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INTRODUCTION

The presence of rings or chains of chromosomes during the meiotic
divislons of plants has been kmown for nearly forty years. OGabes (1507a)
first cbserved chromosones attached end Lo end in hyorids of Cenothera

lata, deVries and Oenobhera lamarckiana, Hort. He did nol realize, how-

ever, that a regular arrangement of ihe chromoscmes was yresent. In
these same hybrids, Gates (1507b) described the chromosomes as jolned
toygether to fom rings. He thought the end to end union was the result
of an upset condition resulting from a state of mutability. Davis (1909)

observed in Uenothera grandiflora, Ait. that the chromosomes became associ=

ated in seven ring-shaped pairs. They remained intact as rings until sepa=

ration of their halves at early anaphase. In  ~nothera franciscana,

Bartlett., Cleland (1922) found four of the fourteen chromosomes attached
end to end in a ring. He also observed thal these rings were of a given
size and that such chromosomes configurations were regular,

lLater, Gleland {1923) compared several species of Oenothera and each
of these showed a constant arrangenent of the chromosomes in rings and

palrs bearing oul his previous cbservations on Cenobthera {ranciscana,

Bartlett. Fach displayed ab least one large circle consisting of a2 defi-
nite nmumber of chromosozes unibed end to end. He also observed that con-
tiguous chromosomes were atbached to spindle fibers leading o opposite

poles. In more detail, Cleland (192L) discussed the chromosomes of Deno-

thera franciscana sulfureae 1In this plant of hybrid origin he observed a

closed circle of twelve chromosomes andd & single pair. 3ometines this pair
was linked with the chain but later it became separated. This chain fore
mation persisted through the first meioilc metaphase. During the anaphase

alternate chromosomes went wo Opoosite poles resuliing in a zig-zag separation



of the chrowosomes in the chain. This distributed the chromosomes equally
at the two poles. In about sixteen percent of the cases the setaphase ar-
rangenent was upset. In such cases six went to one pole while eizht went
to the opposite pole and he observed muclei wlth these numbers insiead of
the norsal seven. The constant grouping of the chromosomes in late pro-
phase inte groups of twelve and two as well as their distribution during
anaphasgse suggested that the chromosones had definite positions with refer—
ance Lo one another and were not sestiered in the nucleus without order.
This failure of all mut one pair of cliromosomes actually to palr suggested
that this species of Cenothera was largely heterosypgous. Five additional
species of Jenothera were reported by Cleland in 1925. They also showed
thls end Yo end arrangement of chromosomes which resulbted in rings of
chromosones of various siges in the different species.

later, in more detail Cleland (1926m) studied Uenothera muricata, L.

He found that a typical diakiensis stage was absent in this plant. All
fourteon of the univalent chromosomes were united end to end to form o

clesed circle or an open chain. later, in Denothera biennis, L., Jleland

(1926b) found that the cirele of six and the circle of sight previously
reporbed for this plant resmained throughout metaphase. By 1929 many con=
flgurations in a large number of races and hybrids of Cencthera had been
reported. These configuraticns confimmed Lhe first observalions of Gates,
Davis, Cleland and others that some of the chromosomes in Denolhera were
Joined end to end and that a regular arrangement of the chromosomes was
present.

4 satisfactory explanation of this end to end arrangement of the chromo=
somes was suggestsd by Belling (1927). AY this time Belling {1927) sugzested
that sepmental interchange bebtween non-homologoug chromosomes would account

for the end to end arrsngement of the chromosomes as found by Gates, Davis,
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heervatlions of the end to end arrangerent of the chromosores was not
restricted o Tenobthoern. Obher nlants were found to form chalns or circles
of chromosomcse A3 early as 1912, Digby illustrated this end to end ar-
rangement of chromosones in a sindy of the cybology of Primla. In a study
of triploid maize Randolph and ¥e(lintock (1926) found that trivalents of

the metanhase complenent sccaslonally ayyrared as throee chronosomss atlached

end to end. ¥ewbon (1926), also ohserved in Tulipa linifolia Zegel that all

the chromosones were terminally attacheds 7nd Lo end attachment of chromow
sones were observed by Belling and Blakeslee (1926) in trivalents of Tatura.
In addition to thene Rakansson (1929a) and Sansome {1932) observed rings

in Pisum sabtivim L,  Rings or chains of five or more chYwmosones were found

in Aucuba jeponica Thunb. by Feuwrman (1929). This plant proved to be a

tetraploid having four sets of eight chrowosomes. Deriington (1929b) sup~
nlemented the list of ring forming plants while obhserving this end Lo end

athactimend of chromosomes in Tradeszantia and Zebrina pernidula Schnizl.

