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. ABSTRÀCT

Àn attempt r'ias mad.e to systernatically substitute Dakold l¡inter

rye chromosomes V and VI for eaeh of the Kharkov r¿nter r¿heai chromo-

somes. the varieties Khe-rkov and Dakold r.rere chosen because of the

practical possibility of obtaining a substitution llne or lÍnes r,¡ith

the combined. harôiness of r,¡heat and rye. The rye chronosomes

chosen for study r,¡ere V and \ll; V because it is easy to identify

and VI because it is associated r,¡ith the expression of the hairy-neck

character.

Three methods r,rere uùilised. to obtain the disom:ic substituti-onsa

se'tfing plants r^Éth the chromosome formu1a (u) zoÏIr,¡ + 11,,1 + lR,

(b) 2grr" + lR and (c) zorlw + lI,tr + lÏÏR. of the three method.s,

ihe thj-rd one appears to be most piromising in that it has yielded

the largest number of substitution lines. 1o d.ate, only I of the

{2 possible substitution Lines have been obtained. They are lines

4-B (VIII), 7B (VII), &a (rv) anA ZD (EKI) of Kharkov b¡r sþ¡emosome

V of rye and 5A (rx¡, 3B (III), lD (xWl) an¿ 5D (]IUIII) by chromo-

some VI of Dakold. It ís exlpected thai nost íf not all Ä2, of the

possible substitutions vill be obtained by selfing plants r,¡Íth the

chromosome formula ZOIIT+ + lt¡l + lIÏR.

ft r.¡as observed that both chromosomes took on a slightþ
different morphological behavior¡r l¡hen substituted. into i,¡heat.

Chromosome V shor'¡s a very shor-r, terminal satellite in the short arm

and VI shows a submecli-an second.a.ry- constriction in the long arn r,¡hich

is very pronounced at metaphase f. It r^¡as also obserr¡ed that the
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very short terminal satell-ite in chromosome VI is typically less

densely stained tha¡ the remaining portion of the sarne chromosome

and sometimes appears a.s a fine fatntly stained. thread,-like body.

The meiotic behaviour of d.isomic su-bstitutions studied. appears to be

quite normal r,rith only a few cells shor,ring the rye pai-r as tr,rc

univalents. I'fitotic a¡d meiotic studies of their progenies indi-

cate that the disomic substitutions are more stable than the

addition lines for the same rye chrornosomes.

Morpho'logical studÍes of the disonrie substitutions showed. that

wloen a pair of rye chromosome VI rnras substituted for chromosomes

5A (IX), 3B (III), Ð (ilVff) and 5D (Xvfff) of Kharkov nearly normal

tal1 plants were obtained., ',¡hereas r"hen the rye pair r^as simply

ad.d.ed to the entire r,¡heaÌ; eomplement, the reduction of plant height

l,ìas very pronounced.. Plants seem to d.eviate consid-erably from

normal when rye chromosome V is substituted for any of Kharkov

chromosomes stud.i-ed thus far.

This stud.y corroborates previous findings that the gene or

gene-complex controlling the hairy-neck character of 'rye is located

in the long arm of chromosome lIJ. Disomic substitutions for lines

5A (IX), 3B (III) and. ¡p (Xvrrf ) shoi^¡ clense hairiness on the neck,

but the substítu-tÍon for U (XVff) shows no hairÍness on the neck,

The d.egree of hairiness was seen to vary ¡,rith the same dose of rye

chromosome VI against the background of different l¡heat chromosomes.

There r¡ould. appear to be some interaction betr^¡een wheat and. rye

chromosomes in the d.egree of expression of hairíness, rather than a

d.osage effect.



.å' nunber of generalizations appear to be possible on the

results to date. ldhiIe the transmission of rye chromosome vr is
krigher than that of v on 'b,he femal-e side, in general or^ring to

misd.ivision, rye chromosome VI ís lost in a greater frequency.

There is no relationshÍ-p between the frequ-ency of transmission of

the rye chromosomes and the side of transmission (male or fema.le),

but the frequency of transmission seems to depend on the particular

r,¡heat chromosome i-nvoIved, For e:rample, chromosome :g (rrr) lras

substituted for much more frequently tharr either 3A (Xff¡ or 3Ð

(xvr¡. There i.s also evidenee thai certa.tion is exerted on both

the male and. female sides in the transmj-ssion of rye chronosomeso

The absense of Kharkov chromosome ?S (Vft) r,r¿s assocj.ated. r,rith the

misdivision of rye chromosome v. A smal-l amou¡t of asynapsis in
the wheat chromosomes Ï¡as observed to cause a few unexpected, types

in some of the lines.
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Evidence ind-icates that certain genes of r,¡inter rye r.iould be

very valuable in wheat since wheat lacks some characters rn'hich are

present in rye. Many attempts have been made to eombine in one

straj-n ihe o¡rality and uniformity of l+heat and the desired. characters

of rye.

I'tri1son in 1876 first described. a sterile r^¡heat-rye hybrid.,

r,¡hile TrÍtieale, its fertile allopolyploicl derivative, was first
described by Rimpau in 1891. Their repor.ts i,¡ere baåed on the

crossing of common wheat a¡d rye and selection for the d.esired re-
combinations in subsequent self-pollinated. or backeross progeny.

The lack of homoLory among the parental ehromosomes prevents natural

recombination ancl results in chromosone ad.dltions or substitutions

rather than chromosome reamangement (38). lfelnyk arrd unrau (11)

and. Ri-ley, chapman and Kimbe" (lÐ indicate that a certain amount

of pairing betr,reen the chromosoaes of rye and those of some species

of AeEilops and Triti-cum carr occur, but the chance of suitable re-
combi-nation is still rernote, To overcome these d.ifficulties
ôifferent techniques or approaehes have been mad.e su-ch as chromo-

some doublírrg, addition of individ.ual pairs of rye chromosomes to

the common wheat complement a::d. substitution of a pair of chromosomes
ãlfrom rye (Secale cereale) to common wheat.

The present study of i;he systematic su-bstituti-on of alien

chromosomes in common wheat has been limited to the substi-tution of
Dakold. winter rye chromosomes v a¡ld vr (z) ror each of the Kharkov



ii*þe

rnÉnier r'¡heat chromosornes. The va.rieties Kharkov and Ðakold. were

chosen for the purpose of obtainÍ-ng a substitution li¡e or lire s

r,¡ith the combinec hardiness of wheat and rye. Rye chromosomes

V and. VI were chosen because i'r, is easy ì;o identify both of them

cytologically by their length and other morphology. .A,side from

the practical aspect of i-ncrea.sing the hard.iness of r,rinter r.rhea.t,

the primary purpose of thj-s project r,ras to study the eytologi-cal

and phylogenetic significance of the behavious of tr^o specifie rye

chromosomes when substituted into winter wheat, It r.¡as for both

practi-eal and theoretical reasons, therefore, that the Þresent

stud.ies on the substitution of indiviclual chromosomes from rye to
r.¡heat r,¡ere und.ertaken.
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lulany attempts have been mad.e to produce fertile and. true-

breeding hybricls betueen wheat and rye. Wilson (116) w"" the first

one r^rho produced. a wheat-rye hybrid, but it r¡as st'erile. Its

fertile allopqtyploid. r^¡as first produeed by Rimpau in 1891. Since

then, many varieties of both r^rheat and rye have been used for the

production of t'Triticalert (U) ¡u-t none have sujtable quality and.

fertility.
The hybrid betr¿een Triticum duru-¡r Desf. a¡d Secal-e cereale L.

Ì¡as reported by Aase in I93Qt and the desired alIopolyploid by

Orl''iara (ZZ). The hybrid bet'n¡een T. monoeoecum L. and. S. cereale L.

has not been reported.. The hybrid. between T. timopheevi Ehukov.

and. $. cereale has been described by Kostoff (10). In addition

hybridization has also been done betr,¡een T. co-mpactum, !. spelta

and I. sphaerococcum and Secale by Kagai,a and thizaki (g), an¿

N¿kajiura (14, V, 16, nr r8, !9r 2or zr, zz). ITakajima (e3) triea

to obtain four hybri-ds betr,¡een g. @@ and each of d speci-es of

Secaler namely, cereafe, vaviloyj-io africgpum arrd gþ4 and

studied. the F1 plants onIy. Sears (¡S) anA OtMara (31) pointeA

out that the sterile F1 hybrid.s have shor.rn the occurrence of limÍted.

pairing all of ',¡h'ich is believed to be autos¡mdetic involving only

r+heat chromosomes a¡d results in chromosome additions ør substi-

tutions rather than the gene transfer from rye to rn¡heat.

I4any different methods have been used to reach the ultimate

goal of combining ¡n'heat and. rye into one. One of the methods is

'..r.:i a
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to produce the fertile amphiproid. by doubling the chromosomes in
F1 hybrid.s. iutiíntzing (U, tÐ and Sanchez-t{önge (36, 3Z) nave

reviewed the results of this method to d.ate i-neluding the production
and performance of 42, 56 and ?O cLrromosomes rrTriticalesn and con-
cluded that none has sujtable agronomic qualities.

as an al-ternative means of overcom:ing these diffi-cur-ties
otlfara (e5) proposed a proiedure by whi-ch inóividual pairs of rye
chromosomes courd be ad.d.ed. to the wheat complement. To obtain
addition lines he erossed the i,rheat-rye amphiploid. r,¡ith r^rheat and,

the d'erivatives were alrowed. to self for one or more generati-ons.

Follo"ring this method., Ori'f¿.ra (25r 30) successfully obtained a
fer,¡ monosomÍe ad.d.itions and three d.ifferent d.isomic additions of
individuar rye chromosomes to chinese spring. subsequently chapman

and Riley (¿) a¡¿ ÏLiley and chapman (tz) have obtained the disomic
additions of rye ehromosomes of the variety üKing¡ fïr, individually
to the common urtreat variety Holdfast. By using different technio,ues
Hyde (luz) ad.ded a chromosone of .{egilops umbellu]ata to comnon

dneat, Gerstel (6) made chromosome transfers between species of
Nieotia¡a and' sadanusa 3il deseribed rye chromosome ad.d,itions to
T. durum. A more recent report is the add.ition of seven ehromosomes
of r'Ðakoldtt lrinter rye individually to the wÍnùer r^¡heaù vari_ety
trKharkovr! (E). Riley and Chapm aa ßA) i.ndicated. that each chromo_
some pair of the d.onor species can be isorated. from the rest of the
conplement a¡rd examined. separateþ against the graphic background. of
the recipient speeÍ-es. rt may thus be possible to d.eterr¿ine the
linkage groups of genes, the ex¡lressions of which are epistatic to

rj-,i i.:
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those of the recipient species, or vrhich interaet with genes of the

recipient species.

"another promising avenue for this type of study is the sub-

sti-tution of rye chromosomes individually in common r,¡heat. å,lthough

different methods of the substitution of alien chromosomes into cornmon

v¡lreat have been outrined (+t) , no systematj.c substitution program has

been attempted. The number of possible substitutions Ís much greater

than that of addltions. Tf only v¡hole chromosome substitutions be

consj.dered there are W possible whole chromosome substitutions -
seven rye chromosomes for each of the twenty-one wheat chromosomes.

At present only one knor..¡r su-bstitution has been ,JetermÍned.

