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Analysis of the virulence constitution of stripe rust pathogen Puccinia striiformis West
in northwest China
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Abstract: In order to determine the virulence constitution of stripe rust pathogen Puccinia striiformis f.
sp. hordei (PSD) and the communication between Puccinia striiformis West (PST) and PSD, the viru-
lence constitution of PST and PSD from northwestern China was analyzed. A total of 398 isolates of
PST were collected from Gansu Province, and 67 isolates of PSD were collected from Gansu, Qinghai
and Sichuan provinces. These isolates were investigated with virulence tests, analysis of pathotype and
forma specialis and determination of pathogenic range of PST infecting barley cultivars. The results
showed that both PSD and PST could infect 17 near-isogenic lines (NIL) of wheat strip rust; the viru-
lence frequency of PST was 256.82% for 13 resistant genes, but the virulence frequency of PSD was
above 56.82% for only one resistant gene. There were four pathogenic groups including SU11, G22,
HY46 and Zhong 4 in both PSD and PST according to the analysis of pathogenic groups. The results in-
dicated that the difference in the virulence constitutions between PSD and PST was significant, and
there was communication between them. Group G22 was the biggest virulence group in PST and PSD.
This study found that 10.00% of PST infected major barley cultivars according to the pathogenic testing
with 100 isolates of PST from Gansu Province for major barley seeding varieties in northwestern China.
Key words: Puccinia striiformis; virulence constitution; forma specialis; pathotype

HEATE 5 A RRRF A4 (31360420,31460450) , H A8 4 Ml B B A Ml RHE Q1 £ 1015 (2015GAAS04)
* W I5VEH (Author for correspondence), E-mail: jinshelin@163.com
Wik H Y1 2017-09-04



68 Mo R R 45%

5% 55 9 S ti & T8 8 45 W Puccinia striiformis
West 5 2 1998 3, x4t B AR A 24 A 7 1 i
HARIUR . IR 7 AL AR, BN L fp
Puccinia striiformis f. sp. tritici , KA ALK P. stri-
iformis f. sp. hordei . B2z ALY P. striiformis f. sp.
secalis VKL ALTY P striiformis f. sp. agropyron .5
BORLALA P, striiformis £. sp. poae . i 5 &AL P
striiformis f. sp. leymi FNPEHH L ALH P striiformis
f. sp. elymi(2F 7K F%,1991a) ., HRR(HIBEKRE ) S
INAE bR AR B SR e T AR TR Lk AL
INERACRG IR (R KA, 199103 1994) o PhIE
b DX TR ] R A P A 7 DX, /N ) i
Hby, 32 DI T A, BN T, B R 25K,
FEWARKIRME TARIWIE . Ak h T2k
fBRAB I , /INAE R IX AR S AR 2 IR A i
0 DX 2 2 A0 Rl /N IR B UK 32 5 /N2 TR A
(R JRy T o R, i PG b M DX K 22 SR 4 TR /N Ok
B0 R A AT VLB 24 T AR R 2 [E] 1 22
DL T BESZ B FEE 1Y 52

F R4 (1989a,b) 7R 20 T4 90 - XS P
TR A 55 W EAT I WSS, B0 20 WA 1 P RR 2 2%
B I AT RUAR AN R 22 25 55 W I SRR G54 (
51E,1992a,b) , {HIT 20 Z4FR , [E XS PE AL X R
22 55 TR TR PR A LA KK 22 0% B TRV INAZ SR AT
Z B AZ A R DRI o B 2012 4, 1 B 4F
(2012) % K H 2685 B R bR Q1. Q2 #EAT T BUW 17>
BT, KB Q1 AT Q2 RERBIER UL KA MRRIE Y /N
T H AR 46 A/ INAE FEE A R R AT
B PN E & BB PR Q1 AT Q2 J3 il X 71.119% il
64.44% 1 H A8 /N A TR T B BomtE . AR
FBLZE N 3R PG b R 22 S i AT T R A, R
TEHL DX SR AR TR VRS A LU A2 2%, T HLAFAE RE
MGAZ G R A FI/NFZ 2 Fpaf F R SR BT o PRI , A BE
G I X T [ P ALl DR A AR TR AR 1) k45
P AR Fe /N2 5555 RO R 22 8 00 Y1 LA T 0
SE ST, LB DX R 22 AR B TR RN SR A TR
TRBEPESS M 578 S U, R R AR T /N
SRR Z B AS TR B , DU 3R R B R 55550
LR EIR B AR AR

