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L'~ the earlier investigations of polyploid plan~, the determination 
of the chromosome munber and the deduction of the mmlerical relation- 
ships in the related species were the main objectives attempted. Little 
attention was paid to the state of association of the chromosomes in the 
reduction divisions and to the occnrrence of irregularities. Although the 
knowledge of the chromosome munber in different species is in itself of 
importance, it is probable that ill many cases a closer study of the other 
features might often have yielded information on the natm'e of the 
polyploidy in the plant studied. The more recent investigations have 
indeed shown that many polyploids contMn more than two homologot~s 
chromosolne complements. The affinity between the corresponding 
chromosomes of these different complements may therefore lead to the 
formation of chromosome groups of a higher order, so that in the first 
division metaphase trivalents, quadlqvalents, etc., are to be folmd. In 
the gemm P~'unus the tHploid altd tetraploid cherries constantly show 
such groups (Dal'lington, 1928). The polyploids of higher order in this 
genus, repo1%ed by Kobel (1927), had not been studied in detail in this 
respect. The highest chromosome number was folmd in P~'unus lau~'o- 
ce~'asus, which plant is the subject of the present study. 

The observations are limited to the l'ednction divisions of the pollen 
mother cells, the earlier prophase stages in a plant with more than a 
hundred small cln'omosomes natm'ally not being slfitable for detailed 
observation. The matelqal was collected from a plant in the Royal Botanic 
Gardens, New, London, on 9 February, 1928. The anthers at this time 
contained pollen mother cells in all stages h'om early prophase up to 
yotmg pollen tetl'ads. The anthers were fixed separately in a modiSed 
Flemming solution (Darlington, 1928), embedded in paraffin and cut at 
10ix. The preparations were stained by Newton's gentian violet method. 



86 Poly1)loidy in L a u r o c e r a s u s  

CYTOLOGIOAL O.BSE]~VATIONS. 

Under low magnification, the equatorial p]a~es seem very regular 
and in side views they appear as bin, ok ribbons across the cell. The 
separation of the chromosomes also proceeds at a regular pace and the 
entire process of meiosis looks normah This appearance is, however, only 
due to the very high number of chromosomes; smM1 disturbances, such 
as univa,lents outside the plal, es, ]agghlg chromosomes, etc., being 
scaxcely noticeable in relation to the whole mass. With a higher magnifica- 
tion it is at once obvious that the reduction division is far from normal. 
In side views of the first division metaphase in the pollen mother cells 
a few nnivalents are almost invariably seen scattered outside the plates. 
Such a view at this stage is shown in P1. IX, fig. 1. All the univalents 
present, eight in nmnber, are here figured, but only a small number of 
the chromosomes in the plate itself, are drawn. A few very small frag- 
ments can also be seen lying in the neighbourhood of the plate or scat- 
tered in the plasma. 

Although the.plates mostly seem to consist of ordinary bivalents, 
many cases can be clearly seen where the chromosomes are associated 
in groups. In his detailed study of triploid and tetraploid chen'ies, 
Darlington (1928) has shown that pan'ing reslllts mainly in the fomnation 
of trivalents and quadrivalents respectively. In Prunus laurocerasus 
quite similar groups of united chromosomes are to be found, but in 
addition there are others with still higher nmnbers of connected chromo- 
somes. In Text-fig. 1 extracted chromosome groups from fit'st division 
side views are shown: 1-6 tl~valents, 7-16 quadrivalents, 17-23 
quinquevalents, 24-30 sexivalents, and 31-33 septivalents. Judging 
fl'om the appearance of the polar views it is qldte evident that conjugated 
groups of still higher numbers of chromosomes are present, but in the 
side views owing to the smallness of the chl'omosomes it is not easy to 
be sure whether there is an actual connection between pairs lying close 
together or whether they are only in close juxtaposition. Thus in the 
case of an octavalent group with the chi'omosomes arranged as it were 
at the corners of a cube, the folu' upper chromosomes can e~i ly  cover 
the lower Iota' in such a manner that the connection, if pl:esent, conld 
not be seen. Thus in the last group figured (33), only owing to their 
closeness to one another can it be conchided that the middle clu.omosomes 
in the upper and lower row are associated with the five which are visibly 
connected. 

