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bedded in paraffin and sect ioned. Slid es were stained by iron 
hematoxylin. Camera luc ida drawings and photomicrographs 
are presented. 

Experimental Resul ts 

Chromosome Pairing 
Chromosomes oi B. vuZp,aris assoc iated to some ex tent wIth 

chromosomes oj B. jnocltrlli)PlIs. T he number of bivalents var ied 
in different ce lls from 0 to 5. (F ig ures I , 2). The grade of pair
ing in th e sem i-fertil e hyhrid (Turkish wi ld bee t X B. jJrocum
lIens) was but a little higher than in the sterile " ,.,:ebbiana hy
hrids. " The majority of pollen mother cell s (P .l\'f.C) in the 
" procumbens hybrid" contained Four bivalents instead of three 
as in the "webbiana hybrids" (Tahle 1). The chiasma frequency 
per P.M.C. was estimated at :1.04 for the sferil e " webbiana hy
brid" and at !Hi for the semi-fert il e " procu lYJbens hyhrid ," but 
there we re more biva len ts with interst itia l ch iasmata in the 
" proc lImhens hybrid " tha t coul d provide for interchanges of 
lonrrer sec tions of ch romosom es. In some cases i t was possible 
1'0 ohse rve th e intercrosscs of two chromatids in the bival ent. 

Table j .-Di8lrihlllion b f Bi"aicilts in P.M.C. of an F, H ybrid (Turkish 

Wild Bee t X II . procumlJens). 


Number of bi va lents 0 'I 5 To t"! 

Nu mber of r.~r. c. 5 17 22 53 

Percent o f P.M .C. wilh CO r 

responding" nu mher of bi valcnt s 5.7 5.7 9.4 32.0 41. 5 5.7 

Figure 1. (lerl)-Diakinetic nucleus with 4 '1 and 10 ,; three univalents 
with attenuated constriction area X 3100. Figure 2. (center)-Diaki netic 
nucleus with 5. , and 7 , plu s 2 fragments; one unival ent with attenuated 
constriction X 3100. Figure 3. (right)-Bivalent with intel'crossed chromatids 
X 3100. 
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This observation indicates that crossing over really occurred be
tween chromosomes of the different species (Figure 3) . 

Chromosome Breakage 

I n the prophases of meioses brea kage of ch romosomes was 
observed . The paltern of chromosom e brea kage was similar to 
that caused by radiation, chemical treatment, or to that which 
occurs spontaneously. Brea kage 01' chromosomes may occur at 
any stage including the resting stage. The hreaks can be dis
tributed at ranclom or loca lized at special areas. Ford (7) oh
served a random distribution of chromosome brea ks in Vicia 
[aha after treatment by mustard g'as and Tjio (36) alter treat
ment by pyrog·allol. Specia l sensitive regions of chromosomes 
h;we been indicated hy oth er allthors. Knller (17) found in 
Tmriescn.nli(( that the centromere and th e adjacent region were 
sllsceptible . Jackson and Barher (12) indicated that the most 
sensitive reg ion in Tmri escanlia was near terminal regions of 
chromosome arms, the centromere re,Qions '''ere less susceptible 
and the mid-arm regions were res istant. Rees and Thompson 
(28) found in ;m inbred line of rye that th e hreakage was local
ized mainly towards the ends of the chromosomes, aqreeing' with 
the distribution of chiasmata . The controversi es in th e' local
izat ion 01 breaks observed in different experiments and in differ
ent plants were elu cidated by the recent investiga tions of Lane 
(18i, H aque (11) and Sparrow (34) who showed that physio
logical conditions of th e cell and nucleus interaction with the 
tvpe of treatment produce different sensitivity in different parts 
of the chromosomes. 

In the hybrid studied the hreil ks were located at the centro
mere region. Som e chromosomes at diakinesis showed a very 
pronounced attenuated co.nstriction area which resembl ed a thin 
thread, One to three chrom nsomes in some nuclei exhibited 
such elongated constriction . Fi Q' llres I ::Inrl 2 show several chromo
somes in the nucl ei, the arms of which a re connected by th e thin 
thread only. Th e same appearance was observed in meiosis of 
F, " webbiana hybrids" (!3?i). In these hybrids th e chromosomes 
with attenuated constrictions were observed only occasionally , 
while in th e hybrid with B. 17Tn r: lImh e11s such chromosomes ap
peilred with comparatively hi~Th frequ ency. 

