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Abstract: To clarify the pathogenicity and toxin protein subtype differences of Salvia miltiorrhiza leaf spot pathogens in
Henan province, in this study, the pathogens from diseased leaf samples collected from three S. miltiorrhiza production areas
were isolated and purified using the tissue isolation method, and pure cultures were obtained. The pathogens were identified
using morphological and molecular biological methods. Subsequently, the morphological characteristics, growth rate,
sporulation traits, pathogenicity differences, and toxin protein subtypes of the pathogen isolate were analyzed. The results
showed that all isolated pathogens were identified as Corynespora cassiicola. Differences were observed among the isolates in
terms of colony morphology, growth rate, sporulation quantity, spore size, germination rate, and pathogenicity. Among them,
isolate DS73-2 exhibited the fastest growth rate, while isolate DS40-7 produced the highest sporulation. In terms of
pathogenicity, isolates DS40-7 and DS25-3 demonstrated stronger pathogenicity, followed by isolate DS9-2, whereas isolates
DS27-1, DS53-1, and DS73-2 showed less pathogenicity. Toxin protein subtype detection results revealed that three toxin
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protein subtypes were identified among the tested isolates. Isolates DS9-2, DS25-3, and DS40-7 were identified as both CasI

and Cas2 subtype, isolate DS27-1 was classified as Cas2 subtype, and isolates DS53-1 and DS73-2 were identified as Cas0

subtype for which on toxin genes were detected. No direct correlation was found between toxin protein subtypes and the

production areas, but a certain association was observed with pathogenicity, all three isolates(DS40-7, DS25-3, DS9-2)

testing positive for toxin protein genes exhibited strong pathogenicity.

Keywords: Salvia miltiorrhiza; leaf spot; pathogen identification; Corynespora cassiicola; pathogenicity difference; toxin

protein subtype
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Tab.1 Primers used in this study

YESR Type identification L Gene 5|%)  Primer J¥H1(5'—3")  Sequence(5'-3")
g JEL T i 2K rDNA-ITS ITS1 TCCGTAGGTGAACCTGCGG
Pathogen species ITS4 TCCTCCGCTTATTGATATGC
EF-1Ia EF1-72F CATCGAGAAGTTCGAGAAGG
EF1-986R TACTTGAAGGAACCCTTACC
B-tubulin Bt2a GGTAACCAAATCGGTGCTGCTTTC
Bt2b ACCCTCAGTGTAGTGACCCTTGGC
s JEL TR 7 2R AR Y Casl CasF18 CCCAAGATACATGTTTTGAATGT
Pathogen toxin protein subtype CasR27 CCACACAAAGCAAGATACAGAATGAGC
Cas? CasF17 GGATTTGCCTGAGATCCTA
CasR24 CAAACAATGCTAACCAAACAAAC
Cas3,Casd CasF20 GTCGGCTAACTTGGGAAAAACTCT
CasR28 GCAGGAAGCAAAACACAGAACAAG
Cas5 CasF19 CGGGGAGGTATCAGGTGTGAGATA
CasR26 CAGAACAAGCCAAAAGAGAACTAC
Cas6 CasF16 GCTTGATTTGCCTGTGAGATACT
CasR25 AAAACGATGCTAAACAAAAGGA
Cas7 CasF15 CCTTTGCTCCCTAGACAGT
CasR28 GCAGGAAGCAAAACACAGAACAAG
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Ak, 15 21 6 8% F BEE 0 BRI 0 il 4w 44 S DS9-2
DS25-3.DS27-1.DS40-7 .DS53-1 f1 DS73-2.
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Tab.2 Sampling information of S. miltiorrhiza leaf spot

GBS MR S K b B FE

Isolate number Sampling sites Longitude and latitude
DS9-2 VEE TS MR 34°4716"N,113°27'5"E
DS25-3 WET#RLZX/NE S 34°3'6"N,113°27'34"E
DS27-1 VEE TS M E  33°8747"N,113°18"31"E
DS40-7  mBHTT R/ N4 33°87 337N, 1137187 21"E
DS53-1  miBH @ 7 Bt 4 33°107447N,113°9731"E
DS73-2 =i B kA 4 34°47719"N, 111°3653"E
# éa?f% i A6 75 2 1Y 6 > 7 B AR 2 0 T PDA B
FRdk | 28 CHEERE R 95 7 d, 45 R /R, 6 17 B bk
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A R S DSA0-7 VR g R 0, H T
DA RS, W A 4 A R UL DS53-1
TR 7% DR 22 B B, 7 T R SR 8 R TR s DS T73-2
R B R NI UK & L NN S S R TR S

