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TAI Lianmei' ZUO Yuhu'?

Abstract: [Background] Sorghum anthracnose in Heilongjiang province is one of the main sorghum
diseases, which seriously affects the yield and quality of sorghum. [Objective] To definitize the pathogen
species of sorghum anthracnose in Heilongjiang province. [Methods] The pure culture of pathogenic fungi
causing sorghum anthracnose was obtained by tissue separation and single spore purification. The isolated
pathogenic fungi were confirmed by Koch’s rule. The morphological characteristics of colony, sporulation
structure, morphology and size of conidia, were used to identify the pathogen combined with rDNA ITS
sequence characteristics. [Results] Three isolates D13, H4 and Z24 isolated from different regions were
pathogenic fungi of sorghum anthracnose by Koch’s rule. Morphological observation showed that the
colony growth rate of 3 strains on PDA medium (28 °C) was 7.3—12.3 mm/d, the hyphae was white,
grayish white to grayish brown, and the colony was light yellow to orange. Setae erected and its base
distended, were brown or dark brown, with 3—5 grids. Conidiophore generates directly from hypha,
colorless and eseptate, short, erected or slightly curved, unbranched. Conidia are unicellular, sickle,
acuminate to both ends, smooth, colorless, sometimes with an oil ball. The appressorium produced from
the apex of the hyphae or mycelium, the apex is dilated, with color of brown or dark brown, subglobose,
ovoid, elliptic or spindle-shaped and its margin was smooth, lobes, more lobes or deep lobes. The rDNA
ITS sequence accession numbers obtained from isolated D13, H4 and Z24 were MW040055, MW040057
and MW040056, respectively. The phylogenetic tree based on rDNA ITS sequence found that the D13, H4
and Z24 of the isolates were together with Colletotrichum sublineola. |Conclusion] The pathogen causing
sorghum anthracnose in Heilongjiang province is C. sublineola.

Keywords: sorghum, anthracnose, pathogenic fungi identification, Colletotrichum sublineola
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C. graminicola FHAZYL £ K, 1 C. sublineolum 2
HETE S B2 [Sorghum bicolor (L.) Moench] ., #iith &
[Sorghum halepenese (L.) Pers)55 &5 @ fti4y P19,
e SCPAE IR 6 T ARG IR RE S 0 AR RS
KNS, BRI E R AFF, 2009 4EL)
Wi HE 2 XA C. sublineolum Henn. ex Sacc. &
Trotter, 1M sublineolum " sublineola W)FETRAS{A
M H C. sublineola {1z, FTLIRINZRI£, A
SCHRFH C. sublineola™ . ITAEA, M2 EHIN N
C. sublineola J2:78 B AR BOR ELH T, H
e VLA e B 5 IR e et L TR R R AR R A
(C. graminicola)ik & E 3 RIH R (C. sublineola) ¥
AN, SR, AR SO BRIV 5 kS S A JELR 1Y
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95 I B0 ELE AR 3 2, Az F T
B iR PR AL ER AR
1 MRS H 3%
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RIS RE , 3 BIRAE TR BTN
—R B | MR T R FEBUR R PR AR L 1y
$H,
12 HikSRmi

Jem 25, HBIETLARIFF B EY & R
FETERALL
1.3 FERFIFLEE

PDA 535 5(g/L): Th455 200.0, %0 16.0,
BIER 14.00 73kt = HHERALE(CTAB), T2 50
AR R LU LR —BH(EDTA-2Na), 227K
PIBHEA IR F] ;. 2xPCR Master Mix, DL2000 DNA
Marker FIRZIRYRE, A= T AW TR I PR
Ao PCRAY, Bio-Rad Z4w]; HLIKICHIFEIKAE, Jbat
N—HETRAA B F]; ik BAdE , Olympus 23 F
14 REEEMIBESHL

