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Correlated Response in Skeletal Traits and Replicate Variation 
in Selected Lines of Mice 

J. J. RUTLEDGE 2, E. J. EISEN and J. E. LEGATES 

D e p a r t m e n t  of Animal  Science, Nor th  Carolina S ta te  Univers i ty ,  Raleigh,  Nor th  Carolina (USA) 

Summary. Correlated responses in caudal vertebrae number (VN),  lengths of eighth and ninth caudal vertebrae (V8 
and V9, respectively), femur length (FL) and femur weight (FW) were evaluated in lines of mice which had been select- 
ed for six-week body weight (WK6) and/or six-week tail length ( T A I L ) .  Ten males and ten females were randomly 
sampled from each of ten selected lines (two replicates each of five selection treatments) after seven generations of 
selection. Sexes and lines were significant (P < .01) sources of variation in all seven traits. Sex • line interactions 
were unimportant  except for V8 and V9. Male mice of both replicate lines selected for increased W K 6  and decreased 
T A I L  had shorter vertebrae than females, whereas the reverse was true for all other lines. Yfultiple regression and 
canonical correlation analyses indicated a high phenotypic relationship of F L  with both W K 6  and T A I L .  Examinat ion 
of the correlated responses indicated that  F L  was the only skeletal trait  that  showed a substantial correlated response 
to single trait  selection for both W K 6  and T A I L .  Thus, the genetic relationships among the three traits also appeared 
to be high. Between replicate variation was not significant for randomly selected control lines. However, about one- 
third of the statistical tests between selected replicates were significant. This was taken to indicate a joint effect of 
selection aml drift in causing variation between replicate lines. Replicate variation was further examined by canonical 
variate and generalized distance analyses. The first two canonical variates accounted for most of the generalized 
variance. Graphically, the first two canonical variables discriminated among selection treatments, whereas the replica- 
tes tended to cluster. Thus, although between replicate differences were significant for several traits, the differences 
were relatively small compared with the variation between lines having different selection criteria. 

Introduction 
The manifo ld  effects of select ion for q u a n t i t a t i v e  

characters  have  long been recognized.  P le io t ropy  of 
genes affect ing such characters  can be dem ons t r a t ed  
by  calcula t ing genet ic  correla t ions  or by assessing 
corre la ted  responses to selection. The  ob jec t ive  in 
the  present  s t udy  was to search for corre la ted  res- 
ponses in cer ta in  skeletal  t ra i t s  and to assess the  
magn i tude  of between repl icate  va r i ab i l i ty  in lines 
of mice which had been selected for s ix-week body  
weight ,  s ix-week tai l  length  or an tagonis t ic  indexes 
invo lv ing  body  weight  and tai l  length.  

Materials and Methods  
Experimental  stocks and traits : Ten males and ten fema- 

les were randomly selected in generation eight from each 
of the ten selected lines developed by I~utledge, Eisen 
and Legates (1973). There were two replicates each of five 
selection treatments. Selection criteria used in develop- 
ing the lines are shown in Table t. The W+T~ and W~ 
lines were selected for six-week body weight and six-week 
tail length, respectively. The W + T ~  and W - T ~  lines 
were selected for indexes giving weighting factors of 
opposite sign to each trait. The unselected control lines 
were designated W~ Seven traits were studied: caudal 
vertebrae number (VN), lengths of the eighth and ninth 
caudal vertebrae (V8 and V9, respectively), femur length 
(FL), fenmr weight (FW),  six-week body weight (WK6) 
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and six-week tail length (TAIL).  After sacrifice at about 
seven weeks of age, the mice were taped to a one-sixteenth 
inch thick Plexiglass sheet. An X-ray film packet was 
placed underneath the Plexiglass (about one meter from 
the X-ray source) and radiographs were taken. V8 and 
V9 were measured from the radiographs with a micro- 
meter attached to a low-power light microscope. V8 and 
V9 are reported in micrometer units. V N  was scored 
using an X-ray illuminator and a hand-held magnifying 
glass. Femurs were removed by dissection, freeze-dried 
and weighed. / ;L was obtained from the dried femurs 
using the micrometer and microscope. 

