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AMMIRICH TRV /P F 1 9EMDEGENEEN L BEHIEE

e WK CWHRER -BRBRE-BRXE-EHHE
MHE —-EHEEA-EFER OF-EHXTK, BA

MO SHIRICAERT BV /) F A F 2y OBREHEENE L BIENHEEOHIA 10 B EST B2 FEOEERNZ R
FHOTIT o720 MNEBOBEFHERE (Gy) 13053 T, SREFERHE (H,=063) OE45P A HIRERBICEEL,
ERMICRELERN D o720 SHIRERD H 13 012~059 TH Y, LEMEICEATH0, JIIA, $HE, HilE, B (059,
0.57, 0.56, 0.55) T, HUIBRERMNIZHBIT S G (043, 0.35, 025, 0.25) b, HEARNER (HER) BICKEEEN Do
Teo —7, ZRMAIICEVOIE, RE, =ZIF (012, 0.18) T, 0 Gq b/AEL (0,01, 002), ELEFABOEVIZEDTH
Ehol. INLD2EFMOBHICIE, NMVEAy 7 /BBENEFBEL TV I LHARBEN, AN TRRER»R
BT 54 E0BILIEIT LTS L BN,

F—TJ—F v I¥FLerFay, BENSHEE BEOEE EERFISE, MR

Hanyong Zhang,' Erika Okii,? Eiji Gotoh,* 2 Fumihiko Miyahara,® Junji Miyazaki,! Hajime Maeda,” Hideo Furusawa,® Manabu
Miyazato,” Shigejiro Yoshida,”? Susumu Shiraishi? (2019) Genetic Diversity and Genetic Structure of Pine Wood Nematode
(Bursaphelenchus xylophilus) Populations in the Kyushu Region. J Jpn For Soc 101: 88-93 The genetic diversity and genetic
structure of B. xylophilus in 8 populations of the Kyushu region were elucidated using the nucleotide polymorphism of 10 EST loci.
Considerable genetic differences among regional populations were observed with the gene differentiation (Gg;) of 0.53, which showed that
more than half of the total gene diversity (H;=0.63) was possessed among regional populations. The H; values of 8 regional populations
were between 0.12 and 0.59. Sendai, Shintomi, Matsuura, and Karatsu populations were rich in gene diversity (0.59, 0.57, 0.56, and 0.55),
and their high Gg; (0.43, 0.35, 0.25, and 0.25) indicated that the genetic compositions were notably different among the populations within
damaged trees (subpopulations). On the other hand, in Amakusa and Miyazaki populations, extremely low gene diversity (0.12 and 0.18)
and small Gg; (0.01 and 0.02) were confirmed, which showed that little genetic difference existed among subpopulations. It seemed that a
bottleneck effect or founder effect had a great impact on the formation of these regional populations. The genetic diversity of the regional
populations was polarized in Kyushu.

Key words: Bursaphelenchus xylophilus, genetic diversity, genetic structure, nucleotide polymorphism, Kyushu

DENRBR (7 IFVE) LEEMN TOAREE R

L@ U & & OBE) LZEBEROERNES LT3 (Jones ef dl.

< A4 & F 27 (Bursaphelenchus xylophilus (Steiner
et Buhrer) Nickle ; 2T, #H#H) 33V iRREME LB %
DOMPFEMBTHY, 1971 FIT U MHBREIE (BT,
MR OBEARTHIZEPHEREIRL (BE -
&E 1971) FOERERBRDOAY - FENWT &5 5, f#
ROTIHICERZHELT & LTV 5 (Suzuki 2002),
BEPRELTWLELS TREFESELRPBRLRIEHEZ
ERLTVBED, TOPRECVIEDLZEHRTE TR
(Huetal. 2011)0

SH, BRZEREDPBEERBICLD, HREEROE
BIRZ BT o THBY, BROILKHIE KRG
DIEHEZ R 7212, MMBE ORIV — M RoAmdLKICD
WTDHEERATRTH Do MR OERHICITLIERER T

