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Mitochondrial 12S — based analysis of genetic diversity of Baylisascaris

schroederi in giant pandas from two mountain ranges in China
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Abstract: The giant panda is an iconic and threatened species for wildlife conservation in China. Baylisascaris schroederi is
the most common intestinal parasite found in the giant panda and represents a significant threat to both wild and captive
populations. Given that giant pandas are geographically and genetically distinct and that there often is co-evolutions between
parasites and hosts, whether the evolution of B. schroederi correlates with the evolution of giant pandas has been, and is
still, a matter of controversy. In this study, 34 B. schroederi isolates from two main giant panda populations distributed in
Minshan (14) and Qionglai (20) mountain ranges, respectively, were subjected to analysis of population genetic diversi-
ties in terms of the complete mitochondrial 12S genes. Results showed that (1) a total of nine haplotypes were detected in
the 34 isolates, with high haplotype diversity and low nucleotide diversity; (2) the negative neutrality tests ( Tajima’s D
and Fu’s Fs) and mismatch analysis indicated that B. schroederi experienced a temporary population expansion in the re-
cent past; (3) the low Gst and high Nm values suggested a low genetic variability between Minshan and Qionglai popula-
tions ; additionally, (4) the phylogenetic tree and network map exhibited a mixed population distribution without area-origi-
nated specificity. Collectively, B. schroederi across Minshan and Qionglai exhibited an insignificant genetic differentiation
and had low genetic diversities between them. This finding implies different evolutionary rates between B. schroederi and
pandas, and the results should contribute to the control of B. schroedert in different mountain-range pandas.
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KAES (Ailuropoda melanoleuca) 25 ¥
fiEa 22 mYRZ —, BAEZENRIIRSAR
Wl (Zhao et al., 2013), HHT, KFEM EZ 7
AT IR A IR, Rl RAHIS | ZRI | /NFHIG A
BRI, HAMREE R 1 600 HAAf, Hi,
U L AR IR PR LI ZR B e 22, 9 di) o DR RE AL
Bnt44.36% F127.38% (EFEMLF, 2006) , K
WLk, KAEMER 1323 b st b B rh < B
o NG K& A AR IR R R A, a4
gl & SRR T Wi fa 0y F 2R Z
— (Zhao et al. , 2013) ,

PO EC I 81 ( Baylisascaris schroederi) J2& K RE
A PN B DL T A AR L, X R BRI Y A8 AR
(Mt AE, 1998 #ot A Fskakfn, 2013) . %
PR R R AT A TR RS R E N, TS
EIEFE . RAEH B RBEMMIET: (Wang et al. ,
2008; He et al. , 2009; He et al. , 2012; Xie et
al., 2013 ) ; T HAATHZN U AT 732 o0 A TR AE
NIRRT E, RN RBATIE (VIM), 1
W s . WA A LA S s IS R ¢ o 74 [ DL e
TEHF A R R IR YL 3 50% - 100% , J2& 53
AR RE M A8 T 1Y 35 2 M RT Ak e 1 e R 2 —
(Zhang et al. , 2008; 17t A MGk A, 2013)
Zhang 4% (2008) {FEEZ{Y 2001 4F £ 2005 4F 5 4F[H]
P PG G DL o] e Je e ol 8 ) B A4 K R P TR o )
TREILT-$H) 50% (Zhang et al. , 2008), I47h,
P B AT 2 T A B W, R AE R RE AN 7
FC DLl ol 1 e g SR AT 5k 54.0%  (Zhang et al.
2011) o JSAEIL, YT T A A AT SR PR
TIEAMEY = (K5, 1998; Wang
et al. , 2008; He et al. , 2009; He et al. , 2012;
Zhou et al. , 2013; Wang et al. , 2013; Xie et al. ,
2013) . WEAEK, BEESTAYSERHBA &, K
R E WIF RS S RN ER (ITS -2) DI
LRtk (COXI, COXIIFn Cyt b) FEPHAE R o0+ 45
TR XS P4 LG DL o 1) 3 48 & AR OC R AT I SE (]
e 4, 2008; 42N 4, 2012a, 2012b; Li et
al. , 2012) , FHA5RFWIZ000 s Sy DL g i ey, Fif
J&, WIS ORI R IR (ITS) R4k {4
Cyt b FERIFAS[A] L £ I e A 44 P i) 7 £ DL il
AT RIS AL Z AR 70T, AN [R] k]
(R P4 LG DL st R AL T AA AR R A B O, DA &R