0rlrlara (26) reported the substi-tution of a pair of rye ehromosome r
for chromosome 5A (rx¡ o¡ r.¡heat. Thi-s oecurred in the progeny of
a slÍghtly asynaptic di_somic addition Jj.ne. The effect of this
substitution of chromosone ¡A (ffi) of r,¡heat by rye chromosome I in
comparison to the coruesponding ad.clltion llne ,¡as to restore mare

fertility, greatly increase female fertility, increase meiotÍc

stability and i-rnprove plant vigor to normal; whereas ad.ding the
bivalent to normal !. vulgare resulted in semi_drnrarf partially
female-sterile plants. These observa.tions inùicaùe that the

effects of substitution ca¡not be wholly predicted from additions.
The present study is mainly concerned, r¿ith the systematÍc

substii;uti-on of rye chromosomes V and, VI (2) to ùhe l,rinter r.rheat

variety Kharkov' Fol]olring is the detailed revi-er.¡ of their behaviour

in addition 1ines, thei.r nor,ohologr and. other i.nporta¡t characters in
relation to these .i;wo rye chronosomes.
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Otivlara (lO), Chapman and Riley (4) an¿ Riley and. Chapman (lZ)

utilized the morpholory of the add.ed ehromosomes during meiosis in

order to identify lines possessing dífferent rye chrornosomes but have

not related this directly to the karyot¡pe of the rye parent.

Recently Bhattacharyya and Jenkíns (Z) reported on the ka.ryotype of
trDakoldrr r¡inter rye and. pointed out that all the seven rye chromosomes

can be differentj-ated indivídua11y by their size, arm index, secondary

constrj-ctions and. the location of satell-ites. The morphologr of

these rye chromosomes at m:itotic metaphase ïras used by Evans and

Jenkins (¡) as a means of identifYing uheat-rye ad.dition Jines. The

identification of rye chronosomes at mitotic metaphase in substitution

ï-nes was also based on the morphology described by Bhattacharyrya

a¡d Jenkins (e).

thromosome V of DakoLd^ rye is a long chromosome (average

length IO.3g ) o¿tn a submed.ian prímary constriction a¡d. a secondary

constriction in a submedian position in the long arm (Z). The

average arm index is 1.50. This pair differs from Chromosome IV in

having no sat,ellite at the end of the short arm. In addition, its
short arm is alr,rays longer than that of Chromosome IV. Chromosome

VT of Dakold rye is cornpa.ratively short (average length 9.74. ) ,,¡ifb

submedian primary constrietion and. a very short terminal satelllte
on the short arm (2). The long arm is almost double the length of

the short arm. The average arm ind.ex is 1.82. "A.s an addition to

the r,¡heat complement, this rye ehromosome governs the morphological

e:pression of the hairy-neck character in the plalts.

Folloinring is the summary of the phenot¡rpic expressions of



plants r.rith the addition of rye chrorftosones v and. \fr. Tn the

case of Chromosome V, the major phenot¡rpic effect is to red.uce plant

height and spike density (5). Disornic plants of this group fre-
quently have supernunerary spikelets but the erpressivity of this
character is variable. The major phenotypic effect i-n the case of
chromosome \rr addition is the production of pubeseent peduncles, the

reduction of plant height (about two-thirds of normal) and spike

d.ensity (5). The effects of this chromosome l¡ere much more pro-

nouneed v¡hen ít rn¡as i.n the d.isonric condition. The following'tab1e,

taken from the paper by Evans a¡ld Jenkins (5), ot rrrnd.ividual secale

cereale Chromosome additions to Trj-ticum aestivr¿Ert, (pag" Zt2), shor,¡s

some comparisons.

Line ltro. of Height
plants inches

7

Density Fertility Tillering
SPikes,/cm seed.s/ capacÍty

Kkrarkov
V monoso¡n-lc
V di-somic
Vf monosoraic
\lI d.isomi.c

10
9

10
9

11

50.5
50.1
45.2
45.6
36.9

1.60
r'47
1.37
r-s6
I./+7

2.87
2.25
2.08
1,50
0.75

40.8
41.8
26.7
47.6
32.8

$.s to the numberíng of chromosomes, in realti.on to those given

by previ-ous workers, the chromosome r designated by or}b.ra (29) an¿

Riley and chapman (lz) correlates with ehromosome vr of the present

study. This correlation rvas made by Bhattaehaq¡rya ancl Jenkins (z) t
but no correlation ilas pointed out for ehromosome V.

The amohiploid betr'.een wheat and. r.ye has been mad.e several

times and its cytology has been thoroughly Í.nvestigated by tufüntzing



!i,¿Er:',.? ii.d_{e¿f..19-i€"ffiSilo.gi:-.a".iË ?Ía;rÌ.ff{l

(12). All the amph:iploid.s reported. thu-s far have been asynaptic

to some degree, shor+i-ng univalents at metaphase r. No triiícale
strai-n has been reported ,,¡ith a perfectly regular meiosi-s. Orl,l¿ra

(25) stated. that the rye ehromosome, uhen disonrie, did not ali,rays form

a bivalent but r^ras present in a snrarl percentage of cells as tuo

univalents, and ruhen present as a bj_valent, often separated when

the rn¡heat ehromosomes were at anaphase. orl4ara (30) also pointed

out that pla::ts r^rhich are disomie or monosomic addition for the rye
chromosome are partially asynaptic. As a result of this irregularity,
variations could be observed. in the chromosome numbers of the gamoùes

and. of the progenies. From the meiotic stud.ies in the addition

lines obtained in the Department of plant scienee, uni.versity of
I4anitoba, it was observed that the adåition l-ines for rye chromosome

!T shorued a greater percentage of cells with tr¡o univalents than that
for chromosome v and the pereentage of progenies i¿ith /al,-chromosomes

v¡as about 6z{" tn the case of rye chrómosome vr whereas in v over

9O/, (nvans, private communicati-on).

rn connection r^¡ith the variability of the rye chromosome

morphology in the ad.dition lines, the follor,ring i-nteresting obser-

vations r,rere mad.e by Bhattaehaq¡rya, Evans a¡d Jenkins (Ð. They

point out ühet the morphology of rye chromosomes v and lirrï change

vhen they are present r.rit,h the uheat complement. The total length

of chromosome v remained. constant but the average arm i-nd.ex changed

from 1.50 in the parental speeies to r.z9 in the disomic add.ition

line. Bhattacharwa, Evans and, Jenkins (:) eoneluded from these

observations that this cha¡ge in the relative length of the trnio arms
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is possibly due to the effect of the new combination of v¡heat and.

ry-e chromosomes. chromosome vrr ùid. not shor,i any ohange in length

aJrd arm index but the second.ary constriction in the short arn
(z) ¡ecame almost inconspicuous in the ad.d.ition line a¡d r,,"hen

visible appeared. to have shifted. close to the centromere producing

a larger terminal satellite. Navasbin (zÐ arso pointed oui; that
the satellite of one species disappears in the interspecj-fic crosses

of the genus Orepis. He explained. tkris fact as due to the fusion
of the satellite',rÍth the proximal end. of the satellÍted ehromosome.

This change rnras reversible and the satellited chromosomes recovered.

their normal shape as soon as the óriginal chromosome complement was

extracted from the hybrid. by means of segregation.

There is 'a considerable amount of information in t,he litera.bure
in relation to the behaviour of rye chroraosome vï (previou.sl;r desig-
nated as ehromosome r by orMrara (zg)). si_nce some interesting
observations come out in the þresent stud.y of systernatic substi-
tution of rye chromosoure 1¡rI in wheat, a revier¡ of these r,¡orks r,¡i1l

be helpful for evaluating the behavio'r of this chromosome.

Otlr'rara (Zg), Kattermann (9) foun¿ tvro kind.s of chromoso¡ae

vr, since both the ehromosomes trrere producing the same effecù i-n the
phenotype (hairy-neck) of the r"¡heat plant. Orl,{ara (zo, so) poin-t,ed

out that one had a mediarr constriction rakrich was very clear, leaving

the tr"c chromosome hal-¡es (isobrachial) connected by a smal_l ísthmus

or th'ead and the other chronrosome, r,/oich had. an ind,istinguishable
phenot¡rpe, had a submedia¡ conË,triction i,¡hich seemed. id.entiêal in the
degree to r,¡hich i-t constricted ùhe chromosome (heterobrachiar). o tMaya

9
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(30) assumed that the sub-media¡r type r,;as derived. from the median

type by the loss of a part of ihe chronnosome, or second.ly ihat median

chronosome l^ras derived. from the submedian type by the loss of the

short arm and d.uplication of the long arm in misd.ivÍsion. Orl'lara

(29, 30) a¡d Riley and Chapman bZ) concl-u-ded. tha'i: the very strong

constriction i-n this ch::omosone is not the kinetochore eonstriction,

but is a.second.ary constricti-on of a very pronounced. ü5'pe. This

secondary constricti-on is a very pronounced at metaphase I. The

tr.ro tSrpes r.¡hieh produ-ce the same phenotype r,,¡hen added to the wheat

areË (1) the normal ry" chromosome, r+hich has a subterminal kine-

tochere and. a very pronouneed med.ian and. secondary constriction; and

(Z) tfre long arri of this chromosome, r.ihich earries the same constric-

tion in a sub-median position and a terminal kinetochere at the end.

of the shorter arm.

Chromosome VI of r¡.e is marked r^rith the characteristic

expression of hairy-neek in r,¡heat plant possessing it. The gene

for pubescence i,¡as found in the long arm (30, 3Z). Sears (+l)

pointed. out that the hairy-neck gene must be near the centromere of

the rye chromosome. Besides the pubescence "huru"t*", the long arm

also carries some other characters as shortening or compressing of

the internod.es which is the character of addltion llnes. The short

arm seemed to have little or no d.etectable effect in one or tr¿o d.oses.

The long arm when present twice had all the obvious effects of 'br¡o

whole chromoso¡nes (3c, 31).

The follo-r,ring revielr was made from Otllal.ats paper in I94O.

Those plants which rrere monosomic for chromosome vr r,¡ere slightly

:.:.1.:::.r:

;'::.': :j :
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shoeter tha-n normal wheat olants and. had heads l,rii;h broader a-nd.

coarser spikele'i;s. lJhen the chromosome Ì,Ías disomic, the plants

r¡ere approxinately tr,¡o-third.s the height of normaL r,rheat, a¡d. had

coarser, broader spikelets than the plants monosonic for the chromo_

someo A conparison of t,he amou¡ts of pubescence on the necks of
plants monosomic and disomic ad.dition for the rye chromosome and.

on the neck of the amphiploid. is interesting. rt shows t,hat the

amphiploid. has the least pubescence although it has the rye chromo-

some present in truo doses. Nakaj ina (zÐ crossed. T1-itigum macþa

and. each of /* species of Secale (cqreale, vavilovii, 4igAngg and

montan-um) and. s'r,udied. several F1 pIa::ts from the four combinations.

He indieated that the F1 plants d.id not shor¿ the hairy-neck characber

which lias expected in the F1 plants betr¡een Triticum-Secale hybrids.
These observations i-nd.icate that the expressi.on of hairy-neek in
r'rheat plants i-s not simple.

