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Abstract

Hyla annectans was first discovered in India and is widely distributed in China. Therefore, both the
species and its subspecies have always been research hotspots for amphibian diversity. Clarifying the
taxonomic status of related taxonomic units relies on richer population samples and research meth-
ods. In May 2019, two frog specimens were collected in Jinhua Town, Fenggang County, Zunyi City,
Guizhou Province. Preliminary morphological identification indicated that they were Hyla annectans,
but there was no previous literature record of this species distributed in Fenggang County. Therefore,
DNA extraction was performed on the specimens, and their mitochondrial 16S rRNA gene fragments
were amplified by PCR. Molecular phylogenetic methods were used for molecular identification. The
results showed that the 16S rRNA gene sequence of the specimens collected in Fenggang clustered
with seven homologous sequences of Hyla annectans into a highly supported monophyletic clade. The
average genetic distance between sequences within the clade was 0.0109, and the corresponding hap-
lotypes were all within the same haplotype network. The genetic distance between the self-tested se-
quence and the 16S rRNA gene sequence of the Xingyi population of Hyla annectans was relatively
small. Therefore, it is preliminarily determined that the specimen belongs to Hyla annectans. Popula-
tion neutrality test analysis did not detect evidence of population expansion in Hyla annectans in re-
cent history. In addition, this article discussed the impact of homologous sequences from distant In-
dian populations on the results of related phylogenetic analysis.
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1. 5|15

HE 78 MY i (Hyla annectans) J& G 2 H (Anura) BV iR (Hylidae) IR 34, & IR 3T B FE Z: 55 Meghalaya
X1, ERESA TS Wi, Widb. 7. FEER. V). mESEE2]. RIE LSRR 5
i3 DR H B 355 P AR P I R 4 S 5 AN TEAP (3], B 4045 T 25 B o 1L E A5 5T 11 TP R Hyla annectans gongshanen-
sis, 20 T FE S0 2 sz WA Hyla annectans wulingensis, 43 4fi VU )1 736 76 2 111 [X 1] 78 W74 (Hyla
annectans chuanxiensis), 7311z B 5t AR 22 V0 )1 78 & — 7 5 AR LA (Hyla annectans jingdongensis), 43 4fi
=R UK X B b T R (Hyla annectans tengchongensis) . 75 25 & I\ A B 29 A1 1 17 1 ek 5 B0 8 b
A ZSHE, HAERGE, U0k E 9Am KR EER T N (Hyla gongshanensis) [4]. 5t 22FH EFYL.
LN 528 2 ANEKEE 2 A A8 Wi AR [2]

AWEFET 2019 4F 5 HAE ST A ST R B BUR AR 2 MESRER AR, SIS % NAETE W
U, HZ T A AR R b X A3 A (SRR IC R, PR 0 A 43 - 5 e T L o 2R AT iR AT
AR L E o A SON R H SRR 2 AR P Y R A5 2547 DNA $2HL, PCR 4B H 2R R4 16S rRNA JE [
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B (CUR IFR 16S 41, 48 % R85 5 8 R 40K & W AR T8 14 7 %0
2. B 55%
2.1. BFEER

2 ST i AR A (LPSFG2019050307, LPSFG2019050308) T 2019 4F 5 3K [ 5 M 445 18 ST R B 3t
B, ORAF TS EKIMTE 2B S VbR AR TE -

2.2. /5 DNA $=EUR B 92 E Fr B aYd 18

AFREMHIE . DNA $REU H 3 B PCR #1977V 5 IR AR B4 2 BT (A 55 [5]. iy 18 B
{145 1) % 17 46 76 9 ek (Hyla annectans) 2 44 2 81 26 (Genbank Z2HUS KM271781) 4708-5270 bp [X [ 47 &,
XA P R i 16S rRNA 4= FE [K] (Genbank 2 HU 'S KM271781) 874-1436 bp [X [A1{7 & .

23. SEEEFITHRBESAE

AW FAE AR A 16S 75115 Genbank HAH G RS % 741G I v EHRESE, MWERZKEN, 4
Bl 7515 CAF I RGK B R FZN PR EIT 4558 . Bk, HITEN 2 &ErmmE 16S
FPHIZE i P A% GenBank #EATHE R LUXT,  $ I8 H 122 [RIVR 225 1541 5 B T 51 LX) bit score {E M i 21
AT HERR, T 5CHT 100 62 % 741 bit score fE VA AN “H 7 41E bit score (5”7, & “HFHIA bit
score 17 Hm I EIM AN “BICENFS]” . D624. D626 ) “ 1751 & bitscore {7 43 %4 83,832,
83,948, 5E D626 NIALFA. ¥ D626 L% GenBank 4T E LT, T % Genbank F1f) 100 %% 7
H, 5 2 5B NF 5 — LA RS AL FRAR U 5 R E[6], TR H S E T 515 5 0% R B0 1Y R R 2k
K741, MRS BL, RNk B $E 5 1 /5 5IAE 9 SN T 51 52 (Outgroup) s . i 46 78 Ry ek 17 51 44 B4
P C1 H T R M BEIE AL 22 0BT o AR 2R B BEPNEE [R5 51X 4314 08 IS, 76 DL b 25080 £ v 43 il )
bk BN [RIJ8 7 %1 (0Q079503), 7 il # it £ 48 A2, B2 J C2.

