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Summary. Cross-compatibility - of speaies in section
trachis Krap et Greg nom nud and chiomosome
pairmg and polen fertthis an thenr anterspeafic 1,
hvbrids were studied to turther understand the phylo
gencetic relatonships among these speaies Faeept those
with { hatizocor krap et Greg nom  nud
hetween diploid speaies have near nornal bivalent fre-
queney (91 9 &) and moderate to high pollen tertlity
(60 91%) Hvybnds between | batizocor and  other
species have fow bivalent frequenay (52 69) and very
low pollen fertihty (3 7%)  These results confirm the
carlier sepatation of these species mnto two o groups
based on haryomorphology and Mahalanobis D* cal-
culated on arm ratios  These studies also provide a
prcture of relative affinities between A hatizocor, the lone
member of one custer. and the other speaes, and among
the rest of the speaies They also indicate that the basic
chromosome complement m the two groups of species
15 the same Chromosome paiing in triploid hybrids (4
mpogaea | X diploid wild speaies). suggests that A ban
zocor 1s the dosest diplod relative ot A mpogaca 1S
closer to A mpoguea subspeaes fustigiata Waldron
than o 1 /upogaca subspeaies hypogaea Krap ¢t Rig
Other diplod species of the section Arachts are equi-
distant from 4 M pogaca. and have the same genome
which has stiong homology to one of the genomes of
A hpogaea Based on the present results the two tetia-
ploid species A monnicola Krap et Rig and 1 hpo
guea an be recognised as o forms of the same
speaies Breeding implications have been discussed m
the hight ot chromosome behaviour observed in hybrids
of .4 mpogaea X diploid speaies. and on the presump-

hybrids

* Submutted as Journal Artidde No 328 by the International
Crops Research Institute for the Semi-Anid Tropices (FCRISAT)

tons that 1 mpogaca has an AABB genomic const
tuton and that among the diplod speaes the °B
genome s present i | banzocor while the *A™ genome
iIs common to the other diplord speaes of section
trachy

key words: frachs Crossability C hromosome
parmg Pollen teruliny Genonmes Phyvlogeneti
rclationship - Cluster

Introduction

Several workers have reported resistance momany wild
frachis T species to important pathogens and pests of
trachis ypogaea T (Abdou ctal 1974 Subrahman-
vam ctal 1980 1983 Hebert and Statker 1981)  This
has given mmpetus to rescarch on two major aspeets
(1) brosystematic analvsis to undersiand phylogencetic
relationships between the frachy speaes and (2) the
transter of usetul traits from the wild speaes into
cultvated 1 hypogaea (Moss 1980)

The genus frachiy has been divided o seven scctions
(Gregory and Gregory 1979) The cultivated specaes 1 inpo
gaca s o tetraploid o section fracis Krap et Greg nom
nud and the speaes in this section are cross compatible and
closely related rrespechine of the differences i chromosome
number and morphology (Smartt 1964 Cabbons and Turlev
1967 Smuartt and Gregory 1967 Smartt ctal 19784 Gregory
and Gregory 1979 Singh and Moss 1982) Smartt et al
(1978 a) reported that the interspeafic hybnids between diplod
speaes with adentical karvotypes such as 1 illosa Benth
t correnting (Burk ) Krap et Greg nom nud and durancn
sty krap et Greg nom nud show moderate o high polien
stamability and those involving 1 batizocor Krap et Greg
nom nud show 0 to a maximum of 20 pollen stanability
Singh and Moss (1982) studied the relationships between
spectes of section Arachis induding 1 hypogaea by the
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analysis of the somatic chromosome complement. Based on
karyomorphological affinities and apphicaton of Mahalanobis
D? on arm ratio of chromosome pairs. the diploid species were
grouped into two clustes, one comprising only A batizoco
and the other comprising the rest of the speaies.

The present paper reports cross compatibility be-
tween species, and chromosome associations and pollen
fertility in F, hybrids involving all cight currently
available diploid and two tetraploid species of section
Arachis.

Materials and methods

The identities and sources of the nine wild speaies used have
been listed in a previous communication (Simgh and Mo
1982). Among the diplowd species are some collections which
are yet to be hotanically described and named but they have
been considered morphologically distinet entities of specitic
status by Gregory and Krapovickas (personal communica
ton). A monticola Krap. ¢t Rig. used 15 an accession which
does not flower on the main axis. The details of the cultivars
used (rom both subspecies of A hivpogaca are piven in Table 1.

