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RAEE, ZEE, &R = &', sHH', #EE, =xx', HBE5H
(1 H AR KF MY R PR/ A RN R R ELY G IREEE, K 20 730070;
2 HR A RAAF R MR, H R 2 4 730070)

. [H K ) #H H A E VR B 5% 2 Codonopsis pilosula i E 2R dufik . U595 R TR 245 T | ITS-
rDNA 5 28S-rDNA 5 R4 K & 741 #5573 1519 PCR #1#9. PCR-ITS-RFLP %5 & (7 VER AT R 4 58
(55 R Y H R 555 2248 MBHA T SHRHIE S8 48 2828 B Ditylenchus arachis #1101, FEASNEHE BAEESR, (H2
WREEEA -G RERE SN En, ZE R SHAZEL REN—, F5 71514 PCR ¥ 38 F BL. PCR-ITS-
RFLP i34 56 E 254k M. (S50 )45 ST SIHES 20 TR T, B Bl S 2248 Btk % e N2
Lhil, RPZLHOAEHNEES .

KBRIR): fEAE R ERRHE: REKH R R YESIY: ITS-RFLP
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Identification and description of Ditylenchus arachis from
Codonopsis pilosula in Gansu Province

NI Chunhui', LI Huixia', LIU Yonggang’, HAN Bian', SHI Mingming', WEI Xuejuan', LI Wenhao', XU Xuefen'
(1 College of Plant Protection, Gansu Agricultural University/Biocontrol Engineering Laboratory of Crop Diseases and Pests of
Gansu Province, Lanzhou 730070, China; 2 Institute of Plant Protection, Gansu Academy of
Agricultural Sciences, Lanzhou 730070, China)

Abstract: [Objective] To clarify the species of stem nematode from diseased sample of Codonopsis pilosula
in Gansu Province. [Method] Species identification of stem nematode was carried out by combing
morphological analysis, phylogenetic analyses of ITS-rDNA and 28S-rDNA sequences, PCR with species-
specific primers as well as PCR-ITS-RFLP. [Result] The morphological characteristics of the stem nematode
population from C. pilosula in Gansu was similar to those of Ditylenchus arachis. The ranges of measurement
values were basically agreed with those of D. arachis although some average values were different. The
phylogenetic analyses revealed that the tested population was clustered into the same branch with D. arachis.
The fragment amplified with specific primers, and PCR-ITS-RFLP map of this population were consistent with
those of D. arachi. [Conclusion] The stem nematode population from C. pilosula in Gansu was identified as

D. arachis based on morphological and molecular characters. D. arachis has occurred and distributed in Gansu.

Key words: Ditylenchus arachis; Morphological character; Phylogeny; Specific primer; ITS-RFLP
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2@/ 4k & Ditylenchus Filipjev S J& T 5 A
Animalia £& 1] Nematode # 7] H Tylenchida %7 £}
Anguinidae"!, CHRIE K284 Uil 100 #2, HH
R R AN B 2 J8 2 HUA 240Fh R 60 24N, 5 Hofth
LU, /A B EEET IR AL 28
NETE N, RA DR AR s . — &
RFFEPPZE, BREEFIEEZE, ] 5 EE 4y,
Gl SRR N VT AN -y v 1L DI el AN s
kM, ZE R durh fa T BUR A KRB 2245 D.
angustus- SEFKZELE W D. dipsaci Ji1EZELEHL D.
destructor AEMZELL W D. africanus 58 2528
D. myceliophagus™> . Horr, EEREELE du | JBi 1 2L 2k
MK AR ZE 2 L, AT RO A 7 i ™ B e .
R ERZ 2 th 2 VI 500 Ff, 3228 T M
TN A, 5T R A 2K Tt BB A 2R
BAR G 200 ZFAEY), FEKAETRAHIX,
TR B o), ARG D = S S O T I8 AT HL
BZFEE". 2014 4 Zhang 5 7F A B fE A 2 2
Tk b XA 1 P (1) 25 46 H, 00 3 58 e e AR
LW D, arachis .

