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TNIRODUGTION & LITERATURE REVIEM

The choice of material in the present vesearch was
determined by btime and'location. The limited period of
time vegulted in the choige of planbt material with a fairiy
short life eycles In the second year of rogearch which
wag varricd out at the Scobiish Horbiculbural Ressarch
Ingtitube, Dundes, work was done on the material available
at the place. Congequenbly this thesls is divided into
2 pavrts vigs

Part 1. On species hybeids of tomatoss in which oytology
of both vegatative and reproductive cslls wore
sbudied

Part 11. On specien hybwyida of Ribeg and Rubus in vhich

only somatic cytology was done.

The oytology of tomatoas, both dlpleoids and tebraploids
{auto~ and alletetraploida) of differendt origing has baen
studied by several earlier workevs (Afify 19333 Humphrey 19343
Jérgensen 19283 Lesley and Lesley 1930, 19353 Lindsirom anﬂv
Humphrey 19333 Lindstrom and Koos 1931 and Upcotd 1935),

These workers studied the post-pachybone gtages in melogla,

PR Xy
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Those few who shtudied the pachytene behaviour in tebtraploids
{Lindstrom and Humphrey 19333 Humphrey 1934 and Upcott 1935)
did nod agroe in their observations especially on the nature
of synapsisg of the chromosomaess The method of sguashing
which ig more efficient for ohromosome study has superceded
the older method of gectioning. It was, therefore, the
nain aim of this research, besldes gtudying the genersl
behaviour of hybrida, to determine es accurately as possible
the chromosome behaviour with enphasis on the pachytene
stage in diploid and polypleld Ty specleg-hybrids. In
addition, the ¢ytology of ectopleids described heve ig the
Plrst precord of the eytology of oeloplold tomatess.

The species Lsegoulentium and L.pimpinellifeliuvm used
in the present experiments bolong to the sub-genus Bulycopersicon
{Rod Fruited) of the genus Yycopersicon (Juclkwilli 1943).

The bagie chronosome number of this genus is 12, as
first digeovered by Winkler (1909)¢ The somatic nimber is
therefora 24, Tho two species cross readily and chromosone
separation ls very megular in the diploid Fi hybrids with a
high Portility (Jérgensen 19283 Lindstrom and Koos 193L3
Lindstrom and Humphrey 1933). Irregularitics were wvery
rare and ceourred as an oceasional legping of chromogomes at

anaphase (Afify 1933).



The intervesiing nature of the pachytene chromosones which
are structurally differentiated was fivsi described by
Lagley and Lesléy (1935) followed by Brown (1949). “haese
workers studied especislly the nusleolar chgpmasamas a8 they
wvere the most yeadily ldentifiable palr of chromosomes in the
complemant. Lesley and Lealey named it "Chromoseme A% and
ghowed thal tho slze of sahellite in this chyomosome was vaeriable
in gifferent verietion of tomatoes. Then the 12 palvs of
chromogoned in the sotb were identified individually by Barton
(1980) who numbered them according Lo their lengths. Chromosome
"A'of Tesley and Leslay then became chromosome 2, as it was
the gecond longest in the comploment.

Differentiated pachytene dhromogomes, similar to those
in tho genus Lycoperglgon, are also sald to ocouwr in Agapanthug
and Eniphofia (Darlingbon 1933). Bub the differentiated
condansation 1s less pronounced in Kpiphofgia than in Apgapanthus.
Theso cbromogones could be eosily obaserved from pachytene o
digkenegis. As in tomaboos, by'metaphase only deep giailning
ragions could be poen and terpinalisetion wag complobe.

Tomato totraploids showed all the characteristic incresse

in vigour typical of teilvaploids ( Jprgensen 1928§ Lindatrom




e

4

and Koos 19313 bLindsitrom and Humphrey 1933, and Humphrey 1934)3
lower pollen Ffertility and lawer number of seed set per xruit.
In avbtotetreploids Hetravalent a&soéiétiqn of chromosomes ab
netophase ranged from none (Jdrgensen 1928; Humphrey 1934) teo
a complete set of 12 quadriValehts (iin&sﬁrom and Koowm 1931)
with variable number of multivalents pér cell (Lesley and
Lesley 19303 Upcott 1935, and AfIfy 1936). BSince 1t was very
difficult bo study the nature of pairing in the greatly
eantr&otedlmetaphaae chromosomes it was thought that pachytene
chromosomes mgght offer the chance.

Hybrids between closely related species with vegulaw

chromosome pairing are kuown in several genera among which

ave Galeopsis (Minbzing 1930), Prunus (Derlingbom 1933),

Paoonial{Stebbing 1938), Ribes (Meurmsn 1928),"and otherss

These arve all hybrids of high fertilily though not as hﬁgh

a8 in pure species. Beaseiey (1943) studied simil&r hybrids

in Gossypium which had more iprogularitiea than the pure |

speciess g
guch hybrids with regular chromosome pairing and normal

Pertility retain their identity ase species only by geographlcal

or physiological isolation (Sax 1935). DBut in none of these

has a bthovough study been made of peschybtene configursiions of




hybrids or their desdendents. Thus it seemed worthwhile,
for this reason to study especially pachyiene chromosomes
of banato.
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_MATERTALS AND METHODS

METHODS

1+ CULTURAL,

411 the tomabo plants studied weve vaised wnder gieen house
sonditiongss Tn the firsh yeéaw, seeds were sown in vormicwlite
in the davk and were brought inbo light vhen they porminated,
When the third tovue leal appeaved on the seedlings they were
teenaplonted each inve a ¥ inch pob, When sboub 3 inches
bigh, the goedlingd were again tyansplanted inbo 3 inch pols
and then £inglly into 4 ineh pobs when they wope tall enough
W be staked.

Throughout thely life, the plants were grown in vermiculite
and fed with Pfeffer’s solublon (MacLean & Cook I94L). Fow
. dhe firs*%}{ few weeks half strenglth solution was vsed, bub
when maﬁi.:ve full strongth solubion was fod overy alternate
day, tap wvater belng used in belusens

In raisging the 5’3’ progony of the flrst year plants, sesds
were gown in boxes in a propagating housa (80° « 9o° ) and
when they wape aboub 3 im’n@r:; high they were trangplanted

into 4 dnch pots and wers tranaferved into the gresn house

(50° - 70% ), Maally the plapis were trangplavted into




6 inch pote when they wore sbaked, In this cope Soil was
usad through 21l albages of the planits! growbh.

The dlfference in the method of ralming the plants betveon
the first end gecond years'waa determined by the methods adopted

at the two separate places at which this research wag dones

2« TMASCULATING & OROSSING.

Aboub 483 houra before aenthésis the Llowes buds of the
tomabos wore smosoulated by the gentle removal of the anthers
by means of a palr of fine foreeps (sborilised), and the flowers
wore then bagged in 13" by 1" eellophene bags., When the
sbigmas of the bagged flowers were ready to veesive pollen
the baps wero removed and xipe pollen from the anther of the
roguilyed plent vag trensferred on to the ebigne by neans of
foroeps, The flowers wore bagged again. Pollen grains readily
adhere onto a vipe sbtigna. A sucseseful ferlilisstion wes
confirmed after about 10 deys by the.development of the ovary.
Sometimen, howevey, the ovary suyelled about a menth or move alter
fortilisation, bub in this case it was found o econtain no
seeds,  Although no actual fortilisation took place,
parthancoarpous frult wos formed.

Soon after bthe fruits were formed the cellophane bags

Fod

were romoved,




3+ GOLCHIOINE TREATMENT .

Tomato goads were grown in péﬁwimdiahéé lined with
f£ilter papeyr goaked in a 0.25% squeous solution of colehicine
and the dishes were kept in the incubabor at 20°C, More
caxghieine golution wag intvoduced in order bo keep the Dilter
'péﬁar perpebually moist. Afler leaving the seeds to germinate
in this way for 10 days they were changed o nev pelwi-dishes,
tais Hlmne 1ineé'miﬁh filter paper soaked in distilled wator,
Af'ter three days %ﬁey were p&aﬁteﬁ out in goll in the
propageting house and any n@ce@seﬁy transplantings made as the
seedlings growe
4o CLEANTNG OF TOMATC SEEDS.

Bipe frulls were opened digmotop-wise and the pulp bogether
with the seads were pub inte small beakers. A small quantity
off concentvated hydrochleric seid was added to the beakeryg and
laft for about 5 to 10 nisubes after which the geads were
washed on a sleve under ruaning wabters (leaned seeds weie
dwied on blobbing paper. (Mebthod used in H,HeReTe, Dundes).

S« MEASURBMENT QF STOMATA..
For the gtudy of sbomata. on bthe leaves of bomato, the

method of Nowbth (19%58) was adopted, using ecllulose acetate film.



The celluloge aeeisaté solublon wey paintod on the lower
opidermis of the leaves with a cemel holy brugh which wag

kept in acetone when net in uge, When the filu dried; within
a fow sevonds, the painted grea was flooded with a sirong
golubion of detorgents Thon the £ilm was casily Iifted,
gounted on a glide with the surfuce wiich fuced the pland
uppermost, and dried by dabblng with Wlobdting papers It vwas
viewed undeér a microsgope using a4 green f‘:l.l’teiu | Measurements
of the gstomatas wsre ms;dﬁ by an oocular grid uging a high

powey objecblve.

Gy GYPOLOGIOAL,

For chromogome éounts in bomato young wool-Hips wore
fized in 113 acetie-alochol aolubtion aflber pre~treating in
para-@ichlorobenzene (saturated aqueous solubion) for 2 - 3
. howrs at roem tenpersturss The fized rool-blps were then
heated in 1 part NJHECL and 9 parts of 2% oveeln in 450 acebie
aeid for a Pou mimubes and then lefd Lo 20 - 30 minubes.
Squaghing was done in fresh 1% adeboworcelin (Shamma and Sharma
15T Ju

For study of Hils flower buds of favoupable sime {eega in
diploids, buds of abmﬁf&.fi mm in length contalin pachytens

stage) were taken, sepals end peteld wore pemoved snd then
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fized in 1¢3 aceticwalcohol for 12 to 36 hours at room
tenperature. After fimation they were either squashed
immediately or storsd in T0% aleohol. The staining method
used was that of Dr. M.S.Waltors as described by Barton (1950).
ixed or Lixed and otored buds were washed in digtilled water
for 30 minutes changing the waler several btimess; mordanted in
4% iron alum for 30 - 45 minubes snd then washed in distilled
waber agaia for half an hour. The washed buds: weres put in
0.5¢ acebo~carmine sbtain and squashed in the seme. 1% was
found that bude could he left in the sitain for as loug as
two o three days after whileh the oybtoplasm tended to darken.
In fact the best prevaraticns were obbalned from squashes of
buds left in the stain for were than a day. Heating the
slides over & sheam bath (Barbon 1950) gave better
differentlation of the chromosomes. This method of sbtelning is
aleo applicable to young petals for the situdy of sometic
chromosomes bub pre~treabment with 0.002H solution of oxyowincline
or pare~dichleorobenzene (saturated solution) is required Ho
enhanoe spreading of tﬁe chromogomes.
Squashed preparaltions were best sealed in paraffin wax
and then stored in a refrigeralor. Hiaining was found t0 be

st optimum after one or two days of sqashing.
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Tn FMG squashes temporarily sealed peeparations wero made
pormanent according bo the wmothed of Colavier (1956) nsing
bortiary bubtyl alechol, After scraping off the senling wax
from the cover glasy of the alide, 1t was put in a mizbuve

of equal parts of tertiary buiyl aloeohol and glacial acetie |

acid. When the cover glass had loosened {after 10 - 20 minubes),

the soparated s;ida anﬁ_eevef'glaaa wore left thers for about
| 5 = 10 minutes and then transferred to 1 port gleclial acetic
.a@id and 3 parts tertiavy butyl #lachol, After 15 « 30 minubes
in the seaond mixmgxe they wove transforped to pure terbiany
butyl aloohol and left ihéxa-far;30 minubes for acmplete
dehydrétian. Then thavslides‘and aover glagses wars mounted
preferably in Fupersl although Canada Balsam cowld be used.
Por gguashes in orosin, permanant‘pméparations ware madé
hy sepavating the alide.an& cover plasg in 133 scetic sleohol
and two changes of abmolule alochol, 2 minutes in each, and
then mnunﬁed either in Buparal oﬁ Balsan (Darlington and
Ta Cour 1940).
Te PHOTOGRAPHY,
Micwrophotographs were taken on half tene panchromablo
plates (slov procgss) using en oil immursion lens of N,A. L.32,

an oll immersion eondenser of N.A 1«3 and %6 compensating oye
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plecs. Cemera lucida drawings were made ab the stapge level.
Temporary preparations were used both in taking micvophotographs
and in making camera lucida dvawings.

Por the productlon of photodrawings, the original photograph
of chromosones printed on mabbesurface paper was inked over
with Indian Ink. Then the phétcgfaphio image was bleached
oub in 10 per cent potasisiuvm feprloyanide and 20 per cent plain
gypo golublon so that the drawving slone remainsd. The bleached
photograph was then passed through acid hypo and thoroughly

washed before being dried (Manton 1960).

MATRRIALS
4 compercial stock of Lycoparsiocon egoulentum ver. "Bexly

Bed® and Lspimpinellifolium (SH 1234) were used as parental

lines and in the seccend year the Py hybrids between these two
vere aldeo used, "Kondine Red®, a tetraploid variety of

Lyogoulentun was used for the study of melosis in autototvaploide.
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HORPHOLOGICAY, STUDIES

Initially Tive plaante of Lycopersicon eseulentum Hill, and

aix plants of Lycopersicon pimpinellifolium Mill, were relsed

as parental strains, Bach was selfed and reciprocael cromsings
were mede belween thems In the foldowing year the seeds oo
obtained werve sown aud 4 plants esoh of the parental lines
and 6 plants each from the families of the racipraaal CTOBBEH
were raigsed o maturitys

Herealfter the crosses Le.esculentum x L.pimplneliifolium

and Jepimpinellifolium x Ll.esoulentum will be referred to as

P snd PR respectively.

Among the Ty hybrid seeds of the 2 familles viz. EP, and
Piny distinet variation in seed size was observed. Uonsequently
two lots of seeds in cach Tanily were sown separately. The
letter 1% wos suffixed to0 the fawily number to denote that
the plants were raisdd Tfrom large scods o8 EPlg the letter
ot gimilorly denoles small seeds. in E?Q none of the small
seeds gorminated.

Table 1 showa the number of plante in each family raised
for experinentation.

Cermination

Seeds of L.ezculentum and the reciprocal hybrids all

germinated on the same date, while those of L.pimpinellifoliun

were two days later in germinetbing. The percentages of

gormination may be compared in Pable 1.
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Hm’:-léad differonces in shape and size of the cotyledons existed
in ﬁm inbged atraima of’ W end: L
In the fcmw the shape was ablong andl was approximately B
Fol dun ‘I‘hea latter had
cotyledms whioh wore mogre or lass tmangtﬂar with & broadex

pinellifel tin,

'#imes as long ag in

baag and gapering tips The vidth ae mwurea» at the widest
pczl:ﬁ"&,ﬁ ‘was- z;:%is mu:gh. less M7mat iu.z“l‘.w; agiL a n; 80 that,
its 1eng§h@iamaaiﬁh ratlo was less then that ‘i‘nfv_ ¢ A
The hybrids vhen congidered as & whole, wora intemi;&iate
with pespact to 1éngth—¢ breadth and lungﬁwbreadth (W'B)

; rati&'maﬁ 1 shows the cotyledon ¢harasters in goedlings |

of the gane ages
Hetween the rooippovael hybrids, diffevences inm eotyledon
| charactera oxioteqthere was a tendmay towards inharitancé of

Tl matarnal eharmtermmaa ag ragarda eetyledcm aiza. il‘iwre

was a sigaifmant sorrelation batwaan aotylaaeon charactars ,
' o;’ vagh hybrid with those of the respoctive pistillate pamxm 3
The accompanying graphs (text £igsl (a) and (b) ) |
ﬂlu&trata this acarrelatian offget olearlys In Figs 1la)
he I/B ratic valuea ai‘ ;,m_gg;m aro talkon @y zere and : %

the 1/8 ratio aaviat:wns af’ FE and 1P hybrids ﬁ'rt:m it are
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L/B RATIG GE COTYLEDONS

5 10 15 20 25 30 35 40 45
/k -~ o
’~ 7 M -
S I~ / L /./’
/ N / L% / = -
/ \\ / \\ /
~o ~ / b
~ “w/ L.esculentum x L.pimpinellifolium

- /

L.pimpineltifolium x L.esculentum

e (€)= + 066
riek +018

TIME (IN DAYS)

Text fig: 1(a). A graph showing correlation
effect in L/B ratio of cotyledons of EP hybrid with

its pistillate parent, L.esculentum.
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L/B  RATIO OF COTYLEDONS

hip)= -017
% L (P)= -0.93
3
2
= L.esculentum x L.pimpinellifolium
g 07t //rh—*\ //’*
a A\ VAN g e \\ ///
b \ 77N A S N
& NS N :
. / e
_ 05 *
=
o
o5
s
- 03}
4
P L.pimpinellifelium x L.esculentum
u>J +0-1'
o
- 15 20 25 30 35 40 45
- 0-1

TIME (IN DAYS)

Text fig:1 (b). A graph showing correlation effect in
L/B ratio of cotyledons of PE hybrid with its pistillate
parent L.pimpinellifolium.
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plothed against tne Jlext figs 1‘-(39) is similer graph whers
I/8 »atio valuss of Lyplnpingdll mi:g;m ave balen ag the
ghseissas

The fivad m@aswmmﬁa of c,.u'&;mﬁwa yape made when
:%:m seedlings weve gbout 5 dayg oid and were ee}grbinu.aa o
“one end a hglf monthe until the gotyladons wera gonslanh in
glges  Therelors 1% is wordhwile noting hove that the
‘wobyledons do not ceage gsmzr;:ing Por about 30 a;agrs Lyom Bhe
Hine of govminations

Aueng the seedlings of hiplmoinellifolivm 35 per vend
showed o pewsulisr chavacter ib the cotyledons,  One uolyladen
of a pair was just half the Jength of the éthe.s{n Thera wae
no evidenes o suggost that this vag &awsea by the secidental
eutiving off of the spicsl portion when 1t emerged fron the
oesd ooab. Solfed seeds fvom puch plants valged to naturdty
were goun in fhe hepe of finding oub if this wiequasl colyledon

chavactor was a gingle gone effest. DBt among the 2936

méﬁiings. raiged only 7 had -is!ra agme unagual cotyladen ehamétar,

and i}hma?ﬁ.aai; wers norial.« &i"c- Was move probable thab. this
shavodter was the vosuld of :.m anvivoonsntal é‘}f}: ooh m'&m;‘

b!;zm nﬁ’/ gena.
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Plate 2 shows the wange in vapriation of the losf ghape

and 8ize in the hybrids as dompared with the parents. Nesl

is & pleture of - mature Leaf’ from Leoseulontum paventy No: 2

from Lepimpinellifoliim and Hos 33 4s 5 and & are those

from geveral F, hybridas botween the tuoe

- Variation of leaf forms was fowd to ocosur avan on the
same plank go that 4% was not possible to say definitely
whieh hybeid pesembled which pavent, On the whole thres
types of leaves were observed in the hybrids yizs, (a)
paculentumslike (b) pimpinsllifoliim-like and (o) internediate
batween the two, Thels disteibublion was as follougiw
(1) Typos (2) and (b} :&maéuiarly on the game plant or typs
{(2) on the lower part and type (b) on the uppér part of the same p
plants
(11) Typa (¢) throughond the planb.