The fragmentation occurred by transversal breakage of the 
thin thread. The breakage was always symmetrical; it affected 
hoth chromatids at the same points and occurred always in th e 
reg-ion adjacent to the centrome re or throuQ'h the centromere 
i ·~e1f . Thp hre~k;we of the chromosomes in the "procumbens 
hybrid " belonged to the chromosome ty~e (B") . not to the 
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located Oil the spilldle MGI bIll \\"Cre pushed (Jut to tilt· pcriphely 
01 the lIudei toward the !luclear lllcIllIH<tne. Airel tile disappear
awe of the lllcmhrane, the acentrics w('r(' 1111"mn1 Oll! into plaslll 
;!IId clllllinated immediately. II is less probable that the ,i.stn 
H'lllliull ill tile ;lCClltries made lilem inC\islingllisl1alll\- from tllc 
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meres. Such iso-chromosomes could reach the poles and be in
cluded in the daughter nuclei. There is no doubt that when 
the breaks are localized at the centromere region more iso-chromo
somes are for med than are observed. . Not all iso-chromosomes, 
even 'with complete and functional centromeres, will reach the 
poles; some of them will be delayed because of the delay in divi
sion of some telocentrics and the formation and orientation ot 
iw-chromosomes or because of different ha7.ards. But just suc h 
iso-chromosomes, lagging or moving on the spindle at the late 
anaphase, have more chances to be detected than the iso-chromo
somes which moved together with other chromosomes and were 
included in the nuclei. 

The percentage of cells at diakinesis containing chromosomes 
vlith attenuated constrict ions was relatively higb. From 270 cells 
120 celis, or 44.4 percent, conta ined I'ragments or chrOlllosomes 
with very thin fiber-like constrictions, but the number of cells 
with fragments and bridges at the first anaphase equal ed only 
10 percent. From 280 cells at this stage the bridges and frag
mented chromosomes were found in 28 cells. It can be assumed 
that 10 percent of the cells exhibited broken chromosomes at 
the first meiotic division. Obviously not all the chromosomes 
which showed attenuated constriction at diakinesis were later 
fragmented. Actually the chromosomes with an attenuated con
striction region were observed sometimes at the fi.rst metaphase. 
But the constrict ion area, although distinctly separating the two 
arms of the chromosomes, was not so attenuated as at diakinesis 
(Figure 9). Probably the metaphatic contraction shortened the 
elongated constriction area in some chromosomes and enabled 
them to pass through metaphase and anaph ase without breakage. 

It is also probable that some of the broken chromosomes were 
not detected at anaphase because of tbeir restitution in the 
original way, but in such cases the elongated centromere ' area 
had to be contracted anyway. 

The fragmentation of the bridges was not observed. The 
majority of bridges remained on the spindle after the telophase 
nuclei were formed. The telophase bridges connecting the rest
ing nuclei were revea led in severa l cell s (Figure 10). Althougll 
some lagging fragments were observed on the s!Jindl e at the first 
anaphase, the others which succeeded in reaching the poles were 
included in the microspores and gave rise to structural aber
rations. 

In the second divisioll the hroken cltlOl11osomes were rarely 
observed. In such cases one of two daughter nuclei exhib ited a't 
the secund anap hase a bridge sometimes accompanied by two 
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little acentr ic chromatids (Figure I I). The breakage might 
occur in this case at the interphase. The attenuated constrictions 
were indeed observed in some interkinetic nuclei. 

Breakage of chromosomes was observed in some interspec if1c 
a nd interlinear Il ybrids. Bernstrom (2) observed inverted bridges 
in th e interlinear hybrids of Lamill.m amjJlexic{/.ule. Ribbands 
(29) described the breakage of chromosomes and the formation 
of inversion and translocation bridges in Lilium X lestaceum. 

Usually the chromosome breakage in interspecif1c hybrids is 
ca used by translocations or by in versions Followed by crossing 
over between in verted and n on-inverted segments of chrcmosomes. 
As a result inversion and transl ocat ion bridges are formed. In the 
hybrid Turkish wild beet X B. !JTocumbens th e breakage of 
chrom osomes was spontaneous a nd similar to that ca used by 
chemicals or radiation. The disturbance of genetic balance and 
of the cell metabolism may be a possible ex planation of this 
process. 

