Chapter 2

SPECIATION AND CYTOGENETICS
IN ARACHIS

JOSEPH SMARTT AND H. THOMAS STALKER

The value of evolutionary and cytogenetic studies in the improvement of
crop plants is established, but biosystematic and taxonomic studies are less
generally appreciated. This is frequently because economic plants have often
been neglected by taxonomists. Fortunately this situation is now changing and
many biosystematists who investigate taxonomic problems of cultigens and
their relatives are performing a valuable service for the plant breeder.

At the present time, data and observations from several sources can be inte-
grated in the production of taxonomic systems. Still paramount is morpholog-
ical evidence, But this can be supplemented by studies of experimental hy-
bridization and comparative cytology and biochemistry with considerable ad-
vantage. This has been done in the case of Arachis L. to an almost unparalleled
degree, and a satisfactory taxonomic synthesis is emerging.

THE TAXONOMIC SYNTHESIS IN ARACHIS

The genus Arachis is morphologically well defined and clearly delimited
from its closest relatives by the development of a peg and by geocarpy. Arachis
is placed with its relatives Stylosanthes, Chapmannia, Arthrocarpum and Pachecoa
in the subtribe Stylosanthinae of the tribe Aeschynumeneae on the basis of the
shared morpological characters of a staminal tube with alternately attached
basal and dorsal anthers, with flowers in terminal or axillary spikes or small
heads (which are sometimes raceme-like), pinnate leaves, and leaflets few
withour stipels (vide Taubert, 1894).

Although a recent monograph of the genus has not been published, Gregory
etal. (1973, 1980) and Krapovickas (1973) have outlined a taxonomic scheme
which provides a useful basis for biosystematic discussion. The problems and
difficulties in producing a satisfactory classification of the genus have been dis-
cussed by Gregory et al. (1973) and the following is a brief summary of their
views and conclusions. Prior to Bentham's (1841) description of 5 wild species
-A. glabrata, A. pusilla, A. villosa, A. prostrata, and A. tuberosa - the only mem-
ber of the genus known to science was A. bypogaea described by Linnaeus
(1753). Alchough 23 species of the genus have been described and diagnoses
published, it seems probable that at least an equal number remains to be de-
scribed. Recognized species are A. hypogaea L. (1753), A. villosa Benth.
(1841), A. tuberosa Benth. (1841), A. glabrata Benth. (1841), A. prostrata
Benth. (1841), A. pusilla Benth. (1841), A. marginata Gard. (1842), A. hagen-
beckii Harms (1898), A. paraguariensis Chod. et Hassl. (1904), A. guaranitica
Chod. et Hassl. (1904), A. diogoi Hoehne (1919), A. nambyquarae Hoehne
(1922), A. angustifolia (Chod. et Hasl.) Killip (in Hoehne, 1940), A. vil-




losulicarpa Hoehne (1944), A. lutescens Krap. et Rig. (1957), A. helodes (Mar-
tius) Krap. et Rig. (1957) (material of this species was collected by Martius in
1839), A. monticola Krap. et Rig. (1957), A. burkartii Handro (1958), A.
benthamii Handro (1958), A. martii Handro (1958), A. repens Handro (1958),
A. rigonii Krap. et Greg. (1960), and A. batizocoi Krap. et Greg. (in Krapovic-
kas et al., 1974).

While the status of most validly described species is unquestioned, A. nam-
byquarae should probably be regarded as a form of A. hypogaea. The status of A.
monticola as a distinct species might also be questioned. If this species is re-
garded as a wild form conspecific with A. hypogaea as breeding experiments
suggest (Hammons, 1970), then A. monticola may be more correctly regarded
as a subspecies or perhaps a botanical variety of A. hypogaea.

Chevalier (1933), Hoehne (1940), and Hermann (1954) have all published
monographs of the genus which Gregory et al. (1980) considered to be unsatis-
factory, largely because of deficiencies in herbarium material which had been
collected prior to 1950. It was not until entire plants of a wide range of species
were collected from type localities and other areas of South America that
Krapovickas and Gregory were able to propose taxonomic subdivisions of the
genus (Table 1). This classification has not been validly published according to
the Interngeional Code of Botanical Nomenclature and therefore all subgeneric
epithets are nomina nuda (Resslar, 1980). However, their scheme is workable
and of considerable practical value.

Table 1. Taxonomic subdivision of the genus Arachis (after Gregory et al., 1973; Resslar,
1980).

Section Arachis nom. nud. - Plant tap-rooted with vertical pegs, flowers without red veins on
back of standard.
Series Annuae Krap. et Greg. nom. nud. - Flowers medium to small, standard 14 mm
wide x 12 mm high; short-lived, usually annual 27 = 2x = 20.

1. A. batizocoi Krap. et Greg. (K 9484*)
2. A. duranensis Krap. et Greg. nom. nud. (K 7988)
3. A. spegazzinii Greg. et Greg. nom. nud. (GKP 10038)
4. A. stenosperma Greg. et Greg. nom. nud. (HLK 410)
5. A, ipaensis Greg. et Greg. nom. nud. © (19455)

Series Perennes Krap. et Greg. nom. nud. - Flowers medium to large, standard 14 mm
wide x 12 mm high; perennial 2» = 2x = 20. :

6. A. helodes Martius ex Krap. et Rig. (GKP 9926)
7a. A. villosa Benth. var. villosa (B 22585)

7b. A. villasa var. corventina Burkart (GKP 9530-31)
{A. correntina (Burk) Krap. et Greg. nom. nud.} '
8. A. diogoi Hoehne HE -
9. A. cardenasii Krap. et Greg. nom. nud. (GKP 10017)
10. A. chacoense Krap. et Greg. nom. nud. NP . (GKP 10602)
Series Amphiploides Krap. et Greg. nom. nud. - Flowers small co large, standard 10-21 mm
wide x 8-14 mm high; shortlived 27 = 4x = 40.° - * - :
11. A. hypogaea L. G o P
12, A. monticola Ktap. et Rig. . (K 7264)
13. A. x batizogaea Krap. et Fern. (of experimental hybrid origin) .

Section Erectoides Krap. et Greg. nom. nud. - Plants tap-rooted or with tuberiform hypocotyl;

plants erect or prostrate; pegs horizontal or nearly so, flowers medium to large 16-24 mm x 12-
20mm 27 = 2x = 20. b S :

. Series Trifoliolatae Krap. et Greg. nom. nud. - Hypocotyl tuberiform; leaves trifoliclate.

14. A. guaranitica Chod. et Hassl. , S (GK 10568)

e asrsmsasansat 40V0S N d ANSAIAALNE & ANAD L)

Table 1 (Continued)

15. A. tuberoda Benth (GKP 9837)
Series Tetrafoliatae Krap. et Greg. nom. nud. - Plaats erect or prostrate; hypocotyls not
tuberiform; leaves tetrafoliolate; standard orange.

16. A. benthamii Handro (GKP 9764)
17. A. martii Handro (HLKHe 526)
18. A. paraguariensis Chod. et Hassl. (GKP 9646)
19. A. oteroi Krap. et Greg. nom. nud. (GK 10545)

Series Procumbensae Krap. et Greg. nom. nud. - Plants prostrate- standard yellow.
20. A. rigonii Krap. et Greg.
21. A. lignosa (Chod. et Hassl.) Krap. et Greg. nom. nud. '
Section Caulorhizae Ktap. et Greg. nom. nud. - Plants with hollow stems, rooting at nodes; pegs
vertical, standard yellow. 27 = 2x = 20.
22. A. repens Handro .. (GKP 10538)
23. A. pintoi Krap. et Greg. nom. nud. (GK 12787)
Section Rbizomatosae Krap. et Greg. nom. nud. - Plants rhizomatous, solid stéms; flowers large.
Series.Prorbizomatasae Krap. et Greg.nom. nud. - Plants delicate; flowers large, red veins
on both faces of standard. 2n = 2x = 20. :
24. A. burkartii Handro (HLP 17)
Series Eurbizomatosae Krap. et Greg. nom. nud. - Plants usually robust; flowers large,
without red veins on back of standard. 2# = 4x = 40.
25. A. glabrata Benth. "(GKP 9830)
26. A. hagenbeckii Harms :
Section Extranervosae Krap. et Greg. nom. nud. - Plants with thickened lomentiform tuberoid
roots; pegs vertical, sometimes producing adventitious roots; flowers small to medium, with

red veins on back. 2r = 2x = 20.