2008), MMRERMIIBEH L BEZWBEEZRRLCwE L
Bbh, ThzBHTL2010E, HHRROEFEREER
RIH o OMESLETH 5,

DNA 73 F % — % — i3 R HE R E AT IS LIH 2 Y — v
& o TWb (Sunnucks e al. 2000), 4R, MARH OB
B D72DDFF = =BV OPREINT WS,
PCR-RFLP (restriction fragment length polymorphism) < —
71— (Iwahori et al. 1998; Takemoto and Futai 2007), RAPD
(random amplified polymorphic DNA) ¥ — % — (Zhang et
al. 2008), SSR (simple sequence repeat) ¥ — % — (Zhou et
al. 2007; Jung et al. 2010; Mallez et al. 2013) % &R E R
T &7z, 72, 1DNA O ITS HHIRD SNP (single nucleotide
polymorphism, —iEELE) #HwinT oy 4 7o
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(Nose et al. 2009) T TWV5, T 5D DNA HF~<—
B — A ENZ BT BB O LR EENPIZEICAE &
NTEHY, Zhouetal (2007) X SSRY—H—%FWTH
FHIBZ B A EENS L ORAZ1T o720 72, Nose
et al. (2009) X LM BIFIC BT B HUISEF ORI £ 1T -
Twab,

SNPx&M 7 7 2L i L, BEYA FPEE
ThY, ZOBEEMNHLLESNP Y= =iV 54
YV 7ot EHGEDELDFREETHI 2D,
EZWROFTv— D —L LTCHERDERER TV S
(Vignal et al. 2002) . SNP DIERITIZ T/ & DIFEETE
W|MART R CTH B, MHBREICBWTIIRICEs ) AR
BFIARE SN T 5B (Kikuchi et al. 2011)s F 7=, R
BET-EHIFNT 5 5% 8D EST (Expressed Sequence Tag)
ADNA F— I R—RZBHFINTBY, HHRRIIBNT
b SNP [EMDIEHPTRE L 2o TV b,

TIYTRI-Uy NIIHHT HAMBERIBAENTH
%o BAEWIE BB REH L L TRABRE CRIZNS K
HRIELIZBALT 5L ENTW A (Tsutsui et al. 2000;
Sakai et al. 2001) . MBOLSAITIIRFHEBDH D KELH
HLTEBY, BAGAL IR EENEEZERT S
ERFHINE, 22 THRIFETIE, BHEBO SNP F#H%
KBtLTW5 ESTEETEROBRENSMEH AT, 7
V7 CRADBAHTH 5 MHIRIC BT 2R OB
WEHEZEBNICHEETAILICE - T, MRBER®
BIZEE ORI % A,

IL M # & HF &

2012~2014 iz, usbigioE®E (ERE), B (B
IFE), RE (BEARR), g, 5%, BE (BFR), JIA,
8 (ERBR) o 3HFoBENKS (HBER) » 54
MREZINE L2 1 KOBERISHBE L M HER %
174V b4 (BT, BER) &Lz, SHMEFICE
FABEFABIEIE-1DOLBYTHL, SHBEHROAE
107 HEMTH B, HEHPERD L DOKRF ORI, KEH
MOBWE (#20cm x 20cm) ZFEE L%, HEE 16mm
DBB FYVEHWTS P LT, KRELZ #
¥t o> B 1S Baermann fupnel 3 (Iwahori and Futai, 1993)
TAT o 721%, Botrytis cinerea Pers. # R L7247 A FHH

F-1. IV FAL ey FavORERBITERL vy BE
AR

The sampling sites of pine wood nematode and the number of

damaged pine trees used in this study.

