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Molecular identification of Colletotrichum species causing
anthracnose disease of Cornus alba ‘Bud’s Yellow’
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Abstract The anthracnose disease of Cornus alba ‘Bud’s Yellow’ is widespread in Shanghai. In this study, two
different types of strains were isolated from infected C. alba ‘Bud’s Yellow’ leaves collected from Shanghai Dis-
ney with anthracnose symptoms, which were confirmed as pathogenic agents by infection assay. Based on multi-lo-
cus sequences of ITS (internal transcribed spaces) , GAPDH (glyceral-dehyde-3-phosphate dehydrogenase), CAL
(calmodulin) and TUB2 (f-tubulin 2), concatenated phylogenetic trees were generated by maximum likelihood
and Bayesian inference. Two phylogenetic trees showed consistent results in which the pathogenic strains were
grouped in the clade as Colletotrichum siamense and C. gloeosporioides. Together with their morphological char-

acteristics, the pathogenic agents were identified as C. siamense and C. gloeosporioides. This is the first report of

Colletotrichum species causing anthracnose disease of C. alba in China.
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PEFEFE A D. destructiva 5|8 KA DU B AE Cynoxylon
florida (5344 Cornus florida) BRI HI . N
1P A WL ZL T AR B 8 AH S 41

W5E & Diplocarpon JiiBelEH B Elsinoe . 5JH A
J& Colletotrichum WiV 2 FH.I& I LA S BURIH G, H
H R TR L DR S UL ) < SR e B 3 D I
P AR A R BB S L . RIE T
Colletotrichum spp. ¥ EJ0H) 1z, W IF 2R EE
Y ETAEY) XA M) . AR S8 A X T
BRI BTN — L WA B L, 20 T4t 90
SRR SR 1 7028 56 B T3 AR A1
R AT AR S /AN I 26 T A% R S 1 T 285 S
A TCEILARFES SR th %)@ B 1 4l 74
fiE FE1F B BB TR A ATRE » 5235 3 VIR 4550 A
R B A B [8] A B A A R AE R A ER T 25
SEXELIER S . B ST A R R BT
VR DNA P4 5 1R] B X (cDNACTTS) ) 43 1 2% 78 7
AR5 B 8 B 1/ 28 %™ (R ITS Jp
N AEIZR B RGP A A A 2 A REA RLIX
SRRGRTY RS ST 2 BRI R VG S b il
DIAEZS M P U 1 3 2R 48 5 T BOg il iz
HFRIAHIE R G FBR . FE¥ERATA
[ (9 22 BE D8 B4 B xDNA-TTS, 3R H-MEE A
i (glyceral-dehyde-3-phosphate dehydrogenase, GAP-
DH) JLT A (CHS D JL3h 2 H (ACT) (AL
H3 Chistone3, H3) #l gl & H H 2 (ftubulin 2,
TUB2) . A& Z Bt & B (glutamine synthetase, GS) |
45 1 (calmodulin, CAL) , ¥R RIAH C. acuta-
tum JETRIA R C. boninense FARRIAH C. demati-
um . 5% K JH W C. destructioum., 1 H #1 I JH
C. gigasporum [AHIRIARE C. orbiculare, FAMERIRIE
C. spaethianum FIELRIA T C. truncatum 5845
BT TACRRGAHIIIE 0 Weir SIS
GS.CAL F#8 F A 157 {1k it 2 (superoxide dismutase
2, SOD2)FE P 3 8 /> 3k FR G IS A i S 1 C. gloeos-
porioides EATFIAT/AT, X o3 22 AFpHY

R4 AR C.oalba ‘Bud’s Yellow” 78 I ifg
e AR A I AR TR AT T O A I
IR A 3 A7 I MRV RRAE . ASBIF SR Ji
AT 5 B, BE T 2 3L Y 91 s g3 ) P S5 KA AR
(maximum likelihood, ML) Fi1 D1 - 43 #r #2: (Bayesian
inference, BD #4728 58 4k 70 M7 4l LAJE 285 ¢ 1iE WL
S HAE 25 8 £ 3 AR SR R I AT 2 . 20 ]

SEIBZ IHE C. siamense FAAIRIEH C. gloeospo-
rioides, LI 20 i B KBRS HEEL SR .