Statistical analyses: Univariate analyses of variance 
were calculated for each of the seven traits. The model 
used was 

Yii• ~ [ ~ @ Li  ~- Si @ (LS)ii -+- eii~, 

where Yiie is an attr ibute measured on the k th mouse of 
the i th line and jth sex, /~ is the overall mean, Li  is the 
effect of the i th line, S i is the effect of the jth sex, (LS)ii 
is the interaction effect and eiik is a residual. Lines and 

Table 1. Selection criteria and line designation 

Selection criteria b 
Designation a 

WK6 TA IL  

W + T o 1 o 
W~ i 0 1 
W + T[  o.2079 1.0437 
W - T  + --.2079 1.0437 

/ 0  0 H T i O 0 

~ For each line, i ~ 1, 2. 
b WK6 and T A I L ,  respectively, refer to 

six-week body weight and six-week tail 
length. 
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Sex a 

Male 
l ; emale  
Line  b 
W§ T o 
W + T o 
WOT~f 
W ~ T~ 
W+Tg  
W + Tg 
W - T 

W -  T:2 
W ~ T~ 
W ~ T~ 

lgrror V a r i a n c e  
(d.f. = 180) 
S.E. (Sex) 
S.E. (Line) 

Table  2. Means for each trait VS, FL ,  F W ) .  Canonica l  v a r i a t e  
. . . . . . .  a n d  genera l ized  d i s t ance  ana ly-  
Trait  c 

VN l'S I'9 FL F W  WK6 TA IL  

28.8t 576.98 577.41 15.56 60.18 31.26 8.70 
27.94 549.63 548.7o 14.98 53.05 26.58 8.25 

28.20 573.75 569.50 15.65 65.31 33.83 8.5f 
28.85 560.95 559.85 I 5.49 61.81 33.77 8.36 
28.85 608.45 607.10 15.52 58.42 29.4O 9.52 
29.80 585.10 584.55 15.49 57.02 29.51 9,55 
27A0 530.95 526.70 t 5.43 57.07 30.68 7,45 
26.70 515.35 528.60 14.97 54.84 28.61 6,91 
29.11) 574.85 576.130 14.92 45.40 24.03 9,08 
28.85 559.00 559.65 14.78 51.77 24.17 8,84 
27.90 567.50 562.65 15.20 58.(17 27.88 8.32 
28.40 557.15 555.95 15.2o 56.43 27.33 8.21 

ses were ca lcu la ted  us ing  all  
six va r i ab le s  in  an  a t t e m p t  to  
d i f f e ren t i a t e  be tween  lines, Th i s  
was  done  sepa ra t e ly  for  each  
sex since t he re  were s ign i f i can t  
( P  % .Of) sex • l ine  i n t e r a c t i o n s  
in  t h e  u n i v a r i a t e  (V8 a n d  V9) 
and  m u l t i v a r i a t e  ana lyses  of 
va r iance .  Norma l i zed  scores 
y ie ld ing  v a r i a n c e s  of one  were  
used in the  canonica l  correla-  
t ion  a n d  d i s c r i m i n a n t  f unc t i on  
analyses .  

0.92 837.21 808.50 o.15 25.06 
o . lo  2.89 2.84 13.(i)4 0.50 
0.21 6.47 6.36 0.09 1.12 

a Marginal means of each sex. 
~) Marginal means of each line. 
c l 'N  = vertebrae number,  l ' 8 -  length of 8th ver tebra  (micrometer units), 1"9 : 

length of 9th vertebra (micrometer units), FL -- femur length (ram), F W  = femur weight 
(rag), WK6 = 6-week body weight (g), T A I L  -- 6-week tail length (cm). 

sexes were cons ide red  f ixed effects.  The  a s s u m p t i o n s  of 
n o r m a l i t y  a n d  i n d e p e n d e n c e  of the  ei/k were made.  Com- 
pa r i son  were m a d e  a m o n g  l ine-sex means .  T he  B o n f e r r o n i  
t - s t a t i s t i c  (Kirk,  1968) was  used to t e s t  two  compar i sons  
w h i c h  were no t  m u t u a l l y  o r thogona l .  Th i s  was  an  a t t e m p t  
to  keep t he  expe r i m en t - w i s e  e r ror  r a t e  c o n s t a n t .  A corre- 
l a t ion  ana lys i s  i n d i c a t e d  a h i g h  co r re la t ion  be tween  1"8 
and  V9. Th i s  sugges ted  on ly  a s l ight  ga in  in i n f o r m a t i o n  
f rom t h e i r  j o i n t  cons ide ra t ion ,  a n d  V9 was  o m i t t e d  in 
f u r t h e r  analyses .  Mul t ip le  regress ion  ana lyses  were cal- 
cu la t ed  w i t h i n  sexes a n d  lines, us ing  W K 6  and  T A I L  as 
d e p e n d e n t  va r i ab l e s  a n d  VN,  V8, F L  a n d  F W  as inde-  
p e n d e n t  var iab les .  Canon ica l  co r re l a t ion  ana lyses  were 
ca lcu la ted  be t w een  Set  I ( W K 6 ,  T A L L )  and  Set  2 ( V N ,  

