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ABSTRACT

The lnheritance of alblnism in a Trit:Lq-un durum llne
from the cross c,Jn 8L55 x I'ilnd-um4 i^¡a.s sholpn to be monogerric

and recesslve, Both green and- albi-no seedllngs were shown

to have 28 chromosoneso

ThLs eharacter was transferred to hexaplold- urheat by

þackcrosslng to the varlety Rescue e"nd selecfing segregat-

ing progeny afËer each backcross"

In thls materla] it was found- that alblno seed.llngs

had 40 chromosomes ail.d green seedlings had. fron 40 to 4Z

chromosomeso Alblno plants were found to be nu1Llsomic

for chromosome 3D which lnd-ica.tes tlnat this chromosome

carr.ies a. gene for chlorophyll prod.uctlon in the variety

Rescue €

The studSr of tr'2 llrres from crosses betv¡een the hev'a-

pIoic1. segregating llnes and the Rescue monosomlc serles

failed to reveal a critical chromosome ln the A or B

genome " There wa"s some evld.ence hol.Jever tlnat homoeoLogoirs

group III 1s probably involved"

Crosses between Vernal emmer and" Marquls failed" to

produce alblno offsprlng a.s reported by other authors,
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]NTRODUCTIOi,[

Durlng ühe pa-st decade much progress has been

achleved 1i: the fierd of pla.nt aneuplordy" A;oart from
the value of aneuproid-s as a geneti.c toor, their use in
pra.ctical pra-nt breeding rs berng explored, The produc-
tlon of aneuplold- serres, especiarly monosomrcs, ln pory-
ploid species of economic crops, ha.s resurted, ln maJor

advaclces ln simplrfying the analysrs of pol¡ryrold. inherl-
fance, ln l-ocating genes on specifrc chromosomes and ln
analyzing chromosome translocatlons 

"

Abnormaflüies in the pattern of chlorophyll express-
ion a-re not uncommon 1n the cerear gra.ins and have been

sfud-ied- extensively, partlcula.rry those occur.rlng as a
result of rautationn In contrast to the number of chl_oro_

phyll muta.tlons obtained. in barlex¡ chlorophyll mutattons
in hexaploid- i,r¡heat are rare. stad_ler (1?) and others have

concl-uded t]nat radloinsensltlvity of the chlorophyll sysüem

of hexapl-o1d- v¡heat is prima.rily d.ue to gene duprlcatlon,
Arthough chlorophylr deficlencies a.ffect popula-ùions

ad-versery, ùhey are very useful to the genetlclst, They

suppry easlly ld-enùiflable loci for= chromosone mapplng and_

make excerrent narkers for studying the effects of va.rious
mutagenic agents on mutation freqlrency in many plants,
chlorophyll-deflclent seedrlng eharacters may be used" to
id,entlfy and characterLze a populatlon" They also enabre

the geneticlst to make inferences rel-a.tive to types of

I
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gene aetlon and. the selectlve advanta.éje of homozygotes

versus heterozygotes"

Ph1lp (5) pointeð out tlnat polymeric ger.es (V

genes) are responslble for chlorophyll prod-uction and that

at least two and. probably three loci are involved ln
chlorophyll prod.uction in Avena sâ:-tiri?-" McGlruris and

associates (8, 9, and- 10) have l-ocated two genes, V1

and V2 for chlorophyll production on chromosornes f5 and- 2I

respeotively, through karyotype a.nalysls and. aneupl-old

stuclles ln Avena. sativa.

The object of the present proJect was to sùudy

ùhe inheritance of alblnism In a. straln of Trillgu-m durum

and- to determine by means of monosomlc ana.Iysls ühe chromo-

somes involved. in. the control of thls cLtara.cter when it is
tre.nsf erued to hexaplold- wheat.



LITEBATIJRE BEVIEI^I

rU CHLOßOPHYLL DEFTCTEiICIES ]N OATS

The firsü reports of aLblnism ln conüon oats rdere

by Nilsson-Ehle in 1913 and. by Akerman in !922" The latter
observfrrg then ln hybrld.s of a Swedish bla.clc-hull-ed varlety
and- the varlety Frobsteier (reported by Froier (3) ),

Philp (5) studylng the cytogenetlcs of albino oats

fou-nd tlnat alblno seed.llngs had. only 40 chromosomes,

v¡hereas the parent pla:rts of albi-nos $rere monosomlc"

McGin:lis and. e.ssociates (8, 9, and l0) have id.entifled.

chromosomes 1J and 2l of Avena satlva. as having genes for
chlorophyll production and" inferred that a third- locus ls
probably in.voLved si-nce AJLg¡1g ss&lva is an al-lohexaplold.

fI. CHLOR.OPHYI,L-DEFTC]EI{CIES TN }JT{EAT

Froler (3) reported. ]cl''p,.t irÍeister (1922) obtalned. albinos

from a eross of H!.ic.um durum x f" vulgare_ and. that Vavilort

and. Jakushklna (1925) found. that chlorophyll-deflclenÈ
planüs were produoed from crosses between !" vulgare v.

lutescens Al o and f" dlcogcUp- v. pycnurum" 'Ihey also

obtained onl-y a1blno F1 seedllngs from the cross E. dururn

vo melanopus Á'1" x lu spelta. No.2J"

Harulngton and- S¡nlbh (4) reported- that in. the F2

generation of a cross between Khapll and. Early Emmer,

approximately one-sixteenth of the seedllngs were bright
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yelfow ln col-or" t{hen grown in the greenhouse, the ye}}ow

seedllngs developed some chlorophyll" The results showed

th.ab two recessive genes, designated a and- b, for the

inhlbltlon of chlorophyll development are carried by Khapli

a.nd. Emmer respecülvely. -When these geraes are presenü 1n

the honozygous conditlon, the seed-llngs are yellowu

Accord-ing to Froler (3),i<nintshuk (1929) examlned"

the ehlorophyll mutants, alblna, xantha and. flavescense

in ühe F3 and. F4 generatlons from the cross of Tritlc_unt

tilnopheevl. ZLtu],r-a var" vitlculosum and. T. persiçum Vav"

and suggested. that two facüors were respotlslble for chloro-
phyll prod.uction"

Snlth and Harr"lngton (fe ¡ reporteo tlnat in the F2

generation of a cross betvreen Vernal emner (C"I. 3686)

