Open Journal of Natural Science H#3F}%2, 2026, 14(3), 290-297 Hans X
Published Online May 2026 in Hans. https://www.hanspub.org/journal/ojns
https://doi.org/10.12677/0ins.2026.143033

52 N9 BT S R — B a5 Y
ZEFEEE

WEF, BRI, #HRA, BXA, BWE, B #, TRIE, BEH

NEEKITEEBE AR SRR, S N EK

Woks H . 20264F3H26H; FHER: 20264F5H6H; KA HM: 20264F5H14H

HE

BHmHEEMAFRMNALRIRUX, HIEEYMEEEMAMBEL. AN ZXBREN—F
HEUEIRE kT B ER S TEE, UHBRESRERRE . @il FIREER£COol, COoIl, ND1, 12S
rRNA K 16S rRNARF P35, 45 & GenBank$iE B [FVR FF 5/ B B R WA M-8, 33 T Kimura
SR RULERAEER . 4 2R %M 5Amynthas californica (I EENEZ N ERW H R AT
BFREBEB AR, COIl. ND1. 12SrRNAK 16S rRNAZEH B FE S 4 H291.79%-. 1.30%- 0.30%F1
1.00%, BRTFANSMLBIME; COIERE 5 Ban-5Amynthas kiangensisiBf£FE 8 N5.19%, SiREA
Amynthas schmardaeff)FF 5 (32 NA. californicaiz %5)FEB{X 0.88% . 455 L RERNIEHE, BZHEREERN
Amynthas californica, SZfA. kiangensis ALk 734 . A FRIRIE T ZOFERMNAEER A6, AW
R XI5 2 BT IR T 0 R -

K
U, BRANF, STEE, B

Multilocus Molecular Identification of an
Amynthas Earthworm Distributed in
Nayong County, Guizhou Province

Zhangdan Xie, Rongchuan Xiong®, Cailing Xie, Wenjie Zhao, Liqin Lu, Jing Chen,
Yinjuan Wang, Xiaorui Tang

College of Biological Science and Technology, Liupanshui Normal University, Liupanshui Guizhou

Received: March 26, 2026; accepted: May 6, 2026; published: May 14, 2026

EIREE

H%EN]. HREIE, 2026, 14(3): 290-297. DOI: 10.12677/0jns.2026.143033


https://www.hanspub.org/journal/ojns
https://doi.org/10.12677/ojns.2026.143033
https://doi.org/10.12677/ojns.2026.143033
https://www.hanspub.org/

BE &%

Abstract

Nayong County, Bijie City, located in the Wumeng mountainous area of northwestern Guizhou
Province, remains a research gap regarding earthworm biodiversity. This study conducted multi-
locus molecular identification of an earthworm specimen collected from this region to clarify its
taxonomic status. Transcriptome sequencing was performed to obtain mitochondrial COI, COII, ND1,
12SrRNA, and 16S rRNA gene sequences. Phylogenetic trees were constructed using Maximum Like-
lihood and Bayesian inference methods based on homologous sequences from GenBank, and ge-
netic distances were estimated using the Kimura two-parameter model. The results demonstrated
that the specimen clustered with Amynthas californica in high-support clades across multiple gene
trees, with genetic distances of 1.79% (COII), 1.30% (ND1), 0.30% (12S rRNA), and 1.00% (16S
rRNA), all below the intraspecific divergence threshold. COI gene analysis revealed a 5.19% diver-
gence from Amynthas kiangensis and only 0.88% from sequences annotated as Amynthas schmardae
(which were confirmed to be misidentified A. californica). Based on multigene evidence, the speci-
men was identified as Amynthas californica, supporting A. kiangensis as a junior synonym. This
study reports this species from Nayong County and provides molecular data for earthworm taxo-
nomic revision in Southwest China.
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1. 5|8

e ] 75 e 4 X AL A BRAE ) 2 R R R — IR S R B X, RS (1 i SR b 35 5 I A e 2
ARG T4 s P 2 5 IRk, 2 X s] 7 2K e S L R, AR AELE ST MR
Al B R B SRR X ) 2 T D0 SR 2N S5 AR 4 I T 100 T 395 828 B 8l (Amynthas impletus) M E1E 8 5
Wl(Amynthas uvidus)ZEHM, REFE 7 IREIZ GG EAmynthas) I FHEFR[1]. #Z2 2021 4, PEDIE
sk B BH(Megascolecidae) 5| 579 Fi (LAY, Horiz 55| g 400 F[1], JyEBRHILHA IR 2R,
BT 52 MAE A L RS B E R A 2 R A, AL T St P S 5 L X T T g e &
Hobrs! X 2R 20 B SR Z IR GG M Bk = R FL, fEE R AL H .

