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TR Y R AR R AT 43 285 IR X L 9 Ak 22 AU RORIURFBE 8. 1 T 75 & (grain protein content, GPC) #4172 £ 2
AT . 25 R BN« AL JE 0 0C R A4, 37 A4 K22 W) GPC(10.89 %) ki (11.36 mm) 5 #f 4 B 4% (5.57
mm) ¥ B 5 TR R FE M GPC(9.06 %) ki (8.97 mm) 5 ¥ kL B 42 (5.10 mm) 5 T B £ K 22 19 kL 5 (2.99
mm) FFFRL R B (0.26) B 35K TR 5 K 220058 (3.12 mum) FORERE B B (0.34) 5 %% 1 K 22 708 4 o =22 |] T by 1
ERARE, FH IR R 4, b B A 32 0V R A K2 AR AR Y T B 22 L T A M X v 7 g
A KRB e TR (36.25 @) ALK GPC(6.85%) . 6 MUK AR KE M GPCH T EMWA THEFTE L
T REHF KT, BRI 2 B4R B KREE M GPC(11.26 %) W 25 i85 T B A 7S R 3 (7.30 %) , i B T ki
H(30.77 @ H g AR F/NM B A K2 (34.66 @) s MR #&35 —HE KRZEZ M GPC(8.51%) i E MR T AR ZE
(9.64%) M H T T (31.81 @) BE R TG AHE KE (28.34 @), He i BRI 43, TGI8 2 4k 3% Fh g 42 B 2 Fb
i, R FZ WK SR AR B E R TR I, 4R ) 09 R D64 2 47 2 B T2 58 4 ) -5 0 58 AR AL
EAR R 53 TE A G A SE RSy 0.850 A1 0.6815 T T-HLHE 5 GPC 2 W F M FAH, SR MK LR
5 B UM DG AR SE R B i D —0.216 F1—0.121, RSB KRE S, TR ES GPC 23 H K B & M IEAH
K(r=0.569""), FETF 10 MHRHRA BRI R TN ARG RE ST AR REZZ N BKES K KEZN
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BEAKNY . KT H A R EA [ 5328 B HobP R AR 1Y
22 S MERIF 9T A I

PEGE T, R KL 95 90 B K 22 #5 H F 1) A kgt
WAL, 2 3 i & & (grain protein content, GPC)
SR TN T — A O AR AR . GPC 5
RS M) FH Joe £ M1 22 28 i o 4 25 DIAR G , AN sl GPC |y
K i Fh BA AR B w5 GPC 1 K Z2 i Ff i i
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b SR, FEAR ZAE Y GPC 5 7= ik 2 91 i 35 1) iy
FASG  BIVAE £ v 7 19 [] 6] 2 55 GPC S22 A X TR X
AT BB R Y 3 AR 22 AR R A W R SR Y
JBE HA s A 2R it B A O U AT AR
R K M GPC B R BRI, K
22 FEARL AR ) 4 5 70 A7 2 R 2 o o B DR A P
IERVINR R SR Qi R L il A i A o I
Hig B iz 107 A T 22 5200 B A SR
T RRHTAE . BRI R E LD AW TR
o G358 1 20 P A B IR L 5 BB AR 3t £ S il 3%
AT T O R e S . X B AR R 2
RORZE B il 19 2RI . AR 214 13
oK B FE A AN 9 A (7] 288 B R 2 5 O b Rk X HL AR R
PEAR AT 22 5 LB o0 A FUAH S& Ak 23 A LASYE o AT
RN by Bl 149 0L Y 3 % 55 0 o ol R RIS AR
3 5 [ I 6 5 6 B 3 10 S5 ol I 9 R L A R TR &
S A= o B AT B R L

1 #MRlEFZ®

1.1 RE A

ARG E I 214 43 KA T 5 5 R A 45 R A 7Y
A I I R PG S Y k1 97 5 B A R ROk B
FEA R XS 117 O3 K2 . W 2 47 R A Il
FsAE AR BT A R gt 1 2 R AR
Fw e SR LS B IR, 214 1 Bk
BT 2018 4F AN 2019 4FIELL 2 a R T A8 AR K
SN B AR N R B BEORE 3 AT AT K
1.0 m, ATHE 0.2 m., & B KM% BT 4 5 4% 5, 3 K
WAL HEE IS KH 3, 405 T WA 5 Ik
Py WA R T TS BT 4 CCR A 117
13 A% 1 R F2 4% e RVRFAE 7] 43 hy 58 4y 48 K& M 59
Uy 75 K32 5 4% B2 BEARFAE 0] 23 o0 96 0y J2 K2 21
Ty RRORZZ 5 Fe R VR H T 432K 6 AN TR A REAA 23 501 S
59 1 7R P B R A2 5 A IR OR R AR B R A2 .9 3
R TT R R 2 (21 Oy O AR R 22 .16 i dE 36
A REM 7 AR KZFE . 97 Iy B AR R 4%
BEHIN] 430 87 Ay M R A M 10 /N4 R A 5 4% K
BREFAE RT3 20 93 4y B R AN 4 3 BROC L 5 e st LR
VRT3 2k 3 AR 23500 S 20 £ P4 B AR KA L 55
3 V6 B WY R 2 R 22 0y v I BE AR KA
1.2 FRRBMERENE

KT SC-G B {3 25 Bl A 43 5] % T kL
(thousand grain weight, Tgw) . $i (grain length,

GD ki %% (grain width, Gw) , K % It (grain length-
width ratio, Lwr)  ¥F%7 & & (grain perimeter,Gp) .
PRI AN (grain area, Ga) . ¥ ki B 42 (grain diame-
ter, Gd) KB [B] & (grain roundness, Gr) 8 ¥ ki
RAIMARIEAT I &, B A AORHI & R BN D T
200 K, 38 FHE 5 BT IS T DAAS B 4% AR R AR 1Y
ERIE SRR . SO KR TR E DR FIORL 58 1
MRAE X % B A T (factor form density, Ffd) # 47 ¥
Tgw

H3 I\ —
ﬁugﬁﬁAﬁfhmd(HXGwo

13 HHEARSIENNE

B BB 5 BE L 10 040 H ok E R
MTFRANN, BT 70~80 CHTFEHEFw, #T
JE BB S TR AR R LG 0.5 mm B, R 4 8 AR T RS
(i) R4 v M0 B2 SR B ) A L G U R A
bR A E AR T B MR 3 W R O
P, EATE R ROy 6.2571
1.4 BESHiT5H

