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I. INTRODUWCTION

The disgovery of the dranatioc effests of eortisone in
the year 1949 (Hench gt 3l., 1949) heralded a new chapter in
the history of modern medicine, The steroids find varied
uses as acorticosteroids (regulating earbohydrate and eleotrolyte
metabolism), Oestrogens and progestogens (female hormones
exerting ocontrol on mensursal eyole and pregnanoy), androgens
(male hormones), anabolic agents, oardiotoniec glycosides eto.
Though animal sources played a key role in the early periods,
vegetable sources located subdsequently paved way for the wide
use of steroids, TFresently nearly 50 per cent of the world's
requireaents of steroids come from Dipsgeres especially the
three speoies, D.deltoidea, D.gompoaita and D.floribunda.
Steroid-bearing Solanym species such as S.yiarum Punal (Syn.
S.xkhasianun var. ghatterjesnum), S.lseinatus and S.avigulare
are also commercially used as a source of steroid drugs since
solasodine - a glyooalkaloid present in these species, offer a
good starting material for the synthesis of steroid hormones
(Schreiber, 1968; Bakshi and Hamied, 1971).

Among the steroid-bearing Solanum species, S.ylarun
hes besn commercially exploited in India and is found to be
amenable far successful cultivation over a wide range of
agroolimatic eonditions (of, Sharma and Verghese, 13980).



hlike the diosgenin-bearing Diossgres species whish are-
generally long duration ocrops requiring special cultural prastices,
S.yiarun is a short duration erop that cen be cultivated with

esse even in marginal lands, But to be a competitive alternate
source of steroids, ocommercial varieties of S.viarum should
possess higher ocontents and ylelds of solasodine and field

resistaroe to vwilt caused by Fusarium oxveporum (Bordoloi et al.,
1971).

In the context of enhanoing solasodine oontent in
berries, induwsed autotetraploidy holds promise since auto-
tetraploids are reported to possess higher content of solasodine
besides reasonably high level of seed fertility (Ammal and Bhatt,
19713 Bhatt, 1977). A detailed study of the meiosis of auto-
tetraploids in S.yisrus has not been reported so far, even though
a knovledge of meiosis in autotetraploids is eassential for
understanding the causes underlying sterility and prospects of
securing true breeding tetraploid lines in suocessive generations.

Por incorporation of wilt resistanee in S.yiarum
oultivars, interspecific hybridization merits ocunsideration as
& prospective means of genetic improvement sinece related
steraid bearing Solanum epecies - S.mAnmasus, and S.inasnus
exhibit field resistance to wilt disease (Telek gt al., 1977
and Pal, 1949) and interspeoific gene transfer has played an



fmportant role in the genstic upgrading of several speoies of
the genus Sglanumn. Efforte to hybridize non-steroid bearing
Solanus species vith S.ylarupm have proved so far unsuccessful
(Krishnapps snd Chennaveeraiah, 19683 Rao, 1979). The steroid-
bearing S.aammesum Iinn, exhibits field resistance to wilt and
could prove an useful source of genes conferring resistance to
vilt for insorporation into S.ylarum. Further, both S.yiarus
and S.EANTORUR are apparently closely related taxonomically as
they have been assigned to the same subgenus, lLeptostemonusm and
section, Asanthophora (Pearce and Iester, 1979), Thus the
prospectis of securing viable interspecific hybrid involving
these tvwo speoies seems gquite bright.

Yor pursuing the above programme on autotetraploidy and
interspecifio hydbridigation, a knowledge of oytogenetical
baskgrouwnd of J.yisrum and S.pgazosum is essential, Information
on the karyology and chromosoual homology eof S.yiarum and
S.mamponun is an essential prerequisite for successful implemen-
tation of interspecifio hybridisation programme involving these
twvo species. Considering the small sise of mitotic chromosones
in Sglanum species, in gensral, these studies oan be profitadbly
pursued at pachytens stage. Pachytens karyology of S.ylarum
has been reported by Pin gle and Dnyansagar (1376), However,
certain unusual features such as absence of nucleolus in most

of the pashytene nuclei and the presence of terminal or



interoalary dark-staining segments in the light-staining
regions of the arms in some of the chromosomes have been
observed by these vorkers. These observations have not been
reported at pachytene stage in any of the several Solanum
species investigated so far (Gottschalk, 19543 Rao, 1972 and
1975). In view of this, a reinvestigation of the peohytene
karyology of S.yiarum wves felt imperative.

An implicit need for conduoting detailed cytogenetis
studies in S.masgmopun vas also felt since this species is
oonsidered to be a potential commereial source of steroids
(Telek gt al.s 1977) and has performed satisfaotorily under
Indian comditions (Gandhi Raa and Kaul, 1980). Further
S-manesun differs from S.yiarusm and other spinous Solanum
species by virtus of its lover chromosome number of 2n=22,
as against 2n=24 in the others and the awvailadle oytogenetio
information on S.pammesus is restrioted to determination of
chromosone number (Madhavadisn, 1968; Moore, 1971, In
eluoidating the taxonomic affinity between these two steroid-
bearing Solanum species differing in ohromosome number, &
somparative study of leaf flavonoids appeared {to be relevant as
this eharacter has been reoently recognised to be of value in
estinating speoies relationship in Solanaceae (Harborne and
Swain, 1979). An assessment of response to ohromosomal doudbling



Ut

in S.Rammosus seems justified as autotetraploidy had proved

an useful avenus for genmstic improvement of S.ylarus.

Considering the above, in the present investigation
the following studies were undertakent

1) re-investigation of pachytene karyology of S.yiarus
in the context of providing chromosomal basis for genetie
studies and future breeding programne,

11) industion of autotetraploids in S.yiarym snd detailed
study of meiosis in autotetraploids for understanding causes
underlying sterility and

111) a comprehensive study to assess the interrelationships
of the S.yiarun and S.pamnosum based on oytomorphology, orossa~
bility, response to ohromosomal doudling and distridution of
leaf flavonoids to arrive at a poasible orop amelioration
strategy involving these two species.
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I1I. REVIEW OF LITERATURE

The reviev of pertinent literature is oovered under five
major heads, visz., (1) steroid-bearing Salanum speoies
(11) leaf flavonoids in Solanaceae (111i) pachytene ohromosomes
(iv) interspesific hybridization in medieinal plants and
(v) induced tetraploidy in medicinal plants.

2.1, STEROID-BEARING SOLANUM SPECIES

The literature on species of economic importance,
taxonomy, oytology, interspecific hydridisation and also

autotetraploidy in steroid-dearing Solanum species is revieved
here.

2.1.1. Spegiea of economio importange

Steroid-bearing species of Sglanum are commercially
exploited as the sowrce of solasodine and related glyco-alkaloids.
Solspus viarum, (Syn. S.khasianus var. ghatteriesnum) is the
exclusive species used by steroid industry in India (Maiti ot 3l.,
19643 Maiti gt al., 19793 Gadwal, 1977s and b). Acecording
to Bradley of al. (1979) vesides S.ylarum, S.laginsatus,

S.axiculare and S.parginatun are the most favoured plant speoies
in the steroidal industry for the produotion of solasodine in

Australian regions. Acoording to Telek gt al. (1977)
S.RARNOSUR oan be a oommercially potential source for solasodine



production. Among the indigencus species, S.inganum and
8-indigun are also considered as potential source of solasodine
(Ammal and Viswanathan, 1974). In most of the above species,
berries contain solasodine vhereas in 5.laginatus and S.aviculare,
the leaves cmatitute the major source of solasodine,

2.1.2. Iaxenenic status

Among the steroid-bearing Sgolanus speeies, S.gvioulare
and 3.laginatum delong to the sauze sub-genus and seotion
Archas-Solanur (Bradley ¢t al., 1973). The other species
namely, S.yiscus, 3.mamicaum, S.ineanum, S.indious and
S.aarzinatum belong to the sub-gesnus leptostemonum (of. Pearce
and Lester, 1979, and Randell and Symen, 1976). S.yiarun and
S.pagposun belong to the seotion Acanthophora. S.inssnus and

S.aarginatun delong to the seetion Melongena while S.indiecuny
to Oligenthus,

Certain extent of taxonomioc confusion persisted until
recently in respeot of 3.viarus. Babu and Hepper (1979)
hawe recently reevaluated and coneluded that the correct name
for S.khasianum var. ghatterxieanus. Sen Gupta i{s S.xiarum.
Owing to the earlier taxonomic confusion in respeot of this
taxon earlier reports on S.kKhasianul irc treated as referring
to S.yiscun.



2.1.3, Cytology

2.1.3.1. Chromomome number: The ohromosome numbers of the
steroid~-bearing Solanum species hsme deen deteormined as’ 2n=24
for S.nammesun (Nasrallah and Hopp, 1963 ) and 2n=22 for
S.panmouun (Madhavadian, 1968; Moore, 1971). 2n=24 for
S.yiarum (XKrishne Mitra, 19663 Zutshi, 1972s Xrishnappa and
Chennaveeraish, 1976), S.inganum (Meige, 19623 Zutshi, 1974),
S.indious (Bhadrui, 19333 Meige, 1962; Bezdbaruah and Besbaruah,
19633 Zutshi, 1972), S.pargioatus (Vilmorin and Simonet, 1927;
Heimer, 19633 Madhavadian, 19683 Krishnappa amd Channaveeraiah,
1971), 2n=48 (Vilmorin and Simonet, 1927, 1928) and 2n=92
(Baylis, 1954, 1963; Stray et al., 1962) for S.laginatuyas and
2n=46 (Baylis, 1954 and 1963; Stary g% 8l., 1962; Besbaruah
and Besbaruah, 196%), 2n=48 (Vilmorin and Simonet, 1927 and
1928; Gottasohalk, 1954), and 2n«96 (Baylis , 1954 and 186%;
Hardas and Joshi, 1954; Besbaruah, 1965; Vilmorin and Simonet,

¢ 7. Federoy|74)
1927 and 192683 Gottechalk, 19543 Storcshova, 1957, for

S.avioulare.

2.,1.%.2. Somatio karvelogyt Karyomorphological studies using
mitotio ohromosomes of the root tip eells haw been reported

for S.khasianup var. ghatterjesnua (Syn. S.yiarum)(Krishna
Mitra, 1966), S.khasianug (3utshi, 1972; Xrishnappa and
Cheenaveeraiash, 1976), S.incenum (Zutshi, 19723 Narasimha

Rao gt al., 1980), S.indioum (Zutshi, 1972; Narasimha Rao gt al.,
1980), S.parsinatum (Krishnappa and Chennaveeraiah, 1976).



In S.khaslanus var. ohatterjesnum (Syn. S.viarum) the
smatio ohromosome renged in length from 1.6/ to 2.8 A
(Krishna Mitra, 1966). Six ohromosomal types (A to F) have
been distinguished. The chromosomal pairs belonging to type ‘B
measuring 2.5A in length was found to bear seoondary constriction.

In S.khasianua, Zutshi (1974) reoorded ohromosome length
variations from 1,994 to 3.3/A. A pair of satellite ohromo-
somes with sub-median oentromere measuring 2.66 &2 vas observed,
Among the five types recognised by her, no distinotion has
been made in respect of the centromere positions in two of the
groups. The somatic chromosomes of S.khasianum hewe been
olassified under median (2,5A to 4,0/A) and short (less than
2.0 /) ohromosons groups by Krishnappa and Chennaveeraiah (1976).
Unlike Zutshi (1974), Krishnappa and Chennaveeraiah (1976)
reported two pairs of satellited chromosomes and total absence
of ndxan centromere chromosomes., Hovever, Narasimha - rao gt al.
(1980) reported tha presence of one median chromosome in the
haploid complezent of S.khasianull and a distinct absence of
secondary comstricted ohromosomes in whole of the oomplement.

In Selgnum inesnum sccording to Zutshi (1972) the
mitotio ochromosomes ranged from 1.%2/A to 4,004 in length,
Eight chromesomal types vere recognised and a pair of satellited

chromosomes with sub-median centromere was observed. But
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Narasimha Rao ¢t al. (1980) reported presence of five median
and seven sub-median ohromosomes. The somatio chromosomes of
S.indjoun were shorter than S.incanum and ranged in length from
1.35/A1 to 2,66 k. Two pairs of chromosomes bearing secondary
oonstriotion with median and sub-median centromeres werc
reported (Zutshi, 1972). S.indioum possessed a maximum number
of eight ohromosomes with median constrictions (Narasimha

Rao @t gl., 1980). The somatioc ohromosomes of S.marginatum
were reported to consist of two pairs of setallited chromosomes
(Krishnappa and Chennaveeraiah, 1976), Only one pair of median
centromere bearing chromosomes has been reported. The total
chromatin length of this species is reported to be longer

(33.9 /1) than that of S.khasianum (26.9 A).

Based on the Karyotype analysis of some of the non-
tuberous Sglanum species inoluding steroid-bearing ones,
Narasimha Rao ¢t al. (1980) opined that the study would not
offer any scope for evaluation of phylogenetic relationships
between the species, The study of chromosome morphology in
Solanum species, at best can have only a phyletic significance
as a commentary upon the validity of oconclusions based upon

evidence from external morphology and other cytogenetical data,

2.1.3.3. Ppohytene karvyology: Pachytene analysis among steroid-
bearing Sglanum species is reported for S.ylarum only (Pingle
and Dnyansagar, 1976). The differentiated pachytene chromosomes
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are reported to vary in length from 9.4/ to 34,24, In the
ldentifiocation of entire haploid complement content, the distri-
bution of heterochromatin was employed as the major oriterion.
Three of the chromosomes were reported to be metacentrie., The
eonspiocuous absence of nucleolusat pachytene was considered

to be a specific character of this species. In one of the
armgof ohromosome I and IV and both arms of chromosome IX
the light-staining regions are flanked on either side by dark
staining regions., Dased on morphologioal similarity of
pachytene ochromosomes, FPingle and Dnyansagar (1976) have
suggested & basic number of n=10 for this species.

2.1.3.4. Agoensory ohromopgmnent The presence of accessary
shromosomes have been reported in S.indicum, S.khasianua
(Syn. S.yiarum) end S.yiarus (Chennaveeraiah and Krisimappa,
196%; Dnyansagar and Dhanraj, 1972). In S.indiocus,
Chennaveeraish and Krishnappa (1965) reported the presence of
an extra chromosone in root tip eells of one eollection and
twvo fragment chromosomes in two other colleestions., In the
latter case, one of the colleotions vas found to have accessary
shromosomes of unequal length and the other of equal length.
The deteotion of accessary chromosomes in pollen mother cells
of tvo more colleotionsis also reported, These chromosomes
oocurred either unpaired or paired with chroaosomes of the
normal complement in trivalent and pentavalent configuration,
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In S.khasianum an accessory chromosome oocurred in PMC of
one of the three collectionsexamined by Chennaveeraiah and
Krishnappa (1965) and was not found to pair with ehromosomes
of normal ocomplement, In S,yiarum Pnysnsagar and Dhanraj
(1972) found one or two B-chromosomes at meiosis in 20,6

por cent of the 121 plents snalysed by them, The B-chromosomes
did not pair with normal chromosomes or between themselves
vhen two suoch chromosomes were prisent. Pollen fertility
and seed setting vas found to be reduced in plants with
B-chromosomes. Dnyansagar and Pingle (1976) eoncluded that
the presence of B-chromosomes in the plants of S.yiarun may
oontribute to the inorease in thelr solasodine content either
directly dus to the polygenic nature of these chromosomes

or indireotly by deoreasing the seed veight and inoreasing
leaf wveight,

2.1.4., Interspecific hybridization

O0f the nearly 2000 species of Solanum, about a hundred
are tuber-bearing and the rest are non-tuberiferous (ef, Rao,
1972). The steroid-bearing species belong to non-tuber
bearing members of the genus, A large number of inter-
meocifio hybrids have been reported among them (of. Rao, 1979).
Interspecifioc hybridisation in steroid~-bearing Sglanum species
offers a good prospects of transferring yield attributes,



13

hardiness and disease and pest resistance froa wild or

related taxa.

In the present review only those interspecific hybrids
involving steroid-bearing species as one of the parents arse
considered, These include the hybrids between steroid-bearing
speoies on the one hand and few of ths edible or other non-
tuberiferocus Solanum species on the other.

2.1.4.1. Orossability relationships Steroid-bearing species of
the genus Sglanum are characterised by certain peculiaritiss
vith regards to orossability among its species. Barriers

to erossability appear to have developed to various degrees
at different levels. These inolude complete failure of
fruitset, parthencoarpic fruit set, production of shrunken

or aborted seeds, produstion of well-developed dut non-
gerainabdle seeds and seedling mortality (ef, Rao, 1979 and
of, Omidigi, 1979).

Stylar heteromorphism is reported in steroid-bearing
Solanum species (Murthy and Abraham, 19753 Bakshi, 1979 and
Rao and Kumar, 1980). In the context of relating the role
of differences in stylar length with effeotive fruit set
various flover types in spinous Solanum species wers soreened
(Rao and Raeo, 197%. It was found that flowers with styles
sxerted well beyond the oconnate anthers had eight nucleate
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embryosacs and vere only funotional (Rao and Rao, 1977pH}
Murthy and Abrasham, 1975). Rao and Rao (1977b) mentioned
the relation of abortive development of embryosac to stylar
heteromorphiss,

The results of the interspecifio hydbridisation involving
steroid~-bearing Solanum species as parents or as parent with
other non-tuberous Sgolsnum species can be classiried inte

seven following categories.

2.1.4.1.1. Fortile hybridas: In this oategory successful crosses
resulting in fertile hybrids are included. Among theam are

rec iprooal orosses between S.gilo and S.indisus (Namrallah and
Hopp, 1963 and Rao, 1979) between S.indicum and S.melongena
(Chopde and Wanjari, 1973) Magoon gt al., 1962a; Jaipurkar gt al.,
1973; Rao and Kumar, 1980; Rao, 1979; and lakshhi gt al., 1981)
(Chopde and Wanjari, 1973) between S.inganum and S.gelonsens
(Magoen g% al., 1962a3 Zutshi, 19663 Rao, 1968; Siddigqui and
Khan, 19783 Iskshai gt al., 19813 Rao, 19793 and S.inganum

X' integxifolium, S.inocanum x S.indioum (Reo, 1979) and
S.ayiculars x S.laoinatum (Motvenkova, 1968).

2.144.1,2, Partially fertils hybrida: Suocessful interspecifiec
oroeses ylelding partially fertile hybrids are! reciprooal

erosses between S.indicum and S.melongena (Rajashekaran, 1968,
1969 and 1970; Krishnappa and Chennaveeraiah, 19653 Rao, 1968;
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Rangaswamy and Kadambavana Sundaraa, 1973, 1974; and Nasrallah
and Hopp, 196%); between S.indioum and S.impanum (Zutehi, 19663
Rao, 1968) and between S,incanum snd S.integrifolium (Rao, 1968;
and Khan ¢t al., 1975); S.inosnum as seed parent with
S.malangena (Baksh, 1979), S.gilo and S.gurettenss (Reo, 1968)
and as pollen parent with S.asoroccarpen (Omidijf, 1975),
8.indioun as seed parent with S.gurettense (Raju gt al., 1961),
S.xllo (Rae, 1968),

2.1.4.1.3. Sterile hybridat Sterile hybrids recovered froa
interspeecific hybridization inoludet reciprocal orosses betveen
S.indlous and S.melongens (lekshmi ot al., 19813 Nasrallah and
Hopp, 1963), between S.indigum and S.surettense (Reo and Rao,
19813 Mittal, 19503 Rajashekaran, 1968; Rao, 1968; Magoon gt al.,
1962a), S.indioum x S.torvem (Kirti and Rao, 1981), S.inesnum x
S.pelongena (lekshmi ot al., 1981), S.indioum x S.gilo
(Rangaswamy, 1973); S.gilo (Rangaswamy, 1973) amd S.ineanum

a, seed parent vith S.malongena (lakshmi gt al., 1981) and
S.aurettense (Swaminathan, 1949 and Mittal, 1950).

