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Development SCAR marker for the rapid authenticaton
of Batryticatus Bombyx based on COI Sequences
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ABSTRACT

Objectives : To ensure the safety, quality and pharmacological efficacy of Batryticatus Bombyx, it is important to
discriminate with adulterants, In Korean Herbal Pharmacopoeias (KHP), the authentic species of Batryticatus Bombyx
is defined only Bombyx mori, Therefore, the aim of this study is establishment of PCR assay method using the
sequence characterized amplified region (SCAR) marker based on COI DNA barcode for discriminating six species
related to Batryticatus Bombyx,

Methods : Seventeen samples of six species (Bombyx mori, Bombyx mandarina, Rhodinia fugax, Oberthueria caeca,
Actias artemis, and Caligula japponica) were collected from different habitate and nucleotide sequences of cytochrome
¢ oxidase subunit I(COI) barcode regions were analyzed by Sanger sequencing methods, To develop SCAR—based PCR
assay method, we designed species—specific primers based on COI sequence variabilities and verified those specificities
using 17 samples of six species as well as commercial herbal medicines,

Results : In comparative multiple analysis of COI sequences, six species were distinguished by species—specific
nucleotides at the species level, To develop rapid and reliable PCR assay method for genetic authentication of
Batryticatus Bombyx, therefore, we designed species—specific SCAR primers based on these nucleotide sequences
and confirmed those specificities, Using these SCAR primers, We also established simple conventional PCR assay
method using these SCAR primers at the species level,

Conclusions : The comparative analysis of COI sequences and SCAR—based PCR assay methods represented equal
results for distinguishing authentic Batryticatus Bombyx and adulterations at the species level, Therefore, our results
are expected protecting adulteration of herbal medicine Batryticatus Bombyx,
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chekgh AW oo gk A50] e ASE gEA A4
zdaaw ogHT Yo theivlerd ogter(Ri o)t
A (KHP)o|  $Ast= ‘i‘%‘é}(ﬂﬁa%)t ol
(Bombycidae)oll 43t FoAUH(Bombyx more)S 719%
o2 st oy, ot §3o] WAH A (Beauveria
bassiana)®] el <5 WP o2 FAARE FAE o2
Ast=s sta Yo’ Ea, Rolubhe A EojokEekd A
oA AEYRZ AEO] 7H5et Fo = A Qe whd,
ofubtatel 43 T2 FEL AEYR R AMgo] Bt
FEuetolls Foll v ah(Bombycidae)oll &3t Fo2 o
W Bombyx mori), WY VWSH( Bombyx mandarina) 2 &
Aol ol (Rhodinia fugax) 3%°] AAste AL B1
o, g, Rolublael ZTARF T 3k Abeofubika
(Saturniidae)oll= S8 AollUHH Oberthueria caeca), W

Sl (Actias artemis) R 1 )i e UK Caligula
Jjapponica) 5 11&°] AAst= Aoz A4 ot i
Ho| 3|AZo|AY FaFzAFos Budul Yo,

WA 71 9E Follubol] digt Aqte tiEE AEel

e 5% Ei Fdejety TERF AT/} RRon, S
gholl AAJHE oubiarT BRae] digt fHshy A7
ou|sic}?, 22 Sof DNA HEE 7S 0|43t Bz

AT AT A+, T 58 L A A7 ol oA
pow, FAA dHoleu|ojiof FHIL Hojde wet o]F
g3t Fo| BESA- g8 54 A1z spsai Y, A=,
u|AYE A F2 A= internal transcribed spacer (ITS)
9} 24 25L& uEZE=Fol9 cytochrome c¢ oxidase
subunit I (COI) HIZE F7H& o|&35F A7t wol oA
AT, ol S AlArel 4H~5Al% copyR EAISHE

Table 1. Information of six species used in this study.
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ITS9} vlwate], n]EZEg|o} AlsAbe] $X|3H= COIS & U]
owh GHHo = Wolz} WA o oy Z7bol = ok H el g

