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Walter Sutton and the
Chromosome Theory of Heredity

T h e d a w n o f th e tw en tieth c en tu ry w a s v e ry a u sp ic io u s fo r b io lo g y . T h e

la w s o f h e red ity, p ro p o se d in 1 8 6 5 b y G re g o r M en d el b u t u n fo rtu n a te ly
c o n sig n e d to o b sc u rity , w e re red isc o v e re d in d ep en d en tly b y H u g o d e V rie s,
C a rl C o rre n s a n d E rich v o n T sch e rm a rk in th e y ea r 1 9 0 0 . T h e re d isc o v e ry
w a s th e b e g in n in g o f a strin g o f rem a rk a b le sy n th eses. W a lte r S u tto n , a
v e rsa tile g e n iu s, w a s o n e o f th e e a rlie st to d isc e rn th e lin k b etw e en th e

a b stra c t M en d elia n fa cto rs o f h e red ity a n d th e ta n g ib le stru c tu re s k n o w n a s
ch ro m o so m e s o b se rv e d b y c y to lo g ists. T h e tw o se m in a l p a p ers h e p u b lish ed
in 1 9 0 2 a n d 1 9 0 3 h e lp e d fo u n d th e n e w d isc ip lin e o f cy to g e n etic s b y b rid g in g
th e e sta b lish ed ¯ e ld o f c y to lo g y a n d th e e m e rg in g stu d y o f h ere d ity .

T o fu lly a p p re cia te S u tto n 's c o n trib u tio n s in e sta b lish in g th e p h y sic a l b a sis
o f h e red ity, o n e h a s to tra v e l b a ck in tim e to th e sec o n d h a lf o f th e 1 9 th

c en tu ry . T h o u g h M e n d e l's la w s w e re in o b liv io n , th ere w e re se v e ra l sig n if-
ica n t co n ce p tu a l a d v a n c e s b ein g m a d e in b io lo g y . T h e c ellu la r b a sis o f life
h a d b e e n e sta b lish e d a n d c y to lo g ists h a d fo llo w e d th e d eta ils o f th e c o m -
p lex ste p s in v o lv e d d u rin g c e ll d iv isio n a n d fertiliza tio n . T h e ro le o f th e c ell
n u cle u s in fe rtiliza tio n w a s b e c o m in g in c rea sin g ly a p p a re n t. T h e d a n c e o f

th e \ c o lo u re d b o d ie s" o r ch ro m o so m e s w ith in th e n u c le u s w a s d o c u m e n ted
d u rin g c e ll d iv isio n . B u t th e sig n ī c a n ce o f th e ir p re se n c e w a s u n k n o w n .
W ilh e lm R o u x , c o n sid e red th e fa th e r o f e x p e rim e n ta l e m b ry o lo g y , w a s o n e
o f th e e a rlie st to sp e cu la te in 1 8 8 3 th a t ch ro m o so m e s m a y h a v e sig n ī c a n c e
in te rm s o f h e re d ity . T h e o th er in te lle ctu a l g ia n t a t th a t tim e w a s A u g u st
W e ism a n n , w h o w a s th e ¯ rst to re c o g n iz e th e se p a ra tio n o f th e g e rm ce lls

(sp erm a n d o v u m ) fro m th e so m a tic c e lls. H e p ro p o se d th a t h ere d ity is
e x c lu siv e ly a jo b a sso c ia te d w ith th e g erm ce lls a n d th e so m a h a s n o ro le in
it. T h is p ro p o sa l le d to th e o v e rth ro w o f th e id e a o f in h e rita n c e o f a cq u ired
ch a ra c ters, sin ce a n y ch a n g e to th e so m a tic tissu es c a n n o t b e tra n sm itted to
th e n e x t g e n era tio n a s th ey p la y n o p a rt in h ere d ity . W eism a n n fu rth er d e-

v e lo p e d R o u x 's id e a o f ch ro m o so m e s a n d p ro p o se d th a t th e y re m a in in ta ct
d u rin g su c ce ssiv e g en era tio n s a n d a re tra n sm itte d fro m o n e g e n era tio n to
th e n e x t th ro u g h th e g e rm c ells, a c lo se p a ra llel to th e a b stra c t h e red ita ry
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fa c to rs o f M e n d e l. H o w ev er, W e ism a n n w ro n g ly a ssu m e d th a t th e d i® e re n t

ch ro m o so m e s in th e n u cle u s a re eq u iv a len t a n d e a ch ch ro m o so m e h a d th e
c o m p le te g e n e tic in fo rm a tio n o f th e o rg a n ism .

