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Genetic Diversity in Barley Genotypes: |. Seed Storage Proteins (Hordeins)
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Table 1. Name/pedigree of barley genotypes

Entry Entry

No. Pedigree No. Pedigree
1 L.527/Nk 1272//Eneldo"S" 33 Rihane//Aths/Bc
2 C.C.89/(Atem/Uni 80//Gloria"S"/Come"S") 34 Trompilo/Briggs
3 Trompilo/L.Moghan 35 LB.Iran/Una 8271//Gloria"S"/3/Kavir
4 LB.Iran/Una 8271//Gloria"S"/3/Alm/. 36 LB.Iran/Una 8271//Gloria"S"/Come"s"...
5 ClIn/80-5138//Gloria/Copal/3/Sen/4/.... 37 LB.Iran/Una 8271//Gloria"S"/
6 Violeta/Mja 38 Walfajre//Cossack/80-5125
7 Milagrosa/Cardo//Quina 39 Walfajre//Bahtim/7/D1(Mzq Gve)
8 Boldo/Aloe//Quina 40 Kavir/Ifb
9 LB.Iran/Una 8271//Gloria/Come/3/........ 41 Kavir/Oc840
10 Carbo/Gustoe 42 Th.Unk.48//Gaines/Ore"S"
11 L.527/Chn-01/6/UC566/5/M64-... 43 AS 46/Aths*2/(Cm67/Centeno/...)
12 Rihane -03 44 Kavir/Arinar-C4364//Wi2291/3
13 Lignee 527/Rhn//Arar 45 Comp89-9Cr-79-07)/Atem. ...
14 Gustoe/Arar 46 Harmal-02/L.131//Mo.B1337
15 Rhn/Lignee 527 47 Walfajre/Miraj 1
16 Lignee 640/Bgs//Cel 48 Walfajre//Antares/Izmir 252 2
17 ER/Apm//AC253 49 AS46/Aths*2/(Centene//Cam/3/...
18 Hd/Aths//Pyo/D170/3/Apm/5106/4/Api/... 50 Ashar/Rojo
19 Zarjow//Dmr 27/Wi 2197 51 L.131/Cerbel//Alger-Ceres/3.
20 Walfajre/(Manker//Apm/R1/5/Sp"2H") 52 L.131/Cerbel//Alger-Ceres/3/Kavir
21 Cil10143/Choyo//M64.76/3/L.640 53 Delisa/Alger-Ceres//(Jeferson/Pi..
22 L.640//L.527/Mb 2367 54 L.640/Productive
23 Hr/Nopa —Cm- Swm 78A 10043-3 ApxZarjow 55 J1-Japanese cultivar
24 Kavir/Badia//Robur/1245/3/Robur/Luther 56 J2-japanese cultivar
25 Karoon/CS.53/Hiproly//Productive 57 J3-Japanese cultivar
26 Suifu//Walfajre//Desnud Navaro 58 J4-Japanese cultivar
27 C.C.89/Va 88-11-7 59 J5-Japanese cultivar
28 121438/Lblran/Una 8271//Gloria"S"/Com 60 J6-Japanese cultivar
29 Th.Unk.48//Miraj/C4005-75 61 J7-Japanese cultivar
30 Th.Unk.48/Badia 62 J8-Japanese cultivar
31 Composit-1-92-2 63 J9-Japanese cultivar
32 Composit-1-92-6 64 J10-Japanese cultivar
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Fig. 1. Grouping of barley genotypes using UPGMA algorithm based on agronomic
traits
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Fig. 2. Polypeptides-pattern for genotypes No. 1-11
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Table 2. Mean of agronomic traits of barley genotypes in cluster analysis