{111) A1} #he thres {ypes oveupeing ivvegularly on the Jame
plante

Gonerally the majority of hybrids had leaves of the
egewlentun type but thers was no apparent relationahips
betuoen leaf character and the pletillate Igarenﬁo




PLATE 1.

Seedlings of (E) L.esculentum, (P) L.pimpinellifolium,

(EP) L.esculentum x L.pimpinellifolium, and (PE) L.pimpinellifolium

x L.esculentum showing cotyledon shapes and sizes.
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Gf tha aaven dii‘rarent typew ef epiéamal ha&w i‘ouxﬂ
o .,5.-'@ (lactsd 11 :.94:3), the follong |
Lous diﬁfarent typea aro found in Ligseilerts . (2) slender
'hvmhemea 6~10 u&llad with a buibems mumicallular bade
oi’ L8 aslls, (b) alandgr hairs 4= .8 qelled (nob a8 long
a8 tzrpe (a) ) on, *sinple bagal een, (a) short pat.ent hadrs
X o i aalled (ﬁmatimaa bant into the ahape of a shepherd'a
eraok) and (d} glamiular hadrs with a mul meellular bass,

in the gmma 1ye

& whalk o:i:‘ 2t 3 oelis and surmmunmd hy a 'be’ta'ad aﬁ'
Bacrotory glanda. In Lug) ‘ 1um, anly thsa vatter
twa typea ard maaent. " the pmaent mbaewam:m anly

t%was types wore distmng‘ﬁahed vi.zw

Type 1. frishomes ¥ = 9 delled vith muliiosilular
S bages (ruckaillts (a) )
| N ; ﬁlendqr haim with m cwpwné baaaa
S (tuskwiilta (b) & (ca) }
3e Shwﬁ heiz's of 2w 3 ¢a11a szwmuuted ‘by
8 ta‘&raﬂ Qf mam‘%‘«ax’y glandao | '
) %m waa due 'ix: the &iﬁ:‘*’i cmlw of diﬁtinguishmgr M
typ@a nf} hairs v.im a:tendpr haize on 5imple ’baml haod and
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short pabent halrs semetines bent near the #ip (types (b)
and (a) uﬂ‘ mxelmilltﬁ) “ihaleh were thwafore combined as
NGy ‘Ifype 2 it the table.

- The avconpanying table (ﬁ&*ahla 2 ) shous the ﬂammtagea
of the different 'm)ea of haivs obgerved in tho sevén atraing
ased dn the emmeﬁt. Thin steips of opidernis mm
peemé oft from the petioles of matuge leaves amd wera put
on a sliéfe in a dzop of wasey, The stips of @pjfdems were
do placed thaﬁ the haive lay hotlzonbally on Hhe #1ide and
fthe ;siide studied xméur the microscops using o Yow pover
ab;!etst&va The different types of mm ohsatved were dounted
and their pemantagﬁ obhained.
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Table 2. Differend a‘pidarmai hair types found in Ls saoul L

oldun.  and thelir Feclptosel hybridsy

ir

| TS, Ferdent  We.  Ferent Noi  Ferdent|

opsontenton o ey NERE s
| ?&z 24) 3 2.38 1o e I3 Jour |
Lo pimpinellifol i o a2
(Pgp). 2 f.27 6% sl? 75 4y )
Leasoulentun x ‘
1 Lepimpineliifoliun T B e
- ARy ) % 184 29 883 2 a0 b
{EPyze) 2 1.04 168 805 23 anee |
Lepinpiael1 2ol i | ‘
1 heosoulentun _ " R TR R, i ;
28 AL 2 086 195 8405 35 15,09 |-
- (m21) 5 286 12 8.3 3B 1681 |
(PEy25) & LA 8L W0 2 2243 |

ol

| .*;ma;i haiys Qwré not mm.i;yfabsent from, g PLERING A
but securred only in & very much roduced propovtions In the
‘ataey in sous cages Hyps 1 halxe are not &g long as il

and type 3 and 't:;fgz@'-:zlhaim vere about %_&hé game aizes
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Theat differecndes were mosh probubly effeeted by the age
of the plantes ﬂ' .

Tn the ¥y bhybeide the distrdbution of balvs of fypes
2 & ¥ yosenbled the ¥ pavenby bub tended towards the P papant
£62 Type 1 halys.

Stomatal gize, measured l@ng%wiw along the atmam
Bpondngs showed very sinilar pogults in e twq parantal ILineg,,

wh:r.le in the hybridy ai‘bheugh Hhey aid not ﬁﬁfﬁw groatly from

the parmta thay prudliited gons variation suong thensolves.

Pable 3. Mean atomatel aiaea as. meaezm&d
:ﬂ‘m 2 aﬁmaaﬁe& in eaoh 1y

+ — ¥
Size
Fisoculonton (8,) R 20439
feplopinallifeliun (Bg) . B 0P
_}qa eboulentun % Lepimpineltifolin - f P

,é. ‘ (E?x-r) A s R A <11

" (ep 5) B A 4

mmmpinailifalmm % Dy eaazﬁmtam o
(v**‘ 1) R & 047
(o) S Rk ¥ 049
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Growth of the geedlings of both parents a8 well as the
resiprocal hybrids were stuldied for the fivst 14 wecks,
Weokly megauccménts in helght were made gtarting from the
fourth week after the daty of sowing and & graph wad plotted
for relative growth es measured in heightes Fige 2 1¢ sueh
a graphs  Growth-patberny as will ba seen in the graph; vas
very similar for all the fouy straing; the hybiids nelther
axgesding {except ab one point) the teller parent nor less
$han the short pavent s any time in holghti The hybrid,
with- Lsggeulend ud tha yistiya’ce parent showed a slightly
faaﬁer rYate of growth than elther of the pavents from af'ter
the tenth week of dotdng,

Thers was thus no hoterotic effeet in wrespect dlther
of Helghti or relative grovth rate in the hybeids: 0f the
rediprocal hybrida; so far as helght yms conderned; the hybride
BP approached the taller parent mers than it peciprocal hybrid
did. Howaver on Yeathing maturity any eignificent ditfarauaéu
in height that existed botwoen the reciprodal hybrids disappsared:
They were nearer t& the shorter parént; Lipimpinellifold
Bag Table 4 and Flate 3«
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3.5{ RELATIVE GROWTH IN HEIGHT

—x Le x Lp

e—=o Lpx Le
#—a L.ec (selfed )

+—a Lp(seifed)

2 5 g 7 “8 ) 0 ] 12 13

AGE ( WEEKS )

Text fig: 2. Relative growth in L.esculentum,
L.pimpinellifolium and their reciprocal hybrids.
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Table 4. Mean height in inches of L.esculentum,
Lepinpinellifolium and their reeiprocal
hybrids at 21 weeks of age.

8.D.
E 53.60 inches +3.19
EP 48.60 " 2 475
PE 44,60 *® & 6,14
P 4450 ® + 5.26

Frult
Fruit size was assessed by equatorial measurement
in mm. The fruits of all the five F; generation lines

were intermediate in sige with no significant differences
within the lines.
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Table §.. Means of five Fy tomate species hybvids and their

parentd for foult siges

r Ledgenlentun x Lepinpinallifoliw

EPy). . 23
t: EF2) 21,62

j E‘&E.i;pimzbinellﬁ.folim # Lneseulentun
| §PE 1 a8

FE2) 2949
(m 42) | 29,4

- e 2
szi‘b size
’ (Dtamater in mm) Sebs
i SRCTERE WA i o 2. ¥ cbinneme P v s : ¥ ' o |
L.asmﬂenﬁm . 363;,15‘ 3 3423
Lapimpinellxi‘olium | 22,1 2 347

The hybrid fruld slze hmawer in definitely larger than
‘ih_a magn of parents (bcth ’ariﬁmﬂmaal and gespmeﬁr‘iu;) ag

proved by signifisante tosta. . This is nob in agroenent vith

‘tém resulta Dbtamsd by swoml athésr workers where the fruls

,.'aime of the B vds foand to e intermediate with a tendency
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towards the smaller fruited parent (ﬁac&rthur 1941: Laraon
and Currence 19443 Hagkell and Bwown 1955). No reeulis
indicating maternal or cytoplasmic effect was observed.

No measurements were made of the suger contents of

the fruit bubt L.pimpinellifolium end the hybrid frults

tasted definitely sweeter than the L.sgoulentum fruits.

Phis is explicable by the resulte of Bianchl et.el. (1953).

Seeds
Seod size measured ap lenglth and breadth showed thatb
the hybrid seecds were intermediate, but with a tendency

Itoward the larger seeded Leesculontum parent as will be meen

in the following btable (Tableb). e differences in the i

reciprocal hybrids were obsexved.

Pable 6. Seed measuremonts of the parvents and
the ¥y hybrids.

Mean Mean Mean, SeDe
Length Breadth  I/B Ratio
B 3445 3415 1426 + 0417
BP 3024 2424 1,47 + 025
PE 3211 2916 1445 'ﬁ: 024
P 2475 1,98 1439 £ 0417

( Liength and breadth measured in wmm. )
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GEZORLCGICAL ORSRAVATIONG

DIFLOTS

Hitosls in specics and ™ hybeids

In both Leiegoulentum end Leplupinellifolium mitosis was
typical of any momatic division, Frophase was apparently a

very prolonged process, in the sarly staged of which the nualeus
agguwed an ﬁ:ndafinim moshy appsarance. Darkly shoined bodlas
vere vigible scabbored in the nweleuss Tb sould not bo
deternined whebhor these dark gtaining bodiss corvespondsd

in number %o the somatic chromosomes. The pyenobic gtabe of
the interphase nuclel in vegebabive eolls is olgo lnoun W
gocur in the bryophyte Pallis (Hoitz, 1928)s Mebaphage
consisted, uwnless the voot ¥ips were previously ireatsd, of

2 bangled masy of chyomnosomes ovicenbated crodgwise on the
equatordal plate. By this stage the chromosomes were very
asontracted in length and it wéé wery difficult to meke
individuel identification of each of the 24 chvonosomes in

the comploment. A palr of chromosomes with g&igg‘.;;'baa, which
was #lso the longest, was rocognisable. Besides this peiv

of gatellited chrofésoncs thore were Lwo other palrs of

ehpomosonss which weova longer than the regh. 0OF those
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latbor 4 long chronosomes in the complement ene paiyr was
matacantric, and the other pairv had a submedion gentromere
(offe ACLSy 1933)s The wothod of stuining unsed here was nob
vary satisfactory for detailed study of chromosoine morphology.s
Bulk no other bobber method of stuining way devised.

it anaphase, digjmnotion ocouryed when 1R chroposones
migrated bowards each pole, on the arrival ab which the
individual chromosome losh its definite fomm in a procsss compareble
o o reversed prophases Thon telophase nuclel were formed and
subgeguent divieion of the cell iﬁ? two, followed with the formation
of a epll wall belween bhe two nuclei.

The process of mitopis was idendical in all the Pouw

lines gtudled, vig: Leegoulontun, Lepimpinellifelimm and their

racipronal hybeidss  Sinee it was not pogsible to distinguish
between the mitotie ohromosomes of Isesculentum and
Leplopinellifolimm wmorphologically, it was not pessible to
dlebingoish the two parental ée'bs in the hybrid. (Plate 5, figil)

METOSYIS TN SPROTES AWD F&' SERCIES 113
Parental Species
Pollen wothey cell ﬂiviaiuna of ;;&:.-’esm}gerigm‘ and

]

L.-;gimpin%}gﬁ%ﬁgy followed the general procass of a normal
diptedd fonato plant and were similar to thowg described by
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previovs workers inoluding Jévgensen (1928), Lindetrom and
Kooa (1931) Hunphway (1934, 1937) and Brown (1949).

In the very early atages, proceding sygotene, the 5
nualens wag made up of a clogely pucked and densely gbained : A
mags of chromabin, iwn whish the individualdggg%%g%g; throads
were indistinguishable. By sygotens the double strand nabure
of the ehromosones was appavent. lach chrompsoms éppeaye& : P
as a baaded threed with dark chromatic rogicns ov chrumam%res
soeparated by lighter achvomatic vreglonse In a chromosomns
these chromoméres occurred wainly on sither sido of the
contromere and the disbal part of thq chitomodone was mainly
achromatic, Palring was seen to sommence from these diatal
achromatic regions (ef, Brown 1949) and the chromnsomes came
to lie gide by side, chromomore bto chromomere. In pachytene
complete synapsis occurreds In this stage the differentiated
nature of the ohromosomes was more distinet and each chromosome
paly cowld be braced from end to end in good prepavations.

The sonsteal worphologlesl features vig: the chromatic
and achromatle differentiation of the pachytens chromosomes
of the tomate were the resulla of the unsgual staloing
sapacity of the chromatin material which eonatitute the

ghromosomess  The dark stalning regions were fermed “ohromatict,

i




the weak staining ones "achromatic® and the terminal
.chromonores "telomeres! by Drown (1949).

In the nucleolar chvomogome (chromouome Noz 2 of
Barton (1950) or chromesome YAR of Losley and Lesley (1935) )
tho short arm assoclated with the nucleolus, and referred to
ag the satellite, was entirely deép gtaining aud the presence
or abgence of a terminal chromomere was difficult to ascertain.

Following pachytene, considerable shortening of the
shromogomes book place and the olosely paired chromosomes of
the pachytene sbage were separated from each other again.
Points of contact between the tue chromosomes were observed
clearly. Presunably these were chissmata where crosaing
ovar between the two ehromosomes took place. On the whole,
this wag the most Aifficullt stage to gtudy in the melosis of
the tomato. The highest nunber of points of contact por
bivalent was four, but bivelents with three chissmata assuming
a figure of eight configuration wore the commonesb. But it
wag nob wntil early diskenesis that chiasmata were moﬁe easily
.recagnisablea A% this stage the achromabi¢ regions were
greatly shortened while in most bivalents the chromatic regions,
although scmevhat eontracted, formed the groater part of the

chromosone structure. Chiasma formation was obgerved to take
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place only in the achromabic regions.

During the early sbtagas of diakenssis the najority of
the 12 hivalents appeared as vings, either with terminel
chiasmaba ab both ends or bermlnal ab one end and interstitisl
ab the other. This interstitial chissma wag usually saon
vhen the achromabic regions of the c¢hromosomes at thalb end
had net yeb compleboly conbracteds With the further conbraction
of the achromatic reglons the chiunsmaba seaned to be terminalised,
In these ring bivalents, one end of the ripg wsually opened out i‘irst‘_S
go that rod bivalents were predominant in the late diakgnesis stage
(Flate 4, figs 3.

Only 2 bivalenids differed markedly from the rest. One
was a rod bivalenbt vhose ehvomatic regions were smaller than
any of the rest in the complement. The other was ¥ shaped,
the two chrematic regions forming the arms of the ¥ while its
tall was formed by the paira@échrematie roglon held togathey
by an interstitial chiasma,

The nucleolus yomained prominent till late diakéhesis
though sometimes it was very reduced in gize, and the nucleoclar
chronosome was alwsys assoclated with it. In prometaphase

the nucleolus suddenly disappeared.




PLATE 4

* a F
1 ( x2280 )

3 ( x1710 ) 4 (x1710 )

Meiosis in parental species: -

Metaphase in (fig: 1) L.pimpinellifolium and (fig: 2) L.esculentum®
il

Fig: 3 Diakénesis and feg: 4 InterbPha®ei: in L.pimpinellifolium.
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etaphase chromosomas became graatly contracted, thick,

darkly stained bodies with no trace of achromatic regions left

in thew. Thare was no apparent differences in size among

thwin as they became ovientalted along the equatorial plate.
Hormally, in both parentis, one palr of chromosomes was pPrecocious
in anaphase separation (Plate 4, fig:s 2). Disjunction was

gharp aad no lagging chromosomes were obaerved.

From late gnaphage when counting the number of chromosomes
van caslest, the chromosomes quiekly passed into second meiotic
division. Plate 4, fig: 4 is #nterphase of second melotic
division following which at prometaphase the chromosomes are
orientated at random. By second metaphase the chromosoues
came to lie at the equator. A% anaphase 11 spindle formation
was either parallel or perpendicular to each other and 12
chromosomes separated towards sach pole. At telophase, 4
doughber nuclel were seen,y and after cell wall formation =
tobrad was formed. Soon after the release of the podlen grains
from the pollen mother cell, about 5 to 7 deys before anthesis,
pollen grain mitosis occurred.

Generally up to the stages of diak&hesis all the aunthers

in a bud were well synchronised in their meilotic divisions but




later on, stages fron meobtaphase 1 %o Yebrads may be ohserved
in a singfé anther. This is probably due to the fact that
gucceading stages of metaphase 1 proceed rapidly giving

1ittle chance of overlap vhen all the sells are at the samé

gtage of weiosis.

