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PREFACE.

Thore has boen & considerable speculation with regard to the systemntie
end phylogonetic positicn of the Tesmandan endemic Uonifers in the go-colled
"Taxares” and "Pinares. Restricted to alpins torrains at an altituds of 3,500-
La 5008%0, they bear o superfleisl resamblanee, although belonging to different
familics ypr g8. In any ochems of Conifor phylogeny based an exbernal charactors
along, allocation of these genora to thelr propor gystematie pegition would be
difficult, Provicus cytologleal studies were wholly confined to tho veports of
chremogons numbers of two gonerae. In the first port of this dissortution an
attempt has been made nob enly to provide detalled information aboubt their
Inryotypes .bubt also to critieally evaluate and integrate the karyoclogienl data
with the avellable Imouledge of their cemparabive morphology. The ultimnte object
is %o assese the phylogenctic shatus of the Tasmunian Gonlfers. Two methods that
enabled a critical study of thelr somatic chromoscmss have been outlined in the

geccnd porb.

The probable trends in evelution of the two Indien Liliacene namely Dingadl
and geills hove so far not recelved any detullod consideration, The spocics of
Blpeadl exhibit congiderable convergence in their morpholopical characterssbhe
erca of the gemus is wide and at the oaxe time highly disjunct’ severnl of ibs
speclos are endenio. FProviding a cybological bueis for all thess features hos
been the aim of ths third papere. The mode of origin of the different eytclypes,
tho prevailing differcncos between the local populations in their moiotic behave
dour, the potentinlitios thet are in store Lfor further cvoluticn and svecistion



vithin o colleetive specles like Sgilds Spdlcn hove been eutlined in the
fourth section. The variation in the hetorochromebin content of tho diffevent
individuals of S, hobopackori has also besn apponded to the sowms paper.

The writor is indebted to Profossor LN, Perber for mupgesting sows of the
above menbtioned problems and for advice and holpful efiticism during the eourse
of the work., His thanks are dussto all those in the department who ce-oporated
with him and made the work pessible. The award of o Colowhbo Plan Fellowship
by the Commenwealth of Australls, which enabled the writor to undorteke the work,
is grotefully ncknowledged. He i1s alge thankful to HMiss Margaroh Symons, who

spaved no pains in neatly typing the mamiseripbe.
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I, TITRCOBOTIN

The paturelly cccurring Tosmanisn Conifers belong %o 3 famllies, as
they are comprehended by Filger (1928). They ares
Podcenzpacene

Iharoapbacrn hodlepdng Hook. £y Archirs,
Yezaneghwys Sokragany (Hookl) Hookaf.,
Bogryding Sxmpkiindd Hoolklf.,

Ecdognrpng ploing Hoolnf.,

Bhyilocladng penleniifoliug (Iabill.) Hookdss

Taxodiseens
Ahratamng euorangeides Dane,
s dixliolia Hooks,

ﬂﬂﬂi,

Cuprosencens

Godlitris fogrmnips (Bonthe) Daker & Smith.,
fe.oblopgg Rioh.

In addition many othors have been Introduced into gordens and cte Plms radicia
Don,, tho only zepressentative of Pinsccoo in Tasmenis, 1s usod ccmmerelally to
a great oxtont in plantotions. It hag epporently boen noturalized in cortnin
locnlitics, young seedlings sppearing in profusion, It wag introducsd ficm

California in nboud 1860. It bolongs €0 o typieal novbhorn fomily.

All the Loregoing fomilies have hod 2 bortuocus tazonomie history either with
rogard to thole pogition in the phylogenctic schems of the go-called "Texmmeg!
and "Pinoves" or in the segregation of the familics into smallor toxn, Por
ingtance, Podocorpeccas without Blulloclodus, vhich is now generally imeluded in i,
vng regarded as the tribe Podocavpese of Toxeidece by Edenler (1887). Ellceladus,

howsver, wos included in tho tribe Taxene, aleng uith suck gonern as Ginkea,

Latamma. Tooreve ord Tozpg, vhich ore novw known to bolong to difforent familles



Co
ond ordors. Hogar (15907) raised Bichlor®s Podeesrpoco into the family
Podeeaypagsene tut condimed to group Fiyllecladus with Tomig end Igrvays dn the
foamily Tamcose, In his elzopificaticn of Taxmcene, Pilger (1903) rocognised
thres subefomilids nsmely, Podocorpoldens, Phylloeladeoidans apd Taxoidese., Tho
game author (1926)later on roconstituted the first two subfomilies fnto
Podeenrpacens ag it is now undorsbood and raigsed tho stodus of Tazoldeoe into the
Taxacens, urbher vors, foplploboang waa removed fyrom Taxoidess to form o monce
typie Cepholotasnaene. In Viorhapper's aystem (1910) the prouent Pudocarpaccae
formed a part of Tazowupreszaceae, vhich hod & lzrge mumber of smll tribes, cash

composed of one or iwo gonera.

Unlike hetorsgenccus Podoearpneens, Pinacege has remained relatively uvniform
with littlo or we change in tho texonemie hiﬁ’?@r% The prosent doy Pinncens
corrasponds to Bichlor's (2887) tribe Abictinae, which was subsequently called
Abiatacese by Nomor (1910), Viorhopror (1910) insliuded Arasucariocess in his
Abistocens, whish wos egplit into 3 oubfamilics and & large wumbor of tribes end
mubteibop, The dnclusion of Araneoriacons in Abielaceas hao net veseived approval
fron any texonenlot so fav, Sexton (1913) was first o nowe Nopur'e Abistaseoo ap
Finagene, vith sub-fosdilics Abictoldond end Scladopitoideso. The lattor consiste
of Sglodopitys, which is now gonewally prouped in Taxedincene. Pilger's closgife
ication (1926) of the family Pincecme with its subfanilies Pinoideas and Abletclideso

are now generelly uscde

" Bichley's (1859) tribe Toxodiinse and Nogor (1910) Texedisceae ave sems with
rogord Yo goneric compesiticon. Tho scomd subefamily Toxodicidese of Toves
cuprasoeceae in Vierhapper's systen (3910) correspords to Taxodincens of Pilgor
(1926). It 1o intoresting to find thot Saxbon (1913) included Taxodizceze in
Cuprossocnass Whether it i juptifisblc or not, it shows thot Saxbon rocognised

the close volntionship of thoso tuwo familiosz.



e
Similsr to oll tho above-nonbicned femiilos CGupregsacene hog beon varicugly

clapsified (Savben, 1510, 1913 0, b3 Pilger, 1926; Mosoley, 19438 11, 1953).

Apart from the genersl Interests of the families monbioned above, the
Tagmopion Conifors are uoique in thensolves and present problems bhoth to the
togonomist os well as the plant gooprapher, Restricted to alpine aund subelpire
terraing ot an altitude of 3,400 « 4,500 £i,, they bear a supovficial rosoublaneo,
altbough belonging to difforvent families par ga avd have thovefore lead to o gresd
toxononde confusion, In any ssquonee of Conifer phylogeny baced an externnl
characters alone, allocation of those penera te their propor pystemetie position

wonrld be diffieulb.

herasphamn bogkoriops is an edmirable lnstonce te illustrveto
ths poind In cqpostion. ALl Conifors mative to Tocomoniae hove suffored grestesh
synonysy and the vwhole %&mzﬁa&e eonfusion is well summarised in the vords of
| Heoker (18€0) "Wo have comc b the conolngion, that it vill creata the least
pe:plaxity o rotain the neme Maroeoshrys tetrooonn for tho plond figured origivally
ap Athrotaxis igbroeons, and whose role flouors I ordginully deseribod ca
Migrceaehyygs ite omall, regularly formed cone ronders the napo epplicablo. The
nenmo Fhopoanbare wo troengfor to the plant vhoso fomale flowers I confamded with
Hioronachrva, and whose mle flowers being collectoed into almost globoso amente,
will justify the appellaticen’ and for the plont which Mr. Archer supposed to ba
wy femnle Migropnehrys., we propoge tho name Digelmg, in allusicn %o the two
omlifercus scales’, Athrolaxis belongs 4o Taxodiacene, whith finds & wide
geopgraphic distrilution in the northern hemisphors., Ite cecwrronse as a Tasmunion
endenic 18 a great geographie anomaly. It would be e matber of considerable
theoritical sipnificance if a selution to all these problems is arrived at on tho
bogis of exemorphic and endomorphic chloracters, of which cybolegy is tho mos
importont. There hes been no cybologicel mywvey of Taswanian Cenifers excopt thad

of (ulline (1952 ) and 4tho thros speclos of Athrotaris and one speeies of Collitwis
(cf. Doriington and Yylie, 1955).
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11T, (OSEIWATIGD. o

- by ravealed by the cheorvebions prosonted belew, tho shromoseomng of 021
gpocigs of Tosmanion Conifers ore long axeepdt the medivmegized chromosones of
Pharosrbnees, heokariers, Deraiiun fronklindd, Polecormaa mﬁ‘;@_ and the omll
Iatreosea. While the chwanoscnss in difforent fanilicn

chrooogomos of Morcoooheys

ronxined cengtant, it io indesd remnvhaoble that Podosorpuecas oxbibite cumeide
grable voristicn in mmber, morphology and nigs. Not uithetandiog thig, they
beve o patbteorn of orgenisnticn of tholr cwn and soepholopically giniier chranoe
pomes oomlid be dotedted inm tholr complepenba, The Tnwrolyres of gorp of the
goneyo ore wndque %o thomcdlves in covernl veys and pealsbly speak of theip
pyiogenotic hictoyy. Satellited chromceonon ore yare in the ecooplovontn. Theip
funoticn howevor is Muifilled by the shroposoieg with necondnwy constrioticng,
Tho Jatior form o charucterlotico fonture of the Toesmonion gpociew, oo ip the

ooy with theiy allien, cemurring in othor ceographicsl areag.

Cenpiderable evidenco for gbmotural clionges, nostly of the matnre of soghons
ol dnterchonse involving homelogmie of nopbonolopous ehvomesenss wa encountered
and desoribod kalow. Chromosome mtber remsing unnliersd despito the segpontal vee
arranmononta. Those Conifera appear o ko nore flexible to piyuctural alterations
end rigid B0 the mmoriend bnlanto. Sonotimos the clometeoristic "gyreobzy® of
-the hmwyobype whioh is knowm bo be oo cccontial for the speelos teo muintain ite

fortiiity is disturbed in Tnsmenlsn Conifors duc to tho gporndie apponvonce of
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norphologically dissimiler homologous chromoscmes in their complerments, S6111

spoclea 1iko Plulleciedus amplenidfoling eod Albrotexis gupraggolides survive in

nature. Seme of those crdbieal obsorvadiens on tho chronosonos proved Alfficuld

duo 4o thely length and tho eonsecuent foreshortening. Hevertholess well fiattenad
and well spuced motaphases vero chosen for tho chromosose analysis. Technlesld
difficuliics attending on the prosonce of tammin in their colls added to the
diffienitics. This oxpleing why some of the dotalls eoncerning the lazyobypes and
the structurel altorabiens in difforent individuals woflocting their eovoluticnary
higtery were missed by the provicus investipators in Tospoanien Conifers and in

netbors related 4o then, v

4 yord need be snid about the torminclogy uood in the follouing domeriptions of
chromogoreg. Median end submedion chromogormes ave those that have equel or unequel
arms respeotively. Chromosores are dosigonted subterminal whon the sscond erxm ie
short hoving tho same diemeter ag the distal arm, Thoy are Sterminal® whon the
proxivel erm is mimbte and scareoly vigible ds in Pofocorzmg sindne or when the
chromosons is rod-lile with no visible seeond arm as in Dervdive Lronklinid.

1. Bgileeiodus sgploniifoling (lobill,) Beoklfs 2g = 18,

The gemus Phviloeladus was first cstablished By LC. Richerd (Con, 130,%.)
in 1826 and ecmpriges 6 specios which are distrituted in Tesmonis, New Zeanlend, the
Philippine Islands end Boynoo. The post digbinetive features of the whole gepus are
the flattened, ontire or lobed, lenfelile ronchlebs, the true leaves being reduted
40 omall epprogoed geales and the hmrd grall ooeds borne in short flegly reccptacles

at the mrgin of phyllecladon,

Peaonlepiifoling ecrmmenly colled "Celery top Pine” is mative to Tasmandn.

The dipleid chromesone ramber is 18 (Fig. l.). The homologous chromosoms could nob
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be gorted eut for vent of distinetlve moxphological features. lowover the foliocwing
9 poirs of chromescmes could be distingnished (Flg, 2). There is o suddon drop
in longth from B to € ond ancthor frem H 4o I, This justifics to somo exbond thelr

designation a5 long, npedium and short chromomongs.

dong. Chranoaouog

(1) 1 pair of chromosomes (A) with median or submedion constricticnss tho two

wnologons chromodgorss appeay to be & 15ttle unoqual in longths

{2) 1 poir of chromosomes with distinetly submedian constriebions (B)3

(3) 6 paire of chremosomes, 3 with modien (C; B, €) and 3 vith submedien
constriotions (B) F, B}t vhilo the mubmedion chromoscuos are distinct,
thore still vemalno a doubt whethsy some of the chromosomes describted as
median conid bo slightly culmedion$ cne palr appeavs to bo hetorancephle

2 i)
for tholr unequal primry conctrictions (F and P in Pig, 1)3

{4) 1 'Podr vith cubtormina) censtrictions (I)3 in some metaphases, tho short

pyoxizal orms worg found o bo uwnequal in lengbh.

The chromosozes in genorel are fairly long and are most unlike eny othor
Tapmanjan Conifer both in mwber ond novphology. A cleose scerubtiny has revealed thad
the lewyotype io agymmotrical in having o greater propordion of ombmedian chromoe
gones and a paip of modiun chromosonos (F“ and Fﬂ) with wnaqual primry constrietions,
Sueh long primary ctjmstrictions wore repcrhéd by Mohra nnd Khoshoo (1956) in
Widdeingrbonds covressaidas, whieh i eharactorised by o pair of chromosomos with
oxeaptionally long centromeric constrictions: Another important feutvure which has
porhaps a beoring on the gonewxal ovelution of the kawvyotypos in Conifers ls the

unequal proxizal arms of tho shorb chromeseros (1) somotices observed in Botophagos,
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prosumchly dus bo sepmental interchonge botween two homologous ehromosomes. That

folins is an ivtercabing foct Yo nols.

2. DIhoroopboors haokeriong Hook.f. non Archer {3g = 26).

The pomis Fhorganbocin, fivet established by Archer in Hooker's Journzl
of Botany in 1850, ig much confounded in taxonomic litersture amd io peparded ng

clogely allied to Joamndiun,. It 1o rostricted to two gpeties, nemoly Bl Hockerians

The former is on endemic ©o Tesmanda, ccourring in alping

and Ba. Sibereralds
rogions neay loko 5%. Cloir and Mb. Flold Saoh (3,500 = 4,500 £i.) and the lotior
on the Blue Mountains, West of Sydngy. The two spoclen differ b slightly in
their nbite

~

_ Pabonloriong :‘ié an croot, seh brovched shrub adtaining & helght of
1 = 245 moy and hoving leaves clostly iwbricnto, thick, very obltuoe, hoolad,
exranged in 4 or % rowg. The molo pones ave small, ovecd, tormined with suboeseilo
nicrogsporoptylla, which arve spivally arrvonged, The Femls eones are decurvod,
gmall, with 4 = € imbricote gealas, thiskened ob the base, acuminate ot the opow,

svule single cpatrepous to ohart with tub wltivately orthotropous.

Tho rool=tip colla of P, hopkarises shoved 26 chremosomes (Fig. 3. The

idiogranm consists of (Pige 4)s

(1) 2 poirs of lenp chromoscmes, onmo with terninal (4) and the obher vith

subnedien conotrictions (B)3

{2) 11 paivs of chromoscmes, of which one with submedion (F) and the root
with termiral constrietiong’ all theoo chow o prodation in longbhs the

lzst pair (M) 1o % the longth of the thizd puir (G).

Such a chrenoscome complewcnt bears a closo resemblance o that of Docrvding
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Srepklipdi, both in size ond general morpholepy of chromesones. De hookeriong
with 26 and Morvdine Sronklindd with 0 sometie chromosomss aro however tobally

divergends From the point of view of nuoher alone, IR

poophaass 49 wedauo
apeng Pedocarpaceasy none of which , as foy a9 our hnovledge goos, ore
characterised by 26 sometic chyomoscmes. The significance of this chronosoms

complomeont will be diseussed Inter in this popor,

hyern Getyorons (Hook,) Hook.fe (2p = ),

wnghrva ostablished ty Hooksy 4n 1845 (MG Babe vola Ivy Da 150)

is a monobtypie penus, whish ceours in alpine situstions op the suredd of
Yootern ond Seubh Wostom renge snd Contral Plateaw of Teprania {3,500 -
4500 £4.) in exposed ridees and web moows. It hme mch in common vibh the
copnate gonera, 1ike Msalmn, Zhexosrhsers and Docrydinp end is mch confused
with them.

Mgrocaghrys folrasog 18 & prostrate shrub with f-englod, whip-like
‘branchlobu? the lesves sve small,imbricate, keoled and arranged In 4 rowsi mmle
oomeps are tevnmimal, oval ulth 20 or move stanmong’ female cones tovminnl, epg
ghepod with 20 = 28 fortilec scnles, apirally inbwicote, bright red ond '
trangluoent’ the invertod ovules are onveloped by an intopument and partially

by an opimatiun? sceds have seerlet arils,
The chronogone sumbor ag could be dotermined in the root-3ip eclle io

P (Pigs 5)e The idiopram cenpists of (Fig. 6)s

{1) § poirs of chreoaosemes of approximtely the sere size, 4 uith
submedian (4, B, G, D) and 1 with oither medien or subuodian

congtrietions (B)s
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{2) 10 poirs with terminol ecnstrietions (F = 0)3 in &1l these

ehronopomss the chort proxiwmsl arms arvo simta’ ocut of those, ths
smallost pair (0) is satolliveds the satollites are prominont ond are
attached to the chort arms (?) which are not visible at 0lls the
sehollitos conld bo dlotinpuished from the short prosimel arms W
theiy rolotively largs sizo ard ere nsunlly ceparated frem the
chromosens by Loirly lomg SAT-throsds: cn the eonbrayy the short

proximal orme avs very clogso to the long distel armo.

Compared with othor Tespenisn Gonifors, the elromoscmes of Higreonchreg
retiopons are vory small, porhops smallost in oll Conifory Imoim eyhbolegically.
The sherbest palr is approdmetely half of the longest chromoscoms and in bobtween
thage two oxbromities thore 4a an imporcoptoble pradetion in the leongbhs of the
differeont ohromosomss. To & great extent,; this is true of nervdinvn Sronklinid
(23 = D) toos Karyologleally Migrcouchrys ietrngons hes mch in common with
Baervdiun feonldinii.

Whan the root=tips ars trected with 0.5% eolehicine selutien for 2 hours
Lollowed by encther trootment with 0,00 S-lydroxyquinoling for tho somo
duration, Mieroeschrva tetrorona ohows peculior "roductionsl grounings® (ofe
Hughing, 1948). In Fig.7;tén chremesomes are ab ono pole and 20 g% the obhow.

The two groups are bridged by & chrononons.

Sindlar casos heve beem reported by othor workers during Cenitosis. The
"dioturbed mitosls” of Nybon and Knutesen (1947), the "psedo-cnaphase” of
Witlus and Borger (1944), the "oxpleded meiophese® of Bavber ond Callan (1943)
and the irduced "reducticn groupings® roported by Musking (1948) and his co-vorkers

after o treatmont with sodium nuelcete (1 = 4%) simlate the eondibion doseribed
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for Worcoaohryg tatyaropse It ic interssting that in the rnrogont casey treatment
with two difforent chomdenls is needed %o induce o condidion vhich resenbles
the soe=callod "reduction groupings® roported hy Huekins (1948)s When the roots

are treated with oither of the chenicalg, no sueh phenomenon was noteds

The wost important couse for such a phenomencn ir Migrooachyvs appears o bo
a change in ths viseosilty of the cyboplasn both by colehicing and mcpﬁ.ﬁ@lﬁine.
Thip wenld facilitote passive movemomt of tho chromssomes. DBven if the controneres
of the Cepoirs vers to be aotiveo, it is improbableo do imepine the existonce of
an "active imporfoet opindie! (Witkens snd Borger, 1944) or a controsoms epindlo
(Burbor ond Onllen, 1943) in Moroonohrvg ofter o troatmont with colehicine of
high eoncentrotion. Ionce any explonation which luvelves the activilty of the
centronore and the spindle mechoniom met be discarded, The only pospible
aexplenstion would be a psesive movenent of the U=pairs to the 2 onds due to the
tranoverse forces in the spindle tactold, the particles of which puch the chironge

*

scmes bo oppogite reglong. This leads vo the formatlon of 2 groupa with vorisble
numboy of chropogozmes. Tho cxdstoncs of Srangverse foreos has boen propounded
by "Ustorgron (1945) and it is telisved that they ave not dostroyed sfter

ccichieine treatvont in Micpoeachrvg.

be Diexvdiyn franklinid Fook.f, (23 = %)“

The gormo Doorvdiup vith about 20 gpecics finds o distribubticon in Chile,
New Zenland, Teorania end Malayeis, Dafyopldindd pom}.ariy called Bucn Ping
ig endenie to Togmonie. The ' troe atining 2 holght of ebocut 100 £4,, and yiclds
ong of Tasmania’s Pinest timbers. The bransiulebs are ponduleus, with very small,

imtzricoto and closely appressed leaves arrenged in 4 or 5 vous. Yolo eones ave
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ecylindrical ond termingl, The fomnls cdones are small, terminal and decurved,
with 8 = 10 fortile senles. As 1o tho case with Migroohohrve istrorong, the
ovule is surraumnded by an immer integumont and partislly by an opimstium,

The ovule is neorly croet at maturity (Sahni, 1921 p. 290) like D cupvossimum,
Do dnkormeding and L colenpol. It rosenbles Fhorgsrbogm in having o nearly

eract ovule.

In the sotatic motaphaso, thors ave ) ohromosemos (Pige fe). Tn vootetins
trented with 0.5% eolehicine, eonsidornble vardation dn the clrcmosome mzbor
wap ercountered {2p = 22, 26, A end 2). ‘&w gueh abnorsal motaphnge with 2
chrogogomes ie mpresanted\in 8bs Tho mest frequont nusber is 0. The idiogvon

consigts of (Fip. 2)3
(1) 1 pade of chromosomes vith mitmedian or subterminal sonstrictions (A)s

(2) 13 poivs of chromosenos, 4 poirs with suloedien consivieticns (E,
F, B, J) and 9 pairs vith tormined econstrietions (B, C, B, G, I, &
L, My )3 tho dotelike very shoyt prosinal arms sro visible on:& in
ono pulr (D) end in the rest they ave nobt visible’ it is possible that

thoy may bo estellited chromoscest
(3) 1 peir of ohort chromosomss also with terminal constrictions (0),

I% is pertinont Yo montion hore that vhile thero 1s no dimbinction botwocen
ieng endrodinm=giged chronosores, one shord pair conld howover be picked oub,
In othor words, while all the ehromosczes from A to N morge imperceptably into
one anothor, there is a sudden drop from the chromosowe N to the chromoscre O
Thero ore neithsr setellited chromosomes (%) nor chromosomos with cecondowy
eonstrictionn, Dut for the sige of the chromosomes, the coamploment of

oryding fropilindl is almost ginilar to that of Micrpeaghkvs leleazonie
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Ividonce for sepmentel interchongs without awy chango in thoe ehromosone

« One chromgsoms paly (morked

mipboyr has been found in Do
&' and AY In Fig. §8) 6 clearly uroquel. It is difficult ©o predict whother
thoy sro homclogous or non-honclopous chromosemes. The rost of the chronosoues
in the ccanldenent appoay to hove romained unchangod and ecemld be sorted oub iunto
vogpeotive homologous palrs. Honee A' apd Aﬁ In gqucotion ave probably homolopous.
The unaquality of thoir lonpth is cxplicabilo on tho sceumpbion thet A trenslees

’
ated o plece to 8

5. Podechrugs aluing Hook.f. (2p = 3).

The gomup Padeocayme is by fog the largest vbd nost videly distributed of
the Podeocorpocene. It conslsts of abaut 60 specios vhich chow mich diversity
of stineture in its various gpeclos and evo distribubted thronghout wost of the
Southern Hemisphere and iv India, Chins and the West Indog. It 1s divided inde
4 main subgonera on the charester of the Yemle ctrobitus (Pilger, 19263 Wilde
1924). They ares Fupodocarpus, Stochycarpus, Negein ond Dueryearpus. Duehhols

and Gray (1948) hovever have given o differont seheue of classifieation,

sodegarmig adoips io o mch bronched louw straggling shrub, growing in alpine
and subsipine elevations in Victorle snd Toomonie {3,000 = 4,500 £t.), Flants
groving in higher altiitudes becomo stunted and heathelike, Tho loaves ars
1

longt mle eonds arc solitory

Bfs

erowded, linear, straight, blunt or coute i -
in the axil of the upper leavens or 3 or 4 oo the chort axilinyy bronchest the
fomzele coene 1o solitary on the exilileoyy braopehes’ the wips sesd is covered with

& proepishebilael cwiliforons senlo.

Fips. 10 and 13 show the pomatle metophoges with B chyowmogones, The

idiogren (Fig., 12) shows thot the chronoscmes are net differentisted into long
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nodiun end chord checronomos. 411 the chronoscnos aro charactorized by terminal
constrictions. OChe poir ip satolliteds The sntellites aro probably cttached
to the short promimal orme, which aro not visible ab ally In fact, the short
proxizal arms in other chromoscnos teo arc not vigible in 2ll the metochases
{eompare figs. 10, 8, 11). Very few scrotieally deubled cells wers cboorved
dogpite tho fact thnt the roota ary treated with a fairly Wigh concortration

of colohicino {(0.5%).

CUPRESSACEAE
Cupreszacesc 1g represented by Cpliliris ond Diselme in Tagmenia. The penus

Callitxnig with about 20 speeien is wholly confined to Australia and Hew
Caledonin. O, taspenies snd G, chlones ave the oply two spocies thot cccur in
Tagranio, The former is abundant on the cast coast from Propsor River to
Elephant Pogs in Tasmonin ond owtends ite ronge up do 5. fustralia, Vietoria
and HaSJle 0, oblonen ig & leosal endendc on the bhanks of Scuth Egk River ncer

 lounceston end Avoea.

Dallimore and Jaekoon (1948) distingmished Ga rhorboiden Re Yrown with
vory smzll bwicht greon leaves fron Qo kogmapics with lorpe and coarser lenvode
Howevery Ce.xhonboidne is generally treated ap syncuymous with G Sasponics.

follitrin hos vecedved very 1itdle cytological ettonbion. Culline (frem
Parlingbon ond Wylie, 1955) roported the somabic chromosome mumbsr of C.dageanics
(= G, zhorhoidnlis) as 22, Mehra ond Xhoshoo (1956) described the lkaryotypes of
seven specios Gallitzle nemely, C. caleorols, G onoropsiformis (= G..zhomboides),
Cogionea, Ce.morxisond, Sezzopingues Lexobusis end Q. yomuegss. ALl have

escontially the come kmryotype vith 22 pomatle chromosomes. The chromosones
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ape neither medisn or subnedian and one palr hawe gecondery congtrictions. The

longbh of the sceocndavy constrictiong is variable and so the diotel sogmonts oud

off by thoe secondary constrictions. Tho secondary censtrictions iwm
158, Oeglounes ond G prooinomas ave deseribed as "incenspicucus®.

Ge Collityis kogrenico (Benth.) Beler & Smith. (2g = 22),

Callitmis Losranien in o tell pryvamidel treo which usually otdaine o height
of 7 soters, mély rveaching 14 me The leaves gre in vhorls of %, loss thon 1 om.
dong, elesdly pressod to the branchlets moling then anpgleds The malo cones ave
emall, terminal, cylindrical, coch seale with 3 pollen ssess %The fomele cones ore
elustored on short brapchlebs, spherical; 1.2 = 1.8 oms in dlomster, & rhogboidal

thick ceales, in vhorlds of 3 eaeh, with central coluiceila.

The diploid chrenoscms mumber 18 22 (Pige 20), The hemologous chronoscnos
ecnid bo sorted cut with considerable difficully due to %hé abgenees of disbined
uerphologieal features, The idlogramn {Fig, 21) shows the following chremosonan in

descending crdor of their lemethps

(1) Thrvae puivs of chromosowes with disbinetly submedien consbrietions

(4, B, )3

(2) ome padr of chronosomes with modian or slightly sutwedisn censtrictions
(0)s

(3) one pair of chromosomes with submedisn constrictions (B)s

{4) one poir of chromoscnos with modion comstrictions (F)3

(5) ous pair of chromosomes with distihetly subwedion comptricticns (G)s

{6) noxt in ovder comos the pair of chromesomos with o medisn primery

constriction and o oubterminnl sceondory eenstricticn ()3



{7) one pair of chromosermos with o medion or slightly submedion constrictions
(I)s

(8) two pairs of chromesoros with eubredisr constrictions (J, K.

Ag pointed cut alwveady, the chromogemes ghow o gradusl gradsticn in loapth
and the 1lth poir is % the longbh of the first peir. In opite of the faet tad o
large number of nmebaphosen were ohserved, no sign of structural chonges eouid
be debected in the specier, Only in some mobaphasen, the secondary constrichtlons
vers of unoguel lengbhs in the homologous chrovmoscnes, the significance of which

ie nob eleaxly undorotood. This was cortainly nob &ie to the forsshortening of

tho chroogonoda.

7o Caoblonps BPieh (2p = 22)
Caoblonm 4o similor 4o Co toomnien in all egsential respects, owoept for

the zpech branches and gliinticcl sced sgeales, which are parrcow and blunt at the

apex, vhore & omall bterminal projection iz located.

It io chaweterined by 22 chremosomes in tho root=bip cells. (Fige 13),
ag ig the cose with Q. togmrdan. Tho idiogran reprosented in Pig. 19 is alnoot
gimilor to that of G kasmanias.

. Two plenmts apart from othere roceived r detailed consideration during the
prosont shudy end they are remarkoble for illusbroting the giructural clonges
poasible in the spoeles. iktmmmﬂ was mihly fecussed on a polr of chromoscmes
with cocondary consbtrictions in relation %o other chromopomos in tho complomenta
Strikingly encugh, the chromcgomes with secondary constriciions are hebercmorphic

for thelr leugths (Figs. 16, 17 und 138). Scme times only tho sceondarily



16,

ecnptricted chromosomes are offected when other chronoserss remined constant
o8 far as tho prosent obsorvations go (Fige 18). At cthor times o veristion in
the lengih of any one of tho SAT=chyronosomes ig agsocicted with an altoratien in
the morphology of tho othor chvomosemes in tho complement. Two suchmses are
illugtrated in Pigs, 14 and 15 and the offected chrouogomes are blackened. In
Pig. 34, omo nen~nucloar chromosome hoo lest @ pilces and it is trepsiceated wo
ono of the SAlachromcscmes., Suoh o conslusiod is cupported by tho foet that no

other chremcscore in tho complement geems to be visibly cltered inelnding thoe
secord SAT=-glomosone. In FPige 15 in acddition to suoh o change, there ig e
fragrent and the btotel mmbor of bodies ineluding the fragmentis 22, In other
words, £ nonenzcleolay chroposomes have mffored o structural ehonge in this

netorhaso.

A1l theso ave of the nature of segnontal intorebange, in homologous and
norhemologens chromopomes. Navashin (19%) reported spontenocus structurel changos
in Greplg, oome of which vore translooationse. Morgom (199) dizeussed somatie
oxehanpes in Drosophiln. Jones (1937, 193) adduced genstic evidenco to ghow that
nonhemologons Interchongos are possible in the endospersn of maizes Translecetions
in the gometie tisoueos of the typo describad above in Ggllidvis are muinly due
to tho following rensonp. fAccidertal ontangloment of olwonocomes during prophosos
provide oppertunibtios for interchanges, {(Inrlingbon, 1931). Seorotimos brealnpges
ere folleared by funions of Lroken ends rosulting in seguental interchanges. Whed
3o of intevest in Golliiris chlgiga 10 that in o mejority of cases, transicoation
is confined to chvomosomes with sscondary comstrictions, indiesting thet homoe
logous broaks and fusions cvo woro frogent than the nonhomologous cnes. Whother
it 19 homologmas or nophomeologond, the trangleestion is cenfined %o the long distnl

eros of the SAT- ehromosomes, showing therely that this gpocles is an example of
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localised brookages ond fusicng for which the SAT-chromoscmen ore particulorly
suscoptable. Gdlos (1940) reported locelisation of bropkago in roglons proximal
to the centyomeve in Tradogenntin. Mehra and Khoshoo (1956} not enly revorted
voeriotion in the longth of gscondaxy eongirietiona (mmg&ﬁg from "inconspicucngt
%0 very mch oxapgerated) Wb aldge o verlation in the length of the distal
sogmonts cul off Wy thoso cegendary constrictions in differont spocies of Cullitxds
This oituation appears to bo similar to the voristien in the longth of distel

ermg of thoe come type of chromosomea in Qo ghlonea, Thero appoars to beevery
rousen to believe that tho voriotions reported by Meura and Kheshoo (19%56) awe

brought obout by segrental interchanges.

Sowe of thesge structurcl chonges plive an insight into the possitlo mechanisn

of igolation and intorspeeific storility and honce the mede of opipgin of new
species of Gollitrie in portieulor apsd Oupresgncous in gonerals In the Light of
agvidence prosonted above, 1t osens elear that most of the specles of Gollditzips
have crlginoted cn accound of extensivo ropotterning of clwcuosomes. FPorhops

in Gpllitrin it is o method by meanc of vyhich nev spocles could orlginato withoud
any mumorical unbalance. I only requircs a careful study to elucidate these
chonges, Thot such ohenpes both otruetural and yamerienl ore possible at o
population level is aﬁmiz;ably iliustrated by lolgnormus in vhich 14 populstiong
bolonging %0 4 specion exhibit oxtensive shanges in chrososce mupbor and

morphology, vhich wers attrilmted to sogrental inberchanges (Cloussn, 1951}

8, Digelrs oxchaxd Fook.f. (2p = 22),

Digelns i3 o nponotypic pomms endende to Tosmanis, groving ab alpine and
subalpine olevations of Contral Plateou, Veal Coast Renpes end Iske S5%. Clair
(3,500 = 24,500 £4.). It is on ovect, meh branched, dloseicus shrub (5 = 20 £4.),

gompact in eortain situsticons. The loaves are wmimute, seale=like, clopely
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spprecand, iobricato, oppositc docussato meking tho bronehes 4-ungleds The mole
aones are omedl, tesmimnl vith ctoreng in 3 o 4 poirs.e The femnle oonsg are
politory, bterednal with 2 podrs of sealos, the uppor pair with 2 fPhreo-winged

aeods,

Fige 22 reprogonts a soretie metephage showing 22 chronosonns. The ohiopicw
gome Tushor 18 foirly ecommlant in different collip of the reots. A fow oxecoptions
woys howover noted end cne suchomes Sz voprocented 4n Fige 24, which shows 19
chronoscmets Ohroncsones in the 1diogron (Flge 23) are deseribed belew acconiing

o the deoconding order of thair longthes

(1) Tuo podrs of ohromosorcs, one with wodlan (4) cad the othor with
gubtodisn eonpbrioticns (B)s

{2) one poie of chrencoomos with o medinn priveey cdpstriction and a
mbtorpinnl sepondory conctrletion (€)3 o emll gromleor body is losated
in the sccondazy ecnstrictichy

{3) ono pair of chromescoos with medion constrieticns (B)%

(2} opo poie of ohromessues with distinetly submedinn constrictionn (B)3

(5) 3 podrs of chroncsoren with modion eonateictione (F, G, M)s

(6) two poivs of chrovoscnes with sulmodien comstrietions (X, J)3

(7) cno pair of olwemooemos with o medSen consteiotion (K).

