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Abstract: The aim of the present study was to analyze the characteristic of genetic variability in
Heterakis gallinarum populations from Sichuan province, and provide a foundation for under-
standing the epidemiology and assist in the control of heterakiasis. The nuclear ribosomal DNA in-
ternal transcribed spacer region (ITS1-5. 8S-1TS2) of 59 H. gallinarum isolates from chickens
belonged to 7 different geographical regions were amplified using the polymerase chain reaction
(PCR) and then sequenced. Sequences unit containing ITS1 and ITS2 (excepting 5. 8S) were used
to determine the genetic variability and genetic structure of H. gallinarum in Sichuan province,
China. Meanwhile, the relationships of this nematode with selected members of genus Heterakis
were assessed by phylogenetic analysis of ITS1/2 sequence datasets by maximum parsimony

(MP) and maximum likelihood (ML). Results showed that 59 H. gallinarum 1TS1/2 sequences

W fE H#1:2015-10-20

E LT IR RS BB ” (SC-03571357)

YEZ B A /W (1982-) . Lo, DU I B BTN B0 , EZ NS g W) 3 48 B 5 5 A Ui 2 B 90 s R R 3% (1990-) . 5B DU I Bl N, B 1, 32 28 R
S ar A i 5 A A BN . & XA A R S5 Tk 0T 88— 1R

* BIEEE A/ B H 32 .S . E-mail: guxb121@126. com



4 /IR ¢ 1] b XA S 9 2 ek A A S T B X (TTS1/2) )5 51 (38t £ 718 S5 43 797

identity ranged from 98. 9% to 100. 0% ,and ITS1 sequences displayed greater variability than

ITS2. Fifty-nine sequences contained 20 variable sites,and were classified into 14 haplotypes (H1-

H14). The overall Sichuan population showed high haplotype diversity (Hd = 0. 532) and low

nucleotide diversity (x=0. 000 94). Meanwhile.a frequency of gene flow (Nm=31.72),a low de-

gree of genetic differentiation (Fst = 0. 007 82), and an overwhelming genetic variability

(99. 22%) were observed within the overall Sichuan population. Phylogenetic trees (MP and ML)

and haplotype network were both revealed that 7 different geographical regions did not form sig-

nificant geographical populations. The different species within genus Heterakis were well distin-

guished in phylogenetic trees (MP and ML). Our results indicate that there is a high gene flow

and low degree of genetic diversity across H. gallinarum population.
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Fig. 1 The geographical location of 59 Heterakis gallina-
rum isolates collected from 7 different geographical
regions of the Sichuan province,China
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FIR A5 W B0 . PCR ¥ 4 4. 94 °C Hi A oF
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ITS1/2 5%, FIH Clustal W 1. 81 437 U JI] H X
XS LR R TTS1/2 750 1 28 547 8. MEGA 5.0
BT EAWME A T.C.OMAR S, R
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Table 1 Information of ITS sequences of Heterakis in GenBank
Wb b 343 A HE A J¥ 35
Species Geographical Distribution Gene GenBank No.
Heterakis gallinarum Sichuan 41| ITS KT310099~KT310157 (A& #F5¢ This study)
H. gallinarum Guangzhou |l ITS AJ876757
H. gallinarum Guangzhou 7l ITS AJ876758
H. gallinarum Australia K] ITS1 AJ007453
H. gallinarum Australia K] T 1TS2 AJ007454
H. gallinarum America 3£ [H ITS JQ995320
H. spumosa Spain 74 ¥E 5 ITS JX845278
H. dahomensis Senegal ZE N IN/R ITS ]X845277
H. isolonche China H [ ITS KM212953
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B S PR Y ) 1 352 1% R 25 (O T Kimura 2-pa-
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St a3 (EFse) 1 i 09 )1 H XA 35t 1% 245 44 5 35 R
(Nm)H Nm=1/41/Fst-1) 318 ; [ if 158 B0 3 14
PR 56 {H ( Tajima’s D il Fu’s Fs),
L4 4 SRR RS K E W B FH X ]
(Ascaridia galli) 1TS1/2 J# % ( GenBank No. ;
AJOOT45DVE RSN HE . MEGA 5. 0 B4 v ) di R 1)
2y (MP) il e KARUAR 1 (ML) 44 g 55 3fil Jg 1 R 5
KRBTSR 1000 WHY H2ZE K5 .

