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Abstract: The methodological problems of the quantitative genetics are nu
merous, especially during the growth period. Many methods are able to give a 
relative idea of the heritability, based on the study of twins, of sibs, of parent
offspring or of other relatives. But, in the interpretation of these results, one 
must be careful: the coefficients of heritability are indeed not very adequate to 
give an accurate prediction of the relative influence of both factors, of genetic 
or of environmental factors. These coefficients of heritability are specific for a 
particular population in a particular environment and at a specific time. How
ever, if the population and its environment are good defined, a study of a decreas
ing order of genetical determination can be useful. These criticisms are also true 
for the quantitative genetics of growth, supplementary remarks have, however, 
to be taken into account such as variations of the heritability in function of age 
and such as difficulties to characterize human growth curve.
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T he ev en ts  o f  g row th  an d  deve lopm en t are  con tro led  b y  a m u ltifac to ria l 
sy stem . I t  is w ell know n th a t  m orphological ch a rac ters  are  d e te rm in ed  by  
fac to rs  o f  g ene tica l origin an d  also b y  fa c to rs  o f en v iro n m en ta l origin (S u sa n n e  
1975, 1977, 1980, D e f r is e  1981). A n th ropo log ists  an d  ped ia tric ian s  k n o w  also 
th a t  g ro w th  is a con tinuous phenom enon  from  concep tion  to  m a tu r ity  w here 
th e  d iffe ren t fac to rs  in fluencing  g row th  are  chang ing  in th e  d ifferen t periods 
o f g row th . T he m ethodological p roblem s in  th e  s tu d y  o f th e  q u a n tita tiv e  gene
tics d u rin g  th e  period  of g ro w th  are re la te d  to  th e  fac t th a t  th e  g ene tica l an d  
en v iro n m en ta l fac to rs  in te ra c t a lm ost in v a ria b ly  an d  are ra re ly  in d ep en d en t. 
W e in te n d  to  develop th re e  d iffe ren t p rob lem s of m ethodological o rig in : 
(1) th e  choice o f a too l to  s tu d y  h e r ita b ility , (2) th e  prob lem  re la te d  to  th e  
fa c t th a t  g ro w th  is a con tinuous phenom enon , an d  (3) th e  sca rc ity  o f su itab le  
lo n g itu d in a l d a ta .

H eritab ility

T he co n cep t o f h e r ita b ility  h 2 has been  defined  b y  p la n t an d  an im al b reeders 
as th e  a m o u n t o f genetic v a ria b ility  w hich  can be used for selective b reed ing . 
T he h e r ita b ility  is generally  defined  as th e  p ro p o rtio n  of th e  to ta l  p h en o ty p ic  
varian ce  (Yp) due  to  ad d itiv e  genetic v a r ia tio n  (VA)
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T his d efin itio n  corresponds to  th e  h e r ita b ility  in  th e  n a rro w  sense used  in  se
lective  b reed ing  w hen th e  aim  is to  p roduce ind iv id u a ls  o f  im proved  econom ic 
q u a lity , w hen b reeders select in d iv idua ls hom ozygous for genes re la ted  to  these  
qu a lities , and  w hen en v iro n m en ta l co rre la tions are e lim ina ted . O f course, 
th e  use o f  th e  h e r ita b ility  in  th e  narro w  sense is illu so ry  in  h u m an  pop u la tio n s, 
w here th e  h e r ita b ility  in  a b ro ad  sense is m o stly  used, w hich is a degree o f 
to ta l  genetic  d e te rm in a tio n  (V0) including  d o m in an t fac to rs  (VD), ep istasis 
fa c to rs  (Vj).