Population Locality No. of
(Code, Kanji) pine trees

Karatsu (Ka, FFEE) Karatsu, Saga Pref. 6
Matsuura (Ma, $27H#) Matsuura, Nagasaki Pref. 15
Amakusa (Am, X&) Kamiamakusa, Kumamoto Pref. 6
Shintomi (Sh, ;'E) Shintomi, Miyazaki Pref. 14
Miyazaki (Mi, =) Miyazaki, Miyazaki Pref. 18
Nichinan (Ni, B 78) Nichinan, Miyazaki Pref. 17
Sendai (Se, JIIA) Satsumasendai, Kagoshima Pref. 15
Ibusuki (Ib, $878) Tbusuki, Kagoshima Pref. 16

Total 107

TA YF 2=} (BCTI0~20 HHE) L7 28, F
FAXEBOREIF L LTLERAE (WW) OFELKS
MEBEICAN, A= b2 V=T TCTHEE (121TC-204) L
THTo 7z (HARMRHES 2004) B ZEEHD S58E L2
e, EEKEEL, 4CTHRFEL. DNA OHREE - 3
1% Nose er al. (2009) IZfEwv, —DOHEEFH» S 1ED
PCR H D%E! DNA %1872,
PCRIZHW/AT 74 = —wDF&EHZIE, DDBI 7— %
N 2 (https://www.ddbj.nig.ac jp/index.html) 7> & B L
7zFHERH EST (Kikuchi ef al. 2007) OIREEFIHR % M H
L7z B2IR LT IA =2 BT, = VFTLy
2 A PCR % 1T o 720 PCR 2 & Takara Multiplex V2.0 % »
b (Takara) 2R L7zo RISHA25 uL 2% 5 L 912,
$ %I DNA 50 ng, primer mix (1 uM) 5 pL, 2 X Multiplex
PCR Buffer (Mg®*, dNTP plus) 12.5 uL, Multiplex PCR
Enzyme Mix 0.125 pl % F8% L 7=, PCR iZ Agilent SureCycler
8800 (Agilent Technologies) % Fi\>T, 94T - 15D,
94C - 30%), 55T - 30%, 72C - 30BDOHF A4 7 V% 30
EIfTVvy, %12 72T - 10 5ok &7 -7, PCREW%
THR—A5 NV CTERKIKE L, 100~300 bp @ DNA B H
%4 ) H L, MagExtractor-PCR & Gel Clean up (TOYOBO)
THRELLRE 4790 —280L, §RTOIATT
V-2 FERALC kT —4 ¥ — (llumina
MiSeq System (Illumina)) TOSMICH L 72, 2B, K
Ry =4 v F— AW 7258, TruSeq Nano DNA
Library Prep Kit (Illumina) % F\WCTIERL, ¥ —47 v X#
fEi, Tlumina #OEMET =2 7 Vi TIT o 75
Y=y 7k DB o NIzIEHERE] 7 — % (Phred
23N FA4RATHFQUULEDF—FDOHREMHEA) I,
9, BETENCHESh, SLEKEEFICSTLR
720 BRIZTFETBEINEEEFSZHZ D L8
EFEREL, FHEMIC BT AN LEEFHEL RO,
Nall g% E’Jﬁ{i%%’?ﬁfg (HT, Hs), 1§1f%ﬁ1tgﬁﬁ (GST)
(Nei 1987) i X UE(REEHE (D) (Nei 1972) 28 L7
F72, ERUEDEVEFICBIT BRIV E v 7 HROKGE
1 Tajima’s D (Tajima 1989) % F\» TAT o 72, & B,
Tajima’s D t& DnaSP (Librado and Rozas 2009) TEH L7z,

. #& R

Ry —r v —CHEERFN T IS L#ER +oh
EHE (FEETFEOHEEFIL-Y DY) — M (EEREF
#) 250 L2E) BB OSNOERFER-2ICRT 10 EST #in
FrED o720 HBIETEEICBITSHEER YD OEERT]
BT RETE QUL LEOBBEEL S ONMNEET
DEEHRLLTRTCOMNLEETOR) ER-20EB
DN THbo FEETEOHELENYT ) OFFHERET B D
I8 L EREREE 116.0 = 33.8 (pX070) ~201.2 = 63.9
(pX144) Tholzo T/, F-3 (H) WARTEHICER
ETEEOBIZHZE B SN IR SR T, 0.487 (pX021)
~0.790 (pX155) T, 3 0.628 TH o7,

10 EETFELZFWTAMNS EO S HER (F-1)
B RHEROBRENSHENE Nei (1987) OEIETS
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£-2. vV /FAL LY T2 oD 10 WERKTED PCRBIBICH W77 4 = — 3t OIFLEF] L IBERTIE, HrBEFR

The PCR primer sequences of the 10 putative loci, the numbers of the effective sequences, and the detected alleles in pine wood nematode.

