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CLARK D. PARIS ABSTRACT

M o st p re v io u s  g en e tic  w ork  h as been  co n ce rn e d  w ith  w ild  o r  n e a r  w ild  

p e tu n ia s . T h is  s tudy  w as u n d e rtak en  to  an a ly ze  the  f a c to rs  c o n ce rn e d  w ith  e x 

p r e s s io n  of flo w er c o lo r  in m o d e rn  v a r ie t ie s .  T h e se  c o lo rs  w e re  f i r s t  d iv ided  

in to  e lev e n  c la s s e s ;  v iz . , w hite c re a m , salm on, s c a r le t ,  light ro se , deep ro se , 

c r im so n , s i lv e r  b lue, m id  blue, v io le t b lue, and  v io le t p u rp le . S e v e ra l c o m m e r

c ia l w hite v a r ie t ie s  w e re  in te rc ro s s e d  to  see  if m o re  than  one type of w hite  w ere  

p re s e n t ,  but only one w as found. Tw enty seven  v a r ie t ie s  w e re  then  s e le c te d  

fo r  in te rc ro s s in g .  At le a s t  one in each  c o lo r  c la s s  w as c ro s s e d  w ith  e v e ry  o th e r  

c la s s  and  the r e s u lt in g  h y b rid  flow ered . M ost h y b rid  c o lo rs  w e re  m ag en ta  o r  

p u rp le . S e lec ted  F 2 and  b a c k c ro s s e s  w e re  an a ly zed  g en e tica lly .

F ro m  th e se  d a ta  n ine fa c to rs  have been  nam ed  th a t in fluence  flo w er 

c o lo r  in p e tu n ia . T h e se  w ith  th e ir  ac tio n s  a re :

Iv  co n d itio n s  the  p ro d u c tio n  of full c o lo r; iv iv  co n d itio n s  the

p ro d u c tio n  of w hite, c re a m , o r  d ilu te  c o lo r.

C1-- w ith s s  g ra y s  the  c o lo rs ;  c lc l  cond itions the  p ro d u c tio n  of c le a r

c o lo rs .

R c - -  co n d itio n s  the p ro d u c tio n  of c r im so n ; R -co n d itio n s  the  p ro d u c tio n  

of m ag en ta ; r r  co n d itio n s  the  p ro d u c tio n  of ro s e .

S- co n d itio n s  the p ro d u c tio n  of ro se , if r r  is  a lso  p re s e n t;  s s  w ith 

r r  co n d itio n s  the  p ro d u c tio n  of sa lm on .



CLARK D. PARIS ABSTRACT

B ^-- co n d itio n s  the  p ro d u c tio n  of ro sy  c o lo rs ; b^b^ b lu es  them .

B2 ~- co n d itio n s  the  p ro d u c tio n  of ro s y  c o lo rs ; b2b 2 b lu e s  them .

I n j  co n d itio n s  the  p ro d u c tio n  of d ilu te  c o lo rs ; in^in^ in te n s if ie s

th em .

In2  co n d itio n s  the  p ro d u c tio n  of d ilu te  c o lo rs ; i ^ i ^  in te n s if ie s

them .

D il- -  co n d itio n s  the p ro d u c tio n  of in ten se  c o lo rs ; d ild il d ilu te s  them . 

A to ta l of 66 c r o s s e s  w ith  th e ir  ch i sq u a re s  and the s ta tu s  of the  o th e r  

g en es  not s e g re g a tin g  in  each  p a r t ic u la r  c ro s s  is  given in  ta b u la r  fo rm  to su p 

p o r t  the  co n c lu s io n s . T he data  fo r  the c r o s s e s  a r e  g iven  in  the appendix . 

G eno types of the  p a re n ts  a r e  a lso  given.

In te ra c tio n s  of the f i r s t  s ix  fa c to rs  a r e  shown in  c h a r t  fo rm . T h re e

0
ad d itio n a l c h a r ts  show  the  in te ra c t io n s  of the R , R, and  r  a l le le s ;  the 

Cl R, S, B^, and B£ g enes; and  S, In j, In2 and Dil g enes on sp ec ific  geno 

ty p es.
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1.

INTRODUCTION

T he p e tu n ia  is  one of the  b e s t  known annual flo w ers  in cu ltiv a tio n . P re s e n t 

day v a r ie t ie s  a r e  u su a lly  l i s te d  a s  P etun ia  h y b rid a  H o r t . , but th is  is  not a  v a lid  

s p e c ie s . T he g e n e ra lly  a c c e p te d  th e o ry  is  th a t the  c u ltiv a ted  p e tu n ia s  a r e  hy 

b r id s  Of P. a x i l la r i s  (L a m .) BSP., and  P. in te g r ifo lia  (Hook. ) Schinz and  

T h e llu n g . Both o f th e se  a r e  na tive  to the  Rio L a  P la ta  re g io n  of South A m e ric a . 

S tout (94) g iv e s  a d e sc r ip tio n  of each  of th e se  sp e c ie s  and  a lso  re v ie w s  the 

synonym y. P. a x i l la r is ,  w hite  flow ered , w as in tro d u ce d  in to  E ng land  in  1823, 

w hile  the o th e r , a  v io le t f lo w ered  sp e c ie s , w as in tro d u ced  in 1831. In 1835 

W illiam  H e rb e r t  g rew  the  f i r s t  known h y b rid s  of the tw o. S ince th a t tim e  th e re  

have b een  m any  h y b rid iza tio n s , both c o n tro lle d  and  n a tu ra l. T he c o lo r  ra n g e  

has  been  g re a t ly  ex ten d ed  fro m  the two o rig in a l c o lo rs .

Since th e ir  in tro d u c tio n , p e tu n ia s  have s tea d ily  in c re a s e d  in p o p u la rity  

u n til now they  a r e  one of the  m o s t im p o rtan t g a rd en  f lo w e rs . In 1949, the w h o le 

s a le  v a lu e  of p e tu n ia  see d  p ro d u ced  in the U nited  S ta te s  w as $232, 371. 00 (99).

Of th is  am ount, r e g u la r  v a r ie t ie s  acco u n ted  fo r  $93, 054. 00, w hile  doubles and  

fa n c ie s  w e re  w o rth  $139, 317. 00. P e tu n ias  w e re  the m o st im p o rta n t flow er 

se e d  p ro d u c e d  in th is  co u n try . The second  m o st im p o rtan t item , z in n ia s , had 

a l i s te d  v a lu e  of $177, 211. P e tu n ias  c o n s ti tu te d  12. 7 p e rc e n t of the to ta l value 

o f flo w er se e d  p ro d u c tio n . S ince 1949 p ro d u c tio n  of F^ h y b rid  se e d  h as g re a tly  

in c re a s e d  the  inco m e of g ro w e rs . F o r  h y b rid  p ro d u c tio n  a know ledge of the



2.

g e n e tic  m a k e -u p  of th e  p a re n t m a te r ia l  is  e s s e n tia l .  F lo w e r c o lo r  is  

p ro b a b ly  the  one fa c to r  th a t c o n tr ib u te s  m o s t in  d e te rm in in g  the  su c c e ss  

of a new  flo w er in tro d u c tio n . T he  m a jo r ity  of h y b r id is ts  m ay know w hich 

p a re n t  w ill p ro d u c e  d e s ir a b le  h y b rid s , but c o m p a ra tiv e ly  few  know the 

g e n e tic s  of the  c o lo r  involved . T he p u b lic  is  beg inn ing  to re a l iz e  the  a d 

v a n ta g e s  of g row ing  h y b rid s , and  is  w illin g  to pay  the e x tra  c o s t involved  

in  th e i r  p ro d u c tio n . Seed co m p an ies  have d ifficu lty  supply ing  the p re s e n t  

dem an d  fo r h y b rid  seed .

T h is  study w as u n d ertak en  to d e te rm in e  the  g e n e tic s  of flo w er c o lo r 

in  p e tu n ia .
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REVIEW  OF LITER A TU R E

T he l i t e r a tu r e  of flo w er c o lo r  in P e tun ia  is  sca n t and  sketchy . In 1911 

W estg a te  (104) p u b lish e d  a r e p o r t  of h is  find ings, s e p a ra tin g  the  c o lo rs  into 

d a rk , in te rm e d ia te , and  lig h t sh ad es  only. T h re e  y e a r s  l a te r  M alinow ski (54) 

p u b lish e d  the  f i r s t  of s e v e ra l  p a p e r s  on the  su b jec t. He d is c o v e re d  th a t 

v io le t w as a m onogenic  dom inan t o v e r  re d . It w as a lso  dom inant o v e r m auve. 

U nfo rtu n a te ly , he d id  not iden tify  the genes involved. H ow ever, l a te r  th a t 

y e a r  (55) in  a  r e p o r t  on ad d itio n a l c r o s s e s ,  he p o s tu la te d  the  p re s e n c e  of 

g en es  A and B. In the  c r o s s  of w hite w ith  w hite, hav ing  r e d  v e in s , the 

w as c o m p le te ly  re d , w hile  the  F 2 gave a 9 red : 3 w hite , r e d  v e in s : 4 w hite  

r a t io .  F ro m  th is  o b se rv a tio n  he thought A w as a  fa c to r  fo r  p ro d u c in g  re d ,

B c a u s e s  ev en  d is tr ib u tio n  of c o lo r  and  bb l im its  the  c o lo r  to  the  v e in s . In 

1916, M alinow ski and  Sachsow a (58) r e p o r te d  fu r th e r  r e s u l t s .  W hen a l i la c  

c o lo re d  r e d  fle ck ed  and  v io le t th ro a te d  p e tu n ia  w as c r o s s e d  w ith  a w hite, 

r e d  r in g e d  and  r e d  f le ck ed  th ro a te d  one, th e  F j co n ta in ed  bo th  red , v io le t 

th ro a te d  and  lila c , r e d  f le ck ed  flo w ered  p la n ts . T he F2 p ro d u c e d  202 red , 

v io le t th ro a t;  27 lila c , r e d  flecked ; 29 r e d  v io le t; 56 red , iv o ry  th ro a t;  9 

w hite , r e d  r in g  an d  f le c k s ; 15 re d  w hite; and  23 v e ry  sm a ll l i la c .  By c o m 

b in in g  the  f i r s t  th re e  and  seco n d  th re e , they  got a 12:3:1 r a t io . L ilac , 

g re e n  edge c r o s s e d  w ith  red , v io le t th ro a t, gave a red , v io le t th ro a t  hyb rid , 

w hich s e g re g a te d  in the  nex t g e n e ra tio n  in to  89 red , v io le t th ro a t;  27 lila c ;

29 re d , g re e n  edge; and  6 li la c , g re e n  edge. In an o th e r , li la c  c r o s s e d



w ith  d a rk  ro s e , ye llow  th ro a t gave a  l i la c  and  21 l i la c  to 7 ro s e  r e d  in  the  

F2 * In the  la s t  c r o s s  l i la c  w as c r o s s e d  w ith  the  F^ of w hite x re d , v io le t 

th ro a t .  T h is  s e e d  p ro d u c e d  re d , v io le t th ro a t;  l i la c ; and  l ila c , r e d  v e in s  and  fle ck  

f lo w e re d  p la n ts . Seed  fro m  th e  l i la c  in d iv id u a ls  w e re  grow n fo r  a n o th e r  g e n e r 

a tio n . One p ro d u c e d  23 l i la c  (16 d a rk  th ro a ts  and  7 lig h t th ro a ts )  only. T he 

seco n d  p ro d u c e d  70 l ila c , v io le t th ro a t to  25 w hite , v io le t th ro a t. The th ird  

p ro d u c e d  55 l i la c  and  18 w hite . Two m o re  p ro d u c e d  33 and  56 l ila c , v io le t 

th ro a t;  11 and  22 l i la c , l i la c  th ro a t; 10 and  19 w hite, v io le t th ro a t;  and  4 and  7 

p u re  w hite , r e s p e c tiv e ly . T hey  d id  not iden tify  the  genes involved .

In 1918 R asm u so n  (73) re p o r te d  the r e s u l ts  of c ro s s in g  w hite, blue 

a n th e r s , p o llen  and  th ro a t  w ith  a v io le t, yellow  a n th e rs , p o llen  and  th ro a t.

T he  h y b rid  c o lo rs  w e re  sh ad es  of v io le t w ith both b lue and  yellow  a n th e rs , po llen , 

and  th ro a t w hile  in  the  nex t g en e ra tio n  the v io le t sh ad es  to the  l ig h te r  sh ad es  

f it te d  a  3:1 r a t io . A b lue p o llen  F^ p ro d u c e d  a F2 of 78 blue to 32 yellow  p o llen  

in d iv id u a ls . He con clu d ed  th a t flo w er c o lo r  w as independen t o f p o llen  c o lo r .

In 1927 S k a lin ska  and  G uchtm an (91) show ed th a t c o n s id e ra b le  so m atic  v a r i a 

b ility  in  s ize , fo rm , and  c o lo r  of f lo w ers  in the sam e  genotype cou ld  be due 

to a llo ty p ic  m ito s is .

F e rg u so n  in  1934 (28) c o n trib u te d  to the  g e n e tic s  of p o llen  c o lo r  in  the 

p e tu n ia  by d e m o n s tra tin g  two m a jo r  and two m in o r genes. B g iv es  b lue p o llen  

and  bb g iv es  a d e lic a te  shade  of b lue . YY g iv es  yellow , yy g iv es  a lig h t tin t of 

yellow , and  Yy is  in te rm e d ia te . BY g iv es  g reen , bY yellow , By b lue and  by
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g iv e s  a  d e lic a te  sh ad e  of g re e n . D is  a fa c to r  fo r  g ra y  an d  is  in co m p le te ly  

•dom inant o v e r  d, w hich  g iv es  w h ite . D to n e s  down the  o th e r  c o lo rs , w hile 

d  d ilu te s  th e m . T he  la s t  gene G, w hich g iv es  g reen , is  h y p o s ta tic  to B and  Y.

G g is  s lig h tly  w e ak e r w hile  gg p ro d u c e s  a  v e ry  p a le  g re e n . In the  a b se n c e  of D,

G g iv e s  a g re e n is h  c a s t  to  th e  ye llow s and  deepens the b lu es  and  g re e n s . In 

1941 D ale  (22) co n c lu d ed  th a t both  p a le  v e in ed  and  p a le  c o r ro l la  a r e  due to 

r e c e s s iv e  m onogen ic  c h a r a c te r s .

In 1937 S td rm e r  and  v. W itsch  (93> d e m o n s tra te d  th a t a  gene fo r  c o lo r  

p ro d u c tio n  w as p re s e n t  in p e tu n ia , but it re m a in e d  fo r  M a th e r an d  E d w ard es  

to  nam e it in  1943 (60). T hey id en tified  two loci, W w  (co lo r-w h ite ) and  M m  

(p u rp le -m a g e n ta )  and  concluded  th a t P e tun ia  a x i l la r i s  w as wwMM and  P. 

in te g r ifo lia  w as W W mm. B ack cro ss  data  show ed th a t P. a x i l la r is  w as h e te r o 

zygous fo r  a  d ilu tio n  fa c to r  D. T hey  b lam ed  som e of th e ir  a b e r r a n t  r a t io s  in  

the  F2 an d  F3 p o p u la tio n s  on s e le c tiv e  fe r t i l iz a tio n  of p o llen  tu b es . A no ther 

o b se rv a tio n  they  m ad e  w as th a t m o s t p a le  c o lo re d  o r  n e a r  w hite p e tu n ia s  a r e  

g e n e tic a lly  w hite, bu t w ith a  d ilu tion  fa c to r .

In 1944 W alk e r (102) r e p o r te d  h is  o b se rv a tio n s  on a F la m in g  V elvet 

(c r im so n )  x  Hollyw ood S ta r  (v io le t p u rp le , w hite s ta r )  c r o s s .  T he c r im s o n  

a p p e a re d  to be a  m onogen ic  dom inant.

M ost of the  fo reg o in g  l i te r a tu r e  d e a lt w ith  the  e x p re s s io n  of the  s e lf  

c o lo rs .  T he g e n e tic s  of v a r ie g a tio n  is  m uch  m o re  com plex . In 1914 M alinkow ski 

(55) r e p o r te d  th a t the c ro s s in g  o f s e lf -c o lo re d  f lo w e rs  w ith  v a r ie g a te d  gave
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s e l f - c o lo r e d  h y b rid s . In the next g e n e ra tio n  only 4. 5 p e r  c en t of the  p la n ts  

had  v a r ie g a te d  f lo w e rs . L a te r  (57) he r e p o r te d  on an  u n s tab le  ra c e  in P etun ia  

w hich d if fe re d  in  s iz e  of f lo w e rs , d is tr ib u tio n  and  am ount of p igm en t, s iz e  of 

p e ta ls ,  p e r  cen t of a b o r tiv e  p o llen  g ra in s , and  g e rm in a tio n . He found th a t 

p ig m en t spo t s iz e  w as c o r r e la te d  w ith  flo w er s ize , and  th a t the  e x tre m e  types 

a r e  not c y to lo g ic a lly  d iffe re n t. T h is  did not b e a r  out h is  e a r l i e r  (56) a s s u m p 

tio n  th a t v a r ie g a tio n  w as due to lo s s  of ch ro m o so m e  fra g m e n ts . He a lso  

p o s tu la te d  th a t an  agency  o u ts id e  the  ch ro m o so m es  d e te rm in e s  s iz e  of the 

c h ro m o so m e  and  th u s  c h a r a c te r i s t ic s  of the flow er. F o u r y e a r s  l a te r  

M alinow sk i and  Sm olska  (59) a tte m p ted  to a s s o c ia te  la rg e  c o ro lla  s iz e  w ith  

s e lf  c o lo r . T hey  a lso  o b se rv e d  th a t v a r ie g a tio n  w as not co n stan t even  on 

the sam e  p la n t.

In 1921 S k a lin sk a  (78) d e sc r ib e d  two p o ly m o rp h ic  r a c e s  of P etun ia  

in te g r ifo lia  w hich d if fe re d  fro m  the sp e c ie s  in fo rm  and  c o lo r . One had sp eck s  

of l i la c  on the  r im  of th e  c o ro lla , w hile  the o th e r  w as w hite w ith  r e d  f le c k s .