Rilabion of Mitotie to Meiotle Chromosomes \

In the differentiated pachytene chromosome complement
of the banato, the nucleolar chromosome was mogt easily
rocognised due to ite being atbached to the nueleolus. This
paiv of chromosomes was also recognisable in the sonatic

. conplenent as it was ehnraﬂﬁérised by the presence of a
gatellite or trabant,

There were 2 otheér chromosome peiprs in the somatic
complonent which were different from the rest in viptue of
their greater longth. These chromosomes could not be rolated
to those in the meiotic comploment without considering it
from two points of viéw-

Firstly, according to their length they must be two of
the first threo chromesomes in the pachytene couplement,
exeluding the nuclgolar or chromosome 2. Toaking inbto account

Bartonts (1950) diseripbtions of tho individuel pachytene

chromogomes, chromogome 1 being more symmetrical than ehromosome

3 would eagily corrospond tu the long somatic chromosome paiy

s T
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with a medlen contromere. Chronosoue 3, having one amm
nuch Yonger than the other would prohably be the chromosoms
pair with suvbmedien centronere in the somatic motaphase
gomplement,

An alternative agsuwmplicn to the above wovld be thab
gince aahromatié regions contribubted 1ittle to the total
length of the sontracted chromosomes of metaphase (Brown 1949),
the longest chromosome in the somatic plate need not be the
longeat in the nelobic complement. Tho fuWlly condensced
mitotic chromosomes of motaphase would therefore corraspond
only o the chromatic regiong of the pachytens chromogomnes.
Aocording to Barton's (1950) moasuremonis, the chromosome
paly with the longest and neavly squal chromabic regions on
elthor side of the éentromare could be either chromosome 1

or chromosome 5 and the pair with asymetrical chromatio arms

on each gide of the centromerse could mosh easily be chromosme 10.

Pachyteng Ohvomosomes

It was possible to identify and measure 4 pachylene
chromosomes in each of the complements of lsescuwlenbum and

Lepimpinellifolium. Measurements were made from 10 camera

luecida drawings of each chromogome and the mean value wag Laken.

Morphologiocally these 4 chromosomes corresponded.very closely
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to chyomosomes 2, 5, 6 and 12 of the ahromoéome somplement
in tomato described by Barton (19%0). From the dada given

in Table 7, the following comparisons between the chvomosomes

of Legpeulentun and L.pimplnellifolium  were made.

(1) Gh&gmaagga~“e 4 differenca of 10 m in the total length
of this chwomogsome beotwesn the two species is found.‘ But

the are vatio and the ratio of chromatic to achromabtic material
ave vory similer. The chvomomeri¢ pabiern ig spparently
identieal; In both'species, thig ehremésems ia the long
sabellited types The satellite of this chromosoma in

Leasculentum is 7.02 & in length and excecds that in

Lepinpinallifolivm by b&ﬁ_n»

(2) _Chromosome 5. This chronosome is very eacily idéntified

by its symmetrical pattern with o median centvomere flanked en

gach side by nearly equal lengths of chromeblc and achromastic

voglons.  In Lspimpinellifolium this chromosome iz found to.
bo ghorter by 2 m in total length thaﬂ in Lsesoulepnbum bud
the arm ratlos in both specles are very gimilar. '
(3)_Chromosome 6. This is the most easily recognisable
chromosone, besides the mucleolsy one, in the whole complement

because of its parbicular chromomeric patberns This chromosoms
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was Pivet ddentificd by Brown (1949). It hag 3 laoge
chromatic zones along its whole length, one on bthe shord

arm and two on the long arm. Ilere again this chromosome

in Leesoulontum exeeods thabt in Lepimpinellifoliwmm by 5 u,
but the aym watio avd chromatic / achromatic ratio do not
differ between the two spacies,

(4) Chronosome I2. This is the smallest chromosome in the

complement, and a slight difference of 1.3 u in lengih is
gean between bthe two spociod.
Thug 4n the 4 chyownogomes compared above, Lt is seen

“bhat the chromogomes in L.esculenbum  ave longer than the

worresponding ones in gggigggggzggggl;g@. But as fav as

the macvrochromonsres ave concerned the chyomosome morphelogy

botueen the two gpecles are geen Lo be very simllaw,
Congldering the chromosomes of l.esgulentvm alone, the

presont messurenents do not agres very well with those made

by Barton (1950). A1l the chromosomes measured here, oxceph

for the nuclsolar chromoscme, are slighfly gmaller than the

correaponding chreomroscme lengbhs given by him.  The two

measurenenta of the nueleolar chyomosoms, however, corresponds

very well, but Barton used the variety,; "Sutton's Beét of AllM,

wiich has & short satellited type of nucleclar chromosome and
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The gize of the satellite is only 1.5 p»  The prosent materiel,
variety "HBarly Red" has a sabtellite size of 7.02 me The amm

ratlo in the same chronosone obtained by Barton ig 7.1, while
it 48 only 2.4 in the present cage, and the ratio of chromatic~
acuromatic matorial here ig 0.8 to his 03  Apart from
chvomogome 2 the other chromosomes viz: 5, 6 and 12, though
smaller in size, have gimilar arm ratios and chromemerie
patterns as desoribed by Barton (1950).

The different varietios of tomato used ave o be accounted
for the difforences between the present measurenents of the
chironoscomes and those of Barbon (1950). TIn fact Gotischalk
(1961, 1954) found that the totel lengths, propovtional lengths
of arms and nunber of macrochromomeres wers vewarkably variable
and this variation (at least in the satellite size of 19
different varieties of tomatoes he gtudied) was found even

in e¢ils of a gingle anbher,
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El'Spgcies Hy§r1ﬁ§

(a) The Genersl Pattern .

In the very early stages of pollen mother cell division
the procass of melopis in the hybrids was very similar to the
parents, a regular gygotens where two headed chyvomosome strands
coiza into close association lying eide by side and chromomere
to chromomers followved by pachytene which was almost normal.
Pairing of chromosomey commenced ab gygobtone or thatb
was the stage vhen pairing was DQirst obgervebles In most cases
pairing was observed bto start from the distal achromatic
vogions moving inwards tovard tho centromerae. Plete 6,
Tigsy 1 & 2, show chromnosome palring at sygotene sbage.
Paiving is still incomplete in the chromatic regions.
Note that bthe chromemere patlernsg of any two pairing chromosomes
are very similar. Thore were instanses, though rare, when
pairing was laﬁer in the achromatic reglons than in the
ghromgbic reglons, éhe centromere, however, was the region
vhere pairing first oceurred. Within the chromosomes of a
cell, this centromere palring seemed o cccur at different
rates. In Flato 6, fig: 3, complete pairing of pachytene

chromogones is shown.



PLATE 5

RacInY.

2 ( x1920 )

3 (x 2000 ) 4 (%1920 )

Fig: 1. Somatic metaphase plate

Fig: 2. Metaphase plate in PMC _

Fig: 3 & 4. Early and late anaphase stages in reduction
division of F; species hybrid.




PLATE 6

( x1920)

( x1440)

Prophase in PMC division of F1 species hybrids
Fig:s 1 & 2. Zygotene
Fig: 3. Pachytene showing normal complete synapsis
Fig: 4. Pachytene showing regions of incomplete pairing
(A1l fig:s - x 1920 )
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The only devigtion from norwal prophase stages ag
dagoerlibed above, was detected in late sygotene and early
vachytene stages. In parental specles synapsis of szygotenc
chromosomes was mnors or less qnifomm in the sense that by
early pachybone pairing was complote in all the 12 pairs.

In the hybrids, thera was apparent delay in paiving in

some chreomosomes so that even by pachytene stage ragions

off innomplete palring weve still observed (Plate 6, fig: 4).
Loogely paired pachytene chromesomes wers also obgerved
where the tuc chromosomes could be easily distinguished,
unlike thes noxmal tightly paired ones.

The ocourrence of ons nucleolus in FMIC s was the rule

in all the pavenial specles of L,esculentum and Lepimpinellifolium

studied, as well as in their weciprocal hybrids. Howevar,
gamll numbers of pollen mother eelleg, aboub 10 « 20 per cent,
wore often obsevved coptaining two nuelecoli. Thogse gells
with double nueleoli tond to group together in isolatéd
patches presumably vesulbting from somo local physiological
condl tiola

Following pachylene, there was diplotene which vas a

difficult stage to study chromosome bshaviour., In almosth
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all cells, where the chromosomes were well spread oub, 12
bivalente was the rule, Ag in the parental material,
3 chigsmata per bivalent ocourred mogt frequently and
4 chiasmata per bivalent was the highest number observed.

In several cases, 4 chromogomes ( as many as 2 or 3
such assoclations per cell) were observed close togother but
1t was uﬁlikely that thoy were tene quadrivalents although
the fact could not be ascertaineds As seen in Flate 7,
figa:1; only achromatic roglons were observed to be involved
in the formabion of chiasmata. Figure of eipght configurations
are olearly seen in thé sama figure.

Diakéhesis (Plate 7, figs: 2 & 4) was not difforvent from
a normal types The small intergtitially paired bimlenﬁ vos
64111 noticeable (agrow). The nucleclar chromdoomes were
always found bo pair intar&tif&ally on the arms other than
those atlached to the nucleolus. With the exaeption of one
cagoy the satellite reglon wag never geon to form a chiosmae
In one anther however, there ware a number of colls in which
the satellito regions of the nueleolar chiomosomes were in
sontacﬁ (Flate 7, figs 3 {a) & (b)) bubt ithe actusl formation

of chiapma ab the point of contadt was nobt certaine
P



PLATE T

1 ( x1940 )

Different stages in meiosis of diploid F1 hybrids:
Fig: 1, diplotens; fig:s 2 & 4, diakeénesis in PE and EP

hybrids respectively; fig: 3(a) and (b), points of contact

in the short .chromatic arm of the nucleolar chromosomes.
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Metarhase was typlesl of any normal diploid metaphase
(Plate 5, £igs 2 )» The chromosomes of cach bivalent were
equal in size (ef Losley & ILesley 1935), though Humphrey (1934)
claimed to have seen distinet size differences botween the
melotic chromosomes of L.esculentwn and Lepimpinellifoliume
The sué%ading stages did not show any deviation from the normal
diploidss
(b) Inrepularities

Meiogis in the hybrids was therefore normal in general
bub in seme plates irregulerities were enasocunteved. These
abnoxmalities may be divided into two groups, one found in
EP hybrids and the other found in the veciprocal PE hybrids.

(i) &P Hybrids Abnorvmalities were first observed ab diakénesis
and were chiefly conocorned with chromosome assodiabion. This
occurred in only one plant vizs BP52/60. Although 12 bivalents
was usual,‘chrcmosome assoclations other than 2 were also
observed.

Tablo ( 8 ) gives the various associabions encountered.
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Table 8.

i ' Not of y
Undvalonts B:ivalen‘bJ Trivalentsl Quadrivalents] Plates
obgserved

1. - 12 -~ 7

26 - 10 1 14

3 2 X - 5

he = 9 2 - 2

Da 10 1 ) 7

6. 2 10 x

Besides the normal 12 bivalent types, colls with 10 bivalents

and 1 quadrivalent occurred with the next highest frequenay.

0ff the latber kind of asaseciation, two types were deen.

One kind

which occurred more frequently then the other was the chain type

and the socond kind was X -~ ghaped type.
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Chromosone dégtributian howover wag normal. No Inversion
bridgas indieative of any siructural alterations in tho
chromogomnes were obseyved, although laggsrds, eithor a whole
bivalent or jJjust a chromosome wore quilto common. This wasg
axpacted from the ocourrence of wnivalenbs at mebaphase which
norpally tended to lag behind the other chyomosomes at Anaphase
separation (Darlington 1929). In late anaphaso mo'seaonﬂary
aspoclations were noticed (PLate 5, £igs 4), and in lote
telophagse 4 nuolel were observed in a pollen mother cell with
1 to 3 nueleoli in ocach microspore nuclous.
(2) PR Pybrids. The irvegularvities observed in the hybrid
PELS/60 wera not ddesinmilar to those found in its reciprocal
hybrdd, they wore as follows.
(a) In metaphase of the firat division, a few chromosomes
wera lefh out of the equatorial plate (Plate 8, figs 1). AL
anaphese theas moved either along the spindle towards each pole
or were left strended in the oytoplasm and thus lost from the
normal complament, In one cage, a block of chromoscﬁes was
seen gusponded in the spindle of the two sepavating groupa.
It is quite femsible to suggest that thiz bloek probably was
previously outside the eguatorial plate ab metaphase 1.

Frosumebly, as a consequence of thig abnormality al mebaphase
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a high percentage, approximately 45 por cent, of the cdlls in
anaphase 1 showed 1 or 2 laggards aleng the spindle. Novmally
these f£inally reached the poles to be included in the interphagse
nuceleis, In a few cases the distribution of chromosomes was
somevhat unequal, @.g. there wes a case where theve were 11
and 12§fz£;$£;;;:irespect&?ely at sach pole,
(b) Attenuations ab carly first anaphase (Plate 5, figs 3)
and bivalents delayed in separating (Text fig: 3, B). One
such bivalent per acell was the comuonesh.
(e¢) The 12 bivelents ab metaphase 1 failed to separate buﬁ
whole bivalents moved along the spindle towards each pole so
thet at the poles, although the number of chromosomes was
normal., ise. 6 bivalents or 12 chromosomes,; there would be
duplication of some chromosomes and reducblon of others at
either pole. Flate 8, figes: 2 & 3 show movenment of whole
bivalents touwards sach pole and fig: 4 of the same plate shows
a cell with 6 bivalents at each pole.
(@) At second metephase the chromatids lay loosely along the
equatorlal plate.
{e) lLaggards were very common in anaphase 11, the highest
number per spindle being five (Text fig: 3, C & D)e The
chromosomes elther reached the pole or were left excluded

Trom the telophase nuclei and were finally lost in the
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Text fig: 3. Irregularities in PE hybrids:- A. Metaphase
plate in which there seemed to be one association of four
chromosomes; B. Attenuations of separating chromosomes at

anaphase 13 C & D. Laggards on the spindles at anaphase 11.




PLATE 8

Irregularities in meiosis in F1 species hybrids:

Fig:1, a few chromosomes left outside the metaphase plate
Fig:2 & 3, movement of whole bivalents towards the poles at
anaphase

Fig:4, six bivalents at each pole at late anaphase
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cytoplasme These laggards were elther in the apindle

or sometimes in the cytoplasm when thelr chences of reaching
the telopbase muclel were vamobo.

(£) In very few c¢ells, less than 1 por cont, failure of
gseparation of chromatids ab anaphase 11 cecurred, and the
chiromabids lay scatiered in the oytoplesm. The final fate
of such cells could not be agcertainad.

Irregpective of such irrvegularities as menlloned above,
the pollen mother colls ab tetrad stage contsined 4 microspore
nuclei, which however, veried in sige. This varigtion in
gize of ‘the microspores was probably related to chromosoms
numbers in theme The consilderable differences in sige of
the nuglei at telophase stage were indicative of the irregular

chromosome number contained in each nucleus.

Abtenuated Chromosomes

The atbenugted ehvamagmes were obgerved in almost all the
anaphase Sﬁyargﬁions of chromogomes in the Fl hybrids and
pocasionally one or two bivalents were delayed in disjuncitions
Aocording bto Upcott (1935) tomato im one of the species in which
complete terminalisation of chiasmata at nebaphase takes places

In chronogsomas with completely terminalised chiaspmaba, anaphase

separation should ba sharp and clear (Deriington 1937).
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In the pregent cage the falluve of shavp gegregabion of
chyomogomes at snaphasy was preswably bocuase of the presence of
interstitlial chiasmata still al wetaphase stages In the
parental species the terminalisation coefficient was lowver than
has been recovded by most previous workers (Table 9), and in

the My hybride the terminalisation coefficient was even lovor,
ALigy (1933) and Brown (1949) did not find complete texminalisation
off chiagmata in the metaphase chromosomess  They also found

that the presonce of interstitial ah&asmata ab metaphase had
delayed the saparetion of certain blvalents. Beagley (1943)
elaimed thet previous workers §name$ not mentioned) had assumer
that the lavge number of attenuated chromosomes in coriain
hybeids could be a physiologlcal effect regulting Lrom
hybridisation, But he found thls to be untruo in Jogsyplum
hybride fov hewe the chromosomes failed to bocome abtonusted in
the polypeloids produced from the hybride. Similarly the
induced polypioids of %ﬁé tomato hybeids in the present
exporinent did not ghow any abtonuation of chvomosomes in eaply
anaphase. These observatlons suggost therofore, that abtenuation
ig due to an Smpalrmenty of the procesg of palring for thig

securg in diploid Fl hybeidg bub pob in tebraplold depxivatives

of guch hybrids whore oach chrompsome hag its homologue present.
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Groatly attenuated chromosomes also cccurred in melosis
of male cockroaches during the stoge known as "pre-metaphase
gtreteh® (John and Lowis 1957). Bub 4t differs from the
anaphase attenuation of chrowmosomes in that it coours immediately
following pachytene and iﬁ doos not result in conplets separastion
of the homologues as recontraction of the chromoscomes takes

place to form a metaphase plate.

Chissnata Freguency

The chiasmata frequency values as well as the terminalisaticn
eoefficients obtained from L.esonlentum, Leplupinellifolium
and ‘thair reciﬁ:ceal hybrids vere tabulated and compared with
those cbtainaed by other workers (Table 9).

Tho valus of the chiasmata freguency and coefficlent of
terminaligation in both parental gpeclea wers very similar.
The berninalisation ccefficient values wera found to be lowver
than the other workers' values: In spite of the simllar degres '
of palwing in the bwe pavental gpecies studied, the hybrids
showad a lower chiasma freguency thon bthe parents. VWhen
the two veeiprocal hybrids were congidered, the values of
chissmata per bilvalent and the terminalisabion coelficients

were remorkably similav. Veristlon of chiosmeta frequency
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Table 95 Moan chiasmabs Preoquency and Towminaligation

Oosfficlent in spocios and ¥y bybeids

Chiagsmata

Hpogies f¥equency . Gaeffigient Reforence
per bivalent | Terminalisablon

Lsosculentun L.66 aomplote Tpoobt 1935
“ 1.30 Q87 Afify 1933
" 135 0.70 Brown 1949
o Lad¥ 0.65 Author

Lepinpinelldfolium 1.29 (aGD i

EP 1a34 0455 .

FE 1.33 0,58 m

Lo eacen givm 1430 0.86 Afify 1933

Leogouwiontum x '

Lo racenigiunm 130 0.86 "
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CHIASMATA FREQUENCY PER BIVALENT N PARENTA.
SPECIES AND F, HYBRIDS
Parents
3 P E

30 |
20 I
B l I
0F l
40 | e ‘Fy hybrids
30 F 3
20
A lm.l
0f 76 10 12 W ve TE

e

6

CHIASMATA PER BI|VALENT

Text fig: 4.

per bivalent

Distribution of chiasmata frequency

in L.esculentum (E), L.pimpinellifolium

(P) and their reciprocal hybrids EP and PE.




within the Fl hybrids was less than within the parental
species. Although the wange of variation in chiasmata
frequency in the hybrids was the same,.the disﬁrihutibn
within hybrids was very diffevent (Text figh 4)s In
the hybrid PE fhe digbribution is normal but that in
the wreciprocal hybrid FP hag a negafive skevymenss,

It is known in »ye,s an inbred species, thal chiasmata
frequency values for bthe Pys of the different inbred lines
transcend those of the parental lines (Rees 1955). In
the present case, the hybrids did not show any helerosis in
the chiasmata frequency values bult exceeded the psrents

in the fact that they showed less variation in the

digbribution of chiasmata freguency.