Orl,iara (zg, ro) obtained. the five different tpes of additions
arising from the misdivision of rye chromosome vr. They are* 1.

the normal univalent, 2. the tetocentric chromosome representing the
long arm, 3. the isochromosome representing duplicatj.on of the long
arm, /+. the telocenbric chronosome representi_ng the short arm, and. J,
the isoehromosome representing d.uplication of the short arm. some

of these r'¡ere unstable, like the u:rivar-ent d.erivatives in r^rrreat (zg).
Since the rye chromosome often occurs in the univalent condition i.È

ad.dition lines, even r¿hen it i-s present as tr.¡o homologues, stable
add'itions of the rye eh::omosome to r¡heat u,ould seem to be diffieult
(lr¡' orMara (29) stu¿ied. the effect of chromosome substituti-on on

i:.:l:ì;:1.i'r:ì:i
i-.1-t ?: ,:jt:::lì:¡



competition betr¡een gametes. He crossecl common uheaù r,rith the

chromosome formula eoÏtr1.¡ + l,,¡tr + Ll, (obiained by crossing zoTru + lrrn
r,¡ith common wheat). The male gametes produeed by -r,hese índividuals

r,rith tr.,¡o non-homologorls uni.valent ehromosomes rrill be of four tpes,
if the prod.ucts of nisdivision are excluded* nullisomic gametes

(i.e. 2oi{), those in r,¡hich either the Triticurl or the secale chromo-

some present (eOit + 1iü or ZOfi + 1l,) an¿ those in r*rhich both are

present (i.u. 2oTs + 1ï'I + 1R). rf po11en from these plants i-s placed

on the stigmas of nornal lriticu-E plarrts, the resulta¡t progeny should.

ind.ica-r,e the relati.ve success of the d.ifferent classes of gametes in
competition. The percentage of successful gametes rnas 60/, foy

normal gamet'es , 26% for substitution gametes , g/" ror gametes with

both chromosomes and 6% for nullisomic gametes. The d.ata ind.icated.

tha'b the nornal gametes did not have an extrene advantage in compe-

tition and. the substitution gainetes effected fertilizaiion once for
each 2.3 normal garnetes. ITo reports i¡ere avail-able of the reci_
procal crosso

12
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¡4AÎERIS.ï,S å.]tTD l,friTHODS

lviaterial.s

For this study, the winter l¡heat variety Kharkov-MCZZ was

chosen to receive the rye chromosomes from the winter rye variety
Dakold 23. Kharkov-Ir$22 is one of the hardiest rnrinter varieties
in commercial use in Ca¡ad.a and is most popular j.n southern Alberta

where the majority of this class of wheat is grorun. The canada

department of Agricultural Research station at Lethbridge, å.rberta
j-s responsible for maintaining found.ation stock of th:is variety.
The r¡inter rye variety, Dakold 23 was chosen as the contributor of
rye chromosomes Jargely because it is also one of the hardi.est

varj.etj-es avaílable. stock of ttris variety is maintained. by the

crop science Department, university of saskatche.,,ran, saskatoon,

Saskatchewan.

ivlethods

The foll-or^ring pre-requ:isites are necessary for the systematie

substitution of lÞkold rye chromosomes in i,¡Ínter r,¡heat Kharkov.

They are (a) to establish the nonosomic series in Kharkov l¡heat and.

(t) to establish ilre disomic ad.dition lines of r.,heat (Kharkov) an¿

rye (Ðakold,).

The establishment of a monosomic series in l(harrrov wheat uas

being caryied as a d.epartmental project, in the d.epartment of plant

Scíence by separately crossing this variety r,rith eaeh of the tr.uentï-

one monosomics of the variet¡r ûhinese Spring obtained. from Ðr. E. R.

sears. . The selected. monosomi.cs in Frrs were baekcrossed. to Kharkov
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silr or seven times to reconstitute the Kharkov germplasm urith the

respective chromosome deficiencies. l,¡ith the exception of chromo-

some line 6l (XfX), all monosomics in Kharkov r¡ere consi,lered. -r,o be

sufficiently recons ti tut ed..

the r,¡freat-rye addition lines had been produ-ced. by using the

follor,ring methods. Kharkov wheat lras crossec r.¡ith Dakold rye and.

the sterile hybrid i,¡as treated. with colch-icine to produee an amphi-

ploid wtrich proved. to be reasonably fertile. These plants r,rere

crossed r^dth Kharkov and. the resulting pla.r:ts have tr,¡enty-one pai-rs

of urheat chromosomes, plus the seven rye chrornosomes occurring singly.
These plants i.¡ere either backcrossed. to l¡heat again or self to produce

the seven possible addition lines.

Five of these have been obüained in the disornie condition,

but the t'¡o li-nes (rr an¿ rrr) in the monosomi.c cond.ition (5).

For the present study, only the disomic addition lines for the rye

chromosomes V and. Vf l¡ere u_sed..

The follor"'ing three met.hod,s have been used for obtaining the

dj,sonic substitu'r,ion lines. The necessary steps are described

below for each of the methods.

A. Method suggested by Orlfara (e6¡ a'n¿ Sears (4f)a

(1) Sete"t the plants i,¡ith the chromosome formula /anrñ + lR by

checking mitotic divisi-ons in the root tips of plants obtained. from

eaeh of the 21 Kharkov nonosomics crossed. vith each of two l(harkov-

Dakold addi'r,ion lines (as male parent) namely V and. VI.

l:.r :, .i-;. I :::l
i.::l;.:i.a\ ! .-iì' l



(e) crreet< the meiosis of each plant to be sr:re that there

ate 20 bi-valents and. z univalents (one of wheat and one of rye).
(¡) surr these plants (eorr * 2r).

' 
t t,t.,t.,.t.

(/r) cnect the root tips of progenies obtained. from respective

lines to seleet the plants '.rith the chromosome formula /uoi{ + 2R.

(5) Cfrectr the plants r^¡ith 4O5lT + 2R meiotically to ma-ke sure :: : ,

, t..:= ¡:,¡;,;.-,,-ithat there are 21 bi_valents of r¡krlch 20 bivalents are from r.¡heat :,.r..,'t.,..,,,,..

and one pair from rye. 
,,.,,:,i ,,,1

: : ' j. r'B. Method not previously suggesteda

(1) cross the monosomics of l{harkov with the ehromosome

formula 2oÏIW + ll,f + 1R (obtained as in A).

(2)cnecttheroottipstose1ectthep1antsr,¡Íthd0i,f+1R

from these crosses a¡ci also from the progenies obtained by selfing
the plants r,rith the chromosome formula 2OIIç + l1.,tr + IR.

(3) cnect the meiosis or'every plant to be sure that there

are 20 bivalents and one univalent.

(zr) sefr 'i:hese plants (aoII1¡ + l3)o ,i::r,.:r,,.,,::::..

1:,:.:¡:-i¡'.,:,:,:.:,(5) Cfrectc the progenies obtained from the respective lines ,,,,,,,, ;,,;,;,,

to find. the plants with [O1Ã + e¡.. :i:ii:::]:,.:.:.i

(6) Chectc the plants r,ith 4OI.I + 2R meiotically to make sure
that there are 21 bivalents.

'. : r.

C. Outlined by Sears (¿f); ... ,,Ë:.4 .:

(1) cross the F1 plants r.rith the chi'omosome formula zorrm +

l-i'j + lfi, as fenale parent, to the ad.cition lines r,,hich are dj_somi-c for
rye ehromosomes V and. Vf.

(e) setect the ind.ivid.uals iuhich are nonosonric for the r,ñeat . j:.,:::....:i,::

t5
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chromosone and disomj-c for the rye chromosome, i. e. 2OIÏÏX + IÏil +

1rÏR.

(¡) Seff these plants; follor,ring selfing, i;hese monosomic-

disomic plants should produce some nullisomic-disomic offspring,

Í.e. eoÏIi^¡ + lIIg by the 1oss of wheat univalents during division.
(Zr) Cheetc the progenies to find the pla.rcis ürith 4OfS + 2iì.

(5) Check mei-osís to make sure that there are Z! bivalents,

ïd.gntification of rTre chromosomes

Both the rye ehromosomes V and. VI can be identified. cyto-

logieally by their morphology. chromosome v has a submeùian

primary eonstriction a¡d secondary constríction in a submedia¡r

position in the long arm (2). chromosome vr has a submedian primary

constriction and. a very short termínal satellite on the short arm

(Z). Its morphologr is very distinct, due to the length of the

long arm r^rhich i-s nearly d.ouble the length of the short arm. pre-

sence of chromosome 'rll can also be recognized by the ex.oression of the

hairy-neck character in add.ition línes.

Cytologica]- Techniques

Mitotic metaphase stu-d.ies were mad.e on root tips pretreated.

ùn tap i,¡ater at 0 - 2oC. for 2{ hours and fixed. in acetic-alcohol
(rr3¡ as outlined by Tsunewaki and Jenkins (4¡). squashes r¿ere

made using the standard Feulgen technlque. Meiosis rras stud-ied. in
pollen mother cells fixed and stores in carnoyrs solution (6c3n1

of ethyl a1coho1, chloroform and glacial aceti-c acid), by the aceto-

sarñLine smear technique as outlined. by Smith (A.L).



Abbrevi-ati-o_ns

The foll-or.ring abbreviations are being u-sed. in this thesise

K - refers to the r,¡in'ber wheat variety liharkov

lf - r¡heat

R - rye.

n
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RESITI,TS .&}]-]] DTSCUSSTON

}'{ORPHOTOGY OF-RYJ¡ THROI{OSCI,ÍES

A.' Chromosome-V

Bhattacharyya and. Jenkins (Z) ¿escribed chromosome i/ of

Ðakold rye which had. a submedia¡ primary constriction and a secondary

constriction Ín the submedian position in the long arm. rt is
i-nteresting to note that when this chromosome is substituted. in
wheat, a small d.istinct termínal satellite appears in the short

arm. The foll-ornring results indicaie a possible ex.claira-bion of the

change.

iVavashin (zz+) o¡served that the satellÍte in interspecific

crosses of Crepis d,isappear.ed. He e:rplained this as d.ue to the

fusion of the satellite i^rith the proximal end of the satellited

chromosome. This change ï¡a.s reversible and the satellited chrorno-

somes recovered. their normal shape as soon as the original chromo_

some corhplement r,¡as exbracted from the hybrid. by means of segre-

gation. Battacharxrya, Evans and Jenkins (3) pointed out that the

secondary constriction in the short arm of chromosome VII is almost

inconspicuous in the ad.d.ition lines. T hey explained thai in the

presence of nucleolar ehromosomes of wheat the nuclear function of

rye chromosome vrr is not necessary and. as e result,, the secondary

constri-ction region is not completely e:çressed.

The present stud.y shows that when rye chr.omosome v replaces

any one of the 21 ¡,.'heat chromosornes (in plants r,¡ith the ch::omosome

formula eorru + 1îr¡ï + 1R), the terminal saterlite is ex¡rz'essed.. r,



sinrilar situation i-s also observed. r+hen a pair of ç'heat chr.omosome

/+Ð (ïv) i-s sul¡stituted. this ind.icates iha.t it is probably not due

to the effect of any specific uheat chromosome, but a. cha:ege in the

genomic consi;ruction may cause the change of moi.phologr of the alÍen

chromosome. The change of morphology may not be e:rpected in all
the alien chromosomes.

B. Chromosome IIf

chromosome vr has a submedian pri-mary constrietion and a very

short terminal sateLlite on the short arm (2). .Another t¡rpe of

chromosome VI 1^¿s described by Kattermann (9) an¿ OrlÍara (30), in
r,¡hich they mentioned. that this chromosome hac also a media¡ con-

striction which l-ies in the long arm. Both t¡pes Ïrcre associated

r,rÍth the e4pression of i;he hairy-neck character. ort4ara (30)

proposed. tr.ro assumptions for the tr,o types of chromosome vr, one th¿t
the submedian type r¡as cleríved from the median -type by the loss of a

part of the chromosone, or tino, that the median chromosome lJas

derived from the submeðia¡ type by the loss of the short arm and

d.uplication of the long arm in urisdj-vision.

The present study also shor,'s 'Lhe presence of both types.