Both r a c e s  b re d  t ru e .  She a lso  d e sc r ib e d  a v a r ie g a tio n  w hich she b e liev ed  

w as a  p e r ic l in a l  c h im e ra . T h is  la s t  ra c e  w as the  su b jec t of a la te r  p a p e r  (1924) 

(89). A ssu m in g  it w as a  c h im e ra , she d id  not w ork  on the  g e n e tic s  of c o lo r.

In 1934 S c h rd d e r  (83) re p o r te d  r e s u l t s  of a s e r ie s  of p h y s io lo g ica l 

e x p e r im e n ts  w ith  a  b lue and  w hite v a r ie g a te d  p e tu n ia . The c o lo r  w as v a r ie d  

fro m  p u re  b lue th ro u g h  in c re a s in g  w hite v a r ie g a tio n  to  p u re  w hite  by changing  

the  e n v iro n m e n t. N u tritio n  and  h um id ity  had  no v is ib le  e ffe c ts . R a is in g



te m p e ra tu re  an d  lo w e rin g  lig h t in te n s ity  in c re a s e d  the  b lue a r e a s ,  w hile  

lo w e rin g  te m p e ra tu re  and  in c re a s in g  lig h t ex ten d ed  the  w hite a r e a s .  The 

c r i t i c a l  p e r io d  fo r  p a t te rn  fo rm a tio n  w as ten  to fif teen  days b e fo re  a n th e s is . 

T h is  r e a c t io n  w as found to be sp ec if ic  fo r  each  c e ll . T he n u m b er of c e l ls  

m a tu r in g  u n d e r the  sa m e  en v iro n m en ta l co n d itions d e te rm in e s  the  p a tte rn .

He a lso  o b s e rv e d  th a t f lo w e rs  of d iffe ren t b ra n c h e s  on the  sam e  p la n t m ay  

have v e ry  d is s im i la r  v a rie g a tio n . C lones grow n u n d e r s im ila r  en v iro n m en t 

had  an a lo g o u s p a t te rn s .  T he sam e  y e a r  H a rd e r  (39) p u b lish ed  h is  w o rk  

w hich  had  been  co n d u cted  independen tly . In both th is  p a p e r , and  in  a  l a te r  

one w ith  a c o -w o rk e r  (1935) (40), S c h rd d e r 's  co n c lu s io n s  w e re  su b s ta n tia te d . 

S till l a t e r  (1940) (41), H a rd e r  and  v. W itsch  tr ie d , in co n c lu siv e ly , to c o r r e 

la te  v a r ie g a tio n  w ith  h e te ro au x in s .

In 1935 M o o re  an d  H ask in s  (68) p u b lish e d  th e i r  find ings on x - r a y  in 

duced  v a r ie g a tio n  in  p e tu n ia . T hey  a lso  found th a t the  p a t te rn  of v a rie g a tio n  

w as no t co n stan t, bu t a p p e a re d  to be c o r r e la te d  w ith  age of the flo w er bud a t 

t im e  of ra d ia tio n . In 1943 C re ig h to n  (21) w orked  w ith the  e ffec t of n u tr itio n  

on c o lo r  p a t te rn s  in  p e tu n ia  f lo w e rs . The v a rie g a tio n  w as not a ffe c ted  by low 

iro n , z inc, m an g an ese , o r  bo ron ; o r  a d e fic ien cy  of n itro g en , p h o sp h o ru s, 

p o ta ss iu m , su lp h u r, m ag n esiu m  o r  ca lc iu m . H ow ever, h igh  n itro g e n  o r  p o ta s 

s iu m  se e m e d  to  re d u c e  the am ount of v a r ie g a tio n . She a lso  d e m o n s tra te d  

th a t the  p h o to p e rio d  had  no e ffe c t on co lo r  p a tte rn .
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In 1936 v. W itsch  (107) p u b lish e d  a p a p e r  on the g e n e tic s  of v a r ie g a tio n . 

He n o ted  th a t d iffe re n t ty p es  of p a t te rn s  show ed d iffe ren t m o d es of in h e rita n c e , 

and  p o s tu la te d  the  p re s e n c e  of m u ltip le  a l le le s  and a p r e c u r s o r  gene. He a lso  

su g g es te d  th a t v a r ie g a tio n  m igh t be c au se d  by a la b ile  gene. L a te r  (1939) 

v. W itsch  (108) p o in ted  out th a t r e c ip ro c a l  c r o s s e s  d id  not a lw ays give the 

sam e  ra t io s .

In 1939 L ev an  a lso  s tu d ied  the  g en e tic  a sp e c ts  of v a rie g a tio n  (53). He 

c la s s if ie d  c o lo re d  p e tu n ia s  into th re e  c a te g o r ie s : co n stan t s e lf -c o lo re d , in d if

fe re n t  and  p a t te rn  fo rm s . In a s e r ie s  of s e lf -c o lo re d  x p a tte rn e d  c r o s s e s  

only  11 v a r ie g a te d  w ere  o b se rv e d  out of 5567 p la n ts . W hen the  h y b rid s  

w e re  b a c k c ro s s e d  to the  p a t te rn e d  p a re n t, the ra tio  becam e 273 out of 1971.

He d e m o n s tra te d  th a t x - r a y  induced  v a rie g a tio n  cou ld  be in h e rite d . L evan 

co n c lu d ed  th a t fle ck in g  w as not due to u n stab le  g enes and  th a t v a r ie g a tio n  w as 

due to  a t  le a s t  fo u r o r  five p o ly m o rp h ic  genes.

In 1941 D ale (22) re p o r te d  on som e e x p e r im e n ts  he had  conducted . In 

h is  w o rk  w ith  fle ck in g  he thought i t  w as a s im p le  r e c e s s iv e , but due to s e lf  

in c o m p a tab ility  he w as unable to  ch eck  it. In a n o th e r p a p e r  (1942) (23) he 

d e s c r ib e d  a b ro k en  v a r ie g a tio n  w hich a p p e a re d  to be a r e c e s s iv e  m onogenic 

c h a r a c te r  in  p u rp le - f lo w e re d  s t r a in s ,  but not in  p in k -f lo w ered  s t r a in s .  G re en - 

ed ged  flo w e rs  o c c a s io n a lly  s e g re g a te d  fro m  b ro k en  v a r ie g a te d  lin e s . G reen  

edge x b ro k en  v a r ie g a te d  gave 19 p e r  cen t b ro k en  v a r ie g a te d  h y b rid s . H is 

p la n ts  m ay  have had  tobacco  m o sa ic  v iru s .
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M uch of the  above g en e tic  w ork  w as done w ith w ild  o r  n e a r  w ild  

m a te r ia l .  L it t le  h a s  been  p u b lish e d  on the g e n e tic s  of flo w er c o lo r  in im 

p ro v e d  v a r ie t ie s .  T he re a so n  m ay  be due to the fa c t th a t c o n s id e ra b le  w ork  

h a s  b een  done on s e lf  in co m p a tib ility  in  p e tu n ia . Stout (94) g iv es  an e x c e l

len t re v ie w  of th e se  s tu d ie s . It is  p ro b ab le  th a t th e se  in v e s tig a tio n s  m ade 

su b seq u en t w o rk e rs  h e s ita te  b e fo re  ta ck lin g  p ro b le m s  w ith  p e tu n ia s . By 

co n tin u ed  re s e le c t io n  p e tu n ia  b re e d e rs  have c o n s id e ra b ly  re d u c ed  the  u n 

c e r ta in ty  due to  th is  a sp e c t. In th is  study  v e ry  l i t t le  s e lf  s te r i l i ty  w as e n 

c o u n te red .

In 1922 V avilov  (100) p ropounded  h is  law  of hom ologous v a ria tio n  

s ta t in g  th a t s im i la r  m u ta tio n s  freq u en tly  o c c u r  in d iffe ren t sp e c ie s . At 

f i r s t ,  h is  law  w as l im ite d  to r e la te d  p la n ts , but l a te r  o b se rv a tio n s  (101) p e r 

m itte d  him  to ex ten d  it  to c o v e r  u n re la te d  sp e c ie s  by m odify ing  it to include 

p a r a l le l  v a r ia tio n . T h e re fo re , a su rv e y  of the  l i te r a tu r e  on flo w er c o lo r  

g e n e tic s  w as begun to study gene in te ra c t io n s  th a t m ight have an a lo g u es  in 

p e tu n ia . To a s s i s t  th is  study  one o r  m o re  line  c h a r ts  a s  developed  by 

H aney (37) w e re  d raw n  fo r  e ac h  sp e c ie s . A to ta l of 62 c h a r ts  on 52 sp e c ie s  

w e re  p re p a re d , show ing 310 d iffe ren t c o lo r  fa c to rs . M ost p a t te rn  fa c to rs  

w e re  o m itted .

It soon b ecam e  a p p a re n t th a t g enes of s im ila r  ac tio n  w ere  p re s e n t .  

In the fin a l a n a ly s is  about tw o - th ird s  of the  fa c to rs  id en tified  cou ld  be 

p la c e d  in  one of the e igh t c la s s e s  l is te d  below . In som e c a s e s  the  dom inance



w as r e v e r s e d .  T h e  d e s ig n a tio n s  g iven  the  v a r io u s  g enes a r e  a lm o s t as  

v a r ie d  a s  th e  n u m b er of f a c to rs .  C onfusion  could  be av o id ed  if th e re  w ere  

s ta n d a rd  r u le s  g o v e rn in g  the  nam in g  of g en es . T he p ra c t ic e  of nam in g  a 

gene fo r  i ts  r e c e s s iv e  pheno type s e e m s  to have the w id est a cc e p tan c e . By 

u s in g  th is  p ro c e d u re  the  gene d e sig n a tio n s  and  th e ir  a c tio n s  fo r  the  e igh t 

c a te g o r ie s  w ould be:

C - g iv es  w hite; cc  p e rm its  c o lo r.

W - p e r m its  c o lo r; ww g ives w hite.

Iv - g iv es  non ivo ry ; iv iv  g iv es  iv o ry .

Y - g iv es  non yellow ; yy g ives yellow .

B - g iv es  p u rp le  o r  m agen ta; bb g iv es  blue.

R - g iv es  p u rp le  o r  m agen ta ; r r  g ives ro s e , red , o r  p ink.

D il - in te n s if ie s  c o lo r; d ild il d ilu te s  it.

Int - d ilu te s  c o lo r; in tin t in te n s if ie s  it.

A su m m a ry  of known flo w er c o lo r  g e n e tic s  in  w hich th re e  o r  m o re  

g en es  have been  id e n tif ie d  is  given in T ab le  I. Since the c h a r t  acco u n ts  fo r  

a ll  p h en o types, c o m p le te n e ss  of e ach  p a p e r  is  a s c e r ta in e d  when the  in fo r 

m a tio n  i s  c h a r te d . W ith sev en  g en es  and co m p le te  dom inance th e re  a r e  128 

p o s s ib le  p h en o ty p es . W ithout e p is ta s is  each  ad d itio n a l gene doubles the  s iz e  

of the  c h a r t .  S o m etim es  m o re  fa c to r s  had  been  id en tified  than  w e re  p r a c t i 

c a l to  c h a r t .  In th e se  c a s e s ,  th e se  gen es  a r e  g iven  by the second  n u m b er in  

co lu m n  3. C o m p le ten e ss  of the  in fo rm a tio n  fo r the  c h a r te d  fa c to rs  only,
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is  g iven  in  the  re c o m b in a tio n  co lu m n s. A nalogous gen es  of e ac h  sp e c ie s  a r e  

l i s te d  u n d e r a p p ro p r ia te  c a te g o r ie s .  The few g en es  w ith  dom inance  r e v e r s e d  

a r e  d e s ig n a te d  by an  a s te r i s k .
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M ATERIA LS AND METHODS

T he w ide ra n g e  of c o lo rs  found in  p re s e n t  day p e tu n ia  v a r ie t ie s  is  a 

g re a t  d e p a r tu re  fro m  the two c o lo rs , w hite  and  v io le t, p re s e n t  in the two 

o r ig in a l p a re n ta l  s p e c ie s . T he p u rp o se  of th is  in v e s tig a tio n  is  to d e te rm in e  

how th e se  v a r io u s  c o lo rs  a r e  in h e rite d .

M o st of the  p e tu n ia s  u sed  in th is  study  w ere  grow n in the  P lan t S cience  

g re e n h o u se  of M ich igan  S ta te  U n iv e rs ity . To fa c il i ta te  p o llin a tio n  and o th e r  

w o rk  invo lved  in  p ro d u c tio n  of p e tu n ia  seed , d w arf sm a ll- f lo w e re d  d ip lo id  

r a c e s  w e re  used w h e re v e r  p o s s ib le . N o rm ally , th e se  have b e t te r  po llen , 

m o re  se e d s  p e r  cap su le , and  a r e  d w a rfe r  and  le s s  e a s ily  b ro k en . T he 

p a re n t  p la n ts  w e re  grow n in 4 - inch  c lay  p o ts , and  fe r t i l iz e d  a t r e g u la r  in 

te r v a ls .  A ll p o llin a tio n s  w e re  m ade in a  s c re e n e d  g reen h o u se  to  re d u c e  the 

p o s s ib i l i t ie s  of in se c t co n tam in a tio n . At tim e  of e m a sc u la tio n  m o s t of the 

c o ro lla  w as re m o v e d  to fu r th e r  re d u c e  the h a z a rd  due to s t r a y  in s e c ts .  All 

f lo w e rs  u se d  fo r  c ro s s in g  w e re  tag g ed  w ith  sm a ll w hite p r ic e  ta g s . A ll 

p o p u la tio n s  w e re  f lo w e re d  in  3 -in ch  c lay  p o ts .

In any s tudy  such  a s  th is , the p ro b le m  of c o lo r  n o m e n c la tu re  is  of u t 

m o s t im p o rta n c e . S ince the p u b lic a tio n  of the H o rtic u ltu ra l C o lou r C h a r t (11) 

th is  job  h a s  been  le s s  d ifficu lt. H ow ever, even  th is  has i ts  l im ita tio n s ; the 

n a m es  u se d  in  the c h a r t  do not c o r re sp o n d  to th o se  in  u se  in th is  co u n try . F o r  

ex am p le , ’s a lm o n ’ is  a p o p u la r  shade  in m any flo w ers , ye t th is  is  c a lle d  ro s e  

in  th e  c h a r t  and  w hat is  p o p u la r ly  c a lle d  deep ro s e  b eco m es p u rp le ; so the
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c o lo r  n a m e s  u se d  by the see d  tra d e  a r e  g iven  w ith  the  H. C. C. n u m b er to  

w hich  each  c o r re s p o n d s  in p a re n th e s is  a f te r  the  nam e. A ll c o lo r  d e te rm in a 

tio n s  w e re  m ad e  in  the  d a rk  room  u n d er photoflood lig h ts  to e n su re  un ifo rm  

illu m in a tio n .

P e tu n ia  c o lo rs  can  be g ro u p ed  into s e v e ra l  c la s s e s .  T h e se  c la s s e s , 

a s  w ell a s  the  p a re n ts  u se d  in  each  c la s s , s e e d  so u rc e , an d  H. C. C. n u m b er 

a r e  g iven  in  T ab le  II.

One of the  f i r s t  p ro je c ts  w as to in te r c r o s s  a ll  w h ites  to see  if  m o re  

th an  one type of w hite  is  p re s e n t  in  p e tu n ia . T he nex t p ro p o sa l u n d e rtak en  

w as to c r o s s  a t le a s t  one in  e ac h  c o lo r  c la s s  to e v e ry  o th e r  c o lo r. "Selfed" 

se e d  w as h a rv e s te d  fro m  the  p la n ts  fo r  F 2 g e n e ra tio n s , and the h y b rid  

w as b a c k c ro s s e d  to both  p a re n ts .  F o r  b a c k c ro s se s , a p p ro x im a te ly  64 p la n ts  

w e re  grow n, w hile  F 2 p o p u la tio n s  co n ta in ed  about 200 p la n ts . W hen sp ace  

p e rm itte d , 30 p la n ts  w e re  grow n of the F^ g en e ra tio n  to ch eck  the c o lo r 

u n ifo rm ity  ad eq u a te ly .

In s e g re g a tin g  p o p u la tio n s  the p la n ts  w e re  f i r s t  s e p a ra te d  into a ll 

d is tin g u ish ab le  c o lo rs . E ach  of th e se  w as d esig n a ted  by a le t te r .  T h e  co lo r, 

am oun t of c o ro lla  vein ing , type of c o ro lla  edges, th ro a t co lo r, c o lo r  and 

am oun t of th ro a t vein ing , and  p o llen  c o lo r w ere  re c o rd e d  fo r  e ach  p lan t. To 

fa c i l i ta te  n o te -ta k in g , a n u m b er code w as u sed . A newly opened  bloom  from  

each  c o lo r  w as m a tch ed  w ith  the H o rtic u ltu ra l C o lo r C h art. A ll d e te rm in a 

tio n s  w e re  m ade  on g reen h o u se  grow n p la n ts . M ost c o lo re d  flo w e rs  faded
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TABLE II

P e tu n ia  P a re n ts  U sed  in  T h is  Study

C o lo r
C la s s P a re n t S ource

H o rtic u ltu ra l  
C o lo r C h a rt 
N um ber

W hite P o p co rn G eo rg e  J. Ball Seeds, Inc.
W hite Snow ball V aughans Seed S to re
W hite W hite  P e rfe c tio n G eo rg e  J. Ball Seeds, Inc.
W hite S now sto rm V aughans Seed S to re
C re a m C re a m  S ta r Pan A m e ric an  Seeds, Inc.
C re am M oonbeam W. A tlee  B urpee Co. 6 0 1 /3
Salm on S alm onet G eo rg e  J. Ball Seeds, Inc. 022
Salm on B right M id S alm on S elec tio n  from  W insom e x

se e d lin g  (W 131-1-7) M id Salm on seed lin g  F 0 024/1
Salm on S alm on and  W hite v a r i e 

g a ted  see d lin g W. J. Haney 0625
S c a r le t B righ t L igh t S c a r le t S e lec tio n  fro m  T w ink les  x

see d lin g  (T 214-2-112) L ight S c a r le t seed lin g  F£ 721/1
S c a r le t D eep B right S c a r le t

see d lin g  (1062) Pan A m e ric an  Seeds, Inc. 8 2 0 /3
L igh t R ose W insom e Pan A m e ric an  Seeds, Inc. 26/1
L igh t R ose C e le s tia l  R ose G eo rg e  J. Ball Seeds, Inc. 26/1
Deep R ose R obin G eo rg e  J. Ball Seeds, Inc. 25
Deep R ose C o ro n e t G eo rg e  J. Ball Seeds, Inc. 25 (Dull)
D eep R ose Glow G eo rg e  J. Ball Seeds, Inc. 025
D eep R ose L ip s tic k V aughans Seed S to re 727
S ilv e r Blue S ilv e r  Blue see d lin g

(4 3 s-6 -7 ) Pan A m e ric an  Seeds, Inc. 637 /2
M id Blue H eaven ly  Blue G eo rg e  J. Ball, Seeds, Inc. 636
M id Blue Blue S eed ling  (6D -21a) Pan A m e ric an  Seeds, Inc. 637
V io le t Blue B urpee Blue W. A tlee  B urpee Co. 934/1
V io le t P u rp le D ark  P u rp le  (H a r r is

P u rp le) Joseph  H a r r i s  C o . , Inc. 937
C rim so n K ing H enry G eo rg e  J. Ball Seeds, Inc. 931 (n ea r)
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ab o u t one H. C. C. u n it b e fo re  w ith e rin g . T hus, if  a deep ro s e  w as n u m b er 

25 a t a n th e s is , i t  w ould  u su a lly  be 25 /1  b e fo re  it fe ll. O ccasio n a lly  it faded  

two u n its . Only r a r e ly  did the  o ld e r  flo w e rs  change to a  d iffe ren t c o lo r  

c a te g o ry . Som e b lu in g  o c c u r re d  in  som e sh ad es  of ro s e .  In v a r ie g a te d  

f lo w e rs , the  c o lo r  of the  p ig m en ted  p o rtio n  w as u sed  and  the p lan t w as 

p la c e d  in  th a t c o lo r  c la s s .