Sl (Cluster 1)y ™ (Cluster 2) 3™ (Cluster 3)v zns”  (Clusterd)f .y (Cluster 5)o zn8  (Cluster 6)5 .8

e SBCS 55 55 S5 5 s

Traits

Biomass o 3.1688 2.9611 2.8456 3.1071 3.1832 3.4449
Number of tiller oy 3l 1.8252 1.8429 1.6527 1.9665 1.9125 2.1614
Number of node o f sl 4.4280 5.0722 4.6333 4.5920 4.609 5.1916
Number of leaf & slas 3.3652 3.4219 3.2442 3.5070 3.4611 3.7178
Number of spike i sl 1.5792 1.3993 1.3859 1.7624 1.5873 1.9550
Main stem length (cm) ool Bl Jsb 74.9827 63.2444 71.5593 67.8127 71.0313 78.1916
Plant height (cm) oS ¢lis | 87.4720 78.2667 88.8833 83.5428 83.6969 89.3000
Peduncle length (cm) JSly dsb 29.6453 20.2000 25.7145 24/1667 24.7939 29.1000
Peduncle Uy ST 05 b 1.8625 0.8765 1.6648 1.4171 1.4572 1.7500
Main spike length (cm) (ko i b 7.2094 7.7444 8.5072 9.5035 8.0535 8.0833
Length of awn (cm) Sy, dsb 12.4371 10.4777 12.0322 14.1083 12.2505 12.4500
Weight of main spike (g) ool dhin 035 3.2238 2.6425 2.4958 2.3372 3.1756 3.2718
Weight of spikes (g) oS gladin 035 3.5595 2.9012 2.8827 3.3246 3.5083 4.0246
Yield (tha™) 5> Shes 3.2241 2.6087 2.6154 2.9313 32157 3.6069
Length of rachis (cm) ol b s I s 6.7362 7.2088 8.0977 9.0240 7.5288 7.6587
Spiklet per spike i 53 dokin slas 22.5751 21.2166 24.9020 28.2107 23.2590 24.8458
100 kw (g) SsVer O 4.4460 3.7822 4.0939 4.3843 4.1256 4.0899
Stem diameter (mm) Sl ks 4.1884 3.8655 3.9757 3.8877 4.1268 4.2975
Days to flowering NI PR, 119.8800 131.3330 123.7500 124.7100 124.5400 120.2500
Days to maturity Oy B 555 3l 166.0400 168.3330 166.1250 167.0000 167.3600 167.0000
Days to filling Gl O 0)93 Jsb 45.7600 36.3300 42.12500 41.7100 42.0900 46.2500
Harvast index il el 0.4429 0.3609 0.4103 0.3854 0.4285 0.4550
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Table 3. Molecular weight of polypeptites (KDa)

MW-RF

M L1 L2 L3 L4 LS5 L6 L7 L8 L9 L10 L1l
170.000 111.472 117.238 117.052 117.052 117.052 117.238 117.052 117.422 117.238 117.238 117.052
130.000 68.851 69.751 74.775 69.301 65.706 69.650 102.500 72.051 69.751 73.816 69.301
100.000 56.329 56.772 69.650 56.329 50.208 57.661 73.816 55.443 61.030 48.940 61.03
72.000 50.636 52.368 61.674 51.066 47.292 54.000 69.301 51.066 56.329 38.901 56.329
55.000 41.788 49.783 58.106 45.323 39.686 50.636 61.674 46.491 52.368 36.553 52.368
40.000 38.117 39.372 54.000 40.278 37.647 47.699 57.216 38.901 46.890 33.000 48.109
33.000 36.398 37.647 48.940 37.491 36.242 38.901 52.804 37.022 39.058 31.243 39.058
24.000 34.844 35.154 41.161 35.154 34.381 36.866 48.523 35.775 35.775 11.000 36.553
17.000 31.825 32411 37.804 33.306 33.612 35.464 39.372 34.690 34.844 8.000 35.309
11.000 16.557 15.145 34.844 31.051 31.051 32.216 37.960 32.216 31.051 31.243
11.532 10.500 31.243 14.147 13.635 30.289 35.930 12.592 12.063 11.532
14.651 9.000 9.000 11.000 34.535 7.500 8.000 7.500

9.500 8.000 31.243

13.116

8.000
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Fig. 3. Grouping of barley genotypes based on total-Hordein similarity
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Table 4. Correlation among storage protein content and agronomic traits of barley

Pearson Ol 035 FEan s
Correlation Weight of band Band of protein »

