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R S - -—-—-fr-,‘-@, , .
In the past ev1dence has been preSented wh1ch has 1mp]1cated

i _Aegzlqps spelto1des Tausch Aeg1lops lqng1ss1ma Schwe1nf and Muschl

";Aeg1lops b1corn1s (Forsk ) Jaub and Sp., Agg1lops searsi1 Feld. and

vKls.,_Tr1t1cum urartu Thum., and Aeg1lops sharonens1s E1g as the B

’genome donor to Tr1t1cum turgldum (L ) Thell. and Tr1t1cum aest1vum

1A,
o 3

L 4

1 “(_'L‘.‘ ) The]l

In an attempt td 1dent1fy the sourée of the B genome to .

'a'7tetraplo1d and~hexap101d wheat two approaches were fol]owed

: The f1rst approach 1nvolved'the 1solat1on and determ1natlon of

;the am1no ac1d sequence of the seed prote1n purothvon1n. The B

)

",f*genome donor should contain a puroth10n1n w1th an am1no ac1d

'3ffsequence 1dent1ca1 to the a, puroth1on1n present 1n the 8 genome of "

\f=the tetraploxd and hexaplo1d wheats., None of the spec1es examlned

iy

had an amlno ac1d seQUence 1dent1ca1 to that gf u‘ DUTOthlon1n_‘, RRTNERE

“ifHowever A sear511 and A bwcornls contaln a protejn;whlch d1ffers

\ "i{hfrom u, puroth1on1n by dlfferent 51ngle am1np advd

'Subst1tutlons. ffg{&.pff‘f
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e The Gramtneae or grass famlly, is composed of abouf 600 genera -

\|_-

and over 5 000 spec1es (Peterson 1965) The cerea]s are members of

thlS famtly whlch produce large ed!b!e grains (Peterson 1965) and

rov!de most of mans energy and proteln needs (Johnson 1984) Common

bread wheat Trlt)cum aestlvum L g_ts one of the most lmportant

,; cereals grown to prov1de these’energy needs (Inglett 1983)

' . v
'

\\/ ‘UL; aestlvum 1s an al]ohexaplord (K)hara 1924 referenced by
}‘thara 1982). w1th 2n 6x 42 chromosomes (Sakamura 1918, referenced v
”"by Natk1ns ]930) and the genomlc formula AABBDD (Knhara 1. . );t Based ‘:ﬂ',

on’ archeolog1cal evudence T. aest1vum has been CUitlvated for over
;’5.‘8 000 years (Helbaek 1949) R ST ;:‘“ -,.‘I\_‘

Genetlc var:at1on can be found 1n many cereal spec1es that grow

.,.‘ o

| wv]d in nature T. aest1vum however cont1nues to QXISt only under

1 \ ’

| ”H"fcult1vat1on Var1ous workers have tr1ed to 1dent1fy the progenttor ~fﬁl

: DT RIN
‘*.spec1es of T. aestlvum hoplng to draw upon the natural var1ation found .

Vi Lo 1,.\

in these w11d spec1es. ‘d'7¢yﬂ‘ {”v"”-f;’:““.'ﬁw“'“

I

.‘Iﬂ‘ 1

It 1s w1dely accepted that Trltlcum mOﬂOCOCCum L ls the A genome ,1*{£

(R
’ B

‘“ffdonor to tetraplo1d and hexaplo1d wheats (Klnara ] c).v‘It IS unlversally‘l .

L accepted that Aeg1lops Agyarrosa Ly 1s the D genome donOr to T,vaest1vum.qq”

ffffg:fgklhara 1 c., .Pathak 1940 Kkhara ]944 McFadden and bears 1946) : ‘jtif"tf

'O‘




r‘dders- Aeg)lops blcornts (Forsk ) Jaub/and Sp ' Aeg;lops Tong1551ma ,‘u‘

Schweinf and Musch]s, Aegjlops sears11 Feld and K1s , Aeg1lops |

o

sharonensis E1g, AngTops\spelto1des Tausch, and Tr1t1Cum urartu Thum

In an attempt to resolve th1s Tong stand1ng prob]em, two '”fT‘J

" . , e

approaches Were undertaken 1n th1s study The f1rst approach was a, o

t

biochem1ca1 study of the‘endosperm proteinu puroth1on1n whlch has

|

: a genome speC1f1c am1no ac1d sequence The am1no ac1d sequence of .
j the purothlon1ns f0und 1n the putat1ve B genome donors were compared

to the am1no ac1d sequences of these prote1ns found in T monoeoctum R

v

T turgtdum, and T aest1vum 4 .§'TVH.,',‘f];[vj‘*‘f ﬁ

The second approach was a cytolog1ca] one It wnvolved
karyotyp1ng T monococcum T tur91dum, and each of the putat1ve

B genome donors and a comparlson of these karyotypes ,
Us1ng these two approaches, 1t was hoped that the 1nformatlon
.‘. L T D o ‘|",’

obta1ned woqu help resoTve th1sQlong stand1ng probTem
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On the bas1s of plant morphology, Schulz (1913, referenced by
Percival;x1921) placed each species of Tr1t1cum into one of three .
”'groups which he ca]fed Einkorn, Emmer “and. Dlnkel Vavilov (1914)

found that the spec1es pTaced in the above groups differed in. their
: 4\'{,

reaction to the rust (Pucc1n1a tr1t1c1na) and mlldew (Erzs1gh

,gram1n1 ) pathogens The Ennkornswerelmmune to’ rust and mlldew, )
the Emmers are res1stant, and the Dlnkelsweresusceptlble to both
\Qpathogens Further support for the taxonomlc proposal of Schultz

ycame from Tschermark (1914 referenced by Percival 1921) He found.

/

'§[tﬁat crosSIng two species from the same group was eas1er and the

hybrIds more fertlle than crosstng two spectes from d1fferent groups
Sakamura (19]8,,referenced by Natk1n531930) fOund that species
placed in theE.nkorn group conta1neda somatrc chromesome number of
14 the specwes pTaced in the Emmer group had 28 chromosomes, and
_ p N

1s was the f1rst report of the correct chromosome number in the

‘dtplo1d, tetraplo1d and hexapIOId wheats Dur1ng that*year Sax

"*'T9T8) reported the somat1c chromosome number in T. turgldum var.

{Ldurum to be 28 wh1ch conf1rmed Sakamura sobservat1ons. .

'r.

g _
ﬂé§ 4\ Olsagneement regard1ng the superspec1f1c, spec1f1c and sub-~

(S

e
LI

7‘

”spec1f1c taxa 1n Trttlcum and Aegfﬂops has existed s1nce the 1920's.

1‘. The tr1be Tr1t1ceae Dumort was often called Hordeae Benth

untl] 1954 when Pndger po1nted out that the term Tr1t1ceae was used

/

in the pulecatton bx Dugortwer 1n 1823 wh1le Hordeae dxd not appear~

ln the llterature.untlT 1881 (Mac Key 1966) The correct sect1on

;names 1n the genus Trlttcum are Monococca, D1cocco1dea, and -

"7f: Eeltoxdeg Flaskb (Du511shed by F]askberger in. ]928 referenced N

]
i



by Mac Key 1966) and not Diploidea, TetrapIOIdea and Hexap]ordea

“Flaskb (publwshed by Flaskbergen91n 1938, referenced by Mac Key
, 1966) as they were sometimes cal]ed

Due to the economlc lmportance of the Tr1t1cum species,
‘consplcuous morphologlcal d1fferences, and not the abtl!ty to form
’ fertw]e hybrlds, were the primary conswderat1ons used in spec1es
c]asswf1catlon Often, the morpholog1cal characterlstlcs were
based on a few type Spec1mens kept in botan1ca1 gardens. Perc1val
"(1921) recogn1zed seven tetrap]o1d spec1es in the genus Tr1t1cum

“while McFadden and Sears (1946) l1sted ten species. | Mac.Key (]966)

'recogn1zed only two tetrap101d spec1es Tr1t1cum timopheevi (with

. two sub spec1es), and T. turgidum (six sub\spécies and four con

-varieties).
‘ . . ,!*o

, Ehe genus eg1lop into two sub’ genera

~ | !

and six sections. w1th eleven d1plo1d and . n1ne polyploid species.

Zukovsky. (1929 referenced by Kihara 1954) c]ass1f1ed e]even ‘ -

d1p1o1d and nlne polyp101d spec1es into nine sect1ons
.Bowden (1959) 5uggested that all diploid species of Aeg1lop
and all. allopolyp1o1d spec1es resu]t1ng from crosses between

Tr1t1cum and Aeg1lop should be transferred lnto the genus Tr1t1cum;

He proposed that the taxonom1c names be changed in the followlng

manner- 0n91551m to T 10091551mum A. sguarrosa to T \ae31lops,_

Al blcorn1s to T. b1corne and A EeltOIde to T. pe]t01de

oadd1t1on A. guarrosa was often referred to as T. tauschll (see
"Nwtcombe 1983 for references) Mac Key (1966) d1sagreed with |
;th1s proposal s1nce amphlplo1ds between Trltlcum and f0ur other

f genera in: the subtrlbe Tr1t1c1nae had been produced Theaauthor'

N hfelt that a better understandlng of the spec1es relat1onships in



*

the Tr1t1cinae wereneeded before any maJor taxonom1c changes are made h
: The present lack of agreement on the un1versal acceptance of -
‘specific names in AegIlog and Tr1t1cum was 1llustrated at the F1fth
hlnternat1onal wheat Genet1cs Sympos1um held in New De1h1 1n 1978

For instance K1mber and Hulse (1978) used T. tausch11 wh1le
N1sh1kawa and Furata (1978) used A. guarf“s to descr1be the
'same spec1es Feldman (1978) used T ongiss1mum whereas Nakal ‘
y‘(1978) used A ong1ss1m to represent the Same spec1es |
The taxonom1c des1gnat1ons used throughout the text areg1ven

4

in Tablell s R



.

: The super Spelelc, spec1f1c, and sub spe

Table 1

cific taxonom\c

“de51gnatlons for the genus Trltlcum (Mac Key 1966) and

Aegllog (w1tcombe ]983)

ca



- Krngdom Plantae 7f - i"‘f\ | e i" o ‘?: . \f‘s .." ;”
) f Div151on Anthoghzt ' " .

?fgf“lf{Ll; C]ass Monocotyledonae ‘;Q- T

Order Graminales

‘ft'_' SR Family Gramlneae \1‘ C : i Co ?ff? :

Tribe Tr1ticeae Dum
Ul_ ' I o TN o
Subtr1be Trit1c1nae Holm.“»‘ T P

GEnus !r1t1cu L ‘L,‘ o C
:2 _‘Sectjon'l. Monococca Flaskb.. o B S

ol ‘ N L R
E - ‘ R monococcum L T DS e
’ ! . . —_—— ' . A :

| : ssp boeot1cum (Bo1ss )Mk S
‘ L . o ‘“ e N . Ny . : »\ . l“ - . N .
.ssprmonococcuml ;';‘_ R

Lt e 0T urarta Thum,
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| '{“?'[[ff{ﬂ, T twmogheev zﬂEk ;;j~¢i : t;,‘ T

x [ fvusspJ ararat1cum (Jakubz ) MK t ) ‘:,:
.?“ssp tlmogheev - qu L i
‘ .f~filturg1dum (L ). Thel] K o ;“ti \
U ssp. turgldum o e ;f Lfﬁ
| ‘f'Lssp d1cocco1des (Kd?h) %hell.\/ L ;;hﬁ'
.l'T:L;f ffiwf‘;ijszp d1coccum (Schrank) The]]'T'?:i$;‘ ;:f1$ﬁ?:i;

‘“;igb‘va;:lfl ffssp durum Desf S
U T HfLssp Qolon1cum L e
= Sectlon 3 Ee]tOIde Flask 3

p__mahawk,etr«e> o
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”‘Lf'  \  ‘¢'f‘ ;ﬁssp omgactum (Host ) K

S 5L,~ g“' » g}17ssp ‘phaerococcum (Perc ) MK

e

Genus Aegllog L ;t\;' . ‘fjf ‘,ff | ; ‘}ﬂ v fJ - ‘ ?3  SN 1' ';\t““
’ Sectlon Amblxogrum ""”.‘,  , %“_A .  ”‘Aﬂﬁj 3*f “ P Vj';jf'
$pec1es \';‘7 1"; e -V ﬁ‘ 13._ f' ;.v'.' k |

i . . . +

- A mut1ca Boiss.,‘;‘ B M,.'
Sétt1on SltOES1 ‘“,‘;“f ff

Specwes R R DU

YL ;.A}_sharonens1s E1g ]W_f'“ f  *‘;.L f.{*': A

e ‘A.]spe]t01des var.,Apelto1des Tausch ” ‘-7*f{ff “if;:ﬂﬁﬂﬁ71-: 
a o _' varax 19ust1c (Sav1gn ) Coss.w S e
1 on91551m Schwelnf and Muschl ‘ijuﬁ-i_f o AT

jl:sp 'ti;'-f,_ .

b1corn1s (Forsk ) Jaub and Sp

R
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\
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Genome Const1tut1on and Relat1onsh1ps Among the pr]o1d

'fﬁj'lhk Cﬂfhf*f{. TetrapTo1d and Hexaplo1d Tr1t1cum Specwes.i ,;uj o

kN

K1hara (1924 referenced by Sears, 1948) produced ev1dence wh1ch
1nd1cated that the Tr1t1cum spec1es WTth 28 and 42 chromosomes f§33ﬂ“
’ -;fare alTopolyplo1ds Th1s conclUs1on was based on me1ot1c N
‘i[fhchromosomepanﬂng analys1s 1nhybr1ds produced by crosslng the T?*

‘Hf:;rd1p101ds w1th the tetrap101ds and the tetraploxds w1th the L
fﬁ} :hfdhexaplo1ds. The poTTen mother Ce1]s ( c s)1n a pentaplo1d ”

lf:hihybr1d produced from a cross_EetWeen T aest1Vum and T turg1du' ?fd;~'?th;jf
o ﬂiﬂhad 1411 (Th b1va1ents) and 7I (un1va1ents) K1hara also produced ..v”ffttadl
Ny T-T,{a tr1plo1d by cross1ng T ur91dum and T monococcum Me1ot1c e
“:?; tanaTySIS revealed 7II and 7[ 1n the maJor1ty of me1ocytes‘{ In th1s

" L
T il

‘ivftu artlcle the tetrap]o1d spec1es was g1ven the genome_formula AABB

1and the hexaplo1d spec1es was des1gnated AABBDD‘”'The data 1mpT1ed




L(K{haraiti924}~Mcﬁadden athSears{aj946),“°: \‘ifﬁIVVrf'dv-:;“fﬂfe' o

The Source of the A and D Genomes

t‘fﬂgv,‘ﬁj\{ ' Although Sax (1922) was the f1rst to report 7II and 7I 1n a

&

hybr1d between T *turgldum and T monococcum, K1hara (1924) was -

f the f1rst to state that T monococcum contauned the A genome, I.‘

’ urg1dum contained the A‘and B genomes, and@T aest1vum conta1ned 'u' - j“;%
"{ . _r. R o JERE K .l . .,‘ ,‘-"“““ .
the A ‘B, and D genomes. “,Q“f ‘." R e

| _' :I' ! LR -' ""”‘ "‘ S ‘l‘ “ ",‘ ! ~ \‘ .r.l O . -.",
Tf- Q\,Qf““‘f In an attempt to 1dent1fy the D genome donor spec1es, Perc1va1

[

(}92]) reasoned that th1s spec1es should conta1n morpholog1ca1

R ﬂ'h characters present 1n T._gggtl!gm and absent 1n T‘ Eﬂﬁﬂlgﬁm-‘ Thesg;“.mnff”;f

‘\,- - . R . L . L. .
: o . . Co K o
. e . . . [

R characters are. ,‘,‘;ff,:auﬂ:;_,gy;ij‘t,‘rr ";TVV?J-Vw{lV

”}}jj%fVYi" "(1) vThe presence of a s1ngle 11ne of long ha1rs on the

1summ1t Of Tong1tud1na] r"dSLS'-‘S of the YOung 1eaf b]ades,‘fﬁtfh‘:e

\”“ﬂiW1th shorter ones or none at a]l on: the S’des °f the

; ”ed hO]]Ow Clﬂms, 5




hYDr1dsfrom across between T turg1du and T ovata Sax and Sax 5(ﬂﬁjfu3~

(1924) obtained hybr1ds from T. aest1vum and A xl1ndr1ca . ;‘;,}A‘r:f,gi

(2n 4x = 28) They observed 7II and 21I dur1ng me1OS1s and ‘Yf”d~brf;tfr“
- conc]uded that A yl1ndr1c andOT aest1vum contalned one common L
"‘ chromosome set Ga1nes and Aase (1926) concluded that the genome ct; L

‘i 1n COmmon was the D genome s1nce they observed no b1valent

format1on 1n the hybr1d when they crossed\d turgldum w1th A

. y]1ndr1ca, Kﬁhara (1940 referenced by Sar a;Jand Stebb1ns, 1956)“

Th1s was based-

ass1gned the genome formula CCDD to A c'llndr ca

on the observat1on of 7II and 7I in, the tr1blo1d progeny from a AN

)

cross between A caudata (genome formula CC) and A. cyl1ndr1c

Pathak 1940) proposed that A guarros was the D genome o
donor to common wheat Th1S proposal was based on chromosome. !;f;“;;jkkf

morpho]ogy, externa] p]ant morpho1ogy, growtb hab1t and suscept1b111ty .ﬂ‘f*-*

to rust T turg1dum possessed one pa1r of chromosomes w1th secondary

cop tr1ct1ons and one palr w1th satell1teswh11eT aest1vum conta1ned

one pa1r w1th secondary constr1ct1ons and two pa1rs w1th sate111tes

Referr1ng to the f1gures g1ven by SenJananVa Korczag1nah(1930

ch”hmosomes w1th satelfrtes.._ln add1t1on, htdnoted that A_f"'




”}ﬂcrossing T turgidum and A guarros and treatlng the hybr]d w1th Jg rm‘.f;
B N
f‘colchicine to doubTe the chromosome number.. These synthetlc S

) Cfthexaploids showed ful] fert111ty and could be successfu]ly crossed

N TR
e

D with T aestivum.rt,*f: |

o Therefore, by the m1d 1940 s, T monococcum had been estab]ished ]“7n!§‘f

"s.