FERLEAR 5 A Excle R, XF 214 £y K2+ B
Fie BRAN[R) 5328 O 2068 4 A bR HEAT 9 510 8L 1]
SPSS 24.0 FAEXT 2018 4F A 2019 4F KF L1 4R 43 31
AT IR VEGE T 53 B 5 1 — 205 i b ) 4 BECAS ()
1) 43 AL AT 25 AR R S R R Ty 25 e ek ¢
50, WHE G 0 25 2R 2 S W 3 M (0..05 JK P 43 i ) 4%
AR AT PP BT bR TE . T SPSS 24.0 B,
K Pearson #H 3¢ 2 £k OBURBAS 350 1145 A~ MR
Z (B A S DL S AH DGR 1Y S 2 1 s RS [R] 43 2
GPC, TRLHE KL ORL 58 5 KR B2 5 A RFRLPE AR
A AH 22 M R R 3 Pearson AR REGE . FIH R 1B
7 factoextra BAFAL I R B W 1 helust PREEE T
10 AFFRE MR XT 214 f K2 MR EAT )2 IR 2.
H factoextra BAF P foiz_dend PREIHEAT R
AT AL

2 HERESMH

21 FFRLRBOMOR MO IR M ST 4 A

X (R E 9 AN L PEAR Y 3R BB AT gt
ST (R DL AR BN X SR 2 a R R BT
FERNAER ERRE NS T0%~23.88%) . ZEH
REAE 2 a ¥R m R TR 8, o, 2018
AE TR AR S R BN 23.88 %%, HAE AR Ak 7 [ R
14.57 ~58.83 g; 2019 4 T kK. & M & 7 RE N
23.68%0 , HAH MY S AL VI Bl ol 14.82~55.66 g, X3
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BRI o A TR MR AR e R 2= 5, B
P R S A O Brik e - o O L S s
TR, AR REAE 2 a 35 R IR AR A9 PR R T
PR, i, 2018 4EAF R H R M ZE F RECH
8.87 %  HAH MY 2 AL IE 2 4.01~6.41 mm;2019 4F
KR E AR IS S R RO 8.70 % . HLAH Ay 78 S 90 il Ay

3.91~6.39 mm, 2 a [A] £ A KF ALV AR () O B2 0 i
JE B 246 X AE X /N T 1, U B T 5 R 45 R ) 3
BAREARTFEIES oM. 9 DNFERL IR TE 2 a 8] i
TTRMSTREA ¢ KB &5 R R R B ) 2 5%,
F U RF L AR AR IR 2 a 18] 32 PR BT IR 2 A5
BN,

1 KZFIANFRMEROHE RS T
Table 1 Descriptive statistics of 9 grain traits in barley

[E2N ARy I /IME R MH ¥iE bR i 22 it JBE U BRERE/N
Trait Year Min Max Mean SD Skew Kurtosis CV
FhiE /g 2018 14.57 58.83 30.58 7.30 0.72 0.85 23.88
Tegw 2019 14.82 55.66 30.49 7.22 0.65 0.53 23.68
AR AL/ mm? 2018 12.74 32.36 22.47 3.94 0.17 —0.25 17.53
Ga 2019 12.12 32.14 22.42 3.83 0.05 —0.32 17.11
bR/ mm 2018 15.86 33.55 23.58 3.50 0.19 —0.54 14.83
Gp 2019 15.81 33.39 23.55 3.41 0.14 —0.55 14.50
K58 2018 1.90 5.06 3.33 0.64 0.41 —0.75 19.22
Lwr 2019 1.91 4.99 3.32 0.63 0.41 —0.78 18.91
i B /mm 2018 6.19 14.94 10.06 1.68 0.25 —0.57 16.66
Gl 2019 6.18 14.76 10.04 1.64 0.20 —0.60 16.32
A7 98 BE /mm 2018 2.47 3.88 3.08 0.28 0.26 —0.04 8.97
Gw 2019 2.40 3.87 3.06 0.27 0.24 —0.02 8.94
AR B4R/ mm 2018 4.01 6.41 5.32 0.47 —0.07 —0.15 8.87
Gd 2019 3.91 6.39 5.31 0.46 —0.19 —0.12 8.70
AR5 B 2018 0.19 0.54 0.30 0.06 0.56 0.84 19.24
Gr 2019 0.20 0.53 0.32 0.06 0.51 0.68 18.89
2018 0.55 1.59 0.99 0.17 0.47 0.54 17.09

%W T/ (mg/mm?) Ffd o0 7

2019 0.56 1.58 1.00 0.17 0.46 0.49 16.97

22 BHEAXZEHEREFHNERILESH
6 2 FIR 3 Al BF AR R AZ ) GPC(10.89 %)
3 T AR K FE (9,06 %) HEF A K% GPC fy7AR
FERB(25.22 %) Fbs 22 (2.75) W & T H K
# GPC W78 5 250 (20.16 %) FIARME 25 (1.85), i
BT A K GPC AR B 3 1K L 1 HAR A
R R R AR AR B R 3 T A K
TR H 450 31.17 F1 30.06 g. ERABE(FK 2).,
R T 2 Ak 5 K22 340 S B A= R 27 T o 43 A 3 [l 2
BTz, o Rk B R A TR E AR AR B Y
14.57~ 58.83 g, ¥f A K& Tk 8 19 42 {0 {4
16.05~ 49.11 g, HZ HH A K E M EF R
(3R 3)  7F Ho At 2 AR J5 18T, BF A oK 22 109 KL 1T AR
(24.61 mm*) A1 (26.19 mm) & K %5 [ (3.84) 3
BEETHREREZFRLIE A (20.65 mm®) i K
(21.38 mm) 5 K % kb (2.89); B 4= K F 19 ki K
(11.36 mm) 5 #F kL B 42 (5.57 mm) ¥ 43 51 i # K
TG R FER K (8.97 mm) 5HF HA(5.10 mm) ;

