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Resistance Identification of Hulless Barley Germplasm Resources
to Barley Yellow Dwarf Virus and Physiological Analysis
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Abstract: To evaluate the resistance of hulless barley to barley yellow dwarf virus (BYDV) , 245 hulless
barley genotypes were tested by inoculation with viruliferous aphids under field conditions in three calendar
years. The results showed that the genotype 08-1280 was highly resistant to BYDV, and six genotypes (ZYM1289,
Beiqing 6, ZDM4409, Ganging 2, Zangqing 3000, ZYM1853) were resistant. 47, 173 and 18 genotypes showed
moderately resistance, susceptibility and highly susceptibility to BYDV, respectively. The genotype 08-1280
was found carrying the resistance gene Yd2 based on genotyping using molecular marker. Moreover, to gain a
better understanding of physiological mechanism of hulless barley against BYDYV infection, the differences in total
phenol, proline, soluble sugar and soluble protein content between resistant genotype 08-1280 and susceptible
genotype Kangqing 3 were investigated. At 10 days after inoculation, the contents of total phenol and proline
were elevated in 08-1280, higher than that of Kangqing 3. At 30 days after inoculation, a higher increase of total
phenol in resistant genotype, if compared to that of susceptible genotype, was detected, while an opposite result
for the soluble sugar was observed; the soluble protein decreased dramatically in 08-1280, whereas increased in
Kangqing 3. Collectively, this study provided elite germplasm resources and theoretical reference in breeding of
resistant varieties and analysis of resistant mechanisms in hulless barley.
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H i (Hordeum vulgare L. var. nudum ) XFREREK
A, EESTAAEVER T 2 B M )k
DO BT AIUM T A H R M AL X T RREAT
SN o NN IR T s o N (11 (1 2
SPREE, HE 5 BN -2 TR B EMmE S
Fps R 5, DRI H 25 32 B AT 56 FE B R
AT B T R R s R R
R it A 1183 PR, (L BCA T T A b X
YN B s RS = (/U e e D S S ']
FHE 5 1 R 6 e o 0 X 2 — | o i
A BAMETIA A 70% DL B AR R R E
RAATEEH AT E I, Hor SRR A P S T R
PR DX B AT R A, 2 BRAE 77 1 B T AR Rk
T PR 8RR 2 i K 2 8% K B (BYDV, barley
yellow dwarf virus) 2 445 | 1 — s 2295 5, HAE
JE RHEE R A A8 [ 3 5 ) AR . KAz
BT IR Y NE R FORE SRR ARMEY,
AR YL A il 5 R I R AR IR AL
ol e R I S PR, 2 T 5 T £ 0 1 7 e R T
Pl iB , KA BRI T 1 R VE P i 0 S
5% ~ 80%"™ , J™ HE Hb R FE AR 2K

S BIE B O 5 BT R T TR R L 42 BE P
BN K5 E PO SRR IR ER R B 4 T A A
Jrk, HET,ZERFER R T 445K FE EEWNE
UM & EE R (Ryd ] \Ryd2 \Ryd3 .Ryd4Hb) Fll/b i
QTL. Rydl 52 Kz il Fl Rojo H 45 7 H 1 1 4~ F=t
PEIER, i FRCRASTER N F &R . Ryd2(Yd2)
G DR 3 o 35 ZE AR BU WV RS2 R A B O o
PR AR BN, BN T 3 5 Y ik
P BRI R R Y 3 v
L BRI A KE WM. BHir, 2 & H
5 Ryd2 BRI 34325 H 5 T F FH PCR B ARG I 14 43
FhRic, $&wm TIERRROR " Niks % U7E K i
T LO4 vh & B T HU iR B SE A Ryd3 , H4s e o F
6 Syt iR, HFi% I N E g A K
M Ryd4Hb S 1E R 25 K 52 (Hordeum bulbosum)
ok B BT R L IR Y B 5 A S KL (H
W TFEGIE T, 2R N A FREFTM, XF
PUHRR R P TR IR SE , | R 2 A,
[ S TR DA A B K32 fm 2, e T
BRE R A SHTIRAR A o AW 5E T 2019,2020,
2022 4K 245 453 T BN BT BE IR A BRI U EA T T
3WRYE , NPT SR, TR O A i 4t
PEIEIH Y2 "B o T AR e R T P o s
ot ISR Y B A= IE N d g K e 8L =

A EAEY 2 R GG RN — RS
A A R B, B SR E RER BTG Ak AL
G IR R A i R AR U, DU s
e A B AR gL 2 FERE Y 2T 0 B A A
FHE R, Al AT VAR A 2R S B i
PET Y AR S PUR E E DIAR OG22 AR
Py WL BRSO 2L S BRI 2K
AP R BB R — AR S AR S0 2T 4
T H AR 2 W 8 5 R EAERLE 6= 4
THT AR INAT, AS I 58 A ¥ P 1k P g S Ak L,
U A RRER S R S AR, H
BT BT T K EE B 545 Y AH O 2R R AR 19 5%
e, AR B B R B LRI R R AR S
1 #MRERE
1.1 ##