24. RGRB O

SRR 2 IR [7], ETHIEE AL, B1. A2. B2 Kz DL (Bayesian Inference Tree,
Bl tree). ¢ K& £ #4 (Maximum Parsimony Tree, MP tree) UL & 21 4 (Neighbor-Joining Tree, NJ tree). {i
Megal2 )& KRB (Maximum Likelihood Tree, ML tree) [8], FFil-B 51 HIBEIEE . [/ RiES
TP pegas, X R ED B [RIGF ARG f5, S0 &R (A8 A% PR B b AT 2 R /Rfa 5 (Mantel Test) X BCXFEA t &
5 (paired Student’s t-test), 4%ttt/ PH/NT 0.05 B, N ZEREA S FE L.

2.5, THEENAS AT

T HdE4E CL, f/H RIE S haplotypes, 24T 545 B KA F 22l A5 AN 4% . FHIEAT R B
F A pegas il HL A AL 17 3 AT R FEIEAT Re WP MRS (Ramos-Onsins-Rozas Test of Neutrality. R test)
[9], FJF DnaSP v5 B Asxf 46 7 i B4R 34T Tajima’s D Al Fu’s Fs Fh LAl [10]

3. &R
3.1. PCR ¥ 8 M F4& R

2 1% Ja BIEE IR FE VKA, 314 %) 560 bp A A R H EL(DNA F54%5: D624, D626). 2 5% A
T. G. CEE/51430.2%. 25.9%. 20.2%. 23.8%.

{5
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32. TR

BT AFEMARRREIHTHZEML. Bl NI MP)SHERSE A N ARG R BEM(E 1), BIFHS 7
ZAETURREE 16S FRFA(EE 1) N— R NOL (55 2). 124674 S Rt —5 5 dh [ e (Hyla chinensis) «
I (Hyla sanchiangensis) i — AN iR BRI 4 —F B R NO4. TETURNIE . R N HBBCA MR R0y
o HE RIS R(NO2). — MRV S R (NO3) SRt mr, Hrp, =M S R SR TT I S RIRTE— .

Table 1. The sequence information of Hyla annectans in this study
= 1 AARPIEAREFIIER

F5  Genbank ZH 5 N HAEAY KAEH EAE7 S
1 AY843600 ROM_40304 Hapl e [11]
2 D624 LPSFG2019050307 Hap2 B AE ST R S KHFF
3 D626 LPSFG2019050308 Hap2 B AE ST R S AHFF
4 JQ621934 ARHN Hap3 RFN Genbank
5 KP123604 LPSXY2014062501 Hap4 LMD T [5]
6 KP123603 LPSXY2014062308 Hap4 BN M X [5]
7 KU601448 JE SO A Hap5 LA ZRTTERE [12]
8 NC_025309 BY BERE Hap6 = A T [13]
9 0Q079503 WT133/5611 Hap7 B RE [14]

3.3. iBIEEEE

PR B EPEEAEPE RN AEE 16S RV T 51(0Q079503), 4 1t Ry ik 52 5 (NOL) A 8 J7 471 [|] 1~ 4138 B 55 79 0.0109
(0.0000~0.0217); F<Fi B B [ /7 31, A7 I ek S 3% P38 1 471 ) ~F- 34384 7 7529 0.0081 (0.0000~0.0143)
AR R e S AR o ] R S R (DS R B T (72 3), A5 — I I S AR AR ast AL P 8 o 1 S 7 R e %
[ VISR (2 3). & Mantel K556, MHIBREDEE R FFIRT S, SR REAE BE 25 i /ME (z = 0.01003264, p =
0.101). #AKMH(z = 0.02451536, p = 0.073) 1 #J{E (z = 0.01734283, p = 0.083) ) L& & % 5« AN FEA
thes, MIBRENERVR T IR S, CRMEEE R R/AME( =1, df =9, p=0.3434). & AfH(t=1.5467, df =
9, p = 0.1563) }2 F-HJ{H (t = 0.82314, df = 9, p = 0.4317) L &L & % 7.