(T. dicoccum) and- I{arcluis (!, vulgaJ:e) approxtmately one

sixty-fourth of the seedlings r^rere al-binos" They suggested

tlna.E one parent carries two recesslve genes for alblnlsro

v¡hich are complementary to a third- gene carrled by the

other parentu These three genes when present together in

the homozygous recesslve cond-ltlon lnhibiü the develop-

ment ln chlorophy}l"

Froler (3) cj-ted that L" A. Sapeh.ln (l-932) reporüed

two factor pairs were responsible for al-blnlsm and two

factor pairs were respor:slble for yellov'r seedLllngs in
g, dnruni crossese From crosses beüween T, 4UIum and-
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f" d-lcocc_l¿n, h€ conclud.ed that three factor pairs controlfed

the aLbinismo

A mutable recesslve gene tha-t causes a vlrescent

condition in Trltlcum aestlvum was reported by Neatby

In t933 (f].),
Froler (3) reported- þL7at Klhara (1937) found- chloro-

phyll mutants from hybrid-s of Triti-cq-rn- persieuin vo strami-

neuq and. f, timopheevJ., H€ conclud.ed that yellow seed.llngs

(xantlra or l-utescens) were homozygous for one recesslve gene

yu seedllngs with two recessive genes, a1 and à2 vtêT.ê

a,Ibinos 
"

chromosomes of homoeologous group III of cornmon

rvheat have been shown by Sears (fA¡ to affect chlorophyll

f'ormation, Steinltz-Sea.rs (18) found- that the gene v

(vlrescent) ls l-ocated on the short arur of chro¡rosome 38.

III" PECULI¿TRITIES OF yjOI\IOSOI'{IC OR IVtr.tLISOi'{IC 3D LINES
O¡' Cot'fl"lQi\l',''JHEAT

A Ilne of wheat nulllsomie for chromosome 3D (XV-J)

was d-lscovered. ln the l'5 Seneration of the pentaploid-

hybrid. Eescue x Golden Ball- by Larson (6). $* stud-y of

ohlorophyll turnover anfl of the prod.ucts of photosJ¡nthesis

by means of rad_ioactive tracers ln this nulllsomlc 3D

urheat was investigated by Larson and. Perklns (7) " They

found. t]nal the nullisornic ]nad- a ratio of Iabelled carotenes

to xanthophylls d.lfferent from Elna"t of the other varleties,



aird it resembled. Gold-en Ball ln havl-ng a hlgh amount of

C14 in the hoù water-solubl-e extract. They su.ggested-

t}:at the d.ifferences beti¡¡een the nullisomlc and the two

hexaploid, wheats were nrobably due to the loss of chrono-
/À\some JD l'/ ) ,

Bhowal- (]) found- an unusual segrega.tlon of disomics,

monosomics, and. nul-llsomies 1n the offspring' of a substl-

tution of Rescue x Go1d-en Ba]l, Pollen wlth 20 an.ð- 2!

chromosomes occurred. in the frequency of 64 a:nd 36"Á, res-

pectively. The 617[' transmlsslon of the deflclency on

the male siöe ane l6/i on the femal-e erçlained the unusu.al

segregation 1n ühe summer crop" Bhowal (2) also found-

tlnat normal pollen with chromosome 3D from Red. Bobs has

litùle connpetltLve ad"vanüage over pollen d"eficlent for

chromosome JD, when a substiüuted monosomlc Ilne of wheat

derlved. from the hyþrld- Rescue x Gold-en Ball was selfed".



I'IATEB]ALS A}ID I'{ETHODS

The material utillzed inelud-eð:

(I) Lethal- Durun - 1'his ls a llne obtalned. from an

F3 Plant of the cross C.f . æ55 x I'lir.d.um& r,¡hlch segregated

to produce albino seed"li-ngs (shown in Pl-ate I, !'igure 1).

This sùock was produced and. supplled. by Dr" E" Ru Kerber,

C.D oAu ¡ 'r'{lnnlpeg,

(rr) Rescue3 Lethal Durum (a3r,o) is a segregattng

Ilne derlved- from crosslng Rescue (Triticun aest-¿-l¡ry) Èo

lethal Durtrm and backcrosslng twice to Rescue" Followlng

the second. roackcross 26 of &1 F1 plants prod-uced. segregatlng

FZ progeny. These 26 llnes were utllized. In thls study"

(fff ) The Rescue monosomic serles prod-uced" by

Dru B" I. Larsoii.rC"l)"4.e Leth'brld.ge.

(IV) The T. æ.g-t-ryqp varlety I'farquis and- the emmer

vai:iety Vernalo

Three segregatlng F5 llnes of Lethal Dururn were

stuôled- No check the assumption that a slng]e recessive

factor cond"ttlonerl alblnism" F6 llnes d-erlved. from single

F5 nlants were also grovün and" examined-"

Study of the 26 segregatfng R3lO llnes revealed- ¿lffe-

rences ln thetr segregaüion ratlos and. on this basis four

w1'Þh a high alb1no frequency and. three v¡ith a low frequency

r^íere selecr)ed, Slx to eight plants from eactt of the Seven

lines rìIere cloned." One clone of each plant was grolrm in

the greenhouse and. was selfed, The remaining clones of
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each p:l-ant were naintained- ln a cold room a.t 3B-[Zop" The

selfed seeds from the greenhouse grown clones rüere ger-

minated- and ùhe segregation ratio Ín each progeny recordedo

The remaining clones of plants which the progeny test showed"

to be segregating were used as po1len parents to cross wlth

the 2I Rescue morosomic I1nes, the high and. l-ovr frequency

groups beii:g used. as separate bulk pol1en sources. Root

tlps urere coll-ected from all plants ln segregating progenies

and- chromosome num'bers cleterrnined. a.t rnltotlc metaphase using

the Feulgen method,

Due to the fact tlnat al-bino seedl-1ng,s had 40 chromo-

somes and that green seedllngs varied frorn 40 to l+2 ehr.omo-

somes, mon.osomic R3lO plants from the llnes with both

high and" low albino frequencies were crossed- to norna.l

Rescue to determine the n-l male samete transmisslon

rate.
The Þ-1 seeds from the crosses of the Rescue mono-

somlcs x R3ln were germinated, and chromosome numbers were

deterrnlned for all plants at mltotlc netaphase n Four

hund.red and elghty-one F1 seed.lings of Rescu.e monosomics

x. Rrl,D h5-gh frequency 1lnes ana 498 F1 seedlS.ngs of

Rescue monosomlcs x RJLU low frec¿uency lines were grown

a.nd. checked

SPikes

for chromosome numberu

from F1 ple,.nts vuith 40 or 39 chromosomes were

f lxed" 1n Carnoy t s Fl-uld (623 zJ-, alcohol,coll-ected and-



ohloroforn and- acetlc acld ) and analysed. at metaphase Ï

of meioslsu All F2 seed-s from Su.ch plants Were germinated'

and- the Segregatlon rablos and. chromosone numbers d-eter-

xcined., The F2 seed.s from ?0 F1 Plants of Rescue monosomics

x n3ln v¡ith 42 clromosoaes T^iere llkewise analysed.