B K FE R FE (3,12 mm)  FFAL B (0.34) 5% &
¥ (1.06 mg/mm?) 43 5l 8 35 K T B A= K& KL
$8(2.99 mm) K AL R BE (0.26) f % B F (0,92
mg/mm®) (& 2), Z5REY, Lt KW py A Y1k
SR, KZE GPC W] BEAR , A7 RL 1 AR R R A
ISR A VA SRS b TANE I el T 4 NP YA N A 2 B
N B DR S AEORERL TR AR AR B
Y S AT MY TR Y AR KA R R F kR
ARG 25 5P L 3 00 P AR R 22 5 3 4 K A2 A A R %
/R RS T AT T AP R MR 22 5 0 b (GR O
SRR AR B o B AR T KA SR R
KRR T 46 TR J5 A 5 35 25 5 40, 76 L AthoFF
RVEAR R A AE 3 2 S LR R AE TR AE GPC
(11.26 %) KK (11.51 mm) 5 42 (5.59 mm)
P TR KA GPC(8.51 mm) ki
(8.92 mm) Kk hi H AR (5.17 mm) ; fif BF 4= 8% K
ZZRLFE (2,95 mm) W b AR T AR B M K A2 kL B
(3.22 mm) , MHEFA S KEZ MR GPC(7.3000) b &
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G T AR S K (9.61 %) 5 H At s 2 A otk
BB TR s b K32, o B AR oS b R 2 1T R
E FERLTE AR OB K R R TE SRR B AR Y

e TR SR K2 AE R — R AR A v Y A R
%‘ﬁﬁi%)szjtiﬁﬁﬁ*ﬁﬁmﬁrhE@%%‘ﬁ‘ﬁﬁ?i
TR A ARG e KA P 22 SR A — B 7R
AR SRR KE L GPCL TR E FrhiJE K

KL GE JRF L P A o 2 ) B A7 A B3 2 5 i
fhAFRLEAR 22 S A 3, HP BF AR K GPC
E%ﬁ?%ﬁ%ﬁk%,ﬁﬁ%*ﬁi'ﬁ*ﬁﬁﬁjgﬁ%‘%
TR . XLELF R R A — 21 O [A) %
Y/ B AR B A N8 K A R R AR P A7 £ A ] e
JEEF) 2 5 o QAR R R AE AN [] 5 P2 i) A7 A8 K &

72 5
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Table 2 Comparison of differences in grain traits between cultivated and wild barley accessions

FieS EABUER/ Y% TRE/g ®HE/mm? JAK/mm KEEK  K/mm %/mm B2/ mm FRREE  EERT/
Classification GPC Taw Ga Gp Lwr Gl Gw Gd Gr (mg/mm?) Ffd
%iﬁﬁ 10.89a 31.17a 24.61a 26.19a 3.84a 11.36a 2.99b 5.57a 0.26b 0.92b
Wild barley
‘Aifli =
MIARE 9.06b 30.06a 20.65b 21.38b 2.89b 8.97b 3.12a 5.10b 0.34a 1.06a

Cultivated barley

T« A2 [6) 4 808 5 A TRl NG F8: KR 288 8] 22 2 7E 0.05 K %, T, Note: Different lower-case letters following date within

the same column and class indicate significant difference at 0.05 level. The same as below.

®3 BHEXRZNMBFEAREZNEARSERTHENHMESIT
Table 3 Descriptive statistics of GPC and Tgw of wild barley and cultivated barley
TR ES R/ME RKRMHE ¥ {E T 2 it £ U B2 S REU N
Trait Classification Min Max Mean SD Skew Kurtosis (0%
4 H arla I I 0= .
EAR AR Y GPC %J’EE Wild barley 5.12 15.65 10.89 2.75 0.52 0.51 25.22
# K% Cultivated barley 5.36 14.00 9.06 1.83 0.27 —0.33 20.16
N P A Wild barle 16.05 49.11 31.17 7.09 0.34 —0.34 22.76
TR #E Tegw/g ‘ :EE '1 pariey K
# K% Cultivated barley 14.57 58.83 30.06 7.36 0.96 1.62 24.47
R4 TARADEBREAXEZNHFEXZTHUAERZERILE
Table 4 Comparison of differences in grain traits between cultivated and wild barley by different classification
, HH B Tk T AR JAK/ . i/ i/ BER/ FR BHERTF/
4y 215 P A RS - LA . - wa .
N . it/ % /g mm? mm mm mm mm BIEE  (mg/mm?)
Classification Group o . . Lwr . . . .
GPC Tgw Ga Gp Gl Gw Gd Gr Fid
WA R
Two-row 11.26a 30.77a  24.74a  26.49a  3.93a 11.51a  2.95b 5.59a 0.25b 0.90b
wild barley
B Tk
Two-row cultivated 8.51b 31.81a  21.19b 21.35b  2.79b 8.92b 3.22a 5.17b 0.35a 1.10a
- barley
Row type PR 7.30b  34.66a 23.48a 23.58a 3.04a  9.99a  3.3la  5.44a  0.33a  1.06a
Six-row wild barley
SR 7
. & ”,/‘& 9.6la  28.34b  20.13b 21.41b  2.99a  9.01b  3.03b  5.03b  0.33a  1.03a
Six-row cultivated barley
AR e
11.05a 31.11a 24.88a  26.49a 3.90a 11.504 2.98b 5.60a 0.26t 0.90b
Wild hulled barley @ “ ‘ ‘ “ e o ’
3 B 8.93b 30.84a 21.56b  21.35b  2.95b 9.27b 3.16a 5.22b 0.33a 1.04a
EZ/%%/ Cultivated hulled barley ’ o ’ ’ : ’ U ’ ’ ’
Hulled N
Hulless HER 7.22b 32.65a  18.34a 19.14b  2.53a 7.96a 3.16a 4.81a 0.40a 1.30a
ss Wild hulled barley . 32.65a .34a 9. .96a 3.16a .81a .40a .30a
s
- RER 9.68a 26.49b 16.53a 21.41a 2.62a 7.57a 2.94b 4.56a 0.39a 1.17b
Cultivated hulless barley
23 AEDEFEXRZHFHERIEES T JEEF A K GPC(6.85%0) i AL T v 3 B A= K 22

