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Incorporation of Rust Resistance from Wild
Arachis Species into the Cultivated Groundnut
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Abstract

On the basis of genomic relationships in section Arachis in the genus Arachis screral eytogeneuc
manmipulations uere adopted to aid gene transfer from the diploid wild species (2n = 20) tnto the cultiv ated
tetraploid A hvpogaea (2n = 40) Trniplotd hybrids were produced beticeen A hypogaea and the cuht
diplowd rust-resistant species of section Arachis. Chromosome numbers in these hybrids were doubled to
produce hexaplods that were fertile and could be backcrossed with A hyvpogaca Some triploids did produce
a few seeds and seedlings, these progenies had varving chromosome numbers (2n = 20to 60) and produccd
a considerable range of recombinants Synthetic autotetraplowds and amphidiplowds were produced from the
diploid species They were then crossed with A hyvpogaea This has bridged the ploids gap between the
diplowd wild and the tetraplord cultivated species, and increased meootic recombinations Bachcrossing the
resultant hybrids with A hypogaea with a few interr ening selfing generations has produced a large number
of A hypogaea-like interspecific deriatives Screening these dertvatives identified segregants incorporat

ing genes from thewild species A cardenasn, A batizocor, A durinensis an1d A speaes GRP 10038 that
confer resistunce to rust.

Résumé

Incorporation de la résistance a la rouille dans les arachides cultivées a partir des espéces
sauvages d' Arachis : L’evistence de relations génomiques a l'intérieur de la section Arachis du genre
Arachis a permus de faire des manipulations cytogénétiques en vue d’un transfert des génes a partir des
espéces sauvages diploides (2n = 20) en tétraplowde cultii é A hypogaea (2n = 40) Des h+ brides triploides
sont obtenus des croisements d’ A hypogaea avec les huit espéces résistantes diploides de la section Arachis

Les nombres chromosomiques chez ces hybrides sont doublés afin d’obterur des hevaploides féconds
permettant le rétrocroisement atec A hvpogaea Certains triploides ont en effet produit quelques semences
et de plantules, ces descendances possédent des nombres chromosomiques variables (2n = 20 a 60) donnant
une large gamme de recombinants A partir des espéces diploides sont obtenus des autotetraplowdes ¢t des
amphidiploides de synthése Leur croisement arec A hypogaea permet de rapprocher, du point de 1ue
genomique, les diploides saurcges et les tétraplowdes cultivés tout en augmentant les reconbinarsons
méotiques Le rétrocroisement des hybrides avec A hvpogaea en passant par quelques generations
autofécondées produit un grand nombre de dériv és interspécifiques d'4 hypogaeca Parmi cesdéniiés, ona
reperé des ségrégants qui comportent des génes des espéces sauvages dont A cardenasn, A batizocor, A

duranensis et {'espéce GKP 10038 d'Arachis responsables de la production de la résistance a la roaille

Groundnut (Aractus hypogaea 1. ) rust caused by the
fungus Puccima arachidis Speg often resultsin yield
losses of over 50C7 (Subrahmanyametal 1979) The
disease can be controlled with fungicides, but

resource-poor groundnut farmers in the semi-and
tropics (SAT) need a groundnut cultivar that has

genetic resistance A wide range of groundnut germ-

plasm, cultivated as well as wild, has been screened
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for resistance to rust and several rust-resistant acces-
sions have been identified (Subrahmanyam et al
1980, 1982, 1983, 1985)

Ihe cultivated species, A Mypogaea (2n=40), has
been grouped with a number of cross-compatible
wild diplowd species (2n=20) 1n the section Arachis
(Gregory etal 1973) Allthese diploid specieshave a
high degree of resistance to groundnut rust ranging
from immunity (no visible symptoms) to hypersensi-
tnaty (a few small necrotic non-sporulating pustules
on leaflets) These are good sources of rust resistance
for use 1n geneuc improvement of A hpogaea

Ploidy differences between wild and culuvated
species 1n section Arachis are barriers to genetic
introgression A basic understanding of genomic
structure and nterrelationships between the species
has helped 1n the selection of procedures that can
overcome these barriers The present paper reports
the progress of work at ICRISA I onthe transfer of
genes conferring rust resistance from a few diploid

wild species into the cultnvated tetraploid species
using different genomic and ploidy manipulatons

