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Identification of Four Cyst Nematodes using PCR-RFLP in Korea

Ko, Hyoung-Rai - Kang, Heonil - Park, Eun—-Hyoung - Kim, Eun-Hwa - Lee, Jae—-Kook

To identify four cyst nematodes (Heterodera schachtii, H. trifolii, H. glycines, H.
sojae) that are economically important plant-parasitic nematodes in Korea, restric-
tion fragment length polymorphism (RFLP) by 8 endonucleases (Pstl, Vspl, Alwl,
Rsal, Mval, EcoRl, Eco72l, Hinf1) was performed based on sequence difference of
mitochondrial DNA cytochrome ¢ oxidase subunit I (COI) gene. As a result,
species-specific DNA band patterns by Rsal endonuclease were observed in H.
schachtii. The specific patterns was in H. trifolii by 3 endonucleases (Vspl, Aiwl,
Hinf1), and was in H. glycines by Hinf1. While, H. sojae was not digested by 4
endonuclease (Vspl, Alwl, Rsal, Hinf1). This study showed that four cyst nemato-
des could be distinguished using RFLP by 4 endonucleases (Rsal, Vspl, Alwl, HinfT)
based on the sequence difference of COIl gene.
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xilagi = 4:—%‘% °lc71 3faL QA‘:}(Lamberti et al., 2007).

FEvet sl o F83 AEVIANFT o2 B I F(Meloidogyne spp.), 2]
O]/“]%(Pralylenchus spp.), M]iE{%(Heterodem spp.) 5°] F dHA glon, BIIZAMF

< 27 AR A o A (Kim, 2001), FE]H o] FS B7] 5 72 shElF AuiA ol
A F2 EAE F2o7]a Ath(Lee et al, 2008; Ko et al., 2016). & o= 220 A 2E
AFol b AEHO A AFoE GRSt A& ikl & S 8l1 Jth(Kang
et al., 2016; Kwon et al., 2018). 53] &, 5 & WZE2 2F o4 AN 2EHAS] I &
FAY Al E FA Fe ATl EAE ] o] A&g Al oAbEA ] e A
THKang et al., 2016; Mwamula et al., 2018). =3+ B 7|F2E §2 A A F5 e
&, A SHEE A 55 3 A A AdE Tl wet WA 3397
B = Q7] WZe BAE oldstrol oA HFY F 5L wlS Fasitta & 5 3
THCook and Noel, 2002).

H BAE TAFHL e A5 NEEALAZY] & 542 F8d v (light micros-
copy), FAFAAEA M7 (scanning electron microscopy), T2 A& V] 7 (transmission electron
microscopy) 5= °©|&3% FEH EA, 8- 7|9 B (isoelctric focusing) 71HY 2 &
i 7)hke] AYskshd B4, S8 A WS (polymerase chain reaction; PCR), A|gF& A4
A4 o]t ¥ A (restriction fragment length polymorphism; RFLP), X Al5ZE4HEZ ot
(amplified fragment length polymorphism), DNA HIZE 5 EAAIESHH EAdE0] o] 851
I TH(Subbotin et al., 2010a). Lol EAAYETLe] o) Yo A& o] 7hadk A
AlZF PCR (real-time PCR)©] &3] 7% A ¥HBraun-Kiewnick and Kiewnick, 2018),
a7re] Al wet ofz BRstEo] QA ol 71 F T4 TIEEo] Bol o] &H
ATk E3], RFLP 7" o|n] B glE o] Q)& PCR AHIT Q1OH Hluwa 3 w274 F
B4 0] 7hs3taL, Al F(sibling species)= THE 7 AT VIEE MAMAR AT B
WA By Al o] o] 8% 31 9] THSubbotin, 2015; Feng et al., 2018). X ~EA1Z2] RFLP