Figure 9. (left)-Chromosomes with shortened constnClIon at prometa
phase X 3100. Figure 10. (center)-A telophatic bridge X 3100. Figure 11. 
(right)-Second anaphase; bridge and 2 acentrics in one nlld cus X 3100. 

First Meiotic Division 
At metaphase a ll chromosomes were arra nged in th e equa

toried plate. The biva le nt.s as well as the lIniva lents were dis
tributed at random. U nival ents often occupied th e ce ntral part 
of the plate while the bival ents showed a tendency to lie at the 
periphery. Congression 01 the ch romosomes was fa i r. 

It is ve ry characteristic o f the "procumhens hybrid " that the 
hrst meio tic division in this hybrid is rather regular. In many 
cells the biva lents divided and their partners proceeded to the 
respective p :)les. Several uni va lents divided in the f1rst division 
too. In some P.M.C. all the univalents divided in the f1rst divi
sion. Division o f some univa lents in the f1rst division was ob
served by von Rosenberg (?lO) in different species of Hierncillnl , 
by Mather (21) in th e triploid wheat hybrids , by Kihara and 
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N ishiyama (IS) in the hybrids Triticum palonicwn X Haynaldia 
villosa, by Akerman and Hagberg ( I) in oats hybrids, by Gaewski 
(8) in some Gewn hybrids, by Savitsky (33) in the "webbiana 
hybrids. " But in the hybrid Turkish wild beet X B. IJTocumbens 
th e division of uni va lents showed a higher mani testation. 

T he chrom osomes in this hybrid were not scattered over th e 
spindle, but in many ce lls they reached the poles simultaneously. 
The univalents which divided at the same tim e as th e bivalents 
reached the poles together with them (Figures l2a , b, c, d). 

On th e other hand, the pictures of disturbances usual for 
interspecific hybrids were observed in other P.M·.C. (Figures 
l 3a, b). In some ce lls non-disjunction and lagging of bivalents 
were observed at the anaphase and at interkinesis (Figures 5 

• 

Figm'e 12.-Regular first meiotic division X 2034; (left)-First metaphase, 
side view. (left center)-Late anaphase, all the chromosomes at the poles. 
(right center)-Telophase without laggards. (right)-Interkinesis without 
laggards. 

Figure 13.-Inegular first melOuc divi· 
sion: (upper left)-lrregular moving of 
chromosomes X 2034. (upper left center) 
-Lagging of univalents X 2034. (upper 
right center)-Lagging of a bivalent (non· 
disjunction) X 3100. (upper I-ight)-A bi· 
valent without disjunction at the polar 
group of chromosomes X 3100. (lowel' left) 
-A lagging univalent with sticky chromo 
atids X 3100. 
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and 1:k). SOllletillles the bivalcllLs (witiIout dlsjunctioll) reached 
the poial group of chrOJl}OSOllleS and Illight be inclmlec1 in the 
Ilucleus (Figure I :1c1). SUllle ullivalents ill which the separatiun 
or chromatids was delayed lCJlJ;tinn\ Oil the Spillrllc ",hile other 
chromosoJl}es reached tile poles. J'lwir cent rOlllcrcs di, idcd, but 
lhe chromatids were st lick together ill the legi()1l dose to I-ileir 
distal enels (Figmt' I :k). SOllll' or the univalt'lllS passed tu the 
poles undivided. 

Laggards and (hr()m()~{)llleS thrown out inlo plaslll \\ere uh
served ill the first c1ivi,i()l1 ill only I K percellt ()I the P.\LC. 
Fig-Ilty t.wo percent of the cells did not (ontain laggillg chromo
somes. rilis confirllls ab() the regularity uf Ihe firsl lllciotic 
eliv isioll. 

Table 2.-!\"urnbel" of Chromosoml'~ in P,~LC. after the- First 'Idoric Di\+;ioll 
in aB FJ H,;'lnid (Turkish \Vild Bt'('( X R. proulmbt"u). 

:\ umber of chrol!lO 
\OIlH.'S in P,.\I.C. 

