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Summary. After diethylsulphate treatment of seeds of the pea variety 'Parvus', a new floral mutation was isolated 
in the second generation. This mutation, named stamina pistilloida, is characterized by a partial fusion of the androe- 
cium with the gynoecium; the two marginal stamens of the staminal column are transformed in rudimentary carpels 
more or less differentiated according to ecoclimatic conditions. The genetic analysis has shown the monogenic and 
recessive behaviour of the mutation (gene proposed stp) and its linkage with the gene oh in the chromosome II. 

Introduction 
In our experiments  with physical and chemical 

mutagens (MoNTI, t968) several mutat ions have been 
induced, some of which resembling already known 
gene mutations.  

This note describes an induced muta t ion  for a new 
floral abnormal i ty  in pea. 

Material and Methods 
The M 1 branch progeny P 829c, coming from seed 

t rea tment  with diethylsulphate in the fodder pea 
'Pa rvus '  (MONTI and SCARASCIA-MUGNOZZA, t964), 
segregated in M~ for 2 plants with floral abnormalities 
in a total  of t4  plants. 

The muta t ion  was crossed with the mother  line 
'Pa rvus '  in order to have segregation da ta  and also 
crossed with the line no. 85I from LAMPRECHT'S col- 
lection (BLIXT, 1963) in order to investigate its linkage 
relationship with other marker  genes. Line no. 851 
is characterized by  the presence of several recessive 
genes, of which only those reported below have been 
taken into account in the segregation analysis (in 
brackets :  the linkage group): 
i (I) green cotyledons in the seeds; 
oh (II) reddish brown colour of testa of seeds; 
s (II) seeds sticking together;  
wb (II) little wax on the plant;  
k (II) reduced wings of the flowers; 
st (III) reduced stipules of the leaves; 
b (III) clariroseus flower colour; 
le (IV) short internodes; 
r (VII) wrinkled seeds; 
tl (VII) tendrils t ransformed into leaflets. 

The following percentages of recombination are 
known among some of those marker  genes (LAMP- 
RECHT, t961) : 
chromosome I I :  s (9) wb; s (20) k; wb (t8) k; 
chromosome I I I :  st (26) b; 
chromosome VI I :  r (5) t/. 

* Contribution No. 187 from the Laboratorio per le 
Applicazioni in Agricoltura, C. N. E. N., S. Maria di Ga- 
leria, Roma, Italy and No. 406 from the Biology Depart- 
ment of European Atomic Energy Community. 

The F 1 plants from both the crosses (with the mo- 
ther line and with line 851) were grown in greenhouse 
and a meiotic analysis was pursued; the F 2 segrega- 
tion analysis was performed in the field. A corrected 
chi square for disturbed segregations (MATHER, 1957) 
was used for detecting linkage and the crossing over 
values were calculated by  the product  method using 
the tables of STEVENS (t939). 

Da ta  on fertility, expressed as number  of ovules 
and seeds per pod, were collected on 20 mutan ts  and 
20 normal plants grown in greenhouse. 

For an histological analysis of the mutant ,  flowers 
from mutan t  and normal plants were fixed in FAA, 
dehydrated in an alcohol xylol series, sectioned at 
t6 microns, and stained with ferric hematoxylin-fast  
green. 

Results 

The histological analysis shows that ,  in the normal 
flower, the androecium and the gynoecium separate 
from each other, first on the side of the free s tamen 
and afterwards on the opposite side. In the mutan t  
flower, the gynoecium disjoins from the androecium 
on the opposite side of the free s tamen and remains 
fused with the staminal column and precisely with 
both the marginal s tamens (Fig. t -  5); the suture at 
the base of the carpel margins is often incomplete 
in the mutan t  because of the fusion above mentioned 
(fig. 5,6). The two stamens fused with the carpel get 
thicker and thicker, separate themselves from the 
staminal column and present reproductive elements 
with various degrees of differentiation (Fig. 7 - - t0 ) :  
in fact, those two stamens can show more or less 
differentiated rudimentary  carpels (fig. t t ,  12), 
without or with one or two normal campytotropous 
ovules outside (fig. 13, 14). The most  differentiated 
carpels are like small ovaries but  with free margins 
(Fig. i 5). The two pistilloid s tamens dissociate from 
the carpel at different levels and above the carpel- 
like tissue present rudimentary  anthers with dege- 
nerate pollen grains (fig. 12, 14). Apparent  normal 
st igma is present on the distal part  of each of the 
pistilloid s tamens (fig. 15). 
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Fig. 11-12, Transversal sections in a stp mutant flower 