I% noed not bo overemphngisod thot the ehvowoscns compleneont of Dlaalin
Sxohord 1o typieal of Cuprosscecno with Htlo or no varistion in tho sise of the
difforent chromooomes. In foct cueh ochromesore type is oimllar to thoso of the
o opecice of Lodditeiy desoribed dn this popows It howevor dlffors from any
Cupressacooe Imown go far eytologically in tho siructuze of tho chramosons uwith

it . o A « « -
"sovondary conagtriction, vhich is vrmusmnl in having o gromule in 1. Tho modo of
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origin and jis sigpificanco in the systemetics of Digalrme will to discussed lator
in this papore Clozmely csugecisted with this fact is the shift im i%s positichn
in tho idiopram when corpaved with G tospopien and G, oblonen. Relatively the
chremosomes with seeondary conctrictions ave much longer in Baosira then ulind

they are in the kmryolype of Cellilris spetieg.

TAXODIACEAE
Tho gerus Sthrvotowdd io on endenie T&m&&i&n gorus of the family Taxodiacene.

It is reprosonted by thves apecies mme:i:}, Ao solamineidas, AL cunrogsoldas and
A, Jdozifolin, which grow on the central Plateau along the northe-uost and soubhe
enst morging and Mb. Tleld ranpes ab on albtlbuds of 3,000 « 4,200 £%,
Serdasinoidag is frequent in localitles wheve there is high roinfalls
Ascunrendaidon 3o common round lakes and in wob seolle Al lnzifolis is rove and

is usually found as iscloted trees near ons or both the obhor gpocics.

To add to this fecet of distribution A lozifoiin is intovmediate in the pizo
of leaves and coned betveen the othor two specles. This hag led the toxonomiots

to poptulnte thab A. Jdogifolis io a hybrld bobween A. sologingidos and

, Culiine (1952) has chewm thet 21l the 3 specios have tho samo

curppeanidan,

chremosene mubor (g = 22), thot molosis is normel and that the chinsms.
froquency is nobt significantly different In them. The pollen grains appeay norml
in all tho opeeies. This onthor in obhsr words could not produes any pogitive
cvidenco 4o show that A, Jozifolio 48 o hybridi The following ig a dobteiled
analyolis of the lnyyotypos of the three opeclioas with o vicw to undovstonding if

pogaible the hybrdd origin of A, Jo=ifeolin,

9. A..gelogineidag Poen. (g = 22).

Commenly mown ag "Ring Willism Pine', L..0 ingiden is o t2ll tree
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{obout 100 £h.) with largs, bread, lonee-shaped , loothery, sharp pointed,
inenrved loosely arranged, ‘e;md irbricate lcaves. The femule conos sre sphexdcal,
largest in the genus, % - "Z cerosg, the cone scales thiek, woody, ending in o

spinoelilke procosce

The somatie shromosome muber is 22 end is in confermity with the voport of
Guilino (1992). This spocios os well os othorn eve charactevdsed by the larpest
shromosomes g0 fap ercoumtored in Tasmonien Conifers. They show eoensiderabis
foroshortening and in wll spoced meotaphesen the following clwromcsons types awd

clocr (Fig. 26).

.3
E4 NN H

(1) cne poir of chremosemsa vith meddan or siightly submedion censbrictlons
(a)s

{2) seven pairs of chromosemes, oub of which 4 paivrs are oubmedien

(B, b, ¥, H) and three with median congtrietions (G, B, G)s

(3) one pair of chromoscmes with alnost modian or subwedian primayy
eonstrictions and o subterninsl seéondnyy constrictions (I)3

(2) cmo poir of chromosomes with modion constrictions (J)3
{5) cno pair of chromosomes with distinetly subumedien constrictions (k).

The oversll sgisze variotions in the chromcsomes in nob well marked as to
Juetify their elgseifiecotion into long, wedium and shovt chremoscmes. But It hog
boen rosorted to not cnly for the sake of deseriptive conveniones hut also for

comparigen vith other species. %Tho short chromosones are % the sige of the lomg
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chromosonss.

(10) resgol Bone (2p = 22).

The Pencil Pine (L. gupressoldes) is 2 moderately tell tree; attaining o
height of 20 = 40 ft. The loaves are very small, 1/8" long, closely appressed
imbricato, rhomboid-ovato, thick, kecled and binnt at the apex. The sesd coneg
are spherieal, seale woody with a vwedge-shaped base and rounded apex., It has

o spine-like process on the ocuter sids.

The somatic chromoscre mimber is 22 (Fig. 29), Tho idiogrem consists of
(Fig- 33)0
Jong chromogonen?

{1) ono pair of chromosomes with a medion constrietions (4)3

(2) two peirs of chromosomes with median constrictions (B, I)3

(3) four pairva of chromosomes with distinet submedisn constrictions

{¢c, D, B, J)3

(4) two pairg of chromosomas with either msdian or submedian constrictions

(r, 6);

(5) one pair of chromosomes with one submedlon primary and a subterminal
tecondary constrictions (H): of the three segmonts, the middle segmond

appsars to be the longest in some metaphases.
Shext chromosopess
(6) one poir of chromosomes with o distinetly submedimn constriction (K).

In the idiogram, thove is o sudden drop from A to B and again another drop f£rom
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J 40 K, This spocies hos only one shovh pair of chroposomen unlike 3, golavinaides

which it roscmbles in all obher reapoati.

The Imryotypo of Ao cuprosacidey ie dnberesting in soveral other vespeotse
The long chronosome pair { A) and o mediumesised chrowcsome (G) did not find
a nopphologleally aimiler partnor in dhe metophnse represented in Fige 29, The
suppesed honologue of 2" is aMitle gmllor in sie (Aﬂ). This has boon found
eonpiotently in all the well {lotiencd retaphroses observed during tho prosont
investigation leading cne to think thot pérhaps it has o oharectoristic foature of
the spoeies or the throe plants under invogtigation. In ths case of the chremos
80mas G‘ and Gﬂ (Fig. 29), uhich ore suppossd o be hemologoug, o similar
sltuation proviilss tut it ecould not bo verified conslstently in all ths
tetaphages, On the wholo it rust be adumitted thab it proved wory difficult to
sort wut the hemologous ehzmoé@mas in' this gpecicese Yhot has been s2id uvith
rogard to thogo twe pairs moy aloe be drue of other poirsg but thoy cseaped nobiece

during the pregent study.

(11) A.dowifelin ook, (2g = 22).

f.dozifolln in o tvee of 25 - D £, Tho loaves ars lerger und loss elosely
rressod, slightly cprocding vith the apex incuyveds. It rogeubles cleosely the

other two gpoclos and ip regovded as a hybweid betvwoon them.

Fige 27 roprosents tho saxntie chromogono complemont with 22 chromosonod.

The idiogranm consiste of (Fig. 28)¢

(1) nive pairs of ehronosomes with median or submodien congtrictions

(4, B, C, D, E, Fy G, 11, 3)¢

(2) one pair of ehromoseres with o median primary conatrichion and 2

subtorninel scoondory constrichicn (I)s
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{3) one poir of chromoscnmos uith distinetly subzodicn constrietions (k).

A close study of the idicgran would ot onee suggest that the digtinction

betuoen tho lonp ond mediunesized chromosonos so distinet in the other twe spoeies

hos disappeared in Al dowifolin. 411 the chromopemes show o gradotiom onong
themgelves except for the last puir which corregponds to the short pair of tho
gthopr two #pecles. In Waving only one shopt pair of chromogomes, it resombles

mors As.Qunrensoidas than b, gala

oize do not throw any light on the kybrid origin ef this species, it is howaver

cinnidog. Although chronogeore morpholeogy ond

possible that it might hove o:f:igimte& o8 a hybrid end updergone further
structural ehangoe, as ovidenced by the laek of distinceticn botween the long

and mediun-siged chromosooos, which is echarceterigitic of the other twe apacies.
PINACGDAE,
(12) BPirwg rodinis  Don. (Montorey Pine). 2p = 24,

Pimg rodinia is eno of the 80 spedies of Pimg, vhich aro widely
distrituted in the northern hemdsphere, In Celifornia (Swonten, Monborcy and
Gombria), where it is rostricted to the hilly ground meor seo and In the Mexicon
Iglond of (madniupe, Monterey Pine is obill o wild treo Wit iu Tasmanis it is

plonted for itz sofb wood and io meh used in the refavestation of New Zoaland,
The Tacmanian forms argbhree leaved with agymmotricel eones, ovoid-conical
when eloged ard elrost ophorical whon opon,

The lkaryotype of Tosmanien Dirmg sadisits, as vevealed by the improved

squosh teshnicque, io as follouws?

(1) oleven pairs of long chromosonss with wedlen or submsdion constdetiong:

et of thess, 5 peirs sre choractorissd by cocondory constrictions’
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they show bobt 1ittle vardetion in lengbhs

(1i) one poir of short chromoscmes with distinetly oubmedian constrictionss
this polr i8 o 1itils more than hnlf or & I1itdtle loss 'bhem‘% of the

longest chramosome in the ecomplonente

Cortnin distinetive feoturcs of ths koryotyps of the Tesmonisn forms roquire
0 be mentioned hero. Anong the long chroposomos, 7 or B paivs appeay 4o be
submedion and the rost medion making the leryotype highly noymmetricel, although
it is difficult o verily this foet frop nony wmetaphases dus bo the foveshortens
ing of the ehrmosmr:us. Gn the whola, the chromescmercomplerent prozents o
characteristie appecrance with no satellites bub with o rothor high mmber ef
chromogonas having sceondary constrictions. The position of the sccondevy
congtrictions is approximately the some in four polvp of ehromosemos. It ip
locatod in & subnoedion pogidien to devide dhe sccend arm of each of these
ehronmosones inbo two uncgunl parite (‘% ] %) for the caks of descriptive
convenionce, this type i doscribed ap submodian socondory consbriction. In the
5th pair, howover, it 1o distinetly mubterminal cutbing off & amll knob=1ike pro-
ximal port fxon the rest of tho chromosoms, This podry appenrs to he heteroe
poyrphic for the lonpth of ita chromoscmes. It moy be true for pome other pairs
of chromogomeg ag well hut it cculd nob be decided in thexm for want of disbinetly
recomicable morphological charnetera, as is tho case with the 5th polr nenbicned

aboves

The foregoing description of tho kovyotype of P radinia i o little
different from that veported by Mohra and Khosheo (1956). VWhile the mwmber end
the relative longths of tho chromosomes have remuined elmost the seme, they differ
howaver in the mumber of sscondarily constricted chromosemss. The Tesrenisn

forns ghow 5 palrs end the Indian forms only 2¢ These tue pairs in the lotber
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are all subterninel typs unlike the Tagranion formg. Although the original
sonyce of tho Indian material 1o nob mentlcncd by Mehro and Khosheo (Ios. eib.),
it is a romviable focot thet sueh e divergence in the lmryolypo should cccur
within the same renge of species population prowing in twe different geographie
repions. The bearing of this haryologicnl differerca on the toxoncmy of the

species wlll be discussed lntar In thio paper.

o soBe of the netaphases in root-tips trestod with Philoroplucined, the
chronetide nre coen to bo mbjooted %o a steain botwosn the cendromers and the
point of separation, deseribed by Darlingten and Upeott (1041, Vide their text
figure 7) on Klingstedt offect, This is ohvicusly due to tho seriy lapse of
attrection ot tho contromeres and its delsy in the chromatids. This is opposite
of the Ue mitobic effeect, which rosults in X-shaped configurations. Ouricusly
enough, o sipilay situaticn gooms %0 provall even in the untrozted ondesperm
tissne of many Cenifers as rovealed by the fimures of Sax and Sax (1933). Hence

chemicals
the poosibility thzb it is dus to the action of / shenld be exeluded. Moy bo
vhat 1o on abnoymnlity vith regoed to the behavicur of the contromers in Anglos
sperma e of fraguont occurrence in Gymrosperms. It 18 poseiblo that the nmatuve
of contromore, to which tho behevicur of tho whole chromosore is intimately
cormottod, 48 & 1i%tlo different from that of Anglospoyms or that the chromatids
are c¢haracterised by more specific atlbrmnetiom than the contyemsye in this group
of plants, Howovdr, the brecksge atirimted to 1% by Davlingbon snd Upcotd
(loo._gitl) has not beon ohsorved in the root=tip colls although $t could be one
of the plausible ressons for fragmontation of chromcscomes in these plawnts, if %
ceenrs ot alls The sponteneous chiromogons breakege in the cotyledons of 13 oub
of 20 gpecies of Rigug reperted by Tjio and leven '(1954) sy be explleable on thig
basis, Nondisjunction ns 2 possible scurce of varlotion among the gonova of

Pimaceas moy perhops be atiriluted to this attrastion of ehromotids. This will ho
digcupned later on in this paper.



264

V. DISCUSSIG

The geveral facchs of the c%ztsmnding phylogenstic and taxonomic problemg
rolating 4o Tooronion Conifers and the families to which they belong heve been
dopicted in the in‘tém“u@%ﬁ.m. The mirvey,although incemplete and skotehy in
itself, rovortheless shows that whils recognising the close relationship of Conifors
ad & vwhole, systemrtists have tended to mid familios ond genora nove and noro
conpach and homogonocus by gradunlly rising thelr stotus in their respective
schewes of clapsification, In 1887 all Conifers were kﬁo*em to belong %0 two orders
(Pincidens ond Toxoidons) but os more and morc Imowledgo abeud thoir ecomparative
morphology accumulnted thoy have beon somrogatod into 7 fomilice Yty Pilger (1926).
In 2 nore rocond elassifieation, Pulie (1937, 1933) rceopnisod 7 fomilies vhich
woro grouped into § mﬂdem\mmeﬁy, Amgcariales, Podoeornales, Finnlem, Cupregsaleg
and Texales. According to him, this weo done not vithout rueh hesitaticn og all
the 7 familios doserved the staing of orders. In othor womls, what was eonsideved
ag a tribe by Hichler in 1887 haz now been glven the gtatus of an order by Pulle
(loc. gibs)s  This point has a perticulsr hearing on the onsuing discussicon
porbaining to the eybotexonony and phylogeny of Tasmanian Conifers snd it has not

been critically oxnmined so fur in the light of lmwyology.

Thot an oldeidoticon of some of tho aybotaxeonomic and plylegenctic probilems
in Condfors is in-gight stoms from o voriety of reasons. Coumparative Imwyolegy
hag rovenied that o correlation exists betvesn the major toxonomic groupings
and theliy chromoascres. Tho fomilien are essentiolly menophylotie uith o charnote-

eristic oingle base mumbor. Tho fow emceptions are the helerogenous Pedeearpneoas,
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Pucdotanes and Poedolarix (p = 11) of Abietecene (g = 12) ond Sgindopitys

| (g = 10) of Taxodicceas (g = 11). 4 timo may come when Dgndotouss snd Poedolowis
will ke renoved fyvom Ablotacese to male the fardily hoemogepeous, just ap
Hoyata (1931) erected o fonily ‘ for tho endemic Sgindondtve varkicillntn

and vomoved it fron Toxodinecas,

The differcntintion of gonore is 4o & larse oxbent cssoeistod vwith differences
in chromoscns worphology due wootly to segmontel interehonge apd do o leoser
cxbent to other structural changes like Ffragmontetion and fugion, The mvyctypes
within genora have remained censtant within rensonable limiks exespt iwn sueh
large genere lilke Podopormma and Pirms. This foct londs eupport 1o the view that
spoeiation wms ontively based on gene mutationn in a wvast majority of Conifor
sponiass ;?c:»iy'g}laic}:{ yhioh tends to oboeuve the interrclationahipse of genera and
opeeies is raro or totally absont in scme families oven In such lorge genora ug
Pedopnrig with wide range of chromosoms mumborg. Absenco of polyploidy and the
stebility of chromosome ranbers ars functions in the lengths of their lifo cyele,
Tho stability of the chramosowe mwhers in Conifcrs could be traced back to the
Palagozolc poricde J‘.T.i‘ 80, chronogones wonld certainly como to the aid of the
tazencnistg, whose ultimote aim f8 to coek plylogonetic volaticomships in Candfors.
In the words of Dayldngbon (1956)3 "The chromeoomes provide us with 2 recoxd of
the past, a living record, sienificont in & swrprisincly . sinlisr way to the dead

rooord, vhich fogeils provide to ths palommtologlct®.

If the above mentioned cybolopienl facts poverning the evolutionary tondernvics
in Conifors end their pattern of pest ond present dlstribution (Flovin, 1940)

form the working hypothesis, the interreluticnships of Tasconian Conifers in tho
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1ipght of their cyiology conld be undorstood with o fair degree of cortainty.

t phouid however ke remopbored thot modern gonore nogtly of ¢ relie nﬁwm,
with o zegg of cross resomblonces are likely to show copplex relotionship emong
thonosolves ond that e cortaln bread-sindeduness is neceseary for ony recdonvble
deducticns of their phylozenetie tendonolcs. Positive assortions with regard %o
putative phylogeny of the Conifer fomilies nnd geners are owbremely difficult

and somebirzos even prove crronesus on acecunt of porellel and eonvorgont svoluiionde
Difforont organs havo evelved ot difforont vobeos in Coniferg. Some of tho genora
rotaining thoir reindtive traits have bocoms incronpingly specialiced dn different
ways. HNot withstanding this fnet, o eritieal ovalustion of morpholopical,
eytolopical ond distributional data may go oy towards polving tho problems of
intevrolationghips in Tegimninn Conlfers, The following discussicon is confined

only to Podosarpacene, Pinocese, Tomediaccae and Cupressacasa,
PORIGARPECEAD
Pedecarpaesas, widchis mostly reciricted $o Southorn Hemisphers, incindes

E;’%g ﬁmﬂﬁmaga ) al iy 5 Eggggzzszﬁsghﬂiﬂa’%, ? }T‘mﬂ?m‘a“
and Podetorrugs It 1o penernlly reparded oo o cleorly dofined fomlly dospite the

& gonera, narely Suzeecthoes

faet thet the difforent gonera chow considernble divorsity in tholr morphological

orgenisation.

In conneobion with its plylogeny and effinities with other Conifors, thors
ave prirarily two ochools of thonght. Thomsen (1208), Tisan (1909), Stiles

(1908, 19312) and othors envisage tho origin of Pedocarpaceae from ﬁ{g@mr&acem
N



theough such gonera ae Sguorothnon end Miorosaehrva, whieh bear o strong
resorbloreo 0 thes in tho structurs of the femcle cone, the vaseulay anatomy

of the cwalifercous scale, the strcture of the ovule and the developmend of the
rale marotophyte. According to this view, some gpocies of Doorwdiop oend o1l
epocios of Polpesyrng nre advanced, Thig view wns acoepbed by Salin (1921) with
winor chonges in tho intervelotionship of the gonerae v the othor hand, Sinnoth
(1913) expresced o dlonetrieslly opposite view and rogerded Podocormug e the nost
privitive nmember of the family from which Sozecobhena. lorocoghrve end Bharoophoora
are derived and advanceds Sirobull as indicators of phylogengtic treonds hove boen
rajeeted by Simnott who dorived Podeenypacene, Arouncariscecae and possibly
Texcocoe fron Abiotncecus stock some whot on paralleld lines of aseont. Chhow
schones of phylogeny of Podocaypacons have boen drawn (Tuichinsen, 1924} am?. the
Interreistionsghip of tho difforent penere have been diewgs&d dn the light of

difforont typos of data (Deyle cnd Xooky, 1993 Doyle, 1945).

Tho overall eytologicel pleture based on tho already pubiished resulte and
those mthored during the prosgont investigaticn no doubt ropletes o undtary nature
of Fodocarpaceng, All tho gomers ard choroeteorised by medivmesized clivencsomes
with oithor medion or submedizn op torminal chromosomese The prosense of terminal
chromosenog ionarts o charactoristic appesvancs to the karyetype of Podecarpacsus,
In keeping with the groat morphologleal diversity, the family exhibits a divorsity
in ehromogono number and sevoral bace munmbers vepvegeuting differont lines of
evolubion from & common ancastor have come into exintense. In all those lines,
2lzg of the chromosonos has romoined vemarlnbly constent and henee ih is o measure

of phylogonetie roletionship within tho fomily. A changs in size has rosulted



in ontopulling o now fomns and inltinting & new line of ovelution within the
fomily as in Hiepggachrys.

When censldered in the light of the broad cybologieal facts pressnted above,
dopihia and Arpycords with 9 pairs of median and submedion ond 4 peire of teorminal
chromosomes approech Podosarpacess in having the same chromosome types. I
probably iﬁ&icateé thot both wers derived from o common ancosbor, Tho ehromogoncs
of Podocarpaccae do.sean to disprove its Abliocecus descent (Sinnott, 1913) or its

derivation from Toxmoeeas (Fuatehinson, 1924).

The following discussicn, which is an integration of morphological and
Jmyyologlcal data on the Toasmanion Gonifers clearly indicates that Eglonnimng,
Boorvdinn ond Zhollociadua constltute three main lines of evolubien. ZFhylloelodus
ig renmctoly comneeted with tho othor two. The chroveosomes of this popus nch
‘c:nl'y provide unequivecal evidence towards this faet tut elso toke us bteek to the
ancegtral stogk from which Podocorpacens and Ta:seac@ayfieivwgada Morphologically
Bl loplodng regsonblos both these familieas. Furthermors cytology bas clsurly
indicated that Mlgrogoehres and Dhorogriviers belong to the lime of doscent fram
which pervdiup also took its origine. Micropoeshyrs and Phoremplhners hosever
diverged carly from logrvlhin end developed ag independent and parallel nphyletic
linog, ench characterised by elthor a chengs in the gize of the chromosomes dus
to gerotypic chonges or & chonge in the chroposome mumbor. If one assumes the
existence of a gront scuthern lond mess, where the prirmdtive pedocarr "plewus”
flourished in the Megozoie poried, one conld as well imapgire the ewistence of one
braneh of this plewms, which rave rise to Ieorydinm. Mlerocacheva evdl Ehoroorhoora.
There appenra to be no doubt that Tasmenian Podecarpecene ars the end produects of
long evolubionary change adapted to the alpire conditionzg. Those old relice ave
endemic to Tasranis, just ag geme of the old vosselless dicotyledons cecur &g

sndemics in Now Calodonia.
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1o Fhylicedadus osplenidfoling (Iabill,) Hook,fe

EBryllosladng 1o an aberront gome with o poculisr extomnnl norphiolosy,
a maisﬁ.c"c;cd distrilution and a strange Juxtaposition of tuxian and podom
caypoan charcetorg,. It 1s tul nmaturnl thobt the systemctlc end piylogenciic
position of guch 2 genus chould give rise 1o o considoroble diepute, although
it is now gonerslly reallised Ly 21l modern taxonomists that 4% bears & nobural
raloticnahip 4o the other Pedocerpneens. Thirs controvergy io closely linked
uwith the sygtemtic position of Podocerpaceas 4tmelf, Tiwme wns when Podocarpe
acens and Taxseess wore ascoolnted togebhor in e ruch lavper family Tewscoas,
Sueh a grouping which dotes buek to Endlicher (1847) wes maintained ty Caulter
and Chomborlain (1901) end letor on by Pilger (1903). Pilger in hip monogveph
on Taxacene ploced the gemus Phylleglodus in o mub~family of its own, intere
nediate botweon Fodocarpoidese and Texoidene. Robertson (1906, 1907) after
a dotaliled considoration of goveral choracters of Elyllicelndus siplmms came to
the conclusion thot the view of Pilger more ncerly expreseed the truo relation-
ship of Phulloel=dug, althouph it showed & grontor affinidy to Podocarpoidens.
Gonsldering the weight of evidenes, Kildahl (1908) wns inelined 4o asoign
Phgllonlodup te Podosarpoddene and so Yammg (1910), The latter awthor considered
Ehyllociadng ap a prinitive momber of Podccarpinene and thabt it hvonched from
then at o comparatively shorl time after the soparntion of Podocarpoidene fram
Texinese, Following thio trend of thought, Pllgor (1926) reclapsified his
formor Texacene into Tawnecens proper and Podocarpacens, placing Phylleciodus

agein in ite own sub-fanily of Podocarpacena,
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The fundemental distincition botwosn Podocarpaccao and Taxnceae erbends to
both male and fomelo cones. In Tamecene he wale copep congist of polbote or
gubpoltate mlovogporcpkylls with 3« B mierosporangio in eontrust %o the simple
bioporangiate zammspz;mpwlh of Pedooorpacenss The toxion ovwle 1o erect and
lateral with tvo symmetrienl intepuents while the owile in Podocarpacgas is
ugually singley modizn and inverbted with their lnmer integument and on ocubex
intopuont partly enveloping the immer, It 58 hore the dispute with vogeed to
the gystematie position of Plmplicaladug aricos. Ite mole fruchification is
typloally podecorpoon walle its orect ovule with two gymmotriecl integumonts
allien it to Tammeese, Phyllecladng is scuthorn in disterilmticn 1ilke Podoe
corpacesc and the mange of distribution is like thot of Doerwding sithough

noro rogtiictods

Losozinted with these featurcs of fundamental distinetion, Phyllenlndna
bears a girong rosemblonce to Fedosarpmesad in heving twe winged pollen mimine
which are four nucisate at the time of shedding unlike the taxian pollen, & wolle
developed pegogpore mombrane, which is typieczl of all Gympesperas exeeph
Yaxaceza. Tho protogonists of the view that it should be includsd in Podow
corpasess strongly euphasise the presence of evanscendt prothaliial tissus in the
polien grains, vhich is the priuvitive charochter envoauntered in all Pedoonypaeeas.
On the contrary, the gyrmetrieanl arillus of Phvligeladus recalls Iasug oxcept
that 1t ig not sueonlent. Also it originates at the boce of the ovule as doss
in Texpige The cladedes of Phylleeladus contain centripetal wood, which is more
common 10 Teweceae thon in amy other Conifer (Worsdell, 1897). It has beon

found in the leafy cotyledom of Tamus and Canbplotaame (formerly included in



32e

Toxnceno) and in the eobyledons of Tpryevn ond Gepholotroms korniang. It is
2 primitive charactor gtill retoined in Phylloaladua. In additien Yo thiae faciy

the taxion pitting, which is o conbination of bearderod pits with gpiral and
gsealariform thickeniog, cecurs in Phylloniadug.

A eyteologlesl gtudy has reovealed that the chromosomsp of Dlmliceladng
aepleniifoling are not similar to ony of the modern Podocorpnceae, the gonorel
features of whlch ave clearly refiscted in the Imryotypes of Epdoneymms,
norydiun, Microcacheys and Dedepsrmma. They are usunlly charachterised ty
nediur-sized chremogones, with median or subuodion conctrictions and o proporie
ion of terminel chromosomes. On the other hand, the long chromoscres of
Phyilesladus sanlendifoline sre very similer to those of Toxus Boonln (Dork,
1923 Sox end Sax, 1933) and Lo cuspideta (Sax ond Sax, 393%) in having only
median and subiedion ehromosomes and a poir of subteyminal chromssomes. The
only point of differcnce is munkser. The presence of chromosomes similapy to those
of Taxncose in o gewug with a greater proporticn of Podocoypian charactors
veuld probebly mean Mharking back" to ite hypothotieal ancosior, vhich was the
starting point of modern Taxccese and Podoearpaceas, If Mes. Arber (Hiss
Robortson, 1906) was iupressed by cortain feeturce in which Plyliociadus seomod
to appronch Tasaosae rather then Podoenrprecae, it wes due to its Tasme-like

chyromosonoes.

Thus zorphological, cytologienl, and distrilutional datn tend to show thab
Ehpiipaladng ia en oberrent gonup ropregenting en ivdepondent tut parallel line |
of ovolutiocn, vhich requires an igolated nosition, if reteined in Pedogarpnseas
(Pilper, 1926). Iis cybology would evem go furthor 4o indicate that it dessrves
o family of ite own. It eould ho doseribed as a podocarp with Tomg-like

chremonoma, To derive Phorogohscrn from Plyilenlodug (Stiles, 1912) or
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vige yoren (Doyle end Loohy, 19%) implying affinity hetweon these two gonera
or to relute Decrydium with Phivlicelsdus (Sinmotd, 1913) wonld mesw negation

of aybological gvidonce proegsented in this papor.

2. Fherosphoora hookeriaps Hookl.fe non Archer.

The phylogonstic position of Phorosnhmers hoolmwdang in Fedocarpacess
hag boen an onigme bo the gysterntists. Not only its relotionship o tho other
gonera in tho family hos been variously intorpreied, its very inelusion in the
Panily bhas beon cuestioned. It wes oripginally assocloted with Dogrudium
b uas separated iy Archer in 1850 {ef. Groom, 1917). In his clossificotion
of Taracase (1903) awnd Podecarpacene (1926) Pilger accommedated tho gems in a
subfonily of its own rocognising severnl of ite unique chavactors. Stiles (1912)
rogarded Pharconhpern a8 elogely allied o Fhylleomiadus, in vwhich the oreeb
axillery pogition and the redueed strolmlus are duplicated. e dorived
Poylloelodus from Fherogrhoore. lowsen's work (1923) on the gametophytos of
this perms hag revenled a wenlth of deteil in which the mest importent chavaciers
likeo the phaonpg of ;32’04;115111&1 ecalls from the pollen grains and the Jolersl
posltion of archogonia exclude it from the Podesarp allionce. Iluwgon coneluded$
Wiho parotophybe structures ’mzei enbyye of Phorosphagrs, there are no ghructuras
vhich justify cur clossifying the genus apong Fodocorpacesse Ib boars no
essential roscmblonce to Dedosarmg, Jaaxrdiup, Micrgcoohryg, Soxegcibngs or
Pylicciadug®. In the light of sueh evidonee, it was not surprising that
uehholz (1933) erocted o now femlly Pherosphosracess eontzining only Phorosnh-
cape. Soxton (192)) however considored it as & menbor of Pedocsrpacone on the
bapis of anatomical cheractors snd the prosence of rool nodulesy tut on eceount
of 1ts peenlinrities in ovuler development, ths total aheoence of prothallial celld

in the polien pgroins and the erect auillary cmle with no epimotinm, he thought
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that "the retontion of Filger's subfanmily Phorosphocroideas within
Fodocarpeeeae to inclnde Fhoroaphsorp alone secms to be justified". Doyle and
Looky (19%) reporded Phorpgnhocrs as en aborrent genus in Podocorpacese and
“an advanced derivative of Phylloeiadus line". Doyle (1945) sbsoquently
advoented the view that it is clozely related o Migrneechryg. This view is
ginilar to that of Simnott (1913) vho dorived Elherasphaars from Microosohrys.
BEllictt (1948) brought forward mostly ombeyological cvidense o show that it
is phyloponetically related to Daecrydiun-like formg ond proposed a subfamily
Duerydicidece, which inciuded Doeprvdive, Phorosphaers, Micrceaclyys, Actormrla,
togetheyr with such sections like Dagrvearmus ond Mlerogorig snd alse

P vitionsls and Be nmivor. lio was of the oplnicn that Fheposphegrs dees nob

doserve an isolated position in o subfamily equel in status to others.

The nhove mentionsd controversy with rogurd to the systeratic position of
Phorognhaers heokerisug reste entirely cn the fact that it is a curlous
admiztaure of Fodecorpian choractors oo well ss strong differeonces. Although
irbobibing & region with good rainfell, the small triepgular, irnbriente, closely
oppressed and highly reduced leaves of Phorcanhoers show edeirablo adepdation
to physiclogical mevophytiem, with the stomate above and the palisade bolow,
which is oxactly a reverse orientotion of o normal deorpivontrel lesf, Saxton
{190) remrkeds "o other Conifer i@ lmown where trangpiration is hindoved ly &
notuorl of fungal hyphne ovor the stomatal arvea. Tha presence of root tuboreles
and the internal enstomy however indicste thot it hos smeh in ecmuon with the

other Pedocarpaceac.

In hoving a Tortils branch gystem, which, according to Wilde's hypothasis
(1943), is the most primitive, Phorosshaorg allics iteolf not enly with



Docrydinm b with sections Doezycarpus and Mierecorma of the goms
Podognyrug. The riehly brenched habit is clogsely assceiated with roduced leaves,

Baeh fertile ghoot hao a proximed vegetative and o terminnl fertile regione

The strueture of the =ale eong is in line with the other Podocarpscene.
The pollen grains ave smell, smellest in the family, thin-wnlled, 3-wingod and
2emeleonte 2% tho time of shedding. In the ezclusive vontral origin of theirp
bladdorn, the polien grains of Fheyoopheers differ from the 3=winged polien of
Bodeenrms dosrydicides and the Zeuinged Dneryding loxigolium (Wodehmse, 19%).
& differconce in numbor and nature of wines necd not bo an index %o phylogenstiec
relationghipe ‘in Copifers, sinco thoy were devoloped in difforent eyeles of
affinity (cegs Podooarpacene and Pinacens)e To add to this, the cvansecnt
vogotative prothallial bivous, which is so charactoristic of all Pedocarpoeene
is abgent in Phepoorhonre, Tho twe moie muclel are pugeual in size and are nover
geparated by wallse The male muclod arc difforent in size in obther Podocarpe
agecs too, such as Samapotbaeg (locky and Doyle, 1932), Microeachxys (Iavacn,
1923) Podonarma codinng (Leoky and Dogle, 1944) and Phrilesiadus (Yeung, 1910).
In 21l those cnses, there aro two distinet pole collde

That an othorwise old Conifer like Fheragrnbeiorn shauld be characterized by
& reduced fommle strobilus vhon compared vith such gonera like Saxocgbbeg and
Hisrooochrys in intovesting. The amlil cone with it reduced econe axis consists
of 2 = 5 fubile sporophylls and mawy sterile cnes (Pilger, 1926). According to
Elliott (1948) ¢here are cnly two Pfortile scales. The fertile braneh is curved
and the ecne ip pehdulcus. Such o reduced femule cone opproaches elosely that
of Dogpyding kidwilli, looydiue fronklindd end Do cuprossimgm cnd Hwliecliadus.
Tho similarity between Bhgrosmiperz ond Diervdium Lreanllivdd is of immodinte

interegt, although the latter still retaing scmo of the prinitive charactors
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like an clongatod oxis with interncdes.

Baeh fertile sporophyll hag a gingle, axillary, orcel owule ag in
Prriloalodns and scue opecies of Dagrydium. Avedlable evidonce in Pedocarpacene
shows that the ercct position of ths ovule ig o recent acauisition in
Phopoorhoera, The mepnsperangium lacks the second integument or the epimoting
which is sost unusual to the other Pedoecarpacens. It s, howsver interssting *
that oll stages from an inverted %o orcet posibion and tho presence op zboenes
of epimatiom are foreohadoved in so¥eral cpsoies of Dogrvdivpe In di I,
the inverted ovulos arve eomplotely onclosed by on epimotiums In Do Oupressinum,
Do inberredine and By oolobgel, the young inverted owiles boecome orect e
miprity ond are provided with a thin rudinentary epimatium. FPerhaps durirg the

courso of evolubion the crestion of the owule is fecilitsted by tho absence of

epimxtiun and honee bobh must be corrslated oe in lPherosphaarg and some opecles
of Boorvding.

