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B E: [H#%] £1F 3 K (Poa pratensis)Z —Fr4% )~ i2 4% F 69 e LI F M AR et ag b T A E
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BGP(TG)*t 23 i F3bF A AMA 0B A A . [£R] BRFARGHE S B BGP(TG) 4 £ 70T #
AL LEMBAF, KA A4 (23.31-34.67) um F2(11.33-15.77) um, R AR E A 54K rDNA-ITS
B30T RE o4 R A 4 Bk BGP(TG) S A K & & T # A+ LA (Blumeria graminis f. sp.
poae) K T Bl —4 % ; BGP(TG)M 23 MERFARNHE R AMNEZLERE T, OB RAREHA
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Identification and pathogenicity of Blumeria graminisf. sp.
poae the BGP(TG) strain isolated from Poa pratensisinfected
with powdery mildew in Shanxi Province

LIANG Yinping®, XU Zhiyu”, WU Fan, ZHU Huisen, JIANG Lin, ZHAO Yumin,
ZHAO Xiang, XU Qingfang”

College of Grassland Science, Shanxi Agricultural University, Taigu 030801, Shanxi, China

Abstract: [Background] Poa pratensis is a species of widely used ornamental and facility
cold-season turfgrass. Powdery mildew caused by Blumeria graminis f. sp. poae seriously reduces
the lawn quality and shortens the service life of P. pratensis. [Objective] To isolate, identify, and
determine the pathogenicity of the isolate BGP(TG) and provide a theoretical foundation for the
prevention and control of powdery mildew in P. pratensis. [Methods] BGP(TG) isolated from a
greenhouse of Shanxi Agricultural University was identified based on the morphological characteristics
and ribosomal DNA internally transcribed spacer (rDNA-ITS) sequence. The pathogenicity of the
isolate was determined with 23 samples of P. pratensis. [Results] The conidiospores of the
pathogen were in chains, colorless, and oval, with the size of (23.31-34.67) umx(11.33—15.77) um
and finger-like mature haustoria. The phylogenetic analysis based on rDNA-ITS sequences
showed that the BGP(TG) isolate and B. graminis f. sp. poae shared the same branch. The
pathogenicity tests showed that the disease index ranged from 14.41 to 53.12, and the incidence
ranged from 49.47% to 77.72% nine days after 23 samples of P. pratensis were inoculated with
BGP(TG). Only the native species ‘Taihang’ in Shanxi Province showed moderate resistance to
BGP(TG). ‘Yingxian’, ‘Black Jack’, and ‘Hunyuan’ showed moderate sensitivity, and
‘Explorer’ and ‘Award’ showed extreme sensitivity. The other 17 species showed high sensitivity,
accounting for 73.91%. [Conclusion] The pathogenicity of BGP(TG) in Shanxi Province was
strong. Mining the genes conferring resistance to powdery mildew from P. pratensis ‘Taihang’
will be of great significance for the breeding of P. pratensis with resistance to powdery mildew.
Keywords: Poa pratensis; Blumeria graminis; pathogen identification; pathogenicity

FELH F1 K53 9% (powdery mildew) 2 fix i W AU AH
Y 2 —U, &l R TR ] (Ascomycota) F 1 A
44 (Leotiomycetes) [ # & H (Erysiphales) K
SR — R A )iz R T O AR A AR
I3 B ORI T A0 T T A ) A
K. B, LR E NG 10 000 Ff