Materials and Methods

I he sources and 1denuities of the eight diploid wild
species (2n=20) and the cultivars belonging to two
subspecies of A hiypogaea (2n=40), A hipogaea
subspecies hypogaea Krap et Rig and A hypogaea
subspecies fastigiata Waldron, all of section Ara-
chis, are gnenin Table | Hybnidizatuion between the
diploid species and culuvars of A hypogaea was
done in a screenhouse at ICRISAT Center The
techmgues followed for hybndizauon, cytological
analysis, polyploidy induction, and screemng
against rust in the field and under laboratory conds-
tons have been described earher (Subrahmanyam et

al 1950, Singh et a1 1983)

cles.
Sources and (axonomic status of parents used in transfer of rust resistance from wild spe

Table 1
S cultivar Coliector! Coll No 1CG No ? Ongin
pecies
i - 8144 Uruguay
A villosa (Benth) o $130 s
A correntina (Burk ) Krap et Greg GKP ?(5)232 o frbsi
A chacoense Krap et Greg GKlfz o o praent
A cardenasu Krap et Greg f{lﬁK P s Bobn
j::::i zzzzz GKP 10038 3:33 ;\\réz:::
r
A duranensis Krap et Greg ii ;3§§ ,8]24 s
1 hauzocor Krap et Greg K
Cultnated
4 Mpogaca L ssp fasngiata
Waldron var fasngiata (valencia) y
- 2738 ndia
1 Gangapun
4 hpogaea L ssp fasugiata
Waldron var vulgans (spanish)
- 1472 Unhnown
T o - 476 USA
s T - 1497 USA
o - 4117 India
5 91176
{ hipogaea L. ssp Inpogaca
Krap et Rig var ipogaca (virginia) d
) - 799 India
S - 156 India
¥ Mok - 6391 Zambia

8 Makulu Red

I G = Gregory H = Hammons K = krapovichas, L. = 1 angford, P - Pietrarell

2 1CG = ICRISAT Groundnut Accession

Kesults and piscussion
Transfer of rust resistance

Genome anah sis 1n the section Arac/us has revealed
that A hipougaca 1s a segmenta) allotetraploid with
two genomes “A™ and "B™ each with base number
10 Among the diploid species there are several spe-
cies with the "AA™ genomic constitution although
grouped as “A" genome species. these differ in
haryotype and there are geneuc differences within
“A" genome species (Singh and Moss 1982, 1984a),
the “BB™ genome 1s represented by 4 single species,
A banzocor (Husted., 1936, Smartt et al 1978,
Stalker and Dalmacio 1981, Singh and Moss, 1982)
Further studies have revealed that the two genomes
“A"and “B” are closeh related A hipogaca forms
predominantly bivalents, suppressing A-B interge-
nomic pairing However, such a cuppresaion of A-B
painng does not seem to occur at difterent Jevels of
ploidy in1ts experimental hybrids with wild species
(Smartt and Stalker 1983, Singh and Moss [9844)
Therefore, genctic introgression from wild diplowd
species of section Arachis into 4 hipugaea s pOssI-
ble provided suitable ploidy and genomic manipula-
tions are adopted

The cytogenetic manipulations used at ICRISA
to facithtate transfer of rust resistance from wild
diploud species into A hy pogaea outhned in Figure |
are discussed below

Crosses between tetraploid 4 A pogaea and
diploid species

A hpogaca 1s freel\ crossable with these diploid
species and direct hbridization between them and
4 hipogaea for gene transfer 1< the first logical
proposal Eight rust-resistant wild diploid species
were crossed as male parents with cultivars belong-
ing to two subspecies of A hipogaca, and triploid
hybrids were established The hybrids were vigor-
ous, with intermediate leaflet size and a traihing
habit, and expressed the dominant morphological
features of the wild species, they were also resistant
to groundnut rust