PFhi AL AL AN Bl (Lin et al. , 2012; Zhao et
al. , 2012; Zhou et al. , 2013); {HEH T& 1
R4 22 22 5 P HIREAS 1 H R 15 78 12 00 v v
REAE 12 1 F Ak i B2 rb g T 184 A0 IR BE 1 A8 4k
(anAfee . . BN %) W& TR
BB YRR AR, I FL 75 AR U5 1 R A 2 i P Ak
X R EAA AT RE IR X — i fE (XIS, 2008
T B AR S [E, 2009; Zhou et al. , 2013), A
B, P8 R DL ] R At A A 5 DR RE AR A IS 1 A I
I3 ZE AT S BT A Bl W 2 SR HL O T ALY T
i

Y T R b B2 (I A B TR R RN EE 5
b, YIMIE RS, HazJrik e OB, Fehili
A4 b s 113/ (lorio et al. , 2009) 5 [A] i,
ANFIRALA DNA J3F PRI HE A0 1 3 R TR 7 A5
TRSFHEANTE], DLE X [FRE A AR A 24 v] g
HIRZE S F (2% (Farias et al. , 2001; Khan e
al. , 2011) , SCAFFORERT R F R L ARk L & Y
34 BRICREN VG G DL iy 4ok A 128 HE K 427 51 it
P38, LA TP K Ll 2 AV EG DL )7
HFREZR, DAIRE IR AT X 1200 s 55 A% 25 44 ATk Ak 56
R T i

1 BHR 7%

L1l A i i g

2005 - 2014 4E[H], 34 Bk VG IS 0L sk Hope i
B o3 AR B IR AR (g R I &, oy, IRk 1L
20 Bk, URIDIDER 14 ko RAESE S TP
FRRREM Y EE A X (R 1), RIRLIEES
YEIR, KA AKEVE TS, T - T0°CIRA7
#wH.
1.2 HUpR R DNA (4 HR

K MBS B/ BATER D FEA R & DNA #E47
S, AL A2 A (2012) A,
1.3 128 By 1 5

R 8 410 Y PG [ DL ] ke Ay R 4> B DK 28 17 47
(Xie et al. ,2011) ( GenBank % 5% 5. NC_ 015927)
PO REF s Y, i 128 BN, YK E N
800 bp 7= fi. ¥ MG b WE Gl M. 50 - GTT
GTTTCTAGTGTGTTGGG -3’ ; T iEs|¥. 5° -
CCCTCAACACTCCAAACACG -3’ , PCR ¥ Bk %
5 50 pl: 2 x Tag PCR Master Mix 25 pL, DNA
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3 pL, KEUGEK 16 pL, L. FHF5144 3 ul.
SR 94CTAEYE 5 min J5 BEAJEER, 94°C 8k
45 s, B8CiR Kk 45 s, T2CHE 45 s, 35 INMEH G
72°C HHESH 10 min, /5 8°CIRIR. §HE ™28 1% B
NEFHEEIC LIRS, TR MR RS0 T AR
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Table 1 ~ Origins and numbers of B. schroederi isolates
e (BRE0 FEACREE S HEAG S AR JPoE
Population (isolates) Locations Sample codes No. of isolates GenBank accession nos.