BETFAEDI FURS 1E T VF 22 R AR
HAERKRSEE, Eih 20K (Poa pratensis) .
¥ 25 FR (Cynodon dactylon) . ) &) 55 % i (Agrostis
stolonifera) . 4l -3 (Festuca filifor mis) flHE 3
(Dactylis glomerata)%s, Hrp AR LR . My
RG22 R i T RABHEY) Uk
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I 9 ) R AR AT EG K3 B (Blumeria graminis),
HICASFE AR 22850, s 48tk HIRZL,
SRR A, AR RO, st
WRERTE, MEmek, RaiRk, LHED,
PR G 35 R 204, DLk R 52 3 5%
L, RIS B AR R E WA
R, FICER A, ERESREANM R, JEm
WA G AR, B i P I o i RN 78 i o
RS EIM A TP, X Fhrrs
T R ORISR A ™ B R R
B LR S — P 1) AR A R AR
WU IR T A R 2 A e ZE R
PPRLZ — | R R R et
Bifi o % ] B g TR R i, R B A TR Y
AW K FEL S IR WP, EEPRHE
M RAI 2, O N AR L BT 5T i 4 4
R FAERR A EE R R 22— kst
b R UL B P (L S AT FR 3 i)™ 5
Wi o FEAS[R] A Hb R A AR PRI b, AR 110K TR
552 BRI EAETE WO [R  A B NRR T an
Ty WD R R, AR IR
DD DX 5 RS A R 95 0 Jird 71 B 52 )i 1
Kym 1 S AR FNRE, W CSCE PO KRB, B
S5 T L DX RS T TN 1 A ) i T kg B e
JE ER B S SRR N Zhu ZEPUF 2020 45
R HRE T 3 [T e 4 b R BAR R i e T
BF5Y, Bao P2 2022 4R F IRRIE T i
i ZE L BTR Uk e R RS, H B G
KT P4 B FLAOR OB e O HE o [N Ak
O T B 1 L SR R o 0 ot o 94 9 22 A i
RS0 17T, AU Czembor %25 1+ Xt
AN TR] AR 555 el BRI AT LR R BT R, A
FERMAL 20 (R RACRPIE AR, Hhig
A 5% G P AR A R H i s o SORFARERY
T 0 2 IHUPE DT 7 5 B S B b R BOR A

R

255 B IR S A R B P A T B
{EIE B 7 ik B — 2 LR AR 25 By <3R™ (R
HEMIBUEGE A H A RS IR 255k B 1R
R R RURI AT R AT i % T R i
A, SR TEUA X R A B R KB
LIRS o SUTHL (E T I N T g e ]
Al R 2 = R R AOR OB R,
FURY BRE 25 R R L I 701~ T B xl o0 85 2lidl
14 5 M SR O I R A T 2, I IIE
IR IR 23 iy s R ROR AR EOR T,
S0 et R ROR R R B 48 E PRI EU T 5
B B BRI TR PR, Rt BRSO i 1) A A T
) e g i 4 B 2R
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1.1 #$
1.1.1 HiXEEH KT

At 23 B FOR PR b
RO BRA A L A6 5e 55 IR B0 H AR T K24 W
FNL PGl K Bk 2 B4 L (R 1),
1.1.2 #HRXEHNPBSRE

2021 4F 9 H T v Al K2z Bl 27 Be it ==
(37°25'N, 112°35'E)R 4 Bt F 20K & H1 83 ik
M, SR AR RHE R R T RE 30 d 1Y
PRI 2 B RBCR G, REE R A R R A
i FHER Y, BT HUAE IR BT 1 B o A A
T-HE, F AT HE Sl fb 15 3Rk RN 43 AR 96 )
FIEFERD T R AR, iEsLalifh 5 1R,
AR AR B B Ak BGP(TG) . 1K B 40 25 bk
BGP(TG)FE R 58" B s i 2R 16 (R A MR B9
BIORAT, TIE 15 d FIH 0 FRHE AR R
B 5 ORI B B — R AR, EOH
WBRCE T MR R h R R [ B E N
20 °C; /K5 E A 16 h/8 h; AHXHEE (60£2)%].
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Table 1 Information on tested species and sources of Poa pratensis