Cytological analysis of these hybrids revealed that
the 10 chromosomes contributed by the wild species
paired with 10 corresponding chromosomes of the
homologous genome of A4 Mpogaea 10 form 10
bivalents The 10 chromosomes of the non-homol-
ogous genome of A Mpogaea predominantly
remained unpatred, as univalents Homoeology of

wild spucies chromosomes with the non-
homologous genome of 4 hipogaea resulted 1n
mtergenomic pdairing and the formation of more
than 10 bivalents, or of multinvalents in some pollen
mother cells (PMCs) (Singh 1985) Such a pdairing
behavior indicates that merotic recombination
between wild and cultivated species does occur, but
the gametes so formed abort as a4 result of irregular
meiosis caused by high frequency of univalents, thus
rendening the tnploid hybnds stenile

Uise of amphiploids (hexaploids) of triploid hybrids.
Stertle triploids were treated with colchicine to dou
ble the chromosome number and restore fortibny
This has been the most common method tor genetic
introgression from wild species and  has been
adopted by many workers (Smartt and Gregory
1967 Raman 1976, Moss et al 1981) Ay Reading
Unnersitn. UK and at ICRISAT Center triplord
hybrids oetween all & diploid species and 1 /i po
gaea were raised to hexaplods Cytologically, heva-
ploids formed mostly bivalents (rtange 1010 30 mean
2110 24) butafew multinalentassoaations (range 0
to 8, mean I | to 27) have been observed (Singh
19865) imyolving the chromosomes of both wild and
cultinated species (Spielman et al 1979) Conse-
quently, recombinants with desirable traits of wild
and cultivated species were formed, though ata very
low frequency They were screened for resistance to
foliar diseases under ficld conditions during the
rainy seasons of 1978 and 1979 Segregants resistant
to rust and late leaf spot were selected and back-
crossed with 4 hpogaea to reduce their chromo-
some numbers and regain the agronomic traits of
A hpogaca

Backcrossing of hexaploids with 4 hipogaea
resulted 1n the production of 32 4 hy pogaea-like
tetraploid dervatives incorporating genes from 4
chacoense A cardenasi and 1 spueies HEK 410
These have been screened for resistance to rust under
natural field conditions during several rainy seasons,
and a large number of resistant segregants have been
selected (Table 2)

Use of triploid progenies.  Although triploids were
reported stenle they were found to produce some
seeds and seedhings (Singh and Moss 1984b) There-
fore. useful meiotic recombimanons that occur 1n
triploid hybnds are available for utihzation Lighty -
two percent of plants in progenies from triploids
were hexaploid, 10 ancuploid, and §¢¢ tetraplowd
I'he plants that have either 40, or less than 60,
chromosomes are important. because their use redu-
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Successive cycles of backcrossing with
A. hvpogaea (AABB), screening against rust.

Stable tetraploid (AABB)

Resistant to rust

Figure 1. Manipulations for gene transfer in Arachis.

Table 2. Number of stable interspecific tetraploid derivatives produced and number of plants selected from their popula-

tions for resistance to rust, JCRISAT Center, 1982, 1984.

Route Species

1982

1983 1984 Toual

Self Triploids  A. cardenasii Sy 5 (14) ] 14 (21)

A. chacoense 2 1 3
Hexaploids A. cardenasii 11 ¢23) 1(229) (6) 12 (258)

A. chacoense SO 24) (33) 7 (46)

A.sp HLK 410 1 (6) 2 10 13(7)
Autotetraploids A. barizocoi 2 4 () ) 6 (3)

A. correntina 2 2

A. sp GKP 10038 1 1

A.sp HLK 410 1 I

A. villosa 1 1
Amphidiploids 4. batizocoi » 4. chacoense ] 1

A. batizocoi x A. correntina 2 2

A. batizocoi » 4. duranensis I 2(27) (484) 3 (St

A. correnting »~ A, batizocor 2 2 1 15(1)

A. correnune » A. chacoense 4 4

A. correntina » (A. chacoense x A cardenasiiy 1 |

A. correntina x A. villosa 2 2 1 S

A. duranensis » 4. cardenasii I |

A. duranensis » 4. chacoense 1 REE)) 4.(1)

A. duranensis » A. sp GKP 10038 ! 1

A. villosa = A. batizocoi 2 S (18) (N 7(19)

A. villosa » A. sp HLK 410 2 2

A. villosa = A. duranensis 1 3 4

A.sp GKP 10038 ~ 4. sp HLK 410 1 (1) 16 17 (1)

