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CYTOIOGTCAtr STTD]ES ]N THE

AEGITOPS AI{D TN CERIATN RUST ¡'ONGT

by R" C" MeGin¡is

ABSTRA.CT

PAÎT T

A number of intergenerlo aad. intragenerie F]. hvbrids

involvfng specles of Tritier¡m and. Aeeilopg r,verra studied. eytologieally
af metaphase r of meiosis Èo dete::nine the genomes present ln the
hexaploid Ae. luvenalis (flreu,) gig, T,be amount and ki¡d of patrÍng

exhibited was employed fn establiehing genome rer-ationshfps. rt v¡ae

eoncluded that Ao. lgvenarl_g has the Ð gencrne of &" sqnarposa g,. only
sushtry altered from the B of !" aest¿v¡s tr" rn ad.diÈfon there was

evidenee that the Cu ger.rqx,s of Âe" r¡mbeLlulata Zbuk" is.aLso present

ln 49. lgvenaug. The third genome r¡ns not dete:srinect" ït r,vas

shouB that Ae. .Íuyenalis earries one reeiprocal transloeatlon and. that
one of tb.e chrømosomes involved is probably located. Ín th.e D genome.

The genones of Ae, variabiliq urg (ousv) appeared. to be more

elosely reLated' to eaeh other than their gencme symbols wor¡ld ind.ieate"
ïn all crosses fnvol-vfng å,e. varfabilis â ntgner pairing frequeney was

observed. than rùen other tetraploid species were used."

PAT.T TT

Ge:minating sporidia of five species of the üredinales were

examlned cytoJ'ogieally at mLtosls to tl.ete:mine their ch,romogcnne numbers.

stud'fes at metaphaso shov¡ecl a hapJ-oict nunber of six chromosomes for



Pueciuia æg¡nlgls ?ers" and. three for B. coronata cord.a" Tess clearly

d.efined l',rere the chromosomes of P_" minussensis Thu¡r" r E. helianthi_ Sehw"

and MeLamps-ora. lin! (Pers" ) r,ev", but their haploid- nunbers appeared.

tc be B = 5, 6-8, and 4, respectively"

Prophase chromosomes of P-, sraminis vuere observed to be

united to form a continuous chain. At metaphase, vrhat were apparently

resid.uar terrninal attractions r¡Jere observed., the six chromosomes

appearing as three loose pairs"

Evid.enee for the existenee of tv¡o pol¡r1oÍd. series in the

uredinales v¿ith basic chromosome numbers of three and. two or four

is presented and discussed."
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OYTOTOGICAT SMrÐIES TN rffi
AEGTIOPS Ai\TÐ TN CMTAIN P.UST TUIIGT

by R. C" lvicGln¡is

PA&T T

ffiTOME A}IATYffS OF áEGTtrOPS fiI\¡EISAf.IS

-
ïNm.oÐucTf0N

The genus AegÍlops- has long proven to be of lnterest from

a eytologÍcal, genetical and phy.logenetical standpoínt slnce it is
in the sa¡re sub-tribe -- Trlticinae -- as Tritferun. rt has eon-

tributed the D ancl possibly the B genome of eomrron whoat and has a

simllar polyploid series to Trittpum with specles of n = ?, J.4 and

2l ehromosomes. f\renty-trr',rc specl.es are holrnr in vù.ieh fÍve genomes

have been ldentified." Eaeh of these genomes is consid.ered. an entity
homologores or homoeologous with the chromosames of a partieular

diploict species" EeLationshlps are based. 3-argely on the anount and.

kfnå of pairlng found. at melosls ln interspecific and intergeneric
l'' hybrids.

I

Genome formulae are krou¡n for Z0 of the Aegilops speeies,

o:rry tn the speeies &" igvgrìeus (the1L.) nig and 4e. sharoneqs:iÊ Eig
ls this hnowled.ge lacking" The present study v,ns cond.ucted on the

hexaploid. 3.e" Juvenalis ia an attenpt to dotemine its gencurie

constltution"
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ffilfjEfil 0I' 1IfEP,}.ftIFE

A ecnnplete revievr of the literature on genome a-nalyses

ln the Ae&1Lops is too extensive to be presented here in fts entirety.

0n1y the lite:aturo pertinent to the specles used 1n this stud.y w:iJ.I

be eited"

Cytologleal data on 49. iuveggl¡Ê" are almost laeking. or

a morphol-ogieal and. taxonomical basis this speeies has been plaeed.

in the section Pachystachys by previous invostÍgators (6, 32) " fhis

seetion also lnelud.es -ile. squarrosa which is now horm to have the

Ð genome (18, 26, 2'l)"

In the hybrlds of Ae" Juvenalis x J{€ropyron fntes.edigm,

Savorslqr (?) obsersed I2-L4 palrs, whil-e in the eross Ae' variabllis x

A. inte:medil¡n he found It-14 pairs. fhis lntilcates that theso two

AegiLops. species have a si:nilar relationship to .4.. iatertiecli¡¡m.

Kostoff (24) pohts out that some of these bivalents probably result

from autosynd.etic pairing r¡itbÍn the Agronyrgn parent and. possibly

also from the ÂeËFcpq, but that it is not unlikely t'hat Bart of the

pairing is the result of all-osyndesis.

.Ae. trlunelaLis has been investlgated. very extensively"

In 1929 Kfbara (I+) reported. L-? blvalents (nost frequentLy 4 or 5)

in the 3'- hybrid between Ae. trluncfalls and. T" d.leoceum. l,hent
crossed. wltb T. dunmr, 0-6 bivalents wero noted.. Pereival (90)

ín the cross Ae" ÈrfuneiaLis x E. dun:m obsew'ed. 1-6 blvalents, but

ia srosses wlth other tetraploid. wheat species, onJ.l 1-5 bivalents.

ïn the lntergenerie cross.&e" trlunclal-ls x T" aes'b:Lnn, Kthara (14)

reported a range of 0-5 bivalents w"ith ¡nost eomnonly 2 ov 3. For
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the same eross Percival (90) oUserved 1-5 pairs while :lase (1) found

0-5" These workors concluded. that there was no appreciable honolory

between the chromosones of /{e. triuncialls and. species of T¡itéçrm"
- lr

In 1940 Kihàra (12) proposed the geoomes CC* for /le. triuncialis

based. on the pairing observed. in a number of interspeeific crosses"

Add.itional evidence T¡ras later presented by Kihara and. Kond.o (22)

wJren they crossed Ae" triuneiàlfs with the syuthetic anphiploid

Ae. caud.ata (c) x x.e. urnbellulata (cu) ana observed a high frequeney

of nornal pairing"

Àe. qsa:þa has also been stud.ied. extensively in eombination

¡¡¡ith many d.ifferent wheat species (I, S, 4, ã, g, 11 , IZo 14, l-5, 21,

23, ?9, 3O, õL) . In general for al-1 erosses eoncerned., the number of

bivalents varied. from o to.7 permicrosporoeyte with 0 or I bivalent

being most frequent" Th.e eonelusion reached. was that no homolory

exists between the chromosomes of Ae. ovata- and th.ose of the Tritieug

speeles studied.. rn 1949, rtihara (zo) su¡marÍzed. the genome anaryses
llñof most of the AegiLops speeies and presented the. fo¡:nula cant" ror

Àe. cngta. fhis fonnula 1s based largely on earller studies of

lnterspecifie .4egiLspg hybrid.s by Kihara and. Iilienfeld. (ZS) 
"

Äe. variabilis has not been stud.ied. as extensivery as the

above two species" Tn 1942, Kihara (tg) presented evid.onee from

interspecifie crosses showing that .ê.e. variabiLis has the genomes

0u$v" The Cu genome llias purported. to have come from Âe" unibellulata

as d.id. the Cu of A.e. triunciaLis and. Ae.

believed. to have been d.er-ived. originally

but altered. somewhat d.uring evolutionary

ovata. Tlre S genome was

from the S of Ae. speltoid.es

processes.
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Several vrorkers have reported on the meiotíe behaviour j:r

crosses involvlng Äe_. v.eqlr:Lcosa and. wheat species (10, lg, zo, zs,

25, 5Ou ru, 3?). These investigations have shovrn that /r.e, ventrÍcosa

d.oes not carrrr the x" oz. B genomes of rritie_u¡r but that one set of

ehrornosomes is closery related to the Ð ger.ome of r. aestivum,

I{lhara (ZO) nas proposed the genome formuLa DMv

based mainly on the pairing in crosses witb å.e.

and f. aegtivum (9, 14, ZO, ZB, gO, g4),

for Ae. ventricosa

gJrlind.ric_a, €, ovalq

That the d.ireetlon in which the cross is rnad.e has no effeet
on the amount of pairing in the hybric. was proven quite eonclusively

by Kihara (14) , Horuever, Iliharaes stuäy inêieated that there ürere

seasonal variations in the nurnber of bivalents forrned." ffien earlier,
Bleier (a) suggestod that environrnent might infLueace pairing but had

no experimental proof to support this id.ea. sunrnarizing the work of
previous investigations, fnompson (sg) pointed out that caution must

be exercised in drawing inferences from pairÍng respeeting homoÌogies

sinee ehanges ln pairing freouencies ca:r occuï as a result of external
cond.ltions, More recently sears (sr) has demonstrated that the

maximum paíring of r¡¡hich a hybrld. fs capable aay not be expressed in
eertain seasorls, leading to variations in pairlng fron year to year"
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I'LAffrHLqtS -A\rD I,E[E0DS

Parent Speelqs

Tlroe species of Eritigt{4 and five of

for making erosses" These parental species are

their chromoscme numbers and genome forrnulae"

Triticuin aestivr¡tt f," var. Sedma¡

Tritieurn ðurum Desf, var" Carleton

eglloÆ were used.

listed. below rqith

.-ì
Hosnev:J

2n
Chrom" No. Genonss

42 43Ð*

28 AB

friticllsl dicoccgg Scluank var, Krapll

Ae. juvenql-is (tnen") ele tåggllgågL-

Aegl_Iops Hi_eÞåtls Eig

.êeeÍloÞs triu¡cialís L.

