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“To Ruth - if all the world had such a friend ...

R ', SRIRIT SONG

e : From moss burdened branches
‘ - , rxse a¥"one
: On once again
R SR above'the trees
A S S toward the sun -~ . '
o ‘P .+ They command their power
™ 4 their wings
\ : .. their gift-
B o . to tmbrace the wind *
to raise them far beyond
*_ this'mist that hides the promise:
SRR Almun_eaﬂxﬂawn -

— .‘.

Ty '»  And gazing upon them \
SN : we recognize ourselves
And gazing upon them

4 - /\% ., our spxpts soar

" In pursuxt no longer
of those fleeting radiant beams
that pierce the forest dlmness
yet light so little of one's dreams
They soar on thermals
_ bornof a oneness
o . . And their wings sing
R ‘in synchrony so true
of strength together
 of giving -
- _ , of rising forever
o ' - with their sun-set in a world
SRl - of timeless morning blue

-4



"~ And gazing upon thém
we recognize our strength
And gazing upon, them-
our spirits soar

Now unclear to earthbound eyes
: images circling
".. just silhouettes.around the sun’
while their spirits seek its center
And the sun radiates praise

.

[

in shafts of brilliant white o

. And the praise
- completgs the citcle -
creates new life
" as the eagles _becoﬁ one
© at the'center

- And gazing upon them .
" “werise as one
- And gazing upon them
our spirit soars

—
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.
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K. Salmon, 1985
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ABSTRACT
Adipose tissue grpwth and lipid accumulatlon were investigated in both a line of mice

selected for .high 42 day body weight :?) and an unselected population (FP) L mice :

K SN

exhibited an acct'ler‘ated growth tate. and-reached a hrgher mature botly weight than mice.
‘ _Relative to: both.boqy Jweight and nonadipose tissue weight, adipose tissue And extradtaBle lipid
“lncreased relatively slower in HL mice than imce Only at fixed body, a8 “
| .ussue welghts which' exceeded the maximum werghts achieved by FP mice, did HL
.tnssue and ltprd weights exceed those of FP mice ) ) ’ }5 | »
\ ln a second study, over a range ol' bedy wetghts lower than ’those eitammed in the first- )
study. HL mlce had more ltpld less protem and less ash than FP or HS .(an addl’tronal :
’growth selected lme) mice of the same sexsand body werght However HL hpid accumulatlon _
*(relauve to- body Weight mcrease) was not aocelerated in comparrson ‘to that of FP mice. |
’l’he 'h_igh-growth selectron pres_sure had( little mfluence upon the developmental
relationships among five adipose tissue depots within HL mice. Relative to FP males, HL -
males exhibited an increase in kidney depot.,fat weight and an associated decrease in hindlimb
depot fat weight._ Withi'n- fet'na'les.' no oh_viOus line differences exlsted in either the partitioning '
or the distribution of fat. AR , B | oo
- Restnctron site analysrs revealed a variant growth hormone (G}-l) gene haplotype ’
_ wrthm HL mrce Relative to the Fp haplotype, “the HL haplotype exhrbrted restriction
| fragment length polymorphrsms for each of seven dxfferent restnctron enzymes Three of the
polymorphic sites lre within 1 1 kb - of the 5' end of the structural gene, a fourth
polymorphrsm exrsts within the structural gene. _ |
Changes in pituitary GH mRNA pool size were charactenzed throughout the early;;"%}a
' postnatal growth of HL and FP mice. While both sexes exhibited similar:age- related GH‘ .
mRNA profiles males achleved and mamtamed larger GH mRNA pool sizes than females
There is little evidence that the 1nvolvement.of the HL GH haplotype in raprd growth is.

" mediated via the enhancement of the GH mRNA pool size in HL mice.

v o 4"" ' - )
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S l INTRODUCI‘ION

Mankmd s awareness of the power of arttftctal selection pressure to mold' the
phenotypic norm of hrs domesttc populatrons began with his first attempts at domesucatlon' ;
“ and, thereby. pre- dates wrrtten hlStOl’y However sctenttftc consrderatton of the power of | |
‘ selectron pressure to medlate phenotyptc change ‘was ltmrted prtor to the- 1856 presentatron of
vthe concepts propounded by Charles Da‘rwm (and Alfred Wallace) Darwm observed that
phenotyptc varrabiltty appeared in domesttcated populatrons with each new generatton. Yet by
allowmg only those ammals with . the most desrrable phenotype to contrrbute to the nexl:

)

generatron the phenotyprc norm for the popplatton could be gradually shifted m a spectf ic,
and predlctable dtrectton (Darwm 1856). \ '
| Darwin drd not however underst nd the source: of hlS observed phenotyplc -
' vanabtlrty He could thus riot speculate 0 the mechamsms whrch allowed a populatton s

phenotyprc norm to be. molded or shrfted Howeéver, his estabhshment of the dynamtc

relatronshrp between the phenotyprc norm of a populatton -and the 1mposed selectlon

, pressu‘res lard the foundatron for a genet,rc mterpretatron of selectton theory -an

: mterpretatron that began wrth the reconsideration of Gregor Mendel ) work in 1900 (Mayr
1978). The tremendqus expansron in the understandmg of gene_ structure/f unction, whtch grew |
.-from Mendel! ' 'heredttary units', allowed populatron genetrcrsts to speculate that phenotyptc- ’

: vanabrlity was due to the exrstence of functronally dtf ferent f orms (alleles) of genes |
regulatmg the manifestation of the phenotype (Clarke 1975) From thts speculatton grew the
concept that selectton pressure medtates phenotyptc change by mdtrectly mcreasmg the.i .'

.frequency of alleles (;d allehc cornbmattons) that make a posmve contrtbutron to the desrred\

- phenotype (Mayr 1978) ° ' | |

 The electrophorettc separatton of protem varrants as well as the identification of

, ‘ammo acid substttuttons 'vra peptrde sequencmg technology. provided support . for, thts

concept vanatton at the progetn level theoret1cally reflects varrabtltty at’ the- gene level;

moreover if the protem vanants functton dtfferently. then these. functronal drfferences would o



be responslble for the phenotyplc vanabrhty that exxsts w1tlnn a populatlon

- = . -While the genettc aspects of selection theory recelved screntlftc support as a result of
the 1dentil‘tcatlon of protein polymorphrsms an evaluatton of the theory at the molecular -
. genettc leVel was not possible pnor to the recent advent of recombmant DNA technology
Recombmant DNA techniques offer - the potenttal to charactenze the selectron medtated
. molecular genetxc changes whtch facthtate a phenotyprc selection response‘. This technology
has already allowed a maJor expansnon m our apprecratton of the potennal sources of . genetic
v,drtabrllty “The myriad of control levels. regulatmg gene expressron (Darnell 1982) 1dent1f1ed
through recombmant DNA techmques emphasrze ‘the major role of quantrtattve vartatton in,
~the gene product as-a.source of phenotyptc vanablltty Recombmant DNA technology has also :
revealed that vanatton in gene copy number can play an_important role in determining a ‘
phenotypic selectton Tesponse (Sc-hrmke 1980). Thus, one hundred and thirty years after
Darwin' s formal presentatton of selection theor.y’“ its genettc foundatlons (whlch have been
‘hypothesxzed and developed smce that time) can now v be drrectly evaluated through molecular
»genettc analysis of populatrons subjected to a specrfrc selectton pressure

As a model for ltvestock specres the laboratory mouse has frequently been employed

to. study the phenotyplc effects of specxl‘ ic selectton criteria. Due to the 1mportance of
_l'_growth related parameters in ammal productton the 1mposed selectton pressure has oftenv |
- been dtrected toward the enhancement/depressnon of a growth -related parameter (Etsen 1975;
Roberts 1979) In mice, selectton for the enhancement of body growth results in an
| acceleration of '.absolute growth rate as well as a_n mcrease in mature body size: (Etsen‘, 1974).
To better understand these changEs the ind‘irect phenotypic responses of growth-selected

mouse populatlons have been’ studred extenswely A major impetus of these studtes has been .

to elucndate the effect of selectron on the relatxonshlp between adipose and nonadtpose body

tissués (Fowler 1958; Lang and Legates. 1969; McPhee and Nerl 1976) .However, dyé-to
; vanabthty in- the conclusions of - these studies, there has been only one attempt to pr v1de an -

i overall mterpretanon of the effect of growth selectron upon adlpose and nona pose tissue
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growth patterns in mice (Hayes and McCarthy, 1976). . o / ;

Accordrng to the model proposed by Hayes and McCarthy (1976) 'high-growth’

selected mice inevitably become( fatter (relative to body werglﬂ than unselected mlce.'

Proponents of this model (Roberts 1979 Allen and McCarthy. 1980) suggest that the most' '

(probable gene systems rnvolved ina ‘hrgh growth‘ selectron response are those whlch allow an

K

enhancement of, appente as well as those whrch allow -an mcreased partmonlng of energy into

_nonfat growth. However. since the lncrease of“ nonfat ttssue eventually asymptotes.

'proponents further suggest that- the selectron-drrect_ed elevatron of energy intake is then

available for fat deposition; thus," according to the Hayes/Mc(f_arthy model, it is this.

_ redirection of energy into fat deposition which causes 'high-growth' selected mice to becdme g

fatter than unselected mice.

h Y

Srnce the proposal of ‘this model, few reports have exammed its overall’ vahdlty at the

phenotypic level (McPhee and Nerll 1976; Allen and McCarthy. 1980) Moreover ‘8 classical o

genetr,c analysrs of a 'high- growth‘ selected mouse ropuilation (Prdduck and Falconer, 1978)
suggested the involvement of the growth hormone (GH) gene in the sele_ctton response. s_;nce

GH has a negative ef ect'upon carcass fat '(Goodman and Grichting, 1983) this suggeStlon' is

not readily compatrbl wrth the Hayes/McCarthy model To date the rnvolvement of the GH - '

gene, in a growth -related selectron response, has not been mvesttgated at the molecular genetlc
level. Employing - ecombrnant DNA techmques, in conjunction with . an’ allometric

characterization of | adipose and nonadipose growth patterns, the studies described herein

represent the first attempt to mterpret the tissue growth patterns of 'hrgh growth' selected -

and unselected

'attempt to coryelate the phenotyprc and molecular genetlc changes 1n a growth selected ‘

'populatron pe its. &rrttcal evaluatron not only of the Hayes/McCarthy model but also of

ice in terms of structura] and functional vanatron in the GH gene This

¥

the genettc f; undatrons of selectron theory 1tself Moreover these studies - may also give ‘

- ,drrectron to expenments which seek to enhance .growth-related parameters in llvestockz;{

 populations via recombinant DNA technology.
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I1. REDUCED RATE OF ADIPOSE TISSUE GROWTH AND LIPID ACCUMULATION IN
MICE SELECTED FOR Hl@H BODY WEIGHT

A INTRODUCI'ION

To better understand the regulation of ‘body growth, the indirect’ responses of

- growth- selected mouse populatrons have been studied extensively (for review see Eisen, 1974).

A major lmpetus of these studies has been to. elucidate the ‘effect of selection on the

- relatlonshrp between fat and nonfat body tissues (Fowler, .1958; La}lg and Legates 1969

McPhee and Neill, 1976). However genetrc dwersrt)r of base populations, as well as drversity

m both the. selgction and fat assessment criteria, has resulted in varratron in the reported o

selectron mediated composrtronal changes; as a consequence there has beerl only one attempt
3(l-layes and McCarthy, 1976) . to provrde an overall - mterpretatlon of Rle effect of
\" 0'7 . L . "

* growth mlegtron on patterns of fat and nonfat growth in"mice. _
’f_Accord‘mg to the Hayes/McCartlly model, ‘high-growth’ selected “mice mevrtably
become fatter (relative to‘body' weight)' than unselected mice (for review see Roberts, 1979).
Smce the pr@posal of "this model, few reports (eg McPhee and Nerl 1976 Allen and
McCarthy. 1980) have examined 1ts overall validity. The study reported here, therefore
mvesugated adlpose tissue growth and lipid accumulation, within mice selected for high 42 day
‘body 'weight,' to provide a further critical evaluation of the Hayes/McCarthy model. -

Moreover, determination of the increases in both adipose tissue and extractable lipid allowed a

- comparison of the effectiveness of these two commonly used fat assessment criteria.

‘B. MATERIALS AND METHODS

Mouse Lines , ' _ o —
L . \ \‘
The two lines of mice employed in this study were obtarned from the Agnculture

Canada Research Station at Lacombe Alberta The nutral foundatron populatron from which



‘these lines ‘were d derived, was established by crossing four highly inbred strains of mice (Q/J
C57 BR/cd, DBA/l RF/J ) obtained from Jackson Memorial Laboratory The mating scheme

allowed each of the four inbred lines to contribute equally to this population (Farid Naeini

1986). This Foundation population (FP) was maintained through 25 single pair matings per

generation, Each mating produced only one litter; from each of these litters, one male and
one female replacement was chosen at random To minimize mbreedmg and genetic drift
replacements were mated aceordmg to a cyclical matmg plan (Farrd -Naeini, 1986)

= At the eighth generatron of the Foundation population, a subline was “4" in

which replacements were selected, on a within-litter basis, for high 42 day body weight. This

o)

~ subline (High line; HL),was maintained at a population size of 15 litters per generation (five
males each mated to three females). Selection for high a2 day body weight was continued for

69 generations.

To ~ compare rates of adrpose tissue growth and lipid accumulatron . betereen -

growth -selected and unselected mice, representatives of the HL and FP were transferred to an

envxronmentally controlled room in the Départment of Animal Science at the Umversity of

Alberts. The room témperature was maintained at 22 + 2°C with a relative humidity of 45 +

5%. The room was tht sealed and a controlled'12 hour, light cycle was provided. "I_’he mice

were housed in wire topp‘ed.‘oolypropylene cages with deep-drawn feeders. Dried pine satdust ‘

was used as bedding material; cagesvl'ere changed once per weelr. The mice were fed a. pelleted
vmouse breeder ration ad libitum. This ration was’ composed‘ of 'grou'nd‘ whole wheat, casein,
dried skim rnilk, dehulled S(l percent soybean meal, fish meal, corn- oil, brewers yeast,
stabilized Vitarnin A and D, salt and ferric citrate The manufacturer (Emory Morse Co., Box
‘313 Guildford, Conn US.A) guaranteed the ration to contam a minimum of 19% protein

* 11% fat and 52% mtrogen free extract, and a maxrmum of 2 5% crude ftber

[OOSR
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- Average 42 Day Bidy Weights ‘ ‘ S
During the selection experiment, Agriculture Canada personnel calcullted the average
42 day body weights of FP and HL mice at each generation. Weights of FP mice were not

recorded between gene_rations 33 and »63.