In an attempt tc id-entify the chromosome involved-

in the A or B genome, IJ green F2 plants wlth 39 or 40

chromosomes from d.ouble monosourics (44, 3D) and. (38, 3D)

and. seven nul-liso¡ric 3D plants from selfed monosomlc

R3r,o were pla:rted in the greenhouse" fhe nul-lisomic 3D

planùs were used- as both female arrd- ilale parents fo cross

wltir F2 plants from Õouble monosomics (44, 3D) and' (3Br3D) 
"

Reclprocal crosses of l'{arquis x Vernal- emrner were

made, The root tlps of each F1 hybrld were col-Iected- and-

counted.o Some F1 planüS vrere selfed. and" the rerûalnd-er

were backcr.ossed. to l{arquls" The root tlps of F2 and.

backcrossed" F1 seedllngg were collected. F3 seed-s arrd

a Large sample of backcrossed. F2 seed.S were germlnated-

in Èhe germination bOxeg to exarsine the colo¡ of seed"llngs'



IiESULTS fu\D DISCUSSION

1. ÌHE i\iODE O}- IIVHFIRIiT'AI'ICE Iù] LETHAL DìJRTJI{

The segregation raùios for the ùhree 1+5 lines are

includ"ed in Ta'bl-e 1o lr11- aplrroxj-mated. a ratio of 3 green

to I albino as d-o the pooled. results. This r,rrould- inclicate
'ûhat alblnism is monogenical-J-y controlledo

The green plants of each F'5 llne were sel-fecl to

;orod-u.ce seed for F6 familiesu It was expected. tlnat l/3

of the familles wouLd breed true and- 2/3 segregate. The

data in Table 2 egrees with the eqlected frequencies"

Table 3 su¡nmarizes the segregatlon occurring 1n

ea.cJr segregati-ng I.-6 fami.ly. All fit the theoretical

expectation but D, sigrllflcant homogeneity X2 1s attalned-

for family fn 0n the basls of all- the data, however, lt
is apparent fhat the occu,rrence of al'bino seedlings ln

the Letha] Durum straln is simply inheriùed and" d.ue to the

homozygous recesslve condltlon"

Ä. 1,otal of B! green and n- albino seedllngs were

cytologicalty examlned and. alJ- lnaÕ. a 2n number of 28.

II. IìESCIIE' LJ.-THAL DT]-RTIIVI

The segz.egatton 1n each of the 2.6 niIJ} F2 lines ls
presented" ln Table 4. Those selecbed as the low frequency

ðroup lncl-ud-ed 1-20 L-3t end 1-6 r.rhile the high frequency

groulr includ"ed J.-9t 3^l2s 3-3-3 (progeny test showecl high

I0
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TABIJI ]..

SEGfiEGATTON rN THRm I*EIHAL DURUI4 F5 IÏNES

Lethal Durua
F5 Line

Number of Seedlinge
Green A]-bi:to

x2-va1ue
(3:1) Probabili-ty

No.1

Ito,2

Iio "3

Total-s

21

1r7¿f

L5

I+

È5

a

20

L "08

^Atr

L"L7

0"22

o "25-o"50

o"25-0.50

o"25-o"50

0.5o-0"75



ôlr qa¡¡¡orl

Lethal ù¡rum
l-a Fam:i]-.y Lines Lj¡reso

TABIJJ 2"

THE RAT]O OF SECfrEGATING AND NON-SECiaEGATING

L]NES TN LEf,HAL DIISUM F¡, FAT'IILIIJS.

@--Non-segregating Segregati:1g
Lines Lines

10

4

5.33

5 "67

I

ro,67

1J"33

-.2 -. .jL -vâ tue
(1:e)

o

0"78

O'l+7

Probability

l-

o"25-O.50

o"25-O"50

H
N)



t3
¡1 /rÞlF 2Iru.¡'g )

SEGREGATIoN RAT]OS rN ï,ETHAÏ, DURIJ]I F6 FAI,ÍILTES

u¡tç
Number of Seedl-inEs

Green Albino Toi;ai
x2 - val-ue

(3:1) Probability

L-2
l- ?

r-o
1-8
L-g
1-10 15 2 L7 0,9ó08-)ç

'j

q

7

-1

2
I

r7
7

11
J,

6
'1

r4

l-8
1)
18

9
17
t

1L
v

2"6667''i-
L.7778
l-"8519
3 "OOOOre
O"l+286
a"2727
1,8000v.

0.10-0.25
o"10-o"25
0"10-0.25
0.o5-o"10
0.50-0"75
0"50-0.75
0"10-0.25
0"25-0.50

2-2
¿-)
2- l+

2-7
2-8
2-I0
)-1 )
2-u

L7
18

f,J+
¿o
IL
1B
1)

7 2Ì+ O "222262tþ0
5200
1 U 1"8000-x-
8 2h 0.8889
3 It+ O"O95Z
5 23 0"130à

/n4JOU

o "5o-o "75I
I
0,10-0,25
o"25-o"50
0"75-0.90
0"50-0.75
I

2-L8 lJ, 3 L4 0,0952 O,75-O"9O
,, r.208(9df)rotars r3e az r7a õ"öãióií¿ri _ -

Q1

3-3
?-Ã
3-B
3-10
?-] l
?-'i/,
3-L5
,-ro

o"ol45
2"L778
0"9305
o.0256
o"2222
o.3333
o"3968
o"4615
0,8889

23
30
to
'l?

2h

)1
26
24

6
11

5

l+

L

111LI

fg

10
L9
11
L7
2L
20
19

Joy 5l

0"90
0.10-0.25
o.25-O"5O
o.75-O"9O
0.50-0"75
0.50-0,75
o" 50-0"75
o"25-O"50
o"25-o"50

5 "573 df
df0o

10Totals 220

)'r Adjusted. X2-value

FatnlJ.y 1: homogeneity

Fanrily 2: homogeneity

Farruily J: homogeneity

L6.34zz !,rith 7 df 
"

l+.O523 urith I df .

