Utilization of Wild Relatives in Genetic Improvement of Arachis hvpogaca 1., V1.
Fertility in Triploids: Cyvtological Basis and Breeding Implications'
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ABSTRACT

The tnploid hyhnids between Arvachis hypogaca Leoand dip
Jord species of section Arachis nom nad. which had been oh
served to be stenle at Reading, Encland, produced pegs and
pods at the TCRISAT Center. Cytolowieal investigations of these
and other thiplod hybrids revealed (8 spindle abnormahities re
sulting i restitution nuclei and unreduced gametes, and (20 an
caual segregation of chiromosomes resalting e haplond - to
hyperdiploid gametes, OF the 225 F, plants dernved from top
lowds, 829% were hexaploid. 8% were tetiaplod and 1099 had
chromosome numbers from 2059 This indicates that the above
processes ocenrred both at micro- and mega sporogenesis and
that unreduced gametes were more effective i lertihzation re
sulting ina higher pereentage of hesaplowd progentes The i
phications of these results wre that tnplods can be used i
Arachis interspecitic breeding tor mereased recombmation he
tween chromosomes and quick recovery of Arachis by pogaca
like tetraplord Tines

Kes Words: Groundont Peanut. Triplowd. Fertilig, Unire
duced gametes, Chromosome parimg, Dispunction. Introges
sion

The diploid wild species of section Arachis nom. nud.
have a number of desivable characters such as resistance
to important pathogens and pests of Arachis hypogacal..
(1,2, 14, 15). By crossing the Arachis secetion diploid wild
species with the tetraploid cultivated AL hypogaca, sev-
cral workers have produced triploid hy brids which were
sterile (5.6.7.12). However, all the triploid combinations
have produced seeds at the International Crops Re-
search Institute for the Semi-Arvid Tropies (ICRISAT)
Center, Patancheru, India. The production of progenies
by three out of seven combinations of triploid hybrids
raised by Smartt and Gregory has been reported carlier
(12). Meiotic behavior of asmale fertile complex triploid
Arachis hybrid has been reported by Simpson and Davis
(9). This paper reports the evtological basis of the seed
fertility of the triploids at ICRISAT.

Materials and Methods

Eight diploid wild species 2n = 200 all i the section Arachis of the
genus and the tetraploid cultivated species A Dy pogaea

20 1 were
nsed. The sonree and identity of these species have heen given carlier
(1
Stevile trploid ¥y hvbnds 200- 300 of A chacocnse Krap. et Greg,

nom nud.. A cardenasn Krap. ¢t Grege. nom nnd. and A species
LK 410 PE3382501 crossed with A hypogaca were obtamed as cut
tings from Reading University, UK and planted at JCRISAT. Trip
loid 1, hybrids were also produced at TCRISAT Dy crossing A
hy pogaca with cight species of section Arachis, A duranensis Krap. et
Greg. nom. nud.. A species GKPT0038 (P 263133), 4 villosa
Benth.. A, correnting Krap. ot Greg. nom: nud.and A. batizocoi Krap
et Grew, nom. nud. and the three listed above. Incach case. a mim-

search Institute for the Semi-Arid Tropies (ICRISAT)

‘Cytogeneticist and Principal Cytogeneticist, respectively. Ground-
nut Improvement Program, International Crops Rescarch Institute for
the Semi-Arid Tropies (ICRISAT), Patanchera PO. 502 324, AP
India.
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wum of one fertle tnplord hnbod plant deoved from v by pogaca saly
spobvpogaca Kap et Gree ooy Robut 35 10 as female puent was
avtolowediv anabvsed The seeds obtamed from tplod F, Iivbiods
woere sown i the ramy season of 1950 1 the Botameal Garden at 1

RISAT Center The cliromosome numbers of two hundred and twenty
e Fooplants were connted The evtological techmgues used have
heen descnbed by Singhecand Mosc 100 Pollen eranns were stamed i
1 acctocanmne and stanable pollen grans were counted as tertile