Sumbcr or P . .\1.C. 
containing COflL'

II li II
spontliIlJ..!.. chromo 
somC' number 

The numllCr of ('hr()lll()s()me~ 111 P.:\f.C. ;It the hrsl anaphase 
and at interkinesis varied Irom ~.': to % (Table 2). III the lIla 
jority of cells 2:) to :lO ciJrolllosollles were observed instead of 
the 1H chromosomes which are normally expected ill it diploid 
at this stage. This means tilat there were') to IS chrolllosomes 
in excess. These excess cilr()ll1osomes were derivcd frolll 1l11i
\;tlents wilich divided in the firsl divisiun. 

Because or success/'ul divisioJl and distrilllltl()ll of llni\alents, 
the intcrkinetic nuclci contailled ;1 Iligl] llullliJcr ur clirOlll()S()llIe~ 
Cfable 'l). Instead o/' f) dnolllosolllcS in a diploid plant they 

contained 10 to IK chromosomE's. The majority of nLlclei had 

Tahle :L-~'umber 01 Chromosome... in tla' Interkint'Lic Nudd of all h 
Hybrid (Turkish Wild Be,'[ X Ii. /howmIH/I.S). 

":\urnlJCJ of chrolllo 
'iomes in tIle inkl 
kinetic nllclci 

II! II 1
_,., II 1:'1 III 17 18 fOL.d 

.'\ Wilber uf I1LH:lei 
containillg COII(, 

sponding chrolJlo 
sume nUmb(T 

II II 1.:0 
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Figure 14. (left)-Interkinetic nuclei with 14 :14 distribution X 3100. 
Figure 15. (right)-Interkinesis, 15:15 distribution: one nucleus with 15, 
another with I4 chromosomes and I cl1l'omosome in plasm. Derived from 
division of all chromosomes in the nucleus containing 3" plus 12, X 3100. 

12, 1:) and 14 chromosomes. In some P.M.C. th e distribution 
or chromosomes between two interkin et ic nucl e i was equa l, for 
instance, 12 :12, 1:):13,14:1418:18 (Figures 1<1, 15). ]n the 
14:14 distribution the 4 bivaJents and all 10 unival ents proceeded 
to the respective poles regularly. A distributi on of ] 3: 13 could 
occur when there was 3" and 12, in the P.M.C. The g bival ents 
and 8 univalents divided and proceeded to the opposite poles. 
Of th e remaining 4 univalents 2 moved undivided to 1 pole and 
2 to another. The P.M.C. with the same number of biv~ll e nts, 
.1 , and unival ents, 12, could give rise to interkin eti c nucl ei with 
a 12: 12 distribution in a case when from 12 , only 6 divided and 
proceeded to the opposite poles and hom the rema ining 6" 3 
undivided unival ents reached one pole and :3 o thers reached 
another pole . Different numbers of chromosomes in interkinetic 
nuclei showing equal distribution are conditioned by different 
numbers o f bival ents and different numbers of divided univalents 
in corresponding P.M.C. The lagging chromosomes and the 
unequal di stribution 01' undivided unival ents will change, of 
course, this equa l distribution and interkinetic nucl e i will occur 
with 12 :1:3, 12: 15 and other chromosome distr ibutions. 

Some P .M .C. contained at interkinesis 2 nuclei with 18 
chromosomes in each (F igure 16a, b, c). Such nuclei arose 111 
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figure 16,-a (ul'l'l'1' left) , b (upper right), t: (lower left), P. ,\ 'I.C. (oil, 

taining 2 rcstill!tiollal nuclei with 18:18 distribution at interkinesis X 3100. 

tlw asynaptir P ,\ ·r.C . with I S llni\alcnl,~ all or which divided 
and tlleir chromatids plOc('cded to tIte opposite polcs.\lthollgll 
the clllOmOSOIJI(,S ill sucil llu c lei sllCm'ecl spl it e llds a'S lIS11,ti al 
interkillcsis , llll )s l or them did not 1ll1clcrgo lile secolld divisioll. 
Occasionally tile cclls wit II ()Ill' la r~e rcstitut iOll a l Illl(:lelis COIl
taining' 18 chnJI1l 0S011It'S \I'en ' ;ti ,so observed a l cii;lkillcsis (Fig
ure 17). 