5"2JJ¿ with 9 df '

P_
P_
P._

y4-

u2_
__)
l\

0.025-0-gt

0.75-Q"9A

o"75-O"9O
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TABLE 4

THE soc*EcarroN RATros oF 2ó R3lo n, LI'IES

Line

NunÞsre!_Þeeg¿¿ggp

Green A1bino

1- )
t- ?

r-c
l- q

)-1

2-2
2-3
2-6
2-7
2-9

)-11

2-l,2

2-L3
?-)

3-5
3-6
3-9
3-10
?-t I

3-42
?-'l ?

?-1),¿-
3-L5

J-LO

53

r0ó

9z

6l+

6h

4+
-l 17LT

34

23
'ì^

)1

20

24

37

25

18
.ìõ

29

5l+

?r7¿l

t3

41

to
,dt+l

11
I

27

tl

L7

10

^l4J-

I

I
1nJ-(

1r7¡l

IO

14

3o

23

'l¿

L9

L5

10
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frequency), anfl 3-16" The three segregatlng lines ln the

Iow freqLlency group gave arr overa.ll- ratlo of 2Jl green: 18

albino seed"l-ings whereas the high frequency (except line

3-l-3) total rn¡as 148 green to 46 albinos, or frequencies

of 6"7ft ana 23"8% albinos respectlve]-y"

A toÈaI of 43 plants from these seven llnes l,Íere

cloned- with one clone of each plant being growTl- rapidly

to ma.turity i^rhile the remaining clones were maintained-

at 38-42op untl1 the segregatloir could. be d.etermined. so i;hat

only heterozygous plants vJere used. as pollen parents. Of

t]ne l+3 pla"nts tr,{o falIed- to survive, of the rerqaining 41

plants 18 were found- tc be heterozygous as evldenced by

segregation in the seed.llngs d.erived from the greenhouse

grown clones 
"

The. segregation oecurring in the progeny of each of

these 18 pla"nts is shorun in Tab1e 5" The seven Ilnes 1n

the lorv freqlrerìcy group gave ar1 overall- ratlo of 447

greenz 35 alblno seed.lings i¡rhereas the high frequency

total was 2L5 green to 4J albinos, or frequencies of ?"3'fr

and I? ")71, albinos respectively.

The chromosome numþers of the green a.nd- al-bino seed.-

lings in the segregating progelly were checked- and all the

al-binos had. 40 chromosotttes inihereas the green seed-1ings

had from 40 to 42 chromosomeso On thls basis the segre-

gatlon ratios occurring ln the lines shovrn ln Tabfes 4 and.
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TASLE 5
.2

THE SEGREGATION Rji,TIOS 0F SEifEN CLOIIIED R-LD F? Li]IES

o3rr', t rina
LVJ,!f

Nr¡nber of Seedl-ines

1- )-1

1- )-?

L- 2-l+

r- 2-6
t- 3-2

L- 3-5

t_- c-r
r- o-4

L- 6-6
1- q-]

1- q-?

?-1 )-1

?-1 )-)

,-IO-I

t-La-)

I
2

)
I
I
2

t.I

I
2

a

f
I

5

11

6

1i,

6

6

26

37

)o
40

o)

77

60

l_0

I
24
1q

h3

37

14

?o
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a:nð. 5 resulf from both geni.c segregation and chromoso.rne

num'ber dlffe::ences. This sltuatlon is very similar to

tlnat reported in rtvena sativa. roy I'{cGlnnls and associates

(Bo 9 a.ntl- 10) " There are tv'io possible expl-anations for'

these results; ej.ther the 4O chromosome albino plants

!,Iere nul-llsomic and- green 40 chro¡aosone pJ-ants double

monosomlcs or else all 40 chromosome plai:.ts were nul-l-lsomlc

and. segrega.tlon occurred a.t a second locus" The fact that

the frequency of a.lbinos ln these two groups r{as 6"7î,'" and,

?3"8?i respectlvely supports the l-atter tireory. The lnr'g]n

frequency nonosomic group could- be d"esigna.ted, as aa"B -
vrl:erei.n a]1 40 chromosoine nulli.somics i,çou1d be aa-- and a-f blno

v¡hile the .l.ov¡ frequency group coul-d be d.esignated Aâ,8-,

wherein ;;- of bi:e null-isornics r,,;oufd- be al-blno thus agreeing

Irrlth the above frequencies"

f Iï " 'IH-Ìi tr'1 HYBRIDS OF THE IIESCUE I{ONOSOritl:CS X n3r,:o

.A1l Fl seedlings from the cr'osse,s betv'¡een the Rescue

monosomics ancl f-3i,O ürere checked for chromosome nurnber"

The d,a"ta are sumnarlzed in Tables 6 arrd 7, From male

parents with high alblno f::equency, the number of F1 pla.nbs

wíth.42,41 and 40 (including 39) chromosomes was M,304

an¡ô. 65 or 23"281';, 63,27o a.nd l-3"5lib respectively. }t'rom nal-e

pa.rents wiih Iow albino frequency, the num"ber of FI plants

wit}: l+2, 41 ancl 40 (lncludi.ng 39) chromosorûes v'ias l-23t

324 ana.51 or 2L+"77;, 65*06T6 and 10,21+i; respectively, The



F, Line

T/IBI,E 6

THE CrnOI'fOsOI'¡Et NUI"IBEB AI{D Ï,mrürrc CON}-IGI]RATI0NS 0F Fl HyBRIDS 0F

RESCUE ],ÍONOSOI!ÍICS X R3I,O LI}JES }T]TH H]GI AI,BT}IO FR]I}UBüCIES

nt¿ x R3ln

ne¿ x R3ln

Nunber
of

SeeùLings

R3A x
R4¿ x
R5A x
.f(,o.¿I x
R?A x
RIB x
R2B x

R4B X

R5B x
r¿olJ i(
IlTlì v

R].D x
R2D x

T7¿

Þ¿

f)/¡L

l)¿

11¿rt

r-f,

I)J¡L

.t1

-rt

T¿
.cL

IL

¡t

11

4
t],

LD

LD

m
LD

IID

I,D

ID

LD

I,D

l,D

LD

i,D

I,D

IÐ

Chrgnosome Ìdlgrlrer and l'feiotic _Configurati-on
39

TT T TT T TT TT T .TI .^IL9--+2* &/or IB---rl4* 2O-' 19**+I- E*/or J.8--+1-

26

1J+

I6

24

)¿

45

3B

26
7
r

o

2l+

?2

)L

29

30

10

1

2
n

1/-t

9
,

)?