fa2 =  Va +  Vd +  V, =  VA +  Vp +  V. =  Vq
V P VA +  V D +  Vj - f  V E VG +  V E

w ith  V E, en v iro n m en ta l facto rs.
F rom  th is  defin ition , i t  is a p p a re n t th a t  h e r ita b ility  can be change in  fu n c tio n  of 
th e  re la tiv e  im p o rtan ce  of th e  en v iro n m en ta l cond itions. In  fu n c tio n  of a 
red u ced  e n v iro n m en ta l variance  or in  fu nc tion  o f  a large en v iro n m en ta l variance , 
th e  va lu e  of th e  h e r ita b ility  will v a ry : in  th ese  cond itions, h e rita b ility  is 
in a d e q u a te  to  m easure  th e  re la tiv e  im p o rtan ce  of n a tu re  versus n u rtu re . 
These coefficients are  only  va lid  for th e  specific  p o p u la tio n  s tu d ied  in  th e  
specific period  a n d  en v iro n m en t o f th e  analysis. The h u m a n  genetic ist c an n o t 
con tro l th e  en v iro n m en ts  in  w hich people live , these  are in fin itiv e ly  variab le  
and  v e ry  d ifficu lt to  m easure, i t  is an  ev er-p resen t source o f error.

T he ad d itiv e  genetic  variance  (VA) refers to  th e  h y po thesis  th a t  th e  genes 
a c t ad d itiv e ly . T he regression of th is  ad d itive  genetic  v a lue  on  th e  p h en o ty p ica l 
value gives also a d e fin ition  o f th e  h e r ita b ility  in  th e  n a rro w  sense. I t  is on ly  
these  sum m ed effects o f th e  genes w hich h av e  a selective value.

The d o m in an t va rian ce  (VD) refers th a t ,  for some genes, th e  phen o ty p es of 
th e  hete ro zy g o tes  a re  n o t ex ac tly  in te rm ed ia te  betw een  th e  tw o hom ozygotes. 
H eterosis  w ould be a v e ry  specific exam ple o f th is  dev ia tio n  to  th e  a d d itiv ity . 
T he ex istence  o f dom inance fac to rs  will re su lt in  a d im in u tio n  of co rre la tions 
betw een  re la tiv e s , i t  affects, how ever, m ore th e  co rre la tion  betw een  sibs th a n  
b e tw een  p a re n ts  an d  children.

T he ep istasis va rian ce  (Vj) re su lts  o f th e  in te ra c tio n  betw een  genes, it  m eans 
th a t  th e  effects o f d ifferen t genes are  n o t sim ply  sum m ed. In  h u m an  p o p u 
la tio n s , i t  is r a th e r  im possible to  have co rrec t e s tim ations of these  effects. 
T he es tim a tio n  o f th e  im p o rtan ce  o f linkage betw een  genes an d  of p leio trop ic  
effects is even d ifficu lt.

A genetic  fac to r  w hich can be estim a ted  m ore easily  is th e  varian ce  due to  
a sso rta tiv e  m a tin g . A positive a sso rta tiv e  m a tin g  has been  observed  for d if
fe ren t m orphological ch a rac te rs  (Susanne  1967, Sp u h l e r  1968): i t  will re su lt 
in  h ig h er frequencies o f hom ozygous geno types th a n  in  pan m ic tic  cond itions. 
W e m u st expec t also th a t  th e  effects o f a sso rta tiv e  m a tin g  will be confounded  
w ith  th e  ad d itiv e  v arian ce , an d  th a t  for co rre la tio n  p aren t-o ffsp ring  for in stan ce  
th e  ex istence  o f a positive  a sso rta tiv e  m a tin g  will increase th e  v alue  of th e  
coeffic ien ts of co rre la tion .

O th e r possible com plications o f th e  m e th o d  are th e  in fluence of X -linked  
loci (Ma th er  e t al. 1971).