‘;f.as the A genome donor to tetraplo1d and hexap]o1d wheat wthe A

'7“f guarros had been establlshed as the D‘genome donor to hexaplo1d

“wheat T LL'“‘}‘ “‘3(;T T e ;,ij;mf:;}- g'l”.' | "“*f‘l){‘ . |
Qt o | The Source of the B.Genome . - ; ! .
, Sl T TR TSR S
DNA Stud1es B LI,

“viV&yf In an attempt to 1dent1fy the B genbme donor Rees (1963)

‘::[determ1ned the 2C content ln T monococcum var monococcum T turg1dum‘
"f7var durum A guarros ;. and T aest1vum., If llttle change 1n
;“fﬂnuclear DNA content had occurred 51nce the product1on of T turgldum

'35and T aest1vum, an est1matron of the 2C DNA content of the B genome

”gffdonor could be made when the DNA contents of A g?corn1s A

v jong1551ma, and A. gelto1de were determ1ned Rees (1963) concluded

r

ithat A Eelto1de was the most T1ke1y contr1butor of‘the.B genome

to tetrapJo1d and hexap]o1d wheats. Rees and Walters (1965) exteeded

abith1s study and.“hcluded‘ 'monococcum ssp boeot1cum, T t1mopheev1,,-cﬂ.”“:‘
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Subsequentstudles have shown that 1n general more closely

w,
e

‘;lated spec1es share m0re repeated DNA sequence famllves than less
‘_' ::belated Specles (Flavell et al 1979) Gerlach'and Peacock
(1980) mappe“‘f ‘fhromosomal locat1ons of hlghly repeated (Cot lO -2 i;:
"l;‘mol; sec. 1- 2) DNA sequences lsolated from T aest1vum by 1n situ o
‘ln‘ hybr1d1zatlon of labelled complementary RNA‘ They found that in T :_n";p}
' aest1vum and T turg1dum the label was located on all B genome ,anhf:qblﬁ_lfih
‘”.'f: chromosomes as well as’ chromosomes 4A and 7A Each of these labelled o
| chromosomes had a dlst1nct1ve\pattern. From this the authors concludedh‘:f,?”.
‘. that the 8 genome donor spQC1es should ta1n a. SImllar hybrnd12at1on'lma;7‘§ﬂ
pattern to that found in T aest1vum i?gce total h1ghly repeated DNA o

contalned many d1fferent fam1l1es and any one of these famllles could

ha"e d”’e'"ged d“"‘"g the eVOl“twn °f soemes in meum and Aesnops,' o

Peacock«et.‘al (1981) obta1ned a s1ngle fam1ly of repeated sequences gﬁ;gwéf

o ”’:1solated by Denn1s et..al. (1980) who had shown that this sequence ‘;'fll“.qfﬁ}

hybr1dlzed to the ﬁ genome chromosomes of common wheat as well as 4A

and 7A There was m1nor hybr1d1zat1on to most of the other A

’ E7 chromosomes and lD ZD 30 and 7D‘ilPeacoek et. al (l98l) determ1ned

that th1s fam1ly con51sted of the;tr1plets g%# and GAE




i S o “A\ t" ) . ; ﬂ o 5 ) Lo
*”, the above Aeg1log spec1es had an 1dent1cal pattern to the B genome‘\
of common wheat. j‘a‘: } "9 ,fjﬁ,’,vf‘f1;hu¥‘y ‘f':fj if-i‘;\‘v‘

The genes cod1ng for rRNA were found to be ]ocated pr1mar11y

o

-

H on chromosomes IB and 68 1n T aestivum cv. Ch1nese Spring (Appels
o et.-al 1980) Peacock et. a] (1980) compared the Bam H] and Eco
j~iffgf Rl restnlction pattern of the 185 ‘and 265 rRNA gene repeat1ng unat 1n -t“ =
Q,Q_h ]k' the d1plo1d and polyplold Tr1t1cum spec1es as well as A. Eelto1des,
i onglss1ma, A. sharonens1s A sear511, and A guarros 0 fA]f-\,h

.- \ spec1es exam1ned had an 1dent1cal restr1ct10n pattern for the .‘[g‘

Sequences C°d1n9 fOT the ]85 and 265 FRNA The Spacer reg]on Wh]Ch Uf$fh“‘"

covers 4 4 kb. exh1b1ted 1ntraspec1f1c as well as 1nterspec1f1c

°

var1at1on and no def1n1te conclus1ons could be drawn

;ﬁ F.fb"yf{ The repeat1ng unit cod+ng for SS rRNA f;om Ch1nese Spr1ng

shows two<d1st1nct s1ze fragments of 420bp and 500bp when Bam H1

.;iATﬁfi restrlctred DNA 1s hybr1d1zed to 1abe11ed 55 RNA probe Each of r

these fragments conta1n a 51ngle SS RNA gene whtch 1s 120 bp 1ong,<‘,'
AN

and spacer DNA The 420 bp repeat1ng un1t 1s 1ocated on chromosome

4,

"}nf1B Hybr1d1zat1on exper1ments by Peacock et al (1981) revea}ed ‘N“frfﬁg

’,‘- «/.“ .



Nath et (1983) hybrldized labelled DNA from T M Vo

T]ato DNA from a number of Tritlcum and Aegllqps spec1es and

‘,

hb?lsolated the heteroduplex formed at Cot 104 (thlS was the 901"t °f
j‘max1mum reassoc1atvon) ‘It had been estlmated that every l 5% ,n,hf
\M”'mlsmatchlng of base pairs lowers the thermal stablllty of the duplex ‘?
’ﬂ;‘by 1. 0°C (Lawrd et -., 1969) Nﬁth\et al reasoned that closely % ng -if”'ﬁ
‘rrelated specxes should show hlgher sequence sxm1lar1t1es than less | | ‘
‘ closely related species and th}s relatlonshlp sh0uld be revealed by“
tlheteroduplex stab1l1ty Th1s stab1l1ty c0uld be quant1f1ed as the ;;fﬂ‘f*uﬂ
“jtemperature at whlch 50% d1sassoc1at1on occurs for the heteroduplexesv ’
'(Tm) By determ1n1ng the Tm for homoduplex (labelled T. aest1vum c"”h 3
'{,DNA hybr1d1zed to unlabelled T |aest1vum DNA) w1th that for hetero-‘j‘vaTQTLTJfb
lwl'duplex ZX Tm was calculated Labelled DNA from T aestlvum uas:.‘_,;ﬁl.l;“;f“"

Yy
n, Y 5

‘ L A S
hybrldlzed to unlabelled DNA from T urartu, 5 lsearsl1 A % .*jrqﬁ';f.jhﬁ

-—

- bmmal
sharonen51s A _Qelto1des A bccqrnls d”A lon lss1m »The vffj;”ﬂﬂ“jf”ll:
“ Tm was deternﬁned for the dUplexes formed at Cot lO4 The smallest ‘”;;f{ﬁ"

ZS Tm was found 1n heteroduplex formed between T ?aestréum and T

‘f,::urartu.: However When Nath et (1984) hybr1d1zed labelled DNA S jf“ 3:A

”gufrom T monococcum and a synthet1c AADD hybrld to T.‘urartu 1t was
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‘chromosome behanor of 1nterspec1f1c hybrlds is feas1b1e only 1f the
‘or1ginal parental genomes were 1n1t1a]ly d1fferent1ated with respect
, to pa1r1ng affin1ty and these genqmes rema1ned re]at1ve1y unmodified
~in the polyp101d L | ' | - | ”
T penkwns (1929 ) found cnafﬁ7n%'of_theﬁméiocytes in the hybrid

)

from(ﬁ“cross between T. turgidum (¢) and A B speltoides formed 71
e \0‘

ang 7II ' The rema1n1ng 29% of ‘the meiocytes ranged from 13I + 41T /J

/

tg 10 IUII McFadden and Sears;(l947) crossed these same spec1és

and observed & mean-of 7 441 + 4 6611 w1th 0 5 mult1valents in the

L hybrld R1]ey et (1958) crossed A pelto1de w1th T turgldu :

ssp urg1du , ssp d1coccum, and ssp d1cocc01des and observed alioq
‘ean of 7. 921 + 5. 9411 0. 4011I 6. 70I + 6,221+ 0. 62111 ,.and

' 5 94I + 52111 + 1, 59III respect1yely in the bybr1ds .Since ‘the A

‘t

. AR
genome donor to T. urg\dum was T. monococcum and Sears (1956a)

"

.Gﬁf reported a mean of 8.61 % 2. 7I}+ 0 15111 in 4 hybr1d produced by

L cross1ng T. monococcum and A. ge1t01des, 1t was concluded that the

\ ‘Q(.u .

... increase 1n pa1r1ng in the‘%r1plo1d hybr1d produced by cross1ng .'h.
'@;“' T. turglddm wvth A spelto1des was due to B geane homology Riley vﬁ.'
% A“et (1958) also crossed T. monococcum and A, peito1de and ‘

: observed a mean of 3. 37II 1n the hybr1d In add1t1on, these authors

crossed T turgldum ssp dlcoccowdes w1th A bicorn1s, and T

turg1dum ssp turﬁ*dum with A, sharonens1s,{and 1. turgldum ssp

y

d1coccum wlth A ong1ss:m and reported the mean number of ,'sff'
b1va1ents in the hybr1ds were 1 78 + 0 78 2. 22 + 0. 15 and 1. 60 gAY

330 17 respectively The authors concluded that on the ba51s of
/

.jJ‘-meiotic palring data, A sharonens1s, A bicorn1s, and A \ong1ss1ma

. B R TEEE

I



Kinara \\349) reported a mode of 711‘1n the hybrid from a cross

between A pelto1de and A. longissima while meber‘(1961,

Nevam

‘referenced by Kimber, 1974a) qbserved a mean of 6.711 in the hybrid
" from a cross between A. spegt01des and A. 1ongtss1ma, and‘6.‘86II in
the hybrld resu]tlng from a Cross. between A. b1cornls and A. '
‘1on91s51ma. On the basis of this~data, Kimber (1961) concluded that
A. spe1toides;b5. longissima, and A. bicornis share a hidh;degree o
of homo]og;. : l. : : L ¥ o
Sears - and Okamoto (1958) found that when chromosome 5 d

(belonging to the B genome Okamoto, 1957) was missing’ in T.
.raest1vum, homoeologous pa1r1ng occurred. They found that when
‘I. aesttvum that was monosomic for chromosome‘SB was Crossed to.
T. monococcum, 2- 711 yere observed when 58 was present and 5- 13II

were observed in its absence.” At the same time, ﬁ1iez/(l958)

reported a haploid- line of. I. aestlvum w1th only 20 chromosomes
At meiosis, a mean of 4. 2II + 0.811T were observed and 29% of the
célls had 5-7 blvalents Rtley et. al. (1960) determ1ned that this

Jine lacked chromosome 58. Us1ng d1telocentr1d’l1nes, the gene( )

n

respons1b]e for th1s behav1or was found to be located on the long

arm of th1S chromosome (R11ey, ]960) o

- R1ley et al. (196]) crossed A. gelto1de and A long1ssvm

w1th T aestwvum that was monosomlc for chromosome 58. Hybr1ds
an

produced with A, ong1ss1m had a mean of 9I + 7II - 75III + SIV

. ﬂ'when chromosome 58 was absent and 24I + 2II when SB was present :

S wh11e hybr1ds produced with A speltoides had a mean of 6I + 6II +

‘312III + IIV whether or not chromosome 58 was present From this

, 'jy'fdata, 1t was concluded that A geltOIde conta1ned a genotype
R R N :

- S

.v",; -



‘pairing infthe ponpToid wheats.
Kushnirand Halloran (198])rcrossed A. sharonensis ¢ with

tT turgidum ssp. d1cocco1des" The‘hybrid had a mean of. 2'23II

" and an amph1p101d was produced wh1ch had 73% norma] pol]en and seed. $7k

‘“‘set was 43 4% They concluded that A. sharonensi's had a cytoplasmv

compat1b1e with T turg1dum The authors crossed ? A sharonensis
w1th T moONOCOCCum and observed of 0 311 in the hybr1d Th1s value

feTl between anman of 0 9II found in a hapﬁo1d line.of T aest1vum

(Klmber 1961, referenced in K1mber 1974a) and 0. TBII found in a-

"haplo1d~]¥ne‘of T turgidum (K1mber et al, 1978) , The data

5§

indicated that there was :no homology between the chromosomes of

A 'sharonensis. and T. m0nococcum After treatment of the A.

-~ N

‘,sharonensws X T monOCQCCgm hybrld w1th colch1c1ne a mean of ,

‘ 13 gs11 were observed 1n the amph1plo1d A hybr1d between T

- urg1dum ‘dnd the amph1p]o1d was produced and a mean of 8. ]TII was
observed - Th1s value was s:m11ar to 8 05‘II observed in a hybr1d
. ﬁ&n

between T urg1dum and an amph1p101d produced by colch1c1ne
~treatment of a A b1corn1s X T. monococcum hybr1d (Sears 1956a)
and hlgher than 7II observed in a hybr1d between T turg1dum and

1

‘ ﬂ. Tonglss1ma xT. monococcum amph1plo1d (Tanaka, 1956) Kushn1r'-

and Halloran (1981) crossed T aest1vum that was homozygous for

the ph1b allele and therefore,al]owed homoeologous pa1r1ng, w1tha‘§1‘
A sharonens1s., S1nce some d1vergence must have occurred s1nce ‘

" the hybr1dlzat1on events lead1ng to the product1on of tetrapTo1d 1f‘f

“1and hexaplo1d wheats, they felt that with the Ph aTleTe present

”ﬂ‘pa1r1ng would be suppressed They observed a mean of 9. 6611

: lt’(range - 1211) 1n the hybr1d Th1s value 1s higher than 7 SQII ff Lo
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.and 5. 23II observed when nu]T1 SB T aestlvum was crossed w1th A"': ‘

-} sge1t01de (R1Tey and Law J965) To est1mate the ndmber of f
t_H,jbwalents that were due to B genome chromosomes pa1r1ng w1th A
‘jsharonens1s chromosomes, they subtracted 3. 82II wh1ch were observed_‘

B f_ in nu111 58 haplo1d T1nes of T. aestlvum (Rlley and Law 1965)

| since thTS was due to homoeologous pa1r1ng In add1t1on, s1nce

0 31l were observed 1n the T monococcum X A sharonens1s hybr1d ”/

TLe and 1t was asSumed that A sharonens1s and the D genome would have '-/f l

. the same. aff1n1ty, 0. 6II was subtracted from th1s totaT They

caTcuTated that 5 24II per ceTT were due’ to the 8 genome chromosomes

——

pa1r1ng w1th A sharongns1s ‘ The auth0rs felt that th1s value was
very close to the va]ue which 1mpT1Cated T monococcum as the A genome

dbnor to the poTypTo1d wheats and therefore concTuded that A
-~
sharonens1s was a T1keJy cand1date as the B genome donor to

B .
foon

tetraolo1d and hexapTo1d wheats L
Johnson (1975) crossed I monococcum w1th T. EEEEEH and rf ',.-!_‘]‘5A
observéd 71I 1n the ster1le hybr1d.u An amph1p101d produced from ,‘gxu )
th1s hybr1d had TZII + TIV or TOII t 2IV The tr1p101d hybr1d S
obtatned‘from a cross between T turg1dum and T EﬁEEEE had ”5V~

\,.»‘\

7I + 7II ’r 9I + 6II To determ1ne whether the chromosomes of T o

urartu wer pawred w1th the ‘Aor the B genome chromosomes, Dvorak5>7=

(1976) crossed 1. urartu w1th 11nes of T aestivum thatigere

dwteTosomlc >or the A and B chrOmosomes. Chapman et{faT (1976) T: T

‘3

crossed T urgrtu WTth Tine;gas T aest1vum that were d1telosom1c3§_fe

A and B chromosomes. The results j{.;ff:h*ffﬁcﬂs

or doubly dltelgsomlc for t

were essent1a11_f'he same .; T urartu palre"wlth the A genome

B chromosomes of common wheat except for chro osome 4A DvoFék (1976)




s

‘ reported that “when 4Aa (where a 1nd1cated that it- was not known

wh1ch of the two arms of chromosome 4A was present) was telocentrlc,,

: heteromorphlc bivalents were not observed Chapman et. (1976)

found that when both arms of chromosome 4A were present as

te]ocentrlcs,‘no heteromorph1c b1valents were observed but when

4A¢ was teﬂocentr1c heteromorph1c b1valents were observed ;Thej

;‘authors conc]uded that on the basms of te]ocentr1c pa1r1ng data,< '

o

the chromosomes of .T. urartu resembled the chromosomes of the A genOmet5

The pa1r1ng data from var1ous d1plo1d trip101d, and tetrap]o1d o

t hybr1ds 1nd1cated that the chromosomes 1n Tr1t1cum and Aeg1lops

spec1es reta1ned some degree of homoeo]ogy s1nce tHETF d1vergence

from some p1vota1 genome It was poss1ble that when the tetrap]o1d
spec1es was produced the chromosomes from the A and B genome |

parents had a h1gh degree of homoeoTogy such that chromosomes from

\,.‘

both parents, w1thout the Ph aTTele could pa1r w1th each other 5

l.

(Johnson and Dhal1wal 1978) Johnson and Dha11wal (1978) cla1med RO

77tﬁthat subsequent to hybr1d1zat1on one of the two homoeoTogues

K y

\', q'd1verged such that one genome 1s now made up of chromosomes from .

both parents and have d1verged to a p01nt where they faJT to palr

- w\th e1ther parent and the other genome has d1verged T1ttle and ;};p'I&?

reta1ns the ab1]vty to palr w1th both parents Th1s reason1ng

evoTved from the observatlon that T monococcum x T urgrt hybr1ds

“ Af had 6 97II yet were compTetely ster11e.w Dhal1wa1 and Johnson (1982)

crossed an amph1plo1d produced from a T monococcum x T urartu‘




. /

o Ph gene was absent, an 1ncrease 1n b1vaTent and quadr1valent
H_assoc1at1ons 1nd1cated that the A and B chromosomes from T “;n‘»’-l

ot urg1dum were pa1r1ng w1th T monococcum and T urartu reSpectiver
’ ‘ ‘ -;'1&7' S

Somat1c Chromosome Morpholoqy o jg‘]uﬂ‘i“.frﬂt,,; R

Attempts have been made to determlne the B genome donor spec1es

\‘,.' 1

h".fon the bbs1s of somat1c chromosome morpho]ogy As was noted
/

\AJearT1er, Pathak (1940) conc]uded that on the baSTS of chromosome f{'“ e

"Imorphology A . s'u rrossa was the D genome donor to common wheat TR

Pathak (1940) Observed two pa1rs of chromosomes w1th large hf‘ﬂ
JETI sate111tes@1n T turg1dum Us1ng monosomlo 11nes of T aest1vum

Morr1son (}953 cdnc]qded that these chromosOmes belonged to the

s

”f:;B genome., R1]ey et. al. (1958) compared the chromosomes w1th

.ﬁn T*vasatell1tes found 1n A speTto1des, A b1corn1s A sharbnen51s, and

ong1ss1m w1th those 1n T turg1dum = They concluded that A v »
Ee1t01de conta1ned sate]l1ted chromosomes morphologwcally s1m1lar kﬁf: T

4

.;;lﬂ.g to those found 1n T turgtdum.. In a ser1es of papers, G1org1 and

g JBsz1n1 (1969 a, b c) descr1bed deta1led measurements of the somat1c

R ;chromosomes from e1ght subspec1es of T turgldum, T monococcum ssp .

'”V*fboeot1cum, T urartu A b1corn1s A. 4pe1to1des, and ani'.