In trivalents (Text-fig. 1, 1-6) the most common form of association 
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is tha t  of a line or a V, but  triangles are sometimes also found. The 
linear arrangement is also common in quadrivalents (Text-fig. 1, 7-16); 
other forms are Y's, squares and crosses similar to those described in 
tctraploid cherries by  Darlington. The higher the number o~! associated 
chromosomes in a group, the more complicated and variable are the 
forms (Text-fig. 1, 17-33). In. closed rings consisting of an odd number 
of chromosomes (6 and 21) it must  be assmned ~hat one of the chro- 
mosomes lies transversely, and is connected at the same end to the two 
adjacent ones. I~ has been especially mnphasiscd by  Belling (1927) 
that  the two ends of a chromosome show different attractions. This 
being so, only ~hc above assumption will lead ~o a closed ring in a string 
of three, five, or any odd munber of homologol~s chromosomes, unless 

Text-fig. 1. THvalen~s (1-O), quadrivaleu~s (7-16), quinquevalen~s (17-23), sexiv~len~s 
(24--30), and sepHvalen~s (31-33) extracted from cHfferen~ me~aphases in Prune,s 
laurocerc~s ( x 3100). 

we take hlto consideration the possibility of segmental interchange. 
The smallness o~ the chromosomes and theft' spherical shape usually 
prevents the determination of." the arrangement of the chromosomes in 
the rings ifl relation to their axes. In some cases, as in the pentaploid 
ring (21), it is fairly em4ain that  the lowest chromosome lies transversely, 
since one can see the equational split in this direction. In wheat, where 
the chromosomes are much bigger, Hi,skins (1928)figl~res a trivalent 
ring in which there can be no dispute about  t h e  transverse posRion of 
one chromosome and Rs a t tachment  by  the chromatids at  one end to 
the adjacent homologolLs chromosomes. Here the eclnational split is 
also marked, and apparently this chromosome will divide into two halves 
in the first division. Whether or not the correspondingly connected 
chromosomes in P. lauq'oce~'asus will spli t and separate at the first 
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division cannot be said, but it is faMy certain that some at least of the 
univalents will undergo this process. 

Ill qlfinquevalent, sexivalent and septivalent groups, d.ten three and 
sometimes four chromosomes (25) are connected to one chromosome. 
This indicates that the chromosome threads must have s]?lit 1)1'iol ̀ to 
Syllizesis, that is, they consist at f, his early stage of two chr'oma*,ids each. 
Only by the assumption that the four ends of one chromosome have each 
become a,tta~hed to a di.ff.erent homologous chromosome can one explain 
the above pa,iring. The same assmnption is also necessary to expla,in 
the formation of the odd-nmnbered rings. 

It  is evident that the presence of numermLs homologous ohrol]lOSOllleS 
capable of conjugating to form such irreg~flar firs*,-division ~:oups as 
are here described, together with the simultaneous occurrence of uni- 
valents, leads to a nmnerieally irregular segregaNon. The scattered 
uuivalents often show marked splits in *,he metaphase, and in later 
anaphase (P1. IX, figs. 2, 3) some at leas*, of *,he lagging and divided 
bodies lllUSt be regarded as t he  result of the equational division of 
these univalen*,s. P1. IX, fig. 2 shows two lagging bipalgi*,c bodies of. 
which the bigger luight perhaps be a retarded bivalent, bll*, the smaller 
one is more probably a divided univalent. The majority of the chro- 
mosomes on the other hand seem to pass to *,he poles in sm'prisingly 
good order. In *,he la*,e anaphasc or early telophase shown in P1. IX, 
fig. 3 several lagging and elongated bodies, mostly divided, can be seen. 
Some of them are apparently split lmivalen*,s, but  the small pair at *,he 
right should, owing to its smallness, be more probably regarded as a 
dixdded fragmen*,. Other vm 3, small round fragmen*,s arc also present. 

In the second-division auaphase and *,elophase, some chromosomes 
are often left on*, of *,he main mass and lie between *,he poles (el. P1. IX, 
fig. 4). Such etn'omosomes certainly will not be i11eluded in *,he daughter 
nuclei, but whe*,her *,hey form *,heir cyril nuclei or are absorbed in the 
plasma is not quite clear. In any case they do not distm'b the regular 
formation of *,e*,rads. 