T he m ost d ifficu lt v ariance  to  e stim ate  is th e  env iro n m en ta l variance , d if
fe ren t com ponen ts in te ra c t an d  th e  v a r ia b ility  o f en v iro n m en ta l cond itions is 
im m ense. In  a q u ite  a rtific ia l w ay, a r tif ic ia l for h u m an  popu la tio n s p e rh ap s

6



n o t fo r breeding  cond itions, one can  d istin g u ish  changes o f env iro n m en t 
be tw een  ind iv id u a ls  w ith in  fam ilies, betw een  fam ilies, be tw een  socio-econo- 
m ical classes, be tw een  geographical groups. T he q u a n tif ic a tio n  of th ese  v a r i
ances is v e ry  d ifficu lt, su b tle  changes can  be observed . F o r in stan ce , th e  en v i
ro n m e n ta l v arian ce  w ith in  fam ilies will n o t be th e  sam e betw een  tw ins th a n  
b e tw een  sibs, w ill n o t be th e  sam e betw een  m onozygotic  tw in s th a n  betw een  
d izygo tic  tw ins. T he varian ce  betw een  fam ilies an d  th e  varian ce  betw een  socio- 
econom ical classes in f la te  th e  covariance  betw een  p a re n ts  a n d  ch ildren , th e y  
m ay  th u s  in fla te  co rre la tions and  in te ra c t w ith  th e  co rre la tions due to  th e  
genetic  variance . T h e  en v iro n m en ta l covariance is expec ted  to  have  a low er 
in fluence  in  p a re n t ch ild  com parisons th a n  in  com parison  o f sibs or o f tw ins.

B u t, even m ore com plex , th e  in te ra c tio n  betw een  th e  d iffe ren t fac to rs have  
to  be ta k e n  in to  acco u n t. In  th e  fam ilial stud ies, y o u  can  f in d  four d ifferen t 
covariances:

cov. (genotypes p a re n t and  child), 
cov. (genotypes p a re n t an d  env iro n m en t child), 
cov. (geno types ch ild  and  en v iro n m en t p a ren t), 
cov. (en v iro n m en t p a re n t an d  en v ironm en t child).

T he second an d  th e  fo u rth  covariances are  in  m ost cases positive.
F ro m  all these  a rg u m en ts , i t  is obvious th a t  th e  coefficients o f h e rita b ility  

are  n o t v e ry  ad e q u a te  to  give an  accu ra te  p red ic tio n  o f  th e  re la tiv e  im p o rtan ce  
o f genetic  and  en v iro n m en ta l fac to rs. T he es tim a tio n s  of h e rita b ility  are  re la 
tiv e  to  th e  s tud ied  p o p u la tio n , in  its  specific en v iro n m en t and  tim e  (F eldm an  
e t al. 1975). The coefficients o f h e r ita b ility  are specific for a p a rtic u la r  gene 
pool an d  en v iro n m en t, as well as for a p a rtic u la r  in te ra c tio n  betw een  genotypes 
an d  env ironm en ts.

B u t, in sp ite  o f all these  critic ism s, m easu rem en t o f  th e  degree o f h e r ita b ility  
can  be useful in  d e fin ing  for a specific p o p u la tio n  a decreasing  o rd e r o f genetical 
d e te rm in a tio n  for d ifferen t an th ropo log ica l ch a rac te rs . F o r th is  k ind  o f a p 
p ro ach , d ifferen t m e th o d s of ca lcu la tion  o f h e r ita b ility  can be used  (for a re 
view , see Su sanne  1980). B u t, for a defin ition  o f a decreasing order o f h e r
ita b ility , n o t rea l coefficien ts o f h e r ita b ility  could be used, such  as coefficients 
o f co rre la tion  p a re n t — child for in stance .

P red ic tio n s from  th ese  m easu rem en ts o f h e r ita b ility  m u st alw ays be done 
v e ry  carefu lly . F o r in stan ce , we know  th a t  s ta tu re  has one o f  th e  h ighest 
coeffic ien t o f h e r ita b ility , th is  m eans th a t  th e  en v iro n m en ta l varian ce  is su p 
posed to  be low. H ow ever th e  w ell-know n o b se rv a tio n  o f secu lar tre n d  of s ta 
tu re  is a lm ost c e rta in ly  th e  re su lt of e n v iro n m en ta l conditions. H e rita b ility  
in fo rm s us ab o u t th e  ra tio  genetical versus e n v iro n m en ta l varian ce  for one 
specific en v iro n m en t b u t  can n o t be e x tra p o la te d  to  o th e r env ironm ents.