HolZ Beldt 4 9lo] THS TS FEA A g &
Emﬂ ol g1 I, shxut, i vEE Frke] A
4710 BRE 918 PCR 22, A7 95S 53 224129
35, 471N A= 2 uni 5 A FATH o] WA

3 Azko] tha Aetke wao] QoY weby, wpm=
7] GG v § Eo] @714 F Relw FEsm
A7) 9%5< B9 vhms 77 @749 BA R wa 7k

HGE A FLg F 5F d1E 4L 4 9 sequence
characterized amplified region (SCAR) w}A 7§ A7}
choFEt FEo A AHE T Qe

2 dFoAes e 7195 Foluvbdat o9 &4
EFo] ot Follvh, iRy, fal4beelvy, 54
Foluhd, amejibroivbs 9 vhpRE Ao 6—6—01] gt
COI vlZE 7+ 47148 & Rt va-gA4sta, ol&
Hlgro 2 A&-Aegt F 280l 7Hs38 SCAR HHAE 7Hdste
ghorA W7t o] 2ol &-g-5kalat st

I. A5 9 4y

= O
1. A&

2 AoIA AgE Roluhy, Slioluby, feliboliby
SAvopy, Amelreihy 0 Aoy 65
177) ARE gaRa $2 A2 02 Aeddx 21w
AL AgSA Folue Ao 5% 137 ArE 29
SEUoq BROR Aztsle] B 29 RS Bugton]

7% ARE 223t SEER U SEAYS 5o AR

712 A" ER5 AR 4% AH 1 T& AT

=39 on, ZF AR FZDNAE 3=atojstd 1Y shek

EEREA(IH FES ZE KIOM)o| ZEHSE F o3l
Bkt

Scientific name

Information of sample habitate

Voucher number Sample name

China MSZ11 BM#1
Bombyx mori China MSZ37 BM#2
(Linnaeus, 1758)" China MSZ38 BM#3
China MSZ39 BM#4
Ganseong, Goseong, Korea KNAE515453—-35 BA#1
Bombyx mandarina .
T Jinbu, Pyeongchang, Korea KNAE473372—36 BA#2
(Moore, 1872)
Daecheong, Incheon, Korea KNAE478546—37 BA#3
Rhodinia fugax Socho, Wonju, Korea KNAE590301-32 RF#1
+
(Butler, 1877) Sicheon, Sancheong, Korea KNAE342629—-33 RF#2
Ganseong, Goseong, Korea KNAE478573—28 OC#1
Oberthueri.
ertfiora et Sillim, Wonju, Korea KNAE478578-29 OCH2
Oberthiir, 1880
Girin, Inj, Korea KNAE434084—-30 OC#3
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Scientific name Information of sample habitate

Voucher number

Sample name

Actias artemis Jinbu, Pyeongchang, Korea KNAE479681-51 AR#1
i
(Butler et Grey, 1853) Gunoe, Wando, Korea KNAE479673-52 AR#2
Socho, Wonju, Korea KNAE433675—-53 CJ#1
Caligula japponica .
Moore. 1862 Ora, Jeju, Korea KNAE433674—54 CJ#2
Jinbu, Pyeongchang, Korea KNAE433673—55 CJI#3

* There is original species defined as Batryticatus Bombyx.
T There is no appropriate official herbal name.

2. DNA &

DNA HIZE B2 93] oF 100 mg2 A|RE o]&3ld
DNeasy Blood and Tissue Kit (QIAGEN, USA) A|Z=}7t
A&3H= protocole]l W} genomic DNA &3 A5t 0.0,
%% genomic DNA¥E UV spectrophotometer (Nanodrop,
USA)E ©]&314] 260 nm®} 280 nmollA FF=E &% 35t
+Eot A F9l5tHth $&3 genomic DNAE -20TC ]l
Bste] Aol AHgsteTt?,

3. COI ¥}ZE 17t PCR $& ¥ €744 ¥4

Table 2. Primers used for the COI sequence analysis.