There are o large number of featurcs in the female pomctophyto and enbryo
whieh throw Zheorogobaers,, out of the family Podcearpacece and do not justify its
alllence with Jogryding, Howevar, ceution mat be excoreised at this juncture;
gince our knoviedge of tho gamotophytos of ngryding is far {rom complets
(Young, 19073 Stiles, 1911). Just se Poorydium shows wide vide variation in
ito oxtornal morphology, it is poosible thet 4% may chow ecually wide varintien
in the stmuecture of the guvetophytes, When detsils become availlable, Rhorog-
ohoerp may £it in the pattorn of vorietion of the pamctophytes of nervdiume.
Fer the present cno shopld reogh contont that some of ibs featurss are unique o
Podooarpnoence They ares (1) 4An axial row of 3 mepaspores, all of which

germinete as in Phylleclodpg (Younp, 1910) and Toxua and becoms mltimeleates
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(2) o vory thin wmecnspore mombranc as in Taneeaa ond unlike Podocerpaceae like
Podesnrpuia, hyllocladns, Becrydiun, Soxegotbecs ond Migropashiyg in which it is
%:i@k, 2 layered and highly suborised (Thomson, 190535 19093 Young, 19103

Inwscn, 1923)3 (3) lateral positiom of 3-4 archogonic, ot least more morkodly

' than Gplidiris (Sexton, 1910) and Arpucapds (Seward epd Ford, 1906)3 (4) the
develepuont of proewbryo up to the bimseleante stape rosembles that of tho obhor
Podocarps partienlarly ke Ieopvdlup gunpessipun (Bllictt, J948) but the
bimelento eells immsdiately form tuo~colled unitgy which is not prisibtive ut

dorived.

Tho prosent cytological study of Fhergsphoors heokeriops tuts the whols
ecntrovergy of its phylogenetie volationship in ibto propor perspective. The
kaxyotype conasiste of 26 chromosomes of which two pairs aro mbmsdioen end the
rewh torminal, There appsars to be no doubt 'chatl it l1s rominiscent of the
Podecarpion lmryotypes and £ite in vory uwell in thelr genoral patberan and
orpganisntion. There is not even 2 gomblanes botween the chwamosones of
Pwlicclodug ssploniifoling snd Brealrers hookerlongs Tho cubryogeny of tho
former is in mo woy welated to the latter (Blliott, 1948). Apparonbly the
oxtemel similaribtlics of both these gencrza in their voduced cones and orech
oviies ave nob indieative of their velaticnship, as Stiles (1912) weuld have us
believe, tut show parallsl trends in evelubtion, Thsy do nob even sesn 40 belong
to same linc of descent and honce Phorouphpeys cavnct be regrded e an advanced
derivative of Phyllocindng line {Doyle and Looby, 19®). Such morphoiogical
parallisme in evolubtion vhich do not rost om the fomdations of karyology, are
apt to glve e falso picture of plylogenotic rolationghips and introduce confusion

in toncnomy.

The oxternal similorities betwesh Hicrenachrys and FPhorospbners, which
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in il probability ove an cubooms of thelr common onvirenment, are asseclated
with strong differences toos The sawe situntion obtoins in thelr comparative
kagyelogy. The chromosomos in both the gonoro bear o superficial mowphologionl
pirmilority. Db by no criterion the 0 gmll chromeogomos, smallest in Copifers
go far Imown eytologically, con bo relstod $o tho 26 pediumesized chromosones

of Fhorosphoope, This i bosad on the teeit assumpbicon thed mnber and nore
perticulorly size of chromosomes in yeloted ponora of Conifors have remained
eongtant Siriang tholy phylogeny. llonee thelr psneral struetural sinmilarity teken
by Aigel? provides no cogent ovidence of their relationship, The fundomental
differencos in girg and pumbher of chromomomos boppbher with ths prevailing
morphwolopleal and eubryologienl differencoes provide o pogabion of sueh 2
hypothosis. The wolobiconchip bebtucen thom, if any,emphasised by Dayle {1945)

and Sirnobt (1913} should bo remote and does not oven warvont their grouping inte
cne oubfomily ag proposed by Blliott (1948).

A morphologicnl and ewbryolopleanl comparison would show thet Zherocmbaora
has obwvione regerblonces bo Dnorvdinnm, the gorme in which it weos oviglonlly
pleceds The points of repembinnes are indoed se mmerons and far vezching. Fo
o groat cxbtonh it 4 zoflccted dn the chramosoncs of Doorydin fvenddintd
(2 = 30) and Phorosphogrs bogkeyd
chronosomes ave hediumesized ond mulmodian and torminal with ne sntollites. The

ang (2p = 26).  In both these penern the

only polnt of @ifforence bebween them is the mumber. The prosence of two pairs

of submodian chromopomos in Fhowngnhaor as against five peirs in evvilivg

pdd s elesely nopecisted with a chonps in the bkesic muber fren 15 bo 13

(n the vhole tho rencmblancss botwoon their chromogsoms complements are more-

pignificant thon oxioting differspce in the rumber. The sipnificenece becomes
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incroasingly spporent wheon 4t iz romembored tiet Podocarpaceze, as 1t is
constiinted to~day, is r- - homogeneous with romard to its chromosome shape

end gize while the chromosore munbor shows considerable variabilitye.

If the foropoing movphologleal and eytological similapity are agresd upon
ag indieating elose offinity hetween Phorompbaors ond Daewvdinm, it 4o nok
improbable to think that Fherosphasrs hockeninng wipght hove originated direetly
fron Dagnydinnelile ancostor with 26 chromoscmes or indireebly frem an ancestoy
with 30 chromoscres 2 a rosult of reduction duo t¢ sermentnl interchango.

Thet Jocrvding Loonklinil, vhich co-oxists with Fhorosprhoorn as o Tngmnien
endenic ig 2lso charactorised by 30 chromoasomes and that it shous evidenee of
segmental intorchengo in the yooletip celle arp fectsg of congiderable intoresdt

supporbing the second hypothesis.

Interestingly enmgh, o reducbion in the chromopome mumber, if ob all has
cecurred in the phyloreny of Eherpsphgera, hos progressed along with a reducticn
in such morphological structures like epimatium. It hos boen pointed oot thot
cpirativn dwindlcd to & rudimontory membrancus structure in some spocics of
Doopydinm. FPerhapa the tendency towards reduction of the epimetium is e ease of
comnon inheritance to Inervdivm ond Fharosrhnerz. What has been initinted by
vy of morphological specialisaticn in Decrvdinm hes reached an extreme
exprossion in Fhexospbnerz. Associated with o reduebion in the oplratiumg

oachaars shows soma specialiszed merphologieal and combryological features lile
roduced oone, 3-winged emell pollsn prains, the absence of male cells, the thin
negespore membrane, lateral archegonis, and the wninucleate ewbiyo uniits. Theoe
ars 2ll spoeialiccd divesifications over sincoe ito diverpence fyom the

Dnerydivmelike ancostor. To add o thia list, 2p = 26 is unique in Podocarpacesns,
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The =zbove mentioned ovidence sooms to point to the conelusion that
Phorvoaphnora is e gemue of Podocarprcene rotaining reletively primitive choro-
cters and et the camg time eondidercbly opecinlised in mony weys, Phylogonote
ieally it seens bo be off sheot from e Docrydium-ling of descente Even if it hos
not teken its origin from Digrudium dirvectly, thove iswewy recson bo halieve
that Fherogphoers ond Meervydivn bove descended fron the soxe primitive stocks
Such & taxe with & curions juntaposition of cpposite characters roquires
jopedinte segregniicn into a oub~fomily of its oun ms wes done hy Pilger (1926).
Tho evection of & new family following the smggostion of Puchholz (1933) would
be a logiesl extension of the sowe idea, As alwendy peinbed cub, the history
of Gonifer taxonony io veplote with Instences, whore a subefamily has toon glven

the statng of a fanily.

There is ocno move ronson for the separation of Pharosobaors hookeriang
to o new family of its oun. The uriter is ptrengly inclined to believe with
Arxnold (1948) thet "likenosses are somotimes doceiving when questions of
affinition ore involved, csgpecially lilenosses that are scecmparied by stroang
differences”, This may be so with Fharogphoera hookorigngs. Iie chromogomes may
rosenble scms Podocarpacess. It doos nob mean thet it chowld be retained in
Fodocarpacene vhon it strongly devictes from the family in certain fentures,
Its eybological resomblonces with the family may only indicoate that 1t shauld be
traced bask to the ancenbral stock from vhich some othor Podecarpacese had taken
their origin, IHence tho creabion of & now rﬁenﬂtmais family Pherosphasracens
vhigh 1s elozely allled to Podocarpeoeae 4g in lwoeping with morphologicel and

cytological dota,
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. Tho Tapmonian endenic gonus Miorocachrys with its fleshy and crimsom
eoloured conos is certeindly the wost unicue in Gymnosporms. It hao boan mueh
confamded with such cogante genera us Abhrodnxig, orydiup end Fagroarbosrs
and thorefore roguires to be evolunted from e oyiotexcnomic point: of view.

Ite only speocles He dokrosona was Lirst desoribed by Sir. UsJds Hocker in 1843
(Tabe 560) and later on by Sir. JoD. Hooker im 1845, tho femele conss then
deseribod wider that nams beling those of Phezognhoora. The male and female cones
of this gonus wers described by Archer (1850) as lherosrnhparn. The whole

confusion in the menmonclature was uliimatoly eleaved by Sive J.D. Hooker (1860).

Hpghly restricted in its distriution and aduirvably adepted to uind=-muopt
and snov covered mourtaingous rogions of Tasmonia, Migeroeaghrve is specialised
in its vezotative fenturea., The whip-like branchas are clothed with small,
triangulor and closely appresped leoaves arranged in e decussato mannsy. The
internal anotemy of ston and leaf respoctivoly aro characterised by the abgsence
of regin eanals in the former and a single foliny caml, rostriected to Jeaf

slone in the lattor.

The vones are torminal om the lonfy shoots. This is escoptinlly a
primitivo chovacter. Unlike other Podosarpoeere; in which tho spovephylls ave
arvonged in o spivel faghicn, the nicrosporoplylls in the mole cones of
Moroerahrys ore arranged in Yhorls of four, following the arrangement of the
foliaga lenves on vegetative shoots. The pollien graing aro five sucleate at the

tire of shedding with 3, 4, 5 or 6 gyrmotriesl wings. The variotion in the
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muber of wingo 1o o charocter of recent ccouislibicns In mony respcobts the
male grpotophyte has osoontial points of vomemblance and difforences to that of
Podonnmmaa (Burlingsme, 1908). In Podocourpg thore is tut one funetioral mnle
pemete while in Migvockehyys both the mmotos ave funetional {Iawson, 1923).

The ovganisation and structure of the femnlo cone are indicative of iip
phylogonotie status. Tho femnle coneg are ovoid-globular consisting of about
20 sporophyils, which are borne in alternating whorls of 4. Tho uppor mosh
of theso ors sterile. Ffach fertlle tetragonal sporopliyll bears z single modisn
ovulo, which is complebely surrounded by the inner integument and partially by
an epimatiunm, Tho ovule whon young igdituated near the tip of the seale with
the micropyle facing uptards. The integinont end epimotiuvm axo free fron one
snother for about their upper hnlf et this stape. A% maturlty the oweio is bend
with its niorcpyleo faeclng the cane axie. The £leshy cono seales do not coslaso
but rotain bhelr individunliiy. The scods ore smoll uith o thin scrbrenous

cuter and an inner sclerenchymatons ecats

The vaseulnr supply to the ccre azis 13 exsetly similer to that of
Sozegobines snd Docxvdiuy frapklindi. There is o ring of vascular hurdies fron
which the sporophyll tundles arise with no resin conmgls. The ovalar supply havo

¥ylen in the inverse oriontation and they orvo nobt sccompanied by reoin ductd.

laupon (1923) emumoratod o lorge number of characters in the female
geretophyte which are unique to Migrocachryg., The presence of five op six
archogenin as acainst one in Phylleciodus (Eildenl, 1908) ond eloven in
Podocorms (Cokor, 1502), the cccurvenco of four neck cells in a sinfle Siew,

Aiffering in this partienlor case from Fodoemypus (Cokor, 1902) and Phwiicelndns,
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& ‘thiek megaspore membrane ag in cther Podoearpaeeas 1like Ihy k) »

e sSoxecakinen, the fortilisetion of tun adjincent archegonin by two
funcetionel male pametes of the samo size ag in Guprossaceze ond the developmont
of the emhbyyo fren 3 tiors of muelei which in meny details differs fron
ECdnaermg ave 2ll interssting in thenselvess Some of these uniq;w charanters,

which regamblo Cupresscceze, are parallel devolopment in Hicroaachres.

Tho foregoing account of Migrocochwra brings 1t olose to Sozxgroaihs
one hand end Inopyding
that Sgzecotbres has led to cther Podocorpacese through Microcochryg. Conltor
and Chomberlain (1917) and Thomson (1908, 1909) thought Mlerceachrvs with ite
varioble wings iz intermediate bstwoen wingless Sexomothngs and winpged

Pronilinid on the othore It ig bolleved Ly btavonomists

Podocarpd, elthough Wodohouse (1935) doubba the idem. Tho noints of vesomblanee
botwoen Spxacobhaen ond Microcochrys cvet (1) Orpanication of coppoct mle
and fernle cones with 20 mogasporophyllss (2) the distribution of vesculer
structures in the cone axist (3) the close connecticn botween the intogument
end opimativmg whon the ovules are young they are free from ocne another in theiy
apper m&fg (4) meollus free from the inkegument for most of its lengbhl

(5) the aboence of resin conals in the wood.

They however regpectively differi (1) in the pregence and absonce of
centripetal xylen in conc exigs {2) spirzl &nd whorld arvangment of the
negeaporcphydles (3) in habit and (4) the spooth end winged pollen graing.

The wings in podocerps nre developed from the priviitive furrcw; vhich ip abaond
in Spxecothacs (Wedchouse, 19%).
Mloropachyres Ietsoonms resenbles Doorydivn frankiindd in cany novphological

features oxeept for the faet that thoy diffor in habit and that the mepospors
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angiate strouli in the formor consist of 20 spiwally arvonged mogaoporophyllse
forming compact cones,whille the lawx gpikes in the letbor consist of 8§ 40 O
spororhylls separsted by eonspicuoun intarncdes. In other vords, the s;i;;vcsmlus
of Inoryding Lronklindd is mich more advenced then Microncolywg. However, the
larpe vunber of cother similaritios coriainly indicate their cormon origin and

early divergence. The two genera rescmble sach obher in the follasingt

(1) Tho presencs of resin ducts in the leaves end thoir absence in
the stems (2) the aboence of rogin canal in the scecndary woods (3) the
cogurrenco of stemata on the uppor surfoce of leavess (4) the mognsporephyll
of Dagrudinm Sronklindd is renivdscent of Micrpcachrog s it contains o rogin
cavitys which ends blindly in bobth the divectliong, vosin canals boing abgsent in
tho cone axis as in the vopetative stomsi (38) the medianly ploesd singlo owale
is attached to ths %ip of tho sporophyll on the upper surfaces (6) the micellus
is frog fron tho intopument for most of its longbh and the epimstiug porticlly
surrounds ite Stiles (1912) differs from Timen (1909}, uho sald thatthe
epimatiun completely surrcunds the owle in Doexydiums (7) the tip of tha
spovophyll curves inteo a polnt just behind tho opiretivm glving tho appesrarce
of & third integuments (8) the hundles of tho primery ownlar supply have
dnversg orientaticn of zylom end phloen and they are not nccomponied Wy resin
ductas (9) ovulo is partially invertod.

The eytology of Souppobhnes i not knowne Bub the oxbornal simdlority oand
differennes botween Joorvding fwantdipil and Mlorpeochrygtolenoons ave minis
footly roflected in tholr chvomosomes, which are protobypos of other Fodow
enrpacecas in thoir goneval appoarance., Hobh the lmyyotypes are characterised by

D diploid chromosomss with the pame mumber of morpholeoplenlly similap



chronogenog, Five poiva of modian or submodien ond 10mirs of terminnl
chronogoens cut of whieh one polr 38 entellitod ave eommon 0 both thoe gonerc.

Tho chromoaonog in thelr idiogranmg chow a gradation in lengbhls among themselves.

Beually significont ere the two points of differcnce betwesn lloronsahss
setregaon ovd Doorvydiug franldinid. Whils the chromesomes in Dosrydium
lrapklinid orc mediumesized, those of Miarecochrys iokrgoopn ave the sealieat
in Fodotoypaceas and perhaps Conifors in pencral kumown cybologicolly. Although
the same mupber of nmopphologleeldy simller chromoscres are present in both the
genera, tholr relative positions in their respective idiograms ave ab varience
(Figs. 6, 8 9)s I& rocans thet genclypie chanpes reducing tho size of all the
chronosoros in tho complement hove accompanied ghructural chanpges in the
chromogomes during tho course of plylogeny of Migropoebrys without! altering the

manber chyonosons Hypos,

The afore mentioned morphoiogleal snd cytologieal facts clearly lesd one
to postulate thet Higmoooechren fairosons and Doervdiug frankiinid vre nob only
closoly reloted hut hnve originsted from a common aneestor. This explaing their
taxoncede confusion. Curicualy encugh both are limited in their dietrilution
to Tasmenin, Micxeceschyya iefxngeng with 20 ond Daeryding Lronklindd with &
megasporophylls are certainly at two diffevont lovels of morphologierl orgntie
isation, Thoy are algo ot two difforent levels of chromosemal orgoiisotion ag
rovealed Wy tho velative size differonces ard positions of median end subms@ion
chromogomos in their regpsctive ddiograns. Apparently Mlorpeoshevn fobeozcos
diverged from the line of desecent of Dnorpdivn Lrapklicdd very eoriy in ths
history of Podosarpaccas probably in the Megosoie period due to penotypic and
styuobtural) chonges. The cgsumpbion that it oripinoted from an ancogtor with
notium-gized chromoscmos like those of Ipepvdium fyvanklinil is supported by the
fact that all cthor Podosarpucsae ars charallerised by the sone type.
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In & grour of plapbs like Podocarpaceze in vhich modiumesized chromoseomss
appear wnifornly in most of the genora, & pudden mietion resulting in a
reduction of the size of all the chromosomes in the complement would prove
viclent. Sueh is the change regponsible for the origin of Migrgonshyvs. The
reagons behind & suddep reduetion in the chromosome olze other than mbation
mist be complex and mast be due to en interaction of several factors. In
Angicsperps reduction in size hos heen 2 sign of evolutionary sdvancemonbe
deveral morphologieal fucts o to show that Microcechrys fotragomn i primttive
with & restricted distritubtion olthough Simmott (1913) thought that it is
advanced in sovoral ragpecta and could be derived frem Fodecarmpg-lilke oncestorg.
Cybtological facte go counter to Simnoty's views ap the chromosomes of
Mierepachrys are most unlike any obther species of Zadgerrmins so far roported,

On the obher hond the totelity of norphologieal and eybological evidoncs goes to
show thot Miorosaghrys 45 closely roleted to Iaprydium froniiindd.

Lgain in Anglosperms like Qrapig, 2 reduction in the size of tho chromow
pomes is corvslated with a reduction in size of the ovgons, with a chonge into
enmal hablt, ospecially those living under ovbremes of conditicons (Babeook
and Jenking, 1943). In Microcnchrys ketracong o change in the chronoscms gize
has been adapbivo and irreversible ond is to be sorreloted with its ghrubly
habit, Its chromoscme copploment 3@ & voduced and o glightly realmifTied replica
of ite elogeo relabive Do fronllinii, which is a2 tres.

Avdulov (1971) postulsted thet a progressive increase in the size of the
chromosomes in groesses was due to a progressive cooling of elimate, Glimote

and ehromogome sizo comnob be covrelated in Miorogoghrvs becangse D, Crapblinid
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with nedlun-gized chromoscnes eo~oxists with it. On the vhole, the ovidonce
geomy to point oub thyt e roduction in the size of the chromosemesn in
Higrcorohrya 1o 2 geno dobermined physieclogicol differenes thet has appeared
only oneo in the family Podocarpacoze and it has reculbted in the origin of a
ney line of evolution retaining the primitive uwnle paneteplyte cnd the fewale

pene sbructure bub becoming speeislisod in ite fomnle gometoplyte and metabolisem,

Tha fovegoing Jdigcuspion on the phylogenstic position of [igroapchyva
iolropan closely aprees with thet of Sehmi (1921, pp. 267). It also eppreaches
the views of Stilos (1912, pp. 496) bub for the fact that Dervding fronllinid

wag dorived frem Mioropsaohevg. It would perhaps be safe o agounme that both
these vere derived from o common ancestor and thot Migreeachrys dovimtod from

the Duorrdivp-line due to tho genolypic chonges in ths chromoponos. EBocomse
the pi of the leaf oop in erosnchrya d3d not £all within the rmage of
Sazarptineg « jborvdium, and an acoount of itso opistomntic snd monceyelie
stomate (Plevin, 1971) not found in any obher Podectap owcepds Pheposrhogea,
Doyle and Iooty {(193) rogazded Hicromachrys oo "o spoeial line taking its
origin close to tho stogk from which Sexogoihacs arose®. Thael Micreoosehryn

is special line is amply justified by iis omall chromosomes unlnowm in any other
Podecarpacencs That it originoted abt tho bese of the Inammiiaw-live of descent

cannot bo dended in viow of Its primitive charocters and tho simllarity betweon

£

the Imzyotypes of Doeryding Zronllindd end Migreoschryn fglrngongs Vhother
Sovarothoon is o be connocted with this Dooxvdiug-iine op not connod be dosided
£ill the leryology of Sayerothagy hecomes avoilable.

doo Pedogormig alnina look.$o

Podocarpus vith about 6570 speeies is the most dominont Conifer in

Scuthorn Howiaphere having an oxtengive ronge of distrilbubion whieh ig reralleled
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to that of Bipug in the northomn himisphere. Stiles (1912) remarkeds
"Theoo two genere mst be regardsd both Lrom the peint of view of pumber of
gpocies and of wide geographieel distrilution, ap the successiul Gonifers of the

prasent dayv.

' The whole range of worpholopical variation cnocuntered in Podoparpacese is
easily discernable in the gomua Podecarpus alene. Ib is also ercepbional in
showing several distinet types of eubryogeny, where es the other geners in the
fapily usually follow one typee Hence it iz laovonomiecally very complex. All
this evidonce is sufficient %o warrent ils segrogation into several genern

{Buchhelz, 1942).

Pilger (1926) divided tho gormus intc 5 sections. Fuchholz and Cray (1948)
revised the gevms with speelal roference to leaf anstony and closgified the
gorua inte 8 sections, rejocting Fllgeris subefonilicc ag hotorogencong and nok

well founded, Wilde (1944) discussed the evolubionnry trends im the fermnle
atrobuli of Roldooartis.

Cn the basis of comparative rorphology, P..ondious nod Paogpicotue
(sootion Stuchyenrpus) arve the sost primitive speeies (Wildc, 1944). Embryole
opically a pert of Stachyearpuo ond Nagoie ore mopt primitive (Duchholm, 1941).
The section Pupcdecarpus, which has en extensive distritution in scuthern
heicphore ray well be called primitive. However it appears t¢© be nmorpholog-
ically edvenced in showlng secondary clustera instend of primory o8 is the cace
with Steehycarpus. Within the scetion Eaxpcdoeaﬁms, Peidoing otill showse
'hmn@i“cioné fron primary to seccndery clusbters on the some individual ond is
tims regarded og most primitive (Wilde, 1944). It is perhaps the starting poind

of bupcdoenrpus linc,
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OQur meagre knowledge of the cytology of the germs is now confined to the
seetions Stachycarpus and Dupedccarpus (Flory, 19363 Tehars, 19413 Stiff, 19523
Mehra and Khoshoo, 1956 this paper), In the former, the haploid numbers ave
20 and 12 and in the latter 20, 19 and 11 (Table 1). In both the coses, the
diploid number 40 appears 4o bo doubtful even zceording to Flory (19%) and o
reinvestigation wvould poy. The highost mumbers 1ike 22 and 40 ave shoun by
the nost primitive species like B, aundlmps in Stachyearpus and P, aloips in
Bupodocarpus. DBoth these species are chavacterised by terminal chromosomes.

The morphologlerily advaneed species have median or submedian and terminal
chrouosomss. If external morphology is a reliable criterion for judging the
chromosonal evolu*bioﬁ, a gradual roduction in the chromoseme mumber by fusion is
regponsible for the origin of specios in Podocarvug. With the available know=
ledge of the nonfugability of the chromosome ends, the mechanism of centrie
fusion would involve reeiprocal translocation. Several bosic numbers mist have
originated in Podogarmug in & similar manner. Dregoohils nasdecbscurs with

5, Do a@lonpesgter with 4 and D, yilligtonld with 3 chromosomes may have
originated in the same way. Fusion of chromosomes hag been inferred by da‘hes
(1924) in Drogophila, Davie (1933) in Javaters and Gossvpium, Kostoff (1929)
in Nieotizme end Iawrence (1931) in Cardspine prohepsise B parallel reduction
in the bagie munmber must have progressed simltonecusly in several sections with

the evolution of identiecal karyotypes.

A critical ezamination of the karyotypes like thoso of P, falcatus (2p = 24)
B, lecidior (2n = 24) Palatifolia (2n = 22) as sketched by Mehra and Khoshoo
(1956b) roveals that they are not wholly straight cases of fusion. For instance,
a karyotype like that of B, Jotifelis with 4 terminal chromosomes can be
derived from P, rracilior vith & torminsl chromosemes by simple fuasion.
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B lodentug and Dy eroailior vith the same diploid rumboer of 24 chromoscnes

are nob similzr, the former uith no terminal and the latter vith 8 terniual
chromonomes (Figs. 1 and 2 of Mehva and Khoshoo, 1556b). This moans that afier
fesiony soms of the medion or submedion chiromosomes have wndergens fMrbther
gtructural changes, which may be of the mature of segrentil interchange., Uhen
peimary chbructunl chanpges vre euperimposed by seccondery chonges, the ond products
weuld nob bo wholly medisn or sulmedlon chyomosomsg, The whole piai‘m"e of
svolution wonld becoms appayent whon many species of all the sectlions are

rorphelogically, embxgolcgicaﬂy and ¢gytologically beocoms lwmown,

Gheompsone: morpholopy and vogulayr fermation of bivelents during wmelosio
(a5 vevenled by the figres of Mehra and Khoshoo, 1956b) in [ lotifolin (p = 11)
B _goacilior (n = 12) and Popacpovkeddus (g = 19) exolude . polypleidy ao
an agont of spoelation in the pemus.

It ig intevesting to obgorve that in two dominent Condfers like Fodgonrmun
and Pinpg stmuctural changes with and vithout ony vaviction in the chromosone
mumber have plaoyed ¢ prepinent role in the orlgin of spoeleg, which ave
extonsively distriluted in scuthorn and northern homisphores respoctively. In
both the cases there is no evidemee of polyploidy. Thet there is a pesallieliom
in the mechanien of evolubtion associsted $ith oxtensive peographic distribution

in both tho genera 1s remarkohlo.

PINACEAL.

Pinncone is the largest and yot o highly naturel cosemblage of 1iving

gonera constituting the major Conifor display in tha lorthern Howisphere,



rivalling Araveerincecs of the Scuthorn Hemisphors in antiguity. Nebwith-
gtarding its homogenoous naturs, eurly divergenco, difforenteticon, rcduction and
independent developmont merked tho evolubionsry progress of the family. The
wingad dorgiventral pollen prains of Plywa, Oedwig, Zicen, Ablog end Popdelaxiz
with o single long furrou, the wingless proing of Imuse without a true furrow
but rogembling the winged graines of Zigig In the chowacter of the exine, and
the smocth wingloss pollen greing of lards and Posdolaris very woll $liustrate
the peint in question. Tho pollon grains of Jopiz end Dpadolarix rovoal tut
3ittls of tholr phylegeny, es they indopendently represent highly reduced end

products of evolubicn,

The nryology of the fanily refleots cloarly ite unliexy naturo at the some
tipe rovealing stopes of eorly divérgence, 4 single bosie number 12, which
is the proedominoting number hinde tho whole family os o menophylotic graup with
sueh cxeoptions a8 Paedolawiz pmobkilis (= 113 2p = 44) and Pedotenga
iaziferin {(n = 13), which roplote mony foaturcs of cvolutionary advance in the
mb-fonily Abletoidene. Zgpdolaxix is en edmivablis ingtance to illustrate o
changs in tho basic murmber from 12 %o 11, asscelated with profound otructural
altorations in ita chiromoscmos end totreploidy. A change in the heeie mumber
iz also covrelntod with 1ts restrictod googeaphle distrition in Chino, Iis
hoploid sob (p = 22) vith 2 modian and the vost with oubterminal and terminal
chromosones 48 unique nob oply in Abitence tub nlge in the whole group of
Gymnosporna. Its tetraploidy with eomplete bivelensy during meicois and high
pollen fertility is truly of a differont kind and ordor vhen compared with
totraploldy in Jopix decidun (x = 123 2p = 48), which ig highly storile with
mltivalonts of differcnt types during meiosis as roported hy (Christionoon;1950).
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Noneo Doodolorder and Jordxw belonp to two distined linos of gvolution in

Abictoidens, eg shoum in the preceding parapyaphs

Chiromooons fueion as o mechonism of roduction in the basic pumbor from 12
+o 11 39 nob tenablo in Lgodoloriz. Comarmtive kawyology nogotos gueh o
hypothesin. Popsibly x = 11 eculd be dorived frem g = 12 by o troncference of all
gensotically active matorinls of ong elwomosies 4o the rvost with o cwbsoquont loso
of the contromore, o process dovisnped 3n o laree mwbor of Aunplosporms, perbicul-
erly by Paboesk (1942) in Szoplo, ond whiek waa experimentally proved later on
hy Tobey (31943), An avnlagous situéetion proveils in the artificlally produced
Sepaired sbyaln from o standerd Jepairved stvain of Droscohils malongsuakor
hy Dubinin (393, 19%). Reboook and Coporcn (297%) assumed reciprocal transloge
abion fellmiod by moictic ixrsguleritics remlting in the losp of o gingle
ehrcnosome,  Dovlingben (1937, 199) postulatod ponetic inertrooz of regiond
proximal to eontromore ond unoguel reciprogsl tronclceation. One of the products
of tromplocotion, which weuld enbirely bo mde up of hotercelromatic pards, ewmld
be logt without ony deloterious offecht on the plant ond a conecnitond reduction
In the chreoposoms munber wenld rosult. Tho prepondorarce of tho basic rumber
12 and the relative infroquency of 1l ghows thot 12 is o ghable mumber in
Abitone., “lvolutionsyy shability of bosic chwomopoms mirhbers meons achivity
of geness near the centromors snd the ends. Instability msans their inorineos”

{Darlington, 1937),

The derdvation of = 13 ep in Egedoowrg from g = 12 dg diffiould, nob

being taped on wnéquivoeal evidence, The following arc sowe of the miggestiong.
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(1) Fragrentation of o modian or submodian chranosomes resulting in two
torminally constricted chromesomes, whieh repenorste a hew eontrobere in the first
one or two mitoses, so thot thoy marvive as norml chromogsomes, A regenevabicn of
o contromere in en sconitrie frogment ig poseible (Derlingten, léQ‘}) although

acentrio Trogoentas formed by inversion or dofieiency luvariably dogensrate.

(2) Hondlojunekion of & peir of chromosomes rosuliing in on irvegnlar
distribution of the chromooomes, due 40 sccentuated ctiracticn of the ehrosabids

ond Talluors of geparation,

(3) Tho thrid cuppesticn is the breokaps of o contvomere of a V or J-shaped
chromosore to form two torminal chromosomcs, followed by reciprocal transiccatiem
with anothor chromosoms leading to the formution of & diconbric chromontiig.

tihen this breaks two now chromosormes with subihwedion or subloyningl chromcgonmas

are formed, of Ghﬁm in the following diammrnd
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The soriome objection, however; is the brealnuge of the centyomero, vhich is ponaible
in light of onr kmovledgs of the quadriplo structure of the centromere (T jie,
and Iovan, 1950) and such parellel instancos es the oeverence of the pucleclar

crganiser (McClintook, 1924) 1By also aerve to illustrate the point in mesticn,



Tho wenotypic Pincoo, the sccond subfamily of Pinoccooe with itg fused
ovulifercus ond brect scale, is the highesk ovolved im tho femily (Mutchinson,
1924).  Bimg is unifermly charnctorised by the haploid mumbor 12, Thot the
highogt ovolved gerue hoe the most otablo mmbor s inlterosting. The conotancy
of the chromosons punbor illustratss "one of the most conservabive propertics of
the penotie system! (Dorlingbom, 193%3) in Fimug, a8 ig the cace with larpge ceetiona
of Urthopters, the Gramineas and Rosacoze. I the sowellest pair of chromoscmas
conld be used us chromosome parkers, comperative study of the keryobypes cf 2
dozen specles of Dimug, reporbed hy Mehra and Khosheo (1956a) wonld ot onee
reveal that exbensive vepattornihp of chronescormss ig in mein rézspaasible for the
origin of spoeles in Pinpg. VYhilo ths emslloct pair is geen in most of the species
e garpediang 1s an excopbion to the semes That structuml chongos are ros-
ponoible for the evolution is also indiented by o voriatlon in the munber of
chyemopomes with secondary constrictiong. Thore aro all pradations bobween spocies
like P, halomensis, 2o nlerg, Do lincober and ¥, _rvondepess heving no chromcsonos
with sscondary constricticng end such speoies o8 Bo goverdisng with 8,

P lapbortingg with 6 such ehremosones, The loeation of the scecndery constrice
tiona varles in diffevent spociess It is submedian or oublsiminal ag in
Tapranion L. radisks or very ncar ths prirory constriction dmparting o charactor-

istic appearonce o tho Imyyotype,

The shme type of warintion in the position and tho rumber of scecndsry
constrictions, which are now Imown to difforentlate spoclos ig oncombored within
the range of the sane specles popuiotion of L..redinizn. 4s pointed eud already,
in having 5 pairs of mceondorily conatricted chromosores, vhich is the laypost

mnber 80 far reported in the gomus, the Tesmanion P yodiats hes no porallel in



Cin the twelve gpocios of tho perus, ineluding its Indien
countorpart reported by Mohra and FKhoshoo (19562)., It is interesting %o note
that the some mechanism ofidgolstion thot is regpengible foar the origin of new
gpeedies alao zervos as o mesng of igolating the two puographieal sacss, which ave
now ineluded under B rodinis. This ia a stromy veason o think thet Tagmenisn
Eozadicts 1s a new gpecios, A close sermutiny would suggest thot this cyteleogieanl
choracter ceuld be covreloted with the morphological differonces. Alrendy an
attempt has been made to elassify Monteorey Pine on the bapie of exbtornal porphology
(rofor Fielding, 1953). A critical lmyyotype analysis will provide a basis for
the novphological eclagsification.

Ceorrephical races with difforent lmryoltypes sre Imowm in literaturs. The
soveral ppeciles of JIripm illuchrate the polnd in wuestion. Jo.msedownilo.
Lo rolliln, Iooollide ond L, soriessta not only show karyologlcel differsnces bub
corraloted morphological differences too (tﬁiwa, 19%56). Yorpholopy of shromosomes
and the sgice of the sobellitos gre knoun to aifi’erenti&m gaographical formg of
Tosiourin (Westorgpard, 1938). Similar poographienl races hove beoon reporbed
by Yampoto (1933) in Rumex geefass. In o collecticn of 50 individuals of Soilla
pexuyiane, ecning from 6 cowrces, Dattoglia (1949) discoversd 6 biotypos with
differont hayyobypes, 2ll known to have arisen ss & reguld of structurzal changes.
Apparently o divergence in the keryobype is possible in n pomlation without
effecting mch the extornal norphiology. This is the starbting point of spsciation
within o population, sinco thess groups of plants develop independently due to
igolotion and ultimtely form new speeiese. Such processges arc cbviously ot work

i Bimig zodinta.
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ITI. TAX0DIACHAL AND CUPRESSACEAR,

There i;s a gread unanimity of épinlon ameng tho toxonomists that
Taxodiacess and Cupressacene ere olosely rolated to oach others 0f the tuo,
Cupresancene 4s velatively mors evolved. That they have a modern agpect
vhen compared with other Ooniforales and that they sre relatively younger and
eould bo dorived from Pinacoae wers emphusised by Joffrey (1917) Coulior
and Chemberlain (1917), Hutchinsen (1924). In this comneetion it is intoreste
ing to note that Saxten (1913) considered both the fomilies under Cupregsacene
and rogarded Scindonitys ce o connnecting link betweon Abiotoidene on the one
hand ond Cupressolidese on the other therely comocting Cupressecens with
Pinncens like 21l the eorlier outhorg. In the light of the styucturs of the
pollen graing, Wedohouse (1938) corroboroted these ideas of their elose
affinity emounting to idenbdity. Ho affirmed thet thoy are tho highest evalved
in Conifers on sccount of the absence of the prothsllial cells in their
pollen preing. Unlile the preceding subhors, he howsver suggosied antiquity
in origin for both the femilics from Covdaltalean stock quite independently
of Pinaceae on nccount of "tho remarkable persistence and otability of such
charactors as the thin, flecked exine and prestly thickened ilutine®, He
derived them from the archele open-furroved typs by the reduction of furrow.