Aegilops ova:lg tr"

Aegilopq_ ventricosa Tausch

tureona¡.iea

Jl5

?

- L¿.. VþÈ

2B

4A

2A

2A

9A

28

ucc
11 0rr Î/f

TT
Dln"

F- Hybrids

å. total of

obtained. frøm erosses

as follows:

15 interspeeifle and

involving the above

intergeneric hybriðs v¡ere

parent species" These uJer€

tl

iUveaa¿_Ig x

'rtx

l1 x

rtN

T" gestin¡n

T. d.uruî

Ae. vsliabi_Lis

Âe" ovata

ã It should be noted that throughout this study the synbol Ð
fÍrst named by Kihara (15) is used to designate the third. genome of
Ë. g[@. The symbol C is com¡ionIy used synonyrnously by nlaay
v¡orkers but in the strict sense ca¡ be applÍed. only to certaio of the
Äegilops species"



Ae. jg@,

T". aestivum

tt tl

ventrieoÞa

variabil-is

ovqtq

triuncialis

-flv o

-¿-11, ,

å9.

q1 dicoceum x

!" durum

T. .d.icoccum

Ae. ovala

triirnc_ia1ig x T, tiicogggm

dieoeeum x T" d.urum

CyÈolo$lcal Þchniquqq

Tf-I:ole spikes of parents and. hybrids vuere colleeted and.

fixed. in Carnoyrs solution å. for cytologieal exanination of polIen

mother eeIls. Fixed. material was stored in the refrigerator until

eytological examination eould. be mad.e"

Cytological investigations v¡ore cond.ucted. on a1l- parent

species and. l', hybrid.s, Slides l{ere propar.ed. of pollen mother cel1s

at metaphase I of meiosis using the aceto-carrnine smear method.

described by Smith (õ6), -uflrerever posslblen chromosome counts were

rnad.e on d.ifferent florets on a spike as well- as on d.ifferent spikes,

.An attenpt was nad e to stu-dy at least 200 pollen mother cells of

each hybrÍd.. In cases v¡here materÍal lvas limited, all avai].able

eeLls v¡ere counted.. .A reeord nas kept of the number of u¡ivalents,

bivalents and. multiple assoeíations for eaeh ceII. In ad.d.itÍon,

attention was paid to the type of pairing exhibited -- whether the

bivalents were open or elosed,

srnear preparations were kept semi-porrnanent up to three

¿18 ô

m



nonthsbyringingthecover-sIipT.{ithamixtureofgur**rnasticand

paraffin. Sl1d-es ,¡rere then marle pernLanent by the ter-tiary-butyl

alcohol method (56) 
"

cytological eraminations v,¡ere made on a Ieitz ortholux

microscope at a magpification of 600 d.iameters. Pbotomicrogrephs

være taken i¡rith a T.eitz l\,tAIiAi,[ cämera on Eastntants Contrast PTocess

Panehromatic fil:n at 400 d.iameters.
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RESUÏ,TS

all parent species stud.ied rjth the exception of 4.e"

J'uvenalis sholved. almost completely normal ch.romosome pairing at

metaphase I of meiosis (Figs" 1, Z, 4, 5). In €"J'uveq€r1ls, hovrever,

a reciproeal translocation vras present, resulting j-n a chain (rarely

a rÍng) of four in about LT'/a or the pollen mother celts exa¡:.ined

(r'ie. r). The translocation wourd bo manifested in the F, hybrids

as an open bivalent or mul-tirarent d.ependiag upon the chromosome

h.omolory between the spocies in the cross. Ae. vegtrie.cqa exhibited.

a tendency toward asyaapsis in a lonr percentage of celrs where up

to fou-r unival-ents rüere present.

Pairing in the three intrageneric Trlt:þum cr.osses proved.

to be as expected. rn the cross T, aestivu¡r x T. d.icoccum. there

'.4rere usuatty t+rrzÏ at metaphase ï with oeeasionatty trrrsT o, lzrruÏ"
sinilar pairing rvas observed in !. aestivu¡1 x T. 4ulqr¡¡ hybrids"

rn hybrids of r. d.icoccum x T. d.uru¡r, most eommonly 14rf occurred.

(Fis. 6). A low frequency of ce1ls had. up to four u¡ivalents, These

resurts are in aceordance with aumerous workers (1, a, L6r gg, 40).

The d.ata eoneerning Èhe pairing in the rernaining lO

interspecifie and. intergeneric r', hybrids Ínvolving ÄegiLq}rs and.

Tritieu¡q are presented. in Tables r to x" rn these tables the average

number of bivalent associations ls based on tho promi.se of Kihara (15)

that a trivalent is ecluivalont to one assoeiation and a quad.rivalent

to two associations. In Figs. ,7-J.2, typieal metaphase I pLates for
certain of these hybrid.s can be seen.

rn ord.er to rnake a dlreet comparison of the pairing freclueneies

observed in the different hybrids, the pertineat data from TabLes T to lC

âTe 5p¡1¡1¿rized- in Table lI" Stand.arrx errors of mean number of bivalents
for each hybrid. are also gfven in Table KI" In Table TII the t vaLues
for differences between rûeans åre p¡egsnted..
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ÏABLE T

Chromosome Ässociations in tbe bybrid Ae-. juveqAlls x T. aesr}vum

Number of Number Percentage
UnivaþnLs Bivalents TrivaleryÞs Quadrlvale4ts of Cells of Cells

34 4 3 1.15
49
rz^

2A
26

5
o
7

x

19
za
L7
14

5
I

4
o

JÐ
24
z5
18

B
5
z

5.01-
7 "L4I0"55
6"59
5.26
1,88
o,58

1,50
2,26
5"64
I "O2
8,65
6.77
5,01
1 088
0"75

1"15
4.Bg
4.5I
5"26
1,50
0"58

0.59
0"59

0"75
1.50
2"63
o.5g

0"39
0,59
0"59

24c|
22 10
zo 11

3
4
5
o
?
I

10
1I

Þ

v
I

1o

o

I
I

o
?

33
5I
29
2?
25
z3
2t
19
t?

28
áo
24
22
20
16

23
2t

a8
úo
24
22

25
23
21

o
t5
I2
I4
4
1

I
I
2
.t

?
1

L
1
I
I
1
I
I
1
I

z
2
2

?

z

q

¡7

1
1
1
I
I
1
I

I
1
1

1
1
L

fotal 6884

Ave:age Z5,gg
p,er colr

Average

Tþpe of
tÁ rn this

L'l99

6.76

number of

?08

0,79

L7 266---r:0',õ;r-
0.06

bivalent assocÍations# = ?"66

pairiag - froquently up to 4 closed bivalents

and suceeed.ing ùables:
trivalent = I bivalent association
quadrivalent = 2 bivalent assoeiations
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TABT,E IT

Chromosome A.ssoclations in the hybrid Ao. Juvenalie x T.

I{unber of Number Percentage
of Cotts of CeBs

55 0 I 5,4I
33 1
ry1 

'U¿
295
274
255
2,56
2'L7
l_9 I

T2
20
50
50
37

4,54
ryqo

18"94
18.94
L4"O2

'l "20
0.39
0"58

0.76
3.41
2"27
6.92
6"44
1.51
o "76

1*14
1"r4

0,38

0
l_
,

4

o

2

32
qr\

2A
26
24
9.9

20

e5
23

I
I
1
I
I
1
I

2
2

19
t
I
I

o
1B
l-rl

tü

2

Total 7208

Average Z?.3Oper ceJl

909

3"M

Average number of

tlpe of pairíng -

70

o.27

I

0"004

?64 100.02

bivalent associatio[s = 5o72

all open bivalents



11

TAB]Ã ÏTÏ

ühromosorne lLssôeiations in the hybrid Ae. juvenalis x ,t€_"

Number of

variabilis

Univalents Bi
2I
t9
T7
15
15
1i-

q

7
5

rivalents of CeLls of CeILs
7
I
q

10
11
L2
I3
L4
16

10
11
15

7
4
1
1

I
('

17
24
16
I
9
I
1

3
4

15
Iá
L2
I
2

I
1
I
L
I
I
I
I
I
2
á
2
z
l)

z
2

r) 4
I

2

I
L

L
1
T
1

I
I
I
I
1

I
1
1
I
I

1
I
I
1
1

2
2
2
,
a.

1"45
4"93
,i ?1

7,25
3"39
1.95
0,48
0.48

0.48
o.g7
9"27

lL"59
? "75
4"55
4"35
0,48
0"49

I o4!Ð

L.95
,l 

"25
6"29
5"90
0.49
0.9?