BRI G 2 L b A YRR e i e v L B e ) 5 L KR, MR 2 R, IR )RR
AU, ARBE B e X OC T B A ] SRR AN RS R UK B R R AT SO B . AT SR AE
YNGE LR AR B — M| R 5, BT %8 N B W& (Amynthas) P Fl, BB /E N 3% Esh Y, K
WML, BRI IR, FREHEES MR RERS], THT 2 RMRBRICAER2]. 14t
It S R AR 2 A R 2R S AR K, A — WM fEAN [F) R38R A | I RS 9% 5644 T AT R IAS [|] (7%,
T 7 7 P07 T DS A B P55 T 2 00 ) €, S B SEVRIA[3] (4]0 5341, Sato 252023 i 1wt
221 AR R P ARG 197 AN HARFFRAF 24 A 2R R A B F=An A 750 A &k B, - H Al o
VAT Amynthas. Metaphire. Duplodicodrilus F1 Manus H] pheretimoid M5 7E KA K E LA HIRE,
A i B 22 B (non-monophyletic) [5]. & T BRI OC e IR U, 3 2 J2@ #8 F N J7 S B A8 A B
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Amynthas Kinberg, 1867 [5]. X— M SfF2] | Z LT 13 MR ARSI R (PCGs) M E 1) R G K B WIS
. Zhang R F R, Metaphire californica (KP688581) Duplodicodrilus schmardae (KT429015)5%
A Amynthas WMAE RS R B W L HNIHIREE, HICRFREGE 6], M—PIE T X =Ar KB ERR S
IS5 AT RE 2 I N T M N R R ([7].

AR IR 2 B2 RS %08 ik, %R B gh gl B 1S s B S T RS HE S 8, B 7R BB AR S T
SPREVAJE, NP HL X M A R 2 R S A FAB AT SR AL AL R

2. MMEFHE
21. FAERER

2022 fE 8 3, WRFCHIBMEGNZE B — RHCREE 1 Sk, S54RI —Puir sl s, B
JETENGRAEE (FEA S 5 T2226), LR GR B 547 T80 CUKF A IRAF & M, HRIRBURAE T 758K
IV A BE SRR AR -

2.2. FEFRENFF 5 FHRIciRE

WEFERE b A oKz, bl BB AMBHCA R A R #E17 RNA $REC, 4 5% 4000 ST AL g
AT . A Nlumina novaseq6000 “F- 5, XAFHCEE ) cDNA SCERATIT, 1530546 3HUT 5 (Raw
reads). X Raw reads #EATRIEALSE, LB E R KEIEN reads JG#iL 7328, R BriE Pk
73 15 5 B 0 A K 5 R (Unigene) »

AR o E ] 2 FEVER FE[8]-[10], FEWIFHAJBIEMT, RS B 58 & s 752K 0 TAsd P 51, 1
AL ZRIA 12SRNAL 16STRNA. COI. COII. ND1 % [H ¥ 51| %45 22 (AnnelidaRF .fas) . {#i Ff A< Blast
MM ts 7> AR S5 HHE E, 2 J5 F Unigene £ 5225 50 i LU xS, $2HX Unigene H1 12S rRNA.
16S rRNA. COI. COII. NDI1 #RHF4[11].

23. SEERAFIITHRRRZLE S

BT ThRiC R R A1 408 EA% GenBank #HT R HEXf (megablast), F# 100 &5 FJ6 5
YIWENZ T, 51% € BB 7 51—k BUT 71803 5 - 2 AR SR 2 /T A 78 071 OV B8 R 1),
i 158 B G A B E SR AT Y, R B AR B (Maximum likelihood tree, ML tree) PA K I - 7 4
(Bayesian inference tree, Bl tree), 115 3R W SR AIEAEEEEI[12] [13].