Again in 1931, Parlington showed that terminal palring cecurred in a hybrid
of Triticun. The tendsnoy for allernating chromosomes Lo pass Lo opvosite
poles as first reported by “leland (192L) in Denothera was also observed

by Hoar (1931) in Hypericum punctabum, Lam. in which he also reported the

chain formation of the shromosomes. Certain Avena hybrids were found to
show a ring of L ohromosomes at first metaphase (¥llison, 1940)e Finally,

chromosome configurations in Pmeonda califormica MNutt. included all combie

nations of pairs or rings possible with 10 chromosomes (Valters, 1942),

It may be zeen, therefore, that the terminal atbraction of chromosomes
was not restricitod Yo any one plant. It was also established that this end
to end attachment of the chromosomes was due to a reciprosal Lranslocation
or segmenial interchange belween non-homologous chromosomes and that this

phenomena was responsible for the formation of the rings or chains observed.



Palring of entire chromosomes occurred only when ithe chromosomes were
homologous throughout their entire length. Yhen such rings or chains oc-
curred 1t was found that the chromosones were regularly arranged and that
alternate chromosomes passed Lo opposite poles.

The Tirst observations on the end to end arrangement of the chromo-

somaes in Rhoeo discolor were reported by Belling (1927), bub bhe did not

zake a detailed study of chromosome behaviour. He found that univalent

chromosones of Bhooo digcolor wore somebimes unibed at reduction division

metaphase into a chain of V's. Several years later Darlington (192%b) made
a more complete study of the chromosomes of Hhoeo. He found in the majority
of cases a ring of 12 chromosomes ab mebtaphase. Frequently, however, Dar-
lingbon {19290) observed a chain or chains of chromosomes. This ccourrence
was explained as a result of one or more chiasmata bebween chromosomes which
temminalised before metaphase. The approximate distribution of chromosomes
was as follows: ring, 30 percent; one chain, L5 percent; two chains, 20
percent; three chains, 5 percent. The 12 chromosomes were divided into the
several chains in different proportionsy where two chains were present ihe
combinations of 11 and 1, 10 and 2, 7 and 3, § and L, 7 and 5 were observed
and where bhree chains were present, the conbinations 7 and3 and 2 and 4
and L and 2 were observed. AL early metaphase the ring or shain of chromo=
sones was fowxd to arrange 1lisell with reference Lo the spindle. luscessive
chromosomes in the chaln or ring were so oriented that alternate chromosomes
passed o opnosite poles. Lapgging chromosones were noled and bhese occasion~
ally divided abt the first division.

Eato {1930) also made a cytological study of meiosis in the pollen

mother cells of Hhoeo discolor. He alas found that the ohromosomes wers

Joined end Lo end. The contiguous chromosormes passed to opposite poles as

previously described for Cenobhera. Kato (1930) also observed that the



6

chromosomes were arranged in definite order: 2 heterobrachial chromoscmes,

L iscbrachial chromosomes, 2 heterobrachial chromosomes and 4 isobrachial
chromosomes. The heterobrachislehromosomes were found to pair at elther their
proximal or their distal ends. At anaphase some few chromosomes (usually
two) lagped bebind the others. These lagging chromosomes did not form micro-
nuclei but passed to the poles at random. Interkinesis progressed gso rapid-
1y that no reticulum was observed. During the second division chromosome
rings or chains did not appear and this division was regular.

Sax (1931) in a similar study of Rhoeo discolor observed that 12 chromo-

scmes usually were arranged in a ring, or one or two chains at 'diakinesis?
of the first meiotic division. Jhromosome chains were found more [requently
than rings. in both rings and chains (he chrompsome frequency was found te
be the same. He observed that alternate chromosomss passed to opposite poles
in aboubl half ihe first melotic divisions. The chromosomes retained their
individuality during interkinesis a;xd again the second division was observed
to be nomal. Pollen grains were found to be BO to 90 percent imperfect
morphologically so that the planis only were partially fertile.