1 #R57E

1.1 ##l
PR K /N SR AR RE LS T 2013 4R B
HoR g oK Berath e I E T 2T F

ST PR BT ok 3 A H B SRR A Y 298 b
FERIT 2016 4R H H A RAKTT (Bl we 7 Kl B2 T
100 3 hrhE . RSB HEIAET 2013 4R A HR
A H R BA M SR I T TR AR
RN W RS, T 67 1),

P/ A 2 21 ARl o 19142
] 30 FH 14 /N2 45455 11 25 531 2F E Trigo Eureka(Yr6) |
Fulhard {7 128 \§3 K 2419 4k IR (Yrvirl  Yrvir2) |
By R BTR (Yrd +) FHE 1S (Yr3) JE RIS
(YrJul \YrJu2 YrJu3 YrJud) . F77 35 (Yrl) 3R
M13(Yr9 +) il 655(Yrl YrKyl  YrKy2) JKIE 11
(YrSu) (WU 3% KA 10(Yr9) A% 46 (Yr3b . Yrdb) |
Triticum spelta album (Yr5) F5e4% 22 , L R S8 %o BE
ni AR BT 169 FINS KA 2545 181 L AL BY Y S i B O fie
P CHUIR I/ INAZ i AR LT (LR R4, 1994) L Jl i
B AIORE B LT X R S5 TR ) L AR T IX 3 o Iy
ai ARSI R H AR AL B2 AR ) DA IE 5T BT A2 2
F UL AR

IINAZ R A S T R R A A R
17 0 SR 2R, BL45 Avocet*6/Yr1 | Avocet*6/YrS5 |
Avocet*6/Yr6 . Avocet*6/Yr7 . Avocet*6/Yr8 . Avocet™
6/Yr9 . Avocet*6/Yrl10.Avocet*6/Yrll . Avocet*6/Yri2
Avocet*6/Yrl5 . Avocet*6/Yrl7 ., Avocet*6/Yrl8 ., Avo-
cet*6/Yr26 . Avocet*6/Yr27 . Avocet*6/Yr32 . Avocet*6/
Yrsp . Avocet*6/Yrsk , 5t E ROV B2 BeAE M) O 4
TR AL

PEIOREE G RR) i : 2 134 K22 i i, 3]
HF 6 mHE2T HHE3I S BEI12 KE39.
B9 dui 79 JHEE 155 AL 85 il
T 255 HT 45 TRt BRI ¥ i B AR AVED
MBI A AR
1.2 ik
121 B ARGEHEFRER

W/ INFZ I R AR B 169 FVIEAE AR M 8 cm 1Y)
R b AR & 1 S s A T R R
TEAETAET 1 d, BRI A GE TR bR BT HiA ok 4t
M PRIE BT 7E4°C MR 15 h &2 o #ERPRTXS /)
2 HEAT A , SR F5 BRE 2013 AFISCER 119 298 473 /)N
&R 67y KA SR AR AE I A 1k, 73001
BRRIRBVNEMN R ARG E T 9~13°CRImG =
H ORI 24 h, 7638 FOAEE P AP . 40t i 3R
RRERBE) , 3 B H e R KT M2/ R B R
TR BA 1R Ao et HORBL R, Sl A 52 SRR, PR
R KRR TR R



140 ik PR PR P ORI R ORI BE RS 4 20 69

WA Flor J PR 35 PR (B, 45 R 24 77 [ s I
CLRI 17 A/ INZ 5859 30 A5 Jk I R M R R 1Y
KREFZF R G/ NEFBRIA TS E ., Stk
SRR /N SR RO SRS T R A RS Rl Pt
PR R Y, 4 BRSSO B PR3 - B R0
=17 B M ARE R B< 100% . 2 B NY/T
1443.1—2007 (/N2 i T H2 AR RIS 55 138
a1 NPT AR RE PR T S5 5 R kA T
FESE . OV AL 640, 0.0 .1.2.3 4,
Hodr 02 9 ICHEE , 3~4 2% A FE 1 (Mceintosh et
al., 1995) . SN BUKHE/INAZ s Sl SR A0 B 76 - 3
A G BT R 4, 35 6 G, 430 R S g (0) LT g
(0;) L (1) PT(2) PR (3) ek (4) s o
WA AR TR 7 1 R R T AR B ki) 4, HE 104,
IR 0.6(0< £ <1%) 1% 5% . 10% .20% .40% .
60% .80% S 100% ; &5 3k ZE AR st e g it 1 B o 1 £
R BB E AR
122 FHRMMRERR 5 AL ER