Table 1. Taxonomic status and sources of cultivars of 4. hy
pogaca used in the present study
Name of cultivar 1CGonos

Origin
A hypogaea L. ssp. fastigiara
Waldron var. *fastigiata’ (Valencia)
1. Gangapuri’ 2738 India

A hypogaca Lo ssp. fastigiata
Waldron var. “vulgaris® (Spanish)

299§ 1472 Unknown

3. Chico’ 476 LISA
4. Titspan’ 1497 USA
S.91170° 4117 India
A hvpogaca Lossp.hypogaea
Krap.ct Rig. var. *hypogaca’ (Virginia)
6. "Robut 33-1° 799 India
7MY 156 India
8. *Makulu Red” 6391 Zambia

TCRISAT groundnut accession no
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All plants were grown and crosses made ina grcﬂnhous'u
at the International Crops Rescarch Institute for the Semi-
Arid Tropices (1CRISAT) Center, Patancheru. near Hvderabad.
India. during the rainy season of 1979, Some crosses were
repeated i subsequent seasons. The diploid species were also
crossed with six different cultivars of A hvpogdea representing
three botamcal varieties (Tables 1 oand §). In - these crosses
1 hypogaca was used as a female parent. and no reciprocal
crosses were attempted.

For hybridization the flower buds were emasculated be-
tween 1300 and 1500 h and pollinated the following day
between 06.00 and 08.00 h. Relative humidity was maintained
atabout 60 by running sprinklers for 30 min after emascula-
uon. Only one flower per node was pollinated. Nodes were
tagged. and the success of fertilization was checked by record-
mg pegs formed on tagged nodes. For evtological analysis.
voung flower buds were collected between 06.00- 08 00'h and
fixed in Carnoy fluid 1 for 24 h. They were then transterred to
Carnov fluid 1 containing a drop of % ferric chloride solution.
Ihe buds were dissected and anthers squashed in [5 aceto-
carmine. Pollen grains were staned in 1% acetocarmine and
stamned pollen grans were considered fernle.

Chromosome associations in diploid and triploid hybrids
were statistically analysed using one way analysis of variance.
Fisher and Behren's d-test was used for testing the significance
of mean bivalent assoctation between diploid - intracluster
hybrids of any one species with the hvbrids of the remaining
species.

Observations
A Diploid species hvbrids

Crossabiliry. Of the 56 possible combinations attempted
between eight diploid species. 46 combinations pro-
duced pods and seeds (Table 2). There were marked
differences inreciprocal crossability between pairs of
species. A, chacoense Krap. et Greg. nom. nud (Pl
276235). as female parent. failed to produce pods with
anyof the other seven species. and hybrids with
A cardenasii: Krap. et Greg, nom. nud.. as female
parent. could not be established. although both were
suceessful as a pollen parent. The crossability between
Abatizecoi and A species HLK-410 (P1338280) was

Table 2. Pods per 100 pollinations in crosses hetween different diploid wild species of section Arachis

- Parent A 1. A

Y Parent™ . villosa correnting chacoense

villosa 16.7 158

A - .
A correnting 16.2 10.5
A chacoense” 0 0

Asp. HLK-410 61.5 37.5 445
A cardenasii 9.3 29 9.5
4. sp. 10038 434 hRN 60.4
A duranensis 8.7 S37 70.4
A batizocoi 355 0.5 335

* Female did not produce peg or pod
0= not successtul

Asp. A ALsp. A. A.
HI.K-410 cardenasii 10038 duranensis — batizocoi
36.7 15.6 0 238 15.3

118 7.4 149 9.5 14.0

0 0 0 0 0

- 27.1 337 358 423

75 0 14 4.8
63.8 17.5 532 kPR
710 24.7 59.1 - 554
325 RRXU \] 303



Table 3, Chromosome associations in Fy hybrids of diploid species ofsection Arachis

7
(‘ross (hromasome assoctations (hrasma Termmalisaton Termimah- Pollen— D* v
Cofeguenaofchima wton s dsoe @
I ] Il IV welli-= il
T T Gl