A summotion of oytological chavactors of Taxodiacens and Cupressacsas,
although not decisive of their rolative evolntionery status, certeinly ailies

them aa one notural and closely related assemblape of Coniferss The present



eytological study of Lhlrgiazig (Taxodisceas) snd Grllilnds end Diselna
(Cupressncene) vhen considered in conjunetion with the proviems cybalogleal
resulte on the other gencrs clearly chows that hoth the femilies are characie
erised by 22 feirly long chromosomes in the somstic cells, cub of which oe
peir shows cecondary constrictions. In a fow Cuprossacoze a pair of
chromosomes are gatellited instead of having seecndary constrictions. Un the
whele both the femilies ars nimiler cyiologically with one besls pumboer
rofleoting thoir common origin. In this comoction, Athrotaxis (Rg = 22) is
intoresting since 4t is the only gems of Tazodlscene In the Southern Homiw
sphera, which hag elther spizally or dscuscately arzunged lecvas and sube
spirally srronged staminato scales, chovacters somewhat inbermedicte betwoon
Texodiacons and Cupressecese. Its chromopomeg ews nimiler do both the femilies.
It is therefore intormediaste beitwoon the tuo fomilies not mly in its extornal
moyphology bt elso in iits chromosomes. Maybe it is the only surviving

membor of a sboek, from which Taxodiacese and Cuprospacene have dlverged at
comparatively rocent timeg. 08 anamationg geographic distrilubion todsy could

perinps be oxplained on that aosumphleon,

Cytology nol only brings the two familles together tut affords critiesl
evidence for the gystematic popition of some gonera in thely respective
forilios. Whonever o goruse showed & departure from the goneral cybtological
features of the families menbloned ebove, 1t required to be lgolnted into a
family of i%p cwm. To cite ono instaneo from Taxodiacesss When Foyota (1941)
eracted a new fapily Sciadepityacese to accommodete Selndonitva, 1ittle did he
roeliss thet 20 slonder diploid ehvromosomes, which appoar 40 be median opr
submodian with no scecondary constrictions (Tahara, 1940) wenld justify his
contention. The chromcpomes of Saindeoniiye are cortainly most unlike ony othor
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Taxodiazceze. The perms Ighrpeliras 1ilustrates agalin the sape point in
Cuprossoceas, It is intormediate botweon the southern and northern genere

b in hoving bapically valvote conewacales, it is cloger to ihe southern
forms. Thore are two pairs of cong-goales of equal size tub of differont shope,
The young seales are floshy. In its vcgemﬁi% charagters, it clogely
epproanches Hoyderis ond Thjongis of Thujopsidene and In hoving three to five
cotyledens 4% reenlls Jundporug of Juniporese, 14 {1953) howevor plnced it

in a tribe of its own, nomely Tetrmelinene of the subfanily Coliitrolideas, It
im more or loas iscloted in the family Cuprescscese. Mayata (193R) went o
step farther %o create for it = now fomily Tatraalimeeas;ndlm cyLology
supporks 1ts igolated systematic position in Cuprossacess/evon the formation
of now fapily %o scoommodate it. While the typicnl Cuprussuceao have 22 long
diplodid chromosomes with ong pair of sceondaprily constrleted chromogomesn or o
podr of satellitod chrmosmea, Totroollrps hog 22 shorh medien or eubmodisn
shyomosorsg, nene of which show sither the secordary constrictions or pntellite
88, To a large extent the clronesome complement is sinllor to Junlperus
procer (3g = 22) reported by Mohrs ond Khoshoo {3956a), The only point of
difference ig that the pair of sublerminal chromogores found in Juniparus

progora ove abgent in Telxaollma. In this reepoct the fopmer oppoars to bo
more highly ovolved eybologleaily thon Todweplimia (of. Hutohinson, 1948,
PP« 2.

The ahove mentioned instonces wun parallel 4o the gybological sitvation
obtained in Doeslme archeri, which eapain depervos anisolated position in



Cuprossaceae on ecytologlenl charactors alone. The gystomatice pomiigion in
Cupreasocese has been varicusly intorproted. Pilger (2926) plaaeé; .;sbn the
sutfonily Thujoideaa, This view wms shared by Mosoley (1943) who mado mdner
changes in the generde composition of the same mubfamily, I (1953) in his
clagalfiecation of the mubfemily Calldtroidene included Digelrm in tho tribe
Idbocodrene and 2lgo irdicated thot 4t probobly originated from Hiddeincbonie.
The present cybologleal study of Dianlms asrghord does nobt support any of the
above mentioned vicus, particulorly the preboble orizin of Jigglos from
Hidgdrinetonin. Thoro are 22 folrly long chvenosomes in ,‘bhﬁﬁ root=-tips of
Diselmn with median or mbredian econstricbions. Oub of these two chromoscnes
show interecalary satellites and the chromocomes simnlate those with sccondarily
constrictions, They origimate as o result of inversion of a satollited -
chromoooms, fusicn of the gatellite with distel ond and the brenkage of the
chromeosore 1n the middle of the shord proimal arm, Tho gubscaquent healing
of tho broken ends will romuli in & chronosome vith a Ysceondnyy conpbriction!
showing the styuetural detells ae those of Digelms. When conpidored in this
1ight, tho most probable anceghbor of Dluelig appecrs to be o spocies like
Cuncesmua tomlesn (2p = 22) vith a pair of satelllted ehremosomos, whose
inversion and brealoge wonld sive vise to chromogomss with intercalayy ontelle
itess Hiddeinatonds enpregscides (Sp = 22) with 2 pair of normol seeondary
congtrictions (Mehra and Khoshoo, 19562) conld nuver be the possiblo progenitor
of Diselms as was thought by & (1953).

By the way it moy be romorled that sceondeyy constriction was firsh
deseribed by Delounay (lewitsky, 193) as e itriorticulete body. Heits (1931)
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eotablished it functlion og a2 roglon whero nueleolil wors orpanised. In this
raspect, thoy have a function sinilar to those of sstellibed chromosones,
although Sato (1937) claimed that the secondory eonstrictioms have no
copnsetion with the miclecli. Bub in recent literature coses are Imown In
wvhich the ehromosomes with secondory constrictiona ave both miclcolar as well
a8 nopn-mcleolar, Perhope in the abuenco of gatelliited chromosomes thsy aro
macleolar in function. From o nowphologiesl point of view there ig little
differende between o catellited and a cecondarily conotricied chromoseme. The
only difference is in the longth of the sogment distal to the constriction.
Perhaps a satellited chrowosome is more vecent and reprecents e higher
evolutionary type. The case of sceondayy consbriction described in Hisalma
18 different fron ap ordinayy sscondary constriction deseribed sbove. While
the ordivary cecondary censtriction is primitive the indercalary trabend

similoting o secondery constriction is recent and povhaps highest ovolvod.

Closely associsted with ite unique oybologieal cleracters, Diselra
shows advanced movphologleal featuress Thero aye two pelrs of cone séaleg
of equal glze, one storils and one fertilsy the ferdile wnes benring two or
throe vinged seeds. If Tetxocollmug with the sape ooy of ecno sealos could
be regarded as highly advanced (Mutehinson, 1948), Diselma oo appears to have
the samo evolutionary stotus. HWith itg in%gm&lﬂry trabant, 1t is extremely
doubtful vhether it could be dorived from o gemme 1ike Wlddringtonin., Oa ths
bagls of lnryology alone Pigolms avcherd is to be given en isolated position
in Cupresceceas as is the ecase with Jolznalirug. Tte actual systemaibic
position in g partlenler tribe and a subfamily of Cupressacese cen be docided



only eftor a thorough cytologieal survey of the whole family,

(1)

(2)

(3

(4)

VQ Sm@-ﬁlm

Chromosome studies, with & viow o ascertaining taronomical ond
phylogenetic rolationchips of the Tasmanian Conifers was undertaken fop
ths first time. The prosent otudy includes Pive speclos of Podocerpocessy
threo gpeoies of Cupressacece, throe gpecios of Taxodinrceae and one

spoeles of Pinacoas,

Blazd , a8 vropresented by P. sopleniifoliug (2p = 18), is an
oherront gemua voprecenting an indspondent bt perallel line of evolution
which requires an isolated positien, if retained in Podoearpaccae. Ib
could be deserlbed as a Podocaryprwith Iaxig-iike chromogomes and thig
wonld probably mean "harking back" to the hypothetical nncestor, which

woo the stariing point of modern Taxncoas and Podccarpaceas.

Pheroaphners hookerdons (2p = 26) io curlons juxtaposition of primitive
and edvanced charvactora. It is phylogenetically an off-ghoot from a

Dacrydinm=-like deseent or both Ingrvdium and Pheveovhaors have deseended

~ from the some primitive stoek, When compared with othor Podocarpacess, it

has likenesnes scceompanied by strong differences. Considorable evidence
has teen presented to show that itdserves & separote famdly.

Horphologleal ond eybological facts clearly postulate that Migrocachiwg
tetracong (25 = 20) is not only clesely related to Dicrvding Lronklindd



(25 = 0) Tt both ere probobly descendonts from & COmEOn GROOSLOTs

The chrowogonme comploment of Migpocoohvyys tetwarzane 18 a reducaed replica
of Dacrvding frapklinid. In the crigin of Migroenshrve lelrogang

genotyple chonges leading Yo o veduction in the size of the chromonomes

Cwap on important factor, This is corrvelated with its shyubby habit.

(5) Podoosrpug plnins (2p = 38) ig considered as the sterting point of
fupodeearpus 1ine and honco 2y = B is the mosh primitive wmumber in
Podopariug. Roductlion dwe Ho fusion hag been tho most probable line of
gyolution within the goma, MNorphologleally complexz and highly evolvoed
specles are choracterised by lower chromposome mumbors. Polyploldy is

abzent.

(6) Teoomendam Plmc rsdints (2p = 24) with ite five poirs soceonderily
constricted chromosomesn is different from ite Indisn counterpard with
enlf two such pairas. It is suprested in tho light of tho cytological
data that it is a vn:aw speciess A reclessification of Zlmug radials

is rooonpended.

(7) The zemus Admotoxis (25 = 22) is rogorded as conneching link hetueen
Toxodieccae and Cupressoceae. Both oytology and morpholopy supports the

pape conbenbione

(8) Ilgelmn axshoxd (2p = 22) mas probedly an isolated position in the fomily
Cupressaesne in having of & pair of chromosemes with intercalery trabants,
vhich are unique in the family. It seems to have originated from an
ancestor like Cuprosms forploss (2n = 22) with e pair of entellited
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chromosoncs. Inversion of a B&T-chromcsone, end-to-end fusion and
subsecguent breckage In the middle of the ehort proximel arm will lead o
the formation a chromosome with Intercalary trabante It 1o one of the

. highly advanced genare »f Cupressacens,
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Figoe 1« 9,

. Explonation of the text Ligures illustreting "Oytotasmonomy end phylogeny
of the Tagmanien Conifers®.

Fige. 2 ond 2,  IZhellcplodug canlenifolivas Fige 1o Semniic
netephase, 2g = 183 note L and FH chremosones with unsgusal contromerie
congbrictions. Tige s Idiograms Figs. 2 ond 4
hooleplons,  Filge 3 Somiic metephase, 23 = 26 Fige 4. Idiogrom.
Pigas 5= 7o Mlozogachrys telxacogs. Fige 5. Scomabie motephese,

2n = 03 nole the 2 8il-chromosones. Filge 60 Idiopranm. Flge s

A roote=tip oell shoving’ reduction groupings’™s Filgs. 82 - 9, oervdisn
Lranklinld, Tipg, 82 Sombic metophase, 2p = 30 nobe It wnd st
for their unoquel lonstha, Fig, 8b. Scmatie meltaphnao shewing thivdy
two chromesomes. Fige. 9. ITdiogrem.

erasmaa el



Figse 10 = 19,

Tigss 10 = 12, Podocor—na zinipa. Fige 10. Scmatie meboaphagze,

25 = 3Bj noto twp SAT-chromogenss, one ot 3 o'elock ond the okhor in
the oenira. Fig. 1. Somtic nmobophose; 2p = 283 showing the mimutbe
sceond arng of oll the chromosomes oxsceph the Si¥=chreompsonen. Fig. 12
Jdiogram note the gradual gradetion in the chromosomes, Pips. 13 =~ 19,
Callitmia oblenss, Fig. 13, Semtie notophocs, 2 = 22, Figs 14e
Somatie metaphage, 2n = 22 to show 2 pair of heteromorphic chromososes
vith seecondery consirictions and o third ehromosone vhieh has logt a
pieco’ the effeoted chrovosomes ore blackeneds Fige 15 Somntie
metaphase with twonty ong chromogores and o fropment§ the paiv of
chromosomes with sscondory eonstrietions is hoteromorphies the other
two chromosomep showing strueturel alterationse. Fige 16 = 18, Showing
the voriation in the lenpgth of the hotoromorphie peirs of chromosonos.
Fige 19, Idiogrami the pair G is unaguel just like the palr Il



Fig&?. 28 - 2'60

Figs. 20 = 21s Caollidrds itopmrnien. Fige 20, Somatic motephaso,

Rp = 22. Dipge Q1. Idiogram} nobe the grodusl gradntion in the chromoe
gomogte Figse 22 ~ 24. Disalid cxchexde Fige 224 Somntie motaphase,
2n = 22, ¥Pige 23. Idiogran ghowing the SAT-shremeseno (G), which
shows & gramnlayr body in tho seoondery constriction, Fipgs 24. ‘
Somntio motaphase with nintesn chromosounoss Figse 25 « 26. Abhrotosis
selpcinpidoge  Pige 25. Somatic metophose 2p = 22, Pige 26, Idlograms
note twe short chromosomos. '



FiﬁSQ 27 = 3«1#

Figoe 27 = 8. L. dozifolis. Fig. 27, Somtio metaphose with twonty
two chromogones. Fig. 28. Idiograms note the predotion in the longth
of ohvomosomes exaepb the single lust podr (K). Pigs. 29 znd 3.

Lagupragseided. Fig. 29. Somtic motophace chowing twonty two
chromosoness the homologous ehromoscnes é'}, alt e, Gz, gl are

unequol in lomgbh. Pig. 3. Idioprand note the single short paly

of chwomosemes (K)e Fige 3. Pims mdlatn. Somtic mstephese showing
twonty four chromosones.

(231 figuros ave drawn ab x 2,500 and veduced to the page size in tho
ph%@graphs).
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Doorvdiup Lranklinid (2 = 0)
sematie nmotaphase’ sema as fip.Bas

% 1250

Deowdiun Zmaklipld (2p = 2)s
semo es fip. Ob. x 1250



Callitris ohlonen (2p = 22)3 one
chromcgoms at about 11 ¢lclock

showing structural change. =x 1250

Callitris oblonem (2n = 22) showing
heteromorphic chromosones with secondaxy
" constrictions (about 6 o'clock and

8 o'clock) » x 1250

Qallitris ghlong (2pn = 22)3 motaphase
with one f.’mgment and one structuralily

altored chromosome: same ag fig. 15.

x 1250



Digalme archeri (2p = 22) 3 somtie
metaphace note the two chrowmoscoes with
tanden sateliltes at sbout 12 O'clock,

x 1250

Biselme arehard (3p = 19)5 on
cbnorral netaphage’ samg ag FigeRd.

= 1250



Sihwectanls aelaginoidon (25 = 42) comatie

metaphsses sauma oo Lig. 25, x® 1250
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IMPROVED S0UASH THOHNIWES FOR CONIFERS



DIPRVED CHROMOSGME SQUASH TICHNIWIES FOR CONIFERS,

Abatench

For a eritical karyobtyre analysis in Conifers, two improved souash
mothods are cutlineds Ope utilises 0.5% aquecus colehiedine solubion (2 hours)
and 0,00 S-hydroxyaquinoline (2 hours) as prefinaiives, acetic-aleohol {1 ¢ 3)
with 5% concontrated lydrechloric acid ap e Pixative, prolonged celd hydrolysis
in o macerabing fluid comtaining congentroted hydrochlorie acid snd 95% alaohol
(1 5 1) ond fenigen steining coupled with acctocsrmine. This mobhod ie most
useful for sll Conifers. The seccond methed involves the uee of concentrated
agueous solutizn of inremompt’ml:?,he in tep woter as a prefimtive (3=4 hours),_
osmie fivative like Bonde ulth 0.003 S-hydroxyeminoline (5 3 1), hydrolysis
in hot 1N hydroohloric acid for 45 = 60 mimtes ot 60% and feulgon squnshinge
This mothod gives good rosults with Pimig redioka end Podocermug olning.

The preparatlion could be made porronent by any woll koown method.

2 the tanpin eonld bo

Chvloualy in Dimug rndieto ond Eode

hydrolysed into soluble sugurs, vwhile it is rot possible in othors. The

following two mothods are tased on thip fact.
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Thers hag beon & great poucity of literature relating to criticnl
mryobype anslysis in Conifers, which figure prominently in 0ll cvolubionnwy
and phylegenetic discussiong.s One of the moght important eontributory causes,
aparh from otherg, is tha Jack of facile technicques for a ctudy cf their
chromosomes. The picnser work of Sax ond Sox (19233), important theugh it
may bo in many ways, £alls shord of any medern stendard of karyobtype enalysise
Sex ond Sax (lgc. gike) employed mostly ecotesormine squashss of tho ondo-
gporn tissue rojecting tobtally woot~tips us unsuitable for a study of sematie
chromooomag. Flattening of chromosomes wao achisved nrostly by physieal
presmres Flory (1936) subsequontly cxtended the work of Sex and Sax. I
wes also based onbively on the acetocarming method of Warmke (1935). They

wore pregolshicine dayne

Even afier tho advont of eolehicing, no sorioung attempt wag made 0
improve the teshpiques foy Coniforse The rapid scuoch teehnicpso of Johmaon
(1945) wos meant %o provide & method for ecunbing chromoscres in Pims,

Ahics, Plges, Poodokausz, Tiuis ond some anglospermse The author himself

did not clain that it was designed for avy critiesl cbseyvabion of chromogones.
The only nev festure of hig mothod was the use of n=propyl agetote as &
deliydrating agont, which wag considerod as logs toxic than diomane cnd it
abgorbed ne noloturs fron alr thersly proving suporior to absolute obthanols
A1l the earlior and loter vorkers 1like Durk (1932) cnd Peldwin (1945) used
root=tip materials fived in ogsmic or formelin finide and stained secdions with
cryatal v:iolet. Uber denling with such goners og Uonifeors, soms of which like
Athrotosig ere ohnmactorised by ereeptionnlly long chropnscmes, sumesh wothods
givo o very dofinite advantage ovor the scetiong, since aqusshes eliminate
forshortening and facilitale the siudy of rolative iengths of chromooonoga

Such methods nro well-pigh indispensable to tost the are old hypothesis that



the chrowosones in Conifors are highly stable and are liable to litdtls cr

no variotion.

Uno of the cutatending fecte connested with the above-montionced problem
ig the cecurwonce of ztundand tomnin or tonnie aeidl or tamniniferous
substances in the alpine and eubslpine Tagmenion Coniforg, sewving to dimdnish
thoe demger of desiccaticn in the absence of snow and protect them from
assaults of efimals ond froste Thay form rocerve foed or products of oxerstion
in gomo Conifers. Congtituting a mixburo of a varioty of substanees, whose
chemistry is imporfestly lnown, thoy are prolebly of the naturs of glysoeidoes
or dorivatives of protocatschnie and gallie asids, Glycoeldes yiald dextrose
on hydrolysis while the vost do note They rvaect with heavy metalic iong,
lile iren, in acetic solubions., Ordinayy rengenta liks chromie aeld, comie
acld, Pob, dichromate cic., give brownish to black precipitates with tonning,
Henvy metalic ions ove introduced by the iron inctruwments when used in
econjunction with acetice alechol. lience during the whole monipulotioncdegeribed
below, portieulerly in the initicl stages of fimmbion, cora shepld be exereiged
to aveid iren needles and forceps and to use plated or plastic ingbrurcnis
(11, 395%4)c Their precipitotion in the initiel stage would pericusly interfore
wmth souaghings Flattening, which is go epgentisl for obbtaining clear

pictures of ehromosomo m:m;ah@logy/ wvonld beeows an Impossibility.

Ereaoolingt Inm tho case of smll plantks of the Gonifers with root tipo, cold
treatment was tried with success. If the planks with thelr voots immersed

in tap wobker wore lofd in o gold roon b 0% overnight, the fromency of
metaphases in the root-tips congiderably ircreased. Chromosomes wore probably
hold at metophase due to the muppression of the spindle. Gorstal (1949)
however thought that celd treotment; offcetive et 5%, cmmderé.bly retucod

the murbor of motapbases in Seopronan lopesaciize The effect of cold



trontment was firot studied in dolail by Delemnay (1920) in Grepis and

1% has boen uved in the oybologieal schedules formulated by HL1l end Myers
(1945), Vernke (1946) end Dowden (1942). Rerber and Gellsn {1942) have
adoptod freezing as a meang of ohtaindng motaphases with superegontrached
chroncsoneg mi"‘m. It is nov realised thot freesing nob only
precipitates some of the meleay proteine bt algo brings abont fixation

of tho shromosonod.

Erefimmticnt The numbor of chemiecal substances for obtoining well
progerved, well scodborod and gtraighbened ohromosomes whon the calls with
thin selidified plsama sre prosped under & cover gloss is rupidly inereasing.
Tho use of Colchicing, G-hydrewyquinoling, Parcdichloyolansens; Coumorine,
U-Bromenapthalone ap profizstives, oither sivgly or in combinatlon, is a
valunbleo stop forvard in Improving the squesh Soohmicues. Ever sinco the
diaocovery of colehicine as a pobent tool for inducing poiyploidy, 4% is
widely used in oytological teclminues for destroying the gpindle, for
contrecting chromesones and for obteining wellespaced chromesnoues {0Wara,
193, 19485 Purvel, 1993 Phodawi, 1940% Rogen, 1946 a, b$ Govstel, 2949).
It axngporotes the size differvences by the cpiienl foroghorioning of the
snallest chromosomes (0'Mara, 199). It seoms Yo bovo somo speeific action

on the cenbromere boo {Eorpochenko, 1940).

During the prescat investigotion on Tasmapian Conifers, mitotically
active root=bips of sufficiont length were scaked in several concentrations
of pure cclchicine (Pal chemicals Itd., Iondon smd Dritish Deug House,
Poole, Englend) in distilled wator (0.1%, 0.25%, 0.4% ond 0.5%). Although
it is gerernlly understocd thot at lover cmcent.mt:ims the only offech of

colehicine is to deabtroy the spindle nachardem with little er no porceptable
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change in tho chromesomes, proeticelly no visible Avhibiting action of

the spindle hag boen observed in Tosmonion Gonifors at lover concentrations
even aftor a trentmont extonding ovor six or seven hourse At high
concentrations, the desired effest wug produced only after a prolenged
treatvonb. Woll straightened and scattered chromoscnmes vere obtained aficr

a trontmont in 0.5% aquoous solubtion for 3 houes in the came of most of the
Conifors. lowevor, the pericd of cxposure cnd the strength of the solution
varded to some extont depending on the mature of the spocies. Yor instance,
in the cese of Podocorsug alping 0.25% aolutien for three hours or 0.5%
golution for two hourg wore found oufficients In 8ll thepe exporiments
ozposurs o light (100H. lamp) resulted in hastening the action of eolchicins,
Tho developmont of the onindle is perhaps arrvestod due to heat and this would

noturally augpent the colehicine cetlon im the some dirceblone

The tolerance of the Togmanien Conifors 4o hipgh dosos of colehicine is
indeod very romovkoble. Ao is the cope with Gplehicnnm which contains ecichieine
in its cells and thorefors resistent to the drug {(lovan ond Stoinegmer, 1947),
Tapmanion Gonifers nay presumably have within tholr cells substonces that
arg C=pilbobically active. It i alego posgible that the tarninse preosent in
their colls moy plysically ond chomlenlly vonet with eolehieine therely

retucing its efficacy and delaying its zebicme

Colchlicine alone did not produse the desired offect of clarifyving the
primary and secondary eonebtrictiong es in Rizelwmsy szahord ond Athrobasds speoios.

Hence other chemicals either mpingly or in combinztion wers tricde. The
gpecific action of S-hydroxyquinoline in bringing eboub changes in viccesity
and accentunting the primery ond secondery congtrictions ie & timely discovery

{T310 and Lovan, 1950). Treciment of the excigod root=itips of Tasmonion



Conifers in D002 S-hydroxyquinciine alone at 20 - 1% vae found to
produce the desired offect only after 8 « 10 hours, o duvatilon which was
unduly leng for any pretroatment in o squash teshnicue. In yocond yooro,
saturotod golutiong of Paradichlorobengens (Moyers, 1945% Derman and Seotd,
1950) ond Coumarine (Cornman, 1946Were aceredited with Cemitotic nebion.
They 4id not prove ussful for the Copifers in cuestion as they also reoquired

peolangod troatnont Hke oxyquinoling.

To cchiove a ropid distructicn of tho spindle and 2 nild indibisl
contraction of the chromosomen, the rootetips were first trontod with 0.52
colehicine for 2 hourn at room tomperaturs or beforo an electrde lumpe. It
was then:folloved by 2 hours! troatnent with 0,003 S-hydrogyquinoline at
10 - 14% for 2 hewrs rosulding in & further combrackion of chwcemoconog,
selidification of the plasmn and above 2ll in cloxifying the prirsyy and
secondiry constrictiond. In meh ¢ schedule the rapidily of the cotion of
eclehicine and the officoey of Selydroxyquinoling in bringing cut tho con=

strictions prominently hove boen conbined end explolted.

The odoption of {=Bromorapthonlone as o chemienl for protrostrent of
the somtie chromosouss hos been froquently used in reeent eybological
technigues, Sclhimeok and Koatef? (19%) first employod it ag & polyplodising
agonts later ony, O'Mars (1948) used monoebromenaptheline and nonchromobongerne
t0o secure woll soabiored and abraight chremosancs., In tho cnoe of Tasmanion
Cenlifers, it teok 4 hours 1o atialn the Initinl mild contwaction of ehremsoomes
end the supprosgicn of the spindle. When this trecatuent is coupled with the
use of S-hydregyauinoline in  Bonde or o chrope-comic fiwstive in the
proportion of 1 ¢ 6 oxdd 1 3 § respoctively, well elerifiod and highly drange

parent chromogores were obtainod. The offect wos pleaning, the eubling of the
B »
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chronogones wes snooth and & weallth of aew dotails were veveasled, as in
Pipps redintn. Consistent applicotion of this cethod alone should oricutats
sur Imowledpe of the karyobype evolution of Pipug and obther penoro of Conifora

in @ new perspoctlve.

Eizations VWhon fi:ntion was minimised o 10 mimtos, acobtic-alechel (1 3 3)
wap found to be mosh useful and gave consistent resulis, TFrom the polpd of
view of tannin and macernbion, a slipht inerenge in the acetic acid (i.o. 1
part of glacial acotlc acid end 1 part of abeolute alechol) gove bobtor remulis.
liovover, the suelling wrodused wan so gront as o distort the shorpnoess of the
prirary and gocondary eonsteletions and hence acebie-alachol with this fermula
vas discurdeds Hepested trinls bave rovealed thot the addibion of 5% cone
centrated hydrechlorie acid to cgetie-nlechol (I v 3) helped in overcoming

the rosistonce offered Ly tennin end helped dn the disaclution of tho middle
lamelis. DL elone as a fixetive was Pirst used by Corsbel (1949) conbining
fisation ond hydrolysis ot 60% fow 10 = 3, mimmbtes. This mobhod cemnot be
u{sssad with eny advantape in the case of Taszopisn Conifers. The uso of 455
neebic noid ao o fisntive supggected by Sehrothor (1951) for Dromug which
asbrongly rosiste meeceratilon end honse the sgeparebion of cells.wma tried in vain

during the pregent study.

Oamie Dixstives were in peneral found most vneatisfoctory during the
present investigotion for the Tasmonisn Coniferss Thoy precipliated tommin in
thele cells as dork bwown oyysielline mnuses. No matier how long the
hydrolyais time wag sxtonded, the major problem of offcetive mucoration and
geuasting obill remnined In those ceseg. It hindersd oll efforbo to obtain

e¢loay ireges of the metapbape chromcscmes. It is peasibly due to the fact
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that tannin contained in these Conifers cannct be hydvolysod into cugarss

The only two oxcepbicns to this ruls are Linpg radints nnd Podecorrpg alnind.
In both these cases, oonic Cixativen like Benda, with ond without acetic ceid,
end chrope~canic fixotives have proved pro-cminent. As pointed oub cerlier
in this paper, the additim of S-hydrexyquinoline to thosse £inids (4 3 1)

and fixation atb 10 - Z?.A,OC have given all the advantoges of Sehydrowyouinoline
%0 tho resulting effect. TProlonged hydrolysis ig the only prorvequisite for
suocoosful souashing. In Uhis raspeet thess tuwo Cenifory avo most uniike
other Tnsranion fomg. Porbape in thess ¢agen, the tonning ave hydrolyeed

into sagnrse

ralyains Prolenged cold hydrolysls of roob-tips in o macerating finid
containing equal parts of concenbrated bydroghlorie acid and 958 alechol hag
given conglgbently good regalbs. The time of hydrolysis varied with the speciss
depending on the naiure snd ancupt of tennin conteined in thoir cells. For
instonce, in the case of Digolra archord and Zherogphoavs hookaring, the
time of hydrolysis ecculd bo prolonged Yo 35 mimubos with advantags. Nermlly,
20 « 25 wimites hydrolysis wus found sulficiont. Hydrolysis il Hydrochlorie
acid for the sane poriod vag unsatisfactory. 4 macerating fluld uith 3 porie
of eoncentratod Lydrcohlorie soid and 1 part of 958 of olechol was used In
the cose of Migropoohwyn iglracors, Collilxls specien, Dianlme nrgheri avd
Eharogohoors hookerdng. Although it cocosionnlly gave good resulis,corvosions
appeared on the chremogomes and honee bhey presented a, distorted appearancoe

Ho deubt this treatment interforred with the mbsswuuent feulpen reschion also.

In the ecee of Ripua end Eodognrrug which contain wither Glyoocides
or tamdns allfed to then, hydrolysis at ¢0% in W hydrochlorie neid fop
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7
PENI

1 hoaw romulied in & brealngo of tenning into soluble gugnrs 1ike Dextroge.
Turther stainingsoparation of cells and squeghing prasented no diffleulty
alt all, when such a hydrolyclis e procceded by proper bleaching in o
ndxture of hydrepen perdxideo and concemtrated acuecuy emtonium czalole,
Ammonium exnloto brings sboul & bronk dom of the pectic compounds and it ls

complotod by hydrolysige

Shodnines After hydrolysis, the hob seid ip roploced by cold I Hydrochloris
aoid ond the root~tips are laft for 5 minntes in ite Thon thoy arc rinsed
thoroughly in distilled water for 5-10 mimtos. Decolourised basie fuchsin
propared according to do Thormsi (193) is poured inte the tubs. It took
2=3 hours to stein the tips g}mpaﬂﬁé I the working tine necossitates,

the moteriel counld be left cvermipht in bapie Ffuohein without ony damage to
ite In the latber case, the materiel may gomstines need smubsoouent bleaching
in freghly prepared 802 waters Gonerally, this hus been ayvdided beoause SDg

watoy boughaned the tismues to some extont.

Feulgen reoetion clone has not veosulted in intense staining of the
chronosones, due to hydeolysis much beyond tho opbimam period. The stain
eculd be intongified by waphing the tips repentedly in top water. Brightly
atained roristomatic region iz cut off ard then disoected in o drop of acobo
corming on & olide. A gmall portionm of this dissected tisoue 4g put In a
frosh drop ‘af acetocarmine cn another plide, albuminiced cover sliy is added
and gguashsd without moving the ecvor slip sido ways. A gharp noedlo is applied
en thogo parts of eoverslip whors the tissuc is lodated and further finttening
i offceteds During theso stages, gentle heat over the spirit flsme wons
apriied 2 oz 3 times. In some Conifors like Gollilrin, bringing the sceboe

carmine to the boiling polub focilitated squashing. Lnomnss carmine is then



blotted eut holding ths cover glesse in position, the preparobion ig pealed
with wax and left for 2 or 3 days hofore they are mado pormonents Conerally
drawings ond phobomierographs of varicus chromosurp complenonts are best

made from the tewporary proparetions, in which tho constrictions remaln crisp.

Yhen tho chremosomes are safficiently stained, wex is corefully removed
from the edpes of tho cover glass und the preparation is mude pormnnont by
any of the well=kpom netheds., If Putyl alechol cnd sccbie acid mixdure
{1 ¢ 1) io used for deparating the covorslip from tho slide, treatmont of the
proparation in o mivture of redistilled turpentinc and Dntyl aleohol {1 ¢ 1)
cloars the eytoplasn from osmic siaine The preparation is finally mounted in

copadn teleam oftor glving one or two changes in Butyl aleohel.

If cytoplesnm stolng with acctovarmine, the most effective woy of clearing
it o to separato the cover glase from the slide in 45% acebic aeid, which
destaing eytoplosms The oroparotion is then node pormanent by ony method

given by Darlington and la Cour (1942).
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(3
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6.

Schoedulo I

Precool the root gystenm in tap woter ot 0% for 20 - &4 hours in &
cold rooms If young plents with roots are nobt avallable this step

emld be avoideds

Bring the woter to the rcom temperature, oub off the roct-tips and

protreat, thon in 0.55 aquoons eclchieine solution, 2 houre.

Hogh in running wvador, 2 hoursd

Troat the tips in 0,003 S-hydroxyquinoline ot 10 - 14, 2 houra,
Hogh again in ruming weter, 2 hourn.

Pix tho ¢ips in 2 freshiy preopared acebic-clechol (1 3 3) to which §%
coneentrated hydvechloric acid ig added, 10 mimiten.

Tronefor the roct-tips %0 75% alechel and run then down to water’ trend

the tips in 1% sulphuric aeid, 1f tho plant is Xuown to contain olily and

fatty eell irelusiong, 10 - 15 mimsbes. Suiploric acid dissolves the
oily eell irclinsions,

Hinse thovoughly in distilled wator, 10 = 1§ oimebes. If tho plants
do not eontain oily cell inglusiong, ctops 7 and & comld be ormitbted.
llydrolyse the tipo in 2 mocorading £Iuid eontaining oqusl paris of

eoncantrated hydrochlorie ceid and 95% alachol, 25 = 35 mimutes.

aecording. to the specios.



(10)

(11)

(12)
(13)
(14)

(15)

(16)

(17)

{12)
(19)

(20)

{21)

(22)
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Prain off tho mcerating fluid and wash the tips in distilled woter.