W25 % ZONFE R Campanulaceae Y % 5
Codonopsis pilosula (Franch) Nannf, &{£5 % C.
pilosula (Franch) Nannf.var.modesta (Nannf.)
L.T.Shen 81|92 (C. tangshen Oliv.) [T AR, &
BT RO AL BE e b 2 L 3G SR AL AR BT RE
J3 ¥E N 28 S DA R T B A BRI I
FU NG, RS EETE. B, RKA
PR AE L, PR A E R 70% A R
80%, CHUNH N A KRR ELEZRTFEDZ
— HAr, SHRkiEREE S ML RN R
22 i, 2019 FEH IR AR AV OR3P 5 B &
B EAHINES F =X IAE RS L R KA
YA, I Bl A 2R R R ORI 24
FEAR, A E N RS 0 7AW F ST
%, 5SS oy B 2 2 oy AT, izl
A 7 ia TR A FE IR AR -

1 MR5RE

1.1 #R

Bl B |/ H IR A EIEE (104° 157
5.76"E, 35° 11’ 30.84 "N) 5. Skt .
1.2 7%
121 &k5 B KESWHEMETE, BRET
JEiiRm g, RS R s HE" 5Bl ¥
PR VIR 1 em /NBE, TONTRF P Al (1 9 2 T
Mgl b, KRB SREL. 10~12 h J5, LR

B dRTE, .

BBV 1.5 mL BO0%, AN
95 g/L # NaClO ¥ ¥4 ¥ 2 min )5, 3 000 r/min
20 2 min, 7 BIGW AR N ELREFRH T
B KIYE 2~3 . LS g/L MIRHEE RS S g/L &
NEHERESWIHEE 10 min 5, FIRE O, HHH
BRIV, TG K 3 W fEE S, 1E 4 C &M T IRAF
&, ES% SR [13].

1.22 B&EFEE SRS izl fii
HORFUIE € J5, 7E Axio Lab. Al 45 (M2 E Carl
Zeiss AH]) T WELEFHE, AT RS RFAEN
&, R [2,7] D7 SR .

123 HoFAEMmFELT ZREILIRE J7iEg
Bk, B2 0t DNA. PRECA M T o5
AKAEYE 3 38, SRIEHEANZEA 10 pL 28 =M
(Worm lysis buffer, WLB) ] 200 uL PCR [ N &
A, B JE MRIRAER AL EE 1 min, 85 °C 7K¥% 2 min,
WIREL 2 K. FEEIAN | mg/mL FAEEE K 1 L,
F PCRAXH 65 C #E 1 h, {4 95 C 10 min i
E AR K 3%, 14000 r/min 2.0 5 min, fx)5 T 4 C
FAF T ORAES

KA HITS X514 18S: 5'-TTGATT
ACGTCCCTGCCCTTT-3' 26S: 5-TTTCACT-
CGCCGTTACTAAGG-3"1 5 TW81:5'-G-
TTTCCGTAGGTGAACCTGC-3'. AB28:5'-
ATATG-CTTAAGTTCAGCGGGT-3"""; 28S [X 5]
) D2A: 5'-ACAAGTACCGTGAGGGAAAGTTG-
3'5 D3B: 5-TCGGAAGGAACCAGCTACTA-3""%,
Xf 2k i ITS-rDNA. 28S D2/D3 3 [K 7 41| # 47
PCR ¥4 . Je M KM 25 uL & &: B, Fi#isI4
(10 umol/L) % 1 uL, 2x San Tag Fast PCR Master
Mix (& 15 Bkl 12.5 pL(_E#342 1), DNA B4R 3 L,
ddH,0 7.5 pL.

P HEFEF: 94 ‘C 4 min; 94 C 10s, 55 °C 20 s,
72 °C 15's, 38 NMEH; 72 C 5 min, T 4 C &4 F
RAEEH .

P38 7 W 22 kR DN 2 AT AL T SR 2 Ay
AT, f# % AE SeqMan #EAT RS BERE, T
NCBI #17 BLAST LX), T~ # AL 5 & 17 41,
U BL VA 3 R G0 K B {8 ] MAFFT ELXT 53 #r
J&» F DAMBE & U 7 A1 B, 80 44 MrMTgui 3&
$: PAUP 5 MrModelTest #FAT AR A e 328, & fe 15
Mrbayes LA R R4 K & W, H FigTree
BIEREW.