It  is obvious tha t  in a plan*, of *,his type a haploid number of chro- 
mosomes in the strict sense does no*, eMs*,. The first division metaphase 
plates consist of a thick layer of chromosomes in various planes, and 
only an arbi*,rary line can be drawn between the chromosomes presumed 
to be bound for the two poles respectively. It is no wonder, therefore, 
*,ha*, Kobel (1927) in *,he mctaphase plates of *,he firs*, division in this 
plant has counted umnbers varying from 70 to 80 chromosomes; but 
*,here does not seem to be any foundation for his conehmion that *,he 
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haploid munber  should be 72. Ig is possible thai; the somatic number 
could be obtained fi'om a s tudy of the root tips, bug it can be tal~en as 
ahnost cert;ain thai; every seedling will differ in this respect. In Text-fig. 
2 a an early anap]mse polar view is shown, in which it was possible to 
cORll~; wJ.t]i great accuracy all the chromosomes in the cell. In the 
higher focus tfllere were 83 chromosomes and one very small body, 

Text.fig, 2. a. Polar view of first-division mctaphase with 83 chromosomes and one frag- 
ment  at the upper focus, and 88 chromosomes at the lower focus ( x 3100). 

b. Polar views of first-clivJ,~ion metaphase. Only chromosomes at  upper focus are drawn; 
91 hi number.  The association of ch~'omosomes in groups is clearly visible ( x 3100). 

c and d. Polar views of second-division megaphase, with 89 chromosomes. Groups of two 
to five associated chronmsonms can be seen ( x 3100). 

e. Polar view of second-division met;aphase with 91 chromosomes ( • 3100). 
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apparently a diminutive chromosome o1' fragment at 10 o'clock; in the 
lower focus 88 chromosomes were comlted. Many of ~hcm are evidently 
connected as ordinary bivalents, but others show clear connections 
betwcell several chromosomes. G.roups ranging from t, rivalen~s up to at 
least octavalents are present, and a nmuber of chromosomes lie alone as 
univalents. It  would, however, be over-bold to state with certainty ~hat 
the total chromosome nmnbcr of this individual plant is 171. Although 
the fixation is very good and the possibility of chromosomes having 
heel1 overlooked is almost excluded, i~ might be thought that cert;ain of 
the units regarded as univalents conld be closely connected bivalen~s. 
In Text-fig. 2 b another first-division metaphase plate is shown. Here 
no attempt has been made to count and figure all the chromosomes in 
the cell. Only those which were seen at the upper reel,s or in its vicinity, 
and were supposed to be segregating to the upper pole, are figured. The 
mnnber of chromosomes is 91, but as is evident from the data given, 
this is not to be though~ of as indicating any "haploid chromosome 
nulmber," any more than 83 or 88 clu'omosomes in the previous case. 
The figure merely ilhmtrates the gronping and connections between the 
chromosomes as seen in polar views of this stage. The highest groups 
here show connections between five associated chromosomes, and as 
the same number of similarly arranged and linked chromosomes could 
in some cases be folmd in the lower foclm, this strongly indicates that 
groups as high as decimivalcnt canbe formed. This pairing between chro- 
mosomes going to the same pole persists through interphase, so ~ha~ in 
the second-division metaphase plates the association of chromosomes in 
groups is still easily seen, a fact pointed out by Darlington in the tetra- 
ploid cherries. The counting of the chromosome number in the second- 
division metaphase plates is easier than in the f~'st division. This follows 
from ~he almost spherical shape of the chromosomes at this stage, and 
the fac~' that the split is not at first so marked as to cuisse diffic~dty. 
Ilz some anthers conta.ining pollen mother ceE~ at the second-division 
metaphase the fixation was remarkably good, .and in several plates it 
was possible, in spite of the high nnmber, to count ~he chromosomes ~dth 
great accm'acy. In the twenty best plates the number varied from 84 
to 92; 88, 90 and 91 were colmted once, 85, 86, 87 and 92 twice, 84- 
~hree ~imes, and in six plates the nmnber was 89. In Text-fig. 2 c-e 
three such plates are figured, two with 89 chromosomes and one with 
91. The association of chromosomes in gronps similar to ~hose seen in 
~he first division is clearly seen. The mean of the above ~weuty Counts 
is 87.7. This.wonld almost suggest ~ha~ ~he plant could be 22-ploid, but 
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considering the h'regularities observed there is no reason to suppose that 
the somatic chromosome number must be an even multiple of 8, the basic 
number in this genus. I t  can hardly be supposed that gametes with 88 
ehi.omosonles woukl be the only viable ones, since the tetrads formed 
after unequal segregations appear qtfite normal Moreover, the method 
of division makes it plain that only an exceptionally rare chance would 
give 88-chromosome gametes consisting of eleven complete sets. h{ost 
probably, therefore, the somatic number of the "species" P. laurocerasus 
varies to a renlarkable degree in differeut individua,ls, as has been 
suggested above. 

