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fhm presence of rings or chains of chromosomes daring ite miotic 
divisions of plants m s  bom known for nearly forty years. Gates (1907a) 
first observed ©broifcoaemes attached ©ad 'to m d  in hybrids of Oemttera 
lata, defries and Oenothera laiimrokiana, Bort. Be did not realise, how­
ever, that a regular arrangement of the chxtBBoaoatea m s  present. In 
tiiese smm hybrids, 'Gatos (1907b) described the chromosomes as jollied 
together to T o m  rings. Me thought the end to end union m n  the result 
of an upset condition resulting fro® a state of mutability. Davis (1909) 
observed in Oenothera grandiflara, lit* that the chroncMNaaes became associ­
ated in seven ring-shaped pairs. They regained intact as rings until sepa­
ration of their halves at early anaphase. In f onottaeya freacieeanft,
Bartlett*, Oldand (1923) found four of the fourteen o bzm&mm® attached 
end to end in a ring. Be also observed that these rings were of a given 
sis© and that such chromosome configurations were regular.

Later, Gleland (1923) compared several species of Oenothera and each 
of tecs© showed a constant arrangement of the chroeaosQBies In rings and 
pairs bearing out his previous observations on Oenothera franciscana,
Bartlett. Each displayed at least on© large circle consisting of a defi­
nite nmbcr of chromosomes united end to end. Sc also observed that con­
tiguous chromosomes were attached to spindle fibers leading to opposite 
.poles. In atire detail, GIsland (1921) discussed tee chromosomes of Oeno­
thera f m m  tsoana ©ulfurea* In this plant of hybrid origin he observed a 
closed circle of twelve ebroaoaesies and a single pair. Bonetiaee this pair 
was linked with the chain but later it became separated* This ©bain for­
mation persisted through the first miotic metaphase* During the anaphase 
alternate chromosomes went uo opposite poles resulting in a tig-sag separation
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of the chro&tosmms ia the chain. fids distributed the ohromosostea equally 
at ilia two polos. la about sixteen percent of the cases the setaphase ar­
rangement m s  upset . In such cases six went to one polo while eight went 
■to the opposite polo and he observed nuclei with these numbers instead of 
the »oxmL seven. The constant pmiping of the eiuraeoeenee in late pro- 
phase into groups of twelve and two m  mil as their distribution during 
anaphase suggested that the ehrasftosoms had definite positions with refer­
ence to- one aether and were not mattered la the nucleus without order.
This failure of all but one pair of ohronoeoaee actually to pair suggested 
that this species of Oenethem was largely heberosygous* Five additional 
species of Oenothera were reported by Gleland in 192$* They also showed 
this end to sad. arrangement of GhxtmosoaMrs which resulted in lings of 
chrotaosoxass of various sises in the different species.

later, in m m  detail Clei&xid (3526a) studied Oenothera muricata, I.
H© found that a typical diakiensia stag© was absent in this plant* 411 
fourteen of the univalent ehroaoaoses wore united end 'to end to form & 
closed circle or m  open chain, later, in Oenothera biennis, U, Gleland 
(192&®; found that the circle of six and the circle of elfjht previously 
reported for this plant remained throughout aebaphaae. %  1929 many con-
figurations in a large number of races and hybrids, of Oenothera had been 
reported, these configurations eanfixned the first observations of Gates, 
.Davis, Gleland and ethers that seme of the ohrMsesoaes in Oenothera were 
joined cod to m d  and that a regular arrangesent of the chroiBososes was 
present.