G row th  as a  con tinuous phenom enon

F rom  concep tion  to  m a tu r ity , th e  fac to rs d e te rm in in g  g row th  are changing 
an d  are  n o t eq u iv a len t for th e  d ifferen t periods o f  g ro w th : as a re su lt, th e  
re la tiv e  in fluence o f  geno type an d  env ironm en t a n d  th u s  th e  coefficients o f 
h e r ita b ility  will n o t be c o n s tan t du ring  th ese  d iffe ren t periods.

A v a ria tio n  w ith  age is ev id en t in th e  s tu d y  o f  self-correlations, w here 
th e  co rre la tio n  is ca lcu la ted  betw een  a m easu rem en t a t  an  age x  w ith  th e
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m easu rem en t o f th e  sam e in d iv id u a l a t  a d u lt age: an  increase o f  th e se  self
co rre la tio n s is observed  from  b ir th  to  m a tu r i ty  re flec tin g  an  increase  of th e  
co n tr ib u tio n  of th e  ch ild’s ow n genes (Ta n n er  1960, F u rusho  1968, A shizaw a  
e t al. 1977). A ra p id  increase is observed  d u rin g  th e  f irs t  y ea r, a slow er increase 
a fte rw ard s  till th e  p u b e rty  w here a re la tiv e  decrease is observed .

T he sam e k ind  o f o b serv a tio n s has been  m ade for co rre la tions p a re n t — off
sp ring , w here th e  co rre la tions are  ca lcu la ted  for th e  h e ig h t for in s tan ce  betw een  
th e  v a lu e  o f th e  a d u lt p a re n ts  an d  th e  v a lu e  of th e  grow ing ch ild ren  an d  th is  
o f course in  fu n c tio n  o f th e  age.

L o n g itu d in a l stud ies on tw in s  (Va n d e n b e r g  e t al. 1965, W il s o n , 1976) 
h av e  show ed th a t ,  s ta r tin g  from  a sm all in fluence  of fe ta l genetical c o n s titu tio n  
a t  b ir th , a g rad u a l increase o f  th e  genetica l fac to rs is observed  be tw een  m ono
zygo tic  an d  dizygotic tw in s for th e  w eigh t or th e  len g th  a t  b ir th . T h e  v a ry in g  
degrees o f vascu la r anastom osis o f th e  p lacen tas  re su lt a t  b ir th  even in  low er 
co rre la tio n  betw een  m onozygotic  tw in s th a n  betw een dizygotic tw in s. B u t, 
a f te r  b ir th , th e  w ith in  p a ir d ifferences o f dizygotic tw ins w ill g radua lly  
increase  an d  th e  w ith in  p a ir  co rre la tio n  of m onozygotic  tw ins w ill g radua lly  
increase  to o , re su ltin g  in  te rm s  o f h e r ita b ility  in  a g rad u a l increase  of th e  
genetica l com ponen t.

I t  has also been observed  in  dom estic an im als (D ic k er so n  1954) an d  in  
m an  (R ao e t al., 1975) th a t  th e  h e r ita b ility  decreases w ith  th e  age difference 
betw een  th e  sibs. In  th is  case, a h igher en v iro n m en ta l covariance  m a y  exp lain  
th is  o b serv a tio n : th e  fam ilia l en v iro n m en t will be m ore sim ilar b y  sibs grow ing 
u p  to g e th e r  th a n  b y  a d u lt  sibs liv ing  in  d ifferen t en v iro n m en ta l cond itions, 
th is  re su lts  in  low er co rre la tions b y  a d u lt sibs. M u e l l e r  (1977) observed  
ind eed  la rger corre la tions betw een  school-aged sibs th a n  b e tw een  a d u lt sibs 
w hen th e y  are s tud ied  in  th e  sam e sam ple an d  in a ra th e r  lim ited  age cohort. 
S im ilarly , w hen th e  age differences betw een  th e  sibs increased , th e  coefficients 
o f co rre la tio n  betw een  sibs w ill decrease, especially for w eight, f a t  an d  m uscle 
m easu rem en ts , b u t  n o t for bone m easu rem en ts (F urusho  1968, M u e l l e r  1978).