TR [ /N2 25455 TR A B/INFR % g sk i fk A
SANYEZF FACEASF D S aH IR N B A
BLHTIEATRL, RIVE AR 13 KR 11,54 22 .44 46 K
DU R S 2 R 1R A B INRRRRE AR 32 Xk 5 A2
75 BRI BRI . L, A58 R X
SNSRI AF F X KA SR 5 /N SR R A T B
HRER 23 IR AR 21 AN/ N S R %
X R SFBR G/ ARG R T A NP e, 5
FEITERI1.2.1,

123 DEFHFRAOREFHALR

WE WK RGN R R NN R 17
PRFE RSB RN RE BRI TARFFE P R
FIREAE R IR G KR/ INAE B S5 1T, DRI, AR SCHs
REAS 1R UL K3 /N SR PR/ NZ SR R K
LR BRUS R YL /N W KA SR R R K3
BRI /NEE AR . T RE RGBT 5
BT D, H AT AA WA A 50BN 75 R b
T LTI 5 /N A2 45593 10 JBos it PR 1 169 3
FERIATRL . BRI, AR BIF O 2 110 I b P SR v A
R N R RINRE R R e Mok
2016 4R [ R/K T B e T 2 I BT 1 100 £y /22
SR 1.2.1 B9 7 R 20 K22 8 it b SR 3%
e A SR L R SO R N A T K
LALR AT S E o B R T8 Jal 43 s o B A B T
1.2.1, RN B 0 Sy /A2 B ALY, [ Wi Y 0;~4 S K%
fk 2 (Mcintosh et al., 1995) .

124 DEEHFRAGRKEZELA SR L BRE

4 1.2.3 iR S8 ARG R 22 /N2 S5 5 TR K
P2 B K 2 B it P RIS L SRR R B R Y
KB EHE R AL IX A 12 K GERR) 350
Fl b, 17 d SR THERRTE . S B (NY/T 1443.1—2007)
O M BOARBE 565 1 3853 - /N PLAR S
PN AR rh AR 1) e A TR A g il
SRR RAZ SR S N Y TR T R S b
KARHETR] 1.2.15 [ B AR 8 A 45 A 15 2o %6 3L
o =R K A2 il K2 Rl B A< 100% .

2 BEREHM

21 NEEZFFEEAZXFRBEEEETE

FIH E B b TR 17 S/ 5550 1 S5 3k A
RPN 2013 4F RAEM/INE SR BB TR 5 K2 5%
B TR A, A5 R 2 AR R R B X
XU A BE R R B  (H BRI 22 R 29810y
IINAZ SRR BAORE 13 A B 5 R ) 2 1 0 3 7 56.82%
T A b, FoAp X Avocet*6/Yr5 5 Avocet*6/Yr10 125
A, TP R A3 31 R 2.38% F114.05% ; (H X HE
CL AT 3 45 DR R BRI R4 7, X Avocet*6/Yrl]
1R 5 P AT 3R g5 12 M 97.67% 5 FLIR JE: Avocet*6/Yr12,
BEEAIR A 88.37% ; Ho e I sy BIMIAK K A Avocet™6/
Yr7. Avocet*6/Yrl8. Avocet*6/Yr6. Avocet*6/Yr32,
Avocet*6/Yri8 . Avocet*6/Yrl . Avocet*6/Yr9. Avocet*
6/Yr27.Avocet*6/Yrl7,Avocet*6/Yr8 Avocet*6/Yrsp.,
Avocet*6/Yrsk . Avocet*6/Yr26 . Avocet*6/Yrl5, 2 1
R TE 29.41%~86.89% 2 ] (£ 1) .

XF 20 1 K22 R AT TR A2 | BEPEAIR Ty
10.00%~95.00% , %} Avocet*6/Yr1 BITEIEM R e e My
95.00% ; H:. YK 4 Avocet*6/Yr7. Avocet*6/Yr1l . Avo-
cet*6/Yr6 Fll Avocet*6/ Yrsk, #EEAT 433 4 42.11%
40.00% .35.009%#1135.00%; %} Avocet*6/Yr12  Avocet*
6/Yr32 Fl Avocet*6/Yrsp 11 B M Sl 2 #H [7] , 3% Ny
30.00% ; X} Avocet*6/Yr17 Fll Avocet*6/Yr27 [ 7 P
WA ], 3424 25.00% ; %F oA 3 45 55 3R A
PR H1<20.00% (£ 1) .