1 RS
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FERCEL 1 a~b) . R R TR b dFh
6 pl TR MR R B TR R LA & R AR
MG, BEIEKA R B Rk 3 M EE
1.2.2 WaRgEME

FIMEFL 2 F PDA AR B35 5% 3~5 d, I E#&E
7 mm FTLERTE R R A S AT A Y, SEER & 1 m
eATEL B AR AR b BB A R i s A B
Je » W BT X T 5 [ 4 10 5 P G TR 7K 12 4 P S s A
W, WEFHAMNE, BMEKRE 3 ANHELE (BEL
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PAREUER 4] DNAM
1.4.2 H&ZEEH PCRY ¥R F

SR R B ITS.GAPDH .CAL . TUB2 3:H ¥~
BEFDI T . BT E 5197 50 B PCR RN 454 %
HCHRN B AR T A TR ) e A PR
ARG D,

25 pl. PCR JZ Jij & %: 10 X PCR Buffer 2.5 L,
25 mmol /L dNTPs 2 pl., 25 mmol/L MgCl, 1.5 pl.
20 pmol/ LiE ) F1 B2 [0 51 41 45-0. 5 L. 50 ng/pl. DNA

Btk 0.5 pl.5 U/pl #Tag 0. 125 pl,ddH,O #bJE %
25 plo O FEJF: 94 C FAR 45 min; 94 CAE 1 15 s,
51~57'CiB 2k 30 sGR KRS 1 910ee) . 72 C i fi
45 $,35 AMEF; 72 CHEH 5 min,

FH 170 Byt i i e s L UK K DU PCR 7™ 97, 9
DNA B Bl & V1 e 2lifk . 24k J5 9 DNA J
Briftiz pMDI19-T K. # Ak A IM109 K T #
JESZ S A, PRIV B s R R AR TR TR (E
T80 JBe Ay A RS "IN

*1 AHRETASY
Table 1 Primers used in this study

FEH Gene 5|4 Primer JF51(5'-3")  Sequence Sk References
ITS ITS1 TCCGTAGGTGAACCTGCGG [19]
1TS4 TCCTCCGCTTATTGATATGC
GAPDH GDF1 GCCGTCAACGACCCCTTCATTGA [20]
GDR1 GGGTGGAGTCGTACTTGAGCATGT
CAL CL1 GARTWCAAGGAGGCCTTCTC [21]
CL2 TTTTTGCATCATGAGTTGGAC
TUB2 pt2a GGTAACCAAATCGGTGCTGCTTTC [22]
pt2b ACCCTCAGTGTAGTGACCCTTGGC

1.4.3 FO xR % 5 F R R
¥ ITS.GAPDH ,CAL , TUB2 %&[R J B ()0 45
RS GenBank, 75 NCBI ¥t 22 i 7 BLAST,
M GenBank " #5 [7] 44 4 55 19 1 371 B HLXT
IR RR T8 (6 2) . H MEGA X #4565 7
AR5 JFE ITS.GAPDH .CAL . TUB2 J¥5 )% F

BN BT ClustalW Hext, IF# e Wisw . (il
Sequence Matrix 1. 80 # 4 4#% ITS-GAPDH-CAL-
TUB2 iy & e i 4 A5 3 Z J NG Jp 51, ML
BRI S3HT 72 MEGA X 8l T e KA
SR (ML) 4 8 22 FE R R G ifF Ab A L bootstrap {H 1%
10008,

x2 AHARFAREREKREFSY
Table 2 Details of the Colletotrichum isolates used in this study

Fpk TR GenBank J¥%15  GenBank accession number EZTN
Species Isolate ITS sAPDH TUB2 CAL References