k satisfactory explanation of this end to end arxwngemmt of the chroso- 
sones was suggested by Belling (X?2?)» At this time Belling (1927) suggested 
that segsumtal interchange between non-hoBtalogous chromosomes would account 
for the end to end mrmmgsmmt of the ehrenosoues as found by Gates, Davis,
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C&servatlons of the end to end arrangement of the e h m s  not 
restricted to Oenothera* Other plants wsgne fmmd to for® chains or circles 
of chromosomes• As early as 1912, Mgby illustrated ills end to end ar~ 
rsngenent of chroaosorae* in a study of the cytology of Pxl-nula* In a study 
of triplold male© Haadolph and MoOliniock (1 9 2 6) found that trimLents of 
the !ncta?tms# complement occasionally &pi»ared as thro© Gtirofliosoises attached, 
end to end* Hewton (1926), also observed in Tull pa linlfolla Eegel that all 
the ĉ ro®oso?sies wore terminally attached* aid to end attachment of chrofso- 
soaea were observed by Belling and Blakealee (1926) in trivalents of Datura* 
In addition to these Eakansson (X929&) and Sansosa® (1932) observed rings 
in sativum £, , Rings or chains of five or more chromososes m m  found
in Aucuba. japonic* Thurib* by Keurasn (1929 )* This plant proved to- be a 
tetraplotd having four sets of eight chromosomes • Darlington (1929b) sup- 
plessented the list of ring forming plants while observing this end to and 
attachment of chromosomes in Tradessantia and. ?ehrina penclula Scfenisl*
Again in 1931, Darlington showed that terminal pairing occurred in a hybrid 
of frttleum* The tendency for alternating chromosomes to pass to opposite 
poles as first reported by Cleland (1921;) in Oenothera m s  also observed 
by Hoar (1931) in jfepertcun panotatiaa, Las* in which he also reported the 
chain formation of the chromosomes* Certain Anaaa hybrids were found to 
show a ring of 1 chro&oao^s at first metaphase (Ellison, 19uQ)» .Finally, 
chromosome configurations In Faconla califomica ffutt. included all combi* 
nations of pairs or rings possible with 10 chromosomes (Waltons, 19U2-)*

It m f  be seen, therefore, that the terminal attraction of chromosomes 
was not restricted to any on® plant. It was also established that this ©rid 
to end attachment of the chromosomes m s  due to a reciprocal translooation 
or segmental interchange between non-hoinologoaa chromosomes and that this 
phenomena m s  responsible for the formation of the rings or chains observed*
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Pairing o f entire chromosomes o ccu rred enly when the chromosomes were 
homologous throughout their entire length. When m ah rings or chains oc­
curred it «  found that the chromosome were regularly arranged and that 
alternate chromosomes passed to opposite 'poles.

Tim first observations ©e the end t© end arrangement of the chromo­
somes in Idiom discolor were reported by Belling (192?), bat be did not 
mke a detailed study of chromosome behaviour* Be found that univalent 
chromosomes of Ebooo discolor wore sometimes united at redaction division 
met&phase into a chain o f f’s* Several years later Darlington (1929®) mada 
a more complete study of the chromosomes of llfaoso* He found .in the majority 
of oases a ring o f  22 chromosomes at metaphase* Fre<jt*ently# however, Dar­
lington (1929b) observed a chain or chains of chromosomes* This occurrence 
was explained as a result of one or more chi&smata between chromosomes which 
teminftllsed before metaphase* The approximate distribution of chromosomes 
was as followsi ring, 30 percent} one chain, k$ percentf two chains, 20 
percent $ three chains, $ percent* The 12 chromosomes were divided into t fee 
several chains -in different proportions} where two chains were present the 
coMbinations of 11 and 1, 10 and 2 , f and 3. 6 and k9 1 and $ were observed 
and where three chains were present, U m  combinations ? a»43 and 2 and 6 
Kid 1 and 2 warn observed* It early isetaph&se the ring or chain of chrca»- 
m m s  was found to arrange itself with reference to the spindle. Successive 
chromosomes in the oh&in or ring were so oriented that alternate chromosome* 
passed to opposite poles* Lagging chromosoisos were noted and these occasion­
ally divided at the first division.

Sato (1930) also made a cytologies! study of meiosis in the pollen 
nothor cells of Khoeo discolor. I© also found that the chromosomes were 
joined end to end* The contiguous ehroaosoiaes passed to opposite poles as 
previously described for Oenothera* Kaho (1930) also observed that the
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ehronosoiae® m m  arranged la definite orders 2 heterobraohi&l Ghx*»fio®o&tes, 
k isobrachial chromosomes, 2 heterobraohial chromosomes and k isobrachial 
chromosomes • The heterobrachlalchrmosomes were found to pair at either their 
proximal or their distal ends* At anaphase some few ehreaoMMis (usually 
two) lagged behind U m  other*• Thesis lagging chromosome® did not for® micro- 
nuclei but passed to the poles at random. Xnterkincsis progressed so rapid­
ly that m  reticulum was observed. During the second division ohromosome 
rlng# or chains did not appear and this division was regular.