22 INEZFFEEAREZEZFEHIREHIW

OIRTES SRR, 2013 45K F H R 44 45 Hul 298 14
INE R RARRE T, SRR 22 KA 110 bR, o5
36.91% , F& 55 — s KR 11 K BEH 97T I ke, o
32.55%, K& 55— ; 2% 46 A 75 I bnkE 15 25.17%,
JEER = VAR HEAR SO PRtE, 7 1.68%, J& 551U 5 ¥
FMNBEREH 4 0FrRE, 17 1.34%, R T 86 70y



70

N7/ T S

45%:

PR AR M /INA2 5585 B 2 ) 2 = ek A
2, 15235%(%2),

2013 4F2R A i CHA AU 1 67 1y K3 2%
BEUAAREE T, B 22 JEBE B — 2SR A 17 I AREE,
17 25.37%; R SR 250 A S bkt 15 7.46%;
ARUR 11 2% 46 JERE RS — 2R, 55 4 0 bk, 43
S5 5.97% ; K &I IR 13 268 B4 37 (045
FERARFNZSHE MR /N A2 555 T 0 27 = T0vk 82,

5 55.23%(F£2).

I BORRBEIATIRR KRB, KELE RS
NG R TR O 2R 2 KR 11 SR A 22 J% 46
JeHp DUZEREA B, He v Bk 22 BURRIEAE 2 4555
PR L AL RUE R TP 6 5 — A, HL 2 AR R
PR KR 11, 54 22 ZR 46 Mo TUEE R, %
X 2 AN 4555 R & A0 U B R ) A7 7E — 2 10 B

e
ACYIL o

R1WBENEXFFHAERZZFEANNZCHNERRNEH SN

Table 1 Determination of the pathogenicity of wheat and barley stripe rust to wheat seedling varieties in 2013

. ETiRE s /INZZ 4555 i Wheat strip rust K% 25475 i Barely strip rust

R T — Ferm—

o Sangeqp Resstnce g gk BEORE R BB MR

gene Total Susceptible Ratio (%) Total ~ Susceptible Ratio (%)
1 Avocet*6/Yrl Yril 219 172 78.54 20 19 95.00
2 Avocet*6/Yr5 Yrs 210 5 2.38 20 2 10.00
3 Avocet*6/Yr6 Yré 168 138 82.14 20 7 35.00
4 Avocet*8/Yr7 Yr7 61 53 86.89 19 8 42.11
5 Avocet*6/Yr8 Yr8 206 154 74.76 16 1 6.25
6 Avocet*6/Yr9 Yr9 158 122 77.22 20 3 15.00
7 Avocet*6/Yr10 Yrio 173 7 4.05 20 2 10.00
8 Avocet*6/Yrll Yril 43 42 97.67 20 8 40.00
9 Avocet*3/Yri2 Yri2 43 38 88.37 20 6 30.00
10 Avocet*6/Yrl5 Yris 170 50 29.41 20 2 10.00
11 Avocet*6/Yrl7 Yri7 210 159 75.71 20 5 25.00
12 Avocet*3/Yrl8 Yri8 220 189 85.91 20 4 20.00
13 Avocet*3/Yr26 Yr26 210 79 37.62 20 3 15.00
14 Avocet*6/Yr27 Yr27 219 169 77.17 20 5 25.00
15 Avocet*3/Yr32 Yr32 211 166 78.67 20 6 30.00
16 Avocet*6/Yrsp Yrsp 220 135 61.36 20 6 30.00
17 Avocet*6/Yrsk Yrsk 44 25 56.82 20 7 35.00

R2 WBERENREZFESNEXFENBRERSN

Table 2 Analysis of the pathogenic groups of Puccinia striiformis f. sp. hordei and Puccinia striiformis f. sp. tritici in 2013