27. A. marginata Gard. (GKP 10406)

v 28. A. lutescens Krap. et Rig. (GKP 9898)
o = 29. A. villssulicarpa Hoehne . (KHe 14446)
s 30. A. macedoi Krap. et Greg. nom. nud, (GKP 10127)

; 31. A. prostrata Benth. (GKP, 10234)

Section Ambinervosae Krap. et Greg. nom. nud. - Plants tap-rooted; pegs vertical; flowers very
small 8 mm x 6 mm, standard with red veins on front and back. 2r = 2x = 20. (No species
names, valid or invalid, have been given to forms in this section.) ’

Section Triseminalae Krap. et Greg. nom. nud. - Plants tap-rooted; pegs horizontal; flowers small

" 10- 12 mm wide x 8 - 10 mm high, purple mark inside orange standard; fruits often three-seg-

mented. 27 = 2x = 20, . .
32. A. pusilla Benth. N (GK 12881)

* Only the most commonly used collection number is listed with each species.

The unsatisfactory nature of taxonomic schemes advanced prior to the works of
Krapovickas and Gregory is illustrated by the treatment accorded to the genus
by successive monographers. Chevalier (1933) recognized 8 species, alcthough
descriptions of 11 were validly published at the time. Hoehne (1940) increased
this to 11 species, while Hermann (1954) reduced the number t0 9, although
13 valid descriptions had been published of which only 1'(A. nambyquarae
Hoehne) would be challenged now. The present'tally of validly described bo-
tanical species is about 20; satisfactorily distinctive but undescribed forms
comprise another 11 species. It is a matter of conjecture as to how many more
species will be described from the materials listed by Gregory et al’ (1973) and
which have been and may yet be collected (Gregory et al., 1980). =
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THE MORPHOLOGICAL SPECIES CONCEPT
IN ARACHIS

As has been noted, the entirely unsatisfactory quality of much Arachis plant
material deposited in the major herbaria of the world has been a major stum-
bling block in developing a sound morphological basis for species recognition
in Arachis. A major classification problem arising from the sparse and incom-
plete herbarium material is due to the fact that strong morphological conver-
gence has occurred in the aerial vegetative parts of taxa which are not closely
related. For example, a strong morphological resemblance exists between A.
bagenbeckii, A. chacoense, and some species of section Erectoides esroneously iden-
tified as A. diogoi. Similar close resemblances are apparent betwen A. pusilla
and A. duranensis; A. rigonii and A. cardenasii; A. lignosa and A. helodes. Only
when morphological studies are made of reproductive and subterranean veget-
ative parts can a sensible basis for distinctions among taxa emerge and confu-
sion between some members of different sections be avoided. Collections by
Krapovickas and Rigoni (1957), Krapovickas and Gregory (1960), and subse-
quent plant explorations (vide Gregory et al., 1973) have now produced ade-
quate plant material on which a sound taxonomic system can be based.

The morphological characters with the greatest diagnostic value are enu-
merated briefly. Based on the root system, an important distinction among
taxa is possible. The major peanut root types found are taprooted (axono-
morphic) and tuberous rooted; the latter can be subdivided further into those
in which both the hypocotyl and primary root become tuberous and those in

which lateral roots are so affected. The production of thizomes or the spontane- .. :

ous production of adventitious roots at stem nodes are characters of high diag-
nostic value. Behavior of the peg during its growth phase, whether it is vertical
or mainly horizontal, delimits important taxa within the genus. Although us-
ually regarded as trivial characters in other plant groups, size of flowers, pig-
mentation, and presence and location of red venation on the standard are of
considerable importance in Arachis taxonomy.

A morphological scheme of classification had developed sufficiently by
1964 to have been made use of by Smartt (1965) in his study of interspecific
hybridization. Subsequently it has been developed and expanded until the
broad lines of the classification have now been confirmed by experimental stu-
dies (Gregory and Gregory, 1979).

THE BIOLOGICAL SPECIES CONCEPT IN ARACHIS

From the plant breeder’s point of view, the biological species concept is of
greatest significance for plant improvement, since this comprises all popula-
tions which actually or potentially can interbreed freely. Sharp demarcation
between biological species does not always exist, in which case genetic intro-
gression can be of great practical value in improving the cultivated species.

The biological species approach to taxonomic classification is concerned
with the evolution of isolating mechanisms. Where genetical isolation is com-
plete, we have no difficulty in distinguishing taxa at the species level or above.
In the absence of complete isolation, species delimitation is more subjective.
The evolution of isolating mechanisms cannot be considered apart from the
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evolution of the genus as a whole. Other things being equal, the more ancient
evolutionary lineages tend to be more isolated genetically from each other than
those of relatively recent origin. This is likely to be true in a genus such as
Arachis which is predominantly self-pollinaged (although cross-pollination
does occur) and where selection pressures tending to establish isolating
mechanisms by suppressing interspecific cross-pollination are expected to be
low. In these circumstances, genetic isolation might be expected to evolve
rather slowly by gradual and progressive accumulation of genetic differences.
Therefore, where genetic isolation is incomplete between taxa, there is a high
probability that evolutionary divergence is of comparatively recent origin.

Gregory et al. (1980) and Gregory and Gregory (1979) reviewed evolution-
ary trends in the genus and presented a definitive treatment of species relation-
ships as determined by actual or attempted interspecific hybrid production.
The treatment of evolution in Arachis by Gregory et al. (1980) attempted to
bring together geographical, geomorphological, and ecological evidence to
produce a reasoned synthesis and establish a credible evolutionary hypothesis.

In South America the genus ranges geographically from the equator near the
mouth of the Amazon to 34° S on the northern bank of the Rio de la Plata in
Uruguay. From the Atlantic coast it ranges westward to the Parana and the
eastern foothills of the Andes. The northern boundary is marked by the south-
ern extent of the Amazonian rain forest. In this area a great diversity of extreme
climatic and ecological conditions (e.g., soil type) occur. The geocarpic habit
of peanuts is advantageous from the standpomt of survival in harsh environ-
ments, but imposes considerable restrictions on distribution. The geocarpic
fruit of Arachis can only be effectively distributed over long distances by agents
which can physically move soil plus fruits, and therefore the only plausible na-
tural agent is water. The effectiveness of moving water in the distribution of
Arachis is apparently supported by distributions of taxa which are closely asso-
ciated with specific drainage basins of both recent and ancient times.

- From these considerations Gregory et al. (1980) inferred chat the center
from which the present distribution has been achieved is the “planaltine el-
lipse” demarcated by plotting distributions of Arachis collections from above
550 m on the Brazilian shield. Geomorphological changes have produced
changes in drainage patterns which have isolated taxa in distinct drainage ba-

_sins (Figures 1-4). These isolated taxa have evolved unique patterns of varia-

tion and genetic isolation from taxa in other isolated areas. This has been a
major factor in the differentiation of the major subgeneric groups.

Studies of Interspecific Hybridization in Arachis

Initial studies of interspecific hybridization in Arachis involved the use of A.
bypogaea as seed parent. Subsequently, Gregory and Gregory (1967, 1979)
crossed wild species as both pollen and seed parents and extensively elucidated
taxonomic relationships between species.

The first recorded attempt at interspecific hybridization was reported by
Hull and Carver (1938) between A. hypogaea and A. glabrata but no hybrid
seed were recovered. A similar actempt by Gregory (1946) was also unsuccess-
ful as were the crosses A. hypogaea x A. villosulicarpa and A. hypogaea x A.
“diogoi.” The first reported viable interspecific hybrid was produced by
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Fig. 1. The nverg,of South America important in the distribution of the subgeneric sec-
tions of Arachis.