T Z7]oll= ITS (internal transcribed spacer) §He| FAAE OFo =2 =2 AF=HAG
(Subbotin et al., 2000; Amiri et al., 2002). 1& Y FTol|= R2EHSF DNA HIEZE tpAH =
" EF =20} DNA cytochrome ¢ oxidase subunit 1 (COI) FZA7F 2 o] &F 1 oy
(Subbotin et al., 2018), COL frA Aol thgk RFLP A7 79| Fa =2 Gokrh wpehx, £
ATE T HiF ol 2F o] A2EHZ] EAE A& A Col FHAE e
E RFLP B4 B3l T AT EN &3 BA A 2A S A% 71<+S AlFsta
2t AT
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FAMEL Suakr] 18] 2017ARE 2018074 B 37, A 37, ME 17, A 1
JEISE 1, ok 1He] HAEME 7H B RS AH S THTable 1). A3
@ EF ARE 7FE 21 om, A 27 om 2719 AWe] o} o] FwaH 21 WA
ST 8T Aegao] RASWA FAZ Aulo] BAlol o] 85Tt

EJ Ul N2E(yshe AYE o] 83te] FZ33th(Barker, 1985). AAE 52 913
EF AEE 15 Z 42 O3 100 ml Z2E HIAE o] &3t 100 cm® EXS A
Tk FFP BFE o 7 Lo $EEo| Bolle FekE BEE Lol Yol B
< WE3L 20 mesh®} 60 meshA| ol =AHE A& Tha 60 meshA] 9ol 2 =2& Fe| =
oy #%%% ol g3to] 50 ml WA &4 FUTh &4 T EAL 150 mm 2719 B
HHo]H&E A=Za AAFAWH(x50)0.2 HHsIHA FAOE XN2=ERE Zefhfjo] 27 2

cm 2719 micro-sieveol] X343} T}

Table 1. The nematode samples used in this study

Nematode Code Source Date Crop Accession No. (Locus)

Heterodera schachtii | GH166 | Jeongseon | 26" Jul. 2017 | Kimchi-cabbage MF043911 (COI)

Heterodera schachtii | GC147 | Jeongseon | 26" Jul. 2017 | Kimchi-cabbage KY775597 (COl)

Heterodera schachtii | GC408 | Jeongseon | 26" Jul. 2017 | Kimchi-cabbage | MK621901 (COI)

H. trifolii JG137 Taebaek | 25" Jul. 2017 | Kimchi-cabbage | MK621902 (COI)
H. trifolii HSM524 | Taebaek | 25™ Jul. 2017 | Kimchi-cabbage | MK621903 (COI)
H. trifolii CJ059 Taebaek | 25" Jul. 2017 | Kimchi-cabbage MK621904 (COl)
H. glycines EJ310 Cheonan | 13" Aug. 2018 Soybean MK621906 (COl)
H. glycines TG392 Seosan | 31" Jul. 2018 Soybean MK621907 (COl)
H. glycines DG100 Taean 1 Aug. 2018 Soybean MK621905 (COI)
H. sojae PS753 Muan 22" Sep. 2017 Soybean MK621908 (COl)
H. sojae DG320 Sejong | 10" Aug. 2018 Soybean MK621909 (COl)
H. sojae NJ407 Seosan | 31" Jul. 2018 Soybean MK621910 (COl)
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Table 2. The restriction fragment length of the four cyst nematodes by 8 eodonucleases
based on the sequence difference of cytochrome ¢ oxidase subunit | (COI) gene

Fragment length polymorphism by each enzyme
Gene Species

Pstl Vspl Alwl Rsal Myval EcoRl | Eco721 | Hinfl

H. schachtii 448 448 448 165, 279|180°, 2207 | 448 448 448

| 144
mtDNA | H. trifolii 447 185, 262|165, 282| 447 180, 220 1 A7 63, 384
I1: 400
corl

H. ghrcines 448 448 448 448 1807, 220°| 448 448 | 50, 398

H. sojae 450° 450 450 450 1807, 220°| 450 450 450

* Approximate length of DNA band
" Type of the fragment length polymorphism in Heterodera trifolii

2. DNA #=

N 2EX 39 DNAE Iwahori 5(2000)8] HHHS 38351 %%—6‘}311:}. éE}OIEJE}i
o 10 pl o 32k THTE Bojz=d thg, el ©d XN 2EE
Foll A AFsATh FAEE o] 83t HHS NAEE SHIT7 e &
AME o]g3te] TEFHOIHQ2 mmx2 mmE AES Bxg NAE Yo 43 45
< ol BHOE REAAT =3H ¢ 52 M= ZEH o2 mm x 2
mm)Z &2 A¥s g A71a, o] W AHEE FEFH ol S 30 ule DNA = &
(2 M KCl, 10 mM Tris-HCI, 1 M MgCl,, 10% [w/v] Triton-X 100, 20.6 mg/ml Proteinase K)©]
E9U9= 0.2 ml PCR tube®] F A3}t ©]F Thermal cycler (PTC-200; MJ Research,
Alameda, CA, USA)°ll ¥ 1L 60C ol A 304, 95C ol A 1083t Lysis3le] DNAS FZ3F