ORI 6 0B T IE S ML, 3

SEEVERIR T B R, oy B, R 280 54,
DB A A B, X RIS S5
JaE L TR AH ], BRI I, 33 26 43 B R O 1 7L B LT
2.1.2 IR E A6 bR AL 2 5 bR
rDNA-ITS . g-tubulin & K M EF-1a 3 H 7 5] 48
GenBank #17 BLAST x4 1 % 3, €A1 19 )5 51
5 GenBank 1 £ E#4#1(C. cassiicola) J7 5 — £ P
FJik 99% LA I, 6 Bk 70 B Bk Y 51 19 rDNA-ITS |
B-tubulin Z N F1 EF-la 2 K GenBank % 5% 5 WL 3%
3o B A& ST BRI A ER KOS MEGA 11.0 9 2
RGERBW, K645 I i 1 5 2 F 5% 1 R 7 [
— N3 R R R (B 1) . S5 G s RIS
FRAERN 2 AR W27 S8 45 R W 8 6 Bk 0 BRI
Z F R

*3 HBEHREREGenBankERS

Tab.3 GenBank accession number of isolate genes

Y E R S

Isolate number rDNA-ITS B-tubulin EF-la
DS9-2 PP346159 PP419027 PP696966
DS25-3 PP346160 PP419028 PP696967
DS27-1 PP346161 PP419029 PP696968
DS40-7 PP346162 PP419030 PP696969
DS53-1 PP346163 PP419031 PP696970
DS73-2 PP346164 PP546316 PP696971

98

81

Corynespora cassiicola HTAUP C001
Corynespora cassiicola YCLb2-1
Corynespora cassiicola YCLb2-8
Corynespora cassiicola YCLb2-4
—DS73-2

— DS40-7

- Corynespora cassiicola XQ3-1

I Corynespora cassiicola CGJ1
DS27-1

DS53-1

DS9-2

DS25-3

100

97

Corynespora cassiicola ZM160181

Corynespora cassiicola Cos21-1

| Corynespora smithii LI30

63

100! Corynespora smithii LI20
| Corynespora cambrensis IVF102517

100 | Corynespora cambrensis IVF092001
[ Corynespora ilicicola HML27

90

100! Corynespora ilicicola MO—Marion—4
| Cercospora cf. flagellaris ZJUM 121

100 | Cercospora cf. flagellaris 16-525

0.20

Phytophthora niederhauserii PS=737

B1 ETEREEFIMBEHNRELEN

Fig.1 Phylogenetic tree based on multi-gene concatenated sequences
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Growth rate

AR EZ/ (mm/d )

0
DS9-2  DS25-3 DS27-1

DS40-7 DSS3-1
SrEMR

Isolate

DS73-2

AN /N S RERR R AN T G 1 bR IR 2 5 2 (P<<0.05)
Different lowercase letters indicated significant differences

among isolates(P<<0.05)
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Fig.2 Analysis of growth rate among different

C.cassiicola isolates

[ 2 AT 7R B 3% 0~3 d i), DS73-2 4 Kk
FA M, o8 12.39 mm/d, 5 HoAh 5 R A 2 B 1k 22
5B 3 (P<<0.05) ; ok J& DS27-1, A K i R oy
11.06 mm/d;DS9-24: K F 518 , 7y 10.22 mm/d.