‘ . E : "o

X fx T monococcum amph1p101d Foh;the,chfomosoméi{with~§ateT]1te

ff;}(Sat),, the sate111te length was om1tted7



: ”1ﬁ monococcum, G1org1 and Bozzan1 (1969b) reported tWO pa1rs of “‘7ﬂfﬁ1Wf

N r_.'\“ S . o L W T o . ) v"'(\','":* . C L
3 S L
,chromosomes w1th sma]l satellttes 1n T monococcum and T. urartu._,,:,‘;f'

I4

'The latter authors report that T. monococcum and T urartu are
o pliliaiads L L LLS

l";karyotyp1ca1]y very 51m11ar and both conta1n 2 Sat 3 &n and 2 M

chromosomes.» G1org1 and Bozz1n1 (1969b) observed hat A. Ee1t01de

S contain 2 Sat 1 St 2 Sm, and 2 M pa1rs of chromosomes wh11e

1

P A EiEQEﬂliCO"ta‘"ed 2 Sat 4 Sm, and ] M palrs of chromosomes.‘:_ff”‘ L

They found no d1reot correlat1on when compar1ng the morpho]ogy of “
\ ,'.’;‘.‘- .'-"

‘ ‘?M\the chromosomes in T monococcum, A btcornls or A.- Qe1t01de w1th SR

,'h’;‘fthe chromosomes from Tt turg1dum. f'f_f‘i\*fihi‘ﬁﬂﬂ)fV* g

’\“

Feldman (]978) karyotyoed A sears11 and found 1t to conta1n

~f2 Sat 3 Sm ‘and 2 M‘pa1rs of chromosomes.\ Measurements of the

A




. L lj'.w;,nV};,_ﬁxl;‘j">‘n‘3:35” R
'Jj\chromosoméS' In some 11nes on]x,one satellwted pa1r of
. / . ’ ’ :

chromosomes was v1s1b]e, 1n other 11nes two pa1rs of chromosomes

“4., Lo e
K \ . i

L w1th sma]l sate111tES were v1s1ble, and 1n other 11nes the ':ff; }”.93;jhg;

' ;f sate111te s1ze varled They suggested that caut1on be exerc1sed | [vhilgf7
Cytop]asm1c Stud1es "T-(ﬂ;tff* 3 d:-“;; i
- Prevlous stud1es had 1nd1cated that cytop]asm1c d1vergence Qlj{ﬂl'

had occurred 1n Tr1t1cum and Aeg11ops K1hara (1951) not1ced that

‘f the degree of V1gour of a hybr1d resu]tlng from an 1ntergener1c ";{f¥4;ﬂqf5

'
1

cross between Tr1trcum and Aeg1lops depended“on the d1reCt10n of




subunIts.\ The smal] subun1t 1s composed of two poTypept1de cha1ns
r;?‘~fl and 1s coded for 1n the nuc]ear genome.‘ The large subunwt was

o

found to con51st of three poTypept1de chalns that are encoded 1n -
the chloroplast«genome (Kawashjna and N1ldman 1972 Chan and Qf!it;f‘},ff .
Nildman 1972 Hart]e_y, ét.al. 1975 Coen et.‘a] 1977)

I

object1ves of Chen et. al (1975) were to estab11sh the«materna]
s parents of T turgldu and T aest1VUm. In a]] spec1es ,f;‘.ﬂffygfx‘pp‘t t-hf“
B stud1ed the smal] subun1t had an 1dent1ca] 1soe1ectr1c pownt Can
'TT\Isoelectr1c focus1ng of the polypeptldes that make up the Targe fi:yJPJf:.y'ff

)

subun1t revealed two patterns.;,T. aest1vum, T turg1dum,,and A ~‘d :v,'{?'Q“

B

peTto1de had a h1gher 1Soe1ectr1c p01nt than T monococcum T‘:x\ﬁfﬂ’

urartu, and A. _guarros . From thws data the authors concludedf“ \'ffjf“fﬂ{f”nh
7iturg1dum:jvjh::fVijfoff}

could not have been T, ’monococcum.‘ S1m1lar1y, the female parent%‘,u‘

A

”“ that the femaTe parent 1nvo]ved 1n the product1on of T




o e [T SN ' ' oo » o I ' S RN i
. = BRI R Sy cor .
-k - R e DRI
L R RE

“":ll ‘ | B -j, o ,' ,‘ R : '.‘;‘v'.> ‘L"“.‘ ;! _."“’ . R “\’ o "‘ .":"\"“"." 1“‘ 'y28v “"
°f N EHEXEQlSEE obta1ned from breeders Tocated 1n d1fferent parts R

of the world They found no 1ntraspec1f1c var1at1on.T Each spec1e;fgﬁ

a srng]e pattern : Nf :f‘;fn",fgt,f“ ERONER LA ‘f_ﬂ S

H1ra1 and Tsunewak1 (1981) extended thTS study us1ng a]lop]asm1c‘

ﬂﬁnes of T aestlvum cv Ch1nese Sprlng The1r resuTts were 1n \f?f]i
agreement w1th Chen, et a] (1975) In add1t1on they S

found that A ong1ss1m conta1ned a: rub1sco/fa;;e subunlt that

“7com1grated w1th A 49e1to1des.; A; sharonens1s and A._b1corn1s

L conta1ned a rub1sco large subun1t that com1grates w1th T monococcum \f'

‘.'iu urartu, and A guarrosa The authQ‘s concluded that A

S ong1ss1m as we]l as A Qelto1de could have been the B genome IR
.», N S BN W ’
l.fdonor fo T turgwdum and T aest1vum.,:ff:5'~\*‘”‘ BN ‘

: S AR . :
. Bt Lo

U51ng a varmety of restr1;t1on enzymes, the restr1ct1on




[ RN

~_f“'vffff‘-‘gff“lf\'3f.-:»ﬁyj' Proteln Stud1es 'Iﬂ'*'n,‘

In a series of papers, B L Johnson.xsolated alcoho] so]uble ff }'nif;:“ﬂ

r‘,

endospermprote1nsfrom a- number oftTr1t1cum and Aegjlops spec1es-"3\

' Ve ,.‘ ,H so !
- ‘and’ determlned the e1ectrophoret1c patterns us1ng a polyacrylamlde -

’

bf:ftéed He reasoned that 1f each genome has equa] express1on the

o Vo . .
Vo

pattern found 1n a hybr1d should reflect‘lts parents band prof11e.,m.-l

coh v

Cn thlS way, Johnson (1967) found that A cxl1ndr1c had aﬁ‘ }tﬂ\\~,3ﬂt S

“5f:.e1ectrophoret1c pattern 1dent1cal to that produced when equ1mo1ar ' f;; '
w “;amoun§§ of alcdho] soluble endosperm 1solated from A guarros s

B  jand A caudata were m1xed Th1s ev1dence supported the me10t1c 'fff;ffff]bi,cgr
_Anf:pa1r1ng data obtaIned by K1hara (1954)‘ who crossed A xllndrlc ‘Ai7h7lfwi,
j,.frAAW1th A.fcaudata and found pr1mar11y 7II and 7I at me1os1s in. the ORI
hﬁ;ffshybr1d ‘*STmllarly, when A zlwndrwc was crossed w1th A. .guarrosa, ﬁ[éin

| the me1ocytes from the hybr1d S

% fﬁﬁ 711‘and 7I were observed in: most:“

."'




"T d; from 230 collect1on s1tes, and representtng all dtst1ngulshable

morpholog]cal types of T turg1dum, T tlmogheev and T. ‘ﬁonococcum

'

// Also, 1n thlS paper he determ1ne3§the electrophoret1c pattern of lﬂ ffvf”lf
lf.‘ 'the water soluble album1ns from equ1molar extracts of selected

parents He found that m1x1ng water,soluble endosperm protewns “;7@.75

; ,I..l
,» L ' .

from access1ons of T monococcum and T. urartu obta1ned from fd'f‘r\‘gafufh

Lebanon accounted for all the album]n bands of T turgtdum Theﬂ‘
mlxture however showed one add1t1onal band From th]s Johnson

concluded that T urartu could b the B genome donor to-common“ |

wheat ,“Qulz‘- }fyﬂtf‘\ﬂﬂ*Q_ﬂT‘

T “.”L ‘”:?li;i“ff'l' e Puroth1on1ns v

“l f . &

Unless otherw1se stated, all work referredktoﬁwas completed

the fract1on that




eluted last was nameg a—puroth1on1n ‘Circular‘dfc 1sm data and :

L?‘ 1ntr1n51c v1scos1ty values 1nd1cated that as'and B puroth1on1ns form

l n "

‘ ru‘compact‘ globular structures “‘water w1th 40% a—hel1cal structures

:7':f]‘iﬁﬂ (Nlmmo et l974) 0htan1 et. al (l975) determ1ned the amlno y lf‘J5
ac1d sequence of two prote1ns that they called "purothlonln A- I" Tl
S ‘and "puroth1on1n A II"\and fpund them to be 45 am1no ac1ds long 3 *If; el

A /“ ‘ "“‘ . i

Mak and Jones-(l976a) found that the am1no acid sequence of
'7”‘8 puroth1on1n was 1dent1cal to‘“purothlonln A I"" Us1ng a more

eff1c1entseparatlon procedure Jones and Maka\1977) determlned that i

‘A

‘lhfthé a- puroth1on1n fract1on was made up of tWO d1st1nct component&

7;;that they termed a,- and a, purotn10n1ns.‘These authors found that the amino
ff”ac1dsequence of a- purothlonln was 1dent1cal td thatof’"puroth1on1n A Il"

Z;f’Jones et. al (1982) 1solated two forms of puroth1on1ns from T ‘\‘.'« ~ﬁfau”

;ﬂ,rturg1dum ssp durum' »One form had an amlno ac1d sequence 1dent1cal

|

"‘spurothlonln L ‘

.\»‘ 8 . . . T L R L
s | Coe Ty Yoot . ‘w," . B
U T RIS B N Lo AN o oo D . o
g Y . N '4 1 . . 1 ‘.‘ o ' " . DS
" ‘ . V. ! 5 ! v . . : :
Wy

seguence 1dent1cal to 8 pnroth1on1n. Jones and Mak(YlQBB) reported

fthat T monococcum contaIned only B purothronln and Jones et al.;73 3

'(1983) determlned’that A.‘ guarrosa contalned a -puroth1on1n S1nce‘if5j,ﬂi*




: '*‘;to m1ce when 1n3ected 1ntraper1tonea]1y or+ 1ntravenous1y, but no‘df"

Lbﬂﬂ“vf:f.ﬂ_g*:{r\,erm ‘Fuhct1on “l~3,:';hf}ﬁ;?Vr'.fff;*_f~:‘ ‘AH

Stuart and Harr1s (1942) demonstrated that Crude puroth1on1n ‘[,f\ ‘hr

"ext"act had bacter1c1da1 and f’ung1c1da] propert]es.: I".V_Ltzg K ,
R act1V1ty was greatest aga1nst gram pos1t1verbacter1a but 1etha] ‘,'bfrxﬁfg
 ‘f‘fﬂaffects toward some gram negatlve bagterva were al\o observed & ;lb-‘;&mddrl

o Fung1c1da1kact1v1ty aga1nst Saccharomyces Cerev1sea Debaromyces f,vtff@ﬁf_f7

: 'nad1forme§' and Endomycops1s a1b1cans was observed however<dlwﬁ ‘ . jﬁ
’fthe mycel1a] fung1 tested were re51stant When crude puroth1on1n o
- '; ‘, v v

. was 1n3ected 1ntraper1tonea]ly 1nto mlce no ln v1v0 act1v1ty

‘_‘fagalnst pneumococc1 Or streptococc1 was observed Cou]son et. al

r“ ,.‘,,‘,

t7(1942) found that h1gh concentrat1ons of puroth1on1n were toxlc

2

;‘ affect was seen wh&n the same amount was oral]y JnJected Thesﬁ ‘ '[f?j .
E AR
;authbrs a]so observed that 1so}ated uter1 from v1rg1n gu1nea p1gs ‘fli«,%{\,,j
\ Wi RTINS &
.were 1nduced to contract upon treated w1th~puroth1on1n. 0kada ? A R

: 1 ! o ‘, “:

?'Et a] (1970) reported that the tox1c1ty of puroth1pn1ns towards

w{fS“icerev1sea could be neutra]1zed by the add1t1on of Ca2+ Zn2+ li‘“f""y
: ,-——"*——“ o ~. S




:

- the cell ﬁﬂrface and then to change the membrane permeab1]1ty ?
Nakanish1.et“ 1. (1979) stud1edethe effects of puroth1on1n q:\‘

‘;mammallan cell 11nes The authors found that the tox1c effecg.was B
11m1ted to act1vely grow1ng cell l1nes To p1npo1nt the exact stage .

“1n the ce]] cycle where the toxin was act1ng, the authors synchronlzed

cultures of“Ba1b/3T3 cells andvcompared the t1me when the 1etha]

‘ - T ‘
effects ‘were: observed to the t1me of ONA, Synthes1s The authors ~

‘ B

conc]uded that puroth1on1n select1velyk1]]s cel]s at S phase

: These conclu510ns Were sbpported by the observat1on that contact

1nh1b1ted baby hamster k1dney (BHK). cell l1nes showed no lethal effect

to puroth1on1n wh1]e BHK l1nes transformed by polyoma v1rus“wene 5

sensit1ve to the. toxin Kramer et al (1979) were the f1rst tos

L

report puroth1on1n tox1c1ty toward 1nvertebrates InJect1ons of .

\ .

o purothlon1n 1nto f0urth hnstar 1arvae of the. tobacco hornworm

IR v, N " L s

. (Manduca sexta) resu]ted 1n death, whereas ora] adm1n1sfrat1on had

no. affect. The authors also reported that bathlng the adult Manduca

1bre with, varwous concentratlons of puroth1on1n

! ‘

f]1ght muscle

d1srupted the membrane potent1al in a dose dependent manner Reduced

and alkylate prote1n had no affect The authors conc]uded'that

-

puroth1on1n b1nds to the ce]]{miﬁbtane and 1nduces changes 1n the

_ membrane permeab111ty. Carrasco et. ah" (1981) observed that “j#??"<*

puroth1on1ns 1nh1b1ted transcr1pt1on, translat1on and DNA synthes1s

cultured in baby hamster kldney ce]l 11nes monkey CV] cells ‘mouse h‘u"

L ceIIs and human He.la cel]s.' These affects were attr1buted to

changes 1n cellmembranepermeab111ty since 1eakage of nuc1e0t1des

A



which normal]y could not transverse the ce]] membrane could then

‘1nh1b1t transdat1on L e ;~“.‘ o ‘

. WRile the above observat1ons 1nd1cate that purothlonins cou]d

i

h\Ve 4 role 1n protect1ng the seed from’ predator 1nvas1on there

‘d o is no, proof that th1s 15 the 1n v1v01funct10n of these prote1ns

Homologous prote1ns have been extracted from the European o

' mlseltoe (V1scum a]bum) and related spec1es (Samue1sson, 1973),

[T

HordeUm»vulgare t (Redman a:d\Fnsher, 1969) Secale cereale

(Hernandez Lucas et a] 1928), and the Crambe abyss1n1ca (Van:“,“ “K'\

Etten at. al 1965)» L

Uswng compensating nu1l1 tetrasomlc 11nes and d1te1osom1c f

11nes of I aest1vum Fernandez de Ca]eya et a] (1976) determined‘?b

that the gene codlng for s purothlonin 1s located on the long arm

1

of chromosome ]A while, the genes cod1ng ﬁor the a-puroth1on1ns were~‘-ﬂclf

located .on the long arm of chromosome 18 and 1D ';"f ';'\, ‘\V‘f

[ h
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Seed was k1ndly prov1de_ by the Unlted States Department of

f Agriculture Betsv1lle Maryla d Agrlculture Canada, Ottawa
\Ontarno Dr B L., JOhhSOﬂ Un1 er51ty of Cal1forn1a, R1vers1de;:f L
.and . the Department oF Plant Sc1e ce Unlverslty of Alberta |

Edmonton, Alberta A ]lSt of the spec1es, llne number,}and SOurce'.

‘.1s g1ven in Table II

An exampﬂe of a represent1ve head: from each spec1es is glven

\‘ln Plate 1. To conf1rm the 1dent1ty of each spec1es, samples of
:each spec1es were sent to Dr B.L. Jo\nson at the Un1vers1ty of
rlCallforn1a R1vers1de, and Dr B S G1 1 at Kansas State Un1ver51tyt

‘ An example -of a representat1ve sp1‘elet from each spec1es is’

. g1ven in plate 2 ‘Some of the morpholog1cal characterlst1cs are

:glven in: Table 3 The geographlcal locat1on of w1ld Tr1t1cum and

’ Aeg1lop spec1es are g1ven uwTable 4 . | R

There was 'some. d1ff1culty in: gron1ng the putatlve B genome

A donors at- thls lat1tude The spec1es were seeded 1ndoors in
erbruary and transplanted to the f1eld 1n the m1ddle of May A

| pelto1de and T urartu would usually be ready for harvest at’the':
‘end of September. All other spec1es had to be transferred to growth

Hchambers or green houses and would be ready for harvestfby Oecember 1"

,‘._.iﬁor January } ; "7"ﬂf'ff&h”;rwl @f‘:ifg_‘:ﬂ>,T}Aggﬁgff.ffigtffff_ e

\ o



Species ' -~ ‘Mumber . .. ' ‘Source .
‘;“h:T turg1dum h:?-RfTCV Stewarth.‘l.’{‘ Department of P]ant 5c1ende T'VREV

8 BRI B Un1vers1ty of A]berta,‘ h
Edmonton ATberta Canada‘f“

‘monococcum.  PI 290509 . - USDA, BeTtsvﬂ]e, Mary]and .S

=3

: s

.fsgeTtoideS'”‘*:-GfTQGZ .“‘f ‘“' 'B. L Johnson, Department of Botany f “
e N o - and Plant Sc1ence, Unﬂvers1ty of

Ca11forn1a R1vers1de CaT1forn1a e

-ﬂlQESiEEiEE- . PGR 8714 ’.f“f‘ The PTant Gene Resources of Canada,‘»1aﬁ

iz

Agr1Culture Canada Ottawa, 0ntar1o

bicornis ' C1 327 T UsoA, Be]tsvme Maryland, U.S.A.

e

‘fsearsiilj’ ~ PGR 7808 . The Plant Gene ReSOurces of Canada,_ o

-

\,f~;,‘h'f S “; | Agr1cuTture Canada,.Ottawa Ontarwotﬁ“T

=

ufééfu“""ff*‘f;PGRTeTSO : ; The P]ant Gene Resources of Canada{ﬁu? .
v K | o v B .. : o L l"" W o
. Agr1cu1ture Canada Ottawa 0ntar1o»»\;

Qsharoneﬁsispff“sPGR 873Tgf‘auxs" The PTant Gene Resources of Canada

Cim e

s . R
BRI AgrlcultureaCanada Ottawa, Ontar1o-~*-f
R .“;;u-”*f f~,’“T H'?.f"‘ifﬂm ‘ QTR

R7:?Tab1e 2 The access1on number and source of each spec1es used vn th1s
A study LREER e _ , , -




‘PQATE;]Q o A representatIVe head sample from

‘J)[- urg]du var. Stewart 

. v
?

. -

Jmonococcum"'

{
o
J=—

, o
)

,spelto1des r Lo 'iy

(98
| >

SRR A;.longlss1mag;Vqﬁf " ’
5)\'&Ifsears11 R R ‘

..‘vfb.,ic()rnis\ —
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= 1>
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+ sharonensis .