HORERE K7 Barley /NFZ Wheat
Pathogenic group HEEET No. Ht% Ratio (%) A No. [ Ratio (%)
&R 13 Lovrin 13 0 0.00 4 1.34
/KU 11 SU11 4 5.97 97 32.55
He 22 G22 17 2537 110 36.91
746 HY46 4 5.97 75 25.17
H1PY Zhong 4 7.46 5 1.68
FIH Unknown 37 55.23 7 2.35
ML Total 67 100.00 298 100.00
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Table 3 Disease status of Puccinia striiformis f. sp. tritici on barely cultivar Guoluo

F8#H5 Index PST-1 PST-2 PST-3 PST4 PST-5 PST-6 PST-7 PST-8 PST-9 PST-10
A FH/IVF Race G22-9 CYR32 G22-9 CYR33 SUII-3 SUII-7 G229 CYR32 G229 G22-9
2% 7 Infection type 3 3 0; 3 3 3 3 3 3 3
JUTE JE Severity (%) 5 5 5 5 10 5 5 10 10 10
3k >R Incidence (%) 20 20 10 10 10 10 10 20 20 10
F4 1I0NMBRRENNEZFHEAKRSEETE
Table 4 Reaction of Puccinia striiformis f. sp. tritici to different known genes
H TN ANJF] L H 7Y Differential genotype
Race Yrd Yril Yrs Yré Yr7 Yr8 Yr9 Yrio  Yril Yri2  Yrl5 Yrl7  Yr26  YrSP
G22-9 \Y% \% \% \Y% \% \Y% \Y% VA \% \% \Y% \% \Y% \Y%
CYR32 A \ v A A A A A Y v \ A A A
CYR33 A \Y% A \ \Y% A \Y% A \Y% A \Y% A A \Y%
SU11-3 A \Y% \Y% \Y% \% \Y% A A \Y% \Y% \Y% \% A A
SU11-7 A A A A A A A A \ A \ A A A

V. AEPEN I 3~4) 5 A: TCEEME (BB 0~2) 5 VA/AV : 1RGN, VA RIS 30 2 T IC 81, AV IS LR £ T35

. V. Virulence (infection type 3-4) ; A: avirulence (infection type 0-2); VA/AV indicate mixed reactions but more virulent in

VA pattern and more avirulent in AV pattern, respectively.
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Table 5 Disease status of Puccinia striiformis f. sp. tritici on main barely cultivar

b PST-1 PST-2 PST-3 PST-4 PST-5 PST-6 PST-7 PST-8 PST-9 PST-10

Cultivar G22-9 CYR32 G229 CYR33 SuUIll-3 SU11-7 G22-9 CYR32 G22-9 G22-9
kK65 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0 0/0/0 3/10/10  0/0/0 0/0/0 3/5/20
Beiqing 6
W2 0/0/0 0/0/0 0/0/0 0/0/0 3/10/10  3/10/10  3/10/20  0/0/0 3/5/10 3/5/10
Huangqing 2

T35 0/0/0 3/20/20  0/0/0 3/20/100  3/10/20  3/10/20  3/20/60  0;/10/30  0/0/0 3/10/30
Gangqing 3
Bt12% 0/0/0 3/10/10  3/10/10  3/20/80  0/0/0 0/0/0 3/20/50  3/10/20  3/10/20  3/10/10
Kunlun 12

T35 0/0/0 0/0/0 0/0/0 3/20/20  3/10/20  0/0/0 3/10/40  0/0/0 0/0/0 3/10/30
Kangqing 3
RE1% 3/10/50  3/5/10 0;/10/30  3/20/50  3/10/40  3/20/100 3/10/60  3/5/20 3/10/10  3/10/40
Kunlun 1
7% 0/0/0 0/0/0 0/0/0 3/20/60  3/10/10  3/10/60  3/10/40  0/0/0 3/10/20  3/10/20
Beiqing 7
Jit B # 0/0/0 0/0/0 0/0/0 3/10/70  3/10/30  3/5/10 0;/10/20  0/0/0 0/0/0 0/0/0
Dulihunag

H55 3/20/40  0/0/0 0/0/0 3/20/90  0/0/0 3/10/10  3/10/70  0;/10/20  0/0/0 3/20/50
Gangqing 5
E85 0/0/0 3/10/10  0/0/0 3/20/90  3/20/30  3/10/40  3/10/10  3/10/20  3/10/10  3/10/40
Beiqing 8
WL 255 3/10/50  3/10/20  3/20/90 3/40/30  0/0/0 3/20/60  3/20/50  3/10/40  0/0/0 3/10/20
Zangqing 25

