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Species Identification for Pangolins Based on Cytochrome b Gene

WANG Chen' ,YANG Ya-fu' LI Li’ et al (1. College of Wildlife and Natural Reserve, Northeast Forestry University, Harbin, Hei-
longjiang 150040;2. Hunan Biodiversity Conservation Center, Changsha, Hunan 410000)

Abstract A pair of new specific primers DCW-F1/DCW-R1 were designed based on Cytochrome b (Cyth) gene to identify suspected speci-
mens mixed with non—pangolin species. The results showed that it was good specificity, high sensitivity and could be used for several type sam-
ples. Secondly, we used BLAST comparison, genetic distance and constructing phylogenetic tree to analyze the four groups of Cytb sequences
with different lengths, in order to estimate the influence of changing sequence length on pangolin identification. The results indicated that the
similarity of homologous sequence between most samples and corresponding pangolin was higher than 98%. This suggested that the value should
be used as the criterion to identify pangolin species. The minimum inter-specific genetic distance (inter-d) was greater than the maximum In-
tra-specific genetic distance (intra-d) among five pangolins with the exception of M. javanica (211bp) and P. tricuspis (421 and 211 bp).
The variation of sequence length and the imbalance of sample size could cause unstable ratio. Phylogenetic trees showed that most pangolin spe-
cies except M. javanica and M. culionensis were monophyletic, and their topological structure and confidence for some nodes changed with the

sequence being shorter.
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Ti4E (Acanthis flammea , n=3) &It (Lepus mandshuricus |
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1.2.1 DNA $2iit, Zrili 8% F ] 75% Ll ek, 22K
B2 B KR K B BCH R T 7 B A B k2 R e
Ko, BRI Ry AR o A B IR LB R B B RO R 20 A

AxyPrepTM Multisource Genomic DNA Miniprep Kit 1137 & ( 2%
SR SEBOIL I B & B2 Bk S 885 1 19 8L DNAL 3 4h, Bkl
180~220 mg HYZ&fEffi H QTAamp Fast DNA Stool Mini Kit i

& (22 ) 42 BUE DNA, DNA S BUP BRI 22100 &b

PA45 , DNA JRBAFiLT-20 “CokAE .
%£1 ZFILFERNRWAEAR GenBank KBRS

Table 1 Experimental samples and sequence information downloaded from GenBank for pangolin

GenBank & 55 FIFEZA S5 GenBank ID and sample number

Fi E 3/
Species Source MJ-L(1 140 bp) MJ-M (762 bp) MJ-S (421 bp) MJ-DCW (211 bp)
EEEZE L B ( M. crassicaudata) [11] NC036433, NC036433 | NC036433 , NC036433

rhARZE I (M. pentadactyla)

ezl B (M. javanica)

FEFEEZE I H (M. culionensis)
KEZEIH (S. gigantea)

FEAEZELL P (S. temminckii)

KR (P. tetradactyla)

BRI (P, tricuspis)

[20]
[21]
[11]

*

[13]
[11]
[22]

[11]
(23]
[11]

[24]
[13]
[24]
[23]
[11]
[25]
[21]
[11]
[13]
[21]
[11]

MG196304 ~ MG196306
MT335859

KT445978

JN411577 NCO16008
MG196307

PA-L-1

MT875194 , MN365836 .

KT445979

KP306515 ,NC026781
MG196302 MG196309

MJ-L-1~14 .16~ 18,
~35.37~48,
51~73.75~82.84.90,
103 ~ 104,
114 ~ 115,
117 121,127 142,146,

20~29 .31

92 ~ 101,
110~ 112,

PA-L-57

NC036434 MG196308
NC036064 ,MF536684
MG196301 . MG196303
PA-L-3

KP125951

KP306516

NC025769

MF536685 ~ MF536687
MG196300

NC004027

MF509825

MG196299

KP306514 \NC026780
MF536683

MG196296 ~ MG196298 |

MG196310
PA-L-6,10.,11

MG196304 ~ MG196306
MT335859

MN365834  KT445978
JN411577 NC016008
MG196307

PA-M-1

MT875194 . MN365833,
MN365835, MN365836,

KT445979

KP306515 NC026781
MG196302 MG 196309
MG825495-MG825551
MJ-M-1~39 41 ~68,
70~ 88,90 ~ 101,103 ~
111 113~115 117121 .
127 142 146 148~ 159,
161~178 182~ 184,191
~195 PA-M-57