The second type ha.s a second.ary constriction in the long arm, but

tLri-s is not ùistinct in all the metaphase plates of nritosi-s. rt has

been observed tha'., this second.ary constrietion lies in the submedian

position of the long arn (nig. 1) instead of ihe med.ian posi_tion.

lhe change in the norpholory is probably due to the background in
which the alieh chromosome is incorpora'bed. It ind.ica'bes that there

is only one t¡4pe of rye chromosome lrr present, which ca¡ be changed.

10
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into the second t¡4ge.

Ott'{ara (;O) an¿ lliley and. thapnan (lZ} indicaied that this
chromosome shoi,¡ed a very strong meùian constriction at first met,a_

phase of mei-osis in the form of an isthrnus separai;ing equal arms,

but this constrietion is not the kinetochore constriction. J,

similar observation was also made in the present stud¡r. This con-

striction is ver¡r distinct in all the metaphase plates of meiosj.s

and it is easy to d.istingu-ish this chromosome from the other r,.¡heat

chromosomes by its characteristic appeaï.ance (Fig. 2). Therefore,

it appears that the seeondary constriction in the submedian position
of the long arm i¡hich is not altrays distinct at metaphase of mitosis,

becomes distinct in all the metaphase plates of meiosis. This

characteristic seems to be helpful in distingu.ishing rye chromosome

lrl from the others in meiosis.

Aside from the second.ary constriction in the 'rong arm, another

interesting observation i,ras made dwing mitotic metaphase in con-

nection rÊth the terminal s atelrite in the short arm. This

satellii;e takes comparatively less stain than the lemajning part of
the same chromosome and. sometimes appears as a fine faintly stained.

thread-like body (¡:ig. 3) - rt may be d.ue to the effeet of the u¡r-

natural background for the rye chromosome. This char.aeteristic

can also be used. for the identification of chromosorae llf from r,,rheat

chromosomes aì: mitosi_s.

ERl},tU¿t TION 0F þEÎCOÐS

rn order to obtain the d.isomic su-bstituti_ons, three method.s

inere used.. They are based on selfing the pla¡ts r,,rith the follor,ring

:::: ': '.: : '::.: .

: .::- i; ..:i...

.':''..:ir:: :l

::.::::¡:
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chromosome formula (r.) zorrt^¡ + livl + B, (¡) eorrt^l + 1r,, and (c)

ZOIIW + 1,1î + lIIg. The success of each mei;hod depends on trans-

mission of the rye chromosome, produetion of firnctional gamet,es,

pairing affinity of the gametes and- certation. In the ì:resent

study, both rye chromosomes V and VI are taken into consideration

apd. discussed separately.

A. Selfing of plants with the chromosome fofmula 2OIÏ'irI + 1T^I + IR ''

Plants r¡ith the chromosome formula ZOIIT,'¡ + 1l,I + JR produee four i,:1,',',,,t...'..1

types of gametes, i.e. 201'tr, 21I'3, 201¡I + lR and 2l-tl + lR and nine types

of progenies r¡ith the chromosome formula $OW, 4O\l * l.R.r {01{ + 2R,

lþTvT, +1\l a 1Rr 411.J + 2H, 42W, /,2Tî + 1ß,, /"2.\[ + 2R are e>qgected.

(a) Rye -cllgmoEogle-v ,

Frequency results for each type of progeny in different I

lines are presented in lable I. It may be seen that progenies 
l

r+íth 2n = dïrf, 42lJ r^rere obtainecl in the greatest frequency and that 
i

the next most frequent type l¡as 2n = 41Jrî + lR. There are very fei,r 
:::;::

progenies r,rith 2n = /aO1: 140i'f + IR, 41Lr a 2H; /ê\sl + lR and. /p21Ã + 2H i,.:;:
-:' .,

r,rl:ereas the type 2¡ = d0trf + 2R is almost non-existent and. completely .,rl.,,
,'::_.;

absent ín most of the lines.

(b) Rve ghromosgme-vr

Frequency resu.lts for each type of progeny in d.ifferent 
,:.,,..,
i,j..

lines are presented in Table Tr. These results also indieaile a

similar situation as in the case of rye chromosome V.

Results from both tables inclicate that gametes r.dth 2Oh' or

21li have a greater chance of pairing r,rith each oüher. "& 1or¡ fre-
iil

2L



Table r. chromosome di-stribution in the progenies of Kharkov
aneuploids r^rith the chromosome formula ZOÏÏW + lW + lR
when rye chronosome V is involved.

))

Chromosome
Line

/*oïf 40ïr
+lR

Progeny type and frequency

4o1ñ 47rr +w+2R +lR +2R
lav 42W

+lR
law
+2R

34

34

29

U+

60

/tl+

68

43

t5

36

45

/+3

58

/+3

39

I
la

58

208
72
5

102
Ð3
33

J2 tr

J22
82
81

108
rt
62
81
7

1

275
223

3

1

24
n7
l'24
2t7
26 13

2/,þ 7

39 11

l,5
1¿,

206
196
16 10

777
294
238

132

36
19 10

1

3

/+

I

4

3

2

1

1

3

3

1

3

K2A ()Grr)

K3A (lür)

K¿s (rv)

K5A (IX)

K6A (vr)

K7A (ffi)

KlB (r)

i(28 (rr)

K3B (III)
ri4B (vrrr)

K6B (x)

r{78 (vrr)

KÐ (xvrr)

K2Ð ()r)

K3D (xru)

K4D (xv)

K5D (rxrrrr)

K7D (nG)

0 7/+38 190 461 33O J2t25Total
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Table rr. chromosome dist¡ribution in the progenies of Kharkov
aneuploids r¡ith the chromosome formula ZOIIW + lW + lR
r,¡here rye chronosome VI is involved..

Chronosone
Líne kogeny type and. frequency

âoÏd 4^1n /+LW 47yJ lAW 42W+lR +2R +lR +2R. +lR +2R

IQA (EIT)

K3A (xu)

K4A (rv)

K5A (rr)

K64, (VI)

K7å (ff)

IflB (I)

r{28 (rr)

K3B (ITI)

r(4B (vrrr)

K6B (x)

K7B (VII)

rcÐ (nrur)

reo (:m)

K3D (rryI)

K4Ð (trv)

K5D (1il¡ilr)

K7D (inü)

2

t3

10

1U
27

lþ

10

35

1

7

12

L5

I
20

3

28

211
2

t,

7

3

¿t

v
I7

9

t3

lþ

l_L

4

13L
11

23

u
lr

2L

I

3

2

2

3

1

I

7

2lþ

tg

23

56

2l+

28

56

I
26

22

5l+

27

54

10

5I

2lþ

38

l+

2

1

1

5

5

2

32

5

1

4

3

I
1

3

3

2

5

6

5

6

2

1

3

1

2

1

2

1

5

9

lr

Total 26 3 222 2 Jß5 27 /+ 55].'
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qu-ency of nullisomics i-nd.icai;es that gametes i,¡ith 20T'¡ are able to

fimction but the u:rion of 211¡l r'.rith 211¡ is much more frequent. It

seems that the gametes with only r'¡heat chromosomes have an extreme

advarrtage in competition over the gametes r^'i-th a rye chromosome.

A 1or¿ frequency of progenies i.rith 2n - [1J.{ + 2R and Q1¡:! + 2R ind:i-

cates that the fertilization of gametes r,rith rye chromosome from

both the male and. female sides does noì; occlrr frequently. Few or no

progeníes r,rÍth 2n - 40\l + 2R indicates that the gamete uith 20tr"I + 1B

d.oes not freo¡:ently unite with a similar type of gamete. Therefore,

it seems thai this proced-ure may not be a very successful one to

obtain i;he disomic substitutíon, i.e. 2OIÏtt + lfln.

B. Sel-fing of pla¡b; r^rith the chrornosoBg form¡-la 2OII.-''iL+ 1&

Ttro types of gametes e. g. 20i,li anC 20'c¡ + 1B could be e:<pected

from plants ',¡it,h the chromosome formula ZOÏIW + lR and. follor,:.ing

selfing, three possible types of progeni-es, Í. e. l¡Oli, .1¡.0iii + lR and.

40ï,,I + 2R could. be expected.

(a) Rve ehrqn:qsgEg_V

Freo;.:.encies of the different types of progenies obtained.

from selfing this t¡rpe are presenteC in Table III. Follo',Én.g

selfing, different types of progenies i.e. 2n - /*O't''I, [I\:[, /QTi,

40T{ + lR, 401-.T a 2Rr 411,f + 1R, {êlf--**3flr-@+{å- anð. 39t¡f + 2R r,¡ere

obtained., rçhereas only the three tyoes 40t , /+$rt + lR a¡d /rOl,tt + 2R

Lrere e)pected.. This may be due to the asynap',,ic cond.i'bion of some

of the r,'hea'b chromosomes whieh causes the formation of iz'regu-Iar

t¡rpes of gametes resulting in unexpected- progenies. Tabl-e III shor,rs
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Table IIf. Chromosome distribution in the progenÍes gf Kharkov
aneuploids with the chromosom" iornula ZOII?¡ + l¡
r¿here rye chromosome V i.s involved..

Chronosome
Line Progeny type and frequency Total

/*o1Ã Lf;W tt2w /+OW 4Or{ ¿$ñ 3gW r ',._-:.

+1-R +2R +lR +2R

Kæ (mr)

r¿¿ (rv)

K5A (IT)

K?A (XT)

Kzs (rr)

6p (vrrr)

K7B (VII)

KlÐ (xvII)

KzD (Tx)

K3D (XVI)

K5Ð (trrirrr)

K6D (xrr)

K?D (UI)

I
75

3

3

5

39

19

20

7

2

12

23

1

/þ

3

29

3O

rr3

1

4, I
1*

1*

7

60

23

2l+

I
9

/+x l+o

lþo

2

10

3

35

6+

6x 6x 2*

11*+x
7

/,,

32
21 228

1

1

I
7

3

7

I
6

Total n7235 t94 5/+ 325

* lfornal r.rtreat + qfe fragnent
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that the frequency of progenies r,rith /¡o\,{ o [r\ti and, A2,|Í is greai;er

ì;han for the other types observed. This is an indica.i;ion that the

garnetes with rr¡heat chromosomes only have an extreme aclva.ntage in 
.,,:,,,,1;,,,eompetition over the gametes r^¡ith a rye chromosome. Thus there is '. :' :

a greater frequency of progenies r,¡ith only lrheat chromosomes.

(b) Rye_ chroqosome ilf
,;,,t,r:,1.:1;;;;;Data obtained from selfing the plarrts r,¡here rye chromosome ,.;,,,,,,,i:;,.:;.,,,1

fr was involved- are given in Tabre rv. Here the types of progenies , ,,. - .,

are more or less restricted to dOli, luli¡l a-nd l,2hï, and there is not as 
::.::.i:':r::i

great a range of types as in the case of rye chromosome v. The 
.

greater frequency of progenies r,i:ith 2v1 = [o-tre dlui and [2ií arso ',

iind.ieatesthatgametesr^iÍthon1yi,lheatchromosomesunitemorefre-
:

quently l¡i'r,h similar gametes rather than those with the rye chromo- l

some. rn this case, the transmi.ssion of the rye chromosome through i

-bhe mare or female side seems to be very 1or.+, whereas irith rye

chromosorne V it i,ras greater.