No. Species Source

1 R % Explorer AR IEE ML A FR A 7] Beijing Rytway Seed Limited Company

2 3|+ Fighter Jb st IEE 0L A BR A 7] Beijing Rytway Seed Limited Company

3 W52 % Blue Dream  JUITIEEFNE A PR/ ) Beijing Rytway Seed Limited Company

4 5 Merit J A IEE FlL A BR 2 7] Beijing Rytway Seed Limited Company

5 IR Jenny T b5 IEIE L A BR 23 7] Beijing Rytway Seed Limited Company

6 SR+ Paradise Jbat IEE Al A FR A F] Beijing Rytway Seed Limited Company

7 #1i% Miracle b5t IEIE AL A BR 23 7] Beijing Rytway Seed Limited Company

8 SEi8 A Lucky Star bt IEE R A FRA 7] Beijing Rytway Seed Limited Company

9 ERIE Everest JbEt IEE AL A FR A 7] Beijing Rytway Seed Limited Company

10 ##f Blue God Jbat IEE AL A FR A 7] Beijing Rytway Seed Limited Company

11 #AhJL Blue Fairy Jbat IEE AL A PR A 7] Beijing Rytway Seed Limited Company

12 %85 Award JbEt IEE AL A PR A 7] Beijing Rytway Seed Limited Company

13 417 Ruyi Jbat IEE AL A PR A 7] Beijing Rytway Seed Limited Company

14 7¥}% Pentium b st IEE AL A PR 7] Beijing Rytway Seed Limited Company

15 JKA Mercury JE 5 IEE AL A BR 23 7] Beijing Rytway Seed Limited Company

16 KSR Smurfs JE 5 IEE AL A PR 23 7 Beijing Rytway Seed Limited Company

17  ER5 Black Jack bt 7 55 WK Bl B R FF & 22 7] Beijing Clover Seed and Turf Company

18 47X Midnight b5 78 55 IR BOL 4% AR JF & 24 7] Beijing Clover Seed and Turf Company

19 ¥ JJ Endurance bt 7 55 WK Bl B R FF & 22 7] Beijing Clover Seed and Turf Company

20 i E Yingxian LG R Y RSB 24 B College of Grassland Science, Shanxi Agricultural University
21 K47 Taihang L PG R Y RSBV 24 B College of Grassland Science, Shanxi Agricultural University
22 Bk NuGlade PG £k K2 AL 22 BE College of Grassland Science, Shanxi Agricultural University
23 % i Hunyuan PG R K24 BV 24 B8 College of Grassland Science, Shanxi Agricultural University

1.1.3 EFERFIFN R 122 FEREESFEVFEELEE

2% DL es ik R-250 1 2xTaq PCR Mix, JbaT
REFPHLAEBRA T ; PCR Y, A4 T A T2
(BB PR A SCIREE A, SIRE+
FAEYRHCARR A G2 BMEE, Olympus 24
F]; PCR 1Y, Bio-Rad /AH]; A L/MT L
SRR, FEERCHREHE (P ED A BRA
1.2 FEEEE
1.2.1 ®EEESENE

R Al b 32 2700 2 PR SRR P A9 9 0 i

B AT TR ASE, A% Sl i e

TR I TR B B R A3 A A A Y
EA . MAICRKAE iR, et B s
TR AR AR
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WS B i R b L SR 1R 0 D TR 43 A A
R & I REAND e S L S R A 2
(cetyltrimethylammonium bromide, CTAB)#:$2H
95 J5L T 2 A T . DNAPY R 51
ITS1 (5-TCCGTAGGTGAACCTGCGG-3")F1 ITS4
(5'-TCCTCCGCTTATTGATATGC-3") %t 95 J i #%
BE{& DNA PN IR &% 5% 8] B X (ribosomal DNA
internally transcribed spacer, rDNA-ITS)i 17 |52
4321 PCR J R M £ (50 pl): 2xTaq PCR
Mix 25 uL, b, FUET4(10 pmoL/L)% 2 pL,
DNA #47(30 ng/uL) 2 pL, ddH,0 19 pL. PCR
JL 264 : 94 °C 3 min; 94 °C 45 s, 55°C 40 s,
72°C 60's, 35 MMEFF; 72 °C 10 min®", FH 1%
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TR RE AR BE R FL VKA PCR W58 Je , B ik
A= AR CARR (TR B A BR 2 vl e o A1
R IR rDNA-ITS J@al&di#)s, FIFH NCBI
XEHIEAT R AR, {8 MEGA X -5 U8 i
AR HCA 0k B 90 R4 T RGER T o b . ALK
$2 1 (neighbor-joining method)#4 & R 5t & &
I B R 300 9 AT R GE Rk H W Y Al FEME A
5, HE{E (bootstrap) i B M 1 000 K.
1.3 EEFRAMERRDNE