BN Z (20 B) “73% Baoxing 01-0Q5 5 KM595306 — KM595310
Qionglai mountain 7)1l Wenchuan 06 - Q8 3 KM595311 — KM595313

. 20 1Q l. <
range (20 isolates) %4> Tianquan 09 - 016 8 KM595314 — KM595321
M Pengzhou Q17 - Q20 4 KM595322 — KM595325
IR (14 k) JtJIl Beichuan M1 - M3 3 KM595326 — KM595328
Minshan mountain )1l Qingchuan M4 . M5 2 KM595329 — KM595330
range (14 isolates) -t Pingwu M6 - M14 9 KM595331 — KM595339

1.4 BdRseHT al. , 1999)

P I F S EE Ol 800 bp, £ BLASTn 7 #r
B DA LA 55 P4 EG DU oR SE B 128 R,
DNAMAN 5.2.2 # {4 ( Lynnon Biosoft, USA)
HEAT S B RORE AT A B R, AR X R Y
128 K5 9 S0 . Mega 5.0 B4 o3 Hr i 2k 41
Ji% (Tamura et al. , 2011); DnaSP 5.0 ( Librado et
al. , 2009) AN HN AR R SRAEALEL
AR Z FEVEFE B (Pi) FVEAE B 22 A Pk 45 2
(Hd) ZH 7 583t; ] Arlequin 3.5. 1.2
(Excoffier et al. , 2010) 8 2y F 28 7 2 #r
(AMOVA) Al 5353 4% 742 5 75 B 142 9 FIURF 44 18] 119 53
i, P RHAE R AE L R B (Gst) M H B
PE (I EL 1000) , FF A4 ) BE R Nme |y 28 =X
Nm = (1 - Gst)/2Gst THEEMAF LAk, 8 A5 A
FEY Tk Ay B A 5373 A (mismatch distribu-
tion) FIFP PR E{E (Tajima’s D #l Fu’s Fs)
AGEI P4 X DLl e e PR R S AL, BE, HEERS
Dlwm dt ( Baylisascaris transfuga) 12S Fe[X by S Fp i
(GenBank % 5% 5. NC_ 015924.1), f&Bh Mega
5.0 AR R 2y (MP) REGEAFER (Tamu-
raet al. , 2011), 3 bootstraps ( B & X% 1000)
R AN £ 70 I B AR B, B Jm, (] Network
4.6. 1.2 B fFp 2l A% AL 1] 2 9 2% 14 ( Bandelt et

2 HX

2.1 128 JEHM T I Rl A 5+

XoF T 1Ly 0 IS ke R 1L R A 34 S REAR Y
12S £ FF) T A X s, 4531 694 bp (4 [A]E
IV, 24 Mega 5.0 BAE34T, ZFHIH A, T,
C. GCHREA &R K 29.3% , 38.5% . 9.9%
M22.3%, A+T &EK67.8%, HEETF G+C,
FFA 128 FEH Y — 455 . DnaSP 5. 0 B 4F53#7 i
N, 34 AMFEARTFIIIEE 13 MR, AR
B0 1.873% , Hrh BASARN A 8 A, TTLME BAL
BSA, LR AIEA . 28T ER, 34 4
FEASLR O D FAAEAL (ST -S9), Horplig il £
7A (S1. S3 -S8), IBWkIIZE 6 4 (Sl - $4.
S6. 89) (3R2). EHHARMERIZAEMEIEEL (Hd)
70.782 500 + 0.001 678, %+ MR £ FE 1 5 %L
(Pi) 4 0.002 583 0. 001 678,
2.2 FEAsL At b

X Ly A TSR 4 4 111 25 G K DL b B4R (1) 128
SER AN BT XS, S5 R R SRR B G S5 L
ZRAN K, BERE 240 RE (Gse) F1 Kk B R
(Nm) Kz, WABEARBIAELE RN Nm ik
64.71, TisMLZEEL Gst {1 0. 00385 (£ 2)., AMO-
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VA St — s, 78 G DL e ] ) g3t 1 22 ~0.26% , UESEVY [G UL R R P 33t 4% 45 1 A W]

S 100.26% , 1 AER NI EEERHON B,

R2 TRAREMEES L F AT R W HIEE SR

Table 2 Summary of the genetic diversity of B. schroederi from giant pandas inhabiting different mountain ranges