(KD) Character —
-0.354%* 34 B16 Biomass s
0.297* 64 C8 Biomass o
0.434** 57 C13 Biomass o s
0.259* 48 C20 Biomass o
0.3727%* 117 D2 Biomass ez
-0.305* 34 Bl6 Number of tiller ey Sl
-0.319% 50 C18 Number of tiller aoey Sl
0.305 97 D8 Number of tiller aoy 3l
0.428** 97 DS Number of node oS sl
-0.264* 34 B16 Number of leaf & sl
-0271% 50 C18 Number of node G GANER,
0.266* 97 D8 Number of node &K sl
-0.273% 32 B20 Number of spike Al 3ldas
-0.303* 34 B16 Number of spike Al sl
0.264* 64 Cs8 Number of spike Al sldas
0.380%* 57 Cl13 Number of spike A sl
-0.301* 50 C18 Number of spike aliw sl
0.335% 97 D8 Number of spike A sl
0.277* 117 D2 Number of spike Al sl
-0.264* 34 B16 Main stem length kol Bl J b
-0.264% 47 C21 Main stem length ol il b
-0.320%* 116 D3 Main stem length kol Bl J b
0.295%* 64 C8 Height of plant oS ¢l
-0.312* 47 21 Height of plant oS ¢l
0.275* 101 D7 Height of plant oS ¢l
-0.356%* 116 D3 Height of plant oS plis |
0.302% 38 Bl11 Height of plant ISl
-0.350%* 34 B16 Height of plant ISty
-0.409%* 47 C21 Height of plant ISl
-0.314* 34 B16 Upflag 033 S1d sk
-0.376** 47 C21 Upflag 03381 Jsb
0.284% 44.5 B2 Length of main spike kol Al J b
0.297% 59 C12 Length of main spike bl i J b
0.439%* 44.5 B2 Length of awn Sy, b
0.317* 41 B7 Length of awn oS, sk
0.362%* 69 C4 Length of awn Sy Jsb
0.382%* 66 C6 Length of awn oS, Jsb
0.428%* 59 C12 Length of awn Sy dsb
0.470%* 51 C17 Length of awn S, Jsb
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Table 4. Continued F Jade aals
5055 NP
C(ljfr%rlzt?irz)n Weight of band Band of protein N

Character —

0.332% 48 C20 Length of awn Sy, Jb
-0.297* 120 DI Length of awn Sy Jb
-0.266* 34 B16 Weight of main spike ot aliw 035
-0.43]%* 34 B16 Weight of spikes oA sl 0
0.288%* 65 C7 Weight of spikes A sl 05
0.278* 64 C8 Weight of spikes A Sbalin 055
0.447%* 57 Cl13 Weight of spikes A sl 03
0.366%* 117 D2 Weight of spikes Fp i 05y
-0.452%* 34 B16 Yield > Slos
0.341%* 65 c7 Yield > Shos
0.393** 57 Cl13 Yield 5 Shs
0.303* 117 D2 Yield > Shos
0.306* 59 C12 Rachis length bl Al 5 goes J 5o
0.277% 44.5 B2 Number spiklet per spike A 3 dmlin sl
-0.350%%* 4.5 B5 Number spiklet per spike it 53 dolins 5l
0.261% 40 B8 Number spiklet per spike A 3 dmlin sl
0.378%* 59 C12 Number spiklet per spike Al 5 doelin slias
0.260%* 51 C17 Number spiklet per spike A 3 dmlin sl
-0.280* 120 Dl Number spiklet per spike Al 5 doelin sluas
0.275%* 44.5 B2 Weight of 100 seed alsVer Ojs
0.369** 34 Bl16 Days to flowering AW g, sl
0.421%* 47 C21 Days to flowering AU 5y, sl
0.270%* 54 C15 Days to maturity Oy B 59 3l
-0.384%** 34 B16 Days to filling 43 0ds ey b
-0.392%* 47 C21 Days to filling G5 OMs ey b
-0.389%* 34 Bl16 Harvest index Sy jesla
0.299* 335 B17 Harvest index Cls el
-0.324%* 72 C3 Harvest index sy el
0.273%* 68 Cs Harvest index Sl el
0.457%* 65 Cc7 Harvest index s el
-0.268* 54 C15 Harvest index Sl el
-0.264* 51 C17 Harvest index Sl el
0.303* 49 C19 Harvest index Sils el
-0.333% 47 C21 Harvest index Sl el
0.392%%* 97 D38 Harvest index s el
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Table 5. Frequency storage protein bands of barley