HER B HEAD BRI IE 245 05 (32 1), ¥ e 7 K
H IR KRR A BEAO 5T BT it b, PU A
BH161 7 (LLZYM H 3k 19 26 103 > By A= 4 8L, DA
ZDM k19 99 3 A AR R b Bl , HoAx & B )
DA At b DR R} 44 00y (A AL 29 40y, 0144 )
120y, A RE 3 40) = MR R 40 63 Oz Kbtk
134, S5 P4 BF AL RE 10 03, PREZ ML RE 8 43, H A B L
445, EEM B35, JETHR M B 24y ) o il #E U
FNF HOR A | PR K B, 200 %, R
N BYDV-GAV , {555/ 1A 32 K 48 W Sitobion avenae
(Fabricius) »
1.2 HZEmHAEREEE

U B RN bR o S B AR N RS A
L AT AR HECNY/T 3060.6-2016 K27 f Fh 4095 P
Y HOR LSS 6 5B 4y BUB R )™ . SR AIAcHE
12:,2019.,2020,2022 4 47 3 Y BRECIR PR 4
FE o BHE S HFEVERK A 6 K AR BB # B W 2= 150 1
(29°38"17"N,91°1'53"E) N , AR Hi A [F] 5 BRAL R
AT IR Fe R  rhE  RUBIRY
Tr4ERh . BATIEFN 40 K7, 17K 1.0 m, 17 0.25 m,
BEBR 20 478 147800 X IR FlORE 7 2000, A7
MOBHERE R 417, o 347 R AL 1 A7 AN A
HoF SR X R o EERI AT, B O BRI U B RN
PR IR 21 °C/18 °C (/) DG JE ] 16 h/8 h
B/ N T A R EE 7 d, 3R K 8 07
Ao HRRSTEESE R A I A TR B
INBE, BT 5685 2 BRI I, BEARIEFh 4~6 3 17
L e I W =g 2 Uy ] A U D 7 E O
FH DU JE RO PR 31 T, BEZK RIS PS5 K A 7= A
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[F], MR 17 00 S B B it % P R o 7 R S e A
TR I R ARG DL, BEA TR AIL R A 10 B, 10 5%
RERR IR . PREE 6 9,09 A
Foew il s 1 90 3050 v R i Ak s 2 9 R 1~
2 Fr AR B AL 5 3 2 N A A I R Ak AR
By b SRR 172 LUF 54 9 et AU At i Fr 2
AL TR 5 S AR AY 12 B E 55 2 JL R

Rl AR AL, AR N BORRh R . RRAE
2 /DA, &4 DU Y K R i,
3AE -3 9 ™ EE JE FDS (Final disease sevetity )
PP A 5 95 U8 AG B 7 - FDS=0 A % 5% (IM) ; 0<
FDS<1.0 } &4 (HR) ; 1.0<SFDS<2.0 AHii (R) ;2.0<
FDS<3.0 A4t (MR) ;3.0<FDS < 4.0 Mg (S) ; S=
4.0 F = (HS) .
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Table 1 245 germplasm resources of hulless barley information

Origin

Number

Tl B4 75

Germplasm name

o ] 7 161
Tibet, China

[ A HEAd s X 44
Qther regions of China

ESEAN 40

Foreign

TR 1, R 2, T 13, M 16, 38R 17, 07T 80, Ik 85, T 148, BT 320, Ji i 336, il 1 690, JH 2000,
T 3000, T 3179, 075 7239, B 1, Ehi2, B3, B4 S, B 6, Bh 10, B4 13, Bh 15, Bh 19,5
$22, 0% 55, 10 65, BAERR, IR FIE R, BT R, BIER e E B, hrpP 205 M2 RS, i I 5
15 K2 POk AP 75 R, ZYMO0254, ZYMO0303, ZYM0439, ZYMO0762 , ZYMO0850, ZYMO861 , ZYM1047,
ZYM1099, ZYM1202, ZYM1262, ZYM1288, ZYMI1289, ZYM1408, ZYM1478, ZYM1490, ZYM1654,
ZYMI1850, ZYMI853, ZYM1900, ZYM1953, ZYM2162, ZYM2183, ZYM2195, ZYM2501, ZYM2507,
ZYM2638, ZDM05021, ZDMO06853, ZDMO07635, ZDMO09814, ZDM09748, ZDM09767, ZDM09772,
ZDMO09777, ZDM09802, ZDM09824, ZDM4289, ZDM4407, ZDM4409, ZDM4412, ZDM4426, ZDM4438,
7ZDM4465, ZDM4477, ZDM4472, ZDM4491, ZDM4503, ZDM4505, ZDM4520, ZDM4526, ZDM4530,
7ZDM4538, ZDM4541, ZDM4545, ZDM4553, ZDM4556, ZDM4576, ZDM4581, ZDM4587, ZDM4591,
ZDM4650, ZDM4674, ZDM4678, ZDM4682, ZDM4686, ZDM4689, ZDM4690, ZDM4697, ZDM4699,
7ZDM4706, ZDMA4714, ZDM4735, ZDMA4746, ZDM4749, ZDM4757, ZDM4760, ZDM4763, ZDM4765,
ZDM4771, ZDM4773, ZDMA4775, ZDM4778, ZDM4780, ZDM4787, ZDM4789, ZDM4790, ZDM4792,
7ZDM4797, ZDM4799, ZDM4802, ZDM4804, ZDM4807, ZDM4824, ZDM5445, ZDM5451, ZDM5458,
ZDM5462, ZDM5466, ZDM5471, ZDM5476, ZDM5479, ZDM5481, ZDM5491, ZDM5495, ZDM5535,
ZDM5547, ZDM5554, ZDM5557, ZDM5562, ZDM5565, ZDM5572, ZDM5577, ZDM5579, ZDM5582,
ZDM5585, ZDM5604, ZDM5609, ZDM5618, ZDM5673, ZDM5686, ZDM5716, ZDM5740, ZDM5780,
7ZDM5785,ZDM5787