C. aenigma ICMP 18608 * J1X010244 JX010044 JX010389 JX009683 [11]
C. aeschynomenes ICMP 17673~ JX010176 JX009930 JX010392 JX009721 [11]
C. alatae ICMP 17919~ JX010190 JX009990 JX010383 J1X009738 [11]
C. alienum ICMP 12071~ JX010251 JX010028 JX010411 JX009654 [11]
WHNIRIEEE C. asianum ICMP 18580* FJ972612 JX010053 JX010406 FJ917506 [23]
T IRIE R C. boninense MAFF 305972~ HM585399 HM585386 HM585421 HM582004 [24]
CBS 123755 * JQ005153 JQ005240 JQ005588 JQ005674 [9]
C. clidemiae ICMP 18658 * JX010265 JX009989 JX010438 JX009645 [11]
WA RIARE C. fructicola ICMP 18613 JX010167 JX009998 JX010388 JX009675 [11]
ICMP 18581 * JX010165 JX010033 JX010405 FJ917508 [11]
AIRIAF C. gloeosporioides ICMP 17821~ JX010152 JX010056 JX010445 JX009731 [25]
ICMP 12939 JX010149 JX009931 — JX009728 [11]

HRM-SA5 MK530178 MKS532362 MKS532366 MKS532364 VNI
C. jasminigenum MFLUCC 100273 * HM131513 HM131499 HM153770 HM131494 [11]
HFRERIARE C. musae CBS 116870 * JX010146 JX010050 HQ596280 JX009742 [26]
ICMP 19119~ JX010146 JX010050 HQ596280 JX009742 [11]
C. murrayae GZAASS. 09506 JQ247623 JQ247609 JQ247644 JQ247596 [27]
GZAASS. 09538 JQ247632 JQ247608 JQ247645 JQ247597 [27]
C. nupharicola ICMP 18187 * JX010187 JX009972 JX010398 JX009663 [11]
C. queenslandicum ICMP 1778 * JX010276 JX009934 JX010414 JX009691 [11]
C. salsolae ICMP 19051~ JX010242 JX009916 JX010403 JX009696 [11]

BB AR C. siamense ICMP 18578~ JX010171 JX009924 JX010404 FJ917505 [11,28]

ICMP 19118~ HM131511 HM131497 JX010415 JX009713 [11,28]

ICMP 18642 * JX010278 JX010019 JX010410 JX009709 [11,28]

HRM-SA4 MK530177 MK532361 MK532365 MK532363 N
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475K 2 Table 2(Continued)
Fhk PR GenBank J¥%15-  GenBank accession number E =D
Species Isolate ITS GAPDH TUB2 CAL References
C. theobromicola ICMP 18649 * GU994360 JX010006 GU994477 JX009591 [11]
ICMP 17957 JX010289 JX009962 JX010380 JX009597 [11]
P IR C. tropicale ICMP 18653 * JX010264 JX010007 JX010407 JX009719 [11,29]
SsLaRIE R C. truncatum CBS 151.35* GU227862 GU228254 GU228156 — [30]
CBS 195. 32 GU227865 GU228257 GU228159 — [30]
C. vini ferum GZAAS 5. 08601 * JN412804 JN412798 JN412813 JQ309639 [27]
GZAAS 5. 08608 JN412802 JN412800 JN412811 JN412782 [31]
C. xanthorrhoeae ICMP 17903 * JX010261 JX009927 JX010448 JX009653 [11,32]

D« BB AR E R ST B S bR LK. Comurrayae IBEF RIAH C. siamensel! V534,

% Ex-type strain. New strains and accession numbers produced in this study are in bold. C. murrayae is synonymous with C. siamense-161.

i, 7E PhyloSuite v1. 1. 14 i i 55 5 45 ik
KA RN 4% . FH] PartitionFinder 2 XfEXA 7
NG BOIFA TSRS 1] MrBayes 3. 3. 6 52T D1
AT (BDIEE 2 3L R G . BT
R A] REESZ R 1A 1 (Markov chain Monte Carlo,
MCMO) 321 7&K 2 000 000, FlIAESE 7 100, HAxh
BINSEL. P RBIHRC. truncatumlE NI,