2.1.4.1.4. Mortality of hybrid seedlingast Mortality of hydrid
seedlings has been reported in crosses involving S.indicun as
seed parent with S.impanum and S.zuaeaznisnum (Rao, 1979) and
betveen S.poulaotissimum and S.khasisnum (Krishnappa and
Chennaveeraiah, 1965),
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2.1.4.1.5. Forpation of partially developed and/or aborted seeda:
Crosses leading to the formation of partially developed and/or

aberted seeds are reported in cross combinations with S.indioum

" being seed parent with S.pgulatissimum (Rao, 1979) and
S.aurettanse (Rao, 1979 and Rao and Rao, 1981) and S.inganus

as seed parent vith S.mmerocarpon end S.gigrua (Omiaiji, 1975)
and S.khasianum x S.indioum (Xrishnappa and Chemnaveeraiah, 1965)
and S.malongena x S.khapianus (Rso, 1979).

2.1.4.1.6. Formation of parthengcarvie fruits: Reciproocal ocrosses
involving S.melonszena and S.khasianus (Bakeh and Igbal, 1979 )y
and S.pelongena and S.pagmosum (Baksh and Igbal, 1979); and
Semelongena x S.imanum (Seksh, 1979), S.sanmosull x S.in0anul
(Baksh and Igbal, 1979) and Reo, 1979); and S.gisymhrifolium
vith S.ineanum and S.khasianum (Rao, 1979) have produced only
parthencoarpic fruits. '

2.1.4.1.7. Crogs incompatibilitys Cross incompatibility leading
t0 no suocess in orossability has been reported in the following

parental combinations,.

Reciprocal orosses between 3.mslongena and S.mammosunm
(Nesrallah and Hopp, 1963s Baksh and Igbal, 1979), S.incanum
and S.khasianum as seed parents with S.zucoagnianum, S.aurettense
(Syn. S.xanthocarpon), S.gigymbiifoliun (Rao, 1379); S.indicum os
seed parent vith $.mammoeus (Nasrallah and Hopp, 1963),
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S.khaaianua and S.gigyabrifoliug (Rao, 1979); S.melongeua as
seed parent with S.indlcus (Swaminathan, 19493 Mittal, 1950
Basduri, 1951; Rajashekaran, 19703 Rao, 1979), with S.khasianum
(Krishnappa and Chennavesraish, 1965) its reciproeal (Rso, 1979)
and with S.inesgum (Bakehi and Igbal, 1979 and Iakshmi gt &l.,
1981); S.mslongena var. insanum as seed parent with S.indieus
(Rajashekaran, 19693 Rao, 1979) and 3.khssisuum (Rao, 1979);
S.ineanun x S.khasianum: S.khaslanes x S.gilos S.khasiapam x
S.integrifolius and its reoiprocal (Rao, 1979); S.xile x
S.indlowm (Reo, 1968 and Rao, 1979); S.iorvum x S.indioum
(Krishnappa and Chennaveeraish, 1965); S.sisyabrifelium x
S.indioun (Rao, 1979)s and S.indioum vwith S.melensena and
S.maercearcan (Omidiji, 1975).

The above categorised results of interspecifie hybridi-
sation involving steroid-bdearing and/or non-tudbercus Sglanum
species vhen reviewed in terms of orossability behaviour of
individual species revealed conflioting resulta, These
results are dealt in the following pages taking iaportant
steroid-bearing Sglanum species individually into consideration.,

2.1.4.1,8. S.inoanum: ieciprocal orosses between 3.inoanum snd
S.mslengens have been reported to produce fertile hybrids
(Swaminathan, 1949 Mittel, 1950y Magoon g% al., 1962aj;
Zutshi, 1966; Hao, 1968; Siddiqui and Khan, 1978; Rso, 1979)
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or resulted in no fruit set (Omidiji, 1975; Baksh and Iqbal,
1979; lakshmi g} al., 1981)s Crosses between S.ingaqum x
S.Balongens bave also been reported to give rise to partially
fertile hybrid, while its reciproocal combination, produced
parthenocarpic fruits (Baksh, 1979). S.iuganus as pistilate
parent vith S.indigum, is reported to produse fertile hybrid
(Rao, 1379) or partially fertile hybrid (Rso, 1968). In the
resiprocal cross, partially fertile hybrid (Zutshi, 1966) or
hybrid seedling mortality (Rao, 1979) have been reported.

The reeiprooal oross between S.irsanum and
S.intexrifoliug resulted in a partially fertile hybrid (Reo,
1968; khan ¢t al., 1975). But, Rao (1979) reported the
produntion of a fertile hybrid vhen S.impanum vas used as s
pistillate parent., S.pagrocarpon ss pistillate parent in
orosses vith S.inoagum prodused a partially fertile hybrid
(Omidijl, 1975), while use of 8.ingeanum as pistillate parent,
resulted in either aberted seed formation or total inocompati-
bility (Omidiji, 1975).

The results of erosses involving S.inesnum as pistillate
parent vith other Solanum species inoclude; the produwstion of
partially fertile hybrid with S.gils (Rao, 1968) and
Se.aurettense (Swaminathan, 1949); sterile hybrids with
S.aurstiense (Mittal, 1950); formation of aborted seeds with
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S.ulgrun (Omidiji, 1975); inoompatibility with S.aurettense,
S.aucoacnianys, S.khasisgus and S.siaymbrifolium (Rao, 1979).
As pollen parent S.inoanus wvas reported to produse only
parthencoarpic fruits with S.khasisnua (Baksh and Iqbal, 1979
Rao, 1979), S.nammeosus (beksh and Igbal, 1979) and
S.alaymbrifolius (Rao, 1979).

2.1.4.1.9. $.4ndiguRpt In S.indioum, fertile interspecific hydbrids
have been obtained in reciprocal orosses with S.gilo (Nasrallah
and Hopp, 1963; Rao, 1979) and with S.pelongena (Msgoon gt al.,
1962a; Chopde and Wanjari, 19733 Jaipurkar et al., 1973: Rao
and Kusar, 1980 ard Rao, 1979; lekshmi g% 8l., 1981). On the
contrary, S.indious and S.melangens orosses have been reported
variously as incompatidble (Swaminathan, 19493 Mittal, 1950;
Bhaduri, 19513 Rao, 1968; Rsngaswvamy, 19733 Rae, 1979) eo»
eross compatible but resulting in partially fertile hybrid
(Rao, 19683 Krishnappa and Chermaveeraish, 1965; Rajashekaran,
1968 and 19703 Rangasveay and Kedambavanasundaram, 1973 and
1974), and sterile hybrid (Nasrallsh and Hopp, 1963; and
Iakshai gt al., 1961). Similarly, in ocase of S.indicus and
S.g1l10 oross, a sterile hybrid with S.indioum as pistillate
parent, and oross inoompatidility in reoiprocal comdbination
have deen reported (Rangaswaay, 1973). Orosses with S.inosnus
as pistillate parent have deen reported to result in fertile
hybrids (Rao, 1979). The reciprocal combination is reported
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to yield a partially fertile hybrid (Zutshi, 19663 Rao, 1968)
or & hybrid showing seedling mortality (Rns 1979). In
orosses vith S.torvum, S.indieun as pistillate parent produced
a sterile hybrid (Kirti and Rao, 1981), while the reciproocal
combination revealed oross incompatidbility (Krishnappa and
Chennaveeraish, 1965; and Kirti and Rao, 1981). Similarly,
in orosses vith S.gurettense (Syn. S.xanthoearnon’), S.indieum
as seed paremt is reported to produce adorted seeds (Rao, 1979;
and Rao and Rao, 1981), partially fertile hybrids (Raju et al.,
1981) and a sterile hybrid (Reo and Rao, 1981), The reciprocal
eombination has Deen reported to give rise to sterile hybdrid
(Magoon gt al., 1962a; Mittal, 1950; Rajashekaran, 1968;

Rao, 1968)., S.indicum x S.intesrifoliuya oross resulted in
partially fertile hybdbrid (Rao, 1968)., Pormation of aborted
seeds in the oross S.khasianun x S.indicum has been reparted
by Krishnappa and Chennaveeraish (1965), Incompatidbility

has been reported hetwveen S.indicus and S.khasianua,
S.aisymbrifoliun (Rao, 1979) and S.mammaaus (Fasrallah and
Hopp, 1963),

2,1.4.1,10. S.khasianuat Reoiproosl orosses involving S.khasianin
and S.pelengena has been attemptod by a number of workers.
Crosses vith S.aslongena e&s pistillate parent was reperted as
inoompatidle (Krishnappa and Chemnaveeraiah, 1965), and

prodused either parthencearpioc fruits (Beksh and Igbal, 1979)
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or aboried seeds (Rao, 1979), Reeently, dy adopting nutrient
oulture for the naked embryos resulting from S.khasianum sx
;&.m oross, & partially fertile hybrid has been developed
(Sharna ot al., 1961). Orosses involving S.khasisnun as
pistillate parent with S.pslongena are reported as fatilure

(Rao, 1979 and Sharma gt al., 1981) or to produce parthencoarpie
fruits (Baksh and Igbal, 1979). Reeiproocal orosses have bdeen
attenpted between S.kxhasianus and S.incanum dut wvithout success.
S.khasianun as pistillate parent was reported to produce
parthenocarpic fruits (Baksh and Iqdal, 1979 and Rao, 1979),
vwhile no fruit set was obtained vhen S.indicum was used as
pistillate parent (Rso, 1979). Similarly, results of
reciprocal erosses between S.indiour and S.khasianum indicate
formation of aborted seeds with S.khasisnuns as seed parent
(Krishnappa and Chennaveeraiah, 1965) or a total failure with
S.indious as seed parent (Rao, 1979). Cross incompatibility
was reported for erosses involving S.khasianux and
S.aiavmbrifolius (Rac, 1979). Failure in crossability has
also been reported vhen §S.khasisnum vas used as pistillate
parent in orosses vith S.torvum, 3.gilo, S.xantheearpon and
S.alayabrifoliun (Rso, 1979).

2.1.4.1.11. S.pa@mosugt Reciprooal orosses involving S.mlansenia
and S.pENQSUN., former as pistillate parents, are reported te



232

produce parthenocarpio fruits (Bakeh and Igdal, 1979) or total
failure in fruit set (Nasrallah and Hopp, 1963; Baksh and

Iqval, 1979). S.paamosun as pistillate parent in orosses with
S.inoanus produced parthencoarpio fruits (Baksh and Igdbal, 1979
and Rso, 1979), As pollen parent, S.indicum did not effect
fruit set in crosses vith S.peloncena (Nasrallah and Hopp , 1963°.

Thus the above observations on orossability of species
seen t0 muppert the opinion expressed by Rao (1979) that the
information obtained by orossabiliiy studies alone cannot offer
any olue to the oytogenetic relationship of the geoies involved
and their systematiocs, eventhough the ability of the species
to oroas with one another to give rise to viable offaprings
is nermally accepted as one of the principles used in assessing

relationships.

2.1.5. Regponae %o ohromomome doubling

Among the steroid-besring Solanum species response te
ohromosomal doubling (autotetraploidy) has been studied in

S.xiarum (Syn. S.kbasisnus’ and S.indioum.

2.1.5.1. S.yjarim' Induced sutotetraploids of S.yiarus (vut
reported as S.khasianum) vas first reported by Ammal and Bhatt
(1971). The material used was collected from Dehra Dun
probably from wild stand, Autotetraploids were obtained froa
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seedlings treated with 0,1 to 0,2 per cent agusous colohiocine
solution. Bhatt (1977) reported further studies using Cy» 02
and 63 gemsrations of these tetraploids. Industion of auto-
tetraploids in a ourved spine mutant developed by Bhatt (1972)
using ons per cent colchicine was also reported (Bhatt, 1975).
Bhatt and Hedle (1978) eompared glyco-alkaloid/Solasodine contents
and agronomiocal characters of spiny tetraploid, mutant tetraploid

and the progenitor of the latter,

Anzal snd Bhatt (1970) observed that the spiny tetraploid
could be sasily distinguished by {ts dark and thiok foliage
and lesser lobing of leaves. Desides, desrease in spine
number, delayed flowering (about a month), smaller sise and
lesser weight of fruits were also reported to charsoterise
tetraploids from diploids. The authors observed ‘'the presense
of 3 t0 5 fruite at some nodes instead of the usual single
fruit indieating development of mere than one hermophrodite
flowers'. The general superiority of sutotetraploids over
diploids in the ratio of male flovers to hermophorodite flowers
vas oconfirmed by Bhatt (1975) from the study of advanced
generation of mutant colohiploids. Based on the comparative
study of these spiny tetraploids delonging to 01. 02 and 03
generations, Bhatt (1977) reported that the proportion of male
flowers to herwmophrodite flowers was 1016 in tetraploids
ocompared to 1083 of diploids resulting in inoreased fruit
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number i.e., 2%6 in tetraploids against 140 in diploid. This
vas attributed to altered hormonal pattern incidental to
tetraploidy,

Based on her study of ths variation in number of spines
on leaves in 02 and 03 generation plants of ourved spine mutant
tetraploids, Bhatt (1975 ) surmised & prodadle associstion of
spinelessness with sterility. [Hotwithstanding the above
observation, marked improvemsnt in peollen fertility and fruit
set over (32 lines oould be obtained by her in G, generation
lines, theredy indicating soope for improvement in advansed
generations of polyploids. Similar behaviour in respeot of
spinelessness and sterility was reported later by Bhatt (1977)
in her stuly of 01. 02 and 0’ generationsof autotetraploids
of wild (spiny) type induced earlier by Ammal and Bhatt (1971).
large variability was observed in 01 tetraploid plants for sise
and number of spines on leaves, flover abssission and plant
height. Spineless plants reoorded high flower abseission
that could be eontrolled by an application of NAA whioh however,
did not promote fruit set. Bhatt (1977) also observed insrease
in plamt height, pollen fertility and fruit yield in 0’
generation over C, and 02.

Bhatt (1977) observed an inorease in the total number
of fruits per plant from 140 in diploids to 236 in spiny
tetraploids and also total fruit yield per plant from 700 g in
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diploids to 760 g in spiny tetraploids. The inorement in

Yield vas attributed to inorease in the number of nodes and fruits
per node, In a comparative study, Bhatt and Heble (1978) noted
the inferiority of spiny tetraploid over mutant tetraploid in
average height, length of branches, period of flowering, number
of fruits, fruit yield per piant and average weight of fruit,

A wide variadility for weight of fruits per plant was disoerned
among mutant tetraploidswhioch offered scope for seleotion, The
sotive fruiting period wvas found to be shortened (22-130 days)

in mutant tetraploid as compared to autant diploid (77-148 days).

Ammal and Bhatt (1971) reported the glysco-alkaloid
oontent of six diploids and four tetraploids. The variation
far this charsscter in diploid ranged from 2.8 to 4.8 per cent
and anong tetraploids from l.4 to 7.6 per cent. Two of the
tetraploid lines showed as high as 7.4 and 7.6 per cent glyco-
alkaloid, In mutant tetraploids, .Bhatt (1975) resarded
8.0:2,5 per cent solasodine content in dried derries of 0’
generation plants vhile the corresponding values for diploid was
6.9220,25 per cent. Bhatt and Heble (1978) also recorded an
inoreased glyoo-alkaloid cortent of 8,09 per cent in spiny
tetraploid and 7.72 per cent in spiny mutant tetraploids
eompared to 4,38 per oent and 4.75 per cent in aiploid wild
type and diploid curved spine mutant types, respectively.
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Iikevise, average solasodine content in spiny tetraploiéd vas
2.8 per cent and in ourved spine mutant tetraploid was

2.% per oent compared to 1,78 and 2,02 per oent in diploid wild
type and diploid curved spine mutant, respectively.

Acoording to Bhatt and Heble (1978) the projeoted
solasodine yield per heotare in the tetraploid was estimated
at 80 kg against 60 kg in diploid, The superiority in the
perfaraance of the mutant tetraploid was aseribed to cumulative
sffeets of colchicine and radiation.

2.1.5.1.1. Cytologyt Meliosis hzs been stuiied in autotetraploids,
Chromosomal asscoiations at metaphase-I/diakinesis stages have
been reported in rav autotetraploids (Ammal and Bhatt, 1971)
end in C, and Oy gereration plants of S.ylarum (Bhatt, 1977).
Chromosomal associations in rav autotetraploids (01) consisted
of quadrivalents (2,22 to 6.18), trivalents (0,02 to 0.14),
bivalents (11,34 to 19.42) and univalents (0,02 to 0,14 )(Ammal
and Eiatt, 1971). (usdrivalents formation was considerably
reduced %0 1.4 in 03 gemsration as against 3.8 for 01 tetra-
ploids, assooiated vith an inorease in bivalent frequency

(3 to 22 per cell)(Bhatt, 1977). Hovever, a detailed study
of various me iotic stages has not been reported.

2.1.5.2. M' Autotetraploids wvere also induced in
S.indious (Rajashekaran, 1970), Morphologically, sutotetrapleids
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d4id not shov any increase in plant height dut had larger
flowers than diploids. FPollen stainability was 70.2 per cent
but vas associated vith lov seed set of three seeds per fruit
as against 51 eeeds per fruit in diploids.

2.1.%.2,1. Cyiglogyt Meiosis in indwed autotetrsploids of
S.indjoun was charscterised by presocious movement, of
ehromosones at metaphase-l, irregularities sush as disjunotion
and occourrence of laggards and chromatid bridges at anaphase-I
and mioronuclei formation at quadret stage (Rajashekaran, 1970).

2.2, LEAF FLAVONOIDS IN SOLANACEAB

Flavonoids have been widely used as markers in
systenatio studies in a numder of taxa (Harborne, 1975).
Riochness and strustural diversity in flavonoids have been
reported for families euch as Ericaceae (Harborne snd Williams,
1973), Primulaceas (Harborne, 1968) and leguminosae (Harborne,
1971). But in Solansceae the strustural diversity in flavonoids
is limited (Harborne and Swain, 1979). Among the flavonoids
present in Solanaceae the mest conspicuous are the antho-
oyanins, whioch impart purple oolours in flovers and fruits
and flavenol glycosides which oceour in both flowers and leaves.
The leaf flavonoide namsly flavanol and flavhione glyocosides have
been studied in 26 speciss belonging to 14 gensra by Bate-Smith
(1962) and 32 species from 24 genera in Solansseae (of, Harborne
and Swain, 1979). The tuberous Sglanum species have deen
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extensively studied (Hardorne, 1964), These stuldies have
revealed the relative frequency of flavones unlike in the

genus Oapsioum where flavones are the major constituents than
flavonols.

Acoording to Hawkes (1956), the flavonol glycosides
in wild Solanum species haw indieated a fair correlation with
classification of species into series, Thus, there appears
to be & oonsiderable potential for data on flavonoids in
resolving systematics and phylogeny of the genus Sglgnuam.
Hovever, the leaf flavonoids of non-tuber bearing Sgolanum
species have not received attention. The study of leaf
flavonoids in spinous Sgolanum, therefore, appears to be
imperative in the context of elucidating interrelationshipe
of various systematioc ocategories of this group,

2.3, PACHYTERE CHROMOSOMRS

The utility of pachytene stage for karyologieal studies
has been realised simoe the pioneering work of Meolintoek (1929)
in Zga pays. MeClintock identified all the ten chromosones
of the haploid complement at this stage., Sinoe then pachyteme
stage has been studied in a number of plants on ths context
of karyological and homologioal investigations, The present
reviev covers the major oriteria employed in identifiocation



and desoription of pachytene ohromosomes and the use of
pachytene analysis in ocytogenetio and phylogenetio
investigations,

The pachytens chromosomes may show differential
stainability along their length or msy stain uniformly and
are socordingly referred to as differentiated or undifferen-
tiated ohromosomes, respectively(Venkateshwarlu, 1962). The
differentiated chromosozes have proximal densely staining
regions and distal light-staining regions. Differentiated
chromosomes are observed in Iyocopersigon (Barton, 1950),
Plantago (Hyde, 195%), Solsnum (Reo, 1972 and 1975), Eu~-sorghum
(Magoon and Shambulingappa, 1961) and several other plant
species. Theplamts like, Zeq pays (MoClintok, 1929), Cynoden
(Oureeky, 1363) and Hardeus yulzare (Sarvells, et al., 1958)
have un-differentiated ohromosomes, Both differentiated and
undifferentiated chromosomes are known to oceur in the eame
genus, eg. Sorghus (Garber, 1947; Magoon and Shambulingappa,
19622 and 1962b) and within rsces of the sams species, eg. Colix
lachrymajoni (Venksteshwarlu, 1960 and 1961).