R AL B T I LR 43 5, SR PRA
ali Ak A TR SR LA AR KAl bR B TRk
F, 4°C -1

1.5 HmHENE

SRR TG TE S N THEEE, FRRh RS
FFE T BN 20 em WIERLN, BRAREET 15 £%,
g R 3 MR . R o s A b AN TR o3 B kAR
F| PDA Rig5dE, F28°C, 12 h EWEAs B R 3E 10d
PAHLE, TR 1x10° AS/mL HUEWR . KRS
WS FAERI R, DABIZS TCREACH W B $ERD S
B 25 °C (BN 24 h, FBUBBEIREHIE,
FLIE A WK — KR . B RS sk RIS AL, ¥
MR AGEIE, SRIAZUS B T EAs A FRIR o3
BafIE R
1.6 SRXERKREEENESZNE
1.6.1 EERESMNE

o B RAR AR T B k4 PDA 55536 1k
5, HER 6 mm FT1La8 T IS4 THU SHH [H]
PITEPE, R HICH PDA AR b, 5Btk
W 4k 28 °C R HE AR 5 d Rl AT 5iR,
WEGFIC R BEES . B, iR,
1.62 SEBMTHEESK. BLMERS=REN
pUk 4

KPR R TR AL TIRES, FRASIA] 43 B bk
FE A AR A 5 B IR S B R L A 7
FIEE . WMERIER S5 . S8 Sutton
SERTARN RSy B MR A A T e e 1O 1220
17 SRRERFEEENS FENFETE

J3IE 0.15 g 5537 TF PDA A |- 5 d # 3 ¥R
JRE R B 22, KA CTAB B BUR B 1 5L
7 DNA, FHIKIAHR 520 °C 174 AP,

KH5#) 1TS1 (5-TCCGTAGGTGAACCTGC
GG-3")#l ITS4 (5-TCCTCCGCTTATTGATATGC-3")
SR FRA rDNA ITS FE51Ef 7 PCR §74% . PCR
SR Z(25.0 uL): ddH,0 9.5 pL, 2xPCR Master
Mix 12.5 pyL, ITS1 (10 umol/L) 1.0 pL, ITS4
(10 pmol/L) 1.0 puL, #4% DNA (50 ng/uL) 1.0 pL.
PCR 2% 442 95 °C 5 min; 94 °C 30's, 58 °C 30 s,
72 °C 90 s, 35 MEH; 72 °C 7 min*2%, PCR
VIR 1%3E R MEEERC A TR KA, M5 A% 7 ik
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KX as R 99% 1975 N4, 1 MEGA
7.0 A T 2 FF S HEXT, LA Monilochaetes infuscans
ARAMEE, FE KSR (Maximum Likelihood, ML)
RS R EW, i A4 (Bootstrap) ¥ RGE K
BRI TR, 1000 REH
2 ZRE454
21 REEESBSHFENE

M3 ARSI E I 28 BREIMR, B RAE
MBEHLZE R — Rk I35 %5 o D13, H4 M1 224, T
oI E S o A S E

SRS F R R AT A b, AR 2R
o SREEF BT e, BEEMRBEY K, 4B MLl
. W ESESARIESIERIEWRBE(E 1A). ¥
3 BRAM Y D13 H4 M1 224 TE oy 2 51 WIEA 7 al

1 SRKRERHEZFERRBFENESR

PERORIEDE . $EFP 36 h J5 T WARSERE L JERb
8 d JaRI M 5 HEARFIAER (A 1B, 1C. 1D),
VATCRIZK IR 0] BER WL BE(&] 1E). 3 RS
YIHE e 2 SRR SRS AERE R, X
ATRE S B MR AR A AN A B b i AT G . BRI &
o A P RT3 B TR 5 5 B — IR A s A TR
HERAZ ) D13, H4 FI 724 B0 E R RIER Y
WA B (B 1F, 1G. 1H).
22 SRRERFREERSEE

3 BRI LT TE PDA Vi BRI RESE 5 d R TE
HHR%, WEBRAERZAAEKAE, 59,
SYESKE HA Fl 224 BiFREEN B (50 I %, I
BEASTR, fi¥. 5 H4 Tl Z24 L, D13 [RESR
FEN A5 AL A R AR TR (E] 2A
2B. 20). 3 Ml W& RIS RIS 3 d J5
L1 A o 1 3 WA B0 R k15 2t Ml | E S YA
SRR, W asRE G, 35 W /AR
BHENR 2R b=, ot REIR SR, it

Figure 1 Symptoms of sorghum anthracnose in field and results of pathogenicity test

e Ar HFEZAGAIR; B-D: HESRLIEHEAARFE N E bR D13, H4. 224 (9 AHAEIR(23-28 °C, 8d); E: JCRUKEEFXIIE; F-H:
AFYERR D13 He . Z24 SR I 3 d IR (PDA B RAE, MBI, 28 °C)