e 23 0y RE M PR AR, R IBOR AL
TG H /N — By b, 4 H A T 23 N E
#9°9 em By IR ML 75% 99K 1 1 min,
SR JE ICTE KK R 7 bk 3-5 IR BRI R
ok, FHUEAUR TR 2R K o, BRI 5
HHCHE A KB R T (v R 5 0 7 i AR L
H 2B RO 6 cm, T8 6 cm, & 11 cm)
Hr, FERNESY 10 g/m®, JFEE R 2-3 mm (WIEA .
Ty FH AR MRHE R 3 2, BRI E
PRE TG MR IR A0 N BE L IX 20 55 5 (30 T
20 °C; 16 /8 h /MG Ji 1A 5 AHXHREE (60+2)%)]
Hh P R A R IR LR FK s 2, R
R S d R W 1DAE, kS
I3 HE AT R R AL AT, AT
PR R 100-200 A/mm*CHBERIEES 9 K,
TASE A BEOLI A 25 ¥k, SETTHRE AR R R E
R RN I AN S AR A, ARk
o3 L 15 18 B0 43 B vk BGP(TG) YU 1 2k
F1o3 0T o R BRI R B Ry Y ™ B B
G RITUES 2 SRR Ptk o bR v R -
DI (disease index)=0, ﬁi’,ﬁ(immune, I); 0<DI<5.0,
= Pi(highly resistant, HR); 5.0<DI<15.0, H#i
(moderately resistant, MR); 15.0<DI<25.0, /&
(moderately susceptible, MS); 25.0<DI<50.0, f=/&%
(highly susceptible, HS); DI>50.0, #%/&(extremely
susceptible, ES). WlHHEEOTH AN

Y PR H < o34
iD= %ggj‘zx%%gz&
1.4 HEHH

F]F Microsoft Excel 2016 #1748 kb ¥
AIHI SPSS 26.0 FAFub A7 Hcdhs I Ge it o0 A (LI
27225701, Duncan EHAITZH LK), FIH]
Origin 2021 #XAAEK .

2 HERE4M

21 EBEARAREMELEESER
211 REEESFETHR

FI IO 27 I 5 W45 s 1 L SOR R o
JERUER 43 HE T TR A RN, [R] s A A
TR/, X R WA AT R R . S B bR
BGP(TG)/r £ F MBI o, KN
23.31-34.67 pm, fF %4 11.33-15.77 pum
(N=100), K7kl 2.08+0.24 (& 1A), 4341
FHARSERRIE 1B), 44T &7 A Rk
Az 208 T IO T L (18 1C), HATE s
AR A 25 A PR 53 (K] 1D), TER 22 I
TE R E AT 4 A fFRE Ak e A B A A A T
(E 1E)o IRIETE A4 P K 2 Bk BGP(TG)WI
Y HARAT IR -
2.1.2 JFIEE rDNA-ITS F5 454

FIFH rDNA-ITS 514%F BGP(TG)AY H 751
#E47 PCR 715, M7 5 PHER I ELY 581 bp
() IDNA-ITS J¥ 51, 4384514975118 55 2] GenBank,
HoE5 o 0Q845831, 7E NCBI 47 BLAST
X A3 , SEBEARRLIE: b e A 25 R 9 A e R 4
KEW . 255 BR5r Bk BGP(TG)Y rDNA-ITS
J7 8 5 R A IR E B R BOR £ 16 R (Blumeria
graminisf. sp. poae) (AB273523.1 Fl MA452631.1)
RTF—232(8 2), BEMRRECRKI,
I BGP(TG)%E & R AR A I U B - BOR £ Ak

% (B. graminis f. sp. poae).

x100 ,
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Figure 1 Morphological characteristics of powdery mildew pathogen of Poa pratensis in Shanxi Province.