Haselwarter (1937) described melosis in the pollen moiher cells of
2R Hhoeo plants which were treated by temperature shock. Upon studying the
divisions of the pollen mother cells he observed that they contained 2L
chromospmes arranged in a clogsed ring or in 2 rings of 12 each.

Dermen (1238) was the first to observe the effect of colchicine on the

pollen mother cells of RBhoeo discolor and (p. 221) his photomicrographs in-

dicated then that chains or rings of chromosomes rather than paired chromo-
somes, resulted from such ireatment. Laber, he treated seedlings of Ruoeo
and six of these were made available to tne author in 1540.

Akemine (1940) also treated Fhoeo to a low temperature for several weeks
and found that the anthers contained a considerable number o! 4N pollen mother

cells among Lhe normal diploid ones. He observed univalenis, ring bivalents,



chaing of three or more chromogomes, rings of L chromosowes, and polyvalenis

bearin: tWriple Lerninal chissmabts during zwebaphase 1.

B g o e 3 P A S S S s o de o 3 T T S o
According e fhe Lhecry of sepmental interchanpe we shoudd expect Lhat

]

R

bhe nwber and position of chromosomes in a diploid would be constunt in
rings or chains only becanss bwo sepments would be present wilh lhe same
4 &

homolorous aliraction. This 1z apparently the sase in diplold lhoeo diaw-

color as previcusly repoerbed by Sax, Darlinglon, Lato, and cthers. In such
AN

a plant bhe 12 chyvomoscnms could be represented by the folliswing schunes
AR Gh 83 Ut Id B
B0 Li ¥G HI JE 1é

The chromosome compleament ol a tetraploid plant originated bhrough & dupli=
cabtion of the above chrumcsomses should accordingly ber

B BC CL DD IR OD @ HI L JX KL 1A
AB B OD DE OKF PG OH HI IJ JK KL lA

very chromosome should Shus have one enbirely idenbical mate and the possie
bility of forming bivalents is thus evidents AL the same time four Lerminal
sepments are present with the same homologous abiraction. This, then, afe-
fords the poseibiliiy of fomming rings or chains as well as bivalenise

¥hen some colcohicine Induced tetruplold plants were made available by
Uermen, bthis presented an excellent opporbunibty to Mrther study the situe
ation which had been observed by him in 1938 and to compare these with the
observations of both Haselwarbter (1937) and Akemine (1940). After this
study had bean completed valters and Gerstel (1946) reported on a Letra-
ploid Hhoeo which apreared spontaneously in a population of seedlings. They
observed thatl chains, rings, aud 'risg pairs' ccourred with varying {re-
quency during metaphase I. These observations afiorded a further opportunity
to compare the behaviour of the chromosomes of this matural bteiraploid with

those of the colechicine induced tetraploid and others mentioned above.



HATREKIALS AML RATROULS

Prior to 1940 Dermen itreated seedlings of [hoeo discolor with colehi-

cine for varying lengths of time by the shallow immersion methods. ¥From
these bhere eveniually developed 2ix mature plants which were transierred
to the wriler for investlgation.

Hoot tips were fixed in Carnoy's solutiong macerated and stained in
L5 pereend proprio-cammine. The anthers were used fresh and were crushed
and stained in 45 perceni provrio=carmine.

Temporary slides observed Lo bs of value wers nade permanent. “ach
temporary slide was flooded with 95 percent aleohol until the stain ap-
peared Lo be replaced wilh the alcohol under the cover glass. The cover
and the slide drained of any excess alcohole A drop of Diaphane was placed
over the msberials and Lhe cover glass carefully pressed inte its original

pouition.

Photomierographs were taken of all desirable material with a Uausch
and Lowb Type X phobomicrographic canera. A Zaeiss microscope equipped with
& 90K oil immersion objeclive, n.a. 1.30, was used in conjunction with 10x
and T.5& oculars. The magnification of all photomicrographs was X1500 and
the drawings were mede Lo correspond to the magnification of the photo-

micrographs.
RESULTS

Somatic chromosome number

Soon aftor the six colchieine treated plants were obtained it was
evident thal they varied with respect to their chromoscome number. 411 were
taller and more robust than the diploids. OFf the & plants only two produced