Note: A: Symptoms in field; B—D: Symptoms of sorghum seedlings inoculated with different isolates (D13, H4 and Z24, 23-28 °C, 8 d); E:
Control group inoculated with sterile water; F—H: Different isolates (D13, H4 and Z24) were inoculated with sorghum seedlings and then

separated for 3 days (PDA medium, darkness, 28 °C)
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Bl 2 H#k D13, H4 70 724 BFSHHE

Figure 2 Morphological characters of D13, H4 and Z24 strains

. A-C: RE/FERE D13, H4. 724 4835 5 d BIYS(PDA B3R, MY, 28 °C, ZMINERIET, AN NEKSH); D1
RESYE R D13, Ha, 724 W BHIEAPDA HigedE, B, 28°C, BAHFE 3 d); D-F: ANESMEKE D13, H4, Z24 B4 EHT
B WIE, 2: SMERITHE, 3. AMERIT); G-I RESERE D13, H4, 724 (W5

Note: A—C: Pure culture of 5-day colonies of different isolates (D13, H4 and Z24, PDA medium, darkness, 28 °C, the left side is upper, the
right side is reverse); D—1: Microscopic features of different isolates (D13, H4 and Z24, PDA medium, darkness, 28 °C, slide cultivation

3 days); D—F: Acervulus of different isolates (D13, H4 and Z24, 1: setea, 2: conidiophore, 3: conidia); G—1: Appressoria of different isolates
(D13, H4 and Z24)
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TEA R, BEarsEh, AR A R AR
I, AR, Bk, mmsREide, RiEDk
W, Joth, AEMMER(E 2D, 2E. 2F). MH&ERE
e R 22 AR ni s B 224K 7= A, RimigR, we
BV EEIE . BVERE . MIRTE . 8 =Mk
Yy, NG . R 2R SRR (B 2G6.
2H. 2I).

D13 IR 227E PDA KiaRdk b imAE K I
PF H4 Fl 224, D13 W5 AER T4, HA 0E
fFAE(FE 1), 3 %5 Crouch #iikH C.
sublineola —%(, ¥ D13, H4 1 224 FkkwI 4% 5E
WOLEE S IENE
23 SRREFREEERS TEVFETE

FR D13, H4 1 224 24 PCR ¥4 I J5 510 &
SRR RFES 513,520 F1 523 bp, ¥ rDNA ITS
FEA452 GenBank , 251555 5% 543 5112 MW040055 .
MW040057 F1 MW040056., 7£ NCBI Hi4T rDNA
ITS JPHIEExF, FHEIFFIAERINE S 99% KV L. 8
W RGE L BW(E 3), 7RG, 3 1
WY C. sublineola BAER—7 % F.

3 s

XF A 3 AR AR 5B SR AL A T S LR
Y Gatk, SRR 28 MORIRELE, M 3 R
AR RIBENLEEIR 3 M it L TR 28 O I 2 FITE
BT HEYESE , BE RS IIER(C. sublineola)

F 1 BkkDI13. H4 F1 724 BIRSHSE

Table 1 Morphological characters of D13, H4 and Z24 strains

2 PR VTAR o S R IR 1 B0 LT

VLA, TR SRR TE TR Il 5y 3 ™ X AT AN [
FREER KA, JUHIEm TR (A e 8, i i b
JUFHN, 2R H B oA 3R R 3 A 7 b
T T SE U A R s
C. sublineola; %IEEVIIRE 8 44 13 1Y 210 #k
R BRI Y 39 PRI TS E, B R C.
sublineola; FAKIFEEMNUNIAE 225 Wi S nIENG A
Y 215 ¥k C. osublineola , 43 B R & ik
95.5%!"7 . ABHFSE S T VA o S SR (0 B0
HpEWJE C. sublineola.

