) over the period of analysis (days 1.2.3.5, and 7) and the rate of pigment les was the
same (siope = —80 ng chiorophyll (mg dry wi)™ @) regardisss of the presence/abesnce of
Ught or the treatment (ABA, BAP or contvol).



4.3.4 Nerthern biot anelysis

Northemn biot analysis of total RNA from 19 d old greened MD embryos oultured
under continuous Mumination demoneirated that the level of hybridizable Cab transcript’
moderstely increased from day O 10 day 2. ANer this time, the level of raneoript gradually
mmmsmmmmnmumnuynm
11A). In comparieon, 19 d old green MD embryos incubated with abscisic acid under
continuous umination exhibied & level of hybridizable Cabd ranscript that was reduced %o
barely detectable levels within 6 h and did not recover within the period of analysis (Figure
t.u)

in contrast, 19 d oid greened MD embryos cultured in the absence of ight inkisted &
massive accumuiation of Cad tranecript prior 10 day 1 that procesded through the period of
analysis (Figure 11C). W, however, the culiure medium was supplemented with abecieic acid
and embryos were culiured in the absence of light, the dark-induced increase in horidizable
Cab transcript was eliminated (Figure 110). Instead, Shvoughout the anaiysis, the ransoript
was maintained at & level well below that of Numinated control embryos (compare Figure
11A with Figure 11D).

Troatment of 19 d okt greened MO embryos with BAP under continuous llumination
(Figure 128) reduced the level of hybridizable Cab tranecript below that of Muminated
control embrycs (Figure 12A). The depression of Cab ranscript by BAP was apperent
within 6 h and by day $ the ranecript was no longer detectable (Figure 128).

7 Unioss otherwise stated, ‘Tab ranscrigt’ reters 1o the LHC I type | ransoript.
.



daskness on the level of CAB polypepiides from degreening MD embryos of 8. napus.
Ninsteon d old greensd embryos were cullured over 8 13 d period In NLN-20%. Total
Scelone-precipitable protein was seperated by SDS—PAGE on 7.5 10 12% linear acrylamide
m's™"). 8. Embryos culiured under constant Mumination (80-100 mol m~*s™") in media

8 follows, () day 3. () day §. (c) day 7, (@) dey 9, (9) day 11 and (7) day 13. The location
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Figure 7. Westem biot analysis of the effect of BAP on the level of CAB polypeptides
rom MO embryos of 5. napus. Ninsteen d okl greened embryos were cullured under
constant Bumination (80-100 umol m~*s™") in NLN-20% supplemented with () or without
(A) 5 uM BAP. Total acetor phable protein was separsted by SD8—~PAGE on 7.8 1o
12% Uinoar acrylamide gradients, Wanslened 10 nNivoceliuioss, probed with a-CPla, and
antigenic polypeptides detected with 2° sniibody conjugated 10 alkaline phosphatase.
Sampies were lsaded on the basis of dry weight (1.0 mg). Lanes are as follows, (a) day 3,
) dey 8, (s) day 7. () day 9, (o) day 11 and () day 13. The location snd identity of CAD
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Figwe 8.  Electrophoretic anelysis of the effect of ABA on the total proteing from
degreening MO embryos of 8. napus. Acetone precipiable proteins were electrophoresed
(8D8—PAGE) on 18% polysorylemide gels and vieusized by staining with Coomessie
britiant bive A—250. Samples were loaded on the basis of constant dry weight (500 ug). A,
Elecirophoresis of protein from 19 d okd greened embryos culiured under conetant
Slumination (80-100 umol m~"s"') in NLN~20%. B, Electrophoresis of protein from 19 d old
9reoned embryos cullured under constant lumination (80-100 umol m~s™') in NLN—20%
supplemented with ABA (50 uM). C, Eiectrophoresis of protein from 19 d old greened
embryos culiured in the absence of ight in NLN—20%. D, Eleckophoresis of protein from 19
d old gresned embryos cullured in the abeence of light In NLN-20% supplemented with ABA
(80 uM). Closed arrowheads mark the posiion of polypeplides mentioned in the text. Open
aowheads (numbered 1-9) merk the poshion of protein molsculsr weight standards (Table
A-1). Gel lanss are as follows, (a) day 0. (b) day 1, (o) day 2, () day 3, (o) day 7 and, ()
mature soed (geis A and C oniy).
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Figure 9. sctrophoretic analysis of the effect of BAP on the total proteing from
degreening MO embryos of 8. napus. Acetons precipitable proteins were elecirophoresed
(SO8—PAGE) on 15% polyacrylemide gels and visusiized by staining with Coomassie biue.
Sampies were loaded on the basis of constant dry weight (500 ug). A, Electrophorest
protein from 19 d old greened embryos culiured under conetant umination (80-100 Mol
" 's™') in NLN-20%. B, Electrophoresis of protein from 19 d old greened embryos cultured
under constant iumination (80-100 umol m1~%™') in NLN-20% supplemented with BAP
(SuM). Large arrowheads mark the position of polypeptides mentioned in the text. Smalier
amowheads (numbered 1-9) mark the posion of protein moleculsr weight standards (Table
A-1). Gel lonss are as teliows, (a) day 0, (b) day 1, (c) day 2, (@) day 3, (e) dey 7 and, (1)