Permninelisation of Chinsmats

According to Darlingbon (1937)s; terminalimation of
chiasmata in the chromonomes al metaphase ig caused by the
distal movement of the interstitial chiasmata. This t
movement is gaid to be caused by the inerossing force of
repulsion between the two separatbing ce@tromerea of the

paired chromosones,
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Thug it is usually in the shorter chromosomes that terminalisgiion
is completed first.

in the tomato, chilasmata formation is localised in the
achromabic reglong of the differentisted prophase chromogomes
as observed in the PMC divisions (ef. Brown 19493 Lesley and
Lesley 193535 Darton 1951). Up %o the stage of diakenesis
the interstitisl chiasmata could atill be seen in the partly
contracted achromatiec regions of the chromosomes. Ab
metaphase the schromatic matefial had greatly contracted so
thot only the deep staining regioms of the chromosomes wers
vigible. These achromatic regions contributed little to the
total length of the metaphase chromosomes. Considerabions
of these points make it diffieult to assume that in the tomato
terminalisation of chiasmata resulted from the outward movement
of interstitial chiasmata formed ab random along the length of
the chromosome. It seemed more plausible that terminalisation
was brought sbout by the pushing in of the chiasmabe along the
chromosome caused by the contraction of the achromatic
digtal regiones aince the chiagmats presumably wergétable in
their position, Finally at metaphase when achrom;tie materisl
had caontracted more or less completely, the chlasmata pushed

along the chromosome would be at the end of the chromatic
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regions and would appear berminal, The vhole process could

ho diapgrammatlically represented as in Texb fg: 5.

S —
X o e———l

R —
it

Text £igs 5. Diagrammatic representation of agssumed

chiasmata terminalisation in the dilfereatiated

chromosomes of the tomatos

It could be argned that terminalisation in the usval way

ooccurred before the completa contraction of the achrematic regions
in the chromoscnes. In that case there would be a stage somewhere
batwson diakghesia and metaphase whon the chromogomes still had
chromatic and achromatic rogions and the bivalents appeared as
wings with the achrometic arms abt the point of conbaet. Swuch
a stage has nobt been come across. Ring bivalents o metimes

had interstitial chissmata and sometimes terminal but the

chromosomes in the bivalents were then completely desp staining.
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Afigy (1933) end Brown (1949) did not obgserve complote
terminalisabion abt metephase. Tﬁmy ohgopved intorstitial
ghiasmata still ab wetaphase. If berminalivation of chiasmate
cocourred by thelr distal movement aleng the length of thse
cheonosone terminallisation should be completo whethor the
achvomatic vegions had conplotely contracted or nobe

There ig not anough evidence ab prosent o prove thad
terminalisation of chiasmata is brought about by the contraction
of' the achromabic reglons rather then by the distal movemont
of tha intergtitial chiagmata. It would, however, be very
intaresting to see if thd wawal rule of chissmata terminalisabion

ie applicable to the differentiated chromosomes of the tomato

 Pollen Gralng

The percentage of goocd pollen was esbimated by counting
the numbayr of polleon graing stoinable in acetow~carming.
The Lseseulontun pavental iine had 10 per cond move

abortive pollen grains than the I.plmpipellifolivm speclos.

The range of pollen viability within plants was also wider in
the case of the former. The hybrids also ghowed a vide vange

of pollen fortllity within themselves, wiith the highest volue
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ag high &8 in the Lepimpinellifoliwa pavonte.

ngéréing the gizes of pollen grains, ag nesgured dianeter
wise, the parontal atmainé wore very nuch alike ag will be
geen in Peble 10. At leasd 250 pollen grains.ere counded
in each plant for assessing the wean valve of good polien
grains and 20 pollon grains in oach plant fov tho dige.
méasu&ementsa Humphrey (1937) described differences in
iz botween the L.osoulentum and T.pimpinellifolivm pollen
graing heing lavgoer in the formey then in the latber. This
nay be due bo the different varietiep of uatorial boing used.

Table 10. NMean diametor and percentage stalnabllity
(in aceboscariine) of pollen graing,.

Nous of Pollen Poreantage q

plants ghain atainabilivy

from which dlemeter S.0. of pollen S8

the mean  {(units) geaing

iz baken
Tosculenbun % 9486 £ 1.55  87.30 % 5,98
Liplapinellifolive 4 Qe 4D 5 159 9764 & 2.09

[E3 12 10,15 2094 8935 3 5.4

:H’i: :!.3 10. 3 i" Gagﬁ‘f. 91-1.’;1’;, e !:,n(}";)
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Seed get per frullb pew truss.

In orday Lo obtain some indication of the ferxtility

of the plantg, the mmber of seed set per fruit wag studled
ingtead of the nunber of fruits set per plank, The reason
foy doing this was because flowar buds wore romoved from the
planbs for aybologiecal puiposes and thopefore the number of
fruite feb would not be true ilndex of fertility of tho planis.

Table 11. Mean mmbey of seed geb por frult pew
trusa for tho Liyst thyree trusses

1ot Tross and Trusa 3rd Truss
Noe of seeds S.Ds | No, of seeds S.Dy | Hosof specds 8.0,

B 637 +10.07 T 03 + 12,31 The? . ¥7.8Y
P 43.6 * Q.12 z;.@. 3] x 2:95 53.8 _'3,‘,!&.95
BP | 53,6 211.65 | 66. X $ 12,68 | T3.6. 215.96

i3] 5408 ;\',-;13..65 T3« 3 212 W46 TTad #1075

Ta P and B each mean wag based on 4 plants. In PE and &P

each mean was based on 18 and 12 planbs respectively.

The Lasesoulentum parend was sesn bo possass the capaelty
to produce greator nmumber of sgoeds per fruil than .
Inpinpineliifoliun and the reciprocal bybrids were almost

the same in the production of geeds per fenits. It wes nobed




60

that although L.plmpinellifolium had higher good pollen

grain percentage than L.esculentum it had a smaller number

of secds per frult. The fruits of L. pimpinellifolium were

much smaller than those of L.eseulentum and presumably the

gize of frult determined the number of ovules condained in

it. Hence the smaller anumber of seed set por fruit in the

smaller frudied L.pimpinellifolium.
Seed set per fruit within trusses interw and inpra-plants

however, were not significantly diffevent.
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COLOHICINE INDUCHED POLYPLOIDS

The effects of the treatment were firet observed in the
very early stages of germinstion when the hypocotyl beeame
swollen and stunted. The cotyledons were algo affected.
Right up to the stage when they dropped off, except in 3 planks -
to be mentioned later, they never enlarged beyond lem in
length but remalned ap thin narrovw ribbons. The swollen
hypocotyl rovted away when the seedlings were transplanted.
Later roots grew from the region immediately below the
cotyledonss The first one or two true leaves were simple
leaves and were disboried.

Of the TO per cent of hybrid geedlings which survived
the treatment all were affected. Once the seedlings were
egtablished in the 90il growth was quite normal thouzh not
as speedy as the untreated normsl diploids. None of the

treated seedlings of L.egoulentum and L.pimpinellifolium

speciegs survived.
The affected seedlings were pumbered as Yollows: -
BPp/Cy = BPp/C7 (7 plants) for EP hybrids

PEg/Cy = PBg/Cq (7 plante) for PE hybrids
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Of these 14 seedlings vaised, throe vizs EF@/O?’ PE6/04
and PE6/66 went blind in grgwth aftor the emorgence of 1 or 2
true leaves, Only the cotyledons enlarged, became suceuleond
and the axisl growbh ceased totally. After a aw weoks they
diefs It is now vegrotied that their somatic chromosome
numberd had not been oxamined. It misht have provided information
as to whether this blind effect vas just a resulit of colchicine
treatnont or the effaect of tpofhigh a ploidy lovel.
Morphological Charachers

In the early stages of growth, leaves ware thicker and
coarsger in texture and darker green in colour than in the
diploid hybrids. The cotyledons remained as they first
emerged from the seed coats Inbternodes wore shorter and
the sten thicker., Tho appearanse on the whole was much more
vigorous than the diploids, though much glover in growth than
the latbor. Betueen the two reciprocal hybrids of EP and B,
the latter grew much slower than the formar.

: . R 1 /o, and PR, /0, which
Thore were three plants, LPQ/CA, PFa/bl ¢ '3
looked different from the rest, and were suspected to be of

a higher ploidy than 4x.  Chromogome counbs proved them to

be octoploids.
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Allsbebraplolds or Anghidiploids

Threa ghades of modifleabion in moxsg:iwiogiaal
characteristics wera digcsrnable mnong the eight induced
totvaploids,  Tive plents, E0y/Ogs BB iy BR/04, B8,/0¢
and Fiig/Gy were typlogl of a1) totraploids, shouing vigeur
in habii, atoms, leaves and flovers. Al tended to heve
loaves similar o Legseulentun while occasional pimpinellifoliume
Liko leaves sppearcd in some plambs, especially later in the
1ife of the plantse Stans, petioles dnd leaves verc nostly
(;';Qif‘ex*éd wlth shcmt‘s; élaad’ular hair‘ss:, and: sle#dar frichomes
| iaoléjbeﬁ hﬁré and ther;é., The whole plant body; as g resuld,
| yas e416ly %o the towche N

Twe otier plants via: BP0 and Eé&feg; had ourly 2ugose
loaves whieh Wora ﬂli#kezéetﬁ and drpegular end davk groow in
. §cilat;r. Slander epiﬁemai héiz*a wore geldon seens The
loaves iaéemble& thoga of aaﬁpmiﬁs rather than i:&mse'af
tetraploid. - |

li'inai_iy, there wag ohe pllant, _EPg/ﬂg (Prate 9,{1) ) which
had éseulgntim-l-ika leaves bub wepe lavger and Hove suceulond
and rugose. The whole rlant was much more stunted than the
other detraploids.




PLATE 9

Two tetraploid hybrids of different habits.
1.EP,/Cy
2. PE/Cs

(See text for an explanation)




% 64

3

ns peeuliar featuro noticed in all these tetraploids was
the appearance of thin, green, polnted gtructures on the stem.
Judging by ‘their position on the stem, which was half way up
the inbernode and usually appeaving fivet on the 5th or 6th
internode, they were believed to bo modified trusses, In
nost ﬁlants these structures weve observed at least abt the
position where the first inflorescence ought to bes In somo
plants however, they occurred moxe than oncs. Besides these
struetures, normal trusses ocourred which gobt nowmal Lruit.
In the plant EE%/CQ however, most inflorescences did not
develop properly, and those few which did develop to maturity
merely dropped off from the joint of the pedicel without

sebbing Trulte

Crossability with Diploids

When selfed, the tetraploids readily set fruil containing
viable geeds. Arbdificdial crossss botween dipleoids and
tetraploids however were very diffieult., Thirty thres crosses,
diploid x tetraploid, were made out of which 24 were successfful
to tha point of getiing fruit, Ten reeciprocal crosses wore
algo made and wll set fruit. With the exoeption of 5 of the

total of 43, none of the fruits conbained seeds.
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Thoss 5 fruits, 3 from the tetraploid x diploid and 2 from
the diploid x betraploid arosses contained one well formed
seed each. It hag not been possible %o see if these seeds
wore the result of actual fertilisation or parthenocgenic
deveolopment éf the embryos The diploid piants ugsed Loy

crogsping were céither parental or Fl sihs.

The siges of £rult thus developed were of the average
gize of fruits borne on the pigtiliate pareﬁts, aa.ge tobraploid
x diploid frults were no different in aige fram the tebraploid fruits -
and diploid x betrapleid frults thé gsame as diploid fruitg,

Diffioulty in effecting fertilisation betwoon diploids
and tetnaploids in tomaboes had been encounbered by earlier
workers as well. The degree of difficulty ranged from complets
storility in reciprocal crosges (Lindstrom and Humphroy 1933)
to partlal sterility (Jfrgensen 1928, Lesley and Leslay 1928,
1930)s  In the labier case, though fruils set veadily, only
very occasional visble gesds wore contained in thsm. lLesley
and Leslay (1930) were able to obtain a triploid from such a
crosg. Jfrgensen observed similar results in Solanuwm Ax X 2%
erosses, Upcobb (1939) was able to geb a few plants raised

from the ssads cbbtained by crossing tetraploid Primula kewensia

with dipleid P.floribunds These plants however were all
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tétraploi&s ‘a'nd :{a .tripidias" wcurréd. This she attributed
to the astion of unreduced ganetes. o

In the presenca case it ig quite obvious mat the pollan,
though not éi’febtivé 'i'n' fer’biliﬂing the oMes, at ieast
stimulates the e&p.‘t.mry ‘wall o swell. Kostof® (1939)
dbaerve& similar phenomenan in his Py hyhmias of Nicotian
glauce x N.langsd {. 4n amphidiploid was produced from
4 bagkeross of this Fl spscies l\vbrida to Ny I.anggdarffi; whmh
ho atteibited to parthenogenic development of an ege ell in
wirleh peduction divisioﬁ'fniieﬁ to otour, stinulated by tha
:?i.I.ang orffid pmm tube, Watking (1932) after studying
orossed bebJeen teitioun vulgare (6x) x Toturgidum (4x)
digongsed the ralations between émioﬁpem,» embryo an&'ﬁether

plant tisaue as well as betuween pallén Bubs and styiar tissue
uhich might all affect e sterility and inviability of the
hybrid:s’; Brink and Gooper (3.947) alao exbens:i.vely reviewed
various degrees of abnemalitiea in ambryo aud endospern

dggelegment folloving incompatible crosnsd in séverdl gonmra.

The present failure of seed development in diploid x
tetraploid and reciprocal crosses is likely to be the result
of either inhibition of pollen tube growth in the stylar

tissue or the failure of fusion of gametes.
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- HMelogiaz ox reduction division wes studied in the WOs
of the Polloving Plants - BPy/0ys BB/C,, BR,/Cyy TP,/06 and
EE(/G? As the progess of division In thess plants wes mcr;a
or leng the asme, tho deseripbion given below covers all the
Plants donoerned, |
From presygotene dages 1ittle could he interpreted

about the ‘behavimw of .'bha chromoscmes. DBy zygotene individual
strands of thromosome eould be made out ahd at ayn%;ﬁ:i's twe by
two pairing was obaepved. Paraampﬁc palring of 4
shromogomed at one time was hardly seen. By pachytens, the
paraaynap‘bia pairing of ‘l;wo girands at a time was stdll
maintained., Sometimes the chromesomes were lying side by
gide bub with np association of any kind ﬂatt«.ejen them, and
very often the two paired dhromosomes were well seporatods
But this did not mean that no associotiony exdsted ak a1l
bstvmen any two pairad pachytene ohremcsmos.sc/w;‘;x;gmoaoma
agsnciations of the folloving kind wore sncountoped in
aeveral cells at pachytens.

(a) The bue ﬁgiéif pachytane chromosames lay side by side
vith only the telomeras atbtached, This oscurred quite
fraquently.
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(b) Gxtremities of the chromosome lsngth, 1.0x the acbroma'hié
x‘aginng; uere attachad but. the middle particm froe.

(c%) A1 the 4 m?@e attamad 8k the ¢ontromere but. the
arns were free and pairad two. by two. In abouﬁ 14 per sent
of the ¢ells at least one sueh aaaqaiaﬁmm aaea (Prate o,
i‘ig.l; Text fig 6, a ). In somo cases atbachmend ov palring
ccaurvea in an achromatic reglon ether than the Qéhtztome#e_.q
(d) Pa:.rtng of the sggﬁéosmeét ;}uat oua end, tho maining
lengths 1ying froe. . | :
_(c.\) Ass::ciahens 1:1Volvina all. 4 W ehromasomes (Plaw 90, ° .
Pigs 2,3 & 4;, '.Eext Tlge 6, bys & é), bub it was nate@. that
pairing wes only between tio ghpomogones A% o tine,. - |
‘;f’) Four m;ém;svomam on of sn almast emplem mmma
(’mm ql, fig. 1 {ax'row) e ’I?his kind of azawaemtitm was
yory ::'arel;r geen and the highast nusher of such &n age o«l_is}'bion
goen per cell was two, ' _

'(g;) S"éme't;l;nes the o pachytenajéhmmoaomeé .x;e»ra intertwined.,
| Very ssldom ingomplete pairing was obséx:rsmd baweeh. the
two chromosenes of a pachytens pedm, N

Pour chrmmsmm wors asﬁaeiétad v.tth the tetm‘plam

nuclaclus, Pollen mather cells with both one nueleolus and

two nuclecld were observed, the fovmer being most coumon; when
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N

a

C
Text fig: 6. Photodrawings of the same chromosomes
in Plate 10.
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the Yabber aaa‘urregjl, 4% did so in igolatedl groups. In one
exseplional LBEEN A:} musleoll were observed in one' cell.

In diplbtena; nulbivalent assoviaticns of ehromogomes
wora apparent. The highest number of chrouvsones involved
in an agsoeiation was Four and the number of quadrivalonty
pail’ gell ranged from § o 12, the mode being g« In only
one eoll wes a heyavslent seen. These slromesume associabions
wore in chains ov rings. (Plate 10y figss 2,3,& 4). Trivalants
sand univalents wera al8c seon. '

Following diplotene, theve wag dial:csmeai‘a whooare quadrivelents
wore modt distinet. A% this sbtage’ the highest nusbers of such
sesoglations obsarved wes 8 ard they cceuvred in aboub 5 per
sent of the ¢ollgs The quedvivalents sbill sainbained theixr
ping or chain aséeaiatmna,' the latber being more freguent.

At wetaphage 1, univalenls, bivalemt#, teivelonts and
-hg%mavaianﬁa wore geeh in all ¢d :ts-,‘ the miubor of univalents
verying froq one to foure. Ib wia nob possible o mealka out if
81}, the cells, whether the nuaber of univalenbs sorrasponded
to the muber of trivalents in a cell due to the averlapping
of chromodomes dh a plate. Bub in thoso gells wheve the
chivromogonds were well spréad cub the nunber of univalents and

trivalenty corresponded well,




Pachytene chromosomes association

( All fig:s -x1920 )

PLATE 10

in amphidiploids.