C o el Y actual size
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-Plate 2. A'representative ‘lateral spikelet dnd séed sample - i@
N T turgidum
| 2. 1. ‘monocaceum
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A, longissima i







R S ' ; ‘v_" Lol “-‘l;' \,"\;v 42
. Sp1ke length (cm) ‘j”;f*.\hfl 13 15 ‘14516"5475 1oﬁ12 8 10 "zfg*;

Number of splkelets per sp1ke | 12 14 13-15(, 17 19 'f1!13 14 16 18-20 "
Number of seeds per sp1kelet ‘;‘j?Z)‘ lfﬂéle l or2 e\:??f_,WTZf} "f?f“t«;fW
Free caryopsIS ffff}:;;;ef "'f}‘”i"“”"fjeef ;“+‘ R  '"f.}_x;:F &:;il;;

splke dlsart1culates 1nto s1ng]e ,“;;;'ﬂ_;_‘+3 ,;ffﬁ“}‘;‘fle”ffj

‘-jZ sp1ke1ets ‘,“u;- SPEI TR RN DR SR (RO SR
Awns oq termlna] sp1ke1et HERS R S RN P S O B S R R
Awns on latera1 sp1ke1et ‘]j’j- RELN SRR PR ) AT N '

fMorpho]og1ca1 characterlstlcs of’”epresentat1ve heads'from'
D R ”‘lon 1ssama 3 - A b1corn1s, '




1 RARTRAS I i : : . ’
5 e - o N
‘ 4 . ‘ b ‘ , \ " : / ‘ : \ \ “. '
»f”ef ;;\sééc{ésge;e?;fj‘je‘g;“n*ﬂjf‘ﬁjf'0i§frfbutidﬁ,f}.;‘ VAV”TWi\V;,'
ﬂ\w””flw ur idum Israe] Jordan Syr1a, Iran, Iraq, Turkey ';1*~*”~
”*Pﬁ“ T monococcum e 1de]y spread over western As1a v,f

N

ﬁb]

) Eelto1de ,fsrae] Syr1a S Turkey, , Iraq, W Tran oL

: 8, .
v

’jbﬁgf§5jm§  ?:;Hn Isr.el Jordan, S Syr1a,_Egypt .QVf;H  5}1:fF_y L

FRRr

f" e R T

ﬁiéofnfé‘ﬂfg‘ef;: .S Israel S Egypt Lyb]a uffTQj:Q“”_i”ffi‘;; -

"I

‘ ?5eAEfSéaf§fi ;“‘~;L¥Vf Israel Jordan,,Lebanon, Syrla [-]H““‘:
e;ie:urertan “,penfyej':Lebanon, Syr1a, S N Turkey, Iran, Iraq, U, S S R'""
\’ R N r)° s \ SO "“‘:‘.‘ AT e » L ' P TR

‘ The geograph1c d1str1but1on of w11d Tr1t1cum and
3" Aéqilops | spec1es. -Taken: from W1tcom (198 Fe]dman i
i and K1s ev (1977) Johnson (1972)*rv~~;‘ ,vﬁ»*“




o - el ARy
AP ' Puroth1on1n Extract1on '?:"‘ - -

‘dfg;\hﬁwf;tff}; All seeds were m1]led in a Udy Cyclone M1ll and the flour f*w=gf*

passed through a 0 4 mm mesh screen The quant1t1es of flour

\

obta1ned were 509 from A Ee]tOIde 7Sg from A longlss1ma,w f;g ;f

N

3 47g from A; sear511, 459 from A bicornls 409 from A sharonens1s,"f? “\.{A
and 659 from T urartu.l;_fhfﬁffA'f; :ﬁ“ﬂ;", ”h | “if . A ‘. 3

‘,.\' ! ' e “ ' ; N ‘ q

f“h The f]our was m1xed w1th 400 ml of O 05 M H2304 at 4°C and S

st1rred at 15 mlnute 1nterva1 f

Qeltotde and A ong1ssrm we e centr1fuged a¢ 5 000 rpm for - 7»1 ce

r ° \t‘.
ten m1nutes at 4 C A earswg and A b1corn1s were centr1fuged at

v P

‘r one hour Solut1ons from A f- Vo f;f

7 000 rpm for ten m1nutes at 4°C and A sharonens1s and T urartu
e dar Lu

ry

were centr1fuged atJO OOOrpm’for 15 m1nutes at 4°C in aBeckman J21C




oyt

absorblng matér1al was be1ng eluted from‘the column

\.ffV:; Llnear gradlents were developed through the columns.‘IAV 1A?’”‘

:v\

tested pos1t1ve reSults occurred thh Lhe fact1on that eluted last'.

‘ ‘ !-v‘ ‘ ‘\\“":‘:" v‘\“‘”v ‘ ”“ e l- .‘ lv “' : ' ." , ) o ‘, \. ' .‘ o ‘, ‘_" l‘ , “ . o ..lv‘,"‘ “.. 45‘ \‘
L o >%9J-=‘ A R K PR
Jw!‘=lw“wy*r NG . . : SRR R y
CM52 preswollen mlcrogranular) column that had been equlllbrated DRI

\wlth 3 volumes of 0 .3 M ammon1um acetate (NH4Ac) pH5 2 After

loadlng, the columns were washed w1th 0 3 M NH4Ac unt1l a basel1ne;l e

h s

absorbance value was reached, 1nchat1ng no further 280 nm '\]U; n,"i*

."

W ,',

0 5 1 0 M (250 ml of each concentrat1on) NH4Ac pHS 2 grad1ent

was deve10F’ed through the column conta1n1ng A EE]tOlde and A
—9291551@_ prOte‘"’ 4 0 3 1. ] M (250 ml of each concentrat1on) e

A

gradrent was developed through the columns that contalned A sear511

Vo

and A b1corn1s proteln and a 0 4 l 2 M (250 ml of each concentrat1on)

gradlent was developed through the columns that contalnfd A. sharonen51s [f

»

and T urartu proteln.: The column effluent was mon1tored by absorbance

Yoot (\u

at 280 nm, wlth‘an Isco UAS uv monltor., ) RS

It has been observed that puroth1on1ns were prec1p1tated ln the" /

A v . (R

presence of 10% SDS (B L Jones, personal comm ) In all SpeClesr'

‘Jfglhe appropr1ate fract1ons from A pelto1des .\

ong1351ma,_.‘f .ff, '




(see Tab]e 5 for compos1t1on) ‘ Nat1ve puroth10n1ns elute between

9 and 10 m1nutes (BAL Jones, personal comm ) .

’ EART . " ) . " 4 [T
o S o o Lol AN
: . e : . . S

Sy

‘”j;@‘}‘;n Reduct1on and Pyrldy]ethylatlon of Puroth1on1ns f" ‘
Samp1es of the puroth1on1ns were denatured w1th 0 5 M TFIS ”, f
buffer, pH 7 5 that centa1ned 3 M de1on1zed urea, and f]ushed

‘ ;‘ w1th n1trogen gas for 2 mlgutes To reduce the d1sulf1de bonds
&—\t ' -
2 mercaptoethanol (Plerce Chem1ca] Co ) was added and the solut1on
&

"\

was f]ushed w1th Ngig for 10 seconds and sea]ed The mlxture was .

1nCUbated at 50°C for 30 m1nutes in a water bath’ Four v1nyl

pyr1d1ne was added to the solutlon purged w1th Nz(g) ‘Qg 15 Jg;]fg, .

vifuj seconds, sea]ed, and 1ncubated at 50°C for 30 m1nutes (see Table VfiT[“n."{

Ca\nf¢¥: 6 for components) r The samp]es from A b1corn1s,‘A searsi1,'ﬂtt‘

| ong]ss1m and A 9e1to1de were 1oaded onto a 1 g xlS cm. |

CMC column that haq been equ111brated w1th 3 volumes of 0 5. M ‘
NH4Ac lkO 5 1. o M (250 ml of each) NH4Ac, pH 5 2 grad1ent was o
deveIOped through the column and the eluates were mon1tored at ) Jv‘ﬁf4ftﬂq%lj

280 nm The appropr1ate fractlons were col}ected and twlce freeze “‘925Q33

dr1ed ‘ATh1s procedure was mod1f1ed from Mak and Jones (l976b) .Mxn.tiffsyf?f

The samples of reduced and pyr1dy1ethylated purothJon1n from i

A sharonens1s and T

" |

that e]uted between 7




Table 5.

%0.3% TFA L XCHCN
TR I B
e 60 .
0 e g

t

Gradient composition used in the HPLC separatmn of
‘purothionin from the crude proteln mlxture

i

*s
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; 'f 1‘1“' : Peptide Production ,f» . v - r'“j'“'

Pept1des were produced by treat1ng the reduced and pyr1dy]-

"oy

.K\Ax- ethy]ated prote1n w1th three s1te spec1f1c proteolyt1c enzymes

ILY !

’23-' (A) . CTostr1pa1n hydrolys1s B ‘n‘\f'.

". Clostrlpa1n, under opt1ma] cond1t10ns, cleaves pept1de bonds
‘1n which the carboxy] group is contrlbuted by arg1n1ne (Jones
Land Lookhard 1983). S e " - |
Purothlonin (O 2 mg) was d1ssolved 1n 50 ul of 20 mM Tris HCI ” |
pH 7. 4 buffer The enzyme solutwon cons1sted of 90 ug of CTostr)pa1n .
(Boehr1nger Mannhe1m), 73 mg of CaClg,‘and 0. 8 mg of d1th1othretol

Sy

whlch was d1ssolved in 2. O ml of. d1st1Tled and delon1zed water. Ts\j

vaty ul of enzyme solutlon was added to the prote1n buffer soTut1on; .
i m1xed well, and 1nCubated at 39 5°C F1fty ul were removed at 15

and 30 mtnutes. The samples were frozen to stop the react1on and

subsequent]y dr1ed under vacuum

a

tB) Tryps1n hydrolys1s L
Nb‘ Tryps1n c]eaves peptide bonds in wh1ch the carboxyl group is
;Icontributed by Tys1ne or. arg1nane when 1y51ne 1s.the amlno ‘if<L' . fb.b"
term1nal res1due, 1t lS nott;leaved (Jones and Lookhart 1983) o ‘
) ;*huroth10n1n (0. 2 mg) was d1ssoTved in 100 uT of 0. l M PCPESdi;w
(piperazlne N2N1abrs [2 ethane sulfonwc ac1d], S1gma,.ad3usted toif ;’fi‘
. w;f ; pH 6 8 w1th NaOH) The enzyme SOTutton cons1sted of O T mg of i

tryps1n (Northlngton TOCK treated) per ml of PIPES buffer

., Ve

E Twenty ul of enzyme'was added to the prote1n buffer solut1on, ;sf
S m1xed we]l, and 1ncubated at 30°C for one hour.' The react1on was '"rL~,ff*
termlnated by freez1ng and the samples were dr1ed .‘i;A |

(C) Endoproteinase Ly51ne C (EPLC) hydrolys1s 5

f;gt‘liuf EPLC cleaves peptide bonds 1n wh1ch the carboxyl group 1s tﬁfgf']afvj_f




50
J,fcontrlbuted by ]ys1ne (Jones and Lookhart 1983)
Puroth1on1n (0 1 mg). was d1ssolved 1n 100 | of buffer
\‘i;(O 025 M Tr1s and 0. 001 M EDTA that was adjusted to pH ? 7 w1th
‘JHCT) F1ve u] of EPLC solutton (con315t1ng ‘of l ug of EPLC ‘
f[Boehrlnger Mannhe1m] 1n 5 uT of d1st1lled and de1on12ed H20) was |
added to the prote1n buffer so]ut1bn, m1xed wel], and 1ncubated at

'
30°C far 4 hours One ha]f of the sample was removed at l hour

v

..The reactlon was terminated by freez1ng and the samples were dr1ed

under vacuum J a' '[._ ‘ifff"' : o L '.,u - ‘H L \ff'

Reduced and pyr1dy1ethy1ated puroth10n1n from T, urgrtu and x “g"h
TA:.sharonens1s (Ou].mg) was d1ssolved in 400 ul of 0.1'M ammon1um

e bncarbonate» pH 8. 0 F1ve ul of EPLC solutlon was added to the

' »

‘f.prote1n buffer so]ut1on and 1ncubated for 75 mlnutes at 37°C O ne
half of the samp]e was removed at 45 m1nutes The reactlon was
term1nated by freez1ng and the samp]es were dr1ed under vacuum
} The e]utpon gradlent was. m1xed and 1n3ected us1ng a :'1‘,ff”l(
'-Var1an 5060 pump The e]uate was pumped through two uv detectors
‘.;j_‘.“an ser1es wh1ch enab]ed record1ng at 220 nm w1th a Tracor 970
.’,var1ab1e wavelength detectOr and at 280 nm w1th a Isco UAS detector
'”'Q»Hewlett Packard 3388A and 3385A automatlon systems were used to f\;
"l;:;record and ana]yze the outputs from the detectors A 0 l% TFA-_ fjij'.f

'ﬂﬂ F;f;fl aceton1tr1]e grad1ent was used to elute the pept1des (see Table 7

ffor grad1ent compos1t1on) The separated pept1des were'collected

‘Qfand freeze dr1ed Th1s procedure was mod1f1ed from Jones
jff.~fLookhart (1983) 3 ,.’, R o :‘1 i |
B The peptudes generated by EPLC dlgestlon*of puroth1on1n :;i”g”xi‘a‘:

: ';g?1solated from T urartu and A sharonen51s were loaded onto a




‘ Ttmett_ 'f‘\fﬁ "‘.ef;.% % ef d}li'TFAf,vll'. % ACetenﬁtrileT :
o e 98 o IR S
s '_‘,*»*-';‘jaéi A T
B L ",I;'" e I »"13.:
'ft3o’f;“ oo 8?l‘tv7v; e o a8 o
B w0  r¥"7ff. B 7% "a""j;‘ti 2
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 *j ,ffabie’7 Gradlent compos1tion used to separate the peptldes

generated by treatment w1th tryps1n, clostr1pa1n,

PRETEN
T

OrEPLC. LT e S



\‘{_Ls;?}f 1n Tab]e 9)< and 62 5 u] of HPLC grade methanoT w1th1n f1ve

' ﬂ,TFA;acetonitrTle-gradient'(COmposftionjin Table 8)."Absorhance{j o -
- was monitoredratf?]4"nm:‘. R ' -
T Lo ";" e v .

o AanO Acxd Content of the Pept1des

, The pept1de samples were transferred to TO m] fheeze dry1ng
ampoules (Be]]co) and treated w1th 250 uT of 6N HC] (PTerce '
Sequanal Grade) The soTut1on was evacuated for 20 seconds,u"

5 evacuated Por 10 seconds, flushed w1th nitrogen gas (NZ(g)) for

| 4 seconds, evacuated for lO seconds,‘flushed w1th Ng(g) for 4 .h-.;;“ ':'ﬂ:[‘VV

‘i seconds, evacuated for 10 seconds and sealed under vacuum »The*

‘ ampoules were baked for ] hour at 155°C The seal was, broken and“;”’r By
o the contents freeze dr1ed | :7”ﬁfﬂ\w;1;‘fe”'ffln fﬁ'&'[ff.fg:fsa,ni-"yf.~g[ ;;Q

The hydro]yzed samp]es were m1xed w1th 200 uJ of de1onlzed e

¥ ff and d1st1]1ed HgO 25 ul of saturated borate buffer adJusted to ;tT}(%f&

pH 9 5 w1th NaOH 12 5 uT of 0 pthald1aldehyde (OPA compos1t1on3f}5d“”ﬁ:&*i"ﬁh

| m1nutes after m1x1ng, a 35 ul a11quot was 1n3ected by a Rheodynes’”'"’"fb

- 5'1 7120*1n3ect0r va]ve f1tted w1th @ 100 ul samp]e loop 1nto two‘rnf?ff
' waters Assoc1ate u Bondapak C 18 columns (each was 30 cm x 3 9

' 1d ) connected 1n ser1es._




Table 8

T R R

vy
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The compos1t1on of the 0 3% TFA acetonwtr1]e 11near

-gradient used to. separate the: pept1des generated by
EPLC d1gest1on. Flow rate was 2 ml /m1nute. y“;gf

?
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Compos1t1on of - orthoptha1d1a1dehyde so]ut1on Y Ibts.k i
‘ﬁnh‘solut1on gave sat1sfactory resu]ts for f1ve days-a\‘
' 1f stored 1n a dark bott]e PSSO .
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U 'f,.‘ Composition of the Jacetoni. tr1]e bphosphate'b'uffer
‘ grad1ent used to determme‘ the’ ammo ac1d content
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‘9 To determ1ne the am1no acxd content of each peptlde, the

elution proflle of an amwno ac1d ca11brat1on mixture was compared

to the amlno ac:d e]ut1on perlle from each pept1de.‘ S1nce each

I

am1no acid elutes from the co]umn at a character1st1c pos1t1on the

v

am1no ac1ds 1n a HC] treated pept1de can be 1dent1f1ed (F1gure 1)

:Jhe number of each am1no ac1d res1due per pept1de was ca]cu]ated

y

peak area from 6 standard m1x elut1on prof11es (Table 13) : An example

c, '\.\. .
. ‘v

of the élut1on prof11e of a, standard m1x 15 glven1r1Flgure 1 ;At]

amino ac1ds (Beckman Instrument Co ) are 1n equal concentrat1ons

'

except Sae (4 pyr1dy1ethy1) L-cyste1ne (PC) Wh1Ch WaS present at}”"fﬂ;tt
.‘*Vhten t}mes the concentrat1on of th other am1no ac1ds.% The OPA

‘ﬁdervvagtve of PEC fluoresces abou one tenth aslmuch as'the otherj.mflfﬂf‘ﬁf

. \
2

by d1v1d1ng peak area represent1ng each.am1no ac1d by the average \7:‘“7j



Time 1n Mnutes

Amvno Acid

.Thé 'HP'C elution proflle of a standard mx of &nino' ac"i‘c"i‘s';.-'
“Theamino acid: 5f : ’ A




'”ﬂiJTabié‘IZ The: amino. ac1d sequence of al e and 8- purothlonln.
‘ _ﬁﬂ,f;x,*ﬁ,‘“Arrows 1nd1cate the GPeavage swte of tryps1n‘f,a§PCt
Lt [;.\‘4r, and clostr1pa1n ‘ﬂ:"f‘: D

‘v" . . ¢

D x;u.j~‘ﬁf - and «, - purothlonln is. cut at th1$ pownt by1ﬂu
P ;tryp51n and- clostripain while g- puroth10n1n isv.

| Glt’ at this posmon by trypsin and EPLC.. . (Jones "
i .-‘and Mak 1982) R I R
o . n ‘ . :. ' ’ g . N
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“oc02 304 5 6. Mean

b 188 148 159 173 < w9 168 169
E 189 s i e Lo e
Cs a8 92 o219 281 23 s f'23j‘;
T 208, 175 204" / 227 T S92 203
6 276 an 250 303 s L2310 254
| A " ‘240 | 196 o221 292 231 - 218 234
Y 50 207 a3 st 21 2% 27,
R ‘:2}6. , 202 -  22r“ : 285;{;) 227 .5 207 2261'
Vo289 223 25 299 T 259 241 261
B - I ;236  267 319 20 251 268
) LU 8 22 e do9 29 23 . 250
R0 283 ‘flv_zié 247 301,9h;“,251“ - 232 N 24g
.  ;“K - '}215” . 18%“’ 203 271 @2 ) .éoif 218

G\ PECT 207 - 17.6.  20.4  23.6° 20.8° 19.2 2004

i . 1

Al

- Table 13.. The areas of each amino acid from HPLC analysis of six
Vo standard .amino acid mixtures. PEC was at tef times the
' AR concengrat1on compared=to the other amino acids and was
',,corrected for this.difference by d1v1d1ng fhe peak areas

-"1n the 1eft column

T ‘

\"'r.ﬁ,by ten. ' Letters 1dent1fy1ng each amino acid . are 1ocated ’f} -



v v

oumaLlc unromosomes

3

Seeds were 1nduced to germ1nate by p]actng them on .a ten cm a

base of verm§Eh11te that had been saturated with water The seeds :”. ‘ |
were covered with about two mm of vermtcullte, watered as needed, and
stored at 23°C Germlnat1on occurred in 3 6 days, depend1ng on the
spec1es Once the sh%cts emerged above the vermlcultte, the seedltngs 1
. were removed the root t1ps cut off 4 8 mm from the tip, and p]aced ’
1n 4°C d1st1]led water for 22 25 hours. The water ‘was' rep]aced by ‘;.,“
Carnoy stlu1d (3 parts 95% ethanol to l part glac1al acet1c ac1d) |
to f1x the t1ssue and left at room temperature for at’ 1east 24 hours

| and. up‘to one month . --p[ﬂ‘ o R ‘ ‘”.,;i ~ ';;ffr'\‘

The root t1ps were. p]aced in a solut1on of 2% aceto carm1nel

. ‘ %
\ solut1on (2 g carmlne 45 cm3 glac1a] acet1c ao1d 55 cm3 d15t111ed

water prepared fo1low1ng the d1rect1ons by Sharma -and Sharma 1972)

o for at least two hours and no .more than 24 hours. Root t1p squashesv
were obta1ned by 1mmers1ng the sta1ned root 1n a drop of 45% acetlc

' aC1d located on a25 X 77 mm. m1crdscope sl1de (Corn1ng G]ass Inc ).
The root cap was removed w1th 'a scalpel and the t1ssue wlthin about
_ 2 mm of the t1p was gently macerated Dur1ng thlS part of the,
procedure, a w11d M3 d1ssect1ng m1croscope was used (16 power
obJect1ve) and l1ght 1nten51ty was adJusted u51ng a Hammond m1croscope
ﬂrapsformer, Mode] : 20 D. ‘A 22 mm s&uare covers?1p (Cornlng Glass Inc. )

R

was lowered over the t]ssue and gently tapped w1th the eraser end of

a penc1} The sltde was scanned w1th a N11d M20- 11612 compound .

photom1croscope us1ng a 10 power object1ve nght 1nten51ty was

adested dSIng a Hammond Model DBGF m1croscope transformer..igk““v’,"

oo




- were taken Wlth Kodak technlcal pan f1lm 2415 (Eastar AH base)

‘under a 40 power obJectlve lens. F\lm exposure and advance was

controlled by a Nlld photoautomat MELI3 panel

) The length of each chromosome arm was determ1ned us1ng a

' M1cro Plan II Image Analys1s System (Laboratory Computer System

r

The arm ratlo was calculated and a descr1pt1on of the chromosomes ‘

Inc ) that had been 1nterfaced w1th an IBM Personal Computer

based on the centromere 1ocatlon and presence or absence of a-

satell1te whlch followed that: by Glorg1 and Boz1n1 (l969)*resulted

in 4 groups:

Sat..