Range Mean Range Mean Range Mean Runge Mean Range Mean Range Mean

Imtracluster

A corentina X A villosa* o2 04 99y 0 (T [ I T S I U N X 3 (108
Acomentina XA cheoense—— 0-4 08 800 96 0 0 (U S O AT (N 1 I A 1 IN 0
A correntimaX L HUK00 002 04 900 980 000 NSy NI e T p
Ao corentinaX A cardenasi 104 0T &0 g0 i T 1 Y S (1| Y ROV B n 088
A comrentinaX A sp. 10038 : : i 03
A corremina X A, duranensis' - : i 1l
A illosaX A, . 10038 e e N
A villosa X 4. duranensiy L S S (| N 1 U T 0 S 1] i 047
Lovilloa X A chacaense T | | | 1 S A O W S 11 il (12
A villax A sp. HLRAID : ' 7l 0.2
A HRIOX L 00 02 00 4097 0 00l 0 e N Y e N O
Asp HEKA0X A chacoeme 004 13 N0 940 (] [N T A (1 S ] 9] (126
A duranensis X A. chacoense A (| A | O 11 X T Y A AT PO 3 S fil 13

A

A5p. 10038X1. chacoense L A e A O
A AOX A doranensic 00 N Q09X Al TINe TN e

AdwranensisX A sp HIKAI0 04 05 8009000 am ool e e e gy i ny
A HOKHOX L cardenascs 00408 700 940 p ey o bl WS NN 0 14
Aoillosa X A cardenavii N L [ S T T N T O M TR R N T s 15y

A 003X A, cardenani L 1 [ | R U R | A BTy 1320 068 e 7 (s
A durgnonsisX A cardomass 02 06 S8 ol onl o 0y IS NNl oy | (158

Imercluster

A batizocorX £ sp. HLR-10- (1§01
A banzocorX 4. cardenani Y | S X A B A B T D N (Nl [ (1%
A banzocor X A chacoeme L O e N A ] i N
L. JOORX A, buzoenr® L S S | [ | LN R O 2 R [ f (IE"
A batizocorX A duranensiv A T S | B B 1V D L ) R AR KT Y I N d 14
A batezoconX A correniina’ R T S S | ] I L S R N A S 1] [
A banzoeorx A vilfosa’ R T L A (A | A M I I ([ SO

* Mean bivalent assocration signaicanth higher than the restof mteacluter hybrids
" Hbrids not anabsed

* Mean bivalentasoctation sigmificanth hower thar the rest of mtractuster bybridh
* Hvbnids died as seedlings

* Mean assocation vigmificanty different from the rev

"N ofcellyanalvsed per combinaton ranged from 2032
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Table 6. Chromosome associations i by hybnds Gxy ot 1l pogzaea (dyyxXowald speaies (2v) ot section trachn

Cross Chromosome assocrations”
| 1
Range Mean  Range Mean
hypogaca pogaca (Robut 33-1)
Invpogaca x A villosa 514 9.1 S X6
Ivpogaca X A correnting 6 14 83 70099
Iy pogaca X A chacocnse 70X w7 S N7
Ivpogacax 1sp HEK-410 Sold 92 702 06
hypogaca X 1. cardenasn 314 83 7012097
Ivpogacax 1osp. 10038 7014 100 o 11 Ko
Ivpogaca X A duranensis SR X3 L
L hypogaca X 1 batizocol 20 62 412 87
A hvpogaca fastigiata [ RRIN 612 w0

llll\P;lll)X 1. batizocon

Mcean associtions were signiticantly different from rest
Naoofeells analysed per combination ranged trom 2040

Table 7. Crossability and pollen stamability pereent of . hiy
pogaca X A monticola

Cross Crossabihity Pollen
(‘ pnd\/pnlli stan-
abiliny
L hypogaca /n'/rugum (Virgmia)
FCG IS0 monticola AN 90
RC(IPI\IL'.H S8 a0
1CG 03X X A monticola 27 84
U Inpogaca fastigiata (Spamish)
1CG 472X A monticolu 13 L)

