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Abstract: Four hundred and eighty-two samples of black scurf isolates collected from 10 different potato growing
regions of Heilongjiang Province in 2012 to 2021 were detected by ITS sequence analysis method in order to clarify the
type and distribution of anastomosis group of black scurf in Heilongjiang Province. Five anastomosis groups were
identified, of which 344 isolates belong to AG-3, with a frequency of 71.37% ; 70 isolates belong to AG-5, with a
frequency of 14.52% ; 32 isolates belong to AG-2, with a frequency of 6.64% ; 34 isolates belong to AG-4, with a
frequency of 7.05%; and two isolates belong to AG-1, with a frequency of 0.42%. In AG-2 and AG-4 anastomosis groups,
five anastomosis subgroups, AG-2-1, AG-2-21lIB and AG-2-21V, and AG-4-HGI and AG-4-HGlII, were identified, and the
occurrence frequency was 50.00%, 6.25% and 43.75%, and 70.59% and 29.41%, respectively. Combining the potato
planting regions and anastomosis group analysis, AG-3 was considered the dominant pathogenic anastomosis group,
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which was distributed in the main potato producing regions of Heilongjiang Province. And it also reflects that the

anastomosis group is relatively complex. Therefore, it is of great significance to strengthen the monitoring on the

anastomosis group, which would be better for the control of black scurf.
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Figure 1 Geographical distribution of potato black scurf samples in Heilongjiang Province
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Table 1 Primers for detection of anastomosis group
519 izl Far 7 b3l
Primer Sequence Identified for Designed by
1TS4 5'-TCCTCCGCTTATTGATATGC-3' ITS1—5.85—ITS2 region [11]
ITSS 5'-GGAAGTAAAAGTCGTAACAAGG-3'
AG-2-1-F 5'-CAAAGGCAATGGGTTATTGGAC-3' AG-2-1 [12]
AG-2-1-R 5'-CCTGATTTGAGATCAGATCATAAAG-3'
Rs1F2 5'-TTGGTTGTAGCTGGTCTATTT-3' AG-3PT [13]
AG3PR2 5'-ACACTGAGATCCAGCTAATA-3'
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Table 2 Information of potato black scurf isolates collected from 2012 to 2021 in Heilongjiang Province

H T e Bk A AL RAEBF (]
City Location Number Variety Source Sampling year
4RI Harbin W22 AR R AT 13 Jt4x 885 ek 2019~2021
I 2% PSE-fsf 2 T 185 Hezk 2013~2014
faf 2% 15 o =VE S 2013~2014
19 T4 885 Hu2k /285 2013~2021
EAMNR 34 T4 885 He2g/2550 2013~2021
13 fi£ 15 He2s /2590 2013~2019
18 oEr 135 IS VE 341 2013~2017
FFFFIAR Qigihar seili 11 faf2% 15 HRZE/ZET 2014
10 BT 15 E Sl 2013
7 1355 Hezk 2013
10 185 Hezx 2013
28 4 Y=k 2019~2021
MRt 8 TLHT 185 S 2013
20 R 55 Hezk 2019~2021
Jeit. 12 TEH 135 HeZk 285 2014
M) 10 545 Hezk 2020
274k Suihua 24k 40 L4 885 Hezk 2017~2020
9 135 Y=k 2013
5 T 195 Yzt 2013
IR 11 fi2£15 EN 2012~2013
15 oEr 135 HeZE 258 2012~2014
18 Jt4: 885 Hezk 2012
BV 8 TEH 135 Bk 2013
HFHT. Mudanjiang TR 16 Jt4: 885 Hezx 2020~2021
8 135 Y=k 2013
TR 14 Ji4: 885 Yz 2020
G111 Shuangyashan — F7% 12 42885 25 2013
FEARHT Jiamusi A 10 2215 25 2019~2021
6 4 885 e 2019
5 15 FH 135 253 2013~2015
P Yichun Ll 19 faf24 15 N 2019~2021
#4354 Hegang 15 14 L4885 Bk 2019~2021
6 [E5E 15 Yz 2019~2021
9] Heihe Jbez 8 Jt4: 885 Hezk 2019~2021
10 YB35 e 2014
T 4 HH E-St 2014
FOLAE W Daxinganling IaE] 3 BARH M= 2012
3 fir>415 Y=k 2012

Jinkg ik AF 10 Jt4: 885 ES:N 2019~2021
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1 500 bp
1 000 bp

500 bp

200 bp

: M. DL 2000 bp 5 FHbsifl; 1~12. FB4FEE K gDNA
Note: M. DL 2 000 bp marker; 1-12. gDNA of partial samples.

E2 BREIADIREZBRFEREEZADNAGIEKE (IR

Figure 2 gDNA extracted from potato black scurf isolates in Heilongjiang Province (partial samples)
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PR AEN 0.42%; TCHABRGFEH I (E3) . H
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Note: M. DL 2 000 bp marker; 1-6. PCR amplification products of

partial samples.
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Figure 3 Agarose gel electrophoresis of PCR products
amplified by ITS primers (partial samples)
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Figure 4 Agarose gel electrophoresis of AG-2—-1F1 AG-
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Table 3 Anastomosis group and distribution of R. solani isolates collected in Heilongjiang Province

b SRREHb A& Anastomosis group Jaid

City Location AG-1 AG-2 AG-3 AG—4 AG-5 Total

&K Harbin 2 POFAS 0 0 19 0 5 24
WP 2 AR AR 0 0 13 0 0 13
A IR IEE 1 3 46 5 10 65

F MK Qiqihar soil 1 8 31 6 20 66
fic 0 0 25 0 3 28
Jeir. 0 0 6 0 6 12
I 0 0 10 0 0 10

24k Suihua Ak 0 0 38 9 7 54
B 0 0 8 0 0 8
R 0 5 20 14 5 44

$FHT. Mudanjiang AR 0 0 18 0 6 24
R 0 0 14 0 0 14

FUG 1L Shuangyashan — GE¥ 0 0 12 0 0 12

FEARHT Jiamusi [N 0 2 14 0 0 16
L 0 0 15 0 0 15

4 Yichun i 0 0 19 0 0 19

#5544 Hegang 15 0 14 6 0 0 20

M Heihe vz 0 0 8 0 4 12
T 0 0 6 0 4 10

K442 Daxinganling — TIAR A 0 10 0 0 10
- 0 6 0 0 6

Bt Total 2 32 344 34 70 482

T4 Percentage 0.42 6.64 71.37 7.05 14.52 100
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Table 4 Anastomosis subgroup and distribution of R. solani AG-2 and AG—4

STAEH AG-2 AG-4

Location AG-2-1 AG-2-2111B AG-2-2IV AG-4-HGI AG—-4-HGII AG—-4-HGIII

4R Harbin 3 0 0 1 4 0

75111 Keshan 8 0 0 4 2 0

224k Suihua 0 0 0 0 0

BETR Zhaodong 5 0 0 10 4 0

FEARIT Jiamusi 0 2 0 0 0

555 Hegang 0 0 14 0 0

B3 Total 16 2 14 24 10 0

41 kb Percentage 50.00 6.25 43.75 70.59 29.41 0
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Figure 5 Type and distribution of anastomosis group of black scurf isolates collected in
main potato growing regions of Heilongjiang Province
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