1"99
0.4€

o"g?
1.45
0"48
0o4B

0.97
0.49
0,48
0"49
0"48

0,4€l
0,48
0.48
0.48
o"4B

7
I
9

10
11
T2
15

o
7
I

10
11
T2

1^¿v

o

10
11
L2

ö

10
L2

5
7

I
10

20
1B
16
T4
I2
10

o
4

L7
15
13
u

7

10
o

13
1t

9
7

L6
IZ,
10

Õ

4

15
11
I
7
5

z
t
L
I
1

I
I
l_

1
I

Averaqe_ IZ,Æ'Eer ceIJ_
9 "55 1"05

19

o,0g

r{verage nlr''nber of bivalent assoei.ations = I0.?4
Type of pairing - usually 5 and. occaslonally up to

5 nlncaÄ 'l, ir¡o-la¡.f-^
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TAHÃ ÏV

Chromosome Associations in the hybrid. ne. juvenalis x Ae, ovata

Nunber of Nurnber percentage

2,6L0.49
2l ,7

198
r79

ZT
19
I7
15
15
11

15 6.'B'7
15 7 "ó520 9.80
L2

a,

I

ã
o

20
ãY
I

1
1
L
1
I
2
2
2
2

2

10
]-t
T2

5
o
7

a

4

t)

I
q

15
T5
11

22
20
18
16
T4

8
I
z
1

t)
1

1

1
2

I
z
t¿

1
1
I
I

L
I
I

5"88
I"47
0"49

0.gg
4.4I
9.80

j-.4"22

3"92

I 0.49
8 5"gZ

10 4"go
16 7 "848 3"92
4 1"96

1,4?
o.4g
0,gB
0,49

0"gg
0 "49

oè49
I"4?
0 "49
o "98

0,49
0"98
o.gg

1 0.49
0"ag

Tota1 5418 1527 2o4 14

Ävo1ag3 :.6"?6
pe'f uel.r

/rverage number of bivalent associations - 8.63

Tþpe of pairing - usually 2-5 and oeeasionatty 4 closed
bivalents per cell

1653
l-465
L275
108.5

1544
1554

5
o
7

I
I
I
2

zo4
166
T4?
yI 4

2T
1.9

T7
15

'l "49 1,00 0"07
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TÁBTJB T

Chromosone é,ssoeiations in the hybrid. 4.e. iuvenalis x -Ë!e, ventrlcosa

ents Bivalents
Percentage

s of Cells
3,13

10,94
4.69
I "37I "37
9"37
?"81
5"15

L"56
17 1rz

6"25
4"69
3"L3
4"69
5"15

5.15
1"56
3"rg

rz 14

1"56
1,56

1,56

3L
29
?,?

25
23
2I
l_9
T?

1
1
1
I
I
I
I

2

2

28
z6
24
22
20
18
16

23
19
yî

25
L9
Lrl

2.

3
&
5
o
7
I

z
3
+
5
o
?
I

s
5
o

A

6
7

?

o
6
Þ

5
?,

I
z
4

2
a

2

I
L
1

I

1
2

2
I
1

Tota1 1458

Average_ ZZ,7gper cell

gg9

Ã f<f.l

2A

o"&

5

0"08

100"02

Äverage nrmber of bivalent assoeiations = 5.90

þpe of pairlng - frequently b5 closed. bivalents per eeIl
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Chromosome -A-ssoeiations in the hybrid. !. aestivum x Ae" ovata

Nurber of Nr¡nber of
Cells

Percentage
of cellsUnivalents Bivalents TrivalenÈs

53
5I
29
27
25

50
28
26
2+

I
I
I
I

t
á'
4

+
5

1
2

4

6
24
22
I
o

5
ia

2

7 "â9
50.59
27 "85lL,õg
7,59

5,go
6,W
2"53
2"55

Total 2505

Average 29"L5
per cell

ztí

2.70

number of

pairfng -

IZ

0.15

79 99 "99

Average

T$pe of

bivalent assoeiations = ?"Bb

alL open bivalents

TABIE T¡IT

Chromoscrne Associations in the bybrid T" d.lcoccum x Ae.

Nunber Percentage
Unlvalents BivaLents of CelLs of Col1s

28
26 L 55 54,6424 2 28 28"8722 3 4 4.I2
20 4 6 5.09
18 5 1 1"05

Äverage- zb"r-6'¡ler cel.l.

ovata

I"42

Average number of

flrpe of pairing -

bivalent assoeiatlons = 1ø4?

all open bivaLents
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TABIE lrJTÏ

Chromosome Assoeiations in the hybrid T" aestjvum x Ae" lmriabilis

Number of
TlnÍvalonts Bivalents frivalents

Nrurber Percentage
of Cel].s of Cells

2
o

51
69
?L
60
3Z
It
4
1

I
4

13
50
2?
20

z
&
I
2

I
1

I
I
I
1
I
I
I
I
2
-/-

2
Ér

E.

5

2
3

o
7

I
10
11

1
5
4
5
o
,7

I
I

5
4

6

5
o

5L
29
z?
25
23
21

19
lv
15
Lg

q^

26
24
22
20
18
16
T4

23
2t
19
T?

¿b
1,4

0"55
1"58
8.16

10"26
19"69
15,79
8"42
z.gg
1 "05
0"26

0.26
1"05
3,42
7 "89
7"11
5"26
1.58
0"79

0"55
1,05
2.3?
0.55

0,26
0,26

Total B51B

Average ZI,ggper ceIl

?,275

5,99

Average nurnber of

ffpe of pairing -

L4

0*38

99.99

bivalent associations = 6"37

occaslonally
blvalent per

closed.one
eel-L



Î"A-B,E r[
Chromosome Àssociations in the hybrid T. aestivum x Á.e " triuneialfs

Number of Number Percentage
Univalents Bivalents Trivalents Quadrivalents of Cell_s of Colls

33 I 2 0"81

4

7

26
24
22
20
18

51 2
293
2',1 4
255
236
2I 7
198
r79
15 10
lL L2

a¿L

25
23
2.1

l-9
15

24
22

Aõzâ

6
o

1 0"40
26 g,5L
46 18"62
42 17"00
47 19"05
z3 g"5l_

15 5"U 6
3 1"21_
I 0"40
I 0"40

6 ' z'4s
10 4.05g 3"24
6 2"43
+ I"62

1 0"40

1 5 1,21
1 2 0,81
I I 0.40
1 1 0u40
I 1 0.40

0.40
0"40

.94

I
1
I
I
1

5951 24

I
I
oI

I
I

58

I
I
7

Averaeg_ z4"og
Ðer ce¿I

5.14 0,15 0,04

Äverage number of bivalent assoeiatíons = 5"8?

Íyps of pairiag - rarely 1 closed blvalent per cell
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Chromosome Ässoeiations in the hybrid. .4.e. trÍr:ncialis. x [' dicoecu¡n

Univalents BÍvalents Trivalents
Number Percentage

of Ce1ls of Cells
Nulber of

22
20
18
16
14
L2
1o

o

4

4

o
,l

Èt

q

10

5

,l

418

a
I

19
I2

(f

&
3
1

1
5
V

2
I

æ

I
1
I
1

t
7

2"67
12.00
?5"35
16,00
10"67

ri q,rd

4"00
f "55

L"33
6"6?
9,35
2,6?
2 "6V

19
T7
Ib
15
11

Tota1 1215 1 100"00

5"80

Average 1 a 1r)
-_¿vo¡tper ceil-

Äverage number of

f\rpe of pairlng -

o"23

bivalent assoeiatlons =

all open bivalenfs



Âe, juvenalis ï To eestivun

Ae" ju"venalis x T" durrilTr

Áeu ju.venalls x .&eu variabills

-4.e" Juvenalis x Á.o. ovata

$,eo juvenalis x Ae. ventrlcosa

T" aestivturt x ¡"e" ovata

T' dicoecüÍi x Aêo ovata

T" aestivum x Aeo variabilis

To aestlvufl x Ae" triuncial-is

Aeo triuncialls x T' d.icoccr.rm

ïlybrid

Î,ABT,E XT

Su-nraary of Data on Pairlng Ïrequencies fn the F, Hlrbrids

ul-
Number of Pollen Mother Cells wlth

2 t 4 5 6 1 8 glo11].'2Ll]4L5l.6
Bivalent /+s so cia-u ions*

,tt47't Øsa55rg 6l
9142?567L5821 7 L

,87A505?.34t8
47254'.ll-14 I 1

+ frlvalent =
.. Quadrlvalent

/

6 2'l

85728

7

2T

B Irai"rrorl 5

2'T LL B

47r
6 75 54!05., ?6 55 L8 ? I

23525659 r018 3 2 I
2ro24 19r.0 6 I r

I bivalent assoclatlon
= 2 bivalent a,gsoclations

Mean
Bivalent

Association

621

7 " 
6692

1'"1L59

70"'.|67"t

8.6225

, " 
Bg06

2,8481

1"422'l

6ú658

5.7165

5 " 
U000

Standard fotal
Error of ñ¿mber

I{ean of Cells

+,ag6i

+'"ogrB

î*LO'|5

q"o,l?.1

q"2792

s',1215

+"0goB

w,o772

4.1027

4"l]66:r

266

?64

¿vl

204.