Dissectlon of Adipose Tissue Depots -

a—

The represcntatrves of Hrgh line males (n=36), High line females (n=31),
_ <
'Foundauon 'populatron males (n=31) and Foundation populatron females (hE33) were

sacrificed at body weights ranging from less than 10 g to greater thah .65 g. The agesvof' these
mice ranged from 14 days to 275 days. . . ﬁ“j{'

Dissectable ladipose tissue depots ,were identified in five anatomical regions: the
forelimb depot ihitiated between the shoulder blades and encircled each forelimb, to end in
close association wrth the pectoralis super ficialis; _the hmdhmb depot initiated between the’

_ hindlimbs and extended cranially to cover the caudal portion of the body cavrty musculature;

the mesenteric depot was specrfrcally associated with the mesenteries; the kldney depots lay

between each kidney and the dorsal body wall; m males, the gonadal depot was specifically
arséociated with the urethra and testis while, in females, this depot extended along both uterine
horns and encased both ovaries

\ *

Each of the adrpose trssue depots was drssected away from the assocrated nonadxpose

tissue, mdnvrdually werghed and then stored at 20C until lipid extractions were, performed.
Total adrpose tissue weight was computed as the sum of all adipose rissue_ depot ‘weights..

To facilitate a future comparison of lipid distribution.in High line and Foundation
populmon mice, lnprd extractrons were performed on ydrvrdual adipose trssue depots Total
. lrprd werght was, therefore computed as the sum of the werght of lipid extracted from each

adipose tissue depot. plus the weight of lrprd_ ext_racted from the nor_radrpose ue (trssue

' remaining after the removal of the dissectable adipose tissue). The lipigt ejtraction proédure‘\

involved a fﬁ”{fr hour. ether extraction of freeze dried samples according to the A.O.A.C.

Nt

.

i
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(1980), method. '?recﬁnical difficulties, assoeia;ed with the lipid extraction of very. small l,
adibese tissue samples, resulted in the loss of several depot lipid weights of animals sacrificed
at lpw body weights; as a eonsequence.'total lipid weight values were not computed for these
low,bo;y’iveight animals. \ ’\ | ' | ;

[N

Statistlcal Analysis

1

\ To represent the overall HL and FP growth patterns, body weight age data (recorded
‘ at the time of sacrmce) were fitted to the logistic growth function, 3
| Y, = AQ-BeY!

where Y = weight (g) at time t (d), B = constant of integration, e = exponent, A =
asymptonc weight (g) and k= maturmg constant. ’ 2

' Arithmetic scattergrams, of total adipose ussue weight -and total lipid weight against
body weight and nonadipose- wenght, were plotted on a within-sex basis. Each of these
scattergrams exhibited an exponemial' trend. Therefore, all ?atigshjps between these -
variables were investigated using the allometric equation, |

y=ax® S |

whefe Y = weight (g) of adipose tissue or lipid, X = weight (g) of body or nqnadipose
tissue, a = constant and b = relative growth coefficicnt. Accordi;lg to Berg and Bunerficld
(1976), b estimates "the ratio of .the percentage postnatal groygth of Y to the whole X"

In its logarithmic form, the allometric equation 'dcf ine; a linear relationship. The data
ywere, iherefore, transformed to ‘logarithms and Ehe linear regressions‘ of log adipose tissue
weight (}nd log lipid weight) ‘on log body weight (and log nonadipbse tissue weight) was
computed. To better define the selection response, the HL and FP reé‘ression coeff iciehts were

compared on a within-sex basis; the statistical model for thxs companson was,

loglo = A + L + Blog10 X.. + (LB) loglOX
th

J

where Y, J—wenght (2) of dependent vanable of the ij ammal A --mtercept L fixed
effect of the 1th -hhe, xij=wexght (g) of independent variable of the ij “animal,

b
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B—regression coefficient of Y on X. (LB)i-interaction effect (line x regression coeffrctqnt)

and ¢ 3 =error term (assumed to be normally and mdependently distributed)

C. lRESULTS
,
Average 42 Day Body Weight Per Generation
As reflected in Frgure I1.1, the average 42 day body weight of FP mice remained
relatively constant between generations 0 and 69 of the experiment. However, ini response to.
* the selection pressure, the av,erage 42 day weight of HL miceincr‘eased approximately 1.5-fold

during this period. , i .-

dey Weight Versus Age
A stattstrcal comparisgn, of HL and FP body growth curve parameters is presented in
Chapter V. However, the logistic growth curves (Figure II. 2) estrmated using the weight -age
- data of' the experrmental mice, reflect ‘the general features which were identifiéd in Chapter V:
HL mice exhibited an accelerated absolute growth rate which allowed them to achieve higher
body weights, than FP mice of the same sex, at all ages. At maturity, the logistic fun‘ction
predicts that-HL mice reached br)dy weights which were \a\ﬁﬁ?b'ir'r"r"ratel.y 1.5 times greater than

FP mice (Figure 11.2).

Total Adipose Tissue Weight Relative to Body Weight

The estimated growth coeff’ it:ients (b), /f or total adipose tissue weight relative to body .
weight, are presented in Table I1.1. Within eaeh sex, the estimated HL growth. coeffrcient {s
significantly lower (P<.()1) than the FP estimate. Thus, relative to body weigkf. total HL
‘adipose tissue grew at a reduced rate in comparison to that of the FP. |
| - Scattergrams of total adipose tissue versus body weight, together with the predicted -

allometric pattern of adipose tissue 'grow’th', are presented in Figure I1.3. These scattergrams
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illustrate the reduced rate, of HL adipose tissue growth, indicated by the comparison of
growth coefficients. As Figure 11.3 renecis. HL and FP mice had similar adipose tinqe
weights at low body weights;‘ however, as the mice increased in body \yeight. adipose tissue
weight increased ielatively more slowly in HL mice than in FP mice. As a conseduence’. only
at fixed body weights, which exceeded the FP mature body weight, did the HL adipose tissue
weight exceed that of FP mice. | ‘ ‘

o ' Y | " ~
Total Adipose Tissue Weight Relative to Nonadipose Tisspe Weight |

To remove a possible part-to-whole bias, the rilationship between total ddipose tissue
and nonadipose tissue was aiso examined. The estikhateﬁ growth coefficients of this
relationship are presented in Table I1.1 .. As observed for adipose tissue relative to body weight,
the within-sex HL growth coeff icient is lower than the corresponding FP estiniate. However,
the significance of the difference, between the HL and FP female coefficients (which was seen
for adipose nssue relauve to body welght) is reduced when adnpose tissue is consxdcred
relative to nonadlpose tissue. This decreased level of significance appears to be primarily a
functlon of the larger standard ermrs associated with the female growth coef fi 1c1¢nts

Arlthmetlc scattergrams of total adipose tissue versus nonadnpose tissue, togcthcr with
the predlcted allometric relatxonshnp, are presented in anure I1.4. These scattergrams nllqstrate |
the very strong relationship, between adipose and nonadipdse tissue, within the mouse. Also
evident is a tr;znd similar to that observed for adiposé tissue weight relative to body wdight:
HL and FP mice had similar adipose tissue wéights.at low nonadipose tissue weights; however,
at higher. fixed nonadipose tissue weights, HL mice had less éssodated adipose tissue than FP
mice. | ‘ |
Total Lipid Weight Reiative to ﬁody Weight“-
| Thé growth ‘cbefficients,b reflecting the rate of toial lipid accumulationdrclativ‘e to body

weight, are presented in Table II.1. Within each sex, the HL coefficient is again lower than -



o ,the"»p“redieted nlemetric ‘Telag

o E
<,,.‘-

fthe FP eoeffrcient The scattergrants of total hprd werght versus body werght together wrth |

\

i hrps (Frgure II 5) 1llustrate the reduced relatwg rate of lipid - o

x accumulatron m HL nuce Wlule HL and FP xmce had sxmrlar total hprd wexghts at low body .

B 'werghts, HL rmce had lower hprd welghts as body werght mcreased (wrthrn the range of FP

o ,_‘,;bOdY werghts) R

S

I ~Total Lipid Welght Relative to- Nonadtpose Tissue Weight i

1

, Esnmates of the allometrrc growth coeffrcrents for’ total hpld werght relanve to

honadlpose tnssue werght are contamed in Table II 1‘ The general trend of reduced HL»'_'
L coef f ncrents whxch was estabhshed dn all prevrous compansons is agam evrdent for these two .

" varrables The absence of srgmfrcant drfferences between the HL and FP estimates, resplts_ _

from the large assocrated standard erroé the magmtude of these standard €IroTS probably '

reflects varlatlon created by the extractron of very small adrpose tlssue samples

Thrs mcreased vanatlon is evrdent in the scattergrams presented in Flgure II 6 The

B varratron does not, however obscure the strong relatronshnp between total lrprd wexght and" ‘

3

: )
. vnonadrpose tissue: wenght Moreover the plots predrct that at comparable nonadrpose werghts

HL mrce had less total lrpnd than Fl’{l’mce

a0

b, DISCUSSION

* The relattonshrp, between the predlcted HL and FP logrstrc wexght;gge curves 1g

. s1m1lar to" that predxcted in other work (for revrew see Ersen 1975) Selectxon of mouse L

: 'populatlons for the enhancement gf a. growth related parameter. consrstently accelerates

.'"_..grOWth rate and elevates mature body siie S e _'f B - o

B N o

need to mterpret thrs selecuon response in terms of- changes m body nssue growth’pattemsv : =

Several studles seekmg to clanfy the regulatlon of ahrmal growth have recogmzed the

‘-(Hayes and McCarthy. 1976, McPhee and Nerll 1976 Allen and McCarthy, 1980) These..

‘ »» .studnes mdicated that the pnmary composrtronal change assoclated wrth lngh gro wth'

]



- selection, was an mcreased rate of fat deposrtnon relatrve to body wgl”ght Whrle their 'lngh ! ‘, ;

lme mrce were leaner than unselected or, 'low line mice at low body werghts, tl{s htgh relatwe

vrate of fat deposltron resulted in the 'hrgh hne mice growrng fatter at htgher body weights

i .

As mdrcators of fatness the study reported here exammed werghi changesggin%%oth

, drssectable adrpose tissue and ether extractable hprd each of these vanables ‘was expresr»e)d‘

’ relatrve to both body weight and nonadnpose trssue weight. However regardless gl‘ the manner _

of expressron the data yrelded 1o mdrcatron of elevated HL adlpose tissue werghts or. lrptd' |

»\werghts throughout the range ‘of comparable FP body and nonadnpose trssue wetghts In fact,
.
o Table II. 1 and Frgures II.3-11.6 suggest: that selectron has dlrected Y relatrve reductton in the :

"‘rate of both adrpose trssue growth, and hprd accumulatron relatlve to body anfl nonadtpose A

R

tissue werght Dtssectable adrpose tlssue and extractable lrprd theref ore, appear to be in close

N

: ‘agreement in predrctmg ‘the relatwe f atness of an ammal
2

/

The apparent contradrctron between prevxous studres and the study descrlbed here is "

" readrly acceptable accordmg to selectron theory A populatton s selectron response is governedf ,

: by the genetrc varrabtlrty present prror to the 1mposrtron of selectron (together with any' '

L E

»vanatron whrch may origmate durmg the selectron process through genetrc rearrangements

"_'etc) Therefore genetrcally drfferent 'hlgh growth' selectton lmes may achieve’ the g

7charactenst1c acceleratlon of growth and elevatron of mature body srze vxa the mvolvement

-‘.zof dlf ferent gene systems

)

As suggested by the Hayes and McCarthy (1976) model the mst probable gene

f systems mvolved in a 'hlgh growth' selectlon response would be thbse whrch regulate appetite :

d/or energy partmonmg between the mayor body trssues A 'htgh growth sclectron lme that

: i grows at an accelerated rate yet exhrbrts no: change in relatrve trssue growth would probahly
U ‘_.-'-mdlcate that selectron had acted largely upon vanatron at 1oc1 mvolved in appettte regulatron

ey ’»_"However smce therr 'htgh lme mtce exhrbrted ‘an enhanced relatwe rate of fat dcposmon :

McCarthy and coworkers (Hayes and McCarthy, 1976 Allen and McCarthy, 1980) suggested' ‘

| that in. addrtron to appetrte related genetrc vanatxon selectron had also acted upon genetxc

R



variation Wthh allowed a greater proportion of the energy mtake to be partmoned mto nonfat»
g growth As a result the 'hrgh line mice were leaner at low body welghts However since the _ .‘
_ mcrease of nonfat tissie eventually asymptotes dunng normal growth the elevated energy -
J“antake was subsequently avaxlable for fat deposmon. accordrng o the Hayes/McCarthy model
.thxs redrrectron of energy mto .fat deposmon was responsrble for the mcreased relatrve rate of : .
f attemng observed by several research groups (Hayes and McCarthy. 1976 McPhee and Nerll
1976 dlscussed by Roberts, 1979; Allen and McCarthy, 1980) R " -_ S
The data presented here suggest the need fc or an expansron of the basxc"
Hayes/McCarthy model of selectlon drrected composrtronal changes W.,hrl&HL mite exhxbrted
an mcrease in appetlte (Barley)wss). this mcreaSe was assocrated W1th a reduced Tel Kve rates - -
of fat deposmon Therefore dependent upon the genetrc varratron present m the selectron |

lme 'hrgh growth' selectron appears to be capable of couplmg an mcreased appetlte wrth an |

enhanced relauve rate of nonfat trssue growth

‘ The $specific gene systems af! fected by. the ’hrgh growth selectron pressure would thus, g
A,mvolve those which regulate body growth rate mature body srze and trssue growth patterns', ’
’ The known metabolrc mfluences of‘ the growth hormone (GH) endocnne umt support the :
o potenual mvolvement of genes, Whrch regulate thrs umt in medratmg the 1dent1f1ed selectron’ |
- response the GH endocnne umt is not only an 1mportant regulator of overal'l postnatal‘f‘_n‘
‘ growth (erhelmr 1982) but has also been demonstrated to enhance both muscle growthl.j"
(Franchtmont and Burger 1975) and hprd rnobrhzatlon (Goodman and Gnchtmg 1983) 4 -
~ Furthermore, the GH endocnne system has been suggested to play a role in the regulauon of::-v F

appetne (Vaccanno et ak., 1985)
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‘Figure I1.1 Response 1o seleIuon for hxgh 42 day body welght in HL mice. Selecuon was
1mposed at the- eighth gener tion of the’Foundatnon Populatlon Durmg the selecnon

) expenment personnel from the Agncujture Canada Research Station (Lacombe, Alberta)

calculated the average 42 day body welght of HL and FP mice at each generatlon Wenghts of .