BRI 3G 59 RS AL RS B 1 067
% 1 068 bp [ ¥ %1 (GenBank No. : KT310099 ~
KT310157), £ bbxd Fl g 48 J5 . 59 /S AE a1y TTSI
JPAN K BE A 428 81 427 bp PRl 5. 8S JF I3 K
157 bp,ITS2 J¥ %515k 386 bp, Hi 59 ANk MY
5. 8S 74 B A Ao I 3 A S A7 H A0 A AL M R
100%, 3] 5. 8S JPHJ5 . 4% 1TS1 #1 ITS2 J7 41 &
BAG 3] 1TS1/2 4, Hog K B2k 814 B 813 bp,
59 AN S il £k o B AR B TTS1/2 J5 51 344G ) i
20 AR AL E (5 2. 46 %0) A0 HF 17 AN B8 A7
3 AR AME AL Horh 14 AN A7 51, 6 A A
A7 T RE R ESS 19 A AR AE BRI R (3R 2)
AT C.G IR 38 B2 5 25.6%0.32. 3%,
18.1%.24. 0% A+THIEFENT.9%, . & T
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G+C BB AL & it 42. 1%,
2.2 ITS1/2 FF5IMEAHE S R

WESE T A5 59 45X 5 i £k AL ITS1/2 )3 41 [i]
A A 98. 9% ~100% . 1TS1 [&] 5 1TS2 [4] 5 51
AHARLE 23 9 A 98. 4% ~100% F1 99. 0% ~100%.
AHEFE X S 2 ALY ] BR (59 450 5T M BE
(GenBank No. ; AJ876757,AJ876758) , I K FI| I #
(GenBank No. : AJ007453, AJ007454 ). 3£ [ %k
(GenBank No. : JQ995320) 14 J& % 48 &1 4 & &
(ITS1/2 F£31:99.3% ~99.8%.98.9% ~99.5% .
96.4% ~ 97.0%; ITS1 J¥ %) 98.8% ~ 99.8%.
98.1% ~ 99.1% H1 92.5% ~ 93.7%; ITS2 J¥ %
99.2%~99.7%).

M ST A 18 il 2k B (H. gallinarum) (59
%) 5 H.spumosa ( GenBank No. ;: JX845278),
H. dahomensis(GenBank No. :JX845277) . H. isolonche
(GenBank No. ; KM212953) J¥ %1 i) 4 8 #4 %% 1%
(ITS1/2 J§41:61. 1% ~61.9%.60. 8% ~61. 2%,

67.5% ~ 68.1%; ITSL J¥ 5. 73.1% ~ 74.0%,
74.6% ~ 75.5% ., 78.1% ~ 79.2%; 1TS2 J¥ %1 .
50.6% ~ 51.0%. 46.7% ~ 47.3%. 59.1% ~
59.5%),
2.3 MBBRESHEEIN

DU X 59 A4S X S il £k Hy g 2 pk g 1TS1/2
FEFN LRGN 14 AP R (HT ~ H14) , B R H1
B 7 A Hu R AR 40 AN HUBR BT 3R (7 67.800) 5
M2 Bk (YA4) | 48 FH AR (MY4, MY8) . i5 M #k
(DZ8) . LRk (CD1L) #1 B 51k (ZG1,Z2G6) HL == i
fERH2, BB RRE SR Ay 6 D FEAR A & A 5F
A RS DO 1] R AR R R 2 AR (o
0.000 94, BAfERI ZREVE (Hd) 2 0.532, pU)I| 7 4
HE AR L P B R RERY & B (0,001 84) , i Ak %
FER Hd f5 i (0. 722)  BUERFIE Y o A Hd B fik
(0. 000 00 F1 0. 333)(F 3), 14 A~ B 1 5 {4 BE
Bk 0.001~0. 011, F 3458 15 1 85 4 0. 004,
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Table 3  Genetic diversity indexes of Heterakis gallinarum populations from the 7 different geographical regions in Sichuan, calcu-