64

,?o

?'l

78o

2{.¡

4Ê
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@



TABLE IUI - t Va1ues for Differences of lvlean Nr¡nber of Bivalents i¡r Pollen Mother Cells of F.t hybrids,

Ae" juvenalis
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(r)5É(dpÉÞO 'r{Þ{r.*x B
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o(l])oâÉ{

Ae, juvenalis
x

T" durr¡m
Aeo juvenalis
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o.rl
r{
fi,
Én) çlÉãÍr ßr.rlX É.Ó

o
Oo
<! E-¡

Ae" juvenali,s

Ae^ owata

at)(¡) .rl.rl rlr{ .rl
dl^o
ç¡d(l) .rlÞß{
icd'ñx Þ
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Ae. juvenalis
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oq)
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ro,55gt 21"8100 33,2258 2O"3h6O 1"891

T, aestivun
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o0)
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d
7Þrû.r'{ {.)+J(Ü1ÐÞ
OOdx
eQ)

E-¡ ¿l

t"O5 at 150 D.F. * 1"976

ttãodo+)o(t'oÞ.'-l OdX
co(u

F-{ 4

L6,jLgO

o.rl
-'!

H .rlp.oÞ(Ú.rl .r1
+¡ $.{dl(d(l)b<tx

o
oO

Ê{d

9"7157 10,9030 25.O388 15"2æ7 0.3109

1I g6hs 36.3o3t+ 25.0$5 r,9766 r5'9L91

a.rl
_-lEt(Ú

t .rl
Þo.rl É{rlU) .rl
o t't$ X+t

@

oC)
F

o.r|
r{ct El.r1 Ic)()ge)
50.rl C)
${ .rl
+) x€
(lj|ó

,7

9,396i

2l+"1+31ú

tn0l- at 150 D"F. = 2"609

; I Àt-,482

14"318ó 23"0785 3,O82(

2g"gL32

H
@
0,

7.72r
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Df SCUSSTON ],S:ID C OI'üCT,USION$

Significance of Pairing

Since there is apparently consid.erable homoeology betlveen

a great number of speeies within the Triticinae, 1t is d.ifficult to

determine aecurateLy the nature of the pairÍng observed ln

interspeeific and. íntergenerie hybrid.s. Even r¡rithin a haplold where

normally no synapüic mates are present, usually some palri.:ag 1s

observed' This nay be aceounted for by inte:¡- or lntrageno¡nfe

homoeolory. 0tMara (ze) points out *the possibirity also exists

that some seercingly homologous assoeiatlon betr¡reen non-h.omologous

chromosomes aay actualty be an expression of a tendeney Èo rand.om

and irrexevant pairing which rnanifests itself i,r¡hen a true homolog¡

ean not be realÍzed.r? Ttrus it seems that pairiug can be intergenomic

(either autosyndetie or allosynd.etie), intragenomic or iruerevant.

There seems l1ttle doubt that vrhere closed. 
,bivalents are

regularly obserred, the pairiag is much more d.iserete and. therefore

more apt to be betvæen chromosomes of a fairly close r"elationship,

Furthergror"e, vuhere one or more ehiasnata ean be clearly seen, this

should be ind.leative of at least partiaL homolory" 0f lesser

signlflcanee probably, is the oeeurrenee of stretched open bivalents

v¡here the ehiasltlata ea¡¡ot be seen. There appears to be some evid.ence

in ühis study to indieate that chromosomes ca"Tr unite end.-to-end

merely by strong ternlnal attractions (¡'ig" ll). .{t metaphase the

u¡ited. regions streteh to fo:."ri a tapered end-, typieal of an open

l¡ivalent but with no actual chiasma visible. sueh caËes can hardly

be considered as true biimlents but eourd be a type of seeond.ary
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pairÍng v¡hieh nay or may not be an indieation of segmental

homolory or gene specifieity.

As a basis for the genorne homologies to be ostabLished.

from this study, the following tenets should apply:

,1. I'fhere elosed. bivalents oecur regularly, truo

homology must exist.

2" üp to three or four open bivarents may be accor:nted.

for through autosyndetic or intraggnoruLc pairing"

ón In hybrids involvj.ng æ. juvenalis, one pair may

oeeur as a result of the reciprocal transl0cation

present in the j_uyenali-s parent. This pair eour-d be

homologous to one or two ehromosomes of the opposite

. 
parenü and. hence may oT may not be a true ind.ieation

of lntergenomic homology"

4" ltrihero seven or more pairs oecur in a high fï€queney of

celIs some or all ehrcniosomes of a genome are likely
to be homologous.

Pairing_ in the Hybrids Under Studtr

ïn the cross Ae. Juvenalís x T. aostivr¡n (ga¡te r), the

range 1n bivarents per eell v¡as from 4 to lp with an average of ? "6?
as suunarized in Table xr. rn these eells there være frequently up

to 4 cLosed. bivalents. From these data it is conclud.ed that the

above speeies have one genome in common, since pairing between

? chromosomes of the tv¡o constituent species !\¡as not ahuays

eomplete and. regular, it mrst be assuned. that some chromosomal

changes have occurred. vrithin each species d.uring their evolution"
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Tbase ehanges nmst prevent eomplete eornpatibility in pairing at

the present time.

0n the basis of the .iuvenali_q-aestivum eross alone, it
ean be hypothesized that Ae" juvegalis has either the A, B or Þ

genome in its chromosome comploment, but the actual genome involve¿

cannot be d.etermined" HoT¡Jever, when Ae. juvenalis ï,ìras crossed. nrÍth

T. durum lvhich has onry the A and B genomes, the average bivalent

freqì¡eney was 5"vz per ce1l (Table rr) and the range vras o to g

(raure n). The amounù of pairing observed Ín this hybrid. ean be

easily aeeounted for on the basis of non-homologous association,

These two speciesrtherefore, d.o not have a homorogous genomeo

Consequently, the pairÍng observed. in the Á.e. jqgg¡raliq x T. aestivum

hybrid. must have been betiveen chromosomes of the Ð genome and. thls
genome must be cormlon to both species. This eytol0gieal stud.y,

therefore, supports the morphological evid.enco used by preúLous

investigators to plaee "iuvenqlis in the same seetion as squaïrosa

which has the D genome

rn the eross 49. .iuvenalis x .A.e. variqbills (Table rrr)
thero was an average of 10"?4 bivalents per ceL1. of these, usualry

5 and. oceasionally 4 or 5 were closed. bivalents, signifying con_

siderable allosynd.etie.pairing" Tbe genomes in a.e. variabilis have

been previously id.entified. as cusv" trÌom the amount and. kind of
pairing in the above hybrld, it is conclud.ed tbat å.e. juvenalis

also earries one of these genomes,

Ae" ovata has the genomes Chio. Stud.ies of Ae" juvena!þ x

Âe. ovata (Table IV) showed. ân average of g"63 pairs per cel] with
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usually 2 ox 3 and. occasionarry 4 closed bivalents per eelJ-" These

d'ata are again lndieative of a single genoins eoïïtrron to the two species.

- me genome homologies observed. in the above two erosses

can be exllained in two v,r¿rys. sinee the cu genome is corunon to both
Ae' ovata and þ" variabilis, it eould. also be th€ one in eorumon

with Á.e. "'iuvenaLis" sueh. a hypothesis would. satÍsff the pairing
behaviour observed.. on ttre other hand. should Ag. juvenalis coatain

vfìs" a'nd M-, the pairing Ín the hybrids eourd. be equarly as well
reeonelled." 0n the basis of morpholo$f, however, the former

explanation v¡ould seom more vatid.. 3'ìrrthermore, the probability of
choosing two species out of the 2p availabre for erossing which

would- reveal- the Sv and Ì,.io, is very Iow. ït therefore seems ïûore

likely that Ae. juvenaEq e ontains the Cu genome

pairing in A.e. jl.venalis x Ae" ventricosq (Tab1e V)

proved to be the most erratic and. reast conelusive in the entire
study" An average of 5.90 bivalents per ceJ-I v¡as observed with
frequently 2 or B erosed. oneso Kihara (zo) nas suggested. that
Ag" ventricosa ea:=ies the-D genome, although earlier Kihara and

T,ilieaferd (zg) eoncluded that the set is not intaet" Th.e present
investigation indieates that tbe D genome of Ae. ventricosa Ís not
completely homologous with that of Ae" juvenalis sinee a relatlvely
fow nurriber of bivalents wag,. obseffied " The presence of Z oy 3

elosed bivarents per eell, hov,rever, is probabry evid.ence of a erose
relationship between eertain of th.e chromoscrnes of the Ð genome.

rn this regard, soars (g+) has already de¡nonstrated that it is noÈ

h'ornologous to the B or g,. ggsttq,¡] but that it has conslderable
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homoeolog¡¡ t¡rith it"

Tn the hybrid.s T. aestivr¡n x Ae" ovata and T" d'rcoqcun x

Á,e. ovata, only 2"85 and. 1"42 pairs per ceII , respect,ively, wero

observed (Ta¡Ies liÏ and IIII). All vrere open bivalents indicating

no real homolory betv¡een species. The larger number of pairs in

the ae_s'litrun-ovata eross probably resu-lted frorn the 7 ehromosomes

of the Ð genorne being available for pairing. These chrcrtosomes vt€rÊ

absent in the d.icoccum-ovata crosso

Somelyhat less easily explained. is the bigh avorage freauency

of bivaLents (6$'/) in the T" aestivu4 x Åe" variabilfs hybrid (faute IEII).