Ha45 0;/10/10  0/0/0 0/0/0 3/20/20  3/10/40  3/10/40  3/5/60 3/10/90  3/10/40  3/20/40
Gangqing 4
B (%) 25.00 41.67 16.67 83.33 66.67 75.00 91.67 41.67 50.00 91.67
Frequency

BRI R SOW B/ (%) /%38 R (%) . Data in the table are presented as infection type/severity (% )/incidence (%).
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B, G 2R R, 2 AL AR BRI 0 /N A LR
PURERL O  (BRE BRI R BRI 2685
B ) S0 XA 2R R H BB AR U N I AR 5
TR T R /N SR R TR EA T B R LU, 5 2Rk

G22 ZRHEAE 2 A R L AR BRI P 2y 38— R Bk
TR ; P DU EOR 2L 5 A —E B9 Ll SUTT 26
S HY 46 JEREAE 2 KL ALBIRE P BT o L Bl AR 22
B 67 1y KA SR G 1w A 37 Iy Joik FH/INAE 2R 5 1A
YR FIH,  55.23%, HIAT AL, KA R
5N SR A — e R IR S (R
(] A RE PSS 22 S R
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L LA RN RE | & BUAT 10.00% 0 /N A2 2545 T
HRRAEMS R YL R | pE T X H AT Bk % S5 8UR
T E , 25 SRR, N SR R T BB AR e R E 1
PR P S 1l DX 11 R 32 FaR i A ) A AR R 1Y
FomtE . G22 BURZSHET 2010 4F 15 WA Hl 4 Bl
RICHAIZEE,2012),2013 4F b T g iZ b X 55—
KECRIERE GRENEE,2015) , AIRIRLE L, Yl
INFE S TR T AT AR B NRD G22-9 (CYR34) XK
BRI 5B AL, BRI CYR32,.CYR33,
SU11-3 J SU11-7, X #e4: B/ NFh A A 241 /NZZ 2%
AT P R ARV G22-9 S 4T H R A&k
PR S — R AR S/ INR ARG Y i 2/ NAE )
TR ZR 92R F- S HAT A SRl LG 24 i P b X
Z2 11 R AEAT SO, SR e AR DN
Tt A2 i /N A SR TR AT/, LA
SRR Y /N SR R A B VRO R
Z S RGN IOES O WA IS I d N < AU ES S (N S HE 8
RIS NZZ A5 o L AL TR IR 5 K32 4 T & kT
A 2 B DR 22 3, 4 R A 5 R DX 3k g K
2 SR AR IR 5 483 Xl N7 455 TR R B i X T
U —EAST . L AT LA , 3. [ P Rk & X
(1) /N2 455 A T LAAE &I AR 75 B IX Sl T, &5
GEE X QA ZZ W AR R, T AR B R
W PR . TR AR 2R T
ANZE AR R, 2 A SRR Pk T B A 1 X R
FIAE/INAZ 3G KT K255 W 5/ N2 S T 1 58 it
R R T ARG R E0RE L AR HE T A AR
KA 2P KT RN E R,

KREFGW G/ NEFE R E T AR SHE
LARHL, AR CYER AR B, B LA R AT
[F]— AL BUEEA N (Little & Manners, 1969 ; New-
ton et al., 1986) , {HJ2: 2 L AL 70 [1] = A= (14 5L [H 52 A%
WA 7] REMUA N B L . Holtz et al. (2014) i 32 X}
AN SR TR S R SR I T SSR 43 #TT , RN
KFFRE FFREER RIS 3N SRR A
RLEE 5 T 5 e b DX R R 22 255 T = [l AR B EE
P R L AR T 0 K2 4555 W S5 /N2 SR 5 T = ) ]
RERAE T 38, 2011 AREIBR IR B T /N2 5%
5 B I 227 T /NVBE (Jin, 2011) , I BEAR A Be -
(1) A BAAIF 5T % B0, 3 I PO e H L 718 (X F77E
BRI/ INZE A G T2 25 £/ NVEE RIS [X Y
INZE S TR ELAR SRR A A KA B (R IR 2E 45
2015) , I BABRAE 7~ T /N2 4555 TR I A 1 A B o B
(Zhao et al., 2016; XA R4 ,2016) . AP HF

W], AN ) e Al 8 26 5 B AR 2 18] 3 8 DD R R PR 58
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LA A R RER R YA Rl 25 3, RN B T RERS
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