O th er d ifficu lties o f in te rp re ta tio n  are found  in  th e  com parison  o f p o p u 
la tio n s o f E u ro p ean  origin an d  th e  non -E u ro p ean  ones, h ig h e r  corre la tions 
being  observed  in  E u ro p ean  popu la tio n s (Malin a  e t al. 1976, M u e l l e r  1976, 
R u ssell  1976). T he ex istence  o f a positive a sso rta tiv e  m a tin g  in  th e se  E u ro 
p ean  p opu la tions is one ex p lan a tio n  o f these  h igher co rre la tions, th e  o th e r 
ex p lan a tio n  consists in  a b e tte r  expression o f th e  p h en o ty p e  in  absence of 
m a ln u tr itio n  or o f o th e r p rob lem s in  th e  s tan d a rd s  o f  living.

T he s ta n d a rd s  o f liv ing  can  in fluence  th e  level o f h e r ita b ility : au th o rs  
(Charzew sk a  e t al. 1964, B ie l ic k i e t al. 1966, W elo n  e t al. 1971) have  
observed , on th e  c o n tra ry  o f  E u ro p ean  versus N on E u ro p ean , h ig h er coeffi
c ien ts o f co rre la tion  in  p o p u la tio n s w ith  low  s ta n d a rd s  o f liv ing  a n d  o f n u tr itio n  
(village versus tow n , poor nou rish ed  versus good nourished). A  possib le ex p la 
n a tio n  is th e  fac t th a t  th e  en v iro n m en ta l com ponen t in te ra c ts  w ith  th e  genetic 
v a rian ce  and  in fla te s  th e  co rre la tions in  th e  poor e n v iro n m en ta l conditions, 
ch ild ren  hav in g  an  en v iro n m en ta l com ponen t m ore sim ilar to  th a t  of th e  
p a re n ts  in  villages th a n  in  tow ns for in stan ce . In  th ese  la s t cases, ch ild ren  
could  experience perh ap s b e tte r  env ironm en ts th a n  th e  p a re n ts  h av e  h ad  
d u rin g  th e ir  g row th  period .
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Suitable longitudinal data

H e rita b ility  of specific ch a rac te rs  o f h u m a n  g row th  cu rv e  has been h indered  
b y  th e  d ifficu lties to  collect lo n g itu d in a l d a ta  o f re la tives a n d  also by  d ifficu lties 
to  ch arac terize  th e  h u m an  g ro w th  curve.

O f course, m any  stud ies h a v e  been p u b lish ed  com paring  iso la ted  lo n g itud ina l 
cu rves on sibs, on tw ins or even  tr ip le ts . T he in te rp re ta tio n  o f  th ese  re su lts  is, 
how ever, d ifficu lt, th e  cu rves of g ro w th  o f m onozygotic tw in s are generally  
m ore alike th a n  those o f  d izygotic tw ins. I t  is only re c e n tly  th a t  h u m an  
g row th  curves have been b e tte r  ch a rac terised  (H a u spie  e t al. 1980).

B ock an d  T h issen  (1978) used  a tr ip le  logistic curve f i t t in g  b y  unw eigh ted  
non  lin ea r leas t squares in  th e  s tu d y  o f  tw o sets o f tr ip le ts , w here tw o  were 
id en tica l an d  one fra te rn a l. T h e  a u th o r  show ed a clear s im ila rity  o f th e  curves 
o f  th e  id en tica l tw ins an d  d e m o n s tra te d  also an  ev iden t h e ritab le  com ponen t 
in  th e  ap p earan ce  of th e  adolescen t g ro w th  sp u rt.