Since these parents reported.ly d.o not have any genomes in eorrnon the

pairing rnust be attributed to autosyndesis particularly since only

rarely was a elosed bivalent observed.. I\rrthertnore, since the

qeetivlrn-qVCle, hybrÍd gave such a lor¡rr nu¡r.ber of bivalents, the pairing

in the aestivun-variabilis cross most likely resul-ted. malnly fron

autosSrpflesis vuithin or between the variabil-is genomes. Supporting

such a hypothesis is the high nurnber of bivalents observed in

Ae" juvenali.s r Ae. variabilfs (10.?4) as compared- rrith the nr¡mber

for¡nd in &. iuvenalis x Ae. ovata (8"69)" These data would. suggest

that at l-east four variabilfs chromosomes have an affinity for forraing

trvo pairs v¡hen their normal homologues are absent" In ad.dition, it

raises some doubt as to the d.iscreteness of the genomes as fo¡rnulatod.

by Kihara. ,juite possibly the Cu and. Sv genomes are more closely

related. than their syrnbols v¡ou1d. ind.icate"

The intergenerle crosses T. aestivum x Á.eu triuneialis and.

Ae. trtuneialis x T" diqoecu¡o proved" to be in somelvhat the same
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category as th.e aestiviuq-variabil:Lq cross in regard. to pairÍng

behaviour. fTrese bybrid.s had. 5.57 and. 5.80 bivalents per celJ-,

respectively (Tables Xr and X). Only rarely in the aestivl¡n-triuncial_is

hybrid. and. never in the triuncialis-dicoccr¡n cross was a closed.
tl ubivalent observed. SÍnce Ae" triu:neialie has the genomes C C, the C

supposedly having bsen mod.ified from the C, the pairi.ng in these

hybrids may be largely attrlbuted. to homoeolog:y between the

tr:Lr4qialiq ehromosomes" Sears (55) , however, points out that the

cy'tological and. morphological d.ata shor¡¡ no closer reLationsh.ip of C

to Cu than C to the ii{ of .[e. eonosa and. conelud.ed. that Kiha::ass

formulae tend to overemphasize the closeness of this relat,ionship"

The present stud.y ind.ieates that some homoeology exists between

certain ehromosomes of Ae-. tr¿ìrget4llq. fn both crosses stud.ied.

the average pairing was almost the sa¡re. If the oumber of Triticrm

chromosomes present had a major influence on the nunber of bivalents

formed., a marlrcd. red.uction in paÍrs would. have been noted. in the

triunelalis:èicoceun hybrid.. Such a reduetion rn¡as not observed; in

fact a slight increase vuas noted."

lbe Effoct of the Ëeciprocal Transloea_tion

0f lnterest in this stud.y is the effect that the r"eciprocal

translocation in Ae, j_llvenalis has on the pairing in progery involving

this species. Presumably in hybríds where no homology exists beti,æen

genomes, such a transloeation v¡ou1d be nanifested. as an open bivalent"

Tn crosses where a ehromosorile homologous to one of the translocated

chrcmosøres is present, a trivalent r¡ould. frequently result, and.
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where botb. hornologues are present, either a quadrivalent or two

open blvalents l'¡ould. be observed."

fhere appears to be some evid.ence frorn the d.ata in this

stud.y to ind.icate that at least ono ehronosome involved. in the

translocation is loeated in the Ð genorne. In the hybrid.

Ae. juvenalis x T" aestivum, 1"66 bivalents per cell r¡.'ere observed

while in the Äe" juvenalis x T. d.urr:¡l cross, there were 3,72 bivalents

per ce1I" Tkris represents a d.iffer'enee of only 4 bivalents per eell,

between the two crosses, a relatively small differenee u¡hen the

amount of genome homolory involved. in the tv¡o erosses is considered..

In the first case, there is consid.erable homology of the Ð genomes

while i.n the latter, no homology exists. Hornever, if one of the

transloeated. chromosomes is located in the D genome, it v,rould. partially

aecount for this d.iserepaney" Tn the eross with f" durum, one pai-r

would. be present as a result of the translocation v¡hereas 1n the

crossl¡dth g" gg[!g¡q, its presenee would. not be revealed exeept as

a muÌ,tlvalent. On this basis, the real difference between the two

erosses in'ith respect to bivalent formation wou1d. be 5, which is much

closer to the expected " Ad.d.itional evid.ence that one of tbe

translocated. chromosomes is in the Ð genome, comes from a measure of

the multlvalents fo:sred. ln each cross" fh.e juvenalis-aestivwt cross

had. an avorage of 0.84 multivalents per ceI1 (taUle I) while in the

ig.venalis-durum hybrid., only 0"27 multivalents vüere present (ÍabIe II)

Thls hypothesÍs also helps to explaln the higher frequeney

of bivalents observed in the hybrid.s -4.e. juvenalis x.Ae" ovata and

é.e, Íuvenalis x å9. variabilis than ln Ae" ig.vgggl,rs, x T" aestivum.
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In the former hybrid.s, one extra pair from the translocation would

usually be present since neither of the tetraploiê Aegilops species

have the 3 genome. 0f eourse such a hytrlothesis also preclud.os the

possibility that either of the translocated. chromosomes belongs

t'tto the C- genome"

I\rïure Investigations

0n the basis of the available data from this stud.y, it is

probabÌe that A.e " Juvenalis has the genome formula Cb -. The third.

genome remains und.iscovered.. In order to confirn the proposed.

genomes, and to d.eteruine the third. genome, a nuaber of other

interspeeifíc .{qgilops hybrids should be stud.ied cytologically,

If the eïosses are possible, it rvould. be d.esirable to oxa¡rine hybrid.s

of &. juvenalis with a number of diplold specios -- Ae" spèltoi{es

(S genome), Ae. swqffosa (¡), le. catrd.ata (c), te. un¡elluLgLg (Cu)

and Äe. cqngsa (tvi). -irlso of interest would. be the cross with

tetraploid "4.e" classg. (ÐJ)" f{re info:rnation obtained from these

erosses should aid. in d.efinitely establishing the three gpnorres

of Ae" jJrveqalis"



29

P.qf;T Tf

CYTOLOGTCAI, STUDTËS 03 CI{R0Iv10S0I,{ES 0F PJISÍ ]E"üNGI

IrwlfrOÐucEols

i\[any eytological investigations of the rust fungi have

been reported. over the past 70 years" IIo',vever, because of the

extreraely small size of the chromosomes 1n these organisrns, only

limited researehes dealing with chromosome nunber and. behaviour

have been mad.e, and. ln most cases the authors have been in doubt

as to the aecuraey of their eounts" A k¡nowledge of chronosome

numbers in different species j.s basic to a wid.er understand.ing of

rust geaetics and phylogeny" It should also prove of value to the

tæconomist as an aid. in þroÐer elassifl_cation.

EIiEII.J OT LITEPATTIfiE

literature pertinent to the chro¡rosüx.e nunbers for members

of the tTredinales is quÍte li¡rited. and 1s lacJslng eatirely for the

specÍes concen:ed. in tiris stud.y. As early as rl8g8 attempts v¡ere uade

to eou¡t chromosones in this golrp of organisms. rn that year Juel (g),

although unable to make a d.efinite cou:rt, was convineed. that there

were more than two chromosomes at nuclear fusion in Coleosporiu¡n

campanulae, O ,"r years later IIoIden and. Harpe= ,a)ãä*
to eighô chrc¡nosomes in the first d.ivision nucleus of Ç" sonchi*arvensis

More recently, observatioos made by /{shv;orth (z) ðisclosed. a haploid.

nu¡nber of eight to ten haploid ehromoscmes in c. tussilagilrig, rvhile

011ve (11) reported. eight pairs ln meiotie studies on 0" vernoniae"



A. sfmilar nunber has be,en observed fn species of otber genera. In

Crqqelbil¡r ribi_e_ola Colley (4) reported eigþt haploid. chrc¡nosomes

while Berliner and Olive (S) cou-nted eight pairs in four speeies of

SnnnosporÊgglum.

Chromosome numbers have been reported. for orl-y tvio species

of Pucclnia. Allen (1) suggested a probable hapLoid number of five

for B" ualvaceartm. Iator, hov,rever, Savlle (12) found four to be

the haploid. nurnber in this species as vriell as in P" soqgLi. In

species of other genera, a eount of four haploid. chromosomes was

reported fn Wyggg fabêe, [. hyperici and ]jglqplpqora. bigelowiÍ (12)"

}ÁAMTÁT'S AI\TD }ffiTEODS

The following

investigation, the host

parentheses:

Pucelnia graminis Pers o*

P. eoronata Ccrd.a f . sp"

P, mlnussensis Thum.

species uere available for eytologieal

on which they vrere ccllected. being in

( nåropy_ron_ trachyc{uh¡[ (T,ink) x[alte )

secalis Peturs. (Âgrourrqn repelas (LJ neauv.)

not identified on
graminis var" tritigl

area v¡here the
concerned. 1n tbis study,

(laetuca pr¡þLe4q (Pursh) Pc.)