COI vtz E 71| B4 98l &3 &F 15 ng? genomic
DNA$} 2+ 0.5 pmol L™'¢] a3} <W3F primer (Table
2)& Solg™ 2 x Tag PCR Smart—MixI (Solgent, Daejeon,
Korea)o} E3tste] HH-3-Eo] AA| 40 WLE=F A|Zs152H,
DNA Engine Dyad Thermal Cycler (MJ Research, USA)S
o] &3t FEAF T PCR 272 95T oA 287 HAAZ]
T 95T (40%) — 45C (40%) — 72T (90%) SFHAE &
353] ¥rHE 3t upx|eto 2 7274 587 FAd5t=
o2 gAY, ZF AR 40 uL FEAES o8 A
A%, FEZAE 34, T—vector ligation 9 £, coli FAZ
a83 G7IAE B4 7 5o Bust 243 5YsH

aheet”,

Ay oo N

DNA barcode region Primer name

Primer sequences (5° — 3')

Reference

COI-C02

AYT CAA CAA ATC ATA AAG ATA TTG G

COL
COI-C04

Pincheira—Donoso et al., 2013?

ACY TCR GGR TGA CCA AAA AAT CA

4, COI 971494 vuiA 9 Z Eo]F SCAR
primer A%+

sEE oF 700 bp 2719 COI E7]1AE-& BioEdit (WA
7.2.,5) ZR2IOWE o|gste] HYSAL, TFHE AVINE A
B MEGA 6 (A 6.06) T2l Kimura—2—
parameter (K2P) A& o]43}9 G+C H]&, FuUHol& ¢
TR0 &S SARA sttt old|, Bt FEggt T - F3
A7 E HnEAS 93] BioEdit 219 ClustalW
Multiple AlignmentE 53 FEE 6F 1TARE 7+ €7]
A g v L&A oA COI HtZE F7H9] FZof AHEH primer
F4l= st AA AT, B3, F 5|4 SCAR utAA|
2he 93l 657 A7IAE v I-EA A ERIE F 5ol 3
A71E ZFsH= F7HE primer FHE AAsHA

5. SCAR primer9] ¥ 5ol AF 9 F5F
2UEF

6% 17X 29} A&t primerE o] 43 & Eoj4 & 7dy

HASL o2 22 2702 33514t} ¢F 15 ng? genomic

DNA9 Z+ 0.5 umol L7'9] Aubgat oubF primerS

Solg™ 2xTag PCR Smart—MixI (Solgent, Daejeon, Korea)
¢} 288t BES-Eo] AA 20 ULE =S A 231%™, DNA
Engine Dyad Thermal Cycler (MJ Research, USA)E ©]&
3to] ZZAAHT. PCR 22 95CoA 28 HAAAZ &
95T (30%) — 55T (80%) — 72T (30%) 3€HAE & 353
HhE 283ka mpxjgte 2 727 CoA 5E7 dAsE ez
WA T E3E, JHEhE SCAR primerE o83 29| 7
By Bae 79 2o mye oz Sestdct, AE
SCAR "tA Y Zds A5 559 71d98AS S8 =5
oA F-8E= WA 87 AES st AEF 50 g9 T
FZE ARE AF Este A3t 7175 ]85+ genomic
DNAE #&3}%th PCR HH-E A2 € 242 9 7|&S
SCAR primer & Eol4d A3 YT HHOE +3sct,

I 2 3
1. COl¥l2E 7 & 9 97144 £4
ZAYERLRE HAAA]YG(CBOL, Consortium for Barcode

of Life)ll A BHsH= vhas 709l COIY GA7 5L

o=

93] Pincheira—Donoso”} H&3F& HlZE= F7F E4] 9
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At Aoz Hugk £o| primerE ©]-&38to] Foluit 474
A, ok 370Al, frelabrolubd 2704, 2Rl
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23 BE A 24 ¢ 600—700 bp =7]¢] DNA HHo] &