HH1S, HH25  HH35.BE15 . B625 . BE35 . RG8S , EC105 . B 135 B4 164,4b%
15, b 35 b4 5, dbi 55, b 6 5, bl 75 b 8 5, b F 9 5  EH 3 5 R S 5 il 7%,
SRABLLIENE , U Ak FE, W T A R VR TR A, (LR SR DU VR S R, B AT, ZDMO02592,
7ZDMO08086, ZDM08108, ZDMO08141, ZDMO08177, ZDMO08193, ZDM08205, ZDMO08217, ZDMO08227,
ZDMO08706,ZDM08790,ZDM08811,ZDM08841,ZDM08874, ZDM09463 , ZDM09653

WDMO00120, WDMO00171, WDM00173, WDMO00179, WDMO00182, WDM00190, WDM00193, WDM00201,
WDMO00205, WDMO00420, WDMO01965, WDMO02131, WDMO02342, WDM02482, WDMO03141, WDM03148,
WDMO03161, WDM03176, WDMO03181, WDMO03188, WDM03196, WDMO03201, WDM03204, WDM03209,
WDMO03225, WDMO03230, WDM03251, WDMO03272, WDMO03280, WDM03294, WDMO03297, WDM03334,
WDMO03359, WDM03409, WDM04080, WDM04087,, WDM05410, WDM06284,08-1127,08-1280

1.3 Yd2ERFEM S Firicain

NS 2 PN 2 A AR HH TR) BT 28 5 M it
P i BRA R, A K 2 3 R SR H L
FEYFE K 2 DNA $BGAT & (b 3w RHE A TR
5], D1500-50T, A ) | 422 B8 BH 45 £ O (R 4
DNA. ZH Ford % “4Ri& M 7%, FIFH ASPCR-YIp
SAERRIC, 519414 - YIpPPCRM : AATACAGGAATC
TGTTGAAAGAA,YIpRAS: CTAGTATCTCTGGCT
CAG,#17 Yd2 Btk R
1.4  AHIBIEFRIE

FEN TSRS N AP AR = UM R 08-1280 J¢
EEA BT 35 REE A K R 3 e B

B G W BB R BRI EE R (R &
) b B RN 15 3k, X B AR RRREAD 15 Sk 0
Igf e, He P 7 d JE e R R . BT R I, 1
IR 25 E R 2805 10 d e . @ b R B i
BYDV i 8 2 fe Jo i 35 25 57 HR 5 30 d, IR
MR RS SRR I, AW TR S
10,30 d 70 HR A BRES — Fr S8 & R Pt 3%
Fir XA A8 3B ERE B EE NI
8 A ST FARR TR A AY o SR FHAR AR L €0 325 I 7
Ty 25 20 SR T B ) A ) R i A R
TSR B BE €8 R I Rl s L R
TSR G-250 Y il vl A R A S
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1.5 EEESITHO
% F Microsoft Excel 2010 i
SPSS 23.0 #4708

2 HER59H

2.1 BHRMRABREERIEITEG

SR P B F) N T2 ot 245 403 3 BRRD o o I ik
117 3B PRS2 , A RHAI BT K- R B
A 25 (1) . S50 EoR, 245 (0 B TC % b

Tt e s, i

B A 10y K5 A R 08-1280 R I H St
Hi SRR 0.41% s FZI PR AT RAT 6 0, 5
Z XM B 2.45%, 53 51 ZYM1289 AL T 6 5 |
ZDM4409 . H 7 25 (75 3000.ZYM1853; KL Ny
HHLEI BB 470y 5 SR 19.18% (32 2) 5
i%fm%ﬁ}u FI R R 18 10, 5 2 R 7.35%

Ha 173 ﬁﬁzfﬂi’ﬁ%ﬂwwﬁ i SR AR
70 61%. YELETFN, 77.96% ()75 BT 7 TR X}
BYDV-GAV &8t Ay Ji i o Jak

A: i B: B C: P D: B9 B ik
A: HR; B: R; C: MR; D: S; E: HS
B1 SREMAZHZFRSEHEERIA
Fig.1 The symptom of hulless barley inoculated with BYDYV in the field