Sax (1931) in a similar study of Bfaceo discolor observed that 12 eferuap- 
some® usually were arranged in a ring, or one or two chains at ’dlakinesls* 
of the first meiotic division. chains m m  found more frequently
than rings. In both lings and chains the ahranoaoBe frequency was found to 
be the same. He observed that alternate chromosomes passed to opposite poles 
in about half the first idiotic divisions. The cnromosomos retained their 
individuality during interkinesis and again the second division m s  observed 
to be normal. Pollen grains were found to be 6Q to 90 percent imperfect 
saorphologically so that the plants only were partially fertile.

Haselwarter (193?) described meiosls in the pollen ©other cells of 
21 Hbpep plant® which were treated by temperature shock. Upon studying the 
divisions of the pollen mother cells he observed that they contained 2L 
ehroHOsaeea arranged in a closed ring or in 2 rings of 12 each.

jpenaen (193S) was the first to observe the effect of colchicine on the 
pollen mother cell® of Rfaoeo discolor and (p. 221) hi® phot<micrograpfc® in­
dicated then that chains or rings of chromosomes rather than paired chromo­
somes, restilted from such treatment. Later, be treated seedling® of Hhoeo 
and six of these were made available to the author in X9d0 .

Akemine (191*0) also treated fthoeo to a low temperature* for several week® 
and found that the anthers contained a considerable umber of hM pollen mother 
cells among the normal diploid ones. He observed univalents, ring bivalent®,
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chains of three or 120re darosaosotiies, rings of h chroiaosoases, and polyvalent® 
bearing triple terminal ehi&smata during meta-phase 1.

According to the theory of scgrser.tal interchange we should expect that 
the nu&her and position of cftro&osonea In a diploid would be cons tint in 
rings or chains only because two segments wcnild be present with 'the same 
hosaologous attraction* this is apparently the case in diploid Bhoeo dla— 
color as previously reported by Sax* Darlington, lata, and others. In such 
a plant the 12 dirô aosoBies could he represented by the following schemej 

&$ *-»il Cll'i i4 IfcX*

m  m  .fo hi M  u
The chromosome complement of a Mtraploid plant originated through a dupli—
cation of the above chruaacomes should accordingly bet

as so oi) m  r hj oh hi li i  a  u
kB m  m  m  \r m  qii hi ij m  kl la

Lvery chromosome should thus Mire one entirely identical nmte and the possi­
bility of forming bivalents is thus evident* At the mm®, tim® four terminal 
segments are present with the same homologous attraction* This, then, af­
fords the possibility of foming rings or oh&iaas as well as bivalent®*

When some colchicine ind»ced ietraploid plants « »  st&de available by 
Deraw, this presented an excellent oppoxtaaity to further study :&© situ­
ation which had been observed by hi© Is I93& and bo compare these with the 
observations of both Haselwarter (1937) and Aic«in© (IflO). After this 
study had been ©ossplebed baiters and Gerstel (19h&) reported 00 a tetra- 
ploiu ftboeo which appeared spontaneously is a population of seedlings.- They 
observed that chains, rings, and 4ring pairs1 occurred with varying fre­
quency during me taph&se I. These observations afforded a further opportunity 
to compare the behaviour of the chromosomes of this natural ietraploid with 
those of the colchicine Induced tetraploid and others mentioned above.
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Prior -to 191*0 Deraen. treated seedlings of B io m  discolor with colchi­
cine for varying lengths of time by the shallow is&ersiofi method* From 
tos# tor# ev«tbi*ally developed. six mature plants which were transfer red 
to the writer for Investigation*

Boot tips m?re fixed in demote solution, aaoerated and stained in 
IS peroent p»pri,o*-oamiiie* The anthers were used fresh and wire crushed 
and stained in k$ persont proprio-camifte *

Temporary slides observed to be of value were mad© permanent* Bach 
temporary slid# m s flooded with 9$ percent alcohol until the stain ap­
peared 'to be replaced with the alcohol under the cover glass* The cover 
glass, #iile still flooded with alcohol, m a  carefully removed with, forceps 
and the slide drained of any excess alcohol* k drop of Dlaphane was placed 
over the materials and the cover glass carefully pressed into its original 
position*

Fhotooicrographs were taken of all desirable material with a Sausch 
and bomb type K photoMiero&raphic camera* A Z&lss microscope equipped with 
& $£& oil isuaerdioin objective, n.a. 1*30, teas used in conjunction with IQs 
and !•% oculars. The magnification of all ptotonlcrographs was XlpOQ and 
the drawings were made to correspond to the aagniHcation of the photo- 
micrographs*