2 ZHRE5HM

2.1 HEEKRMNBRENE

¥ o B B TR R FH AT TPk TR 22 HL Rk
G350 T B B R 0 RN S AR R b A3 B B R
HRM-SA4, HRM-SAS J5 &35 » 15 /KX BRI A K0 o

Pk HRM-SA4, HRM-SA5 3R ] il & 77 5 41
R B AT i 4~5 d 5 R A ISR B
AREGE TR GG BE (8] 1la~b) . HE2ZHAERIG K
MR 10~14 d J5 . i R b3 AT RS S R () R E s
BECE Le~d) i BE T 0 3946 A B €6 70 A 1t 3 (5]
Lo I RAR BORIE R TG .22 5% . XP BESEA T 150
B ARG S IR B MO S — BN R R . AR ]
R ECIE I R 56 4 2 15 31 1) HRM-SA4, HRM-SA5
P L1 S ARSI A

,. 3 _ ® d
a: BRIy A A BRHRM-SA4; b: Bk 1 #2R# #kHRM-SAS; c: 3%
PR M HRM-SA4; d: 35K 1 3 HRM-SAS

a: Detached leaf inoculated with HRM-SA4; b: Detached leaf inoculated
with HRM-SAS; c: Live leaf inoculated with HRM-SA4; d: Live leaf
inoculated with HRM-SA5

E 1 gEmABEFEEN FERERERER
Fig. 1 Anthracnose symptoms on detached and live leaves

of Cornus alba after inoculation

2.2 FREENESHENE

Yl I T Bk HRMESA4 FiT HRM-SAS 7¢ PDA -
M E ISR B WIE 2 AR 3, PO RR T 22 S AR
A rR AR BRI . HRIVESAL R4
R, G RE LB N I A 8, T T R SR ol
Haa (5] 2a~b) s HRM-SAS BRFIE N 1€, J5 28
B RS e =y mla B T A O 1= P A N CER s NA R (U = b R P
TGL L (B 3a~b) . AR T3 0 Hie, 3 B, [ A
T HLhER s Wil 5k 3, /D B — i B ] (& 2¢530)
BEHLIE OO EES A 100 A3 A= I £ FL K /)N, HRME
SAY BHRAMEHIF AN (8. 16~17. 97) m X (2. 98~
5. 86) um (P-4 14. 76 pm>< 4. 70 pm,n=100) ; HRM-
SAS MRS TF RN R (11, 68~18. 73) pm X (4, 03~
6.10)mCEF 15. 57 pm X4, 94 pm.n=100), KT
A S B RN TR R B R B A5 R BRI B
HRM-SA4 Fi1 HRM-SAS 1875 A= 1 8 B 43 5 Ky (7. 1+
0. 9mm/d FI(11. 040, 2)mm/d, MHGE R ) FiRTE
BRHIE I A B R 5L TR P AN TR R

a-b: 7EPDA L9210 d WGP T4 F S T; c: 4 AL T

a-b: Front and back views of colonies cultured on PDA for 10 d; c: Conidia
2 itk HRM-SAd BT A5451E
Fig. 2 Cultural and morphological characteristics of HRM-SA4

a

a~b: fEPDA E#53%10 d YR ¥41E KA ; o 43

a-b: Front and back views of colonies cultured on PDA for 10 d; ¢: Conidia

B3 Etk HRM-SAS By AS4SE
Fig. 3 Cultural and morphological characteristics of HRM-SAS
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2.3 REENZEEFIBRESH

¥ 7 Bk HRM-SA4 Il HRM-SA5 iy ITS,
GAPDH CAL.TUB2 [N F BER I e 45 R AR S 2
GenBank 348 5, 38 O 55 K I MK530177,
MK?530178, MK532361, MK532362, MK532363,
MK532364 . MK532365 . MK532366 (% 2), 74
2z BLAST HoX 278 B Ak HRM-SA4 F1 HRM-
SA5 [ ITS J¥ 5 5 AR C. gloeosporioides.
B RIAWE C. siamense., C. aenigma 530+ Fh R JH
B B AR TTS 41— 80Pk i ik 9826 ~99. 87205
HRM-SA4 1 HRM-SAS 1) GAPDH ,CAL J¥% 5
A IRIE A L C. musae C. aenigma 2550+ Fh o JH &
M bR 91— B0 248 90% ~ 100 % 22 18] 5 P