O

i ic distribution of Arachis which shows the association of botfmlcal

Fig. Z;'»uc::e:vgi‘;ip:‘l:-(;igfgt::;tem. From south to north: the Pro::bf‘zomamsae (R)) in the

grasin of the Uruguay; Caulorhizae (C) in the basin of the jequmnhonha‘;‘ Tmemmleag

(T) in the Sio Francisco; Extranervosae (EX) arom::d the peadwatex.'s ol Toc.::ngs,
Araguaia, Xingu, Juruena, Paraguay and Paranauba;. series of'secuon Erectoi 4 (E,

E,, E;) in the basins of the Paraguay and Pa{a.nalba; I.Eurbt_zomamae (R,) in th;

P:\'ragilay, Paranaiba, and Parané; section Arachis (A) mainly in the Paraguay alnd

headwaters of the Madeira; and section Ambinermme'(Am) in the Parnaiba. Stipp ed
areas denote recently established centers of diversity (Adapted from Gregory an

Gregory, 1979).
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Fig. 3. Distribution of botanical groups of Arachis above 550 m on the Planalto (black-
ened areas). Erectoides and Eurhizomatosae to the southwest and Extranervosae to the
northeast. When inscribed ina common area, these two figures describe the ‘planal-
tine ellipse’ (Adapted from Gregory et al., 1980).

Fig. 4. The center of distribution of the genus Arackis. This area, the ‘planaltine ellipse’,
does not represent the area of the greatest profusion of the genus Arachis but is sim-
ply the inferred center, given that Arachis was lifted by the mid-Tertiary uplift of the
old Brazilian peneplane and that migration of Arachis is mostly dependent on the
downward flows of soil and water. Each successive concentric circle incorporates
additional botanical groups, their totals are respectively 4, 6, 9, 11 and 12. As one
moves outward from the center, fewer special features adaptive to the Planalto are
encountered (Adapted from Gregory et al., 1980).
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Krapovickas and Rigoni (1951) between A. hypogaeaand A. villosa var. corren-
tina and subsequently by Kumar et al. (1957) and Raman (1959a). Johansen
and Smith (1956) made a study of embryo development in the unsuccessful
crosses A. hypogaea x A. “diogoi” (this material was apparently not authentic A.
diogoi Hoehne, vide Gregory and Gregory, 1979). Fertilization apparently oc-
curred, but growth of embryo and endosperm were retarded, and hypercrophy
of the testa was noted in the A. hypogaes x A. “diogoi” hybrid. Hybrid embryos
then died before differentiation. Johansen and Smith (1956) found that mature
pods arising from interspecific hybridization were empty except for the shri-
velled remains of aborted embryos and testas as had been observed previously
by Gregory (1946), researchers at the East African Agricultural and Forestry
Research Organization (1954-56) and subsequently by Tuchlenski (1958) and
Smartt (1964). Johansen and Smith (1956) also reported failure of fertilization
in A. hypogaea x A. glabrata crosses. The first actempt to study systematically
the cross-compatibility relationships between A. hypogaea and a broad cross-
section of wild species was reported by Smartt (1965) and Smartt and Gregory
(1967). Seven viable interspecific hybrid combinations were reported between
A. hypogaea and the wild species A. villosa, A. villosa var. correntina, A. dura-
nensis, A. cardenasii, A. chacoense, A. helodes, and A. sp. 9901 GKP. The cross
A. spegazzinii x A. hypogaea succeeded only with the wild species as seed parent.
Additional crdsses between the cultigen and wild species A. batizocoi, A. stenos-
perma, and A. ipaensis have been obtained by Gregory and Gregory (1979).
Morphologically, all species which cross successfully with A. hypogaea are in-
cluded in the section Arachis.

Gopinathan Nair et al. (1964) produced a viable A. bypogaea x A. glabrata
var. hagenbeckii hybrid. Raman (1976) and Varisai Muhammad (1973a, b, ¢, d)
have reported viable hybrids between A. hypogaea as seed parent with A. “dio-
go#” (see Johansen and Smith, 1956), A. glabrata, and A. villesulicarpa, and also
between A. monticola and the species A. “diogoi” and A. marginata as well as A.
villosa x A. hagenbeckii and A. duranensis x A. villosulicarpa. Pompeu (1977) was
unable to obtain hybrids using materials from the same sources. Gregory and
Gregory (1979), who have examined material of putative hybrid origin (A. Ay-
pogaea x A. glabrata), believe that it is pure A. hypogaea. Possibly this mater-
ial could have arisen through selfing or perhaps by sporadic apomixis (Smartt,
1979). Gregory and Gregory (1979) remain convinced that all successful inter-
specific crosses to date involving A. hypogaea are with closely related species on-
ly, i.e., within section Arachis.

Crosses between wild species are of particular interest because they might
reveal which diploid species are progenitors of the tetraploid A. hypogaea. The
first reported interspecific hybrid between wild species was produced by Ra-
man and Kesavan (1962). Gibbons and Turley (1967) produced hybrids A. ba-
tizocoi x A. duranensis, x A. villosa, x A. villosa var. corventina; A. spegazziniix A.
duranensis, x A. batizocoi; and A. villosa x A. villosa var. correntina. The most in-
teresting feature of these crosses is that F| progeny were fertile except where A.
batizocoi was 1 of the parents. Resslar and Gregory (1979) and Stalker and
Wynne (1979) have reported additional hybrids between species of section
Arachis in which only those involving A. batizocoi were completely pollen ste-
rile. Gregory and Gregory (1979) published a comprehensive listing of viable
interspecific hybirds.
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CHEMOTAXONOMY

. Three different groups of chemical compounds have been studied
chemotaxonomically in Arachis. These are seed proteins, nucleic acids, and
flavonoids.

Proteins

Seed proteins have been studied using the techniques of both immuno-elec-
trophoresis and disc eletrophoresis. Daussant et al. (1969a, b) produced the
first immunoelectrophoretic characterization of A. hypogaea seed proteins. The
use of the technique was applied to other species of Arachis by Neucere and
Cherry (1975). Their immunoelectrophoretic analyses suggested interspecific
relationships which were consistent with the taxonomic scheme of Krapovick-
as and Gregory (Gregory et al., 1980). A similar conclusion regarding species
relationships was reached by Cherry (1975) using disc electrophoresis. Tombs
and Lowe (1967) identified 3 forms of arachin, 1 of the major seed storage pro-
teins. The nature and extent of seed protein polymorphisms will need to be es-
tablished in A. hypogaea before fully effective use can be made of disc electro-
phoretic and immunoelectrophoretic data. A project similar to that conducted
by Kloz and Klozovi (1968) on Phaseolus is needed.

Cytophotometric Studies of Cell DNA Contents

Resslar et al. (1981) determined 2C amounts of DNA for 12 taxa in section
Arachis. He found a range from 4.92 t0 5.98 pg DNA per cell in diploid spe-
cies and 10.36 to 11.35 pg DNA in the tetraploids. Annual diploids (series
Annuae) averaged 1 pg less per cell than the diploid perennials (series Perennes).
Variation was found in the tetraploids (series Amphiploides) between the species
A. monticola and A. hypogaea and between the A. hypogaea subspecies hypogaea
and fastigiata Waldron. »

Flavonoids

Flavonoid chromatography of leaf extracts has been undertaken by Krapo-
vickas and Seeligmann (Krapovickas, 1973; Krapovickas et al., 1974). More
than 20 compounds have been detected in the genus Arachis as a whole with no
more than 12 of these, and usually fewer, found in any 1 taxon. The data ob-
tained are difficult to interpret and considerable variation exists within the
species A. hypogaea. Additive inheritance of flavonoids has been shown in an
interspecific hybrid derivative, A. batizogaea Krap. et Fern. (Krapovickas et
al., 1974). Krapovickas (1973) has generally found the centers of variation for
chemical and morphological characters coincide reasonably well.