R e s u l t s  and  D i s c u s s i o n  

M a r g i n a l  m e a n s  for  l ines  
a n d  sexes  a n d  e r r o r  v a r i a n c e s  

6.00 0.24 for  t h e  s e v e n  t r a i t s  a re  s h o w n  
(/.24 0.05 in  T a b l e  2. L i n e s  we re  a s ign i -  0.55 0.11 

f i c a n t  ( P ~  .01) s o u r c e  of 
v a r i a t i o n  for  a l l  t r a i t s ,  i n d i -  
c a t i n g  t h a t  s e v e n  g e n e r a t i o n s  
of s e l e c t i o n  we re  s u c c e s s f u l  in  
a l t e r i n g  p h e n o t y p e s .  S e l e c t e d  
l i n e a r  c o n t r a s t s  a m o n g  l ine-  

s ex  m e a n s  a re  g i v e n  in  T a b l e  3. C o n t r a s t s  t t h r o u g h  
17 a re  m u t u a l l y  o r t h o g o n a l .  C o n t r a s t s  18 a n d  19 we re  
t e s t e d  b y  t h e  m o d i f i e d  t - t e s t  c i t e d  ea r l i e r .  

Ma le s  h a d  s i g n i f i c a n t l y  ( P  ~ .0 t )  l a r g e r  sco res  
t h a n  f e m a l e s  ( c o n t r a s t  1). S e x u a l  d i m o r p h i s m  i n  
b o d y  w e i g h t  a n d  l i n e a r  d i m e n s i o n s  is c o m m o n  in  
m a m m a l s ~  T h e  r e s u l t  for  V N  c o n f l i c t s  w i t h  t h e  f i n d -  
i ng  of B a r n e t t  (1965) w h o  f o u n d  n o  sex  d i f f e r e n c e  fo r  
c a u d a l  v e r t e b r a e  n u m b e r  in  s i x t e e n - w e e k  o ld  m i c e  of 
s e v e r a l  i n b r e d  l ines  a n d  t h e i r  c rosses .  C o n t r a s t s  2 
t h r o u g h  6 t e s t  r e p l i c a t e  l ine  d i f f e r e n c e s .  C o n t r a s t  3 

Tab le  3. Linear contrasts for each trait 

Contrast  ~ I 'N 1"8 V9 FL F W  WK6 T,4 IL  

1. Sex 0.87** 27.35** 28.71"* 0.58** 7.13"* 4.68** (i).45"* 
2. II'+T~ vs W+T~ -- .65* 12.80 9.65 t).16 3.51)* (I.06 11.15 
3. IV~ vs W~ - - .95**  23.35* 22.55* 0.02 1.40 - - .10  - - .03  
4. W+T~ vs W+Ty_, (I.40 t5 .60 t.811 0.46** 2.22 2.06** 0.54** 
5. 1,1"-7l'~ vs W - T ~  0.25 15.85 16.35 0.14 - -6 .36**  - - .13 0.24 
6. W~ vs W~ - - .50  10.35 6.70 0.00 1.64 0.55 0 . t l  
7. W +T-  vs W - T  + - -2 .08**  - -43 .78**  - -4o .17"*  0.34** 7.37** 5.54** - - 1 . 7 8 " *  
8. (HT+T - ~'  IV-7 '+) -- .21 - - 1 7 . 2 9 " *  - - 1 1 . 5 6 " *  - - . 1 8 "  - -3 .32**  - - .19  - - .74*  

vs W~ ~ 
9. 14"+T~ vs IV~ + --.8(i)** - -29 .42**  - - 3 1 . 1 5 " *  - - .06  5.84** 4.34** - - 1 . 1 0 " *  