M

. St

"o

chrbmosomes with satellites (the satelllte length
-

was om1tted when arm- ratio was calculated)
med1um chromosomes have an . -arm rat1o of l 00-1. 25.
vsubmed1an chromosomes have an arm rat1o between

1.26- 175, Ji,v' ;.{; o

*
y v

‘subterm1nal chromosomes “have an “arm rat1o greater

Cthan 1.75.° ST »""l

“,1

order of decrea51ng length‘ f' L i.'. . ‘ .' ‘ ¢

v

-

Chromosome pa1rs in the karyotype of each specwes were arranged 1n §



“ : . . - -




SEURRE R : KESUILS OT Furotnionin Anaiysis. . @ ot

All seeds used in this study were from seed 1ncreased 1n
‘ Edmonton Alberta between 1982 and 1986 Extract1on and ana]y515 ﬁ'l
B of purothlonin from’ A §Qe1to1de A longi551ma A b1corn1s,vand :
A sears1i was completed at the USDA faci11ty at Manhattan Kansas.'wu
The analysws of puroth10n1n from T “urartu and A sharonens1s Was
' completed at the USDA ﬁacillty at Madlson Niscons1n.;‘ AAL‘A“fjff’ o
. o / oo
o e SR DR
w " o . Sy




Extractmon and Analysls'of PuPOtthnln From A. sgeltozdes

The results from CHe column separat1on of crude purothionnn aref

-

glven in ngure 2 ahd Flgure 3 After freeze drying fractlon l7 l9 "vlj‘V'
"Vn'(F1gure 3), 11. 3 'mg. of purothlonln was obtalned. The protein was N
‘J‘;reduced and pyrldylethylated The results of CMC column puriflcation

' are glven in Flgure 4 After freeze dry1ng fractlons 27 30 3 S mg
'ﬂr"of prote1n was obtalned T.wj:' ‘jc‘5“_;‘_‘5j,;‘f;ﬂ L f‘f ,\;;uff;7

\

‘\:!'d’b‘f".ﬁi' :hf"l* Trypsin Dlgestlon AN

.‘--
Cy

The HPLC elutlon pattern of reduced and pyrldylethylated ".(‘cAal
purothlonln that had been nydrolysed w1th trypSIn for bne hour 1s glven

. ‘1n Flgure 5 Nlne fractlons were recovered Unfortunately, thé fractlon

M'} '.“contalnlng amlno ac1ds 6 lO was not recoVered Comparlng the p051t10n

'“where amlno ac1ds 6 lO eluted after clostr1pa1n hydrolys1s, thlS fel}i

el

2”:fractlon probably eluted at 7. 35 m1nutes. spgn,ﬂﬁﬁlf:j

,‘l”f57f }fefﬁ Although 9 fractlons were recovered only fractlons l 2 3 5

‘f17, and 9 were dlscussed Fractlons 4 6 and 8 represented parltal
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res1due per pept1de (Flgure 8) and correspdnded to am1no ac1ds 42 45

' 1t was felt'that 2 res1dues per pept1de ex1sted when fract1on 8 frOm

1 Fract1on 3 conta1ned 1 g]yc1ne 1 phenyla]an1ne, and 1 lys1ne th;

Fract1on 5 conta1ned 2 ser1ne, ] g]yc1ne, 1 a]an1ne, 1 val1ne, i”?hl .
R : .7A -
1 PEC 1 1soleuc1ne, and 1. 1ys1ne resldue per pept1de (F1gure 9) and

corresponded to am1no ac1ds 33 41 ‘”Q,ﬁ,sT;”"ﬁ'““”'j'm

»". "‘I""u o ‘-7‘ \ e

Fract1on 7 contained 1 glyc1ne, l a]anlne, 1 arg1n1ne, l val1ne,.:

‘,x, . . U A
. i t

2 PEC and 1 1euc1ne res1due per peptlde (F1gure 10) and corresp

to am1no ac1ds 24 30 Although the ca]culated value for PEC W ihj.

, ,h4
'

c]ostr1pa1n treatment was ana]yzed 2 PEC res1dqes per pept}de were

:(
tonam1no ac1ds 11 ]7t, A]though the calcu]atedfva1ue for PEC was 1 48

2 PEC and 1 1euc1ne;re51due per pept1de F1gure ]]) and corresponded
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»r_j.v""and PEC, and l res1due per pept1de of glutamlc ac1d argmme, valme,%

[N
L

co e .o R .;.."‘ S '7‘§,X‘

r‘ 0 ' ‘ : . , ' *
. - J . . T

Clostrlpam Hydrolys1§*

The HPLC elut1on pattern of reduced and pyr1dylethylated
purdthiomn that "had been treated w1th clostmpam for 30 minutes -

s glven iR Flgure 12 Twelve fractwns were recovered
N . A . ) » . - ~ ' ) . O”
patP ’ o . - o L

- Amino Ac1d Analysxs

’
' CRE Y

‘ Fraction l contalned 9 alamne and T arglmne res1due per"\‘

,‘,peptlde (Figure l3) and corresponde‘d to ammo ac1ds 18. and 19’“ The
vpeak that emerged ‘at. 46 90 mmutes was an art1Fact " - _
Fractlon 3 c0nta1ned 1 serme, 1 argmme, and l ly.sme reswdue
- per. peptade (F1gure 14) and corresponded to am1no ac1ds 1-5. T‘he

| peak at 36. 72 mmutes represented PC but the area calculated appears to be

', 1naCCurate. However \fractwn 2 from trypsm hydrolys1sa1nd1cated %hat

" two PE res1dues exlstedm this peptlde P S R S f’.,\. ;
. St e . . ' . ". “‘,‘

. Fr*actron 4 cdntamedserme threon)ne glycme argmme, ‘and
: ]eucme m equal Mnceqt atmns The calculated value for glycme ‘
_"I‘was 1 8l residues per peptlde Th1s was an overest1matlon smce &M‘
“ threomne -and glycme d1d not elute separa\tf_l_y and some of the | "«
‘ .."threomne peaks are 1ncluded 'ln the glycme peak areaﬁ(F1gure lS) o i
o A L

Frae3t1on 8 contameeresidues per pept1de of glytme, alamne,

;

R leucme and lysme (Flgure l6) wh1ch corresponded l:o ammo acwds t'20 30 »

Fractlon 9 conta1ned2 aspartic ac1d l tryqsme_, l";} argmme, 2
fPEC, and l"leucme res1dhe per peptide (F‘1gure l7) and corresponded

'y

. to ammo ac1gls ll l7 The chart -paper on the pmnt ‘plotterv wh1ch

"j’momtored at 220 . was caught m the system and consequentl y. the peak ,

;for aspart1c ac1d was not prmted Nevertheless, the a'ﬂea was calculated

and the am1no ac1d value was obtam’ed The chart from the’ prmte;r s , &

SR
RPN A S ,
L IR N
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N

flgure 17 L T L ; R ';.‘,Q;§§$§eg_‘

L Fractlon 12 conta1ned 3 lys1ne 2 serlne 2 glyc1ne, and{ZWPC

/
i

; 're51dues per pept\de and va11ne, 1 1soleuc1ne l alan1ne and 1

I‘{,

| pheny]alan1ne resldae per pept1de (F1gure 18) wh1ch corresponded ,

to am1no ac1ds 31 45

‘p1otter wh1ch measured relat1ve f]uorescence at 254 nm 1$ given 1n L
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t ‘ Iv A | ‘ EPLC Treatment | . | \ .
't“ o The HPLC elut1on pattern of redUCed and pyr1dyethy1ated | '
d‘ii puroth1on from A. ge]to1de treated thh EPLC for 4 hours is . ‘
e' L ; g1ven in f1gure ]9 TWe]vé fractlons were 1nc1uded and’ represented ‘W‘A. o
' 1 : nam1no ac1ds 2- 32 and 42 45 By comparing this elu?éon pattern |
tﬁ:x“V \v'wrth that. of EPLC treated A. ggéggll, the fraCt10n conta1n1ng am1no ;wrv{J‘Ef”i
) 'm aC1dS 33 to 4y ]1ke]y efuted at. 25 mm / o ,'" s I
i ‘»'fV»ff4ﬂ‘f,' C :A .;. Am1no Acwd Ana]ys]s \'rfoﬂ “i.fiﬁ, 3 f . : }
‘ ; s 'yFrathon 3 conta1ned 1glyc?ne 7 phenyTalan1ne, and 1 l;;1ne tﬁhwsgigf;_
reeldue per pept1de (F1gure 20) and ’represented ammo ac1ds 42 45, S
' ' Fruet1dn 8 contalned 3PEC IR glycwne 1 a1an1ne, 1 arg1n1ne,“i  g kfd“twi
. nh] va}qne 1 leUC1ne, and ]M]ys1ne res1due per pept1de (F1gupe 2])‘ :3;*f‘“¢>jffj
'iVy fand represented mn1no ac1ds 24 32 ’“”hfj"“:ﬁ'a;t;gf*tfff“’j;fzaj:;ffff‘rdf” }
, ‘“d“~~‘ FF&Ct?O" 11 Conta1ned4-arg1n1ne 4‘PECuv2 aspartlc‘aetd‘ 2 se£1ﬁé{ei,?, f

'.2 g?yc1ne 2 a7an1ne and 2 1euc1ne res1due per pept1de and } glutam1cffd

””:ffwlf”ac‘d 1 tyros1ne, and 1 1y51ne reswdue per pept1de (F)gure 22) | 51f\ PALRES b
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The amino acid sequence of purophionkn from A. speltoides is
given in Figure 23. It differs from a, purothionin by a leucine

to valine substitutfon at positon 37 and a serine\to alanine

substitution at positpn 34, 35, or 38.
LY . . .
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Figure 19. Results from the HPLC separation of peptides formed
by the hydrolysis of pyridylethylated purothionin
. from A. speltoides that had been.treated with EPLC
. for & hours. Fraction number and elution time is
. given above. o :
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Figure 20. Results from the HPLC separation of amino acids formed } ‘
. - by HC1 hydrolysis of fraction 3 that resulted from EPLC
digestion of pyridylethylated purothidnin extracted Co ' .
from A. speltoides. Calculations.of the number of amino
‘ acid residues per peptide is given above. ' o .
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amino acid residues per peptide i; given sbove. .
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o A Extractlon and ana]XSIS of purothiunln

from A .. longxsszma‘
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The results from CMC column separat1on of” crude purothlonln’;‘

are given in Figure 24 and F1gure 25 Af er fre ze dry1ng fractlons f i ‘1'

‘18 and 19 3.3 mg of puroth10n1n was obta ned "L eln‘was

reduced and pyr1dylethylated and l 3 mg 0 j roth1on1n was o taxned,\
" : S

-after freeze dry1ng fractlons 20 26 (F1gure iﬁ)

{

Tryps1n D1gest10n ﬁ ,_'__..H. :d;

) The HPLC elut1on pattern of reduced and pyrldylethylated
; :puroth10n1n that haq been hydro]ysed w1th trypS1n fOr l hour 1s 2
'i?\f;;gtven in Flgure 27 Seven fractlogs were collected and these
‘?gﬂ'represented all the am1no ac1ds conta1ned 1n the puroth1on1n except':j

PO S

:cresidues 6 10 By compar1ng this e]ut1on prof11e to ﬁhat from

A Qeltoide puroth1on1n dlgested wlth tryps1n (F\gure 5), the

;gfract1on conta1h1ng am1no ac1ds 6 to 10 eluted at 7 23 or'™ 9 13 m1nutes,“;ﬂ
F .‘~v‘f, LT S B T

‘,\.'

. \L “ '}

SRR

Am1no ac1d c0ntent of each pept1de :1f”ff" -

Fract1on 1 conta1ned glutam1c ac1d, serlne, g]yc1ne, alan1ne,‘ - {xg‘{~{;

. 5h'ﬂarg1n1ne,.and lysrne reswdues (F1gure 28) and corresponded t0'am1no-




L3

Y7

tae

19K

LR - Nu y T ) ‘. . L . vg.e ¢ :&.. .ucwde«uw u<+-.~z : .—H
o SR ‘QEWMmmw.co.n ..<.Eouu.‘:~=0n:uou:a m_u:.uu uo




. . - R «

v

.‘..< Eo»u. :uco..:uo.:& uo coaumumamm oxo .ﬂN uu:wAh

ov7uN
3 {- O




U Sz ‘% H 7.M . - < .‘. N ‘..y - e T ‘.\. . ., , H\».. ) ;
sl O _— PR - - R
T M.Wmﬁ,wwqm.ﬂmu.m nhma.;ucwakuw u<¢=z R c wawcam: maamwa.rod

e .‘u"un=A:Ounuou:mvvmuw~hsumahvauam v:w kuaku uo =o~umwwamm Uxo .oN ou:mﬂh







[ T ey k‘: . Y 4 ' | NI
i N N . . 1 .
N e TR N 0 \ . t
aoe . . .
b . ' \ .

v V Co o P v ! ' ! '

SO ; . KR i
, i ' ' N

S T S A O ; ‘ '
I ' N .

N ' BRI W ' N * RS
. L . " i , ;
e * . ) ! AN

. A i
e 47 NN . " S "

. [ | \ ",

o " . . V, . A

PR . ¢ . '

. L . ol '
T \ R i

o " [ 1Y . .

N K . o . i
o : :

P \ '

e , i ,

. ' o v ’

‘,;i\\., . , .

. '..“\‘ . " "

VO 4 . '
. L ! N
' ' '
o

1 [ER)

O . ' .

i Lot .

: l

' A a '

23.67

Y . ; R oo i .‘Aa.9n h '
S A 20.8) - . S
. ) \ o s , . g f
v Relat:ye o - ‘
L Absorbance N
SR l S ! .
. S NPT N v
S AEjgfvgﬁ n*],. ﬁminﬂmms T
! . " L s ! L ‘ ‘.‘ s o : '..‘. '
e Amtno Acid T\me (Ajn' ’Area Area/Standard 'lfl-Z 97 Hhole Number x ‘
et 768 an[ a6 0s6 fies
; So2.39 0 409 - 177 ;‘ -0.59 :
02083 9%6" 388 '-',.1'.29.
‘ 62367 14a3 L 617 2,08 : *
L .'31.86:..,1010.) - 4,47 rww-»
43 94-. o 72 L3 36 AR 3\1‘ o
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"extracted from A lonq;ssxma ‘Calculations of the
numbﬂr of ¢m1no acid residues per peptide.is giveh.
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figure 300 ReSults- rom the HPLC separatfon of ,ammo acids formed- y
— L HCY: hydrolyms of fraction 3 that resulted from trypsin
o 'fvdxgestion of / pyr!dylethyhted purothionin .extracted. frcm ‘L
" A longissima.’ Calculations ‘of . the number of.- amno ac'id
resmues -per: peptide is given above :
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Fract1dn 3 conta1ned lglycine 1 pheny]a]anine and 1 lysine

‘residue per pept1de (F1gure 30) and correspondedtx)am1no ac1ds 42 45.
. S _ fract1on 4 containeéd 1 serine, 1 threonlne, 1 arg1n1ne 1 valine,
2 PC and 1 leucine res1due per peptide (F1gure 3]) and corresponded
7'1_h' ‘lto amwno acids 24- 30 The areas for ser]ne and thregnlne\were
(J‘nderest1mated and the relative amount> could not be calculated.
owever, when fract1on 5 from c]ostrlpa1n hydro]ys1s (Figure
: ncLudes am1no ac1ds 20- 30) or fract1on 5 from EPLC hydrolys1s

i

(F1gure 41, 1nc1udes amino acids 24- 32) is analysed, /3 ser1ne_and‘

' Fractlon 5 conta1nea 25er1ne, 1 threon1ne 1 glycine, 1 PC,

\

102

: ";h 2 1euc1ne, and 4 1ys1ne residue per'peptjde'(Figure 32) and cdrrespdnded

e

m;to am1no acids 35 41

Fractlon 6 conta1ned2(aspart1c ac1d 1 tyrosine, 1 arginine,

“~v_‘2 PC, and. | leuc1ne residue per pept1de (Fi@ure'33) and cbrresponded
o “td amino ac1ds 11- ]7 A]though the ce%culated value for PCwas 1.25

s

res1dues per pept1de, thlS value may be an - underest1mat1on since

.gg
‘égﬁalys1s of fract1on 6 from clostrapaln hydroly51s 1nd1cated that
two PC reSIdues occgr in this pept1de In-add1t1on, the rise in
the base]1ne dur1ng the time when PC’ e]uted from the column may

' ft have been .led to an 1ncorrect area calcu]at1on..