57| Colletotrichum alienum ICMP12071

o L Colletotrichum nupharicola ICMP18187
Colletotrichum fructicola ICMP18581

o [ Colletotrichum fructicola ICMP18613

e Colletotrichum aenigma ICMP18608
Colletotrichum viniferum GZAAS5.08601

00-[ Colletotrichum viniferum GZAAS5.08608
Colletotrichum musae CBS116870

0ol Colletotrichum musae ICMP19119

HRM SA4

Colletotrichum tropicale ICMP18653
Colletotrichum murrayae GZAASS5.09506
Colletotrichum murrayae GZAAS5.09538

. [ Colletotrichum aeschynomenes ICMP17673
o

Colletotrichum siamense ICMP18642

Colletotrichum siamense ICMP18578

Colletotrichum siamense ICMP19118

% — Colletotrichum asianum ICMP18580
Colletotrichum queenslandicum ICMP1778

|1—L Colletotrichum salsolae ICMP19051

K HRM SAS
?{ Colletotrichum gloeosporioides ICMP12939
Colletotrichum gloeosporioides ICMP17821
Colletotrichum alatae ICMP17919
— Colletotrichum xanthorrhoeae ICMP17903
72] Colletotrichum theobromicola ICMP17957
—’00{ Colletotrichum theobromicola ICMP18649
Colletotrichum aotearoa ICMP18537
8L Colletotrichum clidemiae ICMP18658

) TUB2 33 5 B 18 % J5 7 - C. melanocaulon .
C. dianesei SFHEII T —BUEZTE 82260 ~99% 2
], 45 0], 1 pk HRM-SA4 fil HRM-SA5
ITS.GAPDH .CAL . TUB2 #:HF 45 % IEHF &
[ B TS M A 2, Hp 91 22 800
BLAST J¥51 He X e LSS o 2 F

HT ITS.GAPDH .CAL fil TUB2 % 4 A3
A A L AR R TNO3+ G, A T 40 2
HPRINZ B ML RGEHER (B 4) . TR R GeikE
feAs rfr, HRM-SA4 F1 HRM-SA5 43 331] 5 38 % 5 i
C. siamense ML R IE C. gloeosporioides
A8 TE RS 2 A5 3. B RME S0 R 95
F1 99,

JE AL A Rl

C. gloeosporioides complex

[ Colletotrichum boninense CBS123755 I T HIHEE G R

P AR ALk

030 New strains in this study are in bold

Colletotrichum jasminigenum MFLUCC100273

100 I— Colletotrichum truncatum CBS151.35
Colletotrichum truncatum CBS195.32

10| Cotletotrichum boninense MAFF305972 | C. boninense complex

PR BIHR S AR

C. truncatum complex

4 ETFITS, GAPDH, CAL 1 TUB2 ZERF F 3 HREEHE ML R LR
Fig. 4 ML phylogenetic tree based on ITS, GAPDH, CAL and TUB?2 sequences of Colletotrichum spp.
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[ i, 56 T 2 SR HK G 17 91 43 X A8 B ) Ar 45
%, /] PhyloSuite v1. 1. 14 #{f A9 MrBayes 3. 3. 6
Fapgdt T 3 F DL 3k (BD 2 55 (F & g Ak i ([
5. Bl Z 3K R % #F b & & 78, HRM-SA4 Fi
HRM-SAS5 73 5 518 % I E C. siamense FNJIK

roColletotrichum aenigma ICMP 18608
_m_'{oColletotrichum musae CBS116870
"~ 1Colletotrichum musae ICMP19119
_,,FC olletotrichum viniferum GZAASS5.08601
toColletotrichum viniferum GZAASS5.08608