SEMLTS

Soaatie chromosome number
Soon after the six colchicine treated plants sere obtained it w  

evident that they varied with respeet to their chranoaoBe ntsnber* All were 
■taller and more robust "than the diploids* Of tee 6 plants only two produced 
Howard arid each of these had the i*H nu&ber of chromosomes as deieminad
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iron root tip sacars* the other four had 22 efcrejaosoiaes rather than the 
expected number of 24* Only one of the 6 plants produced side shoots and 
that one was a true ietraploid* Viable seed ms never found in either of 
the flowering teiraplold. plants in over 3 years observed growth*

Hetosla
A total of 200 pollen mother cells was studied in detail* Early pro- 

phase stages are not favorable for detailed analysis* The observations 
reported wore obtained by a careful study of the late prophaae and aeta- 
phase of Ml* It was found that the chromosome© wore not mnifom in their 
behaviour in each of the sells studied* Certain associations of chroao- 
somes were observed to occur more frequently tdian others* In Table 1, it 
can be seen that short chains appeared sore frequently than longer chains* 
Gliau&s of 2 chromosomes were most numerous* fairs of chromosomes were 
found .Is almost one half of the cells studied* In each cell, however, these 
pairs never exceeded three. Single, unattached chromosomes m m  found in 
B$ of the 200 sells and the number of unattached chromesoisas varied some— 
what In different cells.* Closed rings occurred Infrequently* the number 
of chromosomes in these closed rings varied from 3 to 6* However, rings 

of k were most msmroun* b few chains of 24 chromosomes were observed but 
a complete and closed ring of 24 chromosomes was never found* Eleven sells 
Viewed the pairing of 3 chromosomes at one end. However, no 'pairing of 4 
chromosomes at on© ©»d was observed. It was possible to determine the ex­
act associations of only 11 of the cells reported in Table I* A more de­
tailed account of these 11 sells is given in Table II* Four of these cells 
showed chains of chromosomes longer than 8 but again the shorter chains were 
still more numerous* Fairs occurred in about one half of these cells also.

figures 1 - IQ illustrate by diagram the typical associations of the 
ehromosem&s in those cells in which the entire complement could be determined
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with accuracy* A co&pleta open chain of 2k chromosomes is illustrated In 
Figure !• Cells shoeing the vaiying length of the chains found in these 
cell® may be m en in Figures 2, 3, k9 5* Shorter chains were more numerous 
and this was illustrated by all the figures with the? -exception of figure 1* 
Ohroiaesoae pairs, associated by chtasmata is tfeolr terminal regions, can be 
seen in figures h9 5, 6, 8 and 10. In  no case were sore them 3 pairs ob­
served in any single cell (Figure 6).

The diagrams in Figures 11, 12, 13 and 1 h illustrate the closed ring® 
which included 3, hf 5, and 6 okimmmmes in the ring. Figure 13 ia a dia- 
grajaaatic representation of the cell pbctographad in Figure 1$. figures 
16, 18 and 19 are photographs of cell® showing chain® of various lengths* 
Mebapimae association is illustrated in Figure 20* the photograph in 
Figure XT showing the attachment of 3 eferotsosQiaes at on© point is illustrat­
ed in the diagram in figure 1 2 *

Positive Identification ©£ chroKoaoaes in the chains and ring® was 
not attempted due to the mall si®© of the chromosomes. It m s  observed 
that alternate chromosomes in the chains rm»md to opposite poles although 
no determination of the fre^eacy of their occurrence could be »le.
(Figure 21). Lagging chromosomes were also observed as the chr&sosome* 
moved, to opposite sides of the cell®. (Figure 22). Ttaring interkinesis 
the chra&eso&es did not retain their individuality (Figure 21). the second 
divisions *mre nonal and resulted in regular tetrads (Figure 2). .Pollen 
grains with 11, 12, and 13 chromosomes were observed (Figures 25, 26, 2?)*

XL was evident fra® the observations that pairing nay occur but was 
not detected clue to the localisation of ohiasma formation. T m  ieminali- 
sabioa of caiasia&ba was observed in Urn figures illustrated during Ml. 
Apparently pairing was restricted to subberainal regions or else pairing 
occurred throughout the m m m & o m  but cniasm formation was localised in
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su&bstmift&X regions* It was not possible to. distinguish between the
two alternatives due to the poor meiotic prophaaes*