?. hellanthi Schw. ( ii:f¿ Hel-_iaqþhis tuberosus I," )

MeLampsora LusL (Pers.) aev" (linr:¡T usltat'issimum 1,, )

Stud.les r,vere mad.e on sporidia (basid.iospores) and are

thereforo eoneerned. with chromosomes in the haploid phase of these

species since meiosis oeeurs in the promyeelia of the teliospores

# Unfortunatoly the variety and race v;ere
d.iffer"ential hosts. IlolTever, since race 158 of P"
was far more prevalent than any other race 1n thã
coll-eetion was nad.e, it was probably tbe organimr
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just prior to sporidial formatioa"

gytologieal lmterial was obtained. in the followlng manner:

Short sgctions of telia-bearing straws or leaves r,'¡ere soaked in r'¡ater

and pressed firmly against a vuet blottiag paper in the top of a Petri

d.ish. .4. thin mlcroscope slide was plaeed on water*soaked blotting

paper in the bottom section of tbe ?etri dlsh to eollect the sporid'ia

as they were d.ischarged from the gerrninating teliosporesu The Petri

dish v,ras then placed in a cool chamber 1SS-OOol) over night. Und'er

optÍmr:rn cond.itions severaf thousand. sporid.ia, at varying stages of

ge:snination, r¡rore present on a single slide-

flrin-r.ual1ed. sporidfa v¡ere for-r¡d. to be well suited. to smear

preparations slnce they could be easil-y flattened." Surthermore, they

ad,hered closely to the sl-id.e, making it u¡¡ecessary to eoat the s1iöe

with a¡ adhesive. No appreeiable loss of spores occul1ed. d'uring the

fixing process"

Fjxing was accomplished. by imrnersing the slid.es wíth the

spori¿ia, in either Carnoyts A (6:5:1) solution or aeetic-alcohol (1:5)+

fre tv¿o fixatives appeared e-o*ually suitable sinee staining properties

were si:nilar" Good smears wers sometimes obtained. simply by staining

the fresh, unfixed material" The timo of fixing r,ras variod from a

few hours to several days" So far as could be d.etermined.' the time

did not appear to be eritical; a short fixinþ ti¡te of 4 hours v¡as

equally as effective ¿5 a number of days.

Best staining was obtained. with aceto-orcein (5), althougb

aeeto-carmine and. aceto-lacmoid. were tested.. Of the th¡ee acet'ic

stains, only oreein d.id not stain the cytoplasn d.eepIy. é"ceto-carmine
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and aceto-lacmoid. frecluently gave no differentiation of nucleus and

cytoplasm, staining all cell eomponents a uniformly d.ark coLor"

Aceto-laemoid., in ad.d.ition, seemed to eontract t'he cytoplasm usually

tovrard the germ tube end. of the cell teaving a large cloar space at'

the opposlte end." -Aceto-orcein, therefore, was ad.opted. for this study"

i. smear technique patterned after Smithls (14) was

employed. in stalning slid.es " "Lfter a d.rop or tv¡o of stain had. beon

placed. on the slld.e, a No. 1 cover glass (22 x 4O nun.) was added..

Exeess stain v¡as soaked up vuith a blotter, anil the s]-ld.e was then

carefully heated. to near boiling several times" -After heating,

consid.erable pressure T/ras applied. to the cover glass to flatten the

sporid.ia and to press out the exeess stain. 'Io prevent drying, tho

cover glass -'Àtas ringed V,¡fth a temporary seal of paraffin-gurn mastic"

The prepared. slid.es 'ürere stored in a refrigerator and remaÍned in

good eonditlon for periods of two months or more. Tt was frecluently

noted that greater contrast betlveen tho cbromosønes and cytoplasm

resulted after a few days storaSe at eold' temperatures'

å.tternpts to malce the slides permanent by the tertiary-butyl-

alcohol method described by Smith (14) did not prove very satisfaetory"

Frecluently critical cells upre lost and Ít v¡as often d.ifficult to

remove sufficient Canad.a balsam to regain the extreme thinness of

the original preparation.

Cytologieal examinations r¡¡ere made with oil irnrnersion

usually at a magnifieation of L550&, although occasionall'y a

magnificati@n of 2800X gave elearer chromosome d.ifferentiation"

Photomicrographs r,'æro taken on Eastmanf s Contrast Process Pa¡chronatie
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film with a T.eítz ¡f,qlßM canora.

BESULTS

Beeause sporfd.la were d.Íscharged. ou eaeh slld.e over a

perioil, of about 16 h.ours, ft was posslble to study sporld.ia at

different stages of d.evelotrment from fresbly discharged,

unger:ninated. ones, to those having germ tubes up to 100 u in

length." It was obserred that nozually the basidlospore nueleue

divld.ed before ge:minatlon of the spore (3ig" 1). Íhis

behaviour is in aceord.ance wtth the find.ings of .AILea (1) and

Savlle (12) on seveïaL dlfferent rust speetes" In a low

percentage of cells of P-" Sqgq{sgg, germfnation Ìiras preeocious

and precod.ed. nuclear d.fvislon (F19. 4), In contrcist to this

behavlour, it was observed. that 1n P. cor-onata usualLy four

nuel-el and eomoti.mes up to elgbt wer€ present before gertinatlorr

oecurred." [lris pbenomenon ntght be explainecl on the basis of the

sporÍdilal cllseharge taklng place und.er temperature and. molstuz€

cond.itions eonducive for nuclear dlvislon but unfavorable for

eell ge:minatlon"

Chromosone Studtes of Puecinia åramfnis

Frorn an examinatfon of the chromoscures durlng the first

nuelear d.ivislon a phenomenon not heretofore reported. to th.e best

of the writeres browled.ge was observed.. At l-ate prophase the

chromosomes appeared. to be attached, in sueh a na.ruler as to fo:gn a

contÍnucus ehain or nspiremett (tr*igs. 2 and 5) " Durfng tbe course

of this stud.y five sueh eells wore obserued, leavfng l.lttle d.oubt

that this chræosome associatfon, if not the no:gnal condftion, must



occlir frequently" It is believed that these cells riiere at l-ate

prophase. A randcm arrangenent of the ttspire¡nstt throughout the

cell is shown in Fig. 2, Presurnably no polar forces vuere yet

activo" Á. slightly later nrophase stage is shovrn in I'ig.5,,vhere

the forces of division have caused. some orientation of the ehrornosomes

to fo:ro a spiral amangement, li¡rits of ind.ivid.ual chronosomes could.

not be seon, the overall lengtb of, -r,he configuration being about 14 u"

Six sporid.ia at metaphase had d.eeply-stained chromoscrnes

whieh wero suffieiently d.istinet and spread. so that a rel_iab1e

ch.ronosorne count eould. be rnado (¡ie. +) . On tbe basis of the evidence

obtaÍned from these ee1ls,it is concluded that pugsrjlnlq gËg{ri¿eig has

a haploid number of six chromosomes. A stud.y of several oth.er sporidia

at the same stage of divlsion gave no contrad.ietory evid.ence, although

a d.efinite count of six eould. not be establi-ehed. in these cases"

All sÍx chromosomes appeared to be of unifor¡i size ¿¿ rnetaphase, but

sligb-t variations rrere noted. between d.ifferont cells. Ilieasurernents

sirowed. the chromosomes to be from 0"8 u to 1.4 u in length and about

0"5 u to 0,5 u in ¡¡,¡1d.th.

Ït is surprising that not rnore nuclei v,rer€ observed at the

metaphase or early anaphase stages of division" åIthough no actual

count was mad.e, it is estimated, tbat onJ-y about one eell in Srooo to

101000 cel-ls v'¡as at rnetaphaso or early anaphase. probably this

stage of d.ivislon is of vezy short d.uration, perhaps lasting not

more than a fev,¡ seeond.s" The lor¡'frequency of metaphases ind.icates

the necessity of studying a large nu¡nber of spores.

rn r'1g. 4 it can be seen that the six chromosomes actually
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ap;Dear as three associations of trn¡o ehromosorûes. ltlthough foeusing

shon'ed the ehromoscmes to be clearly separated, resid.ual te:minal

attraetions appeared to be present. Similar configUrations were

observed. 1n two other cells at the same stage of mltosis. Such

pairing eou-Id. be taken as furtber evidence that tJre prophase

chrsmosomes normally form a chain. fhe presence of the three loose

pairs would. signify greater terminal attraetions betrveen spocific

pairs of chronosomes" Ttrus, u:ad.er the forces set up d.uring division,

the more v¡eak1y paired. ends of the chromosones worÍId- brealc away first

in the Itspireriett, resulting in three semi-united pairs.

Three eells rvere observed. at fate metaphase. Íhe chromosornes

had spIÍt longitud.inalS-y, rern¿ining joined" ouly at the med.ial

centromeres" iLlI six ehromosomes were eompletely separated v¡ith no

apparent pairing at'traetions wbieh indicated that anaphase movement

woul.d. progress in the conventional- ma¡ner obserreÔ in higher plants"

Unfortunately it v,'a.s impossible to get vüeIl-spread anaphase

preparations. Therefore, chrornosome behaviour eould. not be studied

in d.etaiL at thls stage" The chromosomes at early anaphase rïere

mueh reduced in size from metaphase (fie" S) " Atthough a d.efinite

count eould. not be established at this sùage, there appeared to be

tv¡elve chronosomes "

Chromoscme SÏud.ies of Puecinia coronata

So far as eould. be d.etermined, mitosis is nor.'rnal in this

rust. Tkrousand.s of ce1ls rvere examined. but in only 24 of t'hem could.

chromosome counts be n¡.de at metaphase. Three chromosornes were

observed in all of these ceIls.(¡'ig. 0). fn aèdition, counts l,¡ere



made at anaphase ín 2I cells rvhere the three chromossmes had. split

and. the six dau,ghter ehromosomes were seen to be migrating to the

poles (FiS. ,7) " Otb.er stages of mitosis lvere not stud.ied. in d.etail'

It is eonelud.ed from these observations tbat the haploið number of

chromosomes is three in ?. coronata.

TÌre chromoscmes are u=ã*"ru s¡nall. .At metaphase they

measur€d.0"6 u to 0"?5 u in length, and. abouù 0'4 u ln v'rid'Èh,

while at anaphase they r¡üere of the orôer of 0"4 u to 0"5 u 1n each

d.imension.