H12E 5 al UL A2 3 /A [F) i SR PR A A4 RE R L 74

(11.34 %) A VG e S0 5 A2 R A2 (12,18 %), H o 1 Jiig
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Bk R % GPC WY ARME N 5,120, e AL
10.61 % » 6 o 15 2 v 30 A PG 1 W85 A48 GPC Y- 3
IR L T PG R A K A2 GPC S 5 R BRI 3 4
X R R, R 24.03% (£ 6), FE TR )y
AT, PO Y A K32 19 TR0 EE (36,25 @) B & & T rh
M B K7 (29.72 @) FIVE e Y AR K FE (30,18 @)
(£ 5), 16 8 Ak & AP AR v, v W85 A K 32
VY R B AR R T 2 25 L U W] O B AR R
DN SR NG 27N Uil (o ol L DI (Y i b
Hrp  BFAE BRI GPC(11.26 %) B 1 & v T4
AR EZ B GPC(7.30%) . i BF A= — b K2 T-hi
F(30.77 @) W EM TE A ANKKE TR &
(34.66 @), MXTTHPAE AN KE B A R KERN

S PSS A R TE 8 S B RPN 7N (1 A LA
FRHTHANRKE ., EERSE T TR E 2
SN AN A B A R R R A B A B R S5 B
ARRKRETHAAER FEER, A K KRKE
GPC(11.05%) ki K (11.50 mm) 5 ¥ ki B &
(5.60 mm) ¥ Z W F & T ¥ £ # K Z GPC
(7.22%) KL K (7.96 mm) B K ki B 44 (4. 81
mm) , i B A K 22 19 R0 98 (3.16 mm) 55 7 ki [
FECO.40) ¥ B F K T 8 A K K EZ R R
(2.98 mm) FIKFRL B B (0.26), XLz LR,
FEEF A KA, GPC R K Bk 5 5 K 4 L e AL AR
e — 2 A e Pk, Tk 5 5 0 B 77 — 52 1%
PEHRL H AR 5 B R A A — AR G HE

x5 BHERERFSIEFHNERZERLEER
Table 5 Comparison of differences in grain traits of wild barley by different classification
E 1 AN sl Ex o = w42 ¥k 5 i ]
P g0 i‘éflﬁﬁ f*m T 9/ JAK/ Ko K/ 55 /mm Bt/ *j*/ &El%/
. e . &/ % H/g mm? mm mm . mm B  (mg/mm?)
Classification Group L . . . Lwr . Gw . .
GPC Tgw Ga Gp Gl Gd Gr Ffd
. ﬁm;ﬁk 6.85¢ 36.25a 24.09a 24.12b 3.12b 10.25b  3.31a 5.5la  0.32a 1.08a
Tibetan wild barley
o I B A
ey - 11.34b  29.72b  24.28a 26.26a 3.94 11.40 2.91b 5.54 0.25b 0.88b
KU Origin Central Asian wild barley a a a a oona 7
. viF . ﬁi 12.18a  30.18b  25.07a 27.0la 4.07a 11.79a  2.91b 5.62a  0.24b 0.87b
Southwest Asian wild barley
. 1 Two-row barley 11.26a  30.77b  24.74a 26.49a 3.93a 11.5la  2.95b 5.59a  0.25b 0.90b
%%l Row type
7NH#é Six-row barley 7.30b 34.66a 23.48a 23.58b 3.04b 9.99b 3.31a 5.44a 0.33a 1.06a
W /R K Hulled barley 11.05a  31.11a 24.88a 26.49a 3.90a 11.50a  2.98b 5.60a  0.26b 0.90b
Hulled/Hulless # Hulless barley 7.22b  32.65a 18.34b 19.14b 2.53b  7.96b  3.16a  4.81b  0.40a  1.30a
F6 ARREBEHFEKXEZ GPCHMTFHNEMNHEIRESIT
Table 6 Descriptive statistics of GPC and Tgw of wild barley from different origins
KR PEAR BME RKRME ¥i{E T o 2 i £ R AR R
Origin Trait Min Max Mean SD Skew Kurtosis CV
7 50 B A= BEARE /% GPC 5.12 10.61 6.85 1.64 0.98 —0.24 24.03
Tibetan wild barley TR /g Tgw 27.77 48.05 36.25 5.32 0.15 —0.83 14.67
LIRS BHBE &R/ % GPC 7.66 13.27 11.34 1.52 —1.09 0.28 13.43
Central Asian wild barley TR /g Tgw 18.33 42.63 29.72 6.69 0.37 —0.81 22.52
74 B BT A RAB &R/ % GPC 7.86 15.65 12.18 1.97 —0.10  —0.79 16.18
Southwest Asian wild barley TR E/g Tagw 16.05 49.11 30.18 7.06 0.64 0.40 23.40

e AN T PG R N I B A R Sy TR
KA PG R AR R A BE A KRR =2 00, SUA AN TR B 15
T, BT LA DY 7R A R A2 A [ b R 55 B R R A2 R AT
Gy BE I R L BT A b KA GPC BT
JECHEF AR S R T T ORE 3 R T G R A N R
KA 5 FABAF AL R A PG 8 S 2 K 22 AN [R] 48 2R vl it
) #49oR F BL i 25 5 5 GPC 16 V4 8L A= B/ R R o

IR B 25 57 T PG B R A T RD R v TR
KA (R Ty . VHREF A= R A A [ 3 2 vhokp R A AR 22
SeBIE TS AR W] AR VYRR AR R 2 GPC fEAN Al i 2
FATE 035 22 59  TEANTA) B BRI T P 22 S A 2 35 5 7R 7
JRCEF A R A vp TR B AR L 5 R 2R P AR AT
255 3 Ut W 7E DU HCHF A2 K vh TR B 5 B | B2 R AR
FAE—E R T GPC AL S IAFE—EH R R .
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Table 7 Comparison of differences in grain traits of Tibetan wild barley by different classification
; MR TR m/ RS P FF AL HEHE T/
ok gy 0 EHR TR /AR f K/mmo S /mm fife/mm R EERT
Classificati G SHE/% E/g mm? mm I Gl G Gd 53] JiE (mg/mm?)
~lassitication roup “WTr w
' GPC  Tgw  Ga Gp Gr Fid
—& 6.39b  37.84a 24.70a 24.67a 3.20a 10.50a 3.30a 5.57a 0.31a 1.10a
. Two-row barley
el
ook
Row type . N 7.30a  34.66b 23.48a 23.58a 3.04a  9.99a  3.3la  5.4da  0.33a 1.06a
Six-row barley
Hull ()flb | 6.76a  37.15a 25.53a 25.37a  3.27a 10.82a 3.34a 5.68a 0.30b 1.03b
N ulle: arle
B /B e
Hulled/Hulless # 7.22a 32.65b 18.34b 19.14b  2.53b  7.96b  3.16b  4.81b  0.40a 1.30a