The stuly of pachytene chromosomes had contributed
much to the oytogenetical investigations of Zea mays and
Iygoperaicon esoulentum.
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Since the pioneering work of MoOlintook (1929) on
488 BAYS, pachytens cohromosome studies have been extensively
used in obtaining cytologioal basis for genstiocal studies,
The assignment of the ten linkasge groups to spesific chronmo-
somes as identified at pachytene, was acoomplished using
initially primary trisomios (MoClintook and Hill, 1931) and
later translosations and defiociencies. A further step towards
the location of genes on the chromosomes has also been achieved
using deficiencies (MoClintock, 13933, 19443 Stadler, 1933;
Rhoades, 1933), and duplications (Rhoades, 1936). Oreighten
and MoClintook (1931) demonstrated cytological evidenses for
genstic oross-over. Using both transloocation and inversien,
MoClintook (1931, 1933) and Creighton and MoClintook (1931)
obtained eytological proof of chromatid coross-over,

MoOlintook (1943) and Morgan (1950) also demons trated
higher frequences of oross-over in the distal regions of thw
chromosomes. It has also been concluded from pachytens
snalyses that late pairing and frequent non-homologous pairing
lead to reduwstion in oross-over at translocation points
(MoClintock, 1933, 19343 Burnham, 1932, 19%4). MoClintook
(1944 ) also brought about the genstical effect of deficiensy
for small terminal segments of chromosome deteotable only at
paohytens stage.

Tomato is another plant, in vhich pachytene ochromosome
study has made way for the integration of informations froa
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oytelogy and genetics., Following the identification of the
sntire complement of pashytens by Barten (1950), the eleven

of the twelve linkage groups have been assigned to the respective
chromosomes (Riek and Barton, 1954; Rick et al., 1964). Using
the satellite as oytological marker and geme tical data, Moens
and Butler (1963) deternined the position of centromere of
ohromosome II in the genetle map., In another study, using

the same oytologioal marker in tetraploid material, Moens (1964)
observed good correlation between data based on cytelogical
behaviour of chromosome Il and genetic segregation, bringing
out therebdy the importance of me iotio behaviour of chromosomes
in gemtic segregation of ratios of autotetraploids. Rick g% al.
(1964 ) have shown the non-random distridution of mutant genss
in the chromosomes, the predominant localisation of genes in the
ashromatio regions and irregular distridbution of mutant genes
in these regions. As in maize, induced-defioiencies have been
used to looate gemes on the ohromosomes (Khush and Riok, 1963).
Using sinilar methods in tomato, Xhush gt al.{1964) have
denonstrated for the first time the looation of a gene 'mv' in
the heterochromatic region of chromosome XI the heteroshromatio
regions are believed to de void of aotive macrogenes.

The study of pachytene chromosomes of spinous Solanum
species have recently received attention (Rao, 1972 and 1975).
Conparative pachytems analysis have confirmed the divergence
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between S.gurqtienge and S.iorvum as established earlier by
Rajashekaran (1969) on taxonomic and crossability grounds.

2.4. INTERSPECIFIC HYBRIDIZATION IN MEDICINAL PLANTS

The wild and distantly related plant species are of
great importance in serving as a source of genes for pests
and disease resistance, for higher yields, quality attributes
and adaptability. Thus, interspecific hybridisation enables
in the transference of desirable characters, exploitation of
hybrid vigour, allopolyploidization, genetio engineering and to
study the phylogenetic and evolutionary aspects in delineating
the species relationship. Earlier records on the application
of interspecific hybridization in practical plant breeding
improvement could be traced out from 18th century (Briggs and
Knowles, 1967). Suoh a signifiocant role of interspecific
hybridization has been realiged in medicinal plants also amd
pertinant literature is reviewed in this chapter.

2.4.1. Digsoqgres species

The new world speocies of D.floribunda, D.oomposita and
D.friedrichathelli have been reported to produce partially
fertile hybrids when orossed in all possible combinations
(Martin and Cabanillas, 1966). These workers have earlier
reported the ocourrence of wild hybrid between D.gompogsita and
D.gfloribunda (Martin and Cabanillas, 1963).
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Attempts have also been made to oross old world diploid
species, D.deltoldea (2n=20) and three tetraploid (2n=40) new
world species, namely 2.floribunda, D.gomposita and
D.friedriohathalll (Rso et al., 1973). But no success vas
ashieved by way of recovery of viable interspecific hydrid.

2:4.2. 8 ies

Caloandi g% al. (1961) demonstrated the presence of
digoxin in the interspecific hybrids between D.lanata x D.purpures
and D.purpurea x 2.lutea. Interspecifioc hybrids of D.lanata
and D.purpures wewe found to contain digoxin within the range
found in the D.lanaia parents (Mihalea and Silva, 1972).

Kennedy (1978) recovered viable interspecific hybdrids by
orossing 2.lapata and D.grandiflors which oontained glysoside-
digoxin levels comparable to that of D.lanata.

244.3. m speoies

Romeike (1959) recovered a viadble interspecific hyurid
by orossing D.ferox and D.stramonius. D.farox ves small, virus
susceptible plant possessing minute amounte of alkaloid especially
higher amounts of hyoseine. On the contrary D.airazonium vas
vigorous growing, non-susceptible to virus and possessciten
times higher the content of hyoseoyomine than D.fsrex, dbut not
hyoscine. The resulting interspecifio hybrid had higher
alkaloid level of D.atramoniys with an alkaloid yield of
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700 mg per plant against 100 mg per plant in D.ferox with
hyosoine content of over 30 per cent than D.ferex.

2¢4.4. ocies

Semi-fertile hybrids vere obtained by hybridising
diploid P.gomnifarus end tetraploid P.getigerum (Orover, 1979).
Iikevise, Jonsson and loof (1973) hydridised tetraploid
Z.a0mnifexus and P.orisntale. The resulting interspecifioc
hybrid showed wide variation for vigour and morphology with
poor pollen preduction., Further, advanoing the interspecifie
hybrid to subsequent generationa, the hydrid posseased markedly
higher content of codeine with lower morphine content than
£.2emniLexun.

2.5, INDUCED TETRAPIOIDY IN MEDICINAL PLANTS

The simple and effestive eelohicins method by Blaskeslec
and Avery (1937) for ehromosomal doubling has been used exten-
aively in the produstion of sutotetraploid in s large number
of plants.

Autotetraploidy is reported to be generally assooiated
vith an increase in plaant height, thicker stea, lesser number
of branches, thicker and broader but fewer leaves and inoreased
fruit sise vith lesser seeds (Stebbins, 1971) and chemical
prinoiples like vitemins (of. Ramanujam and Parthasarathy, 1953)
and alkaloids in Solanaceous orops (Steinsgger, 1955).
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3ince several of the medicinal plamts are grown fer
their astive principles present in roots, leaf and/or steam,
the possible rele of autotetraploid dreeding in genstie
improvement of these orops attraeted attention. The production
and evaluation of autotetraploidy has been attempted in a number
of medioinal plants (ef, Ammal, 1965). The characteristic
feature of the fnduced polyploids in certain important msdiceinal
plants is revieved here.

2.5.1. Gatharaakhus rossus

The plmnt is reckoned for its root alkaloids, reserpine,
ajmalioine and serpentine whiech possess hypotensive properties
and for the alkaloids in lesaves, vis., Vineristine and
vinblastine possessing anti-neoplastic properties.

Induotion of tetraploidy using eolchicine in this erop
vas reported by Fursato (1940), This was followed by Cross
and Johnson (1941), Sehnell (1941) and Eigsti and Schnell
(1943). Since its recognition as a medioinal plant of
commerce, suscessful induotion of tetraploidy was reportied by
Ammal and Bezarbaush (196%) amd Inysnsagar and Sudhakaran
(1970 and b) following seed or seedling treatment,

Autotetraploids vere charasterized by their droader
leaves, larger stomata, larger and wider corolls, larger pollen
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size and lowered pollen fertility and seed fertility (Ammal

and Besarbuah, 1963; Dnyansagar and Sudhakaran, 1970a and b,
and Mohan Kumer, 1980).

The inorease in the content of root alkaloids in
autotetraploide over diploids has been reported by Dnyansagar
and Sudhakarsn (1970a and b), But Mohan Kumar (1980) based
on the comparision of total alkaloid content in roots of
diploid progenitors and their oorresponding tetraploids,
ooncluded that inocrease in total alkaloid content following
chromosomal doubling oocurred only when diploids with lov
alkaloids in roots were used, The induced autotetraploids
of diploids with higher total alkaloid eontent possessed lover
csontent of alkaloide in their roots.

2.5.1.1. Oytologyt Detailed oytology of autotetraploids has
been studied by Dnysnsagar and Sudhakarsn (1970s and b).
Cytological behaviour of autotetraploide was ocharacterixed
by the formation of wvaried frequencies of quadrivalents and
univalents, non-orientation and irregular distridbution of
chromosomes at the equator, lagging chromosomes and tetrads
with extra groups of mioronuclef.

2.5.2. BaNyalSis saxeentioe

The roots of Rauvglfia serpentina contain reserpine
and ajmslicine besides other alkaloids wvhich are used in the

preparation of hypotensive drugs.
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Azmal (1962) obtained autotetraploids by colehicine
treataent of seeds, seedlings and outtinga. Dnyansagar and
Torne (1972) reported that seed treatment with 0.5 per cent
eolchioine for 10 hours proved effective in the industion of
autotetraploid., Tapedar (1963%) induced colohiploids by
treating the growing tip of seedlings with 0.5 per cent
colohicine for 9 hours duration.

The morphological characteristics of autotetraploids
that distinguish diploids as reported by thess authors ineludes
reduced plant height and internodal length, slow growth of
shortened and thickened branches, thick and dark green coloured
leaves, fewer and larger sized stomata, delayed flowering,
redused number of flowers per inflorescence, inoreased flower
sise, larger sised pollen grains with slightly changed morphology
and reduced pollen fertility with a refuced number of fruits
and seeds (Ammal, 19623 Tapedar, 1963; Bhaduri and Biswas, 1965
and Dnyansagar and Torme, 1972).

Induced autotetraploids had higher fresh weight of
roots (50.9 to 56.7 g/plant) compared to diploids (36.8 to
41.8 g/plant )(Inyansagsr and Torne, 1972). Bhaduri snd Biswas
(1965) also reported the distinctly higher root yield of
tetraploid plants over diploids of the saune age.

Ammal (1962) reported higher total alkaloid oontent of
2,28 per oent in tetraploids as against 1,54 per cent in
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diploids. The higher alkaloid content of tetraploid root

vas also confirmed by her in snother report vhere tetraploids
recorded 2,28 per cent of total alkaloid against 1,65 per cent
of diploids (Ammal, 196%)., Dnyansagar and Torne (1972)
reported an inorease of 11 per cent in total alkaloids in roots
of tetraploid . " over diploid., Bhaduri
and Biswvas (1965) also observed an inorease in roots alkaloids
in sutotetraploids (1.925%) as compared to diploids (1.79%).
But the reserpine content 4id not indieate proportionate
inorease., Seed fertility in tetraploids was 12 per cent as
conpared to 48 per cent in diploids and thus was lowver in
autotetraploids (Bhaduri and Biswas, 1965).

2.%.2.1. Oytology: Tapedar (1963) and Inyansegar and Torne (1972)
have made detailed studies on the neiosis of autotetraploids
R.serpeatina. The salient features include: formation of
quadrivalents (4.8 per cell) and precooious movement of
ohromonomes at metaphase-I, faulty spindle formation leading

to absenoe of complete orientation of chromosomes; at anaphase-I,
absence of astive polar movemsnt, ococurrence of laggards and
bridges; precocious movement of bdivalents and random seperation
leading to formation of equal and unequsl groupe at metaphase-1I,
formation of supernuaerary spored quadrets or polyods and
instances of oytomixis at telophase-Il (Dnyansagar and Torne,
1972 and Tapedar, 1963),
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2.5.3. PAgmoores wpeoies

The roots of D.floribunda s used as a source of
diosgenin, Diosgenin serves as a rav material for the prepara-
tion of steroidal drugs used extensively in contraceptive pills,
sortisones, anabolio agents and several others.

‘ Ammal and Singh (1962) induced tetraploidy in
D.Lloridunda by injesting 0,4 to 1 per cent of agueous
colchicine solution to the dormant rhisomes. Induced auto-
tetraploids had thicker leaves, bigter stomata and slover rate
of growvth than diploids. Autotetraploids have also been
obtained from doth seed and seedling treatment with 0,25 per cent
of ecolohicine (Murthy, 1977). Autotetraploids reported to
exhidbit robust growth, longer and thicker lsaves, larger petiole,
larger stomata, more number of shoots, larger stea dliameter,
longer internodes, inoreased number of flovers and larger
sised pollen grains, The pollen fertility in tetraploids was
found to be comparable to diploids and ranged from 80 to
100 per eent,

2.5.%.1. Cytologyt Meiotic studies revealed presence of
wnivalents, bivalent, trivalents with a predominance of
bivalents (25,6 per cell) and quadrivalents (4.8 per cell) at
mestaphase-I, Inspite of the presemve of univalents and
multivalents no ohromosomal irregularities were observed at
any stage resulting in normal meiosis (Murthy, 1977).
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2:.5.4. m species

Dried leaves, flowering tops and seeds of the plant
possess an alkaloid, hyossyamine, used in formulating drugs
for antispasnodic and bronchitis oconditions,

Teiraploldc in D.petel vere induced by soaking seeds
vith 0.8 per ocent aqueocus solution of colohicine (Ammal and
Zutshi, 1970), in D.giregoniusm by treating the growing points
with 0,2 per cent aqueous solution of colohicine (Botnarenko,
1971) and by treating the germinating seeds (Dzhurmanski and
Yankulov, 1978) and in D.innoxia by seed treatment of organie
solvent~Ethyl aloohol (Singh and Kaul, 1967; and Khosla and
Singh, 1974).

Indwed autotetraploids in different species of the
genus Datura were characterised by inoreased vigour and plant
height (Singh and Kaul, 1967), inoreased petiole length,
inoreased size of dark green thiok leaves, larger leaf weight
and larger sised stomata (Dgharmanski and Yankulov, 1978 and
Botanararko, 1971; Solomon and Crane, 1970; Raiou gt al., 1962;
Yankulov and Alipur, 1975; Ammal and Zutshi, 1970), inoreased
flower sise, pollen grain sise, smaller sised fruits with
fever and larger seeds per fruit (Ammal and Zutshi, 19703
Solomon and Orane, 19703 - Botnarenko, 1971; DPsharmanski and
Yankuloy, 1978) and inoreased dry matter content (Dzhurmanski
and Yankulov, 1978). Tetraploids in D.innoxia are reported
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to have better adaptability to changed environmental conditfons
than their diploid counterparts (Dshurmanski and Yankulov, 1981).
Ravson (1944) reported that tetraploids of D.stramonium and
D.satula ocontained higher total alkaloids,

Similar substantial inorement in total alkaloid eontent
from 0.1 to 0.2 per cent in dipleoids to 0.2 to 0.7 per oent in
autotetraploids have been reported for D.patel (Ammal and Zutshi,
1970). In D.atrasonium, slkaloidal oontent of 4iploid was
0.35 per cent while in tetraploids 0.58 per oent (Botnarenko,
1971). In D.farox, autotetraploids recorded an inorease of
total alkaloid upto 65 to 66 per oent over dipleids (Dshurmanski
and Yankulov, 1978) vith a large inorease in the percentage
of atropine and seopolamine (Solomon and Crane, 19703
Dghurnanski and Yankulov, 1978 and 1981). In D.ipnoxia, indused
tetraploids had inoreased nunber of seeds per capsule and higher
total alkaloid oontent per plant (Singh and Kaul, 1967).

Information pertaining to the eytologioal behaviour
of these autotetraploids is not available.

2.545. species

In R.aontifexrun latex extracted from the capsule
possess the alkaloids - morphine and codeins wvhich are widely
used in the formalation of tranquiliszers and analgesiocs.
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In P.aomniferun autotetraploids were indused following
seed treatment with 0.4 per cent colohicine (Kaul ot al., 1979).
Autotetraploids showed redustion in plant height, stomatal sise,
pollen fertility, capsule size and delayed fleowering, But
leaf breadth, seed sise and weight were inoreased (Andereev,
1963; Csabajska, 1965; Kiskeri et al., 1977; Kaul gt al., 1979).
According to Andereev (1963) and Czabajska (1965) alkaloid
oontent vas inoreased in sutotetraploids over diploids, But
Kaul g% a). (1979) reported that the polyploids werc inferior
to the diploids in alkaloid content.

2.5.5.1. Cxtologys Kaul gt al. (1979) reported the meiosis in
autotetraploid lR.pomaniferun. Chromosomal associations
consisted of quadrivalents, trivalents and bivalents, Irregular
distridution of chromosomes at ammphase-I was also reported

by these werkers.
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III. MATERIAL AND METHODS

3.1, MATERIAILS

The materials used for the study included two acoessions
of Solanyas viarum Dunal. (Syn. S.khasianus var. Chatterieesnum),
and Sglanuz BARROSUE. Both the species are steroid dearing
and are reported to be native of South America (Miller, 1969
and Babu and Hepper, 1979) but have naturalised in owr country.

Considering the prevailing confusion on the taxonomic
nomenclature of 3,yiarum both the accessions used far the
study were cheoked up for distinguishing morphological charaoters
delineating S.yiarum (Syn. S.khasisnum ver. dhatteriesnus) and
S.khasisnum (Syn. S.myxriaganthun) as reported by Babu and Hepper
(1979)s In the sccession used, leaves vere sinuately lobed
vith soft pilose indumentum and denser aggregation of wvhite
coloured glandular hairs. Flovers vere charsoterised by
prickly oalyx having white coloured petals emclosing oreamy white
ocoloured anthers and the ovary was pubesoent. Thus in the
exomorphic oharacters the material conformed to S.yiarum (Fig.l)

The accesaion of S.AaRSQsME used in the study was
originally obtained from Keralapnd the generations raised at
the Institute vere found t0 be generally uniform for several
exomorphic charaoters. The plants produced large pyriforam



Plate 1. Legend for photograph

Fig.l. Flowering twigs with fruit of
S.pamnosum (P;) and S.yiarua (P,)
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shaped mammillifors fruits charaoteristic of the species and
showed vigorous vegetative growth (Fig.l),

3.2, METHODS

3.2.1. Hrheidization

Under this progrance S.viarus and S.Bagmosun vere
reoiprooally erossed., In the female parent the flower bude
possessing longer style vhieh were due to open on the same day
at later hours or on the folloving day were selected for
emasculation, ‘!hc choice of suwsh buds in omse of S.maENOENE
was restrioted to the axillary bud, vhile in S.viarus upto
three buds per cluster., For emasoulation, the petals of the
unopened flower duds were carefully seperated with the help
of pointed t_mozm and the five undehisced anthers were
carefully removed by snapping the filaments just delowv the
anthers without injuring the anthers. The exposed stylesof
emasculated flower bude were pollinated with adequate quantity
of pollen collected from the dehisced s thers of the male
parent soocoped on to the smoth edge of the tweezer and
oarefully brought on to the stigma. After pollination, other
iu- in the inflorescence vere removed. The pollinated flover
buds wvere bagged and labelled. The bags were removed after
10 to 12 days.



J3.2.2. Induption of Autotetreplojds

For induotion of tetraploids 0.25 per cent aqueous
solution of colchicine vas used. Diploid seedlings of S.yviarums
and S.paamesum vith fully expanded cotyledonary leaves were
seleoted for the colohioine treatment, Colohicine was applied
on to a cotton 'lf:lad planed on the groving tip between the first
pair of cotyledonary leaves. Oolchicine treatment was given
for five hours a day for three days, During treatment the
seedlings vere covered with plastic oages to check evaparation

loases.

After 10 to 12 days of treatment, the treated seedlings
vere transplanted into polythene bags filled vith the mixture
of 804l and FYM (Fara Yard Manure) in the ratio of 113, They
vere field planted after 3 to 4 weeks. For the deteotion of
autotetraploid sestors, besides leaf thickness, pollen fertility
and size vere used as oriteria. Individual branches at
flovering were soresned for these characters. After initial
sereening, eytological omfirmation was aade from the
ochromosomnal ocounts in the pollen mother cellas.