Clostr1pa1n Hydrolys1s ‘

. .
. “ \
' g T - s 0

The HPLC elut:on prof1le»of c]ostr1pa1n treated puroth1on1n is .

- g1ven i’ ngure 34 Ten fract1ons were recovered Four of these )

[N

o fractzons conta1ned’a]1 am1no ac1ds present in. the purothlonln'

except am1no ac1ds 6-10. Jf.a < parﬂf‘nvls(made w1th,clostr1pa1nd
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Amino Acid Time (min.) Area Area/Standard I[fi=1.98 Whole Number

0.90
.03
1.56

1.07.

—_— ) e

Results “from the HPLC Separation of amino acids formed
by HC1 hydrolysis ‘of fraction 4 that resulted from trypsin
digestion of pyridylethylated purothionin extracted from

A. longissima.

Relative '
_ Absorbance 18.16  21.16°
- n
%
L - Time in Minutes
) —_—
S 18.14 80 0.01
T 21.16 129 0.64
R 32.26 - 404 1.79
v 33.32 531 2.03
PC . 37.10 63 3.09
L . 39.%5 529 2.1
Figqre,3l.

Calculations of the number of amino a
.residues per peptide . is given‘abovefj

cid
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Relative
_Absorbance
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-
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2131

Time in Hinutes :

T

49.13

Amino Acid . Time’ (m!n ) Area Area/Stanaard 1£124.59 . Whole Number
S’ 17;87 - \1870 .- 8.09 ° 1.76 - 2,
T 20.88 834 4.11. 0.89 B
G 21.31 ©° 1280 . 5.03 ~1.09 " R
- PC 37.08 - 84 4,16 - 0 91 1
L . '39.15; 2575 - .10.30 . S2.24 2
K 49.12 o1 . Res 1.01 AR

g figﬁ}e 32.

Results from the HPLC separatlon of amino acids formed
by HC1.hydrolysis of fraction S .that.resulted from trypsun

‘from A. longissima.

.

,digestion of pyridylethylated purothionin extracted :
» Calculations of the number of - amlno
acid residues per peptide is givgn abovg. ; . -
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o Figure 3.

7.8
- 26,394’»

‘32,00
" 36.95

739,69 "1 1aa.

ReSults from the HPLC separatlon of amlr-o acids S

.- formed by HC1 hydrolysis of fraction 6 that: resulted
- from trypsin dlgestlon of uyrldyletlvylated purothionin « '
©extracted from A. longissima. :
-+ number.qf" amno acid residues per peptlde is glven
'-j‘.above. S 5 . L :
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955 "
969

‘99

L 26,39 0
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Area/Standard
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‘ahydrolys1s of A pe1t01de puroth1on1n, the fraction that conta1ned

‘@‘th1s peptide may occur at the end of the 5 10 m1nute peak or 1n

the 6 92 or 8 84. m1nute peaks

Af’ vgt‘h" Am1no Acid Content of Each Pept1de
. Fraction 3 conta1ned 1 1ys1ne, 1 serlne, 2 PC and 1 arg1n1ne
res1due perlpept1de (F1gure 35) and corresponded to amino ac1ds 1 5
Fract1on 5 contalned 1 res1due each of g]yc1ne, g]utam1c ac1d
o ser1ne, a]an1ne, argln1ne va11ne, 1euc1ne and 1ys1ne (F1gure 36) and”f
"corresponded to am1no ac1ds 20 30. ' Threon1ne and glyc1ne d1d not |

)

d'SeDarate comp]etely S0 the areas cafc:?ated are. an underestlmate for o h

athreon1ne and an overestlmate for glyc1ne ‘ {d‘ﬁ";';fthfi,f“f |

Fractlon 6 COntaIned 2 aspar&ate 2 PC, 1 tyros1ne, 1 arg1n1ne,
f‘and 1. leUCwne res1due per pept1de (Flgure 37) and corresponded to

- am1no ac1ds 1- 17. h3"f.d“. *d‘t‘f[,;ki}fdf:\'i:l ‘;h“hé y?“h

. "‘ Fract1oq 9 conta1ned 2 ser1ne, 2 gluc1ne, l threon1ne, 2 PC

'1‘2 leuc1ne, l phenyla]a1ne, and 2 ly51ne res1dués per pept1de X 1d]f::fv'

hﬂ(Flgure 38) and corresponded to am1no ‘a ;ds 31 45 Threonine and :Ti;”

\‘"glyc1ne d1d not separate completely but ana1y51s of fract1on 6 and .i

x

g from EPLC hydrolys1s 1nd1cated 2 g]yc1ne and'a ser1ne res1due

"Effifper pept1de (F]gure 42) The calculated value f0r lys1ne 1s 2 12

'f']hydrolys1s 1nd1cated the ex1stence of 3 1ys1ne res1dues 1n

E "’f}ﬁffthat included amwnOyacfds 24 4§f

:residues per pept1de.* Analys1s of fractvons 5, 6 and 2 from EPLC

the pept1de

o Th:pterm1na1 1ys1ne may'have:been
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wResults from~the HPLC separat)on of peptides formed
by the hydrolysis .of .pyridylethylated purothionin.. .
“from A.: Ionqxssima that had’ been treated with .
clostripain for..30 minutes.,,, i
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: Results from therHPLC separation of»amlno acfds formed
by HC1, hydrolys;s ‘of - fraction .5 -that resulted from’
‘clbstripain ‘digestion of pyridylethylated pq'othlonin
extracted from A, longissima. : ‘Calculations. of. the
f- -acid restdues per pept1de s’ given
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i L 1ut1on patfern of reduced and nyrndylethylated S
- puroth1on1n that had been treated w1th EPLC for 4. hours 1s g1ven “‘f.rff,‘fﬂfdn
i\,“, o . EERARI T

in F1gune~39 Eleven fract1ons were obta1ned and represented am1no

aC1d§ 2 45 The am‘"° term’"““Usme Was not recovered '} f‘””

‘ o . . . f , i . i . e -
| T '\ A “‘ \" “m"! Yo b . v" TN el ! o DA

o o t -~
. L

' e 1.
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‘ G O 'i

lFract1on~5 contalnedl ser1ne, 1 thmeon1ne 1 arg1n1ne 1 Vallne,l 1euc1ne,

o



\ "?}“g]yc1ne, alan1ne tyrosine, arg1n1ne, leuc1ne, lys1ne, and PC (Figure

"Vhwas unfortunate that the“w

v . ot
.t . v

£ af'a was d1v1ded eQually between two am1no ac1ds. o ”:;f )
Fract1on‘ ‘ia1nedaspart1t ac1d glutam1c ac1d, serwne, thrEDnine,

v, ',\‘r

f.]43) and corresponded‘u:amlno ac1ds 2 23 The area of the argintne

fh;dpeak 1nd1cates 5 re51dues per peptlde but the small peak elut1ng Just

e V'

.Tafter the argln1ne peak may have been 1ncluded 1n th1s area and only ‘fl’jﬂ

a

14 res1dues per pept1de may ex1st The calculated value for

0

,“ﬂthreon1newasl 24 re51dues per pept1de but threonlne and glyclne

j{d1d not separate completely so 2 res1du s per peptwde may ex1st It l

.lr',

yps1n or the clbstrlpaln d1gests conta1n1ng

. £
']Vam1no ac1ds 6 lO were not\recovered. The analysts of these fracﬁ10ns
{ .‘4;‘ '7 t ! i N '.‘ ‘.. . N |. N ,,.“ r, B i . e
‘:ﬁ;.COU]d resolve thws quest1on._¢' o *f"ﬁ“lS;.[‘ S “ﬂ; ¥
i "' ’f \ s l
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IReSuIti from the HPLC separatxon'of‘peptides formed
,by the. hydrolysis of - pyrwdylethylated purgthionin”
from A.,llonqxssxma thatlhad ‘been reated‘with EP
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"Figdre‘40;‘ Results from the HPLC. separatlon of amino: aéTUs formed
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TEPLC digestion of: pyrtdylethylated purothionln extracted
from ‘A. longrssima. Calculations of the. number of amino iy
. acvd resvdués per peptlde is glven above;"‘ :
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Figure 41. Results from the HPLC 'separation of amino acids formed
. - by HC1 hydrolysis of fraction:5 that resulted from EPLC
o digestion of pyridylethylated purothionin.estracted
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- acid residues per peptide is given aboyve. '
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Results from the HPLC separation of amino acids
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formed by HCl.hydrolysis. of fraction 6 that resulted
from EPLC digestion of pyrldylethylated purothianin
extracted from a.

number of amino acid restdues per pept!de

above.

longissima.
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Calculavions of the
S, given
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It 1s c]ear from the above data that the puﬁoth\on1n from A

ong1ss1m ‘does not resemb]e a, puroth1on1n

The amlno acid sequence of puroth1on1n from A ong1ssim is 2

glven in F1gure 44 It is 1dent1ca] to the amino acwd sequence of

\

a, puroth1qn1nt -
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'vf‘ 37 39 2 3 mg. of p ote1n was obta1ned v

'“iffl reswdue per pept1de (F1gure 49) and corresponds to am1no ac1ds 1 5

e
i,

Extract1on and Analzs1s of Puroth1on1n From A, blcornls

The results of CMC column separatxqp of crude purothlon1n from

. ) i . BN ;
uUA b1corn1s are g1ven 1n F1gures 45 and 46 After freeze dry1ng '*ff”}ﬁ.;j.-,~
'fractions 15 17 (Figure 46), 3 1 mg of nunoth1on1n was obta1ned

\ ’?The results Of - CMC column separat1on of reduced and pyr1dylethy1ated .f‘;n‘;d'”

| purofhlon1n is- g1ven 1n F1gure 47 After freeze dry1ng fractlons | ]"

'1‘d f: : ; ffa‘ j‘ily C]ostr1pa1n Hydro]ys1s
BRI SR o R R
The HPLC elut1on pattern of reduced and pyr1dy1ethylated . "rg_[,iwﬁ;fo

puroth1on1n hydrolysed WIth clostr1pa1n 1s g1ven in F1gure 4&

e

E1even fract1ons were recovered

nﬂ yl-

Vo

/

Y

..‘

Fraction 4 contalned one res1due per pept1de of serlne threonwne,'? B

g1yc1ne, arg1n1ne and 1euc1ne (F1gure 50) and correspondeotx)am1no 1’fi5'

ac1ds 6 10
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‘.be taken away from the total and the am1no ac1ds content of the .
'pept1de which 1ncluded amlno acids 11 17 was*determ1ned S1nce ].
\ [} 2

.only one. re51due of lysine occured u1the peptide conta\n1ng am1no

| ac1ds 11 30v the %E"EH_—H va]ue can be used to. ca]cu]ate the true~

tan ar |
peak areas of\the amino, ac1ds 11 17. The calcu]ations and va]ues ’
aire given in Figure 52 'Fract1on 7 conta1ned2'aspart1c ac1d 1 . ‘ﬁ«‘

. .tyrosine, 1 arg1n1ne 2 PC, and 1 Ieuc1ne res1due per pept1de

Although the ca]culated Xalue for PC s 1 38 re51dues per pept1de

SN

'vhanalys1s of th!s area after tryps1n dlgest1on 1nd1caﬁed that 2 PC

I
.

,resldues per gept1de exlsts
Fractvon 9 conta1ned231ysgne 2 ser1ne 2 g]yc1ne, and 2PC

"‘reswdues per peptwde, and 1 a]anlne, 1 1soleuc1ne, B ]euc1ne, and .

"

' f] phenyla]an1ne res1due per peptide, (Flgure 63) and corresponded to
‘ . Q\y\ . T ‘
“ am1no acids . 31 45 L , VL TR

\ .

T

”«vu'lﬁ.,‘ ) ‘ﬁouif‘ . ,# Aming Ac1d Ana]ys1s
Fractwon ] oontalned.l glutam1c ac1d 1 glyc1ne 2 a]anrne,‘.'rhﬁf:_pig f
fl arg1nine and T 1ys1ne res1due‘per‘pept1de (F1gure 55) and O
'“correspondmdtoamlno ac1ds 18 23 Apparently tryps1n d1d not c]eave
;the argin1ne at amlno acid 19 o

Fractlon 3 conta1ned 1 Ser1ne, q threon1ne, gk glyc1ne,,i‘?¥ﬁ

1{arginine,.and 1 lyi/ne reSIdue per pepttde (F1gure 56) and

v7corresponded'toamn1no ac1d546 10 j}hlﬂ"v i;lfg_ﬁf ;;»;*ﬁﬂn:ffﬁ"‘




Amtno Acrd Ttme jmlnA)

Ared

L
+e .
.
\D .
[
N
-
.
!
“q
. ’
o
‘Relative
" Absorbance.
‘I
.
v
It
.
c.."
.
;

[

f”ﬂﬁ—ﬁ»mm
. aFc

L Figire 53

- I3

17, 39..

20.86

23.67

36.24 "
37:39.

38593

39.93°

©39.93

Y

| 3123,

Area/Standard

. Time in Hinuies‘k'

)
\
\
L
\
\
-
. i
i
|
!
.
|
*N
¢

131

N
{ /
3 : i
I
\ i
i
' \ .
.
o
b
X
o
T,
o '
L
Vo
A '
v . v
' I
. o .
. ]
. '
L
! '
‘v
A
)
.

L A
“1£1=7.76 wWholé Number

3

3850

1854

2063

. 1979

“

o366
w01y

13. 52

- 13, 98

7,92

17.94,{

7.76

S g.25"
R X7 R
;}9,32‘; Vi

BN

" Pt b S ) e e
R R . » . » - .

‘<3é_<‘: v -0

L RSO IRNO &
. P “'—4 .

Results from the HPLC separat\od of amtno acuas formed

Calculations of the number

;. by HGY hydrolysis-of- fractloh 9 that ‘resulted from
:'clostrvparn d!gest|on of pyr\dylethylated puroth»onxn

,;~.extrdcted from A/ hxcornxs
L. of am\no fciu res:dues per oEpt!de |s qvven above

———— ) - QN

- Red,




\ .o \ \
o : ' 132
“' . ‘\'. v
PR “‘ ! ! ' ! v
' N . ' 2.72 ‘ ; ' ~
\ ‘
A ' : X :
' 25,77 :
' : .94 J , )
LU Relative o ‘ \ 25.00
v s o RNY) ‘ ‘
Absorbance . | T T : KOS
o \ v,
| . N
. 1.
'\ ¢ u ;
- . D Time in Minutes - oo - :
L . ‘ 0 " .Fraction S0+ Time {(min.) o 7 . -
-3 RN Y- 9% [+ B R L
o SN . L13.85 e ‘ '
" .6 Cro 25080 0t s s
o Figuré 54, ReSults from the. HPLC separation of peptides formed o SO
) PR . .0 by the hydrolysis of pyridylethylated purothionin = .- '~ -~ " - -
R - S L from AL bicornis. that had been treated with trypsin JRIV R
v ‘ " *.for 1 hour.’_‘ Fractnon number and’ hme are gwen above.
n .v . i : { ,




e
ot

31,22 2283 L 996 1090 L,
a7 9 mae Ty ome e T
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-',PC 1s 3. 84 whlch may be an overest1mate s1nce the area may have

Fractlon ) contalned glyclne, phenylalan1ne and lySIne

N o

T‘”(F1gure 57) and corresponded'UJamlno ac1ds 42 45 Unfortunately,

‘.

'the OPA solut1on used was too old and unrel1able , hence relatlve '" o

: amounts could not be determ1ned However, from the analys1s of

fractton 9 after clostr1pa1n treatment it 1s clear that th1s fd fe‘v:_"

Y
v

- fragment represented amino ac1ds 42- 45 f“-“
| Fract1on 5 conta1ned13res1dues of PC and l re51due per pept1de ;lt

}.'"‘"‘of glycme alaname, argmme’ Va‘"‘e’ and- ‘e“c"‘e (F'gure 58

‘,fwh1ch corresponded to mnlno andS 24 30 The calculated value for ’

‘1ncluded the small peak that occurs Just after the peak at 36 l5

t “‘m1nutes.' In add1t1on, fract1on 6 from clostr1pa1n hydrolys1s

SN;;;Peptlde..lphﬁ;~-“"

N i‘aspart1c ac1d and glutam1c ac1d and was dlsregarded 1n the

Jl{hgtrue area. In add1twon, the paper 1n the pr1nter plotter wh1ch

) ‘i:whlch 1ncluded am1no ac1ds 20 30 conta1ned only 2 PC re51dues per

A

Fract1on 6 1ncluded a m1nor fract1on that appears as a shoulder 3 S

":lkat ?he end of the ma1n peak (F1gure 59) The mlnor fract1on inC]Udedfﬂf.jfgi -

ff, alculat1ons.: The 1soleuc1ne, leuc1ne, and PC areas are over--'f'

'

‘ﬁ‘est1mated The basellne change 1n the area where these am1no hF”“

:ffac1ds eluted from the column resulted 1n an overest1mate of the "?‘5

N
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:tngTpﬁfffﬂ\: Fraction 7 contained:?aspart1c acvd 2 PC 1 tyros1ne, 1fﬁse?”} Q
| ,-arginlne, and 1 1euc1ne resldue<per peptide (F1gure 60) and .

S e

. *‘ ,\Endoprote'nase LySIne C Hydrolys1s ‘f"“{i‘f gj‘l‘”}\},H;
The HPLC eluvion prof11) EPLC hydrolys1s of puroth10n1n from f‘ﬁy_{ f

;‘lﬂﬁﬂit A blcornls 1s g1ven 1n Plgure 61 E]even fract1ons were obtazned fﬁn&*

ot ey ‘ . oot T
: Lo ' ‘ g v.v.,,", [T
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““f~ The amlno ac1d sequence of pﬁroth.onln 1solated from A bzcornxs

:‘,' v T (‘ \‘ -\.

1s g1ven 1n F1gure 66 It drffers from q,-puroth10n1n bx a change  '“

b k

. from serine to alanlne at pos1t1ons 34, 35 or 38 fff*jF”}?;{a“:‘
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from A. mcorms Ca 3
actd resudues per pemme is:
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ReSults from the HPLC separatlon of amnno acids formed

by HC) hydrolysis of fraction'S that resulted from £PLC A
,-digestion of pyridylethylated purothionin extracted from
AL bicqrais. Calculagions of. the.number of’ émino acvd
resudues per peptid en above. .
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Extract1on and Analys1s of Puroth1on1n From A. searsii

_ The results of CMC column separat1on of crude purothwon1n}from‘
A sear511 are g1ven 1n Figures 67 and 68 After freeze dry1ng : 'i
fractions l4 l7 (Flgure 68) 2 0 mg of puroth1on1n was obta1ned -;aldl‘féd v.'
The results of CMC column separat1on of reduced and pyrwdylethylated 5
“puroth1on1n 1s g\ven in Flgure 69 After freeze dryxng fract1ons
| ‘l36-39 1. 7 mg of prote1n was. obta1ned |

' L \ ! . - oA

: Clostr1pa1n Hydroly51s

The HPLC elut1on pattern of pUroth10n1n cleaved w1th c]ostr1pa1n

| 3_15 given 1n F1gure 70 £1ght fract1ons were recovered

! | . | \ !-l““"‘.‘.: .
Am1no Ac1d Analys1s ‘

‘\‘

VA

Fract1on l conta1nedl ser1ne apd l arg1n1ne res1due per pept1de
‘LV(F1gure 7l) and corresponded'UJamlno ac1ds 18 and l9 The peaks at
‘”11 45 79 and 49 72 do not represent any am1no ac1d ‘Qi\l7_#fj[g . “:

Fract10n 3 containedz °€, 1. lys1ne, l ser1ne, and l argln1nev ~ :

1res1due per pept1de (F1gure 72) and representedamnnoacwds 1- 5. .
"V;The calculated values for PC and lys1newere2 78 and l 70 respect1vely

‘These values are oVerest1matlons s1nce the r1se 1n the basellne caused _lj“f

."‘,[1the pr1nter plotter to overest1mate the peak areas.d“f'f{m

'\ff"and l lyslne reSIdue per pept1deh(F1gure 73)ﬂand represented amino_ R
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) ‘:‘f‘ac1ds - 17 The calculated va]ue for PC is 1.37 res1dues per pephde- |

Coe PRI o e . L RN . [ o ..