Locus Sequences of primer pair No. of sequences” No. of alleles™ Accession No. of DDBJ

Fw: TTGTAACCTCCTGACAACTCGCTCAC

pX02L Rv: TTATGGTCGGATCTTATCTTGTCCTC 146.3 = 43.3 4 (69 CI982155
Fw: TTATGCCAACATTCTCATAAACAGACTTCG

pX043 Rv: TTCCCAACCAACGTAGAGGAGACTC 1374 + 404 6 (58) 1984741
Fw: TTGAGTCATTTGGCAAGAGGACTTCA

X047 Rv: TTGTACTTGAAGTCAAACTTTCCACGAG 140.3 = 387 5 (32) CJ983640
Fw: TTIGTCCAAATCGGAAACGCCTG

X070 Rv: TTCCTTTCCGGTOATCAGTTIGCTC 1160 * 33.8 6 (42) CI984816
Fw: TTAAAGGACGGCACCAACCCACA

X079 Rv: TIGCTCGTCTCGGTACTGACCTG 1349 * 396 9 (16) CI984251
Fw: TTGCGGTTCAACTGATCCTACATCGAC

pX130 Rv: TTATCTCCAGATCCCGAGCCAC 157.5 + 47.3 4 (51 CJ984817
Fw: TTAGTTGGTCAAAGCAAACGCTCA

pX143 Rv: TTAATGACGCCACGACAGOAC 1435 = 51.3 3 (41 CI983461
Fw: TTATCGTTCATTATGAGATTGCCGTTG

pX144 Rv: TTACAATCTGATTCGCCAAGTCCA 201.2 + 63.9 7 (41) CI983946
Fw: TTGACAAGCCCGACCAACAGC

pX155 Rv: TTACCTGAATAGTTCOAGOCGAGA 181.2 = 53.6 7 (36) CI982187
Fw: TTGCTAGTTTGTTCCTCCAATCCGA

pX194 Rv: TTGTCCCTTCGAGGTCTTCCGA 1327 £ 417 6 (43) CI979751

" Values indicate the average number and the standard deviation of effective sequences per subpopulation. * Value indicates the number of alleles with a frequency of 1% or

more, while the value in the parentheses indicates the number of all alleles.

#-3. 0EERETFEIOHE SN Y /FL 2y Fao0BENEHE (H, H) LEENEFEE (Gy)

Genetic diversity (Hy, Hy) and genetic population structure (Gg;) of pine wood nematode estimated from 10 putative loci.

Population Whole
Locus
Ka Ma Am Sh Mi Ni Se Ib Kyushu
<ozl Hr 0.377 0.345 0.245 0.408 0.237 0.302 0.400 0.664 0.487
p Hs 0.342 0325 0.242 0.295 0.234 0.272 0.209 0.521 0.305
- Hr 0558 0.628 0.257 0572 0.227 0.547 0.763 0.138 0623
p Hs 0457 0.439 0.256 0.380 0.224 0.293 0421 0130 0325
o7 Hr 0540 0477 0.005 0.496 0.129 0.346 0.615 0.126 0.668
p Hs 0.248 0.289 0.005 0.289 0.128 0.231 0.270 0.118 0.197
070 Hr 0.493 0507 0.000 0.495 0.152 0.324 0.757 0.167 0.686
p Hs 0.232 0.400 0.000 0.399 0.150 0277 0.409 0157 0.253
<07 Hr 0.780 0514 0.023 0.707 0.014 0451 0.723 0.131 0.744
P Hs 0571 0.354 0.023 0437 0.014 0.234 0.484 0.126 0.280
<13 Hr 0.364 0541 0.180 0.616 0.204 0433 0.482 0.199 0584
P Hs 0277 0.458 0.180 0.447 0.202 0.360 0.280 0.190 0.299
143 Hr 0.521 0539 0.140 0517 0.169 0.344 0.366 0319 0524
P Hs 0.420 0.442 0.139 0.282 0.168 0.226 0.200 0.300 0272
144 Hr 059 0.685 0.164 0529 0.143 0.356 0.675 0.374 0.614
p Hs 0563 0516 0.163 0314 0.141 0257 0.400 0.350 0.338
155 Hr 0.752 0.724 0.064 0.798 0.304 0.670 0526 0.194 0.790
p Hs 0573 0.480 0.063 0542 0.293 0471 0.260 0.190 0.359
o4 Hr 0.555 0.680 0.156 0537 0.179 0.359 0597 0.357 0.561
P Hs 0.461 0.505 0.156 0.322 0176 0.247 0.446 0.342 0.332
A Hr 0.554=" 0.5642* 0.123¢* 0.5672 0.176¢* 0413 0.590=" 0.267¢* 0.628
verage Hs 0.414 0421 0.123 0371 0.173 0287 0338 0.243 0.296
Coefficient of gene 0.252 0.254 0.006 0.346 0015 0.306 0428 0.092 0529