FP mice were not recorded between generauons 33 and 63
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Figure 11.2 'Lo‘g;istic Weighf-age curves of HL and FP mice The representatives of HL males,
HL females FP males and FP- females were sacnf iced at body wenghts ranging from less than
10 g to greater than 65 g Body weight- age data were recorded at the ume of sacnf ice. These
data were then fitted to the lOngth growth functxon which is detalled in Chapter II -

Matenals and Methods



. L Sl
'; 19 .
¥ ':\ﬂ%ﬁﬁ" & N My
N . ' %?\
E + + o )
’ . o (N
: .
L] o .
+ v
81 -
S“ +
- L L3
s . T UORPTPPPITTIILY T T [y
» *
8_ +
8" +
o - A}
-] T T T ™ T T
0 40 80 120 180 200 240 280
. B
AGE (d)
MALES
e ‘J.'L + + - +
8_ +
]
o
8" - u -
’ e
C.
= ¥
i
8
8-
[ 8‘
o4
o 1 - L l- T "
0 40 80 120 160 200 240 2‘0
" AGE (d)



Figure 1.3 Gfowth vof total edfpose tissue relative to body weight in HL and FP mice. The
.Q‘;presentanves of HL males, HL females FP males and FP females were sacrificed at body

; welghts rangmg from less than 10 g to greater than 65 g. Anthmetlc scattergrams of total
) adipose tissue versus body weight were plotted on a w:thm -sex basis. Smce each scattergram ‘
exhxbxted an exponenual trend, the relatlonshlp between these vanables was mveSUgated using’
the allometric equatlog(l‘he predicted allometric relatlonshlps are shown in each graph.
L :

] e
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Figure 11.4 Growth of total adipose tissue relative to nonadibgge tissue in HL and FP mice.
The\gepresematives of HL, rﬁales’. HL females, FP males and FP females were sacrificed at
body ;&eights ranging from less than l_Q-:g.;ng; greater-than 65 g. Arithmetic scattergrams of
total adipose tissue versus nonadipdrs.e- tis;r:x'é‘;‘ji:'v'éi‘ght weré plotted on a within-sex basis. Since
each scattergram exhibited an exﬁonential trend, the relationship between these variables was
investigated using the allometric equation, The predicied allometric relationships are shown in

-each graph.
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Figure. I1.5 Increase in total lipid weight relative to body weight in HL and FP mice. The

representatives of HL males HL females, FP males and FP f emales were sacrificed at body

1 weights ranging from less than 10 g to greater than 65 g. Amh}tcuc Rattérgrams of total lipid

weight versus body weight were plotted on a within-sex basis. Since each scattergram exhibited
’

an exponential trend, the relationship, between these variables was ihvestigated using the

allometric equation. The predicted allometric relationships are shown in each graph.
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N 'Fxgure II 6 Increase in total ltpxd wexght relatxve to nonadlpose tlssue weight in HL and FP

- mice, The representatwes of HL males HL females, FP males and FP fernales were. sacnf 1ced

at body wexghts rangmg from less than 10 g to greater th n 65 E. Angnﬁetxc scattergrams of - "

total hpxd wenght versus nonadxpog\e tissue wexght were plotted ona W1th1n sex basxs Smce

each scattergram exhxbnted an exponenual trend the? ela’uon y between these vanables was

'_ mvestxgated usmg the allometnc equat:on The predtcted allometnc relatlonshxps are shown m

\eachgraph T . 0 L
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1. GROWTH AND BODY COMPOSITION. OF MICE SELECTED FOR HIGH BODY

WEIGHT

A. INTRODUCTION |

V mouse has been studied extensrvely as a model of mammalran growth

» Selection for mcreased body weight m mouse populatrons has demonstrated the feasrbrhty of
mcreasmg growgh rate and mature body 'weight via genetic manipulation. Since whole body
" . growth is a blologtcally complex character mvolvmg the coordmated development of many
| different on ttssues and organs, many researchers have recogmzed the need. to interpret |
'hlgh growth' selection responses in terms of changes in organ and tissue growth patterns (for
_Teviews see Eisen, 1974 Roberts, 1979; Mahk 1984) "The results of these studtes indicate that

the accelerated growth resultmg from 'high-growth"” selectron, may be primarily due to an

mcreased rate of fat accumulatlon, accordmg to thé mterpretatron proposed by Hayes and

McCarthy (1976) and supported by Roberts (1979) 'hrgh-growth' selected mice inevitably ‘

“become f atter (relatwe" to body werght) than unselected mice. However as descnbed in

- Chapter I, HL mrce were leaner (relatwe to body welght) than unselected FP mrce over the R

range of body wetghts exammed The study reported here sought to investigate the body .
: component growth patterns of these twolrnes of mrce, together wrth. an additional hrgh body "

‘weight selection line, ov'era range of FP weights lighter than those studied in Chapter"II.
B. MATERIALS AND METHODS

Mouse Lines '

- The main HL and FP mouse lines employed m ..thi‘s study were described in' Chapte_r II
lAt the _eighth generatron of -the FP an additional subline was denved m whrch replacements
were selected, on a within- lrtter basxs for hngh 42 day body werght Thrs sublme (Hrgh Small

Lme. HS) was maintained at a smaller populatton srze than the HL: 6 htters per generatlon (2

30



‘males each mated to 3 females). Selection for high 42 day hody weight was conttnued for 69
» g‘enerations'. The I-lS line was maintained within the laboratory environment _descrlbed in

_Chapter 11.

Statlstlcal Analysis

To represent the overall HL HS and FP growth patterns body welght age data were
fitted to the logrstrc growth funcnon Thts functlon was described in Chapter 1II. Artthmetm",
" ' scattergrams of lipid weight, protem “weight and ash weight agamst body weight were plotted
‘on’ a within-sex basis. All relationships between these \yariables' were inyestlgated usihg the
allometr'ic equation as detaiied in Chapter 11. The' data were, therefore :transformed to |
logarrthms and the lmear regressxons of log llpld weight, log protein welght and log ash wenght :
“on log body wexght were computed To better define the selectnon response the HL, HS and
FP regressnon coefficients were compared on a wrthm -sex basxs. the statistical model for this

companson was the same as that detailed in Chapter II.

»Chemlcal Analysis o o . Q . ‘ -

Representatlves of HL males" (n ‘16) HL females (n 24) HS males (n 14) HS
. females (n= 13) FP males (n=26) and FP females (n 27) were sacnflced at 21 31, 42, 63
and 84 days of age. Indxvrdual body wetghts were recorded at the tlme of sacnf ice. Followmg
sacrifice, the mrce were stored in plastrc bags at- -ZOé , : -

Mouse carcasses ‘were prepared for—analysis of chemlcal cOmposmon a¢cordmg to the” :
steam autoclavmg techmque outlmed by Sibbald and Fortm (1981) lndrvidual mice -were
| placed m 600 mi beakers contammg 10.ml of water the beaker and contents were then, "
autoclaved at 110'C for 14 hin a~steam stenhzer Stenhzatron and processmg were achreved.
wh11e mamtammg 15 ps1 in both the Jacket and the chamber. Followmg autoclaving. the

‘samplés were homogemzed for 2 mmutes ina polytron homogemzer Homogemzed samples

. weré then’ frozen» (-20 C) and subsequently freeze dried for 5 days (maxrmum shelf



2 .
temperature' :of» ;20'C). After_ freeze-drying, sample weights were recorded and sam‘ples were b>
~ ground to & powder. | N o B ‘ ’ _ | )

| Lipld extractron of a subsample of the ground freeze dried material was accomphshed |
‘according to the A 0. A .C.-(1980) protocol. Nitrogen. determmatrons of the hprd-free resrduez 2 |
were accomplrshed usmg a micro- Kjeldahl auto- analyzer Protein content was then predrcted |
as nitrogen x 6.25. - Ask’ was determmed as the residue from subsamples of. the freeze dned .
materral._ after ashrngfor 2hat GOGC. L P ' ~. . N
C. RESULTS |
A statrstrcal comparrson of HL and FP body growth curve parameters is reported in
Chapter V. The logrstrc growth curves (Fxgure III. 1) estrmated usrng the werght age data of
the expertmental mrce reflect the general features ~w1nch are 1dent1f 1ed in Chapter V: HL mrce
\exhrbrted an accelerated absolute growth rate which allowed them to achieve higher body
werghts than FP mrce of the same sex, at all ages As revealed m Frgure IIIl high body |
weight selectron had httle mfluence on the body growth of HS mrce _ ‘
The estlmated growth coeffrcrents (b), for lipid werght relatrve to body werght are
_presented in Table III 1. Wrthm males, the estrmated HL growth coeffi rcrent was srgmfrcantly
hlower (P<0 .05) than the HS or 'FP estimate. Thus, relative to body werght HL male lipid
‘_werght mcreased at a reduced rate in companson to’ that of the. HS or FP males No
srgmf icant drfferences exrsted among the three f emale lipid coeff icients. .
o Scattergrams of lipid werght versus body werght together wrth the predicted allometric

(pattern of hprd accumulatron are presented in Frgure II. 2 Figure III.2a. illustrates that, wlule'

. _‘HL male hprd weights rncreased at a slower relatrve: rate HL males actually had higher

absolute hprd werghts (than HS or FP males) over the range of body wexghts exammed HL
'females also had hrgher absolute hptd werghts than HS or FP females over the body werght ;

range exarmned



e

’The estimated growth coei‘ficients 'fo.r protein weight relative to body weight' are
presented in Table MI.1. As indicated, the estimated growth coefficients for the 3 mouse lines'
drd no differ significantly wrthm either sex. o '

The scattergrams of protem werght versus body werght together with the predtcted

allometric relationshrps are presented in thure III 3. These scattergrams illustrate that over
._-the body werghts examined, HL mrce exhrbited lower protem wetghts than HS or FP mrce of ‘
R the same body wetght and sex. |
| The growth. coefftcrents ref]ectmg the rate of ash weight increase relative to body
lwerght are presented in Table EII .1. Within males.. the growth coefficients of all three lines
drffered significantly in the order o; HL>HS>FP “Within females there was no. significant
dif ference in the growth coef’ frcrents for ash, '

The scattergrams of ash' weight versus body weight, together with their predtcted
allometric relationships, are presented m Frgure II1.4. As illustrated, over the body weights
examined, HL mice exhrbrted lower ash weights than HS and FP mice of the same body
weight and sex. - | e
D. DISCUSSION o -

' "I’hehrelationship, between the bredicted HL and.FP iogistic weight age‘curves was |
.srrmlar to that predtcted in other work (for review see Ersen 1975) \Selectron of mouse
populatrons for the enhancement of a growth-related parameter, ‘f‘requently accelerates' A
growth rate and elevates mature body size. . ) ' |

Several studres have sought to rnterpret the body composrtlonal changes, assocrated .
. ‘with ‘high- growth' selectron by exammrng the allometnc relatronshrps between body

component weight and body weight. These studies indicated that the prrmary composrtronal
."change in. 'hrgh growth lmes was an mcreased rate of fat deposrtron relatrve to body werght ’
Whﬁe the ‘high' line mrce' in these studies were learter,,than the unselected or f'_lown‘lme mice

at low body weights, the high relative rate of fat deposition caused the 'high' line mice to



/!
grow fatter (than the unsdlected or ‘low' line mice).as bodyweight mcreased The age, at the
imposition of selection pressure. may be a 'significant 'break point' in the fat developrnent of
selected mice (Fowler, 1958; Hull, 1960; Hayes and McCarthy, 1976; McPhes and Neill, 1976;
~ Allen and McCarthy, 1980). According \to these studies (discussed by Robertson, 1982 and
| ‘Mal’ik. 1985)."hlgh' selection mice will be leaner_thanfunselected or 'low’ mice, ‘on a constant

weight basis, prior to the age at selection; at ages following the age at selection, 'high’ rnic.e
will grower fatter, relative to body. weight, than unselected ‘or 'low' mice. - ]
Contrary to the prev_lously cited studies, the HL mice déscribed here exhibited higher
‘lipid weights than FP mice at low body weights and maintained this lipid weight excess over
the range ‘of body .weights examined-. vAs indicated in Figures II1.3 and III.4, these higher lipid
weights wwer’e off set by lower protein and ash weights at the corresponding body weights Also
' contrary to previous studies, the HL mice did not exhrblt an accelerated rate of lipid
accumulatton relatrve to body werght HL males exhibited a s1gn1f1cantly lower lipid growth
coef ficient than FP males whxle HL and-FP females showed no signifi icant dgference in their
| coefflcrents (Table 1I1. 1) | |
| The data presented in Chapter II indicated that, at heavrer body weights (from 20 70

8 HL males had a lower lipid growth coefficient than FP rnales. Furthermore, at body
© - weights- exceeding 25#30 g, FP male lipid weightsl exceeded those of HL males. Allorn‘etric
‘ analysis of female lipid Weights, at FP body weights heavier than those 'in the present study,
: re,vealed that’ HL females also had a lower lipid growth coefficient than FP females. :As.a
-consequence, Fl’ females grew fatter than HL females as body- weight increased above
approxrmately 25- 30 8. Observauon of the body growth curves presented here as well as
‘those presented m Chapter II reveals that both HL males and females achreve body weights
of 25 30 g at approxrmately 42 days of age (age of selectxon for high body wexght)

The relationship” between HL and FP hprd accumulation, therefore appearsto be the
‘ ‘reverse of the relatlonshrp between other ‘high’ and control (or 'low') lines descnbed in the

hterature As sugg&by the Hayes and McCarthy (1976) model of selection- directed
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composmonal changes, the most prob'bble gene systems involved in a 'high- growth‘ selection
response would be those which regulate appetite and/or energy partitioning between the major

L body tissues, ‘A 'high-vgrowth' selection line that grows at an accelerated rate, yet exhibits no-

change in relative tissrie growth, would probably indicate that selection had acted largely upon
vary:tion at loci involved in -appetite regulation. However, since their 'high' line mice
exhibited an enhanced relative rate of fat‘deposition McCarthy and coworkers (Hayes and
McCarthy, 1976; Allen and McCart \1.980) suggested that, in addition to appetite -related
genetrc vanatron selection had also'aeted upon genetic variation Wthh allowed a greater
proportton of the energy intake to be partmoned into nonfat growth ‘As a tesult, the 'high'
line mice were leaner at low body wei tsi: However, since the increase of nonl’at tissue |
eventually asymptotes during normal /érowth ‘the elevated energy intake was subsequently
available for fat deposmon accordmg to the Hayes/McCarthy model this redirection of
energy into fat deposrtron was responsible for the mcreased relative rate of f attemng observed
_-by several research groups .(Hayes and McCarthy, .19\76; McPhee and Neill, 1976. discussed by

Roberts, 1979; Allen and McCarthy, 1980).

H

-

The data’ presented here, in conJunction with that presented in Chapter 11, suggest

| ‘that the basic Hayes/McCarthy modeluequnres expansion; While the HL mice described here -
exhibrted an increased appetite (Bailey, 1985) they were fatter than FP mice only at low body

' weights and greymaelatively leaner as body werght mcreased Thus dependent upon the genetic
variation present in the selection hne, 'hrgh-growth‘ selection appears capable of couphng an
increased appetite with a reduced :elative rate of fat 'accumulation That 'HL mice exhibited ,

higher lrpid werghts at Yow body weights, may md1 te that their elevated appetxte exceeds

their genetic ability for nonfat growth dunng an early phase of whole body growth; ‘however

.l,
b,
. ‘,

nonfat tissue growth. = ' ' w‘-_“f‘ :

"at heavier body weights, HL mice may be bettcr able to utilize the mcreased food mtake for .