FR2 BERMBREFREEBEFRIIERER
Table 2 Resistance germplasm to BYDV in hulless barley

e R J“E i Final disease sevetity B
No. Germplasm name 2019 2022 SEIAE Average Resistance
1 08-1280 0.97+0.05 0.83+0.12 0.87+0.09 0.890.06 HR
2 ZYM1289 1.37£0.12 1.17+0.05 1.23+0.12 1.26+0.08 R
3 tE6s 1.23£0.09 1.50£0.08 1.33+0.05 1.350.11 R
4 ZDM4409 1.43+0.05 1.57+0.09 1.40+0.00 1.47+0.07 R
5 #H25 1.63+0.12 1.43+0.12 1.50£0.16 1.52+0.08 R
6 7 3000 1.73+0.05 1.53+0.05 1.70+0.08 1.65+0.09 R
7 ZYM1853 1.80£0.08 1.73+0.09 1.83+0.09 1.79+0.04 R
8 ZYM2501 1.93+0.05 2.00+0.08 2.13+0.12 2.02+0.08 MR
9 By B 1 R 2.17+0.19 2.10£0.08 1.90+0.14 2.060.11 MR
10 ZDM02592 2.13+0.12 1.97+0.12 2.10+0.08 2.07+0.07 MR
11 ZDM05021 2.20+0.14 2.10+0.14 2.03+0.09 2.1140.07 MR
12 ZYM1850 2.17+0.09 2.13+0.17 2.13+0.17 2.14+0.02 MR
13 ZDM4472 2.17+0.12 2.20+0.16 2.10+0.08 2.16+0.04 MR
14 ZDM5495 2.27+0.05 2.13+0.05 2.10+0.14 2.17£0.07 MR
15 ZDM4714 2.2340.12 2.10+0.16 2.20+0.08 2.18+0.06 MR
16 WDMO03196 2.23+0.05 2.30+0.08 2.07+0.05 2.20+0.10 MR
17 ZDM09814 2.17+0.19 2.23+0.09 2.30+0.14 2.23+0.05 MR
18 R 2.23+0.05 2.10+0.08 2.3740.12 2.23+0.11 MR
19 WDMO00193 2.23+0.12 2.30+0.14 2.2340.05 2.25+0.03 MR




4 1y ] SR AE - R B T R ) RS U RE I BT S R A HL A 1011

F2 (%)
K5 TS24 FR JHE % Final disease sevetity Bt
No. Germplasm name 2019 2022 SEH4(H Average Resistance
20 ZDM4674 2.33+0.05 2.23+0.12 2.27+0.17 2.28+0.04 MR
21 ZDM5445 2.40+0.08 2.23+0.05 2.27+0.12 2.30+0.07 MR
22 WDM03230 2.27+0.09 2.40+0.16 2.30+0.08 2.32+0.06 MR
23 ZYM1654 2.40+0.08 2.23+0.12 2.40+0.08 2.34+0.08 MR
24 WDM03176 2.47+0.09 2.27+0.05 2.37+0.09 2.37+0.08 MR
25 ZDM4576 2.47+0.12 2.33£0.12 2.33+0.12 2.38+0.07 MR
26 Bl 55 2.43+0.05 2.37£0.09 2.40+0.16 2.40+0.02 MR
27 ZDM4765 2.53+0.09 2.30+0.08 2.37+0.12 2.40+0.10 MR
28 H 3% 2.47+0.12 2.30+0.00 2.50+0.08 2.42+0.09 MR
29 ZDM4746 2.53+0.05 2.37+0.05 2.43+0.12 2.44+0.07 MR
30 ZDM09748 2.60+0.08 2.33+0.09 2.40+0.08 2.44+0.11 MR
31 WDMO03141 2.53+0.12 2.37£0.05 2.53+0.12 2.48+0.08 MR
32 SRAEBLT IR U 2.50+0.08 2.37+0.09 2.630.05 2.50+0.11 MR
33 ZYM2507 2.70+0.16 2.50+0.08 2.43+0.05 2.54+0.11 MR
34 ZDM4581 2.43+0.05 2.60+0.08 2.63+0.09 2.55+0.09 MR
35 ZDMS5673 2.67+0.09 2.37+0.05 2.60+0.08 2.55+0.13 MR
36 WDMO00420 2.50+0.14 2.70+0.08 2.50+0.16 2.57+0.09 MR
37 ZYM1408 2.73+0.05 2.53+0.05 2.50+0.08 2.59+0.10 MR
38 08-1127 2.77+0.05 2.43+0.12 2.60+0.14 2.60+0.14 MR
39 ZDM4771 2.60+0.14 2.50+0.08 2.70+0.08 2.60+0.08 MR
40 ZDM4763 2.70+0.14 2.53+0.09 2.70+0.08 2.64+0.08 MR
41 b 8 2.57+0.05 2.73+0.12 2.73+0.05 2.68+0.08 MR
42 ZYM1288 2.77+0.09 2.60+0.08 2.73+0.09 2.70+0.07 MR
43 ZDM09767 2.70+0.08 2.57+0.09 2.83+0.12 2.70+0.11 MR
44 ZYM1900 2.77+0.09 2.63+0.05 2.73+0.05 2.71+0.06 MR
45 13 2.73+0.12 2.80+0.08 2.70+0.08 2.74+0.04 MR
46 ZDM4545 2.77+0.05 2.77+0.12 2.70+0.14 2.75+0.03 MR
47 T 148 2.87+0.09 2.77+0.05 2.60+0.08 2.75+0.11 MR
48 ZDM08193 2.70+0.08 2.83+0.05 2.77£0.05 2.77+0.05 MR
49 ZDM5582 2.90+0.16 2.73+0.05 2.80+0.08 2.81=0.07 MR
50 EW) 2.80+0.08 2.93+0.12 2.77+0.09 2.83+0.07 MR
51 ZDM4591 2.93+0.12 2.70+0.08 2.87£0.05 2.83+0.10 MR
52 ZDMO08841 2.97+0.17 2.73+0.09 2.90+0.08 2.87+0.10 MR
53 REt13% 3.00+0.14 2.83+0.12 2.90+0.14 2.91+0.07 MR
54 ZDM4690 2.93+0.21 2.80+0.08 3.10+0.16 2.94+0.12 MR

HR: 5505 R 50 s MR L. R8s -39 B prifi 22

HR: Highly resistance; R: Resistance; MR: Moderately resistance. The data in the table are average values + standard error