The Role of Studies on Chemical Variation
Published work indicates that interesting and potentially useful variation

exists for chemical characters in the genus. The data are not so extensive to sup-
plement greatly the volume of taxonomically useful information. Flavonoids



30 PEANUT SCIENCE AND 1ECHNOLOGY

derived from leaf tissue could potentially be of value in resolving the problems
of classifying largely clonal material in the section Rbizomatosae. Such studies
might also be useful in establishing affinities betwen incomplete herbarium
specimens and material from living collections.

The preferred source of material for protein chemotaxonomic studies is the
seed. Rhizomatous forms produce seed very sparingly and alternative sources
of proteins such as leaves could be investigated with possible taxonomic advan-
tage.

Studies of nucleic acids are clearly in a preliminary phase. The differences in
nuclear DNA contents observed between the series of section Arachis by Ress-
lar et al. (1981) suggest that a comprehensive study of the whole genus would

be worthwhile.

CYTOLOGY AND CYTOGENETICS OF ARACHIS

Chromosome Number

The earliest comprehensive reports on chromosome number, morphology
and behavior were those of Husted (1933, 1936) on A. hypogaea. Kawakami
(1930)’had earlier reported a somatic complement 27 = 40 and a gametic
number # %= 20, while Husted (1931) had confirmed the somatic comple-
ments of A. nambyquaraeand 6 cultivars of A. hypogaea to be 2n = 40. These re-
ports contradicted the finding of Badami (1928) of complements 27 = 20, # =
10, in some lines of cultivated peanuts.

The first chromosome count reported for a wild species was 27 = 40 for A.
glabrata (Gregory, 1946). This count was confirmed by Conagin (1962) and
Smarte and Gregory (1967). Mendes (1947) published counts of 2z = 20
chromosomes for A. diogoi, A. marginata, A. prostrata, and A. villosulicarpa;
this gave the first indication of the existence of 2 chromosome series in the ge-
nus of 27 = 20 and 27 = 40. While the nomenclature of some of Mendes’ ma-
terial can be questioned (Gregory et al., 1973, 1980), it does appear that at
least 4 clearly distinct wild species were studied. Table 2 lists those species for
which chromosome numbers have been reported in the genus.

From these daca it became clear that 2 series of chromosome numbers occur
in the genus 27 = 2x = 20 and 27 = 4x = 40. Polyploidy has apparently ari-
sen independently at least twice in the genus, in the immediate ancestor of the
cultivated peanut itself and in the section Rbizomatosae. Primitive rhizomatous
forms are diploid, and the more abundant and robust forms are tetraploids
(Gregory et al., 1973). These authors also reported chromosome complements
of 2n = 20 for species of sections Ambinervosae (Psendoaxonomorphae) and
Triseminalae, the latter including the true A. pusilla.

Aneuploidy

Aneuploid complements have been reported in A. hypogaea sporadically
since Husted (19306) first reporteda plant showing 27 = 41 plus a chromosome
fragment. The most extensive reports of aneuploidy in the genus have arisen as
a result of interspecific hybridization. Kumar and D'Cruz (1957) obtained a
plant with 272 = 41 from the backcross (A. hypogaeax A. villosa) x A. hypogaea.
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Table 2. Reported chromosome numbers of named Arachis species in chronologica

order.
Species 2n Reference

A. bypogaea 40  Kawakami, 1930
A, gl'abr;'zta 40  Gregory, 1946
A. diogoi 20  Mendes, 1947
A. marginata 20
A. prostrata 20 "
A. villosulicarpa 20 "
A. villosa (“typica” and

vat. correntina) 20  Krapovickas & Rigoni, 194
A. pusilla (correctly i gonk, 1549

. A. monticola) 40 "

A: lzq'gler{bxkii 40  Krapovickas & Rigoni, 1957
A. monticola 40
A. pusilla (correctly

A. duranensis) 2 "
A. rigonii 20  Krapovickas & Gregory, 1960
A. lutescens 20  Conagin, 1963
i 0 s

. 20 Smartt &G
A. macedoi 20 - regon 1967
A. benthamii 20 "
A. paraguariensis

_ (A. sp. 9646, 10585) 20 -

A. cardenasii(A. sp. 10017) 20 "
A. chacoense (A, sp. 10602) 20 "
A. lignasa(A. sp. 10598) 20 -
A. batizocos 20 "
A. oteroi (A. sp.10541) 20 "
111 - spegazzinii(A. sp. 10038) 20 "

. ipaensis 2
4 tpaen. 28 S;regory & Gregory, 1979

Cytologically, the extra chromosome behaved as a trisomic. Smarte (1

Smal:tt and Gregory (1967) reported material with aneuploid cor(np?lizzg:t(:
ranging from' 27 = 38 to 60 arising from A. hypogaea x section Arachis diploic
species hybrldﬁ. Davis and Simpson (1976) report aneuploid chromosom:
corr}plemefxts in the ranges 32-43 and 32-48 in the F, generation of allohexa-
ploids derived from the F, hybrids A. hypogaea x A. cardenasii produced by
Smartt (1965). The origin of these aneuploids is unclear; they could have ariser
thrgugh crosses with the cultivated peanut, thus producing pentaploids, th
meiosis qf which would tend to produce aneuploids at the subpentaploid le’:vel
Alternatively they could have arisen through erosion of the hexaploid comple:
ment by univalent or multivalent formation and unequal chromosome segre-
gation in meiosis. It is interesting to note that all selections made by Stalker e:
al. (1979) for good agronomic characters from material of the same origin a
that of Davis and Simpson (1976) had chromosome complements of 27 = 40
Aneuploidy in A. hypogaea can be found by selecting small seeds (Spielman et
al., 1979) and can also arise from the effects of ionizing radiation on cells in di-
vision (Madhava Menen et al., 1970; Patil, 1968; Patil and Bora, 1961).
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Chromosome Morphology

Ghimpu (1930) in his study of A. hypogaea chromosomes noted in afldmon
to the complement being 27 = £40, that the centromeres were median and
that the chromosomes of bunch and runner types were similar (see Figure 5).
Husted (1933, 1936) identified 2 distinctive chromosome pairs; one !1e
termed “A” chromosomes which were distinctly smaller than any other pair;
the other, termed the “B” chromosomes, showed a secondary constriction.
These observations were confirmed by Babu (1955) aqd D"Cl;uz and Tankasa}e
(1961). Raman (1959b) observed the presence of 1 pair of “A ch.romosomes in
A. villosa var. correntina and suggested a relationship between this genome and
1 of the presumably distinct genomes of A. bypggaea. o

Smarte (1965) confirmed Raman'’s observation on the occurrence of A
chromosomes in A. villosa var. corventina and noted that all species f’f section
Arachis in which he had been able to examine karyotypes pad an “A” chromo-
some pair. He also noted the apparent absence of this distinctive chromosome
pair in the section Erectoides species A. paraguariensis (A. sp 964§). The sugges-
tion was made that the origin of the cultivated peanut from diploid ancestors
could have occurred by the hybridization of a form with a karyogyp§ like that of
A. villosa and another with a karyotype like that of A. baraguariensis. Th1§ sug-
gestion raised Some difficulties in that hybrids between sections Arachis and

Fig. 5. Mitotic chromosomes of A. monticola (a) and A. hypogaea var. Argentine (b).
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Erectoides are difficult to produce experimentally, only 2 examples being con-
firmed (Gregory and Gregory, 1979), and are probably not formed naturally.
The publication of the description, chromosome counts, and photomicro-
graphs of chromosomes of A. batizocoi by Krapovickas et al. (1974) showed that
cytological differentiation is present within section Arachis. Although
Krapovickas et al. (1974) did not comment on the general karyotype of this
species, it is clearly apparent that no identifiable “A” chromosome pair is pres-
ent. Subsequently, Smartt et al. (1978a, b) confirmed the absence of an “A”
chromosome pair in A. batizocoi and ics presence in all other examined material
of section Arachis. They inferred that the chromosome complement of A.
batizocoi differed largely from that of other species in section Arachis in struc.
tural changes; at the genic level no greater differentiation seems to have oc-
curred between A. batizocoi and the other species of section Arachis than is ap-
parent between other species of the section. Furthermore, hybrids berween A.
batizocoi.and other species in the section are obtained readily. By inference,
genic diffetentiation is probably 2 major factor which severely restricts the suc-
cess of intersectional crosses. Smarte et al. (1978a, b) suggested a model of in-
terspecific hybridization events that could have produced the cultivated
peanut from diploid progenitors within section Arachis. The most eligible
species  ar collected are A. batizocoi and A. cardenasii (A. sp. 10017). The re-
ciproc:  ploid F,; hybrids between these forms are sterile and have not yet

#

Fig. 6. Contracted (a) and noncontracted (b) mitotic chromosomes of A. cardenasii and
contracted (c) and noncontracted (d) chromosomes of A. atizocoi.