Frequency (B-Hordein) sl Frequency (C-Hordein) iyl Frequency (D-Hordein) iyl 3

sbhass slbass) 059 sbasss  cbasss 053 sbasss  sbasss 853
00-5F \-of (Oss kS s BO-5F \-0F O AS),ls  00-9F \-0F (05355851 5
Gentype Gentypes Molecular- Gentypes Gentypes Molecular- Gentypes Gentypes Molecular-
55-64 1-54 Weight 55-64 1-54 Weight 55-64 1-54 Weight
0 0.01 30 0 0.40 47 0.2 0.03 97
0 0.11 31 0 0.20 48 0 0.01 101
0.5 0.16 32 0.9 0.27 49 0 0.09 104
0 0.26 32.5 0 0.20 50 0.3 0.20 106
0.6 0.26 33 0 0.64 51 0 0.31 111
0 0.51 33.5 0 0.18 52 0.9 0.62 116
0.3 0.51 34 0.4 0.61 54 0 0.01 117
0 0.20 34.5 0 0.14 56 0 0.03 120
0.1 0.29 35 0.1 0.38 57
0.9 0.57 36 0.4 0.03 59
0.6 0.48 37 0 0.12 61
0.9 0.65 38 0 0.14 62
0 0.13 38.5 0 0.05 63
0.9 0.55 39 0 0.25 64
0 0.22 40 0.6 0.12 65
0.8 0.07 41 0 0.16 66
0 0.68 42 0 0.05 68
0 0.03 42.5 0.3 0.11 69
0 0.18 43 0 0.12 72
0 0.20 44 0 0.16 73
0 0.03 44.5 0.4 0 75
0.1 0.22 45

NN Gyl a by Slol g o S
W ls5 53 (Slalp o 2E) T 5 IV AN
sl auslie 53 a0 F edalie 0 sls S
WF Sl 53 05,5 53 ol et S0l
ds s (sl o i s O ls s LS
NCIPREY)
Lo 2 23 (S5 g5 Ol 4059 0!
D e SN SR
sosliul ol o iS55 o S bl
L Db oDy 05 e 51 5 s SIS
et al,

‘Russel 1997) el C—anr

¢Manjunatha et al., 2006

04V

op S sl el )5 5 5 m O sls S 07
DY DY D+ FA Y Glajlg 4 by e Jlsl
SV 5 VY SA S5 SF S SY S\ oF
odalie Osls kST 20 g 5o Slol B oy i
05,5 35 om0l 5 SlalP amlie 53 S
O A cn e Gl O ls ASTOY Ll
CLacs 55 5355 0F U\ o)led slas 55
(OJsder) L3 gy 155 pl BB 15
LY oyles slacs 45 s :D-Hordein
VY OS54 b sols Sl b o eS OF
b Gllp e 5 OAAS VWY
115 P 53 535 051 5 LS WNF 0
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Y4 5P Slo e wlal
Ll gy aib IS F 558 5
(Luckyanova et al., 1990)
33 Glo 3 s 5s SIS s
5 g ader Sl Lhom g 5 (8105 OV g
L s (Thompson and Schroed 1978
(Wilson 1985) & ,3 (Mori et al., 1981)
)LJ (Vallega and Waines, 1987) H.:f 3
NS gV R PN [ B . ' T 4
= G sled—m b 5o Y
di SNV Jlw s L Tl
¢McCausland 1977)
1987

and Wrigley,

¢Marchylo and  Laberge,
= G5 ol s (Shewry et al., 1978b
‘5}_@\5.,\_&04.&\.&_» 38R )3 AT&,&
el s a0 s 555 ol 51 (Jslize )18
(oo o o o5 S g e
Olis ol Dliw 4 a1 s YL Sl
A5 Al B dmen 0 (se s s ol
95 ol ) oss o0 J ST 05 pkir Lo g 0T
$lros, S S o Jas polassl
s L, s el S A 5 05 A
a5 5 0ds Sslite s OAd Casliaa
A8 5 Sl g o Kl s ol
ol O grligo f 55 3 cpl lilokeT 525 4 Lo
23 S5 sl Jls 3l (Jslise sl sk
dled s IS LS glads sl