C. :$elfine pf pfæþ gitþ jh" 
"hr"*""" fti* 1.,,,,,r:.,;:,i,

o"'u ,"'" t¡-pes of ga"metes, namely zolÌî, zr\;rr2oïü + rR a¡d. ,,.r,.,,:,,;:,,,

2T;"¡ + lR ca¡ be obtained from plants '*'ith the chromosorne formula ';'';;"';:¡ti";:L

zorri¿ + 1'['Í + 1rrR" Following selfing, nine types of progenies i.e.
2v¡ = [o\'1, 401,I + 1P', /+0T,I a 2,",t [T:T, 4yr¡ * lJtr /+f.tl + ZrDr, l12rtlr 42]n, + IR 

.. ,r.:.:-
anð' /t2\{ + 2R are expected.. i.,.:,,...:,...

(a) rYe qnromosome V

The frequencies of different types of progenies obtained.

from selfing this tyÞe are given in Table v. ïIere the frequency of
olants r^riih the rye chromosome is greater than for plants r^r:ith only :,r: ::;:

¿a
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Table IV. Chronosome d:istrj-buti.on in the progeníes gf Kharkov
aneuploids with the chromosome fornula 29Ï16 + lR
¡rhere rye chromosome illl is involved.

Ctromosone
Line Progeny type and frequency Total

40I'{ 411,¡ têW 401{ /þ0W |Trt Tl.*:.1
+lR +2R +1R

r¿¿ (vr)

KlB (r)

K3B (III)
K¿,8 (Vrrr)

KÐ (nrur)

K2D (E()

K3D (KTI)

5

1

1

1

10

13

6

L7

n
9

t3

tr

lr

10

2

2

19

18

v
20

t9

19

u
1*9

1

Tota1 85I7 23 126

* Normal wtreat + rîre fr.agnent
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wheai chroaosomes. Very feu plants have /¡01{, /*Ti and l2l,i. plants

lrith 2n = 41i,'J + 2lL are most frequent, ind-icating that the combinaiion

of gametes r.¡ith 201'í + 1R and 2L\Ã + lR is more frequent than others.

The number of plani;s l¡ith 40-lI + 2R is appreciabty greater than l¡as

obtained. r,rith the tr.¡o methods already described. The data indicate

that the rye ehromosome is frequently transrni'r,ted through both the

mal-e and female sides. This is probably due to the fact that the

rye chromosome is present as a pair rather than a univalent as before.

Here simply because gametes r,,¡j-th the rye chromosome occur in a much

greater frequ-ency they have an advantage over gametes rdth only

r"¡heat chromosomes.

It is j-nteresting to noiice here that the disomic substitution

for l¡heat chromosome 7ts (ruI) occurred in the highest frequency,

r¡hereas 48 (vïrï) gave one out of {d progenies and. 3A (trr), one out

of 39 progenies. This indicates that the firnction of ganetes r¡ith

20iI + IR differs from llne to line.

A fer,¡ une:pected types of plalts r,,rith 2n = lûi¡rf and. dfirr were

obtained' This is probably due to the slight asynaptic natu¡e of

the r^¡heat chromosomes r,ñich nay cållse irregular types of gametes ïê-
sulting in unexpectecl types of progeníes.

(b) Rve_chqomosome IT

The frequencies of the different types of the progenies

are presented. j-n Table VI. Here also the frequency of plants l+.ith

only rvheat chromosomes is less than the plarrts r,rith rye chrornosomes.

s. frequent occurrence of progenies r,¡ith --zn = 411^I + 2R ind.icates the

more frequent union of gametes l.¡ith 201'I + lR and. 2fl,,I + lR. pro-
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genies t¡ith d.isomic substitutions az"e a.lso obtaineC in a reasonable

frequency, but the number in line 3B (III) is much greater than for
the other lines. About 7O/" of the progenies are disomj-c su_bsti-

tutions in line 3B (rrr). $, lover frequency of progenies i^.ith 2n =
/e0l'1, 4Ïd and {2Id, ind.icates that gametes with the vheat chromosomes

onþ have less opportuaity to unite rvith similar gametes. Also

the occurrence of a fel¡ unexpected types of progenies l.¡ith 2n =
/þ3W, ¿ÅN, /+3\{ + lR, 391'l + 2R may be due'i,o the sligh.i; asynaptic

cond.ition in the r*rheat chromosomes eausing formation of írregu-lar

gametes and thus resulting in these types of progenj_es.

lie cueg3gg__g{_ m e t ho df ;

The end results of each of -Lhe three methods deseribed in
the foregoing is to obtain as many as possible of the disomic sub-

stitutions. l'rom the fj-rst one, it L'as found. that plants r,¡ith

40'l^f + 21ì (i, e. disomie su-bstitution) are very ra::e and most of the

lines do not produce any at all. A sim:ilar si-tuation was also

found in the case of progenies from parents l¡ith the chromosome

formula eorÏi,r + 1R. This indicates that for the rye ehromosomes

und.er study the transmission j_s extremely rare r,ihen each is present

in the univalent condition. This is probably due .i;o great loss of
the rye chronosome durÍng d.ivisional s tages.

The th.ird method., selfing plants r,rith the chromosome for.mula

zoÏr¡i + 11'I + lrrR, seems to be better than the obhe:" two. rn this
caser progenies r'iith rye chromosomes oceur more freouently than those

r¿ith r¿heat chronosomes alone. This indicates thai the tra¡smission

of rye chronosomes from both mare and. fema.le sides i_s most frequent

\::': : .
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and. also that r:nion of gametes i,¡ith rye chromosomes has an advantage

over the gametes with only wheat chromosones. The high rate of

transmission of rye chromosomes is probably due to the presence of 
,,.,, ,.,-;,

the rye chromosome as a pair, thus permitting a more normal distri- ìì'i :';

buti-on in meiosis. The frequency of progenies r,¡ith /uOl¡i + 2R (i. e.

d.isornic substitution) is sufficient to make this method reasonably 
,:.:.,:::successful. , a:,,,,'.,'

..:

Therefore, it seems that the method of selfing pla::ts r^rith 
.1,,,,,.1,,1,1,,,;,,,,

the ehromosome formula àOTTNT + il,f + lflg and selecting d-isomic

substitu.tions from the progenies ís the best one of the three rnethods.

Byfo11or,¡ingthismethoditmaybepossib1etoobtaind'íson'ricsub-

stitu-tions in most if not all_ of the lines.

RTE CHRQI,îOSOI{Ð TIì¿LNSÌ:.ÍISSION STUDIÀS

-+ 

l

A. l¡lheat monosomigq X uùeat-r.ye addit:ionE

(a) Rye Chrornosome V.

TLris t¡rpe of eross r,¡as made to obtain the plants r^rith the

chromosome forrnu.la eorÏw + l,W + lR r,¡hich ca¡ be produced by the union

of gametes r¡ith 20if ¿nd 21fiI + lR, from the nale si.de. progenies

frorn each of the 21 lines (excep.i; U-"" fef.nã.6D) rn""" cytologically

checked, and the t¡re of progenies obtained. are recoïded. Ín Table VIT.

From the table it ap;oears that plants wÍth 20rÏ?,1 + l].,tr + lR are quite

numerous in most of the lines. plants i"rith zn - /tf¡¡I and. 42If ca:r

only be prod.uced when the rye chronosome is lost from the male sid.e.

Therefore, the presence of progenies r^rith dll'l and d2ï.I indieates that

a certain percentage of the rye chronosome is lost from the male side.
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Table vrr. Ghromosome distribution in the progenies from the cross
betl¡een Kharkov aneuploids and uheat-rye addition line
where rye chromosome V is involved.

Chromosome
Line kogeny t¡zpe and frequency Total

41W+1R /+2I'¡+1It 41Wx lnz¡:lx

KzA (ETI)

K3A (XII)

K4* (rv)

K5A (TX)

K6A (vr)

K?A (XI)

xln (r)

K2B (rr)

K3B (III)
K4B (vrrr)

neBï^(x)

rfTB (vrr)

K1D (T\¡rr)

K2D (rflr)

K3D (rffr)

K4D (F¡)

K5Ð (xrurr)

K?D (Ðü)

/+

6

6

6

7

3

7

5

3

6

5

7

7

/+

7

6

lr

5

4

2

1

2

1

2

2

/,

1

1

1

3

2

l-

2

1

5

10

I
9

10

6

9

I
10

7

6

10

9

10

10

I
I

10

2

1

1

1

I

1

I

3

5

1

I

1

1

9TotaL

* Ryu chromosome lost

98 28 l8 t53
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Thís loss of the rye chromosome is due to a slight asynapsis for

thi-s chromosome during the divisional stages of meiosis and results

in gametes r¿iihout a rye chromosome. Ibom these data¡ it, is also | :.. ...,:.''.. :-.

possible to calcul-ate the frequency of ganretes r^rith 2Otrfi ard 21ï¡l
r:: -. -_'_:.

from the female side in Kharkov, and these carculations r,rill be

presented. later.
__-.t.:i,

'..-_'.::ì-'::,.
't- :::'.: - :
ì-:::,:.:i-i r.:

(b) Rve Chromosome \l-J

A símilar situati"on exists for this cross as for the one ,, 
.,.:,::_,

involving the r,¡heat-rye add.ition line v. Data are presented in 
':": :'

Table vrrr. From the table it appears that the frequency of plants

lnth2n=41iüand/,2l.íisgreatertha¡forryechronosomeV.This

indicatesthattherateof1ossofryechromosoae]IIisgreater

than for ehromosome v, beeause progenies with {11,1 and 42i.i can only

be produced when the rye chromosome is lost

B. F1 type, i.e. 20IÏW + I:rn; + IR x uheat-rye additions

(a) Rye Chromosome V

This type of cross is mad.e with the object of obtai-ning

plant¡ r,ñth the chromoso¡ce formura eorrlt + lli + trrR. They can be

produced. if gametes with 2OlI + lR eombine indth t.hose of 211,f + lR
from the male side. The progenies obtained from this cross were

studied a¡d the freopency of different types of progenies is pre-

sented in Table Il. F?om ilris cross, only fo*r t¡,pes of progenÍ-es,

namely 2n - 4,aH ¡ 1R2 /elld + 2R", /r2W + 1R and 42trt + 2R can be e:çected,

but if no rye chromosome is transrnitted. from the male sid.e, tl+o more

t¡rpes namely 2¿ = l¡1W and /r2\{ can also be e:peeted.

The presence of a smal1 number of plants lrith /¿i\f arñ. /¡2*í
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Table VIII. Chromosome distribution in the progeni.es from the cross' 
between Kharkov aneuploid.s and *t"ãt-"yu addition IÍne
r¡here rye chromosome VI is involved.

Chromosome
Line Progeny type and. frequeney Total

dlïl+lR 42W+It 41t¿x

IT2A (XIII)

K3A (tilr)

r¿"r (rv)

K5A (IT)

16* (rI)

K7A (rI)

K1B (r)

It2B (Ir)

K3B (ru)
K4B (vrrr)

K6B (x)

r{78 (vrr)

KlD (XVII)

rao (xx)

K3D (Xru)

K4Ð (xv)

K5D (K/ITI)

K7D (ffir)

lr

1

å

3

5

2

1

I

2

3

4

2

2

9

5

7

I
I

10

9

7

9

I
9

6

I
I
9

6

9

5

,:'::r:..-:.:'

3

4.

6

4

5

3

5

2

3

3

2

3

I
2

1

2

3

1

1

2

1

1

2

2

2

lr

2

I
3

/,,

1

I

/+

I

I

3

I

lr

1

3

1

Total

o Ryu chromosome lost.

52 2l 33
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Table Il. thromosome distribution in the progenies from the cross
befrtrcen Kharkov aneuploids with the chromosome formula
20*^trü + 11¡l + 1R a¡d wheat-rye addition line r,¡here rye
chronosome V is involved.