1.2.4 HFMH314% PCR ¥ ¥ S Zhang E" 1t
A ZEZE U ITS XFE R PE 5% DARF (5'-GGGAA



%4

TR, 55 HR S e 22 K 2 5idid 101

GGCGAAGCTAAGCTA-3") 5 DARR(5'-
AACTTAGAGGCCAACGAAGCC-3"), % “1.2.3”
FHAREL DNA FEARCRTE 124 25 28 U f& DNA #i4Rk
4T PCR 93, §34HE 7 9: 94 'C 4 min; 94 °C 10's,
52 °C20s, 72 C 15s, 38 Mii¥F; 72 °C 5 min, 4 C
A7 BUS ul 3372 W 25 o/L f B g H e e e
K, PR G R GEER 4.

1.2.5 ITS-rDNA K% PCR-RFLP »# &/
Dde 1 Hinf1 .Tru9 I (Mse 1 ). Sdu 1 iX 4 F A Y]
fit}, Z M8 Subbotin 55" {77 V525 L ITS-rDNA [X
PCR =)t AT Y] . VIR R 20 pL: PCR 4lifL ;™=
¥ 8 uL, WYIEE (10 U/uL)1 pL, 5 A7) g AH % B )
Buffer 2 pL, ddH,0 9 pL. 37 C 41F KM 1.5 h,
DUBS 254 U N IR . OB = 20 /L 1B

R I P, A TR IR R GRS f .
TEL A Whceuter 2.0(http://www.firstmarket.com/
cutter/cut2.html) 7347 BEY) 7 BB o

2 BRST

2.1 EEFimE

M R BRI, P, A ARIE S 2
“I7 o, BRI BEE S (A 1A). JE XARP,
A 4. DA 8.2~9.8 um. HEIEERKRE, &
Mo FEFBEREL RIS (K 1B), 2 H RSB, A1 HE
MALHT 1 BHAMATALL (K 1C). RERMES T
Wats . M2 6 % . BTTRERE, R Ik, £ T dufhk
Je v . FRAETEIRATA, 5T E Rk, KR
FHEET) 55%. B A& 4%, il (B 1D 1G).

A: T d U B 2 42 BT C: 2 AR RIHRIESL; D: MEUR; E: MEHUR; F: BAT): G: ILT]
A: Male entire body; B: Anterior body; C: Hemizonid and excretory pore; D: Female tail; E: Male tail; F: Vulva; G: Anus

1 EEELARAFERIRER
Fig. 1 Light photomicrographs of Ditylenchus arachis

e BRATE R G40, S ME AR 22 A S o
) S TS, SRR AR, B, B A
) oty ) i A, 29 2 R 70%(E 1E).
22 FASTHEERR

X3 B AR B 2R B AT T SRR &, #5

FDE AR S 2R s U AN B AT LR (3R 1),
HOR 38 S 2220 BB AR 5 18 A 22 2 dU JERE AR 1) 72
SRHENE G BAAEER, o, B RS EL
HUBEARBRAR K B 1T 28 3 ity 1) K B 5 AR K 1 ERAAL
RARIERS K, HARIIE S0/ o H2 A &
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x1 HRESELHRBHSILRIGRHANEEER"

Table 1 Morphometrics comparison of Ditylenchus arachis population from Codonopsis pilosula in Gansu with original