Nowers and each of these had the LY number of chromosomes as debermined



from root tip smcars. The obhier four had 22 chromosomes ratler than the
eipected nmuuber of 2he Cnly one of the € plants preduced side shoots and

that one was a brue bebrapleoids Viable seed was never rbund in eltier of

the flowering tetraplold planis in over 3 years observed growil,

¥elosls
A wital of 200 pollen mother cells was studied in detail. Early pro=-

phase sbages are nol favorable for detalled analysis. The observablons
reported wore obtained by a careiid study of ihe labe prophase and meta-
phase of ¥l. Il was Tound that the chromosowes were not uniform in their
behaviour in eaoh of the cells studled. Certain asspelations of chromo-
somes were observed to occur more frejquently than others. In Table 1, it

can be seen that short chains appeasred more frequently than longer chaius.
Ohalns of 2 chromosomes were nost mmerous. Pairs of chromosoues were
found in almost one half of ihe cells astudieds In sach cell, however, these
palrs never exceeded three. 3Single, unatiached chromosomes were found in
85 of the 200 cells and the nusher of unatiached chromosomes varied some=-
whal in different cells. Clesed rings oscurred infrequently. The number
of chromosomes in these closed rings varied Irom 3 to 6. lowever, rings
of L were most numerous. & few chains of 2L chronosomes wers observed but
a complebe and olosed ring of 24 chromosones was never found. oleven cells
showed the pairing of 3 chromosomes at one end. However, no pairing of b
chiromosones abt one end was observed. Ib was possible to debermine the ex~
act associations of only 11 of the cells reported in Table I. A more de-
talled account of these 1l cells is given in Table II. Four of these cells
showed chaina of chromosomes lonper than 8 bul again the shorter chains were
still more rumerous. Pairs occurred in aboubt ons half of these cells xlsc.

Pigures 1 - 10 illustrabe by diagram the typical assoclations of the

chrompsomes in those cells in whieh the entire complement could be determined
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with accuracy. A couplebe open chaln of 2L chromosomes 1s illustrated in
Figure l. Cells showlng the varying length of the chainsg found in these
cells may be seen in Figaves 2, 3, 4, 5. Shorter chains were more numerous
and this was illustrated by all the fipgures wiith the excepilon of Fisure l.
Chromosome palrs, associabed by chiasmata in thelr terminal reglons, can be
seen in Fisures L, %, 6, B and 10. In no case wore wmore bhan 3 palrs ob=-
served in any sincle cell (Ficure 6).

The dlagrams in Pierures 11, 12, 13 and 1k illusirate the closed rings
which ineluded 3, 4, 5, and 6 chromosomes in the ring. Figure 13 is a dia-
grammatic representation of the cell photographed in Fipure 15, Figzures
16, 16 and 12 are photographs of caells shewing chains of various lengths.
Webaphase association is illusirated in Figure 20. The photograph in
Figure 17 showiinyg the attachment of 3 chromosomes ab one point is illustrate
ed in the diagram in Figure 12.

Positive ldentification of chromosomes in the chains and rings was
not atberpted due Lo the small size of Lhe chromosomes. It was obgserved
bhiat alternate chromosomes in the chains sessed to ovmwsite poles although
no determination of the Ireguency of thelr occurrenees could be made.
(Figure 21). Lagring chromosomes woere also observed as the chromosomes
moved Lo opnosite sides of the cells. (Fipure 22). Turine interkinesis
the clhiremosones 4ld not retain their individuality (Fisure 2L)}. The second
divisions mere noruzl and resulted in resular tetrads (Fimure 2). Follen
grains with 11, 12, and 13 chromosomes were observed {Figures 25, 264 27)

It was evident from the observations bhab palring may oceur bLut was
not detectiec due to the localization of chiasza lormation. The terminalie-
salbion ol ciiasnabi was observed in tue figures illuatrated during ul.
apnarently palring was restricled Lo subberainal regions or else pairing

occurred throughout ihs curomosome bul chlasma iormation was localised in



subbeminal regions. It was not possible to distingudsh between the
two alternatives due to the poor meiotic prophases.
DISCURS ION

Complete rvings involving allthe meiotic chromoscomes have been described
in dipleid species of Hboeo and {enothera. HRings involving some of lhe

chrososones have been found in other genera awmong them Dabura and Zea.