A

' 'w2 0 PC re51dues per pept1de since all am1no acids in the pept1de that

4

‘”V;1nc1udes amlno ac1ds 20 to 30 are accounted for 1f there are 2 PC

.".,.

\ \ . "" " Ml &N
Qresidues per pept1de.3_:;-q;1 . | o Lo e
Fract1on 7 contalnedEZaspartic ac1d,\2 PC ] tyros1ne, 1 arg1n1ne, -
fand 1 1euc1ne re51due per pept1de (F1gure 75) and correspondedto mn1no il*“gxff

.TIt appears that 2 PC res1dues per pept1de ex1sted If 0n1y one PC

"t

"“i‘re51due exlstedlrlth1s pept1de, the overa11 phys1cal structure of the

w‘;protejn wou]d be changed so the deletmnlofrt cyst1ne res1due 1s un11ke1y

2 PC l 1so]euc1ne,

Fract1on 8 conta1ns 3 ser1ne, 2 g]yc1ne,:

rs glven 1n F1gure 77 Seven fract1on “were:recovered




Fr‘actmn 3 Contamed Se”"e threomne, glycme argmme, and | :
leucme (F‘gu"e 80) Unfortunate1_y, the re]atwe amounts of e'ach S
ammo ac1d cou]d not be ca]w]ated since the OPA used was too o]d | ‘.

‘ .

However,’ a pept1de wh1ch contalned 1 ser1ne, 1 threomne, »l 1euC1ne,

| o 1 g]ycme and 1 arg;nlhe was expected and corresponds to ammo acwds
i Fract1on 4conta1ned glycme phey]alanme v*and 1ys1ne (Flgure .
"-Vl 81\ and correspnded to ammo acwds 42 45..,' The relatwe amounts of |

each ammo ac1d could not be calcualted because the OPA was too old
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vy HC1, hydrolysvs of fraction.5 that; reSulted from -

clostr pain. digestlon of pyrtdylethylated puroth:onin

of am:no acvd resndues per oept\dg 1s qlven above. .
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, " Figure 74. ReSults from the "HPLC: separatuon of amino actds formed
' o by HG1, hydrolysis of fraction 6 that resulted from. ¢
. clostrlpain d:gestion of pyrrdyiethylated purothionin
extracted from A. searsii. Calculatipns 6f the.number
' . “of- a@mo acid 'residues per pepude fs ngen above.
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"'AnaTysis“of‘Purothionin From r. ﬁutartu‘ahd A: shardnensis‘f‘r,j

A number of attempts were made to 1solate puroth1on1n from
| T. urartu and A. sharonens1s \’Unfortunately, the equ1pment avallab]eA

'for use was not sensittve enough for the extract1on procedure. Seed .

N ‘(.‘

"‘.mater1al was then sent to the USDA fac111ty at Madwson wlscons1n where
ﬁ‘the puroth1on1n was extracted and ana}yseq, “ o {‘svi
The am1no ac1d sequence of puroth1on1n fronLT. g[g[tg 1s glven }
in F1gure 90-. It has ‘an am1no ac1d sequnece 1dent1cal to 8- purothlonwn

There were two forms of puroth1on1n 1solated from A sharonen51s

' 3
\ . .

(F1gure 91) : Each form is. d1fferent from a, puroth1on1n by a. slngle

\ \‘ “
Py

am1no ac1d subst1tut1on

o

R

- ' o . . . . N . . A
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, The HPLC elut1on proflle of puroth1on1n cleaved wvth clostripain .
g “g1Ven in F1gure 85.. ij fract1ons were recovered |
B e )_‘ . . ! o l' ' . -‘ L. ! “ "”‘.\’ RN ,.f"?‘:a
‘,‘:fl'ﬁt L .,ﬁ“ugt‘ <-“ Amino Ac1d Ana]ys1§ g S
\tﬂ- \ Unfortunately, the OPA used 1n the analys1s of EPLC generated
" 'pept1des was too old‘ éo the relative amounts of each‘amlno ac1d ?
E~;, cou]qanot be determ1ned »However, by compar1ng the am1no ac1ds ,w‘
ﬁ»’ erese t Ln each pept1de to that obtalned by tryp51n and clostr1pa1n‘ B
B hydholy31s, the pos1t1oh that each pept1de occup1es in; the prote1n ,L L :l;“L
‘ Vo IR R N A R
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Figure 87, ‘Results from the WPLC separation of amino. acrds formed
oo © -by HCI hydrolysis 6f fraction 4 that resulted from
EPLC digestion of, pyridylethylated purothionin extractoed
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thologlcal Analysws Lo

. 4 o
The descrlptlon of the karyptypes of each spec1es s based on L
I ‘ ‘

centromere'pOSItlon, arm rat1o, and the presence or absence of
n;chromosomes WIth satellites Except for T ’turgldum, in whlch 8

¥somat1c cell compllments were analyzed the karyotypes from 16 somatlc i
f“cells of the other 7 spec1es were stud1ed Nlthout exceptlon,v“.‘~~
karyotype varlatlon was observed w1th1n each spec1es ' For eachd
SpeCleS, the most common karyotype 1s descrlbed X o /.‘i ,
= The karyotypes of T monococcum are glven in plate 3. A ’
‘;ddescr1ptlon of each karyotype is. glven in Table l4 The most common
*-}Ikaryotype con51sted of l St pa1r,t43SM.pa1rs, andf2‘M palrs'of
Schromosomes ” ' e VL '

The karyotypes of T turg1dum var Stewart are given in plate 4

h“A descr1pt1on of each karyotype ig ngen 1n Tablel@ The most

hlﬁ-dkaryotype con51steoof'2 Sat p&lrS, 3 SM pa1rs, and 2 M pa1rs of

T‘common karyotype con31stedof'2 Sat palrs, 2 St 7 SM palrs, and 3. M
N ,of chromosomes ;';;5??“ ;TTT‘T; . "ﬂ§?f°'lg:fu - j; »
The karyotypes of A Eelto1des are glvén 1n plate 5

ﬁdescrtptlon of each karyotype 1s g1vén 1n Table l6 The most common

!

~'"7ufchromosomes
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Plate 6. The somatic karyotyps of 10 root-tip cells from.
A. longissima._._Magnification x 1500.
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The karyotxpes of A. sears11 are g1ven in p]ate 8 fA;‘;‘

" descr1pt10n of each karyotype is g1ven 1n Tab]e 19 The most

‘fwcommon karyotype cons1stedof‘2 Sat palrS, ] St pa1r, 3 SM paxrs,m

e
R

?and I M pa1r of chromosomes.g'f

The karyotypes of A sharonens1s are g1ven 1n p]ate 9 A"‘

I

3 descr1pt1on of each karyotype 1s g1ven in- Table 20 The most

\

"‘common‘karyotype conSIStedof‘l Sat pa1r 1 St pa1r 4 SM pa1rs,

1fand 1 M palr of chromosomes K X
, v
-4

The karyotypes of T urartu are g1ven un p]ate 10
'hj descrlptlon of each karyotype is’ g1ven in . Tab]e 21 The most
‘lcommon karyotype COﬂSlSted(TFZ St pa1r 3 M pa1rs, and 2 M pawrs

i

of chromosomes.,if Core Jf""rfﬁh‘ . ‘.‘r"
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Table 18. \The description of eéch karyotype from A. bicorm‘s..

Karyotype Number’ Sat St SM M
1 2 1 R 3
2 ) 2 0 3 2
3 1 2, 2 2
4 2 1 3 1
5 2 1 2 . T2
6 — o2 1 3 1
7 1 0 6 0
8 ? 0 4 1
9 1 2 1 3

10 | 0 5 1

’

Tablef,]9. ‘The‘descriptio.n' of each karyotype from.ﬂ. searsii. -



z .2 T3 1
3 2 1 B
4 1 2 3t

5 1 1 g L
.6 1 S22 2
7 1 o 5 1

8 . 1 1 4. 1

9 - 1 0 Ky 2
10 1 0 4 2

~ o

‘Table 20. The deﬁcfiptioh of eaéh-karyotypé from A. sharonens

ity
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A -

aest1vum has gone on for more’ than 60 years w1thout unequivoca]]y o

1dent1fy1ng one obv10us spec1es In the case of. A pe]toide one

"‘can locate at ]east 15 references supportlng thws spec1ES as the C

donor and another ]5 refut1ng 1t These stud1es 1nc1ude factors from

’
. p]ant morpho]ogy to b1ochem1ca1 ana1y51s Th1s be1ng the case one

fmay have to re]y on comp]ementary stud1es to 1dent1fy the spec1f1c

‘donor

It was felt that the determ1nat1on of the am1no ac1d sequence

4

‘of the puroth;on1n from each putat1ve B genome donor spec1es would

N

‘ ‘add cr1t1cal 1nformat1on about the evo]utlonary relat1onsh1p of these

[}

spec1es.x Puroth1on1ns are the f1rst examp1e of a- complete]y conserved

) genome spec1f1c protein that is' present in the d1plo1d tetnaplo1d and

. fhexaplo1d Tr1t1cum and Aeg1lops spec1es..

A

v ‘

i

The cyto]og1cal analys1s was unlque s1nce thlS was the f1rst st/ﬁy ‘

‘that has used a standard procedure that’ 1ncluded all putatlve B genome

ass1sted measurements of the chromosome arms from the karyotype of

‘each specues

0

\ - \
;donors In add1t10n, th1s was the f1rst study to emp]oy computer -

Yoo
- .



i ﬁ’.caudata., Seed from A ong1ss1m 1s currently be1ng 1ncreased

UidLUSS 10N _OT rurocn1on1n Results;

l‘.&

The amino ac1d sequence of a,, a,, a purothlonlns and the
purothlonlns from the putatlve B genome donors 1s ngen 1n Flgure
‘ 92. The B genome donor to the polyplo1d wheats should contaln a

puroth1on1n w1th an amlno ac1d sequence SImllar to the a, purothlonln f

o

sequence._ o . \"' e ‘]‘3 L ﬁ‘;b

The amlno ac1d sequence of puroth1on1n 1solated from A

1

gelt01de d1ffered frmna, puroth1on1n by 2 amlno ac1ds Subst1tutlons.
from 02 purbth1on1n by 7 am1no ac1d Substltut1ons, and Bspurothlon1n
by 5 am1no ac1d substltutlons. On the ba51s of am1no ac1d sequence 1\

homology, A. Eelt01de is an unl]kely candldate as the B genome l-‘

donor ‘to. the polyp101d wheats. 4' . f ;‘3' ‘ r: f‘ : ‘l‘ffalf“'l 5y

'. Y

The amlno ac1d sequence of puroth1on1n 1solated fromeA

ong1ss1m dlfferedfroma,-purothaonln by 6 am1no ac1ds, from

az puroth1on1n by 0 amlno ac1ds, and s puroth1on1n by 7 amlno aclds
Therefore on the bas1s of puroth1on1n sequence A onglss1m 1s |

an unl1kely cand1date as the B genome donOr : It was(surprlslng ‘ﬁ o :
that the purothlonln from A guarros and A on91551m had an‘ *f}](i;;;{

‘ 7 1dent1cal am1no ac1d sequence. These two specwes are morphologlcally

R

dlst1nct have d1fferent hab1tats, and do not overlap 1n d1str1but10n ‘

(w1tcombe, l983) One explanat1on for these results 1s that seeds 7]ﬂ9f”:
from two d1fferent sources were used 1n the prote1n ekﬁer1ments
In1t1ally there was a problem obta1n1ng A ong1551m seeds.vf"

Varlous l1nes of A“g ong1sstm seed obtalned from Ottawa and

Beltsv1lle had to be d1scarded because 1t turned out to be A

for analys1s
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g b gu, puroth1on1n and puroth1on1n 1solated from A blcornws The ?:',jf‘h

___—4— ,‘ s "‘f e

‘«f"d1fference is a ser1ne to a]an1ne subst1tut1on at pos1t10n 34 35

or 38 To determ1ne the exact‘bOSItlon of the subst1tut1on, a;”

) “-., ' v . ,

BT \‘fpept1de conta1n1ng thlS reg1on wou]d have to be sequenced On the
: 5?‘bas1s of puroth1on1n sequence A b1corn1s should be cons1dered as. a ifﬁqflxn
o cand1date for the B genome donor to the wheats pumtmomn fmm A :
‘ ';fblcorn1s d1ffered from u,~pur0th1on1n by 6 am1no ac1ds and s puroth1on1n
'{filf"‘~ft”by 4 am1no ac1d Subst1tut1ons | L ;h::‘\Q:F;:g»j‘\ff [}\hh"p~s
4 “ Puroth1on1n from A sears11 d1ffered fronlthe amxno ac1d yf“ ,

"sequence a, puroth1on1n by an alan1ne to ser1ne subst1tution at

“postt1on 18 It d1ffered from az puroth1on1n by 5 am1no ac1ds and

n:B puroth1on1n by 4 am]no ac1ds On the bas1s of the am1no ac1d

“[d}]}ff?'fsequence of puroth1on1n, A sears11 appears to be a posslble cand1daten'v5“'

v‘I“

t:?»;as the B genome donor to the po]yp]owd wheats “M1' 3}&

Ve

Two forms of puroth10n1n were 1solated from‘A‘ shanonens1s

Together they(i1ffered from a,-puroth1on1n by 2 amtno ac1ds,.‘

'uz purothlonln‘by 7 am1no ac1ds, and 8- puroth1on1n by 5 am1no

ot
N v

o ac1ds. .The d1fferences from al purothlon1rlwere1dent1cal to the EE
" 3 u._v... .

d1fference between puroth1on1n from A gelto1de and al puroth10n1n

gelto1de contains two forms

It w11] be 1nterest1ng to see 1f A

of puroth1on1n used for extractlng purothlon1n from A sharonens1s.1”\

e

._\

On tbe basws of the am1no ac1d sequence of puroth1on1ns, , TSharonenswsﬁfﬁkufF




o b produced by cros51ng these two spec1es

\“‘
4

“Vcannot be cons1dered as- a llke]y cand1date of the B genome donor“." :

"

.27

1 to. the polyp]ovd wheats It wa not unexpected that the sequence h“t” .

"'~of puroth1on1n from T urartu W s %dent1cal to B- puroth1on1n.,; ‘-‘\

nAs was po1nted out 1n the 11terature revmew, Chapman et a] (1976)

'and Dv6¥5k (]976) found that the A genome chromosomes in. T ‘aest1vum

‘pa1red w1th the chromosomes from T urartu dur1ng me1os1s 1n hybr1ds o

[
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Ayto]og1ca] Ana]ys1s o

_ ThlS is the flrst study that has ana]yzed the karyotypes 3‘:.
{fof all the potent1al B genome donor spec1es us1ng an 1dent1cal .‘
f;pretreatment f1x, and stra1n1ng procedure It has been d1ff1cu3t
| fto assess the conc]u51ons from prev1ous stud1es because a varlety of
‘methods have been used 1n t1ssue preparat1on For examp]e, Rlley o
'rxget a] (]958) pretreated w1th bromonapthalene for 3- 4 hours, f1xed

‘”1n glac1a] acet1c ac1d hydro]ysed 1n 1N HC] at 60°C for 12 mlnutes,

“'and sta1ned 1n ba31c fuchs1n G1org1 and 80221n1 (1969) pretreated'

' ”wchydrolysed 1n 1N HC] at 60°C for 7 m1nutes, sta1ned w1th Feulgen
’C‘s‘treated w1th 5% prect1nase at 40°C for 20 25 m1nutes, and Kushn1rl‘f7‘
\h;fand Halloran (]981) pretreated w1th O 001%5colch1c1ne for 24 hours

"‘fﬁand sta1ned 1n 1% acetocarm1ne for 48 hours before squash1ng

:.w1th bromonapthalene for 4 hours f1xed 1n ac }Johol (1 3)

Th1s study 1ncorporated some of the most advanced equ1pment

:*“:v'av 1lable for me33ur1ng chromosome arm lengths and determ1n1ng

csarm r t1o Prev1ous stud1es (G1org1 and Bozz1n1, 1969 a c, and

"J‘fw‘iKushn1r and Ha]]oran, l981) have not 1nd1cated how the 1en9th ?”hhf‘i

\f‘of each chromosome arm was determ1ned _jf ff“f?f-:ggij:

r?,vrdonor to the wheats, the karyotypes of T“f

(7\ v

To determlne the deSCrlptlon of the karyotype of the B gen"eﬁijf?’

;fwere obta1ned
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KaJotype Ana]ys1s Of T. monoccccum

The karyotype of T monococcum has been reported to contaxn ;‘
fT chromosome pa1r w1th small sate]]1tes (Rlley et a] 1958
,Upadhya and Swam1nathan, 1963 CoucoT1 and Skorda,,1966) or 2

';;chromosome palrs w1th small satell1tes (Pathak 1940 G1orgl and

I v

‘30221"1, ]959b) Wa‘"es and Klmber (1973) found that var1at1on 1n T‘\ PN

.the 51ze and number of sate1]1tes was dependent on the geograph1cal ;d‘jf »

Do .