S e le c te d  p la n ts  fro m  each  le t te r e d  c o lo r  w e re  a r ra n g e d  fro m  lig h t 

to  deep w ith in  th e ir  a p p ro p r ia te  c la s s e s .  F o r  the  & ' s > the  p o p u la tio n s  

w e re  not la rg e  enough to p e rm it  f it tin g  them  to a g en e tic  ra tio  of m o re  

th an  fo u r fa c to rs ;  co n seq u en tly , som e of th e se  r e la te d  c o lo rs  had  to be 

co m b in ed  in  o r d e r  to  fit them  to  such  a p ro p o r tio n . A fte r s e v e ra l  pop u 

la tio n s  had  b een  a n a ly z e d  g e n e tic a lly  the gene ac tio n s  b ecam e a p p a re n t 

so th a t the  g en es  co u ld  be reco g n ized . L a te r , the  geno types of the  p h en o 

ty p es  w e re  c r i t ic a l ly  co m p ared . F in a lly , a  s ix  fa c to r  lin e  c h a r t  w as 

d raw n  to  show the  in te ra c tio n  of the s ix  m a jo r  genes.



RESU LTS AND DISCUSSION

T he in te r c r o s s in g  of v a r io u s  w hite  c o m m e rc ia l v a r ie t ie s  gave a ll w hite  

h y b r id s  an d  no th ing  but w h ite s  in the  nex t g e n e ra tio n . C o lo rs  of the Fĵ  h y 

b r id s  a r e  g iven  in  T ab le  III. A study  of th is  tab le  w ill re v e a l a  w eak n ess  of 

the  H o r t ic u ltu ra l  C o lo r C h a r t. M atch in g  a ro s e  o r  sa lm o n  w ith  the c o r r e c t  

sh ad e  is  c o m p a ra tiv e ly  easy , but in  b lues, p u rp le s , an d  v io le ts  th e re  a r e  

g ap s  in  the  c h a r ts  th a t m ake c la s s if ic a t io n  d ifficu lt. In the  b a c k c ro s s  (K ing 

H en ry  x  H a r r i s  P u rp le ) x K ing H enry  (C ro ss  66) a ll  of the five  c o lo rs  th a t 

w e re  d is tin g u ish e d  had  to  be c a lle d  D ah lia  P u rp le  (931). The p re f ix  " n e a r"  

is  u se d  to d e s ig n a te  th o se  c o lo rs  th a t cou ld  not be a c c u ra te ly  m a tch ed  w ith 

the  C h a r t. T h e se  a r e  d is tin g u ish ed  by a p p ro p r ia te  c o lo r  a d je c tiv e s  in  the 

append ix .

One a c c e p te d  p r a c t ic e  is  to nam e a gene fo r  a  d is tin c tiv e  r e c e s s iv e  

pheno type. A m o re  re c e n t concep t is  to nam e it  fo r  the c h em ica l ac tio n  it 

c o n tro ls , bu t in  th e  p e tu n ia  no w ork  h as  been  p u b lish e d  on the g en e tico - 

c h e m ic a l a c tio n  of flo w er c o lo r g en es; so the f i r s t  p ra c t ic e  w as follow ed.

It is  p ro b a b le  th a t w hen the b io c h e m is try  of th e se  fa c to rs  h as  been  w orked  

out they  shou ld  be re n a m e d . W h erev e r p o s s ib le  the d esig n a tio n s  fo r  the  

e ig h t c a te g o r ie s  in  T ab le  I w e re  u sed . T he genes id en tified  in  th is  study 

a r e  g iven  in  T a b le  IV.

T he  Iv fa c to r  is  analo g o u s to the  com m on c o lo r  p r e c u r s o r  gene in  a 

w ide v a r ie ty  of p la n ts . It a p p e a rs  to be the  W gene of M ath e r and  E d w a rd e s  (60)
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an d  p ro b a b ly  M alin k o w sk i’s A (55). T he W d esig n a tio n  w as not re ta in e d  b e 

c a u se  i t s  a c tio n  is  m o re  lik e  th o se  l is te d  u n d er the Iv c a te g o ry  in  T ab le  I.

T he W g en es  p e r m it  c o lo r  only if a  dom inan t a lle le  is  p re s e n t , w hile  the  Iv 

gene in  p e tu n ia  c u ts  out a l l  the r e d s  but a t t im e s  it only d ilu te s  the  b lu es .

T h e  te r m s  'iv o ry ' an d  'c r e a m ' a r e  u sed  fo r the sam e  c o lo r . The nam e u sed  

depends on th e  flo w er. It so happens th a t c re a m  is  com m only  u sed  in  p e tu n ia . 

P e rh a p s  th e  sym bol C r shou ld  have been  used ; but a gene of s im i la r  ac tio n  h as  

p re v io u s ly  been  n am ed  Iv in  the snapd ragon  (37) and  I in  the dah lia  (50). To 

av o id  p o s s ib le  co n fusion  the d esig n a tio n  Iv w as given th is  fa c to r .

U nder c e r ta in  co n d itio n s  iv iv  is  e p is ta tic . In two c r o s s e s ,  H a r r is  

P u rp le  x  W hite  P e rfe c tio n  (c ro s s  34) and  Snowball x B right L igh t S c a r le t  (c ro s s  

49) the  non c r e a m s  to  the  c re a m  gave v e ry  low chi sq u a re s , but in  M oonbeam  

x B right L igh t S c a r le t  ( c ro s s  19) th e re  w e re  only 11 c re a m s  ag a in s t an e x 

p e c te d  22. 2 w hich is  a s ig n ific an t d iffe ren ce . M oonbeam  h as  given s e v e ra l  

a b e r r a n t  r a t io s  in  th is  study . T h e re  m ay  be m o re  than  one ex p lan a tio n  fo r 

th is  dev ia tio n . T h is  is  one of the few la rg e  flo w ered  v a r ie t ie s  u sed  in  th is  

study . It w as a lso  one of the  few  se lf  in co m p a tab le  s t r a in s .  R ep ea ted  s e lf  

p o llin a tio n s  on s e v e ra l  in d iv id u a ls  p ro d u c e d  no seed . T h is  c a s e  m ay be 

s im i la r  to th a t of M a th e r  and  E d w ard es  (60) who su g g es ted  th a t som e of th e ir  

o b se rv e d  in c o n s is te n c ie s  w e re  due to se le c tiv e  fe r t i l iz a tio n  of p o llen  tu b es .

In th e  b a c k c ro s s  (M oonbeam  x W hite P erfec tio n ) x M oonbeam  both  c re a m  and 

la rg e - f lo w e re d  c la s s e s  w e re  d e fic ien t. Only th re e  c re a m s , two of w hich
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w e re  la rg e  flo w ered , w e re  o b s e rv e d  in  65 p la n ts . Only one o th e r  la rg e  f lo w e r

ed  p la n t w as p re s e n t .  ILarge f lo w e re d  p e tu n ia  se e d  g e rm in a te s  m o re  slow ly than 

th e  s m a ll  flo w ered . It m ay  be th a t th e re  is  a linkage betw een  c re a m  and  la rg e  

f lo w e rs  and  th a t w hen the  p la n ts  w e re  p r ic k e d  out, the m o re  v ig o ro u s sm all 

f lo w e re d  s e e d lin g s  w e re  ch o sen . M ore  w ork  w ill have to be done b e fo re  a  c o n 

c lu s io n  can  be re a c h e d .

T he  iv iv  geno types w ill a c t a s  a blue d ilu to r  if  R - C l- - in 2in 2 a r e  a lso  p r e s 

en t. U nder th e se  co n d itions the  c o lo r  is  lav en d e r, lila c , o r  ro s e  p ink  w ith 

p ro m in e n t v e in s  on the  c o ro lla  b lade . If S- is  a lso  p re s e n t , the v e in s  a r e  p u r 

p le  o r  v io le t, w hile  if  the  p la n t is  s s , they a r e  re d . T he S ilv e r  Blue see d lin g  

p ro v e d  to be iv  iv . A s a p ro o f  of th is , c re a m  a p p e a re d  in  the F^ ' 3 

W insom e x S ilv e r  Blue (C ro ss  61) and  S ilv e r Blue x Bright L igh t S c a r le t (C ro ss  

54).

T he  Cl fa c to r  h a s  no analogous g en es  th a t have been  id en tified . H ow ever, 

in  P h a rb it is  N il (35), M in the C h inese  P r im ro s e  (105), and R in  the China 

A s te r  (106) have s im ila r  ac tion , but w ith the dom inance re v e r s e d . T h is  g r a y 

ing  is  v e ry  p ro n o u n ced  in c e r ta in  p e tu n ia  p o p u la tio n s . T h is  phenom enon  is  

known in o th e r  f lo w e rs  w h ere  i t  has been  v a rio u s ly  c a lle d  ’s la ty ',  'sm o k y ', o r  

'g ra y e d '.  T h is  c o lo r  s e e m s  to be v e ry  c lo se ly  lin k ed  w ith an  im p e rfe c tly  

opened  c o ro lla . Only one n o rm a l flo w er w as o b se rv e d  in  116 g ra y e d  lila c  

(0027/2) and  g ra y e d  sa lm o n  (027/2) flo w ered  p la n ts . T h is  ab n o rm a lity  is  le s s  

p ro n o u n c e d  in g ra y e d  ro s e  sh ad es  (030 to 033).



T h e  S fa c to r  is  analo g o u s to M in C arn a tio n  (63), V in  C a lifo rn ia  Poppy 

(25), Sm in  Sw eet P ea  (5), and  R in  S tre p to c a rp u s  (51).

In the  of Snow ball x King H enry  (C ro ss  44) c r im s o n  a p p e a re d  to  be

dom inan t o v e r  m ag en ta . At the tim e  the p o s s ib il ity  th a t th is  gene m igh t be an

a l le le  of R w as adv an ced . Subsequent in v e s tig a tio n  show ed th a t K ing H enry

w as s s .  T h is  be in g  so, if  the v a r ie ty  w as RR, then  when it w as c r o s s e d  w ith

a sa lm o n  o r  s c a r le t  w hich is  r r s s ,  m agen ta  p u rp le , v io le t blue, o r  v io le t

p u rp le  shou ld  s e g re g a te  fro m  the  V io le t p u rp le , a s  w ill be shown la te r ,

d if fe r s  fro m  th e  c r im s o n  a t  the  R lo cu s  only. C o n v erse ly , if K ing H enry  w as

r r ,  w hen it  w as c r o s s e d  w ith  a p lan t co n ta in ing  RR, the F^ should  con tain

sa lm o n  o r  s c a r le t ,  s in c e  re c o m b in a tio n s  th a t p ro d u ce  th e se  c o lo rs  would be

p o s s ib le . No m ag en ta  p u rp le , v io le t blue, o r  v io le t p u rp le  w as o b se rv e d  in

the fo llow ing  c r o s s e s ;  K ing H enry  x S alm onet and  both b a c k c ro s se s  (C ro s se s

10, 11 an d  12); K ing H en ry  x B right L igh t S c a rle t b a c k c ro s se d  to B right L ight

S c a r le t  (C ro s s  13); an d  K ing H en ry  x Deep Bright S c a r le t  and  both b a c k c ro s se s

(C ro s s e s  14, 15, an d  68). A to ta l of 699 p la n ts  w ere  exam ined . L ikew ise , no

sa lm o n  o r  s c a r le t  w as o b se rv e d  in  the 863 p la n ts  from  the c r o s s e s  Snowball x

K ing H en ry  and  both  b a c k c ro s s e s  (C ro s se s  44, 45, and  46); H a r r is  P u rp le  x

K ing H enry  b a c k c ro s s e d  to both p a re n ts  (C ro s se s  66 and 67); and  K ing H enry  x

H eavenly  Blue and  the b a c k c ro s s  to H eavenly  Blue (C ro s se s  8 and  9). F ro m

th e se  da ta  the  m o s t p la u s ib le  co n clu sio n  would be th a t the  gene c au s in g  the

c
c r im s o n  c o lo r  is  on the R lo cu s. T h is  fa c to r  h as  been  d e sig n a ted  R . Not



26.

a ll  the  m a n ife s ta tio n s  of th is  gene have been  w o rk ed  out.

A f te r  an a ly z in g  the  c r o s s e s  and  b a c k c ro s s e s , the  geno types of the 

p a r e n ts  w e re  w o rk ed  out. T he p a re n ts  of the c r o s s e s  from  the  Pan A m e ric an  

S eeds, Inc. a r e  inc luded , a lthough  in som e c a s e s  th e se  p a re n ts  w e re  n e v e r 

g row n  a t M ich igan  S ta te  U n iv e rs ity . A ll p ro v e d  to be hom ozygous; so only 

the h ap lo id  genotype is  g iven  in the fo llow ing l is t :

Snow ball - iv b ^ I^ R S c lIn jk ^ d i l  (a few a r e  r)

W hite P e rfe c tio n  - ivb jb2R S C lIn jIn 2dil 

M oonbeam  - ivB^b2rS clIn^In2dil 

M id Salm on see d lin g  (PA131) - Iv rsc lin ^ D il 

B right M id  Salm on seed lin g  (W13 1 -1 -7 )-  Iv rsc lin ^

S a lm onet - Ivb^B2rsc lIn ^ in 2 Dil

Salm on and  W hite V a rie g a te d  seed lin g  - IvbjB 2rs c l I n j I n 2Dil 

L ig h t S c a r le t  see d lin g  (PA214) - I v r s c l in ^ i^

B right L igh t S c a r le t see d lin g  (T 214-2-112) - Ivb^B2r s c l in 2in2Dil 

Deep B right S c a r le t  seed lin g  (PA1062) - IvB1B2r s c l in 1in2Dil 

T w in k les  - Iv rS C lIn jh i^

W insom e - Iv B jB ^ rS C lIn ^ i^ d il 

C e le s tia l  R ose  - I v b ^ r S c l I n  in 2dil 

R obin  - IvB^B2r SclIn jdn^dil 

C o ro n e t - Iv b ^ rS In ^ i^
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Glow - Iv rS in ^ in ^ d il 

L ip s tic k  - I v B j ^ r S c l i n j I ^ d i l

S ilv e r  Blue see d lin g  (P A 43s-6 -7 ) - iv b j l^ R S C l I n j i^ d i l  

Blue se e d lin g  (PA6D-21a) - Iv b jb 2R sC lin jIn 2 Dil 

H eaven ly  Blue - Ivb^b2R SC lIni in2D il 

B urpee Blue - Iv B j^ R S C lin ^ In  dil 

V io le t P u rp le  see d lin g  (PASSRP) - Ivb2R in i Dil 

H a r r i s  P u rp le  - IvB jb2R sC lin i In2Dil 

K ing H enry  - Iv B |b 2RCsC lin ^In 2Dil 

It is  p ro b a b le  th a t m any of the  m is s in g  genes cou ld  be f il le d  in; but 

th is  h a s  b een  done in only a few  c a s e s  w h ere  the s ta tu s  is  obvious; e. g. , r s  in  

sa lm o n s  and  s c a r le t s .  In a ll  o th e r  c a s e s  th e re  h a s  been  a t le a s t  one v e r i f i 

c a tio n  fo r  e ach  a ssu m p tio n . It w as d eem ed  im p ra c tic a l  to inc lude  a ll  the 

d a ta  to  su p p o rt the  co n c lu s io n s  in the  body of the th e s is .  T h ese  w ill be 

g iven  in  th e  appendix . A re s u m e  of a ll  the c r o s s e s  is  g iven  in  T ab le  V.

T h is  g iv e s  the n u m b er of c o lo r  c la s s e s  d is tin g u ish ed , chi sq u a re , and  p r o 

b a b ility  fo r  each  c r o s s .  It a lso  te l ls  the  s ta tu s  of each  gene.
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In any study  invo lv ing  two o r  m o re  fa c to rs  a ffec tin g  the  sam e  c h a r 

a c te r i s t i c ,  the  gene in te ra c t io n s  a r e  v e ry  im p o rtan t. It is  a lw ay s p o s s ib le  

th a t e ac h  genotype w ill have a d iffe ren t phenotype. W hen dom inance is  c o m 

p le te , th e  to ta l  n u m b e r of ph en o ty p es  p o ss ib le  fo r  any nu m b er (n) of genes 

is  2n p lu s  2n  ̂ fo r  e ach  ad d itio n a l a lle le  above two, if  m u ltip le  a l le l is m  is  

p r e s e n t .  S ince in  th is  study nine genes, one of w hich h a s  th re e  a l le le s , have 

b een  id en tified , th e re  w ill be 768 p o ss ib le  p heno types. To l is t  a l l  th e se  

w ould  be a tre m e n d o u s  u n d ertak in g ; so a c h a r t  h as been  draw n fo r s ix  genes, 

fo r  w hich a l l  in te ra c t io n s  have been  defined.