l-J

gt

3. FHE LA

=

NN
o

127 AN 242t HEH XN 2EZHE FZ3 genomic DNAE 322 PCRE +3)
At} Bl EAF n|EEZ =g of DNA cytochrome ¢ oxidase subunit I (COI) A} F-$] 2]
SFo|= forward primer JB3 (5-TTTTTTGGGCATCCTGAGGTTTAT-3")%} reverse primer
JB5 (5'-AGCACCTAAACTTAAAACATAATGAAAATG-3") A|EZS ©]-83} TH(Derycke et al.,
2005). PCR PCR premix (Ready-2x-Go with Taqplus; NanohelixTM, Daejeon, Korea) 15 ul 7}
=71 0.2 ml PCR tube®ll template DNA 3 ul (1.03~52.32 ng/ ul) 10 pmol forward primer 1 pl,
10 pmol reverse primer 1 pl, triple distilled water 30 ul& 2o % 50 ul 2] ¥FAHS THE T
<, thermal cycler (PTC-200; MJ Research, Alameda, CA, USA)E ©]8-3}%] denaturation 94°C



PCR-RFLPE ©] &3t U] £X A2EXS 4359 54 357

o A 30%, annealing 52°C 9| 4] 303, extension 72C oA 45%2] 272 433} Th PCR
STEE2 X719 5 7]1(Mupid eXu; Advance, Tokyo, Japan)E ©]-8-3+] 1% agarose gel, 1 x
TAE buffer (0.045 M Trisborate, 0.001 M EDTA), 100 V, 25 mA 7104 2583t 2719 %
33l UVAX|(MLB-21; Maestrogen, Hsinchu, Taiwan)o|A4] 52 o BE 13T

4. AFa LA oA £A4

oW VXS NREAMNZF 45(H. schachtii, H. trifolii, H. glycines, H. sojae)®] 7| EZEE]
o} DNA COl 34 79 PCR At&9] AFaLdHDoIHFPP(RFLP)S 41517 Sl
Webcutter 2.0 (http://rna.lundberg.gu.se/cutter2/) S ©] &3t 8F 2] A A A PsA (Takara,
Otsu, Japan), Vspl (Thermo Scientific, Carlsbad, CA, USA), Alwl (Thermo Scientific, Carlsbad,
CA, USA), Rsal (Thermo Scientific, Carlsbad, CA, USA), Mval (Thermo Scientific, Carlsbad,
CA, USA), EcoRI (Takara, Otsu, Japan), Eco72l (Thermo Scientific, Carlsbad, CA, USA), Hinfl
(Takara, Otsu, Japan)2 4133} THSubbotin et al., 2010b). X 2EAF 452 27 374+
(F 12701A7)2] PCR 4HE 2 pl &} triple distilled water 6 pl, A|gFE A 10 unit, A|gFE A9}
5% 10xBuffer 1 plE 0.2 ml PCR tube®l] 2ol HFES ZASIH M, 37C ZZ A
overnight 3}t RFLP Z¥+= %1719 57 *|(Mupid-eXu; Advanced, Tokyo, Japan)ollA 3%
agarose gel, 100 V, 25 mA Z o2 4083t H719s3sta, UVAX(UVCI-1100; Major
science, New Taipei City, Taiwan)oll A Z} A|$EAHE RFLP S-S &3t

1. #2EAE 4%9 PCR 9 AlgtasZEAZ o|c}3A

T BE3e AREAS 4FABTRNEEAS, SEHANZEAS, INZEAS,
BO| FR 2EAZ) 12701479 rlEFZ =0} DNA COI fZAtel| tig PCR 23 45 27
°F 450 bpe] PCR AHEo SASHATHAL R PIAA). ojwf APH AEEAZT 45 127047
9] COl 7 AF PCR 4HEN 8F-F(Pstl, Vspl, Alwl, Rsal, Mval, EcoRl, Eco721, HinfT1)2] Ak