10. Sex • 2 0.45 2.80 0.95 0.t I - - .83 0.t  3 I).10 
11. S e x x  3 0.45 3.35 - - t 0 . 7 5  0.23 1.80 1.44 0.06 
12. S e x x 4  0.50 - -8 .30  - -13 .50  0.12 - - .49  1.01 0.2t 
t3.  S e x •  5 - - .25 1.45 - -3 .95 - - ,19  --1.21 - - .70  - - .22  
14. SexX 6 - - .80**  4.75 2.40 0,00 - -1 .02  0.02 0.03 
15. Sex • 7 0.22 23.57** 19.87"* 0,07 1.02 0.58 0.16 
16. S e x •  8 0.22 - - 1 6 . 6 2 " *  - 16.83"* - - ,03  - -1 .53 - - .27 -- .01 
17. Sex • 9 0.05 3.67 1.55 - - ,12  - -2 .04  - - .50  0.0o 
I8. W+TOvs W~ ~ 0.37 5-02 5.38 0.37" 6 . 3 t * *  6 .19"* 0.18 
19. IV~ + vs W~ ~ b 1.17" 34.45* 36.52** 0.30 tl.47 1.85 1.27"* 

a First  t 7 contrasts are nmtually orthogonal. 1) Last two contrasts tested by Bonferroni t-statistic. 
* P ~ . o 5  ** P ~ . 0 1 .  
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is of par t icular  interest.  The two replicates selected 
solely for increased tail length did not  differ in 
T A I L  ; however  they  did differ in the components  of 
tail length. The replicate having fewer (P  ( . 0 t )  
vertebrae had longer (P ~ .05) vertebrae.  The res- 
ponses for replicate one infer tha t  tail length was 
increased pr imari ly  by  elongation of vertebrae,  
whereas the responses for replicate two infer tha t  tail 
length was increased .primarily by  an increase in ver- 
tebrae number  (Table 2). Contras t  4 appears to  
indicate considerable between replicate variat ion.  
However ,  these results must  be in terpre ted  with 
caution since W + T [  had less cumulat ive  selection 
pressure than W + 1"2 (Rutledge et al., 1973). Contrast  
6 measures the effects of drift  on these trai ts  in the 
absence of in tended selection ; none of the seven tests 
revealed a significant difference between replicates. 
Ignor ing Contras t  4 in which replicates could have 
differed due to marked ly  unequal  selection intensi- 
ties, six of twenty-one  tests of replicate difference in 
the selected lines were significant. This is too large 
a fraction to dismiss as due to chance alone. These 
populat ions  were founded with an effective number  
of parents  of about  26 and thus Mayr ' s  " founder  
principle" might  be invoked.  However ,  drift  seems 
unlikely as the sole reason for these results since the 
control  lines did not  differ. Selection, too, can be 
discounted since replicate lines had exac t ly  the same 
selection criteria. Rather ,  there seems to be evidence 
for an impor tan t  joint effect of r andom sampling and 
selection as predicted by  Wright  (t948). 

Contrast  7 which tests for divergence between the 
index selected lines was significant (P  ~ .01) for all 
traits.  A s y m m e t r y  in index response (Contrast 8) 
was noted for several traits.  Contrast  9 is a compari-  
son of the lines selected for increased W K 6  with the 
lines selected for increased T A I L .  The former lines 
were heavier (P ( . 0 1 )  in W K 6  and F W ,  but  they  
were significantly (P  ~ .0t) smaller in T A I L  and its 
components .  There was no difference in FL.  Thus 
seven generat ions of selection for increased T A I L  did 
not  lead to increased linear growth of the femur rela- 
tive to selection for increased WK6.  

Contrasts  10 th rough  t4  are 
tests of differential responses for 
sexes with Contrasts  2 th rough  6 ; 
only one of the thir ty-f ive tests 
was significant. The analyses of 
variance indicated tha t  sex • line 
interact ions were significant 
( P ( . 0 5 )  only for ver tebrae 
length. The nature  of this inter-  VN 

V8 
action is given by  Contrast  t5. FL 
Male mice of both replicates of F W  
W+T - had significantly shorter  R-" 
ver tebrae than females while 
the reverse was true for all o ther  
lines. 

The lines selected for increased W K 6  had  posit ive 
correlated responses in all traits.  However ,  except 
for the selection criterion, only the femur measures 
were significant (Contrast 18). Similarly, the lines 
selected for increased T A I L  responded posit ively for 
all traits,  but  correlated responses in W K 6 ,  F L  and 
F W  were not  significant (Contrast 19). These two 
contras ts  should not  be taken to infer a lack of gene- 
tic correlat ion between W K 6  and T A I L .  An analysis 
of generat ion means has shown significant correlated 
responses in these trai ts  (Rutledge et al., 1973). These 
results indicate tha t  the distr ibutions of tile W+T ~ 
and W~ + lines still overlap considerably for the 
correlated traits. 

