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Non-invasive sampling and mitochondrial genome analysis

in Python reticulatus
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(College of Animal Science and Technology, Zhejiang A&FE University, Hangzhou 311300, Zhejiang, China)

Abstract: To explore the possibility of non-invasive sampling in snake research, feces and fresh snake sloughs
for genome extraction from Python reticulatus (reticulated python) were used. Furthermore, Polymerase Chain
Reaction (PCR) was taken, and the full sequence of mitochondrial genome was analyzed with mitochondrial
genome dates in GenBank. Results showed that (1) the quality of DNA extracted from snake sloughs was better
than that of feces, and the concentration of DNA extracted by liquid nitrogen treatment was higher. (2) The
complete sequence of the mitochondrial genome was obtained for a length of 17 641 bp with gene arrangement
and structure being consistent with the Pythonidae species. However, there were differences in the start codons
and stop codons of some genes. (3) Inferred from the phylogenetic tree analysis, the evolutionary relationship
was speculated as  (Pythonidae, Xenopeltidae and Boidae). (4) Analysis of the hotspots in species evolution
showed that similarity was very high in the two control regions, and they were clustered by species in the phy-
logenetic tree. Thus, it was presumed the structures of the two control regions originated from the same ances-
tor, and this intraspecific evolution was due to co-evolution. [Ch, 3 fig. 2 tab. 15 ref.]
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W, A TR RN S IR ARG TAE D SRR T s AL, AP R 2 A, B R SRR AR X
BOMORSE, I E#aR AL, AT TR R G AR MBS T (R B, B, KRR A BAR
MEMRIERRGE XL R AW FIRRAMGEERRK, B AMIE . B8 EI Ok AV HAE B S5 A,
AIRAMES A E R, Bk 82 g v 2 ke K R kAP h ™, 5kl fE R — 1 ShEE
RO A AN M A% . FAZ AR W 1 SR AR B A AR Xl 57 11 382 4% 4 J5 B 42 R {& DN A (mitochondrial DNA,
mtDNA ), BIF5E 2 ML KL PR 4 1] FH LR 1A DNA 4277 90 43 B AT R Ge v, RBAS 5 JIR Bk RN BT Ok
WA RER, EmemmtE syt Ro k4. HECT SO 5 1LY F 0 AU R 7E LA
FLARBEDR AR OG0 R G0 4 B 1), AEORI A A B DR 4 J5 T A7 AE Bk, AW ST 400R G 8 0 P IR, $ B
W 23 E L 7 A DNA, i 5o B8 4 ke 0 5 0 (PCR) P 1 PR S b AR L 41 &5 91, DAVERG 3R Af %
FETEME BT i AT AT 5 LA S0 e SR (A A 20 1 91 45 5 AN 45 AL RRAE 20 A AR Al . 45 & GenBank
LRI (BERE, WA} Boidae 71N 5 4 8} Xenopeltidae) O % BLHY L BLARSE N AL 51, A4 R G0 R A,
RO H R G LA KRR, HHE5 Gt H LR A I DR AN (5] f) HE 50T >k i 18 e S, 5 ok 4% 2k PR 21 11
HAk,
1 ## 7%
1.1 M

TR0 T 19 S0 118 e 5 R i A BRI T AN s b, T H R LS I A B FEAE A
TR T0% L Fia s, wp i AR FR 73 50 95% 1) L I8 2, (81 55 50 25 J5 A A7 20 CRy kA H & o
1.2 EFEAH DNA 12 EX

FEMEAE 0 F B R WA A Z TR0 2 b, dEWORE R SRS — 0 IR T A, O R AR 2
o BRI 3 WHE R, B2 DNA S22 % SOk [S 1751k . 4 NanoDrop™ 3300 46 U 31532 J5i 5 ¥ i il
4l J¥ D(260)/D(280),
1.3 RE¥iE