34 FEANUT SCIENCE AND 1 ECHNULOGY

been induced to produce amphidiploids. It is possible, however, that more re-
cently collected taxa could be the true genome donors of the cultivated peanut.
The above studies have made use of the presence or absence of 1 chromosome
pair as markers of genomes (Figure 6). It is clear that other recognizable
karyotype differences exist, for example, in the morphology of nucleolar or-
ganizer chromosomes.

Chromosome Behavior

The first detailed study of chromosome behavior in Arachis was conducted
by Husted (1936). The material studied was all A. Aypogaea (this included
forms such as A. rasteiro and A. nambyquarae now regarded as being synony-
mous with A. hypogaea). In most metaphase I cells studied, pairing was 2011
(see Figure 7) (ranging from 88.2% in White Spanish to 97.1% in Pearl,
another bunch form). The runner cultivar Improved Virginia showed 94.0%
normal bivalent pairing. Departures from this pattern included formation of
univalents and trivalents in addition to bivalents as follows: 11 + 18II + 1III
and 2I + 19II. Other cultivars had 1811 + 1IV chromosome associations. In
“Nhambiquaras” Husted (1936) reported 1111 + 2III + 3IV; and in hybrids
Improved Virginia x White Spanish configurations observed were mostly
2011, bue 18II + 11V, 21 + 1711 + 11V, 1411 + 2III + 1VI, 14II +2VI,
1711 + 2IIIand 1711 + 1VI were also observed. Because of the low frequen-
cies of multivalent configurations, it can be inferred that che cultivated peanut
is an effectively diploidized tecraploid. Multivalent association can be due to
homoeologous pairing (the formation of quadrivalents or a trivalent plus a uni-
valent) between chromosomes of the 2 genomes. When pairs of trivalents or
hexavalents were observed, the probability of segmental interchanges having
occurred in the differentiation of the genomes is high. The enhanced produc-
tion of such associations in the virginia x spanish F, hybrid discussed by
Husted (1936) suggests that there may be chromosome structural differences
between different subspecies of the cultigen, a suggestion made more recently
by Gregory et al. (1980) on the basis of reduced fertility in hybrids berween se-
quentially branching and alternatively branching forms. Subsequent studies
by Raman (1976) also confirm Husted’s conclusions. In these studies aneu-
ploidy was observed occasionally in addition to sporadic occurrence of chroma-
tin fragments in meiotic cells. The authors suggested that aneuploids could
have originated as a result of departures from normal diploid pairing.

Wild Species Meiosis

Meiotic studies in wild species have been reported by Raman (1976) for both
tetraploid and diploid wild species. The behavior of A. monticola is comparable
to that of A. hypogaea with normally 20II but occasionally with 1811 + 1IV.
Meiosis was less regular in the tetraploid rhizomatous species which may form
up to 4 quadrivalents per pollen mother cell. Pollen mother cells in diploid
wild species uniformly form 10II and have regular meiosis (Smartt, 1965;
Raman, 1976; Resslar and Gregory, 1979; Smartt et al., 1978a; Stalker and
Wynne, 1979) (Figure 7).
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Fig. 7. Metaphase I of A. bypogaea (a), A. villosa (b), A. cardenasii (c), and A. duranensis (d).

Note that each species has distincti i i
iy B Resi:lar)_ one distinctively smaller bivalent (photomicrographs

Meiosis in Interspecific Hybrids

The authenticity of some interspecific hybrids reported by Ra
and Varisai Muhammad (1973a, b, c, d) }fas been guestionZd ((;r;:;o(r?:'n?
.Gregory,' 1979; S_rnartt, 1979). For this reason, only the meiotic behavior of
interspecific hybrids of unquestioned authenticity will be reviewed. The first
interspecific hybrids obtained in Arachis were produced with A. /lepa aea as
seed. parent. ’:hese were between the tetraploid cultigen and diploid spegcies of
section Amrb:_f, and as a result, functionally sterile triploids were produced
I\lIatL;;al or ;mﬁaa[ly inducec,:l hexaploidy usually restored fertility (Kumar et
21--};, 195677,,) aman, 1959b; D’Cruz and Chakravarty, 1961; Smartt and Greg-

The first interspecific hybrid reported between diploid Arachi '
produced by Raman and Kesavan (1962) berween A.szamne;ﬁbizpflc“:jlj:?as
var. correntina. These authors found meiosis to be regular, a conclusion' which
has been confirmed and amplified by Resslar and Gregory (1979) and Stalker
and Wynne (1979) (Figure 8). Regular meiotic pairing has been found in all



Fig. 8. Metaphase I of A. cardenasii x A. correntina F| with 10 bivalents (a), A. fardma.r{i xA.
batizocoi F with 6 bivalents and 8 univalents (b), A. spegazzinii x A. correntina F, with 10
bivalents (c), and anaphase I of A. spegazzinii x A. batizocoi F, with 12 chromosomes
segregating to one pole and 8 to the other.

interspecific hybrids between species within section Arachis except for those
involving A. batizocoi (Smartt et al,, 1978a, b; Stalker and Wynne, 1979). .In
F, interspecific hybrids involving the latter species, meiosis is extremely ir-
regular and sterility virtually complete (Gibbons and Turley, 1967; Smartt et
al., 1978a, b; Stalker and Wynne, 1979) (Figure 8). Irregular meiosis appears
to be due to extensive rearrangement of structural elements between A.
batizocoi and other species in the section.

Stalker (1981) reported meiotic behavior in complex triploid hybrids be-
tween section Erectoides (4x) and section Arachis (2x). The Erectoides (4x) parent
was an amphidiploid derived from the F, hybrid between A. rigonii and A. sp.
GKP 9841. This was crossed successfully with the 2 accessions A. stenosperma
(HLK 410)and A. duranensis from section Arachis. The resulting hybrids were
sterile and either euploid 27 = 30 or aneuploids 27 = 31, 32. Trivalents were
observed at low frequencies, suggesting-that at least some homology exists be-
tween the chromosomes of the Arachis and Erectoides species involved.