lated from the ITS1/2 sequences

it i A A A R BT R S HEE
Population No. of sample No. of haplotypes Haplotype diversity (Hd) Nucleotide diversity (i)
T YA 9(YA1-YA9) S(H1~HS) 0.722 0.001 23

mE XC 8(XC1-XC8) 3(H1.H6~H7) 0. 464 0.001 84

45 MY 9(MY1I-MY9) 3(H1,H2,H8) 0. 556 0.001 09

B DZ 10(DZ1-DZ10) 4(H1,H2,H9,H10) 0.533 0.000 49

J ot GY 7(GY1-GY7) 3(H1,H11,H12) 0.524 0.001 40

AR CD 6 (CD1-CD6) 2(H1,H2) 0.333 0. 000 00

Hoi ZG 10(ZG1-2G10) 4(H1,H2,H13,H14) 0. 644 0. 000 49

o 1| R Fh e SC 59 14(H1~H14) 0.532 0.000 94

YA. Ya’an; XC. Xichang; MY. Mianyang ; DZ. Dazhou; GY. Guangyuan; CD. Chengdu; ZG. Zigong; SC. Sichuan. The same as below

2.4 THEEHWSW

2.4.1 RAERIRIZEEIA M E BT 14 D HAEE
ey A ) P TR ] 240 TR0 2% L 45 g 5 Ry T B (L 2) 0 B
R HL 0T S R 1 2% [l 1 rp s O 2 B B T
HARAGIEISE HL AR, BB A A N 1
A F) 4 ARG, Hoh H2 \H4 H5 F H6 H11 43 518
I 2 AR 5332 A0 SCRRTE i R 2K
2.4.2 @ptea e R E  AMOVA 371
AR S o3 M T 7 DU VR P A 388 A A S R R SR

BRVF(99. 22%0) XA 0. T8 % W AE S B AT 7 4
FRREN] . 7 DFPEERIE Fst (HR —0. 058 82~0. 047 82
(R DR T HARM 3 Ko D)1 B R F Y
S Fse H R 0,007 82, ML I (Nm) 2y 31. 72, 15
B IO )R N %) 2 DR S O IR R 58 43 AN A AR B R 1Y)
w1k .

ARG S0 (R o DO 1] B (A Fh 19 Tajima’s
D1l —2.553 31(P<C0.05),Fu’s Fs i}
—10.564 (P<C0.05) , 9 JI| 74~ b 2 Ff #F 19 Taji-
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The Circle sizes are proportional to the number of isolates.

The different colours represent haplotypes from the different

populations. YA. Ya’ an; XC. Xichang; MY. Mianyang; DZ.

Dazhou; GY. Guangyuan; CD. Chengdu; ZG. Zigong
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Fig.2 A network map of the 14 haplotypes in Heterakis
gallinarum
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Table 4

quences derived from the ITS1/2 sequences

ma’s D {H b —1. 639 82~0. 000 00, H H {75 & Fl it
AR PHRRRE 22 53 . 25 100 Fu’s Fs (2 —2.979 11~
0.971 41, Hrh R FpRE B MR HEFD B 57 FPRE 22 53
BEGES,
2.5 RABRZAEMINHIE

BT AHESE 15 2] 19 39 S fil 2 L (H. gallina-
rum) 14 A~ HAE R TTS1/2 J§ 5] GenBank B i)
PR PR I P Bk 3 [ AR G S R R HL s pumo-
sa\H. dahomensis. H. isolonche 1) 1TS1/2 % % 3
HRG KT W MP F ML) MR 45 5 0L 3, 45
7R, MP BRI ML R B AT 355 AL 31 Fh 254, AN
[F) b B SR YR A0 S S I 2R i CHL. gallinarum ) B —
4y, H. spumosa F H. dahomensis & i — 4> 47
2,0 H. isolonche AL F 73 —A~53 2 o