Stain the tips in leuco-besie fuchsin {(de Thomasi, 1936), 2 = 3 hourss
if tho vorking tive necessiltates, the matorial could be left overnight

in bagic fachsin without causing oy damge to it

Intonsily the stain. by washing repeatediy in tap water.
Hleach, if necesmory, in S0, water, 3 chonges, 10rinutes coch.
Hinge in dis‘tilleﬂ webor,

Cut off the brightly stained reristematie reglon, put it in a drop of

acotocarmine on & glide, tense it with ploted ncedles.

Pab o emall plece of tho tisme in a fresh drop of ncobocarwine on ancthey

glide, apply an alluminised ecover 9lip,

Honl genitldy over the spirzit flamed 1€ necossayy bring acetoczarmine under
sover glass to the bolling point! squesh by opplying the polnted ond of
the needle on thoss poarts of the covergiip where ploces of tissue are

lcealiseds avoid side wvay movenend of the covorglip,
Blot cut the excess carmine and seal the edges of cover slip with wox.
Store the slides, 2 - 3 dayoe

Serepe the woxs invert the olide in a mizture of glaeisl zeotic acid und
n Butyl aloohol {1 $ 2): kesp the preperation in thic mixture $411 the

eover glags seporates Lvom the slide,
Pags the glide and the coveralip in 2 changes of n Dulyl alcohol,
Monnt inreutral Bolaan,

HeBs If oytoplasm talwscbein, 3t i bost o separate bhe cover glass Trom

the glide in 455 acetic seid, which destaines the cytoplasms Proparations



(1)
(2)

(3)
{4)

(5)
(6)
(7)
(8)
(9)
(10
(11)
{12)

(13)
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gould bte mede pormanent Ly any well lmown method and Buperad eonid

bo need as a mounting cedlurm as given by I Couy, 1947.

in]
Sghadula 1T

Precosl as in schsdule I,

Profiz in a freshly made concentzated sclution of  -Promopapthalene

in tap woter, 4 hours.
Wash in ruming watery, & hourse

Fix in Bonde end 0,003 g-hydrosycquinvline (6 s 1) or chroms-osmic
fizing £ludd with 0003 éaizydrmmquinolim {5 rerte of 1% chromic asid,
1 part of 2% osmic neid, 1 part of 0003 Sehydroxyaqainoline) for 1
hour ob 10 = 1470,

Rirge in digbilled wntor and then Iulewmrd wnter, 5 = 10 mimton.
Treat the tips in 19 sulphupric acid for 10 = 15 minubes.

Ringe in disbilled water, 10 - 15 minubos.

Hydrolyse in MW hydvochlorie st 605, 45 - 60 nimtes,

Replace hot ccid with cold aecid, 5 mimtog.

Ringe in digstilied waber, 5 « 10 mimbes,

Stein in lecchasic fuchsiny 2 -hours.

Intenoify the stain by rinsing in itop wobor, 5 mivbes.

Squash in o piniler wy as in Sehodule I,



The rost of tho procoscdure is seme as in thoe Schedules I, except that
if bleaching ig necessary in equel parts of turpentine and Dutyl alechol, it

is to be done ofber the separstion of the cover glass fvom the slide,

€0,



LITERATURE GITED.

Polduing Welle 1945, 4 list of chromogoms munbsrs in highor planta.
11, Venispermocose to Verbonooono. Arar. dop. Boke £ 191-201,

Barber, Hola, and Callon, LG, 1942, The offocts of cold and eolshicine
on pitosis in nowbe Pxoc. Bol. S0ge By 12303 258270,

Bhaduri, Pl 193, Root bip smear teshnique and the diffeventdal staining
of the mclooluss g Roge Migp. Sog. 608 17,

Bhaduri, P.N» 1940. Improved suesr mobthods for pepid double staining.
Jour. Boy. Mieros Soge 603 17,
Bouden, Welle 1949, Soms modifications of Warmke's pormonent section gmeap

mothed fop plant chromosonss. Siadn Teeh. 248 171-176.

Burrell, P.Ce 1930, Root bip smecr method for dlfficult material.
Stoin Teeb, 148 147-149. |

Cornman, I. 1946. The regponses of oniom end 1ily mitogis to commrin

and parasorbic acide Je.Bne Blol, 238 202207,

Darlingbon, OsDe, and Io Gour, LFs 1942. The handling of ehromoscmos.
George Allen end Unwin Itde, Zonden.

Dolaunay, l.Ne 1970, Rimbgencuperinento pit Weizen., Yiss. Salacte. Junab.
Kiew, 63 3=3%.

Dopwan, H., and Scott, }é. He 19050, Chromozorme cainta in apple and

strovbsrey aided by povadichlorchonzenc. Shain Ioch. 258 287,

Dark, S.0.8. 19, Chvemosomes of Tamig, Sequols, Gryptomerie end Thuja.
Aon. Boke 463 965-977.

Gin



do Tomgi, Jebs 19, Iuproving the technie of the feaulgom shain,
Stadn Ioohne 113 13el44e

Fiovy, WS, 19%,. Chromosoms munbers end phylogeny in the Gymnosperns.
doure Sxmeld. Axb, 178 83-89,

Cerstel, DU 1949, Hydrochlorie acid as o fimbive for pook +ip chromosones.
sibodn Leshe 243 95-97,

Hill, HeDe, and Myovs, Well 1945. & cohedule iteluding cold treatment 6o
faeilitate comotie chroposone ecuidy in coriain fovaps prassods
Shaldn Zagime 208 89-92,

Jolmacn, Is¥eVe 1945. A ropid squoch technique for stem end root tipss.
QM. .llg &ﬁ. R Te) C-, 233 327013)-

Jjio, Jdolls, and levan, he 1950. The ues of ogyquinoline in chroncsome
analysic, 2% 1264,

FBorpechenlo, Gele 1940 (o the tronsverso divieion of chromosomes ag o
result of colchieine tresiment. Celle (Duklady) bcad. Sci. URSS,,
293 204-4000

Lo Gour, I.F. 1947, Isprovements in plant cytolegienl technicue. II,
Bote Hige, 133 216-240,

Leven, Jols, ond Steineggor, Be 1947. The resistance of Colehicum ond
Balbocediun to the ec-mitobic actlion of colshicine. loradilag,
338 552560

1, Bl Lin, 1954, The kandling of Tannin eoptaining waterisls for
gytologlenl studies. 3kain Toghne, 293 217~

and
Mondos Cemngln, /A Te Candidn. 1951, Poradichlorcbenzone for chremoscmo

counbss  Shaln Teokm. 268 274,



2.

Meyors, J.8 1948, Profixing with pere~-dichlorcbonsens to facilitate
chromonons dtudy. Sialn Techn. 208 121-125,

OVare, J.G. 1939, Obsorvaticns on the immodiate offects of Colchicing.
douze Horads, 383 35-Tle

O'Mara, J.0. 1948, Acetic nothode for chromosomes studios ot Prophase
and Motephase in Merdstems. Siginfochn, 233 201204

Rosen, C» 19460, A rapid methed for gopting polyploid matorial. Uaraditos,
%t 129“'1%;

Roseny Ge 19469, Chromogoms determination in voot-hips and leaves by the
rapid creoln vethed. Hopegitod, R&¢ 551-i.

Soxy Key ond Saxy Heds 1933, Chromosome number and morphology in the
Conifors. Jouns Arngld 8bh. 148 356=375,

Sehmelk, fs, and Hestoff, D 1938, Brovee-scenapbthene and bromonapbholine
ag ogents inducing chromosoms doubling in yye 'zma wheat, ol
(Doklady) Acade fod. URSS, 233 263266,

Schreibor, Jo 1951, A schedule for tho study of semwbic ehromopomoes in
Bromig. Shedn Techn., 268 RA4T=250,

HWarmke, Hie 1935, A permanont yroot $ip amoor methode Sioin Ssolm.

108 101103,

Vermka, HEB. 1946, Frecocoling combined wibh chromessmo-acetic fisaticn

in ctuedies of somatic chromoscwes in Flunbe. Sigin Jechme 218 87-89,.



Adkrotarla mnrsasoldes (2 = 22)3
colehicing=coyouinoling protreatmond

and acebic=clochol fismtion, x 1280

2'3’3{22@“&%32‘{'3 'Li E"?m' LoD (aﬂ zs 3}):

tyeotment same as above, x 1250



Podocarpus alpina (2n = 38)3
~Bromonapthalens pretreatment;

Benda-oxyquinoline fixation.

x 1250
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I. TUTRODUDTIN O3

The large lillacecus gerus Bingadd with nbont 110 specles forms & wolle
defined and & highly natursl aszemblage of planks. Mony opeoies chow o
considernble intergradotion of the morphologiesl charseters. This i part-
joularly true to most of the Indian specles. Even & comunl porusal of the
doseripticng of those speeios (Hooker, 18943 Blatter, 1928) will at once
roveal thot overiapping of ehs.araate:m has cbvicusly introdused an elerent of
uncertainty in tezmonomy ronderdng ths speeles delimitation extromely difficulb.
In such coritleal peners. rocomition of cybtolosieal differences would nob
only prove o useful cdjunct to the mowpholopical elassifiention of the syston-
atiot ut moy algo pive a considerable insight into at least some of the
evolutionary mechanisns at work in the genus. Yith this end in view 2 chromoe
some survey of four Indian opecies was undertoken,

Purthor-pore, rgodi vrosents inboresting problems with regprd to its
peorraphie distribubion, which ig wide and at the ssme time highly discontinuous.
Soveral of 1ts specios are mostly African. About 20 of the speeles are endemie,
eithey occurring on islands opr growing in rostyicted avens, o8 48 the casw with
eight Indian and o few African spoeies. Ib wonld bo & motteor of eongiderabls

interest Yo corvslate thoe syltologlenl elnracters of the opocies with theiy

ondeni S
II, PREVIOHS YWORK
Dinondd hee bt scant cytolopieal literatureo. Dogorolinem kos roceived

the groatest attention due 46 its ovtological variability. Sato (1942) was
firal to dotermine its chronosoms wumber as 2p = 8. Iloter on, lovan (1944
not only eonfirmed the chromosome murmber roported by Sote ut alseo deseribed
the chromonome merphology (refer also Tjio apd Lovan,i950) and molosis. Loven

obperved a high frequency of ring bivalonts at metaphase I despilte the faot



that 211 the chroenogonss vere sublerminelly attached. Thore were cceoplenal
univalonts dﬁe to failure of metophage pairing. In e group of 11 plants
gcolloeted from Lishon, Rosende and da France (1944) iscloted two plants with

2 = 16 supermumorory fragments in addltion to tho & normal scmatie chromc-
somass They wers of the opinicn that the ewtra fragments were hetero-chromatie
in nmature and further postulnted thot they might heve originated from the
enchromatic parts of the normml conplenent and had beoowe graduallyheterce
chromatinized”. In a populotion of the valley of Falsgueiro {Portuml),
Fernandos, Garels and Fernandes (1948) observed o single plent of Da.ferotinum
var fulwmn (2g = 8 ¢ 1B) vith e grall supormumerary hetercchromatie chyomosons,

which was of o similor type described by Resende and de Feanea., Ia Cour {(vide

Peplingbon and Wylie, 1955) vecorded 18 diploid chromosomes in D lolcnme
Battaglia (3954) adduced eybtolopical evidense %o shov that D serobimn vor

fdsmn (Rp = 34) eoliected from Ain-Sebim (Froneh Foroceo) should be soparated
ap & now gpecios frem D, govolinmin. On the basis of comparntive karyology,
he also explained the probebie hypertotraplold modo of origin {2p = JX = 3R+2)

of this highost polyploid knoun so far in tho gons.

Qes



111, CHROMCSGE NMERRS IR DIRCADY

The folloving ave the chropogome mzbers of Dipeedl srronged in thoir sscending orders
Ho attompt has boen mde to follow any perticuler plylogonetic tendeney within the perus, b
the speeies are grouped accerding o Dalker (1&?;71). The Botanicsl nomencleture snd gytologienl

torninolegy of the respective aubthors hoave been mentioned.

Species a 2R Sutho epazk
Bloeadl gervotinnn Yedics - g Sato, 1942
n " Z, 8 lovan, 1944
" " - 8 RBosende ond de Flonts with 2 - 16
Franen, 1946 spormerary fepe
monts in rootetip colls.
w " - g T3io end

Im&ﬂg 19560

*56
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¥, CYTOLCCICAL TEGIRIIQUE

Rootetips of adult plants were fizmed in Benda's £lnid, Bonda's fiuid
with 0,002 M B-hydroxyoquinoline (6 1 1), 2 BD, Lowitoly's chromle-formelin
(1 52), (2 52), (6 ¢ 4) ond chromie-formlin with 0,002 ¥ exyouinoline
{6t 3: 1), VUhen oxyeuinoline wop used a8 a compenent in the fizing
finid, flxntion wap deno ob 10 » 14T for the Tiret 2 hours ond at roem
tenporainve for the cubsequent 22 heurs. The addition of Behydecxy-
quinoline to come of the above ronticned Pimmtives ond incrensing the
formalin content in lowitsly®s £inid proved useful for revealing the
congtrictions in the chromosomes. The root-tips wore loft overnight in
the fizative afier adding equol quantity of 1% chromie acide It
prevented excesaive blackening in the emse of osmie fimatives end ine
creaped the stuining capacity of the chromosonzs after the formalin
fixabives, Transverss ssctions (14 - 1§ thiclmess) vere cub and cxystal

viclsh wnn used ag o ptoin.

Cugorvotions on tho somatie chromcsomes were slso made on Feulgen
squash preparetions of root-dips, Bonda's £luid with emyquinoline |
and 2 chroppeosnie-oxyquinoline mixture (1% ehromic aeid 5 perts, 2%
ogzie acid 1 part, 0,002 ¥ oxyminoline 1 part) pove oxesllent rosulio
after a protrectment of rootetips with concentrated agueous sclubion of

e

)
« Bromenaphthalene in top wotor for 35 = 2 hourg.

Por o study of moiosis, flover buds were figed in ccetie-clecheld
(1 3 3) for 10 mimibes, hardened overnight im 90% nieohol and permanont

ncetocaymine squash preporvations of MLes wore mde.
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Ve MITOSIS AUD MELSIS

The gtudy of the comntic chromosemes in Ploeadi was frauphd
vith congideorable difficulty in apite of the fucht that the
ehromopome rmber ig small and that thoy show distincetive morphos
logieal festurcn. This I because eriticel Pimmtieon, whieh veveals
1l tho ghtructural details in the chremosores; ig diffieult to achoive,
It necossitated the use of several fimntives, no of the most luporie-
ant facts thot emorged out of the present olndy is the presenee of
staired ond unsteined rogiong in the scomodde chromosones of L, goyoyan
and Do bvismziong (gf. Brown, 1949, in Tomibo)s Such regions are move
propinont in Qe hydsuricwy then in D goxomum. In the former, tho
unsgtained regicns neapr tho subterminal centromere ore exceptionally long
and ot those reglong, the chromopcnss appear %o bo atbermeted and drawn
cut chromesomes &, b, € in Fige24). In mufficiently dostained propovate
iong, these regions secm to be diffeventielly chaveed with nucleie acids
and bhence react’ﬂ:i Torently to bapic fuchoin and erystal vielot. Howvever,
in & properly fized arnd steined proparetion thelr position o aluays
eongtant, no mtter whetbsr the fimtive ip an conle or a forpelin type.
Herce for the soke of cenvenlence the unstained rogiong othor thon the
primary congtrileticong are described ng seeondary comstrichiony in tho
Polloving nccounbs. In o elosely velated perme laghonnlip, Moffott (1936)
deseribed chromogsones with mltiple constrietiens, which are gimilay
to those of Bipeadi. The aretic speclss of Bgpunoulng show sumerous
conotriotions in the chromooomes (Flevik, 1978),

Seeondary constrictions bave been intorpreted as heterechromatic
regions (Dorlington end Ia Gour, 1940), Cold trestmont (0% for 24

heies) has rovealed thet thope unstained reglons in Dipeadi ere nob



hoteroehronntic (in its rostricted umage. gfe. Duelingbon, 1941) ond
this foodb iz correlated with the shsonce of prenctic Imobn in the
ronting nuclcus. Thet seecondoyy cengtrictions are mob helberes

ord Spidecine (Therrap

Sworalainen, 1949). It 1o not improbable thet the so-called sotonde

chromatie bhas boesn showm in Folveorehbun

axy congtrictions in the clwonosomes of Mpsedd sre spseiniised
voglong, which aye Aifferenticlly charged vith mecleie seids The
ungtained replons immodintely below the primery constrictions sppoar
norpoy a8 they 2re loss spiraliged. Porhaps opiralicstion is not
-offoeted on copount of the fact thot there is 1ittls or no alfochoent
of thymomeloie neid in these vegions of chromosores. (Darlingbeon and

1a Cour, 1945)c

It iz on oceound of the Qifficulty of ravenling thees rogions

that vory 1Little attondion hos beon paid by the previous worhors on thesd

polote, albhough opeoles 1ike B parchinug hove beon subjocted $o critical

study by Soto (192), Levan (1944) ond Tiic ond leven (1950)s Tt io

rortivent to romark here thed oll these suthors have doseribod the

chromosones of B goralioy se subterninelly attocked butthelr fipguves

conglctently indicate more thon one congtriction, which in 211 probability

is the coso, Thio poink 48 of far reaching simmificonco becungs

binus ie toxononicelly rolated to both Do gosomin and Duudsuricun

and the prosonce of morphologlcally sinilor chromosomes provides shrong

syidence towards the sowe.



{e) Dincodi soxomm Blattev. (2p = 123 g = 6)

Ditbs of Preadl saxorun have been collected from the $ypical
loeality of the speeies namely, Henhori Caves in Szlsetite Islands,
Boray State, India. They usuelly ficwor in August - Septenbor cvery
yeare The material for the present investipation wos collected fyom 30
plants, which conform to the deceription of Blatvter (1928).

Mitosint The somntic cells ore unifornldy chorsotericed by 12
ehrenosome (Fige1). Ho variation in tho chromosome mumber hag beon
encomtered in different eells save for five which showed 13 ehrcnozomes
(Fize3)s The somadic chroncsomes could be elassified es long, modium

and chortse The complooont congists of

(1) Tvo peivs of lomg cotellited chromesemes (o, b) with
mubkerminal ond submedion conptricticmss ome palr (b) hos
distinetly smalior proximel arms than the other (a)$

(31)  ono pair of long chromogemes (e) with one subterminel and
two submedion congtrietionds

(i13) one pair of rediume-sized chromosemos (@) with one subtorminal

and ene subusdlen or medion ecnstricticnss

{iv) one poir of mediun-sized chroncsomes (e) with one mbmedian
and one subberninal congtrictionss unlike the previms pair,
tho arm cut off by the oubmedian eonatrietion io progimal
and the short arm cut off by the subterminal cenmgbrieticn
is distals

(v) ono peir of emall chromosomes (£) vwith subterminnl

gongtrictions,

100.



103.

It ig dlfficnly to differentlate the primyy frem the eecondery

ecnoteictions in tho leyyotyre of R Somorunm and honee they have not been
dealgpoted as such in the forepeing dogcripticn. Mo anaphase conld be
studied from this point of viow. dJudging fron the metaphase orientation
howsvar 1% 40 posoible that ¢he subtorminnl censtrictiong of all the lug
ord ghert chronogones cod tho submedien constrictions of the wsediumesized
ohromononeg (iv categoxy) ave tho primary constiictions, During G-mitosis,
these primery constrictions appear 4o bo more prominent thon the cecondexy

onos, which are scareely visible, 17 ab all.

Tho lomg, modiun and short chromosemes de nob as 2 rle conform 4o a
partionier pettern of arvangerent on the metophese plate, The chovectorigtie
pottern of nrrangement that 1o ponerally oboerved (Pig.l) and tho gporedic
forration of Thollow splndia” (Flp.2) arve fecilitated Yy thoe charsetorichic

chyromogon morpholonye

Although their relative size and the avalleble space on the spindle
allous the movenent and the erdentation of the small chroemescmes in the centve
of the ép:mdle, gecurmlated date bave revealed that it le not alweys go. In
50% of the metaphases they tend to orieontate ot the periphexy of the spindle,

glgﬁ;z Ei a
~ ) oot 3 £
Bobh inside Bobh on the cne outside and Total
poriphory ono inpide

4 13 9 26




tinlasig? Duc to relotively omall number of Mg ond difficuliies
inherent in their fimmtion (gf. levon, 1944) earlier stoges in melosis

of D. soxorum oould not be studied in detail. During diplotenc stage,

& bivelents could bo counted.. Some of thenr show unstained regions in
scetocarmine squash preoparations fized in acetealcohol {1 s 3). These eve
appareantly similar to the unstained regions cbperved in the sembie

chromosomee of Do budouricun.

AY diokinegiez 6 bivelento are evranged at the peripbery of the
meleng, Two fairly big bivalents are alunys attached to the nucleolus
in the carly stapges. As the diakinesis progreseed, the meleclns geis
smaller ond the micleolar bivalenio aro deteched. Hue o the movemonts
of the blvalents ot diskinesis, the muclooins 45 ceen ¢o be pulled apard
and ab the point of attachment the bivelonts ere grently ctrotehod.
Papture of the micleolus ab thio stoge consequent upon such movemenis
of the bivelents rey acemnt_ for the pregsence of 2 melsoll with bivalentsa
attachod te them ot thic stage. Two mueleoli have never beon observed

Cin stoges earlior than dinkinesis.

In o majority of cases the bivalonta ave atioched to the meleolus
by both the ehromopomes and the satellites are nob vicible. At tho poind
of attachmont to the nucleolus, the 2 chromosomos of o bivalend are elose
togother or aport from cach othey, If chicoma is near the attachment, thoy

ars elose togethors If the chicsmn is distal to the atlachrent they ave

awyny from coch other. Evidently, their position ot the point of attachmont

is dopendent on pairing and chlosmn formiion. It seoms mueloolus somotimes

intorferes with all theso procosces. In pomo cases, one of the chromosomes

of tho bivalent wes slipped off the mucleclus while the other wns obill

102,
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attoched $o ite Upcotd (10%6) Tourd in Eromupuz thet when eno chromssomo
uny atiached ths cther hod the appoarcnee of being repelicd from its
hemologue end it wvas atbriltuted by her as probgbly due to the mucleoius
having the sore murfece charpe as the chromosones end honce exerting o

voruloive forcee A similoy explomtion moy hold good in D. Soporum 400

Fig.12 reprecents o sotaphass I with 6 bivelonts. Tho emllost
bivalent shown in outline alwuys reming relatively understaeined in
acotocariine squaches, An chservation of gixbty seven metaphases I showed
vo deviation from the normal haplold nunber six, Howsvew, in one pglond
pollep=-nothom-cell about 19 chromogores ecould bo coanted showing the
configurations bpy + 7y (Fig.id). Yetaphase pairing wao complete in cells
with 12 chrowonomes ond bivalent formation was reguler with e single
excopblon, where 3 univalents wore noted (Fig.l5). This 4o uniike the
tehovicur of B, garotioim which aceoxding to Lovan (1944) choued 25% of

sotophasos with univalents,

Thore is a propondarence of rod over ring bivalents eb metophnge 1.
This ip in howmony with the morpholopy of chrowosomes, oo all the & pairs
of chromogomes are gubtormimally ottached with short proximl ernms, ce that
tho chances for the chissmta to slip off are more in the short arza than
in the long cnes, The reould weald be the formation of a rod bivalent.
Howover, in the ease of long chromogones there appoars 4o be o losalisation
of chiagmts nonr the cemmmafe erd perhaps very little novement of
chingmia tokes nince in them during diplotene to motaphooe I, 1f terminanle
isatien is crvested in the distel orms long belfore the chinsmate ore sllpped
ofT in the proximl orm, the rosult wonld be 2 ring bivelent. 4 grecter
fracuoncy of ved bhivelents over the rings hoveln reported for D, goxomp
ie controrery te that veported by Ievan {1944) in D._gazotirum, The lstier
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is a specles with 4 pairs of chromosomes, which ave subterminally attochsd
like . gogomim and yot i% sheows o high frequeney of ring bivalents at
motophase I. Ievan (1944) cuspeeted that & propertion of then weve false
rings with tvo ehicamta in the long arm, one cleoge to the contromere and
apother ot the distal ends. I7 such a bivalent is strotehed at the promimal
ormgy 1t oimpietes o ring bivalent. Unlike this, mosh of the bivalents
of Da.2axonun oppear to be true rings, in vhich conneetions in tho ohort

ayrs are cleardy visible,

Another intereobing feature obscorved ot metaphose I was the deiay in
the orientation of certnin bivalents at the oquotoms Acecording to
Dariington {(1977) repulsion betueen cenmtromores of & hivalent is the offoet-
ive agont in orientotien. Delay 4n oriontabion is due to inercased distances
botwvesn the centromeres of a blvalent with & decvesse in tho remuloicn. In
Do pozosurn the smallest bivolend hng the centromercs cloge to ench othor with
a repuleion at its rmaximim, St111 this bivolent appears o repwin unovionts
eted. Honce tho factors responsible for nenoxientation mot be sought cthers
wiges The stapen between dickinosis ard wetephnses 7 ars usually corked by
o gordes of movementy of bivalento lcoding to the formation of motaphase
plate. Somo of thom bring the oxls of the bivalent in lire with the axis
of the opindle. Such an alignment iz the firgt step towards ennphoge I
ginee “vopulsion iz relatively ineffective in any divection othor thon the
axile ene". (Dnrlington, 19%6), The second got of movemends respensibile
for bringing the bLivalents to the squaber are due possibly to the ropuloion
botwoen tho centromeros apd the poleg, %he third type of moverents thob
gpace the bivalents st the equatorial regicn arc the body vepulgion, All
these act boegathsy o orientate the bivalenis at the metaphase. Those
bivalents which are pazalliel to the long sxis of the spirdie before the
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onoct of the movements are firot to be oricntoteds I on the othor haond
the bivelents are dioposed at random and are to oxhibit considernble
movoments beforo the bivalonts ove oricombtated they cre delayed., Sive
appears Lo be no factor in increasing the velocity of movenont, becousa
the elxth bivalent which ic the smllest is somebines delayed, In opno
coll {Fig.22) 3t ws logh 4o soparato leading to the conclusicm that it
van 2loo last toariontote itself, The difference in the otaining copnoity
of the smallest bivalent and the rest cammebt Le corvelated with ito
oecasionold delny in orientation bocoues tho £ifth biveleont stains wnormnlly

and is pometimes delayed.

Regulor amaphace I ceporation of bivelents, absence of lagging
chromozomes, the normal occurrence of 6 chromosouss ot motaphase I show
that the deloyed bivolents are orlenteted properly end regmlar anaphage I
separation lo ensured. Torty eight cells showing eraphaze I amply demone
sirated this fact (Fig.21l)e During the telephose I 2 mueleoli vere reguicrly
formeds The diad cells showsd rovely micromuclei and tholr origin could
not bo traced. Two rueleolar chromosomss are attachsd to the mumeleeluo
during the prophopes of tho second division, On the whole, remuler coll

division resulis in 2 ltetrad of pollen graing.

(v) D, Ivdouricup Beker (2p = 20).

The tulbs of D, hmdmyienn collocted from Pawxillae, nonr Rownlpindi,
Polristen provided matericl for the present investigation. The species io
highly localised in its distribtuiion and thrives in tho limostens on the
southern hilly slopes nenr Rawalpindi eb 2000 £t It constitutos 2n olement
of the ephemeral flowa of lalkistan, thch makes ibs appoerance in Mareh gsoon
eftor rains, dries up and dicappears by the middle of April. It wvas

identified ag such at Hew tub Dre N Stowsrt wms definitely of the opinien
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that the plants under investigation bolonped to By serotizum Ioker.

Hooker (1894) rocorded the specics fren ludhisnm, the Punjab, India end

according to him it clowely rogembled D, gerobimm Wt for thelr short

and long bracis respectively.

‘rhe. somatlie chromogome mimber in this epoeles hap beon dotormined

ag 2g = 12 (Fig.22) and tho complemont consists of long,medium arnd shord

chromogomet, - Thers ared

(1)

(14)

{343)

{3v)

{v)

two padrs of long chromogomss vith subierminel prirery constricte
iong, which cut off the short, rounded proximel ayms frem tho
long Qiotel ones (g, b)3 the digtal arms show o differentiation
into 3 stalned and unctalned reglons! the unstained region
immediately beloy the primyy constriction is excepticnally long
and ag 2 consequence the chromoscmea appesr to bo noyrow and
attomsated at this region’ thw progimal arms are furnished with
satellites’ the chromosomes are hotercomorphic for o sise variastion
of satellltes in differont individualst

ene pair of long chronosenss (¢)y edmost identieal with (1) in
norphology and gige ubt aro devoid of satellitos.

ona pair of mediupe-sized chronoscmes (d) with subtorminel primexy
congtrietions and en uneteined region in the niddies

one peir of mediumesized chremosomes (o) with a subtormival
orimery eonstriction end o mubmadian pecondary constrichiond

the parrow unsiained region in this chromosome pair looks more
like o constriction’

one short poir with subtoyminel prdimayy constrietions (£
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On the vhole, B. Jwdeuricunm ¢losely rosombles De goyorun, bobh in
mmbor and greos norphology of chvomogomes. If the chromosore eomplemonts
of thooe two opocies i3 eompoved with thot of D gowobinum (2p = 8) reported
by Soto (1942) and Ioven (1944) o remrimble similarity is rovenled. The
3 leng ond one mediumesisod chronogemes in all the three opesics ars clmosh
identienl ir rorphology indiecating e common origin ord close relatienchip.

It amply justifys thoir prouping inko cne subgerus narely, Ivicharis.

Daring prophescs in Do budmuricouw 4 chiwomoscmes are found atioched
to the weleolus (Fige23) correoponding to the 4 mwelooll of difforant
sizes in telophases (Fig. ). The ehromosomes vlth secomdory constrietions
ore not atteched to the mieleolus. It meang they do not take port in the
oppanication of melecil, Nop-muelcolar chronosomes with secondery

constrictions vore roported by Stewnrt (1947) in fdliup.

(¢) Do montampm Beker (2 = 20).

Do poptapusn io e common Indian species ccourring in Concen ond Yestern
perts of Bacean, 16 hes o movo oxtensive dicteilmticn than Do yreniaa.
I% again rogemblos D._sorobinup in having lsncoolate and sceuminnte bracks,
which cre a8 leng as pedieles bub with o stipitate ovary wnlile the letber.

The species is choractorised Wy 20 somatie chromomomss (Fig. B)s
The kaxyotype is unique in shouing distinet size varistlon, which have
been found in obher related species $ao with lowor chromcsone rambers.
It also resenbles them in hoving chromosores with cecondary constriedions,
vhich are difficnlt to reveal cven ufber critical fimation and feulpgen
steining. Fron thie point of viow even the homologous chromonormes in the
seme metaphnge are somstimes difforent (Fig. B). The chromoacne

eomplement eonsists of (Fig. W)
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(i) ono long paiy of chromosemes (2) with disbinet submodinn

privary conpipletions and median seecadery constrictions on
the short arn (vide Fig. 35)8

(i1) coo pair of lemg ohvomosones (b) with cubmedisn prirazy
eonstrictions and o ac-scle&d&x‘y constriction on the long axm
vory elose to the primary conctriotion’ this Is definitely
ghorter than (a)s |

(135) two poirs of long chromosomes (¢, @) with subbtorminal primoyy
conatrictions and seeondary eonstrictions elose to the primory
dividing the distal am into tvo very unequal partss oul o.i’t
thoge, the longor pair (o) 4o sntelliteds

(iv) cne pair of mediumenized chromosemos (o) with medion op
sub-pedian priveyy constrietiongs

{v) cne peir of medivmesised chromesomes (£) with subternizmel

primyy constriedlions ard submedion secondory eonstrictions’

{vi}) one patr of medinmesized chremosomss (g) with subterminal
primary constrietionos this palr in a 1itdle different fyom
the rest of the subltermingld types in hoving a slightly longer
proximl orm, roprosenting o distinet sepmont of e chiremosono
end not appearing as & kuobs

{vii) three puire of short chromosomes {1, %, §) ono pair (1) o
1ittle longer thun the rest, all vith subtorminal primary
congtrictionss cub of these, the smllost podr (§) 1o satellitod.

Meiosia progrecses with a remorkable regularity forming 10 bivalents
of diffeorent olzes, which is in keeping with the sizne variations of the
ohromosones (Fige B)e The mubor of chissmta in the bivalents range

frem 310 ) and in somm of the lorge bivalento, the chlsometn are lcenlized
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near the centromore und consoguently with ne terminnlization ot metaphnse.
In gensral, terminalization is incermplete in the Jarge bivalents whether

they show localizatien or nob.

Formtion of the bivalents is the wule., Howsver eo a2 departure from
ity twe univalents wore sometimes observed. Alsc a quadedvalent was
obgerved in one ecells This is npporently due oither 4o the pegmentel
irtorchangs or cutogyndesis. Its rare occurrence indicotes that very
gshort segments are involved in the interehonge or the honology of the
ehrommsomes in tho pavental spocles is remoto and hence doss not permlt
frecuent palving, The mpore remotoly the porental species cre rolated the
vore is the fertility of the resulting asmphiploid, All these facts support

e hypothenis that Da. ie an emphiploid, vhich criginated from

perfectly dipledised pavents and ths poosibility of segmental interchonge
having pilayed o part in tho ovelution of the gpeelies apert from amphiploidy
is supgested. ‘

The I and II divisions pass quite repulorly excepht for an cconmionnl
variation in the chromosome mamber et ansphase (II) due pessibly %o
nondisjueticn oither during the first divislon or in the nremsioctie divisiong.
Fige B represonts o amaphnce II with 8 + 10 chromopomes ob the two poles.
Fige 40 shous a pollen mother cell ot anaphase Il. In one half, 10 chromow
sores ab one pole ond 11 ehromosomes at the othor, mkihg a tobtal of 21
chromosomes could be ccunted elesrly. Iu the other half of tho same cell,

20 chromosomag are irregnlsryly distributeds This is an ingtonee where o
vremalotie irvegularity is perpotuated up to the end of secerd division
repulting In polien graing with 10 or 11 chromooomss, Such cocosicpal

irvegnlorities are knowm in amphbiploids, (Goodspeed and Breodloy, 1942),



(@) Deurmilag Dlstier (2g = 20).

This opecies oscurs on the Tebloloand of Panchgani, We Ghats, Bomboy
Propidency. It ig nore vestricted in distribatien than Do moubamum,
whieh it recerbles in hoving 20 somatic chromosomes. 4 sinilay amphie
plofd origin as that propozeéd for D, aontemys conld he inferred for

thie species alao,

VI, DISCUSSICN

The lorge perms Dpgedi with ‘abcm‘& 110 grecies koo sttalned o great
tenpo in evolution and & wide geographic distrilution. Sowe of them have
undeorgone genctype chonpges during the courge of thely evoluntion owing Heo
the inhorent property of the penes themselves, which ig "matable producte
jvity" (gf. Omell, ‘193‘3) and alse in recckion %o the onvironment. On
the other hand, isolation between some spocies my be purely external end
spatinl. They ave porhsps goographlcally end scologieelly isclated as in
B hpdsurdogm and De ssxomum. The former flourishes on llmestons roeks
of the Punjab apd Rewnlpindi, Torns en elenment of the ephemeral ficre of
those reglons and flowerg in Mepch = April. The latter ocours in the
rocky ploces above the Henherl Caves in Balsette, Bombay State, asboub

. : . A
1,000 £b., snd blooms in August - Soptenber. In these cuges, there seom
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4o be no rensen wiy complex gorotie differcnces should acecunt for speciation.
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In conjunction vith sueh genie and gepotypic changes mny cyclec of
chronoseral chonges, bobh mmerical and struetural, seem to have had a

profound influcnee in dirccting the coursc of evolubicn within the gerus.