Further meiotic studies of intersectional hybrids could yield valuable infor-
mation on genomic homologies. The difficulty with which such hybrids are
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produced suggests that within each section the genome or genomes are geneti-
cally isolated from those of other sections. The most numerous intersectional
hybrids have arisen from combinations Erectoides x Rbizomatosae and Arachis x
Rbizomatosae. Considerably fewer have arisen from other combinations such as
Erectoides x Arachis and Erectoides x Caulorhizae and none have been produced by
the great majority of intersectional combinations (Gregory and Gregory,
1979). Application of techniques such as protoplast fusion or i vitro culture of
immature F, hybrid embryos may possibly produce further interspecific
combinations. The pattern of intersectional cross-compatibilicy observed has
led Gregory and Gregory (1979) to suggest that members of both sections
Arachis and Erectoides have some affinity with the 4x Rbizomatosze. It is possible
that since sections Arachis and Erectoides are almost completely cross-incompat-
ible, 1 of the 2 Rhizomatosae genomes confers compatibility with the Erectoides
and the other with species of section Arachis. In section Arachis, only members
of the seties Annuae have demonstrated intersectional cross-compatibility,
Neither the perennials nor the tetraploids of this section have produced inter-
sectional hybrids. The presumed presence of a genome from a perennial species
(Smarte et al., 1978a, b) may explain the lack of cross-compatibility between
A. bypogaea (and A. monticola) and any other section (Gregory and Gregory,
1979). ‘

Technical and Interpretative Aspects

The chromosomes of Arachis species are far from ideal material for cytologi-
cal study. The chromosomes are small, 1-4 p, (the actual lengths observed in
preparation vary according to duration of pretreatment) and are prone to sticki-
ness in both mitotic and meiotic preparations. This latter problem can be over-
come by taking precautions in making preparations (Fernandez, 1973) and
avoiding conditions of stress (Stalker, unpubl.).

Somatic Chromosomes

The chromosomes of Arachis species generally have median centromeres and
are difficult to karyotype, but as Smartt et al. (19784, b) have shown, the few
distinctive features among species can be of value. It seems highly probable
that different technical approaches to the preparation of chromosomes for
examination could be of value in different ways. The simplest procedure would
be to reduce either pretreatment times or concentration of spindle inhibitor
reagents to minimize the degree of chromosome contraction while retaining ef-
fective spindle inhibition. This could maximize expression of differences in
chromosome morphology and ensure consistent expression of features such as
secondary constrictions and satellites which are frequently lost in preparation
of strongly contracted chromosomes. The second and potentially much more
valuable approach is that of chromosome banding. Resslar (1979) showed that
the technique has promise, buc production of high quality material in ade-
quate quantity is difficult. Banding patterns could be of value in characteriza-
tion of the genomes in different sections of the genus and tracing chromosome
homologies between species.

Stalker and Dalmacio (1981) observed that the chromosomes of section
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Arachis species ranged from 1.5 to 3.8 p in length. Chrornosfome;_l tol3 w:lie
generally near the same length, chromosomes 4 to 7 were of median .i:ng ;
and chromosomes 8 to 10 were distinctly shpr_ter. Each _of the 10 homo. ogouds
pairs was identified based on centromere position, satellited cbrompsomesd an
differential staining between heterochromatic and euchromatic regions and or-
dered from number 1 = longest to chrorm)_SOme 10 = shortest_ (anl:u-e 9).
Arachis batizocoi had many slightly submec!lan and one submedian ¢ 1F0hm?_
some plus a satellited chromosome 2. Arachis cardenasii also had many s Alg Z y
submedian chromosomes and satellites on chromosomes 5 and 10_.h rac :;_
chacoense, A. duranensis, and A. stenosperma had 51rn_1[ar karyotypes wntcl f_one ;‘)
the median chromosomes with a satellite. A satellite was not pbserve g or tbe
species A. correntina, A. spegazzinii, nor A. villosa and the species all hzix a:sull-
median chromosome 9. Although each of the above species can be cyto og_lca}l y
identified, A. correntina, A. spegazzinii, and A. villosa have very similar
es.
kar’I}:&t&ygumient of arm ratios for chromosome 10/1 was 0.64 and 0.f 63 fior A,
batizocoi and A. cardenasii, respectively, 0.56 for A. cbacaerz;'e, 0 51 for fi\r_
rentina and the other species had a ratio of 0.50 or less. No ghstmctly short
chromosome was observed for A. batizocoi or A. cardenasii in cell prepars_tul)lrl:s
with only slightly condensed chromosomes (Figure 9). However, mI ig [};
contracted mitotic cells, Smartt et al. (1978a, b) reportec.i a c!1srmct y sma
“A” chromosome in all section Arachis species except A. batizocoi, and :heydcon-
cluded that the presence or absence of the “A” chromosome could be used as 9;_
genome marker. The differences in observation may be due to the tendency o
the shortest chromosome to stain lighter than other chromosomes, thus ap-
pearing smaller than is actually the case, or posnblx different species hgv}e1 vsry-
ing rates of condensation when exposed to paradichlorobenzene or 8-hydro-
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xyquinoline. The actual size of any specific chromosome in relation to the other
chromosomes,in the genome can be deceptive unless measurements are made.

Meiotic Chromosomes

On the whole, production of high quality meiotic preparations is not exces-
sively difficult and satisfactory preparations for cytogenetic analysis can be ob-
tained in most species. Polyploidy is a feature of species in the genus for both
sections Arachis and Rhizomatosae as well as amphidiploidy following col-
chicine treatment of F, interspecific hybrids. Colchicine treatment often, but
not invariably, improves fertility of F, hybrids. Interpretation of meiosis in
polyploids is thus of considerable importance.

The interpretation of pairing relationships in diploid interspecific hybrids is
quite simple and straightforward. In instances where meiotic pairing is high,
fertility is also high (Raman and Kesavan, 1962; Resslar and Gregory, 1979;
Stalker and Wynne, 1979). Where it is reduced, fertility is also low (Smartr et
al., 1978a, b; Stalker and Wynne, 1979). Pairing relationships in triploids are
more difficult to interpret and evidence to support inferences is sometimes
lacking. In triploids and higher polyploids the extent to which multivalents
form is determined by chromosome homology, length, and chiasma fre-
quency. Inanautotriploid, pairing may be entirely (I + II) due to low chiasma
frequency combined with short arm length. Similarly in an autotetraploid,
pairing could be exclusively (Il + II). In allopolyploids the situation is more
complex. Smartt (1965) observed that in triploid F, hybrids the frequency of
trivalents varied according to the wild species used as pollen parent with A.
hypogaea. In A. hypogaea x A. villosa var. correntina a mean of 0.95 trivalents
(range 0-2) per cell was recorded, in A. hypogaea x A. duranensis this was 2. 15
(range 0-5), and in A. hypogaea x A. helodes 3.40 (range 0-6) trivalents per cell.
The major variable in these 3 hybrids is the wild species genome. It is
reasonable to assume that within limits, the more homologous the wild species

genome and 1 of the A. hypogaea genomes, the more rapidly synapsis will occur
and thus tend to exclude the second A. hypogaea genome. A lower level of
homology could reduce the rate and extent of synapsis and permit more multi-
valent associations. The homology between the genomes of A. hypogaea, as in-
dicated by meiotic pairing relationships, would be best exemplified in a hap-
loid A. hypogaea, but a haploid plant has never been found. Anther culture
might eventually produce such haploids, which would be extremely valuable
for cytological analysis. Raman’s (1959a, b) interpretation of genomic homo-
logy between A. villosa var. correntina and A. hypogaea is probably correct.
However, he could not know that all incoming chromosomes of A. vi/losa var.
correntina were pairing with 1 genome of A. hypogaea as he assumed. Arachis vil-
losa var. correntina chromosomes could have been paired with members of both
A. hypogaea genomes or the 2 A. hypogaea genomes could have been paired with
each other.

Similar caution is advisable in the interpretation of chromosome pairing
situations in artificially produced allotetraploids and allohexaploids as to the
implications of both production and nonproduction of multivalent associa-
tions. An example from another leguminous amphidiploid is instructive.
Smartt and Haq (1972) produced an amphidiploid from the F, hybrid
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ris L. x P. coccineus L. and observed in sqccessjve generations a re-
gﬁtc‘;iiolf?egﬁleg:cy of multivalent associations i.n r.ne.ioms. Spielman et al. i 1979)
reported many univalents and irregu!ar meiosis in §x (A. hypogaea x 1 . ca:
denasii) hybrids. Propagation by seed imposes selection for a more regular ar;
diploidized meiosis through selection for high levels of seed production. In
amphidiploids, genomic homologies would be mdlcaged by meiotic astslocna-
tions of (I + I1I) and (IV), but these would not necessarily exclude interc a\t;lge
heterozygosity. Higher multivalent associations ('III.+ I, I+V), cir.( ),
etc. would, however, indicate genomic differentiation by segmental incer-
change. Allohexaploid associations of (I+V) or D wogld indicate son;:;
homology of all 3 genomes present. The formation of quadrivalents only lc(;)u‘
indicate that 2 of the genomes had sufficient homology to pair, but wou CnOt
definitely exclude the possibility of homology between all 3 genomes. qxlm-
versely, normal diploid pairing patterns in allopoly;?lmds do not necessarily
indicate lack of the capability for homoeologous pairing between genomes.