Phenotypical ly ,  all t rai ts  were posi t ively correlat- 
ed, indicat ing tha t  all were measures of body  size 
(Table 4). The correlation between V8 and V9 was 
0.92, suggesting only a slight gain of informat ion 
f rom their joint consideration. Thus, V9 was omi t ted  
in fur ther  analyses. 

Table 4. Correlations among traits pooled within line-sex 
s ~ b c l a s s e s  ~ 

Trait V8 V9 FL FW WI<6 7".4 IL 

VN 0.21 0.20 0.21 0.21 0.16 0.36 
V8 0.92 0.56 O.33 0.31 0.59 
V9 0.56 O.34 0.29 0.57 
FL o.57 0.58 0.54 
F W  0.56 0.40 
WK6 0.45 

a All correlations are significant at P ~ .01 except between 
VN and WK6 which is significant at P ~ .05 (d.f. = 179). 

Table 5 gives the mult iple regression analyses of 
W K 6  and T A I L ,  respectively,  on VN,  V8, F L  and 
F W .  Also given are s tandard  part ial  regression coeffi- 
cients which can be used to judge the ut i l i ty  of the 
independent  var ia tes  in predict ing the dependent  
variates.  FL,  followed closely by  F W ,  was most  
impor t an t  in predict ing WK6.  F L  as well as V N  and 
V8 were impor tan t  in predict ing TA IL .  

Table 5. l~rultiple regression analyses using the skeletal traits to predict WK6 and 
TA IL, respectively ~ 

Dependent Variable 

Independent - WK6 . . . .  TA[L 
Variable 

b Ztz s.c. [/ b ~7 s.c. b' 

0.043 ~c .153 0.017 0.109 ~ .029** 0.2t3 
--.002 :~ .006 --.024 0.007 -t- .001"* 0.414 
2.551 -,L .503** 0.403 0.283 i .095** 0.224 
0.164 :k .034** 0.335 0.OLO :~ .007 o.102 
o.415"* 0.470** 

a Adjusted for sex, line and sex x line effects (d.f. = 176). b ~ partial regression 
coefficients, s.c. = standard error and b' = standardized partial regression coefficients. 

** .P ~ .01. 

Theoret. Appl. Genetics, Vol. 45, No. t 
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Canonical Characteristic 
Variable Root 

1 0-55** 
2 0.18"* 

0.77 1 .oo 
1 . o o  - -  .91 

** P ~ .01. 
a All correlations are significant at P ~ .01. 

Table 6. Canonical correlation analysis  between set i ( W K 6 ,  T A  1L) and set 2 (VN ,  VS, 
FL ,  F1V) traits 

Set 1 Set 2 

I L  tLv , s  F, .  

( o r r c l a ; [ ; u s - b c t w c ; u - ( } ~ u l o n i c a l  V a r h t b l c s  a n d  "[ 'rails a 

o.81 0.89 {~-44 o.75 o.89 o.74 
0.59 --.45 ---38 --.53 o.21 {}.46 

Characteristic Vector b 
0.42 0.68 1.00 0.66 
--.46 1.oo o. 20 0.64 

t, In standard units with largest coefficient scaled to unity within each vector. 

The canonical  correlat ion analysis  is summar ized  
in Table  6. Set I t ra i ts  ( W K 6  and  T A I L )  were those 
subject  to selection and  the remain ing  t ra i ts  (Set 2) 
were those used to measure changes in the skeletal  
growth. The canonical  var ia te  t r ans fo rmat ion  creates 
l inear  combina t ions  which have a m a x i m u m  between 
set correlation,  and successive canonical  var ia tes  are 
orthogonal .  The first two canonical  correlat ions were 
s ignif icant  (P ~ .01), account ing  for 54.5 and  18.0 
percent  of the variance,  respectively.  The first cano- 
nical  correlat ion (0.74) was higher than  any  correla- 
t ion between ind iv idua l  var iables  of the two sets 
(Table 4). F L  had the largest weight ing factor in the 
first character is t ic  vector  and  thus  was the most  
i m p o r t a n t  var ia te  in expla in ing  the jo in t  d i s t r ibu t ion  
of the Set t traits .  This  was consis tent  with the mul t i -  
ple regression analyses in tha t  F s  was the only  t ra i t  