in 1930 Sturtevant and Dobzhansky presented genetle evidence for seguental
interchange between non-homolopous chromoscmes of Drosophila which resulbed
in a ring of four chromosomes at melosis of the transloeation heterozygote.
In all instances the end to end arrangement of the chromosomes at diaskinesis
and metaphase 1 has been explained on the basls of segrental interchange.
Althouzh homologous chromosome sectors were present in duplicate in

dinploid hRhoeo discolar, naturally occurring reciprocal btranslocations have

rearranged the diploid complement o the extent dlwt no individual ahromo-
some had a structurally identical homologue. The minube size of Lhe chromo=-
somes and the absence of favourable melotle prophases excluded the possi-
Lility of a precise analysis of the length of the individual translocated
segments., ¥elotic metaphase 1 coniigurations showed rings or chains ot 12
chiromosones indicating the formablion of chiasmata within the honmologous
chronescme segnenis.

It is asccepbed in typical diploid organdisms that each chromosome has
a structursally similar homolopue. Ab prophase of meiosis the two homolojues
pair as bivalerls and ths association of homolugous chromosomes in pairs,
initiated by pairing and mgintained by chiasmata, continues through metaphase
l. 3ince each chromoscne in.diyleid‘§§g§g is structurally unique, the pos-
sibility for the chromosome complemendt %o pair in homologous bivalents would
exist only in the tetraploid where cach chromosome would have a structurally

identical homolosuee
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In the typical dipleoid organism, each pair of homologous chromosomes
is essentially gemetically and structurally olstined from every other pair.
The faect that chromosomes are present in similar pairs, with each pair
genetically and structurally isolated from every other pair insures the
regular fomation of bivalents in melosis. If one of the chromoscmes of
the complement is present in triplicate, as in btrisomes, trivalent formation
of homologous chromosomes 1s usually apparent. Hegular bivalent formation
in typical diploid organisms is due to the fact thal homologous chromosomes
and homologous chromosone segrents are present only in duplicate.

In diploid jweo, homologous chromosome segnents are present in dupli-
cate, bubl couplebe homologous palrs of chromosomes are absent due to recip-
rocal translozebions involving each chromosocme in the anmpiﬁment. Hings
and chalns rather than bivalenbts are presend in meiosis. In telraploid
Rhoeo, each chromosome is present in duplicabe, as in the typlcal diploids
ol olher orgusnisms, and the possibility for bivalenl formation is evident.
However, unlike typical diploid organisas, homologous chromosome segments
are present in guadruplicate. The regular formation of bivalents would
indicabe that the force of abbracilon between homologous chromosomes is
guf ficient Lo probibld pairing wibh obher bomologous segaents in ihe tetrge
ploid complemente If uivalent fomation is the exceplion rather than the
rule, il would indicste that atiraction between howolopous parts is more
Iremquent rabher than attraction between homolopous chromososes.

The present study rovealed that all kinds of associatlons irom pairing
to complete chains had securrsd in the LY Bioeo induced by colchicine.
Ghains and pairs ocourred In greatest numbers in the present study. This
observation conformed wilh those of Valters and Uerstel (1540). However,

in the present study of colchlcine indused istrapleid Hlweo chains of 2
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lLagging chromosomes were observed Ly the present author in the lnduced
tetraploid and also by "alters and Gerstel (1948) in their spontanscusly de-
rived tetraploid bubt Akemine (15L0) did not meniion seeing these in his
treated plants. The observance of lagging chromosomes in the LN ihoso pare
allels what Darlingion {1929) reported in 2K ihoeo.

The maclei of the induced tetraploid became reticular during inter-
kinesis which was in accord with the observations of Simmonds (19L5) in
which he reported an interphase in a 2R % found growing in nature. The
second division appeared normal and resulted in regular ietrads belng formed
agreeiny with all other workers for LN Rhoeo with the exception of “alters
and Gerstel (1948) who found that their tetraploid exhibited more irregulare
ity at first telophase and in the tetrad formation thar did the diploid
Rhoeo. Howsver, some few Letrads of the colchicine induced LN Rhoeo showed
micronucleii which Yalters and Gerstel (19u48) also reported in their spon-
taneously derived tetraploid.

It was assumed that 2K Rhweo was a plant in whieh trenslocations had
occurred so that now each member of its complement of 12 chromosomes was un=~
like every other one except for a small portion at the end of the chromosome.