Z HASE A7195S 3l skt 742}94 A= A
E%UP COI H7IME HE gRE 93] FTIAES E colidl
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Al&2o] it §714E HHE= BioEdit¥} MEGA 6 Z2I13-S
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177 25 &E3 COI BYE: =% 658 bpd HYg =
712 ZA39th(Figure 1 and Table 3), SUHo| &L o
wta EQRoubol s ERIER] gren fejibrouhy
NA 0.3%=2 7V A EAsh= A2 EAEIth(Table 3).
Z7PHol 8L BEALO|UNN24.78%), SlARRolUHH(24. 43%),
AR (19, 55%), B ARl (19.16%), o
(16.65%) 18] ‘91}!"°‘]L}‘H}(15 37%) &0 =9ron
SR G7)1FAHS HoFe G+C L QM= E7F
o]& X tH(Table 3),
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Figure 1. The CIustaIW Mult|ple Al|gnment using the amplified COI1 sequences in six species related with Batrytlcatus Bombyx The

colored arrows indicate SCAR primer regions used in this assay.
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Table 3. Sequence characteristics of COl barcode regions.
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Species COI length (bp) G+C (%) Intra—species variability (%) Inter—species variability (%)
B, mori 658 29.18 0.00 £ 0.00 16.65 £ 9.90
B, mandarina 658 29.08 0.10 = 0.08 15.37 + 10.37
R, fugax 658 30.55 0.30 £ 0.00 24.43 + 4,18
O, caeca 658 28.57 0.00 = 0,00 24,78 + 3.65
A, artemis 658 31.84 0.15 £ 0.00 19.16 £ 6.18
C. japponica 658 31.21 0.10 £ 0.08 19.55 £ 4.89
2. COI 97144 7|4k & So] 784 SCAR up#|  #A4C2E g gAste] 704714 AR017 A9 glolA
7t TY% YX°l SCAR primerE A4 & $uto] glgleH §
Qe F719) §HA FBAHRO| ARHATE, 258 Y
BAo] o]lgH" 6& 1770419 ClustalWw o

COI €7144
Multiple AlignmentE F3l thFH71AES FER o,
ol§ EH|E F Eo] 47INE 7ol TTEHEE primers
AAsH g tHFigure 1, Table 4), AA$ SCAR primere &
ol g U HY o] Lol EE 18~23 mer?] 7|2
Astgen, Az 4 7td FEHY T S48 /3%
F&o] 4R g1 dx F9 o4 DNA7 Zid FeH =
FE2TE F 95 7Aosle PCRES 53 o o] 85HE #4
A SFEESY A27]= 400 bp °Jsh7t HEE IS, 1
Azt Folub 147 bp, WRoW 147 bp, fEjAbRolubt
232 bp, BZoU 206 bp, 717 ARFo U 352 bp 1
2|2 FARE U 162 bpR PCR £EAMEC] A HEE
SCAR primer7} AA = 1 cH(Figure 1 and Table 4),

TEEREAH 0T FHTAR &3 o LpuT) HieolLpe

=3,

Table 4. List of SCAR primers used for species—specific assay.

SAA o] 73S B o3} (Figure 1 and Table 4).

A" SCAR primerE o83 PCR 2% 23, 6% 1770
Az A et 27]9] F FolF FEA4NEC] S Fol AT
FEH= AS Zlstgch(Figure 2). 53], SCAR ARE
ol ERHCE 549 AT dfFdte FolvbEa |
Folubihe] £2F PCR S&4MEC] A& Bo|do g FEEH+=
AL TN F FTL G ET = e AS &
AstAtH(Figure 2). £, AT F Eo] SCAR primer=
2| 9] ZEZAES ZME HO|E=E annealing 2%=(50, 53,
55C)E thgstA ol ARstAed, 2 23 Sl A
Folubgol A= 50ColA FEliHroluy, 27, 71
weibrouhy 9 R RARRO U 55Tl HA 9 F
ZaE&E EYch(Figure 2),