22 Yd2irtEEEE N

FIFH ASPCR-YIpFRicXf 1 bR 6 3400
MR T Ya2 o SE ARG , 455 (11 2) 6B A AE 5
Uk R 08-1280 Hid 18 HY— 2524 260 bp (1) H i 2451 , %
HH 08-1280 H % 47 Ya2 btk 3 A . 6 APidm bR &
PRI H A, v Re oA A SOH PR SE A

23 BYDVERXWARMEBRM B £
R EA|

231 SEEE KA T, B E EIER

)5 10 d, F UM R 08-1280 I F ik i i 75 2 i

1o T B, M R 3 S5 AR B3, mibi

LI BE (21.02% ) 2 2 15 T = B BH(3.87%) -
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M: DNA Marker; 1: Ji#753000; 2: ZYM1289; 3: ZYM1853; 4:
ZDM4409; 5: 08-1280; 6: & 2%5; 7: LH 65
M: DNA Marker; 1: Zangqing 3000; 2: ZYM1289; 3: ZYMI1853;
4: ZDM4409; 5: 08-1280; 6: Ganging 2; 7: Beiqing 6
B2 S sumie v SRR

Fig.2 Yd?2 detection of high resistant and resistant materials

BRI 30 d, /RPN F 0 2 2k 14 25 0
5 B0 b1 1 (33.06% ) 5 2 75 T 76 S b

A O 4 CK @ $EF) Inoculation
IS £
16 .
E‘ag 14 *
W E 12
£ 95
=z 10
&
s5 6
ME 4
2
0
1280 KQ3 1280 KQ3
fERpIG10d fERpE304d
10 d after inoculation | 30 d after inoculation

C O A fH CK @ 47} Inoculation
5.0 -
-7 4.3
£ 240
::_.’ § 35 3 ok *E
25 3.0
225
220
215
@ 1.0
0.5
0 _
1280 KQ3 1280 KO3
JERE10d P30 d
10 d after inoculation | 30 d after inoculation

(19.17%) .,

232 HEEBRESE MK 3B, KEFHBKER
Yee IR i B 3RS 10 d, STk R
08-1280 ., B A BHFE T 3 5 I A 10 i 2 R 75 12 40 )
L X B 24 184 11 98.91% F11 78.53% , v H A4 ek 184 ot g
JE B T B R, RS 30 d, B RERH
SRS AR I IR 2 [ 3 e B 22 5
233 FIBRMHESE HEIB3CHANL RS 10 d A
30 d, BT A B R GY T B AT o
FEAE T ORTRI RS B T i, S 0 BR AL 25 S5 3890k 3 T
W 58 27K . 2R G 30 d, AR 08-1280 1] ¥
PEWE B RS IR (44.93% ) 10 AR T = Bb L7 35
(3G (73.58%) .

B O A4 CK @ fEF Inoculation
R0
- ?0 ik
Z_ 60
&g
E é 50 *#
1 S 40
<0 E
b
Fe 20
= 10
0
1280 KQ3 1280 KQ3
FRS10d FefbiE30d
10 d after inoculation | 30 d after inoculation
D o CK @f%f Inoculation
1.2
2 £ 1.0 ki
A=A
o § 0.8
L3506
i)
W o,
EP o
502
= 0
1280 KQ3 1280 KQ3
JifbiE10d HHE30d
10 d after inoculation | 30 d after inoculation

1280:08-1280;KQ3: HEH 350 *HI** /3 IS R BRI RIS BRAL I A1 7E 0.05 F10.01 K- I 8 3%
1280: 08-1280; KQ3: Kangqing 3. * and ** represent significant difference between inoculation and control at 0.05 and 0.01 probability
level, respectively
E3 BEMAXZHREFRSEARNESRMA ZB . HESR. TALE. TAMtEaRaENETN
Fig.3 Content changes of total phenol, proline, soluble sugar and soluble protein in leaves of different resistant hulless
barley materials inoculated with BYDV

234 AIAMEARS=E MK 3D ATALEMNE
10 d, S0 RRLUAR EL , ASREARL T - e AT e R A o
HRRFEL. HERE 30 d, EHUbE R R kR
B AR S B R AR, o m it
A} 08-1280 0T HEZH R 62.12% , i e JEA R
3 SN IR TG 48.43% , AR IR 3 TH & /K-«

3 e

ol S R ) 5 RE AR R AR SR R TE
S FNVE A T BRI I TR KA A TR = b
R TR, I 2% BRI A, 38 i AR AR
7GR AR AR o B RE AR S B



4 1y ] SR AE - R B T R ) RS U RE I BT S R A HL A 1013

AR CRLEE VR OERREE) M e
Fofr st $0 45 1R 2R (R S M 8 K RS HE S A — 2 Y
RIXE . AHIFTEAR S AN [5)  BRAD R A B K, o
HE R B , {43 BE ) AT B2 500l BRI B9 2 E AR
8, BT T 34FEY H RIS | fe KB EE i b
S A B AT AR A . BEAh A A R
BT N T3l 50 AR It B 195 200 R 1) b
2 IR AR 2595 Tl A K W s ) SRS it L DR UE T
o W07 BRAA AL o % B AR — 3k il LA |
i, B B INRRE OR VA T R e L