(5 uM), in ight (80-100 umol m™'s™') or in the dark. Embryonic ¥ssue was collecied 1, 2, 3,
mm-naﬂwmhmrmwfm An
asterisk (*) sbove & bar representing & ight reatment indiostes that this meen is signiicantly
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Figure 11.  Northem biot analysis of the eflect of ABA on LHC b Type | MANA trom
g MO embryos of B. napus. Each lane of the ANA resoving gel was loaded with
150 g of total ANA. The biot was probed with the LHC b Type | CONA from 8. napus. A,

ANA from 19 d old greened embryos culiured under constant umination (80-100 umol
m's™') in NLN—20%. B, ANA from 19 d old greened embryos culiured under constant
Sumingtion (80-100 umol m~'s™") in NLN-20% supplemented with ABA (50 uM). C., RNA
rom 19 d old greened embryos cullured in the dark in NLN-20%. D, ARNA rom 19 d old
9rooned embryos cultured in the dark in NLN-20% supplemented with ABA (50 uM).
Arrowheads mark the poshion of the 857 bp MANA. Gel lanes are as follows, (8) dey 0 (gel
A oniy). () 6 h, (b) day 1, (c) day 2, (@) day 3, () day § and, () day 7.
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150 ug of total ANA.  The biot was probed with the LHC i Type | cDNA from 8. napus. A,
ANA from 19 d old greened embryos cullured under constant Mumination (80-100 mol
m's') in NLN-20%. B, ANA from 19 d old greened embryos cullured under constant

sion (80-100 pumol m™'s™') in NUN-20% supplemented with BAP (5 uM). Arowheads
mark the posiion of the 857 bp MANA. Gel lanes are as follows, (9) day O (ge! A only), ()
S h, ) day 1, (a) dey 2, (&) day 3 and, (e) day 5.
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R is known that etioisted MD embryos of 8. napus cv. Topas are capable of
However, R was uncertain whether greening MD embryos were capable of the production
and scoumuistion of the chiorophyll a/b binding proseins characteristically found in other
and & is clear that luminated MD emibryos do scoumuiste CAB polypeptides in response 10
immature (green) seed embryos of this species possess CAB polypepiides (Johneon-
that are phoretically indistinguishable (Figure ). Mowever, MD emibryos maintain a
“EﬂmnmlﬁMQHﬂﬂmmn e
Photosyrihetic issuss SUbisuing 1o low Ight (sherage), for instence, compensate for
mmmmﬁmnnﬁﬂm-ﬂn
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pparaius. (nstead, this efect is more Mely an embryonic reepones 10 suMicient or
mmmmmbmﬁmmﬂlmnm
the influence of ABA and BAP on the process of seed degreening. From a survey of the
Morature, R was clear that these phytohormones should have apecilic predictable efects on
this process. We hypothesized thet the ight-harvesting components of MO embryos
embryos (Chang and Waling 1901) and for tomato lsaves (Bartholomew of al. 1901). The
negative eflect of this phytohormone on the leve! of chioraphyll in greening plant tiseuss has
1970; Bengston et &. 1977). To my knowledge, however, the eflect of ABA on the level of




MD embryos s, at least in pan, atiributable 10 & restriction of Cab ranecription (this
hypothesis cannct be veritied without conducting nuciear run-on snalysis).