Hulless barley

24 AESEBBEREFAMER LB S

M2 8 WL TEFTA I 6 AN HLIX Fh, AR B K
11 GPC e o4 9.26 %6 5 1 AR K K2 1 GPC
AR, M 8.01% . 6 MAFML XK KE GPC £
HHE R RWMZEIE 5% KFE L 2EFHAEE,
HRLEN R KEZ LT KB AT ®HE.GPC O &
T —3. R RE R RS GPC A2 7
B IR 23.73 0 5 b R 8 R 2 AR SR AR B0 I
fiK. 4 6.99% (£ 9. & A H X 76 Tk & J5 mi A 9

25 L e R AL AR KT R .l 32.47 g AR
JETRIN AR B R AN 23.69 g, TR EAE R RABA
VA B K A e o 27.63 % M PR R R AR
H12.40% (F 9. fE AR RCER L JE SRR K
FMWR A (9.68 mm) KL FE (3.16 mm) K ki 72
(5.31 mm) K RL A 2 (22,35 mm?), J& K (23.05
mm) AR 6 A Hb X R R Y (R 8) . TEAN IR ALy
e, THEORE TR E (31,81 @ WEHERE T AKKE
(28.34 @)1l GPC(8.51 %) i F I T75ie K22 (9.61%0) .

RS HEXRZEFRRSEMFHERZERER

Table 8 Comparison of differences in grain traits of cultivated barley by different classification

e Ll TR mR/ K/ L K/ 5E/ HE/ R wERT/
sk 20 51 PO N K98 1 )
o e . /% /g mm? mm mm mm mm #E  (mg/mm?)
Classification Group ] . . ) Lwr . . . )
GPC Taw Ga Gp Gl Gw Gd Gr Ffd
R AR Hr
East Asia 9.26a 30.37ab  19.98b  20.65¢ 2.79b 8.63b 3.13a 5.01b 0.36a 1.11a
cultivated barley
South America 9.10a 29.55abc  21.3a  21.65bc 2.91ab  9.15a 3.16a 5.2a 0.34b 1.02b
cultivated barley
Xlﬂ‘,.l\ ‘f?j.
Wiy lﬁ " 9.16a 30.0lab 21.6a 22.23ab 3.0la 9.36a 3.14a 5.23a 0.33a 1.02b
Europe cultivated barley
Ori Jin H PR S
& The Mediterranean Coast  8.87a 27.83bc 20.53ab  21.72b  2.99a 9.13a 3.07a 5.1ab 0.33a 0.99b
Areas cultivated barley
b &3 B
North America 8.64a 32.47a  22.35a 23.05a  3.08a 9.68a 3.16a 5.31a 0.32a 1.05ab
cultivated barley
Wk 55
Australia cultivated 8.01a 23.69c 18.57b  20.14c 2.89ab  8.46b 2.94a 4.84b  0.34ab 0.94b
barley
o 3 _ _
A% A e Y 8.51b 31.81a 21.19a 21.35a  2.79b 8.92a 3.22a 5.17a 0.35a 1.10a
Two-row barley
Row type
NH% Six-row barley 9.61a 28.34b  20.13b  21.41a 2.99a 9.01a 3.03b 5.03b 0.33b 1.03b
e /8 J% Hulled barley 8.93a 30.84a 21.56a 21.35b  2.95a 9.27a 3.16a 5.22a 0.33b 1.04b
Hulled/Hulless  #t Hulless barley 9.68a 26.49b 16.53b  21.41a  2.62b  7.57b  2.94b  4.56b  0.39a 1.17a
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Table 9 Descriptive statistics of GPC and Tgw of cultivated barley from different origins
b3 PR /ME RKE ¥iE bR IRE IR SRR/ %
Origin Trait Min Max Mean SD Skew Kurtosis CV
7R AR B EHF SR/ Y% GPC 5.36 14.00 9.26 2.15 0.12 —0.76 23.23
East Asia cultivated barley T /g Tgw 14.89 58.83 30.37 8.39 0.89 0.95 27.63
TR #k $5 FEHFEE®E % GPC 6.59 9.71 8.01 1.23 0.38  —1.71 15.40
Australia cultivated barley Tk H# /g Tgw 14.57 27.47 23.69 4.88 —1.54  0.89 20.62
i AR B EAFRST R/ Y% GPC 8.04 9.91 8.87 0.62 0.48  —1.11 6.99
The Mediterranean Coast
Areas cultivated barley THH /g Tgw 22.16 33.97 27.83 3.45 —0.10 —1.14 12.40
B AR B FEHE SR/ Y% GPC 6.57 12.25 9.16 1.42 0.31  —0.27 15.54
Europe cultivated barley TR E/g Tew 20.50 50.82 30.00 6.28 1.47 4.18 20.92
b 56 k45 FEHRAE/% GPC 6.44 11.19 8.64 1.28 0.06  —0.69 14.76
North America cultivated barley ThiH /g Tagw 22.53 47.86 32.47 6.80 0.57  —0.36 20.94
3 FEHRARE/% GPC 6.38 11.42 9.10 2.16 —0.22 —2.03 23.73
South America cultivated ThiH /g Tagw 24.75 37.70 29.55 4.02 0.95 0.24 13.62

XS R R A R Z 2 MR BRI 25
NG AH B . 5 5 AT R BLARAE e FIS B A 3 K&
PR R EER MK 2ESARE, 7FRR
ST ARG R SRR K Z M GPC 2 &
AN MAE 8 AN KRR AR Ok EE R F
FETE L3 26 S o RIS B R 22 mpF R AR L R DR
KPR EHARY K TR R E, X 584 K&
FE K R S K S 22 (B 1 22 S A — 3
25 XEMFMNERBBXST
ZERANE T, BRI GPC 5 A e BRI 1 52
PR O A OE (R 10y, Hih GPC 5 Tk
(—0.216" " ), FF ki 98 (— 0.412° " ) ¥ ki [B B
(—0.440" ") KPR BE(—0.395" ") B 4t 3
A5 5 0 5 kR 8 K (0,331 ) JFFRE K (0.360° )
PR A OC . TR E 5 A 3R A MR A G