DISOUSSlON. 

The most interesting feature of the chromosome behaviour in P~'un,~ 
~au~'oce~'asus is perhaps the association of the chromosomes in groups at 
the reduction division. In this respect, however, it does no more than 
follow the habit of many other autopolyploid plants, and especially 
that of the tetraploid species of the genus, described by DaHington 
(1928). The chromosome complement of the polyploid Peunus species 
seems to consist of a nunlber of sets in which the corresponding cln.o- 
niosomes are so similar that they are all capable of conjugating with one 
another. The irregaflarities observed at the reduction divisions are thus 
caused by the presence of more than two homologous ~mits. The position 
in the tetraploid cherries is neatly explained by Darlington, when he 
says (loc. cir., p. 24-5): "Irregularity in segregation, including irregular 
division and abnormal pairing in the tetraploids, springs no more from 
an unlikeness between the chromosomes than fl'om a too-great likeness." 
t ie also predicts that "Species with high multiple cln'omosome mmlbers 
might be expected to show some of the symptoms of autopolyploidy," 
and in fact P. lau~'ocerasus reveals such symptoms in abundance. 

The association of more than two chromosomes in groups of the type 
described in P. lau~'oce~'asus is considered by some anthors as secondary 
pairing. This term indicates that the pafl'ing here would not be of the 
same kind as in the case of normal formation of bivalents resulting from 
true synapsis. This opinion was held by D~lington, and he regarded the 
quadrivalent groups in tetraploid ehen'ies as clue not to a development 
of a prophase relationship but to a secondary association. If we assume 
that the chromosomes found connected in groups at the reduction divi- 
sion are homologmts--the only plausible explanation for such behaviom' 
- - i t  is in my opinion eviden~ that this pairing is the result of a real 
synaptic conjugation between them. No other forces are needed to 
explain thL~ association of more than two chromosomes in groups o'f 
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higher numbcr, cspecially as it has been shown in tetraploid material 
where the synapsis can be studied in. detail that four homologous chro- 
mosomes can be found conjugated with each other at this stage (Dar- 
lington, 1929). Strong evidence for this opinion is also to be folmd fll 
the polyploid P~'u~2.us species in the c~es where odd-numbered rings or 
peculiar groups with three or four chromosomes connected to one 
chromosome arc found, lu the first case the fact that the two cuds of 
tile chronmsome show different attractions will allow these rings to be 
formed only if one of the chromosomes is connccted at one of it, s ends 
with two a.djaeent ehronmsomes ; in the latter case the connections clearly 
indicate that the conjugation is a 'real one between the chromatids. 
Mr Darlington tells me that he is now of this opinion also, and considers 
that this "secondary pairing" only appears strongest at the fh'st meta- 
phase as the result of mechanical conditions; that, in fact, actual. 

s t ruc tm'a l  conditions are always responsible for "secondary pairing," 
but that when the chromosomes are distributed throughout the nucleus at 
diakinesis these connections may be too tenuous to be visible. Natlu'ally 
where the chromosomes are as small as they are in P~'unus the inter- 
pretation of these various associations must to some extent depend on 
inference. 