Hebei population of D. arachis

PR /um K /um 22 A K /um

HEfR FR 4 /um . .
. . n L/pm a b ¢ VI% Body Tail Spiculum
Population ~ Origin Stylet
width  length length
Mt Hl Gansu 15 90944 35827 6.9+0.6 14+09 3.8+0.5 82+0.8 9.1+0.5 2717 66+4.6
Female (855~976) (30~39) (6.0~7.8) (13~16) (3.4~4.6) (80~83) (8.7~9.8) (23~29) (56~70)
W[Jk Hebei 20  893+78  37#5.7 7.120.9 1412 4.5£0.6 81£0.9 89+04 25+4.9 63£5.7
(680~1007) (28~48) (6.0~9.6) (11~16) (3.3~5.6) (80~83) (8.6~9.8) (16~33) (53~75)
ey Hilt Gansu 15 844+30 35£2.2  6.540.4 13+1.7 3.7£0.5 8.9+0.4 24+1.8 64+6.5 19+1.8
Male (787~870) (32~38) (6.0~7.1) (12~16) (3.0~4.3) (8.2~9.5) (22~27) (50~69) (16~22)
. . 884191 4144.0 6.840.6 15+1.3 4.4£0.5 9.1£0.4 224+3.0 59+3.8 21+£2.2
T4t Hebei 20
(730~1022) (39~48) (5.6~7.8) (12~17) (3.7~5.1) (8.5~9.6) (18~28) (49~63) (16~24)

Dn REBAZGL AWK a ARKERXATAAL b AhKkE kp ZRHEEmEBA KA c AhKERER AL,
CARKE I TTRARGL VAR, V A B 1 E 3k m e KA S5 kK69 11Ex100; 455 WA RER
1)n: Number of specimens; L: Total body length; a: Body length/the maximum body width; 5: Body length/distance from head end to

junction of oesophagus and intestine; c: Body length/tail length; ¢’ : Tail length/body width at anus; V: Distance from vulva to head/body

length x100; The range is represented by the data in parentheses

V0 A B A — 2, WORME TS S RHEVD K H R
SR MR S e 2R
2.3 HEMS

KA 22 R S Hol e 5 254
AR R A 2R 2R OB A IEAT PCR 9738, 255 (K 2)
BoR, N2 254 UBFAY 19 26454 150~200 bp,
PR e e 2248 R PRSI 9 38 20 KB (171 bp),
T J e 28 4 R 38 BT B

M 1 2 3 4 5 6

bp
500
400

300

200
150

100
75
M: DNA 4> T &R (75~500 bp); 1~3: H il % 52548 Bk 4~6: &
JSEY-7:d
M: DNA marker (75—-500 bp); 1-3: D. arachis population from
Codonopsis pilosula in Gansu; 4—6: D. destructor

2 HRRSZELABARSREZXRAITS HRM4SY
11 e Ik E
Fig.2 Electrophoresis of PCR products amplified from
Ditylenchus arachis from Codonopsis pilosula in
Gansu and D. destructor using species-specific ITS
primers

24 DTEYFFE

K26 B ITS X 3@ 514 18S. 26S 5 TWS1,
AB28 Bl 7 G BT A1, Lex S A5 2 51
TWS81. AB28 ¥ 14 ) B A% 7 #IHK B, 2 816 bp, |
£ % NCBI #1587 5158 MW207369 F1 MW207370.
28S X 514 D2A 5 D3B X H I ¢ 5 $H 4% 7 51, 15

B FHIK N 777 bp, AL ZE NCBI, K15 755
4 MW207367 Fl MW207368. NCBI 1 BLAST k.
PRI, S 2L R ITS-rDNA J7 51 5]
JeAe 4 2528 AR KX 426050 /7 51 A ALL 1%
99.75%, IXAFAE 2 AHg KL 2 575 28S D2/D3 X7 5]
Em b fe A 25 28 B R KX426054 7 5 AL A
100%, JohldE % 5 .

BT ITS--DNA ME I RZ G K EW (K 3A), H
NS 2R R S A 2R 2 RN —H, 58
R RN — Kb, 45 SRR HN 2528 BB A& 1TS-
rDNA [P ¥ 5164 2028 R4 o0 R i, LN
JEZELR R, 5 A 2K R 48 R B iz

