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Morphological and DNA double barcode identification of Pheretima and
adulterants
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Abstract: Objective To develop an accurate and effective method to identify the original animals of Chinese medicine
Pheretima (Dilong in Chinese) and its adulterants by using mitochondrial genes, cytochrome coxidase | (CO 1) and 16 S rRNA
as DNA barcoding sequences to certify and improve morphological analysis. Methods A total of 66 samples were initially
identified according to their morphological characteristics, and then their CO | and 16 S rRNA sequences were simultaneously
amplified for DNA barcoding. The two gene sequences were amplified with improved primers. One-step double PCR was used
and the experimental conditions were optimized. The genetic distance among and within species of Pheretima and its hybrids
was calculated by MEGA 5.1. The N-J tree was constructed based on K2P model. Results Combined with morphological
identification, CO | and 16S rRNA double DNA barcoding identification can accurately identify Pheretima and its adulterants.
Conclusion Morphological identification is the basis of molecular identification. Molecular identification can be a powerful
supplement to the morphological identification. The combination of molecular identification and morphological identification
can increase the accuracy of the identification of the original animals of Pheretima and its adulterants. Double DNA barcoding
can also provide a solution for the identification of the medicinal materials of Pheretima and other animal medicinal materials.
Key words: Pheretima; CO | gene; 16 S rRNA, protozoan identification; molecular identification; morphological identification
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Table 1 Information of samples

VNG 4 WT4 KA
JSNTRDFQ A7 R ] Metaphire vulgaris YL AR
JSNTRDBCY JE A s ) TLZR AR
JSNTRDPTY B A7 ) YLIFUNAR
JSNTRD-A1 JE A7 i ) YLIFINAR
JSNTRDYS1~8 JE A7 ) YLIFUNR
SHCMX-N3~4 JE A s ) Y
SHCMD-N2 JEA s ) Y
SHSMZ-N3 JE A s ) i
ZINBTB-1~2 JE A7 ) WL T 9%
ISTZTA-1~2 B AR ) LI M
JSZJIR-DA JE A7 ) MR NEIEN
JSHALS-A1~2 JEA s ) VLI L
AHHALSY1~4 JEA s ) BB IS
JSSHU-1 JEA s ) YLZ5RFH
JSSHU-3 JE A7 ) YLIMAREH
JSNTRG-A2 JEAR s ] YL st
HNZHOUK-1 JE A7 ) EE A H
SHCMSXZ-N1 JB R e 0| Metaphire guillelmi g 52
SHCM-2 BB s ) i
JSSQTB B s ) YLD K
JSSQLS-2 B R | YLK
BCY0511-3~6 FiE & Amynthas pectiniferus AR
BCYCM3~4 FiE 2 & AR
BCY0511-A ir=pun =t AR
BCY0511-7~8 i S 378 5 s Amynthas amis AR
SHCM-3 (e Sm=15] Y
SHCM-1 T4 Amynthas phaselus igSEH
JSNTRD-2 T4 MRS
JSNTRD-N5 T4 MRS
SHFXJZ TR R ] Metaphire california AR
SHFXZL IEE AL Metaphire tschiliensis AR
HNZHOUK-2 IRl A
SHFXTAO-1~2 A T | Amynthas hupeiensis A
SHWXUT-3 Az T | b YaE:d
SZYYIN-1 IR E | Amynthas aspergillum J7ARBELL
SHJSLX-5 R ) 37 T ) Amynthas corticis g4
SHJSLX-1 EA b =15] Amynthas carnosus 4L
SHJSLX-6 AL A i g i ) REF| k&l
SHFXTAO-3~5 A i e e )| KA E i
SHFXTAOBL A i e . ) KA E i
SHFXTIAN A i e k. ) KA E i
HAINAN-3 TH 4 Amynthas wujhouensis =
HAINAN-2 1285 ] R | REF| =

HAINAN-4 376 5 ) e i | A E =
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2.2 DNA &L E