1990 «Shewry, 1995)

o= .(Gepts,

by sa s Sl el (S5 (Ae slaes S

O4A

£ ol i) > (Davila et al, 1998
o S MW Szl s Sledbl ol OlE
S 4 Camge 5 3,05 (6L Sl ol
ol SIS 5 Sl LS ol
g5 Olin a3 DMl L35 o (S35
F s 53 KBS e Jal g 0L 5 (S5
Oladss g el p)) SIS Gl bl o
Al e L0 et ST L b
«Sorrels and Jana, 1999 «Wilson, 1997)
.(Hou et al., 2005

S e 03 (SIS F 5 Ae 55 (o) 2
ple S 5 5 5 ol slaaals
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(Zaheer et al., 2008)

(Yo A) O 5 ) Slallas olal
o VY gl (S5 55 ) @V e
o 205 3o 405 WY 5 S5 585 5
AL pll slml 51 Sliv ol s sdalie
et o Gblin il e
Cin jy g kil adls oYL LS wlg o
oSlols 5 il pm 5 bl e
NIA K5 o 53 . Ldd gy 4ib Sliw



e GBS 550 (SESp s

ol s o..\_.ATgL_wJA\_fCL‘;;‘\.{JJb}{ 059 pa
sl LﬂjouTwsg@uQM
«Shewry et al., 1978b) 5 3 3LuSS uiises
(Roininen et al., 1992 «Shewry et al., 1980
>, »>.(Smith and Simpson, 1983
el s gn JS Cald Ol pl 855
LA $5 &5 Ad jesin 1¥F Calld Ol
SW N N AFAS Dol &
o b5 LB S 15 gl (sla 2SS
AT i ) S lacd 55 o et
s L des e 30l d S5 glac 555
Vlwz 5 a5 S pie 1y Lae o5 565
2L @B mis S ol el
5 iz
aS ol o U i lac s o) 5l ol
Olis (6 i Calls wuall S i gladlly
ol cde 4 Ylaol a5 (YL & 7¥9) Wsls
©3l50an 4l 5 s odd oslaial sladlly i
50V oyl slacs 55 s o b 3ol
S ica p s Gls 5 Lals TAD (slls O
YV ¥ 00 oyt sla (355 5 dSn s
o e gy p L aS Wsls QLS 1, VY Cals
(Lzen S tie ladlly glyls s 8 oalie
Aol odeh oo 5 (slapl 8555 b
5558 Sboysn 5 K5I8, s Sliv
S S s il oy, S 8 Sl pa s
po5 s S 3 Sal5a ol (s g
Sl 53 malia ity OLssl 5

Ll (g3l5ia gadal

044

polzel Llodl (glo 3 (gla g 55 i
omdgwﬁﬁwu&;,‘@sf@1@|
Coglie i) g8 45 Sl Cumdly ol aias
I b Sl 5 0 sl 50 a0 o YL
» (Nevo et al., 1983) ol ol Olis 5
5 SLaOLS 53 3 g Glasls o i
Sla sl Ll Sl ac Olsil &) 50
G (s i s 55 A0 55 5 g 4
REESTENET 3 J-CRPRpL U AN
6 3=, &5 b 4y o glte 0 o555 L
Jlaz=| ¢S (Oram et al., 1975) (Mla)
AR RGN N F P SR e slaul ¢l p
03 Jasl 5 K L ad ol (S
Ol et (25— 8 Slpes 5 Sl e slie
i b sLa s S s (gles 1S S
o5 (g5l pL Bl 5 ia
(Shewry et al., 1976)
Sy G o) 3l el Cms 4 il
le3T 3550 0151w b5 sl ad s 5
Sla s S Sl e o6l 50 LT o
503357 53 8a s em slal s 5o Slise
C,_w.ast_:@l:sl.:dgl.i.a ov\sTC«w:d\{@Lﬁ.sﬁ
4S cul(Heisel et al., 1986) Lw 5 ol
3 o, V0 Gl m ) e Dol s S ve
A3 S S Kl s
Slis oy p Sl 30 Gla isla)T o
o3 g Gl 55 (o) Sy O3 (25
=) Slis L jla S SLald s,