10

9

10

2L

28

30

1g

o

t

't?

?A

20

L2

2

2

2

¿

5

a
I+

1

l_

l+

L

I

I
6

10

t+

L7

contLnueo
ts
@



F, Line

n3o x R3ln

R4D x il3l,o

R5l x R3r¡

R6t x R3l,o

n?o x R3m

Number
of

Seedlings

TABI,E ó CONI']NUED

Tota].s

o

10

tq
1)

4

7
(

c

/,Ê1

ö

2

26

It
5

::grr+zr e/or tsrr+4r

Nurrber and

304

4

6

2

2ofÏ
39_ -

tgÏr+lr a/or terr+3r

60

\o



TABLE 7

TËM CHROMOSOÌ/M NU}IBER .AJ{D ]'MIM]C CONFTG{JRATTONS OF Fl HYBRIDS OF

RESCUE I4ONOSOI,ITCS X R3i,U LINF,S T,,IITH LOW .4.I;B]NO FRQUENCÏES"

F, Line

Rla x R3ln

Re¿ x n3r¡
R3A x
R4A x

.f[,oJ{ x

R?A x
RlB x
R2B x

R4B X

fi,o.u x
Þ7R v

RLD x
R2D x

Itlunber
^4

Seedlings

n3r¡
R3i,o

a3r¡
n3r¡
n3m

n3i¡
n3r¡
n3r¡
R3r,o

n3r,o

n3rn

n3r¡
n3r¡
R3r,n

,.Ll

25

<,t

19

29

)?

Jv

41

2l+
'ì^
J-¿

)1

29
la4)

, , =_Chlomosom_e lrÏumþer qnd l.feiotic Configuration
?o42 41 40 ¿/TTTTT'TTTTTTTT,I

I9--+z- &/or 1B-'+/+' 20" lgtr+I¡ f*./or I:SLL+ 3

628
))
7L6
710
618
4L3
225
l+ L7

/ -For)
t2 r7
11 25

7l.2
2B
6L3

209
l+ 30

2

l_

)
2

2

2

].

5

I
2

1

contirrued

¡\)o



n3o x R3ln

n4o x n3lo
R5o ;c R3m

R6o * R3t¡

R7o x n3l,n

Itlumber
of

Seedlings

1B

27

L4

28

6

Totals

T,BLE 7 CONT]NUED

2

1
a

TT l. Tï,, ïL9--+2- &./or 1:8--+4-

tÐ8

T3

22

5

23

a¡rd i,[eiotic

321+

1

4

2orr tgrrnlr c/or mrr+3r

l+5

Ì\)ts
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dlfference betin¡een these trrio groups is not signiflca.nt

(t = 0,56 wlth 2 df 
" ), X2-test for irrdependence sh.ov¡ed

that there 1s no assoclatlon between chronosoíne number and.

transmisslon frequency ln the segregating poputla-tlons
c(X'= 2"8251 v,¡lth Z ð.f ,, p = 0,L - 0"25") Thj-s j.ndi-cates that

the rnal-e transnisslon of n-I gametes does not differ bet-

ween the hlgh a-nd. low albino frequency groups and that

the d.ifferenoe in albino frequency is genic and- not chromo-

somal 
"

The meiotic donflguratl-on of each F1 plant with

4O or 3! chromosomes was exanined-. For those F1 Plants

rvith &0 chromosorûes, a confl-gtiratlon of 20 blvalents at

meùaphase I would- lnd.lcate that the plant was nuli-isomlc,

but 19 blvalents plus 2 unlval-ents would- ind,icate that

they were double monosomics. A total- of 137 Fl plants

which includ-ed. plants d.erlved from each of the 2l- mono-

somlc llnes, were exa-mined. a.t meta.phase I of neiosls (Tables

6 and 7) " Three plants of Rescue monosomfc 3D x R3i,O with

4O chromosomes ìnad, a melotlc conflguratlon of 20 bival-ents,

Forty chronosome pla.nts from the other 20 llnes a-Il h.ad

meiotic configuratlons of 19 bivalents pltts 2 unlvalents

(shown ln P.l.a.te IfI). This proves that the missin¿ chromo-

some in monosomlc R3l¡ ts chroru.osone 3D*

The fact that no alblno F1 pl-a-,nts were obtained

lndicates, that ]iescue rnust have a genotype d.if fering from
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n3lp" Rescue probably ca.rrles ãn al-leLe domlnant to
the reeesslve gene tra-nsferred to RJl,o from Lethal Durum.

The nullisomlc, monosomic and- d.isomic 3n r,, prants
of the Rescue monosomlc x R3LD are shown 1n plate r,
Ff-gure 2. The phenotyplc characterlstlcs of null-1somlc JD

were the same as chinese spring nulrisornlc JD which sears
(13) d-escribed. as havJ-ng short culms, narrow leaves, and

short, very dense splkes, frequently bent and twisted-"
The occurrence of eight 39 chroarosome pla.nts probably

ind.icates that n-2 gametes arso occasionalry function ln
the R/LD male parents. The tra¡rsnission of d"eficlent male

?
ganetes by R-LI-I rend.ered the 4l chromosone F1 plants use-

l-ess in that they coul-d. noü be identtfled_ as to ùhe mlssins
cl'r.ronosome. Therefore the progeny of 4o chromosome F1

plants tr^iere analyzed ln an attempt to id_entify critlcal
l-lnes other tlnan JD.