Species Primer Sequence (5 —3') Ampli—con(bp) Anneal—ingtem, (C)
BM F1-1 CCC CAC TTT CAT CTA ATA GC
B mori 147 50
BM_R1 CAA ATG ATA TAT TAT TTA ATC GT
BA F1-1 CCC CAC TTT CAT CTA ATA GT
B, mandarina 147 50
BA R1-1 CAA ATG ATA TAT TAT TTA ATC CC
RF F1 CTA GGG ACA CCT AGT TCC TTT
R, fugax 232 55
RF _R1-1 CTA TTC TAC CAA CCA ACA GC
OC F1 ATT AAT TGG AAT GAT GGT TGA C
O, caeca 206 59
OC _R1-1 TAC GAT CTA AAT ATA TAC CGA C
AR F1 CTA CCT CCA TCT CTT ACA C
A, artemis 352 55
AR R1-1 GGT CAA AAA AAG AAG TGT TAC G
CJ _F1 ATT GCC TCC TTC TTT AAC TCT T
C. japponica 162 55

CJ_R1-1

AAT AGA AGA AAT TCC AGC ACG
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Figure 2. Verification of six species—specific SCAR primers using the conventional PCR assays. (A) Species—specific amplicon in B mori
using BM_F1—1/R1 primers. (B) Species—specific amplicon in B, mandarina using BA_F1—1/R1—1 primers. (C) Species—specific amplicon
in R, fugax using RF_F1/R1—1 primers. (D) Species—specific amplicon in O. caeca using OC_F1/R1—1 primers. (E) Species—specific
amplicon in A. arternis using AR F1/R1-1 primers. (F) Species—specific amplicon in C. japponica using CJ F1/R1—1 primers.

. oLpy, EAwelby, meate
oLby 2 WURAL-O|LY) SCAR UHAS o] 8% A
24 AgeE gee F Edo] 9eE sk, ol
Abo) A3t B ATE B3 AT COL 714G 7ot F Sol
SCAR mhAeh £ BAMe wgael 7l dada a4
o BYCIRE B BeolH WS /5T WIFr

3. SCAR }A] 85 2 #5EF 719 H5 EF, T2 BR70 F YRS s Y8 AT 55
. e

2 78 $3) B SCAR §47 v e 7%
W SEE) 719 Sl I8 AR WA SEE
AES Fste] FUT BAHE olgste] FHA e

FEE WAl f5He Ae A T & UcHFigure 3).

Positive control

<147bp

(C) 1okb_—

<232bp

(D)

(E) tokb—
500 bp —

100bp —

(F) 10kb— g
500bp —
100bp —

Figure 3. Monitoring of Batryticatus Bombyx distributing on herbal medicinal market using the SCAR marker of six species.

(A) B mori—specific SCAR analysis using BM_F1—1/R1 primers. (B) B mandarina—specific SCAR analysis using BA_F1—1/R1—1 primers.
(C) R. fugax—specific SCAR analysis using RF_F1/R1—1 primers. (D) O. caeca—specific SCAR analysis using OC_F1/R1—1 primers.

(E) A artermnis—specific SCAR analysis using AR F1/R1—1 primers. (F) C. javponica—specific SCAR analysis using CJ F1/R1—1 primers.

<163 bp
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v, #

W7ol 7)19%2 gistylgekd gt eh) ATt AE
QJoFERTAA A 2z} SreFA e} A FUERE AME THed A
o2 ot 159 st et B Aol di 2R
To 2 ZIF o2 oo &t £A ERE
o2l Aottt ZREDY St Aalsts 2
FALY BEREA A7t BRaE A7 BA gob 2754
9 B3ty gt 2 A B2 A3 JFotA mhet
St AL 47 o)), webA B dpoMt Seuet AaA
° 2 HqAEE Fouba(rolvhi, ol v 2 24k
o et ARrou il Ed Ry, Rejibrovy 9
HHEARRO U o) 43 6% 1742 S T2 CBOLYIA
PAsE WA viEE 3749 COI F-AAF G714 E& vl -
Ao, FFH R = COI HIEE 71| 97|AE vl
E4E Bt A&etH FYe A2 2o F Aol 7
StEE W7ol 719E 9 SAEF tigt F S0 SCAR
A E et Fest 719 2234 e -5 {8l
SRR BAYE st et sk