—5 s slayly b 5l aSs e Ol S



WAA Jlo oF o Lo (Y0-) Al " 3 9 Jlgi (631554 dlxa”

15 S 55 0l IS e 5 £lee
OF 55 aS W g MT sla0js 5 ems 51l
Lol 93 (0 Jod) dis oy Jyl 5 85
Slac 555 0513 s LS ¥ 5 YA (¥4 )5
b Claa 55 G o2 5 0F U o)led
Lasls ol Yzl 5 L VL Slsl 5 sl
At 585 50 Galdarl Gladf 4 b
Olssl LS s S Cab 34 S
Slaos b (Sowpy L s dles )3
s 3 il Ll (g )l 4 e glas
ICARDA jl 4 >4 5530 g5y =4S
(International Center for Agricultural
a5 554 (Research in Dry)
& 505 0 3 GIS (Genetic Institute of Sofia)
TAAM (Timiriazev Agricultural
el p s rl_?g'!Academy of Moscow)
4SS et g amloe (53,90 ST b
S ol S 5| s 13 5
o K uSS 5l bl ol 1 g el il
el sl (Atanassov et al., 2001) Lo
oYy o daly oy ool 51015
58S S s sl S 0a)3 lade

23T S a5 7 45 S ioran

References

slaylys b el oliw jl gsliss
sl oplply Lsls Ol daly sz
Ls?l.c)&b‘ ;)LA Q‘j& @ J....s‘j}'@ Ov\ﬁT Cwd
slaa_sb 5 s (Informative Markers)
Ll y ol 53 i, S 13 ealital 3,40 (630554
o e Gl 48T gl 55 55 Cip Ll s
Q‘J_:» 4_2..“ A edalics v\Jb}i &;“'ﬂ) Jj_b
w)j.bﬁvjk@ouo.lﬁuﬂ;w
QMJ‘ ol il \_s &Lﬁf;‘)} 4_.”.3‘)‘30\
O § PN Fr{ B | S PR I CE PO P PP
aS ols Olis 5 RFLP sla S5l 5 53550
Sl 5 55 5 LAl a5 Gy (S
o o o el (05 s ESC 558 50
bl o i aab 4 S sl plis glai
S bl e 5 (S5 Dliv
S5 aies s (Bj@rnstad et al., 1997)
aS Ui edeios o e L LT 5l eslizal b
badsm 5 SO ) Dliw o b
(Ruizl et al., 1997) ! VSJL:“.{
‘@W}f ‘_;\_A;)L» Ji.:‘} L;LQJJ.:)K )‘
ods T s 4 ooy b (Sl o aculs
S Ol 4 bty Ty (G55 (Gl 8

5 2l OS5 655 (o) p 03 el

Atanassov, P., Bories, C., Zaharieva, M., and Monneveux, P. 2001. Hordein

polymorphism and variation of agromorphological traits in a collection of naked

barley. Genetic Research 48: 353-360.

Badripour, H. 2004. Islamic Republic of Iran. Country Pasture/Forage Resource

Profiles. Rangeland Management Expert in the Technical Bureau of Rangeland —



e ST 5553 (SES 55 s p

Forest, Rangeland and Watershed Management Oraganization (FRWOQO) — Ministry of
Jihad-e-Agriculture, Tehran, Iran (in Farsi).

Bjdrnstad, A., Demissie, A., Kilian, A., and Kleinhofs, A. 1997. The distinctness and
diversity of Ethioopian barleys. Theoretical and Applied Genetics 94: 514-521.

Davila, J. A.,, Hoz, M. P. S., Loarce, Y., and Ferrer, E. 1998. The use of random
amplified microsatellite polymorphic DNA and coefficients of parentage to determine
genetic relationships in barley. Genome 41: 477-486.

Echart, C., and Cavalli-Molina, S. 2001. Hordein polypeptide in relation to malting
quality in Brazilian barley varieties. Pesq. Agropec. Bras., Brasilia 36 (2): 211-217.