A w o rd  of ex p lan a tio n  m ay be n e c e s s a ry  b e fo re  the value  of such  a 

c h a r t  can  be e a s i ly  u n d e rs to o d . The genes a r e  l is te d  in a h o riz o n ta l lin e  a t 

the  top of the p ag e  w ith  the  m u ltip le  dom inant phenotype a t the r ig h t. Any 

e p is ta t ic  g en es  a r e  p la c e d  on the left, w hile h y p o sta tic  genes a r e  p la c e d  on 

the  r ig h t .  To d e te rm in e  the genotype of any c o lo r  s ta r t  a t the  nam e and re a d  

le ft. Any gene o r  g en es  th a t a r e  on tha t line  a r e  dom inant un til the end of 

the  lin e  is  re a ch e d , w hich m e an s  th a t th a t p a r t ic u la r  gene is  r e c e s s iv e . 

F o llow  the  v e r t ic a l  lin e  up to the  next h o riz o n ta l lin e  and re a d  le ft. Continue 

th is  p ro c e d u re  u n til a l l  the g en es  a r e  acco u n ted  fo r. E p is ta s is  is  e x p re s s e d  

by d raw in g  a p a r a l le l  lin e  fro m  the  h y p o sta tic  gene to the r ig h t a  sh o rt d is 

tan ce  below  the  lin e  fro m  the  e p is ta tic  gene. To i l lu s tr a te  fro m  the  c h a r t 

in  C h a r t I, W hite is  iv iv c lc l r r s s  w ith both and  B2 h y p o sta tic  and  V io le t 

P u rp le  is  I v - - C l - - R - s s B j - - b 2b2 .
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CHART I 

C h a r t of Six G en es  in  the P e tun ia

Iv Cl

Cl
iv

M agenta  (633)

Deep P u rp le  (733)

M agenta  P u rp le  (n e a r  732) 
Blue (36 /1 )

M ag e n ta  P u rp le  (n e a r 732) 
V io le t P u rp le  (n e a r  735) 

G ra y ed  R ose  P u rp le  (033/1) 
V io le t Blue (934/1)

L igh t R o se  (629)

Deep R o se  (025)
Deep R ose (025)

V ery  D eep R ose  (727) 
G ray ed  L ilac  (0027/2) 

G ray ed  R ose  (031)
G ray ed  R ose  (031)
G ray ed  V ery  Deep R ose  (002 
M agenta  (633)

L ila c  (30/1)

L ilac  (30/1)
Blue (36/1)
M agenta  P u rp le  (n e a r  732) 
V io let (834)
V io let (834)

Blue M agenta  (35)
M id R ose (26/1)
Deep R ose  (025)
Deep R ose  (025)

V ery  Deep R ose  (727) 
S c a r le t (021)
Salm on R ed (024)

M id Salm on (427)

Deep Salm on (022)

C re am y  W hite

C ream y  W hite

C re am  (601/3)

W hite
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A n o th er ad v an tag e  of th is  c h a r t  is  th a t the  ex p ec ted  n u m b er fo r  any 

genotype in  a  F 2 can  be e a s i ly  c a lc u la te d . A ll dom inant g en es  a r e  a ss ig n e d  

the v a lu e  of 3; r e c e s s iv e s  1; and  h y p o sta tic  genes 4. T he gene v a lu e s  a r e  

th en  m u ltip lie d . T h u s, one co u ld  expec t 16 W hites and  81 V io let P u rp le s  

fro m  a s ix  fa c to r  seg reg a tio n , such  a s  p o s tu la te d  in C h art I.

A s m en tio n ed  p re v io u s ly  m o re  than  s ix  o r  seven  g en es  give an in 

e ffe c tiv e  c h a r t  b e ca u se  it is  too long; th e re fo re , a  c h a r t  fo r  s ix  c o lo r  genes 

in  p e tu n ia  h as been  draw n, w hich is  g iven  in C h a r t I.

S ince the  th re e  o th e r  gen es  a r e  a ll  in te n s ity  m o d if ie rs , th e ir  c o n c e rte d  

a c tio n  m ay  a l te r  the  e x p re s s io n  of the c o lo rs  g iven in C h a rt I. T hus, in 

i n ^ - i n |- i n 2 _in 2 D il- -p la n ts  the m agen ta  m ay  becom e m agen ta  p u rp le  and a 

deep ro s e  can  be d eepened  into a  v e ry  deep c a rm in e . C o n v erse ly , In ^ - h ^ -  dil 

can  lig h te n  th e  c o lo rs . T h is  w ork  does not exclude  the p o s s ib il ity  of o th e r  

m o d if ie r s . It w as shown in  T ab le  I th a t in  P h a rb it is  Nil tw en ty -fiv e  flow er 

c o lo r  g en es  have been  id en tified . T he p re c is e  phenotype fo r each  re c o m b in a 

tion  h a s  not been  d e te rm in e d . T he in fluence  of the In^ fa c to rs  on the iv iv  geno

type is  g iven  in C h a r t II. C h a rt III show s the  e ffec t of the R c , R, and r  a l le le s

on the  IvB js in 1D il genotype w ith  C l, B2, and In2 a lso  seg reg a tin g . F in a lly ,

2
C h a rt IV g iv e s  the  e ffec t of the  S, In ^  In , D il genes on a sp ec ific  genotype.
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CHART II

E ffe c t of the  I i^ ,  C l, R, B^, and  B2 G en es on the  iv, In, and  dil G enotypes

ClIn 2
C ream y  W hite

C l L ilac  V eined  D eep e r (630/1)
m 2

L av en d er V eined  D eep e r (630/2)

L av en d er V eined  D eep e r (630/2)

S ilv e r  Blue V eined  D e ep e r (637/2)

R ose  P ink  V eined  R ed (530/1) 

L ila c  V eined  R ed (n e a r 630/1)

L ilac  V eined  R ed (n e a r 630/1)

C ream y  W hite

C ream y  W hite

C re am  (601/3)

W hite
s
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CHART III

R

E ffe c t of th e  R c

Cl

R

cl

Cl

c l

Cl

c l

R, an d  r  A lle le s  and  th e  Cl, B2 and  In2 S eg reg a tio n  
on th e  Iv B |S in iD il G enotype

B'

B*-

2

B2

b2

B2

b2

b2

b2

B2

b 2

In,

mo
In2

in 2
In2

Tin 2In2

m 2
In2

m 2
In2

In2

™2
In2

ino
In2

m 2
In2

in2
In2

in2
In2

C rim so n  P u rp le  (1028)

D eep C rim so n  P u rp le  (near83C  

D eep C rim so n  P u rp le  (n e a r  83C

C rim so n  (931)

R oyal P u rp le  (n e a r 931)

R ose  P u rp le  (828/2)

R o se  P u rp le  (828 /2)

D eep R ose  (729)

D eep P u rp le  (n e a r 732)

R ed  V io le t P u rp le  (834)

R ed  V iolet Blue (n e a r  934)

M agenta P u rp le  (735/1)

L ilac  R ose (28 /1)

V io le t P u rp le  (937)

P u rp le  R o se  (29)

V io le t Blue (n e a r  36)

G ray ed  Salm on (0027/1) 

G ra y e d  L ilac  (0027/2)

G ra y ed  L ilac  (0027/2)

G ra y ed  D eep Salm on (024/1) 

L ig h t Salm on R ed  (625)

Salm on R ed  (024)

Salm on R ed (024)

S c a r le t (022)
m 2



CHART IV

E ffect of the  S, In p  I i^ ,  and  D il S eg reg a tio n  on the Iv, b p  B2 , r, and  c l G enotypes

S In l  fn2 D il L ight R ose (527/2)

L igh t R ose Pink (530/1)
dil

D il Deep R ose  V eined  D eep e r (26/1
in 2

D il Deep R ose (628)
in

B right V ery  Deep R ose (25)
dil

Bright V ery  Deep R ose  (25)Dil

V ery  Deep R ose (025)
dil

L ight Salm on (020/1)In i DilIn2
s

C ream y  W hite
dil

Bright S c a rle t (022)Dil

L ight Salm on (020/1)
dil

M id Salm on (427)DilIn i

C ream y  W hite
dil

Deep Salm on (622)Dil
m

M id Salm on (427)
dlT
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SUMMARY

T h is  study w as u n d e rtak en  to d e te rm in e  the  g en e tics  of flow er co lo r

in  p e tu n ia . As the  v a r ie g a te d  and  p a tte rn  fo rm s  a re  due to both genetic  and

p h y s io lo g ica l fa c to rs , only the  in h e rita n c e  of se lf  co lo re d  flo w ers  w as stud ied .

The p a re n ts  w ere  d iv ided  into e leven  co lo r c la s s e s . T h is  m a te r ia l  

is  g iven  in  T ab le  II. E ach  c o lo r  c la s s  w as c ro s s e d  with a ll o th e r  c la s s e s ,  and 

the h y b rid s  grow n. C o lo rs  of the  Fj hy b rid s  a re  l is te d  in T ab le  III.

S e lec ted  F 2 and b a c k c ro s se s  w ere  grow n and an a ly zed  g en e tica lly . 

F ro m  th e se  data  nine genes w ere  iden tified . T h ese  w ere  nam ed fo r th e ir  m ost 

d is tin c tiv e  phenotype when in a hom ozygous re c e s s iv e  condition. T he genes 

w ith th e ir  a c tio n s  follow:

Iv - g iv es  full co lo r; iv iv  g ives c re am , w hite, o r  d ilu te  b lues.

Cl - w ith s s  g ra y s  the c o lo rs ; c lc l g ives c le a r  c o lo rs .

Rc - g iv es  c rim so n ; R - g ives m agenta; r r  g ives ro s e .

S - w ith r r  g ives ro se ; s s  w ith r r  g ives salm on.

- g ives ro s y  c o lo rs ; b^b^ g ives b lu es. 

f*2 ” g iv es  ro sy  c o lo rs ; b ^b ^  g ives b lues.

In^ - g ives d ilu te  c o lo rs ; in^in^ in te n s if ie s  them .

In2 - g ives d ilu te  c o lo rs ; ^ 2 ^ 2  in te n s ifie s  them .

D il - g ives in ten se  c o lo rs ; d ild il d ilu tes  them .

The s iz e  of the population , w ith one exception, p e rm itte d  the a n a ly 

s is  of a  m axim um  of fou r fa c to rs . A chi sq u a re  w as d e te rm in ed  fo r each  of



66 c r o s s e s .  T ab le  V g iv es  a re su m e  of th e se . The genotypes of the p a re n ts  

w as deduced  fro m  th e  data  fro m  th e se  c ro s s e s .

The f i r s t  s ix  f a c to rs  a r e  im p o rtan t flow er c o lo r  genes in  p e tu n ia s . 

W ith  few ex cep tio n s , the a c tio n s  of the  v a rio u s  genes a p p ea r to be indepen 

dent.

F in a lly , a  c h a r t  is  draw n to show the s ix  genes w ith a ll in te ra c tio n s . 

Only one gene, Iv, w as found to be ep is ta tic .
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APPENDIX

The data  to su p p o rt the co n c lu sio n s  in the body of th is  th e s is  a re  

g iven  h e re . The o rd e r  is  the sam e a s  in T ab le  V. The s ta tu s  of n o n -s e g re 

g a ting  g enes is  g iven. In som e c a s e s  s e v e ra l c o lo rs  w ere  com bined  to m ake 

the c la s s  l is te d . In th e se  in s ta n c e s  only the n u m b ers  of the lig h te s t and the 

d eep es t a r e  given. To save  sp ace  only the hap lo id  genotype is  given.

C ro ss  1 

Burpee Blue x Salm onet 

N o n -seg reg a tin g  gene - Iv

G enotype R atio C olor Obs. Exp. Diff. D2/e

B |R SIn2 81 M agenta (533/1 to 834) 34 3 3 .4 .2 . 012

b^R Sfr^ 27 V iolet Blue (n e a r 834/2) 13 11. 3 1. 7 . 256

B^rSIn^ 27 Deep L ilac  R ose (630 to 29/1) 10 11. 3 1. 3 . 150

B ^ R s I^ 27 L igh t P u rp le  (732 to 934) 12 11. 3 . 7 . 043

B^RSin2 27 M agenta  P u rp le  (732/1) 10 11. 3 1. 3 . 150

B ^Rsin2)
b jR S in 2) 18 G ray ed  V io le t Blue (033) 7 7. 4 . 4 . 002

b jrS In 2 9 L igh t R ose  (025/1) 2 3 .8 1. 8 .8 5 3

B ^ rsh i2 9 G ray ed  R ose (027 to 030) 5 3 .8 1 .2 . 379

B jrS in 2 9 Deep P u rp le  (n ear 732/2) 4 3. 8 . 2 . 010

b jR s h ^ 9 G ray ed  R ose P u rp le  (n e a r 030) 2 3 .8 1.8 . 853

b j r s l n 2 3 G ray ed  L ilac  (033/2) 3 1. 2 1. 8 2 .7 0 0
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C ro ss  1 C ontinued

G enotype R atio C o lo r Obs. Exp. Diff. D2/ e

b ^ r S i ^ 3 Deep R ose (27 to 628/1) 2 1.2 .8 . 533

b^R sin 2 3 G ra y ed  V ery  Deep R ose (n ea r 
033) 2 1. 2 .8 . 533

Bxr s m 2 3 G ray ed  Salm on 0 1.2 1.2 1. 200

b ^ r s h ^ 1 M id Salm on (022) 1 .4 .6 . 900
256

P ^  .8 0  

C ro s s  2

107 107. 0 8 . 574

(Burpee Blue x Salm onet) x Burpee Blue

N o n -seg reg a tin g  G enes - IvB^ RSClln2

G enotype R atio C o lo r O bs. Exp. Diff. D2/e

B2dil — 2 P u rp le  V iolet (n e a r 732/1) 14 16. 2 2 .2 .2 9 9

b2<iilln2) 
b2D il— ) 3 R eddish  V io let Blue (735 to 

934/1) 24 24. 3 . 3 .004

b2d il in | 1 V io let Blue (n ea r 834/2) 13 8. 1 4. 9 2. 964

B2D il---- 2
8

V iolet (732) 14
65

16. 2 
64. 8

2 .2 .2 9 9  
3. 566

P >  . 30
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C ro ss  3

(Burpee Blue x Salm onet) x Salm onet 

N o n -seg reg a tin g  G enes - h ^ I n ^ D i l  

G enotype R atio  C o lo r Obs. Exp. Diff. P 2/ e

- r s C l )
B jR sC l)

3 V ery  G ray ed  Salm on Pink 
(0027/2) 16 12.2 3 .8 1. 184

--RSC1 2 Deep R ed P u rp le  (732 /1 ) 7 8 . 1 1. 1 . 149

--R S c l 2 C rim so n  P u rp le  (732) 8 8 . 1 . 1 . 001

B ^rscl 1 Salm on Pink (024 to 025/1) 5 4 .0 1. 0 .2 5 0

b jR sC l 1 G ray ed  L ight R ose (0027) 4 4. 0 0. 0 . 000

b ^ rsc l 1 Deep Salm on (021/1 to 622) 3 4 .0 1. 0 .2 5 0

B^RScl 1 R ose  P u rp le  (730/1 to 31) 5 4. 0 1 .0 .2 5 0

b ^ rS - - 2 L ilac  R ose (29/1 to 729/2) 6 8. 1 2. 1 . 544

B |rS c l 1 Deep R ose (828/2) 3 4 .0 1 .0 . 250

B1rS C l 1 G ray ed  Deep R ose (n ea r 027) 5 4. 0 1. 0 .2 5 0

b jR sC l 1 Deep P u rp le  V io let (n ea r 733) 3 4. 0 1 .0 . 250
16 65 64. 5 3. 378

P ^  .9 5
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C ro s s  4

B urpee Blue x Bright L ight S c a rle t

N o n -seg reg a tin g  G enes - Iv in j

G enotype R atio C olo r Obs. Exp. Diff.

B|B2RSC1 243 M agenta  (632 /2  to 732/1) 132 134. 6 2 .6

B1b2RSCl)
b 1B2RSCl) 162 V io let Blue (934/2  to 834) 84 8 9 .6 5. 6

B1B2R sC l 81 V io let M agenta (732/2  to 
n e a r  733) 47 44. 8 2 . 2

B1B2rS C l 81 G ray ed  R ose (27/1 to 027) 45 44 .8 .2

BxB2RScl 81 L ilac  (433/1 to 29/1) 45 4 4 .8 .2

b 1b2RSCl 27 M agenta  V iolet Blue (834/1) 11 15 .0 4. 0

b ^ - r S C l 36 G ray ed  V io le t (031) 23 19. 9 3. 1

b2- -R s C l 36 G ray ed  L ilac  (0027/2) 22 19. 9 2. 1

BjB2RScl 27 M agenta P u rp le  (n ea r 1030) 20 15 .0 5. 0

B1b2rS C l 27 Deep M agenta P u rp le  (733/1) 17 15. 0 2 .0

B |b 2R sC l 27 M id R ose, sligh tly  G ray ed  (627) 9 15. 0 6. 0

b 1B2RScl 27 P u rp le  M agenta (733) 15 15 .0 0 .0

BjB2rs C l 27 G ray ed  Salm on Red (027) 13 15 .0 2 .0

B1B2rS c l 27 M id R ose (627/1) 11 15. 0 4. 0

B2B2R sc l 27 R ose L ilac  (632) 13 15 .0 2 . 0

Bj b2rsC l)  
b j - ' r s C l ) 21 G ray ed  M id Salm on (0027) 12 11. 6 .4

b ^ R S c l )  
b t B^Rscl) 18 P u rp le  (830/1) 11 10.0 1 .0

2
D / e  

.0 5 0

. 350

. 108 

. 001 

. 001

1. 067 

.4 8 3  

.222

1.667

.2 6 7

2. 400 

.000  

.267

1.067 

. 267

.014

. 100
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C ro ss  4 Continued

G enotype R atio C o lo r Obs. Exp. Diff.