[CG IS L monticola 17

female parent. was analvsed evtologicallv. A hybrid
between AL ivpogaea subspecies fastigiara X 1. batizocor
was albso included i the analvsis sinee o difterential
crossability reaction was observed between the two
subspecies of A vpogaca and AL batizocoi. Al triploid
hyvbrids tormed around 10 bivalents and 10 univalents
(Fig. 5y exeept A batizoco.. which
showed a lower frequencs of umvalents at the 3% level
of signiticance, and hyvbrids of L hypogaca subspecies
Sastigiata X A. baiizocoi. which showed a higher

those involving

fre-

quency of trivalents at the 3% level of significance
(Fig. 6: Table 6). However. the number of chromosomes

associating as hivalents. did not ditfer significantly
hetween different combinations (Table 6).
Chromosomal irregulantes i the form of laggards.
bridges. spindle abnormalities and uncqual distribution
were obhserved at Anaphase T (A D, At Anaphase 11
(A1) there were few lageards and no bridges though

there were more spindle abnormalities. Pollen stain-
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Pollen
B stain-
11 Y \ ability
Range Mean  Range Mean Range Mean %
0 1.0 02 02 19
02 0.0 01 0.1 20
(T 0x (VI ol 17
02 0.5 0| 0.3 13
3 s 0 02 9
03 1.2 01 01 I
02 10 o1 0.1 [
ns 20 00l 7
04 2 01 03 (1 004 10
ability ranged from 7% in A ivpogaca subspecies

Ivpogaca X A, batizocoi to 20% i A hvpogaca  sub-
species  vpogaca XA correnting - (Table 6). Stainable
pollen grains i these triploids showed much variation
in sizes exeept in L batizocoi triploids, where most of
them were of uniform size. Despite the low pollen
fertility in some of the triploid hybrid plants of A, hypo-
guea subspecies fasiigiata X A batizocoi a few carly
flowers produced pegs. while the triploid hybrids of
other species produced pees only a matutity. The pod
ferulity was very low: a maximum of 30 pods were
harvested from a single large old plant of A, fivpo-
guca X A cardenasii.

C Tewraploid species

lomonticola crossed more readily with 4. hvpogaca
subspecies livpogaca than with other botanical varictices.
Ihe crossability was higher (587 in the only reciprocal
cross attempted using A monticolad as a female parent
(Table 7). The chromosome  association in the I,
hybrids was normal in 72% of PMCs at MI culminat-
g into regular distribution of chromosomes in 92%
PMCs at AL The pollen stainability ranged from
84 90% in these hybrids (Table 7).

Discussion
Diploid species

Although several reports are available on hybridization be-
tween duphnd wild species of the section Arachis, they are
tragmentary and do not present uwmprghum\g or wmpdr.tblc
information on cross: thility between these species (Raman and
Kesavan 1962: Gibbons and Turley 1967 Gregory and
Gregory 1979 Stalker and Wyane 1979). The present studies
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have provided a comprehensive and comparable picture ot

crossabthity under uniform conditions i section Arachs and
have indicated  that crossability: could be as fow as 174
between the two species A villosa and L correntina which are
considered closely related by Burkart (1939) and Singh and
Moss (1982), and could be as high as 3535 between the
distantly related species such as A barizocor and A duranensis
(Singh and Moss [982). Although crossability has been usetul
at generig level i grouping the species mto seven sections
(Gregory and Gregory 1979) 1t has not corroborated the
carlier grouping of diploid spectes inosectton Arachin and s
not useful for tracing intrascctional aflimities between species
Crossability between A batizocoi and the other species was
near to the mean of intracluster crossability of the respective
species as female parent. This suggests that A batizocor,
although genetically: distant. s not different from the rest of
the species with respect o crossabilits. and that ity geo-
graphical isolation to western: Brazil along with two other
annual species, A duranensis and A species GKPT0038. has not
aftected its crossing ability: with other species of the section
The annual species. including A4 species HEK 4100 were the
hest female parents (Table 2). The differences in female cross-
compatibility are often assocated with habit and are ex-
plained by faster evolutionary divergence of the annuals as
compared to the perennial species (Stebbins 1971 However.
the higher female cross-compatibility of annual species m the
present investigation may be due to their recent origin, Temay
also be added that fatlure of A, chacoense 1o cross with any of
other diploid species as a female parent, but its success as a
male parent mdicates a4 possible evtoplasmie effect on the
crossability of this species. Cyvtoplasmic influence s also in-
dicated in crosses between AL species GKP 10038 and some
other species (Table 2).