T h e a u th o rita tiv e a cc o u n t o f ch ro m o so m e s a n d h e red ity in 1 9 0 0 w a s th e
se c o n d e d itio n o f th e c la ssic b o o k b y E d m u n d B W ilso n , T h e C ell in D evel-
o p m en t a n d H ered ity . B y th is tim e , it w a s k n o w n th a t ch ro m o so m e n u m b ers
a re c o n sta n t a n d m o stly e v e n in a g iv e n sp ec ies, m a d e u p o f th e tw o se ts o n e

re ce iv e d fro m e a ch p a re n t. T h a t ch ro m o so m e s c o m e in d istin c t p a irs w a s
h o w e v e r n o t a p p rec ia ted . In th is b a ck d ro p , th e ¯ rst lin k b e tw e e n a h e re d i-
ta ry tra it a n d ch ro m o so m e s w a s m a d e b y C la re n c e M c C lu n g , a n A m e ric a n
c y to lo g ist w o rk in g w ith g ra ssh o p p ers. M c C lu n g c o u ld sh o w th e a sso c ia tio n
o f se x w ith th e p resen c e o f a sp e c ia l se t o f a c ce sso ry ch ro m o so m es c a lle d X

ch ro m o so m e s. T h is w a s fo llo w e d b y a se rie s o f im p o rta n t d isco v erie s b y th e
b rillia n t stu d e n ts o f M c C lu n g , th e ¯ rst a m o n g th em b ein g W a lter S u tto n .

W a lte r S ta n b o ro u g h S u tto n w a s b o rn in 1 8 7 7 in U tic a , N e w Y o rk , in a n in -
° u e n tia l fa m ily . H is fa th e r, w h o w a s a la w y er a n d ju d g e , m o v ed th e fa m ily
to a ra n ch n ea r R u sse ll in K a n sa s to le a d th e life o f a fa rm e r w h e n W a lter
w a s ten y e a rs o ld . E v en a t a y o u n g a g e , W a lte r d e m o n stra te d a g re a t lik in g
fo r g a d g e ts a n d w a s fo n d o f tin k erin g w ith fa rm m a ch in e ry. A s a re su lt
o f h is in te re st in m e ch a n ic s, in 1 8 9 6 , h e jo in e d th e en g in e e rin g sch o o l a t
th e U n iv e rsity o f K a n sa s. H o w ev e r, a b o u t o f ty p h o id fe v e r in th e fa m -
ily a n d th e d e a th o f h is b ro th er m a d e h im ch a n g e h is fo c u s to m e d ic in e
a n d w ith in a y ea r h e en ro lled fo r a p re -m ed p ro g ra m m e a t th e u n iv e rsity .

M cC lu n g , w h o se p io n ee rin g w o rk o n g ra ssh o p p e r c y to lo g y w a s b e in g e sta b -
lish e d , w a s o n e o f h is te a ch e rs a t th e u n iv ersity a n d so o n S u tto n b ec a m e h is
stu d e n t, c o lla b o ra to r, a n d frie n d . S u tto n w a s a lso a n e x ce lle n t sp o rtsm a n
a n d p la y e d b a sk e tb a ll, a y o u n g sp o rt h a rd ly te n -y e a rs-o ld sta rte d b y D r.
J a m e s N a ism ith , w h o w a s th e co a ch o f th e u n iv ersity te a m . A fter ¯ n ish -
in g h is u n d e rg ra d u a te d e g re e in 1 9 0 0 , W a lte r jo in ed M c C lu n g 's la b a s a

g ra d u a te stu d en t in z o o lo g y .