- - ^ R s c l 12 L ight P u rp le  (30) 6 6 . 6 . 6

B jk^rS cl 9 L igh t R ose (629) 4 5. 0 1 .0

b jf ^ r S c l 9 L ilac  R ose  (630/1) 4 5 .0 1 .0

B jE ^rsc l 9 Salm on Pink (427) 11 5. 0 6 .0

b j ^ r S c l 3 R ose  Pink (629/2) 1 1. 6 . 6

Bjb2r s c l 3 L igh t Salm on (625/1) 5 1 .6 3 .4

b^B ^rsc l 1 B right L ight S c a rle t (022) 2 . 6 1 .4

b j ^ r s c l 3
1024

Salm on (23/1)

P ^ . 1 0  

C ro s s  5 

C o rone t x H a r r is  P urp le  

N o n -seg reg a tin g  Gene - Iv

4
567

1. 6 
567. 0

2. 4

G enotype R atio C o lo r O bs. Exp. Diff.

B^RIn^In2 81 R edd ish  V io let Blue (n e a r 934) 76 69. 6 6 .4

B jR I n j i^ 27 V iolet P u rp le  (n e a r 735 to 
n e a r  934) 24 23 .2 .8

B iR in ,In 2 27 R ose P urp le  (n ea r 733) 23 23 .2 . 2

B ^rln^ ln2 27 M agenta R ose (732 /1  to 732/3) 21 2 3 .2 2 .2

bj^RIn1In2 27 P u rp le  (n e a r 732 to n e a r  931/1) 23 23 .2 . 2

b x R In jin 2)
b iR in |I n 2)

18 D ull V io let (n ea r 934) 13 15. 5 2 .5

2
D / e

.0 5 4

. 200

.200

7. 200

.2 2 5

7 .225

3. 267

3 .600  
30.302

2
D / e  

. 587

. 028 

.002  

. 209 

.002

.403
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C ro ss  5 Continued

G enotype R atio C o lo r Obs., Exp. Diff.. D2/e

B^Rin2in 2 9 Deep P u rp le  V iolet (n ea r 733) 6 7. 7 1 .7 . 375

B ^ rin ^ h ^ 9 D ull P u rp le  (n e a r 733) 9 7 .7 1 .3 .219

B1r l n 1in 2 9 B right P u rp le  (931) 7 7. 7 . 7 . 064

b ^ r ln ^ h ^ 9 M agenta  Blue (735/1) 8 7. 7 . 3 . 012

B jr i i i j in j 3 Deep M agenta R ose (29) 1 2 .6 1 .4 . 985

b |R in j in 2 3 V io le t (834) 4 2 .6 1 .4 . 754

b j r l n j i n 2 3 L ilac  R ose (30) 3 2 . 6 .4 . 062

b jr in ^ In 2 3 L ilac  (630/1) 2 2 .6 .6 . 138

b ^ rin ^ in 2 1 Deep R ose 0 .8 . 8 . 800
256 220 219. 9 4. 640

>. 99

Genotype

SIn1- - -D il)  
S ln j i^ d il  )

S in j  Dil

S ln jI^ d il

s ln ^ h ^ D il

sin  j -----Dil

C ro ss  6 

Glow x Bright L ight S c a rle t 

N o n -seg reg a tin g  G enes - Ivr

R atio C olor Obs. Exp. Diff. D2/ e

117 Deep R ose (025/1) 90 87. 4 2 . 6 . 077

36 Bright Deep R ose (n ea r 025) 29 2 6 .8 2 .2 . 181

27 M id R ose (025 to 25/1) 19 20. 1 1. 1 .060

27 Salm on S c a rle t (020) 20 20. 1 . 1 .001

12 Salm on R ed (024) 10 8 .9 1. 1 . 136
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C ro ss  6 Continued

G enotype R atio C olor Obs. Exp. P iff.

S ln j i ^ d i l 9 G ray ed  P eep  R ose (26) 5 6. 7 1. 7

s l n j ^ P i l 9 Salm on Red, s lig h tly  G ray ed  
(20/ 1) 6 6 .7 . 7

s l n j ^ d i l 9 S c a r le t Salm on (820/2  to 021) 5 6. 7 1. 7

S in jin 2d il 3 B right P eep  R ose V eined  (25) 3 2 .2 . 8

s ln |in 2dil 3 P eep  S c a rle t Salm on (021) 2 2 .2 .2

s i n j ----dil 4
256

P eep  Salm on (022/1) 

P )  . 9 9

C ro ss  7

2
191

2. 9 
190. 7

.9

H eavenly Blue x Bright L ight S c a rle t

N o n -seg reg a tin g  G enes - I v b j i ^

G enotype R atio C olo r Obs. Exp. P iff.

I^RSIn^ 81 M agenta (31 to 633) 33 38 .0 5. 0

b2RSIn2 27 P eep  P u rp le  (n ea r 733 to 
733/1) 13 12.6 .4

f^rS In^ 27 R ose  P u rp le  (n e a r 027 to 
729) 16 12.6 3 .4

B2R s In | 27 G ray ed  R ose (027/1 to 
033/1) 10 12 .6 2 . 6

B2 RSin^ 27 L ilac  (527 to 533) 10 12.6 2. 6

B2R sinx)
b2R s!n i) 18 V ery  P eep  C arm in e  (29) 8 8 .4 .4

P 2/e

.431

. 073

. 431

. 291

. 018

.2 7 9  
1. 978

P 2/e

.658

.013

. 917

. 536 

. 536

. 019
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G enotype R atio C olo r Obs. Exp. Diff. D2/ e

B2r s ln j 9 Salm on, s lig h tly  G ray ed  (22/1) 7 4 .2 2 . 8 1.867

I^ rS in ^ 9 M id R ose (27) 4 4 .2 .2 .010

b2rS In i 9 L ight R ose (530) 4 4 .2 . 2 . 010

b2R Sinj 9 Blue (36/1 to 35) 6 4 .2 1.8 . 771

B2rs in ^ 3 Deep Salm on (022) 1 1 .4 . 4 . 114

b2R sin^ 3 Deep V iolet (n ea r 733/1 to 
n e a r  934) 2 1. 4 .6 .2 5 7

b2rS in | 3 Deep R ose 0 1 .4 1. 4 1.400

b2 r s ln j 3 G ray ed  Salm on (0027/1 to 027) 5 1. 4 3 .6 9 .257

b2r s in j 1 Salm on Red (n e a r 022) 1 . 5 .5 . 500
256 120 119. 7 16.866

p y  . 2 0

C ro s s  8 

King H enry  x H eavenly Blue 

N o n -seg reg a tin g  G enes - Iv l^C lD il

G enotype R atio C olor Obs. Exp. Diff. D2/e

B jS In ^ h ^ 81 Deep P urp le  (n e a r 732 to 
n e a r  934/1) 113 117. 4 4. 4 . 165

b jS In |In 2 27 P urp le  (n ea r 733) 38 39. 1 1. 1 . 031

B ^ s ln ^ h ^ 27 M agenta (633/1 to 31) 39 39. 1 . 1 .000

B ^ S in ^ I^ 27 R ose  P u rp le  (n ear 830) 37 39. 1 2 . 1 . 113

B jS---- in 2 36 Bright P u rp le  (n ea r 830) 54 52. 2 1.8 .062
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C ro ss  8 Continued

G enotype R atio C olo r Obs. Exp. Diff.

b jS l n ^ I ^ 9 V io le t Blue (n ear 735 to 934/1) 16 13 .0 3 .0

B js in j ln 2 9 C rim so n  (n ea r 827 to 729/1) 3 13 .0 10.0

9 Deep Bright P u rp le  (934) 14 1 3 .0 1 .0

b^S in jIn^ 9 M agenta Blue (735/1) 20 13 .0 7 .0

b jS In jin 2

b jS in ^ i^ )
b ^ s l n j i ^ )

9 Deep Blue (735) 11 13 .0 2 . 0

6 V iolet (36) 13 8 .6 4. 4

B is in ^ i^ 3 L igh t V io le t (37/1) 6 4 .3 1 .7

b ^ s in ^ I ^ 3 Deep Blue M agenta (n ea r 732) 5 4. 3 . 7

b j s in ^ in 2 1 M id Blue (36 /1 ) 2 1 .4  
256 271 270 .5  

P ^  .2 0

C ro s s  9

(King H enry  x H eavenly Blue) x H eavenly Blue 

N o n -seg reg a tin g  G enes - Ivb^SC lhijD il

. 6

G enotype R atio C o lo r Obs. Exp. Diff.

B r - 2 M agenta P urp le  (n e a r 732) 67 6 5 .0 2 .0

b l In2 1 L ight Blue (35) 26 32. 5 6 . 5

b l in2 1
4

M id Blue (636 to 735/1) 

P >  .3 0

37
130

32. 5 
130.0

4. 5

P 2/e  

.692  

7. 692 

. 077 

3. 769 

. 308

2.251

.672

. 114

.257  
16. 203

P 2 /e

. 062

1. 300

. 623 
1. 985



59.

G enotype

BjR 0^

BjRCin

B jr ln j

b jR CIn^

B^rinj

b^R c in j

b^rlnj

b^rin^

G enotype

b2 — )
b2 In l  )

b2in j

C ro s s  10 

K ing H enry  x Salm onet 

N o n -se g re g a tin g  G enes - IvsD il

R atio C olor Obs. Exp. Diff.
2

D / e

27 M agenta  C rim so n  (827 to 1030) 19 20. 7 1. 7 . 140

9 Deep C rim so n  P u rp le  (n ea r 931)» 5 6.8 1. 8 . 476

9 G ray ed  L ilac  (0027/2) 10 6 .8 3 .2 1. 506

9 P u rp le  C rim so n  (n ea r 1028) 5 6 .8 1. 8 . 476

3 P u rp le  M agenta (928) 3 2. 3 . 7 .2 1 3

3 C rim so n  P urp le  (n ea r 931/1) 3 2. 3 . 7 .213

3 M id Salm on (022) 3 2. 3 . 7 .2 1 3

1
64

Old R ose (0022)

P >  .8 0

C ro s s  11

1
49

.8
48. 5

.2 . 050 
3 .287

(King H enry  x Salm onet) x King H enry

N o n -se g re g a tin g  G enes - IvB jR sC lIn2Dil

R atio C olo r Obs. Exp. Diff. D2/ e

3 P u rp le  C rim so n  (n ear 1028) 79 81 2 . 0 .049

1 C rim so n  (n e a r 827) 29 27 2i 0 . 148

4 108 108 . 197

P >  .5 0



60.

C ro ss  12

(King H enry x Salmonet) x Salm onet

N on-seg regating  Genes - IvB2sIn iD il

Genotype R atio C o lo r Obs. Exp. Diff. D2/e

B jrC l---- )
b j r C l I n ^ 3 G ray ed  L ilac  (0027/2) 11 10.2 . 8 .0 6 3

b jR c C l---- )
B]Rc c lIn 2 )

3 C rim so n  P u rp le  (830) 8 10. 2 2 .2 .474

B |r c l—  ) 
b j r c l ln 2 )

3 Salm on R ed (024 to 0027) 11 10.2 .8 .063

b 1RCc l - - - 2 P u rp le  R ose (n ea r 730) 7 6 .8 . 2 .006

b jrC lin 2 ) 
B1Rc C l--- )

3 Dull C rim so n  P u rp le  (730) 8 10.2 2 .2 . 474

BiRcc lin 2 1 Dull Deep R ose (729) 4 3 .4 . 6 . 106

b j r c l i ^ 1
16

Deep Salm on (022/1 to 025/2) 6
55

3 .4
54 .4

2 .6 1. 988 
3. 174

P >  .7 0

C ro ss  13

(King H enry  x Bright L ight S carle t) x Bright L ight S c a rle t 

N o n -seg reg a tin g  G enes - fv ^ s in ^ D il

Genotype R atio C o lo r Obs. Exp. Diff. D2/e

r - - i n 2 ) 
R C lin2)

3 Deep P u rp le  (830) 45 4 7 .2 2 .2 . 102

Rc c lin 2 1 P u rp le  (729/2  to 730) 14 15.8 1. 8 .205

Rc c lln 2 1 R ose (727/1 to  n e a r  729/1) 11 15. 8 4 .8 1. 458

r c l l n2 1 S c a r le t (820 /3  to 024) 21 15.8 6 .2 2 .433



61.

C ro ss  13 Continued

G enotype R atio C o lo r Obs. Exp. Diff.
2

D /e

rC lIn^ 1 G ra y ed  Salm on R ed (024) 19 15.8 3 .2 .648

Rc C lin2 1 G ray ed  R ose  (0023 to 0027) 16 15.8 . 2 .002
8

P >  .3 0

C ro ss  14

126 126.2 4. 848

King H enry x Deep Bright S c a rle t

N o n -seg reg a tin g  G enes - IvB |Sin^D il

Genotype R atio C o lo r Obs. Exp. Diff. D2/e

B2Rc C lIn2 81 C rim so n  P urp le  (830 to 1028) 54 52. 8 1.2 . 027

BaR^Clina) 
b2R C lln 2)

54 Deep C rim so n  P urp le  (n e a r 830)32 35 .2 3 .2 .291

I ^ r  C lln2 27 G ray ed  L ilac  (0027/2) 27 17.6 9 .4 5. 020

B2RCclIn 2 27 R oyal P u rp le  (n e a r 931) 17 17 .6 . 6 .0 2 0

b2r  C l- - - )  
B2r  C lin 2 >

21 G ray ed  Deep Salm on (0027/1) 12 13. 7 1 .7 .211

B9R Cc lin 2)
b2Rc clIn2)

18 R ose P u rp le  (828/2  to 830) 9 11. 7 2 .7 .623

b2Rc C lin2 9 C rim so n  (931) 8 5 .9 2 . 1 . 747

B2r  c lln 2 9 F ad ing  Salm on R ed (022) 3 5 .9 2 .9 1. 425

b2R Cc lin 2 3 Deep R ose (n ea r 26) 3 2 .0 1. 0 . 500

c lin 2 3 Deep B right S c a rle t 0 2 .0 2 .0 2 . 000

b 9r  c l ---- 4 Salm on R ed (021/1) 2 2. 6 . 6 . 138in R ea  ^ u ■ ^
167 166 .9  11.061

P >  .3 0



62.

C ro ss  15

(King H enry x Deep Bright Scarlet) x Deep Bri ght Scarle t

N on-segregating  G enes - Iv B ^ s in ^ D il

G enotype R atio C o lo r Obs. Exp. Diff.
2

D /e

Rc - - In 2 2 D eep C rim so n  P u rp le  (n ea r 830) 18 16 .0 2 . 0 .2 5 0

r C l - - - 2 G ra y ed  Salm on (025/1) 20 16. 0 4 .0 1.000

Rc C lin2 1 C rim so n  C arm in e  (n ea r 827/1) 5 8 .0 3 .0 1. 125

Rc c lin 2 1 Deep C arm in e  R ose (25 to 828/1) 9 8 .0 1 .0 . 125

r c lln2 1 S c a r le t (820/3) 5 8 .0 3. 0 1. 125

rc lin 2 1 Deep S c a rle t (822/1) 7 8 .0 1 .0 . 125
8 64 64. 0 3. 750

P >  .5 0

C ro s s  16 

L ip s tic k  x H eavenly Blue 

N o n -seg reg a tin g  G enes - IvS

Genotype R atio C olo r Obs. Exp. Diff. D2/e

Bj B2RIn^ 81 M agenta  (632 to  31) 61 56. 3 4. 7 . 392

Bi b2R In j) 
b | B2R In j) 54 V ery  Deep C arm in e  (729) 37 37 .5 .5 .007

B j^ R in ^ 27 M agenta P u rp le  (732/1) 20 18. 8 1. 2 .076

BiB2rIn 2 27 R ose (630 to 25) 14 18.8 4 .8 1.226

Bjb2r ln 2)
13. 2 .048biB 2r!n 2) 19 L igh t R ose  Pink (31/2) 14 . 8

b l b 2 r in 2>



C ro ss  16 Continued

G enotype R atio C o lo r Obs. Exp. Diff. D2/e

bjB 2R in2) 18 L ilac  M agenta  (630 to 32 /1 ) 11 12. 5 1. 5 . 180

B j ^ r i ^ )
b 1b2r ln 2)

12 V ery  Deep R ose (727) 6 8. 3 2 .3 . 637

b1b2R In2 9 M id Blue (637) 7 6 .2 .8 . 103

Bjb2r in 2)
b 1B2r in 2)

6 C ream  T in ted  (533/1) 4 4 .2 . 2 .0 1 0

b ib 2R in2 2
256

B right P u rp le  (732)

P >  .8 0

C ro s s  17

4
176

2. 1 
177.8

1. 9 1. 719
4. 398

(L ip s tick  x H eavenly Blue) x H eavenly Blue

N o n -seg reg a tin g  G enes - IvRSClInj Dil

G enotype R atio C olo r Obs. Exp. Diff. D2/e

2 M agenta (632) 32 3 0 .0 2. 0 . 133

B1b2in 2 1 Deep M agenta Blue (735/2) 14 15 .0 1. 0 . 067

Bl b2In2 1 Deep P u rp le  (732) 13 15. 0 2 .0 .267

b]B2 in2 1 M id Blue (637) 12 15. 0 3 .0 . 600

blB 2ln 2 1 L igh t M agenta (n ea r 632) 17 1 5 .0 2 .0 .267

b 1b2 in2 1 Deep Blue V io le t (735/1) 18 ' 15 .0 3. 0 .600

b j b2 In2 1
8

L ight Blue (636/2) 13
119

15. 0 
120. 0

2 .0 .267
2.201

P >  . 90



C ro ss  18

(L ip s tic k  x H eavenly Blue) x L ip s tic k

N o n -seg reg a tin g  G enes - IvB-^B^SIn2

Genotype R atio C olor Obs. Exp. Diff. D2/e

R cl - - - 2 Deep M agenta (732/2) 19 16. 2 2 .8 . 484

r C l - - - 2 L ight R ose (632/1) 16 16.2 . 2 .002

rc lln j 1 Deep R ose V eined (727) 8 8 . 1 . 1 . 001

rc lin^ 1 Deep R ose (727) 8 8 . 1 . 1 .001

R C lIn1 1 Deep C arm in e  (828/2) 9 8 . 1 . 9 . 100

RClin^ 1
8

V ery  Deep C arm in e  

P >  .8 0  

C ro ss  19

5
65

8. 1 
64. 8

3. 1 1. 186 
1. 778

M oonbeam  x B right L ight S c a rle t

N o n -seg reg a tin g  G ene - r

Genotype R atio C o lo r Obs. Exp. Diff. D2/e

IvBxSIn! 81 L ight R ose  (629 to 27) 27 28. 1 1. 1 . 043

iV--------- 64 C ream 11 22. 2 11. 2 5 .650

Ivb^SIn^ 27 R ose Pink (31 /3  to 022/3) 12 9 .4 2 .6 . 719

IvB^sIn^ 27 Deep Salm on Pink (024 to 
23 /1 ) 12 9 .4 2 .6 . 719

IvB jSinj 27 Deep R ose (027/1 to 27) 12 9 .4 2 .6 . 719



65.