Karvomorphological similarities and Mahalanobis D cal-
culated on arm ratio of mitotic chromosomes were carlier used
for tracing phvlogenctic relationships between the species
(Singh and Moss 1982). In the present mvestigation chromo-
some pairing in Fyohybrids (which predominantly: manifest
homology between chromosomes of the two species) was used
for tracing atfinities and for grouping. This would ascertaim
whether karyomorphologically identical chromosomes are also
genetically identical or not and how they have differentiated.
A reduction in bivalent frequency and increase in univalents
in a hybrid indicates reduced homology between parental
chromosomes. whereas formation ol multivadents and a de-
crease in bivalents indicates repatterming of genetic material
and no reduction in homology. However, both affect normal
bivalent associations although  they have difterent phylo-
genetic implications, A high frequency of bivalents in intra-
cluster hybrids (9.1 9.8). such as A, duranensis X A. cardenasii
and A. correntina X A. villosa suggests strong genomic similari-
ties between these species. whereas the low frequency of
bivalents (5.2-6.9) and high frequency of univalents (5.7-9.5)
in the hybrids involving 1. hatizocoi suggests the distinet
nature of the A, hatizocoi genome from the other diploid
species (Figs. 1-3: Table 3). The polien fertility in the hybrids.
except those of A hatizocoi, was moderate to high (60-91%).
whereas the hvbrids between AL barizocoi and the rest of the
species showed low pollen fertility (3-7%) (Tuble 3). These
results further strengthen the earlier conclusion of Singh and

Moss (1982) on using the D? distance for the division of

section Arachis diploid species into two clusters,

On relative affinities between A, batizocoi and species
from the other cluster, chromosome associations between
A batizocoi and A. specics HLK-410. the closest intercluster

species based on D? distance. could not be assessed because of

the breakdown of the hybrid seedlings before they flowered.
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However. the hvbnd ot 1 bancocor with U cardenasi, the
next cosest spedies on DY distance, had the second lowest
univalent trequency (004 and ghest mean bivalent associ-
ton (6.9, chiasmata fregquency and pollen terthty, strengthen-
ing the previous conclusions (Sgh and Moss 1982y Inter-
estingly, all three speaes. 1 hanzocor, 4 species HER-A10,
and A cardenasi have anadentcal pair of chiromosomes with
asecondary constriiction proximual o the centromere.

Based on the bivalent association (60.8) and the umvalent
frequeney (3.7) the next closest species to b banizocor s
spectes GRP 0038 However e did not ctoss with 1 batizoco
as o male parent. Probably these two speaies have ditteren-
tated more through structaral changes that have changed the
morphology ot chromosomes i relition 10 centromere posi-
tion. theretore mereamg D7 distance based on arm ratio. But
this difterentiation s without genctie alteration to decrease
chromosome parrg and chiasma frequeney per chromosome
1o the same degrees These changes are probably also asso-
ciated with evtoplasmie alteration which restnets this comh-
naton to one way crossmyg even though there s comparatvely
high genomie simfariny

duranensis can be considered tie next closest to 1 ha
tzocor by virtue of an adentcal pan ot chromosomes with
secondary constriction and svmpatne distnbution. However.
in not corroborated by chromosome assoctations and potlen
tertibity, which was comparatively Jower e therr hyvbnds
(Fable 3).

Sonie PMCsan 4 banzocor hvbrids have s eight or nine
bivalents out of a possible ten (big b suggesung that the
basic complement i A banizocor and another species s the
same. but it has differentiated gencncally and karvomor-
phologically: mamly throngh chromosomal changes aflecuny
homology of respective patr of chromosomes. although some
I'MCs have multivalents.

In the restof the speaies hy brids with near normal parmg.,
when the mean number of bnvalents for hyvbrids mvolving one
species was compared with the mean for all other intracluster
hybrids by Fisher and Behren's d-test the hvbrids involving
A cardenasiic had o signaficantly lower number of bivalents
(mean 9.3) than the hybrids of the other species (mean 9.0).
This s also supported by Tow chiasma frequeney and o higher
terminabisation: cocflicient i most ot s hyvbrids (Table 3).
exeept A duranensis X A cardenasii. which had higher chiasma
frequency. and A species GKP 10038 X A cardenavii, which
had Jower termmalisation. Thus, these: observations are in
agreement with carhier observations for a subgroup status of
A cardenayiic within larger cluster based on DY distance (Singh
and Moss [982).