It ccoms pachable that structural changes vosulted in peretie baryiers
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betusen the gpoeies ot the came Jevel of polyploidy. Im fach, both
m10h bave prograsced simliopocusly, cpe cusmenting the other and oulminated

in the nitimie genctie difforonces betweon the specios,

Chonges in the mumbor of chremcsomss in reinted specles my te gonerally
in mitiples of o basic seb (polyploidy) or mpy invelve the reduplicnticn
of some of the chromosomes of a coh, bs‘bﬁ in dipleids ond polypleids
(Polyoony and seeondary polyploidy)e. The lowoot diploid chromosome mmboyr
reported so for in the gorus is 8y U ic oncountored in Dipoodl sopohinume
iv}h@%hew four ic the bagie mmbor or not is Jifficult to sey with the
available dato. It 1s posgible thob geversl sccoondary tasie mumbers mipht
have evolved within the germs ond ono of those appears 3o b 6. On this tesis,
Do fozomun. (2n = 12) end D Jmdsuricon (3n = 12) chow snsupledd olmnge in the
ehronesore mumber whon compared with Da.gorotizmm (2g = 8)s Both the knryotypes
vith 2p = 8 and 2n = 12 are highly heteromorphic ju having only eubterminal
chypmogomes, Ancther equally significant feot is that the 3 palvs of long
chramonomes and one z;air of modinn-gized chromooames eheracteristic of
Do gorobinup ore nigo found in the lmryetypss of De.pogerp and D, lwdminicum
indieating thelr close taxonomie velationdhip. The wsorphclogy of these lang

chrenosomes ig almest ddentienl &n 1l tho thyee specled,

Such aneuploid changes in the chromosome rumber eculd ba effected nod
only by the loss or duplisation of a ceontromsre aftor o sopmental Interchangs
botveen two ehrowossnes tud alse by the i‘im’bﬁ_aﬁ or 1oos of SupSTrMELrayYy or
D chroneoscres. In e spectrus of chrometin meteriel, hotercchromatin apd
cuchrometin ghould decupy the two end roplons. & reversible but e gradual
chonge, one from the othor, 19 possible during the couree of evoluticn,

if so, D chromoscomes could pet fixzed in the lovyolype end bebave 1ike norrsl



elwomosones due to gyadual Yeushromntinisotien® (assuming for the moment
et B ehronosonss are heteroehremmticd ef. %ﬂtergmng 1947 for & full
dloouseion). Uhite (1957, pp. LIR) hovever would have us bolieve that
fLizntion of supornumersyy chromosomes (larpely, tub not entirely hotoroe
chrombic) as rogular members of & keryotype never zeem to hove boen attained
in grasshoppers, due to their inherent irremloy bohaviouyr doring peicsis
and mitogls, According to him, D chromosomes conld only undergo fization

if they are trandlocated to ths normal chromooomss endowsd with o regnlaer
behavienr, If the differonce in the behavieur of 2 and B chromosores could
be neecunted for on the btasis of the difference in bthelr respeotive micleic
aglds, o gradunl chango c;f hotorochromatin inbo euchromiin would remove the
difrioulty of Whiteo (log. aik.)s Whot over mey be the mochaniom, B chyomes
gomeo do seel o play & purd in chonging the basle munber of & opeeles, &
typo of varistion and evolution, which my noh bo movphelogically perceptable
$o stort with. Folymorphism of the kmryotype schioved through B ehivomosones
wag reported ly Permenden (1952) in Horedcnss ulbocodiusm.

For much changes leading to aneuploidy vithin the gewme Dipeadi, the
eviderce is threo-feld namely, tho ccourrsnce of 1-16 supermimeroyy chromosonos
in D gerobinmum, the prosence of the sc-talled secondery aconstricticns which
arao gpocioliged segmonts which are differentlally charged vith micloie aeide,
and the existence of o spesies like Q. twdouricum with almost similor morpho=
logicel features as those of D _gopobinus mt for thelr short and long bescts
rospectively. In foet 1t is believed that the bracta only differentiste. tho
two speeles, which othewwice yesemble csch other (Hooker, 18943 pp. 7). It
hag been found dupding the prosent lnwestigntion thot the longth of byaets is

variable even in the earw inflorescence of I Honece this alleged
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differense botween the two opecles should vanishe The chromcsoms mnber
alone distingeishes them. I% 1s poasible thet Dy hydmricus (2p = 12)

(4f the identification of the spocien i85 corroct) hms originated from
Dagexetipun (20 = 8) as 2 result of the fixation of the hetorcehromtie

B chromosomes in the labtter. These two speeles pe=oxist opr oxist in two
contipuous orens like Rawlpindi ond the Punjeb lending support bto the view,
At any rate, this is one of the many altorvnstive supgestions for the origin
of aneupleid, morphologically similar and hence ela@l:; ralnted specios within

the pemg,.

Much more spectaenlar thsn cnearloldy is the mmerical varistion in
the chromosems mumber due to amphipleidy. Do ponbonup end B arenlag with
20 = 20 could bo derived from puistive povents like Du gorctimm (2 = 8)
end Do gozorun (2p = 22) or D udsurioup (8p = 12). Tt has been pointed
cut in the preceeding raragraph that morpholegically De Jwvdanzicum (2p = 12)
i very similer to Di gerobinum (2n = 8) end oybolopicaily anlmost similap to
Do sozorun (2n = 12).  Presursmbly D hiwdsurieur reprosonts e transitory stage
batuween Do gorshirun end D, soxowm or a cage of convergence. This apparent
cytologicnl pinilarity botween the chromoscme complomonts of these 2 sots of
apmie&a' with 2g = 8 and 2g = 12 their close proximity of grovth mbe hybridige
ation poosible. Hosk of the hybrids could successfully pess through the
"Lottloneck® of the resuiting sterility an acecunt of the faet that 1iko most
of the tulboue liliacene, Rinpndi ‘am propamted ky vepgetative meang for at
iengh tho first few genewvations $il1l the chromosons mmber is doubled end
Portility is restored. ALl those made poseible for speciation through

smphiploidy.



A similar aftuction sooms %o preveil in D.fulwam (3 = 23)
investigated By Datteglin (1954), who predicted & hypertetraplodd origin
for it, The 3 somatic clrououcmes could be elagsified into 8 sots of
four each and 2 emall chiromosomes, presumed to be supermumerary In nature,
forming a cetegory of thelr own. Ho went o gtep further to acsume the
oocurrence of forms of D, gerctimp with 2p + 16 + 1B, CGranting thet o
mode of origin i3 true on purely morphological grouwnds, it seoms ecually true

that De fulvts mipht bave hod on amphiplodd origin like D moutonnm apd

g g8. A diploid gamete of & putative parent Mike D, sepotimum (2p = 8)
whon fused with o haploid gamcte of a povent Like Do glsuoum (2p = 18) vould

give rise to o triploid sterile hybrid (8 X 9 = 17) vhich on deubling will
form o fertile amphiploid with 34 somabic chromosomss. In such a species, 16
chromesemes awe contrituted by o parent like D, sgrobinup end 18 by the other.
In all probability, it is an mite-allopolyploid and the forsation of multivelents
ig not alboghther pracljudedc

Amphiploidy, which has no doubl accompanied speciedion in Blnsadi, hos
brought in ito wake & reticulsnte rather thon depdritic prttern of evolubicn.
This hap resulted in merpholopically more or lesp similar spoeics and introdueced
o taxonomic complexity. Three more factors might result in a closer convergenes
that is normally not endieipated by amphiploidy eleme, A iybrid recombles
more strongly the parent centriluting s larger musber of chromosemes than thoe
othor. Sometimes a now polypoid on cccount of its different ecological
vroperties or wider range of toleranse when cotpared with 1te diplodd
progenitore, may migrate Yy itself and colonise new aress where it msy overiap
In digtribution with ancther closely relsted species of the same pleidy. A%
obthor times still, oxigonciso in the onvironment like glesiation may foree e

polyploid speciss into 2 nsw ecologionl niche, in which its dipledd progenitors



moy nob suwive and where 1% my encounter an inberfortile polypleid spocien.
in either cass, ths polyploid spaciles escapes the spatisl and genetlesal
igolation of i%s porents ond hae a choneo of crossing with onother cpecies,
ap illustrated by Spxilross (Skovested, 1943) and Egz:mﬁga {Scheever, 1977).
I? the pelyploid meots more than one gpecies a hybrid complex wonld result
ag, ic the ecase with Yagelniup corvmbosug, & tetraplold specles complex,
which eontaing in all combinationg ond in different frecuencies the genes
of the Ozerkion Y. orlencorum, the Applechion Y. gimpletum and the eostal
Yogustzala (Camp, 1942). In all theso cuses, the divergence brought
about polypleidy, has lead %o convergeonce sftor crosging with 2 reloted
polyploid.

A third and e mich wore luportant factor of convergence in Rincndl
appeard to ko the cystemtie elimination of charachkers ef cne perent
aesuning for the momont that the new smphipleid ig intormedinte betusen the
two parents Yo ptert withe In all ench enges the hybrid wmld tend to
overlap in characters more with onme paront then the other. This is owe of
the pogsible explanations for tho preveiling confusion in the taxopomy of
the Indien spoeles, This is perheps the only way ocut of the eonfusicn
that existed botwoen D _sorchinnp (2n = 8) and Do corotimp vare fulwp
(2p = 34) invootiggtod by Dattegldn (1954). This endemie of Moreces, a now
posgible emphipleid with the highest chrovoseme mumbor sofar lmown in the
gorus has cowe to resemble 9o closoly D._serctimu as to compel Rakor (1871)
to deseribe it as o more vohugt foym of the Inbter, Thie logleolly proves
that Do gerctivun is ons of the putative parents of Da.fiivum and thot the
elimination of characters of the other parent hus tolken place during the
course of ite phylogeny. Whather the cleracters of De_sorotisum ere of
adeptive pigaificonse or not they ave retained in patiilzine In cddition

1i3.
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o this fact, Do fulwp ic yob to lese its inidial gipgontism an accound

of the choracteristic mtations? that wonld ensue In e nevw polyploid due

to logs of parts of chromozomes, or to a variation in their mmber or to o
nere rocombinotion, A criticnl appraiscl of thoce facts one after the other
would dmediately show why it was degeribed as e more robust foym of anothor

spocies, degpite the foet thet their chromosome mumbers ave wildely differont.

The node of origin of o mroup of Totruplold resesg in Central Oragon,
vhich bear e gtrohg rveseublanes o the hemplodd L aoublonn mey prove
interesting ot the prosont context. According to Frlanscn (1971), they
night have originated ag a remulb of interspceific hybridisetion betwoen tho
hexaploid Rezukops (2g = 42) snd the tetreploid Re.ooliformigs (2p = 28)
in the southern regien of Uregon, uizaré thelr ranged overlep. Such a eross
would give rise to an unbalanced pentaploid Fi with 14 bivalents and 7
univelents in Plas, Meny of the Fl gomates would recoive 14 chromcsomes, since
the uniyalants arg 1inble to get lost during molonis apd almoat fertile
totraploids would result resecbling one of the pavends ub exhibiting the
charagters of bobh the perents. Similar cases eve knam in ercoses bobween
two polyploid specles Like Eicohions tabacum X Ne gvlvestsis (Goodsposd and
Clausen, 1917) end Tritioun diccowun ¥ T. wiearn (Thompson end Hellingsheed,
1927). Uhile cdnitbting thet such a hypothesis is tenable in Dipesdl too,
it rast howsver be pointed oul thot there is at present no covidence to shaw
that hybridisction hes token pluce batween speciles with different dogrees of
ploidy end thet the vonges of dipleld and highly polypleld spscies overlap.
Morgover spescies copriginating in guch o mamer would aluaye exhibit & ceytein
amnount of pellen ptorility and surely weuld not be as fertlle as eny auphis
ploid species. Sinee most of the naturally cecurring polyplold Bipeadi ors
highly fertile, amphiploidy almme vould exploin thelr origin and the foet of
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convorgente should e roloted to eny one of ths 3 foctors nonticomed aboves
Introgrecsion es one of 4he possible meehanisms of ovolubion in Dipondsd

shonld be mled ent {(vide Saunbe, 1958).

In sddition to tho mmerieal cherppes struetural changes soem %o have
ployed an equually imporbent role in the evolution of Diocadl. Acowmilated
evidence chows thot fragmentaticn, transjocation lesding to the fusicn of
chromosores, inversions and teo some extent eliminntion of chromosome cegronts
are few such readily detectable chonges. Frogmontntion of chromosomes vep
freguently obaerved in the root-tip cells of all the speelos studied during
the presont dmvestigation. The slse of the frognents vardes considerably
depending on the position of the bhrenlk, Ilrealage cccurs at or neay the
sentromore (Fig. 9) or the scwculled secondary constrictions (Fige. 10, 13)
or ot vandonm enyvhore in the chromosome. Hreakogo hos also beon observed
in the SAT-thwend veducing the satellite to a short filument with no satellite
(ige 5)e DBreabepe has slmlioncously oceurred at the conbromore snd in the
SAT-thread vesulting in emll fregments with Cilamentous threads (Fig. 8).
When frapmonta arise from the distal povts of ths chromosones or a8 8 realt
of a break ot ths prirayry constrietion, they are cluways smll and are develd
of contremere. If the bresk occurs ot or noer the secondary constriction; a
relotively short proxdml fragment vith o contyomere (assuming thabt the
contromore is lecoted st o subtorminal position) and 2 long distal frogment

without o contromers wenld resuld (Figs, 10, 11).

They have ne fized position on the spindle with roference to the other

ehponosomes. Somobines thoy are iuvcluded within the spindle (Figs. 4,5:6.9)e



A% other times they are at the poriphery of the apindle (Fig.8)e In most of the
ocases, they are awsy Trom the notaphase plate and are nob properly orientatod.
When the breaknge occurs pear or abt the so-called secondoary constrictiong

the proximl Crogrent with the contromsre iz in 2 ctote of oqilibwium with

the rest of the chromoseros in the complement (FPige 10).

Pige 7 voprosontsg & cell with 13 chremoscomes. Judging fyom its size,
ono of it io apmrontly a frogments The chromosomes ove not properly
congrogsed and erientoted to form the normsl motaphage plate charucteristie
of Bipnadi. Tho spindle eppenrs to have reminedpaktached cod incofoontf
(cf. Darlington amd Thomoa, 1957)s Tho co-operation botueen the oxtermal
organisers of the gpindle and the chronogomes se eppential for a repular coll
division scens to have heen upoob due possibdy to the unbalonce ¢roated by
fragonoptetion, since such o phenomenon vas nob observed in o cell vithout
frogmentg. I i3 nleo vomgiblo that the movemont of tho chromeosomes with the
oxtra fragment might have beeon delayed ard honee indivceily fvogmentatbion
might have irtreduccd o timing unbelanco resulting in o scottered arrangement

of tho chromosonode

The fote of tho acentric fragments, whotevor my be thoir sizo, has nob
boen follouwod in detnil. Fub apy ono of the following could heppoh 4o themi
(1) Proximel coontrie fragmombs moy scquive o now ecntromore and hehave like
normel chrompaomes ag shewn by Dorlingten (1929) in Tyndosenptig. Their
survival ond subsoguent behavicur wmas depondent on repesting mitcels and
tholer ability to form chiasmmin duving neiosia,

(11) Thoy wey be tranalocotod tothe homologong or & nonhorelogous ChromOSOLe
and persigt during the subseguont giages of nitesis.e The fusion of a portion
of ¥ chremocoms to the X chromesome in Drocophide 1llustraten the point im

quesbion {(Storn, 1926),
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(i41) They muy be lost ouing to tholr not fusing with a oroximl Trogment
or & pnormel chromopomo in the complement. Such a delobicn would mean
iopairing thoe viebility of a cell, or ths whole orponisn deperding on the

nature and emount of the materinl loct.

Tranplocation in the reglen of the satollite and the cornscouent fusion

of two Ml-clromosores wvae observed in D, hwdmurioun oo shown in Fige e
(g€, Sato, 19%, Soillgs Recende, 1937, Alea)e  Such a tranuloeation would
involve & gimqltencous brealnse of the SAl-threads in tho two chromescnes
and thelr vounien ot the brokern enda due presumably to their eloge prowimity
to eash other during tho propbhagsess It would olsgo irvelve olimdmation of
a portion of thread and terminn) satellitos belonging o the offccted
chromosomess oSince 1t is aow mowm that the sateliite stalk contning geneg
{Avderson, 1934), such a doletion would rosult in genctic deficioncy and
fusion would bring in "position effect". The behavicur of these dicontyric
chromogoren at anaphase 1o not lnown and it comnnot be gaid with covtainty
vhether they survive and perasint as such. Perhops sueh alnorsel chromesoncs
behave like monccentirles, as is the ceso uith dloentrie chremosomos having
two contromeres alope to cach other., Or they may egain bresl ot anaphase
due to tension dmposzed en the SATethrend by the chromoscrmes poing 4o the

oppogits polog.

A fow cnses of lotersl satollites have been noted in De gavomun (Fige 6),
They are similar %o those reported bty Ierlingbon (1929) in Cradesenching
Iovan (1922) 4n Alliup, Mather ond Stone (31935) in Crogug ote, They heve
been found in tho cortical rogiom of tho rowt. Lovan {19R) deseribod that
tho lateral trabonts divided normally indo two ond ecch divided half passed
to the oppesito pole olong with their rospoctive ebyopatids. Sueh a bohaviour

of the loteral egatolliites however has not beon chserved in Bipgadi. Thoy mipght
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have orlgirated en secount of inversion or due to lsteral trmnolceatien %o
e homologous or nophomelogous chromosomes laternl attachpont of framments
oy cometimes glve 2 false appesrance of a sebellitod condition (gf. Deal,
1959) b saeh on explanntion in Diopads oppeers to be ioprobabls, as the
satellites are mch smller than tho smallest Tropmonts oboerved so {oy
during the prosent investigntions. The nomal function and the organizaticn
of the mecloeolus ig in no way iupaived, 4P o pordicn of the chromozomes

smabtending tho satellite with the mieleclar orpavising body traensleosated Intorldly.

Variation in the length of the SATl~threzd hoe boen an interesting
phe:;cm&nm in B, Jwdgupicum. In one plant, the thread was short ond woe
torminated by o swmall scarcely visible satellite (Pig. $). In thrse others,
the thread vag long snd the sise of the satelliten verled in aecordonce uith
the length of the thread (Figs. R, 33). There are all pradations from o
sotollito os levpe as e segment of & chromosore 1tself with o short £ilament
to o smell satellite with o long threand (Fige 3%). It is howover interosting
to note that a shord filamont with mimude sstellite has nover been observed

in these 3 plantse.

Sueh o chrowogseral hetervomorpbism involving unequal size of the asatollitos
kas bosh repcrted from time to time by cther workers, Gates (1942) has vevieved
tho literature. It leuds one to. think thelt satelliltes ean sypear or disapposr
bringing aboat o murerical variation in & population of o specles. Sonmotimes
satollites not found in the parents. conld appesar all of a sudden in their
wybrid (Lovan, 1937) or yige yorss o5 in emphiplasty. There are also censtant
differcnccs in the sigs of satollltop and the threads subiending them. These
differcnees are maintained in their presumed hybrids as in Alisma nlantoes
aotnkign (unpublishod observations).
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Sato {(1937) otudicd in deotail einpgle and double flovercd roces of
Goloanting pivalis ond found all conditions ranpging fron o long eenﬁ&c%ing
thread to thoge wiﬁh no corneoting throad. Moncinkei (1939) resorded the same
in Allun. OCoatrory to theso obsorvations, Resende (1937) disecvered 10
difforont types of sateliltes in fAlog, which sceording to hinm wore fizede
It 49 indeod o romrimble fact that both those oxbrenes havo keen obscyved
within the 1imite of the somo species like I Jovdeuricum and thad withih
individuals themo two types of vardation are o fixod choracter. Hore exbensive
inveotlgatica cortainly rovenl hybrido botusen those o sobs of individunls

differing in the satellitoo.

Ayy rongonoble explonstion of veriation in the lenghh of the 8/ T=thread
wonld at once call forth a proper conception of tho MTethrond itzolf. It
is now more or losy definitely establishsd that the thrcad is feulgen positives
it is a conbivvotion of the chromonemn of chrcwmocord’it is deveid of asheath
and outer wrapping of chromonema. It has & spirel of lower order than the
niner apirel poosesed by tho chromosous (Mensinkoi, 1939). fccording to
thid idoa, the satellite iz 2 ners rolled end of tho echromonema. While such

& eoncept expladns sobtisfectordly vardntion in tho long SAT-thrend in

ploum, it connob go & long wey towvards tho understonding of the shovh
thread and o minuto lnch observed in ono individual. To think that the
sotellite bthread hns peyionently volled towords the chromosomo propey to give
rise $0 a shord filavent and a nimte Imob io fmprobable. This would disturb
tho pesition of the rnucloolor organising body, which is clwoys fixed in e
chromozomos On the othor hond, o rcasonable explonation weuld be that suoh
a condition eculd bo attoined duo $o pervonent structural chonge 1lile

translecation in the satolilite threed spd thet wsuch o chonge bag bogone



stabilizod in certoin individuals of the specien. 1% would not bo fay
wrong 0 scek euch an explaretbion aince gtmctural changos invelving the

S4Twthread heve been recorded during the prosent invesilention.

& vord neod be said cboud the googrephie dlgiribubtion of the gerus in
relation to ite oytology. It finds an orxbensive distrilution in Afriesn,

Exrope and extonds eastwards up 4o Indis. The sres of Do

phizaus covors
Burope, where no other species abounds, boreal Africo and exbionds upto the
tonpezato portg of Indis, Theve 10 no other specics in the porms with a
cenparable rongs of distrilubion. That wide vardability of o species aceonnte
for its wide distritmilon 10 an coceptod dictume Verinbility of D .sorohirum

ig reficoted in the diversity of ila loxyobyro roportod from different localities.

Tho presence of 1 = 16 supermmorary chromssomes in ite koryobtyre is but
anothor foctor of the como verlation. After all when 4% is reoliged thet the
B ehroposomes have a perd of their oun o play, when they secentuste cell
division, when thoy lead & paragitic oxistonce with o mitobtie mochanion of
thoir owm to perpetuaete thomselves, when plonks with ond without B chronononss
exist side by odde iv cauilibrium without oliminoding eneh othow and above all
vhen they are oven known, nccording to Dexlingten (2956),%to booot ons or two
mclei which occorplish fortilisntion®, and henee control fertilizstlicon will
bo too much %o postulate that tholr accurulotion up to 2 certain stage would
mean 8 reeudbing effect annlopous bo that of polypleldy in 2 rapid spread of
o speeles at any stags in :3.%::5 hiotory? OCouldd 2 postulote of this typo, though
ot universally applicable, be true in the caso of D goerobinum, which has a
wide ronge of distritution becausse it is ormed with a set of B chromoponop?
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On the othor hond, the smphiploid svecics of Bipnadi baveo a lindted
range of googrophie digbrilbulion when cormared with the srea of the gemus,
and gome of thege gpecies sre highly localluzed and endemic. There appears
to bo no doubt that they axe piyloponetically youngor and honee resent srrivalp
to the stage of cvolution whon eonpaved with thelr diploid progenitors. Albthough
thesge arphiploids are suppesed to have covbined the ecologiceld amplitudes of
thelr puronts ond capable of extending thelr ronge of distriluticn, thalr
population size is precoriously small ob prasond and is confined $o o omell
aress Hnturally ccenrring cophipledds, which have not spread for from the
point of origin have been reported by Gwmley (1950) in Trapopsgon. The
snphiploid Mrendi heve romained endeonie due to any one of thw Lfoliowing reasons
apart frem being plylogenetically rocont in ordgin. They are perhapn incapable
of forming bictypoes eithor by o recombination of their exwisting gemes or by
ped mubations. In the case of recosaive or imperfoctly dominent mtations
the visible mitetion vate is very mch reduced, in polyploide. (gf. Haldawe,
19%). From this point of view alone any polypleid syston tonds 4o bo a
closed aystém. Furtherpore, close in breoding resulting in o ryendom fixation of
nonadaptive chaveotoryg moy cceount for their incbility do occupy oven slightly
different emvirouents other thon those now cceupled by thems Whot is of
jmmedinte intersst is thet such armphiploids have probably originnted simile
teneously in different roglons and hove boen thrown into new, enitable and
highly restricted ecological niche beyond whieh they are unable to migrate
any furthor. Tho gaps bobweon tho arcag of those specios is for and wide,
Honeo an gvolubion by sudden jumps possible by omphiploidy alone hag rade the
distritution of ths penus disconbtimious. Tihus cybologicsl study not only
elucidates the machanisn of ovelubion kut also iiluminates the nature of

endenion and the digjunct potiern of dlstrilution of the whols gerige
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Viil, SUIMARY

(1) The poper denls with nitosis and medosis of four species of Dipeodd,
panely Qe cuzomn (3p = 22), Dobwdmeiouw (2p = 22), Degonfopm (3g = 20)
and Dexandan (g = 20),

(2} Tho otmdy leads to the following conclusions with regard to the mochaniam

of avolution and speeietion in tho gommol

{a) Do mmgorp (2p = 12) ond D Jwigneioun (2n = 12) are aneuploid when
compered with [. popotimus (2g = 8), whatever ray Lo the divoebion of
chanpes Apart fron pdn or loss of conbromere in novmel chromosomes,
encupleid chonges in clhromosene nupborg in wove or less morphologically
giwiler speclies may bo algs dus to fiznbion of mpornunsrary B chromoe
acDes, when such chroussones are kuown 0 cvewr in speeles with low

diviold sunber.

(b) Do mordemp (2g = 20), Denzmulea (2g = 20) ord D fuwlywa (Rg = 24)
pight have kad erphiploid opigine It has lod to robiculation in evolubien

and henes taxonomic eomplexity.

{e) Speclos with widoly difforont chromosome mumbors 1ike Do sorokivum
(2m = 8) ond Do fulvup (2g = 2) ‘show more converpence in morphologicsl
charnctors than what lg oxpected of amphiploddy alono. After o dotailed
diseussion 1t is corncluded that graducl eliminotion of charactors of
one parant 1o the post Swpertant fector for sneh o eonvergonee in the

Fortite
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{3) Structurnl chengos 1iks feapgmontotien, lnveralon, txonslecntion ond

fusien of phrormogomas aye dogsoribed and discuosed,

{4) Avphiploidy has not fosulted In extonding the range of distribution in
Docadis. The loseliszed apphiploid spocies ars romarded as rocent endenicfe
Simdtavecus evolution of new gpeslon by amphiploidy in differont parte
of the sxea 1s the most plousible reason for the disjunct distribution

of the gomige
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Figos 1 = i1

Explonation of tho texbt fignres illustrating the papor on "Cytological

studden in the Indian spesios of Dipcadld®,
Figge 1 « 11, Scmntic mitosis in Drgadi sororun. Figele Polar view

of somntie metaphase (2p = 12) to show four SAT-chromssomes and the

usual arronpement of chromosomes ot this stags. Plg. 2, loteplmee showing
the arrengenent of chromoscmos round tho spindlo ("hollow spindle! ).

Tige 3. Uotaphase with thirteen chromoscmess one swall chvomogors
(bleckensd) dupiicateds Pigs 4. Motophnse with twelve chromosomes

and one fragrente. TFlg. 5o  Hotophase with twelvo chyotosones ond one
fragront’ in cne chromosone, the gateilite throad is broken omd the satellite
in Jost. Fige 6. Mobophose showing cnio ehromoscro having & lateral gatellitet
ene fraperent is alse present. Fig, 7s  Hotaphase with thirteen ehromosemas
(ap = 12 ¢ 1f) showing scatbered arrongement, Fipe, 8. Motaphase uwith a
fropmeont shewing o minute Shf-thread. Fipge O Motaphooo vith two fragronts
of unceual sizesi the chromosoms ob 12 Ofcleck 1o liphtly shtained uwnlile
others in tho complement$ the chromosows at 6 ‘ecleock i otructurslly altercd.
¥ig, 10, Hetaphase showing fragmentation at the reglon of secondnxy
constriction. FPig, 1l. Same b with two chromosowes effected in the

same way.



Figoe 12 = 22

Figs, 12 = 22, Mziosis in Dircadl gnwopum. Fig. 12, Hetophase I
with & bivalents, the gsnllest bivelent (shoun in eutline) lightly
sbaineds Flge 13, Hstopbnee 1 showing é’II * 9y = 19 Fige 14

Eerly Anephase I, the suxly disjunction of £ifth and the sixth
bivalents. Figse 15, Holophooe T vith three univelonts. Fig. 16,
Iayly Apaphasge I, the fifth bivalent diasjoined and the sixth bhivalewnt
obliquely crlentated and hence not disjoined, PFige 17. Barly Anaphase
I, the sixth bivalont disjoined {shown in cutline)s Fig. 18, Mobtaphose
I wizh bivalents irregnlorly oviontated bub the sizth bivelont showing
procosicus ceporations Fige 19, Fevly Avephnse I, the £i2th bivalent
disjoined and the chromosores alrost resched their respective polod

(& inter otage than thot wepresented in fige. 16) the sixth bivelent obill
oblicue and not disjoined.



Fﬁ.gﬁ- 12 - 22

 Pipgne 12 = 22, HMelosls in Dipcadsd saxoren eonte Flge 20. An
abnorzal PO showing spontaneons chromosore brealkoge, the ehrenge
gome bolng as long or even longer thon the somstie ohromoocmos.
Fige 21, NHoxeol Anapimge I. Tilg. 22, Anaphase I, the sluxbh
hivaient disjoined lnot and henco tho clromosomes lsgping.
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Picge 23 = 34, Somabic mdtosis in Dipcadi lvdiupdounm. Fige 23
Frophoge showing the abiachment of foux chromosones to the micleolus.
Fige 24, Seommtie motapinoe, (Bende-oxyquinoline fixation, feuligen
acuosh prepazation) 2 = 12 with four satellited chromoscrag.

Fige 28. Somutic metophose (2BD fimtion scotleng), the chromsoomos
shoving tho staired and ungtaived roglonst vhe patisrn of thel
arrengensnd 18 almost aindlar in the homolopues. Fige 26. Somatic
nwotaphice, une long chromosons broken neap the gecondory constristion.
Fig, 27. Yotaphaso with thinvtesn chremosomes, one ohronosems (in
cubline) duplicated. Fige 28, lstophoso chremogcmes, cone not
shouing the gecondary constrictions and ono chromosows et 11 o'olock
broken into $hree pieces. Fige 29, Somsticelly doubled motnphase
with tvonty four chrowosomod. Fige e Tolophmsse uith four nuelocli
in tho lower end three 1n tho upper melel.



Figoe 23 = %

Figos 23 » %, Somtic mitosis in Direpdi hudsurionrs Conbe

Fige 31, Four SAT-ohromozores from a metaphoss, fhe satellites are
arall end the threads sve shorte Filge B.  Four SAT-chromwosones,
three with long threads and big setellites ond the fouvth with a

groll satollite and o shord thrend, Fige 33, Three SAT-ghromosomes
showing the coreslaetion botucen tho length of the thread ond the zize
of the satellite’ two chremosomss with very long threads and small
eatellites end one with a vexy large satellite and & very short thread,
Fige 2%e Two Shl.chromosonen fused by their gatelllie threads.

Fige 35 = 4D. Mitosis end meiosls in Dineadi zopkamam. Figs 35
Semgtie motaphase, 2g = 20, Fige . Somatic metuphnse, 2p = 20 + ).
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Pigse 37 =~ 4. Hitosis end molosis in Doeadd pontawmm Conta

Figse 37, Idiogram. TFige 38, HMataphage I, showing ten bivalents.
Pige 3 Arephass 11, soven chrermosomes ab one pols ond ten at

the other with cpe chromogone lagping (the sccond ocell omitted)e

Fige 40 Anaphsse 1I, twonty chromogorss irregularly distritamted in
cne eall? +the obher showing ten chromogomos ab one pole and elaven
at the othor, meking ciotal of twenty ono chromosomegs

(A21 figures x 2,500 excopb 24, =% ond T x 3400 reproduced almest
to the same megnification in tho photographs).





















Dipcads gaxorum Diakinesis
(n = 6)s two bivalonts at-

tached %o onc nucleolus.

D, _soxorun Metaphase I35 D goxorum
come as above 2 bivalenmts 2 63 noncongression Nzgtaphase It the
attached to 2 mucleoll. of ono bivalent. | smllest bivalont
understainod.

De_spxorun Barly Anaphasge I3 D gayorpm. Barly Da_paxorpn Anaphase I3
the sixbth bivalent oblique Anaphage It a latey = bobh £ifth and sixth
and the £ifth disjoined gtage than the previcus bivalents disjoined.

| one, ' |
D, sazorin Bs_sazxorun  Da. ziomiazn
Norml Anaphase I. Anophase I Metaphase I p = 10

the chromosomes of

the sixth bivalent

lagging all photomicrographs
| x 570



Bazxorun
A normel (g = 6) and abnormal
(677 + 7, = 19) Bs

same as fig. 13

D, _pazxomun
Eoxrly second Prophase with
2 chromosones attached to

the micleoli.

Desazorun

Anaphase II,
A1l photomicrogrophs x 570
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I. THTRODUCTIM.

The perus Saills io poographicslly oo of tho wmost widely distrilmtod,
egologically one of thy most varied proupe in habitat, ond horbieulturally enme
of t!}a nogt popular in tho gnrdens. It comgicto of abont 00 ppeeies which
aro mostly dotritubed in the tomporate . parts of the 0ld World, & fow of
them howover have 4ptruded - . into the tropiesl reglons like India whore 1% e
repracented by deille hobhopselopt and g, indicc. UWhat iz kooun of the distrilutiom
pattorng of thege two gpooics would indlesto thad they wore :mtually exclusive,
Ss.hohopaekerd being cenfincd to the topperato regiong ard SeJdndies ponibrating
the tropical poyte of Indla and Ceylon. | |

A prelininoyy chyomosounss furvey has voveolod that the Indian spoclies do nob
also ovorlap in tho mature of thelr cybologienl variotion. The different indive
ddunlis in 9, Jhoheroolard. mry in the hotorcohrommtin oontont. This lo aoh
panifogted in thelr extownal moyphology except perhape in the vigour of the planis
t0 8 smell exionte. S..lpdics on the other hond shows a remerkoble polypleid
and anenploid variationin the chrowmosens mumber which in mo doubd roegponsibe for
ths origin of more or loss morphologically siniloy forme with a choractoristic
gacgréphﬁe distritution in India. Furthermore, diplcid and triploid oytotypes
ghow adoptive morphologiecl divergonee, groving as thoy de in differont
onvirenmonta, A1l those forms hove pucccasifully cseaped tho attondion of the

gystowatiste oo far.
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The study of nitopis and molosie wonld cortoinly pgilve an inkliing of
the mature of evolution within o spotien copplex 13ke Sodlls lndigo.
The position of tho spindlie ottochnont roglion, whieh determines the arms
of the chromogores, the sceondary constriecticns and sstellites indicate the
chramogems typs and all chanpgos obzorved in these would lond to the inferonce
of traBolocction, fusion and frogeembotion. Much pore important is tho study
of molosis, whore changes nobt dotectable during mitosis renifest themselves
owing to tho speeiol conditions of pairing and eroscing-over. Transleeation,
inversions, delobicns, duplleaticns could bo dotected. Scretimes follurs of
paiving not oniy indicates segmental non=homology tabt elso gone controllod
procegses leading o the same effect (Beadle, 190}, Presencs ord abucneo
of mltivolents dirdng molosia An specles with double the diplold munber of
chreposones vonld sometimos indleate the notuwxe of polyploidy within
certain linmitotions. So fow, these teste hnmve nob been applied.to the
varicus cybotypes of Jgille fndics with o viow %o csmre footual ossessmont
of the chromopomal varvistion vithin the speeics populotion and the consaquont
digeontimultios that would enoue remlting in o clovage of population and

mubgoment specistion.
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IT, PREVIOUS WORK,

From o kexyologloal stend poinbd, S0ilis has been o favourable gorms.
Most of the relovent literature is swmarisod in Teble 1, Oyiological studies
in the puot hove been practically confincd only fo koryobype analyeis and vexy
1ittlo attentiom has Leen paid to the hohaviour of chroposcmes during
moiosis, Ths following survey has been undortaken with e view to ectinating,
whother the pottern of varietion oxhibited by the Indinn specles falis in iine

with tho tyvend of evolution in the wholo penus,

Derlingbon {(1926) doseribod the sematice chrmopomss of Seills uteps
(2g = 16). Ioter on, Dork (9%} reported oight morphologically dipsbinet poirs
of shroncsemss during mitoois and four types of bivalents during noicogls of
Sadtaiien (2n = 36), The study of velosis in thece spocios emply demonstrated
thet chisemn fraguency wes o functdon of the lenpth of the ohremosomes, Thisg
fact, however, could not be verified by Sote (19%) in S. porumions (2n = 16),
vhich, un tho cther hand ildustroted the phonomencn of Interferonce in
chiepmn formobion as in Iugen rocnruifolis (2p = ). In 1935, Sote describod
the karyotypes of 7 spocies of Sgilla momely, S..gibirica (2p = 12), S..putewe
(2n = 16), S poavions (3p = 16), S. bifclin (2p = 18), 8
(2n = 20), 8. chinengla (2n = %) and 8. Jonopicn (22 = 34). Us considered
Segibisdan (2p = 12) cg the most prindtive spoeios and ascribod the cxigin

{ anguplodd species to oliminetien, fragrontdbiom, end lybridissbien of forms

with those struectuzal chonges.