S DU Sk 8 28S D2/D3 X R 40 K &
(K13B). R BN, Hilt S 2EL Mk 5EEZ
LB N, HEREEL RN — K, RPH
oS 22 i BER 28S D2/D3 X 74 A4 254k
HERG R R, ORI d, 5 RS
28 R BE B RUT PR, FH R S 2R R
NI ZEL
2.5 ITS-rDNA [XEg PCR-RFLP 734

fE NCBI ¥ B b F #8046 4 22 48 1UF 4|
KX426050, 1# F # 1+ BioEdit 5% 41 ITS-rDNA i
FH 5190 TWS81/AB28 Lhxt, #2751 Wi, 15 21 LL5]
Y TW81/AB28 ¥ I BB L T 51 . DL A
Wheuter 2.0 5 F] 4 M N YIEG Dde 1« Hinf'1 . Sdu 1 .
Tru9 1 (Mse 1) XIH 562 224 dUBE AR fEAE 24
G R AT D), 15 208 D) Bt ok



54 iEHE, &5 HiNw S P e ZL R E S5idd 103
——Anguina wevelli AF396317

Ditylenchus coprosma GU727548

Ditylenchus gigas HQ219231

Ditylenchus weischeri AF396322

Ditylenchus dipsaci AM232235

100§ Ditylenchus dipsaci HQ219245

921 Ditylenchus dipsaci GQ469495

Ditylenchus askenasyi AF396337

100" Ditylenchus askenasyi AF396336

Ditylenchus halictus EF627047

Ditylenchus africanus KF219617

Ditylenchus myceliophagus AM232236

88| GSDA1 MW207369

100f GSDA2 MW207370

Ditylenchus arachis KX426050

74 93 Ditylenchus arachis KX426051

Ditylenchus arachis KX426049

EF088934

1004 EF210372

93 EF210364

[ EF062575
DQ471336

AM232233

100" 1 progasrs
v DQ471334

FG911551

L' EF208211

100 |- GQ469490
94 GQ469492

GQ469491
HQ235681

HQ235682
HQ235684

009 HQ235683

100

65

51 Ditylenchus destructor

S

5

W

Sphaerularia cf. bombi AB733665
B — Sphaerularia vespae AB300596

Subanguina moxae JN885540
9o Ditylenchus dipsaci F1707364
100 Ditylenchus gigas HQ219216
Ditylenchus gigas HQ219217
JF327760
100 924y FJ707362
JF327764
93 HQ219224
FJ707361 Ditylenchus dipsac
HQ219225
100 JF327765
FJ707360
FJ707363

Ditylenchus halictus AY589364

Ditylenchus arachis KX426053

100} GSDA1 MW207367

GSDA2 MW207368

100 72} Ditylenchus arachis KX426054

Ditylenchus arachis KX426052

HQ235698
EU400636
EU400639

[ DQ328727
EU400627

[ EU400626
EU400624

} EU400623

99 10

12

100

EU400631 | Ditvlenchus destructor

EU400643
EU400622

[ EU400625
731 EU400637

MEU400634
98

EU400638
EU400641

AN GTRHIHG, 7 X BT RoR R i
All best model were GTR+I+G; The posterior probability values exceeding 50% are given on appropriate clades
3 ET ITS-rDNA (A) #1285 D2/D3 (B) KIHRHEESZELH (GSDAL. GSDA2) ARG L EH

Fig.3 Phylogenetic tree of stem nematode (GSDA1. GSDA2) from Codonopsis pilosula in Gansu Province based on ITS-
rDNA (A) and 28s D2/D3 (B)
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N (R 2). R 2 WAL HIRES 222 iR 5 1EE
L ARG V) BOR/D— 30 B X T
e, LNVIEE Dde 1 W Hinf1 . Tru9 1 (Mse 1)
Scu 1 XS H 562 228 dU IR 5 I 12 2528t ITS-DNA

[X PCR 4ifb =Wt AT B VI, 45 R W&l 4 pron, 4551
548 F 3 Wheuter 2.0 F B 45 5 — 2, HIR 5
S 2R AR 5 T e 25 2 R AR g U 25 RAFAE W

2 % Wheuter EEYIH R S Z L RFEIZZ L4 ITS FHILER

Table 2 Enzyme digestion results of Ditylenchus arachis population from Codonopsis pilosula in Gansu and