In the 2N plant there were only two terminal segments which were identical

as illustrated below: A B, B . G, A Ny

By S 3ince only two terminal segments of two different chromo=

somes were allke only those 2 segments could pair and for this reason it was
found that the chromosomes formed rings or chiinse. The conjugation of
these scgaents was due Yo bthe fast Lhat the seguents were howologous and
the chromosomes formed only temuinal or sublerninal chiasma. Ho intere
sbitial chilasmata were ever found in this bYebraplodd Rhweo bearing out the
observations of Bhaduri (1942); although Walters and Cerstel (19L8) reported

2 cases of interstitial chiasmata. CZomplete terminalization of such chiasma
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appesred o be the normal procedure since all associations of chromosomes
gave the appearance of being atiached end to end during lale prophase and
during metaphase resulting in ring formation as illustrated in Figure 27.
This end to end attachment of the chromosomes in 2K Hhoeo bad been described
by Larlington (1929) and by Sax (1931) and in LR Rhoeo by ¥alters and Ger-
stel (1748). Davis (19.3) observed numsrous pairs and chains in a tetra=-
ploid Cenothera obtained from a hybrid whose diploid ancestor had a single
ring of 10 and 2 pairs.

In L¥ Iioeo where the complement of chromosomes Las been duplicated

there were I terminal segments whiose ends ares designated by letiers:

A B B G
A B B -
A i B -
& b 5 vy i
% A5 & L%

The pairing of the chromosomes again took place only between homologous
regions and there was no necessity of suprosing that pairing was possible
belween non-homolopous regions. (b was logical w assume that abt least
the parts of the chromosomes which showed cunnhections were homologous in

plants like Qenotiera, Rhoeo, Aucuba, Tulipa, and others, even though the

associations existed in these plants between chromosomes which could not
be homologous in bhe same way as In ordinary plants where twe structurally
similur homologues were present.

According to the theory of segmental interchange the number and po-
sition of the chromosomes in rings in dipleoid planits should be constant
since only 2 segments with similar attraction would be present. This was
apparently the zase in 2N Rhogo as reported by Darlington, Sax, and others.
In L% Riweo, however, where ihs tetraploid plants had apparently arisen
from a duplication of the diploid chromosome complement the condition was

very different. Since the diploid contained all the chromosomes in a single
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chain or ring, maltiple chiasmata and complete terminalization meets all
the requirements for the ring or chain formation. If the present tetra-
ploid plant originated through duplisation of the diploid complement every
chromosame should have one quite identical mate, therefore, the possibility
of forming bivalents was given. There were present, however, at the same
time L similar segments with the same attraction. Thus, this affords the
possibility of rings or chains of chromosomes of any length being formed.
Tnis condition was found to be the case in the present study and has been
reported by Akemine {19L0) and “alters and Gerstel (19L8). 411 possible
combinations of chromosomes were found from chains of two up to chains of
2. Host frequently there were found chalns of chromosomes and pairs of
chromosones. The associztion of three ends at one point was rarely found
while the association of four ends at one point wes not observed in this
materiale The formation of pairs and chains could be explained here as in
the dipleid plants on the assumpiion that chiasmata were posgssible only at
sublerminal reglons on the chromosomes. Apparently in Rhoeo the region for
the formation of chiasmata was so swmall ;hat one chiasma inhibited to some
extent the fommation of two and completely eliminated the formation of
three chiasmata. The possibilities of ene chizmma occurring was physically
more probable since each end of the chromosome had three other homologous
mates with which it could pair. This then acccunted for the ehains of
various lengths and the large rumber of pairs thai were observed in this
material. MNore assoclations were rare for two reasons, primarily, the inter-
ferences of the lst chiasma; and secondly, spatial separations of the like
ends of more than two chromosomes at the time of conjugation was likely to
inhibit their pairing. Thus, there were found few assoeistions whers thrse
ends of the chromosomes were involved and two chiasmata were formed. Also

the possiblility of three chiaamata forming would be completely inhibited
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by the presence of the lst two chiasmata.

1f we assumed the following chromosome complement in L¥ Rhoeo!

A B B G
A B! By o
& D T — e
A e ot G

then the scheme of chiammata formmation would follow:

1. Considering only ihe B segmeni, chromosore AS may find a palr witb
either A'B', BC or B'C? which allows for 3 possible combinations (Figure 2%9).
2« UGonsidering both terminal segments ol chromosome AB, chromosome

AB could palir with A'B', BC or B'GY and then one of the ends of the other
chromosone may pair with another like end (Figure 30).