"fflor1g1n of the seed One or two palrs of chromdsomes w1th satell{tes

\

. were observed

L4

%hrwng th1s current study, ce]]s conta1n1ng 2 pa1rs of chromosomes.'
‘ lg'w1th sate]11tes weres rarely observed and ceTIs conta1n1ng one RN
C e chromosome pa1r w1th sate111tes were occas1ona11y obserVed (pTateswnot
'~shown) The great maJor1ty of cells observed d1d not conta1n
"f :chromosomes w1th sate111tes The most common karyotype observed T;;*V
'rif1n th1s study cons1sted of T St pa1r 4 SM pa1rs,,2 M pa1rs of :

. ﬁufchromosomes. G1orgl and 80221n1 (1969b) observed 2 Sat pa1rs, g?f

3";3 SM pa1rs, and 2 M pa1rs of chromosomes 1n T monococgﬂm“‘_one ‘n
’:Vfiof the Sat chromosome pa1rs had a St arm rat1o wh1le the other Y

‘.iaiﬂsat pi1r had a. SM arm rat1o The results of th1s present study

' '”Jffand that from Glorg1 and Bozz1n1 (1969b) are 1n agreemnet 1f one*’




Sy

2 St pa1rs, 7 SM pa1rs, and 3 M pa1rs of chromosomes, and T 1,?;'¢&m1f~

t; 3 monococcum con51sted of 1 St pa1r 4 SM pa1rs, and 2 M pa1rs of

of chromosomes. Th]G descr1pt1on was chosen over other equally g

frequent descr1pt10ns because 1t agreed wwth the results of ;:fs‘“f’y'fvﬂT "

v [ AR \,"'

. T 9

aryot pe morpho]ogy was’ observed 1n th1s sbec1es ‘q-j,

Var1at1on 1n_

b

0ccas1ona]1y, a ce]] was observed that contalned all the chromosomes

Vo

w1thout sate]11tes (p]ate 11ne 1 ) f Th1s obserVatton may be a resu]t
R of the level of chromosome co111ng s1nce the chromosomes 1n th1s -ﬂ(‘u“?ﬂf;‘

b ce]l are relat1ve1y smaller than any others observed in thlS study

vy

Other ce]]s from the same root contained chromosomes w1th

sate]lltes 'S0 var1at1on 1n chromQSOme morphology can occur between

ce]‘s w1th1n the same t1ssue IR ‘f]M,'fﬂi"{V" ;_f’ "
I oo . ;‘; ‘ I o .
e Karyotype of the B Genome v'*“nﬁh} I; |

S1nce the karyotype of T turg1du cons1st@dof’2 Sat pa1rs.~ ;u"a“f

chromosomes, the karyotype of the B genome donor should cons1st off”*“‘“'” L

BN . LA N




1, L .\“ P i ’ﬂ‘, m , ; f . ' A '
. ‘ N ‘>\“‘ ‘: " : .‘l . v . 2] _] " : Y

A ',“ . oy . R 3,: “‘ N \.‘ v ' M v ! ' : ‘ \ “ - ‘\ ) “ 1 ‘

and hexap]o1d wheats. G1org1 and Bozz1n1.(]969b) reponted that §be ’A "‘-ﬁfﬁﬁb,

Waryotype of A EEItolde cons1sted of 2‘Sat pa1rs, 1 St pa1r, 2 SM \f;{ﬁf?ﬁ

pairs tand 2 M pa1rs of chromosomes' , K o f\‘; f
teliﬂ:f The most common karyotype obsenved‘1n £h1s etody*cons1sted of nf‘._”"‘
o ‘2 Sat palrs 3 SM pa1rs;'and 2 M palrs of chromosooes. S]nce the' f':ﬁ&a‘zl;aﬁﬁ:f
B genome donor {s.expected to have 2 Sat‘palrs,‘] Sf oa1r& 3 SM ‘\ “vfo‘ |
’ pa1rs, and 1 M pa1r of chromosomes, A gleto1de can be-excluded . .fk'g],f;'}ﬁ
a}; as the donor of the B genome on th1s bas1s.vm£‘;ﬂﬂtu;'g;y,” ‘L' R "d”
‘ _I Senyan1nova Korohemna was | the ﬁrst to rep‘oy;:t”that The ( ,
: ukaryotype’lof A ong1ss1m conoalned two pa1rS of Sam chromosomes ‘kdf T:;Fi\fgﬁ
(refenenced by Chennaveera1ah ]960) Th1s observat1on Qés conf1rmed ;ﬁf~;f;oj;,:”13

by R1]ey‘et~al (1958) They observed one palr w1tﬁ large and one ‘finf”fj5nﬁybf

pa1r w1th sma]] sate111tg§. Actord1ng to Chennaveenalah(1960) a]]

[ s - ‘

‘eﬁ other chromosome

pajrs are sub med1an.l,'m‘ 1.=f_ SR S

‘.A
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-.?; Ahi7 Fe’dmﬁn (1978) reported that the karyQtype of A Sears],’\“ P
‘ ffxl conta1nted 2 pa1rs of chromosomes w1th 1arge sate]l1tes Kushn1r‘ f‘flj‘,|“:5
“:W”: and Hal]oran,(]98l) conc]uded that the karyotype of A sear511 I L
! D " L
;\ CO"S‘StS Of 2 Sat pa1rs, 3 SM pa1rs ‘and 2 M pa]rs of chromosomesa'J‘Nh‘l :

Th1s conclus1on was based on a 51ngle 1d1ogram from Feldman (]978) ,;,hf‘

: 'The most common karyotype of A sears11 observed 1n th1s . ;
I'\‘ tl study con31sted of 2 Sat pa1rs ff§\ patr ‘3 SM palrs, and ] M :
'l pa1r ot chromosomes.. ‘on the basls of karyotype morphology,, o
Aﬁfﬁé};h A. sears11 could be the 8 genome d0nor to tetraplOld a"d hexap'01a s
A ‘ wheat ' : . ‘ ’ ‘ ) ) R ‘, q | LoV

R11ey et al (1958) reportedli::: the karyotype of A sharonensxs o

larger satell1tes and one - ’7' B

f

”fil“ conta1ned one pa1r'of chromosomes

Chennaveera1ah (1960) agreed w1th .fﬁug

these observat1ons and Kushn1r and Halloran (1981) observed 1arger "'f’fvt -
; i sate]11tes than the’ prev1ous stud1es ' Kushntr and Halloran (1981) P. 'ﬂlﬂﬂ
. IR T ‘ NS

"rted that the karyotype cons1sted of 2 Sat pa1rs 1>St pa1r

*VM pa1rs, and 1 M pa1r of chromOSOmes. However, th1s 1s based rf#g-jgl‘\fv’

R o . o

v on a s1ngle cel} from A. sharOnens1s.]wz1"52“;'ﬁ5" e “‘y,J ”f»':f

N The most common karyotype of A. sharonens1s observed ;n th?s ! 7%‘" ‘ﬁ
study cons1sted of 2 St pa1rs, 3 SM pa1rs- and 2 M pa1rs of P EEN
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concleed that the most common karyotype of- T. urartu consisted
of 7 St pa1rs, 3 SM pa1rs, and 2 M pairs. This observation is

cons1stant w1th that of Giorgi and Bozzini (1969b) s1nce the
two chromosome pa1rs with small sate]lwtes had a St arm rat1o

Therefore, 1t is assumed that the St cﬁromosomes observed in th1s

‘ K]

are the same as the Sat chromosomes obsgrved in the prev1ous study..

}-.(x\ e ¥
bn the ba515 of karyotype morphology, l. urartu could not be

§

@ the' 8 genome donor
[ .‘\(
A

L The descr1pt1on of the most common karyotype observed for

&

each Spec1es stud1ed 1s g1ven in Tab]e 22, These resuTts are,

il

o ,based on a, s1ngle l}ne df each species and SO caut1on must be

" used when cons1der1ng the strength of the concTus1ons . However

‘Af/on the bas1s of thromosome morphology, AZ sears11 1s the only

én in, T urg1dum »;

- 1977) A. searsw1 grows wild. close to populat1ons of. T monococcum°' .

o spec1§s examined that has a karyotype 1dent1cal to the 8 gerome

i

A searsii was. the most Ttkely cand1date as the B genome donor

‘to T tur91du and T aest1vum based on the am1no acid sequeﬁce

-

:'of puroth1on1n anh the morphoTogy of the somat1c chromosome

’fcompleme t. Ev1dence to support thlS conc1u51on comes from’a var1ety

of ot r studles It had been observed that Al sears11 contained 2

rchrompsome palrs w1th sateTT1tes that were morpholog1caTTy s1m11ar 1“:

" -
to chromosomes TB and 68 in T tgrgwdum and T aestlvum (Ferman,t

v

and T turg1du 1n Israel Jordan, aﬁd Syr1a and has had the f] -

. . e 4 . . B .
G
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genome in T, turg]dum was 1dent1ca1 to that round in A searsii
(Peacock, 1981) “The heteroduplex stah111ty of unique or repeated

DNA sequences formed between T. urg1dum and A.-searsii 1nd1cated a
hlgh degree of sequence homology (Thompson and Nath 1986). Therefore,
on the bas1s of the present study and the studies Just mentloned

of all. the SpeC1ES exam1ned to date A. sear511 appears to be the most
A
l1kely candldates as the B genome donor of wheat. L



‘I. monococcum ST 0 -1 4 2
T. turgidum 2 2 73
BAgenome‘donOr | - ;k 2 | i - 3 | 1
A. §Qeltofhe; o | 2 “  ;0‘. 32
A longissima , - 2. 1 a4 g
ﬁ.wbicorhié : ‘; } o 07 "|‘4 ;‘ 2
‘AL searsii : o 2 3
A. sharonensis S T T

1. wrdrty 0 23 2

s »

Table 22. The descr1pt10n of the moSt common karyotype observed
) in this study. .
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ﬂ'and A ‘searsii andd1sc]udedA gelt01de as potent1al B genome ,°

T v e presen )Luuy vecause Tew ot the prev10us stud1es ‘ ?,‘k;

1nc]uded al] potent1al 8 genome donor spec1es For example based |

on DNA content stud1es by Reece (1963), 1t was concluded the . o

‘7TA pelto1de was the most 11kely candvdate as the B genome donorﬂ

to common wheat However,.1t must be reallzed that A sharonens1s

’ and A sears11 were not 1nc]uded in the study In other studies
o more than one species were lmplxcated as the B genome donor to

;.tetraplotd and hexap101d wheat For example, the" restr1ct1on pattern

of " the SS rRNA repeatlng unlt 1mpl1cated A ong1551m . A, sharonens1s,

» donors to the wheats In add1t10n, one must bear in mlnd that
_1ntraspec1f1c var1at1on may occur All studles 1nclude only l
.or a few lines of each spec1es and may not represent all the varlatlon

that ex1sts 1n nature Ev1dence 1mp11cat1ng A pelto1de as. the B

genome donor 1nc1ude in s1tu hybr1d12at1on of h1gh1y repeated DNA
\

Ve

‘ sequences Peacqck et al , 1981), heteroduplex therma] stab1]1ty -

of repeated DNA formed between T turg1dum abd A Qelto1de

} V_Thompsoh and Nath 1986),‘and the: 1soe]ectr1c po1nt of the large

\

v}.subun1t of rub1sco (Chen et al. 1975) Ev1dence aga1nst A o
"._22139192_ as. the B 9enome donor is’ the pa1r1ng data in hybrlds R
N.from A.-_ﬁkltordes X T turg1dum (Sears and Okamoto, 1958 o

»R11ey, 1958& R1ley et a].,'1961),‘the restr1ct1on pattern of the

* 55 rRNA repe twng un1t (Peacock et al. 1981) heterodup-ex therma]

H,A'stab111ty of fn1que sequences from T turg1du /and A pelto1de

‘”‘(Thompson and ‘ath 1986), restr1ct pattern of ch]oroplast DNA

tli(Tsunewak1 and ,g1hara 1983), and electrophoret1c pdtterns of




: fu' A: pelto1de is not' ‘the B genome donor to T turgldum and T. ‘.Qi& ']t;; l.‘
o daestlvum i_ ‘ r | ""l' N]j ‘ o S
ong1ss1m can also be cons1dered a poss1ble cand1date ] :'f
.‘for theB genome donor on the.ba51s of the 1sOelectr1c poxnt of
3 .‘i~the large subunlt‘of rublsco (ChEn et al., 1975), the restrlctlon "l‘f~ -"P
| A vpattern of SS rRhA repeat1ng un1t (Pelcock et al., l98l), 1n s1tu
',vhybrldlzat1on studles of hlghly repeated DNA (Peacock et al ; 198l)

.iq and the restrlctlon fragment pattern of chloroplast DNA (Tsunewak1
’

and Og1hara l983) Ev1dence agalnst A ong1551m as’ the B genome
.;'“{$. donor 1s the lacklng of pa1r1ng “in. the hybrlds from A long1551m
o X A pelto1de (R1ley et al ; l958), the morphology of the chromosome
~f‘pa1rs w1th satell1tes (R1ley et al., l958), electrophoret1c pattern
of endosperm prote1ns (Johnson, l975), and geographlcal d15tr1but1on

' m57 (Tsunewak1 and 0g1hara, 1983) On the bas1s of am1no ac1d sequence

of puroth1on1n and the karyotype morphology, A 0n91551m 1s not

F
1

: :f'the B genome donorlto T turg1dum and I aest1vum..

2 A b1corn1s canabe cons1dered a posswble candldate as the B

T

'\Agenome donor to wheat on the ba51s of the morphology of an :
.Lamph1pl01d hybr1d produced from a cross between A b1cornls and _
'[AA turgldum (Sears, l956a) All other publ1shed data (see above ;L?ﬂ'“ y“h}&i
):fnfor references) 1nd1cates that A b1cornls 1s not the B genome 8 i..‘: |
‘tdonor to the wheats . Although the am1no ac1d sequence of purothlon1n;n;\e

AR

5i'lfrom A b1cornls d1ffers‘from a,-puroth1on1n by only l am1no acld

......

e
: 5

'5,fjdonor to the wheats.;




TITTTTomMMe e ew wuors viou 3ty u_yur fuization or 'I‘ .
¥ repeated DNA sequences (Peacock et al 1981) the restr1ct1on

pattern of the 55 rRNA repeat1ng un1t (Peacock et a] ]981),

“: geographlca] d1str1but1on (Fe]dman, 1977), and heteroduplex stab1]1ty

. rs11 (Thompson and Nath 1986) Ev1dence aga1nst A sear511

as the B genome donor are the electrophoret1c prof11e of the endosperm

7

prote1ns (dohnsoh 1975) and the restr1pt1on fragment pattern of the

: chloroplast-DNA (Tsunewak1 and Og1hara, 1983) The amlno ‘acid

v

"‘,sequence of puroth1on1n fro& A sears11 d1ffers from a, puroth1on1n }.

by I am1no ac1d subst1tut1on and the karyotype descr1pt1on 15

1dent1cal to that é&pected by the B genome bas1s Therefore,vi.;

A searsl1 1s cons1dered to be the most llkely cand1date as the

B genome donor to T turg1dum and T aest1vum ,fffu

n B .
Y

A sharonens1s can be cons1dered a poss1b1e cand1date as the .(”“‘
B genome donor to~whea€‘on the bas1s of the restr1ct1on pattern m
of the: SS rRNA repeatlng un1t (Peacock et a] 1981) and the L
) morpho;ogy oﬁ the karyotype (Kushn1r and Hal1oran, 198]) Al] \(‘ | o
other reports 1nd1cate that A sharonens1s could not be the 8 ;f‘k;(L;f(
genome donor to the wheats The karyotype descr1pt1on that was
observed in thlS study, d1sagreed w1th the observat1on of Kushnlr ;f]517“

'\f and Ha]loran (]981) Both the karyotype description and the am1no

*
.
i

B genome donortto wheat om the;bas1?

of the e]ectrophoretjc prof11e




ot

(Dhallwa1 and Johnson, 1976), and pa1r1ng aff1n1t1es to T turg1dum

chromosomes (Dhalwal and Johnson, 1982) However, al1 other reports;f:'

Y

“ulnclud1ng the observatlons 1n thls study, 1nd1cate that T urartu 1s L

" ‘rmore closely re]ated to the A geneme ‘of tetrap]o1d and hexaplo1d

'\r

'"‘ wheats thah the B genome from these spec1es

A summary of the prev1ous data wh1ch has excluded thé;varlous '

.putat1ve B genome donors 1s g1ven 1n Table 23 wA sears11 can be -

‘fxexcluded on the basis of - the restr1ct1on pattern of ct DNA on1y AN =

Wother studles that have lncluded A sears11 in, the analy51s has o
“Jsupported the proposa] that th1s spec1es s, the most llkely candldate,f

',‘at the B genome donor to the polyp1o1d wheats ,\; ’n, fﬂihﬂ?“'
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“lﬁoGenome Donorto the. Polyploid Nheats.._"

LV IUCHLE mILILIE AL TUGES VArious' dpecies. as . thQ B
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B [N

. , [

.. A bicornis

fn1) Me1ot1c pa1r1ng data in. hybr1ds from a cross \fT's

‘:ffiﬂf sgeitoidesyj"l

,'”3) Restriction. patternof. 5S- rRN

.]):Me1ot1c pa1r1ng data in- hyhr1ds from a cross

A longissima | .

'(J)iMe1ot1c pa1r1ng data in hybr1ds from a. cross

S et al., TOSBYL »
2) The morphology of - chromosome palrs w1th satel11tes

- .ﬁffiﬁ) Heteroduplex stabytlty data (Thompson and

'ff‘thhg]) Restr1ctlon pattern of ct DNA (Tsunewakl and

: E'T)'Isoelectr1c poﬂﬁt of the large subun1t of .
2

. between T.' turgidum and A. s e]to1des (Sears. - .
and Okamoto, i 5§ R11ey, 1 ey et al.,w‘
]961

| | 2) Electrophoret1c pattern of a]cohol soluble and

water soluble prote1ns (Johnson, 1975).

‘peat1ng un1t
‘(Peéacock et .al. 1981). o

‘ 91.4)‘Restr1ct1on pattern of chloroplast DNA (Tsunewak1
/.. 'and Ogihara, 1983).
" 5) Heterodupled therma] stab111ty data (Thompson

' ‘and Nath 1986)

“between. T turgldum and A. ong1ss1m (R]ley

U et'aly, T958). ‘
2)<The morphology of chromosome pa1rs w1th sate111tes

(Riley et al., 1958).,

‘f3) DNA-‘content (Rees and Walters, 1965)
3'4)3E1ectrophoret1c patternof alcohol soluble'and

. water .soluble proteins: (Johnson, 1975).

. 5) Heterodupled. therma] stab1l1ty data (Thompson

" and. Nath, 1935) e T \‘~*a‘"tT3f?”

l LAt

'\‘,'between T. tur 1dum and A é1corn1 Rﬂey

. (Riley et al. 1958)

35 ONA- conteit, (Rees and Wa]ters, ]965) ?t‘ifﬂ'”
‘"_”4)‘Isoe1ectr1c point of ‘the'large subun1t of :

rubisco "(Hirai and Tsunewaki;«1981).: ... i?‘fiﬁefﬂﬂgdf

'“if5)~Restr1ct1on pattern of . ct DNA (Tsunewak1 and

‘Ogihara; 1983).: 5 ?;g»“
Nath; 1986).

Dg1hara,‘19839

rub15co (Chen et a1., 1975).. " i
Me1ot1c pa1r1ng inia hybr1d between T urartu

' and. T, turgidum. (Dvorak ”]976 Chapman et al.hy1976)c
jiln s1tu hybr1 I1zation of,re eated DNA sequence

1ﬁlturg1du (Peacock‘
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Evidence Hh1ch Excludes Var1ous Spec1es as. the B

Geque onor to the Polyplo1d Hheats....“‘

‘v ';\\“1:‘<‘

b«

”fkl)

. "A. sharonensis |

T tar 1dum and . A. ‘sharonensis (R1]ey et‘a]‘_ T,.lf L
L TQSG) ;l'\*‘*»ffiffjf_jif" ‘ : L __;- “

“ Sl over

l

ff?)
R
1.8
1
ol i983).
6)

N

Me10t1c pa1r1ng in hybr1ds from a.cross- between -

‘rl' L ' ' R Vo oo .
' | vl

The morpho]ogy“of chromosome pa1rs w1th satell1tes ;l‘.

‘(Riley et al., 1958).°

Electrophoretwc patternof a]cohol so]uble and water ‘

+soluble proteins. (Johnson, 1975)..

Isoelectric point of the’ large subun1t of rub1sco
(Hirai and Tsunewak1,‘1981) . .
Restr1ct1on patternof ct DNA (Tsunewak1 and Og1hara, .

.HeterOGUpled thermal stab111ty data (Thompson and
Nath 1986) SN co : .

A

A

' o

+

\ 1T§b]e_23 Ev1dence wh1ch exc]udes the. above spec1es as. the B genome

. donor to T tur91dum and T aest1vum
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