1

9 ‘g‘ olletotrichum alienum ICMP12071

°

o Colletotrichum nupharicola ICMP18187

‘*Colletotrichum fructicola ICMP18581
1.[ oColletotrichum fructicola ICMP18613

Colletotrichum aeschynomenes ICMP17673
Colletotrichum tropicale ICMP18653

o HRM SA4
. Colletotrichum murrayae GZAASS5.09506

J oColletotrichum murrayae GZAASS5.09538
g olletotrichum siamense ICMP 18642

Colletotrichum siamense ICMP18578

YWolletotrichum siamense ICMP19118
w0 Colletotrichum queenslandicum ICMP1778

w— Colletotrichum salsolae ICMP19051

Yo Colletotrichum asianum ICMP18580
“HRM SA5
i Colletotrichum gloeosporioides ICMP12939
wColletotrichum gloeosporioides ICMP17821
Colletotrichum alatae ICMP17919
Colletotrichum xanthorrhoeae ICMP17903
(‘Colletotrichum theobromicola ICMP17957
toColletotrichum theobromicola ICMP18649
= Colletotrichum aotearoa ICMP18537
"~ 4w Colletotrichum clidemiae ICMP 18658

O

RIAH C. gloeosporioides BELE— 10X, IG5 KL
¥R 145585 ML Z B H R G0 — 30 i e
I3 JEL TR R Bk HRM-SA4 Fl HRM-SAS 43 5]y i %
IR C. siamense F AR IE H C. gloeospori-

oides,

F’ﬂ(]olletotrichum boninense CBS123755
%Colletotrichum boninense MAFF305972

™ — Colletotrichum jasminigenum MFLUCC100273

—_— 0012

ACHIFFE R B AR R AR

New strains in this study are in bold

[“OCGIletotrichum truncatum CBS151.32
Colletotrichum truncatum CBS195.32

T

5 ET I1S, GAPDH, CAL f1 TUB2 £ £ FF 5K 5 E E 8 N H R et (L ixt
Fig. 5 BI phylogenetic tree based on ITS, GAPDH, CAL and TUB2 sequences of Colletotrichum spp.

3 itig

1128 B A SR e i T AL 38 AR B 2 — ol BB K
I TEAR MG BB, BB B AR I BRAE L K AR
VU REAE R M IR BB AEREAR KIARSE T i B
RAGFHAR . Brown T LR LSS R T
LU 2R B R IR RO BT MR 5 22 B L 203 K C. alba HEE
YK A D destructiva {24, {ATE H R
S AR I DY BRAE K A8 DY B AR D HR A
Cornus kousa % B % iz Yt Jy FEEY 2013 4, Mi-
haela FRUCIE B 1T N 1482 Flr B K P JE £ L D. de-
structiva P BUEALE 288 205 K C. alba ‘Bud’s
Yellow” 7E N VF 2 LU BRI B 5 T AE H AR 5%
PETF A DU BB 46 & i 2k Fi C. florida, C. nuttallii,
C. kousa XT 58 K1k JE 8 #1 D. destructiva J&RFH
Miller 2% 50 & & PCR $E AR X} 1909 48 —2011 48
[ERAE R S8 PU RF G HARSE 9 MESE

[ 70 A LLZR BIARASHEA P i B 4G » 5 R B » T
HHAMIT G 8 C. controversa., 3¢ [ ) K AL P4 I AL
C. florida HEIEDR C. walteri SEHRA R A, 3 4
U8 B R E LI ASRAIIRA D, destructiva®™ , A%
IIFFEAELT i A BB A TEL I o S o 0 B i R s oA O
BB SRR A B DA PR

BEAk . LA 1948 4, Jenkins 5 & A5 1 147 &
B Elsinoecorni B8 S BRIV NBAE C. florida 3
HRJE G (spot anthracnose) , M ERIEIR Z R 1~
2 mmfIRFEBES 51965 4, Toole ZE 1 Lambe 253
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