3. 58
3.1. MFER

LISy B FIR LU A, RIS ACHI S il fh e bifd COL. COIl. NDI1. 12S rRNA J 16S
RNA ZK %), I A Genbank(ZHL S 735N T2226COI. T2226COII. T2226NDI. T2226X12S.
T2226X16S).

3.2 RS

Vo FITINA5- A 451 5 DR 410 (1 U 510) 52 58 Genbank BEATH R LN, 430700 N# 100 ZMnisl Zakifk COLL
COIl. NDI. I12STRNA K 16S rRNA [FlIEFFIENZH A, 51 € S 81— i oy 51 S e . 4t
TARPRGERKE P I7EML. BOW B EMERFERK BRI DR, KFFRK BT S
Amynthas californica(Genbank " ARC N Metaphire californica, FIF)) Amynthas kiangensis J% Amynthas

DOI: 10.12677/0jns.2026.143033 292 FIAA R


https://doi.org/10.12677/ojns.2026.143033

BE &%

schmardae (Genbank H4x1C N Duplodicodrilus schmardae, " [E)PIFP RV R 7 ok R0k . o, 2T
COl R EMRFREMF(E 1(A), BIFHYE Amynthas schmardae [FRIT 5 RN — AN SCRERA G
HISZ &, XI55 Amynthas californica~ Amynthas kiangensis. Megascolecidae sp. (5 AL 2) RIIE 741
BN N THRRBEEW LR F Amynthas kiangensis 75| 1L Amynthas californica W8 . 7£3&F COII.
ND1. 12S rRNA J 16S rRNA E:HEEM R K ER FE 1(B). B 1(0)s Bl 1(D). Bl 1(E)), BT
¥15 Amynthas californica [FRF 5 AR RS &R . HAEEET COIlL ND1 RN RAKE
B (E 1(B)S B 1(C)), BT HI57E Amynthas californica [FIJRJT 5 814 32 & 046, BY Amynthas californica
57 5 A R SRR RN — AL R fEHET 128 rRNA K 168 rRNA FEF MM RG0R B M (4]
1(D)s K 1(E)), BIFINIRIRKIE Amynthas californica X RN, 5 Amynthas californica [R5 7 %1[H]

BHSCR M.
A EF032610 Duplodicodrilus schmardae D ~ JX315357 Metaphire californica
46/71 _[L EF077535 Duplodicodrilus schmardae - KX467199 Metaphire californica
43/76 EF077536 Duplodicodrilus schmardae |- LC726499 Metaphire californica
T2226 |- MK099892 Metaphire californica
100/100 97/96 KP214569 Megascolecidae sp. 19 MN-2015 - MK100023 Metaphire californica

KP214570 Megascolecidae sp. 20 MN-2015 —— MK100024 Metaphire californica
|- MK100033 Metaphire californica

Metaphire californica - MK100039 Metaphire californica

85/74 Amynthas kiangensis - MK100051 Metaphire californica
100/100 |- MK103383 Metaphire californica
KP930735 Amynthas incongruus — MK103397 Metaphire californica
— = MK103405 Metaphire californica
0.01 - MK202202 Amynthas sp. ZJ201509-01
- MK202208 Amynthas sp. AH201607-02
B - MK202209 Amynthas sp. HU201607-04
100/99 . PR = MK202223 Amynthas sp. JX201401-05
100/100 ,—{ Metaphire californica - MK202263 Amynthas sl;. ZJ201516-03
L 12226 - MK202274 Amynthas sp. HU201615-06
[ ONS553959 Megascolecidae sp. BS2 |- NC 027257 Metaphire californica
ONS553960 Megascolecidae sp. BS7 — 12226
_E ON553959 Megascolecidae sp. BS2
— .
0.005 ON553960 Megascolecidae sp. BS7
0.002 E LC726499 Metaphire californica
C 100100 | NC 027257 Metaphire californica
75/98 T2226
100/100 |—‘ Metaphire californica
L T2226 e, Metaphire californica
r ON553959 Megascolecidae sp. BS2 ONS553959 Megascolecidae sp. BS2
L ON553960 Megascolecidae sp. BS7 ON553960 Megascolecidae sp. BS7
— —
0.01 0.002