221 sWthit % COIF1-1P/HCO2198. COIF1-
1/COIR1-1"1, 165 rRNAF/16 S rRNAH. 16 S /16 S
r 4 4038 B 519385 NCBI Primer BLAST #E4T414L,

5T NCBI Genbank %4 72 o i 10 02, [ R i it 5 3))
WL RLAAR DNA JF 514K H 1 B8 FH 51 ) F0 DNA 15
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Ho Tl IELERE 51V CE Design V 1.04
PeAFo RORUEXCEY G =PIk R, AT
T 2 AT R4 B 4 500 bp A1 350 bp 255 UM
2, Wk 2.

F2 COIEEF 16 S rRNA EE 54
Table 2 Improved primers of CO I genes and 16 S rRNA genes

SIALN  REFB B Ebp  SIAK clkzla2dl! To/C
1A col 362 COIF1-1P 5’-GCAGGAACAGGATGAACAGT-3’ 54.5
HC02198-P 5-TCTGGGTGCCCAAAGAAT-3’ 55.3

16 S rRNA 524 16 SIRNAF-P  5-CGCCTGTTTAACAAAAACATT-3’ 55.5

16 SIRNAH-P  5-CCGGTCTGAACTCAGCTCA-3’ 56.3

B2 col 494 COIF1-1P 5-GCAGGAACAGGATGAACAGT-3’ 54.5
CO IR1-1P 5'-AATATGTGGTGGGCTCATACA-3’ 55.4

16 STRNA 346 16Sr-P 5’-GGTATCCTAACCGTGCAAAG-3’ 55.1

16 S f-P 5’-AAGCCCCACGATTGATAAG-3’ 55.1

222 DNA f#2 K —57%k PCR WEHEY 1 1F
s EEBEY L 0.1 em, #I9F, Yeiddedd, RN 1.5
mL EP &+f, BIf¥. M Trans direct animal tissue
PCR kit #t#345, 55 ‘C7/K#t 20 min Bt DNA.
WmJE Sy Wk h %, ffi il EasyPure® PCR
Purification Kit #t47FE4fift.. {4 “2.2.1” Tk 5|
Y14 CO | F A A1 16S rRNA JE[H . PCR J M Ak
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II DNA R &8, 4 51704 1 ul, DNA Btk 3 uL,
I ddH,0 #h 21k R . PCR N 1A 95 CTiAs
P£ 5 min, M 35K (95 C. 15s; 48 C.
20s; 72 ‘C. 35s), ZEf#H (72 “C. 7min). K
For 38 o B o A A 3 IR IR WS Bk 4
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A AT XA
3 #ERESH
31 HEEXE

BT RMEAA R, SO 2 3 5 R b e s
TEEF . STREFESL. HEFL. MEFLILE 1, SZHEEE.
HIHIR Bl W 20 &R OCBEARRAE LU W3R 3.
TR s ] 55 8 B s ] = B O SR R I AL AN SZ R B AL I
SERITHA AN, AR s ) g 2 T s B e e A
RGBSR o B ] 5 B SR ] 5 5 TR
T SF s i L DX 000 B S T Rk B, LT

JEBAR s g5l

AR I 451

1-S2A5%EL 2-0EfL  3-MfEAL
1-spermathecal pores 2-male pores  3-female pore
E1 ok HRERENIFSEFE
Fig. 1  Morphological feature of Pheretima and its
adulterants

TR R . Mz E B2 ELA S
A0 R T D91 T o A AL, HEBRN, T ik
BRI ML LR N AP FLA T,
A e I LIS BT o I R ] N8 bz i sl A 7Y
BN, N s A K: 80~150 mm, % 2.5~5 mm,
Wb B4 K 70~220 mm, % 3~6 mm. Wit
TCE 7R 17/18 A1 18/19 FIRVAWIMI A A 1 X
BRI, ST%5. ST EE S5 Amynthas
phaselus TEAHCAARLL, BRI L SFHER TR 2
FRRE, BT AR 73145 e 45 R —
fn R S5 B | R FL AN B s A AR AL, 1HL
B[ 2E i B A A AL, BRI A e fL, B
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AR ATEEE