3 % it

e [l 2 T 5 SR 8 R[] SR oMk A 1 B —
% F B TR AR RO RE BE B 45 5K 2% I 1 8 B AR
PR BUARER 2037 B L 2 e 57 7 e Ll AR SR B 45 22 o0 Ak
RO, A A U IR B Y R L . MR 2, O
A )32 f T E T S 2R U 8 2 i T R

Pairwise fixation index ( Fst values) of Heterakis gallinarum populations in Sichuan, calculated from nucleotide se-

b [X Region T4 YA i E XC 280 MY kM DZ o6 GY B Ak CD A1 ZG

M YA

P& XC 0.027 79

458 MY 0.031 25 0.003 84 —

kM DZ 0.047 82 0.016 31 0.004 54 —

7t GY 0.001 34 —0.030 21 0.004 31 0.023 78 —

JHHR CD 0.005 52 —0.040 25  —0.05109  —0.05882  —0.024 39 —

Bt ZG 0.047 82 0.016 31 0.004 54 0.000 00 —0.024 39 —0.024 39 —
x5 BRRLAFMEBEITS1/2 F 5 fIE8& N
Table 5 The index of neutrality test of Heterakis gallinarum 1TS1/2 sequences

T ¥ Population Fu’s Fs Tajima’s D

% YA —2.979 11° —0.936 13

7 E XC 0.971 41 —1.639 82°

40 MY 0.133 55 —1.609 74"

BN DZ —2.881 02" —1. 400 85

oot GY 0.263 26 —1.434 14

JAR CD 0. 000 00 0. 000 00

Ev/e —2.881 02" —1.400 85

Y I & R A EE SC —10. 564" —2.553 31"

* . P<<0.05
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MP H.gallinarum-H1 ML Hgalh.narum-Hl
H.gallinarum-H12 H.gallinarum-H2
H.gallinarum-H13 H.gallinarum-H4
H.gallinarum-H3 H.gallinarum-H13
H.gallinarum-AUS H.gallinarum-AUS
H.gallinarum-H2 H.gallinarum-H3
H.gallinarum-H14 H.gallinarum-H9
H.gallinarum-H10 H.gallinarum-H7
99| H.gallinarum-USA 991 H.gallinarum-H14
H.gallinarum-H4 H.gallinarum-H10
- H.gallinarum-H8 48 ['H gallinarum-H6
H.gallinarum-H7 H.gallinarum-H11
H.gallinarum-GZ2 80 H.gallinarum-H5
96 . It H.gallinarum-H5 44 H.gallinarum-GZ1
>3 H.gallinarum-GZ1 H.gallinarum-GZ2
[H.gallmarum-HG IH.gallinarum-H8
50| H.gallinarum-H11 H.gallinarum-USA
H.gallinarum-H9 H.gallinarum-H12
H.isolonche H.isolonche
[~ H.spumosa [ H.spumosa
99 Y~ H.dahomensis 9L 1 dahomensis
Ascaridia galli Ascaridia galli
—
20 0.05

Ascaridia galli YE RN AUS, K F| W ; USA. £ FH;GZ. )
Ascaridia galli as the outgroup. AUS. Australia; USA. United States of America; GZ. Guangzhou
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Fig.3 The phylogenetic trees by Maximum-parsimony (MP and ML) were constructed based on the ITS 1/2 sequences

of the genus Heterakis

U2 B 22— 0 45 b 2 A 2 A 2 UG 2R
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CAEAC R DN SEIN RS O ARG I S-S0
T8 LSR5 I K 3 7 A b DX A7 I 5 5 1 U [ 3 7
b P X8 S 2 R 2 R S TR L R T A6 L R T
IR b, PR () ) o 2 S5 W 7 A o XA BE I L R
BT 0 ) 1] il X0 S ol 26 A AR 3t £ 2 2
3.1 FAERSW