Polymorphic specios of Seilla Mle S. poruviops (25 = 16), S..nonisns
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ver. gllp (2p = 16), Ba.perpisto (20 = 16, 15, 14) ond S.uchil (2p = 1%
19, 20, 22), somo of vhich shoved anenploid vardatien in the chremoscmo
mnbors of difforont individuals clso reeedved the attontion of Seto
(19260, b3 1924). In both S.uehis ond 8. pernls
origineted by the fusion of tho saiellitod chromosoms (83) with nnobhew

kae the now loryotypes have

shyomogond (2%4), supperting Noveshin'e dislocation hypothosis of the evelntion
of tho chromesome ccuplemonte., Howover, his work rovesled no eorvelotion
botuesn the sateliited chromosomon and tho mucleoll. Bueledll veoye somotinss
obhserved by kim ot lelophase wﬁxm the corrospmding satelllies wero absond in

the chromopony complenobd,

In his publication on the eytology of Iildascse, not only did Sate (1942)

extond the work on the cbove mentioned specios bub observations on cther spevies

12ko $o nmilata (3p = 36), Soumwtenats (3 = 26), & (2 = 29)
vorg added. Urgandcation of mielsoll ot the primry congivioticon in 3 aihizdes,

3

the lzek of sorrelotien botweon tho rumber of muelecdi In 8. pudons, tho
similavity botusen the loryotypes of S, pudeng end S linsinge voro goue of

his importont obsorvationg.

Pollowing the vork of Sate, vho apporontly conbradieted Hodlz's hypothopis,
Pndurd (1944) studied in doteil the chromoscne-rmeleciug rolatlenchip iw
sone opeales and varletics of Spilln after the opplicabion of his difforantial
shaining beechnigque, Ho sould cotobligh o mumericel molaticnghip botusen
chwenogonsa end micleoll and congtont and spoeifie differences bobween melacli
dus to shzuctural hybridity, Hs also cshousd that muelecli hod opiginatod from
ae¢ondary eonabricticns very e¢loso bto the primery onoo in 8, 2ikizign awd nol
from priragy consbrictions ae was thought by Sete (1942). Dhadurl (1940)
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aeneluded that S, gikivien (P = 12) was the oldost in tho genus and thag
species like S..gtians originatod on account of struebural chonpes liks fmge
montation and tranpglocation and peoslibly afior hybrildisation. According to
him, Sa.giblsicn verdlouries not eoly diffored from Q. gihicien in hoving an
oxbtra pair of Cragments bub also in having fvo palrs of holeromorphie
ehromoscmag. S..8ibizics var. glrogosmpla wes roported by him ag an cute=
tripioid. S..pemvisrg showed eight secondory congirictions and a pair of
chronopomes with tendon setellitos. Spes of these conclusiong, particularly om
the chyomosome~-mcleclus relationship were later on confirmed by Bhndurd end

Sharma (1949).

Yorking on the florn of Sragepsa Fernundos, Garels and Fernendes (1948)

voibunel vars inboemedia (Rp = 20) vhieh
previded cybological evidence to show thol 1% wos ne langer o varisty of

[a)

roporbed the lewyetype of Sgil

Bazarna, as wes Pformerly thought by the systemtists. The laryotyps of

Se dfolics (2n = 16) recorded by thom was similar %o that obsorved by Dark
(19%). From the flora of Sardinis, Martinoli (1949) roeorded the chromosome
mwbors of S, ckingifolis (2 = 8) and S_pukurnnlis (2n = 28), Both those
spooiles were charectoricsd by chromosones with a sceondary eonstriction elese to

tho primory onde.

Hith a vioy to underatanding the phylogenctie tondemcios in the poms, &
kavyotyps analysis of fgills wos undertaken by Dattaglia (1952, o, b$ 1953
1955)s  Se.obtuaifolds ver. iuterzadis (3p = 8), S.awtumealis (Ag = 14),
Se.umidicn (Rn = 18) and S, ¥illos (2p = 20) roceived his otdentions Ima
serios of publicatiens Batteglia (1949, a, b3 1950) rocorded a large mumber of



135,

biotypes of Bl pemmmizng vhieh shoved an ensuplcld change in the chromogome
‘munher asocelated vith profound struetural pltersbtions, in both mucleclsr ond

nopnneloolay chromosorog.

Gopal=Tyengar (1957) vworking on the mplonis of S. sikdzice (2p = 22)
oncountored two typos of tulbst (1) "eoynapilc" exhibiling o high propordicn
of undvalents during Diakinesis ond Motephnse I3 (14) eppuvently soronl with
a high degroe of invorplon hybridity heving e verioble number of I and I3
division bridgess Vragnontebieon, amalosis, formntion of vestitubicn and
miorormelel, muppression of gome of II division processes were sono of the
ebnormolitios weve choerved bty him. He oomeluded thet Se.slbisies wme o

abructoral hybrid.

Tho litevature on the Indlon specles of Sgills io very scanky. Bapghavan
and Venlntasubben (192) recopnioed plonts with 44, 45, 46 sematie chreomosomes
deseribed the irreguler velosis of the hypobtripleoid foym with 44 ohvomoscrcs
and dizcussed the bybeld ordpgin for this oytotype, Aceording to themy the
somabie chromosone complement of Sgidla Andicn (Rp = 44) wes composed of o
diplodd set of gome gpeclies with 20 chromoscues and o bapleid sob of o gpeoies
vith 16 chromosonos. Sherif? and Murby (1946) reporbed the diploid knryobypo
uith 30 ehevomosomes for the firgh time. Dhadurd (2944) conPirmed the obsorve
ationg of Raghevan and Venlntasubbon on tho sometic chromosumes of oytotyps
with 44 ohvomooomes. The pregent writer condusted g preliminory obudy of the
two Indion speoies. Sehghonsokont (2g = 10) showed & veriction in the hotorcs
chpopatin conbent in the Aifferent ulbs. The polymorphion of S, indies ws

aceaantod for e bhe hagla of its oybotypes with a chametoristic patiorn of
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goographie distritution in India. It was belisved thot the ;Sen.ninaular
Indiz bolow the Vyndhyas ond the Ssthpurss wes a vogion of great evolutionary
setivity for Sgills indien.



111, CIRGICSGHE PUMARDS XN THE GRNE SCILIA.

TABIE I.

The follouing chromosors rumbers in Scills aro aveonged zecording to thelr asconding serlog with
ths exclusion of Dndynicn speecies, which wore furmorly describod op 8gillie
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forme, shzicia =
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“hgynapbie®” and epporevtly "normal® uilth invorsion hylridity..

They aro coven biwlonbs.

Irreopulayr uith trivelonts, bivalents end univalonte.

The diploids with bivalentss triploids vith trivelenits, bivalents ard univalontss
the totraploids with ilotravelents, trivalents, bivwaleonte snd univelents.

‘ot



IV.CYTOLOGICAL TEGHNIQUE,

The Wulbs of ggille hobenackerd and the voricus cybotypos and ccobtypes of
Baedndics wers proun in pobs contelning equel psrts of gorden soil and sand.
In Hoburt weathers the pots needed & lot of bapal hoat in a het box for proper
growth. Roob=tips were collseted from vigorcuely growing tlbs and wore fixsd
in Navaghin's chreme-acetic-formlin, Bends with lou ccetbie acid, chromie-formalin
(133,182,634, 41 6), chromiceformlin (3 ¢ 6) o vhlch 0,003 S-hydro-
#yquinoline was added in the proportion of 9 $ 1. A little moltose was added
to help spreading of & lavge mmbor of chromoscmes in relatively smell eolls,
Anexhongt pump was invariably useds The rootetips fimed in formalin finids wers
thoroughly washed in rtuming woier for € - 10 hours apnd those fixed in ogmie
fInids vera-rinsed in tepid watcr for 15 - 30 mlmbtes, graded wp through a series
of alachol=chloroforn grades and embedded in paraffin wmx. Secbions of 14 -~ 16 1

thickness wers eut and stained in crystal violet,

A more efficient way of studying the somabic chromosomos is by meang of
fuolgen oouashes of rootetips fixed in Bohda with 0.003 M B-hydroxyquinoline after
o protreatment of tho roobs with(~Bromenapthaline for 2 hours. This mebhod

afforded 2 means of studying tho rolotlve lengths of chromosomos with enses

The atudy of meiopis wae exclusively made from scobtocarmine squashes of
the polien-mother~cells prapared following the method of Marks (1952). Squasheo

proved imvaluableo and supsrior ovor sections of flower buds fimed in Havashin's
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finid and steined according to Nowbonts crysetal violet methed.

V. CESERVATIGND (G MITGSIS AND MEIGBIS.

(1) Seille indica
{a) Diploids

(1) Genernls Flonts eollected from Dhawwar, Dombay, Tiruchuraps13i and

Ceylon provided material for the presgent luvestipgation. The importance of thin
rarndon sampling within the diploid populntion consista in the faet that Dharwar
and Eombay are close Lo each other and these in turn are far away from
Tiruclmrapalll, Ceylon forms are away from all their Indion counterparis. This
would allow comparisons between nearby units with those at a distance, This would
algo mean o fair random sampling of the habitais to vhich the diploids are
adepbed, BIxtensgive investigrtion on all these groups hes revealed no eojent
differences in their somtic chromosomes. The prossnce of morphologically similer
chromosomes In all the dipleoid local populations wonld justify the assumption
thet thay forit o phylogenetically clogely knit group despite the fact that they
show slight morphologicel varintione, Although melosis is alse broodly similar

in all these morphologlenlly divergent loeal populstions, cmell Tt significant

- differences in tho bohaviour of chromosomos exist betweon tlhem, They epenk of
the prevailing genetical differences. Unfortunately the Coylon forms did nobt -
flower at Hobart just like their Indisn relatives, Hence they did not perrdd

any cosparison with the Indian formg in their moickic beohaviour. Such a éompar-

ison would prove useful becauge the diploid Ceylon forms resemblo zoma of tha
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Indion tripleids in thelr external morphology and both avo characterised by
vegotative propogation, The following sccount of mitosis and melosis of the
Dharvar forms is ccunlly applicable $o tho obhors uith the same chromosone rumbor.

The differcnces, if any, will ko montioned in the ond.

(11) Mitogigt The somatie chromesone complement consiste of 30 chromoscmos.

It exhibite the characterlgbic bimodality. The chromosomes show distinet size
vardotion, They foll into long, median and short types. The distirctlon Lotween
the medion anud short types is not always easy. The chromoseme complement consists

ofs
Xong chronoaomags

(i) Two poire of chromoscmes with submedian prisory constrictions’ ono pair
iz s 1ittle shorter than the othert the longest pair hag a median
sscondayy constriction in the short proximal arym and the othor very

close to the secondary constrietion’ they are nop-mucleclar,

(14) Eleven pairs are medium-sized and two paivs of ghort ehromogores with
median, submedian end swblermihel constrictions’ as alrendy show
gradation in lengbh among themselves? two pairs are secondnrily

constricted and two polirs are satelliteds both these types ars meleolars

Spontansous struetural chonges wers somatimes obsexved in the somatic tissue.
One somatic ci"woraoécme complement of the Bombaoy form consgicts of a "falge
ddeontrie’ ond a tologentric chromosome. Judging from the norphology of the resh
of the chromoscmes in the comploment, the long chromosoms with o nedian secondary

conobyietion in the proximnl erm oand a chort or medium-eized chromosomes are



involved in their origin, Intorchange of sepments near tha centromered of both
those chronoscnes would sceount for the fusiom and the odmin of "falge dicontrieh
and a telotenbric chromosomo. The chycmosome with two constrictiong ls deseribsd

ag falpe dicentric beeaugs ono of iis constrictions doeg not ecntain conkromerg.

A similor stmactural change but with a different effect was obsgerved in the
Dharwar formoe In most of the motaphases in a fow fool~bips the second long
pair of chromozomes ves unogal in length. This hetoromoyphiem for length of
those chronosomes could be expliained om the basis of segmental interchange
botwaon homologous or non-homologous chromosomes. It may be 2 insertionnl or

mitual tmnslccatﬂ.m.

(444) Mplosigt Stapges prior to Diskinesis could nobt be obsorved during the
progent lovestisation Biskinesis shows 15 bivalents well shosed in the mcleua
(Fig. 1). Thore ave well marked differonees in the size of the bivalents, two
being the largest. This is in keeping with the size variationg oncountered in
the somatie chromoscme camploment. TFour bivalonts corvegponding €0 the 2 pairs

of satellited chromosomos, and 2 poirs of chromosomes with sscondary constrictiong
in the somotile chromosome complement ere in conbach with the two nuecleoli, which
aye waoquael in sige. Appovently, the long chromosomes showing the cscondexy
congtrictions are not nucleclar in functicn. Such chromogomes were reportod by

Stevart (1947) in Iilium.

Neither mltivalents of any order nor univalents vore observed et the
Diakinsals stage, despite the fact that a large mumber of melel were scored.
Just &g thore is o vide variaticn in the size of tho biwelents, thore is also

oqually wide variation in the mmber of chicsmate per bivalent. The large



bivalonts sre charactorised 4 end 3 chiasmate respectively and the rect with

2 or 1 chlagmata ot this otags.

In pollep~mobher-colls fixed on umusually wernm days (May-June) in India,
tho long bivelonts showed digtal differentintion, which consisbed in reduced
stainability of mjor part of the chromoscmes (Fige 2). This hap been ohsorved
ot Diskinecis ond someiimes even at Diplotene gtage, These bivalents aro
perfectly synchronloed in every other respect with the normsl bivalents of the
gexe mocleus, There iz neither o change in the yumber of chinomota nor a changs
in the degree of spiralisation. The differontial condensation that is usually
aseribed to the differentisl reaction hae nob becn noted. The length of the
bivalents algso remaing unaliered whon compered with the normel crose The con=
gtant positicn and longth of thege dlfforentisl regieng rmst result Trom a speelial
gonetie proporty of the locus comcernmed, as in micloic neid starvation (Darlingbon
and Ia Cour, 1940), This is analogms in effect to the differantial reactivity
of chromosomes deseribed by Darlington and Ia Cour (19%). In the cose Sgilla
Jdndien, it probably manifests itself dus to the Influence of externnl foctors
1like high tempersture, It is however not intelligible why all the cells in the
seme anbhor leoulus do not behove In o plmilor mannesr, Perhaps those eells diffor
in their capaeity of reacting to tho oxternal variable factors. The threshold

values of themcells may be also different.

The differonticl otaining reoctlon is screbimos assoeiated with elumping of
other bivalents in the some nuecleus, the munber of bivalenmts ineluded in the
clump belng varieble. Both do not accompany eaeh othor since clumping without
differential steining resction sometimse cccurs end yicg yarge. Chromosomo
clumping weo produced after irradiation (Catcheside, 194Y¥). Shermen Waliors
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(1957) found the clumpsd chivomosomes almost always agsociated with nucloolus

and 1t wao atiriluted %o an alteration in the ususl metabolic reletionship
botwesn the mielecius and the chremosoms comploments This is not o plausible
explanntion in the ease of §Cillda Judicn oince the clumped chroposomss were never
found in the proyimity of the nueleoclus, Prebably ib is again 4 case of
nonsynpchronised reaction of some of the chromosomes in o rucleus to the oxternal

factors like temperaturs (gf. Jain, 1957 in Lolinm).

18, 3 represents the side view of Hotaphnse I with 15 bivelonte. Two bilp
bivalshis could be distinpuished fzom the rest which vary but 1littlc in size.
Thisz foct is in koeping with tho size variations in the scmebtle chromcsomes. Thore
ig less movked size difference in the medium and emall chromopomen, Jjust as 13
bivalents fornad by thess chromogomes show neo great sisze varintion at Motaphase I,
Althongh elaborats statistical dnta are rob availabls, the conditions of
ehiasma formation and its frequoncy at Metaphase I are intercsting. In the diploid
Dharuny formg, the average muber of chiasmata per cell is 25,4. The chinom
Average rawber of chiasmeta por cell « 25.4.
Chiosme frequeney per bivalent - 1.70.
Chiagme frequency of medium and short chroposopog - 1.
Chinsm frequency of first long trdvalent - 3,3,
Chiogma frequensy of seccond long bivalent - 2.3,
froquency per bivalent is 1.7, The chiasma frequencies of the two long bivalonbe
ave 3, 3. and 2,3 rospectlvely, Vhenever there is o rsfuction in the number of
chingmate in the second long bivelent, there is an inerease in the mumber of
chiasmata in tho longest bivalent. Apsuming thet the developmontael and onviron-

wontal eonditions of different colls in the same antber loecnlus are sama, this
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rey illustrate the low of negative corvelation postulated by Mother and Iamm
(1935), Mather (1936) ond Ipmm (19%6). That it is confined sometimos %o the two
long pedrs in g dndics iz intoresting.

Thoe prosence of 20 chronosomes whith form 15 bivalents is the normal fentuve
in wost of the pollen-mothor-cella, Sometimes 14 bivalente ard 2 univalents
(Fige 5) ov 13 bivalonts and 4 univalents vers ohserved. Univalcz:xts have novor
" beon noted during the diakinesis or even at the esrlier stages of meicsis, In all
probability, the observation of univalents at ?~iet£tpha$e I ghonld be attributed
~to the precocious separetion of bivelewts with single fterminal chiagmeta, This
faed iz to be correlated with a reduction in the total nuvber of chiagmata in
puch cellgs UYhile tho totel pumber of chiasmate in normal cells with 15 bivalents
range from 23 to 28, the totel mumber of chispmata in colls with 2 univelents
falls dowm %o 20, In S2ills Andieg this reduction in the chicspal Crequency of
cartain colls is in all probability due to the hiph temperature in the dnvlronmont
at the time of flowering {(gf. Dourick,1957). The prosonce of univalents ab
Motaphese I is also o be related to a deviation in the chromosome munber. Figed
represints o eell with 29 chronosomes forming 12 hivalonts end o univalent. Whon

there are 31 chromesomes, the odd chromoscne remeins unpaired,

Hoech pore interesting cbnormality is the formatlon of univalents, due %o
cither partial osynapsis or parbtial desynepsis effecting all the bivalonts in
a cell eoxcopt the two long omes (Fig, 6) and vory rerely oune of the big bivalents
too (Fig, 7). The univelonts formed 28 a consequence of these phencmons are
scattered irregulerly and at cher times univalents of the cawme alwe es sscondorily

is
aosooisted. Thig/clearly is visible in tho case of tipg chromoscmes alao (Fig.7).



It is extromely Aiffienli to desclds vhether it is o cose of nsynapsis or do-
sypapeis because no uniyvalents were cbgorved at Dlalkinesis. Panding contraxy
obeervotions at this stage,; it may be tentatlvely cordluded that the formtion

of univelents in thege cellp is due to partinl failure of palring. A whole series
of genobical and onvironmontal fnctors hewe beon inferred by several workers o
influenco the conjugaticn of chromosomes, Peiring of chromogomes is now lmoun

to b gone ecomtrolled in Drospobils {Gowen, 1928) Zog (Dondle, 1930), Rice
(Ramumjam and Parbhasarathy, 3935) and Datues (Borgner of gl. 1934). Extornsl
agencles like temperature hove bosn demonstyeted by several werlkers to affech
conjugation of chromosomes {(Kateyamn, 19315 Stow, 1926, 19273 Heilborn, 19303

Sax, 1931). Scmetines genie homolegy alome is not sufficlont to Lring aboub
pairing, In o diploid Crepls gopilisris, whieh originoked ag a vesult of doubling
in a haploid, ell gradotions fronm complete bivalency to complete univalensy

exiot (Hollingshead, 19%0). Variation in pairing of chromosomes in differont cells
of the same anther wos sttributed o a vardntion in the mubtriticnal eonditions in
Butmg (Mourmen, 1928), Genetical, myiriticnal snd onvironmental fnetors may be
atbributed to explein the foilure of palring in Seills indics. Just as prowimel
differentiation and clumping are abtriluted bo high tomporature in the envircenvent;
formtion of univalonts moy bo due to tho same cause. Assuming that thero ws
normal pairing in these collis, s condition simlating partial agymepais o
degynapaie could be atboined by nonsynebronisation.. and timing wnbalonce in

gpindle formation end anasphase geparation.
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In most of the eslls, the bivalonts dlejoln synchronously at Ansphase I
regulting in a distribution of 1§ chromosemes at sach pole (Fig. 11). Rerely
a slight depaviure from ths nozmrl division may cconr caunsing en unequal
distrimblon of the chromopomes ab the poles. Fige 8 represonts o pollen-
motheoreoell with 15 ehromosomas ab the upper pole and 16 at the lowsr. This
is obvicusly o cell with Z1 chromogomss at Metophase I and the single unpaired
chronogone has paszed Yo one pole withord divielon et Anephese I, Sometimes
the big Mvalsnts ere delsyed and Ing ot Anaphase I due presumsbly to the delay
in thoir congression op persistence of interstetial chinswets {gf. Catcheside,
193 in Breanics). A8 2 congsquenes, they are dast to disjoin. One chwromoe
gore of owoeh o largs bivalent roy move quickly to cre pole and tho other moy
Isg abt the ecuater (Fig.. 9). If cuch chromosomes ore nob ulbimstely ineluded
in tho danghtor melel, gometes with wnbelanced mmmberg sve formed. Tha
reverse of whalt moy hoppen to the large bivalenis pay somebides happen to the
small bivalents, which divide precociously. One such proecciocusly separatod
chromosomes noy reach the pole earlier then its portnor and hence 1t muy nob
be included in ono of the daughter wnuclei. Such a ohwemosoms which is of
the upper group is shown in Fig, 10. Fipge 12 1llustrates o small lagping
chromosone ot late Annphase I. Ik 1s very likely that it would not bo includsed

in either of the daughtor muclel, vhich are alveady unoqual in sizge

In an anther looulus, 2 fow collg showsd an interesding abtnormmality of
chromogones at Anaphagse T, The chromosomes in these eells were wvery mch
smaller in size whon comparod uith those of the normal cells (Pig, 13). Thore

wag alpo 2 gindlor redustion In tho volune of the cell as & whole. Thoir
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exncet locaticn in the enthor loculuna with veforencd to the tapetum could

not be doecided in these oquashes. Cages of such s morked reduction in the size
of the chromooomes in the sawme proparation are rore. Darlingten (1936) in

his studies of Fritlldaris found two isolated atmormal pollepemotherecells eb
meiosin. In ono pollenemothoresell of Py nlupiflors, the chromogomes were morvg
eondensed and more separated on the plate than those of the normal cnes.s In
one pollen~mother-cell of F. pelesoris the chromosones wore as long ag thosa
at mitosis and the mucleoler ecnstricticns were still vigible in them, He
thoupht thet the genclypie differonces in these colls nipght have been respun-
pible for those abnormel chromogones. In a gimiiar manner, the sutation in

these cells of Sgllls indica resulied in o chango of tho penotyps, which wag

respongible for o reduckion in the sige of the chronosomes ond also for any
irrogular bshaviour that these chromosomos might show at Anaphose I« Since
adjacent eells showsd mormal behovicur, no difference in tho environment
could be inferred. The significence of those genolypic chenges in the evolut-
ion of the diffevent rages of S, dndics will be discussed lator on.

Fig. 1} shows an ahnormal pollen-nothercell with o chromatid bridge
and. no asseelated fragment. Tn the formation of this bridpe two long
chromosomss are lnvolved, In addibion to them, there are eleven chromoscmos
at the upper pole and thirteen at the lower. Ono chrcmosome which could be
interproted as a large fragmentis close to the bridge. Iis ecnfiguration
reveals thet in all probability it is a whole chromogome and not s frogment.
The erigin of such o bwidge without a fragwent could be cxplained on the

assumpbion that the union of the homologous onds of the sigber chromatids in



the twe chromosomes of the bivalent has token place. Such an essumpblon is
justified in the light of such obzervations of terminel unions in bivalsute
independent of chiasmate by Taylor (2949) in Tredescantic and by Matsurra

end Hags (1942) in Trdldiup. Bridgos without fraguents hgve been reported in
the pollen prains of Kniphofis mis (p = 6) and Pasonin yeltchid (n = §) Wy
Barber (193%), in the pollen gruins of Eyzeintlmg orisntolis ver. Willism
Manafisld® (2p = 16) by Upeott (1937) ond in Alliup wereapitosens by Menoinlal
{19%9), Thero has beon a considerable controversy with regazd to the
fusibility of the unhroken ends of tho chromesomes. Irradiation experinents
go cauntor to such a concept and they crply demonstratod the fundomeninl
difference bobween the broken and unbrokon onds of flw chromopomes with remz-a
to fupibility, Neverthelees under exceptional eircumstences when the cells
are unbelanced with a decreased rumber of chromosomes as in the abnormal cell
of Bedndine vnder dlscugsion, fusion of chromoscomsg in e bivalent leading to
the formation & bridge io porhaps o pleusible apsumpticn. This ig sinmiiar to
ageing in pollen (Barbor, 1928) or ths adverss extornal circumsiences ine
flnencing the physiology of tho mucleus leading to depaturation of chromabin
in partienler chronosomss resulting in tho fusion of sisgter chrematids
(Monsinksd, 1939).

The fundamontal distinction betwem the Dharunr and Bombey forms on the
ong hond and the Tiruchurapalll forms on the obher is the prosonse of tetroe-
ploid eells in the former and tholy absence in the latier. Theiyr distributlicn
in the anthor looulus is hephazard ag the dwerf polien groing in ITindagesntisn

(Ia Cour, 3949). Thoy vore never locallsed in tho eentre 1ilke thoe ahnormal
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cells in S¢illa (Reea, 1952) or in the peripheral part of the anther close
to tha tapetum. Theno tetreploid cella coeoxist with the mormel dipleid
colls and exhibit perfect synchropisstion in tho eell division. HMelosis
progresses emactly in the same wanner as those of the tetraploid plants.
Multivalents have been identified during prophnses ond Metaphnses I and the
quadrivalents cceur with aboub the eome frequency ag in the tetraploid plants.
At Motnphese I and Anaphose I tho spindle is divergont ag in Vaise (Clark,
1940), Ancphase I leads to a fairly regnlar disjunction and distrilution of
% chromosomes ot each pole. Durigg Telophose I, the two nuclei at the poles
arc double the size of the normal. Although the second division stapes have
not been observed, thers is overy reascn ¢ believe that it progresses in a
fairly regulor rmamner and that diploid gomete formation is assured. Giant

pollen praing hove been observed duving the precent investipation.

The tetraploid eells in Seills indien do not show any tendency towsrds
the formntion of plasmodial massog reported by Smith (1942) in Berloy with
mltiploid sporoeytos. In view of the cell sizce and in the alsence of indige
ations of any fusions between the normal cells, 1t is ressonsble to trace
the owvigln of these cells o premelotic dlsturbences. Tholr prosonee in
Dharwar and Dopbay forma end their absence in the Timehurapelli forms show
that their origin is genotically controlled, just as many premeiobic orvors
aro now known to bo detormined by (Rces, 1952). In the original diploid
popudetion of Seills ludice, segropetion and recombination of genes affocting
thoe poenetrance of these promoioctic errors would ulbtimately resculd in the
differsntiation of the population into 2 groupz one with tho error and the
othor without the error. This seems to hove happenad during the camirse of

evolution of the diploid population in 8, lndica. This is bubt ene type of
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avidonce “L:.c show that the different diploid lecal populstions ave genotieally
difforent, This phenomenon 2z anelogous to the presence of reduced cells
in one strain of autotetraploid rys (0'Marz, 3942) and their obsonce i

the other (Mintzing, 1951) due %o differensces in the gone corbinations.

(b) Zziploids
(1) Conergl: For the present study maturally cccurving hypotriploid

cytotypes have boon collectod from Madras (Madras State, Indle) and Mosulipatem
(Andhra State, India), They have been found to cccur only in those areas and
nowhere else in Indim, Apparently thoy show e proference o seo shore crens.
Although Modras and Magulipatam 40 not morkedly differ in thelr climstic
eonditions, the two forme collected from these localities howover show signif-
ieant cytolopgieal differences ssgosiatod with great movphologiesl vardatlon,
The leaves of Magulipatam form ave thin, narrew, light green with bloiches
searecaly perceptable. Gﬁ the othor hand, the Madras form is choracterised

by thiek, coriazceons, darkpreen leaves with bloteches, which arc almost blacke
Obvicualy they are two scotypes prowing in two differcnt edephic conditions.
Raphavan ond Vernketa Subben (1979) etudicd rorrow-leaved plawts with 44, 26
somatic chromoscmes and & horticultural varlety with 45 ehromosomos. The
gytological bohaviour in all these forms is brosdly similer and the following
aceount of the hypotripleid forms with 44 chromozcmes iz applicsble to &ll,

The points of difference, if any, will be mentioned in the end,

(11) Mikosigt Due to smell size and & rolatively high numbor of chromoscrmes
when compared with the sixe of the colls; e eriticnl study of the lnryotyps
vas nob possible. However, 44 chromoscmes wore clearly counted in ths rootetip

cella, As is the case with the diploids, the chromogomes are sharply



distinmishable into lomg, medium ond short types. They are as fellowss

HNE. e Toonas?

(i) 9ix chromoscmen, ot of which two showr sscondary conotrichions}

(11) Tho rost of the chromoscmes are of this type’ somo of the mediume
sized chromogsomes show secondary constrictions end thelr exact nupber
could not te decided during the present investigation. Feur swell chromo=
soneg are satelliited, which are in themgelves very mimute and could not

ho cbscxved in all proparations consistently.

Somo of the sbove-mentioned observations are in sgreoment with those

of Raghavan and Venlatasubben (193%).

At Motephase I most of the pollevemother-cells showed 44 chromosoncs,
which is algso the scmatic mumber. Whils the chromosome nunber in the root-Lip
cells ig fairly stable, it is ivndeed romarkoble thot there i a considerable
variaton in the chrowosome rumber in the pollenencthorwcclld. ALl eneuploid
nugbers ranging fron 37 up 0 46 have been oboerved in thom, the peak balng
ab 44, In ono gingulsy instance 51 chromosonmes wore observed, Notwithstanding
their differoncos in mmber, thoy chow perfect synchromlsatilon and divide
within the same enther locuius. Falring in cells with decreased or increzssd
chronosoms nunber is in no way impsired despite the unbalanco that 49 set in
more due to the decremse than 4o an inerease in ths chromosoms mmber. In ell
rogpects, they are comparable t0 the normal cells with 44 clromosomes in their
woiotie behaviour. A c¢sll with 37 chromosemea chowed 10 trivalents, 2 bivalents

apd 3 univalento. Filg. 20 illustrates a cell with 40 chromeosomes forming 13
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trivalenta and 1 univalenk.

The origin of these aneuploid cells in triploid is psrallel o the
origin of tetrapleoid cells in tho diploids, The underlying esuse for both is
algo game, In all probability, the oripin of ancuploid cells in triploidas
sust be due +o the lrrvepular dlsjunction and epindle abnormalities in the
promoiotic divisions, A lerge nuwber of cages are khoywn vhore spindle
abnormlitiss are gene controlled. Thay are somotimes atbriluted +o single gene
difforencos (Smith, 1942). Mmitipolar spindles nre Mmown Yo arlse due to cor—
tain gene combluations (Voarama, 1949), vhich is the case with the eplit
opindles (Darlingbon and Thomag, 1937). Perhaps 2 nou pone combinaiion in the
triploid Saillo indigs hos browght in spindle sbnormelities in the premeictic

eeils inltieted the origin of aneuploid cells,

In "pormal® cells with 24 chromosomes, all stages betwsen no pairing
(Fig. 27) and ccomplete paizing (Fiz. 19) wero obssrveds Trivelents, bivalonts
and univalonts in different proportiong ere formed., Tor instance, Figs. 15-19
roprasent reaspectively: 1(}3 * iy ® 61 = A4t 43 + 10, + ]21 = 448
83-!' 62 * 81‘-:44; 634' 5q ¥ 161==41ﬁ 143*' 1y = bhe A maximm number of
14 trivelenta have heon obsorved during the prosent investigation (Fig. 19)e
The trivalents, bivalents and univalents line up at the equator with acme of the
univolents off the equatordal region. Somotimos there is o great irregularity
in their orientoticn, the great Wulk of the spindle being £illed with chromos
pores from one ond to the otheor. Such an irvegplar distribubticn of the chromo-
somes ic chmracteristic of nost of the tripleoids (McClintoel, 19293 Gollins,
19335 Morinegn ond Fulushima, 19353 Darlington, 1923 Hargsova, 19R), It de
no doubt due to the agymmetrical nature of the trivalents, in which the
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pregonco of three centromeres sebs in mechanical difficulties end interfercs

with their proper orientuiion.

Tho shapes assumed Ly tho trivalents at Metaphase I ore varicus, viz.
fryingpon, the ¥, a chain or irrepuloyr shapeg 1ilo thopo reprogented in Fligs.
Dy ﬁ‘, 3% ¥, 37 ote, In this reapechk it is most portinent to remazk that
the trivalents formed by the lonpg and short chromosomes are gimilar in oll
esgerbinl rogpocts, except for the fact thet chaing ave rarcly formed by the
long chromosomeg. Furthermors o definite asgocisticn of eny thres hemologous
chromogorios, giving e congtant morphologically rocognisable trivalent doss not
seen to oxict in tho tripleid S¢ills iundlcse The eonstant formation of twoe
ghain trivalonto bhas beon reported by Mather (3935) in his triploid vheat
hybrid and thelr formatlion h2p bhoen expleined by him &9 dve to autosyndesis.
Their appecryance in & tripleid like S, Jrpdige is nob unexpocted sinee the

ehroncsomes in cuch 8 hybrid show differont degrees of homologys

Associntion of more than throe chromosomes to form miliivolents of a
highor ordeyr than tyivelents has been oncountered in & fow casen, In Flpg. 21
& chain of flve chremosomss ig illugtroted. The rest of the chromosomes in the
comploment appear &3 trivalents, bivalents and univalenbs, This phonomencn
of the fomatlon of o pentavalent In e teiplodd is simllar to the oceasional
quadrivalonts in diploids (Iyeugnr, 19%) and bivalents in hepleids (Morinags
ond Fukushim, 1935). It certeinly indicatos the prosente of releted chromo-
somes within the hoploid comploment of the triploid Seilis indica and t“mﬁ
its pyrents vere in themselves polypleid in origin. Its rarity implios diotent
homology of the ehromesomss imvelved in the pentavalent Darlington ond Moffeit

(1930) reported a maximin agacciation of nine chromosomes im the tripleid
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Symus majug, corvesponding to s maximum of six in the diploid. Iehijima
(192) and Romarmjom (1937) observed autosyndesis in triploid wiceo.

dg is tho caze with triploids, the scourronce of univalonds ronging from
0 = 44 has been observed in Beills indics (Figs. 22-27), Votaphoses I showing
44 univalents are rare. Sanchbimoes wholo snthers wers found to contaln wnly
univalents. Such a complete agynepais 1s generally ascribed to the sction of
genes, to the loss of ehvomomomes, to the oxternal conditions like temperature,
to opomixis, to the mochanical chromosemsl conditions or to hybridity. In
Sy dpdicn 1% is due Yo its hybrid  origin. The orlentstlon of the unlvalents
cn the metapheoe plate wop highly irresular, somctimes on the plete and nsually
away from it, UYhenover upnivalenta ocour in tripleids they conforn to a parte
jeular bohaviour. In his triploid whoat, Thempsen (1926) found univelents
in the plate, which arranged themselves regulorly and divided oguationally
after tho division of ths bivalents. Sax (1922) recorded univalents which never

noved to the equator in his triploid wheat.