ARG 2 2 W b 1) 2RI B TR 21 1) BT 34 514, R e (R EL i (Phanta® Super Fidelity DNA Poly-
merase, WiMERE, F§RD)IEATY Y, PCR P2 UKl & KO/NAF& ORI, 22 il B AR 4 20 W
#r PCR P2 2 L 2 4500, DULR T e Tl i) @ AR B H 1 K/ v Be, I pMID-19T J5iki (TaKaRa, Ki% )
AR, VEICRH PR v R Tk .
1.4 HEEHH

(1) W S igE 2 R I R 4 4 KR IR . tRINA K B8 R 366 DR 0 % 3% 1~ 23 B o ) Dmastar 0 83200 17 )7
51, F tRNA scan(http://lowelab.ucsc.edu/ tRNAscan-SE/) #fi & tRNA fy & M2EH, R OGDRAW (https:
/lchlorobox.mpimp-golm.mpg.de/OGDraw. html ) £ il X 20 W 28 k7 4 25 46 S FE BRI 25 A 1] o FE b f v, W)
oy wEid o RP, DL WE B /Y 45 f8) B8 Python bivittaus (PB, NC_021479) , E[ B W Python molurus (PM,
NC_015812) FiEk i Python regius (PR, NC_007399)/E M XF . (2) M Hia A FE R | #54 IX. (control region)
FNZR LR B PR AL 42 77 5 R A3 T e R . i RE RO N B g R A AL DG R o T Mega 5.0 3R LU X T 51) B A 4
RO HAERT, R R R g dE . BDRE R ERWE, AR R OA 20 B M Boa constrivior(BC, NC_007398)
BB W Charina trivirgat a (CT, GQ200595), [A &% b Bl 9 Fh & [N 8% k¢ Xenpeltis unicolo r (XU,
NC_007402), LLJsuEiF H % B FRUE Anilius scytale (AS, GQ200593) 45 Jg 4 JehE . (3) i HAT L Fh ek i
LA YT . R JTT OGDRAW {424 1 45 i e £ 7 S DR 45 P T 0 248 0 430 7 S A 1 [ 130 A 3o 72
AR, X R A FRHE R 1L SR dt R gE s, Bl g f i . BkigE . L0 . N B b AR
16 1 P ) X AT tRNA-VONSY B B/ 52 (1) 40§ i Bl Leptotyphlopidae #) 7 74 ® 40 § W Rena humilis (RH,
NC_005961), &4 2 A6 X AAFTE tRNA-" &2 5l &Rl Viperidae #) R vh 2 4% 2k Sk Ovophis okinavensis
(00, NC_007397)F15E MG A gkistrodon piscivorus (AP, EF669477), &4 2 i X A F7E tRNA-" &
il 18 37 g VB Colubridae #) #4635 T Kk Pantherophis slowinskii(PS, NC_009769 ) #1242 @45 ¢ Dinodon
semicarinatus (DS, NC_001945), rRNA | J& A3 &4 tRNA-ROM F1 (RNA-N AN 28 10 17 58 5% i B}
Acrochordidae 4 Fh Yt 85 & A crochordus granulatus (AG, NC_007400) #1145 & # Cylindrophiidae ¥ # 21 & 45
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I Cylindrophis ruffus (CR, NC_007401),

2 HERGAH

21 HRERAKN

X HRICE] ) DNA AN & B, ke i DNA iRk B e, MERZ R, EHNZHME; 2
WIZHFE L D(260)/D(280) 5 /5, U6 WIAE & DNA 2l fE 45 2%, ,E\ﬁﬁﬁntl'z i) D(260)/D(280) ¥k 1.7~1.8, £
BRI ER (£ 1), PCRY WA IR . S RSO AVE , dpBiRe 5 SR B0 S R 20 DNA Y Rgd
B4R EE S 1.000~1 500 bp 1 5 B s T A IR F 24 3% )2 5l N JZ R 1 SE AL B 1545 1) 700~1 000 bp
BeAl 1.000~1 500 bp A BeARCR A

F1 FIRANEMAEEIRE DNA fy 18155

Table 1  Genomic DNA extracted from different types of samples and the success rate of PCR

