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Abstract; [ Objective ] This study is focused on the genetic variations and population structures among different Bursaph-
elenchus xylophilus strains isolated from Guangdong Province using single nucleotide polymorphisms ( SNPs) as markers.
This work provided fundamental information for the establishment of a B. xylophilus tracking system in China. [ Method ]
Thirty strains of B. xylophilus from different regions of the Guangdong Province were collected and sequenced. Genome-
wide SNPs were analyzed using bioinformatics, and population splitting events were discovered based on previous SNP
data. [ Result] Statistical analysis of SNPs across 30 B. xylophilus strains showed that the number of SNPs and homozy-
gotes in seven of the 30 strains (GDOl, GD09, GD12, GD20, GD22, GD24 and GD25) were less than the remaining
23 strains. The genotypes that occurred with a higher frequency in these seven strains were A->G, C->G, G->C,
T->C, while the other 23 strains contained genotypes that were A—>G, C—>T, G=>A, T->C. The strains from Guang-
dong Province could be divided into 3 populations based on PCA and hierarchical clustering. [ Conclusion] The genetic
diversity of B. xylophilus population in Guangdong Province is relatively high; thus, it should have different sources
through which genetic variation is introduced.
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Table 1 Geographic origins of B. xylophilus

B9 bk P37 HE
No. strains No. origin host
1 GDol IR T B IT B SRR Pinus
massoniana )
2 GD02 IR WIS IIX DM
3 GDO3 JORAT Mgl D
JARAE M TR X
4 GDO4 SR |2 DM
5 GDO6 AR EM T AR DR

I RE- YLy ARE= Y/ ART o

6 ODOT SRR 3 N B M R
7 GDO8 IR EMWES BRI 1S DR
8  GDO9 IR RITX DR
9  GDIO IR MR )N
10 GDII I RAWIE £ 4 EEYEIN
11 GDI2 JRA Mk DR
12 GDI3 R4 M T B X B DR
13 GD14 JRARETRAK B X RN
14 GDI5 I REREMRACKH R THIX DR
15  GDI6 T RAERSETRACK T THEIX YN
16 GDI7  JRAT Ml KX RS 15 )TN
17 GDI8  J"RAET Ml KX 2 = eI
8 GDI PRATHIICIARS T, }ZWA\M
19 GD20 J AR T A L DX P )N
20 D22 JARA R T X 0 DR
21 GD23 IR MM TR X T )l
2 GDh24 JRAT T B AL IX = ARBE YN
23 GD25 IR T BN KRR —ME DR
24 GD26 AR AL SRR )TN
25 GD27 TREERE S S BN
26 D28 RS 6 5 PN
27 GD30 IRAER R
28 GD3l T ZRAE T ZR U5 0 i DM
29 GD32 T ZRAE T ZR U5 B 3 DR
30 GD33 I AR RGENALEETHEX DR
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1.2 #A%HEk H DNA B4R EL

SRR KU A5 1 TR B AR B DNA L B
PRAFEY 200 pl £ U T Eppendorf 45 H, JITA 200
L Zfﬂ%%%{&(ZOO mmol/L Tris-HCI,200 mmol/L
NaCl, 100 mmol/L. EDTA, 2% SDS, 2% B-
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COREPALEL 1 h, B 10 min 35 1 UGRAE
FIRE  FHAERRL(400 L) IR 4 CAMF T,
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(400 wL) &5 : SR (24 :1),13 000 r/min .0
10 min, L35 3 16 LW BRI 1710 R 3
mmol/L [ £ FREH (pH 4 4. 6) FI 2 fF AT H oK
ZFE (=20 C), F-80 °C %M F &% 20 min;
13 000 r/min £.L> 10 min, JLHEH] 70%H) LH# (=20
CHVE) BEB P, 65 CHET 10 min; fITA 100 wL
TE HH 2R I0NE , BOHL 5 L FHJC R 7K B B 200
5, FHEE AN GG B TH I E DNA R B2, 38 2ot
1% BEEFEBER HLPIORKLI DNA Bt , 2 )5 -20 C
F T RAERE L
1.3 MEHRSERENF

FERI A5 A FURA AT 2 L DNA 3% 2 DU SR 41
AN R AT v R R )

W48 FHF- 45 4 Tlumina HiSeq 4000, I )5 75
PR AEFERE S 150 bp ROR il 7, I 7 IR BE >
40x%
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1.4.1 AnM2k & SNP 42,543 & 40t

1) O T 45 . ] FastQC (http://
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fastqe/ ) FXAF A H I 5008 fastq A5 A9 IEARLE S |
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ST S G BUAR E R . 4 DU BB AR S R
F2 I B DX 5 A AR U P SR B X T fastq SCHF
PEATAL B