3.2.3. Gxatiing

Reoiprooal grafting was attempted between diploids of
S.yiarug and S.pammesum primarily to assess the effeots of
grafting on orossability of the two species and to study the
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effeot of stook on the solasodine content of berries of the
scion., Reoiprocal grafis were made in diploid seedlings
raised in polythens bags of about 10 om x 10 oa size filled
vith the mixture of soil and FYM aixture in the ratio of 112,
Healthy and vigorous seedlings of 4 to 5 veeks of age having
eomparable stem thickness were sslected to serve as seion
and/or stook for wedge grafiing. In parent seedlings used as
stook, at an height of 5 to 8 or below the growing apex an
horisontal sharp cut vas given. To the resulting stusp, a
vertical ineisfon of about 1.5 om long va-fawtentho oentre, ... - te
acconnodate a similar sised wedge-shaped soion secured from the
seedlings of the other species. The seion was secured firaly
with the help of polythene strip until the union of grafted
portion, The grafis were ladbelled and protected under partial
shade in the nursery until 'graftake' and on the onset of normal
grovth in the socion the plastic strip vas removed. The grafted
plants vere field planted with suitable estakes to prevent the
poesible damages 4ue to wind and rain,

J.2.4. Yegetative propagstion

Vegetative propagation was resorted for multiplication of
parental species (Pig.2), F, interspeoific hybrid (Fig.3) and
sutotetraploids., Single nodes measuring 3 to 5 oa in length
vere used as propagules. Cuttings were dipped in one per oent



Plate 2. legend for photographe
Pig.2. Vegetatively propagated cuttings of
Sonanmonun (P)) and S.yiarusm (7,)

Fig.3. Vegetatively pro ted outting of
¥, hybrid (P, x 2,
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solution of the systenio rungioidc; 'Blitox’' for 3 to 4 minutes.
After prophylaotic treatment, the basal cut end was dipped in
2500 ppm of IBA solution for 15 to 20 seconds and later in
Seredex-B powder, After treatnent cuttings wvere planted in
seed pans filled with medium oocarse sand and rooted in mist
chamber. Rooted cuttings were transplanted after about

3 40 4 weeks to polythene bages filled with the aixture of soil
and FIM in the ratio of 1312, OCuttings vere allowed a months
tine for estadlishment in polythene bags prior to transplantation
10 30 om diameter pots.

J.2.5. Gvtologloal studies

3.2.5.1. Yixatlon of buds and slide preparsiion: For meiotis
amlysis, flover buds of appropriate sises vere fixed in the

morning hours betveen 9,30 a.m. to 12 noon in Cornoy's fizative
consisting of 6 parts of ethyl aloohol, 3 paris of chlorofora
‘aml 1 part of scetio ao0id, The agsetioc acid oomponent was
saturated with ferrio scetate vhioh served as mordant. Neiotio
preparations vere made generally after 24 hours of fixing and
upto two weeks of fixation for the latter purposs the buds

were stored in the fixative, FPs vere smesred in one per oent

acetooaraine,

-,

Destaining was effected using 45 per ocent acetic aoid.
Desirable spread and differential staining of chromosomnes vas



48

obtained by application of presswre on the cover slip onr.
several folds of blotting paper after warming, This process
wvas repeated until desirable spread and differentiation of
ehromosonss was secured, JSlides vere temporarily sealed vwith
paraffin wvax, Camera lucida drawings and photomiorographs
vere made from temporary preparations. The slides vere made
permanent after removal of paraffin sealing and seperation of
oover slip wvas ashieved by inverting the slide in a petri dish
oontai ning normal butyl alehohol. Tollowing seperation, the
cover slip it was remounted on the slide using BDPH-mounting
medium,

3.2.5.2. Follen fertility: Follen fertility wvas sssessed based

on the pollen atainabdility in one per oent scetosarmine stain,

Stained pollen grains wvere scored as fertile and unstained ones
as sterile, The values were expressed in percentage.

3.2.5.3. Study of pachviene ghromosomes: For this study, Camera
luwoida drawvings vere made from the temporary preparations at

a table magnifioation of X1750. Measurements of the length
of the light-staining and dark-staining regions in the arme
vere made with the help of thread.

3.2.5.4. Arm longth and total lengih: In S.yiarum, light
stained and dark stained regions of the differentiated
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ehromosones were separately mesasured. In caloulating the
total length centromere region was exoluded,

3¢2:5.5. Arn_ratiot The arm ratio wvas expressed as the ratio of
short ara t0 long ara of a chromosome. Chromosomes having

the ara ratio values from 0.75 and above were claseified as
median, and from 0.25 to 0,74 as sud-median and less than

0¢24 as sub-teraminal,

3.2.5.6. Ihotoniorography: Fhotomiorographs were exposed wsing
olympus PM-60 camera adopted on Olympus mioroscope vwith 15X eye
plece wnder oil immersion (X100), Positives vere made at
suitable nagnifioations,

J.2.6. jaaf Llavaneid analysis

The thin layer chromatography method deserided by
Dass and Nyborn (1967) was used for the study of leaf flavonoids.
Isaf flavenoid snalysis vés oarried out in d4iploids of S.yiarum,
S.2smmenun and their interspecifio hybrid.

Dried leaves of S.yiarum. S.aammeeya and ¥, hydrid vere
powdered separately and 0,2 g of the sample was used for solvent
extraotion vwith 2,0 ml of acidioc methanol (1% HOl {n Methanol).
18,5 g of Cellulose powder (MN-300) was dissolved in 135 CC of
distilled wvater and the slurry wvas coated on the glass plates



for a thiokneass of adbout 0,55 mm. Three per cent faramic aoid
was used in first direstion and amyl aloohol, acetic seid

and vater in proportion of 103615 vas used in the second
direstion. The flavonoid spots were intensified vith chroma-
togenie spray containing ane per cent sodium hydroxide and
oune per cent aluminium chloride in methanol. A qualitative
conparison of flavonoids was made based on the pressnce or

absence of spots.

3.2.7. Solascdine analyais

The solasodine content of berry samples was estimated
by sdopting the method desoribed by Crusena gt al. (1965). The

values are expressed in percentage.

3.2.8, Statiatioal asnalvais

Comparision of mean values for charaoters in diploids,
autotetraploids and interspecific hybrids were done using
students °‘t' test (Fanse and Sukhatme, 1967).



IBACPERIVIENTAL RESULITS



IV, EXDPERIMNENTAL RESUIRS

4.1, OYTOLOGY

4.1.1. Solanug yiarus
4.1.1.1. Meiomis

Melesis was studied commensing from pachytene stage
onvards.

4.1.1.1.1. Ragchytenst At pashytene, the chromosome complement
resolved itself into haploid set of 12 divalents exhibiting
eomplete pairing. Though several bivalents could be traced
from end t0 end in a number of MCe, in only one PMC all the
12 vivalents could be analysed (Pigs.4 and 4a). As a
result, the computation of oytologiocal values for chromosomes
of the haploid agomplement was based on variadble number eof
bivalents ranging froam a minimua of six in chromosome III to
a maximum of 16 in ohromosomes VII and IX,

All the bdivalents belonged to differentiated growp
eharacterised by darkly stained heterochromatic reglons looated
on either side of the centromere and light-stained eushromatic
regions at the distal ends. The distal light-stained regions
vas absent in the short ara of three bdivalents. These
included two non-nucleeclar chromosomes and the nucleolus-
associated bdivalent., The relative eontribdbution of light-stained



Plate 3. legené for photographs

Fig.4. A PIC at pachytene with well spread
bivalents x 3000






Explanatory diagran for figure in Flate 3

Fig.#a. A FvC at pachytene with well spread
bivalents x 3000



Bxplanatory diagram fer figure in Plate 3.
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and dark-stained regions to the arms and to the chromosome
varfed, The darkly stained regions in many bivalents could
be resolved into distinot ohromomeres vhioch aided in the
identifioation of individual bivaleants. The light-stained
regions vere found to be more sasnable to stretshing and by
virtue of their poor stainability posed diffisulty in tracing
them along their length, Some of the bivalents vere found teo
possess telochromomeres at the distal end of the arms.

Based on the position of centromere, the bivalents
could be oategorized into four median (arm ratio 0.7% and above),
seven sub~medisn (srm ratio of 0.25 to 0.,74) and one sud~
terainal, (ara ratic of 0.24 and less) chromosonms represented

by & nusleoclar shromosone.

The pachytens divalents ranged in length froa 22.35A
to 58.14 4s, In the identification of bivalents in addition
to total length, ara ratio, differences in the length of
dark-and light-stained regions of the arms as well as the
chromonere pattern, ' nusleolar assesiation, absence of distal
light-staining regions and chromomeres vere taken into eonsi-
deration, Data on the adove oytologiecal values of the
12 bivalenis are summarised in Table 1, Individual bivaleats
vere numnbered from I to XII in the descending order of their
length. The diagnostic charscteristics of chromosomes is
given belowv:
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Ohromosone I: It is the longest chromosome of the oomplement
with an average length of 58.14 & (Pigs.% and Sa). It has
sub-aedian centronere and an aversge arm ratio of 0,55, The
distinet feature that helps in identifying this chromosone,

is the presence of long light-stained regions in both the arms
scoounting for nearly twe third of the chromosomal length, In
both the arms light stained region is nearly twice the length
of dark-stained region. The light-stained region of both the
arns terminate in teloohromomeres., The presence of leng
light-stained region in this ohromosome proved a serious
deterrant in the analysis of the ohromoscse weven in well
spread cells. As a result only FMCs wherein the bivalents
occurred totally separasted from other bivalents were considered
for seouring the data on oytologiocal values.

Chromonons 11t This is the longest of the four msdian ohromosomes
(52.%50 /&2) the other ohromosomes being ohromosomes IV, V and VIII,
In addition to 1its total length, the presence of longer light-
stained region as eompared to dark-stained regions in the
ehromosone offers a ready oriterion for its identification,

This shromosore like chromosome VIII has unequal distribution

of dark-staining regions in two arms.

Chromogsgme 111t This is a sub-median chromosome measuring an
average length of 41,59 /4. It is the second longest chromosome
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of the sub-median group. The tetal light-staining region

of this ohromosone exceeds that of dark-staining region and
thus this chromosome bears similarity to two other sub-median
ohrouosones vis., I and VI, It can be distinguished from
ehromosone No,I by virtue of ite shorter length, The distine-
tion of ohromosome 11l from ohromosome VI {s reliably made on
the distribution of light-staining region in the two arms,

Shranosone IVt This is one of the four median chromosome of the
conplenent vith a mean length of 35.61 /4, This ohromosoas,
l1ike V (and unlike VIII and II), has equal lengths of dark-
staining regions in the arms. The diagnostio charscteristie
of the shromosome is the presence of Aistinot mediun sized
ohromomeres in one of the arms. Teloshromomeres occours in
both the arus.

Chromomome V¢ This is one of the four median chromosomes
msasuring an average length of 35.24/A&t. The total dark-
stained region of this chromosome equals that of the light-
stained region, a diagnostioc feature it shares with two other
median chromosomes, vis., VIII and IV, This ohromosome is
further siailar to chromosome IV {n the squal distribution

of proximal dark-stained region in the two arms, However, the
disgnostioc feature of this ehromosone is the presence of
sasrochromomeres in both the arms in the proximal segment with
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a gradual decrease in sise of the chromomeres towards distal

ends. Teloochromomeres are present in doth the arms.

Chromomome YIs It belongs to the sub-median group and measures
an average, 34,80A, Idke ehromosome I and III, the tom
light-staining region of this chromosome exceeds that of dark-
staining region, Chromosome VI is shorter than I and III and
is distinguished from the latter ohromosomes dy the lower ratie
of light-staining region in the arms,

Chromeaocne YII: This is a sudb-median chromosome (ara ratio 0,54)
measuring 32,18 A&A on an average., Iike chromosome IX, this
cshromosons is charasterised by the presence of equal lengths

of dark-and light-stained regions. The dark—-stainsd segments
of this chrozosome, as in ohromosome IX, are unequally distri-
buted in the avms vith the longer segments looated in ths long
ara, The ecocurense of tvo distinot segments differing in their
stability in the dark-stained regions of the long arm aids in
its consistent identification., These two segments inolude a
deep stained segment proximal te the centromere and a distal
segment ehrascterised by relatively light-stained ohromomeres
adjoining it, Telochromomeres are present in both the arms,

Chromosome YIIIs It is ons of the four median chromosomes snd
measures an average length of 352,16 A&i. Idike chromosome V and
IV it ie resognised by the presence of nearly equal lengths of
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dark-snd light-staining regions. The major oriterion for
distinguishing chromosome VIII frea V and IV {s the presencs
of eunequal segnents of dark-stained regions in the arms.
Ohromosome VIII is also charssterised by the presence of large
chromomeres in both the arms,

Chrosonong IX: It is one of the two sud-median chromosomes
(31.83 A1) the other being ohromosome VII oharsoterised by
nearly equal lengths of dark-snd light-staining regions in

the chromosome (Figs.6 and 6a). The short arm is characterised
by a distinot telochromomsre and presence of three or four
distinot maorochromomeres. The dark-staining regions of the
long arm exoeeds that of short arm. The absemsce of relatively
light-stained chromomeres in the long arm distinguishes this
ehromosoms from VII,

Chranasene Xt Iike chromosome XI, this chromosoue also possesses
heteropyonoiis short ara. This arm can de resolved into a
proximal region consisting eof deeply stained segments and
relatively light stained distal regions. The latter, unlike
in ehrozosoms XI, is destitute of my dark-staining ehromomere.
A further charecteristie that render its consistent distinetion
from chromoseme XI, is the presense of relatively smller
ohromomeres in the long arm, The chromosome measures 30.84 A
in length.



38

Chromonone X1t This is one of the two non-nusleelar bivalent
the other being ohromosome X charagsterised by the presence of
heteropyonotic short arm, which however, ean be delineated into
8 proximal deeply stained region and a distal relatively light-
stained region. The latter is ocharacteriszed by twe distinet
ehromoneres which enable its distinotion from chromosome X,
Additionally, chromosome XI differs from chromosome X by the
presemse of masroohromomere containing se¢ment in the long arm.
In ehromosome X the ohromomeres of the long arm are relatively
saaller than their counter parts in the short ara. This
ehromosone measures 27.26 /A in length,

Chronosome X1I: This is the shortest chromosome of the complement
(22,35A). Its readily recognised by its nuwoleolar assoeiatien
(Pigs.7, 72, 8 and 8a), The nuoleolar organiser region is
looated sud-terminally in the short ara vhich is totally devoid
of distcl light-stained region. The long arm consists of

equal length of dark-and light-staining regions. This
chromosome resorded the lovest arm ratio (0.19), In a number
of PMCs the distcl regionscof the short ara of this chromosonme
was unpaired. A telochromomere was present in the long arm,

An idiogram vas oconstructed incorporating all the above
diagnestio characters including length of dark-stained and
light-stained regions and arm ratie (Pig.9).



Plate 4. Isgend for photomiorographs of pachytens stage
in 2;‘&““ x 3000
(= icates centromere; nu=nucleolus)

Pig.5., Chromosome-I

Fig.6. Chromosome-IX
¥ig.7. Chromosome-X1I
Fig.8. Chromosome-X1l






Explanatory diagrans for figures in Plate 4

Fig.%. Chromosome-I

Fig.6a. Chromosome-IX
Pig.7a. Chromosome-XII
Fig.8a, Chromosome-XIIl
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FIG.5a FIG.68.
; -»

FIG.7a FIG.Sa
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4.1.1.,1.2. Piakinssist Twelve bivalents were observed at this
stage. One divalent was found to be assooimted with the
nucleolus in all the FMCs observed.

4.1.1.1.5, Mataphase It Ohromosomal asacoiation at this stage
econsisted of bivalents only (Pigs.10 and 10a). A maximum
number of two chiasma per bivalent was observed per eell., Mean
number of ehiasna per eell was 18.% and peor paired bivalent vas
1.5 (Tadle 2).

4.1.,1.1.4. latar stagest Subsequent stages of meiosis vere normal.
At anaphage-I, disjunction of ehromosomes was normal without

the formation of bridge or laggards. Distridution of the
chromosomes 1o the poles wvas equal at telophase-1 and metaphase-II
(Pig.11). At miorospore tetrad stage, four microspores were

obaerved,

Pollen fertility wvas 66.2 per oent, The mean dismetey
of the pollen grain vas 27.2/A (Fig.12) and the range vas
24 A4 to 32 A

4.1.1.2. M

In the meiotie preparation, somatic oells at mitotic
prophase stage were odserved. The presence of differentially
stained segments vere evident in the arms of some of the
chromosomes (Fig.13).
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Tadle 2. Ohiasma frequency in bivalents at metaphase-I stage
in diploid Solanum yiarum (2n=24)

T
Bikper ol chisspata hitem  freess

10 2 - 22 3
9 3 - 21 3

9 2 1 20 1

6 4 - 2n 6

8 3 1 19 1

7 S - 19 2

(1 6 - 18 5

6 S 1 17 1

b 7 - 17 2

3 6 1 16 1

4 8 - 16 4

4 7 1 15 1l

b 9 - 15 2
3-10 2-9 0O-1 15-22 Range Total 32

6066 5.19 - 18,50 Mean




Plate 5. legend for gpotoniorographn of melotic stages
in Aaiploid S.yiarmm

Fg.10, Metaphase-I showing 12 bivalents x 2500

Fig.1ll, Metaphase-1I shoving 12+12 ehromosone
distribution to daughter nuolei x 2000

Pig.12, Pollen grains x 1000

Mg.l3, Mitotic prophase of anther wall cells x 1000
= indicates distal ligcht-ataining region
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Explenatory diagran for figure in Plate 5

Fig.1l0a. ietaphase showing 12 bivalents
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4.1.2. Solanul mamasA
4.1.2.1, m

The oourse of meiosis vas studied ooamencing from

pashytens. The haploid chromosome number of nsll was oonfirmed
at metaphase-I,

4.1.2.1.1, Paghvteng: The pschytene chromosomes were undiffer-
entiasted and possessed nearly uniform stainsd segments/
ehromomeres along their entire length (Fig.14). A nucleolus~
associated bivalent with interstitial nucleolar organising
region was observed (Pig.15). The bivalents were readily
stained but were not amensble for spreading. Ko bivalent
oould be traced from end to end. The sentromere in soms
bivalents eould be delineated by the presence of deeply stained
regions on sither side.

4.1.2.1.,2. Igter atages: At diskinesis, a bivalent vas found
associated with the nusleolus, At diakinesis and metaphase-I
(r1g.16), chromosomal assooiations consisted of eleven
bivalents. At enaphase-I (P1g.17) and anaphase-1I, normal
disjunotion of chromosomes to the poles was observed in all
the MOs examined. At telophase-I and telophase-II, two and
four groups of nucleli respectively vere formed, Fouwr aiore-
spores vere observed in majority of the PMCs at tetrad stage.



Plate 6. legend for photograph

Fig.l4, Pachytene stage in diploid S.mammosum x 3000






Plate 7. legend for photomiorographs of melietic stages
in 4iploid S.paamosun

Fig.15. Hucleolus associated bdivalent x 3000
(nu = nuoleolus)

¥ig.16. Metaphase-1 showing 11 bivalent x 2500

Fig.17. Anaphase-1 showing normal ehromosomal
disjunotion x 2000






The average pollen fertility was 87.2 per cent and
the mean pollen diamster, is 32.6 &4 (Pig.18).

4.1.2.2. m

As in S.ylarum, somatis cells at mitotic prophase
(F1g.19) and mitotie metaphase (Fig.20) were encountered in
mejotic preparations. The chromosomal counts at both stages
oconfirmed 2n=22, At prophase, no differentially stained
ohromosomes were observed., The presence of two nucleolus
assdclated chromosomes was observed (Pigs.19 and 21). A
visual comparision of the mitotic ochromosomes at pachytene
stage in S.yiarum and S.nsanosum revealed the larger sise of
the latter.

4.2, AUZOTETRAPLOIDY

4.2.1. Selanum viaris

4.2.1.1. Morohology

The study of morphologioal oharsoters and meiosis vas
eonduoted at 02 generations, The mitotetrapleoids were
ocharasoterised by ihiek dark green leaves (Fig.22).