XG5 £ B R g g TTS1/2 3 51
(96. 4%~ 100%) & 3 & F Fh [0l (5 H. spumosa.
H. dahomensis . H. isolonche) [ )5 5 8 L 1 (60. 8 %6 ~
68.1%0) , B ITSL/2 JF 5 76 Fl 9 BN PR 5F . BAR
A S 26 Ha i) TTS1/2 17 50 K - b B 55 14 AH o)
P L EAS ] B Y5 bR 9 TTS1/2 R 5l Ar e — &
(22 S, b U 1 Rk 5 S5 Bk 1 A R0 (96, 404 ~
97.0%) B s /N T H 55 7 N A A0 K R S ok 1 A AR
P (99. 3% ~99. 8% F1 98. 9% ~99.5%), ¥ 4h.59
AN S 2k B REAS B TTS1 A TTS2 (1 748 5 b 77 7
Y0 1 22 5 A8 S 6 A 7E TTST A ITS2 w13
ASFN T A BRI B R A B F ITST B WIS
TN AR R ] S Ak S T bR A X S ) £k e TS

SR T ITS2, i — 4 L HF T B HEE " M4
R o Heterakis J& N AR R L ECET . 51 & B 1TS2 4%
ITST F B o3 19728 5 Pk i — 20 3CHF T AL Ribas
el py gk B Mk N H. dahomensis #1 H. spumosa
9 ITS2 JEPH (3. 12% 0. 83 %) # 4k 4y B i T
ITS1€0.97% 4 0. 47%) . F¢ W4 TTS2 7£ Fft [A] A% S 1
WK P VEE A A 5 00 28 BB N g TTSL L
ITS2 Y78 S PETE R i TTS2 78 A ] B4 0 5 14 42
Stk

3.2 BEESHESW

ToRE 1Y) 35t 1 22 A 1 2 AR 0 0 10 R Al 2 ) b
T FR A AR A | AE AR A AR A R A PRI 22 3 A1)
2 K AR AT R 2 AE 1 Goo) RS P 2R (HdD SR Al
SRR RIS 2R X 2 A48 AR AT R B A st AL
ZREEME AR . T DA A AR ek R A A 1
AT B R I W Hd a] 7R %8 i Ja) py B 2R S
PO H AR 7 B2 I AR /N o (A R S T K
IFIA] A AR 3R PR o 7 A R R 35t AR 2 AR PR I
Hd B HARFEE,

AT R F L U1 59 A3 7k Rk A 14
ASFLAEARL(H1~H14) , Horp 5 8 H1 78 7 4> Hh 3
TRt 34 20 A o 33X LA BB AT A Ry J2 BB A 3 N B
2 A8 Ak I 8 AR b RS E AF AR 1Y P B A B HE
HI J& 5 J5 e i A5 B0 i 7 A M X b A &
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POP-IH L SIS A S ) 2R A R 1 R O A R S
1% 40 3P D G Al DR BT 1 A 06 . UERLAE YA
BN HEARFIEER Hd (0. 532) K F » DU 1] 1 X 35
SR 2 HL 1 BRI 2 B A X A T T R
Z R S5 R G A% Y 22 R M A R L P A
UNF 0,01, 3X AT fig 2 R T X S 0 4k duph B Dy s
HE o R A A0 o 2 YRR R A K o R S ok
AR ST T8 I R TR 2 R (R R B ] A
B AR R m TR AR, W
Tajima’s D {H Al Fu’s Fs (H(M{EHZ R T &) X
HE— 25 SCHE T DU Hh XX S o) £ R R G 28 D) el
FED SR my eI
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AF A S5 ) 24t b AR 1] 174 388 % A8 S/ (0. 78 %) . WA
BRSO 28 R R GE K B R AT UL, 7 A B AR
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CLIE ARG AL B0 S0 55 B A 5 B 2, AT Bl 5 26
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H. isolonche 535 5 | 28 AL 75 A1 2 Fb S5 ) J £k
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