A: Ungerminated conidia. B: Serial conidia. C: Conidia with appressorium. D: Conidia with mature haustoria.
E: Conidiophore and conidia. AP: Appressorium; MH: Mature haustoria.

BGP(TG) (0Q845831)

100
Blumeria graminis f. sp. poae (AB273523.1)

85
Blumeria graminis f. sp. poae (MA452631.1)

99

Blumeria graminis f. sp. poae (KY653162.1)

Blumeria graminis f. sp. poae (MF429949.1)

Blumeria graminis f. sp. avenae (MW019953.1)

94 ’Blumeria graminis f. sp. secalis (HM484331.1)
100 Blumeria graminis f. sp. tritici (MT461145.1)

Arthrocladiella mougeotii (MT007282.1)
—
0.02
2 ET rDNA-ITS FHIHZ R BGP(TO)RFAE M 5 MNF 5N GenBank B3R 5; 30 L
Ber R AR R ARR 0.02 fRFHIN S LR KE
Figure 2 Phylogenetic tree of BGP(TG) based on rDNA-ITS sequences. The serial numbers in parentheses

are GenBank accession numbers; The numbers on the nodes indicate the support percentages of bootstrap;
The scale 0.02 represents 2% nucleotide difference.

2.2 B#HE BGP(TG)EF 1 HIiME WG HE B Wb s, RAT B BT
T R IR A B Ak BGP(TG)X) 23 RV IR Fh BRI B F5 500 3l 14.41
P RAORBUR I A £ R, U R 16.39.19.83 f122.76, U TG i % 22 5+ (P>0.05),
ARZAMEREES 9 X, WERESN HeiyE B THM 19 055 R 2Rk
14.41-53.12, KIHHRN 49.47%-77.72% (E 3).  (P<0.05), Hor kA7 B b B 2R 1E 5 K i
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A 70r
60-a ab

abe abed
{' A2 abedabed | abede bede cdef
50 % ki

cdef
hd % _}bgecgf defe efy ofy efg fp &
40F Jj

0 ) . S& o E

S A
abc ab

a
80 - + abe abc
abe abcde abed bede bede
00| & cdefe efrﬂ[ 28 ]P defoh o bedey  Poel cdefg
= g defgh gh T " "fgh _} -
60 - _I_ = " ’ -gI- gh B
B3

Disease index

Incidence rate (%)
wn
o

S DR FSFADF PP S P AL S ELH ST S S

3 LAEERERRBMEMERS A ARGEHEZRM LM BGP(TG) 9 d J5 15 £/
GiitgE R, B MRS BF M R BORM RHER BGP(TG) 9 d Ji BRI R. N/ FHE LR A
B R bR 3522 5 (P<0.05)

Figure 3 Pathogenicity of Poa pratensis powdery mildew in Shanxi Province. A: The statistical results of
disease index of different species of P. pratensis inoculated with BGP(TG) 9 days after inoculation. B: The

statistical results of the incidence rate of P. pratensis inoculated with BGP(TG) 9 days after inoculation.
Different lowercase letters indicate significant differences between different species (P<0.05).

i, P RAT B L BORX B bk BGP(TG) B 5 i 48 B, DRI PRI 5 %) 70 5
itk feom; B KA b HWCERE BGP(TO)HitEH 5. NARFKE, K17 LK
W bR ERIDACSR IOWIETE R ] R, H 49.47%; RO R R N
5312, 51.56. 48.9, 47.91, 47.62, 47.6. Ji > R PRI BRIEFWENIL . K
46.72 F 44.63, Joi#E2E 5 (P>0.05), HHo 4k 5124 50.61%.53.08%.55.19%.55.33%.57.84% .
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59.36%F1 59.89%, 5 KA1 Jo i 3 2 5 (P>0.05)
WREGZ KR, N 77.72%, HkCy SR+
SRt R sRim A RS Al gz
B, RIEEDSN N 14.57% ., 72.8%. 72.75%.
72.43%. 71.1%. 69.89%F! 68.04%, 5 KI5
Jo it & 22 5 (P>0.05).
23 WLIAHAEMBEHRRAMEIEYR Do
23 yRIHL FLBCORBOR , HUR ORI T R
HLBOR I (R R S R s Ta 80 T 5-15 Z 0],
X BGP(TG)R I A rhHe, KR 4.35%; i H>
PR T R VR VR M L O B R I
T EN T 15-25 Z 18], X BGP(TG)FE I K+
B EETR 13.04% 5 RIS 14 it B L2
ARG R I e 1 18 £ T 50, X BGP(TG)
FINHIR, 5N 8.70%; HAx 17 7w a3
AR SR R SR TE TR 8 T 25-50 Z 0],
X} BGP(TG)RM A mnld, 5 HH 73.91% (A 4).
g bk, X BGP(TG)A Hik i) 5 L3R A4
B D