Comparision of the mean values of fourteen charaoters
of diploid and autotetraploid S.yiarus vere made using °‘t' test.
However, mean valuss of characters sush as specific leaf weight,



Plate 8, legend for ghotoliorographa of meiotic stages
in diploid S.maRSQAUR

Mg.18. Follen grains x 1000

Pig.19. Mitotic prophase in anther cell wall
showing two nusleolus associated
ochromosome x 2500

Pig.20. Mitotio chromosomes of metaphage in
anther cell x 2500

Fig.2l. Nucleolus assooiated ohromosones at
mitotic prophase in anther cells x 3000
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peroentage of exerted, mediun and short styled flowers, pollem
fortility and pollen sise in tetraploids wvere compared for
their pereentage inoreass or deerease over diploid values,

The dats dve presented in Table 3.

Among the oharacters for which msan valuss wers compared
for significance of differences, aean valus of diploid wvas
higher than autotetraploid for petiole length, fruit diameter
(Fig.29), fruit weight and average nusber of seeds per fruit
(rig.24)s Autetetraploids recorded higher mean values over
d1ploids for leaf length, leaf breadth, number of spines on
dorsal and ventral leaf surfeces, length and breadth of petal,
length of anther and 100 seed weight., Dipleids and tetraploids
vere on par for length of exerted style.

Specific leaf weight and pollen sise, tetraploid
registered 40,9 and 41,7 per cent inerease, respectively, over
diploids, Follen fertility recorded reduction from 86.2 per eent
in diploids to 54.7 per cent in tetraploids. Diploids had
higher number of exerted styled and short styled flowers than
tetraploids. X However, medium styled flovers were observed

in sutotetraploids only and ascounted to 11,94 per cent of
the total number of flowers produced,

4.2.1,2. Malgaln

Meiosis in Mg was studied comuenoing from diakinesis
onvarde, The chromosome number of the autotetraploid plants
vas. determined as 2n=48 at mstaphase-l,
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Plate 9. legend for photographs

Pig.22. Egtablished autotetraploid plant of
S.ydarua

F1g.2%. Comparision of mature berries of
diploid (2n) and autotetraploid (4a)

S.xdaryn

Fig.24. Co ision of longitudinal seotion of
diploid (2n) and autotetraploid (4n)
fruits of §.m
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4.2,1,2.,1. Diakinesiat The study of ochromosome configuration was
restrioted to nucleolar chromosome only. A total of 31 PMOs

were examined, Two bivalents vere essociated wvith nusleolus.

4¢2:1.2.2. Mataphage-1t The ehromosome assosciation at this stage
is summariszed in Table 4. In 95.4 per cent of the P¥0s total
pairing of chromosomes was observed (Pige.25 to 28). Insomplete
pairing consisting of 46 paired chromosomes and 47 paired
ehromosomes (Fig.29) ecourred in 3.2 and 1.6 per cent of the
P0s exanined, respectively. Though ohromosomal eonfiguration
consisted of gquadrivalents, trivaleants, bivalents and univalenis,
quadrivalents and bivalents were predominent (Fige.25 to 28 and
25a to 28a). (Quadrivalents ranging frem four to ten were found
in all the PNUs examined, Pi0s vith seven and eight (Fig.27)
quadrivalents were more frequent and accounted, ruioounly,

for 25.0 and 26.6 per cent of the MOs examined. Qusdrivalents
vere mostly of closed ring type. One (Fig.29) or two trivalents
coourred in 5.2 per oent of the PMOs, Bivalents ranged from

4 to 16, In 51,6 per oant of the FPMOs examined, 8 er 10
bivalents (Figs.27 and 29) were observed, One or two univalents
vere recorded 4in 4.7 per sent of PNCs examined,

Pregsocious movensnt of one to three ohromosomss towvards
either ons or Both poles ccourred in 18,5 per cent of the Mls
at metaphase~I (Table 5). In 13,1 per cent of the PMCe movement
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Table 4. Chromosome association at metaphase-I in PMCs of
autotetraploid Solanuxz viarum (2m=48)

Total No.of

v Ix 11 I ohg::::g'”. R553553“3533§§Z£EE?
4 - 16 - 48 1 1.6
s - 14 - 48 12 18.7
6 - 12 - 48 9 14.1
1 - 10 - w 16 25.0
s _ 8 - 48 17 26.6
9 - 6 - 48 S 7.8

0 - 4 - L 1 1.6
6 1 10 1 47 1 1.6
7 - 9 2 46 1 1.6
8 2 4 2 46 1l 1.6

4-10 0-2  4-16 0-2 Range Total 64

6.91 0.5 10,08 0,08 Mean/cell

Table 5, Presocious movement of chromosomes to poles at
setaphase-I in PMCs of autotetraploid Solanum ylerum

Frequency %1 Total
Nuaber 181 18 9 9 6 2 222

Peroentage (81.54) (8.10) (2,70) (4.05) (2.70) (0.90) -

Table 6. Chromosomal distridution to daughter
nuclei at metaphase-II in FPMCs of

autotetraploid Solanum ylarum

Chromosomal .E_.___zz:nngenz.____..
distribution umbex roentage

24-24 128 94.12
2"25 8 50 88




Plate 10. legend for photomiorographs of metaphage-I
stagea in autotetraploid S.yiarym x 2500

Fig.25. Metaphase-I showing IOIV¢4II assooiation
Fig.26. Metaphase-I showing 91'+6T

Pig.27. Metaphsase~1 showing 81'0811 assooiation

assoolation






Explanatory diagrams for figures in Flate 10
(IV - in stripesy II - in shade)
Iv_,1I

Fig.25a., Metaphase-I showing 107 +4
Pig.26a. letaphrse-I showing QIV*GII

Pig.2%a. letaphase-l showing eIV¢eII



FIG. 258.

FIG,.27a




Plate 11. legend for photomicrographs of metaphase~I
stages in autotetraploid S.yjarum x 2500

Fig.28, Metaphase-1 showing va‘lle association

Fig.29, Metaphase-I showing GIVOIIIIOIOIIOII
association

Fig.30. Metaphase~I showing precocious mevement
of chromosones %0 both poles



PIATE 11

FI1G.29




Explanatory diagrans for figures in Flate 1l
(IV and III - in stripes; II - in shade; I - in outline)

617110

IV, 111,411, 1

Fig.28a, ‘etaphase-I showing
Fig.29a, letaphase-1 ahowing
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of one to three univalents cocourred towards one of the peles,
In 5.4 per eent of the PMCs suoh movement ocourred to both poles
(¥1g.30) involving at least one univalent to eseh pole.

4.2.1.2.3. Metaphase-1It The distridbution of chromosomes to the
deughter nuwslel at the end of first meietic division was studied
at this stage. In 94.1 per ocent FMCs equal nusber of chromo-
somes (24+24) vere observed (Figs.31 and 3la) in the daughter
nuclei (Tadble 6). However, in 5.88 per oent PMOs unequal
ehromosome distribution of 23425 (Figs.32 and 32a) vas observed,
Two nusle!i vere observed in 98.5 per cent of the FPMOs (Table 7).

Telonhase-1ls The number of daughter nuolei was alse studied
at telophase-II (Table 7).

Your nuclei were cobserved in 90.91 per eent of the
176 PMCs examined. In the remaining five (2,27%), six (5.68%)
and seven (1.14%) ohromosomal groups wers observed.

402.1.2.4. Jollen fexiility and alset: The average pollen
fortility of the autotetraploid wvas 54.3 per cent, JFollen

grains ranged from 36,0/ to 44.0/A in dismeter vith a mean
dianeter of 38,54 (Pig.%3).

4.2.2, Solanul RANNGAMA

01 generation plats vere studied for morphologioal and
eytological charssters.
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Table 7. Frequenoy of PMCs with different number of daughter
nuslei at metaphase-Il and telophase-1l stages in
autotetraploid S.viarum (2n=48)

Stage 2 s—akzaf guglel 7 Fotal

Metaphase-~-1l1
Number 136 2 - - - - 138
Percentage (98.55) (1.4%) - - - - -
Telophase-1I
Humbder - -

160 4 10 2 176
Percentage - - (90.91) (2.27) (5.68) (1.14) -




Plate 12, legend for photoamicro
stage in autotetraploid

Fig.3l. Metaphase-II
distribution x

Fig.32. Metaphsse~Il @
distribution x

gh. of metaphase-II
S.xlerua

wing 24+24 chromoesomal
000

wing 2%3+25 ehromosomal
2000

Y1g.%%. Pollen grains x 1000
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Explenatory diagrams for figures in ‘late 12

Fig.3la. Metaphase-II showing 24+24 ohromosomal
distribution

Pig.32a. ‘etaphase-Il showing 23+25 chromosomal
distribution
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4.2.2.1, W

Autotetraploids showed thiek dark green leaves (Fig.34).
The mean values of sharseters of 4iploid and induced aute-
tetraploid S.maERQBUR are presented in Table 8, alongwith
‘s’ values. OCharacters suoh as specifies leaf weight, percentage
of heterostyled flovers, pollen fertility and pollen size vere
not ohtunonlli snalysed for the differenses of the mean
values.

Anong the eharagsters for vhich mesn values vere oompared
for significance of differemes, the mean values of diploid vere
found to be highsr than those of tetraploids for number of
flovers per inflorescence, petal length, length of anther,
frulit dliameter, freah weight of fruits, numbder of seeds per
fruit and 100 seed weight (Figs.35 to 38). The mean values
of sutotetraploids for leaf length, leaf breadth, petiocle
length, spine nuaber on ventral leaf surface; and petal breadth
was higher than these of &iploids. Diploids and tetrsploids
vere on par for spine nusber on dorsal leaf surfaee and length
of exerted styled flowers.

In speoifie leaf vwelight, peresntage of exerted styled,
mdiun styled flovers as vell as pollen sise the respestive
mean valuss of tetraploids were 15.%, 126,3, 116,9 and 26,51
per oent higher over those of dipleids. Diploids had higher
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Plate 13, Legend for photographs of autotetraploid
S.AaNNORUA

Fig.34. Established plant

Fig.35. Comparision of diploid (2n) and
autotetraploid (4n) flovers

Pig.36. Comparision of dipleid (2n) amd
asutotetraploid (4n3 fruits






Plate 14. Iegend for photographs of autotetraploid
S.nammosun

Fig.37. Comparision of longitudinal section of
diploid (2n) and autotetraploid (4a)
fruits

Fig.38. Comparision of diploid (2n) and
autotetraploid (4n) seeds
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percentage of short styled flowers (27.7) and pollen fertility
(48.7) than tetraploids.

4.2:2.2. m

The course of meiosis vas studied from metaphase~-I
onvards, |

4.2.2.2.1. Metaphase-Its At metaphase-I], ohronoaéul iu:oohtion
eonsisted of quadrivalents, trivalents, bivalents and univalents
(Table 9). Couplete pairing of ohromosomes was observed in
63.0 per cent PMCs. Incoaplete pairing consisting of 43, 42
and 40 paired ohromosomes occurred is 2%.9, 10,9 and 2.2 per cent
of the FPMOs respectively.

Quadrivalents ranging from three to nine per eell
sssurred in gll the FPMOs examined., Formation of seven quadri-
valents (Figs.39 and 39a) wvas most frequent and sccounted far
32,6 per ocent of the PMOs examined. The coceurrence of five
axd eight quadrivalents was resorded in 19,5 per cent of the
MCs., Trivalents oocurred in 30.4 per cent ef the PMUs
exanined and ranged in number from 1 to 4. The cocurrence of
a single trivalent (Pigs.40, 40a, 41 and 41la) vas mést frequent
and was recorded is 23.9 per oent of the PMUs examined, In
4.3 per coxk of the MMOs tvo trivalents vere observed, vhile
four trivalents in 2.2 per oent PMCg, Bivalents ranged



Table 9. Chromosome association at metaphase-I in FMCs of
autotetraploid S.aammosun (2n=44)

Total No.of
Iv 11 I1x I onlired Tinber Foroirtage
6 1 8 1 43 3 2.17
9 - 4 - 44 2 4.35
6 n 10 - 44 5 10.87
8 - 5 2 42 1 2,17
7 - 8 - 4“4 11 23.91
7 1 6 1 43 4 8.70
9 - s 2 42 1 2.17
s - 6 - 44 4 8.70
6 ? 6 2 42 1 2.17
5 - 12 - 44 6 13.04
s 1 4 1 43 4 8.70
b 2 12 2 42 1 2.17
4 - 14 - 44 1 2.17
3 4 8 4 40 1 2.17
39 0-4 3-14 0-4 Range Total 46

6.54 0.41 8,02 0.54 Mean/oell




Flate 15. lLegend for photomiorographs of metaphase-I
stage in autotetraploid 3.pgmmosum x 2500

Iv, II

Pig.39. Metaphase-I showing 7 shromosonal

asgoclation

Fig.40. Metuphase-I showing 7Iv III.GII 1
chromsocsonal association

Fig.4l1. Metaphase-1 showing ‘IV 111,
ohronosoxnal assoeiation

1ilal









Explanatory diagrans for figures in Plate 15
(IV and 11l 4in stripeass II -~ in shade; I - in outline)

IV, g1l
IV, 111,11 1
IV, 111,111

Fig.39a. Metaphase-1 showing 7
Fig.40a. HMetaphase~I showing 7

Fig.4la, Metaphase~1 showing 4 +12






from 3 to 14 (Pige.42 and 42a) per eell. The ccourrence

of 8 bivalents per cell was more frequent and accounted for
26,3 per cent PMCs examined, Uaivalents ranged from O to 4
and vere observed in 36,96 per oent of the FPMCs, The number
of wmivalents in FMOs eorresponied to0 the number of trivalents
present and in oells vhere trivalents vere absent twve univalents
were odserved.

Presceious movement of chromosomes vas observed in
44.2 per oent FUs at mtaphase-I and involved movement of
upto six ohromosomss (Table 10)., Preccoious movement of
chromosomes 0 either pole involved equal number of ohromosomss
in 18 5,92 per ocent of the MCy, In 28,0 per cent of the Pl
sush mevemsnt involved one ohromosome and in 10,3 per eent PMCs
wnequal number of ehromosones to poles.

4:2.2,2.2. Apaphage-1t At anaphase-I, %.2% per cent PMCa showed
ehromosonal bridges (Table 11) and in 20.99 per cent MOs,
presence of ons or two (Fig.43) lagging chromosones (Table 12).

4.2:2.2.3. Jatar atazent At prophase-I1, metaphase-II and
anaphase-1I due to persistemse of chromosomal assooiation,
chromosomal distridbution to the daughter nuslei oould not bve
determined. This wvas evident from the presence of lesser
nuaber of ehronosomsl bodies in the MMOs at metaphase-1I stage
than the expected normal number of 44 (Pigs.44 and 45). The
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Plate 16, legend for photomicrographs of mefotic stages
in autotetraploid S.manmosum

Fig.42. Metaphase-I showing 41" +14% ehromosomal
assocliation x 2570

Fig.43. Anaphase~I shovwing legging shromosomes x 2000

Fig.44. Metaphase-II showing persistance of
chromosomal assoeistion resulting in
less than 44 ohromosomal bodies
(16+13) x 2000






Explanatory diagrans for figure in Flate 16

Fig.42a. Metaphase-I showing 41V+14%!






total numdber of sush bodies in both the poles of the PMCs
ranged from 19 to 34 (Table 13) and the mean 26.15 per PMC,
Ocsurrence of 2% bodies per eell accounted for the maximum
frequenoy of 18.2 per eent. In 68 MNOs at metaphase-II stage
8 goed spread of chroaocsomes was observed in one of the nuclei
and the data on the numsber of chromosomal bodies were recerded,
Here again, as sagainst the expested 22 ohromosonmal bodies only
10 to 16 bodies were observed vith the mean of 11,1 per PO
(Table 14).

Formation of two daughter nuclei was observed at
snaphase~1 and telophase~-I and an extra group oomprising of
five nuclei (3,727) was observed at telophase-II (Pig.46; Table 15).

Among the 225 PMUs examined at anaphase-II, ene or two
lagging ehromosomes occurred in 1,78 and 1,33 per cent of the
POy, respectively, and in 1,33 per sent of the MCs, bridge
formation was observed,

4.2.2.2.4. Nisrosvors teirsd siage! At miorospore tetrsd stage,
50,28 per cent of the MUs : had four aiorospores (Fig.47) amd
8.94, 36,51 and 4.47 per oent of the PMCs had three (Fig.48),
five (Pig.49) and aix miorospores, respectively (Table 16).

402.2.2.5. Follen fertility and sizet Average pollen fertility
in sutotetraploid J.pammemun ves 44.75 per cent., Pellea grains



Table 13, Numder of chrouwosomal bodies in daughter nusled
8% metaphase~-1l in PMls of autotetraploid
S.manngsun (2n=44)

Z;,%m,m; ylien in gueled "
ota wm entage

11 8 19 1 3.03
11 9 20 1 3.03
M 8 22 1 3.0%
12 10 22 1 J3.0%
11 11 v 22 1 3.03
13 9 22 1 3.03
12 11 23 2 6.06
12 12 24 2 6.06
4 10 24 1 3.0%
13 11 24 1 3.0%
13 12 25 2 6.06
15 10 25 1 3.0%
14 11 23 b 9.09
14 12 26 1 3.03
13 13 26 1 %3.03
15 12 F14 » | 3.0
16 12 20  § 3.0%
1% 13 28 2 6.06
16 13 29 1 3.0%
15 14 s 1 3,03
16 14 30 2 6.06
16 15 n | %.0%
17 1% J2 1 3.0%
18 15 3 2 6.06
18 16 34 1 3.03

Total I3
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Table 14, Number of ohromosomal bodies in one of the
nuolei at metaphage-II in MMCs of auto-
tetraploid S.mammosus (2n=44)

Bunber of
ohremasonal B
10 1 1.47
11 8 11.76
12 13 19.12
1 17 25.00
U 9 13.24
1% 13 19,12
16 7 10,29

Total 68
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Table 15. Frequenoy of FPMCs with 4ifferent chromnosomal
groups/nuclei at various meiotic stages in
autotetraploid Solanuzr mammosum (2ne44)

-y g an -

——Nunber of nuoled
Stage ) 3 ry 5 Total

Anaphase~-1

Numbey 150 - - - 150

Percentage (100.00) ~ - -
Telophase-I

Nm.l‘ 2“ - - - 2“

Peroentage (100.00) -~ - -
Telophase~-11

Number - - 207 8 215

Peroentage - ~ (96.28) (3.72)

Tadble 16, Frequenoy of miorospores at teirad stage in
PMCs of autotetraploid Solanilm RSAROSUR

Frequenoy __T_Mu:t(mmg.mu.r_ Total

Bumber 16 90 65 8 179
Percentage (8,94) (50.28) (36.%1) (4.47) -




Plate 17, legend for photoamiorographs of msiotic stages
in autotetraploid S.pammosun

Pig.45. Metophase~II showing persistance of
chromosonal assooiation resulting in
less than 44 chromosomal bodies
(10+8) x 2000

Fig.46. Telophase-II showing five daughter
nuclei x 2000

Pig.47. Microspore tetrad with four spores x 2000
Fig.48. Miorospore tetrad with three spores x 2000
Fig.49. Miorospore tetrad with five spores x 2000
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dianeter ranged fron 36.0/ to 44.0/x and the mean diameter
vas 41,28 A1

4.9, INTERSPRECIFIC HYBRIDIZATION

The results of artificial hybhridisation detween
S.yiarua and S.pammosun ie reported here,

4.3.1. Croasability

Interspecifio hybridisation between Sgolsnum viarum
and S.paEmesua vas carried out initially using diploids.
Polloving suceessful induction of autotetrsploids using
oolehioine in both the spesies in the present study (Se0.4.2).
The induoced autotetraploids were alse used for interspeeifie
hydridization, The results of the erosses are summariged in
Tadble 17,

Diploids of both B.viarus and S.mammosun were orossed
reciprocally. In 3350 pollinations carried out using S.ylarum
as female parent fruit set was not observed, Crossed flowers
dropped off within 8 to 10 days. Out of 500 pollinstiens
made vith S.pammesum 2s pistillate parent, a large number of
berries vere set, However, only 25 of them reached maturity.
From these berriss both appsrently mature and immature seeds
numabering 335 and 873, respeotively, were obtained., A large
number of seedlings raised from these seeds were affeoted by
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disease resulting in mortality. Among the surviving seedlings
one of the seeldlings wvas found to de of hydrid origin, vhile
the rest from sefling.