CABD polypegtides are subject 10 lumover (Bennett 1981; Cuming and Bennett
1961). W this Jumover ooours 10 an appreciable extent in MD embryos, the ABA-directed
leappearance of these antenna polypepiides could be singularly altrutable 10 the steady-
state lovel of Cab MANA. MD embryos cultured in the presence of ABA snd ight have il
or no autectable tranecript (Figure 118) - a deflciency that negeles de Novo production of

Polypepiide fumover coours 1o an appreciable extent in MD embryos, the level of antenne
proteing in embryes culiured in the absence of iight (Figure 6C) could be atiributabls 1o the
waneoript (Figure 11C) which might be transiated and thersby maintain a basal lovel of

Cab 9onee alee 00cum in ho dark. This would euplain the maintenance of & base! lovel of




The eflect of ight on the appearance of Cab MANA in stioisted seediings has been
1961). ARhough R is known that ight is not essential for the expression of chiorophy# a/b

ombryos (compare Figure 11A with 11C).

prior 10 ight deprivation. These green tiseues are biochemically and developmentally
In a recent investigation of greening eticiated pea, for example, the tissue

Nerentiation wes & paramount 1acior in determining the expression cheracteristics of

this study examined greening tissus rather than ight deprived green tissus, & established
that the expression of Cab genes is & compiex developmental and organ-speciiic matier.
m“nnm“dmmnmmmm




of §. napus. R is conceivable thet the confiicting reaction of these green issues 10 ight
deprivation is atiributable 10 the state of tissue dierentiation (embryonic versus vegetative).

Why abecisic acid does not fully eliminate the Cab transcript in greened MD
ombryos culiured in the derk (compare Figure 11D with 118) remaing dittioult 10 explain.
Perhaps ABA cannot adequately repress Cab tranecription without ight. Muminated
photosynthelic tissues ransiocate protons acroes the thylakold membrane and into the
mdﬂmmmbmwwmmw. This
process essentially depietes the chioroplast siroma of protons thereby elevating the pH of
that companment (Anderson 1902). Since ABA is a weak acid (pK, 4.7), R is protonated 10
& greater extent in more acidic environments. In this uncharged state, ABA s able 10
raverse hydrophobic ipid membranes (Zeevart and Creeiman 1988). ¥ protonated ABA
raverses a membrane separating an acidic compartment (such as the cytopissm) from &
more basic compenment (such as the illuminated chioroplast siroma), the molecule will be
lonized 10 & greater extent in the latter. in this charged state, ABA is no knger ree 10
Waverse the membrane and, a8 & CONSEqUENce, Scoumuiates within the more alkaling
companment (Zeevart and Cresiman 1988).

The transiiion from light (o dark aflects chioroplast pH and provokes a subosliuler
redistribution of the phytohormone (Zeevart and Creeiman 1988). Light deprivetion
mmmmnmmumnmm
gradient. Therelore, the stiromal compariment of MD embryos culured in the dark should be
(996 basic then R is in Buminsted MD embrycs. ¥ thet is comect, | is conceivable that ABA
incompistely reduces the lsvel of Cab ranecript in MD embryos culiured in the dark because
the phytahommone is not concentrated in a funclional suboeisler looation.

munmnmmnummnmw
ombryss cullured with ABA in dasiiness (Pigure 11D - lane a) may be rationalined. Bocsuse
mmmwmmmnunmonm
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(Figure 3), presumably the ight-dependent thylakoid pH gradient would have existed briefly
of the gene (Figure 11D - lane b) migt aleo be explained in this manner. Because the
transcript.

embryonic degreening process) is the chioroplast siroma. Furthermore, the model suggests

(Taylor 1900). As stromal ABA could act on this chioroplast factor, & is not unreasonsbile 10
dask. For instance, embryos cullured with ABA in the presence of ight extensively

acoumulate novel polypeptides with apperent moleculsr mesees of 32, 29 10 27 ., 24 and 20
without ABA or in MO embrycs cullured with ABA in the abeence of Bumination (Figure SA,




interpretation of abecisic acid. Agein, this diterential response 10 ABA (ight/dark) might be
intorpreted as a light-mediated disiribution of the phytohormone (Zeevan and Creeiman
1m)mammmmmmmum
inkiated.