D B a O S S M

Complete rings involving allthe aeioblc chnmosoEies have been described 
in diploid spool## of Rfaoso and Oenothera* Rings involving &om of the
Qlxtmomm® have been found in other gsnem among them Batura and Zea»
In 1^30 Sturtevant and Bobsfaacusky presented genetic evidence for segmental 
interchange between non-homologous chromosomes of Drosophila which resulted 
in a ring of four chromosomes at aeiosis of the translocation iieteroaygote. 
In all instances the end to end arrangassnt of the chromosomes at di&klnesis 
and metaphase 1 has been explained on the basis of segmental interchange*

Although homologous chromosome sectors were present in duplicate In 
diploid Rhoeo dlscolo r, naturally occurring reciprocal translocations have 
rearranged the diploid complement to the extent that no individual oferora©-* 
aoim  had a sbiuaberaLly identical homologue* The minute also of the chremo- 
somes and 'the Usance of favourable meiotie prophases excluded the possi­
bility of a precise analysis of the length of the individual translocated 
se$aents* Meiotic metaphase 1 configurations showed rings o r  chains of 12 
chromosomes indicating the formation of chiaam&ta. within the homologous 
chromosome segments*

It is accepted in typical diploid organisms that each chromosome has 
a structurally stellar homologue* At prophase of meiosls the two iso®oXogu©e 
pair as bivalent# and the association of homologous cnvommma .in pairs, 
initiated by pairing and Maintained by chiasmata, centimes through aetaphase 
1* Since each chromosome in diploid Rhoeo is structurally unique, the pos­
sibility for the chromosome complement to pair in homologous bivalents would 
exist only in the tetraploid where each chromosome would have a structurally 
identical hotaologua*
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In the typical diploid organism, each pair of homologous chrocjosaises 
is essentially genetically m d  structurally distinct from every other pair. 
The feet that chromosois&s are preseat in similar pairs, with each -pair 
genetically and structurally isolated from. every other pair insures the 
regular formation of bivalents in raoiosis. If o m  of the chromosomes of 
the complement is present in triplicate, as in irlsoites, trivalent fomaticm 
of homologous chromosomes is usually apparent* Kegular bivalent formation 
in typical diploid organisms is due to the fact that homologous ohroeososes 
and homologous chromosome segments are present only in duplicate.

In diploid Hhoeo, homologous chromosome segments are present in dupli­
cate, but complete homologous pairs of chromosomes are absent due to recip­
rocal translocatioas involving each chromosome in the coMspXemeat* Eings 
and chains rather than bivalents are present in meiosls. In tetraploid 
Rhoeo» each chromosome is present In duplicate, as in the typical diploids 
of other organisms, and the possibility for bivalent fonation Is evident# 
However, unlike typical diploid organisms, homologous chromosome segments 
are present in quadruplicate* The regular formation of biwalents would 
indicate that the force of attraction between homologous chromosomes is 
sufficient to prohibit pairing witft other homologous segaents in the tetra­
ploid complement* If bivalent formation is the exception rather than the 
rule, it would indicate that attraction between homologous parts is m m  

frequent rather than attraction between, homologous chromosomes*
the present study revealed that all kinds of associations from pairing 

to complete chains had occurred In the 111 Bhoeo induced by colchicine*
Chains and pairs occurred in greatest numbers .in the present study# This 
observation conform! with those of Walters and Cars tel (iSuiu)* However, 
in the present study of colchicine induced tetraploid Ehoeo chains of 2
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Lagging chromosomes were observed by the present author in the induced 
tetraploid and also by ̂ alters and Gerstel (191$) in their spontaneously de­
rived tetraploid but Afcemine (191*0} did not mention seeing these in his 
treated plants* The observance of lagging chromosomes in the kM lihoeo par­
allels what Darlington {1929) reported in 21 Hhoeo*

The nuclei of the induced tetraploid became reticular during inter- 
kinesis which was in accord with the observations of Simmnda (191*5) in 
which he reported an interphase in a 21 Bhoeo found growing in nature« The 
second division appeared nemal and resulted In regular tetrads being formed 
agreeing with all other workers for liM Bhoeo with the exception of Walters 
and Gerstel (19i*8) who found that their tetraploid exhibited isore irregular­
ity at first telophase and in the tetrad formation than did the diploid 
Rhoeo* However, some few tetrads of the colchicine induced I4H Hhoeo showed, 
micronucleii which Walters and Gerstel (191$) also reported in their spon­
taneously derived tetraploid*