2) R an ks AL B, A CutAdapt BAF 25 By
Fr423k (Adapters) 15 4% 791 oy A o i 5040 4 8 0
i FH PERL AR SE K,

3) A H Ik XF, H BWA ( Burrows-wheeler
Aligner) F 548 5246 28 2H 36 A B 2 HL 4 JE PR 2
HEAT HEXE, BWA BRI 0 SCF o oK 48 ad HF 7 1
SAM 3C 4, I SAMtools ( http://samtools. source-
forge. net/samtools. shtml) XK SAM SCHA-F5 45
BAM SCPFREATIREE53HT o

H Picard ( http://broadinstitute. github. io/
picard/ ) #AFid UE XI5 B9 AE PCR it 72 ip nl BE P
R TUAR B B 2 8 B8 “ REMOVE _DUPLI-
CATES =true I =input. bam O=output_sort. bam AS=
false CREATE_INDEX =true” ,

4)SNP i si 42 4, 2 b— B Ab P A BAM
SCIF TR G AN [RI AR AS TR WA B4 42 e SNP 37 51
HASCAE, {8 Freebaye i 17 38 [H 41 7K F- 1) SNP
A R S = VEF, SBRE N -1 —u -
C 5 —e 50 ——standard —filters ——min—coverage 10”7,
HA 5 — > SNP i i 1Y S FF reads 38 3] 10 DI
I, 35 (phred quality score) 7 20 LA I, Fb X}
SrBUE 30 LU EA DI — AT EE 1 SNP £ ki, £
TESE R 5 T SE 1k

5)SNP i siGe it ., SNP A7 s i AR OCAF B
PJPRAFAE VOF SCHE R, BRI BT 2% (e
tp://www. internationalgenome. org/wiki/Analysis/
vefd. 0/), T DAl A VCFtools #X {4 ( hitp://
veftools. sourceforge. net/) %k & PERL WA X} VCF
AT R PR RIS B REA TP ) SNP Bk 2l
TR AR TR 9 SNP Ui K AR R R
RIGEAE B, ZJ5 ¥ i 245 BAL S 2] excel 1 iE4T
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1.4.2 MM & SNP £ 80 241

AT RGBT AL SNP il
HEAT RIS 53 B LA K ke PR 20 G366 - A 9 -, SNP-
Relate, X F3&R ) VCF SCHEAR SNP A7 5 HEA TR A
PLEEPIAAR NP A G SNP 3 U8, K i
WA WAL AT E T 93 (PCA)

1.4.3 A& KPR S AT ag A 5L

BT 3R SNP A7 s A Treemix BRPF#E H 5
GiEEM., BT Treemix J2& 3k T 45 {7 5k H AR A
A R S K P ,Fﬁ‘wxﬂjjﬂﬁ{éﬁﬁ Plink-freq fir
XS T SNP L s FE AT 85 o Bk R, 2 05
ey treemix-noss-global-bootstrap ” # 17 &
Gk BE WA,

1.5 #5 SNP fL R IiE
151 HFFEs1Hat

iz [ PyroMark Assay Design Software 2. 0 3K {4
BTN E I T R 67 5 ( scaffold01226: 2299 ) 1% 14
Sk EliF5 14 GDF Ry 55 4% T 5 191 GDR 1 SNP
3RS 1Y) GDS, P #E L3 2, Hoh GDR 514
TE 5" AR R AT AR, SR HPLC 24k ; GDF
1 GDS 5149% J PAGE 4lift., fiy g 50 4 57 3 A= )
BHEA FE L
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Table 2 The primer sequence of pyrophosphate

sequencing
5% FF3I(5'—3") KEE/bp GC /%
primer sequence(5'—3") length  GC percentage
. GTGACAACGGATA
GDF TTTGAATCAGT 24 37.5
. GAAGTGCAGCTCC
CDR TTTATATCACA 2 41.3
GDS TTAAATACGAATAGGCCA 18 33.3

TA/GTGCTAATAATTG

RRLICES AGGTGGGAGTAAG

1.5.2 PCR R B ¥ 31k & A2
VAR 2 BAKRFL A 50 pl, H 4% Etag
pre-Mix25 pL DNA #i# 2 wL IE[ 519 2 pL. 2

514 2 pl.ddH,0 19 uL

VAR . BT 94 °C FAEPE 5 min; HK 94
CAEPE 30 5,51 CiB 2k 30 5,72 CHEMH 30 s, tbid
FEIL 30 AMIEIR; e 72 C ZEfH 7 min,
1.5.3 LEHEIE