On the other hand. the hybrids between A correnting and
other species showed a significantly higher bivalent association
(9.7). compared to other species hybrids (9.4). indicating that
this species has closer atfinities with the rest ol the species of
the cluster. including A. cardenasii: The mean bivalent associa-
tions in the hybrids of the rest of the species were not
significantly different suggesting that they form a group of
very closely related taxa. The higher mean bivalent associa-
tions (9.8) and pollen fertility (83%) n the A correntina X
A villosa hybrids and identical cvtological  behaviour of
their hybrids with other species suggest a close relationship
between A correntina and AL villosa. supporung the carlier
conclusions on varietal status of these two species (Burkart
1939: Singh and Moss 1982). Similarly, the absence of uni-
valents. the higher mean bivalent association (9.8) and pollen
fertility (74%) in hybrids between A. duranensis and A. species
GKP 10038 indicate that they can also be considered as the
forms of the same species. This was also evident from their
similar morphology. annual habit. sympatric distribution and
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1 distance. Observation of multivalents in the hvbrids ot these
two species suggests that they hase probably ditferenuated
from cach other by a reaprocal translocation. Multivalents
were also observed inother speaes hvhnds. the higher
frequency of quadnivalents i A duranensis hybrids mdicates
that A duranensis may have differentiated trom all the species
i the cluster by reaprocal translocations. The mean fre-
guenaes moother speaes hvbrids were Jow and did not
indicate i consislent pattern

Thus the present observations on chromosome asso-
ciation and pollen fertility in conjunction with mor-
phological evidence confirm the carlier grouping of the
diploid species of section Arachis into two clusters
(Smgh and Moss 1982). The paring behaviour and
pollen fertlity did not difter greatly between the mtra-
cluster hybrids but bivalent frequency was significantly
lower in the AL cardenasii hybrids compared to other

species hvbrids, suggesting o shightly distant nature of

A cardenasii from the rest of the species ot the larger
cluster. Further, these results indicate that A.correntina
is the closest o Ao villosa, confirming the carhier con-
clusion of Burkart (1937) and Singh and Moss (1982).
and that AL duranensis is the closest to A species 10035,

Diploid and tetraploid species

Crossability did not indicate any specitic relationship
hetween diploid species and any of the subspecies or
the botanical varicties of A1 hvpogaea. and crossability
probably depends more on the caltivar and species
than on subspecies or botamcal variety. However, the
cross A hvpogaca subspecies  Avpogaea X A hatizocoi
produced mostly immature pods and had a lower
seedling survival rate. indicating that 4. batizocoi is not
as closely related o AL ivpogaea subspecies hvpogacd as
101 10 AL hvpogaea subspecies fustigiata.
Chromosome  pairing in FFL hyvbrids
A hvpogaea subspecies hvpogaea and all the diploid
species did not differ significantly in relation to bivalent
associations, but significantly lower univalent frequen-
cies in the hybrids between two subspecies of AL fivpo-
gaca and A batizocoi. and a significantly higher tri-

between

valent frequencey in the hybrid of 1 hypogaca sub-
spectes fastigiata X A, batizocoi (Table 6 1. 6) suggest
that. in phvlogenetic terms. A batizocoi s the closest
diploid relative in section Arachis of A hvpogaea and
that the A betizocoi genome has greater homology with
that of A hvpogaca subspecies fastigiara than with that
ol A hypogaea subspecies hvpogaca. Morphologically
too, A barizocoi with its large light green leaves, a
limited number of n+ 1 branches. and sequential dis-
tribution of reproductive branches. is closer o A hypo-
gaca subspecies fastigiara than to A hypogaca sub-
species hypogaca.

