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Pathogen identification of downy mildrew on Sphagneticola trilobata
and its phylogenetic analysis

LI Huahong, HE Chengcheng, XI Pinggen, JIANG Zide, LI Minhui”

College of Plant Protection/ Guangdong Province Key Laboratory of Microbial Signals and Disease Control,
South China Agricultural University, Guangzhou, Guangdong 510642, China

Abstract: [ Aim] To explore a biological control method for the invasive plant Sphagneticola trilobata, we identified a new downy
mildew-causing pathogen on S. trilobata. We also performed phylogenetic analysis of the pathogen. [ Method] The occurrence of
downy mildew on S. #rilobata and its damage were investigated in Guangzhou, Guangdong. Based on the host and symptoms of the
disease, as well as the comparison of morphological characteristics, the pathogen was identified. Phylogenetic trees were construc-
ted, and the structure of the ITS sequence was analyzed through cloning and sequencing of the LSU and ITS regions of the pathogen.
[ Result] Downy mildew of S. trilobata occurred sporadically in Guangzhou. The disease on the campus of South China Agricultural
University was serious, and the incidence rate of the disease was 50%-70% , while the disease index was 30-35. The pathogen was
identified as a newly recorded species, Plasmopara sphagneticolae McTaggart & R.G. Shivas in China. Based on the LSU and ITS se-
quences, phylogenetic analysis indicated that the isolates of Plasmopara spp. that were parasitic on the plants of Asteraceae were
closely clustered in one group suggesting these isolates with close phylogenetic relationship. The ITS sequence structure analysis
showed that the ITS2 region of Plasmopara spp. that were parasitic of Asteraceae species contained multiple repetitive units, and this
sequence was different among the different species. And the results indicate the Plasmopara parasitized on the different Asteraceae
plants could be divided into several distinct species rather than a restricted species of P. halstedii. [ Conclusion] This is the first re-
port of downy mildew on S. #rilobaia in China, and the identified pathogen is a newly recorded species in China. The results of the
phylogenetic analysis showed that the parasitic species of Plasmopara on Asteraceae species are different, but their phylogenetic rela-

tionships are remarkably close.
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B B 2Y Sphagneticola trilobata (L.) Pruski
[ 544 Wedelia trilobata (L.) Hitche. ] X 44 =241
WA, 2 AR ) H 5 T i W A T 1 22 41 AR R A
Yy, 5 T S5 N S SR IX, T 20 tiE4D 70 4R
AR s s AR o | E R ] (5% 2 355, 2005)
T S M 4 X0 BRI 118 3 o7 1 5, AN ST 3 ok b Je
PEFHRR Z0 400 T Bl A 0 A (T e i A
2014) , i AT AR TR Y AR AR AR L A2 0 2 B
A HE SR E B XA HAE ) T P (RIS SIS
2020) JFAEMCE L EE SR IR, S IR ),
Jx A KA R AR B (4 AR, 2016) , A
PR AL S A LSRR, D oA e
B 9 100 4S50k AR YA 2 — (5% 4%,
2020) . ITAE R, FE 35 W M A 7E TR B R B AT IR
(D) CRREE 7R 7 P Rt e 45 ) L 5 B 0T AN
P R 1 A Wy 22 R AR A PR B 3 B R
i) RV B ( Qi et al. ,2014)