PLATE 11

(x 1400 )

3 ( x 1200 ) 4 ( x ca.1200 )

Meiosis in tetraploid F1 hybrids. Fig: 1, pachytene
stage showing one 4 - strand association of chromosomes(arrow);
fig:s 24, 3, and 4, early diak&hesis stages showing bi -, tri -,

and quadrivalent associations of the cheomosomes.
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A% this stage; the highash nunber of. quadidvalénts pex
sall, was 3, and the najority of the cells had oiliber a
quadrivalent or none; besides blvalents, Text £ig: 7, (1) shous
a moebaphese plade with three quedrivalonts. One or tus
predosious palrs wevre always away from the wquatorial plate
at aarly anaphsge. ‘

At ensphase I, the sﬁa;jmﬁity of cells showed rogulay
digjunction l.e. unii'am, dipteibution of 24 chromosones ‘buwari'-ﬁ?
gach poles  QOocapional d:léjmciicn of 25 and 23 ehromosames
was also obsarved, while in doma eells a few ohironosouss wore
loft outaide the spinile seattered in the oyloplagm, Thase
shromosdmes could iso’o posaibly reach the poles in time for
the "formation of intsrphase nuslel bub even ift they had the
chances of forming interphase nuclei edeh containing 24
chreomogonos wore remote. Intorphase followed the fdrad
anaphage rapidly.

in the gecond metaphase stage 2 oquatorial plates wers
Formed. nopmally although the number of chromosonss at each
plate wag not slways 24 as 1t shonld be.Table 12 shows  the
digteibution of chromosnmes on cach plate at Mebaphase 1l.
Over 30 per cent of the eells al this stage chowsd one or more

chromosones orientated away from one or both of the metaphess

iz,
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plates, Ocoasionally only a aingle chromatid was soabiored
while its sister ehromaiid wag normelly Included in the mebaphase
plates

Tahle 12. Chiomosone distribulion at Maotaphage 11

in amphidiploids.

_ Gﬁrgni;sgme distr;ibutioﬁ ab ‘ ,?;2{13? Pex:;gntag@
1st oquatorfal plate | 2nd oquatorial Plate] observed |  Total
24 R4 28 5843
5 23 2 S AW
26 a2 3 6425
24 a3 +.Q1) 7 1458
24 - 2Rk w () | é.es
23+ (1) - 23 +.(1) 3 6425
22 »{2) 2z (R) o 1 2.08
22+ (2) 23y + (§) 1 2.08
o 23+ 1) 19+ (5) 2 4e16

. NeBe The numbers in brackets showed the nunber of ehromesomes

 away ?m the plate, elither scattered or in a group.

“+

£ E e
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Five chromogsemes vas the largest numher of deviations
oboperved from the normal distributions Texk Mgz 7, (2 « 8)
showed the varloug kinds of abnormalities observed from the
. gtages of fivst anaphese to telophage.
Normally at 20d metabhase, the scattered chromosomes
were on the spiedie but cutyide the equatordial plate, whereas
in anaphagse 1 and 13 they were fn}md lagging on the épind?.e 4
hatwean thoe aaparating’granpa. éaifs aft@ﬁ %hqy 1ay aﬁa& 7 . Eﬁ
altogoather from the spindles anQZZQZttaxad in the aytoplasm. ‘
After the irvepulsv distribubion of shromogomes ab
nataphase 11, abnormalitios were ohserved ag :axpei}"béd at -
gsetond anaphase disjunction.56.92 per sont of the cells
ghowed normal disjunetion, whieh wan jusy lo4 pov gent short
of the noxmal eguatorial plates formed ab metaphase 21.
Dut this difference was not signifloant ln view of the
nuber of golls examinad. Table 13 shows the chromosome
distributions ab second anaphese of. tha amghidip&oida.
PBesides ¢ells with normal ehromosome distribution, fhera
were eells vhere ehromogomes separated nommally as far a9
the number was cohcerned bl ab one pole only. TFailuve
of dusjunction at one plate or both plétes were also geen -

and in the latler sase, the chromosomes were greatly scaitered
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Text fig: 7. Meiosis in tebraploid hybrids: - 1. Normal metaphase
plate with 3 quadrivalents; 2. Three chromosomes left outside the
spindle at lst anaphase; 3. Unequal distribution of chromosomes at lst
anaphase with 23 and 25 chromosomes at each pole; 4. Laggards at 2nd
anaphase; 6 & 7. Chromosomes scattered in the cytoplasms; 5., five
chromosome groups and 8. three chromosome groups at late/énaphase,
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in the cytoplasm, Their final fabe was not known. Diads,
which will bo mentioned later, were the Tesults of failure of
digjunetion at both m;ﬁaphasa plates, and teiads repulted
fron the failure of one ‘spindle fovmation or the fusion of

two wpindles at one poles



ety 1w

Tablel3.  Chromogome disteibutions at Anaphase 1l in 76
, htraploid apeeias hybrida‘
Ghrcmosomea distribu‘hion ﬂn , el g
4 - Nog Percentags
st Spindle _‘ 2nd Spindle of calls | of
{ Pola I 1’01\, 2. Pale 1’019 ‘2 - obsgried - Total
24 SR .24« ' :éz; o 56,86
24 % e om0 a1 1.96
7 A R 1| 1%
24 2% 2 55 1 1496
22 22 22 - ‘5 1,96
2w w 1 L9
T 22 28 g 1496
a3 23 a3 1 1.9
24 24 23 23 ) 1.96
24 2 b (2) e 1,96
23 25 Vo ppindle formation 1 1496
Y4B 48 Fallure of 2ud disjunobion 3 5,88
48 (scatbered) Failuve of both _
| digjunstions 4 7484
, 24 24 Two laggends in betreen - 1 S 1.9
Jchromosoma number in each group not ccvm.ablm \
-1 laggard in 1 goindley 4 io hha ‘other 7 1496
1 Yaggard in cach spindle - - . -3.' 1.96
z lagehrds in each Spi.ndle % 1.96
4 Telephass nuclei but 2 chirbmogomes :
saattarad 4 196

)
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AY labe telophase, although 4 microspore nuolel wers
normally seen, sbrommalities were nol infrequent. Three
and two mickogpors nuclel, the forvmery of varying sizes,
ware algo éeen; denebimgs although 4 nuclsel wore progent
at tulophase, one of these disintograted (Text Figs 8, &)
Palling to form a nuclaus. The Pollowing types of
nlepospores wers soen ab dobvad abage.
(a) Normad appesting tetreds 7
(b) Priads = containing thres nlerddpores neavly uniformg
two nopmal lacking wlevospores with ons dwarfy and one
noragl leoking and two dward microgpores or 4o nopmal
Looking and ono glant sigrogpores. .
(¢) Diade « usually of two equel, larger than normal ierospored.
{d) Aberrant tolrads containing 3 normal looking niorogpores
with one dward or fwo normal looking end fwo dwarf microsporos.
‘{e) Petitads containing 4 normel end ong dwarf mi¢rospores s
3 normal looking and 3 dueel microspores.
Text £igs 8 shows &1l these different kinds of tetrad
formations, - |
in ama calls al late sdcond enaphase, one of the 4 géaupa
of cells at each pole dividad ég&im and this fioglly led to
the formation of pentiada conbeining 3 noemal and 2 dwerf

mioroapores in ite
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Text fig: 8. Abnormalities in the formation of microspores in the
tetraploid Fl

l & 2, fusion of two microspore nuclei which will result in the

species hybrid.

formation of triadsj; 3, two telophase nuclei which will result in
a diad; 4, disintegration of one of the 4 microspore nuclei; 5, a
normal tetrad containing four microspores; 6, 7, 8, 10 and 11,

dwarf microspores in pollen mother cells; 9, a triad; 12, a diad.
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These undeveloped microspores ustelly lacked a nucleus,

though aometines o trace of dark matorial in ecadh was ohsevved.

| Despite tho sbnormalitiss at variovs wiages of meolosis
‘mentioned above, the perssntage of good palian wag high,
the avergge being 84.31. per sent. Thore was no doubt that
.":‘!;hesta pollon graing wors not all ghromosomally balaneed.

It vas desived to gtudy melogis in sutobtolrapleids fop
domparisen with molosia in amphidiploids. Unfortunately
the gseda of the parental L.eseulentun and L.pimpinsllifoliun
did not suvrvive the colehicine treatments By decapitation
m§%M,~ 2 tetrapleid planty of L.egewlentum variety "Kondins
Red" were preducad at the Seottish Hortdewltural Rosearch
Institutes The writer s very groteful to Dr. Haskell for
letting her use some of the flower buds from thege plants
for cytological woyk. Tt wag not possible to study melotia
gtages gucceading pachytens due to scarcity of material.

In sygotency thore was two gtrand paiving of chromosomos
and then the paired chromosomes sither lay scabiored aboub or
vame together to lie side by sides Very seldom 4 strand

- T
Lk



PLATE 12

Pachytene chromosome complements in autotetraploid,

showing some associations of four chromosomes.
( Both fig:s - x1920)
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pairing wag sesn and i‘n such cases assosiations were seen to
odour only in ashromatic regions.

Behaviour of the pachytens chromosomes was very similar
to that of the chromosemes ih gllotetvaploids at the same
stage. Twenity four ehromosome pairs were sesen ab this sbage
and two pairs of homologous chromogomes with their sentromeres
attached were frequently Seon. Four m ";airing was
aeeasi;ma?., in which pairing took place between achromatic
rogions ag well as at the eentromers bub not inelwding the
ohromatie regions. The highest nunbey of 4 ateand association
gaen in each ¢ell was 2, but such pairing throughout the
length of tho chromosomes was never ohssrveds

Flate 12 ghows twe ﬂlﬁs‘ of the autojoztraplaid at
pachybene gbage of redustion diviwion,

QOTOFLOIDG
~ Among the golehioine induced polypleids of tomato species
hybrids, 3 woro found to bo octoploids. The remeining g
plants were tetraplédds. These 3 cgtéplcids were EP&’/‘JJ#

PEg/0y and FRg/03,
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Some morpholopical changes agcompanied the incvease in
chromosome number of the plants. Ieaves were the most affected part :
of the plant. They wers mgésa, thickensd and brittle and the
- growth of the whole plant wes grotédque. - In, one plant PE(‘/%
(121 in Plate 13:) the axlal growth wag teminated by a leaf. A4s
in the tetraplold plants, along the stenm where the first truss
should be and in several other places above there were gresn
structures. Flate 14 clearly shows such a structure, and on
the sten and petioles the short glandular hairs are alge noticeable.

E?g/ 04 was the only planf. which bers a comparatively high
n@be!f ‘ox flowers . Evan sa the number of fiewers poer truss
was very small ‘aé cpmparggd with the ﬂipio:td am} tateraploid sibs.
In the other two plants, PEJ 01 and Pﬁé/ﬂg nob moro than 10
flowers wers borne on each, Sometime ﬂlere wéa a dingle flover
o & Iong,.' stout and britle pedzincle. The sépals wore fleshy
and gome of the t‘l«waxs on thase o plants did not develop to
| maturiw.
| Thrae fruits vere aat on plants PE6/03 and one on LPZ/G 4
| but dn both caaas the i’ruits contai,n@d no secd st gll. There
| 'Kwan m:»t e’ven i;meea af al:.gh‘bly daws np@d owmles. Appamntly
the carpellary wall awclled to i‘om a frult by the stimulation
of the pollen graing on the stigna, The frults formed did not



PLATE 13

Octoploid Tomato species hybrids.

1. PEg/C, 2. PEg/Cq




PLATE 14

Modified trusses on an octoploid Tomato plant.

Note the glandular hairs on the stem and petiole.
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separate easily: from the joint, the gepald were stuck on to
thens  Flant PE/0; did not boar a singlo frult.

Due to the scarcity of meberial, dytelogical obhservations
in tho octoploid plants could not be carried on a Jarge scale.
Al the post pachytenc stages in BMO d@isian weare studied in
plant EPz_/G.;’-. The few flowars horno on the other tup planis'
gould not be spaved ags they were zrequ;;'éti to study the fertility
of e plants as velle ‘ | |

In pra-sygotene gtogesy the high nmumber of ‘cixromati::
threads in a oell made it Q1fTicald to study the exset nature
5:? cliromosona behavious, By‘ sygoténey paising of the
chromogones wag eagisr to follow. Faragynaptic pairing of
two by twe wag the rule, and no 8 strand assoeciation was
observed (Plate 15 figs 1) wo nucleoli, ususlly apart,
were nermally geen in the ¢ellss  In pachybene, 2 mm :
.béiring was still prominent; althoush secondary pairing of
the 4 palred paahytqne‘ ghromogomes was sometime geens The |
a¢eompanying figuie (wexﬁ'ﬁgs 9 ) is 'tha -ﬂiagrama'tic
sepresentation of 3 types of ehromosome asvocistions seens
{a) The 4 paired ‘chromosones lay side by side or lay seattered

with no apparent associabion between any tuoe




T
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Text fig: 9. Diagrammatic representation of
pachytene chromosome pairing in octoploid Fl

hybrid.

83
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{b) Associ aticm s:ti‘ 3 paiimd awmaacmao vhile the fourth
paip Wmammi £rae..
() A.rz.asmﬁ;ia’sxm» where all the 4 palvs weie Iavolved.

A% matophasey blvalent asseclations vere mosd frequently
goen,- - I one faso 43 Blyalents vors aoen in a oalle
Unfortunatioly theps weg nob snough potoriel to nake detailed
analysis of shromosone ausoeiations ab me haphagsd

i anaphase of ths firvet divigion, censiderably hicgh
pamaiﬁmga of :!rs'egulari%iea wera goon at di;sjzmetiétx. in
63 por cent of the cells chromegome dlstribublon was normel
Lege 48 shromesomes twravelled towards each pole on tho gpindle.
Disteibution of chromoscmes o cach pole is geen in Tahle 14.

Tahla 14. G}aromwme distxibutden at Ansgphase 1

in Gc‘boploids
-' hhromeaom‘e digtribution é.ﬁ Noe off . . Devishion feam nopmal -
Bola 3 | Plez | oo | mlel | relea
é“-} 43 13 - -
& & 2 i - el
50 46 1 +2 -2
51 48 % +3 -
8y | 46 1 * 1§~ a Ji
54 ‘ | 42 : S 1) ' ~ 6
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Flate 15y fig: ﬁggxmwe 45 chromesomas at 1 pole of the gpindle
ab late anaphass of the first division,
Appphase of the second division wes highly imregular not

only in the disteibution of chromcasmes to easch pole bud nlsy

in ‘the number of spindles formeds As many a8 4 spindleés per oell

ware observed, The A é@indl,ﬁs may or may not ba at th-:a'same
stage of divigions Flate 16, figt 2 ip o call with 4 spindles
at the samo atege of d‘ivﬁ;sidm the nunber of chromosomes ab

the fwo poles of one spindle l(émma 1eft in the picture)
seoned ta ba higher m’aﬁ any of the other 6 groups. The
heginninga of aytokinesis is also noticeable betuden the gams
0 groum at this ond g0 that 1t geems ag if the end portion
of the cell would bo gevored. Sovercl aells vors seen which

~ ware muoh smaller in sii'ie's- tl?;an the other WCa in the same anther.
These small ¢8lly sontained as Mttle &5 12 ohromosomes in
‘each and thoy also oogurred in the sane anther a8 whers these

4 splidled = aalls ware sesns It ie suggested theb these

' gnall sells were formed when pert of the large oells were cut
" off by the formation of the ¢ell well. Plate 16, figs 1, i
enother sell with 4 spindles bub the ehromosemen onm each
spindle aré not ab the same stage of diviesions Tn one emd

of the eell, tho chromosomes on the 2 spindlés ave ab late




PLATE 15

1 (x1370 )

2 ( x 1600 ) 3 ( x1600)

Meiosis in octoploid F, hybrids: Fig: 1, zygotene;

1
fig: 2,unequal distribution of chromosomes at anaphase 1
showing 49 chromosomes at one pole; fig: 3, tri-polar

spindle with several chromosomes scattered in the cytoplasm.



PLATE 16

1 | (x1600)

5o

L
5 f‘,.. '!;“,
' . p 5 Y‘,

> A
| 2

Pollen mother cells with 4 spindles in each.

( x1600 )

Fig:l, 2 spindles at anaphase and 2 at telophase

Fig:2, all the nuclei at the same stage of division




PLATE 17

Fig: 1, pollen grain mitosis in octoplaid hybrid
showing 28 chromosomes (the group at 5 o'clock consists of
3): fig: 2, second anaphase, one plate is normal but there
is fusion of the two groups of chromosomes at one end in

another plate. (Both figis - x1600).




PLATE 18

1 ( x1600)

2 (x320 ) 3 ( x 900)

Meiosis in octoploid F; species hybrid: 1 - a pollen mother

cell in which disjunction has failed at both 1st and 2nd anaphases,

2- a dumb-bell shaped cell with two metaphase plates at each end,

3 - the same as in 2, but there is failure of disjunction at

one end of the cell.
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anaphage stage and at the other ond the chromosomes onxﬁhe
cther 2 spindles-gra at telophagse. The number of chromosones
at each spindle ig obviously not uniform.

Begides the cells with 4 spindles, ed ls with 3 spindles
were elso encountered, )Plaﬁo]ﬁi,fig: 3) with op without one ox
two chromogomes still lageing on the spindle. Plate 17, figs 2,
ghows a normal second anaphasge piate and another coll in vhich
the chromosomes at the two poles of one end of the spindles
vore fuseds Three chromogomes are geen Lo be ebtill lagging
on one spindle. Isolated smal; groups of chromosomes were
often soeatiered in the oytoplasm at metaphase 1 and anaphase 1l.

Ocoasionally thevs was failurs of disjunotion at both
anaphases (Plate 18, fig: 1) and a large restitubion nuclous
was developed in the cell. This was probably the orvigin of
the huge cellg sscen among other microspores at tetrad formation.

At late tolophagse, just hefore the formaviosn oFf cell walle
to form tetrady, bthe number of nuelei soen por PMC varied from
eell to vell. The range of telophase nuclel which weuld
Pinally form microspores ab tetrad gitage, csn bo seen in the

follouing table, (Tablel5 ).
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Table 15. ?mquemsy of muclel per cell at late
Tolophase stage

Noz: of : ' :
nualed 1 2 3 2 G 7 &

Fos ef 0,47 11,32 16, 5 63,92 6,13 Cul7  0.47 O
ealls .