D. destructor ITS sequences by Wbcuter bp
TAbAE A 22 R A Hl w22 Rk v
V&L : . o . i 22k sh
D. arachis population D. arachis population from
Treatment . . o . D. destructor
in Hebei Codonopsis pilosula in Gansu
Unrestricted PCR 816 816 915
Dde 1 485,151,103, 34, 33, 10 485, 151,103, 34, 33,10 551,354, 10
Hinf1 751,65 751, 65 649,174, 57, 35
Tru9 1 (Mse 1) 469, 307, 31,9 469, 307, 31,9 468,215,192, 31,9
Sdu 1 347,321,148 347,321, 148 319, 256,191,149

2000

1 000
750
500

250
100

bp
2000

1000
750
500

250

100

M: DNA marker(100~2000 bp); 1: PCR; 2: Dde | ; 3: Hinf 1 ; 4: Tru9 1 (Mse 1 ); 5: Sdu |
B4 BIEELZR (A) SHRFESEEH (B)ITS-rDNA [XE PCR-RFLP 4R
Fig. 4 Electrophoresis of ITS-rDNA amplified by PCR-RFLP for Ditylenchus destructor (A) and D. arachis population in
Gansu (B)

3 Wit

ZR2R U JE R AEY R R — R E B
R RMHATRRE R —, K2 HOFP R 14
TEREIRATISRAFAE RS AN SE 3G ) ] > 4 0 2245 U
Wi R A TR E A X, — B AR A
PEZELR NS, B Y K R AL B 2 B, 3k
AT A FHE S 70 TR EEXT o347, R BOZA RS
JEIEZE R MRS R R, M 5B A%
Ft, WL DO T oAt 25 Jg 2 e, # Hoaim 44 e AR 2 2
H D. arachis. KA REMH IR S 224 BB
WRHEAT %52, I SRR S 2> THREE LLXT 04T, K
PUAZ 28 H BRI ARG AE 5 16 A 2R 28 U 7F, TSN
BHEREK B2 kmKESEKE BKY
{ELIE KA, FAth U A I (E S50 /N, (EE BT D5
FRI L A — 3%, 2 57 AT RE A M R85 IR 2R3 i » 38
it ITS-rDNA 5 28S D2/D3 X F 5 R4 KB 70T
RIVH R 2 25 2 IR S04 228 R SR —
S, B XN TR R 2R . R A 2R AR HURE R
) PCR ¥ 14 5 ITS-rDNA [X Bt PCR-RFLP 45 1 &

s HN 565 22 BRIk 5 e R 2R AR BEAR 1TSS -
tDNA XBHE 2 5. 47 BN, ¥ Hile 2284
BB 8 AR 2

PRI 2R T By AR T B0y, KO ke bR
SIUEA SACIEAR, 7™ E I ] S EC AR AL B, AR
R ER > RILMAAR AR R E A R [ AR B 45
SEROR D R IE R S AR O LT AR AR A
AR, 2 HUPT IR GeAE AL ) SRS Tk, JIR A S AR
25, WEFURH, 2 4 N 1R K R SE AR B IR W] 73 25 H
L, AR FCREIIRIN S, ok MR 2 B
WO P R B AR AR AR AR, S AEA 2R
NEAE A RN L, (5 i T2 B A5 2 A 2k th R
PRI D, RAT B SRR, B0 P R A, %
A ZEL B RS NE RS KON FEN BRAER T =
BB,

WFFLR IR 2 RO AR R, A Hridi o,
X H AR A A S T L, & — M e T BRI
JRZE R, 2 th R AR UK AL B, 7E-80 °C 5%
PN ORAE 35 d Ja, Ui i e AT AR I3
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N 23~30 ‘CPN, 562 E A IRIEA R, BoEEE 18~
20 CP¥, JEVEE W SR X L RAG, BT REH
BEAEEROR 2 7, AT TR AR S b i [X
Te A 228 OB AE B0 M L 38 A I S5 T T 2 S AR
ZE 5, ARt — SR .

AW FER H R B R IR E S Sy B =

ey, GBS A AR S 70 TRHIE BT 508, B
SENTEEZR R, SERRUITEAEZL MO A HIN A
SEFH . HIN A TR E DA 290 A0 8 0 B2 T
TEY, 7= i st S SR B 25, 12k 3 BN
TP T A8, R, RiZ0 2 X 2 s 3 7 LUZ
R EAL .
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