A. sp HLK 410 x A. chacoense 4 4

A.sp HLK 410 x 4. sp GKP 10038 1 1

Total 41 (45) 48 (297) 43 (526) 132 (868)

1. Figures in parentheses are number of plants selected.

ces the number of backcross cycles required for the
production of stable A. hypogaea-like tetraploid
derivatives compared to the number of backcross
cvcles required from hexaploids.

Backcrossing the progenies from triploids with A.
hypogaea has resulted in the production of 17 stable
A. hypogaea-like tetraploids involving A. chacoense
and A. cardenasii. Rust-resistant segregants were
selected by field screening of these tetraploid deriva-
tives (Table 2). Certain selections were also found
resistant to late leaf spot (Phaeoisariopsis personata
(Berk. & Curt.) v. Arx.)

The gametic (pollen) fertility of these triploids
also indicates that they can be backcrossed with A.
hyvpogaea 1o produce A. hypogaea-like tetraploid
derivatives, as has been done in wheat (Kerber and
Dyck 1973).

Crosses between tetraploid A. hypogaea and
svnthetic tetraploids

The difference in ploidy levels between diploid wild
Arachis species and tetraploid cultivated 4. hypo-
gaea restricts sexual genetic introgression, because
of the low fertility of the triploid hybrids. Raising the
ploidy level of the diploid species to that of 4. hypo-
gaea and then crossing with A. hypogaea at the
tetraploid level is a useful option for gene transfer, as
in cotton, potato and tobacco (Knight 1953, 1954,
Wangenheim 1955, Stavely et al. 1973).

Use of autotetraploids of diploid species. The
autotetraploids of diploid species not only facilitate
crossing at the same ploidy level as the cultivated
species, but also provide an additional dose of the
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desired traits and may also permita forced homoeol-
ogous intergenomic (A-B) pairing to effect genetic

alteration in the non-homologous genome of A.
hypogaea. .

Autotetraploids of 6 wild diploid species have
been crossed with A. hypogaea. The F, plants were
vigorous, and resembled A. hypogaea. Thesc
hybrids can be either AAABor ABBB depcnd'mg on
whether an AA or BB species autotetraploid was
crossed with A. hypogaea. Homology of a ggnome
of 4. hypogaea with a diploid species can result in
the formation of bivalentsducto intragenomic (A-A
or B-B) pairing. Homoeology with the other genome
of A. hypogaea results in the formation of more than
10 bivalents (11.2 to 14.1)duc 10 intergenomic (A-B)
pairing or multivalents (1.8 t0 2.5) due to intra- and
intergenomic (A-A-B; A-B-B; A-A-A-B; A-B-B-B)
paining (Singh 1985). The hybrids between A. hypo-
gaca and the autotetraploids of section Arachis spe-
cies were resistant 1o rust (Singh et al. 1984c) and
were backcrossed with A. hypogaea. Eleven stable
A. hypogaea-like derivatives have been produced.
Of these. six were derived from the hybrids between
A. hypogaea and autotetra ploid A. batizocoi. These
have been screened during rainy seasons. Several
rust-resistant segregants have been selected (Table
2), and are being advanced.

Use of amphidiploids of diploid species. The pres-
ence of two homoeologous genomes, “A" and “B”,
among diploid wild Arachis species, and the occur-
rence of both genomes in A. hypogaea, suggest that
hybridization at the same ploidy level between }ctra—
ploid A. hypogaea and synthetic amphidiploids of
diploid wild species can be a promising approaf:h to
provide a high degree of recombination and highly
fertile hybrids.