In the FL hybrids between AL hivpogaea and the rest
of the diploid species of section Arachis, the chromo-
somes of diploid species paired with one set of chromo-

somes of AL pogaea toresult in mean: bivalent fre-
quencies ranging from .0 per PMC in A hipogaea X
A species GKP 10038 10 9.9 in A hvpogaea X A cor-
renting (Lable $). The other set of AL hypogaea chromo-
some remained unpaired as univalents. or occasionally
allosvndetic pairing between genomes leads o the for-
mation of more than ten bivalents. or both autosvndetic
and allosvndetic pairing between the chromosomes of
the diploid species and 1. vpogaea lead o the forma-
ton of multivalents, The pairing behaviour observed in
autotetraploids - and  amphiploids of - these species
crossed with A hivpogaca confirms these conclusions
tunpublished). Chromosome associations i these tri-
ploid hyhrids were not significantly different enough to
indicate any specitic relationship between A hvpogaea
and these species from the larger cluster, and thus they
appeared equidistant from A, hypogaca. The frequency
of chromosome associations in - triploid hybrids and
amphiploids from the tetraploid to hexaploid (Spiel-
man ctal. 19792 Singh and Moss. unpublished) does
not indicate cither the presence ot or the supression of
genes controlling pairing. Thus the level of chromo-
some associations has been considered as an indication
of genomic affinities,

Spindle abnormalities observed in triploid hybrids
at AL and Al resulted in the formation of restitution
nucler and unreduced gametes: the irregular segrega-
tion of chromosomes resulted in the formation of
haploid. diploid and hyperdiploid gametes. which were
seen as different sized stainable pollen grains. Thus,
pollen fertility (stainability) in these triploid hybrids
cannot be used as a measure of species relationships, as
meiosis s irregular and produces stainable unreduced
and haploid to hyperdiploid pollen.

A collective evaluation of duta on geographical
distribution.  morphology.  karvomorphology,  cross-
ability and chromosome associations in triploid hybrids
hetween A hypogaea and diploid species suggests that
A batizocot is the closest diploid relative of 4. hypogaca
contributing the "B genome. while the rest of the
diploid species are the close relatives of the *A™ genome
contributor to A hvpogaed. confirming the amphiploid
origin of 4. hvpogaea (Husted 1936: Gregory et al.
1980) like many other tetraploid crop species such as,
cotton (Phillips 1976) tobacco (Grestel 1976) and wheat
(Mac Kev 1975). ‘The morphological similarities, dif-
ferential success in establishing hybrids between two
subspecies of A hypogaca and A. batizocoi, the cyto-
logical behaviour of their F, hvbrids and our results on
crossing between A, Inpogaea and  amphiploids  of
A batizocoi (unpublished) indicate that 4. hatizocoi is
closest 0 A hvpogaea subspecies  fastigiata and  a
probable biphyletic origin for the two subspecies of
A hypoguea is more likely than monophyletic. These
observations indicate that the *B' genome of A. bati-
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zocoi may be i pivotal genome ike the “A™ genome in
tetraploid  wheat (Mac Kev 1975)0 The genome s
common to the two subspecies of L hvpogaea but the
evioplasm may not be. or unlike wheat the other
genomes involved are very closely related. The close
attinities  of other genomes results in fully - ferule
hybrids between the two subspecies of . Ivpogaca.

The genus Arachis is divided into seven sections,
most of the species are diploid  (2n=20). exeept
A hvpogaea, its wild form A monticola and Eurhizoma-
tosde species. Interestingly the compatibility relation-
ship between  tetruploid - rhizomatous  species and
annual species of section Arachis, including A baui-
zocoi. and diploid species of Erectoides led Gregory and
Gregory (1979) 1o inter another amphiploidization for
Eurhizomarosae species. involving cither AL hatizocor
or a closely related ancestor with o simalar genome,
Thus AL hatizocoi is possibily involved in tetraploidy in
the genus. and may have a critical role to play in
interspecific gene transfer.

Tetraploid species

Present studies on two tetraploid species, A hypogaca and
A monticola, besides contirming the high crossabihity between
the two (Smartt 1964: Singh ctal. T980: Palaniswamy and
Raman 1980). further revealed that the accession ot A maonti-
colu used in the present studies had higher crossability when it
was the female parent.and also its crossabihity was better with
A hvpogaca subspecies hvpogaca than with A fivpogaca sub-
species fastigiara var. “valgaris’. These results strengthen the
suggestion of Krapovickas and Rigont (1957) that A monticola
is a virginia type. The hvbrids between the two tetraploid
species were vigorous with a dominant runner habit. They
showed regular chromosome associations (in 72 of PMCs)
and a high pollen fertility (Table 7) suggesting i very close
relationship between the two species, o an extent that A mon-
ticola can be considered as another subspeaies of A hvpogaca,
but with wild habit. confirming carlicr conclustons of Smartt
(1964) and Singh and Moss (1982),