- MEIC RN RRUAN WRRBRME () BERSREE () L L HURKC
Population Isolate No. of Haplotype  No. of variation sites ~ Haplotype diversity ( £SD)  Nucleotide diversity ( +SD) Gst Nm

U1l Minshan 14 1 10 0.8571 £0. 0652 0. 003040 0. 002022 -1.5372% -1.9092

Ik Qionglai 20 12 21 0.7263 £0. 0901 0. 002199 +0. 001538 -0.3107 -1.0241 0. 00385 64.71

B K Total 34 9 13 0.7825 £0. 0547 0.002583 £0. 001678 -1.4359 % -2.4025 " — -

* P<0.05

2.3 REoh ARl TAEAMAILRHEA, 2IIRIRM KR, K

KH Mega 5.0 FAEXS 34 AAEARBATRIE S FENARMMELY S (E 1),
Br, SGEREWITAERERA 3 AR, HRZHU>

—M10 isolate
Q13 isolate
M7 isolate

Q1 isolate
Q7 isolate

62 M2 isolate
Q4 isolate
M6 isolate
MS5 isolate
Q12 isolate
M4 isolate
Q19 isolate

Q3 isolate
51] Q10 isolate

M11 isolate
Q5 isolate g
64 Q8 isolate \i‘
M12 isolate g
Q20 isolate %
M13 isolate )
M14 isolate a'
M3 isolate I
62| Q9 isolate §
Q14 isolate é,
Q15 isolate oé
Q18 isolate
M5 isolate
M1 isolate
Q6 isolate
74 M8 isolate

Q11 isolate

63 Q2 isolate
Q16 isolate
Q17 isolate

M9 isolate

Baylisascaris transfuga

0.005

PAL 34 BRVY PG DU MARAR IR T 29 2 T ML - M14 AURIR IR 23 Bk, QL - Q20 FUZR IRk 11 R 7 B ik

Fig. 1  Maximum parsimony ( MP) tree of 34 B. schroederi isolates. M1 — M14 represents Minshan population and Q1 — Q20 shows Qionglai population
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Fig. 2 Network map of the 9 haplotypes in B. schroederi. The area of

each circle is proportional to the haplotype frequency
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Fig. 3  Mismatch distributions of pairwise nucleotide differences for B. schroederi using the 12S gene. Mismatch distributions of A, B, C are

observed and simulated for Minshan, Qionglai, and both, respectively. The horizontal axis represents the number of pairwise differences, and

the vertical axis represents the relative frequencies of pairwise comparisons. .. represents the distributions expected for an expanding popula-

tion; — represents the observed mismatch distribution
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RAEAN 2 BF A= sh R “ TR W Fd, 74
PG DL B A S O e B Ay i WL il 2 AR e, X B
S SR IyN YO N3 T DN < T 1 e
MEZNFKZ— (Zhang et al. , 2008; ouAc Mgk
AN, 2013) , SR T AR AR RS 1S ERIAFTE) 2
MPREE A OC FR (XA 55, 20085 BN 55 F1 5K
FER, 2009) , P4 I D] R A5 o A7 AR R AR A AH
TE LR E AR 34 H AT SR = — MEAR R TE BT Ry
T B AR AN OO AN [] DX B AR 74 X DO ] ey
W Wb EE S, T B R OR BRI X — Y
o g A PRSI T E B S, I, AREFSEL
R BB B T R R Jee A —— TS Uk R D L R A S AF 5
X4, FFE YO R AIZIX B (IR S i1l ) (Y 34
PR BB P EC DL SR i) 128 JE R 4P 9 BEAT T 4
FMEEEAE M0 AR Z RIS (Hd)
FRZHRRZHEVERE B (Pi) 2% B L Z Ak
PPl TR, AR w38 R I oS B R R
BEZ R Bk, R 2 SRS
s, R LU AT IR P R L FR 14 9 FG DL e A B
B A 2 FEVE R BN A% T R 2 e (P
<0.01) o BXFPREEULE R 0 28 RV AR 3 ) i) T b
WALLEMIFIE P R W, (Liu et al. , 2006), {H
TEWFL3h ) RN B Rl 5t 1% 25 A B8 v s S A
Do G B SR AT B8 S R 22 Iy i R SR,
ORI MEI A KR BE AR R R B 1028 5 K .
THh, A RN S HE F RIS R A
XK, A8 FIIE A Al 0 2 T 20 AR R
7% (Falk and Perkins et al. , 2013), fEHSE |, K
RN W5 A S T e SR 5132 A T 2R R
MRCTL . BRI, 105 T 2s A A
DGR, REESAVEEA AR/ . TR B
R, REEMAURPRTZ06 | IR, IR0k, AHE |
NIRRT S R & (I R0l Ry, 20065
Zhou et al. , 2013), Zhao Z¢ (2013) X} L iR#h[X
REEMHBEAT T ALY 730, 4551 BoR AU
SRR IR KRR B T 34k, T ELUR LU TRk R
REM L T o0k, SRR BRI, 51 ERAEM
(Wit oA, FRATTEY AMOVA 3#r il 75 75 G DL
e e FE 5 22 REPE D Tk = LR W i 1 b LR T
X153 0 b P A3 A R R R, B S AR Y