C ro ss  19 Continued

G enotype R atio C o lo r Obs. Exp. Diff. D2/e

Iv b js ln ^ 9 Salm on (020/1 to 022) 5 3.1 1. 9 1. 164

Iv b jS in i 9 C arm in e  R ose (29) 3 3. 1 . 1 .009

IvB jSinj 9 S c a r le t (819/2) 6 3. 1 2. 9 2. 713

Ivb^sin^ 3 S c a rle t R ed (23) 1 1 .0 0. 0 .000
256

P 10

C ro s s  20

89 88.1 11.730

(M oonbeam  x B right L ight S c a rle t)  x Bright L ight S c a rle t

N o n -seg reg a tin g  G enes - h ^ R

G enotype R atio C olo r Obs. Exp. Diff. D2/e

s in ^ ---- 2 Salm on S c a rle t (721 /3  to 
819 /2) 9 16. 0 7. 0 3. 062

sin j 2 Salm on Pink (25 /2  to 2 3 /1 ) 16 16. 0 0 .0 .000

S ln ^ h ^ 1 L ight R ose (28) 10 8 .0 2. 0 .500

S ln ^ i^ 1 Deep R ose (26) 11 8 .0 3 .0 1.125

S in ^ I^ 1 Deep R ose Pink (27) 11 8 .0 3 .0 1. 125

Sin^in2 1
8

B right Deep R ose (727) 7
64

8 .0  
64. 0

1 .0 . 125 
5. 937

P >  .3 0



66.

C ro s s  21 

M oonbeam  x Blue Seedling

N o n -seg reg a tin g  G enes - b2In2

G enotype R atio C o lo r Obs. Exp. Diff. D2/ e

B1RSC1 81 M agenta (633 to 733) 40 37. 3 2 .7 . 195

bjR SC l 27 M id Blue (37 /1) 15 12 .4 2 .6 . 545

B2rS C l 27 L ilac  R ose (n ea r 27 /1 ) 10 12. 4 2 .4 .464

B^RsCl 27 V ery  Deep C arm in e  (31) 14 12.4 1 .6 . 206

BjRScl 27 L ilac  (530/1 to 433) 10 12. 4 2 .4 . 464

b^RsCl)
B ^R scl)

18 M agenta P u rp le  (834/1) 5 8. 2 3 .2 1.249

b^rSC l 9 V ery  Deep R ose (n ea r 729) 2 4. 1 2.1 1.076

^ R S c l 9 Deep P u rp le  (n ea r 830/1) 4 4. 1 . 1 .002

B ^rsC l 9 G ray ed  R ose (27/1) 5 4. 1 .9 . 198

B^rScl 9 C arm in e  (730/1) 4 4 .1 . 1 .002

b ^ R sc l) 
b 2r S c l ) 6 P urp le  V io let (n ea r 732) 5 2 .8 2 .2 1.728

B ^rscl 3 Salm on Red (022/1) 2 1 .4 . 6 .257

b ^ rsC l 3 G ray ed  M id Salm on (027/2) 2 1 .4 . 6 .257

b ^ rs c l 1 Deep Salm on 0 .5 . 5 .5 0 0
256 118 117. 6 7. 143

p y . 80



67.

C ro ss  22

(M oonbeam  x Blue Seedling) x Blue Seed ling

N o n -seg reg a tin g  G enes - Ivb2R C lIn2Dil

G enotype R atio  C o lo r Obs. Exp. Diff. D2/ e

Vini 2 M id Blue (35) 14 16.2 2 .2 .2 9 9

V Ini 2 L ight Blue (636/1) 18 16. 2 1.8 .200

B^sin^ 1 M id L ilac  (31) 9 8 . 1 . 9 . 100

B jS in | 1 M agenta (732/1) 7 8.1 1. 1 . 149

B^sln^ 1 L ight L ilac  (633) 8 8. 1 . 1 .001

B^SInj 1 L ilac  M agenta (632) 9 8.1 .9 . 100
8

P >  . 95

C ro s s  23

65 64. 8 . 849

(M oonbeam  x Blue Seedling) x M oonbeam

N o n -seg reg a tin g  G enes -■ B j^ S In jh n ^

G enotype R atio  C o lo r Obs. Exp. Diff. D2/e

iv ------- 4 L igh t M agenta (733/2) 31 32. 5 1. 5 .0 6 9

IvRcl)
IvrC l)

2 M id M ag en ta  (732/1) 16 16.2 .2 .002

IvRCl 1 Deep M agenta (733/1) 7 8. 1 1. 1 . 149

Iv rc l 1
8

D ilu te M agenta (633/1) 11
65

8. 1 
64. 9

2. 9 1.038
1.258

P }  .7 0



68.

C ro ss  24

(Moonbeam x Deep Bright S carlet) x Deep Bright S carle t

N on-segregating  G enes - I v B ^ r c lD i l

G enotype R atio  C o lo r Obs. Exp. Diff. D2/e

SInin2 1 Deep L ila c  R ose (28) 4 7. 1 3. 1 1. 353

Sinln2 1 L igh t L ilac  R ose  (729/3) 9 7. 1 1. 9 . 508

S in jin^ 1 Deep B right R ose (n e a r 25) 4 7. 1 3. 1 1.353

Sin In9 
1 ^

1 Deep R ose (727) 6 7. 1 1. 1 . 170

s in j l r ^ 1 Deep Salm on Pink (23/1) 12 7. 1 4. 9 3. 382

s ln ^ h ^ 1 Salm on Pink (027/1) 8 7. 1 .9 . 114

sln^in^ 1 Deep S c a rle t (820/1) 8 7. 1 . 9 . 114

sin^ in 2 1 Deep Bright S c a rle t (721/1) 6 7. 1 1. 1 . 170
8 57 56. 8 7. 164

P ^  .3 0

C ro s s  25

(M oonbeam  x Deep Bright S ca rle t)  x M oonbeam 

N o n -seg reg a tin g  G enes - B j^ S I n jh ^ d i l

G enotype R atio C olor Obs. Exp. Diff.
9

D / e

iv ------ 4 C ream 29 30. 5 1 .5 . 074

Iv-D il 2 L ilac  M agenta (31 to 633) 14 14 .6 . 6 .0 2 5

IvRdil 1 L ight M agenta (632/1) 9 7. 3 1. 7 . 396

Iv rd il 1 L ight L av en d er M agenta (n ear
633) 9 7. 3 1 .7 . 396

8 61 59. 7 .891
P }  .8 0



69.

C ro ss  26 

H a r r is  P u rp le  x C e le s tia l R ose 

N o n -se g re g a tin g  Gene - Iv

G enotype R atio C o lo r Obs. Exp. Diff,

B jI^R In i 81 M agenta (632/1 to 31) 53 50. 3 2 .7

BiB2r I n i 27 R ose M agenta (730/2) 14 16. 8 2 .8

b jI^R In ^ 27 L ight M agenta (632 to 732/1) 21 16.8 4 .2

Bib2R Ini 27 Deep L ilac  (30) 15 16. 8 1.8

Bl B2R in l 27 M agenta P u rp le  (732 to n e a r 
732) 15 16. 8 1.8

Bjb2R in j)
biB2R in j) 18 V io le t (33) 12 11.2 . 8

b jb 2R - - - 12 V io let Blue (934) 4 7 .6 3 .6

B1B2r in 1 9 L ilac  R ose (630) 7 5. 6 1 .4

b 1B2r I n 1 9 M id R ose  (29/1) 3 5 .6 2. 6

Bib 2r l n i 9 L igh t Blue (633/1 to 634/1) 4 5. 6 1 .6

B j ^ r i n i ) 
b lb 2r — ) 7 M id Blue (733) 7 4. 3 2. 7

bl B2r in l 3
256

Deep R ose (29) 

P > . 5 0

4
159

1. 9 
159. 3

2. 1

)2/e  

. 145 

.467  

. 050 

. 193

. 193

. 057 

. 705 

. 350 

1.207 

.4 5 7

.695

. 321 
'.840



70.

C ro ss  27

(H a r r is  P u rp le  x C e le s tia l R ose) x C e le s tia l R ose 

N o n -seg reg a tin g  G enes - IvB2SIn1 

G enotype R atio  C o lo r Obs. Exp. Diff. D2/e

B jR -- in 2) 
B |R clIn 2 )

3 M agenta P u rp le  (n ea r 732/1) 11 12.0 1 .0 .083

b j r - - i n 2)
B irc lln 2)

3 Deep R ose  (27) 11 12. 0 1 .0 .083

b |R - - I n 2)
bxR Clin2)

3 M id L ilac  (30/1) 12 12 .0 0 .0 .000

Bj R clin 2 1 C rim so n  P u rp le  (730) 5 4 .0 1 .0 .250

b i r - - I n 2 2 Deep L ilac  (630) 8 8 .0 0 .0 . 000

B ir - - in 2 2 D ull M agenta P urp le  (n ea r 31) 8 8 .0 0 .0 .000

b jR C lIn 2 1 Dull C rim so n  P u rp le  (729/1) 5 4. 0 1.0 .2 5 0

B ^ rC lI^ 1
16

C arm in e  R ose  (28)

P >  .9 9

C ro s s  28 

H a r r is  P u rp le  x H eavenly Blue

4
64

4 .0
6 4 .0

0 .0 .000 
. 666

N o n -seg reg a tin g  G enes - hrt^R C lD il

Genotype R atio  C o lo r Obs. Exp. Diff. D2/e

B1SIn2 27 R eddish  V iolet Blue (n ea r 834) 15 22.8 7 .8 2. 668

BjS — 12 V io let P u rp le  (n ea r 735 to n e a r  
937) 11 10. 1 . 9 . 080

b^SIn2 9 V io let Blue (735) 14 7 .6 6 .4 5. 389



71.

C ro ss  28 Continued

Genotype R atio C olo r Obs. Exp. Diff. D2/ e

BI Sin2 9 Deep M agenta  (near  735) 8 7 .6 .4 .021

Bl s in2 3 C r im s o n  V iolet P urp le  (near  
937) 4 2. 5 1. 5 . 900

b j S i ^ 3 Deep Blue (35/1) 1 2. 5 1 .5 .900

b |S in 2 1
64

Violet C r im so n  (931) 

P ^  . 10

C ro s s  29

1
54

.8
53. 9

.2 . 050 
10. 008

(H a r r i s  P urp le  x H eavenly Blue) x Heavenly Blue

N o n -seg reg a t in g  G enes  - hd^R SC lIn : Dil

Genotype Ratio C olor Obs. Exp. Diff. ■p.2 /D / e

Bl In2 1 Deep Blue (n ea r  37 to n e a r  834) 21 16. 0 5 .0 1. 562

Bl in2 1 Deep M agenta  Pu rp le  (733) 16 16 .0 0 .0 . 000

b j ln 2 1 Light Blue (n ea r  937/3  to n e a r  
35) 8 16.0 4. 0 4. 000

b l ln2 1
4

Mid Blue (37 to n e a r  937/2)

P y  . 10

C ro s s  30

19
64

16. 0 
64 .0

3 .0 . 562 
6. 124

(H arr is ; P u rp le  x H eavenly Blue) x H a r r i s  Purple

N o n -seg reg a t in g  G enes - IvBjb2RClIn2Dil

Genotype Ratio C olor Obs. Exp. Diff. D2/e

SIn1 1 V iolet Blue (n ea r  937/2) 17 16. 2 .8 .040



72.

C ro ss  30 Continued

Genotype R atio C olo r Obs. Exp. Diff. D2/ e

Sinj 1 Deep Blue (n ea r  36 to n e a r  735) 20 16. 2 3 .2 .632

sln^ 1 P u rp le  Violet (n ea r  834) 17 16.2 1.2 .089

sin^ 1

4

Violet P u rp le  (n ea r  834/1 to 
n e a r  937)

P ^  . 30

C ro s s  31

11
65

16.2
64.8

5 .2 1. 669
2. 430

H a r r i s  P urp le  x Salmon and White

N o n -seg reg a tin g  G enes - IvsIn2Dil

Genotype R atio Color Obs. Exp. Diff . D2/ e

B B„RC1 
1 2

81 Deep P u rp le  (732/2 to 834) 91 8 2 .9 8. 1 .791

Br -R c l 36 White 31 36. 8 5. 8 . 914

Bib2RCl 27 Violet Blue (934 to 934/1) 25 27. 6 2 .6 .245

b 1B2 RCl 27 P urp le  (n ea r  732 to n e a r  931) 26 2 7 .6 1.6 .0 9 3

B2B2rC l 27 Deep Rose (632 to 730) 23 27 .6 4 .6 . 767

b^B2Rcl 9 Royal P urp le  (834 to n e a r  934/1)13 9 .2 3 .8 1. 570

b ^ R C l 9 G ra y e d  R ose  Purp le  (033) 9 9 .2 . 2 .0 0 4

b ^ r C l 9 Light R ose (628/1) 7 9 .2 2 .2 .5 2 6

B^b2rC l 9 G ra y ed  Deep R ose  (031) 15 9 .2 5. 8 3. 656

BiB2r c l 9 Salmon Red (025/1) 6 9. 2 3 .2 1. 113



73.

C ro ss  31 Continued

Genotype R atio C o lo r Obs. Exp. Diff. D2/e

- -b 2r c l 4 Deep Salm on (025/2) 3 4. 1 1. 1 .295

b jb 2Rcl 3 Blue P urp le  (n ea r  937) 5 3. 1 1 .9 1. 164

b ^ I^ rc l 3 M id Salmon (0625) 3 3. 1 . 1 .003

b jb 2rC l 3
256

G ra y ed  Light R ose  (527) 4
261

3.1 
261. 9

.9 .261
11.402

P >  .5 0

C ro s s  32

(H a r r is  Pu rp le  x Salmon and White) x H a r r i s  Purple

N o n -seg reg a t in g  G enes - IvB^RsClh^D il

Genotype Ratio C olor Obs. Exp. Diff. D2/ e

V - 2 Deep P urp le  V iolet (n ea r  732) 37 32. 5 4. 5 . 623

b2In l 1 V iolet Blue (n ea r  937/3) 16 16.2 . 2 .002

b2in j 1
4

V iolet P urp le  (937) 12
65

16.2 
64. 9

4 .2 1 .089 
1. 714

P >  . 30

C ro s s  33

(H a r r i s  Pu rp le  x Salmon and White) x Salmon and White 

N o n -seg reg a t in g  G enes - Iv I ^ s I n jh ^ D i l

2
Genotype R atio  C olor O bs. Exp. Diff. D / e

- -RC1 2 G ray ed  Pu rp le  (n ea r  0027/3) 19 15.8 3 .2  .648

—  r c l  2 Salm on S c a r l  e t  (23/1 to 022) 14 15.8 1 .8  .205



74.

C ro ss  33 Continued

Genotype R atio C olo r Obs. Exp. Diff. D2/ e

B jrC l 1 Light S ca r le t ,  Slightly G rayed  
(0023) 11 7. 9 3. 1 1. 216

B1Rcl 1 Deep P u rp le  (733 to n e a r  834/2)■ 8 7. 9 . 1 .001

b jR c l 1 G ra y ed  Deep R ose (727 to n e a r  
727/1) 7 7. 9 .9 . 102

b ^ C l 1
8

G ray ed  L i lac  (0027/2) 

P }  .5 0

C ro s s  34

4
63

7 .9
63 .2

3. 9 1. 925 
4. 097

H a r r i s  P urp le  x White Perfec tion

N o n -seg reg a t in g  G enes - b2RCl!n2

Genotype R atio C olo r Obs. Exp. Diff. D2/ e

IvBjSDil 81 Deep M agenta (730 to 732/1) 64 75 .0 11.0 1.613

iv --------- 64 C re am  (433/3) 62 59.2 2 .8 . 132

IvbjSDil 27 D ark  Blue (735 to 934/1) 25 2 5 .0 0. 0 .000

IvBj sDil 27 V iolet P urp le  (834 to 934) 25 25 .0 0. 0 .000

IvB^Sdil 27 M agenta  (732/2 to 733) 26 25. 0 1 .0 .040

IvB^sdil 9 R ose  M agenta (830/1) 12 8 .3 3 .7 1.649

Ivb^sDil 9 L ilac  M agenta  (31) 12 8 .3 3. 7 1.649

Ivb^Sdil 9 Light Purp le  M agenta (near 
732) 9 8 . 3 . 7 .059

IvbjSdil 3
256

L ilac  Pink (29) 

P > . 7 0

2
237

2 .8  
236. 9

. 8 .228 
5. 370



75.

C ro ss  35

H a r r i s  Pu rp le  x Deep Bright S ca r le t  

N o n -se g re g a t in g  G enes - IvBjSclDil

Genotype R atio  C o lo r Obs. Exp. Diff.

