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Tn~ late W. C. F. New,on stm:ged l~he investigation of severM in~eresting 
crosses between species of Geranium in 1920. Since 1927 Prof. L. New- 
ton, J. F. S. I~udge, A. @. Faberg4 and F. W. Sansome have attempted 
to carry on ~he work at~ the John Innes HortieulturM Institution. Unfof  
tunai~ely the seed production under controlled conditions is meagre and 
the percentage of germination is low. For example, it has been usual to 
obtain 2-3 pIants from the pollination of all the flowers on one plant 
during a period of 2 months. Having regard ~o these difficulties it has 
been decided to put the scanty but suggestive data on record and to dis- 
continue the work. 

HYBI~IDS BETWEEN 6[. ] ~ N D [ i E S S I  GAY AND G. ,S 'TRI=tTU~l l  L .  

Table I contMns the results of the various crosses made between these 
two species. 

TABLE I 
Norma.1 MMo sterile 

Family Cross plan~s pianos 
25/22 E n d r e s s i  x s t r i a t u m  F .  2 1 
26/22 ~tr ia tum x End're3si  F ,  4 - -  

1/23 End,ressi  × s t r i a t u m  1~ ~ 4 1 
2/23 s t H a t u m  x E n d r e s s i  Fe  4 - -  
1/25 s h ' i a t u m  × E n d r e s s i  F~ 1 - -  
2/25 E~dres s i  × s t r i a t u m  F ,  1 - -  
3/25 25/22 c~-sterile x st.ri~ttum - -  1 
4-/25 11/23 c?-sterile x slriatu'm, - -  1 
5/25 11/23 c~-M;erile x E.ndressi  7 - -  
6/25 1 "~/23 c~-si;erile x str iatum,  - -  5 
7/25 1 ~/23 ~-sterilc × ~ 'ndress i  1 - -  
9/26 11/23 ~-s ter ib  × str i~t tum - -  2 

10/26 1.I/23 c~-s~erile z E n d r e s s i  1 - -  
11/26 11/23 ~-sterilc × (E. × s.) Y 1 1 1 
12/26 l i / 2 3  ~-s~orile x (s. x E.) Y i  5 3 
2/27 P/23  ~-steriie x (s, × E.) F 1 3 1 
3/27 1"/23 c~-stcrile × (s. x E.) Y 1 2 - -  
1/28 1 ~/23 c~-si~erile × (s. x E.) F 1 10 8 
2/28 1½/23 c~-sterilc × (3. x E.) .F~ 10 18 
3/28 1~/23 c~-sterilc x (E. x s.) )'1 1 4 
4/28 (E. X 8.) ]fll X (3. X ~ . )  A~ 1 4 5 
5/28 (s .  x E . )  F 1  x ( E .  x s . )  Iz I 5 - -  
6/28 (E. x #,) F I x s h ' i a t u m  3 2 
7/28 E n d r c s s i  x (s. x E . )  F s  22 7 

i Formerly Geneticist, John Innes I-][or~iculburM Ins6i~u~ion, Mer6on, England. 
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The facts suggest tha t  a factor carried by G. st,riatum when homo- 
zygous in the cytoplasm derived from G. Endressi causes the contabe- 
scence and petalloidy of the anthers. The plants carrying flowers with 
petalloid anthers have distinctive characteristics. The petals are smaller 
in size, very narrow and deeper in. colour than the normal striatum; the 
stamens are white in colour and the anthers more or less petal-like. The 
last characteristic is variable in degree, but  empty and deformed pollen 
sacs are a constant feature. The leaves of the pla,nt also may show dif- 
ferences from the hermaphrodite plant, under dry conditions the leaves 
of the male-sterile plants are narrower and more liable to shrivel. The 
evidence regarding segregation is summarized thus: 

TABLE II  
Petalloid 

Normal  an thers  
Endress i  x st .riatum .F. 7 2 
st.riatum x Endres s i  &~ 5 - -  
.F~ ~-sterfle x s t r ia tum - -  1.0 
I,'~ d'-sterile x End.ressi 8 - -  
l~' 2 ~-sLerile x F 1 32 35 
(E. x s.) P~ x (s. x E . ) / ~  ~l 5 
(s. x E.)  F1 x (E.  x s.) -gl 5 - -  
(B. x s.) 1~1 x st.riatum 3 2 
Endress l  x (s. x E.)  ] e~  22 7 

The postulated factor carried by G. st,riatum is recessive to an allelomorph 
carried by G. En&'essi. 

The crosses were made primarily to test the foregoing hypothesis but 
some evidence regarding the inheritance of other characters was obtained. 

The contrasting characters studied were: 

Petal- 
Pollen vefim 

G. E~zdressi Blue Da,rk 
G. s tr ia t~m Yellow Clear 
F l ' s  Blue D~rk 

The F~ segregation was: 

Dominants  Igecessives 
Blue Yellow pollen 
Dark  Light  veins 
Yellow stigm~ Red 
:Purple spot  No spot  

Pnrple spob 
8t;igma oll leaf 

:Red Prcsent  
Light  yellow Absent  
Light  yellow FMnb spot 

Dominan t s  I{ecessives 
45 14 
52 12 
48 15 
46 16 

There is no sign of linkage between these characters. Other crosses 
were made but most of them provided little useful data  concerning the 
segregation of these charaoters, since their parents were F,~ plants of un- 
known genotype and the families were of small size. 
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G. S , 4 N G U I N E U I ] I  L . ,  (~. ,S'~INGU]NIL'UM VAR. A L B U I ] t ,  ~ .  

L,IAr6'A,S'J'I~[EN,B'I~ MILL. 