IV" F2 LIIVES FROIq 3g i\t'¡D 40 cliriotfosoiuE Fl PI,{:.I{TS

The segrega.tion ratlos ln the F2 seed,Iings are

.oresenüed. in Tabl-es B and. 9, The chromosome numbers of
the progeir.y ranged- from 39 to 42 wj.t]n aLr all¡lno prants
]:,a-t¡ing eitkrer j9 or 40 c?iromoso:nnes (shown 1n pl_a.te re Flgure

3 and" Prate rr), Frorn a totar of 4240 Fz seed.s ;oroduced
423 f'aiLed to germina-te" These may be zygotic lethals
tlnaþ should. rightfulry be recorc.ed in ùhe alblno erass,



F2 Lin" of
Rescue I'lonosoinics

* R3ln

SEL*I,EGA.[1OI\ ![\ I'2 Þll,ljLll\tiù I]1UI'I )Y ]LI'ru 4.v urulvfrv¡Jvr"IJr r1Áru¿u uÀ

RESCUE MONOSO1.¡¡CS X R'LD L]Nns 1'üITH HIGI ALBINS FREQUENCIIIS

IILA x 1-9-1F2-1 x-

573 I
RtA x 1-9-1F--2 x

Chromosome
Nr:¡nber
of F1
Plants
4o 39

R2A x 1-ó-1F

RZA x 3-I3-LF^-2

ffi x 2 o

R5A x L-3-5F--2

of Un- Green
Seedlings , Eernúna'bed Total Çhronogome Nrunl¡g!

Gx."nft-bm. Seeds Number hZ 4f 4O 39

Number

R5A x
Iì54 x 3-I2-2F^-9
DÃÀ :¡

"21',^-O x

7833

x L$:F=-- x 93 2

5a

R6À x L-3-5F^-7 x

xglh

x I-3-5F--6 x

2F^-l-0 x

R6¿ x 3-L2-Lr-^-I2¿

25

n6¿ x 3-13-rF^*6

IU

Irlr:mber of Counbed SeeùLi¡rgs

04

a-

9L t+ 30

A x 1-9-IF^-2
R?A x 3-L2-2F-'5

6t264010

L!ÆJ\¿

3n -J

L6573

7l+h5l+l-

R2Bx3:Izizr^l x l+3 o 2

x 3-I6-IF^-6 x

H<H v l-a-llr 
-^v¿p 

r\ * ¿ ¿-4

Chromosome Nurber

55

Rl¡-B x 1-

3b2

Al-bi¡o

ffi,; LãF^.- x 25 4 5

40 39

lÀll x I-6-1F^-6 x

th

RóB x 3-L2-IF^-5 x
x 1-ó-l-I^-B x

R?B x 3-L2-J.I^-9 x

12

RTll x 3-12-1F^-I0
1ì?B x

-lF-g v 2Q I

Ð-D;31ã-uL-î

l¡'32

^ 
1^\J I\J

It?Tl v l-A-?F -2LVJU JÉ É 
' 

J-A H
¿,

-1

1l4D .x 1-ó-lF^-3

ñt

2

o2

R4Dxl-6-1F^-6 x 99,.2

ER4D x 1-6-1F,,-8 x

I
X

x
;
;

2t

r\ov/

5D x I-3-5F^-5 x
R5D x 3-L2-LI^-3 x

R5D x 3'I2-IF^-7 x

20

"l

T,

9

T

)v
fr

RÃrì v ?-l t-l F' -Lb/v ¿' ¿ -tu 
-a.

4Y1935

D x 3-L2-1I^-24 x

0

l+82

I
2

î¿

I

î
I

I
1

R6D x 3-L2-2P

R?D x l-

á

ã

^r^oö4vl

lT^-2

i- 15

14-83

071+22

8 -- L7 22 5 7 3

hLLlO1

ll_

¿Õ

35

6l+1

12

15

13

r\)Þ



F^ Line of
Rescúe Monosonúcs

'-?- *v, flrJl)

RlA x 1-3+F

TABüT 9

SECfiEGATION Ii{ F2 SEEDLIN:IS FROI{ 39 T0 40 CI{lìOMoSOi'ß Ff PLANTS 0F

RESCUE I'IOI{OSOIVITCS X RJLD L]}]ES I,{ITH LOIú{ ALB]NO TfiNQUM{C]F,S

LlA x 1-3-8F^-I5 x

¡qr¡ r\ * tu vÀ^ 
-t/

Chromosome
Nl¡nber
of F1
P_lan'bs _,,n ?oryv ¿/

R5A x 1-2-1F

-6x

R5A x I-3-8F--12 x

2

-c-rr.-q ó0 0

n6A x l-2-6F2-5 x
H?A x L-2-7F--3 x

-9x

R?A x L-2'6F^-7 x

Ih¡mber
of un-

- :: - sernrinated
seecLlr-nss:--.--:._- Deeù.StÐeen AIþlJlo

R2B x 1-2-óF^-I x
R2B x f-3-3F^-1 x

R2B x 1-3-8F

B x L-2-6F^-J x

Green
Total Ëfopo:grûg--Nunbeg Chromosome Nwtber
Number l+2 41 AO 39 ' 40 39

R5B x L-3-24^-12 x

R5B x L-3-2F2-L3

Nrunber of Counted SeedlÍ-ngs

R5Bxf-3-2F^-18 x h3 6 9

R5B x 1-3-8F^-3

R5B x 1-3-8F^-4

R6B x L-2-J-T^-5

R6B x 1-2-1F

Róe x I-Ç1+F2-5

B?BXæ X

R?B x L-3-3T^-z

Atbr-no

R2D x l--2-fF^-
Il2D x l'-?-]-.F^-|+

18

25

R3D x 1-3-8F

Rl+D x I-2-
x 1-2-óF^-1f
]c J-Z-O¡''^-

-7 x 36 3 4 Ð m

R5D x l--2-1F^-1
x L-z-or'z-,

-2x]-22

R5D x 1-2-1F^-

R5Ð x L-
R6D x L-3-2F

RóD x L-3-2F

;

X

R6D x L-3-2r-n-I2 x

R6Dx1-6-l$^-3 x 59

-3-2-F2-2O x

X

X

L5

n
n
19

n

N)\'r
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since bhe 4o chromosome F1 pra.nts that Eave rise to
these F2 Þrogeny ürere double monosomics, t:ne:l- the non-

crifical F1 genotypes courd- be d.esigna-ted AaB- and, the

cr"lfical as a-B- from hlgh a.llclno frecluency mares a:td. A-B-

and a-E- in equal frequency from the ]olrr alb1no frequency

males,

In the case of the high frequency popul-atlon the

frequency of aLblno 40 chromosome pla"nts shourd" be three
tfuoes as great ln the crlilca-l as in the non-critical rlnes
assuming the frequency of nullisomlc 3D pranbs j.s equa.l in
each }ine"

on thls be"sls the segregatlon ratlo for each F2 line
from hlgh and" lor¡¡ al-bino frequencles was combined" These