{per cent)

A

- AL botwad astage, the Tollowing amalysﬁ;é sﬁ‘ mloroghores
por 6ell was cbaerved (in pew a.ené} |
‘i’gtxt;i Honad Had Peied Pentad Hexad
76,33 076 076 3,05 1526 3.82
The mﬁ.a&*oéperas in each eall wore noy (ii"t@n of un{nfex‘m
slze. Hven among tetyads, the 4 microgpores x-}sxfe of méqu.al.
piro.  This «raa probably the congeguencge ef aﬁequal digtribubion
of chromosonss at second snaphoge. Diads were nomelly equel

e

in giges In pentads; gererally 4 mierospored wavre equal in
sizo bub ona was o Gwarf with or withoudh a nualeus in 4.
Sometines all the § michrospores were ummeginalas
The mogt striking fegturs of the PMO divisionp in this
'aa{‘}a}plnid plén.t was the shape of the cells. Most of mani
wore dunbehell shaped (Plate 18, Tigs 2 & 3 J¢ Tt 19 seen
that there are 2 mebtaphage plates ab cach end of the dumbebell.
It was evident from this that the eell was originally bientoleate,

one nucleus ab cach end of the eell. Tu fig: 3 of Flate 18,
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theve wag fallure of disjunation of chromosomes g‘t’» ona end of
the c;;a:i.l.\ In ‘these du&’ihq;beil shaped cdla, it was noh possible
to trace how gell wall division oet;m‘mﬁ»aﬁf Hotrad formation.
Pollen Crains |

| Thege wore wry variable ih size,. and quite a large percentage

was ahw‘mr-ac- S&e Table 16.

Teble 16. Follen grain stainsbility and sizes
Plant Stal nabi} ity mameter Sals
' ' (per cmt) (zmita)
/0, 43438 15ek £ 102
me/0, 49488 148 £ 0495
3 " =~

Moat pollen graing h ad 4 gemm pores, while grains with
-5 gevm. poros ovonrred ab dhoub + the freguoncy of the 4 pored
oness  Thy most ,frsquénﬂy_ tbaerved type was. pollen gralns .
with 3 gorm poRes«
In one PG mitosis, 23 ghromnaomag were_ seon (Pla‘tﬂ 1, £igsl)
Mogb pwobably man;v p:ﬂ‘.!an grains ot ehrcmﬂgomally unbalanced

a2 this one was.
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COMPARATIVE. STUDY OF DIPLOIDS, TBTRAFLOIDS AND

CCTOPLOIDS OF Fy SPEGIES HYBRIDS

Morphological Chérectors

Typical of:all polypleids, the totrapleid and ootoploid
Fl gpecies hybrids showed characters which were sturdier and
more vigorous than the dipleid plants. As compared with
the aiplcidé, the tetraploids had stems which were stronger
with longer internodes, darker green and coarser leaves with
longer petioles and fewer leaflets per leaf, The flovers
were larger bubt fever in number per truss., EBarlier workers
on dotraploid bomatoss (Jdrgensen 1928; Iesloy and Issley
19303 Iindstrom and Xoos 1931; lindstrom & Humphrey 1933)
had obsgeérved similar features. In Plate 19, Noi 2 shouva
a diploid and Wo: 1 a tetrapleid By gpecioa hybrid plants.

Though the tetraploids showed structural modifications
proportionagte to the degres of chromosome doubling this
correlation did not eoxtend to oetoploids in which the nommal
chromogomne gat had quadrupled.

The morphologlesl featuras in octoploids were less

vigorous and regular than in the tetraploeids. toms wers




PLATE 19

Two tomato species hybrids

1. A tetraploid (PEg/Cq)
2. A diploid (PE11/60)
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thick and sburdy but internodes were shorter than those of
the dipleids. | ILeaves were bthick, very derk gréen in colonr
and rPugose vwith ineurled morging. Pobicles were longer
than in the tetraploids and the whole plant tended to atraggle.
Growth of the whole plant was stunted and g&etQSng.
Mandular hairs which coversd the whole plant were denser
in tetraploids then in dlploids, but in octoploids these
hairs weve most prominent and intense so that the whole plant
and even the fruibs were stlcky to the touch. Of the very
few flovers borne hy the oetoploid plants most dropped off

o1 dried up befora fuliy opening.

Stonata

. Though not infallible (Dgrmein 1940), size of stomata
end guard cells has been used as a eriterion of chromoamme
doubling.  Grant (1954) and Kostof? (1938) ave two of the
goveral wvorkers who obssrved this corrvelation hetueen stomatal

size and chromosome number in Celeosia and Nicobisna raspectively,

This characteristic holds true in the case of tomatoes
as well. The size of stomata was proportional to the ploidy

of the plant. ©See Table 17, and Texbt £igslo.
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Table 17. Relation betwean stomatal size and
: Chronosone mumber

Pleidy of ¥y Moan sige of -
species hybrid Stomate (unite) oo
Diploid 25 T Def2
Tetraploid he? £ 1.18
Octoploid 567 £ 079

Pollen size and Viability

Iikewlge in stomata, pollen grain size in general vas
proportionate to chromosome number ag well, As a ari%erian
of chromogome doubling this methicd is much more certain than
comparison of stomatel simes ((oodspead and Bradley 1942).
In secordance with Humphrey (1934) and Lindstrom and Koos
{1931) observations, in the present material, pollen grain
gige incrcased with the increade in chromosome nmber,

In the accompanying histogramg, Texb fig:ll, it ig seon
that diploids were the Loast variable in size with a sharp
mode,  Pollen grain size is most variable in ootoploldse.

It is alsce sgen that the mean size increased with the ploidy

of thoe plant.
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VARIATION IN SIZE OF POLLEN GRAINS IN F; HYBRIDS

2X

4x

9 L 13 15

Diameter (units)

Textfig: 11. Frequency histograms of pollen grains in 2x, 4x

and 8x tomato F., hybrids. Note the range of size &% the

3
different ploidy levels.
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Another charagtorigtic of the pollen grains which
changed with the incresse or decrease in chromoscome nuidbers
of the plant was the germ pores Dipleld pollen greiins
normally had 3 germ porss and tetraploid pollens 4
{of Jfrpensen 1928). The octoploids however had pollen
grains which were 3; A and 5 germ—pored. Pollen grains
with 4 germ pores wers found most frequently, those with
5 pores abouh 25 per cent of the ones with 4 gorm pores
and pollen grains with 3 germ pores leust freguently.
Warmke and Blekeslee (1929) found similar effects on
pollen grains in their colehicine induced Nicotiana
tetraploids i.ew 3 germ-pores in haploid and 4 germ pores
in diploid pollen graing. In addition they alse found
that some plants contained admixture of In and 2n pollen
graing whdieh they attribubed to the plant being a chimera
with germinal tissue helng partly 2n and partly imne In
the present cctoploids thres types of pollien grains were
abgarved in the same anther viz: wvollen grains with 3, 4
and 4 germ porass The irregular disjunction of chromoscmes
ati the homotypiec division of thae pollen mothor cell was
probably accouwnbed for these different sized pollen graines

and not nedessarily due to chimera of the plant tissuce

Y




25
It was also found that abortive pollen grains increased
proportionately with the increase in ploidy level. Thus
diploids had less than 10 per cent abortive polieun but
tetraploids and octoploids had about 16 per ocent BAdub3 pert
cent of abortive pollen grains vespectivelyy Actuwally the
percentage of good pollen in 2z and 4x hybrids was not wmuch

different from euch other.

Pruit Size and Beed Setbs

In seeordance with previous records (Jprgensen 19285
Lindstrom and Koos 19313 Lindstrom and Humphrey 1933) generally
the ftetraploids fruits did not greatly exceed the dipleoid fruit
sives bthough Faberge (1936) found that tetraploidy resulted in
diminished fruit sige. Otherwise there were uo other
modifications in the form of the fruit. Tetraploids set fruib
readily when selfed oy when cromsed with eithe? parent or with
diploid eibs. Bubt the seed set per fruit when selfed was much
leas than in diploid sibsy and the fruits from corosses with
diploids did not condain seeds.

The fruits borne on octopleoid plants were smaller in
comparison with those of both the diploid and tetraploid.

They were stloky being covered with glanduler hairs and did

not contain even traces of undeveloped ovuless The different
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fruit sizes and soed pebs in diploid, tebraploid and ootoploid

plants oan ba seen in Téme 18.

Table18. Truit sizos and seed set per frulb in diploeid,
tetraplold and Oetoploid species hybrids

Nos of S.D.

Mean fruit
Specics gize SaD. geels per
bybride (Diameter in fruit(mean)
) W
Diploid 29.6 & 2.9 6548 & 16.2
Totraplold 305 3 3425 LT 1 B.8
Ootoploid 265 & 436 D -
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GENERAL DISCUSSION AND COWCLUSIONS

Phe faet that a hybrid can be produced, bebween

Leesculentum and Lepimpineliifolium is evidence %o show

that the parental genomes must be somewhat similar in their
gonetic make up (Sax 1935). The nature of the similarity
between the two species must now be considered.

The Fl species hybrids belween L.esculeontum and

Lepimpinellifolium studied were, in all outward appearmnces,

very healthy and grew normally throughout their life. Their
fertility was as high asy if not higher, than the parents.

Several workers had previously studied hybrids in Lyeopersicon,

and Ashby (1937), Iuckwill (1937), Whaley (1939) end Lewis
(1955) observed that the hybrids showed marked sisze heterosis
in qusntitative characters. According to Ashby, the Fl
hybrids showed significant size heterosis compared with their
parents in respeot of wet and dry weight, height, number of
leaves, leaf area and absolube assimilation rate, but did not
exceed thelir parvent in relative growth rate measured either
as héightor dry weight. Whaley (1952) found that in a

maize oross the hybrid growth was not greater than that of

the faster growing paveunbt, and in a tomato cross, an extensive
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analysis of both morphological and physiological characteristics
gshowed no significant difference between the inbreds and the ﬁf
hybrids. Luekwill (1937) found that in hig hybrids (Fl) of

Legsculentum and Leracemigrum (synonym of L.pimpinellifolium)

hybrid seéds germinated earlier than the parents, though

he pointed out that this was not generai, as some other
crossés showing heterosis germinated earlier than the parecnts.
Haskell (1955) also pointed out that the relatively more
.rapid germination of outecrossed seedlings compared with
selfed seedlinds, from the same mother plant in Rubus,
suggested thét heterosis in tﬁe form of rapid germination
rate forms a balance between heterosis and the breeding
systemvof the species.

The reciprocal hybrids of L.esculentum and

Lepimpinellifolium in the preseant experiment showed no

hybrid vigour in any of the following characters : germination
rate, cotyledon size, growth rate, height, fruit size and

seed size. In all instances the hybrids were intermediate

in value between the two pavents. In fertility, however,

the hybrids showed a higher value then that of either parent
but the diffsrence was not statistically significant.

Again in respect of germination pate, the hybrids did not

exceed that of the faster growing paveni, although they
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vere as high as in the latter. One faoct always stood oubs

with the exception of frult sise and heighéty that bhe reciprocal
hybrids showed a difference helween each other with a tendency
towards the pistillate parent. In other words a wmaternal |
effect was evident. Lewis (1955) observed that his reciprocal

hybride of L.esculentum and Lepimpinellifolium differed in

their degree of heterosis; the hybrid with L.esculentum as

the female parent heing more vigorous and also of highernr
fruit set than the reciproecal hybrid. Bub he did not mention

of the teudency of the hybrid L.pimpinellifolium x Le.esculentum

torards the pistillate parent. Previous workers on crosses

of Lsesculentum and L.pimpinellifolium (Whaley 19393

Luckwill 1937) did not® work with reciprocal hybrids. The
phenomenon of maternal effect or matrocliny was alseo

noticed in interspecific crosses of lelandrium diocicum aad

HYealbum for several characters (Baker 1950). It may be

sigaificent that these two species, as those of Lycopersicon

studied here, were also clearly very closely related species.
Cytology of the Fl gpecies hybrids vwas h-normal and regular.

Chromosome pairing at pachytene in these hybrids showed few

gigng whereby their hybrid nature could be detected,

Palring was complete and chromomeric patitern between the

two species apparently identicsl. Occasionally, incomplete
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synapsigs of the chromogonmes was cbserved in certain regions.
‘The digtribution of such regions was random but usually
related to the chromatic regions of the chromosomes. Ho
guch incomplete synapsis was observed in. the pavental species
and &ven in the hybrids they ocould easily escape detection.
This suggests , thevefore, that structural differences are
present between the chromosomes of the hwo parental species
but that these diffexences are too small to have any drastic
effect on the pabtiern of pairing.

Since s¢ far as chromosomes were concernads the chromosone
pattern in both species was apparently identical; the small
regions &long the chromosomes where there was incomplete
synapsis, must represent reglons whore the structural differences
ware smaller bthan one or at most two chromomeres.

The chiasmata frequency per bivaleat and the cosfficient

of terminalisabtion in both Leesculentum and. L.pimpinellifolium

were vemerkably similar. The reciprocal hybrids were also
similar between each other for chiasmava frequency and
jerminalisgation coefficients The bybrid values, however,
were lower than those in the parentse The lower value of
terminalisation coefficient was reflected in the ocourrence
of attenuated chromosomes alb anaphase sepavation in meiosis

of the Fl hybrids.
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The succeeding stages after pachytene in the hybrids
were very regular and there was high pollen fertility and
good peed set. Abnormalities of meioslisy seen in the Fl
hybrids ; were not likely to be the result of hybridity
since they cccurred ian only two plants out of thirty studlied.
Presumably these abnormalities were the rosult of some
gehic upset in the plents concerned.

The pachytene pairing in colehicine induced polyploids
derived from Fl hybride is worth'further sonsideration.
From the early stages of zygotene two strand assoeciation
was apparent. By pachytene, complete synapsis occurred
between the two strands so that the complement contained 24
pairs of chromosomes. Secondary associations bebtween pairs
of homoleogous chromosomes did occur from time to time. In
such configurations the paifed regions waere observed to be
between 2 strands only in any one region. Wo complete four
atrand pairing was observed although Lindstrom & Humphrey
(1933) had olaimed to observe this in allotetraploid derivatives

ofik.esgﬁﬁéntum x_Le.pimpinellifolium and Humphrey (1935)

in aubotetraploids of L.ecgsculentum. Upcott's (1935) observations

of sutotetraploid L.esculentum were more comparable to the

present case. The two strand pairing of the pachytene

chromosomes in the tedrapleids studied was therefore, like
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allopolyploids ) .
. and dissimilary

autopolyploids
from that normally found in all@poiyploids.(Darlington 1937).

The only regions where all the four chromosomes were associabed

the chromosome behaviour typical of

togethery, in the few cases where such an asgociation occurred
at all, were at the centromeres. Bub it seeuws unlikely

that the chromatids would form chiasmata in such regions
(Darlingbton 1931). A more probable explanation is that this
rep%gsents non homologous association of hetercchromatic
regions (White 1954). This two strand peiring still holds
true for the tomato octoploids as was seen in the few pachytene
complements studied. Associations of two paired chromosomes,
but never more than twq, were very seldom seen. It was not
possible to verify whether the 4 strands in these associations
wers Just lying side by side or whether parasynapsis tee.
parallel peiring, had occurred among the four chromosomes.

In tetraploids quadrivalents were present from diplotene
$111 metaphasse and these presumably resulied from the
chromosome aasociations seen in pachybene where all the
four strands were involved although only 2 strand pailring
was observed. HMultivalents, including quedrivalents and
trivalents at diplotene persisted through diakenesis to

metaphase, and so it was quite evigen®t that these

multivalents were held by true chiasmata. The absence of
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catenations or chains of more than four chromosomes
proved that no struchural changes of the chromosomes
took place in the hybride. One apparent hexavelent seen
in o cell at diplotene was veiy likely a false association
botween a quadrivalent and a bivalent with no aotual chiasma
formation. |

The occurrence of quadrivalenis in the tetraploid hybrids

ranging in number from 5 to 12 per cell at diakensils was
evidence that there was no differential affinity between
the two parental sets of chromosomes, as cccurs in Primula
kewensis(Hewton & Pellew 1929)s Upcott 1939). This lack

of differential affinity in Lycopersicon could accouni for

the lower fertility of the betrsploids observeds Thus the
high degree of muliivalent formation at metaphase snhasnced
the wnequal distribution of the chromosomes at disjunction
and 80 led to the formation of unbalanced gametic nuclel
(Darlington 1937). Though lower in fertility as coupared
with the diploids, the amphidiploids still gave & fairly
high seed set.

Thus it was seen thet doubling the chromosome number
in tomatoes affected the planis lititle, apart from the
glight reduction in fertility. Howevery the presence of

four homologous seits of chromosomes seemed to produce
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unbalanggt The octoploids were morphologically abnormal
wvhich showed that the effeet was initlated in the metabolig
mechanism of the plant. Leaves, stems and flower developmeni
were abnormal, the flowers bexely opened and if they did
they Jjust dropped off without setting fruib.
The physiological unbalance within the plant reflecting
the genetic unbalance together with the chaotigfhehavicur
ot meliosis accounted for the sterility of these octoploid
plantg,y where theve was g total failure af seed development.
The pevfectly normal developmeni, in both vegetative
and reproduciive phases of the plantd® life, and the high

fertility of the dipleid Fl specles hybrids of L.esculentum

end Lepimpinellifolium indicate that the two epecies ave

very closely related. The absencs of igolatlon bharrier of
any sorbt hetween thege two specles shows that they must be
primarily differentiaited by genetic factors.

The complete paiyring of chromosomes in the diploids
and the lack of differvential pairving in the amphidiploids
which in their bhehaviour resembled autotetraploids, suggests
the homologous nabture of the chromosome structure.  However,
the observation in the hybrids only of small regions of
incomplote synapsis at pachytene pairing points to the

presence of tiny sbtructural differences between the two
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parental chromosomes. Thevefora, the chromosomes of

Leesculentum and Lepimoinellifolium are seen not to be completely

homologous.t .’

The intermediate nabure of the weciprocal hybrids with
a prevalence of matrocliny suggests that the differences
batween the two species was genloally cauvged. However, it ig
not likely to be due to major genes but rather o polygenic

comploxes.
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VIIL.

SUMMARY

1. Two speciea of tomatoes, L.esculentum and Lepimpinellifoliom

were raised in the firest year and crossings between them
were mades In the second years, the parental species as well
as the reciprocal hybrids were raised and their morphology
and cytology were sbudied.

2. The Fl species hybrids showved e tendency towards the
pistillate parent, at least in the cotyledon characters., In
characters like germination,; growth, seed size, fruit sige

and percentage of good pollen grains, the F., hybrids did

2

not exceed the higher parent but were intermediate.

3. The pachytone chromosomes of L.pimpinellifolium were

found to be smaller than the corresponding ones in L.esoulentum.