PER AL A AFFROE B8 b 5 TR 2 2 2% 5l
WEE AR, I TR SRR BE (0.8507 1),
FPRL AR (0,681 " ") K RL T AR (0.685° ) V4% J&
T (0. 610" " ), kKL JE K (0.378" )| ¥ KL K
(0.320" ") ¥ 2 M B ¥ IE M M5 K %
(—0.121" ) R F M AAIC, 78 H i F A AR Z 1)
AH G T R 5 R B8 22 R0 A B 5 A A DG R
5k B AR (0,879 ) kL 5 kR EL AR (0,427 )
P IR B R OG . AR T AR A DG
[ ER NGRS AT ARSR & TR S /10 R IR T el
T) AH 56 2 B0 L 20 B 0,998 F 0,996 © LXK
HHFF R B A% FURL A 23 S A T AR ] 1) R /N ke
PeE PEAE I o FFREA 8 L 5 kPR 58 32 i 8 25 £ A OC
FBEE N —0.968 " L U W Rk K B L R AT R [
BE 29 R F

xR0 KREHFHERHEXRY

Table 10 Correlation coefficient of grain traits in barley

PR EAFGE TRE  MRER ARERK ARK/E Rk FRLSE  FPRLERR PRI R T
Trait GPC Tgw Ga Gp Lwr Gl Gw Gd Gr Fid

EHF & GPC 1

FhiE Tew —0.216" * 1

MR Ga 0.139*  0.685* " 1

FRLJE & Gp 0.331**  0.378**  0.911** 1

PRI B8 1L Lwr 0.508*  —0.121* 0.567**  0.851*" 1

ALK Gl 0.360**  0.320** 0.880"* 0.996**  0.886" " 1

FFRLFE Gw —0.412* " 0.850" "  0.422" " 0.032  —0.491**  —0.04 1

MR Gd 0.134*  0.681** 0.998** 0.911°* 0.566** 0.879** 0.427"* 1

BB E Gr —0.440"*  0.116* —0.567** —0.836" " —0.968* * —0.870* * 0.475** —0.570" " 1

W F Fid —0.395" % 0.610** —0.133"* —0.453"* —0.743" % —0.499** 0.679"* —0.138° 0.778"* 1

W, AR 0.05 F10.01 KERE ., FIE, Note:* ,* * Significant at 0.05 and 0.01 level, respectively. The same as follows.
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26 AREBKRZFIMAFRMEROBEXDH
TR O B 5 R R B AR D S R R T A
SRHEMEAR S T AT 7] Bef A1 2 8 R b 7 e A IR L A
LR 3 SR B GPC, Tk 4t 5 A MR BF
FENHEARTF 53277 P A G M (GR 1), 2521
T LT GPC 5 TR0 (9 AH S M b BR T 87 24 S b
KA B W 3 T A 56 (0569 ) 4b, Hifli 4l 5] GPC
5Tk E ) 5 R OC s L A B AR K, GPC
AR NUEACEY ST AR P WY P63
H—0.319, fEAR ST h, GPC 5K K.k

Fi KPR B A OCMEAFAEAR K28 5 5 T TR 50k
o ORLTE SOFF AL BLAR Z AR OGP AR — 3 I 2L
Pk B 3 IE A OG s Tk B R E A OC R BB A
0.85L4 I, ey M2 BP A BR R ZZ 4l 5l o 0,954, H T
R SRLE PR AR AR B R T TR HEY
PR O R B, KRR 50 58 78 B A 0
A R TR ORISR R T e R R B
FOAEAR G A A 43 2 R GRS B L BREFAE N
KA R K 5 kR AR BTSSR AR TE T
A3 rh 1) S AR B IE A G .

11 AEADEXREZFHERNBXRY
Table 11  Correlation coefficient of barley grain traits by different classification
24 5 LEZN GidEl s R IS Vi
Classification Trait GPC Tgw Gl Gw
ThE Tgw —0.308" *
LI ik Gl 0.392** 0.263* "
Wild barely FRLE Gw —0.476" * 0.897 * 0.016
AR E AR Gd 0.108 0.673* " 0.856" 0.513" "
THE Tegw —0.310**
WF 2 g MR Gl 0.275** 0.384* *
Two-row wild barley FFRLGE Gw —0.403 " * 0.926 " * 0.219*
AR EZE Gd 0.03 0.731* " 0.876* 0.643% *
TR E Tegw 0.569 "
LI REEPAN 7 AR Gl 0.313 0.101
Six-row wild barley ¥k Te Gw 0.333 0.853" * 0.129
AR EZ Gd 0.462" 0.323" 0.925* * 0.269
THRE Tgw —0.319**
WA e R R Gl 0.272* " 0.340*
Wild hulled barley ¥R G Gw —0.465* % 0.900 " * 0.105
MR AR Gd —0.027 0.750 " * 0.832" 0.621" "
TR E Tew —0.109
WA BRRE AR Gl 0.472* " 0.436 "
Wild hulless barley KRG Gw —0.384** 0.954 " * 0.192
MR E A Gd —0.002 0.731% " 0.856* * 0.605* *
TR E Tegw —0.203" "
HodE KA R Gl —0.219" % 0.520*
Cultivated barley FERL S8 Gw —0.209" " 0.898 " * 0.416 "~
AR EZ Gd —0.248" * 0.803 " 0.884 " 0.776 "
THE Tgw —0.176*
P g R Gl 0.064 0.592*
Two-row cultivated barley ¥R T Gw —0.147 0.920 " * 0.556* *
MR EAR Gd 0.005 0.839 " 0.909 * * 0.840* *
TR E Tgw —0.13
e Bs S R Gl —0.440* * 0.540 " *
Six-row cultivated barley FRLTE Gw —0.105 0.876 " * 0.400 " *
Frk H A2 Gd —0.374" " 0.770* 0.912* 0.722* "
THE Tgw —0.252* %
FeH R AR Gl —0.093 0.562*
Cultivated hulled barley FFRLTE Gw —0.268" " 0.891"* 0.339" "
ARLEZE Gd —0.184" 0.887* 0.823" 0.792" *
Tk & Tgw —0.035
A SN Rk Gl —0.324" 0.329"
Cultivated hulless barley FRLTE Gw —0.015 0.923" " 0.117
MR AR Gd —0.227 0.816** 0.735** 0.749
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27 REFHEKBRES