which yielded a signif icant  con t r ibu t ion  to the regres- 
sion sum of squares of bo th  dependen t  variates.  This  
result  is also consis tent  with Contrasts  18 and  t9  of 
Table  3. Of the skeletal  t rai ts ,  F L  was the only t ra i t  
which had  a sizable correlated response for bo th  single 
t ra i t  selection t rea tments .  This correlated response 
was s ignif icant  (P ~ .05) for W + T  ~ and  approached 
significance for W ~ 7"% even when tested by the conser- 
va t ive  Bonferroni t -s ta t i s t ic .  

Table  7 summarizes  the canonical  var ia te  analysis.  
For  both  sexes, differences among  mean vectors of 
lines were s ignifcant  (P ( . 0 1 )  as tes ted by  Wilk ' s  
cr i ter ion (Overall and Klet t ,  1972). The character is t ic  
vectors are the coefficients for t ha t  l inear  combina-  
t ion of the t ra i ts  (the canonical  variate)  which maxi-  
mizes the sum of squared differences among  line 
means  relat ive to the pooled wi th in  line var iance  for 

Table 7. Largest two characteristic roots (21, 22) and their percent o f  the sum of  the roots ( ~ ,ti), correlations between canonical 

Percent 
Characteristic 6 
Root of ~'~i 

i --I  

4.40** 60.4 
1.59 21.9 

6 
Z 2i -- 7.29** 
=1 

9.39** 81.1 
1,37 t l ,8  

6 
~Y) . i -  11.57"* 

i=1 

Canonical variable 

variables and traits, and characteristic vectors i -~ 

Correlations between Canonical Variables and Traits 

VN 1'8 FL  F W WK6  TA 1 L 

Males 
0.4~** 0.17 --.11 .26* - - .4 i** O.65"* 
0.44** 0.35** 0.57** 0.54** 0.90** 0.66** 

[;enlales 
0.25* 0.28* --.o8 --.24* --.30** 0.52** 
0.40** 0.53** 0.52** 0.82** 0.79** 0.73** 

1.'N 

o.30 
0.36 

0.06 
0.26 

i-8 

- - . 2 5  
- -  . 3 0  

0.o3 
o.41 

a in standard units with largest coefficient scaled to unity 
* p < .05 ** p ~ .01 

Characteristic Vector a 

I:L F W WK6  7"A 1L 

Males 
O. o 7 --. 1 7 --. 70 I. 00 
0.04 -- .02 1.00 O. 51 

lCenlales 
.33 .38 --.41 1.00 

- - . 4 5  1 .o0 (3.85 o.41 
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Tab l  8. S u m m a r y  o f  classification based on generalized squared distance a 

Number  of Mice Classified into Line 

]'~ W+T ~ W ~  ~ W ~  ~2 W I T ~  IV+T~ W-T~- t V - T  + 

4 o o I o () () 
1 5 o o 0 o o o 

0 13 2 0 0 1 3 
o 2 1 5 o o 1 1 
2 o 1 S 6 0 o 
1 o (} 6 12  I) I) 
t} 1 (} o o 1 S o 
o 2 () o o 2 t 6 
0 o o 1 1 o o 
1 {) 0 0 0 O 1 

within sex and then pooled. 

W O T  o 

0 
1 
t 
o 
I 
o 
() 

o 
12 
3 

wor,~ 

2 
0 
O 
1 
O 

1 
1 

6 
15  

that  canonical variate. Within sexes, the canonical 3 
variates are uncorrelated. Only the first two canoni- 
cal variates are shown as their associated characteris- 
tic roots accounted for 82. 3 and 92.9 percent of the ? 
sum of the characteristic roots for males and females, 
respectively. Comparing characteristic vectors for ~1 
each sex suggests considerable differences in the >~ 
utility of some traits to discriminate. For example, ~ 0 
the coefficients for FL for males were small and posi- w 
tive, whereas the coefficients for females were moder- 
ate and negative. However, linear correlations be- ~-t 
tween the traits and the canonical variates were 
remarkably consistent across sexes. In no case did -2 
analogous correlations differ in sign. In addition, each 
trait was significantly correlated with at least one of 
the canonical variates. This was taken as an indica- 
tion that  all traits were useful in discrimination. 