While subjected to the same selection pressure as the HL line the HS lme selection

response appears to have been very hmrted Body growth rate. and mature. body size of HS

i
v
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mice were similar to FP mice of the same sex. The body composition of ‘HS and FP mice was .
also similar; only the male ash growth coeffrcient differed significantly between HS and FP
mice. ,Thus, selection was ineffective in sigmfncantly altering the whole body growth and
compositional relationships, of HS mice relative to FP mice. While the HS selection response
" may reflect limited "genetic variation in the founding animhls. the small population size rhay
also have played' an =imbor‘tant' role. Under the cyclical mgting pattern- employed
(Farid-Naeini, 1986), the srnaller HS line‘population size woutd ‘be.e_x_éected to result in a-
“ more, rapid increase in inbreeding relative  to the HL line. With .this increased rate of
inbreeding, there would be a. greater ~ potential to restrict genetrc variability, thereby
_ compromising the ultimate genetic hmrts for growth-related changes in the HS line.

" Theref ore. the apparent contradtctron, among the 'high-growth' selection responses
reported b); others and that of the twe 'high' lines reported here, is compatible with selection
theory. A population's selection response is governed by‘the genetic \fariability present prior
to the imposition of selection (together with any. variation which may originate during the
selectidn ‘process through genetic rearrangements, etc.).; Thus, genettcally' different _
"high-growth‘ selection linesﬁ mey achieve the characteristic acceleration of growth, and
elevation of mature body size. via' the invotvement of cli‘ifferent‘gene‘systems. Furthermore,»
thelimitation of gene phol size woutd be hredicted to._restric‘t a pqpulation's ability to re§pqnd

~

to an imposed selection pressure.
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Figure I11.1 Logistic weight-age curves of HLCX and FP mice. Representatives of each
sex/line subclass were sacrificed at 21, 31, 42,%3 and 84 days of age. Individual body weights
were recorded at the time of sacrifice. These data were fitted to the logistic growth f unéti_op

which is detailed in Chapter II - Materials and Methods.
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‘.Fxgurq 1.2 LIpld mcrease relative to body wught m HL HS and FP Representatxves of each
L sex/lme subclass wer@*sacnficed at 21 31 42 63 and 84 days of age The anthmetlc
scattergrams of llpld welght relative to body welght are plotted ona w1thm sex bass. The

relatxonslnp between these vanables vles mvestxgated usmg the allomemc equatlon (as detalled

@

t
v

4in Chapter II) The pred:cted allometnc relauonslnps are plotted in each scattergram

- 3
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wagure II1. 3 Protem increase relauve'to body wexght in HL, HS and FP mice. Representatives

. of each sex/lme subclass were sacnfmed a@Zl 31, 42, 63 and 84 days of age. The anthmetxc M
scattergrams of protem welght relauve to body wenght are plotted on a within-sex bas1s» The -
'. relanonsmp between these vanables was mvesugated using the allometnc equatxon (as detalled

~ in Chapter II). The predicted allometric relatxonshlps are plotted in each’ scattergram;_
L . . . - ’
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Figure' 1.4 Ash mcrease relatwe to body welght in HL HS ggnd “FP mice. Representatlves of

_ each sex/lme subclass were sacnfnced at 21, 31, 42, 63 and ﬁﬁ days of age. The arithmetic

| scattergrams of ash weight relative to body weight are plottod on a thhm -sex basis. The

relationship between these varxables was mvesugated usmg the allometnc equatmn (as*aetalled

in Chapter ). The predxcted allometnc relatnonshlps are’ plotted in éach scattergram
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1V, PARTITIONING AND DISTRIBUTION OF ADIPOSE TISSUE AND LIPID IN MICE

SELECTED FOR HIGH BODY WEIGHT

¥

A. INTRODUCTION

Mammahan adipose tissue plays a crmcal role in energy metabohsm body temperature

. regulation and'body organ support. Within 'mammals, the total adipose tissue is partmoned

mto a number of falrly discrete adipose tissue depots in various anatomical locatlons Based

"~ upon their- anatomncal location, these depots can be loosely regarded as enther penpheral or

internal depots. In many maanahan species, penpheral]y located depots have evolved into

- organs with a'greater role in body temperature regulation relative t'o their'role as sites for o

- energy storage and mobilization (Young, 1976). Conversely, the role as an energy

storagc/mobxhzatxon site_is relauvely more 1mportant in the internal adipose tissue’ depots
(Young, 1976)

thhm both the pertpheral and mternal body regions, the individual adipose tissue -

vdepots appear to be distributed into specific anatomtcal locations which- least interfere with the
mammal's function. Such differences in the distribution * of depots have been documented

'amo‘ng:Spe_ci.es_.' breeds and se_xee (Sbatlock, 1909; Young, 1976; Shahin and Berg, 1985).

‘Therefore, while various- environmental factors have been demonstrated to influence

_ the partitioning and distribution of adipose tissue, there is clearly a strong genetic component.

-involved in the manifestation of these’ two- characters.' To give direction to future studies of

the molecular mechanisms regulating fat distribution and-partitioning, .the study reported her'e‘.

.

-investigated tbe influence of ‘'high-growth' selection pressure on the partitioning and

distribution of adipose tissue and lipid among specific peripheral and internal adipose tissue

~depotsin mice.



B. MATERIALS AND METHODS
Mouse Linest '

The history and mamtenance of the HL and FP mice used in this study were described

in Chapter II,

 Dissection of Adipose Tissue Depots ) l

"The representatives of 'HL. males’ (n=36)t’HL femnales (n-—-31) FP males 6n=31)‘ and
FP females (n=33) were sacrificed at hody werghts rangmg from less than 10 g to greater
than 65 g, The ages of these ‘mice rang#d from 14 days to 275 days

i

Drssectable adipose tissue depots wbre identified’ in five anatomical regions the
forelimb depot initiated between the shoulder blades and encrrcled each forelrmb to end in
. close association with the pectoralis superf cialis; the hmdlrmb depot initiated between the
hindlimbs and extended cranially to cover the caudal portion of - the body cavrty musculture.
the mesenteric depot was specifically associated wrth the mesenterres: the kidney depots lay
between cach kidney and the dorsal body wall; in males; the -gonadal depot was specifically
associated with the urethra and testis while, in females, this depot extended along _l:oth uterine
horns and encased both ovaries. On the basis of - their location, the forelimb andhindlimb
depots were considered 1o beperipheral while the mesente.ric,' gonadal and kidney depots were
regarded as internal depots. | | |
’ . Each of the adipose: tissuf depots was dissected away from the associated-fnonadipose
- tissue, individually wexghed and then stored at -20°C until liprd extractions were performed.

. Total adipose tissue werght was computed as the sum of all adipose tissue depot werghts

‘Lipid extractrons were performed on individual adipose tissue depots. Total depot lipid
weight was computed, as the sum of the weight of lipid -extracted from each adipose tissue"f‘
depot Total body lipid was computed as the sum of the werght of llpld extracted frorn each B
'adrpose trssue depot plus the weight of lipid extracted from the nonadrpose tissue (tissue

“ ' /



remaining after the removal of the dissectable adlpose tissue). . ) "v“
The lipid extraction procedure involved a four hour ether, extractlion‘of freeze -dried
Asamples accordmg to the A.O.A, C. (1980) method. Techmcal difficulues -associajed with the _
lipid extraction of very small adrpose tissue samples, resulted in the loss of several depot hpxd
\werghts of animals sacrificed at low body weights; as a eonsequence.‘ totai depot aéd boa—_—

- lipid weight values, corresporrding to these low body weight animals, were not computed.

‘ Statisfical Analysis .

. The relationships ef Elep_ot adipose tissue‘ relatiye to total ac‘lipose tissue, depot 'lipi_cl.
relative to/ total depot lipid, and depot lipid\ relative to total body iipid were investigated ﬁsing
the al]ometricvec‘iuatidh' described i Chepter ‘II. The data Were &herefore transformed to
logamhms and, the linear regressrons of log depot adipose tissue wexght on log total adnpose
o tissue weight, and log depot hpxd on log ;otal depot l;lpld and log total body lipid weight, were
compared. “To better define the effects of “selection, the HL and FP allometne regressron
cocfficients were'eompared'o,n a vgirhin’-sex basis; the statistical model for this comparison ‘
was described - in “Chaplter II. The estimated allometric” parameters "Were then employ_ed' to
: adjust’ rhe dependent var‘iable’ to the arithmefic mean of the independer;{ variable. In cases

where the between slopes and/or intercepts were - hompgenous (P>0. 05) the common
" regressron parameter(s) was used for adJusfment
To examine the pattem of hpxd accumulation within each specific depot linear
regressions of -depot lrprd on depot adrpose tissue were also c{alc‘ulavted.‘ These fegrcssrons were
 performed on the raw Yata because of the linear relatio;rehip between the two varfhbles
(Figure IV da-e). The statrstrcal model employed to compare these estunated wrthm-sex

- regression coeffi 1cxents was,

Y _A +L +Bx +(LB)X + e

ij ij :
- where Y, ij = werght (g) of depot lipid of the u ammal A = mter_cept. Li = fixed effect
th line, Xij = weight (g) of depot adipose tissue of the uth animal, B = regression

- of the-iv



. ! | ‘**" .
‘coefficient of Y on X, (LB)i = interaction elffecyt and °ij = error term (assumed to be
normally and independently distributed). |

- €.RESULTS

bepot Adw Tissue Weight Relative to Total Adipose Tissue Weighf
/The @stimated érowth ooefficients for the weight of the individual adipose ‘tissue

" depots rolative to ‘total adipose oissue wéight; as woll as dif‘ ferenoes,between a‘ijusteo roean

“depot weights, are presented in Table IV.1. Comparison of the depot coelficients (within each

line/sex subclass) indicates that the relativo growth of the five depots can be ranked generally

as forelimb < mesenteric, hindlimb < gonadaﬂ\kidney.

Arithmeti‘c' scattergrams of each oepot versus total adipose tissue, togethcr with the
predictéd allometric relationships, are presented in Figuré\‘ IV'.la;e and Figure IV.2a-e. Within
males, Figure IV.1bc, d Teveals that the selection pressure had little inﬂuooce upon the
Telative growth patterns of the forehmb mesenprlc and gonadal adxpose tissue depots.
However, as seen in Flgure V. la HL and FP hfndhmb adlpose ussue depots did not exhxbn
the same pattem of increase relative to total adipose tissue; as a rgsult, at the total adipose

tissue arithmetic mean, the HL.adjusted hindlimb depot weight wasv 23.1% less than the FP
| adjusted méﬁn (Table IV.1). As shown in Figure IV.le and Table I{' 1, the pattern of kidney
adipose tissue growth also differed between HL and FP males. The hxgher relanve growth of
HL kidney adipose tissue dxctated that HL males had 18.3% more kidney adipose tissue at the
arithmetic mean of total adipose nssue (Table Iv.1). Moreover, at the maximum FP total
adlpose tissue welght (11 62 g), HL males had 51.2% more kidney adipose tissue.

Wlthll‘l females, the HL and FP hmdhmb forchmb and mesemer:c depots growth
coefficients differ significantly (P<0.05) (Table Iv.l). However, the biological significance
_of the differences, in the relative growth of these depots, is not clear. Figureﬂ IV.2b,c suggest °
 that, while HL females may have exhibited higher. forelimb and mesenteric adipose tissue

h}

“.
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weights at very low body weights, differences between the lines. were less clear at higher -
coniparéble body weights. The grthh patterns of kidncy and gonadal adipose tissue were very

. . E
similar between HL ahd FP females_.

" Depot Lipid Welght Relative to Total D‘epotwLipid wéigm # '

The cstimat'e;l axo‘v(th coefficients for individual :\depotk lipid Weigh_ts relative to total
depot lipid weights, as wyéllvas the difference§ between the adjusted mean'depot lipid weights,
are presented in Table 1V.2. Companson of the depot coeffic fxclcnts (thhm each line/sex
‘ subclass) indicates that the relative rate of depot lxpnd accumulation can be ranked generally
aé follows: forelimb < hindlimb, mesenteric < gonadal, k,idneyf Only HL males coefficients”
deviate from this general ran'king; within this subclass, gonadal lipid exhibited a lower relative :
rate of increasé than.hindlimb lipid. | | |

Arithmetic scattergrams of depot lipid relative to total depot lipid. together wiih the‘l
prcc;icted allometric relationshipé, are shown in Figure IV.3a-¢ and Figure TV 4a-e. Similar to
the(tren_.d observed for depot adipose tissue relative to total édibose tissue, HL iﬁales appeareydj: |
to @artition more lii)id into ,the kidney depot, and less in{o' the hindlimb depéai,- :than FP:
'males. While the HL and FP mesenteric and gonadal growth coefficients differ s1gmf1cant1y,
observation of Figure IV.3b,c,d indicates that-the pattem of accunmlauon of mesent e

a :
gonadal and f orelimb lipid (relauve to total depot lipid) is sxmxlar, in the males of both lines.