differentiation (Gsr)

H,, total gene diversity of population; Hy, average gene diversity wthin population. " a, b, and ¢ indicate significant differences of three groups at p<<0.01 by Kruskal-Wallis

test.

BREDSFM L7 (K-1 (A)). HEEMDOFEHEL FEM
DEEBEFERE (R3DH) L L7, HBEROHEET
SR 0123 (R¥) ~0421 (A T, TEHMHEI 0.296
ThHholo RODBENSHEICEATH D, BET
0421  0.196, K\ TREHED 0414 + 0.092 TH o720 72,

FE (0371 = 0.136), JIIK (0.338 = 0.135) dEWEHHE
WER L. —F, BIENZBRESE --0iF, R
(0.123 = 0.018), ElF (0173 £ 0.022) THhHhotzo =D 2
LK L Tajima’s D ZFHWTEHE MV Ry 7 ORI R 4T
7R, RETESHEOEETZTEDD Lo 7 BIZTHE
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THELZADEA GHEMETFETII%LANL, BHD1
BEFETERLXNV) 25, BIFTIX10BOERERET
BDIHLD8EETFRERTHEELRADEA (ETOREBETE
TO1%LARV) BFFEDONIe CORDERMIF VR Y
7 RZFIERTHRE NS, 72, BEFAOFL &
BEFHEIrOCEHN L HBERORETFERE (K30
Hy) i, 0123 (RE) ~0590 () O#HBEIICH 72,

BERLXRNVCRDEHFEF TGP0, BHEO—D
DEEFT0.660 THolze ZOHIREFTIX, 16 FEM
HEHEMAT06 2B, LHREOEVHBEREMAI»HL <
BHoNTz, $72, FETH 06 2B DI D1 HEMH
otz —F, REOKZEELEADOLRRER 0.091~0.142 T
Hy, HROOERDOTRTHPBEOTHEVEEZRL, T2
HIEDSREIEL 0.134~0.212 T, 18 EHDTRT T o
7o BEED 6 E£FDfEIZ 0.330~0.541 & 2EFHMBRAKNE
BERR Lo ZHINERICBT 5 HE R O BIE R
DEWE TS 572012, BEMOTRTOMEEDER
P (F-4) 2EHL, ZOFHEZEROEENERD
REE LA (F-1 (B)). JIIN (0.647 + 0.661) 25 b E <,
WATHE (0488 + 0.456) Tho7zo —7F, KE (0.001
+0.000) &EWF (0.003 £ 0.002) 381z HEEE 2D
TNER o7z, B2 CFHBEETEREL FY@EEELE
DERER L. BROZ L A5, BIBWEREMESHED
TRWHIRER (RE, B, 818 <&, TFHEEERE
BBOTNED ol (&SEFMTIIAERLIEDOME (F=
0.781))0 LA L, BEENSHENESVHIBER (GRH,