Gepts, P. 1990. Genetic diversity of seed storage protein in plants. pp. 64-82. In:
Brown, A. H. D., Clegg, M. T., Kahler, A. L,. and Weir, B. S., (eds.). Plant Population
Genetics, Breeding, and Genetic Rrsources Sinauer Associates Inc., Massachusetts.

Heisel, S. E., Peterson, D. M., and Jones, B. L. 1986. Identification of United States
barley cultivars by sodium dodecyl sualphate polyacrylamide gel electrophoresis of
hordeins. Cereal Chemistry 63: 500-505.

Hou, Y. C, Yan, Z. H., Wei, Y. M., and Zheng, Y. L. 2005. Genetic diversity in
barley from West China. Barley Genetics Newsletter. 35: 9-22.

Jana, S. 1999. Some recent issues on the conservation of crop genetic resources in
developing countries. Genome 44: 562-569.

Kirkman, M.A., Shewry. P. R., and Miflin, B. J. 1982. The effect of nitrogen
nutrition on the lysine content and protein composition of barley seeds. Journal of
Science and Food Agriculture 33: 115-27.

Lukyanova, M. V., Trofimovskaya, A. Ya., Gudkova, G. N., Terentyeva, I. A., and
Yarosh, N. P. 1990. Flora of Cultivated Plants. Vol.2, Part 2, Barley[in Russian].
Leningrad Macpherson, G. H., and Grando, S. 2002. Food Barley Improvement
Other Field Food Crops. Activities. In collaboration with ICARDA.

, Agropromized. 491 pp.

Manjunatha, T., Bisht, I. S., Bhat, K. V., and Singh, B. P. 2006. Genetin diversity in
barley (Hordeum vulgare L.) landraces from Uttaranchal. Genetic Resources and Crop
Evolution. 54: 55-65.

Marchylo, B. A., and Laberge, D. E. 1981. Barley cultivar identification by

electrophoretic analysis of hordein protein. II. Catalogue of electrophoregeram

AR



WAA Jlo oF o Lo (Y0-) Al " 3 9 Jlgi (831554 dlxa”

formulae for Canadian-grown barley cultivars. Canadian Journal of Plant Science
61:859-870.

McCausland, J., and Wrigley, C. W. 1977. Identification of Australian barley
cultivars by laboratory methods: gel electrophoresis and gel isoelectric focusing of the
endosperm proteins. Australian Journal of Experimental Agriculture and Animal
Husbandry 17: 1020-1027.

Mori, T., Utsumi, S., Inaba, H., Kitamura, K., and Harada, K. 1981. Differences in
subunit composition of glycinin among soybean cultivars. Journal of Agricultural
Food Chemistry 29: 20-23.

Nevo, E., Beiles, A., Storch, N., Doll, H., and Anderson, B. 1983. Microgeographic
edaphic differentiation in hordein polymorphisms of wild barley. Theoretical and
Applied Genetics 64: 123-132.

Oram, R. N., Doll, H., and Kfie, B. 1975. Genetics of two storage protein variants in
barley. Hereditas 80: 53-58.

Osman-Abdalla, M. 2003. Barley and malt proteins and proteinases: 1. Highly
degradable barley protein fraction (HDBPF) a suitable substrate for malt
endoprotease assay. The Institute and Guide of Brewing 109(2): 135-141.

Peltonen, J., Hannu, R., Reino, A., and Silja, H. 1994. Hordein and malting quality in
northern barleys. Hereditas, 120: 231239.

Roininen, J., Nissilg, E., Puolimatka, M., and Pulli, S. 1992. Identification of barley
cultivars using SDS-PAGE electrophoresis. Agricultural Science of Finland 1: 73-81.
Ruizl, M., Varelal, F., and Carrillo, J. M. 1997. Analysis of the discriminating power
of agro/morphological and biochemical descriptors in a sample of the Spanish

collection of barley. Springer Netherlands 44 (3): 247-255.

Russel, J. R., Fuller, J. D., Macaulay, M., Hatz, B. G., Jahoor, A., Powell, W.. and
Waugh, R. 1997. Direct comparison of levels of genetic variation among barley
accessions detected by RFLP, AFLPs, SSRs and RAPDs. Theoretical and Applied
Genetics 95: 714-722.