#

TS poxy/ (mg- L) D(260)/D(280) PR 1R % P42 TR %
FEERZREN 328.63 + 161.67 1.78 + 0.03 80 20
FEE N JZEFE 15.83 + 4.45 1.87 + 0.04 20 0
UG58 A - YRR AL 3 2116.73 + 171.84 1.73 £ 0.02 100 100
e 50 - 5 1L A P 1284.33 + 211.12 1.69 + 0.04 100 100

YT YIEEI N S, PTHE 1 AR Y EE 700~1 000 bp S aH ;s G 2 43 E K EE 1.000~1 500 bp S A

22 GRlpRERNEERES W

X PCR 4 34 7 Wy it A5 00 )y R 90 DF 42, A5 B BE S 17 641 bp 1) 9 S0l 2 R 1A Bk R 21 5¢ 3 7 47
(GenBank: MH410033) ([& 1), JF%14 2 4~ rRNA LB, 13 45X, 22 4~ tRNA JEPE A1 2 Sl X
(%2), HpEEEg 28 MM, FaE4is 9 MIEH . &1 2 4 rRNA £ (128 rRNA il 16S rRNA)
LB ML RN . B T NADH6(ND6) Z 4, gy 12 Mg 5L N30 TEE L raEn &R
HBH NS T, (RSB I HAAE D P E SRR, LI 22 4~ (RNA JEFAE7E R A 19 LOM Al
WANCY LA o 2 MM IO TR IX, KB HI108 1271 A1 1196 bp, [y FIAHLEE A 96.68%

XTERH A A G S P i K5 L R IR E S TR B T 1A B3, 4 D 2 8047 76 558 i 1 [ U5
PE o BB 9 NADH2 (ND2) 2% 11 %5 15 F Fil ATPS & If %5 1% F 5 H b 4 Fh R R, 2 9 Fh BT 45 4 19
NADH6(ND6) S R A8 S i K, IR &5 FAL 2 N Fh — 30, &1k 05 40 ) iR W) F H A4 3 S F
COX2 3R NADH1L(NDD)#APRSE, R 4 MR 0L TA W2k %+, J5 2 W smd 3t T /80

R2 BRRANEHNAZEAREEKE. EHTHTF. LIEFEBFH rRNA

Table 2 Comparion of length, start codon and stop codon in Pythonidae

HEP 1 /bp A U KL E T
128 1292
16S 1514/ 1511/ 1512/ 1 512
NADH1(ND1) 967/ 967/ 964/ 964 ATA T
NADH2(ND2) 1032 ATA AGA/TAA/TAA/TAA
COX1 1 602 GTG AGA
COX2 686 GTG TA
ATP8 171/ 171/ 168/ 168 GTG/ATG/ATG/ATG TAA
ATP6 681 ATG TAA
COX3 784 ATG CAT
NADH3(ND3) 343 ATT AAT
NADHAL(NDA4L) 291 ATG TAA
NADH4(ND4) 1356 ATG AGA
NADHS5(NDS) 1794/ 1 788/ 1 794/ 1 794 ATG TAA
NADHG6(NDG6) 513 ATA/TCT/ATG/ATG AGG/AGA/AGG/AGG
Cytb 1114/ 1114/ 1 111/ 1 111 ATG T

YL A5 LR, AN RN ) A 70 22 S ), SRy Sy PO S0 | g0 ) B . CI1JSE I R R
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Figure 2 Phylogenetic relationship between Pythonidae, Xenopeltidae and Boidae
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Gt . T A BL: AW 2 AL AP XSRS, Wy b ] r 4 ) DRSO AR AR W WE R Y S E
A 100%, 17PN BEAE SRR ER I O 5 Sh— 23 S (B 2C) o RAESSREN] SR UET R A1 i) 4 ol
DXAHARURE B w5 AHAS T R) DR i ok A G A 2 A 00 AR B
24 il B &R EHES S