In  a n o th e r long itud inal s tu d y  o f tw in s  (F is h b e in  e t al. 1978), th e  square 
ro o t o f th e  sum  of squared  differences betw een  th e  d ev ia tio n  po in ts  an d  th e  
in trac lass  correlation  for p rofiles e s tim a ted  from  an in te ra c tio n  te rm  o f an  
analysis o f v ariance  have show n a low er dev ia tion  of th e  profiles o f g row th  
curves in  m onozygotic tw in s  th a n  in  d izygotic  like sexed tw ins.

The com ponen ts of v a rian ce  analysis m odel were u sed  to  e s tim a te  th e  
degree o f resem blance o f g row th  p a tte rn s  in  60 sibs d is tr ib u te d , am ong  25 
fam ilies o f W est Bengal (In d ia ) (H a u s p ie  e t al. 1980). T h e  au th o rs  analysed  
tw elve biological p a ram ete rs  derived from  th e  Preece B aines m odel 1 curve, 
f i t te d  to  th e  long itud inal d a ta  for h e ig h t g row th : a sign ifican t ad d ed  v ariance  
com ponen t w as observed fo r peak  h e ig h t velocity  and  th e  age a t  peak  velocity , 
for these  tw o  param eters th e  sim ila rity  being  g rea te r am ong  sibs th a n  am ong 
n o n -re la ted  subjects.

These few  resu lts  are s tim u la tin g  b u t  m ore stud ies on q u a n tita tiv e  genetics 
o f th e  synchron isa tion  o f th e  p a tte rn s  o f  g row th  is su itab le .

C onclusion

In  th is  p ap er, th e  a u th o r  has only one ob jec t in  view , t h a t  is to  illu s tra te  
som e o f th e  m ethodological problem s o f th e  q u a n tita tiv e  genetics, especially  
du ring  g row th . The fu n d am en ta l p rob lem  is surely  th e  co n cep t o f h e rita b ility  
itself. These coefficients o f h e r ita b ility  a re  on ly  valid  for th e  specific pop u la tio n  
stu d ied  a t  a specific tim e , i t  is only  re la tw e  to  th e  p a r tic u la r  env ironm en ts 
an d  geno types ch a rac te ris tic  of th is  p o p u la tio n . I f  we consider in te rac tio n s  
betw een  genotypes an d  en v iro n m en ts , genetic  variance  depend ing  of th e  
d is tr ib u tio n  o f en v ironm en ts and  en v iro n m en ta l v a rian ce  depend ing  o f th e  
d is tr ib u tio n  of genotypes, th e  in te rp re ta tio n  of h e r ita b ili ty  seem s vain . 
T he coefficients o f co rre la tio n  also are  th e  re su lt of genetic  va rian ce  in fla te d  
b y  th e  v arian ce  betw een  fam ilies a n d  betw een  socio-econom ic g roups for 
in stan ce . T his does n o t m ean  th a t  q u a n tita tiv e  genetics is alw ays useless: 
in  a specific popu la tion , th e  defin ition  o f  a decreasing (or increasing) o rder of 
genetical d e te rm in a tio n  can  be useful.

This k ind  of s tu d y  w hen ap p lica ted  to  grow ing ch ild ren  has to  ta k e n  in to  
accoun t a change w ith  age o f  th e  re la tiv e  in fluence of th e  d iffe ren t fac to rs  in
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th e  d e te rm in a tio n  o f  g ro w th  s ta tu s . These changes are  re la te d  to  a g rad u a l 
increase w ith  age o f th e  c o n tr ib u tio n  o f th e  childs ow n genes, an d  to  changes 
in  fu n c tio n  of th e  en v iro n m en ts  o f  th e  expression o f th e  p h en o ty p es an d  th u s  
o f th e  en v iro n m en ta l v a rian ce  in te ra c tin g  w ith  th e  genetica l variance.

A nthropo log ists, p ed ia tric ian s , auxologists m u st be s tim u la te d  to  stud ies 
of q u a n tita tiv e  genetics d u rin g  g row th , b u t specially  o f th e  synchron isa tion  
o f th e  p a tte rn s  o f  g row th  an d  o f  th e  p a tte rn s  o f m a tu r ity .
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