Figure 1. The Bayesian tree constructed based on the gene sequence datasets of COI (A), COII (B), ND1 (C), 12S rRNA (D),
and 16S rRNA (E). The numbers near the branches represent the support rates (ML/BI) of the corresponding clades in phylo-
genetic trees constructed by different methods

1. #F COII (A), COI (B). NDI (C), 12S rRNA (D). 16S rRNA (E)EE FFIHHREMZER DR . X ARMHA
BFAERIRETR T EREN RS A BRI P A EML/BI)

3.3. iB{EEEEE

£T Kimura 2808 A5 MY (K2P) it 5577 71 18] FO 3 A% BE SR B,  FEZRRLAR COI 2 K 7 51 M 1 1) R 4t
REMHIE 1(A), BHIWFHS Amynthas schmardae S RBAE IR B /N, SFIIMEN 0.88% (5 1); Amynthas
schmardae . Megascolecidae sp.. Amynthas californica } Amynthas kiangensis W58 A% 082 7374 0.94%-
0.17%- 0.08%- 0.94%. fEZERifA CON JEHFHMEMRFKEWH, BIFHS Amynthas californica
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NRBEIEE RN, FYEN 1.79% (35 1); Amynthas californica. Megascolecidae sp. P9 EBi8 4% #5125 437
90.03%- 0.00%. {EZKifk ND1 SN FFIMEEIRGER G, FIFHE Amynthas californica % %
BEFE S B /N, FHIMEN 1.30% (% 1); Amynthas californica. Megascolecidae sp. P 3584% BE 25 43 71 A
0.11%- 0.00%. fEZKifEk 12S rRNA FEFFHIMEN KRG K EM T, BIFHS Amynthas californica >
RIBAE IR B BN, PYIMEN 0.30% (5 1) Amynthas californica. Megascolecidae sp. N i8% B 2543 518
0.08%- 0.00%. fEZKifE 16S rRNA EHF IR RFKEMH, T2226 5 Amynthas californica X 5
AR B /N, FHIMEN 1.00% (% 1); Amynthas californica. Megascolecidae sp. P 3584% BE 25 43 71 A

0.20%-~ 0.00%.

Table 1. The genetic distance (%) information among branches in the phylogenetic trees in this study

F 1. AMRFRZLENEXRENERER(%N)EER

P B XE SCE 2 wAME ROKE THIE
1 COI T2226 Amynthas schmardae 0.53 1.41 0.88
2 COI T2226 Megascolecidae sp. 1.24 1.42 1.33
3 COI T2226 Amynthas californica 1.78 2.13 1.82
4 COI T2226 Amynthas kiangensis 4.88 5.63 5.19
5 COI T2226 Amynthas incongruus 14.40 14.40 14.40
6 COI Amynthas schmardae Megascolecidae sp. 1.78 2.86 2.23
7 COI Amynthas schmardae Amynthas californica 1.96 2.86 2.24
8 COlI Amynthas schmardae Amynthas kiangensis 4.69 6.39 5.38
9 COlI Amynthas schmardae Amynthas incongruus 13.95 14.85 14.32
10 COlI Megascolecidae sp. Amynthas californica 1.60 2.13 1.73
11 COlI Megascolecidae sp. Amynthas kiangensis 4.50 5.44 491
12 COlI Megascolecidae sp. Amynthas incongruus 14.17 14.40 14.29
13 COlI Amynthas californica Amynthas kiangensis 3.39 4.13 3.62
14 COlI Amynthas californica Amynthas incongruus 14.40 14.81 14.44
15 CoOlI Amynthas kiangensis Amynthas incongruus 16.07 16.71 16.36
16 con T2226 Amynthas californica 1.66 1.97 1.79
17 coIll T2226 Megascolecidae sp. 10.69 10.69 10.69
18 con Amynthas californica Megascolecidae sp. 10.56 11.85 11.09
19 ND1 T2226 Amynthas californica 1.11 2.33 1.30