Within females, observation of Table IV.2 and Figure"‘lVAa,c,d,e suggests that the
accumulation of hindlimb, rﬂesenteric, gonadal and kidney liﬁ‘id,(relative to total depot lipid)

was very similar between the HL. and FP mice. HL and FP females did, however, appear to

!
V

differ in their pattern of forelimb lipid accumulation' HL females had higher forelimb lipid g.

weights at the: low total hpnd weights, yet exhibited a lower forehmb growth coeffnment As a

4
S

-

l

result, HL and FP females had sumlar forelimb hpnd weights at heavier total hpxd wexghts

) . : .g
(FxgureIV4b) o - ' ' - %?

r\*
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Depot Lipid Weight Relative to Total Body Lipid Weight .
Table IV.3 containg the estimated ‘growth coefficients for Wcigm of individual depot
lipid, relative to total body lipid weight, as well as the mean depot iipid weights adjusted (o
the within-sex arithmetic mean of total body lipid weight. Within FP mice, the relative rate of
increase in depot lipid can be ranked as nonadlpose < f orehmb < hindlimb <mcsenteric <
» gonadal <<kidney. Wlthm HL mice, the nonadxpose lipid also exhibited the lowest relative
rate of increase; howe;'er. the ranking of theyother depots not only differed between the sexes, |
| but also deviated from the FP rahking. .
Arithmetic scattergrams of depot lipid relative to tot‘aﬁl body ‘lipid, together with the
prediéted allometric relationships, are presente&\n Figure IV 5a-f and Figure IV.6a-f, While
\all of the estimated depot regression coefficients differ belwéen’ HL and FP males, thc‘
scattergrams and the differences between adjusted depot means suéept that HL and FP males .
"had similar wenghts of forehmb mesenteric, gonadal and nonadxpose lipid over the entire
range of common total body lipid welghts However, followmg the trend identified in the two‘

‘ @% previous compansons HL males appeared to partition a. lower propo&t:on ;g{ thexr total body .

hpld xao the hmdhmb depot they compensated for this by pamuomng propomonately more_

;K;dney depot hpxd were very similar between the two lines. Moreover, while the nOnadlpose

hpld g1'0wth cocff:clents differed significantly, females of both lines had similar nonadipose
Lo ﬁpid‘%éigins over the t_:ntire range of pommoq total bedy lipid weights. As in the previous
‘ éqﬁ}périsoné between HL and FP females, FP females ‘had less forelimbml“ipid at low total body
lipi& weights. However, the ldwer HL :f:orelimb regression cpef ficient éillowed FP females t0

achieve forelimb lipid weights, similar to those:off HL fefnalés. at heavier. total lipid weights

- (Figure IV.6b).
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vDepot Lipld Weig:t;elntrve to Depot Ame ‘Tissue Werght - | ' _ i
O Anthmemc sl:attergrams of depot lrprd versiis depot adtpose'trssue as well as the'
_\ ; predxcted lrnear relatronslnps betwecn these Vanables are presented in Frgure Iv. 7a e and a
» Flgure IV 8a -€. The reg;essron coeff 1crenls\ whrch descnbe the slopes of these relatronshrps,.‘; B
R ge:presented in Table IV 4 The magmtude of these coeffrcxents reﬂects the hrgh degree of‘ -
saturatron (2 80% lipid: w/w) of all depots over the range of adrpose trssue werghts exarmned '
Table IV 4 mdrcates the exrstence of several srgmfrcant wrthm -sex hne drfferences in the rate IQ

L of depot hp;d aocumulatron However, as 1llustrated in the correspondmg frgures these.
e 3 . . B : ‘\j e

[

' dtf fi erences were verys small.

n mscussron

a

' Vanatron m the partxtlonmg and drstrrbutron of fat has been well documented among
N 2 e

S j
e numerous specres Smce the%atomrcal locatron of fat can mfluence both form and functron

thrs vanatron undoubtedly orrgrnated as each specres evolved toward a maxrmal level of frtness‘ o

“within a. specrfrc envrronment In mény specres perrpheral depots play a relatrvely more

""nrmportant role '(than mternal depots) m body temperature regulatron whrle mternal fat
depots play a relatrvely greater role in energy storage and mobghzatron (Young, Z‘j) At the .

gbrochemrcal level thrs 'dmsron of labor between mternal and perrpheral depot is strongly

| assocrated wrtlr therr metabohc actlvmes, the: mdre easrly mobrlrzed mternal depots exhrbrt a |

hrgher rate of fatty acrd turnover than the penpheral depots. (Schultz and Ferguson 1974)

Wrthm the perrpheral and mtemal regrons of the body. the mdrvrdual\adrpose trssue ‘

depots appear to be drstnbuted in speclflc anatomreal lthatrons Whrch least mterfere wrth an

anrmal s functron Marme mammals have adapted to therr cold envrronments by drstnbutrng i

rw
cor

thxck layer of subcutaneous fat over therr entrre body However whrle of great adaptrve value |

‘ E)

S to marme mamm'

- such a drstnbutron of. subcutaneous fat would be a bamer to heat :

dtssrpatmn for ammal A f '

e~

1ting warmer 4nvxronrnents Desert amm f(e.g?. ca_rnel,'
N fat tatled and fat rumped sheep. fat tarled marsupxal mouse) whrch nwd

Y B L



. an energy source during‘ times of food shortage, yet cannot allow subcutaneous fat to interfere -

" with l;%at loss; restnct penpheral“fat depots: to hrghly locahzed body reglons to red 8

rmpact upon temperature regulatton (Young. 1976). The locahzatton of pertpheral
“the: buttocks regron of desert mammals, has also been descrlbed in certam Afrrcan trlbes' o
(Shatlock 1909) B R “ ?
Drfferences in fat partmomng have also been charactenzed among breeds of ltvestock
" ‘As in natural populatrons the breed -specifi ic patterns of fat partrttonmg can be related to -
vartatmn in selection pressures. Dauy cattle whrch must mamtarn a readrly mobtllzable energy" "
. sburce to meet)llreavy lacta‘tronal demands tend to partrtron a hrgher proportron of therr fat' '
) into. the mternal depots (Butler Hogg and Wood 1982), alternatrvely, the tradmonal BrltlSh -
*\ beef breeds whrch have been selected for a smooth blocky conformanon tend to havc more
fatin: the subcutaneous depots (Charles and Johnson 1976).
Many studres of mouse populatrons Wthh have been selected for the enhancement of
v-a growth related parameter have reported that thrs selectton pressure accelerates the raté ofi‘ /;
, total fat accumulatton relatrve to body werght rncrease (Hayes and McCarthy. 1976 Allen and B
. - McCarthy, I980 revrewed by Malik, 1984) Moreover Allen and McCarthy (1980) revealed" |
" .that mdrvrdual fat depots were capable of respondmg drfferentlally to thts mcrease‘ m fat
. ‘,accumulatron in the rgﬁ‘ge of common body werghts their 'high- growth' selecnon lines had
» more forehmb and mesentenc fas but less gonadal and lndney fat than therr 'low growth'
lmes _Thrs change m fat drstrrbutron and partrtronmg may ».reflect changes necessary to
accommodate changes in the form or functron of the 'hlgh growth' mrce S g,
' Contrary to the other reported {hrgh growth selectton lmes the HL mrce descrrbed -
> I here exhrbrted a reduced rate of total fat growth (relanve to body werght) tn comparlson to
| the non growth' selected FP mice. (Chapter II) As rcported here thrs depressron of the

3

i relatrve rate of fat accumulatron had lrttle mfluence upon the developmental relatronshipsl b'
: S &

3 : '
among the vartous depots However ms comparison wrth FP‘ males HL males avpedred ato o

partmon more fat mto the krdney depbl and less’ mto the hmdlrmb depot uver the range of'-- o

X : "’.f !-f

f . N o . . L PO ‘
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B common total fat wetghts This shtft in partrttomng. f'rom an mternal toa penpheraﬁ" %@ot 1s’
almost the reverse of the changes observed in the 'hrgh growth' 'line of Alien and’ LjicCarthy
(1980) Since the Allen and McCarthy ltne exhrbrted an enhanced rate of total fat

'accumulatton relatrve to body weight, changes in the rate of total fat accumulatron may
therefore be assocxated with changes in the mternal versus penpheral partmomng of fat |

-Within females. wrth,),the exceptron\of minor drfferences in the “reta'trve growth c;o‘,fg
forelimb fat, no ;obvious line differ_ences}existed in’ either the partitioniqgfor the ‘diStriht;tion ’
,offat.-’v PR e T ._ .

T.he;’)otentiaxl tof ‘a’pooulation to alter, the developmentalA relationshios arnong depots.'b

"in 'response to "high-growth' selection 'is: governed by the genetic ‘variability‘present prior?o
the 1mposmon of selection (together wrth any vanatlon whrch may orngmate dunng thev

E selectton process through genetrc rearrangements etc.).' The limited change in fat’ ‘

partrtton/drstrrbutron. assoctated with the dramatrc acceleration of ‘ HL body growth (Chap.ter.s

I, Itlb and V)' may reﬁect the existence ‘of ,lit”!le' genetic variability for fat partitioning in the

i3

vfoundmg animals. Altematrvely the increased growth rate and mature body size of the HL .

t

' mnce may have. necessrtated very fittle alteratron in fat vparutron/dlstnbutron to accommodate o

any functional changes assoétated with the ac_celeratton of growth.

P

X st e -
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3 ‘;rgble IV.4 Growth coeffitients for depot lipid'r‘elatiyg to‘d‘e‘pot a'dipose‘ tissue.

'.-E% KR T _@’
' o  Male W

1 R " Females -

7 Depot > . High » Foundatjon High . Foundation

.,g e G — : . - -
'Hmdllmb 0,918 £ .02 0.889 % .02 0.934 + .02 0.893 + 01b

* "Forelimb. - 0.822°% 02 0.809 £ 01" - 0.834 + .02 0.793 £, 02 :

. Mesenteric 0.902 + .01 ©.0922 £ .03 0.819 '+ 022
"~ Gonadal 0.845 = 01 0.893 02b 0.929 + .00 . 0.926 02b

. Kidney K '0 847" :t 00 0. 7-93 +..02 0.874 = 01 0.788 + 017 °

b

8within- -sex coef f1c1ents in a row differ sxgmfxcantly (P<.05):
; thm -8ex coefl”icxents in a row differ sxgmfxcantly (P<.01 ) ’



Flgure IV 1(a-e) Depot adlpose tissue welght relatxve to total adipose tissue welght in HL and
_ FP rmce (Males) The relatxonshlp, between the adlpose tissue of a specxfxc depot and total
_adlpose tlSSUC was investigated usmg the allometnc equauon descnbed in Chapter II. “The

: predlcted allometric relatlonshlp between these vanables is plotted in each scattergram '
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, .
Figure IV.2(a-e) Depot adipose tissue weight relati\"e to total adipose tissue weight in HL and
" FP mice (Females). The relationship, bgtween fhe adipose tissue of a specific depot and total
. -adipose tiésue, 'was;investigatéd using the allometric equation described in Chapter II. The

predicted allometric relationship between these variables is plotted in each’scmcrgram-r
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Flgure IV 3(a e) Depot hp1d wexg}‘it r;lative to total depot hpld welght in HL and FP mice © -
, (Males) The relatlonshxp, betWeen the hpxd wenght of a speclf ic depot and total depot hpxd ’

: welght was mvestxgated using the allomemc ec;uatlon descnbed m Chapter I1. The predncted
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Fxgure IV 4(a eq\ lipid Wgight relative to tmal depot hpxd wexght in HL and FP mice
(Ffmales) The're mnshxp hetween the lxﬁd wexght of a specnflc depot and total depot lipid
& . ~weight, was mvesugated using the allometnc equatlon described in Chapter II The predxcted | _

. ~gllometric relauonshlp between these vanables is: plotted in each scattetgx;an; *‘
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| Flgure IV S(a -f) Deth llpld wexght relative to total body- hpnd wexght in HL and FP mice
.;The relatxonshlp, between t ‘

welght. was mvest;gated usmg the allomk ric equatién descnbed in Chapter 11. The predxcted‘-.

i 1d wetght of a specific depot and total body llpld

. a~110metr1c relanonshxp between these variables is plotted in each scattergrant.
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Figure IV.6(2-f) Depot lipid weight relative to total body lipid weight in HL and.FP mice .-

(Females). The relationship, between the li‘p‘i(’i' weig'l:l; of a specific dépbt and total body lipid
~ weight, was _ini'estigated using the allometric equation described ift Chapter II. The predicted

allomegric relationship between thes¢ vaii_ableé is plotted in each scattergfam.
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Fxgure I, 7(a -¢) Depot hpxd weighy relative to depot adlpose ussue wetght in-HL and FP
mice (Males) To examme the pattern of hptd accumulatlon thhm each specxflc depot depot
hpnd was plotted relatlve to depot adlpose nssue The resultmg scattergrams revealed a strong.
linear relatmnshxp bet'ween these two vanables Lmear regressmns of depot lipid and. depot )
adtpose ussue were, therefore calculated for each specxflc depot. The predlcted lmear '

relatlonshlps between these two vanables is plotted in each scattergram
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Figure 1V.8(a-¢) Depot lipid weight relaitive to depot 'ad_ibos‘e tissue weight in HL and FP

mxce (Females). To examine the pattem of lipid accumulation thhm each specific depot,
depot lipid was plotted relauve to depot adlpose tissue. The resultmg scattergrams revealed a
strong lmear relatxonshlp between these two variables. Linear regressxons of depot lipid and
depot adipose tlssue were, therefore, calculated for each specxfxc depot The predicted lmear

relatlonshlps, betwem these two vanables is plotted in-each scattergram
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V/ IDENTIFICATION OF A VARIANT GROWTH HORMONE HAPLOTYPE IN MICE
' SELECTED-FOR HIGH BODY WEIGHT

- A INTRODUCTION
Animal geneticists have long sought accurate biochemlcal md‘xcators of an animal's

producnon potential Prevxously. researchers attcmpted‘ to correlane va;ious blood serum‘
protein polymorphnsms with economncally important traits including growth rate and body size -
(Neimann- Sorensen and Robertson, 1961; Stansfield et al., 1964; Smith, 1967). The
unrelialaility of such correlations (Stansfield et al.. lé64; Smith, 1967) illustrates the need to
seek biochemical indicators with an establisheo’:hysioloycal involvement in ~the manif estatioa, .
of the production cﬁarac'ter, Since several of the major genes ;egulating body growth ase ,\
" known (Schyjer and First, 1985), molecular techniquef can be employed in an .attex:npt to

\

idengify nat{xrally 6ccurring variant génes which make a positive contribution to growth. The’
frequency‘ of such variants should be increased by artificial selection for growth-related
paiameters. Molecular analysis of growth-selected populat;ons should, thefeby, aid ‘in the
rdentifieaion of major varfants. The identification 'of auch variants will aid in the selection of
replacement animals for use in traditional breeding programs More 1mportantly. thé'
introduction of Such variant genes via gene transfer, into populatiogs lackmg these variants,

could s1gmf1cantly accelerate the rate ‘of ammal improvement. To mvesugate the feasibility of
this novel approach to animal improvement, the study_ reported here employed Southern

analy51s of genomic DNA, from 'hi -growth{ and 'non-growth' \selected mice, to investigate
ihe hypothesis that the selection pregsure could have io‘ntified. and acted upon, natural

variation at the growth hormone (GH) ocus.

.
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" B.MATERIALS AND METHODS - *
Mouse Lines ~ - C » R z
' The hlstory and mamtenance of the FP and "HL mice employed m this study were-j v
desgrrbed prevxously in Chapter II. - R T J‘ .
‘Logistic G%’wth Patterns of HL and FP Mlce o _' A t' 2k

Mrce ‘were weaned at 21 days of age Male and female ?mce were caged separately . ‘

K a

(4/cage) Fxf teen mree of each sex were mdlvxdually welghed every 3rd day from 21 to 84 daysﬂ' ‘

k»of age “The logytlc functron was ﬁtted to the wer.ght age’ data of each mdrvrdual mouse by a

— e

'generalrzed least squares non- lmear esttmauon procedure The loglstrc functron for the nth .'

: mouse is represented by,"
. . \'< 4‘ . oy v _' ) ) A

Y(t)-A(lbe faht |
j‘where Y (t) = body welght (g) at time t (d) b mtegratron constant k = rate at Wthh
‘.-.logam)mrc functron of \ﬁexght changes lmearly per umt of txme (matunng rate) and A

asymptouc (mature) werght Other tratts derxved from thxs functron were age (t ‘) and'”

W

§ werght (y ) at the pomt of mflectxon age at: matunty (t 0. 99) and mean absolute growth‘ .