PG A A5 Sl P 2R (A PR 4 42 P 91 A LU O B, T H W o B DRIV AR, i PR R 42
DAY B RBCRE AN ), SRR A B AP TE — S 50 7 9 IX e, X AN [) ) e LKL 5 4 2 91 9 47 0 A O 4 i
Gt (K 3), SRABAFTE 3 RN A SE A4, 540 — 2071 T FH(RP 1 PR), [N B Ig AL (XU) ,
i RH(BC) FIPEEBEIE AL (AG F1 CRO, A 2 A X K tRNA-MOMFT tRNA-YNOVZERE - 2540 — 77 7E Tl
WFH(OO A AP) Ay #gBL (DS A1 PS), FIZEH — 19 22 5 £ T /£ tRNA- MR X 1 sF 27 14> t(RNA-T
FALE F458 =, 4589 =% tRNA-MOY BLR b, tRNA-C = A T RE R F G i1k, BT t(RNA-YY i
ZER I (R A E IS H REWGAUATE 186X, (RNA-N P 4E T, #8235 ND1RT, i tRNA-HOM
I ERNA-YNO 3 3 B8 40 73 55 e A8 g tRNA-M AT tRNA-VORED

F-128-V 168 ND1 I control 1 LM ND2 W COX1 *
—— RP 1§ - —
0.02 Q Y | [
F-128-V 165 NDI1 I controll LM ND2 W COX1 *
—— PR 1 |
Q AN (&7
XU F-128-V 16S ND1 1 control 1 LM ND2 W COX1 *
1 I P
Q AN CY
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1 T
Q AN CY
BC F-12S-V 168 ND1 1 control 1 LM ND2 W COX1 *
1 1
Q AN GY;
AG F-128-V 163 ND1 I controll LM ND2 W COX1
; 9 e
Q ANNN Y
F-128-V 168 ND1 1 control 1 L M ND2 W # COX1 &
AP i ]
P Q ANEN cY
F-128-V 168 ND1 1 controll LM ND2 w COX1 &
00 —
P Q AN Y]
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DS -
P Q AN CY
PS F-12S-V 16S ND1 I controll LOQM  ND2 w COX1
P AN (633
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QAN ay
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# FR B TE SR IG M S . F F8 (RNA-F; V 3578 tRNA-V; T 3% tRNA-T; P 3% t(RNA-F; L 378 tRNA-L;
Q # Kk tRNA-Q; M 7% tRNA-M; W /5 tRNA-W; A £ /5 tRNA-A; N 75 tRNA-N; C 378 tRNA-C;
Y # 7% tRNA-Y; S % 7% tRNA-S; D 3 75 tRNA-D; K # /5 tRNA-K; G % 7% tRNA-G; R #% 7% tRNA-R;
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A3 FEAARAZMOLXERLARNAZARUMEARNLENTER

Figure 3 Phylogenetic tree of mitochondrion based on different gene structures and the rank of variable area
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31 FEABRXRBEEREFRHHEA

T B A WA 2l ) o SR A I 0 A A5 ML A AR IR, SO S ME S R W R R D %, Ay TR
BHIRFET ¥ . WHFEA - il 4R O E DNA SO Al AR YR8 DNA SR AR SR MDA BB 8 12 27
AR AW R B AR, TR/ | PRl IR B S A RO P i s 5 R B B B L7
e A B K AT 0 AR AR FCRAE SR AL T SE . KHEDKAR 55 I 92 fy g WA i SE R 2, Jad DNA 2%
RSB S E T 23 B, (HIR AR S AN BEA RLHEAT I 0 o A7 MR A O AT s 2 P 2 P
WESE RO A B, SR LR R G 3R C AL 1 WAL (CODAE 51, §73 A BEA I 1000 bp,
W S H R C B K BRI , FEAR R E KA R, S S B . ABETE LSS R o R fe
WE LN AR U N AIDNA R BUAHAC ISR b, SEIURE a8 45 21 19 BOIRE 3K (1 000~1 500 bp) ,
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AN S BE A 2P = DNA 3R I T, W R S SR S0 00 oKk o ZEME AR T AR I DNA b J53 F1 o o v
AE, FER B PR RCRINT, B EWE
3.2 g A0 bl B 4 gk 4L

ARG 1 RGN T S0 0 2 AR 42 S PRI AL 254, SECRD T N S0 e 2 ohr (A 35 IR 4 42 7 90 1) 28
Flo b &8 : POuiEny BL A58 . (RNA U A il XA 8 4538 5 85p g b — 20, (B k AATED #h
¥ S RYERE, 1 NADH2 D) AGA 1E R 1%+, ATPS L GTG VE N IE% i, NADHG6 L ATA /EH
RIRFEM T, X 3 A FHAGER O R E R (R 2).