PCR W) 1 1% 35 W S8 e L DRS00, A6 000 45
LA B R )5, $% 18 QIAGEN PyroMark Q96
1D SEE f AR 7 4 A B A L & Ud B 45 32647 1
HLEIE

2 HREH

2.1 #FZk i SNPs (L S EL T O
FHIE YR B2 3T 13k 30 #RAabF 2k
Bk SNPs fL i BEATGETH T, 45 R DL 3,

F3 ML R SNPs (LR GITER
Table 3 Statistical results of SNPs of B. xylophilus

%7 Kokt % Bt % Bkt ETRe) Kokt
strains SNP. homozygote strains SNP. homozygote strains SNP. homozygote strains SNP. homozygote
No. quantity quantity No. quantity quantity No. quantity quantity No. quantity quantity
GDO1 78 245 42 428 GD10 1 158 658 366 254 GD18 1427 897 354 404 GD27 1133600 789 063
GD02 1364867 1191 744 GDI1 1355706 1093 659 GDI9 1470913 1 286 806 GD28 945 849 729 929
GDO3 1259223 1065 554 GD12 187 905 75 659 GD20 224 466 131 091 GD30 1539952 979 216
GDO4 1 211 458 930 327 GD13 1316302 994 812 GD22 109 422 27 868 GD31 1635962 1310 817
GDO6 1267 277 1 052 581 GD14 1519325 1088 515 GD23 1491737 1337158 GD32 1582278 1218 619
GDO7 1218974 1034 847 GDI5 1366426 912 553 GD24 422 928 61 051 GD33 1579 436 1 040 948
GDO8 1 488 095 824 213 GD16 1250553 1078 640 GD25 219 873 32 207
GD09 212 640 165 757 GD17 1365708 1 100 247 GD26 1021216 694 699

MFE 3 B[ LLA H, SNP $ i i £ 1Y J& GD31
(1635962), 3k A F i ¥ i 7= U8 B fe 2 19 02
GDO1(78 245) , Kk A TR T HIFE, 4iG 14
IR Z M GD23(1 337 158) , 3k [ THgH it T
X, f /D& GD22(27 868), 3k A T#R Xt L
X, M B &k &, GDO1, GD09, GDI2, GD20,
GD22 .GD24 F1 GD25 iX 7 ¥k A Kk SNP %0 IH
T HAY 23 BRAURR, L AT LB T AR A IR R
HUPE SNPs v a5 1 25 55 0 &, o] DLE 14y F s ic
HEATRV I X A7
2.2 &S SNPs EERFER HESLITHHF

HITSE T SNP AV A5 1) 28 A8 B PR R B 2% K 8K
i, RIHEA T->C . C->T A->G .G->A .G->T,
T->G.C—>G .G->C T->A A->T A->C C->A X
12 Fh3E R AL H s GDO1, GD09, GD12., GD20,
GD22 ,.GD24 F1 GD25 3% 7 Ak H Ak H BRAT R 4 w55 1))
FHEAI K A->C C->C . G->C . T->C, = &
T->C, HUE A->G( B 1A) ; Hidx 23 Bk &
A->G .C->T . G->A T->C iX 4 Fp 3L F A H BLE)

R, B e T->C, R A->G(E 1B) ,
XS H S BT 38 e A B M S A8 KRR AU 1
FHIE] HB S T->C F A—>G 5 {H55 = F155 DY I Ji 1)
RARFE R SE AN, 2 R RE R KAt
2 AR ) A A 25 ek
2.3 EMERNFERS W

Y W UE H 3RS SNP 7 B HERE T, 2B
FHIEHU T AL T Contig07 ;3 426 052 [ SNP i 1 3k
FTREBERRIN P30 E 3 — (7 s R AR AL A->
G, W £ B Be 0 45 v] 1, GDO1, GDO09 ., GD12,
GD20 ,GD22 .GD24 . GD25 iX 7 kk HBRTEIZ AL N
A, B a4 5875 (100% ) 5 1 GD02 ,GDO03 % H
R 23 R RAE AL R G, W sl G A7,
FEWEIRIN P 45 5 AT Uy A g R e — 3L
£ = R Ml e o] B T e PR A i V0 S
2.4 MMEHBEEESWN

FETFT T ARA A L R Y SNP o7 5 B 22
il BB (PCA) I (BT 2A) . HE 2 AT T
IR P PP R v B A0 53 3 AN (a JERE
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Fig. 1 Statistics of SNP mutations genotypes and quantities of B. xylophilus strains
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Fig.2 Principal component analysis and cluster analysis of B. xylophilus in Guangdong Province
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