Pollen cermmation on selted st was obsenved ander the mnero
SCope dissected |\|\l||\ stamed and mounted i e aectocarmme
Pollen tube cromth throueh stvle swas stadied by Huorescent nncro
seopie techmque as desenbed carlier CEE Chromosome assocrations i
lllp]ul«l hvhods were statisticallv advsed usime one way analvais of
varnnee

Results and Discussion

The triploid Fy hvbrds involving thiee diploid species
which were produced and maintained a0 Reading Uni
versityv, UKL from 1973 1o T97S were stenle However,
plants derived  from enttings of these sterile hy
brids and planted in the ficld a the ICRISNT Center in
June, 1979 produced pegs and pods in 1980, Other trip-
loid Inbrids grown at TCRISAT. imvolving S diploid
species ol section Arachis. also produced pegs and pods
(Fig. 1.

Fig. 1. a) Tiploid A. hypogaea x A. batizocoi with pegs tarrow); b)
Triploid selfed pods.
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Chromosome pairing at imetaphase T was nearly iden-
tical in all these triploid hybrids (Table L The nomber
of bivalents and multivalents indicated that the set of
chromosomes contributed by the diploid species usually
paired with one and occasionally with both sets of
chromosomes ot A, hvpogaea to torm more than 10 biva
lents and some multivalents ina few pollen mother cells
(PMCs Table T The triploids involving AL batizocoi
had higher trivalent and lower univalent frequencies
the 5% level of probability than others (Table 10

Table 1. Chromosome associations,

result of nonpolarisation of chiromosomes and chronnatids
at Aband AN producing unreduced ganietes. winle the
latter were probablv the products of vaequal distnlbne
tion giving vise to stainable haploid. diplowd. and by pe
diploid pollen grams

The chromosome numbers m 225 1, plants from tap
20 1o '_:u 60 e 3 of

60 aresult of tertiliza
tion between vmeduced gametes: S were tetraplond
2 40 and the remaming 1000 had

loid hyvbrids ranged from 20
which 8240 were hesaplowds 2n

([nnlnn\mm'

and pollen and pod fertilits in FE triploids of 4 by pogaca ooy Arachis species 2v,

A. hxgogggg hypogaea No. of Cells Mean Chromosome Association % Pollen Range ot Pods
Cross analysed I II ITI IV Stainability Obtained per Plunt
A villesa T s T 9.1 8.6 1.0 0.2 T 19 T 0=7 T
+0.52 +0.37 +0.22 +0.1
A. correntina 21 8.3 9.9 0.6 0.1 20 0=25
+0.43 +0.31 *0.16 +0.05
A.chacoense 40 9.7 8.7 0.80 0.1 17 0D-19
+0.4  +0.25 +0.16 10.49
A.species. HLK 410 30 9.2 9.6 0.5 0. 13 0-16
+0.43 +0.28 +0.13 +0.03
A. cardenasii 25 8.3 9.7 0.5 0.2 9 0-10
+0.52 +0.27 +0.17 +0.08
A.species. GKP 10038 25 10.0 8.0 1.2 0.1 11 2
+0.44 +0.26 +0.18 +0.06
A. duranensis 20 8.3 9.4 1.0 04 18 4
+0.45 +0.24 +0.17 #0.05
A. batizocoi 21 6.2 8.7 2.0 0. / 5-18
+0.42 +0.49 +0.29 +0.07
Mean - 8.8 9.1 1.0 0.4 14
+#1.31 +0.9 +0.53 +0.18

* Only one plant

At Amaphase T aAD chromosomal irregularities ol-
served were Taggards. bridges. spindle abnormalities
and unequal distribation (Fig. 2a b Table 210 However,
at Anaphase THATD there were very few laggards and no
bridges. This snggests that the observed frequency of
different irregularitics at AT was mostly due to the pre-
sence of univalents or the nonsvichronous disjunction of
hivalents and subsequent fagging of these chiromosomes,
A majority of these are regularly distributed at Al fol-
lowed by regular distribution at AlL