Aceording to the cxpectation, the hephazerd oriecntation of tho asymmobrical
trivalents at the equutor cauned the Amphose I %o bﬁ irvvoguloyy leading $o an
unequal distributicn of tho chromosomes at the poles (Fig. 26). The tuo groups
are not ugunlly separate in most of the colls with 2 large minhor of lagging
chromosonos bridging thom (Fige 47). The apindle at Anophage I umwelly prosents
a characterintie appearcnce on ascount of the seattering of tho ehromosonos
frem pole 1o polo. The trivalents disjoin, ag o rule, Yo form thyres univalonta,
two goling o one polo ond one to the ether. In Fig, 65, tho univalenta of the
two big trivelents chow position correlstion. The bivalents ssparaic normally
and the two chivomouomes go to the opposite poless Mejordbty of tho univolents

migrato at randonm to tho two poles without divisien. They bohove pormally nt
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the sccond division and do not lag. Those thet are sway from tho equator
during the Motophase I, move to the eguator at this stage, orientate themselvesn
properly and @ivids, the split balves going either to tho sems pole (Fig. 48)
or 4o oppesibe poles (Fig, 51). The division and the migration of the split
helves toke place usually very late ot Amaphase I, They are tardy in movermeud
due pregumably to thelr wesker contremere chargs (Riehordaon, 193%). Roraly

do the lopg lppzing chromoscomes alige themselves on the spindle and show signs
of divigion {Pige. 49) . It 1s diffioult to aseribe any particuler reagon for
this differentinl behaviour of the two types of chromosoroes. The split balvoes
of a long chromopome show gtickiness. In spite of considernble iaéging during
ivaphase I, only two muelei were found in wejority of cells, indleating thob
the lagging chromosomes vers included in tho deughtor miclei. Considerable
elinination onddepeneration of the chromogomos was noted (Pigs 66). The
straying chvomegenes wvhen nobt included in the daughter melei, form o pembrane
round themselvon and orpinise mieromclei (Fig, 67), whose mmber ond size
vary conglderablys Appevently the sipe of the micromicleus dependg on ths mmher
of ehronosenes inclnded in it. (Fig. 70 and 71)s JIn Fig, 68 is illustrated &
spindie-shoped micromueleus with its lower part stbeched %o cme of the deughter
medeil, Freoumobly & row of univelents arranged end o ond have taken payh

in its organisation.Formation of micronuelel has been reported by Homamijam
{19) in rice and Ieven (19%) in Alliun g

microruwelel hapg not been traged and in all probebility they underge degensrate

The fote of thege

1cn,.

Irreguler Anaphage I leads to the formation of restitution mielel in soms
allotriploids, Ag 4 consequence unreducsd gomstes eve formeds Althouph

congiderable mumber of irropulsrities hove been noted no rostitution nuclel
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vere obsorved in the triploid Seills jndicn. FPorbaps tripleids diffor in

the frequency of cccurrencs of tho regtltution mucleil and there aye all gradot-
jons botweon thelr total absonce as in tripleid rice (Morinaga and Fulushimo,
1935t Bamanujem, 1937) ond its frequent cecurrence as in tripleid Neyciasus
(Bago, 1929). Seills indica is similar in this respoet to the triploid rice.

Formotion of bridges and frapents at Anaphose I is o phencsenon of
freguont cequrveones in Sellla lndign. Sometimes the bridges cre fine strands
connecting the Ywo anaphese groups and they are laveriably as deoply stained
a8 the ehromosomes themselves (Fig. 53)s A% othor itimos, they are as sboub
as the chromosomes thomselvos (Fige 52 end 54). It only indiestes that the
triploid is heterogsygous for an inversion, ﬁivwsion my iuvelve a reversal
of a éegyu@m of a chromogcme or a chromatid and may arice duving the carly stag-
s of prophages, when the chromoscges form 100;;;&; They may be distal o
intorcolary. Bridges are formed when the relatively inverted segment involves
g sufficlently large repgion to allow the formetion of chinemeta in relation
to the centromere Richerdson (193) has enalysod the consoquences of chiasmata
formation in the invertod reglon. The bridgen and fragments srise vhen one
or two chiasmata ars formed in the invervsion and in the latter vhen one
chromaetid is involved in both the eroas-overs. The chinemats responsible for the
formation of bridges at Anophape II aro mich more complex tnt they have nsver

boen found in the trinloid §, indien,

Frazmenbs arc usually assoecinted with vridges. Eridges vithoul fragments
have nevor boen noted in Seedndies while fragmonts without bridges wore
sporadically found bobh during Auaphase I and bfnaphage II. A& comperative study
of figures 52, 53, 54, and 55, would at once roveal the some fact, Tho size of

tho fragment is a falr moasure of the size of the inversion (Darlingbon, 1937).
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If the inversgicn is very near the cemtromere, the fragment is lovger in size.
The fragments probably degencrate. Bub in Pig. 57 1t is found atieched to a
lagging univalont, which as a consequence presents a falge appearonce of a
satellited chromosome Trivalents aro scmetimes involved in the bridge formabticn
(Fig. 62). Vhen bridges nre thin or show thick ond thin portiens (Fig. 53), 1%
indicates that 1t is under o great tension, probably due to the axilo stretching
of the spindle, which havo been roperded by Belar (1929) and Derlington (1937)
ag an important fastor in causing anapbasic seporntion. Owing to this tension
the bridge may bresk at any point, urequally {Fig. 53) or in the middle

(Pig. 62). The lntter is on instunce of a bridge end fropment confipiration

vhich is still persisting at sarly Telophase I.

Univalent bridees have boen obscrved rarvely in tho triplold g lndica
(Figs. 56, 57 and possibly 60). Each one of them is associatod with e big or
a srpll frageent, Uoing mede up of oaly two chromatids, they are aluways shord
and do net jein the poles. Univalent bridges erise from lagging membors of
trivalents or maltivalonts which form chiasmm in the inversion and one proximal
to it with one of their partnors and one chiasmata ot least with the othor
partner since they cre oll paris of a trivelent. Iogging members muy axdse in
a triploid when the coworiontatlion of a trivalent is linear or indiffersnd
(Darlington, 1937). The arm vhich uns a loop then forms a hridges Upcobd
(1937) vemarked thab univelont bridges cre varc ond scour cnly in triploids with

high inversion frequency, o8 ig the cage with the triploid Zeilla indics.

At the end of first division e wall is generally formed {(Fig. 20). It is
as irvepuler as the first divislon and ip simuliscnoous in both the eells. Fips.
72-80 are vorious Anephasgses II showing o fou abnormelities met with at this

atage. Apart from the fact that the chromosomes aro wnifoymly digtribubted on
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gpindle from pole to polo zs shown in the FPige. 78 and 73, the chromosomes at

the poles are wnequal in mmbsre Fipg. 7R illustrates 20 chromogomes al one pole
" and 24 ot the othor. HRandom assortment of chromosomes and tho unbelence between

the time of the division and spindle formotion account for thege a@normali%iéa.

Pragmontation of chromoocomee was extensive. They divide normally and move to the

opposite poles (Pigs. 74, 76 and 77). The size of the fragmont varies. That the

Pragmente are ondoved with the capaclity of division liks nommal chromogomes ie

interosting. When a chromopome is broken at the centromere ths twe fragronta

ore sti1l connected to caph other by a temcus threadelike structure {Fige 75)e

A tendency towords divielon at the centromers is sghown in Flg, 79. Scmetimes

isochromonones wore observed. (Fig. 80),
Telapaleld Cytolyuog

(1) Guonexslis The teotroplold Cybtolypos are uniferm in their exbernal morphology.
Ap far as tho present invostigation goes, thoy cecur only in Madhya

Prodesh.

{11) Mitosias TIn the root—iip cells, 60 chromosemes were clearly counted. The
exnct ehromosote norphology could nel be worked oub due to the omall size
of the chromogomes. However, ag in diploids and triploids, distincd
bimodelity oxists in the chromogone complement. Thore are eight long

chromogones and tho rost are either medium and small,

(1ii) Mologist The study of meicsis in the tstraploids proved extremely Aifficult,
partly on aceount of large numbers of smell chromozomos and to some extent
due to the stickiness of the chromeosomes. With these limitations houwever

o careful enalysis of meiocsis was mde, as far as the moterial permitted.
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Obsorvations on meiosis wers confinod to lMetaphase T and leter stoges.
Sixky chromosomes ware counted in mest of the pollenemother-colls ot Metaphase I,
4 departure from this normal muwber was found though yarely snd Fs with
5863 chromogomes have been recordsd. The sixty chromosomes form quadrivalonts
trivalsnts, bivalonts and univalentg in varisble proporticons. 4dwong thaso,

“the fragueney of hivalents is higbe Tor instancs fig, 81 shows twenty five
bivalents and ten univalents, The repularibty with which the bivelonte are
formed is illustrated in fig. 83 with twonty eipht bivalouts and one quadrival=

el

The arvangevent of these mltiple bodiss on a bipolar epindle isipso facto
irrepulars. The co-orisntetion and hence the mode of disjunction of the
miitivplents composed of small chromosomss could not be worked oub in detail.
The quadrlvalents aro chalns and trivelenta ars either chaing or Yeghaped. The
shapes apsumed by the large totravalents end their co-crientation at Hotaphasge I
¢+ ara illustrated in Fipa., 84=90, They ore mostly porallel and & i'ew; ggn-w
vorgent and indifferent. Orlentotion is determined by the distances apart of
the contromeres in the quadrivalent et the time metapbase bogins and whether the
chissmate are terminal or interstetlel. In a mjority of eancs, the ring of 4
chromosumes show complete torminalisation of chinomato. Hence it bocomes
pliable in such a way as to accommodsts itself on a crowded plate and yoi mainbe

alin co=orientation., Otheruise coworigntation f4ils altogether when the centroe

rores are fatther apart thon thoy can be in bivolents.

In spite of the mitivalent formation, Anephase I proceeds with a fair
degres of regularity resuiting in & falrly equal detribution of the chromosoges
at the poles (Fige 92)e Due o the uneven division of the wiltivalents, diffor~
onces pay onsue in the two daughter muelel (Fige 93). The second division wag

not studied for vant of materinl.



(2) . lhohennekori Pische and Moy, (2n = 10).

The karyotype: of this species has already been reported (Sunday Rao,
1956). It consists of leng, modium and short chromoscmos.

(1) Two pairs of long chromosomos, cne with modian and the other with

submodinn cenotrictiongs

(11) Two pairs of modiupmsized chromoucmes of variable lengbhs, each
with oubbterminel primyy congtriction and & secondary constrietiom in the chort
arp vory cloge to the primexry one:

(i14) One short pair of chromesomes with subtorminel primeyy sonstrictions

and two secondory ccmstrs.ctiens in the long distal nrmse

A otudy of 13 tulbs showed 2 variation in the hetorechromatin content.
The notare of the hetercchromatin is exactly similar to thabl reported in tha

provicus papers

VI, DISCUSSIM

From the fovegoing cybolegloal survey of the two I;édian gpeelos, Se.dndicn
end S hohonackard it would appear that ecch shows a pottern of varlation vhich
is unicme to itoelf. Just asc they do not overlap cach other in their goopraphic
digtritution, the nature of thelr verdation is also different. Bobh of them are

adpirable instances $o shoif the efficlent use of ths availablo chronogomzl and



genetic mterials for cvolutionary changes, which have made possible for a
predomivently teomperate genup to wigrate into tho tropieal porits of India through
such species like Selllz indicn.

Gadudios conld not only migrate into Iédia ut eould spread fow and wide
due to i%s great polymorphisme Polyploldy ig 1like a great pilisy on which the
superatmucture of thip rorphologicol vordotion rests. It is significant to nole
that vhile polyploidy ig abgent im oll the large chromosemal specios of the gems,
gpecios like B Jodics with amell chromogsozoes arc differentiated into elrcmozonse
maes.; I} looks ap though the penernl mdﬁcticn in the pize of the chromopomes
due to its genctyple chonges has favenred intragpecifie polyploidy, talking for
the smement the whole population of 8s Jlgdigs as one unlt. In other words, the
small chromosomes of this species sre eninently preadavted for o duplication of
the chromogsons seto, This feature is equally time of Spidds Jonenics, which
is alse cheraciorised by intragpecific polyploidy, Ocme parallel instonces from
Iiliaccne, which illustrate tho sans relationship between chromosomo size and
polypleidy could be citeds The hewnploid Fercissus hulbosodium and the pente-
ploid Tulice glaugions arc the only spocies in these genera with small chiomoe
somes (Dariingbon, 1956). Tn Iilium and Fxifiliaris with long chromesomes
triploidy ig the limit, Tetroploid Iiliupm.ie lkmown only under cultivablon.
Evidonece for gencatypi;a change hag already been presented In the diploid ggilla
Andica. It seems Yo have hod a profound significance in the orisgin of polyploidy

vithin tho specics.

The noture of the dupliented sets determines the kind of polyploidy
(Mintzing, 193¢ Stebbines, 1947, 1951). The diffiouliies inkerent in tho vom
cognition of tho difforent kinds of polyploids was discussed by bhoge preceeding
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authorge 7hs avallable evidence chows that within the range of the specles
population of 8, dndign,. both allo- ond intorvarietal autopolyploids exist as is
the ense with Allium sehoonoprasum L. (Iovan, 1935). The diploid forms are
vido sproad and perhops nore successful than the rest. Thoy are in oll probabe
11lity allopolyploids of amphiplold origin. Chromoseme rorphology remuler
formation of bilvalonts, high fertility tend to lead to the smme conclusicne The
origin of a basle mmber 35 through allopoliyploidy is o mejor svoulbionsxy slep

in 2eilia, T4 1s the highost so far knowm in the gonus,.
Yy

Turthermore the hybrid nature of the diploid 1z rovealed by the ropulay
forration of 2 few tobraploid pollen-mother-cells in the diploid anthers (gf.
Kninhefia nalaanil, Moffett, 193). Tallure of wall formation in the promeiotie
diviglons would be the first step in thelr formation and as shown already such
errors are probably genetically controlled, 4 elovepe of sueh e population into
those with and wvithout tetraploid POg in the diploid enthers due presumebly to
the gsegregoticn of gonog determining the premelolic errors is tho starting poind

of a sories of polypleid forms within the apecieg.

There appoors to be no doubbt that the triploid 83 indics is allopolyploid
in origine Ths most crueisl evidoncs is afforded by its somatic chromoscmec.
(f the siz long chremoscmes, the first two are charactorised by sceondory cone
strictions in the middle of the short proximal arps. Tho remaining four chromo-
somes, approzimately equal in length, ore a little shorter than the fiwvet twos
These are dovold of secondery constricticns. Since these siz chrowmosomss form
o trivalents, holoremoprphic chromosemes are aﬁpexenwy involved in their
formaticn. (n this bapioc slono, the genomic formmulia of the Wypotrdploid S, indice

should be ABB, with cne chromoscms less from any one of those sebss A maximm
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mirher of fourteen trivalconts wore observed during the present investignbtione

It is certainly a high number for en sllotriploids It ig more or less definitely
established that peiring in specles lybrids is 2 nmeasure of the taxonomic rolate
ionship betueen the parents involved. If 80, the high frequency of teivalent
formetbion In S..dndics is due to the ¢lose rolotionship of itec pevents. In foct,
ita pairing conditioms alone indicate outotriploid origin, as postulated by
HMintzing (1933) for Solopus iuborosume Mt 3o chyomosome morphology negotes

such a hypothesise

4 reviow of the aviallable litercture showg thet in triploids thore is o
gradual trensition botusen complets assosiationg of all chromosomes into trivalonts
. ond complete abosunce of chromosome eggregatidn, Complete trivalency is genowally
gttained in autotriploids. Most of the triploids of Iybrid crigin, howevery
oxhibit e Drosera type of pairing, since they acquire two sebs of chromosomes
fron one pavent and one from the cthery the two parents Belonging te two dlfforw
ant gpecles cr cven gonora. Undor such clircumstonces, thors can be very 1little
essociation of the chromosomes into trivalents. To this question of homology
detormining pairing in triploids, a whole sorles of genoticel {Beadle, 1970)
mutritionnl (Maurmer, 1928) and envirenmental factors {Kotoyoms, 193) should bs
added, Darlington (197) found in Hysgirtiua thet homology is net mly a factor
in the formation of trivalents, tut that size also 1s an ivportent fector, since
short ehronogomes form trivalents ruch less frequently than do the long cnes.
Apparently then, ccmplote associction of homologous chromosomes in triploide i

raroely poassible,
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The greatest possible doviation 1o chown by thogse ellotriploida 1ike
Beilln drdicas in vhieh morphologically diseinmilsr chromogsomes pair and exhibit
completo trivelency. FPool (1931) roported pairing botueen Crapis mbra =
Gafnatidn, both diplold end allopolyploide Although the somatic chromosons
noyphology of the parants vas different, thore wag often complsie bivalond
formablon in diploid hybrid, and complete quadrlvalent formation in alloteira-
joidun vers stedotng x Ja dollocoun (Jonking

and Thomas, 1939) forms a high froguency of trivalents ond rarely complote

ploid. Tho triploid hybrid Ip

trivelent asscciation. Awmongsh the triploids of AAB 4ype, Steersts Petunie
hybrids (19R) ave very good instances shouing complote trivalency. Ciles (1942)
feund in o triploid Ixadegeantds hybrid, mumorous cells in which thore vas
complete trivalent formetion indicating that the chromoscmes wore largely
homologons. A1l these ingtencos are elearly indieative that complote trivalent
formation ig not o proof of aubopolyploldy os in £..00nd3c0. ITés trivalency

ia probably due to automyndesis.

The struciural Wbridity es revesled B:y bridpes and fragments in triploid
Seaindicn s bub onobher line of ovidence to show ita hybrid origine. Since
fropments of difforent sizeg ave formed, triploid 8. lndics eppesrs to be
hetoregygous for several inversions. It is & well known faot that the size of
the fragmonts is dependont on the size of the inversion and its distence fron
the end of the chromoseme. Similar struetural Iybridity was reported Ly

Richardson (19%).

Although the mode of origin of the totraploid cybutype is nob clenrly

understoed for vant of unicuivecal evidones, it io roasomablo to think that 1% is
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e intervarietal subopolyploid nccording o the terminclogy of Stobbina (1951).
It is In all probability of hybrid oxigin fron two diploid eecobypes which
diffor in thoir genetic constitdtion, Sufficient ovidence hap beon presented
that the dipleid forms of Bombey ond Dharwar on one hand and tho forms at
Tiruchurapalli on the obher ere Aiffersnt at least in the presonce ond absencs
of penoe controlling the premelctie orrorg. Since diploid pollen grains ave
kaowa to Lo formed in them, it iz veasonsblo to think that the fusion of o
diploid policn grain with o diploid egeg will doad to the aorigin of o tetraploid,
It 1o charecterisced by a low frequeney of tetravaients, vegular disjunction at
Anaphase I and a faivly equal distribution of chromosomes ot the polog, A11
gonctie factors that are now Imown to control bivalent formaticn or o reducticn
in the ehicsm frequency moy oxplain tho greator preponderance of the bivalonts
over };}m cpadrivalonts, da already oxplainsd, the completoly terminal chinsmnta
in the quadrivalent fevours its co-orieontabion and homee 2 + 2 disjunction. In
othor words, terminol chissmots faveurs sutopoiyploldy and its survivel in nsture
ag, in Ameriesn Lmdgsconiian (Andersen and Sex, 1925). Albthough the tetreploid
more fertile
Sadndion iz not as fertile as the diplold, it is ceortainly/thon the triploid.
The diffeventlation of the goncmes during the eourse of ovelution (Giles and
Rendolph, 1951) mey bring about the somo effeet of roducing miltivalent fyoquency
and inerezging fortilily. In viow of roduced numbor of bivalonts, it is possible
thadt the tebraplold e didicy mey be a sogmoutal allopolyploid alse, It is
difficult in faet to digtinguish intervariotal autototraploids from geogmontal
allepolyploids. Thers is ot presont no evidence to show tho differvnt dipleid
ceotypes differ fron ench othor by a lorge munber of chromosomal sopments or pond
cosibinations oo thot freo interchongs betueen thom is barved by portial op

complote Sterility at a dlploid level.
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Apart from polypleidy, aneuploidy at differept lovels of chromosoms
organisation hao premoted ueodiness of the specles and wide sprend goographie
digtribution in India, It 4o obsent in dipleids bub very froquent at triplold
levels Plant with 24, A5 and 46 clhiromcsomes have been weported within the speclen
Tha directim of the change ip yob uncertain Wt it is highly probable that
thoss dneuploid forms hove oripginatod due to acquisition of alien chiromosomos
during Wybridisation. Aneuploide are found in all tho norpholeogically
indistinguishoble types of tho tripleids and algo totraploddns Obssryvotions on
the rolaiive vigour and fertility of the aneuploide at the triploid level are

under obssrvabion.

Yhntevor vay be tho mode ¢f origin of those dipleld, tripleid and tetroploid
forms of Seilla lodios, they are in perfect equilibrium with the environment.
Eagh cybobype isc edmirably adapted to the leeal conditions. Tho local popnlate
iong belonging to the same cytotype oxhibiy functional spseialisation and
physiclogical difforencess In othor words, thoy show adopbive divergonce leading
to the fovmation of ecotypes. The diploid cybtotypes of Bombay and Tiruchurepnlli
differ in the time of {lowering. The triploid forme that oscur in Madres and
Magulipatem differ in their exhevnal norphology. They elgo differ in thelr
chromosome behaviour, however small 4t may bo in its magnitude. For instoncs,
the triploid cytotypes (Madros and Mosulipatam) differ in the froguency of
invorsion, That inversions differenticto naturally cecurring races of Droaombila
vag inferred by Sturtevant, (1926) and Koller, (1935). The presence of inveraions
therofore ic o t'zseﬁzl adjunct in the classification of the races on & cytologicsl
tasine Tho direct foctors comcorned in effecting the organign duo to

invorsions, may te sald to be (1) the lenpth of roversod segmont (2) ond the
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froquoncy of cross-ovor in ilb.

Long inversiong merely roduco the fortility of the Fl tybrids, so that the
specles mot resort to clonal method of propogation., Short inversicns on the
obher hand will not reduce fortililty epprociably ub produee genctle isolotiom
of the reversed segment. If gone mitations arise in such soguenis, they will
become & contre cf‘/ci;;;mzi’ay in the speeies (Darlington, 1938). Uhen vicwed
in this light, the triploid cybotypes of S, Apdlees are thopselves ovolving at s
miercogscople loveol, cach in its own wy, cnch sccording te its genotie systeme

They nlrendy show slgns of ponotie isolmtion., These local populotions are

potential spseicse

¥ron the fez*aé@ing account it is cleay that numerical, structural und
genotyple changes in the chromosomes mark the evolutiomery progress in Seills
dndiga.e Thore ls a greal porslleliom between the evolutionayy tendoncies
within S Andics and the mjor discontimities thet led to the origin of spocies
within the genus, It ig now increngingly roaliced thot epart {yom chonges in
the chromosome structural changes have ploysd a prominent role in the crigin and
differentintion of several spocies of Jgillds. - All these cvolutionmry processes
aonld to braced in S. indics alone when conpidored in ito cntirety.

‘VI IQ S m"ﬁ"‘&é:m *

(1) A eybologieal survey of the two Indion speeles of Seilln, nemely S.ipdics
and fe Rohonnekeord has been the subject of the progent paper. Dobails of
pitoais end meiosis lave been prescnted.

(2) S.lxdice is difforontiated into diploid (2 = ), triploid (2p = 44,45,46)



(3)

()

(5)

(&)

)]

17

and tetraploid (2p = 60) cytobypos and henco exhibite considerable poly-
morphiam.  Se.hchoncekord (2p = 10) shows varishion én the hetercchromatin
gontent,

The spnll chromosomes of S dndion in conbrest to the long chromomomes

of the othor aspecloes within the gemus favoured the incidence of polyploidy
within the species. In cther words, genotypic chonges reducing the sizes ofsd
tho ehromosouss in the couplement hove played o prominent role in the
evolutionayy proccsses within the speoiese Tho formation of totrapleid colls
within the diploid cytotypes is the storting point of a sories of polyploid
and ancuploid formd.

The diploids with 2 basle number 15 arc considered ag allopolyploids of
enphiploid ordpine. It is the highost tasic mmboy in ths vhole gomus and
it favoured tho migration of a prodominontly temperate gorus into trepleal
it

The triploid 8. ndigs io considered as an allepolyploid, vhich showg

the pogimm numbor Ofyli;. trivalents contrary $o expectetion. It is belioved
thet in this allmriplaid pairing botween morphologically dispimiiny
chromosemes 1e rosponsible for high froouenay of 'trivalénta. Furthormore

1% is an inversion hoterosygots,

The tetraploids ave oithor intervarictal autopolyploids or sogmental
allcgalyploida; There is at present ne evidonee to show that they belong
to the latter category. However, the fairly rognlar behavicur assoeiated
vith partial sterility shous thot they could be oither,

The cytotypes chow local difforentiaticn lending to the formailon of

scotypes. Thelr importance ig discuseede
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(8) The structural mmerieal end genotypic changes within S, Jnpdico

parallel the ovolutiopary tremds in the vhole gemus,
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Figse 1 = 14s

Explonntion of the text fimres 1llustrating "Oytelogieal studies
in the Indian Seilla®,

Fips, 1« 14, $Scillo dndico. Tharwor form. Fig. 1. Dickinosis shoring

15 bivalents, of vhich 4 are attoched to two mueleoli. Fige 2. Inte
dlakinoeis with one long bivalent ghowing e | -distal differontiation., Fige 3
Motaphese I, Side view showing 15 ring and rod bivelents. Fige 4« Metaphage
X shouing 14 bivalents end 1 univalent, Fig, 8. Msetaphsse I with 14
bivalents, and 2 univnients. Fige 6, Motaphoge I illustrating asynopeis.
There aro two bivalonts and twenty six univelonts. Pig, 7. Sams. One
bivalent end tuenty eight univalentgs Sews of the univalents ghow cescndary
gosociation, Fige 8, Awaphnge I, 15 + 16 mking o tobtal of 31 chromosomeds
Fige 9. Anaphoss I, Irregalar with one long chromosoms lagging. Fige 106
Apaphoge I. 14 + 16. Oneo chremogoms is awny fron the two groups, probably
duo to ita reoching the polo eurly, Fige 11. Anophags I, 15 ¢ 15 norml
disjunction. Fige 12. Iote Anophasoe I op early Telophase I with one
chraposome lagginge Fige 13 Irregnlorly distriinted chromescnss atb
bpaphnze I, Thers is 2 gencral reoduction in the sige of all the chromescres
due o penobtype control. Fipg, 4. Arvaphaee I with o chromotid bridge ond no
Iragment. Tho bridge is formed appavently by the lopng chyomosome poive



Figae 15 = 45,

Figas 15 = 45, Scilla indien? mefosis in the triploid eybetypes Madms

forme Tips 15. %’&ap‘ﬁnae I, 1@3 + fp * by = Lhe Fige 16, Motophoge 1.

by + 10 * 3;.3. Ale There is ono oxtra body in this motaphnos. It ig
lightly stained and perheps the porpisting mcleolus. Figs 17. Motapheso L
B3 % G + 8By = /4o Tig. 18, Metaphoge I, 659 S5+ 16y = 44e Fige 19
Motaphose o 143 % I = 44, Fige 20, Motophaoe I, 233+ 13 = 40, Fige 21
Side view of Metephase I, showing o pontavalonts lg ¢ 8y ¢ 5, + 6y = 45,

Pige 22, Hotaphnse I, side viow showing e greatcr frogency of wivalonba.
6% To ¢ 183 = L4e Tige 23 Motaphase I. 13+ 1o + By = 44y Tige Rbe
Motophooe T, 23+ % ¢ 29y = 45. Tige 25. Mobaphase X, 23+ @ + 213 = 45,
Fige 26e Motaphose I 1+ j271 = 4he Fige 27. Metophase I showing gld
univalonts irregnlarly distributed, end the blg chromosenes oxhibiting scoondazy
agooeintion. Figae 28 = 45, The different types of trivalents, The loang
chromosemes show o tendengy bownrds the formation of ring oy (Figa. 35, 36)
frying pen type (Fige. 28, 31) ard the smll chromosumss sither chains or
Ywohaped confipgurations.



Pips. 46 = 5%

Fige 46 = 57. Scillo indiecn. leionls of the triploid eybobypo conbs
Yadras forme Fige 46. fnophoece I showing the lrromular disjuncticn rosulbing
in unequal distrilution of chromosomes, 20 ¢ 24. Throe ehromosomss {ack
blockoned) show o tendency tovards division. Fige 47. Irrogmlor Anaphase I,
vith eight chromogomes lagsging ot the cqueter. Fige 48. fAnaphase I with five
univalonts lopging and dividiing, Tho pixth bedy sppoars 4o bo & fragment.
Fige 49, Anophose I. one big ond one small univalents lagping end dividing,
Pige 50, Apaphess I, Right undvelents lnpgeing cub of vhieh two ore corplotely
divideds. Ono divided univalont shows interchromatid stickinesse Fig. 51,
draphase I ghowing five undvalonts Ingging oub of theee two univelents ave
copplotely divided’ ncte ths migratlion of the oplit halves o the opposito poles
in the eage of one univolent. Fig. 52. Anoplmgs I ghowing a chromatid heidss
apd a fropronte Pige 53, Annphase I vwith slender ehrerntid bridpe broken
unsqually and a fairly large frappents one long chromosone is broken at the
contromere the distal half forming on iscohromogoms and the proximol port lying
close to the frogment formed as a result of the chromtid Yridgo. Fige 54«
Angphase I with irrvogulerly distriluted chircmosomes, a shbout and ghort ehrofe
etid bridpe and tuo froguonts of unequal pizes. Figs. 55. Anaphase X showing
ive dividing univalonts, fonr opllt holves of univnlonds, a chrometid bridge and
fraprent. Plg. 56, Anaphase I, Two gmall chromosenes forming e bridms and
tye fragmonts, ono suall and the othor larpe. Flg, 57. Anaphase I, & bridge
end frapgpont confipuration. The fragpent is fused vith one lapgming univalent
4o give o faloe appoarance of o SAT-ghromoscmo.



f”igﬂo 58 - Tis

Pipe, 58 - 71. Beills indion. lHolosis in the briplold cytobyps eont.

Moedran forme Fige 58. Anaphoge I, Feur lagging wnivalonte chew sipgns of
division, Thore 1z one univalent bridge -and -2 fregnend, Fige 59. Anaphase I,
shouing two dividing wnivelents, one disjoining tvivolent ond ene univalend
brddge and a fragment very olose to it. FPig, 60, Azaphese I to show a trivalent
bridge and o fragmont’ two lagging end dividing univelents. Fige 61. Avsphoss
Ie A cmall fragwent dividing et the equotor, Filg, 62« Anaphase I. A trivalond
bridges Fige 63. Inte Apaphage I, A simuous univalent bridge broken unogually
and the fragment is far off from it. Thros univalonts or split helvea of
wivalents logging. Fige 64. Amphasge I, Two univelents undivided and two
univalents split. Pige 65. SAnaphase I, The two leng chromosomes chow position
correletion during disjunction. If two of ome trivalond go to oms pole, twe

‘of the other go %o the opposiite polo. Fig. 66, late Anophaso I, A smeldl
univalent bridge and a frapoont, s mieromeleus, s lngoing split half of a
univalent. Fige 67. Anaphoge I or Telophase I showing three mieromnelel formed
by the lagging vnivelonts. Fig. 68. Telophose I, A long spindlo-shaped central
niocromicleus formed by the lapging chromoscrsss It is In conbinuation of the
lover deughtor mueleug, Pig. 69. Iato opsphacse I with tho nerdisting ino
chromatid beridge brcken in the middlie ond & gmall fvagrent. Fige 70. Tolophase
I aftor tho well formotion. Ono cell shows two mclei and the othor o single
nuoisus. g, 71. Telophase I bofors wall formsticon with three siorvomeled

of difforent sizes.



Pigoe T2 - 80,

Pigg. TR « 80y lpiosis in triploid cytetype eonbs IMadras form. Anophusg IT
to ghow the irvegnlar distribution of chromosomeg st the two pelest 23 +

1+ 20, Fige 73, Irregular insphose II5 note the chvromosmes, which brideo
the chromosomes at the two poles. Figs. 4. Anaphase I, The chromosomes are
jrregularly distvituteds 20 + 3+ 21, Note the two small fragments (morded £),
wvhich are at the opposite poles. Fige 75. funpbage II. One univalent brikesn
at the primary constriction tut both of them sre eitlll attached by slender
throad duo to otickiness with one univalent close by, Figs 76. Aunphase I,
One of the long chromopones shows structurel alieration due prokably to
segmental Interchenge with ancther small or medium gized chwomosome to form o
vod shaped extra long chromonomo. The two frogumenta {marked £) ave ot the
opposite poles. Figs, 78. Zfnaopbage I with no structurally eltered chromo-
somust note the threo peirs of lony chromosomss with mibmediasn constvictiona.
The chromogones are irrepularly seobtored. Pige 79  Anaphape II, Two
daughtor halves of o mediumechromosome showing sipns of dlvision atb the
ocentronerc. Fig, 80, Annphase IT do illustrote structural altersbions in

tho nodianly copstricted long chromosomss leading to the formabion of chromoe
somes with subterminal constrietions, one | isochromosone which is a Jater
ptage shown in the provicus diagram, and two fragmonts (marked £) at two poles.



Fig@. £l - 93;

Fips, 61 = 93. Seills ipdion. Helosis in the totraploid eybobyps.

Sagor form. Fig, 81, Mebaphose,I. 253 + 10y = 60, Fig, £2. Mobaphase I.
13+ 24 + 9y = 60, Fig, 83 Metaphase I, 1y + 28 = 60, Figa. 84 ~ 86,
Tho ring-shoped cuadrivelents ond tholr orientation at Metaphase I in such

a woy as to onoure 2 + 2 dlgjmetion, Fig. 87, A cundrivaient ot MHetophase I,
It in 1ikely Yo disjoin in such a wy as to ensure 2 + 2 distrilation,

Pigs, 88 =« 00, Guadrivalento, chain, ring and dhher types. Fig. 9la.

A trivelent pod o univalent forned by the mediuvmesiged chromogomoss Fig. 91b.
nifforont twpoa of quadrivalonts formod ly the smell chremoscnos, Fipgs 9R.
Apaphsse I, Normel type showing o distrilution of 20 + 3. Fip. 93

Apophose I 29 + 3L reopoctively ob the two poleg.

(411 figares ore drown ob en initiel mognificaticn of x2,000 and reduced

o ths page size in the phobtographa).
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