Salcedo, G., Sanchez-Monge, R., Argamenteria, A., and Argaoncillo, C. 1980. The
A-hordeins as a group of salt-soluble hydrophobic proteins. Sci. Lett. 19: 109-119.
PI1.

Shannon, J. G., and Reid, D. A. 1976. Awned vs. awnless isogenic winter barley

Fey



e ST 5553 (SES 55 s p

grown at three environments. Crop Science 16: 347-349.

Shewry, P. P., and Morell., M. 2001. Manipulating cereal endosperm structure,
development and composition to improve end-use properties. Advanced Botanical
Research 34: 165-236.

Shewry, P. R. 1992. Barley:genetics,biochemistry,molecular biology and
biotechnology. pp. 280-281. In: C.A.B. Biotechnology in Agriculture No.5. UK.

Shewry, P. R. 1995. Plant storage proteins. Biological Review 70: 375-426.

Shewry, P. R., Faulks, A. J., Parmar, S., and Miflin, B. J. 1980. Hordein polypeptide
pattern in relation to malting quality and varietal identification of malted barley grain.
J. Inst. Brew. 86: 138-141.

Shewry, P. R., Hill, J. M., Pratt, H. M., Leggatt, M. M., and Miflin, B . J. 1978a. An
evalution of techniques for the extraction of hordein and glutelin from barley seed and
a comparison of the protein composition of bBomi and Ris 1508. Journal of
Experimental Botany 29: 677-692.

Shewry, P. R., and Miflin, B. J. 1982. Genes for the storage proteins of barley.
Qualitas Plantarum. Plant Foods Hum. Nutr. 31: 251-267.

Shewry, P. R., Parmer, S., Franklin, J., and Burgess, S. R. 1990. Analysis of a race
recombination event within the multigenic Hor 2 locus of barley (Hordeum vulgare L.).
Genetics Research (Cambridge) 55:171-176.

Shewry, P. R., Pratt, H. M., Faulks, A. J., Parmar, S., and Miflin, B. J. 1976. The
storage protein (hordein) polypeptide pattern of barley (Hordeum vulgare L.) in
relation to varietal identification and disease resistance. Journal of National Institute
of Agricultural Botany 15: 34-50.

Shewry, P. R., Pratt, H. M., and Mifilin, B. J. 1978b. Varietal identification of single
seeds of barley by analysis of hordein polypeptides. Journal of Science and Food
Agriculture 29: 587-576.

Smith, D. B., and Simpson, P. A. 1983. Relationship of barley proteins soluble in
sodium dodecyl sulphate to malting quality and varietal identification. Journal of
Cereal Science 1: 185-197.

Sorrels, M. E., and Wilson, W. A. 1997. Direct classification and selection of superior
alleles for crop improvement. Crop Science 37: 691-697.

Thompson, J. A., and Schroeder, H. E. 1978. Cotyledonary storage protein in

sy



WAA Jlo oF o Lo (Y0-) Al " 3 9 Jlgi (831554 dlxa”

Pisum sativum. II. Heredity variation in components of the legumin and vicilin
fractions. Australian Journal of Plant physiology 5: 281-294.

Vallege, V., and Waines, J.G. 1987. High molecular weight glutenin subunit variation
in Triticum turgidum var. dicoccum. Theoretical and Applied Genetics 75: 706-710.
Wilson, C. M. 1985. Mapping of zein polypeptides after isoelectric focusing on agarose

gels. Biochemistry Genetics 23: 115-124.

Wrigley, G. W., Austran, J. C., and Bushuk, W. 1982. Identification of cereal
varieties by gel electrophoresis of grain proteins. pp. 211. In: Pomerans, Y. (ed.)
Advances in Cereal Science and Technology Vol. V. American Association of Cereal
Yong, Q. G., Anderson, O. D., Londeore, C. F., Kong, X., Chibbar, R. N., and
Gerad R. L. 2003. Structural organization of the barley D-Hordein locus in
comparison with its orthologous regions of wheat genomes. Genome. 46: 1084-1097.

Zaheer, A., Ajmal, S. U., Munir, M., Zubair, M., and Masood, M. S. 2008. Genetic

diversity for morpho-genetic traits in barley germplasm. Pakistan Journal of Botany

40: 1217-1224.

7 f