1685 3% 3~5 d i, DS73-2 /4 K R A th, K
11.00 mm/d, 5 HAth 5 #x it 73 25 4k 22 5 e 3 (P<<
0.05) 3 DS27-1 M A K K Z , 7 10.08 mm/d;
DS40-7 A K R 18, 4 8.33 mm/d. TEH; I 5~
7T AR, DS27-1 WA K F R, R 9.83 mm/d;
DS73-2 WA K H 58 , U 6.92 mm/d. i I,
Bl BRI A KR BRIE 7T d AR 5, Hd,
DS73-2 7671 5 d A K s e dge Bl (HAE 5~7 d B i
12 DS27-1 AE K # R FEH 5 d /N T DS73-2,{HTE
5~7 d B A K R BT A 3 B bk b e R
2.3 AEAFEXRFEEFHEIFMED
2.3.1 R AR T RS R4
F i, 6 A B R AE 28 CRE R 7 dJE 4y B Bk
DS40-7 7= ff & ik 5] 2.83 X 10° cfu/mL, B ¥ & T
HoAth 54N 43 B bk (P<<0.05) 5 4% BS bk DS53-1 7= 71
O 6.7X 10" cfu/mL, 7= fil & f MK, H 5 7 3 bk
DS9-2.DS27-1 1y & 25 7 1 % (P<<0.05) .
MR AT LLUE W 5 B 6k DS73-2 19°F- ¥ 4
AT RN R (49.8241.85)pum X (7.2240.12) pm,
2 KT HoAl 2 B R (P<C0.05) 5 43 B bk 40-7 1Y
- #5943 4 F K/ R (33.0241.40) pm X (6.25+
0.10) pm, P 4 B 5 H A 5 bR I 18 25 7 0
(P<<0.05), ¥ ¥ 95 B 5 43 #5 #% DS9-2. . DS27-1 Hl
DS73-2 25 5 W 3 (P<<0.05) .
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Tab.4 The size and sporulation yield of the conidia by different isolates of C. cassiicola

) K /pm  Length e /um  Width
53 Bk FEAl A/ (cfu/mL) — - . »
Isolate Sporulation yield il T i [ I
Range Average Range Average

DS9-2 (1.6740.17)X10°b 13.04-109.99 39.03+1.77¢ 4.11-9.80 6.85+0.12b
DS25-3 (1.33420.17) X 10° be 12.54-100.25 38.14+1.54¢ 4.33-9.51 6.374+0.11c
DS27-1 (1.8340.44) X 10° b 15.21-111.81 45.06+2.16b 3.99-9.93 6.9740.13ab
DS40-7 (2.8340.17) X 10° a 14.46-107.42 33.024-1.40d 4.26-8.95 6.25+0.10c
DS53-1 (6.7040.17) X 10" ¢ 16.30-99.36 37.9441.40¢ 3.87-9.77 6.46+0.12¢
DS73-2 (1.004:0.29) X 10° be 16.90-98.73 49.82+1.85a 4.53-9.72 7.2240.12a

T A E/ING 7 B 78 AN [ 43 5 PR 8] 228 5 1 3% (P<<0.05) . N &,

Note: Different lowercase letters indicated significant differences among isolates(P<<0.05). The same as below.

232 SAEBFEHERESN MNERSITLEH,
MR Bk BT T 2h 5 mET &, ¥ &
4 hith,DS25-3 . DS40-7 L T 8§ & F 24 H 40% ,
T H A 4 BR A BB R T 0 & R (P<C0.05) 5
B & 6 hif, DS25-3.DS27-1.DS40-7 il T i k&

FIKF 60% DL b, 3w T H Al 3 Bk 4 bk A
T & % (P<0.05),DS9-2 . DS73-2 #1 T & %
AR, AU 35% £ 4 . Bk 8 h B, DS25-3,
DS27-1, DS40-7, DS53-1 il 7 Wi & & 1 ik 3|
89% Lk I, W3 /& T4y B bk DS9-2 . DS73-2(4f F
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i & R <60% ) (P<<0.05),

K5 ARAEEBARISIBERAFHEE

Tab.5 The germination rate of conidia by different isolates of C.cassiicola %
23 bk W & i /h - Germination time 4B HE Wi%mE/h  Germination time
Isolate 4 6 8 Isolate 4 6 8
DS9-2 19.0043.79b 33.3343.18¢ 65.67+2.33b DS40-7 39.33+4.33a 70.00+3.22a 93.674+2.03a
DS25-3 39.67+2.33a 74.33+1.86a 93.00+1.53a DS53-1 14.00+2.08b 51.00+1.53b 94.0042.08a
DS27-1 21.00+3.22b 64.67+2.91a 89.67+0.88a DS73-2 17.33+1.76b 37.6745.24c 59.00+4.04b