NC036434 MG196308
NC036064 ,MF536684
MG196301 .\ MG196303
PA-M-3

KP125951

KP306516

NC025769

MF536685 ~ MF536687
MG196300

NC004027

MF509825

MG196299

KP306514 \NC026780
MF536683

MG196296 ~ MG196298 |
MG196310

PA-M-6.10,11

MG 196304 ~ MG196306
MT335859

MN365834  KT445978
JN411577 NCO16008
MG196307

EU05762~ EU057637
PA-S-1

MT875194, MN365833
MN365835 ., MN365836.,
KT445979

KP306515 NC026781
MG196302 ,MG196309
MG825495-MG825551

MJ-S-1~39 41~68.70
~88.90 ~ 101, 103 ~
11, 113~115 117 121 .
127 142 146 148~ 159,
161~178 182~ 184 191
~195 PA-S-5.7

NC036434 MG196308
NC036064 \MF536684
MG196301 ,\MG196303
PA-S-3

KP125951

KP306516

NC025769

MF536685 ~ MF536687
MG196300

NC004027

MF509825

MG196299

KP306514 NC026780
MF536683

MG196296 ~ MG196298 |
MG196310

PA-S5-6.10.11

MG196304 ~MG196306
MT335859

KT445978

JN411577 .NCO16008
MG196307

MP-DCW-1

MT875194 , MN365836
KT445979

KP306515 ,NC026781
MG196302 . MG196309

MJ-DCW -1 ~29 MJ -
DCW - 38, MJ - DCW -
42~43 MJ-DCW-48,
MJ-DCW-50-53 MJ -
DCW - 66, MJ ~ DCW -
70, MJ-DCW-73 MJ -
DCW - 78, MJ - DCW -
85~86.MJ-DCW~-111
FGI-SE-02-01 , FGI -
SE-01-02, FGI - SE -
10~-1,8J-2020-292
NC036434 MG 196308
NC036064 MF536684
MG196301 . MG196303
SG-DCW~-1~2
KP125951

KP306516

NC025769

MF536685 ~ MF536687
MG196300

NC004027

MF509825

MG196299

KP306514 NC026780
MF536683

MG196296 ~ MG196298 |
MG196310
MT-DCW-1~7_5]-
2018-72-2,8]J-2018—
72-3

T« fRR AR ALE) GenBank,

% are directly submitted to GenBank.

1.2.2  5|¥i&it. FIH Primer PREMIER 6. 0 438+ 3k
I Cytb 2P FNBHEF IR PCR 519, 51985
ZRALHE AR (Tm) 2 60 C 5P (Length) g 18~

Note

30 bp P =44 & (amplication length) &7 70~200 bp, & T
ZHCHERIME . i MEGA 5. 0 rh ) BLAST 2 ) 0 £ 1 /&
BRI 519, 225 (AR 28 L R ARl ) U507 5 65 - G
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# H B 94 ( Oryctolagus cuniculus , HQ596486 . KT626640) . £
P H ) IR ( Canis latrans, KT447695 ~ KT447698 ) 1 5% K
( Canis lupus familiaris GU249573 , MH714782 ~ MH714784
KJ660981, KJ660982 ) | 3 F H 1 B 4 ( Ardops nichollst,
KJ024748 ~KJ024751) (& H (% 4 (Bos taurus, KT626620)
T H W 355 ( Dasypus novemeinctus , KU253494 | KT626619
KT626620) 1 & £ H 19 % A ( Homo sapiens, IN034134 ~
JN034136) ,
1.2.3 PCRPHAMAE. FIF 3 %514 L14724/H15149'™
mch398/meb869'7 DCW-F1/DCW -R1 43 5|47 4% 2 111 F &}
HAREA (R 1) Cyib BERFR 3 P91 0 [N R 178 50 plL:
5 WL DNA #i4,0. 5 pL . F 514,25 pL DNA % 4 i
(Transgen,db30) , 19 wL K LB F /K. PCR 7E PE9700 %I
DNA ¥ 34 (PE, 3 [H) it47, L14724/H15149 i 55444
AR 95 °C/5 min( AP 95 °C/30 s,3B k 56 °C/30 s, LA
72 °C 1 min) , JFF 40 Y, ZEAH 72 °C 5 min; meh398/meb869
REEEAE R WM 94 °C 5 min (251 94 °C 1 min, iR K
52%C 30 s, #E{f1 72 °C 30 s) , FEFR 35 ¥, #EfH 72 °C 10 min;
DCW-F1/DCW-R1 W 254 : T8 1 94 °C 5 min, (544
94 °C 1 min,iBk 53 °C 30 s, %Effi 72 °C 30 s) , fEIF 35 Uk, 4E
172 °C 10 min, B PIZ 1. S%BENRWEEE R TS I IS
AL BB A W BOR A R 2 F] S R 4 48 A R
ABI3730XL DNA il J7 ASCH#E A7 X ) W o [] A DNA e B
=25 ng/ L BREA L R IRIIEE I KB FRA R i
MR A% f# ] 1llu mina HiSeq2500 TP ASCHEA T v 3
T
L2.4 51%a%HENES 51904 A {6 A NCBL/ Prim-
er—-BLAST F/F I E5 |4 DCW-F1/DCW-R1 5 GenBank %k
P EhAE BRI A s G IE 0. SRIG[A 7 N AEZEILT Y
Tty DNA B b A7 SEUF i . f 5 TR IR IR A RE i 50
IR T AR DNA REAHIR BB 5TIR A, 1550 51 5 3
NS LA ZEAEREE B ) 928 1L B 4 FF DNA Hh3 7R IR
G HEE LR 121,43 5IIE4T PCR 47318 Ky