Chromosome
Line hogeny type and frequency Total

E\l 41rï /+ll,f lAW AzW 42W l+Otfx 4:OWx 43Wx+IR +2& +lR +2R +IR +IR

K]A (XIV)

K2A (EII)

Kæ (xrr)

Iqpal (rv)

K5A (rr)

Iç6A (VI)

K7A (1G)

KlB (r)

K2B (rr)

K3B (IIT)

K4B (vIIr)

K6B (x)

K?B (vrÏ)

KÐ (ffrr)

K2D (ffi)

K3D (lrw)

K5D (XruII)

K6D (rrx)

K7D (xlt)

t2

6

3ro
/+

u
315
3T
26

11

1

413
3]:o
13

6

/r 72

315
110

7

I

1

/,

I

5

1

3

1

1

15

10

23

113
t6

23

5

10

18

L

27

20

5

7

lrli6

36

n
10

2

2

l-

/+1

1

I

1

3

tr

5

1

1

1

5

5

1

1

252
u

lotal t3
* Uneryected.þrpes

27 t57 t3 5T 39 307
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ind.icates that in some situations rye chromosome V is lost. The

frequency of plants r,rith d1W + 2R and /+2;.{ + 2R is less tha¡ f or the

other t¡pes. This indicates tha't the trarrsrrissj-on of a rye chromo-

some on the female síde is very loi;. -À. fer,¡ unexpected. t¡¡pes of

plants r^rith 2n = 40lf a lRr {O'td and /g'îf + lR were obtained.. Th-is

may be due to the slight degree of asynapsis r¡krich eauses irregularity

in certain gametes

(b) Rye chromosome VI

Data for this cross are given in Table l. '[fith the ex-

ception of a few differences, the situation is similar here to the

one in the case of chromosome V. The greater frequency of plants

r^rith 2n = dltrrl artð, /t2\,1 ind.icates the greater loss of rye chromosome

VI. The frequent occu-rrence of progenies i^rith 411rr + 2R and lp\f +

2R indicates that the transmission of rye chromosome vr through the

female sid.e is higher than that for V. The highest frequency of

plarts ïTith 411{ + 2R in line 3B (rrr) indicates that gametes r¡ith

201,1 + lR on the female sid.e unite most freopently r^ri'bh the gamete

21i'i + l3 from the male side. 0n the other hancl, it also indicates

that the tra::smission of rye chromosomes on the female side is higher.

.$. felr une>cpected types of plants Mith 401,f + lR and. {old r,rere obtained.

This is probably due to a slight degree of asynapsis. Tt is quite

clear from Table I that though 38 (IIT), 3fr (xff) an¿ 3p (xvl)

belong to the sa.me homoeologous group 3, Lhey differ in the frequency

of plalts r.rj-i;h 2n - /Ê11',i + 2R. It would seem therefore that this is
the effect of certain ind.ividual wheat chromosoaes.
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Table x. chromosone distribution i¡ the pzrgeni.es fron the eross
be;þr,reen Kh¿rkov aneuploid.s r^rith thã ehromosone formula
20+l¡l + l'd + rR and wtreat-rye addition 1i:re where rye
chromosome Vf is involved

Chronosome
Line Progenyþpe and. frequency Total

-71ñTr

+1.R +2R +lR +2R +lR

K]A (XIV)

I€À (}cTT)

K3A, (xlr)

iç¿-r (w)

K6A (vr)

I(?A (XI)

KlB (I)

K2B (il)

K3B (III)

¡ç4B (vrrr)

K6B (r)

çs (vrr)

K2D (Ðr)

K3D (t$Æ)

TÇÐ (XTG)

1

1"82
U1
81
lr

113
/+

5

57t
10

102
2

Ir

n2
2

11

lþo

1239
1l-3

7

25

27

ltt
23

16

T6

1]5
7

1139

4

7

5

10

1

1

6

)

2

1

2

I
3

I
2

2

2

I
I
1

4

I
L

1

1

1

3

3

1

7

I
2

lr

1

I
1

l+

1

l+

1I

Total 59 ]..L5 T33I3423 /, 283

* Unerpected. t¡r¡ges



Ðiscussion

Results indicate that a certain percentage of rye ehromosomes

V a¡d VI are lost in the addition lines d.uring the d.j-vi-sional *ages

and th-is results in ,orogeni-es of the crosses r^rith only rutreat chromo-

somes narnely p¡ = /ull,tT and /A\1. The frequency of loss seerns to be

higher in the case of rye chrornosome vr than for v. A lor+er fre-
quency of progenies r^rith 411.1 + 2R a¡d fTt'l + 2R (from Table If), itt
the case of rye chromosome v, indica.tes the 1oi¿ transmission of a

rye chromosome through the female sid.e, but in the ease of rye chromo-

some vr the frequ-ency ís greater (rarte x). From the data it is
seen that rye chromosome vr is accepted more frequently in line 3B

(rrf) than for lines 3A (rII) dd 3p (XVf) despi.te the fact that

they belong to the same homoeologous group 3. This seems to indi-
cate that individual r"¡hea.t chroüosomes have differenù effeets. In

sone of the lfnes, no plantE r,¡íth /¡1Tù + 2R t¡ere found r.¡hich ts
probably due to the f,or¡ aceeptance of the rye chromosome and a very

low trar¡snrission of the rye chromosome through the female side.

rt may be possible to overcome this ûifficu.lty of obtaining

plants with 411'ü + ZR hy increasing the population size so that there

l'rill be more chaJrce of the union betrueen ganetes ',dth 20jj¡ + 18, and

21i,i + 1R. Fronr Tables VII and VIII, it may be observed that the

fre-o.uency of different types of progenies differs from line to line.
Thi-s may be e:çlained on the basis of d.ifferentiar- acceptance of the

rye chromesome by the dj-fferent wheat chromosomes, Few u:rerqgected

progenies l¡ere obtained. T his is probably d.ue to a slight d.egree of

asynaosis in wheat chrornosomes causing irregu,lar types of gametes and

resu-lting in une:cpected types of progenies.
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TAÅ.i'ISlüSSIOiil STtÐIliìS l,iITH RyE CiiH,OMrOSOirßU IÆ

To stud.y the transmission frequency of rye chromosome VI and

the formation of different types of gametes, the reciprocal crosses

wi-th normal Kharkov l,Iere rnade. One parent r,¡as normal Kharkov and

i;he other the F1 type i. e. 2OIIU + lW .+ 18. The male or female

gametes produced. by these indíviduals r¿ith tr,o non-homologous uni-

valent chromosomes r,loul-d be of four types - nullisomic gametes,

those in r,.rhich either the wheat or the rye chromosome is present,

and those in wirieh both are present; anci the normal Tlharkov should

prod.uce only normal gametes. rn the cïoss normal Khar.kov z F1 type

(male), the resultant progenies should indicate the relative success

of each type of gamete in competition on the mal-e sid.e and similarly
the reeiprocal cross shoulc shorn¡ the success of each type of gamete

on the female si-d.e.

fi.. IrÏornal Kharkov x F1 type, i.e. Zolfll + li¡I + lR

Root tips of plants from this cross were checked cytologically

a.:rd frequency results for some of the d.ifferent types of the pro-

genies appear in Table KI. From the percentages, one ca:r estimate

the frequency of function for the four types of garnetes r,¡hich are

formed by the F1 nlants.

rn all- 1ines, the percentage of nullisomi-c gametes is loru,

ranging from 0 Lo L2.50. The pereentage of normal gametes ranges

rron 65.62 to 93.75; substitution gametes from o to j2.g1 and

add.ition gametes from 1.56 lo 9.6r. orÞta.ra (e9) catculated the per-

eentage of different t¡rpes of ganetes in 1ine 5a (fX), æC shor",ed. the

/r,o
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labIe XI. Chromosome distribution in
betr^reen norEal Kharkov and
fornula zollw + lvf + IR in
lines r¿here rye chromosome

the progenies of the cross
plants r^rith the chromosome
dífferent Kharkov aneuploid
VI is i.¡rvolved.

Chromosone
Line Progeny t¡pe and frequency

law /+7 42\{+1R ],}:

'::

n6A (vr)

KlB (r)

I(2B (TI)

K7B (VII

KlÐ (arrr)

K4Ð (x\i)

K5Ð (xvrlÏ)

6
lt.53i¿

3
6.gL%

2
72.5O/.

1
3.J2/"

I
r.66/"

2
I ardt+. )4/o

0

n
75/"

36
81,81%

t3
8r.25%

3O
%.75r,

4ß
8æ/,

36
78.26f"

la
65.6216

2 :'.

3.8/n%

1
2.27f,

0

0

/,
6.66r"

4
8.69/,

2I
32.8I'Á

5
9.6r%

4
9.O9/,

1
6.25%

1
3.72i¿

7
rr.66i¿

/þ

8.69i¿

1
r.56lÁ

52

44

16

32

/þ6

6¿,

60

Total $ 2/¿+
4.77/" 77.7r%

32
l:O.l9/'

23
7,32%

3U

L::,i:i::; ::::ìi
../t:r,.r:trrì:ì



follor,ring gametic frequencies: nullisomis 6f", normar 60/o, substitu-

Lj.on 26$ and. additíon 81". From Table xr, it appears that normal

gametes have a great advantage in competiti-on with the other ganetes

on the male side, The va.riation i-n percentage of the substitution

gametes in the d.ifferent línes inclica.tes that the d.egree of compen-

sation for the nissing wheat chromosome depends upon the type of

r¡heat chromosome l¡hich is nr-issi-ng. Chromosome 5O (llVïïï) of r¿heat

can be replaced. by a rye chromosone in the greatest frequency,

r¡hereas 28 (II) and 78 (VII) are di-fficult to replace. These

differences may not be so great r,rith a larger population size.

B. F1 type i. e. eOÏIltl + lirf + lR x Normal Kharkov

Results for thi-s cross are given in Table ilf. It is
clear from the table tnat nu't]isomic gametes are produced. more

freo.uently than other types in all the li_nes. The Þercentage of

normal gametes ranges fron 9.38 to 50, nullisomic gametes fuon 27.59

to 8!.25, substitution gametes from O Lo 24.a3 anö. ad.d.iti-on gametes

from 0 t,o 17.85.

Ðiscussion
!. -..-:

t-,',-. tÏt is quite clear from the results that there is a ehayac- ,', 
.

teristic variation in the percentage of different types of gametes in
the different rines' This may be due to the effect of the different 

,,,,,_,,.r,.

wheat chromosomes a¡d the degree of compensation may d.epend. upon the ,,,'i
type of ',,¡hea.t chromosome involved.. The frecrpency of null.isomic

gametes is lor*er than for normal gametes on the male sid.e, but highe:'

on the female side. T his indica.tes that the transmission of uni-

valents throu-gh the female sid.e is exbremely loi,r. In other r^¡ords r ,

la
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Table ffiI. Chromosome distri-bution i¡ the progenies of thg cross
between plalts urith the chromosóme formrla 2OIIW + lÏtr + lR
lndifferent Kharkov aneuploid lÍnes where rye chromosome
VIis involved and normal Kharkov.