B HE, JIIRN) TR, HBSEROBERNS RIS
BRAIONTEEMBOBEHERDIREL LD Loz
BHREED LNk GEBTREOHE (F=
-0.991")),

(A) Gene diversity
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Bl 4 DHIREFIC BT 5 BIZHEE % M4 5 72012,
SRIZTFEMRE H) LZ0ROBEERDOBIZTLREE
DFEE (Hy) 75 BEFHUBRE (G 2B L (F-
3o JIAD G 230428 LB KRE L, RAOTHED 0.346
Tholzo —H, RELBIED G iZZFNZFN 0.006, 0.015
THBODTNEWETH o720 WMEERD G 130529 T
Hol

Iv. £ %=

AETIE, R T—4 vy —THESN B ESTEIE
TFHEOSERRFIERZIRL, TOLZH» O LEETFE
M LU7ze ZORE, AR CHEA L 10 Bo#EETE
DEEMEIZ VTR ED o2 (F50.628 (0.487~0.790),
£-3)o Thix, L OHFETLLL AVSN S SNP, SSR
7t & O DNA v — 7 — HEEES LRV 4 POER
DH %P Z A (Tautz and Renz 1984; Brookes 1999) DIzt
L, BEEF EOFTRTCOERZFERATELIEILLB L
Bbhd, KFFED & ) ICREBRON LEIZTFHED A
EFRBTAHECRENEFELELS, TTICEER
ESTHREBRF EH P ME I N TB Y (Kikuchi ef al.
2007), BIETFEEZHERPTILRBEHTHLI L, D,
SBOMBROEFBEEFNIRICB T L MR HR
Bhlzba3nsdntBbhb,

WIRERPRET 2 BENEHRELBIZTFERE
(Nei, 1987) #HWTEHl L 7-8R (F-30 H,), Hi%E
IR & Zavy (0.123~0590) 258D SR, SRS
B4R (FE (0554), B (0564), HE (0.567),
A (0590));, SHMAhBEDOHM (0413), SRS
K 3£F (KE (0.123), B (0.176), #81E (0.267))
D37V — T h 7z Kruskal-Wallis # &  (Kruskal

(B) Genetic distance
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Paireise genetic distance
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i

o
B
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H-1. =Y /¥y Fav BT HERNER (ELE) OBEHEHE ((A) Gene
diversity) & HERBOFEENZE ((8) Pairwise genetic distance) )

The gene diversity of the populations within damaged trees (subpopulation) ((A) Gene diversity) and the
pairwise genetic distances among the subpopulations ((B) Genetic distance) in 8 regional populations of

pine wood nematode.

“" indicates the average gene diversity (A) or the average pairwise genetic distance (B) in each regional population.
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B R - R BR - HNF - 5TH - EHE - BEE - KH B8

F4 vV IFA LY FavilBT 5 S HBERAOERMS X CEANOREERE (D)

The average pairwise genetic distances (D) between and within 8 regional populations of pine wood nematode.

Population Ka Ma Am Sh Mi Ni Se Ib
Ka 0.370 = 0.321
Ma 0.386 = 0.277  0.340 = 0.299
Am 0.664 = 0.242 0.608 + 0.254  0.001 = 0.000
Sh 0418 = 0.222 0478 = 0297  0.689 = 0.261  0.488 = 0.456
Mi 0375 = 0.221 0528 + 0342 0563 = 0.014 0413 = 0457  0.003 = 0.002
Ni 0.362 = 0.218 0485 = 0319 0613 = 0.186 0404 = 0442  0.227 = 0285  0.262 + 0.334
Se 1.024 £ 0511  1.163 + 0.657 1.083 + 0.373  1.058 = 0.610  1.540 + 0.821  1.242 = 0.730  0.647 * 0.661
Ib 1.214 £ 0371  1.269 + 0920  1.686 + 0.249  1.380 = 0.868 2581 + 0.53¢ 1913 = 0.777  0.947 = 0588  0.034 = 0.029

Values indicate the average and the standard deviation of the pairwise genetic distances. Diagonal element indicates the distance within a population, and element below the

diagonal indicates the distance between populations.
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Average gene diversity