ZoRa | |

1-2AE% 2-Hi5IR 3-Eh
1-spermatheca 2-prostate 3-cecum
B2 ok RIREmENESIHE
Fig. 2 Anatomical characteristics of Pheretima and its
adulterants
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WSARIT E I ZAEFEFLIR M X A Ml (1 HEsk 2
He) LM, ACHT TSR I R B AR
FEfARK: 160 mm, 58 6 mm, 5 CER IR K 117~
375 mm, % 6~12 mm AHLLARA /)N, AT BE R
LB PIFE i S E A, A FERHIE MR K B 56
HAMEERHE S TR . B UKIEES SR
Aeffiae, RIUbgh & DNA ZKTAG S e 4 B e b
AR . BB ER R T B sl LT, NIRRT S
H xS NETE LI, AR T KA R AR W 52 3
PERFE . FF S AT BE AR FH T A et 5 U JEAFIE R K
Boa. WAL, MR RIS BONINE, WA
SRR, L EAIEEHFTFLE S DNA KB
Y e G R IT o TRERE = R AR ] 44 B T 25 A e
NI EE . IR LR ) M s R T A
WroE B IR g, Rt EE, 554
H T FRX 53

3.2 DNA &FmBEE

3.2.1 COI1F116 SIRNA K FHI43HT X HbIp K
TRYE S 301 5 DNA 3HT PCR XUEY 1, 3R 1H
Fe5tE PCR 724 (] 3). | H CodonCode Aligner V
3.7.1 K B ARE S X e 0 R R B, bR
WX, B IEHERA S 4 15 25 1 4H 289 bp 11 CO |
FE R FE 41 A1 468 bp £ 16 S rRNA FER 41 K 55 2 41
437 bp 1) CO | ZE[F 741 F1 293 bp ] 16 S rRNA

K551 Hl NCBI GenBank #E477E£k BLAST HLXT,
BB 74 UGG B AR i, R B 3 A 5 225 SR e
CIES
322 MAH5FEAZSR T H MEGA 5.1 115K
I 3T Kimura-2-Parameter (K2P) #ERI40#r (b
[E 25 4) 2015 4 FRYCEI 4 NSz CO 1Al
16 S IRNA FEF [P Ff iy . Ml As 28, LR 4. F
o, BT A T R R i 2 2 A 55 B AL R R
. BT EH CEIRIE ok IEmSRiEEE 2
Tl 355 R 1) o ) A8 S 2R, AR AN S0 LAt AR 40
(B AT 73 4T
323 HTRAKEMMMMET RN
(neighbor-joining) #J& R4 K B, FIH bootstrap
(1000 REE) K&/ sCFrs, URnRHEE
YRR >50%. T 2 FERMWENRAKE R
Vg S VR A e T 2 K3, BB 21
Hdsl B ( Megascolecidae ) A1 — 37 f) 4 5 sl B
(Moniligastridae) At4utslJg (&l 4). fH#R—3
s i Jeg e 5 ] e R T R R GO L, R T
A LYy R A S PR B BBy 4 o0 W], X
[EZVSLiti=pud =158
4 e
41 SI¥IKRS PCR kit

BN B T 3T CO | R4 b B 25 24541
ST %E. oSO Elp T RTF Co |
116 S rRNA JE R0 R 2544 1 7372558 o AT LA
W FTAR R ST R BB DNA, FA 3 51443 31
Xf CO | #1116 S rRNA B [REEATY 1Y « AW 583 TF
rn R DNA JPAIIMR 7 CO | ZE[FIH 16 S rRNA
EMEHE S, Wb 7@ DNA R 11
BECE, AT T B/ AT REREF— 2, FFH
P Bo@E S das, ARy Th R, SRR E
1) DNA MEXEMy 1. WF4 R Y5 NCBI
GenBank ¥z FE AT LN, SRR RIS H 2 %
BFFHI T 4558, —#FMHEAN .
4.2 HF CO | #116S rRNA EEFFWEH 14
DNA EEBFESRSEEEETRA T EES)
MEE