H AT, R 35 07 L4 (1078 38 = BRI T0E B |
WA BRa I E IG5 . N TIHBRACR B3
EFFEL R AW )y, 2 A B 1
R 7R 55 2 v B AR R 5 0 ML A I 45 SR B (H
PRI HC /5 3% B R e 15 G L 2 MR [ A5 T (A 2
85,2016) . A5 R, it FH A [R] ok B Y 7
ity TR RS A A A 252 B R 50 R 1 1A X 07 1 4 1
JRAE IR Zma A B S i fE — g R B AR E T I
B AR (2506 A5, 2010) , BRI g FH Ak 2 A 24 45
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G (I EESF,2016) AR, EORF R ELRR
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fGH , P, P54 R R W EAE T AR R AR e T
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KiHER DNA (ribosomal DNA, rDNA ) ¥ 51l 1 £
18S /NIF FE 4w S X (small subunit, SSU) | N ¥4 18]
P IX. (internal transcribed spacer, ITS) F128S iV J
Y i X (large subunit, LSU) J#31,iX 3 FlF 1) & #
FHI) B %58 7 FARMC (Raja e al., 2017) , Hip,

ITS 3 S 29 PR AR BU B A9 S TE AR, 112 I
TP EFNT 53 2 AKCT 1 B 4 8 R SR B 4 i
(Schoch et al.,2012) , &4 D1 F1 D2 5728 57 X 11
LSU J3#51), Bph s 5 1TS ¥ 50 245 4 i, o] F T &
T FNER B P AP %8 %€ (Raja et al. ,2017; Riethmiiller
et al.,2002) . AWFFEXT M Fa 38 0 0 2 95 T R A=
TG OCHE T IR A | I3 6P JEL TR ITS A LSU J¥ 813
FroakeE T ARG L E 54T, b re 26 07 B 44 75 25
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2008) .
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TCCGTAGGTGAACCTGCGG-3") Fl ITS4 ( 5'-TC-
CTCCGCTTATTGATAT-GC-3") #E 47 ITS J3 51 §" 14
(Raja et al.,2017) ; 5149 LROR ( ACCCGCTGAACT-
TAAGC) 1 LR7 ( TACTACCACCAAGATCT ) # 47
LSU A B9 1 ( Mctaggart et al.,2015) ., PCR J2
MAKZ K 20 wL, Ht Tag PCR Master Mix10 L, £
# DNAL pL, ETFi#E5I#4 1 pl, ddH,0 7 plL,
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T A BOR R BE RN SR B 6 /N IE B 9 s R A
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B ZE W P N TR B 2 B Phytophthora infestans
(Mont.) de Bary F17j ¥ 55 3% 8 Peronophythora
litchii Chen ex Ko et al. £ RAMNEEE, N H MEGA 7
ARG R T P I KAUSRYE (Kumar et al. ,2016) 43
FRIHEET LSU A1 ITS FAIM ARG K EW, Hd A
S HFESE 1000 YK, AR H £ R B P. hal-
stedii (Farl.) Berl. & De Toni Y ITS 254437 75 7%
(Spring et al. ,2006; Thines et al. ,2005) , %5 & ¥ 51
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Fig.1 Symptoms of downy mildew on S. trilobata
AJREMFIER(IER) 3 B CmE MR ()

D .5 F 75 H ) A SEAR
A: Disease symptoms on leaf (upside); B and C: Disease symptoms