Second Meiotic Division 
In t.be secolld metapilase alld a naphase a !'ell' dlrOIlJ OSOlllL'S 

divided. The divisioll and separatio ll or the ci lreJ lll()SO IliCS werc 
irregular , lhe chrOIIlOS(l IIl CS \I'ere scatLered ov(']' the spindle and 
rlirl l]OI reac h the poi<:s at til e sa lll c tillll' (figlll'e 18). Vrorc 
Jag'ging ChrOIl\()SO IIl eS \\ ' ('1(' OhStT\ 'cd ill the sec() lld division thall 
in the first. In lh e tetrad stage o Ill y 17 ..1 perc(, llt or tile ce lls did 
not contain chromosol1les laggillg ill I he cytoplaslll, 
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Figurc 17. (ldt)-P..vLC. containing restitutiol1al nudeu, with 18 
chromosomes 'II interkinesis X 3100. Figure 1X. (righr)-Senmd anal'llas,,; 
irrq?;uJar moving of (llrOlllOsortH" X 3100. 

the illllllbt'J (JI ciJrOlllOSOlllCS ill I'.\/'C. at t Ill' second ana· 
pila'ic and ill tile tetrad stage \'aried lrolll '27 to 42 (Table 4). 
The lllaj(Jrity oj cells cotlLained :1:\ t(J .% ChrollIOSOll1(,S, II we 
(Ol1lP;UC tile lllllllhcr oj CIUOlllOSOlllCS ill ],,\I.C:. ;dtel llH~ fIrst 
division (\I'IH'r(' the numher of cilrornosmllcs ill the cells did 
lIot excecd ::lfi) with the lllllllllcr oj c11l011IOS()1lH'S alter the second 
divisi(JIl, it is ol)\iol!.'> tllal iii Llle ,s('(ond division lllOSl of tlte 
clirol1los()]nes '\'!liclt dilided were partllC'rs 01 bi\alenls and Lite 
lI11nalcnts which did not divide ill di(' iirst divisioll. Onlv a Jell 
lI11i\a1cllls dl\ided tli(' secund t illlC', 

file nUlllber of chrolllosOlllCS alter t\\'o divisions cannot 
exceed the sOlllatic nUllliJcr 01 cilromos()mcs lInless SOllle chromo· 
somes divide equaLionally lhe secone! Lime. III tile hybrid studied 
some P .. \r.c:. at Lhe tetrad stage cOlllaillccl 41 anel 4'2 chromo· 
smnes prm icling tllat SOlllC ufll\alcl1ts divided agalll in the second 
division. 

The lllllllller of clnolllosolllCS ill tile lluclei at tlte lelr:HI stage 
\,Iricd froll1 I to ~O (lahlc III the lllajority of JlllClei the 
llumber of chromosoll1e's lI'as lowcr thall 9. iJut SOllle lluclei carrinl 
;\ haploid. 9. ;mcl a dipl()id, IN. mlllllJn 01 elll OlIIOSOlllCS. 

In the Letrad stagc III some I()(llk,., or ;Illtilns Ilormal letrads 
with 4 lluclei prevailed; ~()Ill(, P .. \:.C. (()lltaillcd :; nuclei (pCl]' 
tads). In other IUCltles lllost I'.\I.C. consisted oj hexads or COIl· 

lainnl 7 OJ K Illiclei, Rall']Y did tile lllllll\)cr OlllllCki reach 10. 
file sill' oi Iluclei \aried greatly depending 011 til(' llUllIill'r of 

eli rOI 11 ()S() IlH'S , III many sect i()llS 01 locl!le~ I to .~ dyads alld ,OltlC

tinws a triad could he nlisl'l\cd (Fil.',un' 1<)). 'III(' lluclei in (]Ya(I> 
llsually (olltaincd (). I'!, 1:1. j/~, jr) and Iii cilml1losomes, 'i.e" 
the nllmher of cilrolllOSOllll'S typical of tite interkinetic lluclei. 
rllis clllOlllOSOlll<' lllllniwr indicates that in sOllie P.\f.C. the 
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Figure 19.-Locule o( anther contain ing dyads, te trads, pentads, etc. X 
1079. 

second division did not take place. T he same appearance which 
was highly expressed in th e " webbiana hybrids" is only slight ly 
expressed in the "procum bens hybrid." In some dyads the nuclei 
contained higher chromosome numbers. 