1T R BRFRLPRTE 2 AR 003 2 3R B By
9748 S R 00, HORER o MR AE A [ B 23 26 J= i B 3
FI M 22 e L X U] 214 43 Fh BT 7 X 46 R R
PR BRI B SR 2R, O T i — PR A
o Jot 5 TR LR (39 23 A5 B0 B Al o 1] 114 36 15 7 5%
KA BRATH T Z AT FE b BT A 10 AN AFRL R AR X
214 (R M BHEAT IR R ELR . SR KW 214
Py REFEE BRI R I — KRB FEH R
RARE, 75— R FRRMIE REZRER, %2850
7R HE T 10 AP R IR 1 B A2 R A AR K 2
AT AR W] R A S T S22 e . OB — R

W IFAE oKk Wild hulled barley
YRR A2 Wild hulless barley
@55 K% Cultivated hulled barley
IR A Cultivated hulless barley

B1 214 pRkEHH

Fig.1
it
R T R ZE TR R IR G5 AT 22 B L 8 F

X g3k 1A T PR AN LA L 55 = K26 Xa] 43 2 T AN
NEAWREE D, 510 IV IR 5 50 6 46
78 4323 4y 28 Uy RN 85 My K EME. Hp 1
TELZ B AR I Bz K32 (21 @ R ) 41 AL AR R AR 05
TR BEAAR S 585 11 37 3 5 DAAR B A K 2 (s (o )
LR N A€ LB DL A58 SN ]
AR ZIRA R WA R R KEY
BT e KR A B 58 IV I BF 22 LSBT A e K3 (4T
I B, AR BT A e R BEIR, 25 R %L L
FERLPEARAS 214 By KPR AL 4 20T, BF A K&
3 SN S SEN BT3P R LGy N
PR A 55 B AR Je R B AR Z IR R AR T st b L4 .

HzDA 7
HZD430
HZDSO
11Z0299
HS38
HS8S
HZD207
HZDi192
HZD416
r®nzn;,
HzDgg
12215
HZp7s
HZDi9,
249,
e, 21

10 FhAF R AR B D7

Cluster analysis of 214 barley accessions with 10 grain traits
M KA T B 55 IR, 8 R B M R A R IE L A 05T
X214 Gy 3 E N AR ZE T ST R R PEAR AT T 25
S LU BT W IR A R AR W B A R GPC 2 3 &
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TR R & th TR WL & 20 & B b5 i
BT AR K FE GPC 3 B AR 342 AR BIE 5
FFp S B A K3 GPC A £ E AT AR R R
Wik 25, 22%, o HS40 (15, 20%) . HS42
(15.03%) \HS4(15.19%) \HS77(15.65%)4 {5 #4 %t
HA BB K GPCL AT IR g K 2 ol B 52
SRR . RIE KA M L T AR KA, HOR K 5 6 RE
IERERTE U TANIE AN e A 2D S Rl S R T
s 3R BE S 5 ONATT A8 SR 0 B KR ) R
P O R0 35 20 B FFRLAS A R T4 i = it
FGHWE D7, 0 AT DA R 22 27 G DR B, R
IZ BN E A E R . R IE B R 1 R
A2 AR A AR TSI DX 3200 FRATT 43 v B A K
& TS KAZ AR W] — I / B MR VR R R A7 R A
AR B 22 53 FE A3 B+ AT AT X6 Ko S i) 28 7R K 2
A P T IR AL S ARG . BLAh R A 5 R R
S KA WAk AT B e ) SRR [ — 28 A e
WP KA 5 R R R R IR Y B g T LB K
E i (R UN Rl S TR R AN VTR S N B B S g
KA 22 5B, v B AR K22 5 04 B W BB AR R
H A RABMEAR Y T W 22 5, R PT b BT A K
AL SO EAS BT TR IC I R A

RURTR e AL S 2 SN i e AL S22 SN < D
AABERRG KR MG A4 RES ik 2 4>
by 38 A VR 11 BT AR DR 22 2 ) A KT T FRURTOFF AL B AR LA
S BT A RERLIE IR A 3 25 S (R4 E D] 1Y
FECRT A R A B R B 35 % 15 5 Dai SO RS
S5 Al R WV 5B AR K 22 5 VU R Y A KA R A
[ FEAEAR R 25 5, 4 0 A R A o B K A2 SE R 4
A RRIR R DT, #E— 2 SRR TP UR R — AR IR
DB RIS . 7E 3 A Hb X B AR K7 b P R AR R
2P0 S 1 TR S R B IR 19 GPC, X G, 1T RUAE
Sk T R BT AR RS B B AR U . AV R AR K
AT HS107 GPC 5 fik, 45.12% , % 45 R AR F
ThAR SR EEOTRF ST 2 004 175 P4 96 T A K 22 AR ) I
R (8. 42%), H . HS102 (5.36%) . HS105
(5.26 %) & HS109(5.28 %) 45 44 bl ¥ H A # ALK
FH) GPCL X S8 Ik GPC K 22 B i nl LAAE MK & A
KZE G g A5 SR SR A RE . 6 R AR 3G K 2 b
X6 N IX Z ] GPC 22 5 A 8 3, Ui K W 1)
A R A AR R 55 K22 GPC BB, I HLAE

TH 453 IX A% 35 K GPC 2 &8 T MK,
I R T BB A R [/ GPC R 2 A B & . LA 2
B POW ARG I Tl SR . AR AR R K2 TR
I GPC ¥4 8 i 148 5 R IR AR AR B R &2
fETHREM GPC F A SRR EST  /ERT
BLE AT GPC B B iR b R, db 254k 3G K& 6
AN HlL DX A AN R R AR 38 A A v AR B, AT 5 BE
X HZD140 F1 HZD333 & B T 15 b 4 16 K7 R o4 1k
R TGS IR . R A R b 20 5 e AR oy 2 s B AR R
# GPCwH, W AEREm T AR AL H
A R i TEPAE R R X 5 B 15 SR 55 [ 4 E
— 0, HETR TR AR RN ] 43 28 R 3R 0 AR
BT 5% AT HR 30 L AR BT T 445 S0 % ok 3 AN ) 26 1 27 i)
FERLE IR 0 22 5 40 BT BEAT T A 78, B IE AR 45T XF
125 0y e 355 K22 bHRLFFRLE R AF 5T K BLAR 35 K 2
TR R ERPRLE R T FURL K AR W R TSR R
Az, ook E 5 R 5E 1 25 5 5 AR S ) — B TR
ZEF AR 3X TR PR T AR O TR 22 g |k
(49 s AT 5 3 FH 190 S 1 AL 45 b 118 4 55 R 22 ek i s
e 7R 45T 3k FH Rk s R MRk A TR, X T
Fr TR KE SRR REZ RN ES T BoR,
R A N KA GPC AR T-%7 5 5 i, Rk o
T A MR N Tl B T L N K 2 B A A R R
& RWRBRIGRERIZEAERE, EREMRK
SRR AR W TR K N B Bk ST Y
AT SN 0D B 7 N i O 1L (el 1 S B
25 SR KA AL BT 30, J2 R IS0 45 R R W]
KESWRKEHEAARER T HAWREZR. K
2 FF R0 B AR Z2 IR TR R [R] 28 0] 8] A7 7E AN ) 7R
() 22 5 L 3 WA K 22 R R M IR A8 AS TR 3 IR R () A7 7
PN R SN BG . = D N o T B N S R S
HIFEH .