Genomic Divergence in Arachis

Divergence bBetween evolving genomes can occur through changes at indi-
vidual genetic lagi and also through rearrangement of chromosome segments.
In the long-standing differentiation between genomes of different se.cl?o'ns in
the genus it is probable that the lack of interspecific cross-compatibility is
primarily due to genetic divergence and perhaps to a lesser extent to plasmon
differentiation (Ashri, 1976). This may be accompanied by chromosome struc-
tural rearrangement although its extent has not been meaS}xred. anferenzl_a-
tion of genomes within a section has occqrred,for e)faml?le, in section Araci és'.
However, even though A. batizocoi hybrids are ste.nle, its genome has not di-
verged genetically from other members of this section to the point where it can
no longer hybridize. Smartt et al. (1978a) and Stalker’ and Wynne (1979) as-
cribe this to chromosome structural rather than genetical dlvgrgence. S:mart;
et al. (1978a) designated 1 genome as A (typlca.l of t!'le section Arachis) an
another as B (typified by A. batizocoi). Perhaps designation of genomes A (typ-
ical of the section) and A, (atypical of the s_ectxon).wc.)uld better convey !?oth the
genetical homology and the cytological dlf:fercnnatlon'an!o:'lg Fhe species. The
very low level of fertility and the highly d{smpted meiosis in interspecific hy-
brids suggests more structural differentiation than in just 2 chromosome palbts
as suggested by Stalker and Wynne (1979). This is apparent visually in the f? -
sence of the “A” chromosome in A. batizocoi and in morphological differ-
ences between nucleolar organizer chromosomgs (_Smartt, u::npubl. ; Stalker and
Dalmacio, 1981). Much structural differentnatxgq could 1.nvolv_e smal{ seg-
ments and be cryptic and undetectable from pairing relationship studies in
meiosis, but might occasionally be manifested in bridge and fragment forma-

tion in anaphase I and II.”

Evolution of the Cultivated Peanut

The production of structural divergence in genomes within section Arachis
provides an insight into a probable mode of evolution for the cultivated
peanut. Extensive chromosome structural changes such as those which have oc-
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- curred in the divergence between A. éatizocoi and other diploid species of sec-

tion Arachis, effectively reduce and perhaps inhibit gene exchange between di-
verging forms. Extreme structural heterozygosity would render sterile any in-
terspecific hybrids carrying both structurally differentiated genomes. Doub-
ling of the chromosome complement would provide structurally congruent
chromosome pairs in meiosis and fertilicy might improve. Selection for fertil-
ity would then tend to reduce multivalent formation.

Since the genus Arachis is largely autogamous, a relatively high chiasma fre-
quency is likely to be favored by selection. This would create no fertility prob-
lems in diploids, but in tetraploids a high chiasma frequency could increase
multivalent formation unless crossing-over was suppressed or eliminated by
chromosome structural reorganization or a genetic mechanism similar to that
in Triticum aestivum L. Reduced chiasma frequency would establish a diploid
meiotic. pairing pattern while still permitting high rates of recombination of
linked geties following occasional hybridization. This is important in the con-
texts of both evolution and practical plant breeding.

Genome Evolution in Different Sections of the Genus

From the Gregory and Gregory (1979) studies of interspecific cross-com-
patibility, it is possible to establish tentatively a series of genomes. Some of the
taxa concerned represent only a singleor a pair of species, i.e. , series Procumben-
sae (section Erectoides)- A. rigonii, A. lignosa; series Prorhizomatosae (section
Rhizomatosae) - A. burkartii; section Triseminalae - A. pusilla; and section
Caulorbizae - A. repens and A. pintoi. This narrow range of species provides a
very restricted base for inference. However, the sections with more species pro-
vide reasonably satisfactory basis from which to draw conclusions.

On the basis of crossing relationships established by Gregory and Gregory
(1979), it seems probable that the following distinct genomes have evolved:

1. Am - Ambinervosae

2. T - Triseminalae

3. C- Caulorbizae

4. Ex - Extranervosae

5. E - Erectoides (subgenomes E,, E,, E; corresponding to series?)

These sections are all diploid and raise few problems. Section Erectoides does
comprise 3 series and there may be corresponding subgenomes. The situation
considered in section Arachis is rather different; here designated subgenomes
do not conform with the delimitation of series. The series Annuae embraces
species possessing 1 or other subgenomes (A or B), the series Amphiploides
species probably contain both (A and B), while all known series Perennes species
possess the same subgenome (A). The Rbizomatosae pose a particular set of
problems. Compatibilities of sections Erectoides x Rbizomatosae and Arachis
x Rhizomatosae are high for intersectional crosses; this suggests that the tetrap-
loid rhizomatous species have 1 genome with Erectoides affinities, cthe other

perhaps closer to section Arachis. In terms of apparent evolutionary age,
Rbizomatosae is older than Arachis, but it is very unlikely that section Arachis
evolved from Rbizomatosae. The diploid rhizomatous A. burkartii is genetically
isolated from all other Arachis species and its affinities remain uncertain. Even
within a species, such as A. hypogaea, some genotypes are extremely poor par-
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PRACTICAL APPLICATIONS

While the information obtained by biosys.ter_nanc investigators of ;:1; ﬁsgr:g
Arachis is of considerable scientific interes, it is of even greater h[m;f; Diact o
king to improve the cultivated peanut. Taxonomic c arl t i
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Ar Pzt'temS:%?ckl:y:;dc:fgiggé peanut bel%ngs, is probably one of the mcire
. T , t?folved-and most rapidly evolving taxa within the genus. Asa result,
rbeacrer[ilgrz :o interspecific gene flow are less than they appear to be in more an-
cient sections stich as the Extranervosae and E're.‘rt.mdes. . can be sum.
1 position of germplasm access1bll}ty to A. hypogaea im-
o g§n§r§eﬁnirion of ordered gene pools which are available for peanut im
”I-Z%:rge:t (Figure 10). We can consider a first-order glfmlelpgml z'l-lIChlic:(;Sg;S
: i ieti ether with all breeding -
of all cultivated varieties and landraces, tog e e el
i . A second-order gene pool would be constituted by A.
22:’3 grr?crlna:;e?thcr wild tetraploid forms (as yet unknow.aig)dx_wltgig.:xre:zlileasrtl)};
high level of cross-compatibility with A hypogaea. The w1I w;ﬁch Shp;uld 2
section Arachis would comprise a third-order gene poo
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cumstances and that such efforts will be expensive, with lictle chance of ulti-
mate success. A desirable gene from a species in section Erectoides, for example,
will not necessarily be equally effective when transferred to a species (e.g., A.
hypogaea) in section Arachis, Genetic resources in section Arachis will obviously
be the most heavily exploited and their actual breeding value is likely to be
more predictable.

The characters of wild species which have the most immediare attraction to
peanut breeders concern immunity, resistance, and tolerance to pests and dis-
eases. A considerable effort has been devoted to the evaluation of the pest and
disease resistance of wild Arachis species, and most notably leafspot resistance
has been identified in 3 species within section Arachis (Abdou, 1966; Gibbons
and Bailey, 1967; Abdou et al., 1974; Seetharam et al., 1974; Nevill, 1978;
Foster et al., 1981). Resistance to nematodes, lesser cornstalk borer, spider
mites, rosette virus, stunt virus, peanut rust, tobacco thrips, web blotch, and
tolerance of southern blight have been reported (Leuck and Hammons, 1968;
Kousalyaetal., 1972; Kamal, 1976; Simpson, 1976; Banks, 1976; Johnson et
al., 1977; Hassan and Beute, 1977; Moss, 1980; Hebert and Stalker, 1981).