What gametes of F, Itybrids were really via hi e can indicat e 
the number of cltrom()somes in the fi.rst backcross progeny (F , 
X 2n B. vulg({ris). A ll fi.rst backcross ItyiJrids were trip loids or 
aneuploids approac hing to trip loids. They contained 26. 27 , 28 
and 30 chromosomes. Most of the hybrids were t.riploids with 
27 chromosomes. They arose hom asynapt ic restitutiona l nu clei 
with 18 chromosomes. The plants with 26 , 28 and 30 chromo
somes arose from gametes wl1ich carried 17, 19 and 21 chromo
somes, correspondingly. 

The gametes with 17 chromosomes couLd arise from an 
asynaptic cell in which 17 of 18 univalents divided and pro
ceeded to the respective poles and 1 univalent moved to either 
pole undivided. or iE 2 undivided uni va lents proceeded to 2 
different pol es. Gametes with 17 chromosomes (ould originate 
also from the cells wit lt I bival en t if the partners of the [)'ivalent 
and the chromat ids of 16 divided univale-nts proceeded to differ 
ent pol es o r in t he case of non-disjustion when I biva lent reached 
one pole undi vided while IG univalents divided and proceeded 
to different p oles. 

The origin of gametes carrying 19 and 2 1 chromosom es can 
be explained on ly hy tlte assumpt ion that th e second division 
started in some of t lte rest itutional nucl e i. but this divis ion was 
not complete (becallse 01 th e incompleteness of the sp indl e) and 
after a certai n numbe r 01 univalents divided the whole set of 
chromosomes was included in one n ucleus. Tn cases where p:ametes 
carr ied 19 chromosomes, I chromosome of 18 had to divided 
the second time. In cases of 21 chromosomes, 3 of 18 chromo
somes in the restitutional nucleus divided the second time. 
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:W. (Ic1t)-A triad with 20 chromosornl's in one lludeus, 16 chromo· 
somes anolher and 5 chrulIlusomes ill plasm, derived from second incolll' 
plete division in both restitutional nuclei X 3100, 21. (right)-A 
dyad 18 dll'olllosomes in each nudeus 4 chromosomes in 
plasm. derived incompkte second <Iii isiuH ill both restitutional nudei 
X 3100. 

III the Imules 01 anthers at til(' teO'ad sta<.',t' OIlC Irl oilselTc 
or 1l'!;]c\S. thE' nuclci of willch contained Ic), ~() and ~l 

Figurc ~() a triad with ;ZO dl10lTlOSOmCS 

III onc lwdcus, I ii ill allol her and :) chromOSOllJe's thrown in the 
plasm which Inrmcd a Jiul cell \\'itiJoUl formatioll of a nucleus. 
This triad arosc Irom inLerkinetic P,i\l.c. conta [(·stitu· 
tiollal nuclei \\'ith I K chromosomes in each, In the nuclei 
:! chrol1!osomcs divided the second time. but hf'ClUS{, of ll1com· 

or the second meiotic division t remained in the 
same nucleus. 1n the second nucleus chromosomes <1i\ ided a 
second time rise to 21 chromosomes from which In re
mained in nucleus and !) were thrown in the 1n 

n a dyad is ShO\\'11 in which the secolld d 
ill botil re~tituli()l1al nuclei, In hoill IlIHlci :.! chromosolllc" 
di\'idcd the scccmd lime i11Q,' rise t() 2() chromosomes from 
which :2 liTre [111(mll itHo plasm alld Jorlllcc\ littk cells in iJoth 