It was assumed that 21 Rhoeo was a plant in which translocations 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 21 plant there were only two terminal septents which were identical
as illustrated below? A "■ 1 ' ... . S, 8    —  C, A —  — — — — — * B
B   ■— —— c. Since only two terminal segments of two different chromo­
somes were alike -only those Z segments could pair and f o r this reason it m s  
found that the ehromosotaes formed rings or chains* The conjugation of 
these segments was dun to the fact that the segments were homologous and 
th© chraaosoues foziaed only iaminal or stibtemiiml chiasm* Mo inter­
stitial chi&sut&ta mre ever found in this tetraploid Rhoeo bearing out the 
observations of Bhaduri (191*2) 5 although Walters and Gerstel (19h&) reported 
2 eases of interstitial chiasnata* Complete terminal! sation of such chiasma
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appeared to be the nomal procedure since all associations of chromosooes 
gmm the appearance of being attached end to end daring late prophase and 
during wetaphase resulting in ring Ibnaabton as illustrated in figure 2?. 
This end to end attachment of the chromosomes in 2K Bhoeo had been described 
by Darlington (1929) and by Sax (1931) and in !|R Rhoeo by falters and Oer­
sted (19)48)* Darts (X9h3) observed numerous pairs and chains in a tetra- 
ploid Oenothera obtained fro® a hybrid whose diploid ancestor had a single 
ring of 10 lid 2 pairs*

In ItM Rhoeo where the complement of chromosomes has been duplicated 
there were k terminal segments whose ends are designated by letters*

k-~---------   B B-------------G

A----------   -0 B  -- — --- 0

The pairing of the chroaosoxses again took place only between homologous 
regions and there m s  no necessity of supposing that pairing was possible 
'between non^heaologous regions. It was logical to assume that at least 
the parts of the chromosomes which showed connections were homologous in 
plants like Oenothera^ fihoao, Aucuba, Tulipa* and others, even though the 
associations existed in these plants between chromosomes which could not 
be homologous in 'Hie same way as in ordinary plants i&ere two structurally 
sisiilar honsologues were present*

According to the theory of segmental interchange the number and po­
sition of the chromosomes in rings in diploid plants should be constant 
since only 2 segeents with similar attraction would 'be present* This was 
apparently the case in 21! Rhoeo as reported by Darlington, Sax, and others* 
In Ids Rhoeo, however, where the tetraploid plants had apparently arisen 
fro® a duplication of the diploid chroaso-soBie complement the condition m s  
very different* Since the diploid contained all the ctoiosiosomes in a single
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ciiain or ring, multiple chiasmta and complete tenalnaliaatlen seats all 

the raquizsaents for t o  ring or chain formation. If the present tetra­
ploid plant originated through duplication of the diploid complement every 
chromosome should have one quite identical mate, therefore, the possibility 
of forming bivalent® was given, there were present, however, at t o  same 
time k similar segments with the same attraction, Thus, this affords the 
possibility of rings or chains of chromosomes of any length being formed, 
this condition was found to be the case in the present study and has been 
reported by Akemine (l^bO) and falters and Gerstel (19k&)* All possible 
combinations of chromosomes were found from chains of two up to chains of 

2U. Most frequently there were found chains of chromosomes and pairs of 
chromosomes. The association of three ends at one point was rarely found 
while the association of four ends at one point m s  not observed in this 

material. The formation of pairs and chains could be explained here as in 
the diploid plants on the assumption that chiasmata were possible only at 
swbtensliMl regions on the chromosomes. Apparently in Rhoeo the region for 
the formation of chiasmata was so small that on© chiaama inhibited to ®mm 
extent the fomation of two and completely eliminated the formation of 
three chiasmata. The possibilities of one chiasms occurring was physically 
more probable since each end of the chromosome had three other homologous 
mates with ifcich it could pair. This then accounted for the e*iain® of 
various lengths and the large motor of pairs that were observed in this 
material. M o m  associations were rare for t o  reasons, primarily, the inter­
ferences of t o  1st chiasmsj and secondly, spatial separations of t o  like 
ends of more t o n  two chfonosoises at t o  time of conjugation was likely to 
inhibit their pairing. Thu®, there were found few associations where three 
ends of t o  c h m M o n e s  were involved and t o  chiasmata were formed. Also 
the possibility of 'three chiasmata forming would be completely inhibited
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by trie presence of the 1st two chiasmaba.
If w© assumed the following chromosome complement in 41 Rhoeo >

A*— ----  B* B,!-------- ---  C*

At-     D* -- 0 *
then the scheme of chi&smata fon&ation would follow!