- rate (v ) Each of the estxmated parameters of the growth functron was analyzed separately'

o usmg a generallzed least squares procedure The followmg statlstrcal model was assumed for

‘ SN e Y_Jk u+L +s + (L‘S) +eJk A

_' . where Yt]k = observatton on the kth mouse of the 1_1th subclass K= populatron mean L =
: ;’,‘"effectr‘T the. ith genetlc line- (1—12) S effect of the Jth sex (J 12) (LS) :.l .
- lmter&tton EPl‘ect of the 1th hne and the Jt.h sex and e;: k = random ef féet term g '

, A

e
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* Restriction Site Analysls,of GH Gee' .. °

Genomtc DNA was prepared from liver trssue accordmg to a rnodxfrcatron ol‘ the

‘ procedure descnbed by Manratrs ot al 1982 The lrver trssue was frrst frozen in llqurd

3

mtrogen and then ground to a fme powder wrth a mortar and pestle This ground tissue was :

suspended in 10/ volumes of a- solutron consrstmg of SM EDTA. (pH 8 0), 100ug/ml

. protemase K and 5% Sarcosyl and then. placed in a 50°C water bath for 3 hours (suspension

“.was swirled penodrcally) Followrng the 3 hour mcubatron the DNA was gently extracted 3 !
trmes wlth“%qual volumes of phenol and then dralyzed extensrvely agamst a soluuon of SOmM
“Tris (pH 8 0),, 10mM EDTA and 10mM- NaCl The dtlute DNA solutton was then treated
wrth DNase fr’ee RNA (10ug/rnl) forr 20 mmutes extracted tWtce wrth equal volumes of
phenol chloroform and then dlalyzed extenswely agamst lpmM Tr1s (pH 8 0) and lmM »
"EDTA (pH 80) The DNA was stored at £C. o ) KRR .- |

A

' For the restrrctron site analysrs 10ug of genomrc DNA/drgest was drgested with the

_ -appropnate restrrctron endonuclease and f ractronated by electro?oresrs on’ 7% 1 5% agarose

gels Fractronated DNA;was transferrgg to GeneScreenPlus embranes (NEN Research)

‘Membranes were probed wrth a 0. 8 kb Hmd III fragment contammg the - complete rat GH

cDNA (Seeburg et al 1977) The probe was 32P labeled by synthesrs usrng random v

ohgonucleotrde, pnmers Hybrtdrzatron was . carrred out for 24- 48 hrs at 42C m 50%

formamra'e 500 ug/ml sheared denatured salmon sperm DNA 1 O M NaCl 1 0% Sarcosyl

= _ 50 mM Prpes pH 7 0 SX Denhardts 20 ug/ml yeast tRNA and 10% dextran sulphate Fxlter

’were washed twrce tn 100 ml of 2X SSC (5 mm each at room temperature) twrce m 200 ml/ol'

ﬁllX S C 1 0% SDS (30 rmn each at 65 C) twrce m 100 ml of 1X SSC (30 mm each at/{oom

:_temperature) Frlt IS were theh exposed to Kodak XAR 5 film wrth mtensrf ying, screens
% / .

..;

: »:-(Dupont Cronex Lrghtenmg Plus) at 70’C R : ‘. S f Y

X

The onentatron of the GH gene was determrned wrth enzymes known to cut wrthm the _

‘ -'mouse G oodmg sequence (Lmzer and Talamantes 1985) The resultrng GH fragments were -

with 5' and 3'-speci'frc rat GH cDNA probes The posrtrons of the two ‘



‘ rdentll‘ red mternal Bvu II srtes are conserved in the human rat and mouse GH codrng

. sequences (Secburg ét al., 1977; DeN;xé et al., 1981 Linzer and Talamantes 1985).

" ﬂ‘urthermore in ‘the ra and human GH genes, the 5' end of the - structural gene hes
approximately 400 bp upstream from the §' Pvu I site; the 3' end lres approxrmately 100 bp :
downstream from the 3 Pvull srte (Barta et al 1981 DeNoto ‘et al., 1981) The 5' and 3'

B ends of the mouse GH structural gene have been predrcted on the basrs of thrs rnformatron
o C. RESULTS AND DISCUSSION : ‘

The logrstrc growth curve analysrs of HL and FP .mice rndrcated that selectron had_.

- drrected a srgnrf rcant rncrease rn the mean ,absolute growth rate (v). of HL mice (Table V 1)

,F'As a consequence of thrs accelerated 1ate of growth HL mrce were 1. 5 trmes heavrer than FP -

B l

mtce by approxrmately 25 days of age; thrs werght drff erence was marntarned to maturrty (see

growth curves in Frgure V 1). However selectron had lrttle effect upon the rate of ma‘tqratro w
i e - J M/ o Y

(k)t age at pornt of rnflectron (t‘) or shape of the growth curve (werght a

relative to asymptotic weight, A) (Table V.1)..

A prevrous genetrc analysis of weight- selected mice (Prdduck and ‘Falconer, 1978)

rndrcat‘ed that an rncreased amount or actrvrty, of GH was mvolved in the se

Natural vanatron in both crrculatrng and prturtary GH levels has been documented; in 'mrce -
" (Yana1 and Nagasawa 1968 Srnha et al:, 1974) Furthermore variant forms of the GH
molecule (Lewrs 1984) a8 Well as varratron m the proeessmg of the GH prrmary transcrrpt X

L (DeNoto et al,, 1981) have been rdentrfred m rats and humans

| Two reports have been unable to 1dent1fy any GH gene’ sequence vanatron between ;
L mrce exhtbttrng dtverse patterns of growth (Parks et al 1982 Phrllrps et al 1982) However
s thrs study has revealed between-line restnctron fragrnent length polymorphrsms (RFLP s) for‘ o
: each of the seven restrrctron enzymes employed (Frgure V 2) In contrast to thrs between line' :
‘ "vartauon a survey of 50 nonsbs from each hne revealed no wrthin-lme RFLP S. Each hne

therefore possesses a unrque, frxed GH gene haplotype The two GH haplotypes are -

s
T :
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‘transrnitted as alleles of the GH gene, all progeny from HL x FP matings are heterozygous for _" |

- the two haplotypes (Figure V 3) Densitometic scanning‘of the F1 autoradiographic signals -
revealed that the HL- and FP-associated srgnals do not differ in mtensity This result suggests
that \there ,‘has been no- ampltficatron: of the GH gene copy number durrng the selection
process. = : | o 3 | . .

The potentral for accelerated growth is, theref ore, assocrated with 8 specii‘ ic GH | ‘

= ‘haplotype The assocration of a restrictton pattern haplotype wrth a variant phenotype has ’
"prthously facrlitated the molecular understandtng of B globm gene lesions reésponsible foril
B thalassemras (Orkm et al 1?82) As tndrcated in thure V 4 the tdenttf 1ed polymorphtc

. restrictron sites occur in both the 5' and 3' flankmg regions' Of particular mterest is the |

. sequence vanation assocrated with the 3 polymorphic srtes (Hind Ill, Pvu II, an I) whtch

occur wrthm 0.6 - 11 kb of . the 5 end of the structural gene In the Tat GH gene, this 5"

_ ‘regron includes elements which mediate thyrord regulation (Ca andva et al 1985) Moreover: :

t

natural sequence variation m the distal 5' flanking sequences of severai other genes has been
assocrated with vanatron 1n both gene expression (Muskavrtch and Hogness 1982 Estelle and ,
Hodgetts 1984) and phenotyprc expressron (Rotwern et al., 1983). ' |

This study indicates that sequence varratton also exists within the structural gene-
itself. Resolutton on hrgh percentage agarose gels revealed that one of the HL Pvu II/Xmn I
. fragments of the structural gene (rndrcated by an asterisk in Figure V.4)-is approxrmately 15
_ 'bp shorter than the equivalent FP Pvu II/Xmn I fragment In both the human and the rat GH‘ o
gene thts Pvu II/an I fragment would include the 3’ end of the second exon ail oi‘ the“ |
second mtron and the 5" end of the third exon (Barta et al., 1981; DeNoto etal.. 1981) |

Accordmg to selectron theory, hrgh body wexght selection should 1dentify. and act'?"
»upon functronal vanation at the locr of genes affecthrg growth alleles or combmatrons of =
alleles Whlch make a posrtrve contribution to growth wrll be favored wrthm a lme selected for |
the enhancement of a growth related pararneter The HL GH haplotype may represent a GH E

allele which is functionally dtfferent from the FP GH allele and has, thereby. reached f txation

SN
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- as a.result of the 1mposed selectron pressure
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Agriculturally rmportant vartant alleles undoubtedly exist in many lrvestock

[

populations, Knowledge of the exrstenCe of such alleles will greatly ard the selection of
. replacement breeding ammals In addition to phenotyprc consrderatrons. the selecttOn of

replacements could mclude an evaluatron of the specrfrc alleles carrred by each animal

*

Furthermore, gene transfer technrques wrll eventually allow combmatrons of 1mportant

vanants to be - mtroduced 1nto a pOpulatron much more raprdly than tradmonal breedrng

AN

procedures The potentral of gene transfer to mfluence growth rate and body srze has been
1llustrat by the accelerated growth of mrce bearmg metallothronem I/growth hormone
- (MT-I/;% fusion genes (P_almr'ter et al., 1982 1983) “This fusron construct effectrvely
K disrupts all feedback mechanisms which regulate GH gene expressron via the natural GH §'
.regulatory elements Unfortunately, in addition to the correlated acceleratron of growth in

K1
mice carrymg thrs construct the drsruptron of the: natural GH regulatory regron rs lllsg

assocrated with physrologtcal changes. which reduce the overall frtness of the trmsgemc \‘(*

animal: the sexual dif ferentratron of—certarn liver functrons is . abnormal (Norstedt and
- Palmtter 1984) and the fertrlrty of females is 1mparred (Hammer et al 1984). Consequently,
while the MT I/GH construct has already been introduced mto two lrvestock specres (Hammer :v
et al 1985) thrs disruptron of all natural 5' regulatron may create a deleterrous regulatory
varrant wrth lrmrted applrcatron -rn‘ ﬁlrvestock populatrons "~ However, smce natural

growth enhancmg varrants evolve as a functronal component of the genome their expressron

in recipient genomes should not cause the undesrrable effects assocrated with fusron genes.

Whlle the growth rates of HL and FP mice drffer markedly, the two populatrons do not drffer .

in therr fertrlrty, mortalrty or litter srze (unpublrshed data) Therefore naturally occurrmg
vanants may off er a superior altematrve to fusion constructs for the enhancement of ammal

. productron characters through gene transfer. technology
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‘Table V.I Means and standard errors of logistic growth curve parameters.

100

Parameter = ' ,' . FP a _ “HL ‘
Asymptotic weight (A) 25,05 +£1.00 - 3820 £ 0.95**

~ ¢Age at maturity (to 99) S 81.92 & 3.88 : 79.52 + 3.67 .
Weight at inflection point (y*) 12.53 + 0.50 19.10 £ 0.47% .
Age at ‘inflection point (t*) - 125.38.% 0.64 2114 £ 061 - -

© Maturing rate (k) = : . 0.090 + .006 0.098 + .006

. Mean absolute growth rate (v) - . 0.369 + .027 0 .0.602 £ .026%

"+ **FP and HL parameters on the safue line are significantly- different (‘P<b.01).
Thie logistic function is detailed in the Materials and Methods. . s
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Flgure V.1 Logxsnc growth curves of HL and'FP mice. Mice were weaned at 21 days of age.
.Male and. female mice were caged separately Fxfteen mice of each sex were mdxvxdually
we_lghed every thll‘d day from 21 to 84 days of age. The loglsnc function was fmed to the
wexght age data of each mdw:dual mouse by a generahzed least squares procedure. The

logxsuc f uncuon is detailed in Chapter W Watenals and Methods.

;o
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Figure V. 2 Comparison of GH restriction fragmeht“ length poly;no‘rphishsfin HL and FP
genomnc DNA. For restriction site analy91s 10ug of genomic DNA/dig:st Was dxgested with A‘
ﬁthé eppropnate restriction endonuclease \and fractionated by electrophoresns on.7% - 1.5%
~agarose gels. Fractlonated DNA was transferreq to GeneScreenPlus membranes Membranes
were probed with.a 0.8 kb complete rat GH pDNA Symbols E, Eco RI; H, Hind III; B Bam

HI; X, Xba I; Ps PstI; Xm anI P. PvuII [ '

S



E H B X Ps P
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Figure V.3 GH restriction fraéments of offspring from HL x FP mating. For restriction site
analysis, iOug of genomic Di:IA/digcst was digésted with the appropriate restrictipi:
_endonucleage and fractionated by electrbphoresfs on 1% - 1.5% agardse g‘els. ‘Fractionated
DNA was transf erred to GeneScreenPlus memp_rancs. Membranes were probed with a 0.8 kb

complete rat GH cDNA. Symbols: E, Eco RI; H, Hind IIL.
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' Figure V.4 Map of restriction sites identified by Southern anaiysis. Restriction fragment
denoted with an asterisk is 15 base pairs shorter in HL allele than in FP allele. The orien.tation
.p'f the GH gene was determined with enzymes known to cut within the mouse GH eoding
sequence. The resulting GH fragments were identified as 5' or 3' with 5'- and 3'-specific rat
GH cDNA probes The posmons of the two identified mtemal Pvu II sites are conserved in
the human, rat and mouseaGH codmg sequences Furthermore in the rat and human GH
genes, the 5' end of the structural gene hes approxlmately | 1100 bp downstream from the 3
'Pvu II site. The 5 and'3’ ends, of the mouse GH structural gene (cross- hatched box), have
been predncted on the basis of thls_mformatmn. Symbols: E. Eco RL; H,” Hind I; B, Bam HI;.
X, XAba I; Ps, Pst I; Xm, Xmn I, P, PvuIl. » |
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L DEVELOPMENTAL PROFILE OF GROWTH HORMONE MRNA LEVELS IN Two
- e LINESOFMICE -

! ;»\’

A. INTRODUCTION ’

While the age- related developmental profile of prtultary growth hormone (GH) has

been charactenzed i mouse (Yanat and Nagasawa 1968 Sinha et al., 1974) there have

been no sirnilar‘re y
regulated at one -(or more) of many . levels (Darnell 1982) charactertzatlon of changes in
plturtary GH mRNA content ‘may be valuable in 1denttfyrng the levels ol' regulation
‘ responsrble for age- and sex-related vanatnon m prturtary GH levels ‘
Vananons in GH gene express:on have also been assocrated with body growth pattern: '
' dlfferences m mice (Prdduck and Falconer 1978 Cheng et al., 1983) ln a prevrous study ‘to
further elucrdate the role of the GH gene in the man@e;statlon of dlvergent growth patterns '
(Chapter V), a yarrant GH haplotype was>1de.ntif‘ ed w1t.h1n a line of mnceselected for_hlgh 42
'('layl body we"ight (High line; HL) -Relative to a 'non-grm‘vth' selected~foundation pobulatlon
(FP) the HL GI—I haplotype exhibited restrxctron sxte polymorphxsms wnthm both the, .
L structural gene and the rmmediate 5 flankmg regron —
| To mvestxgate temporal sex and hne varratlons in mGH gene expressxon changes m—