KT RN IBE D FP 1 5> T RGAN KW IE, EER A SRR L I 45 A LR 61T 5 th FEoRi ik
S I OR B o AT SR AR B, AR AT R R Ak B g R Tz R (R OR R A S P AL (R
B L, EMBEECRN T BA IR AL 2 A LRAREEH (Cytb, 128 F1 16S) F1 2 4~
SR A, AR R AR R BEAEOC R, AR X 3 N Rl e d ok, T R R R A d e
BHG AR IR OC R o WL DR kL R S R AL 10 R GE b AL 0 M R AR 19 3 Rk i o 45 5% (&1 2A,
2B), dE—HfE TR NSRRI AL =3 Z R ke Se RO,
33 mITB&NEERAMNEH

SRR IE P HES P TS B B O AR, (AAE PSS | f 2SN — S 48 2 S5 2 vp R A7 76 S
R . PR EHEA I PR e S e 11 g 2R oy (A 366 TR 2 7 T o A o o B 77 s B TR ) LY 1
Ak, 4 O BLJG . tRNA-YY LR % i tRNA-YNY JE R g LR HE . X A . (RNA- B 47 Fl R-
NA-P DR sk 61, LR R P BT e B H Caenophidia rPEHER N2 AL, fdbil oy BHAT I [H
S P EHE () R AR A T RE LA SRR AR S, RO OR R A R ) S 22 SE R HES I, R AT RE R i A
[ 2 AT A 7 7= A 1

WERHE R LR T ie W B e B o 45 & SR S5/ BT 408, R E A C HRGE R 3 AR R i
TR A X SO 2 1A 235 4 2 (R Bt B g S b A OB R SR R 25 #2687 7E (RNA-"M L R #% 71 (R-
NA-WNY LD, JF A &4 t(RNA-" BRI LG, 7778 2 DM EHIIX, HE5MEEA S —, tRNA-MY
JE PR h R Y (RNA™ R AR AIE . ARBFTE R B : BRAE WRH A (RH) AN, Fr5 28 (1 ) Fi
A AR T tRNA-YONY FC Rl (RNA B A AR i, (UAFAE T4 i RH(RH) 3 Flg s tRNA™ fi 5k
PRt B, DU 3R 0 R 4 4 X 2 B O A9 tRNA™ iR 35 B 4k (00 Al AP) Fingz il X 1 Fff 3z i) tRNA™ g 2%
(RH) o XU i X AE Hofl @ A7 s ™ B2 n 2 o e e, 342 5 0 XU O AT RE 2 2h Bk
(A5 AT LN A i )i ah B2 il R sk, $2 im0 Pk (b e £ B e 3, 220k 52 il A AT 0 4k 45 XL
il X2

Xof 4 1l DX B SR 2O BT R B . R R kST A AE Y 2 A X TR R G e A i R o AR e HE B A 7 R
RAE, TSR AE A YRR )RR — A (] 3C), 3 2 iy LAl g 2 PRl R i 25 SR AR — 30 BHIX EE F
NN & AEAE 7 000 J5 a i7" 78R IR 2 TG dE B H Scolecophidia #1410 & #g B AUAEAE | Dl X, Fifi
IR, BN R BT P X A R R, AR S A 1 P HEE AR (RNA A A
Fefk o (ARG 2 APl X B e B 2 AN A b AT R 28, 32 D DR W2 R oAy 78 9 ol b Ak it A o %
AT UMEIEEE, BRI PR 2 A KO8 TR W R AR RLUEE S 100%

4 5F Xk
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