Trestment of greened MO embryos with BAP under continuous lumination reduced
the level of Cab mRNA below that of lluminated control embryos (Figure 12A, B) and falled
10 increase the level of CAB polypeptides (Figure 7A, B). This resul was unanticipated
since the promolory effect of cytokining on Cab MANA accumulstion has been well
mmwmmmmmo;mwrmsm.tm;wuu
1990). mmammmm.m.bmm
congruous. Caers and Vendrig (1906) established that the eflect of BAP can vary
depending on the siate of cellular diflerentiation. n their study of maize seediings, R was
MNWWWM'!W“NW“
process in bundie sheath cells. Cohen of &/. (1908) showed that BAP weatment could ehher
mummmhmmmmmu
longth of hormonal incubation. Most recently & has been reported that the expression of 8
repodier gene driven by the promoter sequence of Cab 3 (a Type | LHC N gene) in
Sumineted Arabidapeis thaliena trested with cytokinin is S8% of that expression in control
ransiommants (Chory et &l. 1983). In Iight of these reports, the negative eNect of BAP on
nwammmuuumummmmmw
ombryos becomes lses diffioult 1o acoept.

Cytokining ase lnown (o aller the steady-siate lovels of polypeptides in 1908000 cells
(Abdeigheni e oL 1901). mwmuumanmm
(Figure 78), the slecirophoretic polypeptide patiems o« Numinated (Figue SA) and
Suminated BAP treated (Figure 98) MD emibrycs were examined 10 detomming whether BAP
Was percoived by the embrys. MD embryos exposed 1 this growth regulater felled o



mnmthﬁgﬂkaﬁmhﬁummﬁ-
moiecuies typical of greened control embryos. ARhough the polypeptides remain
Unidentiied, their fallure 10 socumuiste in BAP reated embryos verities oylokinin perception
by that tiesue.

Analysis of the chiorophyll content of degreening MD embryos revealed that nelther
BAP or ABA significantly aher the level of this pigment in the absence of Kght (Figure 10).
On the other hand, the eflect of sbecisic acid is sirongly negative under conditions of
continuous Mumination (Figure 10). Whether this is an ABA induced catabolism of
chiorophyl or & side-effect of CAB polypeptide elimination from the tissue (Figure 68) is not
known. BAP treatment falls 1o enhance the leve! of chiorophyll in luminated MO embryos
but, rather, causes a significant reduction in the level of this pholosynshetic pigment (Figure
10).
chiorophyll catabolism in greened MD embryos of 8. napus. In that siudy, uminated MO
ombryos fully degreened within 18 d ¥ culured with ABA (50 jiM) in NLN medium containing
13% sucroee. hNMM“mmmdeﬁm
content of Buminated MD embryos of 8. napus reporied by Johnson-Flanagan and Singh
(1963) was confirmed with MD embryos cultured in NLN medium containing 20% sucrose
(Pigure 10).

MO embryos examined in this study degreened at the same inear rate (—80 ng
chiorophyll (mg dry wt)™ 0™, ¢* = 0.98) over the 7d period of anslysin regarciess of the type
of Weatment (ABA, BAP or control - lightidark). The chiorophyll content of MO embryos
culiured in the Iight and MD embryos cullured in the Iight with ABA were significantly
dilerent (Figure 10). Because the rate of degreening in these tiseues was identical from
day 1 - 7). & appoars that ABA inhisted 8 change in embryo development prior 10 the first
chiorophyl measurement (day 1). This change in development may have negatively




afecied the rate of chiorophyl synthesis o poskively affected the rate of chiorophyN
the chemical by time interaction was not significant (Figure 10).

The fact that the MD embryos degreened at the same rate regardiess of treatment
might be attributable 1o the condition of embryo culiure following greening. Aher the 5 d
derived (Wilen of a/. 1990) embryos of B. napus on high osmotic media promoles events,
osmotioum is a resull in apparent coniradicsion 10 that reporied by Johneon-Flanagan and
containing elther 13 or 2¢ . sucroee falled 10 degreen appreciably over a 15 d
emiryonic ages. In this experiment, MD embrycs were subjected 10 a § d greening period
14 d after micvospore aclation. At 19 d post microepore isciation the greensd tiseue wes
ransfemed 10 NLN-20% and degreening was examined. In the study of Johneon-Flanagan
vely examined over & 16 ¢

NLN-13% or NLN-20% and chiorophy® content was quantiial
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period (Johnson-Flanagan and Singh 1993). MD embryos used in this experiment,
therefore, are 9 d younger than those examined by Johnson-Filanagan and Singh (1993) - a
Perhaps the age-dependent induction of degreening by high osmoticum in MD embryos is
an indication that the younger embryos used in this study mimic seed maturation events
derived (Wilen of &/. 1960; Johnson-Flanagan of &/. 1992) and zygotic (Finkelstein of a/.
MD embryos (Johnson-Flanagan and Singh 1993; present siudy) and has a negative efect

Wranacript accumulation more rapidly than does MD embryo cullure or: high osmoticus
(maturing) 8. napus embryo. Seed degreening is a genetic event that cccurs at a point in
cancla development neer the developmental swilch rom predesiocation embryogenesis 1
that of desiccation (Johneon BN of &l. 1960; Johneon-Flanagan of al. 1902). The
ondogenous 5000 ABA rises apprecisbly, and the seed falis 10 degreen (Johneon-Mlanagan




storage proteins (Johnson-Flanagan ef &. 1901) are largely unaitectied by the siress.