W ith h is e x p e rie n c e in fa rm fa u n a , S u tto n c o u ld id e n tify th e la rg e \ lu b b e r"
g ra ssh o p p e r B ra ch y sto la m a gn a a s a n id e a l re se a rch m a teria l a s th e testes
a n d th e g e rm c ells o f th e in sec t w e re la rg e a n d e a sy to stu d y. S o o n h e
sta rte d m a k in g cy to lo g ic a l p re p a ra tio n s o f th e in sec t te ste s. It w a s in th e
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c o u rse o f th e se stu d ie s th a t S u tto n m a d e th e im p o rta n t c o n n e c tio n b e tw e en

ch ro m o so m e s a n d th e a b stra ct M e n d e lia n fa c to rs. T h e ch o ic e o f th e lu b b er
g ra ssh o p p e r w a s la rg e ly re sp o n sib le fo r h is su c ce ss. In 1 9 0 0 , h e w ro te a p a -
p e r in w h ich fo r th e ¯ rst tim e h e p ro v id ed e v id e n c e fo r th e in d iv id u a lity o f
ch ro m o so m e s. T h is w o rk b ec a m e h is m a ste r's d isse rta tio n a n d h e rec e iv ed
h is M A d eg ree in 1 9 0 1 . T h e sa m e y ea r, M c C lu n g 's p a p e r o n th e in v o lv e-

m en t o f th e X ch ro m o so m e in se x d e term in a tio n w a s a lso p u b lish e d . It is
in te re stin g to n o te th a t th o u g h th e tw o w e re c o lle a g u e s w h o c o lla b o ra ted a
lo t, e a ch n e v e r to o k cre d it fo r th e w o rk o f th e o th er a n d p u b lish e d in d iv id u a l
p a p e rs. S h o rtly a fter co m p le tin g h is m a ste r's w o rk , o n th e a d v ice o f M c-
C lu n g , S u tto n m o v e d to th e la b o ra to ry o f E d m u n d B W ilso n a t C o lu m b ia

U n iv ersity in N e w Y o rk to co n tin u e h is g ra d u a te stu d ies. It w a s w h ile in
C o lu m b ia th a t h e c o m p le te d th e w o rk h e sta rte d in K a n sa s a n d p u b lish ed
h is tw o se m in a l p a p ers in 1 9 0 2 a n d 1 9 0 3 in th e jo u rn a l B io logica l B u lletin .

In th e ¯ rst o f th ese tw o p a p ers e n titled Ò n th e M o rp h o lo g y o f th e C h ro -
m o so m e G ro u p in B ra ch y sto la m a gn a ' (rep ro d u c e d in th e C la ssics sec tio n ),
S u tto n p ro v id ed c le a r ev id e n ce th a t th e ch ro m o so m e s c o m e in d istin c t p a irs

a n d d e d u c e d th a t th e tw o p a rtn ers in a p a ir a re d eriv e d fro m th e tw o p a r-
e n ts. T h is fo llo w ed c a re fu l tra ck in g o f th e ch ro m o so m es th ro u g h su c c essiv e
c ell d iv isio n s d u rin g sp e rm a to g e n e sis (\ . .. in ea ch su c ce e d in g m e ta p h a se ,
th e sa m e n u m b e r a n d siz e rela tio n s o f th e ch ro m o so m es m a y b e o b serv ed " ).
H e c o n c lu d es th e cle a rly w ritten p a p e r w ith th e strik in g se n te n c e \ I m a y
¯ n a lly ca ll a tten tio n to th e p ro b a b ility th a t th e a sso c ia tio n o f p a te rn a l a n d

m a te rn a l ch ro m o so m e s in p a irs a n d th e ir su b seq u e n t se p a ra tio n d u rin g th e
re d u cin g d iv isio n a s in d ic a te d a b o v e m a y c o n stitu te th e p h y sic a l b a sis o f
th e M en d elia n la w o f h e red ity " . T h e se c o n c lu sio n s w e re re -e n fo rc ed in th e
su b seq u e n t e ssa y e n title d T̀ h e C h ro m o so m e s in H e re d ity ' p u b lish e d in th e
fo llo w in g y e a r. T h e tw o p a p ers ¯ rm ly e sta b lish e d th e cy to lo g ic a l b a sis o f