1. Considering only the B segment, chromosome AB may find a pair with 
©itber A’B*, HC or B’C* which allows for 3 possible combinations (Figure 2j).

2* Considering both terminal segments of chromosome AB, chromosome 
AB could pair with AAB*, BC or I’O1 end then on© of the ends of the other 
chromosome may pair with another like end (Figure 30)*

3« Chromosomes AB, A’B*, IMC* and BC must be spatially located so 
that all four ends may .pair providing the region for Formation of terminal 
ehi&sm&ta was great enough 'to allow for three chi&smaia to take place 
(Figure 31)* This was not observed, however* In the present study.

Walters and Gerstel (1946) reported that some of the aneuplold seed* 
lings obtained from their spontaneous tetraploid did flower and most of 
the true tetrapQLcids also produced .flowers* In the pro seat study four 
aneuploids were observed hawing twenty-two chromosomes but none of these 
ever produced flowers* The two tetraploids did flower but never produced 
viable seeds* However, they did grow taller and m m  robust* One of these 
true tetraploids produced many side shoots which also flowered and these 
were found to have twenty-four chromosomes also* The other tetraploid never 
produced any side shoots during four years observed growth.
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A cytological study of a colchicine induced tetraploid plant of Ehoeo 
discolor, fiance was made. It was observed that Urn hM ithoeo was a more 

robust plant than the diploid# km ©remiimtion of the root tips toy the 
m o m  technique revealed that the ebneowNw number was 2ij. in 2 flowering 
plants and 22 In 1* non-flowering ones. Imagination® of 200 pollen aether 

cell division® showed that no bivalent formation occurred. The zfaro m m m n  

worm arranged as univalent#, chains of 2 or more, pat re, rings of 3, ii, > 
or 6 ohromosoEtcs and polyvalent chromosomes showing a aaxisKm of 2 terminal 
chi&sanata. An explanation of the chromosome behavior is attempted on the 
basils of terminal chlamata formation.
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table XI

Complete configuration in 11 SI cells of the tetraploid.
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Plate IX

Fig* 11* mug of 3$ chains of §, 3* and 2) 1 pairj mad. fe unival­
ents#

fig# 12* King of $i chains of 9 and 2j 1 pairj 2 univalents and a
double chlasaata#

Fig. 13* filing of k$ chain of 7> 3 chains of 2f and 1 univalent.
fig# lli* Ring of 6 1 chains of 1 and 2$ 2 pairs j and X uni valent#
Fig# IS# Shows ring of ii»
Fig# 16# Shows chains of various ©isos and univalents#
Fig* XT# Shows the double ©M&smata illustrated in Fig. 12#
Fig# 18# Shows chain of 2 and m m  pairs.
Fig# 19# Shows chains and pairs*
Fig# 20# Shows pairs and univalents.
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Flat# XXI

Fig* 21. fbftto a l k n w U  mtorwmab of W e
cUvm&mMm m 4  a ©Win of 2.

tig* 22* FhoW »Le*%grapli sfeow* lagging aWmo»<M* already 
divided at Wlopfc&ae X*

Fig* 23* 1 Wtrad with X mimmwmZmm*
Fig. 2b* XaWrj&aae.
Fig. 2£. Follen cell eith U  c&teMosooe**
Fig. 26. Pollen cell * X W  12 ahronesonee.
Fig. 2?. Fallen cell with 13 ck r m w m m M *
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Plate If

Fig* 28* XdagamatiQ represent&iion of singl® chlasna in the 
diploid $$mwlag uechanisn of ring foxmttoiu

Fig.* 29* Single ohiaaraa in the tetraploid between different 
chromosones illustrating the formation of chains of 
2j and single ohiaaaa at e m h  end of 2 like t o i o -  
soues illustrating the formation of pairs*

Fig* 30* Bt&gmaatlc representation of a double chlasnata* 
Fig* 31* Diagram&ile representation of a triple ehiAsnata*
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