d.ata are summe"rlzed 1n Tables 10 a.nd ll" rt has been shotrm

that the missing chromosoroe in monosomic n3ur ts chromosoae

3D which carries a gene for chlorophylr productlon" The

al-oinism ln Letha] Durum 1s monogenic, The gene trans-
ferred to R3ln must be in either the s or B genome, In
the .å. and- B geriomes, F2 lines 4A, 3B and JB gave segrega-

tlon ratlos of 3"6:1, 4"?:I and. 8"6:1 respectlvely. The

other lines in the A a¡.d. B genomes ( except 3A whlch was

largely steril-e in F1) either showed no segregation or

very loul frecluencles of albinos, Therefore, one of chromo-

somes 3Á., 44, 3B or JB might be the second irrvolved. Ln

chlorophyll produrction,
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T.ABI,E IO"

sEcft,EGATION III COj'fBlNED F2 II]üES FROi'i 39 A{D 40 CI{R0i'Í0.S0i,ntr

FI PLANTS OF RESCUE LIONOSOI{ÏCS X R'LD L]NES

I,riITt{ HIGI .{IBI{0 FREQUEI{CGS

F, Line l{umber qlSeedlinss
Green A].bi¡o Ratio

nla x R3l¡
Re¿ x R3l,o

a3a x R3I¡

n4¿ x n3ro

R5A x n3m

nó¿ x a3m

R?A x a3üo

ane x n3LD

aze x R3LD

R3g x R3LD

iì4g x n3LÐ

n5s x R3lD

nóe x R3Lp

R?e x a3rÐ

nlo x n3l¡
neo x R3Lo

R3o x R3ro

R4o x R3l¡
R5D x a3i¡
R6o x R3ro

158

JJ5

2

^
ô

l-0

0

I

L

ô

L5

0

2

J-O

L93

3zo
ry2T)

¿Õ2

l4
Lzg

1ô/,

190

39

76

6

251+

1Ã?

l_05

Jf oo:r

14.8:i
3z :1

2l+"3rL

l* "7 
2I

32"32L

L2"7;L

13 :1

^ 
¡1¿¡r

727 :1

9"6 zl

26"3 :l-

R?o x R3r,l 34 217 c'l

Tota].s 2rI93
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TABLE 11

SEGREGATIoN nt COI{BINED F2 LINES FROr'r 39 AND 40 CHRol'fosoi,m

F1 PLAIüTS OF RESCUE Ì"ÍONOSO]4ICS X R3LD trmES

tIrTIi Lol{ ALB]NO TREQUEWCT¡S

F2 Line Nunber of Seedlings
Green Á]-bi¡o

RI¿ x a3m
Rzl x n3m
R3A x a3r,n

n4R x R3l,p

n5¿ x n3r¡
n6¿ x R3I¡

R?A x R3rn

ntg x a3LÐ

nen x R3t¡

R3g x a3LÐ

n4g x R3LD

R5B x R3r¡

n6e x n3r,o

n?e x R3l,D

Rlo x R3r,o

Re¡ x R3l,o

n3¡ x R3IÐ

n4n x R3m

n5o x n3l¡
n6r x R3t¡
e?-Ð ¡ n3r,-o

29

rtl

107

o)

62

75

L39

r54
o5

87

2h7

Jo

I03

6g

230

o)

75

't

\.,

J

-t

)
18

U

U

6

t.r+

4

J.Þ i L

l+6"3 : I
8"6:1

H-"2 t L
L2 :1
25"8 z L

r7.3 : I
38,3 : I

.1

;. I

Totals L't$9 52
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The nuLlisomic 3D pla^nts were userl a,s both fena-le

and male parents to cross itrl.th F2 pla.nts from clouble mono-

somics (44, 3D) and. (98, 3D). NIo seeds i^iere obtalnecl hoi,r-

ever due to the s1;erllity of null-lsonlc 3Dn

v. F2 LII{ES }B.OI'Í 4Z CirFrOltOSOI'G Ff PL/\l\iTS

A1'i- 4298 F2 seed.llng,s were g'reeilo ltiost F2 seedllngs

haa 4Z ch¡:oi:nosomes bu.t a few had. 4I chromosomesô

Vf " POLLEX{ IIIìd)JS¡/IISSÏOJ\_ RATI; OF THE n-I GJ{JVIE,I¡ES

Transrnission rates of the n.-1. ga-netes through th.e mal-e

paren'bs are incl-uded- in Table 12, From ma"l-e parents wi.th

high a.lbino frequency, the polIen transr¡rission rate of the

n-1, gameùes was 54,2!" lthi-ch is close to Bhor^¡al rs (1) olrser-

vatlon of 6t/", From male parents r.,rith lor¡i al-bino frequency,

the pollen transmlsslon ra9e of the n-_L gametes vías 16"7'l;"

If the bransmlsslon rates of bhe n-I g;ametes through the

female and rnale parents ar€ lJjl a.nd l-6"?'/, respectlvely, the

frequency of F1 plants vri-tln 42r 41 and 40 chromosomes shoulcl

be 20"B'fr, 66.7/" and !2.Ji/i respectively whlch approaches the

oirserved data sholn: ln Tables 6 and 7, Th.e sanpl-es in the

hlgh bransmisslon rate are heterogeneous and In the cross of
=?-^ ^ ^ /lìescue x R:LD 3-I6-L3 ¿a.ve 5 disorni-c and l-2 monosomic seed-

1ings" This resu.lt contradicts the previously oìctaineci data.

a.nd d-tie to the srnall population and the fact thttl a slngle

cross 1s involved, is necessarily disregarded.



TA3I,E ].2"

POLIEN TRAI{SI{ISSTON RATE 0F THE n-} GAl4blIEs

Cross

I

Rescue x R'LD 3-1ó-11
n

Rescue x -tì/LD 3-16-L3
Totals

Rescue * R3l,l 1r-10
Rescue x R3t¡ L-ÇL3

TotaIs

Fr Seedli-r¡gs

Tota]. Chromosome nwnber

7

I7

l+Z 41

F,,LD l-ines with high albfuo frequengf,
/1OT
5rz

2l+

2)+

l.j. ß _5L.21" _
?