3. Chromosomes AB, A'3', B'C' and B must be spatially located so
that all four ends may palr providing the reglon for formation of terminal
chiasmata was gresb enough Lo allow for three chiasmata to take plsace
(Figure 31). This was not observed, however, in the present study.

Falters and Gerstel (1%LY) reported ihat some of the aneuploid seed-
lings obtained from their spontaneous tetraploid did flower and mosit of
Lthe true tetraploids also produced {lowers. In the present study four
ansuplolids were observed having tweniy-two chromosomes but none of Lhese
ever produced flowers. The two bebraploids did flower but never produced
viable seeds. However, they 4id grow taller and mors robust. One of ithese
brue tetraploids produced many side shoots which also flowered and these
were found to have twenbly-fowr chrompsomes alsc. The other tstraploid never

produced any slde snoots during four years observed growth,



SUMMARY

4 cybtologieal study of a colehicine induced tetraploid plant of Rhoeo
discolor, Hance was made. It was observed that the LW Rhoeo was a more
robust plant than the diploid. A&n examination of the root iips by the
smear technigue revealed that the chromosome mmber was 24 in 2 flowering
plants and 22 in L non-flowering ones. Hxaminations of 200 pollen mother
cell divisions showed that no bivalent formation occurred. The chromosomes
wers arranged as univalents, chains of 2 or more, pairs, rings of 3, k, 5
or 6 chromosormes and polyvalent chromosomes showing a maximum of 2 terminal
chdasmata, An explaratlion of the chromoscome behavior is attempied on the

bazis of terminal echiasmata formation.
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Table I

Ghromosome configuration in 200 MI eells of the tetraploid.
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Table I[I

Complete configuration in 11 BI cells of the tetraploid.
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Flate I

Fig. 1. & complete shaln of 24 chromosomes.
Figs 2+ Chains of 22 and 2.

Pige 3o Chains of 21 and 3.

Fige Le Chains of 18 and 2; and 2 pairs.

ﬁm.m.mg&& qw §gma§¢@mwmmvw»aa»mgwaﬂw%awmga
& ring of 6.

Fige 6. Chains of 6, Ly 3, and 25 3 pairsjy and 3 univalents.

Fige To Chains of L3 3 chalns of 33 3 chalns of 23 and 5 univalents.
Fige Be (Chains of 83 2 chains of 33 3 chains of 23 and .m pairs.
Fige 9o Chains of 6 and 43 2 chains of 23 and 10 univalents.

Fige 10. Chains of 6 and Ly 3 chains of 2; 1 pairy and 6 uni-
valentse.
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Fige

Fige
Fige

i2.

Plate II
Ring of 33 chains of 5, 3, and 23 1 pair; and 4 unival~
antg.

Ring of 53 chains of 9 and 23 1 pair; 2 univalents and a
double chiasmata.

Ring of Lj chain of 73 3 chains of 23 and 1 univalent.
Ring of 63 chalns of 7 and 23 2 pairsj and ) univalent.
Shows Ting of L.

Shows chains of various sizes and univalents.

Shows the double chiasmata 1llustrated im Fig. 12.
Shows chain of 2 and some pairs.

Shows chalng and pairs.

Shows pairs and univalents.
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Fige

¥Fige

Fige
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Fig.
Fige
Fige

224

23.
2he
25.
26.
27.

Plate 11X
Fbobo micrograph shows alternate movement of the
chromosomes and & chaln of 2.

Phobo micrograph shows lagging chrouosoue already
divided at telophase I.

A Letrad with 1 micronnclens.
Interphase.
Poilen cell with 11 chxnumsq&aa.

Pollen cell with 12 chromosomes.

Pollen cell with 13 chromosone
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Fig. 29.

FPige 30.
I'i’ig;. 31 -

Plate 1V
agramatic represenitation of single chiasma in the
diploid showing mechanism of ring formation.
Single chisama in the tetraplold bebween different
chromosomes illustrating the formation of chaing of
23 and single chiassma at each end of 2 like chromo-
somes illustrating the Jommation of pairs.
Diagresatic representation ol a double chiasmata.

Dlagramatic representation of a triple chiasmaia.
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