20 ND1 T2226 Megascolecidae sp. 13.56 13.56 13.56
21 ND1 Amynthas californica Megascolecidae sp. 13.67 15.27 14.04
22 12S rRNA T2226 Amynthas californica 0.24 0.81 0.30
23 12S rRNA T2226 Megascolecidae sp. 5.97 5.97 5.97
24 12S rRNA Amynthas californica Megascolecidae sp. 4.97 5.96 5.46
25 16S rRNA T2226 Amynthas californica 0.58 291 1.00
26 16S rRNA T2226 Megascolecidae sp. 5.59 5.60 5.59
27 16S rRNA Amynthas californica Megascolecidae sp. 4.97 7.75 5.54
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4. it
4.1. finp BSR4 K a0 o 26

AAFHIET 250 FARCH 7 T RGBS AT, X 15K B 5N 99 B i sl AT 4128 16 43
THEERRW, ERFEREW L, KEFFFE S S Amynthas californica~ Amynthas kiangensis 5 Amynthas
schmardae = MR RBRREOE, X5 = AMFRRI 02K LA R R . Amynthas californica (Kin-
berg, 1867) 21X =/ MFh b fx AL RIR Y, SAIWE fw 44 N Pheretima californica, 17y 3% E A48
JE N Z 5% FIFETE (Sausalita Bay) [14]. ZWFHA ) Z 2BV A, SR 0Aik fm, FE 7 ]
e, JEREEI NSRRI X . P s b, R il SR I R R 44 B FE Pheretima modesta
Pheretima molesta, Chen (1936)i04& HiZF 0] G8J2 Metaphire hesperidum (Beddard, 1892) 1 1= 2k [F] ) 7+ 44
[15]e Amynthas kiangensis 5] Michaelsen (193 1)§#i&°A Pheretima kiangensis, x5 H o E 75 M,
155 AR A CRAT T4 [ BRI IR [ 16] . 1ZFIEIEAS & T 308 pheretimoid 288, H A “superficial male
pores” ZEHFME . Amynthas schmardae [WHERFIFEL T TR IRMIBR LD, RYIPRIRN Megascolex
schmardae, 13 =1y H A[17]. Beddard (1896)¥ HAR U HTi M Perichaeta trityphla i % T EEZ 4,
JEBEESEA A. schmardae IR 74 [18]0 ZMAE T s G HE AN Metaphire J&, #%9 Metaphire schmardae
(Genbank).

Huang %#(2007)%: T Zekifk COI ZE[X )7 BL(566 bp)l) DNA ST Fe g fit 1 DL =40 2K ol g
RE W Fh ) R BEE o ZF W € T BIE Amynthas kiangensis+ Amynthas californica F1 Amynthas
schmardae TEW M) Z ) pheretimoid W5l )75, KIN A. kiangensis 5 A. californica Wi p FEESAUH
0.7%~0.8%, LA T30 7 H T X 73 A R 0 BB (— M 15%) 8 I ER ) A. kiangensis T] GE42 A. californica
HIR S 44[19].

4.2. PIEUBIREARR 5> FLEE

AT I NN KA B (M 5| REA O £RRi4A COII. ND1. 12S rRNA K 16S rRNA J:E5 Amynthas
californica [FJIRJF IR AN— N LRFRBE I RE 1), HBEEHEEAEDT 2% (% 1), BrRETHR—Y
Pl FEEETE Rtk COl BRI RA K EM T, HIFIE Amynthas californica. Amynthas kiangensis
5 Amynthas schmardae TEN—NLHRFRRENL R, X RZW BRI DUN Amynthas californica.
Amynthas kiangensis. Megascolecidae sp. (BB AR L€ T H) S Amynthas schmardae JLA 3 %, {HCFRR
YIRS, XA B HR N 6.39%, A@EFIEEEE 15% [19] [20], 52 HIAN Amynthas cali-
fornica~ Amynthas kiangensis 97— MR TE S5 R —8, A. kiangensis FIREs2& A. californica Wik 7%
[19]. J4b, KT Amynthas schmardae W5 ¥ 3R AR~ T 5 2 4145 5€ M 28 Blakemore %#(2015)i# it
Ko 6 [ 5 M B FR A DNA P R, FEAR HY 17 (3 5E N A. californica)5 GenBank 1 ¥riEN “ Metaphire
schmardae” {73 EF032610 (R H H E)A U IE 98%, {HiE— 5 L XN J5 & SLBr_F A& XT A. californica
FIREE, THIEEIER 4. schmardae (HARFZ) [17]. 12— K IFE W, GenBank (35 FE 1 hri1c N 4. schmardae
MIFHI R Z IR T A. californica WiR%E, SEOXWMIEILS L BAHEZERUA. schmardae BAG WG FE4E
M E R, M A californica = 3X 525K I FHAE 73 1 K PE b = A2 TIRIE([18]. ABFF kA 4.
schmardae (1) 3 & COI 2&[K(EF032610. EF077535 & EF077536)J7 45k B E, R2&X] 4. californica (]
RS E . Amynthas. Metaphire. Duplodicodrilus F1 Manus H] pheretimoid IE¥5|7E KA KA LA HIRE, X
W S R N T S R & A K )& Amynthas Kinberg, 1867 [5], K, ARHFFFESPIFAJE NN Amynthas cal-