Chromomeric pattern between chromosomes of the two species

were found o be very similar. Meilosis in L.esculentum and

Le.pimpinellifolium were also very similar,

4« The pachytene chromosome associations‘in the . hybrids

1
were very regular. With the exception of a few instances
complete synapsis occurred., In some cells incomplete synapsis

wags observed and this was attributed to the tiny structural

differences between the chromogomes of the two species. The
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difference in length vetween the chromosomes of the two species
wvas nob noticeable in Tthe pachyitene chromosomes.

5« The F1 hybrids, with the exception of two out of thirty
plants, did not differ signifipantly from the parvents in
oytological behaviour. Irvregularitles observed in the two
plante consisted of multivalent assoclations at diakenegis

in one plaat, and groups of chromosomes left out of the
metaphase plate and faillure of separation of bivalents at
anaphase in the other plant. In the latter casey whole bivalents
moved towards the poles. Ablbenuated chromosomes at

anaphasge were obsexrved in most cells of the hybrids. Hetaphase
chromosomes did not show size differences.

6 Wight tebtraploids and three cvobtoploids were produced by
colechicine treatment of the Fl hybrid seedé.‘ The seeds of
parental species did not survive the treatmente

Te Tetrploid hybrids showed incresse in vigour of plant
habits Cytology of these plants was studied with ewphasis

on pachytene chromosome pairing. Two strand association

was the Tule at this stage in both tetraploids and octoploids.
Pairing of chromosomes at diplotene to mebaphase did not show
differential affinity. Laock of differential affinity

regulied in the irregularity of chromosome distridbution

at anaphsse and in lower fertility..
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Sa Pathytene chromosome palring in amphidiploids was very
gimilar to that in autotetraploids.
9. Morphology and cytology of octoploid Ty hybrids was greatly
affected. The plants were stunted in growth and failed to
produce seeded fruits. HUelosis was very irregular, with
oddly shaped PHCs, and conseqguent sterility of the plaunts.
10, Comparative study of 2x, 4x and 8x hybrids showed that
there is & correlation between chromosome number aand size
of stomata, and size of pollen grains, vercentage of abortive
pollen and sterility.
Jl. The affinity between the two species was digcussed and
the following conclusions were drawn s— (a) that they were
very closely relatbed species?7kb) that the chromosomes of the
two species were not co&pletely homologoug in structure. end
(e)—that tho differoncesbelweon the—twospecics werecaused
Sy nolygeale complexes.
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Part II.

This section is a record of the work doney in addition
to the main study on tomatoes, during my stay at the
. Soottish Horticultural Research Institute, Mylunefield,
Invergowrie by Dundee. It includes those hybrids in which
reduction division oould not be studied Ffor the following
reasons te

(a) 1In Ribes the plants were too young and the duration
of sgtudy was limited.

(b) In Rubus the plant concerned did not and probably
would not flower at all. Its physiology was greatly
upset by chromosomal unbalance.

Therefore, in both cases only the somatic chromosomes

were investigated and the following resulis were obbtained.
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FIXITY OF CHROMOSOME NUMBERS I PLANTS

It has been an accepted fact that the chromosome
numbers in animals and plants are most stable at the diploid
leveland are believed to be constant. However, a doubling
of chromosome number or an increase of the chromosome number
to a multiple of the basic number occurs quite frequently.
This phenomenon of chromosome doubling is common only in the
plant kingdom.

Apart from this systematic increase of the chromosome
number there is another type where the chromosome number
inerease may not be in a euploid seriss. Thug plants of the
gane progeny may have different chromosome numbers. This
often results from crosses between parenbts with different
2n numbers:e.ge from a sesquidiploid plant resulting frow

a cross of 4x L.esculentum (2n=48) x 2x L.peruvianum (2n=24),

Soost (1958) obtained aneuploids ranging in chromosome number
from 26 to 34. In Rubug, several plants of the progeny of
crosses of Boysen x Eldorado and Young x Kldorado showed
instability in chromosome anumber (Britton & Hull 1956).

Agein these were crosses involving plants with unequal

2n numbers (Young=Tx, Boysen=Tx and Wldorado is a colchicine
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induced tetraploid). These mitotically uanstable plants
ranged in chromosowme number from 13 to 60 in crosses of Boysen
and Eldorade, and 18 to 71 in those of Young and Wldorado.

The next kind of irregularity in the increase of
chromosome number in plants is where variable chromosome
numbers ocecur even within the same plant. This kind of
chromosome insbtability occurs either in nature or Toldowing
treatment with colchicine. In Ribes, in the colchicine induced
tatraploid, a great range in number of somabic chromosones
(en=4 to 2n=32) occurred (Varaama 1949). The mode was at
2n=16, i.e. the diploid level. In asexually propagated
plants mainly cenitred around members of the Aroideac,

Liliaceae, Amaryllidaceae, andDioscoreaceae, Sharma & Sharma

(1956) observed varying somatic chromosome numbers occurring
in different cells, often in cells of the same root tip.
The different degrees of chromosome number variation found

within stem—tips, root-tips and leaves in Hydrocolyl asietical

Rauwalfia canescens, Cesbtrum diurnum, C.nocturnum, C.nocturnum

var. foetidissimum and several others led Sharma and Sharma
(1957) to postulate a new theory of differentiation in plant
cells. They theorised that - "different organs of the body
at the time of theilr origin receive their chromosome set

responsible fot their manifestation from the helerogenous
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complement of tﬁe growing apex. This heterogeneity is
represented not only by varying chromosome numbers derived
from the original one, but also by varying karyotypes maintained
in the normal number. The complement after iits initiation
into n Aifferentiasted tissue béhave normally.

Similar variasble aneuploid numbers of chromosomes alsh -

oceurred within root tip cells of Paphiopedilum wardii

(Duncan 1945). L8ve (1938) recorded PMCs with less than 2n
chromogomes in plants derived from pentaploid wheat hybridss
but its occurrence was limited to just one anther. Sachs (1952)

found “chromosome mosaics' in amphidiploids of Triticinae

and Aegilopns., But the mosaies were confined only to the
germ line and were not observed in root tips, unlike
Snoad (1955) who found varying chromosome numbers both in the

pollen mother cells and the root tip cells. of Hymenocéliis

calathium,.

In some instances, the variation of chromosome number
was accompanied by alteration of the karyotype (Sharma and
Sharma 1956, 19573 Duncan 1945). These alterations resulted
from duplication of some chromosome pairs and reductiom of
others. These changes were detectable because the chromosomes
were yecognisable by the centromere position or the prasence of
secondary constrictions or the satellites.

The satellite is a part of cerdain chromosomes to which
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it is permaﬂentl& attached by a tenuous thread, and that each
nucleolus takes its origin in telophase from the end of the
chromosome at the point where the satellite thread emerges
(Gates 1942)., Thus the satellite is always associated with

the nucleolus. In Spinacia oleracea (n=06) the heteropyenotic

satellites in resting nuclei aan be used as a method of
determining ploidy of the cells (Berger 1941), though
Heslop-Harrison (1953) found no correlation between the number
of satellites and degree of polyploidy in Rubus.

In Crepis,Navashin (1934) found that one parental species
logt its satellited chromosome in the interspecific hybrid's
couplemant. e termed this "differential amphiplasty", as
only individual chrowosomes of tﬁe set were affected, and
the term amphiplasty was applied to all the phenomena of hybrid
changes. Wilkinson (1941) also found;gegular amphiplasty in

nybrids of Salix alba and S.fragilis viw.(a) differential

= r—

anphiplasty which resulted in a loss of two satellites and
(b) neutral amphiplasty which was revealed in a shorteaning of
gome of the chromosomes.
Similar phenomenon, the suppression of a satellite in
the hybrid cowmplement was observed in Ribes (Varaama 1949),
and in the black current - gooseberry hybrid (Tun 1959, Keep 1960).

But Heurman (19285 saw a palr of satellited chromosomes in
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the somatic complement of Ribes nigrum x Grossularia.

Hybrids of blackecurrant and gooseherry were quite freﬁuent
either ags a chance occurrence or ralsed for experimental
purposes. The common feabture in all these hybrids was that
they were sterile (Wilson 19003 Heurman 19283 Knight and
Keep 1956~195T7). Knight and Keep managed, however, to get
a fertile hybrid by doubling bthe chromosome number in the

sterile Fy species hybrids.
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HMATERIALS AUD MBETHODS

Two varieties of R.nigrum, viz. Baldwin and Amos Blackj

Ra.Maximowioziils Grossularia, the gooseberry and the hybrids

of Amos Black x Gooseberry and Baldwin ¥ ReMaximowicziil

were usddd

RUBUS:
In Rubug, an F2 progeny of the cross Merton Thornless
% Himalaya Giant (R.procerus)was studied. The Py material

was not available.

In both Rubus and Ribes, the following method of stainijg
had been found to be very favourable for the sbtudy of somatic
chromosomes in root tipse. Vigorously groﬁing root tips
were the best materials for squashing. Koot tips were
pre~treated in 0.002H solution (mqueous) of oxyquinoline
(efes Tiio & Levan 1950) for 3=4 hours at 09 10°C; fixed in
113 acetic-aloohol for 12-24 hours and sbored in T0% aleohol
$111 required. Ia Ribes para-dichlorobenzene (saturated

agueous solution) was found to be preferable to oxyquinoline
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for pre-treatuent. Fixed root tips were hydrolysed in W.HC1

at 60°C for 30 minutes and stained in Feulgen for at least
2 hours {Daerlington & La Cour 1950). Saquashing was done in
carmine, with addition of a small drop of acetie acid saturated
withferric acetate to the edge of the cover slips the slide
igs then heated gently over a low flame as this helps to
intensify the staining of the chromosomes. The cytoplasm
darkens 1f the heating is not done immediately after introducing
the iron. When conditions arve optimel, very darkly stained
chromosomes stand out agzinst the almost unstained cytoplasm.
Afber keoping in the refrigerator for one or two days,
the temporarily sealed slide preparations were made permanent
in the same way as Celarier's (1956) already descridbed in
the first part of this thesis.
Photomicrographs and camera lucida drawings were made

from bemporary preparabions.
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RIBLES: BLACK CURRAVT - GOOSKBERRY HYBRIDS

According to Berger (1924), currants end gooseberries

belong to two different genera viz. Ribes and Grodsularia

of the family Grossulariaceae, though Janczewski (1907) treated
each ag a sub-genus of Ribes. Black ourrants are all descendants

of Ribes nigrum. All cultivated varieties of gooseberries, as

grown in Purope and chiefly in Bagland are descendants of

Grossularia reclinata under the sub-genus Bugrossularia,

The present oross of Amos Black (ﬁ.nigrum)and googeberry
(variety unknown) could therefore be considered as an
intergeneric cross. Of the gix hybrids studied, leaves of
the hybrids were intermediate in shape and size. They wore
of finey texture than the black currant parent, and lacked
the glands of the same parent which give the characteristic
hlack currant odours The spines of gooseberry were absent
in the hybrid, and on the whole vigour of the h&brid wa.s
less than thabt of either parent as regards growth rate.
Wileson (1900) found the same characteristics in the hybrid

of Repnigrum and Grossulariae

Both parents were diploids of 2n=16 and the hybrid

between the two was also a diploid of 2u=16. Apart Trom
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the faet that the chromosome complements in both parents were
symmetrical, using Stebbins(1950) terminologis the small

gize of the chromosomes offered little chance for the

gtudy of the karyotype. Mo conaspicuous gime differences
betweon the two monoploid chromosome complemenis of the
parvents were ohgerved. This is in accordance with the
results of Meurman (1928), Darlington (1927) and Zeilineki
(1952) who found noe karyotypic differences among the somabic
chromosome sots of BQVeraﬁgspeoies of black curranis and
gooseberries. The 2n complement of 16 chromosomes in Amos
Black comprises 14 metacentric ohromésomes (i.~schromosomes
with median cenbromere) and a pair of satellited chromosomes
with submedian cenbromeres (Plate 20, fig.2). As reported
eariier (Tun 1959), in the hybrids, only one satellited
chromosome was observed. It was assuned then that the gooseberry
genome lacked the satellited chromosome. But later
examination of root tipr: squashes of the gooseberry showed
the presonce of a pair of sabellites in tﬁe complenent.

This finding of the presence of only one satellited chromosome
in the hybrids complement of hlack currant andvgooaeberry
ha;7:;bent1y confimmed by the report of Keep (1960).

Text fig: 12 shows the camera lucida drawings of the
chrcmoéome complements from Amos Black, Gooéeberry and their

hybrid. See also Plate 20, fag.l, 2 and 3.
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Somatic chromosomes in (1).
(2).
(3).
(4).

PLATE 20

Gooseberry. x1920.
Amos Black selfed. x1920.
Amos Black x Gooseberry.

Baldwin x R.maximowiczii.

x3200.
x1920.
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BLACK CURRANT x RED-IRUITED CURRAUT HYBRIDS

The hybrid studied was a cross of Baldwin (Rinigrum)

and ReMaximowiczii, a red fruited currant, native of W.China.

ReMaximowiczil belongs to the sub-genus Berisia of the family

Grossulariaceae (Janezewski 1907).

8ix hybrides were available for study. Leaf shape within
thege plants was variable. Two plants had leaves very similar
to Baldwin, whilé on onoe plant they were intermediate between
the two parenis. Leaves on the remaining three planis were
genevally long and slender bubt ranged from moderabely broad
to bthin narvow strips. These latter three planis were dwarfis.

Text fig. 13 shows leaves from Baldwin, R.Maximowiczii and

thaeir hybrid.

Like the R.Maximowieziil parent no glandular haire were

present on either surface of leaves of the hybrid, except for
those present on the petioles and for a few on the abhaxial
surface veing. HNo glands were visible at leaf tips and

along the serrations of the leaf margin. The yellow glands
present on the abaxial surface of the leaves and on the

veins of Baldwin, and which were absent in R.¥aximowiczii,

were also lacking in the hybrid. The type of hairs found
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Text fig: 14. Camera lucida drawings of somatic metaphase chromosomes in

(1) Baldwin (2) Baldwin x R. Maximowiczii and (3) R. Maximowiczii
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in the two parcnts and the hybrids are shown in Texl figs 13.
lairg of the hybrid were very like those in the red frukted
curraantb.

Sixteen symmetrical chromosomes comprise each chromosome

complement in Baldwin and R.Maximowiezii, and the genome

of elther pareant could not he differentiated in the hybrid.

See Text fig: 14.




XIII. 124

DISCUSSION

The characberistic odour issying glands of the black
currant are suppressed in its hybrids with both red-fruited
currant and the gooseberry, which suggests that it must be
a recessive trait if genically caused,

Though R.nigrum displayed amphiplasby in its somatic

chromosones (Varaama 1949), both in diploids as well as

tetraploids Meurman (1928), Darlington (1927) and Zeilinski (1952)

found a pair of satellites in the‘normal complements of several
species of black currants and gooseberries. In the present
observations, in the varieties of black currants,ared cunrranis
and gooseberries so far examined, only a constant pair of
satellites was observed.

Navashin (1934) found karyo£ypica1 changes in the species
hybrids of Orepig, involving the "disappearance" of a sabellite
from onu.of the pareat species. It was slso accompanied
by either increasc or decrease in length and width of the
chromosomes of a set. He attributed this to hybridity,
though McCliﬁtook (1934) was of the opinion that differential
capacity of the nucleolar organising element in the two

parents was responsible for the disappsarands’ of the' sutel1ity,:
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The present observation of only one satellited chromosome
in the hybrdd between black currant and gooseberry iz comparable
to the above in the lack of a satellite, though it could not
be certain to which parent this genome helonged. No other
karyotypic altersiions wers observed. Unfortunately it was
not possible to study the nature of satellites in the Pills
of the same plants,
If the absence of a satellite from the complément of
the hybrid between black currant and gooseberry is a constant

feature, it could be a useful marker from the plant breeding

aspect.
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SUMMARY

1 Hybride of black currant x gooseberry, and black currant x
a.red~fruited currvant species were studied. Both the hybrids
lacked the characteristic Dblack currant odour.

26 Only omne sabellited chromosome was seen in the somatic
chromosome conmplement of the black currant x gooseberry

hybrid, although both parents had a pair of salellites in

their chromosome complements. Otherwise no conspicuous
karyotypical characters were observed which would digtinguish
one parental genome from another.

3. The two parental chromosome sets could not be differentinted
in the hybrid of black currant x red-fruited currant.

4. These findings are discussed in relation to previous

and similar observations.
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RUBUS

Origin

Merton Thornless (2n0=28) is a culiivated speeies

resulting from the multiple cross of apomictic Rubus thyrsiger

(2n=28) and a thornless mutant of sexuai Rerugticanus (2n=14).
The crosses were made by lir.M.B.Crane at the John Innes
florticultural Research Institute. Himalaya Giant (R.procerus)
is a btetraploid apomictic Buropean blackberry.

Among the F2 thorniess gegregants of the eross Merton
Thornless and Himalaya.Gian% made by Dr.G.M.Haskell (to
whom the writer is indebted for letting her make use of the

material) oune abnormal seedling was observed, and subsequently

studied.

Horphological Appearance
This seedling was very stunted in growth with shoriened

internodes, rugose and thick leaves whioch were miniature in size.

Instead of the normal tri-pinnate type of leaves, they
were simple, entire or pinnatifid (See Text figs 15).

The whole plant was britile, densely pubesee?&t and very daxrk

green in colour. At 12 months,; when its normal sibg had

grown to an average height of 266 cm, this seedling was
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Text fig: 15. The leaves from (left) a normal stahle
tetraploid (2n=28) thornless seedling, and (right) from
the abnormal, cytologically unstable seedling of the

same F2, taken from similar positions of the respective
plants.




PLATE 21

Two sibs from the F, of Merton Thornless (2n=28) x
Himalaya Giant (2n=28). Photographed at 7 months.
Right. abnormal plant with varying chromosome numbers.

Left. normal plant with 28 chromosomes.
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approximately 12 om high (Plate 21). Both the root and shoot
sgstenms were very poorly developed in comparison with the

vigorous growbth of the normal sibs.

Chromosome Number Variation

Both the parents, l.eslerton Thornless and Himalaya
Giant were cdnstant tetraploids (2na28)f Cytological
observabions of this abnormal seedling showed a wide range
in somatic chromosome number. Counsequently chromosome counts
were made at intervals although the number of roobt tips
examined at each time and the duration of the intervals
were po? constant, due to availability of the very poorly
developed root systems Table 19 shows the chromosome number
variation of the plant obhserved in sequential chromosome
countss The range of chromcséme numbers on the whole vas
very wide, 9 to £8.. The mode, however, in each instance
was gt 2n=35. Text fig: 16 shows the camera lucida drawings
of the different somatic plates within root tips of the
abnormal plant. In the fig., M has 20=28, which is a somatic
metaphase plate from a normal control sib.