D624
NO1 D626

NC 025309 H. annectans
NO4 KU601448 H. tsinlingensis
Ii :JQ621934 H. annectans
0Q079503 H. annectans
NO2 NC 006403 H. chinensis
MH923364 H. chinensis
AF315161 H. chinensis
LC640545 H. chinensis

NO3 MK388867 H. sanchiangensis
NC 062326 H. sanchiangensis

MK388868 H. sanchiangensis

MT561180 H. sanchiangensis

KP123604 H. annectans
KP123603 H. annectans
AY843600 H. annectans

Figure 1. Separating the homologous sequences of focal sequences (D624, D626) with the double monophyletic analyse

1. WEBRREIRNBRFSI(D624, D626)HIEIRFF!

S

»
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Table 2. The node support values (%) for the phylogenetic trees in this study
2. AMRARGLZEHP IS ZIHFE%)

B e RGKEW NO1 NO02 NO3 NO4 NO5
Al BI 76 100 100 96 100
Al ML 59 100 97 91 92
Al NJ 75 100 97 72 99
Al MP 47 100 91 NA 88
Bl BI 72 100 100 100 NA
Bl ML 40 100 100 100 NA
B1 NJ 83 100 100 100 NA
B1 MP 71 99 100 100 NA
A2 BI 73 100 99 90 99
A2 ML 75 99 93 62 80
A2 NJ 87 99 97 69 99
A2 MP 68 99 90 54 78
B2 Bl 78 100 100 100 NA
B2 ML 65 99 99 99 NA
B2 NJ 88 99 100 100 NA
B2 MP 68 98 99 99 NA

Table 3. Genetic distance information table of 16S sequences between and within clades in this study
3. AMARPIZREBRZARMA 16S FHIEERERESR
EEBESCRAE w/ME IS IN | FHME w/MA L ONEL PHME
f##4 0Q079503 245 0Q079503
NO1 VS N02 0.0219 0.0434 0.0328 0.0219 0.0425 0.0324
NO1 VS NO3 0.0291 0.0393 0.0328 0.0291 0.0357 0.0324
NO1 VS Outgroup 0.0465 0.0784 0.0647 0.0465 0.0781 0.0644
NO2 VS N0O3 0.0320 0.0444 0.0380 0.0320 0.0444 0.0380
NO02 VS Outgroup 0.0540 0.0888 0.0731 0.0540 0.0888 0.0739
NO3 VS Outgroup 0.0519 0.0726 0.0646 0.0501 0.0728 0.0652
NO1 VS NO1 0.0000 0.0217 0.0109 0.0000 0.0143 0.0081
NO2 VS N02 0.0018 0.0155 0.0086 0.0018 0.0155 0.0086
NO3 VS N03 0.0000 0.0142 0.0083 0.0000 0.0142 0.0083
Outgroup VS Outgroup 0.0000 0.0870 0.0472 0.0000 0.0870 0.0472

3.4. #EENS

BT RIS CL, AHrRE] 7 DR, R 1, 18 2)3R8 A0 S R — i o 52
b, SR LRI Y 41 (Hapd) 5% 2 Bl - SR H B A6 P4 R e 168 [R]5Y 41 5% R (Hap7) 5 Al R e 5

fER I T .

B TR B A B XU R (1] 3), Hdledk C1 4

PERG I Tajima’s D (—0.93346, p > 0.1)F1 Fu’s Fs

(—0.87265, p > 0.1)# N fifE, HAEZE, RAGKE M 0.1249551 (0.10 > p > 0.05). %4 C2, Lrikit
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% Tajima’s D (~0.62172, p>0.1)A1 Fu’s Fs (—0.67320, p > 0.1)¥ A fifl, (ARG, R, Kty 0.1313576

(p > 0.1). FHE4E CL A1 C2 [ PR IRZE HAEA—5L, HEIR Tajima’s D il Fu's Fs {H & A HEL, HAL
F, ReBIMBAEE, 5RERIE S /A EIXE A RE, RIS TG ISR R S0R )7 58 ]

REAT RIS 9K X — 45 IR 5 2 A& 46 7 W 0o 3 A 2 PR L0 P RO e 2R — B[15]

Figure 2. The haplotype network based on the dataset C1. The numbers in the haplotypes means the number of the sequences

under it
2. BETHIRE CLEMNRESEMEE. BERANT, RFZEESEFSENFIIHE

— Empirical- Stable expectation

Density

0.05
|

0.00
L

Distance
Figure 3. Mismatch distribution chart of the 16S haplotypes from the Hyla annectans samples