M-2. =V /¥4y Fav03BERORENS K
(Average gene diversity) (ZB1T % Z5E & HER B O BIZAHEE
(Average pairwise genetic distance) 2B} 52 & DB
Relationship between the average gene diversity and the average
pairwise genetic distance among subpopulations in 8 regional
populations of pine wood nematode.

and Wallis 1952) i2BWTIh 65D 37— FHIZ1% L
NRVOBEBEEND o720 Zhouetal (2007) &, HWOD
SSRY—A—%AVCHEER?D 3ER (HE (Tanashi), #
¥ (Tsukuba), T3 (Chiba) ) DBIZHIL BN D FF-M & 1T,
ZRBICEAZER (¥, T3 LEREPBOTEL
WER (HE) 0HsZL2MELTHWE, ThonZ b
o, MREOMBERIISREOESVER L SHRED
BOTEVERF S S EBICHFEET S 2 LARB IR,
IMEBICB T2 EFAOBENEE 2 BE T oA
(Gsy) TR LIKER @BETERE (H;=0628) @
3h, ESULEOER (G4=0529) PHIRERMICHFTRE
LTBY (E-3), MIRERMICHFEET 2 EENERIE
DTREVWI LIRENTz, B (1988) &, BEROBET
8% D LICHNNOMBROERER L HEL TWD, #
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SHEBLPICR 5 12E Gy fEIX, LR 5RBEMICEL
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IS AlGE MBI 5, Zhou et al. (2007) 1%, FAZEL
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BT LA LI L BRIAB IR BB SHE L2
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13, Tajima's DICXBMRIETHR MV ARy 7 %27 Cnw5E
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DWMELREDLN, ZORBELRTYROMBBIZL Y Z
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T, EHABEENBIFELHVT, NS, #hiE
#£H, BEFAOLZKBTRESh TV S BENSREL E
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MBROWLKBRICB T 2EFAOBEHSRE L EEL
MRS 570101, EEBEETOEENZRASLE
ThHb,

A EEDICHRY, RIFEBHBEMMAZEY Y 5 —OREE
KEK, REBBHFHREAOBPWIEER, SFEAESMEY 5 —
DEARRE, BERBEFHBNEEG LY 5y —0FEE—KIZE,
MREROBEEFRORBE L BROWNEK SR RIWA B VI
Wiz, Fio, BWKFRK (FHRREMET HRAFELY F—MNF
) I, MEHOBE  BHIIOWTIEEWLEwE, Zh
LOFAILEYBRERL ETFEY,

51 B XX ik

Bonnell ML, Selander RK (1974) Elephant seals: Genetic variation and
near extinction. Science 184: 908-909

Brookes A (1999) The essence of SNPs. Gene 234: 177-186

Hu YQ, Kong XC, Wang XR, Zhong TK, Zhu XW, Mota MM, Ren LL, Liu
S, Ma C (2011) Direct PCR-based method for detecting
Bursaphelenchus xylophilus, the pine wood nematode in wood tissue of
Pinus massoniana. For Pathol 4: 165-168

Twahori H, Futai K (1993) Lipid peroxidation and ion exudation of pine
callus tissues inoculated with pinewood nematodes. Jpn J Nematol 23:
79-89

Iwahori H, Tsuda K, Kanzaki N, Izui K, Futai K. (1998) PCR-RFLP and

sequencing analysis of ribosomal DNA of Bursaphelenchus nematodes
related to pine wilt disease. Fund Appl Nematol 21: 655-666

Jones JT, Moens M, Mota M, Li HM, Kikuchi T (2008) Bursaphelenchus
xylophilus: Opportunities in comparative genomics and molecular host-
parasite interactions. Mol Plant Pathol 9: 357-368

Jung JW, Han H, Ryu SH, Kim W (2010) Microsatellite variation in the
pinewood nematode, Bursaphelenchus xylophilus (Steiner and Buhrer)
Nickle in South Korea. Genes Genomics 32: 151-158

Kikuchi T, Aikawa T, Kosaka H, Pritchard L, Ogura N, Jones JT (2007)
Expressed sequence tag (EST) analysis of the pine wood nematode
Bursaphelenchus xylophilus and B. mucronatus. Mol Biochem Parasitol
155: 9-17