Crosses between diploid J.mammasum and autotetraploid
S.xiarua resulted in fruit set. Though a large number of
seeds vere obtained, none of the seeds germinated. The
reciprocal oross yielded mostly parthenccarpic fruits and the
tw seeds obtained from this oroes 41d not germimate,

Crosses between diploid S.yiarum and autotetraploid
S.nammonua resulted in 3.0 per ocent of fruit set vhen S.yiarua
wvas used as female parent. But the fruits were ahed premsturely.
The reciprocal oross was not attended by fruit set.

Attempt to hybridise sutotetraploids of doth species
vas wsuccessful, In these orosses vhere S.yiarum vas used
a® pistillate parent, a number of parthenocarpie fruits were
ebtained, But in the reciprocal oross fruit set 4id net
eoour,

Reoiprooal grafts involving S.yiarum and S.pammonim
vere also assessed, The grafted plants with. S.paxmosvs
as sofen and S.yigrum ss stock vere evaluated for the inter-
spesific oroessability. Fruit set wvas not observed in any
of the 120 flowers pollinated with the pollen of B.xiarus.


file:///i9r9

B2

4.3.2. Comparative morphology

The characters of S.mammosum, S.yiarum and the inter-
speci fio F, hybrid of S.mammosum x S.ylarum are presented in
Table 18, The mean values of charaoters of parents and hybrid
vere compared based on 't' values. Charaoters such as, specifioc
leaf weight, percentage of exerted styled and short styled
flowers, pollen fertility, pollen size were compared in ternms
of percentage increase or decrease over one or the other
parents and/or hybrid. The mean values of other characters

of parents and hybrid are compared among each other.

Parental differences were recorded for a number of
characters. These included characters such as leaf length,
leaf breadth, spine number of dorsal leaf surface, number of
flowers per inflorescence, length of petal, breadth of petal,
length of anther, fresh weight of fruits, fruit diameter, and
100 seed weight for whioch S.pammosum recorded higher values.
In addition, pollen diameter was higher in S.pammosum. On
the other hand, S.yjiarum showed higher mean value over
S.mammogum for characters such as spine number on leaf ventral
surface, percentage of flowers with exerted style, and number
of seeds per fruit. Both the species were gn par with
respect to length of petiole.

Interspecific hybrid (Figs.50 to 52) differed from dboth
the parents (Pigs.53 to 57) in a number of qualitative and
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Plate 18, Legard for photographs of '1 interspeoifio
hrid (SM x SV)

(Note: SK=3.khapianug Syn. S.ylerua)

F1g.50. An established plant ehowing virus
susceptibility

Pig.51. Vegetatively propagated healthy plant

Pig.52. Twig of the plant showing
parthanocarpiocally developed fruit
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R
S-mammosum x S-khasianum
() (P,




Plate 19. lLegend for photographa of diploid S.mammosum

Fig.53. An established plant
F130540 A Beﬁdlw (Pl)
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Plate 20. legend for photographs of diploid S.ylarus
(Syn. S.khasianua)

Pig.55. An established plant
F1g.56. A seedling (Pz)
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Plate 21. legend for photographs of parents (!'1 and 1’2)
and interspecific hybrid

Fig.57. Comparision of mature fruits in
S.mamaosun (P)) and S.yiarum (F,)

Fi1g.58. Comparision of leaf and petiole
heiriness in nte - S.pamgosum (P, )
and S.ylarus (P,) and their hybrid ()



PLATE,21
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quantitative characters. In qualitative ocharacters like leaf
hairiness (u;.se). petal colour (Fig.59), anther oolowr

(F1g.%9), fruit shepe (Fig.61) and fruit eolowr the hydbrid vas
interaediate to the parents.

Interspecifio hybrid recorded lover mean values than
both the parents for charscters such as leaf length, leaf
breadth, petiole length, spines on ventral surface of leaf,
specific leaf weight, petal length, anther length, pellen
fortility, fresh weight of fruit and fruit diameter, Additionally,
in S.mammesun, nusber of dorsal spines, petal length,stylar
length and pollen diameter vere more than that of hybrid. MNean
valwes of interspesific hydrid was higher for number of flovers
per oluster (Fig.60), bdreadth of petal, and number ef spine
on dorsal surfzoe than that of pollen parent S.ylarum. Stylar
longth and pollen diameter in S.yiarma and F, hybrid vere
eomparadble, Fruit set in the 11 hybrid wvas oomparabdble to
pellen parent where more than ons fruit wag observed per
oluster (Fig.62). The female parent generally had a single
fruit per cluster. (nlike the parents, the 1'1 hyb2id 444 not
set seed (Pig.63). Seed sise and eolour differed in the
parents (Fig.64).

4.3.%. lsaf flavonoids

A oomparision of the parents and their hybrid vas alm®
attempted based on the distridution of leaf flavonoids, A tetal



Plate 22, legend for photographs of parents (P; and P,)
and interspecifioc hybrid

Fig.59. Comparision of petal and anther colour
in parents - S.pammogux (P, ) and
S.yiarua (?,) and their hybrid (7))

Fig.60, Comparision of number of flovers per
inflorescence in parents and their
hybrid ‘
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Plate 23. legend for photographs

Fig.61. Comparision of sise and stage of
matured fruits in parents and hybrid

Fig.62. Comparision of fruits per cluster in
parents and hybrid
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Plate 24. legend for photographs
(Notet SK=S.khasienum Syn. S.viarug)

Fig.63. Comparision of longitudinal section
of matured fruits in parents (SM & SV)
and hybrid (F,)

Fig.64. Comparision of seed colour and sise in
parents (SH4 & SV)



FIG.63




of 25 distinst spots vere identified on the ehromstogenie

plate in parents snd hydbrids (Fig,65). Among these 15 spots
vere present in S.pammesum, 23 in S.yiarum and 13 in P, hybrid
(Tadle 19; Fig.66). Spots numder 1 to 4, 6, 10, 14, 18 and 24
vere present only in Solanum vyiarum. Spots present exclusively
in Solanum BeEmosum vers 23 mnd 25, l‘x hybrid did not shov the
preséme of any exclusive spots. The parents shared in common
13 spots vis., 5, 8, 9, 11,713, 15, 16, 17, 19, 20, 21 and 22
wvhich vere also present in ’1 hybdrid. Spet No.7 was present

in 7, and wale perent (3olanun viarua).

4.3.4. Malosin 10 hykcid

Meiosis in the interspecific hydrid beiween diploids
S.mammosua (2n=22) and S.yiarys (2n=24) vas stulied comaencing
from pachytene onwards.

4.3.4.1. Chromosome number

The ohromosome number of the interspecifie hybrid vas
deterained as 2n=23 (Figs.67 and 67a) at anaphase-I,

4.3.4.2. Daghvtene

Nuslei at this stage exhibited paired and unpaired
eshromosones (Fig.68), Adequate spreading of chromosomes oould
not »e obtained and hence the study of pairing behaviour of
ehromosozes has to be confined to isolated chromosomes or segmnts,
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riG,65, Magter plate showing the distribution
of leaf flavonoids.



FIG.66, Venn-diagram {ndicating distribution of leaf flavanoids
in parents (SM and SV) ard interspecific hybdbrid (r).



Plate 25. legend for photomicrographs of meiotioc stages
in F; interspeoifio hybrid (SM x SV)

Fig.67. Anaphase-1 showing 2% chromosomal
bodies x 2500

Fig.68. A portion of pachytene nuclei showing
paired and unpaired ohromosomal
segnents x 3000

Pi{g.69. Nucleolar ohromosome of S, in
association with the nucleolus of
Pl hybrid x 3000
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Explanatory diagrams for figures in Plate 25

Fig.67a. Anaphase-I showing 23 chromosonmal
bodies

Fig.69a. Assooiation of nucleolar chromosoae
of S.ylarug with that of rl hybdrid



FIG,69a
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In resolving the parental origin of the chromosonses,
the differendes in the stainadility bebaviour of the chromesomes
of the parental species vas taken ag the major sriterion. The
pashytene chromosones of the S.yiarua (the male pareant) vas
oharacterized by the differential staining of proximal and
distcl segments of arm and S.nammonun (the female parent) by
umiforaly stained segaents.

Cytologionl evidense for hybridity could be addused at
pachytene stage by the presence of nucleolar chromososnes of
S.xiarun vhioh vas associated with the nucleelus but as univalent
(Fig.69 and 69a). (Univalent econfiguration of a S.yiarum
chromosons bearing teloohromomere was resorded (FPig.70). A
teloochromonere - bearing chromoscme of S.yiarum in bivalent
assocliation eould bde distinguished dut its partiner ocould net be
identified (Fig.71).

Pairing behaviour of S.AaRESSUR chromosomne were
inocompletely traced in a number of nuslei at pachytene and
inoluded both terminal (Figs.72 to 74) snd interstitial paired
seguents (Fig.75). Heteromorphis chromosomal association
shoving interstitial pairing failure were also insompletely
traced (Fige.76 to 78). Chromosomal segments shoving sub-
terainal unpaired segments were also traced (Figs.79 and 80).
A ehromosomal segment bearing terminal dumb-bell shaped



Plate 26. legend far photomiorographs of pool\?em stage
ih ¥, interspecifioc hybrid (SM x SV) x 3000

Pig.70. Teloohromomere bearing univalent of

Pig.71. Telochromomere bearing chromosome of
8. in bivalent assoeiation with
an unidentified partaner

Pign.T2 to T4. Bivalent assooiation in P
interspeoific hybrid involving
terminal chromosomal segment of

S.mamnosun

Fig.75. Interstitial segaent of a paired
bivalent of S.paEmosun

Pig.76. Heteromorphioc ohromosomal association
represented by interstitial pairing
fajlure, = indicates unpaired region
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Plate 27. legend for photomiorographs at pachytene stage
in F, interspeoific hybrid (SM x SV) x 3000

Figse.77-78. Hetromorphic chromosomal assooiation
represented by interstitial pairing
fallure. = indicates unpaired
region

Pign.T9~-80. Sub-terminsl unpaired segments.
- {ndicates unpaired region

Pigs.Bl to 83, Dumb-bell shaped dark-atained
segnent (indicated by: = )
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dark~-staining ;ouon vas frequently observed in the PMCs at
this stage (Fige.81 to0 83),

4.%5.4.3%. w

_ Observations at this stage vas mtrum to nusleolus
assooiated chromoscae, ) Among the 50 PMOg examined, 90 per eent
had a single nusleolus-anssocsiated bivelent, and the rest had
tvo bivalents,

4.3.4.4. Matanhase-1

Chrozosonal assooiation eonsistdd of gquadrivalents,
trivaleats, bivalents and univalents (Table 20). 4 total of
38 types of ahromosomal associations vere discerned in 73 MCs
exanined, The nuabder of paired chromosomes in these cells
ranged from 6 to 22 per cell (Fig.84). The maximum pairing
invelving 22 ohromosomes was observed in 5.5 per ocent of the
MOs and consisted of 17427 eg1 01T (2,78), 11Veg a1l (1.49)
and 11757 (1.4%). ™0s with 16 mnd 17 paired chromosones
vere more troqmtw snd eash ascounted for 13.7 per ocemt of the
MOs examined., Though one (P1g.85) er tvo quadrivalents
ocourred in 68.4 per cent MUs and the presence of a single
quadrivalent vas frequent and vas detested in 58.8 per cent
PMCa, Trivalents ranging from one to three ocourred in
64.2 per oent of the MCs, The frequency of MCs with
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Table 20. Chromosonal association at metaphese I in PMOg of
F, hybrid of S.gasmoeun (2ne22) and S.ylarum (2n=24)

No,of  Multi- i
. IV III  II I  paired  valents Trpduemey

chromosones per ocell (

1 2 2 2 5 18 4 b §
2 2 2 1 7T 16 4 1
b 2 1 5 2 21 3 2
4 2 1 4 4 19 3 1
% 2 1 i 8 15 3 h 8
6 2 0 6 3 20 2 1
7 1 3 b ) 4 19 4 1
8 1 2 6 1 22 3 2
9 1 Fd 5 3 20 3 1l
10 1l 2 4 5 18 3 2
11 1 2 3 7 16 b ) 1
12 1 2 1 11 12 3 1l
19 1 1 7 2 21 2 4
14 1 1 6 4 19 2 2
15 1 1 5 6 17 2 5
16 1 1 4 8 15 e 4
17 1 ) § b 10 13 2 S
18 1 1 2 12 11 2 1
19 1 0 9 1 22 1 1
20 1l 0 8 3 20 1 1l
21 1 0 7 5 18 1 2
22 1 0 6 7 16 1 3
2% 1 0 5 9 14 1 3
24 1l 0 4 11 12 1 ) §
23 ) § 0 3 13 10 1l 2
26 1 0 2 15 8 1 1l
27 0 3 4 6 17 3 2
28 0 2 5 7 16 2 2
29 0 1 7 6 17 1 3
30 0 1 6 8 15 1 1l
3 0 1 5 10 13 1 2
32 0 1 4 12 11 ) § 2
33 0 0. 1 1 22 - 1
% 0 0 8 7 16 - 3
b 0 0 T 9 14 - 1l
36 0 0 6 11 12 - 4
37 0 0 5 13 10 - 1l
8 0 0 3 17 6 - 1
0-2 0~3 1-11 1~17 Range Total 73

0078 0088 5.05 7.14 H.an




Plate 28, legend for photomiorographs at metaphase~I
stage in F; interspecifio hybrid (SM x SV) x 3000

Tig.84. Metaphase-I shovwing asxiaum number
of paired ohromoscmes in an agsooiation
of 1IVellIle7IIe21

IV

111

Fig.85. Metaphese-I showing 1
association

*57749

ig.86. Metaphase-I showing 111%es1%e0T
assooliation






Explanatory diagrams of figures in Ilate 28
(IV and I1I - in stripes; II - in shade; I - in outline)

IV, 111,11 .1

Fig.84a, !letaphage-I showing 1
Pig.85a, Metaphase-I showing IIv L 9I

Fig.86a, lictaphase-I showing IIII*5II I
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one (Pig.86), two (Fig.87) and three trivaleats (Fig.88) vas
45.2, 15.1 and 4.1 per oent, respectively. Bivalents vere
present in all the cells exanined axd ranged from 1 to 11 per
oell (Fig.86). The ocourrence of three to seven bivalents
vas observed in 8%.6 per cent MOs, Fewr (Fig.88), five
(Figs.8% to 87) and aix bivalents was observed in 16.4, 21.9
and 17.8 per cent PMCs, respesotively. Heteromerphic bivalents
vere observed in 52,10 per ocent of the FPMCs and invelved a
naxinua number ef twe bivalents per oell (Figs.85, 86 to 89).
Univalents oocurred {in all the MCs and their number ranged from
1 to 17 per cell (Pigs.84 to 89). The ecourrence of eix
(13.7%)(Pig.88) and seven (13,7%)(Figs.87 and 89) univalents
vas more frequent than others.

Precosious movemnt of chromosemes during astaphsse-l
ocesurred in all the FMUs examined and involved one or both
the poles (Fig.90) - in 39.7 and 60,2 per cent Pils, respectively
(Tadble 21), The numdber of chromosones involved in precocious
aovemsnt ranged from one to 14. The more frequently obdserved
number of chromosomes involved in precocious movement vere
ons (29%,1%), two (19.2%), three (10,25%), five 01,.5%) and
eight (10,256), In 23,1 per cenmt PMOg, the mumber of
ehromnosomes involved in precocieus movement to the peles was
equal and in the rest, unequal,



Table 21. Precocious movement of ohromosomes during
mstaphase-1 in PMCs of the P; hybrid between
S.mammomun (2n=22) and S.yiarum (2n=24)

Number of

ehromosomes Pole-l Pole-II T"‘l’u.b.r - %ercontas.

involved

18 23.08
6 7.69
9 11.54
2 2,56
6 7.69
2 2.56
2 2.56
2 2,56
1 1.28
8 10.26
2 2.56
2 2.56
7 8.97
T 8.97
1 1.28
1 1.28
1 1.28
1

1
2
2
3
3
4
4
4
5
5
6
6
7
8
8

10
13
14

N N N WV s e W s v M N e AN e
-} o & AW NN RN WO N O O O

1,28

Total 78




Plate 29. Legend for photomiocrographs at metaphase I
stages in F, interspeeifio hybrid (SM x SV) x 3000

(@ indicates heteromorphic bivalents)

IIT 11,1

Fig.87. Metaphase-1 showing 2 7

association
Fig.68. Metaphase-I showing 33:Te¢ls!
asgociation

¥ig.89, Metaphase-I showing anqI

association
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Ex lunato§¥ diagrnnl for f1 ® in Plate 29
and I in stripes, II -~ in shade, I - in ogutline)

Fig.87a. HMetaphase-1I showing 2111 11 71

Pig.88a. Metaphase~I showing 3111 I 6I
Pig.69a. Metaphase-I showing 81%e7%



FIG.87a

FI1G.88a
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4.3.4.5. m:x

The presense of lagging chromosomes (Tadle 22; Pig.91),
bridges (Tadble 23) sd varying groups of nuolei were observed
at this stage. Ilagging chromosomes ranging from one to five
ooourred in 61.3 per cent of the PMCs, Oceourrence of a single
lagging ohromosome was most frequent (354.4%), PFormation
of bridges ard extra group of nuelei wvas observed in 2%,32
per cent and 32,98 per eent of the FNCs examined, respecotively.

4¢3.4.6. Zelonhane-1

Apart from the ocourrenos of twe nuelei in 69.7
per cent, thres (Fig.92) and four nuslei ccourred in 21.4 and
8.9 per cent of PMOs examined, respeetively (Tadle 24).

4.5.4.7. W

Ocourrence of two and three daughter nuclei was
ohserved in 80,0 and 20,0 per cent of the PMCs examined,
respestively (Table 24).

4.3.4.8. Metanhane-11

At this stage the numbder of chromosomal groups ranged
from twvo to four (Takle 24). The percentage frequensy of
PMCs having two, three (Pig.93) and four chromosomal groups
were 68,2, 29.7 and 1.69, respeetively. Chromosomal counts
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Plate 30. legend for photomierographs of melotio stages
in P, interspeoifio hybdrid (sM x 8V)

71g.90. Metaphase-I showing precceious
novement of chromosomes to both
poles x 2500

71g.91, Anaphase-I showing the ocoourrence of
laggerds x 2000

?1g.92, Telophase-I showing the formation of
three daughter nuelei x 2000
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Plate 31. legend for photomierographs ef meiotio stages
in ¥, interspecifio hybrid (34 x SV)

Fig.93. Metaphase~II shoving three
chromosemal groups x 2000

Pig.94. Telophase-1II showing three daughter
nuolei x 2000






in these groups was made in 39 PMCs (Table 25)., In PMCs with
tvo ohromosomal groups, the number of chromosomnes in groups
vere unequal and the differences in chroaocsome number involved
vere one, three or five., In PMOs vhere three ohromosomal
groups (Fig. 03) vere detected the smallest group had one, tweo
or three shromosomes. Chromosome distridution in the remaining
tvo groups vas equal in some of the FMCs and in the others
unequal, In the latter, the differences involved upto nine
ohronesones. IOg showing four chromosomal groups vere fever
and tvo of the chromosomal groupscontained the majority of the
ohromosonss,

4.%9.4.9. w

At this stage 6%.4 per ocent of the PMCs showed four
ehromosomal groups while the rest had two (13.6), three (16,.6%),
five (4.53%) and eix (1.51%) ohromosomal groups (Table 24 ).
Ohronosomal sounts in the dmughter nuolei was made in 29 FNOs
at Anaphase-II (Tadle 26). The number of ohromosomes in the
daughter nuwolei of the FPMOs at this stage showed & vide
variation and ranged from 7 to 21 (Table 27). Ameng them
daughter nuclei having 9, 10, 11, 12 and 1% chromosomss wvere
more frequent and ocourred in 11.9, 11,1, 17.6, 19.5 and 12.7
por oent of daughter nuslei. The presence of lagging
ehromnosomes (Table 24) and formation of bridges (Table 25) were



Pabdble 25. Ohromosome number of daughter nuclei at
mestaphase-1l in PMCs of Fy hybrid between

S.pampeaun (2n=22) and S.yiarus (2n&24)

Chromosone _ﬁ_.___!:!ﬂ!lnﬂl_______._
number umber Percentage

14-9 2 5.1%
13-10 4 10,26
12-11 7 17.95
14-7-2 1 2.56
12-9-2 5 12.82
12-10=1 2 5.1%
11-11-1 6 15.78
10-10-2 5 12.82
11-9-3 1 2,56
10-1N=3 3 7.69
11-10-1~1 2 5.1%
9-7-4~3 1 2,56

Total

,l
O
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Table 26. Chromosoas distribution to different poles at
anaphase-I1 of the F; hybrid of S.mammesum (2n=22)

and S.ylarus (2n=24)

S1.
No,

Pole I Pole II Pole 1II Pole IV Pole

¥V Total Frequeney

(number)

O 0O~ WA NN M

SRURNRSEESGHEGRES

@0 03wl o~

Pt pd e et gt i et ed el Bl P o -
W U N MR ORN&WRNSEEWWWDO

O

10

12
11

11

10
11
11
12
11
13
12
11

11
11
12
11
11
10

13
13
12
13
12
13
11
11
15
12
13
10
12
13
11
12

11
11
12

12
13

2l
18
15
16
14
13
4
16
16
12
14
13
10

9

8
10

9
13
14
13
10
12
11
10
12

46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46

L b et e gt et gt P P B e B N B e B D N P

Total 29




Table 27. Frojected frequens

ganetes based on ¢
at anaphase-Il in Fy hybrid of 3M x SV

of ohromnosomal number in

mosomal counts in 29 FMCs

Kumber of _fﬂ__”___gxlﬂﬂlgsZ--—-——
ohromosones umber roentage
7 595
8 6.80
14 11,90
10 13 11.05
1 20 17.00
12 23 19,55
13 15 12,75
14 10 8.50
15 3.40
16 2.55
18 1 0.85
21 1l 0.85

Total

117

98
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also odbeserved at this stage. Osourrence of lagging chromosomes
vas oommon in all the FMCs observed, vith the most frequent
being two (35.4%), one (27.7%) and three (16.5%) per cell,
Fornation of bridges was observed in 72.7 per cent of the MiCs
examined,

4.3.4.10. Telophase-Ii

In 67.4 per oenmt of the PMCe, four daughter nuclei were
observed and in 30,2 per cent and 2,30 per cent of the MCs

three (¥ig.94) and five daughter nuclei, respectively, vere
observed (Table 24).