519 RGPEMRRAENUA B K A12L 6% B SR AR
WA 2 A FE L, FF DNA il 4R K & B K
10 ng/ pL KK BE S 1.0.0. 1 ng/pL H1 10,1 pg/ L, fii F
“1.2. 3" ik EAT PCR 471 Je s kA il . B3R 5101
F 5 P BA YR Y PCR A g, 8 B e BR (8 50 26 ok 2
LT DNA) FIBAPE B (R R B FK) o
1.3 BRSO FIH MegAlign X5 3815 /1 —AQI P45 R 5% ik
Fasta #%3X, %% NCBI I 5 [R] 5551 f Ff MEGAS. 2% £ T.
KX R SeqMan B4 DF 4z — AN 5 KAF 1 Cyb JE 57
G, IEEE AP R T TR0 . A DNASP V. 6. 0. 70 3143
WA E S0 (R SRS R, FH MEGAS. 2 34 i clust-
alW XHEFHEF I IE , 312 25T Kimura—2—Parameter {5
BOCK2P ) A 82 50 4% 2 1y RS Aol phy o A D 34 B 5
boot-strap test {E 1 000 K E(5E /7. i GenBank %)%
Wy BLAST T XA 790 A7 Bk, IF 647 IR IR 43 by

O, AR E i o i i PhyloSuite V. 1. 2. 2% 3 5 KA
SR (mL) A DL vk (BD) RSk B W . FIH Mode-
IFinder (I BIC frifE, #5843 5135 8 1Q-TREE F1 Mrbayes )
13BN Ay X7 A IR e iR, i H 1Q-TREE Al
Mrbayes 43| # £ mL 1 BI R4t & B4 (FIE H 17 lm I
JPERAMNEE) o

2 #ER554

2.1 5|¥ERE WIHMHEIN54 DCW-F1.5'~ CCTAT-
TCGCATACGCAATC-3"; DCW —R1:5 — AAGGATAGAGGC-
TACTTGTC-3', %5| ¥4 NCBL/Primer—BLAST 2 ¢ k22,
L degg (1 AR )T 5 0 45 A3 R 90.91% ~100% , H4y 7
Tz L B[RRI B4 5 28 =95% , SLIEREG R, %5 19
KB AR BRI R 2501 . A TR A RE S 14 18 7
J7 LS5 o B — Iy n R e IR A3 81 S5 TR A R T A
FH—3, 1Bl R % R # K 4514 meb398/meh869
Prosih 0 S A LA TR A P 5 T 2251 ) DCW-F1/
DCW-R1 §"34 153 50— w]JRU0 0 PP i [, 3 b gl SR AR UL
%5 | A e e e o R AT P Tk 225 2 < L PRI
DNA FifE % 10 pg/pL B R LAY HEL Tk 251 5 B Kk R A
DNA FIHG B 2 0. 1 ng/ L, B2 JIk F 3% {F FE DNA 7] 75 B &2
1 ng/pL(E 1), 3%EMi% PCR 24581 72 805 JE LUK I3 5
FROR RIS RE D

2.2 FSISH ZAREE A 4 4 Cyth 3 P30 ) BAAERLEL
B A Y A K E AR A b, B R 106 & MI-L
(1 140 bp) FHFFAE 70 A A5 160 45 MJ-M (762 bp) Hi 1§
TE 69 M HAEHY, 160 2% MJ-S(421 bp) "HAFTE 28 S HAG Y, 60
% MJ-DCW (211 bp) HF#7E 19 PELAERL,