on leaf (downside) ; D: Disease symptoms in the field.
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IR, 679 AL TR f AT b B R SO [
B LA R RIDEH, o, RAN(KXTE) N
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SEMEY) L B RE R R %, S 3 Rl s
Wy, 53 g B A AE S B Xanthium sibiricum Patrin ex
Widder | )% H- 54505 P. angustiterminalis Novot. |
FTFAAE ] H 38 Helianthus annuus L. F145 Y625 Rud-
beckia laciniata L. 1.1 H S5 PARNEE P. halstedii F1IR
RIS 8 25 A= 7 R S W48 )i L 2 PR Al
P. sphagneticolae Metaggart & R. G. Shivas ( AX7K4E,
1998 ; Komjdati et al. ,2007; Lee et al.,2020; Mctaggart
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et al.,2015) . TR ALPEART L] H 2% b Eg iR
Wi shi 79 SO T IRE AU, 5 % A 7E 4 PH
Yy 65550 2 Fh R 25 AR BT, MR A
UM E 7 LA A S
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Fig.2 Morphological characteristics of P. sphagneticolae
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A: Sporangiophore with branches; B: Sporangia.
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LSU ¥ 41l ( GenBank % 5% 5 : MW298155) , /£ NCBI
WL AT P81 RS 45 5R R AR TR (2-LSU) 555K A
WK R 7 M55 | FREZ6 I P. sphagnetico-
lae LIPS K, 355 99.86% . TMi%kT LSU J¥41 11
RGERE P (E 3) BoR, AW 5 A AL ARHEY)
] H 38R 4: 0045 F i) H 25 Jh 25 A A 55 0% M 2R
TE— o3k b oA R YA B b 4 H- s h
B35 Arctotis sp. 115 [CHLFNEE P. majewskii
Constant. & Thines DA J 77 4= F B BHE ¥ L 09 240
PR EE P chaerophylli ( Casp.) Trotter F135 [
PAENEE P. nivea (Unger) Schrot. 358t i B 7F — &%
H A SR R, BUs $E B 7 50 % B AR
LSU RGERE 73 b 55 5 Al a5 s 1 H Al b 7 d5e o
FIRE—i,

i| 2-LSU MW298155 *

T RWAML S 50 B Plasmopara sphagneticolae KM085176
1 H 35 8 P, halstedii EF553469

o] HZE 8508 P, halstedii KF927152

GCHBE P. angustiterminalis EU743802

16
20 N S
I [REAHIES P, majewskii HQ402932
4 UM R 5B P chaerophylli AY250163
T [ H 55 P. nivea AF119604

KHERIHTE P. megasperma AY 035516

WA A A P, viticola AY 035524
24 WU AN EE P. densa EF553464
JAANAE 550 % P. obducens EF196869

75 HUWiJERE Phytophthora infestans HQ665217

T FE LB Peronophythora litchii AY035531
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Fig.3 Phylogenetic tree obtained from a maximum likelihood analysis of the LSU region
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B ITS JP AR R AT 89% , 545 H- Bl 8 AH (L B2
N T8% 5 534S 1412 G TR HAE W) 1) 240 i 7 S
FE A B SR A — A B AR Gl F L i R
S E AR 4 A [R] R i A (2 S e Sl
% P. geranii (Peck) Berl. & De Toni, MR/ %55
PRSP, geranii-sylvatici Sivul. & O. Savul., /]
PABNEE P. pusilla (de Bary) J. Schrot. 1% [G B0 7

P. wilsonii Voglmayr, Fatehi & Constant.) , Hi It HA]
UL B TR 3 KUALAE 1 UL A B3 B P obducens
(J. Schrot.) J. Schrot. Fl1= Y47 28 ) 7 45 A= B4 25
P. viticola (Berk. & M. A. Curtis) Berl. & De Toni
TERGI Y3 7 5 1= G 3 BHE P 1Y B B R AE — L
AN ITS PR G T 43 B T LA 31X 03 25 A 1R
ANFERHE Y R SRR O BN 5 S I R A —
ok L
24 RFHEMRZAEMNELEES

LR [ R S WEAG A1) H2E b R e
P rDNA-ITS F 95647 Al U8 L X, #4912 5 51 45 )
IR SR () 5) WoR A i R A 31
WLAGFE BN I ITS JF K 2228 bp, ITS2 &4 3
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AEEHFH(PsR1-PsR3) | iZ 45 55k [ [0 H 3%
FEEFW Y ITS JPAARL, AR R A 4 1
HHE P (PhR1-PhR4) . IEFASHEZANEHL T
S AASIX 2 Flo B R A9 1TS 781 3 K T oAl
IR ITS JF 51, 35 B2 7 5 AL B L 2
R 1 PR WG RREEANH ITS J¥ 5] A S &