The mean pollen stainability in the triploid hybrids
was 14% with a minimum of 7% in A, hypogaca x 4.
hatizocoi and a maximum of 20% in A, hypogacax A, cor-
rentina. Two classes of stainable pollen grains were ob-
served (Fig, 2¢:(1) uniform large pollen grains and (2)
small pollen grains of different sizes. The former were
probably the products of restitution nuclei formed as a

ninmbers ranging from 20 o 30 and T to 59 probably
result of - fertilizations involvine haploid. diploid,
hvperploid. or nvedueed gamctes However, the prob
ability of a fimctional microspore and megaspore cfeet
ing fertilization was vers low. as was evident brom the
low pod production and in some plants no pod produe-
tion by these triploids cFable o The production of seled
pods by triploid Tvhrids and the frequency of hexaploids
suggests that the abnormal meiotic division producing
mreduced and hvperdiploid. as wellas haplowdand dip
loid gametes, oceurrs at both microsporogenesis and
megasporogenesis. The igher pereentage of hesaploids
in this population indicated that mreduced gametes had
competitive advantage over other gametes Fhis was also
confirmed by an observation on pollen gernnnation in 63
sell pollinated flowers of these triploid hybrids - Of the
60% stigma with stainable pollen grains, germmating
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Fig. 2. a) PMCs at Al with fused spindle (arrow); b) A PMC at AH with fused spindle Garrow): ¢) Unstained pollen and different sizes of stained
pollen: d) A stigma with many sterile unstained pollen stained fertile small and large pollen, and a gevminating large pollen grain Girrow ) ¢) A

large pollen grain with pollen tube germinating through triploid stigm

pollen grains were observed on only 41% of the stigimas.,
Of these, 33% had large germinating pollen grains and
only 8% had small germinating pollen grains (Fig, 2d.e).

In abnormal meiotic division in plants of interspecific
origin cither the nuclens does not undergo normal dis-
junction of homologous chromosome (Fig. 2a) at Al and
divide mitotically to produce two unreduced guncetes, or
the product of disjunctional separation (haploid sety di-
vides mitotically but the sister chromatids do not sepa-
rate to two poles (IFig. 2b). Both lead to the formation of
restitution nuclei. unreduced gametes. Whereas un-
equal segregation of chromosomes during meiosis (Fig.
2a) may lead to the formation of haploid, diploid, and
hyperdiploid gametes. In interspecific hybrids such a
phenomenon was observed as early as 1927 (3). The
meiotic studies in one male fertile and one non-fertile
plant of a complex triploid hybrid by Simpson and Davis
(9) recorded Al irregularities in a male fertile plant re-
sulting in restitution nuclei. The authors also speculated

alarrow),

the formation of such restitution nuclei ina non-ertile
triploid, as they formed stainable pollen grains althongh
toalesser degree. Tn plants, changes in the meiotic evele
leading (o unreduced gametes have cither been attri
buted to genctical control or to envirommental factors
(81 The fact that in the present stady some of the trip
loids maintained from 1973 to 1978 at Reading Univer
sitv, UKL did not produce any pegs or pods. but plants
derived from enttings of these did produce pods at
TCRISAT Center, Patanchern suggests that environmen-
tal factors mav be affecting the meiotic evele to produce
viable gametes.

Fertility in triploid F, hybrids is of great importance
in the use of triploids in interspecific Arachis breeding as
it eliminates all the steps required to induee fertility by
colchicine treatment, and in subsequent backerosses the
need to reduce the chromosome nimnber from hexaploid
to tetraploid. Farther, the hexaploids produced by col-
chicine doubling of parental chromosomes have a pre-
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Table 2. Chromosome distribution at Al and AlL and pollen fertility in triploids of A, hypogaea (0 v Arachis species (200,

Stage o B "T"% Chromosome Distribution & Stained Pollen
No, ot Cells Equal Unegual Laggards Bridges Spindle
analysed Distribution Distribution Breakdown

Stage:

Al 159 34 19 38 7 2

ALl 79 70 20 2 0 8
Products:’

Mean % Unstainable 4% Stainable Unstainable 10%%

stainabile pollen pollen variable size pollen Large stainable
(13.75) pollen (x=2x+) pollen (3x)

% chromosome
number in F2 plant
from triploids

* Viable product of unequal distribution

** Viable product of spindle breakdown

83+
82—

81—

requency %

20 30 40 40-49 50 51-59 60
Chromosome number (2n)
Fig. 3. Frequency of plants with different ploidy levels among 225+
plants derived from selfed triploids.