Fig. 1 I. One "pistilloid" stamen fused with the carpel 

Fig. 12. At a higher level, the "pistilloid" stamen with its 
rudimentary anther and degenerate pollen grains 

Fig. t 3--14. Supernumerary ovules out of the carpel 

Macroscopically,  the main  differences between the  
m u t a n t  and tile normal  flowers are t h a t  the two pe- 
tals forming the keel are not  fused bu t  over lapping 
and tha t ,  ins tead of the  diadelphous condit ion,  there 
are in the m u t a n t  8 normal  s tamens  (7 connate ,  one 
free) and two pistilloid s tamens  conna te  at  their  base 
wi th  the s taminal  column and  with the normal  uni- 
carpellate pistil (fig. 16). On the ripe pods, the two 
pistilloid s tamens  remain as rud iments  on the ventra l  
su ture  (fig. t7). Fur thermore ,  it seems tha t  the  en- 
v i ronmenta l  growing condit ions influence the  mu ta -  
t ion  phenotype .  

No  difference was found  between the m u t a n t  and 
the  mother  line ' P a r v u s '  as to number  of ovules per 
pod (5.85 4-0 .13  for the m u t a n t  against  5.92 4- 

Fig. t--10. Flower transversal sections in control (left) and 
stp mutant (right). 
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Fig. 17 
A ripe pod of the stp mutant :  the 
two "pistilloid" stamens remain as 

rudiments on the ventral suture. 

Fig. 15--16. The gynoecium of a flower and a young pod of 
the stp mutant  where the abnormalities of the mutation are 

clear 

0.06 of 'Parvus ')  and number of seeds per pod 
(3.99 :k 0.36 and 4.22 • 0.18 respectively). 

The F 1 plants after backcross with 'Parvus '  were 
normal and had a good seed set ; no chromosome aber- 
ration was found at meiosis. In F2, on a total of 156 
plants a segregation of 25.64% was found (chi square 
for 3:1 = 0.034; 0.75 ~ P ~ 0.90), showing a re- 
cessive and monogenic behaviour of the mutation. 
The symbol stp (stamina pistilloida) is proposed to 
design this mutation. 

For linkage studies, 500 seeds, coming from 6 F 1 
plants after the cross between the mutant  line and 
the line 851 were sown; they gave 452 plants, 2t of 
which did not set seeds due to disease attack. 

Crossing over (%) values of 
31.3 + 2 .7andof  8.8 ~ 1.4 were 
calculated respectively between 
st and b and between r and tl. 
The values found for s, wb and k 
are reported in table 1. As to 
the gene stp, linkage was ascer- 
tained between it and oh located 
in chromosome I I  (chi square 
~--- 36.45 ; P % 0.001), with a cros- 
sing over value of 16.95 + 4.65 
(Table 1). 

D i s c u s s i o n  
Pistillody of any of the floral 

organs is a very frequent floral 
abnormality in higher plants 
(MEYER, 1966). More recently, 
mutations showing conversion 
of some stamens to pistils, have been described in 
different species of Gramineae (KIHARA, 1951; Moll 
a n d  NILAN, 1953;  BARABAS, t962; BATHIA and SWA- 
~IINATHAN, 1963; FEJER, 1966); MEYER and BUFFET 
(t962) have found external ovules on carpel-like 
tissue at the top of the androecium in Gossypium 
interspecific hybrids. In Pisum,  cases of pistillody 
of sepals (LAxTON, 1866; LAMPRECHT, t934; GOTT- 
SCHALK, 1961) and leaves (MARX and MISI~ANEC, 1964) 
are known. Also in pea, GOTTSCHALK (1961) has 
described an induced mutant  in which extra carpels 
are formed from anther and calyx tissue. Tile abnor- 
mality reported in this paper represents the first 
case of a clear conversion of some stamens to pistil- 
like structures. 

The main effect of the mutation seems to be the 
partial fusion of the androecium with the gynoecium. 