ABFFE BRI 3 MR TE PDA HigRdk
FARRKEBER, 3RS dMEEIRDE, A, K
P, R G EME G, 3 MR TE PDA K537
B B, g R BRI REA AN S K
M ERITRBE L, oA AR I AR 2244 I
A, ok, B, EALEREE, ARaEL. E
Ao, gelk, BAmEK, (19.1-31.8) pmx
(3.8-7.6) um, P& MIRuRIZ K, BREAKE, HER
B, TRRZHE, EEOE . ONERIE . WIEDE .
“MIVSGIRRIE ; W80t . R 2R EIRR
F, (10.2-33.0) pmx(7.6-20.3) pm., 3 BRI 15T
Y Crouch Z5RIERY C. sublineola FEZSHIN], Rk
WA O, (0 D13 WEE S G, Xaags
B FEIEN B O AT S 3 MR S

Isolate Observed items

Mycelial Upper colony Reverse colony  Sporogenous Conidia size (um) Appressoria size (pm)
growth rate characteristic characteristic structure
(mm/d)

D13 12.3 White to light gray, Grayish white  Clavate (19.1-30.5)%(3.8-6.4) (10.2-20.3)%(7.6—17.8)
central eminence,  to light yellow (av=25.3x5.2, n=100) (av=14.4x12.1, n=50)
no ringed

H4 7.7 White to taupe, Light yellow to  Clavate (20.3—29.2)%(3.8-7.6) (12.7-20.3)%(8.9-15.2)
bulge in the center, orange (av=23.8%5.3, n=100) (av=15.9%x11.4, n=50)
ringed

724 7.3 White to taupe, Light yellow to  Clavate (19.1-31.8)x(3.8-6.4) (10.2-33.0)%(8.9-20.3)
bulge in the center, orange ampuliform (av=25.2%5.0, n=100) (av=16.5%12.6, n=50)

ringed
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54

DI3 (MWO040055)
724 (MW040056)
H4 (MW040057)
Colletotrichum sublineola (KT351802)
Colletotrichum sublineola (MN853347)
Colletotrichum sublineola (KY911960)
Colletotrichum sublineola (MK881664)

Colletotrichum sublineola (KT351802)

— Colletotrichum eremochloae (MH865527)
— Colletotrichum eremochloae (MH865530)

98 | Colletotrichum navitas (JF437054)
Colletotrichum navitas (JF437053)

— Colletotrichum navitas (KC790960)
Colletotrichum metake (AB738857)
100 | Colletotrichum metake (AB738859)

Colletotrichum metake (AB738856)
Colletotrichum metake (AB738858)

Colletotrichum cereale (JX625159)
Colletotrichum graminicola (MT077165)

71 | Colletotrichum graminicola (MN382359)
Colletotrichum graminicola (KM040785)

0.020

Monilochaetes infuscans (JQ005780)

3 ET rDNAITS F5I#3E D13, H4 71 224 B ARG R B R
Figure 3 Phylogenetic tree of D13, H4 and Z24 strains based on rDNA ITS sequence
T2 203 EREE 2R Bootstrap KyB i35 F R, A FESCRF(Bootstrap)>50% 1 /R 7E44 AL 73 319 /i b5 155 979 GenBank

T PR AR A A B EE LR

Note: The confidence values over 50% from 1 000 replicate bootstrap samplings are shown at each node. GenBank accession numbers are
shown in the parentheses. The scale bar indicates the base substitution rate

FERF R 74850 C. sublineola WYKIE
BEAEZER, “EWEEEFESGHE ., KAZE
B, X AT RER A AR RS ORI 3 bk
WA TR R R sk, ook,

E B, AR, 52N C. sublineola
2RISR, C. graminicola 7 C. sublineola i W{1R
LGS ZEINN C. sublineola RJ& C. graminicola
H—AFH 0 BRPIE MR FIE AR, FH
KN E2ZERHAR/IN, (B C. sublineola 43 FK B 5 5
BERTE RIS, T H. C. graminicola [ s KU1
RANE A IR, C. graminicola W77 FAEY) F N

FK, MM C. sublineola W22 i3 14y gsqg a1
fiiJH] rDNAITS 5414 73 Hribf 73 B R ik D13 \H4
724 F C. sublineola FARFE—3Z I, SHAbAHIL
FRTEAR 3 b, X SRS A E RS 4
AR

AT PRI LI 3 BRI TATE PDA HigRdk |
IESBEATERME . AR, AL
tDNA ITS FF81 XM 5 %2 B0 C. sublineola.
AR ERIES 5 TV R EE IR, %0
VR LR AT F VO RS A AR, N RRIETIAS m Rk
JELI A 0 L TR A = S 5 JEL R (C. sublineola) .,
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