ITS {5 &y 1AL R 83.4% ~89.0% , F- K
85.9% , VI W _FHELEIF I Z ML H —EMESF,
16 1TS FRA R R SERE [ 454 1TS P41 Al LSU 7
SR G R B 40T, AW 55 A, IRA5 1) e 56 i it
B TR A 5 0] H SRR 1 43 8 AN [ A Ah AR
A 1R BV A R A L 5 e hy I w2 P B P

SFHVARLEE K 90% LA |, i 5 m H 25 FE 8 M5 8 sphagneticolae .,
0 1-ITS MW306664
99 10()| [ H % B 5E Plasmopara halstedii AY 773346 |
i) F 24 45 P. halstedii DQ665670
5 GH-HHE P. angustiterminalis DQ993167
36 HALTE B AHEE P. obducens DQ665666
W% A A P viticola DQ665668
99 = (1SR P. nivea EF553508
_|: I FE K0 EE P, chaerophylli DQ131920
38

78 LR RENE P, geranii DQ131916

08 100 |: W A P, geranii-sylvatici DQ131913 I
/N IR P. pusilla DQ131915

JR G P, wilsonii DQ131919

HWiPE B Phytophthora infestans AF228084

0.02
B4 ETITSFIEHEREEEMHNRZLERN

Fig.4 Phylogram obtained from a maximum likelihood analysis of ITS sequences of P. species

Plasmopara sphagneticolae

1 >

| > ITS2 < I
L ITS1 | 5.8S | | PsRI | PsR2 [ PsR3 |
P. halstedii
I > ITS2 <« |
[ITS1 [5.8S | [ PhR1 [ PhR2 | PhR3 | PhR4 | |

B S5 i amBEERERMHE ITS FIEH
Fig.5 ITS sequence structures of P. sphagneticolae and P. halstedii
ITS JFFIEAE ITS1 X 5.85 Bl DNA XA ITS2 X, [l H 3£ 5% 1TS JFFIS5H 5] Thines e al. 2005.
PsR1-PsR3 {QE ML 4G B 1TS2 X TR )F 51, PhR1-PhR4 {03 A H 3£ 8% 1TS2 K P IE R TS,
ITS sequence includes ITS1 region, 5.8S ribosomal DNA and ITS2 region. Structure of the ITS sequence in P. halstedii according to Thines
et al. 2005. PsR1-PsR3, repetitive units of ITS2 from P. sphagneticolae; PhR1-PhR4, repetitive units of ITS2 from P. halstedii .

F1 IPEFHRMHENG AEEMHE ITS2 XFSIMEME

Table 1 Sequence similarity of repetitive units of ITS2 region

3 g
LSU F A 3 A 45 s, ok F 2R 9 g S 17
A5G 500K R 70 S 08 1

in P. sphagneticolae and P. halstedii

FF3

Sequence PsR1 PsR2 PsR3 PhR1 PhR2 PhR3 PhR4

PRI - 90.8% 90.0% 86.9% 83.4% 85.0% 853% FHIRAE—E I H 5w H Sl DU s i B e
PsR2 - 927% 89.0% 86.5% 88.1% 87.8% THREAE AR LRI 5 25 AR 1 1
PsR3 ~85.9% 838% 84.1% 85.0% S AR LD [ AR L AR AT RV [ 2
PhR1 —907% 92.5% 93.5% < AN B :
PhR2 - 894%  92.2% SRR RAE [ — oA L 0 H R SRR, X —
izﬁi B 94'_1% 25 500k [ ORIV %) R 5€ 187 0 4% 7 A o0 R LSU

A 2R G0K B 531 —E( Mctaggart et al. ,2015) , i
B LSU REuK B 43T A ReH e 3 07 0L 248 75 25 005 1
HHAF L GRHEY AR R Y L0 R

PsR1-PsR3 {247 WL A4 f A 1TS2 X H i T &2 )3 51, PhR1 -
PhR4 fUZIa F 22 BAEE 1TS2 K iR A1,