] PN 6 T R A 9T R B R /NEE | R
PR o KRR SR AE DX 4492 4 K Fh T
DR EAT OB S 0, Tk 3 43 BUR M B . g T
SEON 61 107 B BT B s b i 5 2 3 43 = HUb R
J&YL BYDV-GPV J& Jo B B AR, bk = o BEIORD
e e S AT R E 2R . AUIREL 345K
¥, %8 L E bR R R 6 Iy BUR M RL, £ E TR
HHURE FOEARM B, Hh AR RN E 1
TR L FIECTT 3000 S BB P SRl H SR
PRAF | 76 BB A0 22 L 1K, n] LA A b A 3
PRI RE o Yd2 ZME— BTN T R 2P v
B SR R LR ARESE & B S BUM
L 08-1280 41 Yd2 Btk IL [, SHbvii & A fit T 8
My, BT, 8w bit R E T EZ 5t
o 3 R AN BB A SE PR BRI oK S5 S B iRkt
BB PUIESE R (2 38 A

R0 B B M Ny AE — B 5 W A S il
B B2 TR YR R A
ATV R A I 2 A 40 B RE A B Ak, M358 T 2
=5 41t RE B AL B, BELRS B0 2% e JELAA Y B
O, ARG R EIR R R e T
R R S PUMREAR G B S
SR, LA RS T 4 T R T ) W
TR A AL, 2 B R M A R ) R R A T
ST PR R 22 MR R R R G L 22— HE)
T8 7 3R SO R U5 25 M 2R ) P AR R —
WIS . 2R T R AT LR A0 s 3 V1
PRAP 200 0 FBE G A2 A0 47, 2 v R A R 00 455 1) 22 T
AE I RNIE NP A ST R BT |
T R T 20l 1 3 B RN, S H UM R
W 3 3 2 R B, 2 B U S 3 1
A 5 R R U G

R B D AT 1 B SN SO A A R P
BB E VR W I Tl st ] LA A 7 A R A
bR . EEEE ARSI, 3 A

o T R A PO PR . SR A
WFFE R, R B 5 40 30 d IR, g JEORA e Py g
i 25 e TR HUATRE, AR 10 d I, W4 e
I IO 22 5 . RIS A B 10 d I,
PO BRI R 2 5 22 S AR, T30 A, i
BRSO TP RGO, SR iR 22
Sede Ko DM 4R 2 I 30 i TR R rp o s
RAEES T, 28 P B LR AT R B s i R e iR
G, IE T8 B Az i G AR T AT A
DI o) AR B B e iz, AT U= g it 1 gl
ORI ) R S S i SN TR e i = S DOIESE /I
Pt RGER Z A58 AV . 5 Sahhafi
SR /N SRS RTE RE R BU /N T
PR SRR AR AR 3RO S
T3 30 dJm , MU RHT  rR  n] sk A O
e S R 7y S AR - ) =TT~ w5 [ I K N
o5 SR BRI R 2 B B R U 14 B 2 S TR 42
AR (B AR PR AR 57 o AW B RN K B
IR RE R AL AL B8 1 A B, (H2E A2 THT 1A%
HYUERLH], SRl B TR Bt

S 3Lk

[1] ZengXQ,XuT, LingZH, WangYL, Li XF, XuSQ, Xu
Q1J, Zha S, Qimei WM, Basang Y Z, DunzhuJ B, YuM Z,
Yuan H J, Tashi N. An improved high-quality genome assembly
and annotation of tibetan hulless barley. Scientific Data, 2020,
7(1): 139

[2] Bk, B, SREL, G FLAR, B, Bt
Lo, e W, WRAESY . R 72 S BRI TR B R
W EITOT, APEAE BT, 2021, 22(1): 121-129
ZhaiH S, Li Q, Zhang Y H, Zeng X Q, Tang Y W, Tashi N,
Deng G B, Long H, Pan Z F, Yu M Q. Evaluation of the
amino acids composition and nutrition value of 72 hulless
barley. Journal of Plant Genetic Resources, 2021, 22 (1) :
121-129

[3] XuQlJ, ZengXQ, LinB, LiZQ, Yuan HJ, Wang Y L, Zha
S, Tashi N. A microsatellite diversity analysis and the
development of core-set germplasm in a large hulless barley
(Hordeum vulgare L.) collection. BMC Genetics, 2017, 18:102

[4]  Zeng X Q, Long H, Wang Z, Zhao S C, Tang Y W, Huang Z
Y, Wang YL, XuQJ, Mao LK, Deng G B,Yao XM, Li X
F,BaiLJ, Yuan HJ, Pan Z F, Liu R J, Chen X, WangMu Q
M, Chen M, Yu L L, Liang J J, DunZhu J B, Zheng Y, Yu S
Y, LuoBu Z X, Guang XM, LiJ, Deng C, HuW S, Chen C
H, TaBaX N, GaoLY, Lv X D, AbuY B, Fang X D, Nevo
E, Yu M Q, Wang J, Tashi N. The draft genome of Tibetan
hulless barley reveals adaptive patterns to the high stressful
Tibetan Plateau. Proceedings of the National Academy of
Sciences of the United States of America, 2015, 112(4):1095-