Chromosone
Line Proge¿j; type ald frequency Total

/'7w A2W 4-1lr lew /roï¡
+lR +lR +l.R,

K3A(rrr) 28 5 3 2 3g ,, ,,
73.68/" ]-3.I5f" 7.89/" 5.26r"

K6A(Vï) \5 i a z zo75/" U% o% rcl"

n].B(r) I U 1 5 - 28 l

28.5W" 5O/, 3.57T¿ l?.95r,

62s(u) 2L g 10 3 - 435O/, 20.93/" 23.25/, 6.y7%

r(zn(vrr) æ I o o 3r
?/r.tg% 25.grr" 

:

KlÐ(nrur) s o 7 o U 29
27 '58/' 2/r'73% /þ8'27% 

, , , ,

K3D (nw) n 3 3 z 3r ,,;.::.,1'

7/+,L9íE 9.6W, 9.67"Å 6./15'Á , 
,,,

K4D (Tii) 31 10 o o /+l :':'1':,-:i

75.6t/" 24.39/,

K5D(x\ruII) 52 6 i o 1 6+
8I.25/, 9.38'/" 7.gI/, 1.561[

Total 2o9 58 29 U 15 3zj6tr.3l% 17.95/" g.g2% 4.3]t16 4.62i¿



nullisomic gamet,es have an erbreme ad.vantage through the female sj_d.e

r'¡hereas norma-l gametes have the advantage through the male sid.e.

This evidence points ou-t the,r some sort of certation effect, i.e.
the differentíal conrpetition anong different types of gametes, is
present in both the male and. female sides.

From Table rrrr, it may be seen that the::e is variation in
the percentage of substitution gametes as betrreen male and female

sides in the same li.ne. For example, on the male side of line zB

(rr¡, no substitution gamet,es rnrere obtained. r,¡hereas on the female

sid'e there rrere z3.z5r,- rn line ¿¡ (g¡¡) , g.69r" r¡ere obtained on

the male side, trhereas none L?as obtained on the female side. From

tlris, it is quÍte clear that the degree of subsüitution by a rye
chromosome is ind.ependent of r,¡hether it passes through the male or
female side. ït arso ind.icates that there is a certain d.egree of
certation in both mare and female sid.es. rn rine ?B (vrt), ¡q
substitution gametes were obtained from either the mare or female
sid'es, possibly d.ue to the smalr population invor_ved. The variation

t.:,., ,in percentage of the substitution gametes from ï-ne to line may be - _,:.

due to the effect of d.ifferent r^¡heat chromosomes. ïn the d,isomic

substitution colunm of Tar:le xrrr, it may be seen that the range of
d'isornie substitution lines is from o to 2.56%. More complete
result's r,¡ith ad.ditionar- rines might reveal a greater frequ_ency of
substitu-tions. The percentage of disomic substitutions ean probably
be increased. by increasing ihe popuJation sj.ze, bu.r, it ma¡r 6u difficulù
to obtain disomic substitutions in some of bhe lines.

/,-4
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Table lrrr. E:cpected percentage of ¿Lsomie substitutions inùiffere't chromosome r-ines where q¡e chromosome vris involved..

chromosome :flff::*rPereentageLi.ne substitution
lvlale Side
n = 2Or¡tr+li

/"

Female SÍde
D = 20ld+1R

d
lo

r6a (vr)

KlB (r)

K2B (rr)

r('78 (Vrr)

KlD (rrur)

IqÐ (rflr)

K5D (}:iruIl)

3.8lr

2.27

0.00

0.00

6.66

g.69

32.8I

0.00

3.67

23.25

0.00

24.13

0.00

7.81

0.00

0.09

0.00

0.00

r.67

0.00

2.56

Aver¿ge 7.75 8.35 o.6L
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TVÍIÊDIVTSION OF.RYLCIÍP'OI¡TOSOFtrS V Ä}ii,J VI

Quit,e often fragment$ telocentridand isoehromosomes',¡iere

observecl in the present study. The isoehromosomes for the short

arm of rye chromosome VI (Fig. /*) anA that of the long arm of rye

chromosome V were mosf commonly found.. The telocentrics for the

long and short arns of chromosome VI and the short arm of chromo-

some v were also quite common in some lines. The results indicai;e

that the transmissi-on of the telocentric or centric fragment for the

short arm of chromosomes V and. VI are mor.e frequent than for the

isochromosome of the same arm. From the cytological results re-

ported in Table III, it appear.s that lvheat chromosome 7B (Vff)

;orobably has stabilizing infl-uence on rye chromosome V. It has

been observed that '*rhenever chromosome ZB (VII) is absent, rye

chromosome V frequently shol¡s misdivision, prcrdueing fragments,

isochromosomes and telocentrics in Lrigher frequency tha¡ in other

J i nes.

GAMETIq FREQUEI'ICIdË IN KLLå,RJ{OV MO}IOSQ}.IICS

Sínce ttre monosorn-ics of Kharkov Lrere used. in the present study,

it r'¡as possible to aceumulate the results on nullisomic and normal

garcÐic frequency from both the male and femal-e sides. The results

are presented in Table lffV. Percentage of gametes with 20ïtr and 211tr

chromosomes from both the male and. female sides devíates slightly
from the resu.lts presentecl by Sears (ZrO) for Ghinese Spring. This

deviation may be d.ue to varietal d.ifferenees.

,' ri l.:-j:

i-...;:.,1
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Table lrv. Percentage of differenr, tJpes of gametes from both
male and female sid.es of Kharkov monosomics.

'--: : ::.::'.:li
-' .- :-. : l

.,:

'.

,': . .:. . ':- :

t5æe gL.gamere No. of gametes percentage of gametes
(ËÐ

Female 14a1e 
=tmale ---I4r1"side side side side

2ø

2t

/$o /r7

r73 267

7I.3I 14.97

28.69 85.03

Total 6W 3L/r
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STABIIITY OBSERV"4.TIOI\S Olr ÐIsol,gg SUBSuTUTLOI{S

"About d0 ;orogenies from eaeh of the disomi-c substitution l-ines

4D (TV) by rye chromosome V (Fig. 5) and ¡¿ (fx), lu (fruï) and

5Ð (IVIÐ by rye chromosone ïT (¡'iC, 6) rreru checked. eytologically
and' foirnd to be completely stable. on the other hand., a cyto-
logical check of d.isornic ad.d.ition lines for rye chromosomes v and.

Vï revealed that, o'rrj-ng to a 1oss of the rye ehromosome, not all of
the progenies were of the ad.d.itíon type. since there Lras no vayi_
ation of chromosome number i-n the progenies of disomic substitutions,
it is quite elear that the rye chromosome is not similarly lost
during d.ivisional stages. rt appears that the disomic substitu-
tions for rye chromosomes V and VI r.'iL1 probably be rnore staSle than

the d.isomic a:ld.it;ion lines for the same rye chromosomes.

D]S OIi{I C _S UBS TT TUTI-ONS

Number obtained.

To d'ate the following disonric substitutions have been obtained

from the sources inåicated*

Chromosome line Rye Chromosome

/,8

Source (obtained by selflÍng
plants r,rith the

zoIIw* Ii.,f +lIrR
eOïïiA + ¡rr -¡. lIIg
zorÏt++lt{+lt,
eor\E + l¡

K /,.8 (Vrrr)

r{ 7B (vII)
K 4D (rv)

K 7D (itrT)

K 5a (tx)

K 3B (IIT)

K þ (rvrr)
K 5o' (xurrr)

V

V

V

V

W

VI

vr

VT

2oIrH + IT¡I +

eoÏrti + 1Ì,.I +

zoÏrt¡ + 1lt +

26rÏr¡ + 1lif, +

l-R

lrrR

lrrs
lR
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luíeiotic behaviour

The pai-ring for rye chromosomes V and. r,/I is qulte normal

(¡'iS. 7 and Fig. 8), except in a very small percentage of ce1ls

r'lr:ich shoi+ t-,¡o u::-ivalents (fig. 9). A si¡nilaz' observa'r,ion was mad.e

by Ot1:axa (25). The failure of rye chromosomes to pair as regularly

as i.¡heat chromosomes is difficu.lt to erçlain. It may represent some

inability of rye chromosomes to operate normally in a ceIl r,¡hich is

predominantly wheat.

Morpholosical chalgcterq of the 4iÊomic substitutions

A. P,ve Chrqmosome V

Ï'Iorpholögieal eharacters of the disomic substituti.-ons in

differen'L lines for rye chromosome V may be ca.tegorised. as follor,¡sa

(1) Plants with the su-bstitution for r"¡heat ehromosome dÐ

(-¡"ri) toolc very weak in the g::or^ring stage and a.re shorter than Kharkov

and the disomic add.ition. The flag leaves generally become curly

and faIl dorurrnrard, the tillering capacity is z.eoLu-ced and the plants
(rtg. to )

are later than Kharkov. Spikes are more rey/anÕ, seed fertility is
Ior,¡er than either Kharkov or the d.Ísomi-c acl-d.ition.

(e) oisomic substitutions for /¡B (vUÐ, ZB (VII) and 7D

(ffiI) seem to be moi,e vigorous than the substituti-on for LD (-ñ),

but planis i¿j-th 40't¿ + 2 fr. (substitution for ZB) are of a busþ

type. complete results are not available at, present. À few plants

representing the d.isomic substituùion of rye chromosome V for ','heat

chromosome I( dD (ãV) tu*r" compared to Kharkov and the d.isonaic

addition on the basis of plant height, spike density and. fertility.
These results are presented. in Tabl-e ÍV. No comparative d.ata are



avai-labIe for d.isomic substitutions of rye chromosome V for v¡heat

chrolirosomes Ii 4B (vrrr) , Iç. 7B (vrr) and K ?D (ffiI), because they

have just been obtained. and. there has not been suffi-cient tine to make

comparisons.

Table XV. Data from morphological comparisons of disonric
substitutions for rye chromosome V r^rÍth the d.isomic
add.itÍon and Kharkov.

5O

tine No. of Heíght Density Fertiþty
Plants inches spi.keitt/i.':,: seeds,/

em. spikelets

Kharkov 5 L3.T I.73 z.B7

Ðisomic add-ition 5 /+O.5 I.4L Z.lnj

K 4Ð (xv) 5 36.j 1.33 z.3o

B. Rye chromosome_\II

Morphologícal- charactêrs of the disoraic substitutions in

d.ifferent lines for rye chromosome VI may be categorised as follor¡s:

(1) plants r,¡i-ih d.isomie substitrü.ti.on of rye chromosome VI

for 5¿1. (m), and 5D (XVfff) u."" taller than disomic additions nhere

the red.uction of plant height is very prononnced.. spikes are more

lax than Kharkov and the d.isornie addition ancì. the seed. fertility is. (Ftg. 11 )
very high. Spikes are of the speltoid-type/and the peduncle is
densely pubescence.

(Z) The d.isornic substitution for 3B (III) is a very nehr one

and it is not possible to give a detailed. description. Plants seem

to be taller than the diso¡r-ic addition and are vigorous. The spikes



5I

appear 'r,o be similar to the su-bstitution for 5D (FüIII). The

pedrrnele is d.ensely pubescence. Spikes are more lax tha¡ for all
other lines obtained to date.

thaù are

are more

and thus

pubescence on

substitution

(;) tt u disomic substitu-tion for f¡ (frff) gives plants

ta11er than those for the disonic adCition. The spikes

d.ense and. fertility is greater than for the disomic addition

they are similar to Kharkov. The complete absence of

the pedunele ís the most unusual character of this

line.

li. smal1 population of each disomic substitution for rye

chromosone VI r,øs compared to Kharkov and the ilisorntc add.ition on

the basis of plant height, spike densit¡r and fertility. These d.atá

are presentecl- in Table lVI. Li¡e t{ 3B (TIf ) h"aS recently obtaíned.

and consequ-ently it is not possible to d.escribe it in d,etail.