ChroJnosome Stud.ies of ?uccinia minussensis and. P" helianthi

In geneml, stu-dies of these species proved. u¡satisfactory

and. no d.efinite eonelusions could be d.ravrn. The teliospores of

both species discharged relatively few sporid.ia d.u-ring the usual

period allotted., trbrthen¡rore, there was consid.erable eontamination

from sueh fungl as Altenrgria, and. Spo obolq y-ces.

So far as eould. be d.etermined., mitosis is normal in both

rusts. Metaphase chromoscsnes appeared. to be of the same general

size and shape as those d.escribed. above. They d.Íd. not, hov,rever,

spread suffielently to allow an accurate count. 0n the basis of

several observations, the haploid. complement appeared to be n = 5

for P_. milussensis and n = 6 to B for 3. heliqgthi.

Chro_mosome Stud.iqq of L[elamps_g_ra lini

Sornev¡hat more reliable results rÅJere obtai-ned vrith E. llni

than r¡¡ith the two last mentloned. species. fae sporid.ia were

d.ischarged. copiously with little or no contamination. Unfortunately
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though, the cbromosomes were faintly staÍned. in most cells. In a

numbor of cells there appeared. to be four cìrrornosomes (I"ie" 8) but

in no case eould. thÍs be eoncl-ud.ed. d.efinitely.

A nr:mber of d.ivisions appeared. to be atypical in that at

anaphase the nuclear eompononts formed a large ring of chromatin

material v¡hile stretching to opposite poles (Iig. 9), fn theso cases,

no ehromosome ind.ivid.ualiþ could. be seen.
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DÏSCUSSTOI\T À}TD C ONCLT]STONS

The fact thai P. coronatq has n -- 3 chromoscenes'ltfaile

E. er:an*'l_q nas n = u "o=ooJ*Jl,rggests 
,r,hat a poly'loid series

nightexistinthegenusP@"Supporüin€isuehahypothesisis

the unusual mitotic behaviour in ?-" ggg¡qiqls- i'vhere three semi-united'

pairs u¡ere observed at metaphase. Three, being an od.d. m:nber, wou'l-d'

likely represent the basic chromosome number for the genus. On this

basis, E. coronata v¡ould be a true d.ÍpIoid. and. ?-" graminis either an

auto- or allotetmploid.. trLrrthermols it is possibl o that B. eolonata

is a eonstituent species of g" gra¡rinis in whieh ease the two species

woul-d. have at least one genome in conrnon" Stud.ies of meiotie

ehromosome pairiag ín the pronycelii:m of the tr', hybrid. betv¡een the

t¡lo species -- if sueh a cross can be accomplished- -- would reveal

the existence of such eh.ronoscnîe homolog¡r"

although ineonclusive, the haplold numbers suggested from

the studies on P. minussensis (n = 5) and P_. heLianth:L (n = 6-8)

also support the hypothesls of polyploidy in ?uecin:Lg. e. minussensis

would be a diploid. and P. helianthi a tetraploÍd." ?ossibly thess

speeies contain the sarne genomes as g" coronata and. l. graminis'

respectively, but have u¡dergone chromosomal changes (inversions,

d.eletions, translocations) gf sufficient magnituÈe to give rise to

a ne\¡r host range "

The proposed. number of four ehromosomes for E. ]..Lqi is

in accordance v¡ith the t¡ork of Savile (12) on Ii. bigelol4!' Since

eight chrOmosgnes weïe reported. for species in a number of genera

there is an ind.ication of a second. polyploid. series Ín the Uredinalos.
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The basÍc nuoberfcr'this series eould. be either four or two.

A.lthough at present there 1s no evi.dence to support the id.ea of tv¡o

as a basic nunber, such a possibility eannot be d.isregard.ed." fnus

the species uríth n = 4 chromosomes might be either d.iploid. or

tetraploid while the species v¡ith n = B chromosomes nr-ight be

tetraploid. or octoploid." 0f interest is the faet that if two is

the basie number for this series and. three for the seeond. polyploid

series, arl chromosome constitution hor¡nr at present or to be fou¡d.

in the future could be reconciled. on the basis 6f autoploidy or

alJ-oploid.y r,yithin or betr,'reen tb.e tv¡o. series"

Besid-es ths polyploid.y speculation, this si;udy has

uncovered. a perplexing situation wlth regard. to the chror¿osome

assoeiations in P. graminis. Tl:e unusual spirene-like union of

chromosomes at mitosis 1s very difficul-t to interpret and explain.

Certainly in the fígbt of present, day cytological howledge no

completely satisfactory explanation can be advanced.. The possibility

of actual- chiasrnatic union of chromosomes can be almost exclud.ed.

since crossing-over -- reported. rarely in mltotic d.ivisions in higher

plants -- could hard.ly involve all the chromosomes of the haploid

rust organlsm" A seeond hypothesis might be that chroliosomes in

this organisrn fo:=n a true spireme " Early eytologists believed. thai;

a coTl-r,ini:ou.s thread of chromosomes or spirerne v¡as fonned prior to

chromosome differentiation in prophase" lt[ore recently this theory

has been eonsidered untenable (6)" ït is not proposed. tl:.at the old.

conception be revived., but lt 1s suggested. that this stud.y presents

some evid.ence to support the existence of a spireme stage in mitotic
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prophase of this organisrrl.

a third, alr.d. Ðossibly the most valid hypothesis, would. be

that of a chrornosome union effected by end-to*end. attractions of

the chromosomes. å.]-tb-ough. not usually associated v¡ith mÍtosis,

torminal attractions have been observed in higher plants, par*bieularly

haploid.s, during meiosis, v,ihere up to five chromoscnTres have been

found to be associated in this rnanner (10, 1g) " several worlcers

(?,15,15) have postulated that the attraction is due to genic or

segmenta'l honolory betrveen otherwi-se non-homologotls ch.romosomes,

and. Ís an indication of a lor¡er basie chrornosome number for a species.

Tn some respeets, neiotic haploid. ehrornosomes are like nitotic
chromoscmres since ord.inavily there is no synapsis in eiùher case"

consequently, it could be postulated that Ín p" eïemlgl:s, forces of

attraetion oeeur betr¡reen segments of d.ifferent chromosomes resu.ltj-ns

in a closely eonnected chain" l\rthermoro, i.f there is attraction
betureen homologous or homoeologous segments of ehromosomes lt might

be indicative of polyploidy in this organiso.

-a fina] consid.eration is that of the effect polyploidy in
a fi:ngus mieht have on pathogenieity and. host range" It has been

observed frequently in hieher plants that polyploid.s are better

ad.apted to more varied eonditions tban the constitueat speci_es"

The possibillty for a simiLar behaviour occurrfng ín the Lolrer

organisrns cannot be d.iseounted"

The questions raised. by this stud.y indica-r,e th.e need for
further ey'tologieal studies of the rust firngi. To date, rosearch

1n this field. has served to raise as ilÞny qu-estions as it has answored."

4 1!1 F'



42

BSTETEI{CES

PAP.T I

1" AA,SE, H. C" Gytolog¡r of Triticrn, Egþ, and AqglJpIe hybrids
$rith reference to pbylogeny" Researeh Stud.les, State tollege
of 'llfashington, 2: 1-60" L950"

2. Cytolory of eereals" Botan" Rev" 1: 467-496. 1995.

5. IE[,L, G. D" I[., and. SAC]IS, T,80" Investigatlons in the Tritlcinae II.
The eytolory and. fertillty of intergeneric and. i¡.terspeeific F.,

hybrid.s and their derivecl anphldipJ-oids. f. Agr. Seiencen 45:-
105-115. 1955"

4" Hf.Elm, II",, Zytol.ogische Untersuchungen an seLtenen C'etreid.e-
unct Rübenbastarden" Zelt," j:td." "åbst" u" Vererbgsl.,
Supdl" 1; 441-452" 1928.

5" ".- 0ytoJ-ogfe von Art - und Gattungsbastard.en d.es @treides"
Der Züchter, 23 LZ*?,?" 1950"

6" EïG, A" Monographlsehe - lelÈise¡e t¡ersicht ðer Gattr¡ng
Aogilops_, lepert. Spec" nov, Regn. veg. Belh. 55: 1-??8, 1929.

7 " TAVORSIff, N. T. Cytologf.cal stud.Íes on .A.egllqps - eqqcb grass
byuíids " tytólory of cul-tivated Plõiffi5'" Lã"m îßtr"

8" KAGAI'üA, I'" Cytologlcal str¡dies on the pollen fo:matiou of the
hybrid.s between Tritieun and AegllepÊ-o Japarl" J. Botary, 4:
34&-.5,60" L9e9.

9. , and. CffiZA.KI, Y. Cytologiea] studies on tho genus
hybricis anong Trltlcrm, Seeale and. $g&LLEls, and. the species
hybrid.s in Aeållspso fapan. J. Botany, ?: I-92" 1994.

10" KATAIAMA, T" Variatlon in the number of blvaLent chrmossnes 1n
the F- hybrlds between fbitleu4 d.urrm and. Aegilops ventricosa.
Bot. n[ag. foþo, 45: 424,.445. 1931"

11. IATÍERMANN, G. IIeber d.1e Bilclu¡g polyvalenter Chromosomenverbänd.e
bei elnigen GramÍneen" Planta, L?z 73þ?74" 1951.