*Three plants showed variation among cells in chromosome num-
bers (30-60).

18
(2n=20-59)

82
2n=60)

dominance of hivalent associations (830 as a result of pre
ferential autosyndetic pairing. Henee! populations pro
duced by this method have lesser genetie exchange be
tween chromosomes from different species. On the
other and, spontancons hexaploid progenies from trp-
loid hybrids ave the products of nnreduced gametes,
which have resulted from a restitution nucler (Fable 2)
formed after first division paiving and genctic exchange
at metaphase Toand hence should produce populations
with greater degrecs of recombination than the artifi
ciallv induced hesaploids. This advintage has also heen
realized carlier for aomale fertile triploid Arachis Inbnd
9. Intergenomic recombination also oceurs in the for-
mation of tetraploid and hypertetraploid progenies of
triploid plants (Fig. 30 These wre of great signilicance in
Arachis interspecilic breeding for quick recovery of sta-
ble tetraploid  derivatives after combining, characters
from diploid wild species. Further, the male fertility of
the triploid can he eaploited in backerossing to A,
hypogaca tor production of pentaploids, as readised by
Sinpson and Davis (9. and wso for production of tetra-
ploids as in wheat ¢80 1t would he desirable to conduet
studies to determine specific conditions which induce
fertility in these triploids so that these can be exploited
fully in peanut breeding,
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These five lines were identified as resistant to ascochyta
blight by screening 6594 kabuli germplasm accessions
available at ICARDA and 12 749 desi germplasm acces-
sions available at ICRISAT (3,4,6). Screening for ascoch-
yta blight resistance was carried out between 1979 and 1991
in the field and greenhouse at Tel Hadya, the principal
ICARDA station in Syria, by inoculating with blight-af-
fected chickpea diseased-debris and spraying a spore sus-
pension of the mixture of six races of A. rabiei from Syria
(2). In 10 of the 13 scasons in field and in greenhouse
evaluation in 1990, the known blight-susceptible cultivar
(ILC 263 or ILC 1929) was killed, indicating high disease
development. A line was considered resistant when it showed
resistance in all the years of testing. The observations of
agronomic characters on kabuli lines were recorded at Tel
Hayda (36° N, 36° E) in Syria (5) and on desi lines at
Patancheru (18° N, 78° E) in India (1). Tel Hadya has a
long growing season for chickpea, whereas Patancheru has
a short one.

ILC 200 is a kabuli type introduced from the USSR, with
pea-shaped and light orange-colored seed. It is a line with
late maturity (142 d to flower), medium plant height (60
cm), small seed size (21 g 100 sced-'), and low yield. ILC
6482 is a kabuli type of unknown origin, with ramhead-
shaped and beige-colored sceds. It is a late-maturing line
(145 d 1o flower), with medium plant height (50 cm), me-
dium seed size (35 g 100 seed-'), and low yield. ICC 4475
(P 5496) was introduced from Iran and is a black-sceded
desi type. It is a line with latc maturity (80 d to flower),
medium plant height (47 cm), very small seed size (9 g 100
seed-'), and low yield. ICC 6328 (NEC 241) is a desi type
introduced from India, with angular shape and black-col-
ored seeds. It is a line with late maturity (73 d to flower),
medium plant height (44 cm), small sced size (17 g 100
seed-'), and low yield. ICC 12004 (NEC 2861) is a brown-
seeded desi type of unknown origin. It is a line with late
maturity (67 d to flower), medium plant height (43 cm),
very small seed size (10 g 100 seed-"), and low yicld.

None of these five lines have desirable attributes for di-
rect commerical exploitation, but all are valuable as sources
of resistance to ascochyta blight in hybridization programs.