24 ASEAMERERBRIEZERSW

M 3 AT LU 8 6 R T B #2 R P S0t
5dJ5 ,DS40-7 . DS25-3 I & 9k F 435 F] 100% ;
H K DS9-2 . DS53-1, & 9K K 4> %l & 93.33%
M 73.33%, DS73-2, DS27-1 & ik F w & , N
60% . i H5 B /IMK K i DS40-7>DS25-3>
DS9-2>DS53-1>DS73-2>DS27-1, H,/r
Pk DS40-7 4b B it 5 05 K i L R 5 d S e

50

BRTEI%

Disease incidence

DSY-2 DS25-3 DS27-1 DS40-7 DS53-1 DS73-2
SrEhR

Isolate

ARGy BRI RN 5 d 5 R AE IR

TRECH 68.89, Hk by 4 B bk DS25-3, 4% 51 5 d J5 K
TR 53.34, Z K 27 B3 (P<<0.05) . 4r Bk
DS9-2.DS53-1 # # 5 d J&5 1% 95 1% T8 %% 5 5~
29.63 M1 11.11;43 B #k DS73-2 . DS27-1#:Fp 5 d J5
5 I TR B0 ok 8.15 1 9.63, £E b, 45 A KRR
95 155 4 B 45 BB, DS40-7 Fl DS25-3 M 58 B )
Iy Btk .

(=}
(=}

==
i
Disease index
In
S

DS9-2 DS25-3 DS27-1 DS40-7 DS53-1 DS73-2
IrEk

Isolate

A. Disease symptoms after inoculation with different isolates for 5 days

B3 ZEHATESBEREERENE

Fig.3 Pathogenicity determination of different C. cassiicola isolates

WS (L 4) , & B B Bk DS9-2,DS25-3 I
DS40-7 #54F Cas1 3 B, 43 B #& DS9-2.DS25-3,
DS27-1 1 DS40-7 #4F Cas2 H N, 43 B8k 53-1 1

25 ASEBEAMKKFEESEZEOTLIERE
K H Casl. Cas2. Cas3. Cas4. Cas5. Cas6 Fl
Cas7 RS WX 6 BRI R W T R R EH
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Iy BIRR 73-2 B TR RN AR WA A E AR R B R
B CasO#l

, Cas4

1000 bp
750 bp

1000 bp
750 bp

1000 bp—» -
b bg

M.DNA 4 F bRt DL2000; 1~8 43 #4843 85 ¥k DS9-2.
DS25-3.DS27-1.DS40-7.DS53-1.DS73-2. %% [ % & 1
TG B 7K kT RE

M. DNA molecular weight marker DIL.2000; 1-8. isolates
DS9-2, DS25-3, DS27-1, DS40-7, DS53-1, DS73-2,

blank and negative control sterile water as template

B4 FAESBHRPEREATEDHN
Fig.4 Analysis of toxin protein subtypes in

different isolates
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W REAR BEAT 4y BB IR L A RO B R Gr TAEY
3B W FOR IR R 34 O 2 EREL(C. cassiicola) o
HIAWFSE 2 DL TTS B07 350 SE 47 90 J 181 1Y) 0 F 245 a8
AR AHER 53905 D B G SR T) — 9 It 1 AN [] 0
R[] 7 30 AH B RE 3¢ 8, A B0 0% 9 T 1 A RIX 43
I SRR T 22 6 DR 40 1) 8 BB BT BE A AR T
Ji TR 68 2 ) v e R I PR AR 5 A

Oy B MR HEAT ITS % 1 [F i, Lk — B T
B-tubulin Ml EF-1a 3 I % 78 8 & T 93 I 04 46 5
) AR E

O F5E & B, IR A KN IR AF 32 10 2 32 8 4 L
K] —2F 32 B N [R) 22 3 1 46 53 5 0k B) 4 A 0 2 e
U 771 05 1 B AFAE 22 5P AHAE FE S R AR B B
i R DA DG o AS B 5E DNART B A A R PR 2
DX 18 A A I R R A TR 4> B AR AR T 6 bk £ MR
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