TN A O, BIFEAS[R] PR 858 T 92 i s AT m] Rk 4
[ ONTTEE R T N dE A R Ik (NI EA o2
Mo TRIAT, 2045 SRt ] 2 M 136 I K AE A 5V 1 DL i
e EAFFEARE PR, sk SedfEis (R Fp R
SR ZRENE) FEFRIE bR IR AT SEMEAS [R] X 3 K
AR O g — B R L T —E 2%, SRNE IR
FIABIFFE 2 DB EE R K P FR T 7Y X DL o o
b, SP ok EZ AR (BFEZIER (ITS) Al
RRRTEE (miDNA) ) il HUARREAS B 195 18T
B RIS -

WEAN, PG O DU o ) 3545 22 A 1 Al 5 i ) i
PRI A AR R B A OG . T, S Nm (H KT 1
FFPRE AL R AT MR R 2g i, I B2 DAHEH
WA AR, XTI &R v ReE LE
/N (Guilherme et al. , 2012), FEAR KT H,
DR LI AN TR pke 11y 25 (] (1Y 12S FL KL Nm {H Ry 64. 71,
PEAN WG 111 25 09 G £ DL e bR AR ARG, X — &5
et R Fibi e ZREvE T i, E—SEE T
PR 8 & A R O . — 2 G U DL ] R R[] 1) i
By i (Bshth) SRR, UE Tk T
PR TS TR (8 3 AR50 5 — 2 P RIFE A v EX Dd i
WO FEZE DT — R s B, (R A R8T
)ik B FP AT RS 5 AR A RS o (A B
&, FIRHENE— B LA A R A
BEAT A (O I B) ) 5 IX Sk 5 i) (Wil et al.
2006; #AEFIFIBLHSC, 2006; Wei et al. , 2015)
DA VG B DU OB Y A S AR AE (EHERE)
(#F6 Fsk LM, 2013; Xie et al. , 2013) Tijnk
A AN [ DX 3] e B A7 A B R A R I O . Ry
TE SR 5T TR AT R B 5 DR SR A T o i i85 IX.
B S MEPEREAS VEA T RS, AT R sl M B4 i TR [R] X
by N T T SO Rl 2 SR N L 1 g NFS T
BHLEHEAT “Z%387, LAEUIE I fA) 3 PR A8 A %
N (H# R MR, HE—BIF LR FET LN
I3 F IR LR o T A TN A R A A R

e, TESEAT VG EC DL a7 s 3h A 4 Ar
B, VR R SR FH 2 R A 96 e TR 24T 20 #T
w2 ths, BRIk LR PR VG EC DL H Fu” s
Fs fll Tajima’s D S A 75, HAL N B &K
T, Pk, FRATHEN VG EC DU it 2o 28 5 T Fi
ook [WEF, Pl fg Al Sty B R AR S A
F14) BRLAS 76 ) 266 2E b P A 0 — 2 A4 T P G D o e e
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