01 the Both restitutional nuclei cOlltaillcd I H 
r01ll0S0llleS as bdore hut in 1 !luclei amom!; 1 H chromosomes 
and ill another thin chromosomes (oilid he obsclTcd. These 

thin ciuol1lcs()l1les I the chromatic!;; ckriycd 
all the second divisioll of Ulli\ The clll()!llOSOll1es lhrowll 
into cytoplasm \I-ere 1101 the cilrOIll()SOIllCS which undenlcnt Ill(:' 

second division, 1'11(' cli"t,ion of a chrOlJlOSOllW ;1l10 ils ()rienl;I' 
li()n ;tncl m()vement ()Il [ile s[JlI1dlc awL consequentlv. Ihe 
hili!y 01 hcin{~ eliminated (ll the plasm ;11(, indnlC'lIdcllt pro
cesses. The di\ision of a chromosome is an alHollOlTIOllS process 
sf iplllated by the divisioll of the (hroJl1onema and d the centro· 
mere. ",hi Ihe l11mCJllelll Oil the 'iJ)ind1c i~ cOllditiollCd bv the 
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orielllati()!l of centrollleric chrolllomCITs of Ils cClltrolllcrc. Con
sequentl), Lile ~;Hll('lcs with I K chromosollles \\'l1ieh arose from 
rcstitutional nuclei \\'ill not carry !i chromosolllCs of R. 

and D chrolllosomes froll! wile! Their chromo
some set may illclude sOllie homolog-ml.s chromosomes or either 
specIes. 

fn this \\ay all the offspring s were obtained fro III 

which arose from the I('sl iUlt iOllal nuclei. 

Conclusion and Discussion 

lhe somewhat higher of chrolllosome' palrlllg and 
Helley m the semi-lenile Turkish wild 

, as compared \Iith the sterile "wehhiana 
" COllid 1101 he respo)]sible for the higher fenil 

'Ill(' s('wilenilit) of the hybrid wit Il B. llllinis W;IS due 
to a rare and importalltlite 1011 or res(itll
tional nudei bn;ll!St' or the leg-ubr di,ision and disniblllioll or 
U 11 iva ICl1ls. 

11. 
hrick 

Formation of restituti()nal nuclei was 
(.'lO, I) lor Hin-aciwfI 

. alHi Karpechenko (14) 
Restirut ional nuclei were r(lrmed 

when the nucleus entered interkinesis 

dcscrihnl 

(rom diakinesis 
formation of the and (b) hecause or \ ariation 

of "semi-heten division" whell the 
arter the univalent;; were distributed between the poles and the 
whole set of chromosollles was surrounded hy tile llllclear mem
hrane. 

Tn obtained hy Karpcchcnko res
\\'('re rOj"[lled hecallse the IIHompictc 

spindk dist rihlll ion of the uni\;aicnts 
between poles ;l t 
was included in onc IlllckllS. 

rhc hC!\ICCll the 'I urkish wild heet and R. In 

{J(:ns a l1e\I' \lay which rcstlilltiollal nuclei may hc 
formed, by the dhision in an ;l~ynap! Ie P.\J.C. 
of all the lIuivalcnts dl!lIng the lilst meiotic dilision. 

1 he best explanation of the \lay wh the uni\aknt may 
divide in the first rnei()j je diyisi()11 II<as glycn hv Ostcnncn 

to hi:- the factor .;\ chanQ'e 
the one-sided local iza tion of ell rOlllolllcres in the 
centrurnere or the un into the opposite one, Polarization 

the centromere's leads to auto-orientation of the unil'alent 
and sufficient polcl\'ard at pulls thl' dall"htcr chromatids 
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connected only by the interim l.one 01 111(' ccntromere tn the 
poles. 
diploid or 

chromosollles of 	 or t hc 
with he nllllllJcr chromosomes to it 

II'Cle ,iahle. IIaploid wi t h 0 ell rOJllosomcs were not 
viable became 01 the of their chromosomc set. 
contained variable numbers of chromosolllcs from both 
but this nllmber was always much lower than the 
bel' of either ror instance. 4 chromos()llles from one 
and i) ChrOITIOSOIllCS from another. Therefore. dleir 

was limited. 
from two diploid species ,\'eTC unable to 

hast'. To progeny the hyhrids 
increased the Humber of chromosomes and shifted 

level. 
of the first·b(lckcross generation fr()!ll the restitu· 
leads to an inq)ort(ll1t conclusion thai in 

of over iJetween associated chromosome., 

and transmission of genes which for 


from wild to the chrolllosomes of 

of the F. plant carried the chromosolncs 


of not the cbrorl;osome'i with segmental illler· 

This does not mean. of course. that the imer· 


between the chromosomes o[ 
occur ill the next hybrid 

To overcome th(: barner or sterility in hybrids 
between B. and of section l1lii!,ht be 
desirable to obtain 
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