4.5.4.11. Moxognare tetrad aiage

The number of miorospores, the produot of meiosis,
ranged from two to nine (Figs.9% to 97)(Tadle 28). PMOs with
four and five miocrospores vere most frequent and ocourred in
351.6 and 33,3 per ocent PMCa, respectively.

4.3.4.12. Follen Lertility

Pollen fertility as estimated based on stainability was
lov, 3.5% (712.98). Pertile pollen grains had a mean diameter
of 26040&.

4+4. BOLASODINE COWTENT

The selasodine eontent in berries of S.yixrum, 2.2ammonull,

their resiprocal grafts and indused autotetraploid of S.xiarus
vas deternined (Tadble 29).
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Plate 32. legend for photomicrographs of meietic stages
in 7, interspecifio hybrid (8M x SV)

Pig.95. Miorospore tetrad vith two spores x 2000

Pig.96. Miorospore tetrad with three
spores x 2000

Fig.97. Miorospore tetrad with nine
spores x 2000

Fig.98. Sterile pollen grains x 1000



. PLATE.32




Table 29, Solasodine content (%) in dried berries of
S.yisrum and S.pazmomun

Material Sola-od%gg content
i, Dlplﬂl‘
S.xiarua 1.83+0,27
S.aaanosus 1.2040,1%
2. Grafts soion
S.yiarum 2,16
S.aamnosun 1.54

3« Autotetraploid
S.xlarun 2.7220.29

101



4o4.l. Diglold S,x&m and s.nunll.

The solasodine content in berries of S.ylarua vas found
to be higher than that of S.uazRosuA.

4.4.2. Realprocal grafte

Resiproocal grafts were made using seedlings of S.ylarul
and S.EANROSMR. Both species grew well on the stock of other.
But S.mgumosul soion was affected by virus resulting in pre-~
mature mortality, However, five berries vere harvested before
the plant died, The berries wvere smaller in sise and had |
fever number of seeds (3.18 per berry as against 273.36 in
ungrafted control). S.yiarum as scion on S.mammosum showed
vigorous growth, But in the grafted plants berry size as well
as seed nuaber was reduwed, Solasodine content in grafted
plants were higher than ungrafted control plants. S.EARROSUR
as scion the solasodine content was 1,54 per cent as against
1.20 per oent in ungrafted plants,

4.4.%. Aukotetrarloids

In the berries of autotetraploid S.viarus, the solasodine
content was 2,72 per cent and thus was higher than that of diploids.
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V. DISCUSSION

The thesis presents data on pachytene karyology of the
commercially important steroid-bearing S.yisrum Dunal and its
relationship with another steroid-bearing Sglanum species,
S.aammosun whioh is also considered to de a potential source of
Solasodine (Telek et 8l., 1977). The evaluation of the inter-
relationship between the two species based on data on ohromosome
morphology at pachytene, chromosome number, orossability,
oytomorphic behaviour of interspecific hybrid, response to
ohromosomal doubling and study of leaf flavonoids. These
informationsbesides providing the basic oytogenetioal edifioce
for future breeding prograsmme in S.ylarusm and S.pasmosul have
also brought out interesting information for ths first time, on
the interrelationship of twvo steroid-bearing species of the

nev wvorld,

Karyomorphology of S.viarum Dunal

In S.ylarus keryological studies have been reported
by earlier workersboth at mitotic metaphase (Krishna Mitra,
1966; Zutshi, 1972) and at pachytens (Dnysnsegar and Pingle,
1978). The chromosomze number has been determined as 2ns24 by
these workers, The somatic ohromosomes are reported to range

in length from l.6/A to 2,8/ by Krishna Mgtra (1966) and
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1.9/ to 3.3/ by Zutshi (1972). Thus, the smaller sisze of

the mitotic chromosomes was confirmed by these reports. The number
of median and sub~-median chromosomes in the haploid coamplement |

has been reported as four and eight, respestively (Xrishna Mqtrs,
1966). The presence of a single satellite chromosome in the
haploid complement has been reported both by Krishna Mitra (1966)
and Zutshi (1972). The length of satellite chromosome as

reported by Krishna Mitra (1966) and Zutshi (1972) being 2.5A

and 2.6/ respectively, is in elose agresment,

Hovever, some sonflioting ohservations on the karyology
of somatioc chromosomes have been made. Rso et al. (1980)
reported absence of satellited ohromosomes while Krishnappa
and Chennaveeraiah (1977) reported presence of two pairs of
satellited chromosomes. Neither of these observations oould de
confirmed in the present investigation where both pachytene and
mitotic prophase stages have been examined. On the other hand,
presemne of a single nucleoclar associated chromosome as reported
by Krisina Hitra (1966) and Zutshi (1972) could be confirmed.
Karyomorphologioal studies at somatic metaphase could only
enable identification of six (Krisina Mitra, 1966) or five
ohromosomal types (Zutshi, 1972) but not the entire haploid
chromosomal complement. The small sise of the ohromosomes
and the inherent limitation of this stage imposed by the paucity
of oriterion could be identified as the major bottleneck in
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karyclogioal studies conduoted at root tip mitosis in this
species.

The small sise of the chromosomes which generally poses

s liaitation in karyological studies at somatic metaphase is
conaldered to be an advantage vhen karyologioal studies are
condusted at pachytene (o.f. Venkateshwarlu, 1962). This
observation seems to be substantiated by pachytene karyologioal
studies in S.yiarus conducted by Pingle and Dnyansagar (1976).
These authors have reported successful identification of the
entire hapleid complement using distridution of heterochromatin
as a major oriterion, The length of pachytene chromosomes
in this species is reported to vary from 9.4/ to 34.2A.
Three median chromosomes have been reoognised in the complenzent
wvhile the rest of the chromosomes are reported to be sub-median,

Pingle and Inysnsagar (1976) have reported certain
peculiar features at pachytene stage in this species. The
absence of nuoleolus in most of the PMCs at this atage with
the exception of ons cell is one of these observations. The
absence of nucleolus at pachytene stage has not been generally
reported in Solanum species or in any of the orop plants
investigated so far (o.f. Venkateshwarlu, 1962), Another
suoh observation relatesto the length of range of pachytene
ohromosomes of S.viarum vhich is reported to vary from 9,3 A
to 34.2/A as against 28.8/ to 41.8/ in S.torvum and 22.4 A
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to 44.2 /& in S.gurettense. In prespect of the pattern of
distridbution of dark and light-staining region in the various
chromosomes - Pingle and Dnyansagar (1976) recorded
departures not encountered in other spinous Solanum species
such as S.iorvum and S,surettengse. This pertains to the
presence of terminal and interstitial dark-staining regions
interposed in the light-staining regions of five ohromosomes
of the haploid complement., No supporting photomicrograph has
been presented by these workers, In view of these disore-

pencies, in the present study re-investigation of pachytene
karyology of S.yiarum was taken up, e

The reinvestigation of pachytene karyology of S.yiarum
in the present study has broughtout certain interesting
departures from the observations of Pingle asd Dnyansagar (1976)
in this species, These include the differences in the range
of pachytene chromosome length which was 22.4 &2 to 58.1/ as
recorded in the present investigation as against 9.4 A1 to 34.2/A
as reported by Pingle and Dnyansagar (1976). The former values
are comparable to those reported for S.torvum (28.8 to 41.8/)
and S.gurettense (22.4 to 41,2/A4). In the present investi-
gation contrary to the report of Pingle and Dnyansagar (1978)
the ocourrence of single nucleolus was consistently observed
in all the PMCs examined at pachytene., ILixewise, presence
of single terminally associated nucleolus to the chromosome
has been reported in other non-tuberiferous and/or steroid-

bearing Solanum species like S.torvum (Rao, 1972), S.surettense
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(Rao, 1975), S.integrifolium (Kirti and Rao, 1977) and S.imdicum
(Kirti and Rao, 1978)s The present study also could not
oonfirm the report of Pingle and Dnyansagar (1976) on the
presence of five bivalents with intercalary or terminal dark-
staining regions interposed in the light-staining region at
pachytene, The pachytene karyology of S.yjarum as reported

in the present study oonform to the general morphology of
differentiated pachytene chromosomes of other tuberous and
non-tuberous Sglanum species and of the taxa possessing differ-
entiated pachytene ohromosome., The number of median and sub-
median chromosomes in the haploid complement of S.yjiarum was
found to be four and eight respectively, in ocontrast to three
and nine reported by Pingle and Dnyansagar (1976). Osourrence
of four median chromosomes has been observed in S.guretiense
(Rao, 1975) and S.ipdjoum (Kirti and Rao, 1978)., Thus, the
reinvestigation of the pachytene karyology in the present study
has brought out glaring disorepencies in the earlier investiga-
tion of Pingle and Dnyansagar (1978) and the general agreement
in the chromosomal morphology of pachytene chromosomes of
S.yiayrum with those of other Sglanum species and taxa possessing

differentiated pachytene chromosomes.

The present study has rendered the feasibility of
identification of the entire haploid complement at pachytene
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based on the extent and distribution of light-and dark-stained
regions in the arms, relative proportion of dark and 1light
stained regions in the ohromosome, chromomere pattern, nucleolar
association and relative length., Thus, the basis for future
intensive oytogenetiocal studies has Dbeen laid out which would
enable pursuit of sush studies as identification of primary
trisoniocs in this species in the context of assigning linkage
groups to ohromosoues and also couparative karyological and
homologioal studies inwlving S.ylarus and other Solanum speeies.

Baaia nuahert Pingle and Dnyansagar (1966) have postulated a
lower basic number of n=l0, for the species S.yiarus Punal and
for that matter for the genus Solanum in general, based on
similarity in the morphology of four of the pachytene chromosones
of the haploid complement. The present study also brings out
siailarity in general morphology of pachytene chromosomes.

These similarities portain to position of centromere and
distridution of dark-staining region in the chromoscaual arms,

0f the fouwr median chromosomes IV, V, VIII and IX, chrowmoscnme IV
and V bear close similarity to eaoh other and chromosome VIII

to 1X, Siatlarly, the sub-median chromosomes X and XI,
ocharacterized by the presence of heteropyonotic short aras,

bear olose similarity. Thus, based on the comparative
morphology of the chromosomes of the haploid couplement, a
lover basic number of n=9 oan be postulated for S.yiarum.
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Interrelationship between 1 S.yjapun and S.EARRORUG® Both S.yiarum
and S.mamposul belong to the spinous group (o.f. Rao, 1972).

Both the species have been assigned to the sane sub-genus
Leptostemonum (of. Randell and Symon, 1976 and Pearce and

Iester, 1979) and the seotion Acanthophora. Thus, taxonomiocally,

the two speocies are held to be closely related. The present
investigation has rendered possible a closer look into the
interrelationships of the two species from the point of viev

of the chromosome number, ohroamosome morphology, orossablility,
distribution of leaf flavonoids, chromosonal homology and
response to chromosomal doubling (autotetraploidy) and reciprocal
grafting. All these aspeots are individually oonsidered in the
following paragraphs.

Comparative karyologiocal studies in S.yiarys and S.pgmmesygt The
tvo species differ in the basic number. S.yiarum has a basie

nuaber of ns12 against n=11 for S.pasmosum. It is interesting
to note that with the exception of S.aanmesum all the Solanum
species are bdbased on n=12 (of. Federov, 1974). Thus, S.EaES08uR
stands out as a singular species in this genus by virtue of its
ohromosome number. 4 oomparative study of general morphology
of pachytens ohromosomes of the two species as well as other
Solanus species reveal that unlike the differentiated pachytene
ehromosomes in S.yiarum and other Solgnua species, the pachytene
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shromosones of S.maznosus is undifferentiated., Thus, in the
morphology of pachytens chromosomes also, S.RAEECSsUR stands
out as an exception in the genus Sgolanum.

A comparision of somatic karyology of the two speeies
is excluded due to pawity of pudblished information {in
S.nammposun. Hovever, the present stuldy, - enasbles a
visual comparision of mitotie metaphase/prophase chromosomes
from anther wall oells of both the species. A ocomparision
of ohromosome sise reveal that the somatic chromosomes of
S.2mmmosun are larger than those of S.yiarus (Figs.l3 and 20),
The evidences for the larger sise of the chromosomes of
S.mammosun as compared to0 3.vyiarum oan also be had from a
comparative study of snaphase-I atage of both the speciss as
vell as in the F, interspecifio hybrid. In the F, hybrid,
the presence of 1l large and 12 saall chromosomes can be
disoerned (Pig.67). FPurther, the overall oell sisze in these
tvo species as reflected by the size of the pollen grains chwcq
that the diameter of pollen grain in S.mammesus is 20 per ocent
more than that of S,yiarum. It vill be interesting in this
context to note that S.yiarum has an additional ohromosome in its
haploid complement and even so has smaller pollen. Ramanujam
and Parthasarathy (1953%) have attributed the inoreased pollen
sige of the asutotetraploids to the higher ohromatin content,
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Drawing an mnalogy of the above situation with that of the two
species under discussion, the larger pollen sise in S.pammosun
can be considered to0 reflect the higher ehromatic content in
S.mammopus. Thus, strong indirect evidenses oan be advanoed
in favour of the larger sise of the chromosome of S.NARBSRNE
over those of S.yiarum.

Both the species are ocharacterized by the presence of
single nucleolar associated chromosome at this stage., DBut
the presemve of interstitial nusleolar organigser at pachytene
in S.mammosuR (Fig. (S ) {in econtrast to the sud-terminal
location of nucleolar-organizing region in S.yilarum brings out
additional karyologisal difference. ZThus, even a oasusl
comparision of the genersl morphology of pashytens morphology
of the species bespeak of a wide diversity betwveen the two
species. It is, hovever, not justified to decide on the
affinity of the two species baged exolusively on the differences
on the pachytene chromosome morphology. A parallel case is
reported in sorghum, where the Eu-sorghums have differentiated
pachytene ohromosomes (Magoon and Shambulingappe, 1960), whereas
para-sorghuns have undifferentiated pachytene ehromosomes
(Garver, 1947; Magoon and Shambulingappa, 1962). Even so,
the species bdelonging to these two groups are accommodated in
sane genus, Further, cocurrence of differentiated and
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undifferentiated ochromosomes have been reported among races

of Ooix lashrymaiobi (Venkateshwarlu, 1960 and 1961). But

the difference in the etainability of pachytene chromosomss of
S.yiarus and S.pamposum vieved in the context of the differences
in ochromosome size and number could only be considered as

indicative of their distant relationship.

Creasability: In the present investigation the assessment of
orossability between the two species, has been based on oompre-
hensive programnme of artificial orosses involving reociprooally
both the species and their autotetraploids doth within and
aoroes ploidy levels. The number of pollinations made between
the two speoies reciprocally at diploid level has been
relatively muoch larger and have indicated unequivocally the
unidireotional nature of oross with sucoess attending only

vhen diploid S.mmmmosum is used as fenmmle parent. Even so, the
extent.fruit set 1s only 20 per cent and the number of mature
fruits harvested is as low as five per cent. Though a large
nunxber of seeds have been harvested which included an assortment
of bold and immatured ones, only one of the seedlings proved

to be of hybrid origin., In contrast, vhen J.,yiarun is used

as female parent, no fruit set cccurred. The diploid S.manmesus
dlso proved to be a successful female parent in as far as fruit
set is concerned in orosses with autotetraploid S.yiarum as
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evident from 20 per cent fruit set. The diploid S.viarum
recoxrded about % per cent fruit set in orosses with tetraploid
S.saameaum but no mature fruits oould be harvested due to
prezature fruit dropping. Autotetraploid S.yiarus as feamale
parent in orosses with diploid S.pammosum gave 29 per cent
fruit set and also suall sized parthenoomrpic fruits. Fartheno-
carpically developed fruits as observed in the present investi-
gation were also observed by Omidiji (1975) and Sharma g} al.
(1980) in non-tuberiferous Solanum species. Crosses detveen
autotetraploids of the two species resulted in 36 per cent
fruit set vhen auto-tetraploid S.yjarum vas used as female
parent but resulted in no fruit set vhen autotetraploid
S.naERo8m vas used as female parent, It {s interesting that
the nature of orossability seems to be reversed on chromosone
doudbling. The fev orosses attempted with autotetraploid
S.EABR0RUE a® female parent and diploid S.yiarum as male parent
resulted in no fruit set. Thus, different levels of oross
compatibility was recorded in the present study invelving
these two species at diploid snd tetraploid levels.

It will however be premature to conclude on the orossa-
bility relationship of S.yiarus and S.sammesua dased on the
results of present study. This will be evident from the fact
that in the genus Sglanuam erossability relationships reported
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by different workere for a set of species was found to be
highly conflieting (ef. Rao, 1979) even distantly related
species such as tuber-bearing S.tubercsum and non-tuber bearing
S.pinnatisectun held to be inoompatible ocould be successfully
orossed (Hermsen and Taylor, 1979). In the light of the above,
as Rao (1979) has rightly obeerved, orossadility in this genus
a® by itself eamnot be taken as a oriterion for olose relation-
ship or affinity of taxa.

Confirmity of hybrid origin

The thesis offers oonolusive and direot evidences for
the sucoessful production of interspecifiec hybrid ftom
contrelled orosses betveen S.gamuosus and S.yiarum. The
hybdbrid origin of the seedling resulting from oross between
S.ma3a08ul x S.yiarum has been confirmed after a consideration
of s number of morphological and ocytological characters., The
hybrid resembled the male parent in ifts leaf length, leaf
breadth and eolour of the matured fruit. The characters
shared by the l‘l-l.ntorapeolﬂ.o hybrid and female parent inolude,
the fruit shape and susceptibility to virus. The hybrid was
intermediate to the parents in respect of hairiness on the leaf
especially on petiole, petal colour, anther colour, and fruit
colour (Figs.58, 53 md 61),
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The oytological proof of the hydbridity was obtained at
anaphase-I atage where 23 chromosomal bodies could be clearly
identified. These inoluded 11 larger chromosomes and 12
relatively smller chromosomes (Fig.67).