1014 LN 7/ S AR S S 24 %
1100 a German isolate of barley yellow dwarf virus-PAV (BYDV-
(5] XUl Wi, 454, SEE5 i, ES00% . 6 Al a4 il 550 % PAV-ASL-1) leads to quantitative resistance against this isolate.
VUG BROK A BRI ARG RO . HI TR, 2021, 47(1) Theoretical and Applied Genetics, 2011, 123: 69-76
297-302 [18] Scholz M, Ruge-Wehling B, Habeku A, Schrader O,
Liu H C, Yao X B, Li Y, Lei X P, Wang W F. Control Pendinen G, Fischer K, Wehling P. Ryd4 Hb: A novel
efficacy of six plant virus inhibitors on barley yellow dwarf resistance gene introgressed from Hordeum bulbosum into
disease in Tibet. Plant Protection, 2021, 47(1): 297-302 barley and conferring complete and dominant resistance to the
[6] Gray S, Gildow F E. Luteovirus-aphid interactions. Annual barley yellow dwarf virus. Theoretical and Applied Genetics,
Review of Phytopathology, 2003, 41:539-566 2009, 119: 837-849
[7]  Kaddachi I, Souiden Y, Achouri D, Chéour F. Barley yellow [19] Del Blanco 1A, Hegarty J, Gallagher L W, Falk B W, Brown-
dwarf virus (BYDV) : Characteristics, hosts, vectors, disease Guedira G, Pellerin E, Dubcovsky J. Mapping of QTL for
symptoms and diagnosis. Journal of Phytopathology, 2014, tolerance to cereal yellow dwarf virus in two-rowed spring
3(3):155-160 barley. Crop Science, 2014, 54:1468-1475
[8] Perry KL, Kolb F L, Sammons B, Lawson C, Cisar G, Ohm [20] Jarosova J, Beoni E, Kundu J K. Barley yellow dwarf virus
H. Yield effects of barley yellow dwarf virus in soft red winter resistance in cereals: Approaches, strategies and prospects.
wheat. Phytopathology, 2000, 90(9):1043-1048 Field Crops Research, 2016, 198: 200-214
[9]  Suneson C A. Breeding for resistance to yellow dwarf virus in [21] Berger S, Sinha A K, Roitsch T. Plant physiology meets
barley. Agronomy Journal, 1955, 47: 283 phytopathology: Plant primary metabolism and plant-pathogen
[10] Schaller C W, Qualset C O, Rutger J N. Inheritance and interactions. Journal of Experimental Botany, 2007, 58 (15-
linkage of the Yd2 gene conditioning resistance to the barley 16):4019-4026
yellow dwarf virus disease in barley. Crop Science, 1964, 4: [22] Hammond-Kosack K E, Jones J D G. Resistance gene
544-548 dependent plant defense response. Plant Cell, 1996, 8(10) :
[11] Collins N C, Paltridge N G, Ford C M , Symons R H. The 1773-1791
Yd2 gene for barley yellow dwarf virus resistance maps close [23] Sahhafi S R, Bagheri F, Assad M T, Masumi M, Talebi M.
to the centromere on the long arm of barley chromosome 3. Evaluation of some biochemical responses in resistance of
Theoretical and Applied Genetics, 1996, 92: 858-864 fifteen bread wheat ( Triticum aestivum L.) genotypes to wheat
[12] Ordon F, Habekuss A, Kastirr U, Rabenstein F, Kuhne T. streak mosaic virus. Journal of Agricultural Science, 2012,
Virus resistance in cereals: Sources of resistance, genetics and 4(5): 75-82
breeding. Journal of Phytopathology, 2009, 157: 535-545 [24] Radwan M D E, Fayez K A, Mahmoud S Y, Hamad A, Lu G
[13] Paltridge N G, Collins N C, Bendahmane A, Symons R H. Q. Physiological and metabolic changes of Cucurbita pepo
Development of YLM, a codominant PCR marker closely leaves in response to zucchini yellow mosaic virus (ZYMV)
linked to the Yd2 gene for resistance to barley yellow dwarf infection and salicylic acid treatments. Plant Physiol Biochem,
disease. Theoretical and Applied Genetics, 1998, 96: 1170- 2007, 45:480-489
1177 [25] Arias M C, Lenardon S, Taleisnik E. Carbon metabolism
[14] Ford C M, Paltridge N G, Rathjen J P, Moritz R L, Simpson alterations in sunflower plants infected with the sunflower
R J, Symons R H. Rapid and informative assays for Yd2, the chlorotic mottle virus. Journal of Phytopathology, 2003, 151:
barley yellow dwarf virus resistance gene, based on the 267-273
nucleotide sequence of a closely linked gene. Molecular [26] Lattanzio V, Lattanzio V M T, Cardinali A. Role of phenolics
Breeding, 1998, 4: 23-31 in the resistance mechanisms of plants against fungal pathogens
[15] ®XEZ:, THOT, A0ah, 400k, muis, XIpmasE . FH5 and insects. Phytochemistry: Advances in Research, 2006,
TARICHAE K Y d2 FE[R R R HAE & Rl B e 5 b B AT 661:23-67
YEPIZE4, 2011, 37(9): 1683-1688 [27] Siddique Z, Akhtar K P, Hameed A, Sarwar N, Imran-Ul-Haq,
Zhao Y H, Wang Y F, Li R Z, Niu H B, Xue J A, Liu L D. Khan S A. Biochemical alterations in leaves of resistant and
Identification of Yd2 genotype in barley with molecular susceptible cotton genotypes infected systemically by Cotton
markers and their application in molecular marker-assisted leaf curl Burewala virus. Journal of Plant Interactions, 2014,
Selection. Acta Agronomica Sinica, 2011, 37(9): 1683-1688 9:702-711
[16] Niks R E, Habekub A, Bekele B, Ordon F. A novel major [28] e A RALAIE RIS, NY/T 3060.6-2016 K3 S At
gene on chromosome 6H for resistance of barley against the U PR RS 6 843« PUB B . bt o E AR UE LR AL
barley yellow dwarf virus. Theoretical and Applied Genetics, 2016
2004, 109:1536-1543 Ministry of Agriculture of the People's Republic of China. NY/
[17] Riedel C, Habekub A, Schliephake E, Niks R, Broer I, T 30606-2016 Code of practice for evaluation of barley

Ordon F. Pyramiding of Ryd2 and Ryd3 conferring tolerance to

varieties for resistance to disease - Part 6: Yellow dwarf.