_-’the ptturtary mGH mRNA pool srze throughout the early postnatal growth of HL . and FP

- mice, were theref or¢ charactenzed

B.MATERIALS AND METHODS -~~~
Mouse L_inos | SR S | o R 2
" The history_and'rnaintenance of'the HL and FP rnlee employed in this study were

* previously descnbed in Chapter-‘II.‘

] the ontogeny of mGH mRNA levels. Smce gene expressnon can be =
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Pltultary RNA Extraction -

113

Six pitultanes were drssected from representatrves of each of the 4 lme/sex subclasses
at 3 7 and 10 days. of age followed by similar samplmgs at7 day intervals from 14 'to 56 days
of age. Upon 1solatron. pituitaries - were frozen Vm liquid mtrogen, and then stored at -70C.“
until RNA extractron ‘ | .’ |

For extraction of cytoplasmlc RNA 6 prtultanes from ea,ch lme/sex/age subkclass were

homogemz.ed in-200 ul of a buffer conta\mmg 30 mM Tris-HC1 (pH 7. 5), 100 mM’ NaCl, 5__

: mM KCl, 10 mM MgSO., S mM dithiothreitol, 4 mM‘EGTA 5 mM N-ethylmalerrmde 0 5%

\2 mercaptoethanol 25 ug/ml polyvmyl sulphate '35 ug/ml spermrdme and 0 5% (v/v) Triton '

X -100. The homogenate was then spun at 10,000 rpm for 10 minutes at 4’C SDS was added_
to the supernatant to a final concentration of 1%; tubes were mverted several times to ensure

mlxmg of the SDS. This- nuclel free homogenate was then extracted twrce with -

" buffer-saturated - phenol chloroform 1soamyl alcohol (25 24:1) and twice w1th

chloroforn?: 1soamyl alcohol (24: 1) The RNA was ethanol precrprtated from the final =

aqueous phase overmght at - -40°C. The resultmg RNA pellet was dxssolved in sterile H,O: and

| was quantlfled by U.V. absorbance at O.D. 260" This - RNA (desrgnated as total prturtary

cytoplasmic RNA) was stored at -70" C untll assayed

Northern Analysis "i’,

A 2 ug ahquot of total RNA from each 11ne (56 days of age) was added to a

' ‘denaturauon solutlon (fmal volume 20 ul) consrstmg of 50% (v/v) forrnamrde and 30%

(v/v) formaldehyde (37%) m RNA electrophoresrs buffer (20 mM EPPS pH 8.0, 10 mM

: sodrum acetate 0.1 mM EDTA). Samples were then mcubated at 65C for 2 to ‘5 minutes.

| _ current ol‘ 45 mA for approxrmately 4 hours After RNA transfer to mtrocellulose paper

‘RNA was electrophoresed in 1.5% agarose gels contarmng 10% formaldehyde, ,at a constant

: (BA85 0.45 um) the’ paper was baked at 80‘C for 2 hours in a vacuum oven.
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* ‘Dot Blot Analysis |
Aliquots (0.3 ug) of total RNA from each line/sex/age subclass werev blotted onto
prewetted mtrocellulose filter paper mounted in a 48 hole micr’osample vacuum ftltratlon

apparatus (Tyler Research Corp ). Ftlters were then baked at 80°C for 2 hours in a vacuum

oven.

Labelling of Mouse GH cDNA Probe | | |
\ The 'GH cDNA (Harpold et 'al 1978)-was generously provided by Dr. Rohald Evans

32

(Salk lnstitute') and was \‘P labelled by .synthesis using random oltgonucleotlde prtmers

Hyhridi'zation of Dot Blots and Northern Blots _
Filters were prehybrrdrzed (overmght 42 "C)_in_heat- sealed polyethylene bags wlth
: prehybrrdrzatron buffer ‘containing 50% formamrde 500 ug/ml sheared, denatured salmon
sperm DNA, 1.0 M Nadl, 1.0% Sarcosyl, 50 mM Pipes pH 7.0, 5X Denhardts and 20 ug/ml
yeast tRNA. | " A | |
Hybrrdrzatron was carrred out for -24-48 hours at 42°C in prehybndrzatron buffer
whrch mcluded 10% (w/v) dextran sulphate and heat denatured ( P) GH cDNA |
' -Filters were washed twice in 100 ml of . 2X SSC (5 min each at room temperature)
twrce in 200 ml of 1X SSC 1.0% SDS (30 mm each at 65°C); twice in 100 ml of 0 1X SSC (30 -
,:mm each at room temperature) Frlters were then exposed . to Kodak XAR-5 film wrth
',rmtensrfymg screens (Dupont Cronex Lrghtenmg Plus) at -70°C. The autoradrographtc dots

were quantrtated via densrotometry

*C. RESULTS

+3 ~
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. Pituitary RNA Content p

S The age-related changbs in pituitary cytoplasmtc RNA content are presented in Flgure

VL. 1 “The profile: of RNA levels was simifar up to 42 days of age.in all four lme/sex‘

subclasses Followlng thrs age, HL male, FP male and FP. female pituttary RNA levels

'appeared to plateau or decrease while HL femnale levels continued to increase up to at least 56

days of age.

Size of Pttultary&@ﬂ,tnRNA - : ' o R
Northern analysts of pltuttary cytoplaslmc RNA revealed a smgle GH RNA specres of

900 base pairs (thure VI1.2.). There was no indication of line or sex variation in the length of

-~ this transcript.

GH mRNA Relative to Total Cytoplasmlc RNA

. In all lme/sex subclasses the age-related changes in GH cytoplasmtc mRNA levels

' relative to total cytoplasmic RNA, followed a srmtlar pattem (Figure V1 3 ). At 7-10 days of
age, the - GH 'mRNA concentrattons rose dramatwally to achleve maxtmal levels by

" .approximately 21 days of age. -Af ter this raptd nse GH mRNA levels appeared to plateau and

_ then begm a decline to 56 days of ' age

L ,, Whrle GH RNA concentrattons began to rise at the Ssame age in both sexes, males _

achleved and mamtamed maxlmal GH mRNA concentrattons that were - approxrmately
1.5-fold greater than those. of females Moreover rnales mamtamed these hxgher GH .mRNA
concentrattons throughout the durauon of the study. .

| Concentratrons began to fise at a younger age, and achteved maximal levels earher (21
days). in FP males rhan in HL. males. HL male GH mRNA concentratrons'underwent a more
gradual increase, but continued increasing 'unril 42 days of age;: at this ag‘e,’v HL male

, concentrations ‘exceeded those of FP males. HL males maintained these elevated levels to 56

days of age. Within females. the HL and FP GH mRNA ;conoentration. profiles were very.

\
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-Total GH mRNA Per Pituitary _ o A

A graphic representation, of the estimated GH mRNA pool size per pituitary. is
presented in Figure VI 4 As illustrated, a clear sex difference existed in th‘g age related prol‘ ile
of GH mRNA levels; between 35-42 days of age. males exhibited peak GH mRNA levels. that
were at least 1.5- foldxreater than female levels After achieving these peak levels. male GH
- mRNA levels decreased to female levels by 56 days of age o c . (
o Within both sexes, FP GH mRNA levels appeared higher than HL GH mRNA levels
- (from ammal_s of the-same .s_ex) at ipost ages up to 35-42 days of age. After this age; HL GH

" mRNA levels were greater than .those of FP mice (of the same sex) and'these elevated Tevels

a < . . T \
-were maintained to 56.days of age. . o o N

s

D. DISCUSSION

The age-related profile of total \ pituitary RNA presented in Figure lVl.l closely
" resembles the profile of age-related changes in the anterior pituitary weight of mice described

by Yanai and 'Nagasawa (1§68); in inales, anterior pituitary ’weight plateaus between 40 ‘and

ue

60 days of age while anterior pituitary weight in females may continue to increase up to. at

least 60 days of age. This close correspondence between the anterior pituitary weight and
total pituitary cytoplasmic RNA profiles likely reflects ‘the large contribution of ribosomal

RNA and transfer RNA to the total cytoplasmic RNA pool. Typically, 80- 85% of total

mammalian cellular RNA is TRNA while another 10- 15% conSists primarily of tRNA

(Maniatis et al., 1982) Since rRNA and tRNA- remaiii at relatively constaiit/ levels Within the
~ cell (Maniatis et al., 1982) the developmental profile of total pitmtary RNA was assumed to

bea satisfactory indicator of thé age- related ontogeny -of pituitary weiglit via hyperplasia The

- use of total pituitary RNA, as an mdicator of changes in pituitary weight was employed to

reduee handling of the pitui-tanes prior to RNA extraction, thereby reducing the risk of

-



excesswe RNA degradatlon ‘

As indicated in Figure VI 2, the cytoplasmic RNA 1solated from the mouse prtultaries
contained a single 900 - ‘bp GH RNA species. A GH RNA species of this size has previously
been reported as the mature mGH transcnpt (Li;éer and Talamantes 1985); the RNA species

identlfred by the rGH probe in the dot hybridization” analysis was, therefore, assumed to be
* the mature GH mRNA. . . | |

As shown in Eigure V14, the total ‘pituitary GH niRNA pool size undergoes a
tremendous increase between 10 and, 35-42 days of age. This increase in pool size probably
reflects both ‘an increase in GH-producing celi number (as a result of pituitary hyperplasia)
- as well as an increase in" the -pool size per cell. Since anterior pituitary growth continues
beyond 35 42 days of age (Yanai and Nagasawa, 1968; Fxgure V1.1), yet total prtultary GH
mlWA content decreases ‘the GH mRNA pool size per cell probably begins to decrease
: beyond 42 days of age. )

v Between 10 and 21 35 days of age, the GH mRNA pool 1ncreases faster than the
increase in the cytoplasmic RNA pool (Figure VI 3) This increase in the GH m-RNA/total
RNA ratio likely reflects an increase in the cytoplasmic GH. mRNA pool srze per cell. Since
"precursor RNA's (hnRNA) have a very short half life. (Darnell, 1982) the_observed GH
mRNA increase may reflect an -increase in GH gene transcrxptron rather.than enhanced

processmg of a prevrously unavailable precursor pool. Moreover, since the densrtometrrc data
| obtaiqed in {l:lg study reflect only the cytoplasmic GH RNA pool size (rather than the
dynamrcs of the pool), the age-related increase in pool size could also reflect a decrease in the
‘pool tumover ‘rate. The 'data presented “in Figure VI3 : further indicate “that the GH
mRNA/total RNA ratio begins to decline after approximately 42 days of age. This 'decline
supports the earher suggestlon that the GH' mRNA pool srze per cell may begin to decrease
following this age. ' ' ‘

Changes in the cellular GH mRNA pool srze reﬂect some form of gene regulation.

‘The mvolvement of thyrord and glucocortrco;d hormones in these changes is very probable;



both of these hormones are capable of enhencing GH gene transcription while glucocorticoids
may also influence the stability of the GH mRNA (Eberhardt et al., 1982i

The GH mRNA developmental profiles described in this study are very compatible-

with previous studies of pituitary GH profiles in mice. First evident at day 16 of fetal growth
(Slabaugh et al., 1982) pituitary GH content rises unul approximately 60 days of age (Yanai
and Nagasawa. 1968; Sinha et ah, 1974)" at this age GH levels per pituitary may begin to
decrease (Yanai and Nagasawa 1968) or remain stable (Sipha et al., 1974). Notably, the
decrease in GH mRNA levels described here begins earher and appears to be more dramatic, .
than the decrease in GH levels reported by Yanai and Nagasawa (1968). In mice, GH levels '
per umt of pituitary weight increase up to approximately 40 days of age after which levels |
remain stable. GH mRNA concentrations also mcrease‘rapidly during thé early postnatal
period; however, this increase appears to terminate earlier than the increase in GH’
eoncentratien. Another notable differenc'e,k between the GH mRNA and pituitary Gi-l )
concentration ﬂproi‘iies, is the decrease in GH mRNA concentrations whicii begins following
approxxmately 42 days of age. ,‘

- The trend for male mice to achieve and mamtam larger GH mRNA pools than -
| females of the same age, is also s1milar to the pituitary GH% data (-Smha,et al., 1974). The sex
"~ difference in pituitary GH_content, therefore, may reflect an enhanced level of .GH gene
expression in males (or a decreased rate of GH mRNAA turnover) rather than a superior
transiatability of ihe GH mRNA present in ;naies.- ‘ ’

- Within both sexes the total pituitary GH mRNA pool size'began to decrease earlier in
FP mice than in the HL mice (Figure VI.3). However, the biological s1gn1ficance ?f this v
observation is unclear Thus, there appears to. be little association between GH mRNA pool
: snze and the line-specific growth patterns described in Chapters II, III and V. This observation
ddee not, however rule out the potential involvement of the ‘GH gene in the growth pattern

differences. ‘While there is no apparent size differences between HL and FP GH mRNA

transcripts (Figure VI.Z), Chapter V described -sequenoe variation between'.the HL and FP GH



| structural genes; the lnfluent:e of this vaﬂation at the RNA and protein levels requires further

: examhatioh. Furthermore, while this study indicated that FP and‘HL,x‘nice (of the samé sex
and age) do not differ greatly in their GH mRNA pool size, age-related variation in GH
mRNA species remains an unexploredﬂt question. To date, only a single mature GH transcript
has‘ been identified in mice (Cheng, 1983; Linzer atld Talamantes, 1985:, Figure‘ V1.2).
However, two mature GH transcripts have béen‘ identified in cuitured rat anterior pituitary
cclls (Eberhardt et al 1982). The relative proportne‘ns of these two mature transcripts, which
differ in the length of the poly(A) tail, can be speeifxcally altered by treatment with thyrond
and glucocorticoid hormones (known regulators of ‘GH me exyrcssnon (Nyborg et al 1984))
as well as by the growth condmons of the cells the ;asger rGH mRNA predominates during
the loganthmlc growth phase yet the smaller mRNA gams predommance when the cells
become confluent. '

' The study reported here, therefore, describes an age-retated developmental profile of |
the mouse GH xt]RNA pool which is similar to;b‘ﬁdiou‘sly repdrted profiles:_of Jpituitary GH
levels. ‘While both- sexes exhibit similar GH mRNA profiles, males achiéve larger GH RNA |
pool siies: than females. However-. desptte the stron.g aséociati_on betweett the HL GH
haplotype 'andr rapid growth: .(Chapter' V) this hstud'y revealed ‘littl‘e .evidence that the

" involvement of the HL GH haplotype is mediated via the enhancement of the GH ARNA

pool size in HL "m__i;ce.
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Fxgure VI 1 Age -related profile of total pltultary cytoplasmic RNA in HL and FP mice, ‘Six
pituitaries were dissected from representatives of each of the f our hne/sex subclasses at 3, 7
and 10 days of age followed by similar samplings at 7 day intervals f rom 14 to 56 days of age.
Cytoplasmic RNA was ext;acted according to the the procedure outlined in the Materials and

Methods of Chapter VI.
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Figure V1.2 Northetn analysis of cytoplasmxc GH RNA. A 2 ug aliquot of total RNA from
each line was electrophoresed, in 1. 5% agarose gels containing 10% formaldehyde, at a
constant current of 45 mA for approximately 4 hours. After RNA transfer to nitrocellulose

, paper, the paper was baked at 80C for 2 hours in vacuum oven. The RNA was then probed
thh a .8kb rat GH cDNA.