PsR1-PsR3, repetitive units of ITS2 from P. sphagneticolae. PhR1
—PhR4, repetitive units of ITS2 from P. halstedii.
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WX AHF . BOE R AT ITS JF 84017, 45
KL, 7y HAGRE ) H 805 (Hg L7 4G | ) H S5 A
) i S Rg LU 9 B R SRR R — A K 53
ke, I HARRB/IN 3 BOK S B AR B -t g g AR
UFHBIX IRk, BBk A 4G R H S5 AR ) 1 A0 R
ARG R B HITS2 A4+ /b 2
PSR R R 1 5 1) H 2SR I R P41 2
] (RS- RATARAPE H A 85.9% , 1 IR — B P A S5 41
FARLPER ] 90% LA F it HE ARG TTS2 Xt
AZAELETY), H 50 HZERME 1TS2 KWEE
P2 [RIVE , Eoffi H 1TS2 35 2815 bp (Komjiti et al.
2007) . 4ETOR A ) H 28R R BRAh A 1TS2 X547
E e =R 2R ER NG SR 1 VNI
HEEZ 7 A ) 25 20 I 19 B0 84 kA s
(Spring et al.,2006) , P45 50 it HTE A HAE LA
S AWETORER AT AR TN 1 R 55 057 58 R
o JE A AU LA LT

Fageit, B 1T AT S E 1O I g Bl R,
OB A ETE SR Y)Y B R W ) E A R
Yea) H 2 M550 n) H 28 g R s H
HBAh e R Ye 28 3% @ A 1) 1 TG FL A 25 55 ( Choi
et al. ,2009; Lee et al. ,2020; Mctaggart et al. ,2015;
Rivera et al.,2014) . fEARBIIEH, MR LSU R4
KRBTGS A4 RHEY) b Fih R T ) 3R
FE— 00K b BN BE IX 43 25 AR AE A BHE 4 1
A HL A SRR, R W 5l LSU R4
3T R DL R AT S g Jw R Y 2 1 M E . T ITS
F 9 4 2R G2 B 4 B BE A8 1 M 3t X 530k A AN AR
HIYIH B B | B 9R GenBank HU4 A AR £ ik
FRIBIERZ 1TS [P 51 BAHE TN, A L LSU
Fe A1 ITS 80 B P T B h s Jm e e . AR
R, RERE MU A EREYE T
Zi% R X — 18 5 A H AT LR e 2 Fh
BHEM P EAY) ( Thines et al.,2009) , FF ITS
FEONGEAE 3T, AT SE SRR AR Y 36 B 1) H 28 I A
Y S ih e i oy 2 A/ e A 2 R — AR
. H 22BN EE (Choi et al. ,2009) , 242445
PHEYI I FEREHE I ITS 751 (1) 5e B R Rh i 25 08 A
FrE— 2B 5T

AR RS B A Tt R ) G 27 A B9 A K
HE A 2 — R Ry BEAR A AARAR ) AR Wy W7 45 07
Fean A S35 18 Synchytrium solstitiale Widmer B

RS VYR — M AR 2% W 8K 425 Centaurea
solstitialis L. ( Eskandari et al. , 2011) , F| FH 7% H 24§30
B Pachypeltis micranthus Mu & Liu FNEE H 25455
Puccinia spegazzini de Toni Bij iy 3% [E (9 40>k A7
Y % H 25 Mikania micrantha Kunth ( 2535 W 4§,
2006; 2 = FAE,2019) , SR BEFR T EL BRI 5B HR
BHA—E A, e R B9y AR T FRE i 2F 2
W BRI AN BB TG SR H 2 — Rk
A FIA LAY A B AR B IR, A
U 1A A BRI R — i LR Y T PR AR T
HEORNRE N TR SR (A [ P R SR 7 a2 F o B
SRR R A B T L, i A LA B
SR, A K B35 T 58 R B0 7 3538 [ 45 10 75 F —
A

S 3k
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