e =L ESE S7ECU I AT RSy $2 s
5] B BRI R . M T E B S RS R
Bl 55 (7] 4 S G Tl 4 28 R G ik ek img
HBLSE RN, X T2 R 4 R R,
AR 128 15 5| R 2 IR0z 5 Wl 5 Gl i HL AR B R
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Table 3 Comparison of morphological characteristics between Pheretima and its adulterants
i ;’ZLE e #1 T ik Wik B
T 1213 14~167% 18 TGN, WKW, NEE 3, (0T 67809 TR RREERK, RPN 16~ fE, R
L] AU AR TRE-/RE IR, TRERES, B BERmBE-TF Rk i
b AR BAREE, SRR WESNEN, BNEAR  WEAEH, AR
LR 234
BB 1213 W~16F 18 RN WEETH, MR 3R, ML 67~80 W REBERK, KRB 16~0%,  fH, A
e KOG TRBNEERRES, B WEAN, AT RRSRR BEAR 23 ki g
YEERE2~3 % HAMTE  #-REE, EERER  EFEAADM, N
AN — Rk L B, HEH9
HEZ 5 1213 14~167% 18 TN BT FRAsET 3, (T 67~800 TR RRTARRRER: 5 6~ &R, B
L] g EH RS ME R, AERBA L LS EREK, ARG ke AR
ARG, B L R R R EB AR 23 WA &
BHAR, LRI
lpiilats] W12 14~161 18 VM MERLE—RERHERT 20, LT 78~89 WIRAN  RREEE, ARMERE 16~ M, A
L] by JOEmNIAT L, AT WRPR L, RERAR W HESH Rk b
il
E R 1213 14~16% 18 T, MIERERDERE 38, 67~89 TN ARG K KAWL 16~207,  fE, R
L] B L TR SNE L R Y BERREAS Rk b
lFEUN
WEES w2 w167, 18 TRAFMTERARLE, BEN 3N, AT 67~80 FHTE  ZRBRKHERSKEEY §  16~207, fiE, £
L] WO U, 7E 1718 R 189 FEMARM, MmN ERFEk, AP Rk b
HRIE FH LMHRT R R
(ESm=1id w2 14~1671, 18I, SRR 30, 67~8/9 WITIAN REERE ARMER, 16~207, KELE
[ H1 A% L HERR U B ELRE Kk 1L
i, WEEEK AR
A. phaselus 13 &R 18N, SRR 3 A, BI7T~BI9 WML TREETM, AWPEY; 16~201, KKZE
[ A% L HERR U B ELRE Kk 1L
i, WEEEK AR
b=t W12 14~161 18 WM, BERLOMUBRIER—T 4%, B 56~8/9 WU, RREEH ARWEY; B KR i s, 4
L] Tk AL/ NREAR ERIE A k
ZRLES 1914 14~167% 18 IO, MEALANL RIEBEE 4%, f56~80 WTEY, AT AWNEE,  16~207%,  f#, H
e —HERBAR ﬁ%?&ﬂﬂw EAE HEREEANOY Rk IS
W, THRENN, RIEE
KRR, Wlsifiag
Hhk
SiRiE E we  £&R 18 TIEMRIEE MR E, SMEE 2 %, T8~819 T — ZRENRMSR, T8 17~ RS
e BEREERS, NREEE  ERREL W BENE Am23m Bk % ¥
&, WEHHEHNLR, G i R
10~20M%
Awujhougnsis 1012 14~16F 18 ML W3 AMRRMAL, 2, 78~809 FlE-MEN RREENER, S B 16~217, R
i S HbE R Rk, 7. 8 HIERGES  SEE12E 23, AW Kk
HIMHRAMRAR, 70 BRAERR
8 R
HHE BN K K 0 HEE—HEL 134, 718 %ife) TREMRR, €8 07, # &R
5 ) H
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1A