Amphidiploids were produced fromsterile or par-
tially sterile interspecific hybrids, representing 34
combinations of the 8 diploid wild species of section
Arachis. Of these, 22 (AABB and AAAA amphidi-
ploids) have been crossed with A. Aypogaea. All t.hc
F, hybrids between A. hypogaea and amphidiploids
were resistant to rust. The hybrids between A. hypo-
gaea and AABB amphidiploids had higher bivalent
associations (14.4 to 16.4) and pollen and pod fertil-
ity, than the hybrids between A. hypogaea and
AAAA amphidiploids (10.8t0 15.0). In 4. hypogaea
x AAAA amphidiploid hybrids (AAAB), homoeol-
ogy between A and B genome results in the forma-
tion of more than 10 bivalents and a few multivalents
as a result of intra and intergenomic pairing. Subse-
quent backcrossing with A. hypogaea, sometimes

AR

with intervening selfing generations, have resulted in
the production of 72 stable A. hypogaea-like tetra-
ploid progenies. These tetraploid progenies were
screened for resistance to rust and late leaf spot
during rainy seasons. In derivatives A. hypogaea x
(A. batizocoi x A. duranensis amphidiploid) and A.
hypogaea * (A. villosa x A. batizocoi amphidiploid)
hybrid fertility has enabled the advancement of the
progenies into subsequent generations even without
backcrossing. Resistant segregants have been
selected from these progenies (Table 2).

A large number of A. hypogaea-like interspecific
derivatives incorporating genes from diploid wild
Arachis species have been produced that confer a
high degree of resistance against rust. The most
advanced lines involve a perennial species suchas A.
cardenasii, (resistant to both rust and late leaf spot)
and three annual species, A. batizocoi, A.species
GKP 10038.and A. duranensis (resistant 1o rustand
some groundnut pests). A number of ’
been evaluated in replicated trials
characters and for rust resistance (T
quently several lines resistant to rust
jor agronomic traits, e.g., ICG(C
ICG(C) 8,and ICG(C) 12, are being
many locations in the All Indi
Research Project for Oil Seeds (Al
In addition, a large number of deriv
four other species that are resistant
other pathogens and pests are bein

Genetics of rust resistance

Preliminary investigations on the ir

resistance derived from diploid w

shown that the F, hybrids between

diploid species, their autotetraploi

ploids, are resistant to rust, suggest

tance is governed by a partially

(Singh et al. 1984c). Identification

loci is in progress. The interspecific

A. hypogaea-like derivatives witl

wild species have been crossed

susceptible and rust-resistant A. A)

A. hypogaea rust-resistant germplasm lines have
also been crossed with susceptible cultivars. These
studies should reveal the inheritance pattern of the
two resistances and their relationships. These results
have generated a great interest in the utilization of
wild species as sources of rust resistance and in
combining resistance of wild species with that of 4.
hypogaea.

Table 3. Rust resistance (1-9 scale) and other i fsom
. . ‘ agronomic characters of some of th
triple lattice, plot size 10.8 m?), ICRISAT Center, 1984 rainy season o

dvanced interspecific derivatives! (8 » 8

Code Pedigree Rust Yield Haulm weight Shelhng
Pedig score (kg ha-1) (kg ha-1) %
CS 36 A. hypogaea = A. cardenasii 1.4 44
2403 A. hypogaea < A. cardenasii ].6 3 e e o
24044 4. hy/rf)gaoa x A. cardenasii ]‘6 ;4;(';0 S .
CcS7? A. hypogaea x A. cardenasii 1'7 4’88 £s0 0
CS 33 A. hypogaea * A. cardenasii 1.7 4; 8530 73
2245 A. hypogaea x A. cardenasii 1.9 4()(5)3 oty I
(_:S 2 (A. batizocoi x Arachis sp GKP 10038) ~ A. hypogaea 1:7 3510 Z:‘l)g ol
CcS 9 A. hypogaea x (A. banzocoi x Arachis sp GKP 10038) 1.7 :’730 ;1540 gfl»
Checks
Robut 3301
el 8.9 2880 3600 54
EC 26346 252) tjz 2170 4940 40
< - 2.8 2620 SK40 S
C Ac 17133-RF 72 4410 5000 (»T
gg () 27 15 1K l6
=0.7 314 4 27647 229
I All the dernatives are virginia-bunch type '
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