BRAEVAFRFRHAR Z B H R Z
H3H A5 K B GPC 5 T-kn 5 S W 8 3% A G
LTI LE FA— B SR A E 5T K B AE B
A 7S R 22 R AR 8] 1 4H 56 20 B H . GPC 5 TR
At I A G T ELAH G R B R 2k T B X
R ST SR B ) i o O O e S K G R RN
BEVRNT % RE 1 T R 32 i 0L 5 7 o W) 25 A Ak O
T ELA R . gk AR T R B KR R K R R
EENIUR: DI\ IS @7 o VAR S a1 | I SYA D YA £ 8
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RS2 IR /0N S 3 5 AR ST B 45 2RO [l . ol A8 A
S TR 5 R T8 B A S IR A OC, HLAH R R AR
TR TR B AR OC R B 5 AR BTSSR — B
T3 AN G AL XKL AR 5 TR A DG PEEAT T
G R Z A TR AR R 3 Y IE AR OC  OF LA G
AROS TR TR EHCRL, AR
Jrah . TRE SR VR YE R R AR 2 (] A AT O
PEIAT — B &5 2R . A, 3 IORE S 5 kR BLAR AT
AEJE P2 i TORLH B A RO&AE . Ah AW 5Tt 2k B
PRI S L S Tk 5 B 3 i SR OC, X 5 35 18
b DX/ IN 2R R A3 A 45 SR A — B R AR AR
T X RERLPAR B BT 5 S B, AR A IS 8 TR R 225
Wiy 3] R A2 B4 A AN T B . AR AE 7 A A v
SE 1] 24 R A R 2 it TP 119 22 R P 52 B0 30 4% PR A% 55
PRI 3R A A2 00 DAY e 8 35 T 22 2 AR 38 A% Rk Tl i 7
26 /1N S BOH A AR SR BT BT AR T
T XE LS T, T BB A O A ) Rl T O U A 45 A
IR B AR Z RO B A R PTG PR AF I
REE DR T O R A2 gt A 0 R A R R TR S O
AT BT e A R 22 B ORESR A Y A0 454 XL AR
PR B L HLUE T BF 2R R R ARV AR B AT AR R
AL S Jm S AT T B AR ORI e TN Y A2 Bl A
WFFE AR L DU R SR 22 2 A 306 TE BRI o 26 7Y
AR B0 328 R R A R R R PR IS K
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Diversity of kernel traits and grain protein content
of wild and cultivated barley

LU Guang',ZHOU Yu',SHEN Hui’,REN Xifeng'

1.College of Plant Science and Technology s Huazhong Agricultural University ,
Wuhan 430070,China ;
2.Xiangyang Original Seed Breeding Farm ,Xiangyang 441004 ,China

Abstract 214 barley materials selected from home and abroad were classified according to its geo-
graphic origin,row-type and hull or naked barley to strengthen the development and utilization of germ-
plasm resources and to improve the kernel traits of barley. The diversity of 9 kernel phenotypic traits
and grain protein content (GPC) was analyzed and compared. Results showed that the GPC(10.89%),
kernel length (11.36 mm) and kernel diameter (5.57 mm) of wild barley were significantly higher than
the GPC (9.06 %) ,kernel length (8.97 mm) and kernel diameter (5.10 mm) of cultivated barley accord-
ing to the relationship of genetic evolution. However, the kernel width (2.99 mm) and kernel roundness
(0.26) of wild barley were significantly lower than the kernel width (3.12 mm) and kernel roundness
(0.34) of cultivated barley. There was no significant difference in thousand kernel weight between culti-
vated barley and wild barley. There were no significant differences in all kernel phenotypic traits between
the wild barley from from Central Asian and Southwest Asian. The wild barley from Tibetan had the
highest thousand kernel weight (36.25 g) and the lowest GPC ( 6.85%) in all regions. The GPC of culti-
vated barley in the 6 regions has tended to the same level due to long-term artificial selection and breed-
ing. According to the row-type,the GPC of two-row wild barley (11.26 %) was significantly higher than
that of six-row wild barley (7.30%) ,while the thousand kernel weight of two-row wild barley (30.77 g)
was significantly lower than that of six-row wild barley (34.66 g). In contrast,the GPC of two-row culti-
vated barley (8.51%) was significantly lower than that of six-row cultivated barley (9.64 %), while its
thousand kernel weight (31.81 g) was significantly higher than that of six-row cultivated barley
(28.34 g). The kernel length and kernel diameter of hull barley were significantly larger than those of
naked barley whether it is cultivated germplasm or wild germplasm. The results of correlation analyses
between the various traits showed that thousand kernel weight was significantly positively correlated
with kernel width and kernel diameter with the correlation coefficients of 0.850 and 0.681,respectively.
The thousand kernel weight was significantly negatively correlated with GPC and kernel length-width ra-
tio with the correlation coefficients of —0.216 and —0.121,respectively. There was significant positive
correlation between thousand kernel weight and GPC (»=0.569" ") in six-row wild barley. The results
of cluster analyses of 10 kernel traits showed that there are different groups between cultivated barley
and wild hull barley,naked barley and hull barley. Most of the cultivated barley were grouped into group
I .most of the naked barley into group [l and most of the wild hull barley into group IV.

Keywords barley; kernel traits; protein content; germplasm resource; genetic diversity; gene

mining; seed type selection; variety improvement
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