6. SUMMARY AND CONCLUSION

during MD embryogenesis.
ABA recognition by the zygute with respect 10 the prooess of light-harvesting disassem
(1904).

kining do not enhance ight-harvesting capebiliies during MD embryogenesis. ¥ MD
influence of cytokining in this 5eed process cannot be ruled out without an analysis of the
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8. APPENDICES

Tabie A-1 mﬁmmummm
standards (Bio—Rad Laboralories, Hercules, CA).




82 APPENDIX B CAS POLYPEFTIDE PRECIPITATION BY ACETONE

80010ne was 10 explok & single esus sample 10r Iwo evaluations - Chiorophyll determing
iyophiized Siesue and from an acetons powder of the same tissue was made (Pigure B-1).
The biot was probed with a—CPla 30 that CAB polypeptides from PS| and PSi would be
represented. The analysis demonsirated that a negligible quantity of these polypeptides
were present in the solvent following precipitation (compare lanes b and c) and, thus,

aleo enhanced the definkion of individual CAB polypeptides on these gels (compare lane a




Figure B-1.  Westem biot analysis of the electiveness of CAB prolein precipiiation by
acstone. 8. napus leat proteins were separated by SDS-PAGE on a 7.5 10 12% inear

ides detected with 2° aniibody conjugeted 10 alkaline phosphetase. Lane (a), 10 ug
acetone soluble component of the exiract in (). Prior 10 elecirophoresis of (0), the ongenic
bolling SO8-PAGE sampie bufler. A fraction of this sample was baded coresponding 0







63 APPENDIXC TISSUER SPECIFICITY OF THE LMC Iib TYPE | CONA PROSE
PFROM 8. nepue

Northem biot analysis of total RNA from mature seed and leal demonsirated that
mature seed exhibits no hybridizable Cab transcript while the lsal exhidits an enormous

quaniity of this photosystem message (Figure C—1).



Figwe C-1.  Northern biot analysis of LHC Hb Type | mRANA from mature seed and loaf
of 8. napus. Both lanes of the ANA resciving gol were 10aded with 150 ug of total RNA.
The biot was probed with the LHC i Type | cONA from 8. napus. Arrowheads mark the
posilion of the 857 bp MANA.






following electrophoretic separation was examinad by visualizing the 28 8 and 10 8
rbosomal ANA bands with a ransiiuminator (Fig D-1). inepection of these ribosomal RNA



Pigure D-1.  Total RNA from MD embryo, maiure seed, and leal of 8. NAPUS resoved on
8 1.2% agarose-lormaidehyds gel. Each lane ioaded with 150 g of total RNA. Gel lanes
are as follows. A, () 10 (9) ANA rom MD embryos cullured under constant #umination
(80-100 pmol m*s™") in NLN-20% (day 0, 6 h, days 1, 2, 3, 5 and 7 respectively), (W) 10 ()
ANA from MO embryos cullured in NLN-20% in the absence of ight (6 h, days 1, 2, 3, §
and 7 respectively), (n) ANA from mature seed, and (0) ANA from leat. B, (8) 10 (1) WNA
trom MO embryos cullured under conetant iumination (0-100 smol m~%s™") in NLN-20%
supplemented with ABA 10 & final conceniration of S0 uM (6h, days 1, 2, 3, § and 7
respectively), (§) % @) ANA from MD embryos cullured in the absence of ight in NLN-20%
supplemented with ABA 10 & final conceniration of 50 uM (6h, days 1. 2, 3, 8 and 7
respeciively), () 10 (§) ANA from MD emibryos cullured under constant Bumination (80-100
umol m4s™") in NLN-20% supplemented with BAP 10 & final conoentration of § M (8 h,
days 1,2, 3 ond §). Arrowheads indicate the posiiion of the 208 and 188 rbosomel ANA
bends (visualized by ethidium bromide staining).
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