h e red ity. M o n tg o m ery a n d B o v eri, tw o re n o w n e d cy to lo g ists a lso re a ch ed
sim ila r c o n c lu sio n s in d ep en d en tly . In th e c a se o f S u tto n , w h o w a s a r̀o o k ie '
(b e g in n e r) in c o m p a riso n , rea ch in g su ch a p ro fo u n d co n c lu sio n w ith a sh o rt
b u t th o ro u g h stu d y w a s in d e ed re m a rk a b le . T h o u g h m o st o f h is p ee rs a c-
c ep te d h is re su lts, B a teso n a n d M o rg a n w e re a m o n g th e sc e p tic s w h o h a d

to ¯ n a lly c o n c e d e w ith m o u n tin g e v id e n c e in fa v o u r o f th e th e o ry . F u rth e r
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c o n ¯ rm a tio n o f th e th eo ry c a m e fro m th e e le g a n t w o rk b y a n o th e r stu d e n t o f

M cC lu n g , E le a n o r C a ro th ers. B y fo llo w in g th e se g re g a tio n o f th e a c ce sso ry
X ch ro m o so m e , C a ro th ers co u ld sh o w th a t th e X ch ro m o so m e w a s p re se n t
in 5 0 % o f th e sp erm a tid s (in th e g ra ssh o p p e r, th e re is n o c o rre sp o n d in g Y
ch ro m o so m e ) d em o n stra tin g M e n d el's la w o f se g re g a tio n . S h e c o u ld id e n tify
a v a ria n t in se ct in w h ich o n e o f th e ch ro m o so m e s in a p a ir w a s sh o rte r th a n

its p a rtn er. S h e c o u ld a lso sh o w th a t th e X ch ro m o so m es c o u ld se g re g a te
e ith e r w ith th e sh o rte r o r th e lo n g e r v e rsio n o f th e a u to so m e w ith e q u a l
p ro b a b ility , d e m o n stra tin g th e la w o f in d e p e n d e n t a sso rtm e n t.

It is re m a rk a b le th a t so m e o n e w h o m a d e su ch a la stin g c o n trib u tio n to
g e n e tic s p u b lish ed o n ly th re e p a p e rs o n th e su b je c t! W a lte r S u tto n n ev er
c o m p le te d h is g ra d u a te stu d ie s. A fte r a b rief stin t in o il e x p lo ra tio n in

th e K a n sa s o il ¯ e ld s, h e w en t o n to o b ta in h is M D fro m C o lu m b ia a n d
b e c a m e a re n o w n e d su rg e o n . H is p io n e e rin g sp irit h elp e d h im to d ev ise
n e w su rg ica l p ro c e d u re s, m ed ic a l e q u ip m en t a n d m e th o d s o f a d m in isterin g
a n e sth e sia . D u rin g W o rld W a r I, h e se rv e d in th e a rm y m ed ic a l co rp s in
F ra n c e , a tten d in g to w o u n d e d so ld iers. A fter th e w a r, S u tto n c a m e b a ck to

h is h o m e to w n . B u t h is h e a lth w a s d ete rio ra tin g a n d h e w a s fe e lin g tired
o fte n . H e w a s su ® erin g fro m a p p en d ic itis a n d n e ed e d su rg e ry. T h o u g h
su rg ery w a s p e rfo rm e d o n h im , th e a p p e n d ix h a d ru p tu red a n d h e n ev er
re co v ere d . S u tto n d ied o n N o v .1 0 , 1 9 1 6 , th re e d a y s a fter th e su rg ery . H e
w a s o n ly 3 9 y e a rs o ld .

T h e life o f th is g e n tle a n d e x tra o rd in a rily c rea tiv e in d iv id u a l, w h o a cc o m -

p lish e d so m u ch w ith in a sh o rt c a re e r, m a k in g la stin g c o n trib u tio n s to d i-
v e rse ¯ e ld s, w ill co n tin u e to in sp ire m a n y g e n e ra tio n s to c o m e.