M1 2 3 4 5 67 8 9 10 11 12 13 14 15 16 M

Mo 1000 bp

500 bp col

16 SrRNA

1~8-#H% DNA F R 9~16-H:4i1L DNA Y HIZE  M-Marker 1. 9-i@{ARsiEl 2. 10-8EmE 3. 1ML HE 4. 12-MJH il
5. 13-EfRE 6. 14-HdbEEE 7. 15-FUEEEE 8. 16-ZRiTH |

1—8-crude DNA amplification effect 9—16-column purified DNA amplification effect M-Marker 1, 9-Metaphire vulgaris 2, 10-Metaphire
guillelm 3, 11-Amynthas pectinifer 4, 12-Metaphire californica 5, 13-Metaphire tschiliensis 6, 14-Amynthas hupeiensis 7, 15-Amynthas amis
8, 16-Amynthas aspergillum

3 HARIRESR COI K 16 S rRNA EEXE PCR HKE
Fig. 3 Double PCR electrophoretogram of CO | and 16 S rRNA genes of Pheretima and its adulterants

R4 AT REIFAMELEE R RS

Table 4 Genetic distance between four species of Pheretima

AESIRVE A X 7o AR S 5 OB sl 2 18], PA A
T S ERES AR RN, IR TN R

EREE  hd HIAREERERY MRS E % S S T A A W LR, TR 4 Tl et

col bl At 7.3~26.0 0~25 B S5 A Be Um0 .
it k] 13~255 0~0.7 e 2R oA T Al 5 R, HAR R
HETEHH 147~160 0~20 BUONIRE, X—IRAE DNA ST 7592005 et
SARTEE 17.3~255 0~2.7 IR EN T EIE, DR R e 5 SR 5 0

16 SRNA JGff i 19~217 0~07 (RIAFABA T 23 LU BRI B 2 & DNA SR TERG 75 55
LA 19~214 0~04 fl ek, Bt Vector NTI I MEGA 5.1 #H543 #r it
T H 58~204 0~07 I B LRI S (Rl Py L Al CO 1 A8 57 2 AT 0 A i
SiaEs 79222 0~09° BRI E 4 L — MR E 979% LA . AR 4>

[ et
@Metaphire vulgaris

I s vl
B Metaphire guillelm

AREZEY € SREEY
A Amynthas pectinifer 9 Amynthas aspergillum

4 BT COIEEFT (A) FET 16 S rRNA EEFF (B) #uit e KoREMESNMIHEL IR F NI 1
Fig. 4 NJ tree of Pheretima and its adulterants based on CO | gene sequence (A) and 16 S rRNA gene sequence (B)
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Eb /N 97% 0ot U 25 SRS AN W] o AR s ] R R R
FEs sl BIARBLET 3 LU R 22 2% ~4%, 255 i,
16 S rRNA JE[RFh N AR e 38 — AN IS 1%, DRI,
I 16 S rRNA FE[ st — 25 Loy iy 24 IR SR
CO | FHILLXT 51 AL 2248 . A 4h, fEBh b At
W 751 5 25 R PR e B AR B2 . AR
FEH, T CO I M116 S rRNA I [K 541 i X
DNA IR 7145 Gtk BT 25 % 52 712 mT LAHER
Yl KR R B .

ARHIE FJ B RN 7 4 SR ) T ol e 3L
HILIRIE I e R E (B 4), TP LRt
R RIS ATHENTES S RIE S 7. B
Wl BRI AR 36 Bl DNA Z R ik, HiE
BFEECOAHIE, oM s SR 5wl ME
TEE WA UL E S DNA 2 J800N, BESEIE
ZESEEER,  EH AT UL X — s [ A R
HHL BRI BONINE . BT AW TR A R R ),
W XEIRE 2R 2 PR SR AT 8 7 o Tk Kk Rt AT
BB IRIIE .

SE 3k
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