245 A2 A3 Fig 133 2ok AABFR 2EH F(Heterodera schachtii)®] COI -7
A} PCR 2FHE-oll 63(Pstl, Vspl, Alwl, EcoRl, Eco721, Hinf1)2] AStE 2 2] Al 448 bpo] o
Y DNA W=7} 32E a1, Rsal 212 Al 1659} 279 bp, Mval A2 Al °F 1803} 220 bp2]
DNA HR=7} B E QT FREXZ(H. ghycines)S Hinf1 A2l Al 398 bp, Mval A ] Al
oF 1807} 220 bp2] T8 M=V} JHAFJI, YA 6572 ATEA 2] Al 448 bpo] T

e
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2 DNA W=7} A2t Wb o| FH A EXZF(H. sojae)S Mval 18] Al PS753 7| Aol
A oF 1807} 220 bpe] Fa W=7} FAE U (Fig. 1), DG3207 NJ407 ZH Aol A= oF
220 bpe] T8 WMETE = ATH(Fig. 2, 3). YA 757] ATEA AP Aol= oF 450
bp2] DNA W=7} A2 AT SEHNEEMZ(H. rifoli) L G137 WA col Fx34

H. schachtii (code: GH166) H. trifolii (code: JG137)
M  Pstl Vspl Awl Rsal Mval EcoR Eco72 Hinfl M  Pstl Vspl Awml Rsal Mval EcoRl Eco7d Hinfl

(bp)

500
400
300

200 —

100 —

H. glycines (code: NJ310) H. sojae (code : PS753)

M  Pstl Vspl Alwl Rsal Mval EcoRl Ecor2 Hinfl M  Pstl Vspl Aiwl Rsal Mval EcoRl Ecor2 Hinfl

(br)

500
400
300

E -
200 —» - -

100 — -

Fig. 1. Restriction fragment length polymorphism of four cyst nematodes population (GH166,
JG137, NJ310 and PS753) by 8 endonuclease.

H. schachtii (code: GC147) H. trifolii (code: HSM524)

M  Pstl Vspl Alwl Rsal Mval EcoRl Eco72 Hinfl M Pstl Vspl Awl Rsal Mval EcoRl Ecor2 Hinfl

(bp)

500
400
300

200

100

H. glycines (code: TG392) H. sojae (code : DG320)

M  Pstl Vspl Awl Rsal Mval EcoR Ecor2 Hinfl M  Pstl Vspl Aiwl Rsal Mval EcoRl Eco72 Hinfl

(bp)

500
400
300

200

100

Fig. 2. Restriction fragment length polymorphism of four cyst nematodes population (GC147,
HSM524, TG392 and DG320) by 8 endonuclease. Black arrow represented weakened
DNA band.
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H. schachtii (code: GC408) H. trifolii (code: CJ059)
M  Pstl Vspl Awl Rsal Mval EcoRl Eco72 Hinfl M  Pstl Vspl AwmA Rsal Mval EcoRl Eco72 Hinfl

(bp)

500
400
300

200

H. glycines (code: DG100) H. sojae (code : NJ407)
M Pstl Vspl Alwl Rsal Mval EcoR Eco72l Hinfl M  Pstl Vspl Alwl Rsal Mval EcoRl Eco72 Hinfl

100

(bp)

500
400

300
200

100 —

Fig. 3. Restriction fragment length polymorphism of four cyst nematodes population (GC408,
CJ059, DG100 and NJAO7) by 8 endonuclease. Black arrow represented weakened
DNA band.

PCR AHEol Psil, Rsal, Eco721 2] A 447 bp, Vspl 2] Al 1859k 262 bp, Alwl 2] A
282 bp, Mval A2 A <F 1803} 220 bp, HinfT 2] Al 384 bp] F92 DNA W=7} 27} 3
ZE Tk 5 EcoRl A 2] Aol G137, €059 ATl 4 447 bpe] DNA ¥l =(type 1),
HSMs24 ZHAIZol A oF 400 bpel F& DNA WiE(ype M7} H2so] 2704 fa el
RFLP 48 HolEs Zo2 YeldthFig 2, 3).