Further, direct proof for the hybrid origin could be
adduced from the examination of pachytene nuolei of the hybrid.
Both S.sammosuam and S.ylarum parental chromosomes could be
fdentified by virtue of their aifferences in the pachytens
ehromosome morphology. The S.yiarum chromosomes identified
insluded the nuoleolar organising chromoscmne vhich was obeserved
as an univalent in association with the hybrid nucleolus. A
univalent at pachytene with telochromomere bhears morphologloal
similarity to S.ylarys ohromosome (Fig.69)., The presence of
B.BaRBesuE chromosomes showing partial and oomplete pairing
vere also detected in hydrid nuclei at pachytene.

Further, confiraation of hybrid origin of the plant
could be secured from the study of leaf flavonoids in the
parents and hybrid, which showed that parental differences for
leaf flavonoids and the presence of 12 spots in Pl hybrid vhich
vere also shared by the parents, One of the exolusive spot
of the male parent was also present in the !1 hybrid.

Chromoacnal homolosy

The present investigation presents for the first time
information on the homology detween the chromosomes of the twe
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species. In treoing the homology of the two species, the study
of pachytene stage has also been utilised exploiting the basie
differences, in the stainability behaviour of the parental
chromosomnes, As pointed out earlier, the pachytene chromosone
-of S.ylarua conforms to the gensral morphology of pachytens
chromosones encountered in the genus Sglanum and related genera
vith proximal dark staining regions flanking the centromere and
l1ight-staining regions distal to them. In oontrast, the
pachytene ohromoscues of the J.nsamomim showved the presence

of ohromomeresSalong its entire length, The study of pachytene
chromosomes in the ¥, hybrid was more of explorative natwre
largely due to the faot that adequate spreading could not be
ensured in moat of the nuoclei examined, No instance of pairing
between the chromosomes of the parental species oould be
discerned. However, evidences for autosyndetie pairing wvas
seoured in an instamce vhere a teloohromomere - bearing ochromo-
someas of S.yiarum and a non-telochromomere bearing ohromosome of
S.YiATUR vere involved in a bivalent assooiation (Figs.70 amnd T1).
Besides, a number of instanses of inocompletely paired hetero-
morphio segments involving S.MAERGRNR chromosomes could be
distinguished, These included both terminal and interstitial
segments. Thus, the study of pachytene nuclei seea to indicate
the ocowrrence of autosyndetic pairing in the hyhrid nuclei

and lack of homology between chromosomes of parental species.
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The ohromosome associmtion in the ¥, hydrid at
metaphase-1 included multivalents such as quadrivalents and
trivalents besides bivalents, and univalents. The number of
paired ohromosomes found to vary videly from 6 to 22 per cell
of the posaible 23 chromosomes, Quadrivalents ocourred in
nearly 68.4 per oent cells and presence of single guadrivalent
ocowrred in 58,8 per cent of PMCs, Similarly, the ocourrence
of single trivalent is freguently observed (45,1 per oent cells),
while two and three trivalents occcurred in 15 and 4.5 per cent
of the PMCs, respectively., The maxinum number of multivalents
vere found to be fouwr involving proportionate change in the
frequenoy of quadrivalents and trivalents per cell. Thus,
the maximum number of quadrivalents was limited to two while
the maxinum number of trivalents was limited to three, It is
interesting that the maximun of four trivalents were not
deteoted in cells which laoked in quadrivalent association.
The partioipation of S.pammosys chromosomes in the trivalent
and quadrivalent assoociation seems likely considering the:.
size of the ohromosomes involved in this association. However,
the involvement of S.yiarum chromosomes in this configuration
is not ocategorically demonstiratable, However, instances of
autosyndetic pairing of S.ylarum ohromosomes could be resolved
bagsed on the relative size of the bivalent (Figs.670 amd 71),
Similar heteromorphic bivalent resul ting from assooiation
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of S.20NRORUR ohromosomes could also be adduced based on
relative sise consideration., The ococurrence of autosyndetic
pairing involving doth the genomes as verified at pachytens
and as adduced at metaphase-I stages ocould be interpreted as
evidences for distant relationship between the two species.

The oococurrence of multivalents has been reported in a
nunber of interspecific hybrids involving spinous Solanums.
These include S.gurettanse x S.irilodatum (Rao and Rao, 1977a),
S.indieun x S.incanum (Zutshi, 1966b), S.indicum x S.iorvum
(Kirti and Rao, 1981), The multivalents in these instanoces
included trivalents and quadrivalents with the maxinun of
upto three (Kirti and Rao, 1981), The ocourrence of multivalents
has been explained in those instances as evidences for ochromo-
somal repattering. Thus, chromosomal repatterning seems to
have played an important role in species differentiation.

The role of oryptic struotural hybridity has. been considered

as a major faotor underlying species differentiation has been
held by several vorkers (Rajashekaran, 197la, » and ej Reo

and Rao, 1977a; Wanjari, 1976), Their oconclusion is based

on the fast that despite in noraal meiosis high sterility has
been encounicred in those interspeoific hybride. However,

in these interspecific hybrids of S.zammosun x S.yiarum reported
in the presemt study the ococourrence of autosyndetio pairing
ocould be olearly demonstrated at pachytene, This fact has
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alu?be borne in mind in the interpretation of ochromosomal
homology based on the study of melotio metaphase-1 stages
vhere parental chromosomes cannot be identified, The demons-
tration of autosyndetic pairing in the present study can also
Land support te the possidle lower basic number for the Solanum
species as suggested based on similarities in ohromosomal
morphology.

Sterdlity in the hybrid: The F, hybrid between J.aammesus and
S.xiarun proved to be highly pollen sterile to the extent of
97 per cent., Though fruit set was observed but the fruits
vere found to be parthenocoarpic. The oytologioal hasis for
the high pollen sterility could be enguired into taking into
oonsideration the data availadle on the meiosis in the PCs,
At pachytene, unpaired chromosomes and ineompletely paired
chromosomnes were encountered showing the role of pairing
failure in the oocurrence of univalents at metaphase-I, In
all the 73 MCs examined at metaphase~] univalents ocourred
from one to 17 per cell the cocurrence of six and seven
univalents being most frequent (13,7 per cent of PMCs). The
mean of univalents was 7.1 per ocell, The preponderence of
univalents at this stage wvas alse reflected in the precocious
movemsnt of upto 14 chromosones with the most frequent number
being one, two, three, five and eight. The distridbution of suwch

ohrouosomes was unsqual in 76,9 per cent of the PMCs,
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Further, abnormalities were also recorded at later
stages and these included, presence of lagging ohromosones,
Wridges, groups of nuclei at anaphase-I, presence of three
or five nuclei in 30,9 per cent of the PMCs at telophase-I,
three nuclei in 20 per cent of the PMCs and three or four
chromosomel groups in 31.4 per cent of the PiMCs at metaphase-II,
At the later stages the number of chromosomes in the daughter
nuclei was unequal with the differences in chromosome nuaber
ranging from one to five. At anaphase-lI, 36.6 per cent of
PMCs were abnormal in respect of number of chromosomal groups.
lagging chromosomes ocourred i{n all the PMCs and bridges wvere
found in 72.7 per cent of the PMCs, Ilikewise, 32.5 per ocent
of PMCs at telophase-1I, werse abnormal in respect of numbder
of daughter nuclei and the presence of four miorospores at
tetrad stage was observed only in 31.6 per ocent of the PMCs
scored, Thus, the ocowrrence of chromosoamal abnormalities at
all stages oould account for the high pollen sterility in the
P, hybrid.

The high pollen sterility in the interspecifio hybrid
of S.nammosum x S.ylarup seems to be a unusual feature in
interspecifio hybrids of non-tuberiferous and/or spineus
Solanus species. A nearly totzal pollen sterility has been
reported in number of interspecific hybrids viz., S.zuccagnienum x
S.mslonzana (Rajashekaran and Sivanasubramanian (1971b and o),
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§.4ndioun x S.melopgens (Rajasnekaran, 1970 and Rangaswany and
Kadambavanasundaran, 1974). S.iodieus x S.igesnus (Zutshi,
1966b) and S.indioum x S.torvum (Kirti and Rao, 1981),
S.xanthooaroum x S.msloncens (Rajashekaran, 1971b) and in others.
In these hybrids oryptioc structursl hybridity has been asorided
for their high pollen sterility encountered in the species.

In some of the species hybrids chromosomal repatterning
resulting in genioc imbalance in gametes hase also been attributed
far the high pollen sterility (Rangaswamy and Xadambavana
Sundaram, 1974, and Rao and Rao, 1977a).

In the present investigation, autotetraploids have
been indused both in S,yiaruym and S.mammosum. The industion
of autotetraploids in S.manmgaus i{s being reported for the first
time but the produotion of autotetiraploids in S.yjiarus hes been
reported by earlier workers (Ammal and Bhatt, 1971 and Bhatt,
1972). However, the detailed meiosis has not been reperted
in respeot of S.yjarum autotetraploids. In the present
investigation this aspeat has been paid dus tattention.

The response to chromosomal doubling in both the species
vas similar in respect of inorease over diploids for leaf
length, leaf breadth, specifioc leaf weight, number of ventral



122

spines on leaf, petal breadth and pollen sise. Charsoters
for vwhioch both the autotetraploids showed lover values included
petal length, percentage of short styled flowers, fresh veight
of fruits, number of seeds per fruit, and pellen fertility.
Both the tetraploids were similar with respeot to length of
exerted style,

But differential response of the autotetraploids of
both the species was evident for & number of characters.
Petiole length was consideradbly reduced in S.yiarum whereas
it was inoreased in S.pazmosum. S.yiarug sutotetraploids
possessed higher number of apines on the dorsal surface of the
leaves than dipleids, while dipleoid and autotetraploid S.mammosuR
were on par, Unlike the S.panmesum autotetraploids whioh had
fewer flovers per cluster as compared to the diploids, auto-
tetraploids of S,ylarus vere on par with the diploid progenitors.
In anther length autotetraploid recorded an inorease while
in S.paamogun autotctrsploldnizwadooroau. The length of
exerted atyle was deoreased in S.yigrun autotetraploids while
in S.paanosua autotetraploids it was inoreased., Fruits of
autotetraploid S.yiarus were larger in diameter while conasi-
deradble decrease in fruit diameter was observed in S.naNEQEVE
autotetraploids, In two major ocharacters, such as number of
flowers per cluster and fruit diameter the inferiority of
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autotetraploids of S.mammosum over those of S.ylarus was evident.
The redustion .in the number of flowers per oluster has to de
traced to physiological causes that deteramine their produstion.
But since fruit diameter is directly related to the number of
seeds, the lowered seed set has to be enquired into from
oytologlical stand point.

The present study has eonfirmed that autotetraploidy in
S.yiarum resulted in an inorease in the percentage Solasodine
cantent over proginator diploids as reported earlier dy
Aunal and Bhatt (1977a and b), Bhatt and Heble (1978). Similar
beneficial effeoct of autotetraploidy was reported for Rayvelfie
ssrpenting (Ammal, 1962), Dgtura species (Singh and Kaul, 1967
and Jankulov and Alipur, 1975) in Catharanthus roseus (Dnyanssgar
and ' Sudhakaran, 1970 and Mohsnkumar, 1980) and in seversl
other medioinal plants (Ammal, 1963).

The course of meiosis in autotetraploids of S.ylarum
has been studied commenoing from diskinesis. At this stage,
the nusleolus associated chromosomes were found to be asscoiated
as two bivalents, Metaphase-I stage waa characterised by
total chromosomal pairing in 96 per cent of the FM0s. The
chromosomal assooiations conslsted predominantly of bivalents
and quadrivalents. Precoolous movement of ohromosomes was

observed only in 18,5 per cent of the PMCs. Chromosome
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distribution to daughter nuoclei was 2lso nearly normal with
91.4 per oent of the PMCs showing the distribution of 24+24
at astaphase-1I stage, At telophase-1I, 30,9 per cent FMCs
oontained four nuclei. Even so, the pollen fertility was lovw
being 52 per cent.

In oontrast at metaphase~l in autotetraploid 3S.maamosum
total pairing was observed only in 63,04(44) per cent of the
FiiCs. Precocoious movement of chromosones ocourred in 44,2
per cent of the PiiCs and involved into six chromosocmes. At
anaphase-I, abnormalities such as ohromosomal bridges and
lagging ohromosomes ogourred in 24.2 per cent MCs. Persistence
of chromosomal assooiation was found at prophase II, metaphase-I1I
and anaphase~-11l, as a result of the chromosomal distribution
to the daughter nuclei at the end of first division oould not
be deterained, However, evidences for unequal distridbution of
ohromosoues to daughter nuolei could be gleaned at Metaphase-Il
stage wvhere the numbersof chromosomal bodies in the two nuoledi
- were unequal, The number of nuclei at the end of first
division was found to be two in all the PMCs examined at
anaphase~I and telophase-I, At miorospore tetrad stale
50.3 per ocent af the FM0Os had four daughter nuclei, and pollen
fertility was found to de 44.8 per cent,

Thus, in the autotetraploids of S.yjarum and S.pasNesium
though the end produsts of meiosis in PMCs nemely the pollen
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grains, shoved comparable percentage of stainable pollen, the
study of the course of meiosis in these autotetraploids reveal
that in S,yiarum sutotetraploid pollen grains receive the full
diploid number of chrowmcsomes while in those of autetetraploid
S.a3aumesud, the pollen grains possibly receive variable number
of ohromosomes, The consequences of suoh differences in the
meiotic behaviour i{s spparently reflected in the differences
in the fruit set. The autotetraploid 3.yiarum set fruits
more freely than those of S.pammaesun and with the parity in the
nuaber of berries per node with dipleid progenitors. The
overall fruit set in S,yisrus diploids and autotetraploids

are oomparable, (n the other hand, S.uaaReaum autotetraploids
with the high degree of unbalansed gamete formation at the end
of meliosis and a lover frequsncy of flovers per ocluster in
comparision to those of diploids, is charasterised by lov fruit
set. Thus, in the tvo species, sharp differences in the
response to ohromosomal doubling were demonstratable both in
merphological and ocytological characters. Thus, unlike in
S.2a808un, in S.yiarua & fruitful programme on autotetraploid
breeding aould be poseidbly achieved,

Thus, the balanoe sheet of similarities and dissini-
larities characterizing the two species seems to be in favour
of s distant relationship between the two species than seens
wvarranted by the present taxonomic treatment of assigning them
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to the same sub~genus and seotion., The charaoteristics that
bespeak of a distant relationship of the two species include;
differences in chromosome number, accompanied by gross differ-
enses in the stainability of pachytene ohromosomes, sise
differences in the chromosome of the parent, the unidireotiomal
but low oross compatibility, the poor growth and low viability
of interspecific hybrid, the direot evidences for autosyndetio
pairing in the rl hybrid, an abnorazal meiosis resulting in as high
as 96.5 per cent of non-stainable pollen formation, the bhasio
differences in the pattern of distridbution of leaf flavonoids
and oontrasting response to chromosomal doubling, Thus, the
two species seen {0 be widely different to permit transfer

of genes through reocmbination.

The studies on reoiprooal grafts, in the present
investigation has show the influence of stock on soion by
way of inoreased solasodine content in the soion berries.

Such an influence of stoock in inoreasing the levels of
solanageous alkaloids has been observed in Solanaceous species
pointing out the role of roots as the site of alkaloid
syntheasis (Wilsen, 1953).
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VI. SUMMARY

The thesis embodies results of intensive karyological
studies at pachytene in Solanua viarus Dunal. (Syn. S.khasianum
var, ghatterjeesnus), a commereially important steroid bearing
Selanur species, oytomorphic study of induced autotetraploids
in S.yiarum snd interrelationship of S.ylaruu with S.paumesulm
Linn, a potentially valuable steroid bearing Salanum species,
based on a ecomparative paohytene ohromosome morphology,
erossablility, oytomorphic behaviour of interspecifio hybrid,
response to ohromosomal doudbling and distridution of leaf
flavonoids,

The chromosome number of J.ylarus vas confirmed as n=l2,
Pachytene chromosomal analysis of S.yiarum led to identification
and characterization of the entire haploid complement. The
pachytens bivalents showed differential stainability and confora
in general morphology to those of other Salanum species. The
length of pachytene bivalents ranged from 22.4 A to 58.1 A,

Four of them have medisn centromere and the rest sud-median
centromere, The only nucleolar associated bivalent with
sub~terainal nuocleolar organiser was found to be the shortest
chromosome fof the complement and was found in constant
agsociation with the nuscleclus. Besed on the morphologisal
sinilarity of pachytene bivalents a lower basio number of ns=9
instead of n=12 far S.yjiarus DPunal has been proposed.
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The haploid chromosome number of S.BARRO3UR was
confirmed as n=ll, (Unlike the differentiated pashytene
chromosomes of S.ylarum, pacshytene chromosomes of S.BARROSUR
vere oharaoterised by distridution of uniformly stained
chromomeres along its entire length., A nucleolar associated
bivalent with interstitial nuoleolar organiser was present,
Detailed pachytene karyology in this species could not be
eondusted due to poor npreadix'xc of bivalents.

Visual comparison of chromosomal sise in the two
pecies at pachytene and metaphase-I revealed that the chromo-
sones of S.BAENORUN are larger in sise than those of S.yiarum.

Response to ohromosomal doubling in these two species
has been studied, The thesis presents for the first time
the induotion and oytomorphological study of autotetraploids
in S.gagmosupn and a detailed study of meiosis in autotetraploid
of S.yiarui. OComparative evaluation of diploid and auto-
tetraploids of these two species indiocated similarities and
differences in certain morphological charasters. Similar
response to the autotetrsploidy was recorded in doth the
species for morphologiocal charagters like leaf length, leaf
hreadth, specific leaf weight, spine number on ventral surfase
of leaf, petal breadth, petal length, percentage of short styled
flovers, length of exerted style, fresh weight of fruits,



1283

numnber of seeds per fruit, pollen sise and pollen fertility.
Differential response was observed for petiole length, spine
aunber on the dorsal surface of leaf, flowvers per ocluwster,

anther length, length of exerted style and fruit diameter.

The detailed study of the course of meiosis in auto-
testraploids of S.ylarusm DPunal (4n=48) and S.pammonus (4n=44)
have reveiled the formation of laggards and bridges, persistence
of chromosone association, formation of extra number of daughter
nuwolel at different stages inoluding miorospore tetrad stage
vhioh apparently ocontribute to the reduction in the pollen
fertility. But the extent of sush ahnorasalities vary wvidely
in the autotetraploids of the two species. In S.yiarum, the
peracentage of PMOs exhibiting suoh abnormalities ranged from
1.14 to 18,5 per cent whereas in S.mamposus autotetraploid from
2.30 to 44.24 per cent,

The crossabillty relationship of the two species has
been assessed by reociprooal artificial hybridization of diploids,
reoiprooal grafts and autotetraploids. Unidireotional
orossability of diploids of S.pammogus as female parent with
diploid S.viarug ves observed. The thesis presents for the
first time the recovery of an interspecifie hybrid with
S.mazmogun as pistillate parent. Morphological comparision
of the interspecifis hybrid with the parents is reported, A
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detailed oeytological analysis of the interspecifio hybrid at
pachytene and other stages has been made., FPachytene anmalysis
in the interspesific hybrid has bdrought out direct cytological
evidences for hybridity. Meiotic abnormalities such as
ogcsurrence of univalents, formation of multivalents, presoccious
novemnt of ehromosomes, ocourrense of laggards and bdbridges,
unequal 4istribdution of chromosomes to the poles snd formation
of extra groups of daughter nuslei appear to contribute to the
higher pollen sterility (96.5 per cent) and poor viability of
the hybrid.

Ieaf flavonoid distribution in the parents and hybride
gave a supporting evidence for confirmation of hybridity, besides
indicating divergence for this character in the tvo species.

Crosses among and between dAiploid and autotetraploids
in S.yisrus and S.pammosum proved unsuccessful but led to the
formation of parthenoccarpioally developed fruits.

Solasodine content in dried berries of S.yiarum (1.83%)
was found to bde higher than those of S.pammosus diploids (1.20%)
but autotetraploids of S.yiarum oontained higher percentage of
solasodine (2,16%) than diploids. In reociproocal grafts
between the diploid speoies of S.viarus snd S.Aanmcaul incréase
in solasodine accumulation in thes soion berries over ungrafted
gontrol was observed.
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