%

-

tl

liver RNA-

‘mouse

+




»

B Figure VI.3 Age- related prof ile. of GH mRNA/total cytoplasrmc RNA i m HL and FP mice.
'-Allquots ( 3 ug) of total RNA f ‘om each hne/sex/age subclass were blotted onto prewetted.
mtrocellulose fllter paper mour.ted m a 48 hole mxcrosample vacuum ftltratlon apparatus
'Frlters were baked at 80C for 2 hours ina vacuum oven, The RNA was then probed with a 8

kb rat GH cDNA., The autoradxographxc dots were quantxtated via densxotometry
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anure V1.4 Age related profile of GH mRNA/pltultary in HL and FP mxce Alxquots (.3 ug)
o@al RNA from each lme/sex/age subclass were blotted onto prewetted mtaocellulose f 1lter
‘paper mounted m a48 hole mlcrosample vacuum flltratxon apparatus Filters were baked at

80C for 2 hours i in a vacuum oven. The RNA was then probed with a- 8 kb rat GH cDNA

The autoradxographxc dots were quanutated via densxotometry o " ‘ '
' )



127

e

3 —
LB | T CIE ARy |  § AR | L ERSE E T

-

voEL oz oo 6 & 1 9 ¢ €
SR (suun'"@ O) AHVLINLId/VNHW HO



E. BALIOGRAPHY S

Cheng, T.C., Beamer, W .G., Phillips, J.A., Bartke. A., Mallonee R. L and Dowling. C.
1983, Etrology of growth hormone defncrency in little,  ames and snell dwarf rmoe \ | s |

_ Endocnnology 113 1669-1677.

.Darnell. J.E. 1982. Variety in the level of gene control in eucaryotic cells, ﬁature. 297:
365-\371‘ L | " L AR

| VEberhardt N.L., Selby M., Cathala G., Karin, M., Gutierrez- Hartmann A., Mellon, S. H

Lan N.C., Gardner D. and Baxter J.D. 1982 The growth hormone gene family

structure evolutron expressron and regulatron in Gene Regulatron UCLA Symposra on B

Molecular and Cellular Brology 0O'Malley, B., ed:- Academrc Press PP- 235 251.

Lrn"er DI H and Talamantes F 1985 Nucleotrde sequence of mouse prolactin and growth

hormone mRNAs and expressron of these mRNAs durmg pregnancy J. Biol. Chem 260:

+
1

9574- 9579 _ _ -
. Harpold, H.M., Dobriér, P.R., Evans, R:M. and Bancroft, F.M. 1978. Construction and
*identiriccation by positive hybridization'-translation of a bacterial 'plasmid’ containg'a Tat
growth hormone sttuctaral gene sequence Nuclerc Acrds Res. 6: 2039 2052, A
Mamatrs T., Fritsch, E. F. and Sambrook, J 1982 Molecular Clonmg - A Laboratory
Manual Cold Spnng Harbor Laboratory, New York.. )
Nyborg, J. K Nguyen A.P. ancUSprndler S.R. 1984 Relationship between thyroid and
glucocorticoid hormone receptor 0ccupancy. growth ho‘rmone gene expressron and mRNA
accumulation. 3. Biol. Chem. 259:. 12377-12381. ‘ B |
Pidduck, H .G. and Falconer D S. 1978 Growth hormone funcnon in strams of‘ mice selected
for large and small size. Genet. Res. (Camb.). 32: 195-206. - |
ll Salmon R K., Berg, R. T and Hodgetts R B 1987 Identrflcatron of a vanant growth
lrormone gene haplotype in mrce selected for hrgh body werght Genet Res (Camb)
(submrtted) T



129

Ve

Sinha, Y. N Selby. F.W. and Vanderlaan W P. 1974. The natural htstory of prolactm and'

‘ - growth hormone secretion in mtce with high’ and low ;ncidence of mammary rumors
Endocrmology 94 757- 764 ' .

. Slabaugh, M .B., Lxeberman M.E., Rutledge. J.J. and Gorskn J. 1982. Qntogeny of growth
hormone and prolactm gene: cxpressxon in mice. Endocrmology 1]0: 1489- 1497

Yanan R and Nagasawa 'H. 1968. Age-, strain-, and sex- dlfferences in the antenor pituitary .

N growth ‘hormone content of mnce Endocnnol Japan. 15: 395- 402,

...‘-

]



VII. GENERAL DISCUSSION

v Recombinant DNA technology of fers the pdtehtial to identif y the eelectlon-medlated .

molecular genetic changes responsible?ci? a characterized phenotypic'selectlon response. The

3

| ~use of a 'high-growth' selection’ line of mice, to- evaluate this potential, offered two

conveniences: the phenotypic selection responses of growth=selected, mouse lines have been

reported extensively in the literature ‘(rewiewed hy'Malik, 1984) : the_..‘identll‘ ied phenotypic |
selection response of HL rnice could therefore be compared ‘with these previously reported
responses; ln addition, many of the major genes 'regulatlng various aepects: of manlmalian
growth‘ ha\‘re‘been characterized “* thus, " once ‘the phenotypic selection _responSe "had been

. \ _ _ . :
characterized, the structure/expression of an appropriate growth-regulating gene could be

" studied. - .

) The proflle of the average4_2 day body weight/generation curve of HL mice (Figur’e
Il.l), exhibits ‘the general features 'of the curve charaeteristie not -only of a 'high-growth’ -
selection lresponse (Falconer, 1953; Fowler :1958) but also of ‘the selection response of most
phenotypic. characters regulated by ' many genes (Futuyama 1979). The gradual increase ‘in
body wexght during the early generations of selectron theoretically reflects a phase during

which com.bmatrons of alleles (which make the greatest contribution to mcreas_ed body weight)

are being organized. Once these combinations ~ have been 'selected ' body weight '

' mcreases/generatton decrease and eventually plateau. The data, presented m Figure I1.1,

therefore suggest that more than one gene was mvolved in the enhancement of the 42 day: |

body weight of HL mice.

The log"istic weight-age curves of HL mice, relative to those of FP mice (Figure II{Z.

.. L1 and V.1), also closely parallel the relationship between the weight-age curves of other

*high-growth' and 'non-growth' selected lines described in‘”the literature (for review see
Eisen, 1975). Selectxon of 'mouse populatrons, for the enhancement of a growth related

parameter -consistently accelerates growth rate and elevates mature body size. However such

selection has little effect upon the rate_ of maturation, age at point of mfl_ectlon or sha_pe of -

-
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the growth curve (Eisen, 1975)
While the drrect selection response of HL mice resembled that of other 'high- growth' '

selection lines, the tissue growth pattern -changes were very different. In general, other |
reported 'h:gh growth lmes were leaner than 'non- gi'owth' selected control lines pnor to the
age at whtch the selection pressure was imposed. Followrr‘g that age, the 'hrgh growth' mice
' grew fatter, relative to body werght than the 'non-growth' "selected mrce (for rthew see
Mahk 1984). On the basis of thrs mformatron Hayes and McCarthy (1976) suggested that
| the most probable gene systems involved in a ‘h:gh growth' selectlon response are those which
: allow an enhancement of appetrte as well as those whrch allow an increased partttronmg of o

energy into ‘nonf_at- growth.v However, since the increase . of nonfat ttssue eventually |

:asymptotes, Hayes and McCarthy (I976) further suggested that the selection-directed
* elevation -of Aenergy. intake i$ then available for fat deposition; thus, according to the-
| Hayes/McCarthy model, it is this redirection of energy into fatldeposition which. causes
'high-growth' selected mice to become fatter than unselected mice.

The relattonshlp between HL and- FP pattems of fat deposmon relative to body.

'werght (charactertzed in Chapters III and IV) appeared to be almost the reverse of those in
" the previous reports HL mrce were fatter than FP mice,' of the same sex and body werght
prtor to body wetghts of 25 30 g. This range of body weights corresponds. npproxrmately with -
an age of 42 days (thure IL.2) - the age at which the selectron pressure was tmposed
gollowmg th1s age HL mice exhrbrted a Iower relative rate of fat deposmon than FP mice of -
the same sex, and thus became relatrvelybleaner than FP mice ‘as .body weight increased..Only
at.fixed body lweig(ljrts, wh’jch exceeded the maximum_ weights achieved by the FP, did I—IL fat |
- weights exceed. those of FP mice. o ; _
| Therefore the data presented ".in Chapters III ancT i\ 'sﬁggési‘ the need for an

expansron of the basrc Hayes/McCarthy model of selectron directed compositional changes
'Whtle HL mlce exhrbtted an 1ncrease m appetlte (Bailey, - -1985), this increase was assocrated :
_ w1th a redueed relatrve rate of fat deposrtron Therefore dependent upon the genetrc variation

L I
Coe



present in the selection line, 'high-growth' selesgon appears to be capable of coupling an
.increased appetite' with an enhanced relative rate of nonfat tissue growth., That HL mice
exhibited higher lipid weights, at‘ low body-weights, may ind\l_cate that their elevated appetite
exceeded their genetic ability for nonfat growth dnring an ‘early phase of whole body growth;~ ‘
at heavier body weights, HL.mice may be better able to utilize the increased food intake for
nonfat tissue' growth.. - |

\  While various environmental factors can influence the partitioning and distribution of

adipose tissue, there is clearly a strong 'genetic component involved in the manlfestation of

o

: these two characters (Young, 1976) Moreover the expressron of gene systems. which

rnflrlence these two characters can be altered by selection for the enhancement of a
growth«\related parameter Allen and McCarthy (1980) revealed that individual fat depots
were capable of Tesponding drfferentlally to a 'high- growth' selection-mediated change rn fat'
accumulatron However as descnbed in Chapter 1V, the depression of the relative rate of the
HL fat accumulatron had little mfluence upon the developmental relatronshrps among the
various depots Thrs lrmlted change in HL fat, partrtron/drstnbutlon may. rel‘lect the exrstence
of little genetic va\nabrlrty for these characters m the fqundrng animals. Alternattvely, “the

increased growth rate and maturg- body size of HL mrce may have necessrtated very llttle-

. alteration in fat partition/distribution to accommedate any. functional changes associated wlth"

.sv\.

the acceleration of growth. _ , -
Oi the basis» of the” phenotypic characteriza'tion‘ of HL mice gene systerns which

influenc y growth rate, mature body. srze and total a.drpose/total nonadrpose trssue growth

i -

patterns were clearly mvol?ed in the seleetron response The known mfluences of the GH A

: ‘endocrme unit support the potentral xnvolv ment of the -GH gene (as one of possrbly many

‘genes) in medratrng this response GH is not only an’ mponan;ié\g\lato\r of overall postnatal

growth (erhelmr 1982), ‘but has also been demonstrated to enhance both muscle growth |
(Franchrmont and Burger 1975) and hprd hobrlrzauon (Goodman and Gnchtrng. 1983) '
Furthermore, the GH end_ocnne sys_tem. has been suggestedf'to play a role in the regulation of



‘result of the imposed selection.pre'ssure.'
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appetite (Vaccarino et al., 1985).
Restriction endonuclease analysls of the GH gene in HL and FP mice revealed that

each line possesed a unique, fixed GH allele. Both of these alleles were very likely present in

. the foundatlon gene pool (Salmon et al., 1987) and, thus, 'did not arise through mutational

events which .\'(,)ccurred during the selection experiment. _Restriction site analysis of an
addmonal three; analogous 'high-growth' selectlon lines, derived from different genetrc stock,
has revealed orlly the HL GH allele. Moreover, analysis of an additional five ' non ,,growth'
selected lmes (cbntrols of the 'high-growth' lines) has revealed -gly the FP GH allele in four
out of the five lines (Salmon et al,, 1987) I ’ '

The potentlal for accelerated growth is, therefore, associatéd with a specific GH allele,

'Accordmg to selection theory, high body welght selection should identify, and act upon,

functional varratton at the loci of genes affecting growth, alleles, or combinations of alleles,

: . ; : \
~ which make a positive contribution to growth will be favored within a line:selected for the

enhancement of a growth-related parameter. The HL. GH allele zmay represent a GH allele

- which is functionally different, from the FP GH allele and has, thereby,,reache'd fixation as a

<
Accordmg to a srmphsttc genetic model of selection theory, the absence of the

‘imposed 'htgh growth' selectxon pressure would be predicted to result either in the retentton

. of both GH alleles or in the random fixation of one allele due to genetlc drift. Thus the

fi uatton of the FP allele, w1thm five of 'six 'ron- growth’ selected lines, was unexpected A
possrble explanatton for this phenomenon is that in the ‘absence of - high body weight
selectron the FP: allele was most compatrble w1th the general fitness of the mice.

Variations in GH gene expression have prevrously been assoclated with vanatlons in

. body growth‘J tterns in mice (Pidduck and Falconer, 1978, Cheng et al., 1983). However, the

involvement of a GH allele, in the acoeleratwn of growth could be manifest at one or more

_ (of ‘many) levels of -gene expresslon (Darnell, 1982) _Characterization of the age- ~related

profrle of GH mRNA in HL and FP mice, was thus potentxally valuable in understandmg the
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involvement of the HL GH allele in the accelerated growth of HL mice. This characterization
9

‘revealed that the involvement of the HL GH allele is probably not mediated via t‘he

enhancement of thé GH mRNA pool size in HL mice. ‘ V4
Therefore within the limitations of the technology eniployed the results( of these

studies provided support for the present genetic foundations of selection theory (Clarke. 1975

Mayr, 1978). As rs suggested by this theory, direct selection pressure on a phenotypic

character appeared to effectively mediate a change in the allelic frequencies of a gene with

* known involvement in the regulation of the selected character. Furtherrnoref; the identification

: ' ,
of only the FP GH allele, within five of six '%on-growth selected mouse lines, provided

important information for the future analysis and interpretation of selection responses: Ahe

absence of ‘the experimentally imposed selection pressure, within populations used as controls

in selection experlments should not be considered to mdncate thar the genome is fi ree from all

[N

' mdlrect selection pressure The probable fixation of the FP allele indicates. that control

populatxons may, thus, not truly be unselected populatnons, but may be the subject of a

myriad of environmentally imposed selection pressures.
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