4 14

T SELBEAR T BRI o 8 DO KA B B A L S S A A B A

1015

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Beijing: Standards Press of China, 2016

THET, R, SRR T A N R P R
A R SR, 2016, 29(9): 37-41

Ding X Z, Wang AN, Wu L G. Determination of total phenol
content in wheat bran optimized by response surface method.
Cereals & Oils, 2016, 29(9): 37-41

R R A B AR S AR T AR R AR O L
2006: 214-216

Gao J F. Experimental guidance on plant physiology. Beijing:
Higher Education Press, 2006: 214-216

A R B A SIS JE IR R . b st mAEHE
JiRkL, 2000: 164-169

Li H S. Principles and techniques of plant physiological
biochemical experiment. Beijing: Higher Education Press,
2000:164-169

Lowles A J, Tatchell G M, Harrington R, Clark S J. The effect
of temperature and inoculation access period on the
transmission of barley yellow dwarf virus by Rhopalosiphum
padi (L.) and Sitobion avenae (F.). Annals of Applied Biology,
1996, 128: 45-53

Choudhury S, Hu H L, Meinke H, Shabala S, Westmore G,
Larkin P, Zhou M X. Barley yellow dwarf viruses_ infection
mechanisms and breeding strategies. Euphytica, 2017, 213:168
FASER, X, AR, g, R R R BT RT,
M R 2 SR i TH LA . AP REBIlL, 1997, 21 32-33

Du Z Q, Liu Y, Zhou X M, Qian Y T, Zhou G H.
Identification of the resistance of barley germplasm resources
to BYDV. China Seed Industry, 1997, 2: 32-33

LD, ARFEM, 2R, P, TR, A = r i
Bifi R EIRMR G E DR . o B R e i A AR
I, 2008, 30(S1): 25-30

Mei H, Mu D W, Li XY, Tao Z R, Shi X Q, Lin L. The
preliminary identification of Yunnan naked barley germplasm
resisting BYDV. Journal of Yunnan University: Natural Science
Edition, 2008, 30(S1): 25-30

Lyon G, Heilbronn J, Forrest R, Johnston D. The biochemical
basis of resistance of potato to soft rot bacteria. Netherlands
Journal of Plant Pathology, 1992, 2:127-133

Boudet A, Lapierre C, Grima - Pettenati J. Biochemistry and

[38]

[39]

[42]

[43]

[44]

molecular biology of lignification. New Phytologist, 1995,
129:203-236

Kovalvi S A, Nassuth A. Influence of Wheat Streak Mosaic
Virus infection on phenylpropanoid metabolism and the
accumulation of phenolics and lignin in wheat. Physiological
and Molecular Plant Pathology, 1995, 47:365-377

SRR, XUBFSE, XIS, AR, 88, Eaut, xR, 1
R, BILED, B SCR Rl RIS YTE & . b
R 2R, 2011, 27(7): 216-221

Jiao R, Liu H B, Liu G S, Wang S L, Hou N, Wang Q Z,
Liu C K, Feng X G, Hu X M, Jin Y R. Discussion of
accumulation of proline and Its relationship with osmotic stress
tolerance of plants. Chinese Agricultural Science Bulletin,
2011, 27(7): 216-221

Singh Y J, Grewal S K, Gill R K. Proline metabolism and
phenylpropanoid pathway act independently in conferring
resistance against yellow mosaic virus infection in black gram.
Physiological and Molecular Plant Pathology, 2021, 116:
101713

FIERIA, A, R/, ST, RIS R RITTE EOK
FPREAEMT 5 55 5 092 AR A AR RIS . LY 3 s FAR
BLERT, 2010, 33(3): 458-462

Yan H J, Han Y J, Zhou X M, Zhang Y Q, Zhang M Y.
Physiological and biochemical changes of different resistant
corn infected with maize dwarf mosaic virus. Journal of Shanxi
University : Natural Science Edition, 2010, 33(3): 458-462
P, Bk, KRRy, S . KRS S Al v e K n]
VRS A R S PO SC R L LKA, 2009, 39(4): 6-9
Li Z T, Jin X H, Zhang Y L, Wu C L. The relationship
between soluble Protein, soluble sugar content and rice blast
resistance of rice seedlings. North Rice, 2009, 39(4): 6-9
Gongalves M C, Vega J, Oliveira J] G, Gomes M. Sugarcane
yellow leaf virus infection leads to alterations in photosynthetic
efficiency and carbohydrate accumulation in sugarcane leaves.
Fitopatologia Brasileira, 2005, 30:10-16

Addy H S, Nurmalasari, Wahyudi A H S, Sholeh A, Anugrah
C, Iriyanto F E S, Darmanto W, Sugiharto B. Detection and
response of sugarcane against the infection of Sugarcane Mosaic
Virus (SCMV) in Indonesia. Agronomy, 2017, 7(50): 1-11