L2. . Genetisehe Beobaetungen und zytoJ-ogische
ûntersuehurgen an d.er Nachko¡¡mensehaft einer
Cattungstræeuzu¡g. II" Zytologlsche Uatersuchungen"
Zetþ" fnd.. Abst" r¡" Tererbgsl" 60: 595-466" 1952,

1.5" ?ffIl{R-â, H" Zytologische r¡¡d, gonetische Stud.ien bel lricbtigen
Getreid.e-.4¡ten mit besond.erær Rüeksicht auf ôas TerhaLten
der 0hro¡:nosomen und. die Sterilltät in d.en Bastaïden"
Mem. Coll. Sei" Ifyoto Imp" Ilniv, 1; 1*200" L924.



/1 -1ZU

14" JC[Ë[ÂP4", H. Conjugatíon of homologous chromoso¡res in the genus
hybrids frijicgg x æfþpÊ and s3ecies hybrÍds of ,{e*Cjllo_pÊ.
Cytologia, 1: 1-15. l.,929.

15. Genomanalyse bei Tritict4q und Áeg_iLops. II"
Cytologia,2:Aegilotrieum und. Ae&LIo¡rs- g.!!gþ!g"

106-156. 1951.

16"

I7.

Snaa

Tritie_u¡n_ und .A.eg_!lolq. Íapan" J. Genetics, 16: 509-520. 1940"

18. . Ðie Entd.eekung d.es DE-Analysators beim Tfeizen"

-Vorflaufiep 
n[itteihing" .A.gr. and Eort. 19: 889-890, 1944,

Cytogenetics of species hybrid.s. Curr. Sci. Suppl.
i\To " on C,enetlcs : 20-23 " 1938.

Anwend.ung d.er Genornanalyse fü" ait Systenatik von

cauÈqta xÆ. umbel'lulata induced. by colchicine" Fsp" Kihara
rnst- s1ot, aesffi-ziho) ruo. 2: zç42. rg4s"

origin of Tritiqqß spel_ta
relatives" J. Hered.ity, 5?:

19. . Ðefinierung und lil-assifikation der .4qqÅ]9g. spocies
auf Grtrnd. d.er C.enomanalyse" Rep" Kihara Inst. Biol. Ees.
(seiken zfho) No" 5: 16-28" L94?"

ãVø Genomanalyse bei Tri bicr¡t and rtegjfgg" nf .
Systematischer Aufbau der Gattu¡g Éjge!þpå auf genomanaly-
tiscber Grund.lage. Cytologia, L4z L35-I44" 1949"

2]-" and ï{ALAYA}.{À, Y. Genonanalyse bei Tqiticqn und
Aegilops. ITI" Zur Entstehungsureise ej-nes neuen konstanten
oküoploiden 3.eållgLricum" CytologLa, 2¡ 234-255, 1961.

22" anfl K0ND0, N. Studies on amphiploid.s of 4sgilgIE-

2.5" und. lÏII"c$TtrffiÐ, F. C¡enomanalyse bei Triticr¡m r¡¡d
Aegilops" ïV" Untersucbungen an Aegilops x Tritleqq und
Aegil-opg x Âe$Llptr¡s - Bastarden, Cytologia, õ: g8Þ456. L932.

24" IOSTOFT', l. liheat pbylesis and. wheat breeding from a cytogenetic
poínt of view. (Cytogenetic indiees for the role of
interspeeifie hybridízation in the origin of r¡¡heat sÞecies
and for applying interspeelfic hybridization in producing
valuable v,ùeat fo:rots). Bib. Genetiea, L5: I4g-224" 194L,

25" 1VIÁ.T'SIIMOI0, K" Zur Kritik der Kryptogonomeríø- Th.eorie von Bleier.
L,lem. ColI" X.er. Fryoto Imp" ünfv" 252 1-l_0" L935"

26, Mctr,ADDEN, E. S", and. SAF,S, E. R" The artificial synthesis of
TrÍtieum spelta, F-ecorås Gen. Soco j{flo, No" 13: 2fu2y. 1944 .

o ISv

and its free-threshing hexaploid
81-90, 107-116" 1946"

?7.



+4

?,8" Oe¡,fAlL, J. G"
587- 605.

29" PERCïVÁI,, J"
Âaæi'l ¡¿-**-JÞS

The cytogeret,ics of Triticale" Botan" Rev" 19:
1955 "

The rnorphoLogs¡ and. cytology of scme bybrid.s of
ovata l" x wheats, I. Gonetics, I'72 49-68. 1926.

50" " Cytologieal stud.ies of some hybrÍds of
é.egilorrs sp. x r.,rheats, and. of some hybriès between d.ifferent
species of ÄegiloÞs. Jo Geneties, 22: ?;Ol-278. 1950.

51" SAX, K" Chromosorne behaviour in Tr:Lticum bybrid.s" Zeit, ind"
é.bst" u. Vererbgsl., Suppl. 2: L267*I2A4" 1928"

32" Sff{m},,lAN1[, El-izabeth. ZytologÍsche Beträee zvtr Gattung Äeg,ilogå"
Chromosomenzahlen und Uiorphologle" Ber. d.eut. boü. Ges,
4?: 16+181 " .:.-929 .

.33. ffiAES, E" R. Ghromosome pairing and. fertility in hybrids and.
amphidiptoid.s ln the Triticlqqs" X{o" ,{gric. Exp" Sta.
Res. Bul" 35'1, 20 pp" 1941"

S+" " The arq¡hiploid.s Aesilops eylind.rica x TrÍticurn

--¡@-and 
¿t, ve¡titqq¡s x@hl'õffith

@9g$""" J. Agr". r"seãrcËffi"" rs5-r44. Ls44.

35" , lhe cytolory and. geneties of the v'¡heats and*-'Effir-relativeä. 
Aà-v. cenõt. z: zsg¿z?o. 1948.

56" Sr'lITd, luther. The aeetocarmine smear tecbnlc" Stain Tech.
P,2:. L?-.FI. L947.

37 " SOROffiIVA, O. N" Ä ferÈile and. constant 42-chronosome hybrid.,
Aogilops ventficosa fauseh x Tri_ticum d.urum Desf .
(0n the problern of synthesis of soft vùeat). Bul. Äppl"
Bot., Genet., Plant Breed.., Ser. 2, (Z)z 5-IZ" I93?.

38" frIü/iPSCN, 1'd" ?" Chrornosome homologies in vuhe¿t, rye and.
li.egilops, Can" J. P.esearch, 4z 624-654" 1951.

59. . The causes of the cytological results
obtained in species crosses in v¿heat. Can. J" P"eseareh, Ca
i0: 190*198" 1954.

AA and F.Offi.TS0l[, H. T"
in bybrid.s betweon species of
chrornosome number. Cytologia,

Cytological i rregul-arities
',vJr.eat v.¡ith the same
1: 252-262.1950;



Pi¡.RT TT

lu i$J,BI, P." F. "4. cytologieal study of the teliospores, promycelia,
and spori-dia in Puccinia mal-vacearum. PhytopathologSr, 252
5?2-586" 1955"

2" ÁSh-ilíCREI, Dorothy" Development and cytolog¡¡ of the uredo and
teleutospores in Coleosporium tussilaginis. T.a Cell-ule, 432
189-200 " 1934"

5" BEÊÏ,INER, io{artha . and OLII/T, lindsay S. I[eiosis in
Gpmosporangiu4 and the eytological effects of eerbain
anãtrofiffifstances. sèiencõ, tlz: 652-658. 1959.

4" COïtrEY, F-. Il. Parasitism, morpholory, and. cytolory of Cronartiu¡n
ribicola. J" -,{gr. P.esearch, 15: 619-660. 1918.

5n DåRLIIIGTON, C" Ð. and laCOUP., l. F" The lland.ling of Chromosomes"
Tlre l.[acl[i11-an Cornpany, l{ew York" 1942"

6. ûe ROH:ÊTJS, E. Ð" ?", NOï'¡lltTSlf , i''[. 1T. and SiffZ, Francisco A.
General- Cyt,ology" i'i" B. Saund.ers Company, Philade1ph.fa and.
T,ond.on" 1949.

7. 3TOTJ"JK, K. CytologÍeal studies of aretie grasses, I{ered.itas , Z4t
265-376. 1958.

L IlOï¡lEN, R" J. and. Ií,A"F!IR., R" A. Nuclear divisions a¡d nuclear
fusion in Coleosporium sogc4i-arvensie. Í.€v" Trans.
i;Tisconsin .¿lead.. Sci" 14: 63-A2. 190e.

9 " trUEf., H" O. Die lGr::rtheiluagen in d.en Basid.ien und. die lhytogenie
d.ez' BasiC.iom]¡cet'en. Jahrb. wiss. Botan.. 5?: 561-388. 1898.

10. I'IcGINNIS, É. C. and. UI{E¿\U, John, À study of meiosis in a haploid
of Triticu¡': -ruf-ggrg Vill-" and its progenies. Can. J" Botany,
50: 4A-49. 1952"

11" OI,IVE, lind.say S. Ihryogamy and rneiosis in the rust Coleosporirmr
vernonlae. -Arn. J. Botany, r,62 4L-54" 1g4g. %

I2" Sji\EI&, Ð" B. O. Nuclear structure and. behavlour in species of
the Uredinales. A¡n" J. Botany, 26: 585-609, 19f9"

l-5. S'ÌIT5{¡ lu.ther" HapJ-cidy in einkorn" J. .rlgr. lesearch,
7.52 291*501-. L946"

14" " The aeetocan'ßine smear technic. Stain Tecb.
22t I7*3L" 1947 

"

15. TOtrffiTCF,P, G" Cytological studies on. hap'ìoid llordeum d.istiehum"
ï{ereditas , 252 24L*254" 1939.