B^RClIn^ 81 Deep Pu rp le  (n ea r  732 to 934) 56 61. 1 5. 1

B2R Clin2 27 R eddish  Violet P u rp le  (834 to 
n e a r  934) 22 2 0 .4 1 .6

B2fC lIn 2 27 G ray ed  Deep Rose (031 to 
931/2) 26 20 .4 5. 6

B2RCIL12 27 L ilac  R ose  (28/1 to 29) 15 2 0 .4 5 .4

b2RClIn2 27 R eddish  Violet Blue (near 934) 22 20. 4 1.6

b2rC lIn 2>
B2rC l in 2)

18 G ray ed  L ilac  (027/2) 11 13.6 2 .6

B2R clin2 9 V iolet P urp le  (937) 1 6. 8 5. 8

b2R Clin2 9 M agenta  Pu rp le  (29/1 to 735/1) 5 6 .8 1.8

B2r c l ln 2 9 Light Salm on Red (625) 6 6. 8 . 8

b2RclIn2 9 Purp le  R ose  (729/1 to 29) 11 6. 8 4 .2

B2r c l in 2)
b2r c l ln 2)

6 Salmon Red (024) 6 4 .6 1 .4

b2R clin2 3 V iolet Blue (near  36) 6 2. 3 3 .7

b2fC l in 2 3 G ray ed  Salmon Red (near 827) 6 2. 3 3. 7

b2rc l in 2 1 S c a r le t  (022) 1 .8 .2
256 193 193.5

P >  . 02

P 2/ e

.426

. 126

1. 537 

1 .429

. 126

. 497

4. 947 

.476  

.094

2. 594

.426

5. 952

5. 952

. 050 
24. 632



76.

C ro ss  36

(H a r r i s  P u rp le  x Deep Bright S ca rle t)  xD eep  Bright S ca r le t  

N o n -s e g re g a t in g  G enes  - IvB jB ^In^D il

Genotype R atio  C o lo r Obs. Exp. Diff. D2/ e

r C l h ^ 1 G ra y ed  Light Salmon (027/2) 6 8. 1 2. 1 . 544

RClin2 1 Deep V iolet (near 732) 9 8 . 1 . 9 . 100

RClIn2 1 C arm in e  (28 to 826) 7 8 . 1 1. 1 . 149

R clln2 1 R ose  (23/1 to 729/3) 7 8. 1 1. 1 . 149

R clin2 1 Deep C r im so n  P urp le  (730 to 
732/2) 9 8.1 . 9 . 100

rC lin 2 1 G ray ed  Deep R ose (027 to 0027) 12 8 . 1 3 .9 1. 878

rc l ln 2 1 Light S c a r le t  (022/1) 6 8.1 2. 1 . 544

rc l in 2 1 Deep S c a r le t  (820/1 to 23) 
8

P ;; . 80

C ro s s  37

9
65

8. 1 
64.8

.9 . 100 
3. 564

(H a r r i s  P urp le  x Deep Bright Scarle t)  x H a r r i s  Purple

N o n -s eg reg a t in g  G enes  - Iv B iR sc lh ^ D il

Genotype Ratio  C olor Obs. Exp. Diff. D2/e

" I n i 2 Deep Purp le  (near  934/1 to 834) 32 33. 5 1 .5 . 067

1 V iolet Purp le  (934 to 937/1) 18 16.8 1.2 . 086

b2in i 1 V iolet Blue (735 to 937/3) 
4

P . 90

17
67

16.8 
67. 1

. 2 .002 
. 155



77.

C ro s s  38

(Robin x Bright L ight S carle t)  x Robin

Non -s e g re g a t in g  G enes - I v B ^ r S c l I n ^ I ^

Genotype Ratio C olo r Obs. Exp. Diff. D2/e

dil 1 Deep R ose (26) 29 27. 5 1 .5 .082

Dil 1 Deep Bright R ose  (25) 26 27. 5 1. 5 .082
2 55 55 .0 . 164

P >  .5 0

C ro s s  39

(Robin x Bright Light S ca rle t)  x Bright Light S ca r le t

N o n -seg reg a t in g  G enes - I v ^ r c l D i l

Genotype Ratio C olor Obs. Exp. Diff. D2/e

BjS---- In 2 ) 3 Deep Bright R ose  (near  727/1) 14 10. 8 3 .2 . 948
B |S i n | i n |  )

b j S ---- In2> 3 Bright Mid Rose (26) 12 10. 8 1. 2 . 133
b j S i n i i n j )

- -S In j in 2 2 Deep R ose  (n ea r  26) 11 7 .2 3 .8 2.005

B^sinj — 2 S c a r le t  (n ea r  021) 6 7 .2 1.2 .200

b | s l n ^ ---- 2 Red S ca r le t  (820/2) 4 7 .2 3.2 1.422

b j S i n i ---- 2 Bright Light S ca r le t  (020) 4 7 .2 3 .2 1.422

B |Sln1i n 1 1 Bright S ca r le t  (820/3) 3 3 .6 . 6 . 100

B is ln i In 9 1 S c a r le t  Salmon (021) 3 3. 6 . 6 . 100
1 -L Z

16 57 57. 6 6. 330

P > .30
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C ro ss  40

Snowball x Heavenly Blue

N on-segregating  G enes - h^RSIn^

Genotype Ratio C olo r Obs. Exp. Diff. D2/ e

- -C lIn 2Dil 108 M id L i lac  (633) 132 123.6 .6 .003

- - C l in 2Dil 36 Deep L i lac  (632) 39 41 .2 2 . 2 .117

B2ClIn2dil)
B2c l in 2d il)

30 Light L i lac  (634/1) 38 34. 3 3. 7 .399

B2c lln 2 0 il 27 L ilac  Pink (530) 26 30. 9 4. 9 . 777

B2c lin 2Dil)
B2C lin2dil)

18 F ad ing  L ilac  (635) 25 20. 6 4 .4 . 940

B2c lln 2d il)
b2ClIn2dil)

18 V ery  Dilute L ilac  (533/1) 20 20 .6 . 6 . 017

b2c l ----Dil 12 Blue (537 to 636/1) 11 13. 7 2. 7 . 532

b2cl —  dil) 
b2C lin2dil)

7
256

White 11
293

8 .0  
292. 9

3. 0 1. 125 
3 .910

> . 70

C ro s s  41

(Snowball x Heavenly Blue) x Heavenly Blue 

N o n -seg reg a t in g  G enes - Ivb^RSClIn^Dil

Genotype R atio  C olor Obs. Exp. Diff.
2 , 

D / e

B2In2 1 L ight M agenta  (35/1 to 633) 18 16.2 1. 8 .200

B2in2 1 M agenta (732/1 to 732) 13 16. 2 3 .2 .632

b2In2 1 Light Blue (637 to 36) 15 16.2 1. 2 .089

b2m 2 1 Deep Blue (35 to 37) 19 16.2 2 .8 .484
4

P >  . 70
65 64. 8 1.405
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C ro ss  42

Genotype R atio

iv c l— ) 
ivC ldil)

Ivcl— ) 
IvCldil)

IvClDil

ivClDil

(Snowball x Heavenly  Blue) x Snowball 

N o n -seg reg a t in g  G enes - b ^ R S h ^ h ^

C olo r

3 P u re  White

Obs. Exp. Diff. D / e

23 2 4 .0  1 .0  .042

Light M agenta  (633/1 to 732/2) 27 2 4 .0  3 .0  . 375

1 M agenta  (533 to 31)

V e ry  Dilute M agenta  (630/3) 8

8 . 0

8 . 0  
64 6 4 .0

2. 0 

0.0

. 500

.000 

. 917

P > . 80

C ro s s  43

(Snowball x Heavenly Blue) x Blue Seedling 

N o n -seg reg a t in g  G enes - IvbjB2RIn2Dil

Genotype Ratio C olor Obs. Exp. Diff. 2D / e

SIn1 1 Deep L i lac  (733/2) 16 16.2 . 2 .002

Sinj 1 M agenta  (633 to 735) 14 16.2 2 .2 .2 9 9

sln^ 1 Light Blue (636/2 to 636) 18 16.2 1.8 .200

s in T 1 M id Blue (36) 17 16.2 . 8 .040
4 65 64.8 .541

P >  . 90



80.

C ro ss  44

Snowball x King Henry

N on-segregating  Gene - In2

Genotype R atio C olo r Obs. Exp. Diff. D2/ e

Rc SInjD il 81 Dull C r im so n  Purp le  (near 31) 98 86. 7 11.3 1.471

R SInjD il 27 L ilac  M agenta (633) 26 28. 9 2 .9 . 291

Rc sIn jD il 27 C rim so n  P urp le  (n ea r  732) 26 28. 9 2. 9 .291

Rc Sin^Dil 27 W hite V a rieg a ted  C rim so n  
P urp le  (733) 19 28. 9 9 .9 3. 390

Rc SIn1dil 27 W hite )> 25 28. 9 3 .9 . 526

Rc s ln 2d i l )  
R sin^Dil)

12 Light C r im so n  (828) 17 12.8 4 .2 1. 378

Rc s in ---- 12 C rim so n  (830/1) 12 12. 8 .8 .050

RcSin1dil 9 White S treak ed  M agenta (732) 10 9 .6 .4 . 017

R sln  Dil 9 R ose  C r im so n  (32) 13 9 .6 3. 4 1.204

RSin^Dil 9 Deep L ilac  (633/1 to 633) 11 9 .6 1 .4 .204

RSIn^dil 9 Light L i lac  R ose  (630/1) 9 9 .6 . 6 .038

Rsln^dil)
RSinjdil)

6 L ilac  R ose  (632) 7 6 .4 . 6 . 056

R sin^dil 1 Light R ose  (632/2) 

P >  .7 0

1 1 . 1 . 1 .009
256 274 273.8 8. 928



81.

C ro ss  45

(Snowball x King Henry) x King H enry 

N o n -s eg reg a t in g  G enes - I v B j R ^ l h ^ D i l

Genotype Ratio C olo r Obs. Exp. Diff. D2/ e

B2 -In j) 3 P urp le  C r im so n  (931/2) 27 24. 3 2. 7 . 300
b2SInj)

B2 - in i) 3 Deep P u rp le  C r im so n  (near 828) 25 24. 3 . 7 .020
b2 s ln j )

B2sln^ 1 C rim s o n  P u rp le  (732/1) 10 8.1 1. 9 . 446

b2 sin^ 1 C rim s o n  (1030) 3 8.1 5. 1 3.211
8 65 64. 8 3. 977

P >  .2 0

C ro s s  46

(Snowball x King Henry) x Snowball

N o n -seg reg a t in g  G enes  -■ B Sin In, 
2 1 1

Genotype Ratio C o lo r Obs. Exp. Diff. D2/ e

iV--------- 8 W hite 22 31. 5 9. 5 2. 865

Iv --R C l 2 Deep M agenta (31) 10 7.8 2 .2 . 620

Iv- -R cl 2 Light M agenta  (31/1 to 632/2) 11 7 .8 3 .2 1. 313

IvBjRc Cl 1 V ery  Deep R ose  (25) 3 3 .9 .9 . .207

Ivb1R c Cl 1 Deep Rose (826/3) 3 3 .9 .9 .207

IvB1Rc cl 1 Mid R ose  (28/1) 7 3 .9 3.1 2. 464

Iv b ,R ccl 1 Deep R ose  Pink (23) 7 3 .9 3.1 2 .464
1

16 63 62. 7 10.140

P >  .1 0



82.

C ro ss  47

Snowball x L ipstick

Non- seg regating  Genes - B2 SclIn2dil

Genotype Ratio C olo r Obs. Exp. Diff. D2/ e

Iv B jR -- - 108 L ilac  R ose  (629/1 to 630) 89 101.2 12. 2 1.471

I v B i r - - - 36 M id R ose  (627 to 26) 35 33.8 1 .2 .043

IvbjRIn^ 27 L ilac  (630/1) 24 25. 3 1 .3 .067

ivB^RInj 27 C ream  T in ted  R ose (530) 26 25. 3 . 7 .019

iv - -R in j)  
i v - - r i n j ) 
i v B ^ i n j )

27 W hite T in ted  (530/2) 27 25. 3 1. 7 . 114

Ivb-^r — 12 Deep R ose  (26) 19 11. 2 7 .8 5.432

ivb^RInj 9 Pale  M agenta (n ea r  630) 11 8 .4 2 .6 .805

Ivb jR in j 9 Light Mauve (30/1) 8 8 .4 .4 .019

iv b j r in j 1 C ream y  W hite 1 . 9 . 1 .011
256

P > . 30

C ro s s  48 

Snowball x H a r r i s  Purple

240 239. 9 7. 981

N o n -seg reg a t in g  G enes - Rhi2

Genotype Ratio C olo r Obs. Exp. Diff. D2/ e

B1- - I n iD i l )  
BxclinjD il )

B ^ l l n ^ i l

117

27

M agenta (33 to n e a r  33) 

Light M agenta  R ose (632/2)

112

16

109.2

25.2

2 .8

9 .2

.072 

3. 359

B iC lin .D il 27 Violet P urp le  (732 to 834) 28 25.2 2 .8 . 311



83.

C ro ss  48 Continued

Genotype Ratio C o lo r Obs. Exp. Diff. D2/ e

b 1 C lin j Dil 27 P u rp le  (733 to 934/1) 29 2 5 .2 3 .8 . 573

b j - - I n i  d i l )  
B jd ln ^ d i l  )

21 W hite 21 19.6 1 .4 . 100

b j -  -in^Dil 12 V iolet Blue (733) 14 11.2 2 .8 . 700

b jc lIn^D il 9 Blue (533/3 to 34/1) 6 8 .4 2 .4 . 686

B jC Iin jd il 9 F lu sh ed  L ilac  (533/2) 4 8 .4 4. 4 2. 305

- - c l i n j d i l )
b^Clin^dil)

7
256

M agenta Rose (632) 

P >  .3 0

C ro s s  49

9
239

6. 5 
238. 9

2. 5 . 962 
9.068

Snowball x Bright Light S ca rle t

N o n -seg reg a tin g  G enes - bjB 2cl

Genotype Ratio C olor Obs. Exp. Diff. D2/ e

Iv S In jh ^ 81 W hite 56 60.8 4 .8 . 379

iv ----------- 64 C ream 51 4 8 .0 3 .0 . 188

IvS in^h^)
Iy S In ^ i^ )

54 Light M agenta (533/1 to 633) 38 40 .4 2 .4 . 143

Iv s in ^ In ^
Ivs ln1in2)

18 M id Salm on (021) 22 13. 5 8 .5 5. 352

I v s l n j h ^ 27 Light Salmon (024/1) 15 20 .2 5. 2 1.339

Iv S in |in 2 9 M id R ose  (628/1) 8 6 .8 1.2 .212

Ivsin^in2 3
256

Deep Salm on (022/1)

n S  on

2
192

2 .2
191.9

. 2 . 018 
7.631



84,

C ro ss  50

(Snowball x Bright L ight S ca rle t)  x Bright Light S ca r le t

N o n -seg reg a t in g  G enes - I v b - ^ c l D i l

Genotype Ratio  C o lo r Obs. Exp. Diff. D2/ e

S h ij ln 2 1 Light R ose  (26/1) 10 7.8 2 .2 .620

S l n ^ i ^ 1 Deep Bright R ose  (28) 7 7 .8 .8 .082

Sin^In^ 1 C a rm in e  (28/1) 6 7 .8 1.8 .415

Sin^in2 1 R ose  R ed (25) 6 7 .8 1.8 .415

s l n j h ^ 1 Salm on Pink (024/1) 11 7.8 3.2 1. 313

s ln jin ^ 1 L ight S ca r le t  Salmon (623) 7 7 .8 .8 .082

sin  In 
1 2

1 Deep Salmon Pink (24/2) 10 7 .8 2 .2 .620

sin^in2 1 Deep S ca r le t  (820/2) 5 7 .8 2.8 1.005
8

P >  .7 0  

C ro s s  51

62 6 2 .4 4. 552

Snowball x Deep Bright S ca rle t

N o n -seg reg a t in g  G enes  - B2CI

Genotype R atio  C olor Obs. Exp. Diff. D2 /e

S ln jh ^ D i l 81 Light Rose (527/1 to 629/1) 82 79 .4 2 .6 .085

s ln j ln ^ D i l ) 
s ln^ in2dil )

30 Light Salmon (020/1 to 024/1) 28 29 .4 1 .4 . 067

S in ^ h ^  — 36 Deep R ose  V eined D eep er  (26/1 
to 727/1) 28 35. 3 7. 3 1.510

Sin^fr^D il 27 Deep R ose (628 to 629/1) 29 2 6 .5 2. 5 .236



85.

C ro ss  51 Continued

Genotype Ratio C olor Obs. Exp. Diff. D2/ e

S l n j I ^ d i l 27 Light R ose  Pink (530/2 to 
527/2) 24 26. 5 2. 5 .236

S i n j I ^ d i l )
Sin^in2Dil) 18 Bright V ery  Deep R ose (25) 14 17.6 3. 6 . 731

s —  I ^ d i l 12 C re am y  White 12 11. 8 .2 . 003

S i n j i ^ d i l 3 V ery  Deep R ose  (025) 4 2. 9 1.1 .417

s i n j I ^ D i l )  
s in j in 2dil ) 10 M id Salmon (427) 15 9. 8 5 .2 2. 759

s In j in 2Dil 9 Bright S c a r le t  (022) 6 8 .8 2 .8 . 891

s in 2in2Dil 3
256

Deep Salmon (622 to 0027/1) 4
251

2 .9  
250. 9

1. 1 .417
7 .352

> . 50

C ro s s  52

(C e les t ia l  R ose x Bright L ight Scarle t)  x Bright L ight S ca r le t  

N o n -seg reg a t in g  G enes - Ivb^B2rc l in 2Dil

Genotype R atio  C o lo r Obs. Exp. Diff. P 2/ e

SIn1 1 M id R ose  (27) 12 15. 0 3 .0 . 600

Sin-^ 1 Deep R ose  (727 to 824/3) 19 15 .0 4 .0 1.067

s ln i 1 Light S c a r le t  (721/3) 14 15. 0 1 .0 .067

sin^ 1 Bright Light S c a r le t  (020 to 
0625)

4
15
60

15.0
6 0 .0

0. 0 .000  
1. 734

P )> . 50
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C ro ss  53

(C e le s t ia l  R ose  x Bright Light S ca rle t)  x C e les t ia l  Rose

N o n -seg reg a t in g  G enes - Ivb1B2rS c lIn 1in2

Genotype Ratio C o lo r Obs. Exp. Diff. D2/ e

Dil 1 C arm in e  R ose  (727/1 to 26) 38 32. 5 5 .5 . 931

dil 1 Ligh t R ose  (27) 27 32.5 4. 5 .623
2 65 6 5 .0 1.554

P >  '. 20

C ro s s  54

S ilve r  Blue x Bright Light S ca r le t

N o n -seg reg a t in g  G enes - b j in2

Genotype Ratio C olor Obs. Exp. Diff. D2/ e

b2r s c i 81 M agenta  (633/1 to n e a r  934) 72 68 .0 4 .0 .235

b2RSCl 27 L ilac  V eined (632/2 to 635/2) 22 22. 7 . 7 .022

B2rSCl 27 L i lac  (537/2  to 632/2) 19 22 .7 3 .7 . 603

B2RsC1 27 G ra y ed  Rose (0027 to 033) 26 22. 7 3 .3 . 480

B2RSc1 27 C re am y  White 20 22. 7 2 .7 . 321

B2rs C l 9 G ra y ed  Deep R ose  (027) 12 7. 6 4 .4 2. 547

B2rS cl 9 V ery  Light L ilac  (537/3) 6 7. 6 1 .6 . 337

B2R sc l 9 Light L av en d er  (440) 9 7. 6 1 .4 .258

b2rSCl 9 Blue (637 to 37) 11 7. 6 3. 4 1.521

b2RsCl 9 V iolet Blue (934/1) 5 7. 6 2 .6 .889



87.