Kikuchi T, Cotton JA, Dalzell JT, Hasegawa K, Kanzaki N, et al. (2011)
Genomic insights into the origin of parasitism in the emerging plant
pathogen Bursaphelenchus xylophilus. PLoS Pathog 7: 1002219

B (1988) < UMmm—R wl— R <R h Y
I8=—

EEAW - MERIL (1971) < &AW %8 E Bursaphelenchus
sp. DHEFERER. HAKREE 53: 210-218

Kruskal WK, Wallis WA (1952) Use of ranks in one-criterion variance
analysis. J Am Stat Assoc 47: 583-621

Leal I, Foord B, Allen E, Campion C, Rott M, Green M (2013)
Development of two reverse transcription-PCR methods to detect living
pinewood nematode, Bursaphelenchus xylophilus, in wood. For Pathol
43: 104-114

Librado P, Rozas J (2009) DnaSP v5: a software for comprehensive analysis
of DNA polymorphism data. Bioinformatics 25: 1451-1452

Mallez S, Castagnone C, Espada M, Vieira P, Eisenback JD, Mota M,
Guillemaud T, Castagnone-Sereno P (2013) First insights into the
genetic diversity of the pinewood nematode in its native area using new
polymorphic microsatellite loci. PLoS One 8: €59165

Mayr E (1954) Change of genetic environment and evolution. n: Evolution
as a process. Huxley J (ed) George Allen & Unwin Limited, London

Nei M (1972) Genetic distance between populations. Am Nat 106 : 283~
292

Nei M (1987) Molecular evolutionary genetics. Columbia University Press,
New York

HARMES (2004) MEBFERE BARRZES

Nose M, Shiraishi S, Miyahara F, Ohira M, Matsunaga K, Tobase M,
Koyama T, Yoshimoto K (2009) Ribosomal DNA haplotype
distribution of Bursaphelenchus xylophilus in Kyushu and Okinawa
islands, Japan. ] Nematol 41: 194-202

Sakai AK, Allendorf FW, Holt JS, Lodge DM, Molofsky J, With KA et al.
(2001) The population biology of invasive species. Annu Rev Ecol
Syst 32: 305-332

Sunnucks P (2000) Efficient genetic markers for population biology. Trends
Ecol Evol 5: 199-203

Suzuki K (2002) Pine wilt disease - a threat to pine forest in Europe.
Dendrobiology 48: 71-74

Tajima F (1989) Statistical method for testing the neutral mutation
hypothesis by DNA polymorphism. Genetics 123(3): 585-595

Takemoto S, Futai K (2007) Polymorphism of Japanese isolates of the
pinewood nematode, Bursaphelenchus xylophilus (Aphelenchida:
Aphelenchoididae), at heat-shock protein 70A locus and the field
detection of polymorphic populations. Appl Entomol Zool 42
(2): 247-253

Tautz D, Renz M (1984) Simple sequences are ubiquitous repetitive
components of eukaryotic genomes. Nucleic Acids Res 12: 4127-4138

Tsutsui ND, Suarez AV, Holway DA, Case TJ (2000) Reduced genetic
variation and the success of an invasive species. Proc Natl Acad Sci
USA 97: 5948-5953

Vignal A, Milan D, SanCristobal M, Eggen A (2002) A review on SNP and
other types of molecular markers and their use in animal genetics.
Genet Sel Evol 34: 275-305

AEFE (1913) REETHRENERERE. LHER 4 1-14

Zhang KY, Liu H, Sun J, Liu JR, Fei K, Zhang CX, Xu MX, Sun J, Ma XY,
Lai R, Wu YD, Lin MS (2008) Molecular phylogeny of geographical
isolates of Bursaphelenchus xylophilus: implications on the origin and
spread of this species in China and worldwide. J Nematol 40: 127-137

Zhou Z, Sakaue D, Wu B, Hogetsu T (2007) Genetic structure of
populations of the pinewood nematode Bursaphelenchus xylophilus, the
pathogen of pine wilt disease, between and within pine forests.
Phytopathology 97: 30-310


http://www.tcpdf.org