These three forms of G. sa, ngu'ineu'n~ are found in the wild, and differ 
fl'om one another in a number of characters. The following differences 
wore studied in the experiments. 

Flower Pega,t- 
colom' veins Pollen Bud Habit  

(7. sangu ineum L. Nagen ta  Dark  :Blue l),evolute Sub-erect 
a.  sanguineum w~r. Wtfite Clear Yellow Imbrica te  Erect  

album 
G. la'~castrlense Mill Pale ] )ark  Yellow ImlMeate  TProstrate 

The data obtained are shown in Table III.  

TABLE I I I  
:Flower eolour 

Dominants- ]~eoessive (whi~e 
Cross magen ta  or la,ncastriense) 

l~', la~c. x sang. 92 - -  
F e lane. x albz~m 73 - -  
.F. a lbum x lane. 2 - -  
F e sang. x albu~n II - -  

F 1 (la,no. x sting.) x sang. 20 - -  

2 i (sang. x album) x album 4 -- 

~ i  (lane. x albu, m) x album 13 2 whi~e 
F~ (la'n(:. x alb~,'m) x la:~c. 40 1 lane., 2 merielin~l 
.F 2 (sang. x album) x album 13 2 white 

01fly one p lan t  of each tbrnl or/~'i was used fhroughoug the crosses in ftiis ~able. 

The F I and Y 2 hybrids between any two of these forms were, with a 

few exceptions to be mentioned, all similar in flower colour, imbricate 
vernation of flower bud, blue pollen oolour and distribution of colom: in 
the veins. The habit varied from subei'ect to subpi'ostrate in the FI and 
most of the F2 plants, but the latter showed a greater range and occasionally 
approached the habits of album or Ia, ncast~'iense. Two pianos in the F2 
of lancastriense x album had paler magenta flowers, revolute petals and 
yellow pollen. One of these exceptional planfs was used in breeding and 
gave, on crossing with lanca, striense, one plant of lancastriense type, wJ~h 
prostrate habit, lancc~st~'iense pet~,l oolota', veins and polle~i, and two 
plants which were merielinal chimaeras for flower colom" (sanguineum- 
magenta and laneast,riense-pink (see Table III). 

Table I I I  summarizes the segregation of flower eolour in these crosses. 
I t  will be seen tha t  the recessive colours are rare in occurrence, although 
the total  number of planf, s involved is rather small. The fact that  re- 
cessives were only recovered after back-crossing )7. plants which were 
vaguely different fronl their sister pla, n.ts is interesting. Early in the 



362 Some Expe'riments with G e r a n i u m  Species 

investigation it was thought that  lctncctst~'ie,nse and album contributed 
complementary factors for sany~ineum flower colonr and this appears to 
be confirmed by the available data. The scarcity of recessives was only 
accounted for when it was discovered that the chromosome number of 
these forms was 2n =8~, whereas other Gerct~biwm species have 2.~t =28.. 
The chromosome number was ascertained by hir l~udge. Dr Warburg, 
Botany Department, 0ambridge University, who has made a special 
study of the cytology of the Gergniaceae, has confirmed this chromosome 
number in a private communication. It is therefore suggested that auto- 
hexaploid ratios are here involved. Using I-Ialdane's formula for cal- 
culating the gametic output, we find that the segregation from hexaplcx 
dominant xreeessive would be 899 dominant: 1 recessive; duplex x 
recessive nutliplex would be 4 dominant : 1 recessive; simplex x recessive 
nuUipIex would be 1 dominant : 1 recessive (chromosomal or complete 
reductional segregation). 

On this basis the F 2 plants baekcrossed to the recessive parent may be 
triplex and duplex respectively, the ~12 : 1 and 13 : 2 ratios corresponding 
to the theoretical ~t0.8:2.2 and 12:3 ratios. Among the 178 plants of the 
F~ we should expect the following plants: 

A. A~ A,~ A s A 2 A I a 
Approx. 0.44 8.1 4~i 72.16 44: 8.1 0.~4~ 

if the segregation of the genes followed strictly chromosome segregation 

in an auto-hexaploid unaccompanied by other distm'bing influences. It 
will therefore be seen that  such theoretical considerations might account 
for the reduced segregation of flower colour in the ~2- The occurrence of 
two plants, some of the flowers of which were mericlinal chimaeras for 
sanguineum and laneast,rie~se may be significant. These occurred in one 
family where (on this theory) simplex plants were to be expected most 
frequently and they may indeed be simplex forms. An attempt was made 
to test these plants and other parts of the general problem by critical 
crosses but the practical di/~iculties mentioned earlier were too great. 

The remaining characters behaved in a similar manner to that of 
flower colour; the important point, however, is that  plants recessive for 
flower colour were recessive for the other characters, and the particular 
plants used in the F~ generations for crossing were selected because they 
carried recessive, or at least, different characteristics from the remaining 
F~ plants. I-Ience it is possible that there is close linkage between these 
characters. Naturally it was not possible to obtain definite information 
with this refractory material. 
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UtI~IARY 

From. the reasolls stabs([, al though there is no proof, the eviclmme 
indicates that : 

(i) There is ~ lacier  c,~rried by  G. st,r,i~tum which, in the  presene~ of 
cytoplasm of g. En&'essi, causes peta]loidy of the anthers. 

(2) There is autohexaplotd s%r%a.tion of flower colour i,1 (4. sc~.n- 
gtti,neum. 

]~EFERENCE 

H~mu'~ ,  J. B. S. (1930). "Thcorc6ie~l genetics of ~mtopolyploids." J. Genet. 22, 
359-72. 

Journ. of Genetics xxxiII 24 