4 1P 50 T B0 2 LR RRAR e 3 5 ok g L Y )
TP E S KT 9%, B MI-M e il PA-M-1,
MJ-DCW Hp# i MP-DCW — 1 L5 s 4828 1) F [R)35 ) 9] (9 4
IS /N 95% (94. 88% 93. 27%) ; MJ-DCW Hi 43 kA
Sipg gl B AR T 91 A AR (DL EE G K T 95% (95. 73% ) , Hisk
B 55 R 4 25 L HE RV 81 B AR RLBE 2 KT 98% (2 2)
o Er 3 41781 (1 140,762,421 bp) 52251 4 Figg 1L IH)
PR T A AR RLEE (B AR FRAR /N, {H B S 1 MJ-DCW 5 T o
ZEIH A1, Ho g 3 Fge Ll B[] 50 400 i) R RLE A5 A8 /N 1Y
08

MJ-L MJ-M MJ-DCW HFf Py 35 1% I 25 fe K AB R B/
485k R ZEL Y (0. 113 6.0 117 4.0. 149 4) F1 Lk 2810
F1(0.0.,0.004 8) ; MJ=S Hf st A% 1 B3 S5 R AR A e/ MEL S
B AR ZE LT (0. 123 9) Firh AR 28 11 B ok 28 1L (0)
(#3) o MAEFE WKL AET 3 45500, fhlalisfs
1 8 /I A P a8 A B e KLY 10 F5 LA s B 2 10
FAI R 20 LAY 3 AL 8 A8 5~10 % Dok 201l
() MJ-DCW F# 2 1 9 MJ-S MJ-DCW = [a] it {4 #E
B/ IME/IN T P 81 B S fe 5 FLA R LU R (1 o ] 5
A 18 e/ ML P B AL I S e KAL) 1~5 5 (B 2) .
HR TR L RZE L RIARE 2 1L R AR T 3 AL 8 R R P s
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L1 B TE W B84k, MI-DCW th ] A8 A, HoA i 2 L
4 P FVAR AR N EREEZE I/ R L BRI K R
ERITERG i I S ST S JITE VA9 = TN
HoRZE I /ARSI Sk 2 L RS IR 3 41751

M 1 y __3 A 5 1 r K] 4

FRy o ) 3 % B AR AR AR /N, MT=DCW rpr B & A5 /N s mg AR 28 1
AR ZE L M-S 825 KT MI-L MJ-M; HARhe
R 4 21773 b a] s AL R AR A AR N

TE:ALA2 BB JoRE; BL B2 WILARE; CL .C2 B JJkA:; D1 D2 Sl i EL (E2 S #&{fitE . DNA Rk 24 10 ng/pL 2 1 pg/pL; M. DL1200

Maker( 1 200,900,700 ,500,300,100 bp) .

Note: Al and A2 are hair samples, Bl and B2 are muscle samples, C1 and C2 are skin samples, D1 and D2 are scale samples, and E1 and E2 are faecal
samples. The diluted concentration of DNA is from 10 ng/pL to 1 pg/pL. M is the DL 1 200 marker (1 200,900,700,500,300,100 bp).
B 1 REENXOERIEERRBIX
Fig.1 Agarose gel electrophoresis of sensitivity test
%2 BLAST LEXf4R
Table 2 BLAST results

JPEIKEE FEA G 5 ARLRE X2

Sequence length Sample number Similarity /% Blast results

MJ-L(1 140 bp) MJ-L-1~146 PA-1-57 99.03~100 e zE ) B (M. javanica)
PA-L-1 95.26 FrAEZE |1 H (M. pentadactyla)
PA-L-3 99.91 KW (S. gigantea)
PA-1-6.10.11 99.30~99.91 B (P tricuspis)

MJ-M(762 bp) MJ-M-1~195 PA-M-57 99. 34~100 sk 2811 B (M. javanica)
PA-M-1 94. 88 rhAEZE I (M. pentadactyla)
PA-M-3 99. 87 KZEIH (S. gigantea)
PA-M-6.10.11 99.34~99. 61 BRI (P. tricuspis)

MJ-S(421 bp) MJ-S-1~195 PA-S-57 99.29~100 k2 1L (M. javanica)
PA-S-1 95.25 rhAEZE I (M. pentadactyla)
PA-S-3 100 KW (S. gigantea)
PA-S-6.10.11 99.53~99.76 FEEELLR (P tricuspis)

MJ-DCW (211 bp) MJ-DCW-1~111 FGI-SE-02-01 ,FGI-SE-01-02 . FGI- 99.05~100 Ik 2R IL (M. javanica)
SE-10-1,8J-2020-292
MP-DCW-1 93.27 AR ZE | F (M. pentadactyla)
SG-DCW-1-2 98.07~98. 10 KEZFILH (S. gigantea)
MT-DCW-1~7,8J-2018-72-2 SJ-2018-72-3 95.73~99.53 BRI (P. tricuspis)

HE:MJ-L-1~146 MJ-M~-1~195 MJ-S-1~195 MJ-DCW-1~111 AFll &3P ER I B REA
Note :MJ-L—-1~146 MJ-M-1~195 MJ-S-1~195 MJ-DCW-1~111 are all M. javanica tested in this study.