The other interesting result of thc study of this highly polyploid 
species is that although the association of numerous homologous chromo- 
somes leads necessarily to a certain degree of irregularity in the reduction 
divisions, these as a whole are not greatly influenced, and tetrad forma- 
tion proceeds with remarkable regularity. I t  is, therefore, evident that 
although a few lagging chromosomes wmdd form extra cells after the 
telophase of the second division in a diploid, in this plant where the 
basic eln.omosome complement is so many times duplicated they are 
from this point of view entirely negligible. Gametes are probably viable 
independent of theh' actual chromosome number, for a single chro- 
mosome will scarcely affect the balance of the eight fundamental types. 
Kobel's (1927) study of the chromosome nmnbers in P~'unus lau~'oce~'asus 
varieties also indicates that the variation in the somatic number in different 
individuals may be wide. This can be taken as a good illustration of the 
fact that the chromosome number of itsel'~ is not necessarily of import- 
anee for the viability of a zygote, and in many species with a high degree 
of polyploidy the chromosome nmnber may be found to fluctuate to a 
considerable degu'ee in different individuals. Many examples of aneu- 
ploidy pointing in the same direction are already known and need not 
be quoted here. 
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It  may be srtrlnised that in the com'se of evolution the originally 
identical homologous chromosomes in autopolyploid plants may undergo 
dit~erentiation in dit~erent directions, so that finally they are no longer 
capable of free conjugation with. one another, k nmnber of new and 
more constant forms with fixed chromosome numbers may thus arise, 
These plants, although related, need not then necessarily have nmltiples 
of the basic chromosome number. Aneuploid series are known ill a 
number of plant families, as for instance in Ca~'em (Heilborn, 192~1-), 
]7iola (C].ausen, 1926) and others, and could be  explained as h~viug 
arisen in this way through plants showing some of the phenomena of 
autopolyploidy. In families on the other hand where the serial arrange- 
lllent Of the chromosome numbers is clear and the chromosome numbers 
constant, a strongly allopolyploid condition seems to be indicated, and 
hybridisation with ~dien species has probably provided one of the means 
of evolution. 

Su~ARY. 
The somatic chromosome number o'~ Pq'ztnzts laurocerasus is considered 

to be variable and to consist o'~ nulnerons homologous basic comple- 
ments. Counts made in the first and second metaphases indicate that 
the individual investigated is nearly 22-ploid, 2n = 170-180, the basic 
number in the fanfily being 8. 

No haploid chromosome number in the strict sense exists in this 
species, because segregation is irregular and gametes with various 
numbers of chromosomes are found. 

The ix'regularity observed at meiosis is due to the fact that the 
homologous chromosomes of the original basic complements are CaPable 
of conjugating with one another. Trivalent, "quadrivalent, qninqneva- 
lent, sexivalent, and septivalent groups can be seen in side views of 
the first-division metaphase. Groups of still higher numbers of asso- 
ciated chromosomes are almost certainly formed, judging fl'om the 
grouping of the chromosomes in polar views, k few nnivalents are also 
almost inwriably present, owing to the occasional formation of odd- 
numbered groups. 

The connection of the chromosomes in groups.of more than two lmits 
c~.n also be clearly seen in the fn'st division polar views, and these con- 
nections persist through interkinesis between chromosomes going to the 
sume pole, so that in second-division metaphase plates these groups are 
still to be found. 

Lugging p~irs und univalents are connnon in the late anaphase side 
views. In some c~ses the univalents apparently split, the halves sepamt- 
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ing a~ Lhe firs~ division. Sm,~ll fragments are Mso ~o be seen bo~h in 
Inetaph~se and anaphase ; they may spli~ like ~he uniwlen~s a~ the firs~ 
division. 

The la,gging ehrotaosomes do not interfere with ~etrad formation 
and i~ is assumed ~hat g~me~es wi~h varying ntm~bers of chrolnosomes 
~re vis,ble. 

An original ~U~Ol)olyploid condition may be ~hought to be one of ~he 
essential s~ges in ~he formation o~ aneuploid series. 
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E X P L A N A T I O N  OF P L A T E  IX, 

All dmwillgs were made with a Zeiss objectL,e 1.5 ram., N.A. 1.3 and oenlar • 25 a~ 
bench level, wi~h ~ho aid of all Abb6 camera Ineida, mid rodnoed in rewoduotion go ~ho 
magnification given. 

!Wig. 1. Side view of first-division metaphase. Univalongs ~nd fraglnengs sc~te]'od in the 
plasma. In the pla/~ bivMonks, quach.ivalen~s and One quinciuevaIent gronp can be 
soon. 0nly a part of the chromosomes in ~he plate are ch'awn (x2800). 

Fig. 2. First.division anal)hase ~qth lagging chromosomes ( x 2800). 

]~'ig. 3. Late m]~phase of first division wi~h lagging and divided nnivalent~ and fragnlont~ 
( x 2800). 

Fig. 4. Side view of second-division ~naph~o with lagging chromosomes mid fl'agmollt;e 
between ~ho plates ( x 2800). 



dOURNAL OF GENETI08, VOL, XXI, NO, I, PLATE IX 