A« 2n=40 De 28235 Ge 2n=29 Jde 2n=20
Be 2n=38 B. 2n=34 He 2n=25 Ke 2n=19

Ce 2n=3T Fe 2n=32 I« 2n=24 Le 20=9
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Text fig: 16. Range of chromosome numbers within

the abno#mal Rubus hybrid seedling.

root-tips of



132

Chromosome counts were also made from stipule sqguashes
inordexr to determine whether the variation in chromosome
aumber was confined to the roots or was prevalent in the shoot
system as well. Bubl owing to the density of hairs good plates
were difficult to obtain. One good plate showed 39 somatic
chromosomes, which was an snsuploid number. It was not possihle
to say whether this somatic chromosome number was consdant
inthe stipules or whether it occourred in only one cell.

The chromosomes ia stipules were broader than those in
the root tips (Plate 22, figs 4) which may be accounted for
by the difference in pre-~trcatment, 0.25% colchicine solution
(aqueous) being used. But Wavashin (1934) had observed in
his Crepis species hybrids that chrowmosomes from adult root
tips, petals and sepals were larger than those from embryoniec
rool tips. This suggests that there is a possible relationship
between position and chromosome size.

Plates 22 and 23 show photomicrographs of rool-tip:

chromosomes in the chromosomally anstable plant.

Bffect of Age on Variation in Chromosome Numbar

The first chromosome counts were made when the plant was
seven months old. Several normal sibs of the plant were

examined for their somatie chromosome number as well, This



(1)
(2)
(3)
(4)

PLATE 22

Somatic chromosomes (2n=28) in a normal sib of the F2 progeny
of Merton Thornless x Himalaya Giant.

Metaphase plate with 2n=35 chromosomes in the abnormal,
cytologically unstable seedling of the same progeny as above.
Metaphase plate with 2n=36 chromosomes in the same plant

as in (2).

Somatic chromosomes (2n=39) in the stipule of the same plant

as in (2). Two chromosomes are out of focus. (A1l fig:s x1920).

Root tips in 1,2 and 3 were pre-treated with oxy-quinoline,
and the stipule in 4 was pre-treated with colchicine.




PLATE 23

Varying somatic chromosome numbers within root tips of the

abnormal, cytologically unstable seedling.
(1) 2n=12 (2) 2n=22 (3) 2n=17 (4) 2n=20
(A1l fig:s are x1920).
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was done for once or twice, but later on only one normal
plant was checked occasionslly for its chromosome numbers it
was always found to be constant at 2n=28.

As seen from Table 19, as time progressed, the range
in chromosome number decreased, while the actual mumber
of @ells with 35 chromosomes increassd unbil at one point
the plant was almost stable at 2n=35 level, The next count,
however, revealed that the pentaploid level did not lasgt for
long: variation was seen again. In one later count, cells
with chromosome numbers of a multiple of the basic number
1i.04Ts were obgerved with greater frequency e.gecells with
14, 21 and 28 chromesomes. It was also found that cells
gontaining the same number of chromosomes were observed to
be in groups so that within an area only cells with 21
chromosomen were observed, while in another avea cells with
37 chryromospomes were Seen.

Altogether 113 cells occurred with chromosomes lese than
35 in mumber and 44 cells with greater than 35, while 259

cells had 35 chromosomas.

Sabellites

In diploid species of Rubus the presence of two satellited

chromosomes in the complement is a common Feature. Heslop-Harrison
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(1953) observed 2 satellites in 2%, 3x as well as 5x and 6x
plants, the highest number of satellites being three in

Rubug vulgaris var. Mollis (2n=21) and Corylifdlian R.gublusiris

(2n=35)s In the present study, the normal sibs (2n=28)
usually have 2 satellites in the ocomplement while in the
abnormal seedling the number of satellites varied from cell

o cell. Hee Table 20.

Table 20. Satellite Range in the Abnormal Seedling

Noe. of chromosome Ho. of satellites Frequency
in the cell
iz 4 4 1
17 2 1
20 1 1
22 1 1
24 1 1
28 3 2
33 2 1
35 1 3
2 14
3 T
37 1 1
3 2
4 1
38 3 1
4 3




134

Although the number of satellites increased with the
increase in chromosome number the relation is unot precisely
gorrelated éith the ploidy level. In cells with chromosome
number above the tebraploid level 1.0.28, variation in satellite
nunmbex wés greater. In celds of 20=35, two satellibes ocourred
with the highest frequency, while 1 and 3 satellites were
also observed, As many as 4 sabellites were observed in cells
with 37 and 38 chromosomes. Althdugh the normal tetraploid
plants were usually observed to eonbtain 2 salellites, two cells
with 28 ohromosomes in this plant were seen to contain 3.
Another cell of 17 chromosomes conbained s pair of satellibed
chromoscmnes. The most unusual instance was a ¢ell with the
diplodd number of chromosomes bub containing 4 satellited ones.
Pogsibly different individual chromosomes of the set were mmmowed
involved in the distribution of chromosomes from cell o cell

during mitosis.

Correlation of Chromosome Number and Cell Avea.

Cell ares was assessed ag follows. The outlines of the
cells were drawn on grid paper by camdra lucida abt a magaification
of ¥1200 and the number of squares (1 unit=0.01 sq.inch)
occupied by the eell was counted.

Gorrelation was found to exist bebtween cell area and actual
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aunber of chromosomes with » = 4+ 0.65. Text fig: 17 shows a
graph drawn for mean area of ecells plotted agalinst the number
of chromosomes contained in those cells. Twice the staandard
deviation is shown in lgsrger éamplas. There is a general
regressi&n for cell ares and chromosome number into whieh the
&ean of 2n=35 fits; and the euploid eells, with strict muliiple
of the baeic chromosome number, are not larger than those

with aneuploid aumber of chromosomes.

It could be suggested that differences in pressure of
squashing wmight influence cell area. Thig could be ruled ocut
when the relation between cell area and chromosome number in
the cell was considered. Thus in eélls with chromosome number
greater than 35, the average cell area wvas 214 units, in those
with 35 , 186 unite and for cells containing less than
35 chromasdmes the average cell area was 154 units,.

Taking cells wiéh 2n=35 only, the variation in size was
considerable, being greatest as cémpared with the other cells
(Table 21) with a deérease in the coefficient of variation

(¢) with the addition or subtraetion of 1, 2 and 3 chromosomes,



Mean cell area (in units)
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Text fig:

Chromosome number

B 7

Intra-variation in cell size and chromosome number in Rubus
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A graph showing mean cell area plotted

against chromosome number. Twice the standard deviation

is shown in the larger samdles.
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Table 21. Relation between cell area and number of chromosomes
contained in the cell.

Chromosome Departure from Mlean Area Coefficient of
number 2n=35 (in units) variation
36 +1 226,1 £ 31.8 36,18
35 0 186.5 = 8.4 42,04
34 -1 152.6 + 52,2 34.21
33 -2 193.1 * 50.8 26.31
32 -3 163.8 < 49.8 30,22

Gauges of Chromosome Humber Variation

The perculiar apnsarance of the seedling, coupled with
the fact that its chromosome number was found to be varyving
sugegested that it might be virus infected, for Caldwsll (1952)
had mentioned that viruses might have wider effects on nuclear
division than have been hitherto supposed. But the tests for
virus infection, carried out by Dr. C.H.Cadman,(of the Virus
departuent) gave nagative results for the presence of any of
the 5 common transmissable viruses of raspberries.

Root tip cells were examined without pre-treatment, as
the latter could possidbly hinder the observation of actual
mechanism of division, like gpindle fibre formation, atc.

Unequal division of chromosomes at late anavhase was
obsarved in several cases. Thile in most such examples the

chromosoms aumber in each unequal mass was uncountable, there
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wan two definite cases where in one cell 9 and 16 chromosomes
were observed in cach group, and in another cell 8 and 16,
Unegqual groups range Trom occasions where there was little
difference in the sizes of the two groups to those where they
large. LInversion bridges were very rarely seen al anaphase
stage. 1In a few instances, dumb-bell shaped nuclei were seen
which may be comparable to the lobed nueclei observed by Britton
and Hull (1957) in their mitotically unstable Rubug plante.
These kinds of abnormalities were also observed by Hegwood
aad Hough (1953) in the 6ell divisions of the White Winter
Pearmain Apple showing mosaic éhromosome pattern. They ohgserved
pccasional groupsof chromosomes excluded from tﬁe apindle,
but no such condition was found here.

The nucledlirobserved in somatic cells varied. dHost cells
had two nucleoli as in normal diploids. However, thers was a
gsecond type, where although the number of nucleoli was two,
their sizes were not the sames one being larger than the other,
Qcoasionally cells with 3 nucleoli were also observed, two
usually of equal size while the third was a little larger.
Beldom four nuecleoli were seeun, bthree egqual but one smaller.
Phe significance of these varyiang numbers of nucleoli will be
discussed later in coajunction with the observations of

varistion in satellited chromosome nuaber from ccll to cell.
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«  DISCUSSION

Variation of chromoscme number la plants is quite o freguent
if not a2 common phenomenon. Instability of chromosome number
may occuy either within plants of the same progeny or within-
the same plant. Some of these plants showing variation in
chromosome number wore Hhe results of crosses lavelving
plants with unequal 2n chromosome number (Soost 19583 Britton
& Hull 1956)« Chromosome instability may or may not be
accompaniad by phenotypic effects. Thus in Bubus, in the
progeny of crosses of Boysen x Eldorado and Young x Fldorado,
several plants which showed instability in chromosome number
were not morphologically distinguishable from the other
vigorous! normal plants. Howevery in snother population of
ungbtable Rubus planis the only symptom found which indicated
the presence of mitotiec insbtability wés a characteristioc
"checking® or "mosalcism®, in the leaves (Britton & Hull, 1957).
The parents were both constant tetraploids of 2n=28 , in the
present secdling, and there was no possibility of occurrence
of varying chromosome number which might have resulted from
the union of gametes with unegqual chromosome number. The wide

range of chromosome number occourring in this plant had greatly
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affected its morphology, which deviated greatly from its
normal sibs.

There is a tendency towards retardetion of the beginning
of flowering, in addition to lower growth rate during the
active growth period of the plants in the aneuploids from the

progeny of an autoteraploid Ribes nigrum (Varaama 1953).

But it is very doubtful whether the plant studied here will flower
at alls

Leaf bud cuttings of unstable Rubus plants still maintained
mitotic instability (Britton & Hull, 1957). Chromosome
number determinations from root tips made when these plants
were only a few weeks o0ld rewealed many high as well as low
chromosome numbers, while later in the season only low
chromosome numbers occurred.(c.ge 2n=20 %o 35). In the plant
studied here, throughout the pervied of chromosome number
determinations, besides the cekls with 35 chromogomes which
occurred with the highest frequeney, there was a greater
nunber of cells with chromosome number lower than 35.

Aneusomaty (varisble gneuploid numbers of chromosomes)

occurring within root tip cells of the orchard Paphiopedilum

wardil was due to recurring duplication of certain chromosomes
out of 20 of the complement, giving rise 1o the differences in

chromosome number from call to cell (Duncan 1945). This
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worker was able t0 recognise the chromosomes in the complement,
and of the T pairs of abelocentric ohromosomes (i.e.chromosones
with median centromeres) in the set he observed thabl none
ocourred twice in any of bthe plates. Thisg is of intersst

because in diploid Rubus Homentosus (where individual

identification of the chromosomes in the complement was very
difficult due %o their small size) it was still possible to
see that apart from the satellited pair which had a submedian
centromere, the others were atelocentric or symmetrical.
Stebbing (1950) holds the view that symmetrical chromosomes
are primary ox primitive types from which the more epecialised
karyotypes are evolved.

Heitz (1931) working with Vieia introduced the word SAT-
chromosome s aud he pointed out that the number of nuclecli
formed at telophase depended upon the number of satellited
chromosomes pressnt in the complements By the interchange of
chromosomes involving the satellited chromosome (chromosome 6)
. and another chromosome {chromosome 9) of the complement in
Zea mays, MeClintock (1943) was able to show that.the nucleclus
originated from a nucleolar organising body adjacent to the
stalk of the éatellite. Hence, in s complement, there is
a correlation between nucleoli number and the number of satellited

chromosomes. Thus generally somatic tisspues of hapldids
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show, one nucleolus, diploids two and triploids three nuclecli.
The present findings regarding the ralaticn of nucleoli and

sabellited chromosome numbher in s complement paraslleled those

of Heitz and McClintock. Irrespective of their chromosome number,

plates with two satellited chromosomes were observed with
the highest frequency and those with three, one and four in
descending orvder. Cells with two nucleoli, equal or unequal
in size, were also observed with the highest frequency.
Qccasionally three nucleoli were observed, two equal in slge
and the other larger, and only rarely did four or five nucleoli
occur., These varying numbers of satellited chromosomes indicate
thats so far as the satellites vare concerned, their
distribution is irregular at mitosis. 7This might apply to
the other chromosomes in the complement as well, but could not
be proved as they could not be identified.

Another faet which supports this view that different
chromosomes were involved in the different complements was
that there was a definite relation between cell area and
chronosome number. Horsover, within cells of 2n=35 alone,
the variation was gPeat. Therefore this variation in areas
within cells of the same chromosome number, as well as those
of different cehromosome number was probably due to diffevences

in the genomic constitution of the individual cells, which
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were changing during the proocesses of unsiable mitosis.
Regarding cell size and chromosome number relationship,
Heaslop~Harrison (1953) also observed differences in cell size
between the two regions of octoploid (peripheral) and
tetraploid <central) tigsues of a periclinal "chrowmochimera®

encountered in a plant of Rubus polygenthemos from

Vorthumberland: "Periclinal and sectorial éytochimeras occur
quite frequently in plants, as can be seen from the work of

many investigators. This is no such behaviour in the present
seedling. There was no definite localigation of eells of the

game chromosome numberi they ocourred scatiered within the

tissue, as was also found by Varvaama (1949) in Ribes nigrum.
Howevery the 1aet.few'counta made showed the occurrence of
puploid series of cells (i.oscells with chromosome numbers
which were multiples of the basic 'n® number, e.g. 14, 21, 28 otec.)
which were isolated in'groupa. Hormal distribution of chromosomeS'i
so far as the number was concerned, was evident in those
areas.

Mlintzing (1943) assumed that the frequent formation of
daughter plants wmith chromosome numbers ranging from 39 to 43

in apomictic Potentilla, originated from reduced embryo sacs

which developed parthenogenically. Although the polyploid
species of Rubus, comprising most of the luropean blackberry

population are apomictic (Gustafsson 1943), this mechanicm
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as a possible cause of variation of chromosome number here

could be ruled out. The Fl plant which produced this unstable
geedling was vigovous and thorned. It was heterosygous for

the gene thorned (8) aud thoraless (s). The parental R.thyrsiger
is a tetraploid apomictic and it could easily reproduce

apomictically. Butbt this unstable plant was thornless, which

proved that it must have arisen sexually to be homoszygous

recessive. It is likely, therefore, that instability of
chromosome number in this seedling is the result of inter-

action of genes carried by the parental gametes.
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SUMMARY

1. Serial cytological observations were made on one abnormal

geadling from the thornless segregants of the F?

from crossing two tetraploid (2n=028) Rubus species. The number

progeny

of root tip chromosomes was found to vary from 9 to 48 per
coll, with the mode always at 35. The wide variation in
chromosome number decreased with time, wntil at one point there
wag almoet stability at 2n=35.

2. The number of satellites per cell was proportional 1o the
mamber of nueleoli per cell. EBvidence from the number of
satellites per cell suggests that different chromosomes were
being involved in the differvent complements.

3. 'There was a correlation between the chromosome aumber

and corresponding cell sizes.within the aneuploid series.

4e Virus infection was not responsible for the veriation

of somatic chromosome numbers from cell to cell. The cause

of the instebility was not definitely located but it is
gsuggented that ite initiation arose from the egg selly as
Rubus pollen is sensitive ¢ chromosome unbalance,

5 Chromosome number instabilily of this plant is discussed in

relation to other examples from the same and different genera.
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APPENDICES

1. MUTRIENT SOLUTION.

Pfeffer!s Solution (Maclsm & Ceok, pg 9R)

Calolum nitrate se  oa  se  se  ss T «s  es 4 ognm
Potassiun nitrate es o6 s es  es ex Ll opgm
Magnesium gulphate se e« s¢  as  se  se Ll m
Potassium phosphate (KI, POA) ik we 4w sa LI
Potasgium chlovide «v ea s s s oe S g
Ferwic cgloride se ee ae s+ ws e+ e Lrace

Vator we es e 46 aw  as  ewx ws  we 3 =7 lilres

2. STAINS FOR_CHROMOSOMES (Darlington & La Cour, 1950).

(a) Aceto-cormine

45 ac glacial acetic aaid

55 oc distilied water

Add 0,5 gn of carmine, when the above mixbture is boiling,
sghir occasionallyvand gimper on a low flame unitil thoe liguid
has evaporated doﬁé 0 half. Cool and filter,

(b) Aceto-orcein

Digsolve 2.2 gm orcein in 100 ee glacial acebic acid by
gentle boiling. - Cool and filter. This is stook solution of

2.2 por cent. Standard solubion is 1 per cent in 45 per cend
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. acetic acid, Dilute the stock solubion to 45 per cent as
raquired.

{c) Leugowbagic fuchsin

Dissolve 1 gm bosic fuchsin by pouring over it 200 co
of boiling distlillod watex.

Shalke twell and cool o 50 C.‘

Filter. Add 30 co NHel o Piltrale.

Add 3 gm K, 32 0o B | | ,

Allow solution to blesch for 24 hours in tigh*a-stoppered\
bottla in the dark; 'a‘dd 0.5 gm d@’qoloziiziﬁg carbon. Shake well
Tor about a minute and filter rapidly through coarse filter
Papar. |

Store In tightly-stoppered bottle in the dawrk.

3« CELIULOSE ACBTATE (Noxth, 1956),

Dissolve 2 gn cellulose scetate and 0.7 gu night blue
or erystal violet in 100 ml, water.

4o BLEACHING SOLUTION (Manton, 1950).

Add suffTicient smount of a gtock sclution of 10 per aent
potassium ferricyanide to the normal stock golution of 20 par
cant hypo to produce a desp yoellow colour. The exact strength
ig nat crritic}al. The bleaching solubion should be prepared

inmediately before vsc.
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