D,iscussion

Plant morohology indicates that l.¡hen a pair of rye chromosome

lrl is substitutèd. for chromosomes 5.4. (IX), ;n (frf), Ð (flruI) and

5D (XffiII) of r,/neat, much nore normal tall plants rdth high fertility
uere obtained. whereas r,¡hen a pai-r of rye ehromosomes Vf t¡as simply

added to the en'tire wheat complement, the reduction of pla¡t height

is very pronounced. Plants r,¡ith a pair of rye chromosome V sub-

stituted. for any pai.r of i,¡heat chromosomes stud.ied thus far deviate

consid,erably from normal Kharkov. They are all similar to Kharkov -

in susceptibiliiy to leaf and stem rust.

ït has been observed. that the disomic substitutions for 5A

.::1.j,.::,



lable Kifr. Ðata frour morphological eornparisons of disomic
substitutions for rye chromosone VI üith the disomic
addition and Kharkov.

52

Line

Kharkov 5 43,? L.73 Z.g7

Disomic addÍtion 5 3Z.O I.A4 l.06
K5A (rX) 5 /12.7 7.23 3.36

K3B (III) j 1.11

KlÐ (Xmr) s 36.8 r.75 2.67

K5D (Xruil) 5 /rr.5 t.3g 2.7!

19. of Height DensitJr, Fertility ,t'''' 
'

Pla¡rts inches spike.irl.,r ,' seed.srl ,,,.,oDr sPikelets '',,,,.'



(rx), 3B (rrr) anð' 5D (xwrr) shor+ dense pu'oescence on the peduncle,

but the substitution for 1Ð (ïwr) shows no pubescêrrc€. rt r,¡ould

appear that, there is some interactíon betr.¡een rr/neat and rye chromo-

somes r¡hich alters the degree of e:çressi.on of pubeseerlcêr

ïIair.v-n eck Charac te{

A. Rye ehromosome VI

rt was already pointed. out that rye chromosome vr cami_es a

gene or gene complex for the hairy-neck charact,er. This eniity is
located in the long arm (3or 3z). sears (4.3) ooserved that the

hairy-neck gene must lie near the centromere of rye chromosome \lr.
rn the present study, it has also been observed that the hairy-neck

gene lies in the long arm. It is also found. that the short arm has

no detectable effect in one or tl¡o d.oses. Similar observations r¡ere

also made by Qt¡¿ara (3t).

B. Percentaqe of._Þair¡r-neck pla¡tg

Pla¡ts r,rith the chromosome formula eoÏÏî,I + l:irl + 1R (lIJ) ror
eighteen of the tr,renty-one lines r,¡ere selfed and progenies grou,¡.

The pereentage of pIa¡ts r,rith hairy-neck in relation to the total
number of plants for each line luas record.ed. Results are given i-n

Table lfflf.

From the tabl-e itrypears that the percentage of hairy-neck

platrts varies from line to line and also r,rithin the same homoeologous

group. Six ùifferent chromosome formulae, namely 4Olf + tì., 4Ord .. 2Rr

/+li'tr + 13', /¡li^I ¡ 2Rr 4.21d + lR and eL,:! + 2R are represented. in the
'progenies. The percen'bages of hairy-neclc plants in d,ifferent lines

'J
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Table IVIï. Incidence of haÍry-neck plørts obtained fo]*lor.rÍng
selfing of plan¡5 with the chromosome foÈmula
20u1'f + l}i + lR r¡here rye c hromosome VI is involved.

Chromosone
Line

Total no,
of plants

No. of plants
ürith
hairy-neck

Percentage of
hairy-neek plants

K2A (EII)

K3A (rGr)

r(4A (rv)

K5A (IX)

K6A (\E)

67¿ (ru)

KlB (I)

K2B (rr)

K3B (rrr)

rc¿s (wrr)

K6B (x)

K7B (VTI)

KlÐ (xrur)

KzD (xx)

K3Ð (xVI)

K4,Ð (xv)

K5Ð (xwrr)

K7D (ÐG)

3T]-

339

107

34,9

1UF

246

160

7/+

56

57

33r

78

L25

2!7

2/+

40

20

362

/+I

3/+

11

128

25

2/+

30

10

3

14þ

5T

16

2/,þ

38

lr

2

10

51

13.l8

10.02

10.28

36.67

2r.92

9.75

r9.75

13.51

5.35

24.56

75.4r

20.51

19.20

w.5l
t6.66

5.00

50.00

1/r.08



t¡il1 indicate the variaiion in the rate of transmission of rye

chromosome VI. 'l'ihile peduncle pubescence is not e:pressed. in all
Iines, the over¡,¡he}ning majority have this characteristic.

C. Effect of høir:fneck character

It is already r¡elI established that rye ehromosome \II carri.es

a gene or gene complex in the long arm near the centromere r"h-ich is

responsible for the hairyineck character (3O, 3I, 32, 43). It r¿as

assumed that this er<pressíon ïras invariabl-e and that the presenee of

this rye chromosome can ah,rays be d.etected by the phenot¡z.pe. fiosever¡ 'i':

resul-ts in this study do not support thÍs assumption.

A comparíson of the amount of pubescence on the necks of

plants rnonosoriiic and. disomic for the rye chrornosome and on the neck

of the amphidiploid is interesting, in that such a compari-son shor.¡s

that the amphidiploid. has the least pubescence (Fig. 12), although

it has the rye chromosome present in tl¡o doses. A similar observation 
i

r,ras mad.e by OttUra (25). In the present study, it has been obserued

that the amount of pubescence on the neck of plants ',¡ith the chromo-

some formuh eOÏIr¡l + lÏir * m (i. e. monosomic for the wheat and rye

chromosome) is less than for pla:rts r¿ith the monosomic ad.clitíon of

rye chromosome Vï, although they ha.re the rye chromosome present in
'or:ê d.ose (fig. l3). A fer,¡ cases Ì\¡ere observed. in the present study

v¡here the pubeseence is completely absent on peduncles, d.espite the

fact that the rye chromosome is present in a single or d.ouble dose

(Fig. 1J). Pedu¡cle pubescence is not expressed i-n some eases r,,hen

the plant is nul-lisomic for i,,/neat chromosomes and mono- or clisornie

for i,he substitution of this rye chromosome. Examples may be found.

55
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' in the ilono- and. di-somic substitution forn¡heat ehromosome 1D

(ffff), mono-substitution for 3.4. (fff), and possibþ in others not
yet observed. Nakajima (23) stu¿ied. the F., hybrid.s between T. macha

'"' and /¡ species of Secale namely cereale, vaviloEti, africanuB and.

Taking Nalcaji-mars results along r,rith the information obtained.
' ::'::::t in the presen'b study, it nay be assumed. that thez'e is a mechanism

::':: 
: interacting betrr¡een certain wheat chz:omosomes anif chi'omosome Vf of

.. i:.',1-''. "i'r rye r'ihich regulates the degree of expression of pedu-:rcle pubescence.

i the postulation of a simple dosage effect of the rye chromosome d.oesl

, llot seem to fit the present resul-ts. Nakajima has inðicated that
i

i g' macha represents a case where the entire complement inhibitsì

I pubesqenee and it may be assumed. that in the evolu-tion of common
j

-L^,r ¿rI I^iheat there r,¡ould be grad,ation from this extreme to the.t of the
l

;. complete etrpression of pubescence.

, ,'; ,r.:::: i]
:: l ::::l
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SUGGESTIOIIS FOP, FUTLr,P,il STUDY

(f) Îs obtain disomic substitutions, it is suggested that

'uhe F1 (eOlft¡ + 11ü + ffi) fe backcrossed to the r^¡heat-rye ad.d.ition

line and B1 individ.uals selected. l'¡hich are monosornic for the vheat

chromosome and disomic for the ali-en chromosome. Fo]16"1tt*

selfing, disomíc substitutions can be obtained by the loss of the

wheat univalent during d.ivi-sional stages. By this method, it might

be possible to obtaj-n the disomic substitution r,¿thin a reasonaËly

small population.

(e) ¿ff the disonic substitutions should be compared to

Kharkov with respect to rnrinter ha:rd.iness, quality, yie1d., d.Ísease

resistance, etc. Such stud:ies should produce information inù1ca.ting

l/nich substituti-on lines have the g-reatest praetical value.

(:) tne transmission rate of the rye chromosornes via male

and femal-e gametes should. be stud.ied. fu-rther to d.etermine r,¡hether

different r"'heat chromosomes have d.ifferent effects on the transmission.

ït r^'oul,l thus be possible to calcu-late the percentage of d.isonic

substitutions in different lines a¡d to detect differences within

the same homoeologou-s group,

(4) mogenies obtained frorn monosomic substitu.tj-on parents

i.e., 2OIÏî^I + B, should be stud.ied. cytologically to determine why

the majori'ty have flkl atLd, /12lu:t instead of dOr,f + lR and 401^i + 2R as

expected.

(¡) tt " hairy-neck char.acter associated r,rith chz'omosome VI

in r¡re should be stud.ied in all ihe possible disomic substitu.tion

I ,'!
i ::

i'.,nrli,i*'iiìiì



lines.

(6) Disomie substitution¡;lines rn¡hich do not shor", the

hairy-neck character should. be backcrossed to normal Kherkov to

produ-ce the F1 t¡4pe i. e. 2OIItrI + IW + i-R, l,¡hich must shorn, the

haiq¡-neck.



PIÁTE I.

Significant characteristics of rye chromosome VI

(Arror,s indicate the rye chromosome)

Fí9. 1. The secondarXr s6rìstriction in the submed.j-an position

of the long arm.

Fig. 2. The very strong med.ian constriction at metapha.se r.

Fig. 3. The fine faintly stained. thread-r-ike bod.y in the

short arm.

Fig. /r. The isochromosome of short arm.
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PT,A"TE II.

Irritotie metaphase from disonic substitutions having

20 pairs of tn¡heat and one pair of rye chromosome'

(Arror,¡s indicate the rye chromosomes)

Fig. 5. Di-somic substitutlon for rye ch:'omosorie V'

Fig. 6. Ðisomie substitution for rye chromosome VÏ.
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3IATiLIil..

Fig. 8. Disomic substitution

FiS. 9. Disomj-c substitution,

chromosome VI.

Meiotic metaphase I of disomic substitutions.

(A::ror,¡s indicate the rye chromosornes)

Fig. 7. Ðisonrlc su-bstitu-tÍon for rye chromosome V.

for rye chromosome VI.

showing t'"¡o univalents of rYe
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PI,A.TE IV.

Tfpieal spikes of I(harkov and Disomic substitutions

for rye chromosomes V and. VI.

Fig. 10. Kharkov (left) and disomic substitution for rye

chromosome V.

Fig. 11, Kharkov (left)

a, bt c, & d. - ùisomic substitu-bions for the rrheat

chromosomes 5A (Iï), 3B (TrT),

m (li\Ær) and 5D (xvrrr) by rye

chromosome VI respectively.

1t":-'_j
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PL,¿1,T8 V.

Illustrati-ons shor.¡ing the variation in peduncle

pubescence for plarrts with different genotypic back-

ground.s involving rye chromosome VI (magnified. about

three times).

Fig. 12. r\mphiploi¿ (feft) and the disomic addition.

Fig. 13. F1 type, monosomi-e for the r^rheat and the r¡.e chromosome

(left) and ihe monosomic addition.

Fig. 7J+. Ðisonric substitution for wheat chromosome Ð (Xfff)

(Ieft) and disomic substitu-tion for i+treai chromosome

5A (rs).
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