90

80+
70t
60
50+
40t
g 30}
& 20t

NI I

I HR MR MS HS ES
Pathogenicity gradation

ortion (%

El4 EFEHRRAMHEFREE BGP(TG)RIH R
AR H 1. R HR: &40 MR: P
MS: HUg; HS: @id; ES: A&

Figure 4 Pathogenicity grading ratio of Poa pratensis
powdery mildew pathogen BGP(TG). I: Immune;
HR: Highly resistant; MR: Moderately resistant; MS:

Moderately susceptible; HS: Highly susceptible; ES:
Extremely susceptible.

3 WREER

L) 1R 9 s i T 68 7 32 AR o i 147 T
PERY BE o A i F L S HRAE . AR 7T B &
5 SR B B DA B 5 A B oI g e B, (1
Koy T BRI S ZR AR, BAER B
PHE5E IR BBE LR 2], T US98 S22 1ol
FEUEAT 1R 905 90 I AT 1) 0 2 S o T A X TR
Meo BEE S FAYFR KR, o RHE S
BT EL A 6 IR A S e i R B ik, BT
tDNA-ITS JFHIH s FRGE LB e ZH
FEE 0 R e Y AR B g i i
WEE T VLGS G o1 A 5 R 1L PG 4 B b R
BRI TR 2> B bk BGP(TG)HE T E S,
b B R R 0 S O 4 B Pk BGP(TG) 43 A= 1l
FIEBFAE S Zha FEP N R B & 5 R AOR
183 96 98 R P i R — 3. 7 Bk BGP(TG) Y
rDNA-ITS 75815 B 20K FURBY B (AB273523.1
FIMA452631. )R FR—n32. 25 BTk, 454
JERFHER T R B0, stk BGP(TG)
Y78 R AR A B B B R TR (B. graminis
f. sp. poae),

AFAERZMT, RAK 0 3 A BEfF A
ENGECTRAlEES: I anal N 5’ = b B
XF 10 B RAR SR EET T &= 8 R B
AR I VST B'="E 11 % s SN 1A S R
MRE AFSE & B BRI T Ry b ki it g
HE IR MR, 5 EE SRR PS4 S H 1
AN [R) b DX 1 A9 TR XS AR 7] it o 8t B S8R B0 )
KA. Okon ZFPOWFFE & B, R4 . AS[F H
DX P PR3 A TR X A () o ) A€ 22 A A T) 1) 3L
W1, ABFIEHAESE T X —1E 00, RN My
XA b LR PR T B0 AR S, v
B E ML RBOR VB T 2 B bk BGP(TG) IS0 /1
B, A, IRBEIR DT AR Ry 2R
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KA ST WA FURR B A, A [A) Hl IX  H
HLBR AR i W M ECR A S FiE— 2 R
GRS

P T B L AR TG R A RN G e A
IR T IAFAE 40l R EOR BT R
e FIEE TAESE RS, Huaix T ki Ea
A 1R K BT 1) s LSRR i e g 2 220
Czembor 2PN 22 RAERY 444 Fh Az A5 HI 5
FHARMT T FOobmbeEdise, REBTES R
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1175 & 4 FRp R A7 5 B OR XE
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