Another area which has attracted some attention is the possible use of wild
species to improve the protein and oil composition of the cultivated peanut
(Cherry, 1977). Peanut seed protein is unusually low in lysine and, more typi-
cally, it is low in sulfur amino acids and tryptophan, Amaya etal. (1977) were
able to demonstrate a range in protein content of 21.35-33.359% in the wild
species. Tryptophan content in A. villosulicarpa varied between 1.44 and 1.66
mg per 100 mg protein, somewhat in excess of the best A. hypogaea line tested
at 1.41%. It is apparent that further detailed study of protein content and
composition is required both in the cultigen and related wild species to deter-
mine the nature and extent of protein polymorphisms for selection. In addi-
tion, some cost benefit analysis would be necessary before a breeding effort
would be justified.

Some physiological features such as drought tolerance might be transferred
from the wild species to cultivated peanuts. Improved general vigor and
growth rate, or photosynthetic efficiency are additional characters which
might possibly be improved by introgression. Furthermore, structural and
anatomical changes in vegetative and reproductive parts, e.g., pod and pegs,
could effect useful improvement. A full realization of the potential breeding
value of wild species will not be possible until their hybrids and progenies are
subjected to intensive study. The biochemical and physiological behavior of
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In order to reap the benefit of our germplasm resomiie_s in the 1mprsow.:;;n§r:
of the peanut crop, it is essential that e'ffectlve bree ing stran:frttz are de-
veloped. It is here that cytogenetic studies fulfill a very impor ot sl i
Smartt et al; (1978a, b) have pointed out, since A. hypogaea is an a1 digim
which is effectively diploidized, the existence of 2 more or less gl
genomes must be acknowledged. One genome, heldb_m cocrlnmqn::: 1 e
diploid species of section Arachis, is more easx!y subjecte to:gf(:hi —
from most species than the other genome. Genetic 1mplr_overgeqf of characters
controlled by duplicated loci in both genomes is complicated, i S cgfan :
the 2 genomes differ substantially as a result of chromosome gtrg;:tu‘ o n%o:
If as furcher suggested by Smartt et al. (1978a, b)_, species similar in caome-
some structure to A. cardenasii gnd A. batizocoi (but not necessari y-ve =
species themselves) are involved in the ancestry of A. bypofgaeal:) exce::;ar =
combination between the genomes is unlikely. It may thei_e orei e r-leck:lt alsg 0
induce segmental interchanges to effe'ct_ specific gene tt:anslgrs. [e rmlgin sobe
possible to produce chromosome addition or su_bsntutm:; ines mvooiv [—i nore
remote germplasm. Exploitation of wild species germplasm can n

sidered.

Breeding"Sfrétegies for the Exploitation of Wild Species
Germplasm ™~ :

In devising breeding strategies for the incorporation of exml:]xc gerrglpblil:mr:j
the cultivated peanut, the following must be_cons:dered. The Sro laim Eca_
sence of 2 structurally differentiated genomes in A. hypogaea 1as huz:2 nlz ica-
tions. Firstly, that the arrangement qfchromosome segments in the 2 ge pomes
will determine the ease with which rhg necessary lnn_'ogressg)r;)lc s
achieved. Secondly, the high level of genetic homology which proba by .:3)(1ier
between the 2 genomes implies that many quah‘ranve char?cters :;:ay € un
the control of duplicate loci. Transferring a desirable dominant ¢ alracteiirgi;-z
present few problems for the breeder.l However, if thf? trait is recclesswe a? Eae
plicate inheritance occurred, producing hqmozygosn:y at ho;ng ogous loci -
both genomes would be difficult. A less serious problem could be encou?‘t:le::l od
where the genes had additive effects; however, maximum expression cou
be achieved unless both genomes were introgressed.

Ploidy Level Manipulation

It is fortunate that differences in the ploidy level of Arachis species are not in
themselves barriers to hybridization and may not be great bamel;i, to gfene
flow. Operating effectively at different ploidy levels despite the pro emlo ;et;
duced fertility is possible. This is important when breed;r_:g materials ¢
range from diploid to hexaploid levels as is the case in Arachis. ’ T

The question of breeding for improved leafspot resistance provi ei a gfoo -
lustration of the nature of the germplasm introgression problemsl.c. ea st()t )
incited by 2 species of fungi, Cerm:parfdtmfz personatum (Berk. & Curt.
Deighton and Cercospora arachidicola Hori (late and early leafspots, resl:uj;:-
tively). Arachis cardenasii has been reported as immune to C. personatum, -
chacoense as resistant to C. arachidicola (Abdou, 1966), and A. stenosperma as

MR AL A INSIN SMUNLS N L LAAILING LD “4)

sistant to both pathogens (Kolawole, 1976; Sharief et al., 1978). In most
peanut-growing areas, resistance to both pathogens is desirable. It would,
therefore, be pertinent to consider whether each resistance would be bred into
the cultigen separately or whether as Smartt et al. (1978b) suggest, it would be
more efficient to combine both resistances at the diploid level and then cross a
doubly resistant segregate to the cultigen. Such a cross would be triploid and
more or less sterile. It is frequently possible to produce hexaploids from such
triploids, eicher artificially and/or spontaneously (Smartt and Gregory, 1967;
Spielman and Moss, 1976) and backcross these to the culti gen to produce pen-
taploid progeny. Pentaploids in Arachis vary in fertility but those capable of re-
production would probably lose chromosomes in meijosis and tend to produce
progeny whose chromosome number would stabilize at the tetraploid level.
Selection for both resistances could be practiced and a doubly resistant tetra-
ploid breeding line produced. Moss (1980) suggested an alternative strategy of
crossing-~1 diploid species to A, hypogaea, doubling the chromosome comple-
ment of this F, hybrid and crossing the resulting hexaploid to a second diploid
species to produce a tetraploid. However, this tetraploid could have 3 A, + 1

> genomes and might, as Smartt et al. (1978b) suggested, be of reduced fer-
tility. Both these alternative strategies, and the modification of inducing
polyploidy before hybridization with A. hypogaea suggested by Stalker and
Wynne (1978), are probably worthy of trial.

Sharief et al. (1978) conclude that leafspor resistances are controlled multi-
factorially. It would appear that some improvement in the level of leafspot re-
sistance in the cultivated peanut might therefore be achieved by introgression
of the A, genome. However, maximum resistance levels would probably not
be achieved until both genomes were effectively introgressed.

The basic strategy suggested here could be employed with diploid species
within section Arachis for a range of possible improvements. Results obtained
to date suggest that this approach could be productive. Bridging the intersec-
tional gaps is a very different problem and one likely to prove difficule. It
would probably involve further development of techniques for anther, em-
bryo, and tissue culture as well as investi gation of the physiology of differentia-
tion in cultured cells and tissues. Where conventional hybridization fails, pro-
toplast fusion may yet succeed. However, it must be remembered that
genomes from different sections may be developmentally antagonistic and pre-
clude both normal reproduction processes and normal growth and develop-
ment. Similar considerations may also apply to single chromosome pairs if
these are substituted for homoeologues in the A. hypogaea genome or added to
it. Obviously, wide crosses in Arachis from the standpoint of peanut improve-
ment are a last resort.

In conclusion, we consider ourselves fortunate that the cultivated peanur,
A. hypogaea, is a member of a recently evolved section of the genus unlike A.
villosulicarpa, the only other cultigen of long standing in the genus. Within
the section Arachis, most of the genetic resources should be accessible to the
breeders. It is possible that more remote genetic resources than these might be
utilized, but the difficulties are expected to be greater and the results less cer-

tain. Nevercheless, all the genetic resources within the genus should be pro-
perly evaluated.
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