4 75 ML A1 BL R G0 B o i T S0 RF RAF
R NESH (P 3) o 25 L R AR 9 20 A1 i B B )
R (60% ~100%) (5] 3~4) . MJ-L MJ-M MJ-S 1 8 fifi %y
IR 2 SRS PR gr I R 2 L ok 2
R AERRE 28 L R o — 32, AR ZF I ORI R
R ZE L S — 32, 1 MI-DCW i 8 Bz 11 FF 4 b4k
Ha R A AR 3 L R RIOR 5 L B s A 2 L R 23 SO
AMEPHZE LI 33 (1 4) o X R WIBEE 7 91 1 AR, 8 il

FIH R 2B W IF . R LA M)A S B
g T R — 32, PA—1 fl MP-DCW-1 5 & 14 5
LI A —3 ,PA=-3 I SG-DCW-1.2 5EHKZEILH RN
—3%,PA-6.10,11 il MT-DCW—-1-7,SJ -2018-72-2 8]~
2018-72-3 5L IIF RN —32. S350 A 3 FKF5IHL
TEM P SRR : JUbn iy AR 2 L I INAL1577 8 £ o
U bR AR 2R L T ) NC_016008 17y Hh ok 2 1)
SRR K R 27 L NC_004027 R AT 2 L
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Table 3 The intra-d and inter-d based on 4 groups of sequences

WH Fpa] L AR Inter-specific genetic distance TN AL REE Intra-specific genetic distance
Index MJ-L MJ-M MJ-S MJ-DCW MJ-L M]-M MJ-S MJ-DCW
A 0. 145 3+ 0. 148 5+ 0. 155 2+ 0. 148 8+ 0.019 4+ 0.020 8+ 0.019 1+ 0.031 7+
Mean+SD 0.027 6 0.029 2 0.034 2 0.0335 0.020 0 0.020 7 0.019 8 0.019 0
1 KAH Maximum 0.200 2 0.205 2 0.224 8 0.233 8 0.113 6 0.117 4 0.123 9 0.149 4
H%/IME Minimum 0.062 9 0.059 9 0.064 8 0.056 3 0 0 0 0.004 8
0.25 BOo-L M- s MDY
0.20F
8
<
®2 01sf
s\.‘—;\’ =)
Lo
%/ § 0.10F
3
0. 05
‘6B soc B EERS GEEE S EEEGEEEREEEREE
EEEEEELEFhEEEEEZES S BB R
285 Group

O EIEESF 1LY, PE. s JA. TSI, GL I TE. TR SEANT PHL FESILIT TR, RY5F1LT.
Note : CR. M. crassicaudata, PE. M. pentadactyla, JA. M. javanica, Gl. S. gigantea, TE. S. tem minckii, PH. P. tetradactyla, TR. P. tricuspis.
2 4ARIFNEEERMEEEERSERSS

Fig.2 Distributions of the intra-d and inter-d on 4 groups sequences

3 itie

3.1 S|AEXE  oF L H YRR E R R A S P s L
S S L5 F~/R—primer' ' GVL14724/H15149'"")
L14724/H15149™  mch398/meh869™" | L15601/H15748"" | &=
TR TN Dy R B 38 RS AR o (R
5 XE DL TR AT A AR 28 (L H R i BE R A, 3835 1)
Y34 7 B, X Rt 8 BT 2okl = o PR BT i1
ZEIHRMER S DCW-F1/DCW-RI1,3f@ 3 SSIE L5 TR A
GRS 415 2] 5 H AR B Be— 301 DNA JF 51, K™
AR BRI . IXRIIZE W REA 30 R R0 2
R A [, 28 I B I ARTE B2 5 22 U VLI B ik (8
AR B A1 A i) LSRR AR 40 AR AS (S fE AR
K)o LR EMBPIMA WEALAS ] B S A7 16 AR R FEEE R
it , FEAMILAY DNA B AE™ . it s 9y 4= 9
FRJEACN 211 bp, R AR 560 2% Tt UE I H: RS 00 P
AT LA AR 5 Fh2SHIREA

3.2 FISHEHBIGRE  Cyb FEFUEHEFERNHFIRH A 5
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