Table t .  F 2 segregation and recombination values (%) for the markers oh, s, wb, k of the chromosome I I  and the mutant 
gene stp 

Factors 
number of plants 

Phase * Phenotype 
Xx Yy Total 

X Y  X y  x Y  x y  

chi-squared Recombination 
value Segrega- Segrega- Joint  

t i o n o f x  t i o n o f y  Segregation** % 

Oh oh Stp stp ~R 2t8  84 t26 3 431 
S s Stp stp R 303 80 41 7 431 
Wb wb Sip stp R 270 79 82 21 452 
K k Stp stp R 267 72 85 28 452 
Oh oh S s C 272 30 t t t  18 431 
Oh oh Wb wb C 240 62 94 35 431 
Oh oh / f  k C 227 75 98 31 431 
S s Wb wb C 332 51 2 46 431 
S s  K k  C 3t5 68 10 38 43t 
Wb wb K k C 306 43 33 70 452 

5.59 5.32 36.45 16.95 4- 4.65 
44.18 5.32 1.o5 

t.18 f.99 0.23 
o.o0 t .99 0.62 
5.59 44.18 t.47 
5.59 t.43 2.26 
5.59 O.O4 o.o3 

44.18 t.43 166.53 6.68 -4- 1.25 
44.18 0.04 86.74 17.62 i 2.05 

1.18 0.00 131.31 t8.8t ~ 2.08 

* R = Repulsion; C = Coupling 
** The chi square for disturbed segregations was used (MATItER, t 957) 



20 L.M. MONTI and M. DEVREUX: Stamina pistilloida: A new Mutation Induced in Pea Theoret. Appl. Genetics 

According to HESLOP-HARRISON (1957), the growth 
of s t amen  and  pistil  p r imordia  is governed b y  the 
auxin  level and  , , the concen t ra t ion  p romot ing  maxi-  
mal  s t amen  growth is lower t h a n  t ha t  p romot ing  ma-  
x imal  pisti l  growth" .  The t r ans i t ion  forms of s tami-  
no-carpels  of our m u t a n t  could p robab ly  be due to 
an a l te ra t ion  of the re la t ive  concen t ra t ion  of auxins  
present  in the  flower p r imord ium and  the effect of 
the ec0climatic condi t ions  in the man i fes ta t ion  of 
this m u t a t i o n  could also be expla ined wi th  the influ-  
ence t h a t  those condi t ions  have on the auxins  avail-  
able at the d i f ferent ia t ing  apex. 

The m u t a t i o n  behaves  as a simple recessive Men- 
del ian character ,  and  it  does no t  seem to be due to, or 
accompanied  by  chromosome aberra t ion .  The qui te  
good correspondance be tween  the crossing over found 
by  us and  those repor ted  by  LAMPRECHT (1961) and  
BLIXT (1965), confirms tha t  no t rans loca t ion  is pre- 
sent  in our mater ia l ,  at least in the analyzed chromo- 
somie regions. 

The genetic analysis  has shown tha t  the gene res- 
ponsible for the m u t a t i o n  stamina pistil loida is locat-  
ed in chromosome I I  at a dis tance of abou t  17% of 
crossing over from the locus oh. F u r t h e r  studies are 
needed for more exact  local izat ion of the mu ta t i on .  
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Zusammenfassung 

Nach B e h a n d l u n g  yon  Samen der Erbsensor te  
' P a r v u s '  mi t  Di~ithylsulfat wurde in der 2. Genera t ion  
eine neue B l t i t enmu ta t i on  ausgelesen. Diese Muta-  
t ion,  die stamina pisti l loida b e n a n n t  wurde,  ist durch 
eine teilweise Verschmelzung des Androezeums mi t  
dem Gynaezeum gekennzeichnet .  Die beiden margi-  
na len  Staubbl~it ter  der S t a u b b l a t t - R 6 h r e  sind zu 
rudiment~iren Karpe l len  umgebi ldet ,  die en t sp rechend  
den 6kokl imat ischen Verh~iltnissen mehr  oder weniger 

differenziert  sind. Die genetische Analyse  ergab, dab 
sich die Muta t ion  (Gensymbol  stp) monogen  und  
rezessiv verh~tlt und  mi t  dem Gen oh im Chromosom 
I I  gekoppelt  ist. 
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