3. TRk 16S I B AR = 5 7 E
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4, Fig
4.1, EHMEREMENS FLEE

KXAEH T T RGKEFOFITE, W 2 5 RE MR B R R A AT 17> 1 %€ .
SGERRE, HEBREA — @ U e A EEFR T A1, KRR ARZe Rk 16S rRNA L[ 7415 6 %4
VG W B A5 21 RO — AN SCRE R A R B R (8] 1), SCRWTHIRPEI 8 AL B 255y 0.0081, H Hf5II7ERH
— AN R IR 2% P o (R, [ A 5 A 7 R e B N Y SRR 2 S AR A (1) 16S 7411 % P 25 8¢/ (0.0037)
TERAE I 2% il . (Rl W20 AW Z A% 4 J& 46 78 MY i (Hyla annectans).

4.2. EDEETREERIRFFSIR M

VO BAE TP E T2 00, (HER R T ORI 441, T E AR S M EA R E
S, HAHBRROZ . H50b 2% 0 [ 40 AT B A P R I R B IR R 2 A0, 45 BIEAE B 78 07 T () IE S SR
[15], BEAG 2= @ CH B A AP EESEFE N Fl(Hyla gongshanensis) [4]. A 78 H M Genbank H R #3 7
FAETURN R [EE T4, Hh OQ079503 SR H EIEEFEAS . AR FUIREN FERIEE IR 7 710 RELK B 7 45 R
oM, ASCOAIEEHESE AL. Bl CL HiER L I 3 %741, MR RS A2, B2, C2, JFiEATT
WARRKE 0. 5H-KH, A2, B2. C2 MR RFK & W S5 5 A MR 1T 71 % R R A FE A
AL SR T X AR A T 056 A Mantel fre, MHIBR B J5 S 2 [R1E A& PR B A 2248 Mk . 36 T Hdfa 4k C1.
C2 HIFPBEBI S W & TS L (A5 R 55 /3 A Bl Tajima’s D Fu’s Fs D R A& 560) A R iz .

SR, BRGUK B W57 SRR R O, A FH O B 3 a2 m it 23— 255 1A (RIS #1151,
T E R ER R, BIEW PS5 2% AR R ) 5 — E R R AE A A RE(NOL), DAL FHE RG R BRI
FRIEI A E R R (NOS) LG N A, DA S WBESESG C RTINS IR B S R o P HL 5 R T AR T 40
£ ARNREREWERE . AFRH, T ALBIREMER 4 M RGERKEN, 5—EH R(NO1L)X
H NI W ESCRF(T0%, 4 2), HET A2 BdREm @ 4 MRFEKEN, FE—HEHHBRNOL)MAE ML K. NJ
BT S EF(>70%, 2% 2)LA K MP B8 [ 5 S H7(68%, 7% 2). X155 —H H R (NOS), kg BN ey 51
B WA W RAR, B ym sy, EMIBR S8 SRR s A T R B RIEP R —H BRI
Virh & RS s e R EEAER, ERFE AR IR OLE BRI B BN BN A — R ) H AR [R]
EF e T F— A (E R D), RIS R B SCREREAE—8 HAiX B R AR 8 B A i —
P, AT, MIBREDEEMEEFENET S, e T E R RISCRRE, TR T X B R R AT A
THE. FR, EMESEEMER SN NMIFEE S, SMBREEMEATE, B —ERR
A — B B E RS B RN SR AN AR . 25T H AT Genbank H1 5¢ Hyla annectans 1]
T hRd(GEE BO IR ZokifA 16S rRNA X 1 B (0Q079503), 1 — 51 i EN LA HE ) FR 48 K & A,
A Ja AT LAAN TR 22 ENFERIEEAR A, R ] AU A T IR AN 5T

5. &hig

AFFFAEFH 16S FEHIME N4 ThRIC, 43d Genbank R LA FEEVEFY, HMERFERKER . BB
TR 28 I FLBAE R B, W10 % A R AR A A N PE M i (Hyla annectans), o MR Xz 20 1 45
fHricsk. RN, BRI, BT (1) B BEFRRE I R840 XA B OO B RV AT o 4 e A — e s,
FERDAE —HBRA SRR L,

oo
TR 7S B KTV 272 e WA S 86 == 5K TS L X SO [R) A SE 06 == AR 7 T SR At A 35 B

&
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E&WE

B K H ARl %5 42(31360512); st RHE T BRI EIH (BFHE J 7 LKLS[2013]06 5); /S#E/K

MR R RHE S T0 H (52020-2024-0-2-17); /N EL/KIE 2B K AR5 H (LPSSYDXS18026) .
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