V. 1 &t

N-EXNF] F 54 AFole ITS tRNA o] F=2 o]gxo] gom, 20001t =1t
2o AFAEe] AAEAFS U Z ITS Yol thdk PCR-RFLP ATE S35
(Subbotin et al., 2000; Amiri et al., 2002). ZL2jy} H o= COl FAA7E Thefg =59
DNA HIZE Ao F2 o] 851 9] o (Powers et al.,, 2018; Subbotin et al., 2018), = A
HFZE 71 A A]2-(Consortium for the Barcode of Life)oll A= COI +%AE DNA HIZE v}
2 A4 v} AkBlok and Powers, 2009). ITS rRNAE FAZ o2 & HEH gHo|7] 3}
A%} Heterodera 42] 73-%- 2F 1,020~1,030 bpe] 71 L 7HX & o2 44 o
(Sharma, 1998), A3 A7 Webcutter 2.0 %) AFe] E(http://ma.lundberg.gu.se/cutter2/) & ©] &
sto] HlWEHE S W iAo R e @IAEE 7= Col FAA F-91(2F 450 bp)ell Hl
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3 Agtas A4 F-97F wAdTHsupplementary Fig. 1). @WekA COl FAAF PCR 4HES 9]

H AthE o2 w@<edt RFLP A4S HY Aoz 7|gsidon, 243 Ay o4d3d
A 2Fe] RFLP 948 ITS 92| RFLP X T vl w2 =3} A thFig. 1; Subbotin
et al., 2000; Amiri et al., 2002).

g, A7 AFELS AP A AFEL AAF217E flEol = DNA o] A7= v
& A7t EE2HAT Ko 5(2017)9 ATollA AGFHN2ELZHE FHNZELNZFT G
A PCR AF=oll Mval ARFEALES A2lstd AFasd AR5~ CC L WGG-37 3-
GGW | CC-5)7} R1o] 448 bp2] T DNA W=7} #axlE= Aoz Yepgth Aldaiel
533 7L (Thermo Scientific Corp.)¥ Webcutter 2.0 A EE o] 8-31o] 24431 = A
a4 AXEL7F e Ao 2 YER Th(supplementary Fig. 1). ¥, £ AF A= AR
FHREANZ, FEHNRENZ, FHNELATH RIROFHN2ENT 45 BF Mval AE
Al ¢F 1807} 220 bp 2719 F 2 DNA W=7} Q1= S2HA 2ENZ S EcoRl A
Al JG1373 CJ059 7R -2 447 bpe] T DNA i =(type 1), HSMS524 7§+ <F 400 bp
9] DNA WM E(type INZ 27}4] F-8 2] DNA W= do] #AFUTE vf7IA 2 Agras
Q2 H2)(5" -G L AATTC-3"/ 3’ -CTTAA L G-5)7} EZHRN2EAF 2E /AT Col
FAA D71 LG YA E 27HA 89 RFLP ¥4 HATh ol A+ A=
Mval, EcoR19] AE A QA LS 71X = AbvlE(sibling species)©] =41 off Yelbd 4
A= A2 FE th(Subbotin et al., 2015). SHAITF A g E A 2] A|Zkol| wiel RFLP 23}
o] zpol7t A& JLoB= ofof thit FI7FHQl A7t T E o oF A3 afjAo] T
Z10 2 ATHnh i, RO FHNAEAF 79 COl 84 PCR A=l Mval AIHE
2 A8 Al PS753 WA oF 1803 220 bpe] 82 DNA W=7} DG320, NJ407 7|4 +&
oF 220 bp2] DNA W=7} FZE UL ol PCR TE4HES] F% ZJold 23 Ax=z %
SE U, Col FAA Mval AFEA0] QA2 do] glo] A3 Al B4 o] oY F7}
Ay 4ol Fasttt AT B AT HAE I £Xs= A ZEAST 4FAETFA
ZEXNS, SEHANZEMZ *ML@EJ*%, WOl ZH ~EMNZ)S] FHOBRE T5& &
T U= MvalolY EcoRI AFEAE A st £& TAHSE Zlo] 28 Ao w AddHT)
wehA, ZF FEZ Eo| 29l RFLP A4S RSl Vspl, Alwl, Rsal, Hinfl 4572 A3aLrs
e N AEA S 4&52 col Trﬂx} PCR 4HEoll A g]std 242}o]
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