Implications for gene transfer

A. hypogaea has been considered to be of amphidiploid
origin, with AABB genomic constitution. The mor-
phological similarity between the two (known) marker
chromosomes of A, vpogaea and those in diploid
species led to the attribution of *B” genome 10 A, hati-
zocoi which contained one marker chromosome, and
‘A’ genome to an unidentified species of section Ara-
chis containing the other marker chromosome (Gregory
ctal. 1980). The reports of Smartt etal. (19784) and
Stalker and Wynne (1979) on pollen fertility of diploid
species hybrids of section Arachis confirmed the exis-
tence of two distinct genomes in section Arachis. This
concept of distinct genomes led Smartt etal. (1978b) o
predict difficulties in incorporating genes from these

wild species mto L nvpogaca, specttically i the light of
strong distinction between the two genomes present i
wild species and AL hrpogaea.
However. the present
pairmg provide evidence that the genomes are not
completely unrelated. despite the pollen steriliny re-
corded carlier in the hybrids that involved species with
different genomes. The formanon of six, cight or nine
bivalents n hvbnds between AL banzocor (with I
genome) and other diploid species (with *A™ genome)
and formation ot 10012 bivalents and 1 4 multivalents
in triploid hybrids between AL hvpogaca (with AR

results  on - chromosome

genome) and any of the diplowd species indicates that
intergenonmie pairing does oceur between the two
ecnomes existing 1 diplord wild speaies and those in
A ivpogaca (Tables 3 and 51 Thus recombination can
occur when different genomes tfrom species are brought
together afresh by interspecific breeding, Although
diploid "A" genome XUBT genome hybrids are com-
pletely sterife. many triploid and tetraploid hvhrids
with the AB genome have tormed viable seeds.

Thus the observed chromosome behaviour revealed
that the degree of mtergenomic and intragenomic
pairing ininterspecific hyvbrds s adequate 1o in-
corporate desired traits from these wild species into the
genomes of A npogaca through meiotic recombina-
tion.

The different pathways for gene transfer from wild
into cultivated species offer different possibilities for
intergenomic painng. ‘The tniploid route. via fertile
hexaploids produced by colchicine treatment. should
produce satisfactory genetic recombination and desir-
able segregants through allosvadetic pairing between
the two genomes of A hypogaea and that o wild
species as was observed by Spictman etal. (1979) 1n
hexaploids. Intriploid hybrids 23 29 chromosomes
participated in pairing. of which at least 36 represent
A B intergenomic pairing i the configuration of tri-
valents and quadrivalents. When fertite amphiploids.
tinvolving diploid species with A and B genomes) were
crossed with A, fivpogaea intergenomic pairing was also
observed in the hybrids (Singh and Moss, unpub-
lished). Triploids are also of vitlue. as they can produce
fertile tetraploid progeny (JCRISAT 1982) without in-
duced chromosome doubling as o result of meiotic
abnormalities after recombination at metaphase 1
However. there can be another method for induction of
greater recombination and fertility in the first genera-
tion hybrids e crossing of fertile amphiploids of
diploid AX B hybrids with A. hypogaea. This method
has been effective and many hybrids have been pro-
duced. The frequency of bivalents and trivalents in
these hybrids indicates that besides A-A and B -B
intragenomic pairing (upto a maximum of ten biva-
lents) A-B intergenomic pairing also occurs in bi-
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valents in exeess of ten and inrivalents and guadri-
valents,

The degree of intergenomic paring (A BoA B By
observed in tetraploid hybrids between AL nvpogaca
and A, batizocoi (4x) (unpublished) and triploid hy-
brids between oA hvpogaca and A batizocoi (Table 3)
indicates ethe success of the auto tetraploid route in
genetic transter from this species mto A ipogaca. The
ferility of the hyvbrid denvatives between A npo-
gaed X A, batizocoi (4X) and rapid production ot stable
tetraploids in subsequent generations suggest that inter-
aenomic pairing can produce viable gene combinations.
and that the genomes involved are closely related.
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