Small quantities of seeds of these germplasm lines can
be obtained from the Legume Program, ICARDA, P.O.
Box 5466, Aleppo, Syria.

M.V. Reppy AND K.B. SINGH®* (7)
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REGISTRATION OF SOYBEAN GERMPLASM SG1Eg

THE SOYBEAN [Glycine max (L.) Merr.] population SGigg
(Reg. no. GP-137, PI 558508) was released on 1 Nov. 199;
by the Agricultural Research Division, University of Ne.
braska-Lincoln. SG1E6 was derived by repetitively Mating
clite germplasm to an existing population known as SGy.
SG1 was a population random-mated three times afier ji
creation from the matings of 39 female ancestral germplasn,
strains to four male adapted strains heterozygous for the
ms2 form of genetic male-sterility (3).

The synthesis of SG1E6 commenced in 1985. Sced hay.
vested from male-sterile plants of the 1984 SG1 population
were planted in a 1985 intermating block in Lincoln, NE,
The SG1 rows were alternated, checkerboard-square fagh.
ion, with pure rows of 32 elite strains (Table 1). The SG|
rows scgregated for male-fertile (MF) and male-sterile (MS)
plants in a 1:1 ratio. The MF plants were rogued as soop
as they flowered, when they were distinguishable from M§
plants, which have reduced anthers that bear no pollen,
Pollen transfer from the MF plants in the clite strain rows
to the MS plants in the SG1 rows was mediated by honey
bees (a hive was placed near the nursery) and other insects,
The nursery was surrounded by a 20-m plant-frece border,
to minimize insect movement from other soybean fields.

About 400 MS plants bearing seed were gathered from
the 1985 intcrmating nursery. An F, sced was collected
from the top, middle, and bottom nodes of cach MS plant
and placed at random into one of three bags. Onc F, seed
lot was placed on rescrve in a cold room. The other two
were planted in a winter nursery in Puerto Rico, where the
sclfed F, plants in cach lot were bulk-harvestcd. One F,
sced bulk was used to plant the 3MF:1MS rows of the next
(1986) intermating nurscry. The other F, sced bulk was
transferred to the breeding program for use in soybean cul-
tivar development.

Repetition of the process facilitated the mating of six sets
of elite parents (Table 1) to MS plants in the 1985 (SG1E1),
1986 (SG1E2), 1987 (SGI1E3), 1988 (SFG1E4), 1989
(SG1ES), and 1990 (SG1E6) mating nurserics. Three pro-
cedural modifications were adopted after 198S. First, the
total number of rows in the mating nursery was increased,
to adjust for the change 1o a 3MF:1MS scgregation ratio,
and to ensure the availability of 500 to 1000 MS plants
each year. Second, a balanced seed composite of the male
parents was planted in each clite row, instead of using rep-
licated pure rows of the clite parents (as was done in 1985).
Third, the choice of cach year’s clite entries was made more
objective by selecting: (i) the two highest-yielding public
entries in each of six maturity group tests (00, 0, I, 11, 11,
IV) of the Uniform Soybean Tests-Northern States, using
multiple-location 2-yr means; (ii) the single highest-yield-
ing public entry in each of six Preliminary Tests (I, lfa,
Iib, Illa, IIIb, [V) of the Uniform Soybean Tests—Northern
states, using multiple-location 1-yr means; and (iii) the two
highest-yielding proprietary entrics in each of the eight and
six location-maturity zones of the respective Nebraska and
Towa variety performance trials, using 3-yr zone means. A
few entries not meeting these criteria were added to the
parental list, to maintain a minimal frequency of genes for
disease resistance or morphological variation [e.g., d¢! fof
determinant stem growth; Rpsl-k for phytophthora root rot
resistance (Phytophthora megasperma Drechs. f.sp. glyci-
nea T. Kuan & D.C. Erwin)). The use of proprictary strains
for intermating was discontinued after 1988, primarily be-
cause of increasing restrictions in the seed trade on the usé
of such strains as parental material.
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