FAFL COI HIZE #2F B4 o nf¢- A3t 202 Bl
&= COI-C02¢} COI-C04 primer” S o] &3}o] PCR ZE3t
23}, 6% 1TANEANA 25 A44E 7|9 DNA dHo| 3&
He AL g9l e, ol 7129 COI HEE 771 B4
849 COI-F3} COI-R universal primer'” 2o =
Z5 A vwste] FEF 5&o] HoFE ISGATH=E
ulAA]), ES, ZF AR gt FEAELS T—vectore] 4%
sto] gt 71X E FRE SRR, E7IAE B nENS
T FHE FAAFRE o] &5t FUHOlE, FHHOIE,
G+C H &S It tH(Table 3). F7IAE 24L& 53l 6%
BE 59 2719 E71AEE 7ML e AS E1lst=,
ol A7INEY AYd/ZA] dojur] HA g TwAS
dusleln Qe ARG Eoz "ol A w3t
7t Wolgo] WA FEibRduEE EZFolut
ClustalW Multiple AlignmentE E3] @7|A<¥ wnEX
AT & F7F A7]9 XTho| wol T 4353 FHF LR
A7t Yee BLsHA BolFEeh(Figure 1),

W] 719E Q] Folvhi S&2AE &3t 989
lFoubie] COI HZE 77 A7) 82 wfl$- FAFSHAIRE,
TS TEE 5 U= F 5ol €717F 3xe XS §lo o]
F7He 32381 SCAR primerE A5 tH(Figure 1 and
Table 4)*'9 21 ¢jo= 27} 47|14 Q HlZEAL F3 42
AbRou, EANolu, mEibeoiihd 9@ v AR
o ubdtoll tigt SCAR primerE A|Z5to] 650 it z+2ho]
%< PCR $&4HE9 §57& &3 & 99 80| 7t53t=s
AA stk (Figure 2)'*'Y. EJ, 0|5 SCAR primerg o]-§3
% Eo0]3 DNA dH] PCR £30] 7}s3ta 0|59 62
&o]7] 95 HA <] PCR 24 2AL gystgdet'™ 'Y upeta],
2 ATE B9 92 7Y HS5E 8l COl vz e 719
71X E B4 glo] 7|YFa FE5TAFT dig A&
Ho| 758 SCAR uHAE /NEstant. ®3 w2 UA=E
Hol= H& 9] PCR 24 271& st f-5500A TEsS

S8t o] Ait= ek WFte] v|YE AEd

< 7448 SCAR marker 7igt 19

AF To§ YAS A 42K FEY 44T FnE
FF 7193 BE B 47 %%
A B8 5 98 Ao waE,

£ A7t gauRera e T A gl W 719
FOR $AHo] Gl bt SEOE E0.8 Aol
O §4 EL 2A%9) dioiby, felitvoby, B2

Az ieoiby 9 ARl 659 COl
MRS 77 G719 S wuEastgon, $7 971499
Aol 2 olgdte] MLk A& £ 7 & 4 9 SCAR
n}AE AEstel et e dEe dot

1. 6% 1770A19] COI HtZE @71 EL sf5sta f-a4
HEE BT 23 BRE XRA 658 bp TLEIT 2
ole] G| FH lgleH, 63 BT F 1 ol&
T F 50l d7IM Dol EAEE FUstg. 53,
TETAFY Tl B2 3709 A7IA
o|Z wl-p fFARE A HRR A 9oy 47
AE BYE B3l F T2 78 e ST
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