R'LD lines with low al-bino freqreng)r

)L

20 lL

30

PoIIen transnission
rate of the
g-1 gametes

255 l-.6"7/,

ls)()
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vlI liitRoJIS X VERNA], CROSS

All 14.1 FI seed-Ilngs were green a:nd ìnad- 35 chromo-

somes " Flve F1 pla.nts were sel-fed. The remaining FI
plants viere backcrossed- to lularquis, A1l F2 a.nd backcrossed

Fl seedlings were greenu Twenty-thiree F3 and 680 F1 seed--

lings of backcrossed F1 were also greeno i{o alhlno seed-

lings was obfained- from the progenies of I'iarc¡uis x Verna.l

or lriarquls2 x Vernal-" Smlth and Harrington (16) used-

Verna] (C.I"3686). The Vernal emmer used in thls experi-

rnent inay be d.lf f erent 
"



GENBIìAI DISCUSSTON A}iD CONCLUSIOI{S

ft has been shown that the al-blnisra 1n- Letha1 Durun

is monogenic, Jn transferrlng the a]blnlsm to hexaplold

wheat (n3f,O), the al-bino character is expressed^ only ln

the absence of chromosome 3D which v¡ou]d- lnd-lcate that

chromosone 3D of Rescue carrieg a gene for chlorophyll

prod.uction" sears (14r15) has also reported that chromo-

Some 3D is lnvolved ln chl-orophyl} production" fhe gene

braitsferred to R3l,p from Letha] Durum must be ln elüher

the ir or B genone @

rnplantsnu-|-llsomlcforchromosoaeSDonfythe

other. l-ocus or }oci r,vould- be responslble for any segrega-

tlon that occurreö. lrTlne F2 seedll4gs from a 4O chromo-

soule F1 ÞIa:at of Rescue monosomic 3D x n3f-,p consisted of

6 green anö" 3 albl-no seedlings. 1thls result supports the

assunrptlon that there 1s only one other l-ocus lnvolved 1n

chlorophyll prod-uetion other tttan chromosone 3D" All

green and albino F2 seedllngs from selfed- null j-sonlc 3p

should have 40 chromosorleso Actually one green seed'lin-g

had 41 chromogomes and- one alblno |¡ad 39 chrrono5omes

(shov¡r ln P1ate IV, Figure 1), This may be d.ue fo asyna.-

psis or desynapsls resultlng 1n n a:nd n-2 gametes instead-

of n-l gannetes (sholuic ln Plate IV, Figure 2)"

Due to the following reasolls, a critlcal line in

the i¡. or B geifome could not be positively j-dentlfied from

the segrega.tlon ra.tios of d-oub1e monosomics"

32
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(I) Ûlost 40 chromosome F1 planùs vrere very weak and.

hlghly sterile, especlally homoeologous group TII"
Thls resulted 1n small F2 Þoputationsu

(2) ilihen the double monosomlcs were selfed, the trans-
mission frequency of each kind. of gamete on both

tne female and male sld-e was unknov,,n, The expectea

frequencies of each genotypes therefore could- not

be cal-cula.ted,

(3) The frequency of nullisomlc JD plants might not be

equal from l-1ne to line in which case the segre-

gatlon for the ¿4. locus could not be compared"

(4) Some seed-s fail-ed. to germinaþeo .

Sears (15) found- tlnat lleatby¡s vlrescent (v) ls on 3B

(III) of comnon r¡¡heatu v is antlmorphlc to V (or Vt) and- that
V has d.uplicates, Y2 and Y3r on chromogomes 3A and 3D, Tf gene

B and- V3 gene are aE the sane locus of chromosome JD, they may

be the same gene or alleres of a gene. Two genes, d.eslgnaüed-

as A and. B, involved l-n chlorophyll prod_uctlon have been

assumed ln thls experiment, Because Tritlcl¡Jq aestivum is a

hexaplold" specles, lt is reasonable to expect that a th.lr'd.

chronosome al-so car::les a gene for chlorophyll prod.uction,

t'he fact th.at 3A and. JB are incl-ud_ed ln the posslble group

of critlcal chroroosones, it ls likely tl'øt homoeologous

group ITI ls lnr¡olvetl- in tirls situatlon" ft ls posslble

t}lat the sa.me l-ocl as Sea,.rs reported (I4rl-5) may be

lnvoIved..
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fd-entificatlon of the }ocl oi;her tlnen that in chromo-

some 3D is d1ff1cult d.ue to l-ack of karyotype differences

ln the wheat chromosomesG

A posslble means of id-entlf lcation wouId" be to cross

a plant of the constitutlon aaB- Ùo Rescue monosomlcs

3Lu 4Ar 3B and 58, the critical lIne should- be of the

genotype a-B- as compared- to AaB- of non-crltical lines.

Large l+2 poputatton a.nd complete cybological examination

might d.istingulsh the criticaL llneo



Figure ]"

Figure 2,

Figure 3,

PLATE T

Green and. a1blno Letlial Durum seed.-
lirrgs 

"

Nul1lsom1c, monosomic and. d.lsoníc
F1 hybrid.s of Rescue monosomic 3D x
BJLD,

Greerr a.nd albino F2 sçed.}lngs of
Bescue monosomics x BrLD"
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PLATE IT

iviit,otlc metaphase configuratlons of
green and al-blno F2 seedl_lngs of
Eescue monosomlcs ñ R3L¡"

Fl-gures L-2. 39 and 40 chromosome
alblno seedllngs"

!'igure s 3-6 " 39, 40 u 4! and 42

TH;Ë:'"ae sreen seed-



^7:

76

e"&*

*
: k*r*

**-

u &æ*
4"* wß* &

:þ tr'" æ{ 
^rufq 'k

#
* ##;'% *'*

Æ

w

&**

æ*%w
&**

,

æ#ææ

**
w,e

&
,6øta

øø&æww&

M
#,

æ@ Wru &

#æ &@ffi-w %

ææ*"W
æ qk, @

%%W %æ

4

w:.å rr # :
W.* %* ffiæWW

år % &

#'*@ æ

æ m Mtu{e@
w"{ ffi* {""q -&w

'*{ K

{*

w &.* *r* f *

W;W."æ.rfrr*Ë * 
**'& %*

4%

*.èrr

;j



PLATE TlI

Iulelotlc conflguratlons of
and. null-1somlc !-I B.escue
hybrid.s,

douirle monosqmic
monosomlc x RJLD

Flgure I, linaphase of a double rnonosomic

Figure 2u lYletaphase of nulllsomic JD v,rifh
2A blvalents 

"
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PLATE IV

Ï'lgure lu

Flgure 2"

Green and- al-blno F2 seeQllngs of
Rescue monosomic 3fr x R3LD.

Anaphase I of meiosls of an F-¡
d-oubl-e monosomic ilLustrating-
possible foxrtation of n-Z gam-
eües,