C ro ss  54 Continued

Genotype Ratio C olo r Obs. Exp. Diff. D2/ e

b2RScl 9 "White 5 7 .6 2 .6 . 889

I ^ r s c l 3 Salm on Pink (527/1) 3 2 .5 . 5 . 100

b2R sc l 3 F lu sh e d  Pink (527/2) 2 2 .5 . 5 . 100

b2rS cl 3 L ight R ose  (27/1 to 027/1) 5 2. 5 2. 5 2. 500

b2rs C l 3 G ray ed  Light Salmon (0027/1) 1 2. 5 1 .5 . 900

b2r s c l 1
256

Deep Salmon (022/1) 

P >  . 50

C ro s s  55

3
215

.8
215.2

2 .2 6. 050 
17.752

Tw inkles  x Light S carle t

N o n -seg reg a tin g  Genes - Ivr

Genotype Ratio C olor Obs. Exp. Diff. D2/ e

SClIn^In2 81 Satiny R ose  (527 to 027) 84 76. 9 7. 1 .656

s C l I n j ^ 27 Satiny Deep Salmon (024/1 to 
024) 26 25. 6 . 4 .006

S c l In ^ I^ 27 V ery  Deep R ose  (25 to 824/2) 28 25 .6 2 .4 .225

S C lin ^ h ^ 27 V ery  G ray ed  Rose (030 to 033) 24 25 .6 1.6 . 100

S C lIn | in 2 27 G ra y ed  Deep R ose  (0027 to 031)22 2 5 .6 3 .6 .506

s c l ln j f r ^ 9 Salmon S c a r le t  (021/1 to 021) 13 8 .5 4 .5 2. 382

s C l in ^ h ^ 9 G ra y ed  Salmon Red (025/1) 5 8 .5 3 .5 1.441

sC lIn j in2 9 G ra y ed  Deep Salmon (0023 to 
724/1) 5 8 .5 3. 5 1.441



88.

C ro ss  55 Continued

Genotype Ratio C olo r Obs. Exp. Diff. D2/ e

Selin 9 Deep R ose  (n ea r  26) 5 8 .5 3. 5 1.441

S c l ln p n 2 9 Bright Mid R ose  (727/1) 9 8 .5 . 5 .029

SClin^in2 9 G ra y ed  V ery  Deep R ose  (033/1) 6 8 .5 2 .5 . 735

S c l in | in 2 3 Deep Rose Red (824) 3 2 . 8 .2 .014

s C l i n ^ i ^ 3 Light G ray ed  Salmon R e d (26/2) 1 2 .8 1.8 1. 157

s c l l n ^ i ^ 3 M id Salmon (024) 3 2 .8 .2 . 014

sclin  j ---- 4
256

Light S c a r le t  (721/1 to 721/3) 9
243

P >  .2 0

C ro s s  56 

W hite P e rfec tion  x C e les tia l  Rose 

N o n -seg reg a tin g  G enes - b^SIn^dil

3. 7 
242.4

5. 3 7. 592 
17.729

Genotype Ratio C olo r Obs. Exp. Diff. D2/ e

B2RClIn2 81 R ose  L ilac  (629) 39 37 .6 1 .4 . 052

b2RCl — 36 L ilac  Rose (630) 22 16. 7 5. 3 1.682

V ' In2 36 Light R ose  (26/1) 18 16.7 1 .3 . 101

B2R clIn2 27 Pale  L ilac  (433) 12 12.6 . 6 .0 2 9

B2RClin2 27 L ilac  (630/1) 12 12.6 . 6 .0 2 9

B2rC lin 2 ) 
b2rC lIn 2 )

18 M id R ose  (628) 3 8 .4 5 .4 3.471

B2R clin2 9 Light L i lac  (530) 4 4 .2 .2 .010
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Genotype Ratio

C ro s s  56 Continued 

C o lo r

b2RclIn2

B 2rc lin2 ) 
b2rC l in 2) 
b2rclln2)

b2R clin2

b2r c l in 2

9 V ery  Pale  M agenta (533/3)

9 Deep R ose  (26)

3 L av e n d e r  L ilac  (30/1)

1 C a rm in e

Obs. Exp. Diff. D / e

2 4. 2 2 .2  1.152

5 4 .2

2 1 .4

0 .5
256 119 119.0

. 8  .152

. 6  .257

.5  .5 0 0
7.435

y  .5 0

C ro s s  57

(White P e rfec t io n  x C e les t ia l  Rose) x C e les tia l Rose

Non - seg reg a t in g  Genes - Ivb^ Sin j dil

Genotype Ratio C olo r Obs. Exp. Diff. D2/ e

R -- 2 L i lac  (632 to 629) 31 3 2 .0 1 .0 .031

rC l 1 V ery  Deep R ose  (25) 16 16.0 0 .0 . 000

rc l 1
4

Deep R ose  (26/1) 17
64

16.0 
64. 0

1.0 .062
.093

P )  .95

C ro s s  58

(White P e rfec t io n  x C e les t ia l  Rose) x White Perfec tion  

N o n -seg reg a t in g  G enes - b jiRSClIn^h^dil

Genotype R atio  C olor

IVB2 1 M agenta  (31)

Ivbo 1 L ight M agenta  (632/1)

Obs. Exp. Diff. D / e

11 15.5 4 .5  1.306

16 15 .5  . 5  .016
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Genotype

ivB2

iv b 2

Genotype

B2R In1Dil

B2rIn2Dil

b2RIn1Dil

B2RIn^dil

B2R in2Dil

- - r  In |  dil

b2rInjDil

b2RIn^dil

b2R in2Dil

B2r i n 2Dil

B2R in jd i l

C ro ss  58 Continued

Ratio C olor Obs. Exp. Diff. D2/ e

1 D ilute  M agenta  (633/1) 20 15.5 4 .5 1. 306

1
4

W hite

P ^  . 30

C ro s s  59

15
62

15. 5 
62. 0

. 5 . 016 
2. 644

W insom e x Violet Purple  Seedling

N o n -seg reg a tin g  Gene - Iv

Ratio C olor Obs. Exp. Diff. D2/ e

81 R ed P urp le  (near 830/1 to 830) 85 71.2 13. 8 2. 675

27 P urp le  M agenta (28 to 828) 21 23. 7 2. 7 . 308

27 R ed Violet P urp le  (near  730 
to 733) 18 23 .7 5. 7 1. 371

27 P urp le  (31 to 730) 21 23. 7 2. 7 . 308

27 Deep Red Violet Purp le  (834) 23 23 .7 .7 .021

12 Light R ose  (28/1 to 628) 15 10.5 4 .5 1.929

9 L av en d er  R ose  (630) 4 7 .9 3 .9 1.925

9 Light M agenta (28/1) 9 7 .9 1. 1 . 153

9 Bright Deep R eddish  Violet 
Pu rp le  (732) 7 7 .9 . 9 . 102

9 R ose  Pu rp le  (732/1) 6 7. 9 1. 9 .457

9 Deep L ilac  R ose  (near 29) 7 7 .9 .9 . 102
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C ro ss  59 Continued

Genotype Ratio C o lo r Obs. Exp. Diff. D ^ e

B2r in j d i l 3 Bright M id R ose (26) 3 2 .6 . 4 .062

b2r in jD i l 3 L i lac  R ose  (629) 1 2 .6 1. 6 . 985

b2R in jd i l 3 L a v e n d e r  M ag en ta  (632) 2 2 .6 . 6 . 138

b2r in id i l 1
256

M id R ose  (26/1) 3
225

.9
224. 7

2 . 1 4. 900 
15. 431

P >  .3 0

C ro s s  60 

W hite P e rfec tio n  x Salmon and White 

N o n -seg reg a t in g  G enes - b j l n ^ h ^

Genotype Ratio C olo r Obs. Exp. Diff. D2/e

B2RSDil 81 M agenta (630 to 632/1) 69 70.2 1.2 .020

b2RSDil 27 Pale  M agenta  (632/2) 25 2 3 .4 1. 6 . 109

B2rSDil 27 L ilac  Rose (629/1 to 630/1) 27 2 3 .4 3 .6 . 554

B2RSDU 27 M agenta P urp le  (629 to 733/1) 27 2 3 .4 3 .6 . 554

B2RSdil 27 W hite 23 2 3 .4 .4 . 007

B^rsDil)
b2RSdil)

18 L igh t L i lac  V eined  Red (601/3) 8 17.6 9. 6 5.236

B2“rSdil 9 L av en d er  Veined Purp le  (533 
to 29/2) 8 7 .8 .2 .005

b2RsDil 9 Bright M agenta (632) 11 7. 8 3 .2 1. 313

b2rSDil 9 Dull Salmon L ilac  (530) 8 7. 8 .2 .005

B2R sdil 9 R ose  Pink V eined  R ed (530/1) 4 7. 8 3 .8 1.851
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Genotype

b2R sdil)
b2rSdil)

b2rsD il)
E ^ rsd i l )

b 2r s d i l

Genotype

IvB^B2R

iv B ^ ^ R

Ivb j B2R

I v B j ^ r

iv  r

iv - -b2R

I v b j ^ R

Ivb^B2r

C ro s s  60 Continued

Ratio C olo r Obs. Exp. Diff. D2/ e

6 C re a m  F lu sh ed  (533/2 to 632/1) 9 5 .2 3 .8 2. 777

6 Deep Salm on (0625) 6 5.2 . 8 . 123

1
256

Salm on 0
222

.9
221. 9

.9 . 900 
13.454

P >  .3 0

C ro s s  61 

W insom e x S ilver Blue

N o n -seg reg a tin g  Genes - SClIn^ ^ d i l

Ratio C olor Obs. Exp. Diff.
_ 2 . 
D / e

81 M agenta (31 to n e a r  732) 80 67 .4 12.6 2 . 355

27 L av en d er  Veined D eeper 
(630/2 to 635/1) 23 22. 5 .5 .011

27 R ed V iolet P urp le  (730/1 to 
033) 19 22.5 3. 5 . 544

27 V iolet (n ea r  732/1) 17 22. 5 5. 5 1.344

27 R ose  (n e a r  630 to 26) 17 22. 5 5. 5 1. 344

16 C ream 16 13.3 2 .7 . 548

12 C re am  V eined R ed (601/3 to 
630/2) 10 10. 0 0. 0 . 000

9 Light M agenta Blue (33) 7 7 .5 . 5 . 033

9 Light M agenta  (632) 10 7. 5 2. 5 . 833
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C ro s s  61 Continued

Genotype Ratio  C o lo r Obs. Exp. Diff. D2/e

I v B ^ r 9 L a v e n d e r  (630 to 630/1) 7 7. 5 . 5 .033

ivBjb2r 9 C re a m  V eined  P urp le  (533) 7 7. 5 . 5 .033

Iv b jb 2r 3 Pa le  Blue 
256

0 2. 5 
213 213.1

2 .5 2. 500 
9. 578

P ^  .5 0

C ro s s  62

(W insome x S ilver Blue) x S ilver Blue

N o n -seg reg a tin g  Genes - RSClIn1in2dil

Genotype R atio  C olor Obs. Exp. Diff. D2/e

iy --B2 2 L av en d er  Heavily Veined (637/2) 18 16.2 1.8 .200

iv b !b2 1 L av en d e r  V eined  D eeper  (533/1) 9 8. 1 .9 . 100

ivBib2 1 O rch id  V eined  D eeper  (32) 8 8. 1 . 1 .001

IvBjB2 1 Purp le  M agenta  (31) 8 8 . 1 . 1 . 001

Iyb l  B2 1 Deep P urp le  (730) 5 8. 1 3.1 1. 186

IvBl b2 1 M agenta  Blue (34 to 35) 10 8. 1 1. 9 . 446

Ivb^b^ 1 V io le t Blue (735) 
256

P ^  .9 0

7
65

8. 1 
64. 8

1. 1 . 149 
2. 083
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C ro s s  63

W insom e x M id Salm on

N o n -seg reg a t in g  G enes  - Ivr

Genotype R atio C olo r Obs. Exp. Diff. D2 / e

B1SIn1Dil 81 Deep R ose  (26 to 27/1) 79 73. 4 5. 6 . 427

- - S in jD i l )  
B^Sin^dil )

45 Bright M id R ose  (628) 36 40. 8 4. 8 . 564

- - S In jd i l )
b jSIn^Dil)

63 Ligh t R ose  (24/2) 50 57. 1 7. 1 . 883

B^sIn^Dil 27 Deep Salm on (022) 25 2 4 .5 . 5 .0 1 0

B ^sln jd il )
b js In j iD il) 
b^sin^dil )

19 Light Salm on (523) 19 17. 2 1 .8 . 188

B jS in jd i l ) 
b jS in jD il) 6 M id Salm on (021) 10 5. 4 4 .6 3. 918

B^sin^Dil 9 Bright M id Salm on (622) 5 8. 2 3 .2 1 .249

b^Sin^dil 3 Light R ose  Pink (530/2) 2 2 .7 . 7 . 181

b ^ sb i jd i l 3
256

V ery  Light Salm on (623/1) 

P >  .1 0

C ro s s  64

6
232

2. 7 
232. 0

3. 3 4 .0 3 3  
11 .453

(Bright M id  Salm on x S ilver Blue) x Bright Mid Salmon

N o n -seg reg a t in g  G enes - Not Known

Genotype R atio C olor Obs. Exp. Diff. D2/ e

RSin2 1 Dull M agenta P urp le  (n ea r  732/2)10 8 .0 2. 0 . 500

RSIn2 1 P urp le  (near  1030/3) 5 8 .0 3 .0 1. 125
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C ro ss  64 Continued

G enotype R atio  C o lo r Obs. Exp. Diff. D2/ e

R s l ^ 1 L i lac  R ose  (28 to 632) 9 8 .0 1. 0 . 125

R s in 2 1 G ray ed  Deep R ose  (030) 6 8 . 0 2 .0 .500

rS In2 1 Dull Deep R ose  (26) 10 8 .0 2. 0 . 500

rS in 2 1 V e ry  G ray ed  R ose  (030/1 to 
031/1) 6 8 . 0 2. 0 . 500

r s l n 2 1 G ra y ed  L i lac  (0027/2) 9 8 .0 1. 0 . 125

r s in 2 1 Deep Salm on (022/1) 
8

P >  .8 0

C ro s s  65

9
64

8 .0
6 4 .0

1 .0 . 125 
3. 500

Blue Seedling x Deep Bright S c a r le t

N o n -se g re g a t in g  G enes  - Ivclin^Dil

Genotype Ratio  C o lo r Obs. Exp. Diff. D2 / e

- - b2r s 108 M agenta  (031/1 to 632) 72 ' 80. 6 8 .6 . 918

B1b 2RS 27 M agenta  P u rp le  (n ea r  732 to 
733) 18 20. 1 2 . 1 .219

Bl B2rS
27 Satiny R ose  (027 to 0027) 25 20. 1 4. 9 1. 194

B  ̂B2 R s 27 R ose  (28 to 729/1) 23 20 .1 2 . 9 . 418

b 1b2RS 9 M agenta Blue (35/1 to 35/2) 5 6. 7 1 .7 .413

b j ^ R s )
B |b 2Rs)

b l B2rS

18 V ery  Deep C arm in e  (729/1) 

9 L i lac  Pink (530 to 031/2)

14

8

13.4

6 .7

.6

1 .3

. 027 

.252

B jb2rS 9 M id L i lac  Blue (34) 6 6 .7 . 7 . 073
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C ro ss  65 Continued

Genotype Ratio C olo r Obs. Exp. Diff. D2/ e

BjB2r s 9 M id Salm on Pink (n ea r  24 /2 ) 6 6 . 7 .7 .0 7 3

B ib2r s 3 Deep Salm on (0023/1 to 024/1) 4 2 .2 1.8 1.473

b j - - r s 4 S c a r le t  R ed (n ea r  721 /2  to 022) 4 3 .0 1 .0 .333

b jb 2Rs 3 Deep Blue (n ea r  36) 3 2 .2 . 8 .291

b j ^ r S 3
256

M id Blue (36) 2
190

2 .2  
190. 7

.2 . 018 
5. 721

P ^  .9 0

C ro s s  66

(H a r r i s  P u rp le  x King Henry) x King H enry  

N o n -seg reg a t in g  G enes - I v B j ^ s C l I n j I ^ D i l

Genotype Ratio  C o lo r Obs. Exp. Diff. D2/ e

R CR C 1 Purp le  C r im so n  (n ea r  931) 28 3 0 .0 2 .0  .1 3 3

RCR 1 C r im s o n  Pu rp le  (n ea r  931) 32 3 0 .0 2 .0  .1 3 3
2 60 6 0 .0 . 266

P >  . 50

C ro s s  67

(H a r r i s  P urp le  x King Henry) x H a r r i s  P urp le

N o n -seg reg a t in g  G enes  - IvB2b2sClIn^In2Dil

D isca rd ed , by m is tak e ,  be fo re  exac t data was taken. Contained C r im so n  
P u rp le  (n e a r  931) and V iolet P urp le  (937) only.

C ro s s  68

(King H enry  x Deep Bright S ca rle t)  x King Henry 

N o n -s eg reg a t in g  G enes - IvBjRc sC lIn jIn 2Dil 

A ll C r im s o n  (827)