Since most of the discriminatory power of the six 
traits is contained in the first two characteristic vec- 
tors, the line-sex mean values for the first two charac- 
teristic vectors were used as Cartesian coordinates to 
plot the locations of the line-sex means in two-dimen- 4 
sional space. These plots are shown in Fig. I a and t b 
for males and females, respectively. With the excep- 
tion of the W ~ T  - males, replicates tended to cluster 
in the space defined by the first two characteristic 
vectors, 2 

Results of the generalized distance analysis using 
all six traits are given in Table 8. The discriminant >~ 1 
function classified 86% of the mice correctly into 
treatment group. This result confirms the earlier } 
observation that although the lines are differentiated ~, 0 
on a mean basis, there is still an overlap of distribu- ~, 
tions. However, it is apparent that  the generalized ~-1 
distance is a powerful tool in distinguishing genetic 
groups as demonstrated by Festing (1973) for mandi- 
ble bone measurements in inbred lines of mice. 

General Di scuss ion  
In general, these results tend to point towards 

relatively little variation between replicate selected 
lines compared to variation between selection treat- 
ments and could be interpreted to indicate that repli- 
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Fig. I a. Plot of the line means of canonical variables I and 2 
for males (Standard errors of line lneans for canonical variables 

I and 2 are o.39 and 0.43) 
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lqg. 1 b. Plot of the line means of canonical variables I and 2 
for %males (Standard errors of line means for canonical varia- 

tries I and 2 are 0.32 and 0.56) 
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cation is unnecessary in the design of selection experi- 
ments. The authors, however, take the opposing 
viewpoint from two lines of reasoning. First, replica- 
tion is basic to the science of statistical inference and 
functions to provide estimates of experimental error. 
Second, although replicates did respond similarly in 
most correlated traits and hence would give confi- 
dence in predicting correlated responses in further 
experiments, this was not always the case. For 
example, consider V N  and V8 responses in the two 
lines selected for increased tail length. The two lines 
yielded almost exactly opposite inferences in correlat- 
ed responses of the components of tail length. Clearly, 
from this experiment it is impossible to predict which 
component of tail length will be increased more rela- 
tive to the other when selection is practiced solely for 
tail length. 

The results of the multivariate analyses indicate 
that  different selection criteria have led to morpho- 
logically distinct lines in terms of linear functions of 
body size and skeletal measurements. Hanrahan, 
Hooper and McCarthy (1973) and Byrne, Hooper and 
McCarthy (1973) have demonstrated marked changes 
in muscle fiber number and diameter in lines of mice 
selected for body weight. Further research would be 

desirable in order to relate the very marked changes 
in morphological traits to genetic changes in hormonal 
and enzyme levels and the ability of tissue to respond 
to given doses of hormones. 

Literature 

Barnett, S. A. : Genotype and environment in tail length 
in mice. Quart. J. Exp. Physiol. 5 ~ , 417--429 (t965). 

Byrne, I., Hooper, A.C., McCarthy, J.C.: Effects of 
selection for body size on the weight and cellular 
structure of seven mouse muscles. Anita. Prod. 17, 
1S7 196 (1973). 

l'esting, hi. : A multivariate analysis of subline divergence 
in the shape of the mandible in C57BL/Gr mice. Genet. 
Res. 21, 121 132 (1973). 

Hanrahan, J. P., Hooper, A. C., McCarthy, J. C. : Effects 
of divergent selection for body weight on fibre number 
and diameter in two mouse muscles. Anita. Prod. 16, 
7--~6 (1973). 

Kirk, R. E.: Experimental Design: Procedures for the 
Behavioral Sciences. Behnont, Calif. : Wadsworth Publ. 
Co. t 968. 

Overall, J. E., Klett, C. J. : Applied lX{ultivariate Analy- 
sis. New York: McGraw-Hill 1972. 

Rutledge, J. J., Eisen, E. J., Legates, J. E.: An experi- 
mental evaluation of genetic correlation. Genetics 
75, 709--726 (1973). 

Wright, S. : On the roles of directed and random changes 
in gene frequency in the genetics of populations. Evo- 
lution 2, 279--294 (1948). 

Received February 4, 1974 

Communicated by tI. Stubbe 

j. j. Rutledge 
Dr. E. J. Eisen 
Dr. j .  E. Legates 
Department of Animal Science 
North Carolina State University 
Raleigh, North Carolina 276O7 (USA) 

"i'heoret. Appl. Genetics, Vol. 45, No. 