ifornica.
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4.3. FRERIREME| S FLEEFHRA

AHIE 75K F e S LN (RN A-seq) 45 & B R 129 SIS SR RLAR Z ZE R PP 1), A7 Fhmad, XF—ok
ST AT 2 R ST . AR T A SR IR R o 50E, ST ANEIR R 21 5w B e T Rl A R
o, A5E44rfR(incomplete lineage sorting) i RV B 1R [21], Femsr ¥ WS, [N, A
[ Fhrid, PIEHEFEAREEH T AR EZRE 3R . flhn, s ReKE nid, 2okl
R EE BT g% AE Kl (COL. COIL A1 ND1) Rk Ak FE PR T HAFE A, & TR A SRR A 73T
ZRifA 16S rRNA F1 128 rRNA & H T B Hr[22], DAk 22 Jk PR 5 5 W] LS R it B AN [R) J2 2 43 8 Ay gk
ITZHEE . PR R R LB RgtL . B2, HOdw i DNA B BRI G Hid=, Niriinib
SRR TR Z AT 23], BT EAE N5 1 %8 SR PR 4r 1 RGE R BRI Fhrid. mH,
TEITA AH IS RS h R S A . HERFAH IR A A amiE sh Il 06 75 AR BR[N], B2 5y AN [R] 2 23 (1) %
KA R BUTFME R, 88 T TARC BRI Z, BRK 7 Seo0miAs, DRt T s L 2508 1) 2 B 1A
Wi 535~ 45 e FAT Y ) R PR B FE TR .

5. &t

ORI N P HOR, XER B 51048 V7 B — S inls| B f AT 2 5L 7> 74808 o T2k
f& COI. COII. ND1. 12S rRNA /& 16S rRNA HEFFHMERI RGEK EWM BN, &FEMS Amynthas
californica SN R R E B R BE, BHE R B 35/ 2%, 111 5 Amynthas kiangensis Jt Amynthas schmardae
(¥) COI BBHAEFE B 435I 5.19%F1 0.88%. L& I MILRKLIASE 2 R G K B T B R AR &= Mk, W
INIZAE i N A S8 NN 22 55 W5 Amynthas californica. AW ITSCHE A. kiangensis SN A. californica WK 74,
Jt45 H GenBank HFRVEN D. schmardae [W)J7 51524 A. californica W) R%E5E « WFFCEAN 1 53 M PG A6 b 5]
X RBEFCRI A, ESE T 5T 4L e 4 22 58 TR 5 568 08 1R AR s 250 23 S 1) L e F) i BE AP R 01

B oW

RN BTG 22 Be B I S 00 = 2 T0AN L JKoki . JRmIEE AR A . sk, SRy, FEEYE. SRk
(7 2 A2 B AP R AR RN S50 25 A 77 T 4R A 5 B
E&mE

K E AR 4 (31360512); #0HE 87 2 A ME WA B A0 H (LpssyXTYR202403); 08 #B AL 75 6 4
Ik B AT H (2025071776569); 5 41 48 i 25 24 AR S P 28 FNSRE A R D0 100 H (GZIG2025342); N3
KT BB R RHE T H (52020-2024-0-2-17, 52020-2024-PT-03); 7N #E/K T8 22 B 8 2 — A BBk 2 %
R0 H (GZSylzy202101, LPSSYylzy2003); 754 KIS 2 B¢ — i A BHEFEES B T H (2022-03-042);  /~HL/K
I 27 58 R AR BT I H (2024DK 223, 2024DK233) .
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