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Development of origin identification method for crude drugs using
next-generation sequencer
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We developed a method that can detect each animal species of origin for

crude drugs derived from multiple animal species by analyzing mitochondrial DNA of crude drugs using
a next generation sequencer. This method could detect minor contents from mixtures of two animals,
if the mixtures contained at least 5% mtDNA. Therefore, it was suggested that this method is useful
for detection of non-standard crude drugs, which origin animal species is defferent from standard,
included in standard crude drugs. Moreover, this method could also roughly estimate the compositions
of a commercial Kampo drugs. On the other hand, this method also can apply to the MinION which is
portable next generation sequencer, so the species of origin of crude drugs could be identified in
field work.
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1.5 mL (1 50 mg
) ATL( ) 200 pl.  Proteinase K( ) 20 upL 56
TE 500 uL 30
15,000 rpmx 10 AL( ) 200 uL
70 10 100% 200 uL
QIAamp DNA Mini Kit( ) 8,000 rpmx
1
1 AWl 500 pL 8,000 rpmx 1
AW2 500 pL 14,000 rpmx 3
Buffer EB 60 ulL 10 8,000 rpm
x 1 DNA
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1 MiSeq
125-C  12S rRNA
Primer set Direction Sequence (5-3)
125 Forward TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCCAAACTGGGATTAGATACC
Reverse GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGTACAGAACAGGCTCCTCTAG
165 Forward TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGCCTGTTTACCAAAAACATCAC
Reverse GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGCTCCATAGGGTCTTCTCGTCTT
ol Foward  |TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGGGWA CWGGWTGAACWGTWTAY CCYCC
Reverse GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGTANACY TCNGGRTGNCCRAARAAYCA
125€ Forward TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGAAACTAGGATTAGATACCCTATTAT
Reverse  |GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGAAGAGCGACGGGCGATGTGT
PCR 20 uL 10 uyL  KOD One PCR Master Mix ( ) 1ul 10 pM
( ;0.5 uM 1 pb DNA (10 ng/uL )
SimpliAmp 98 10 55 5 68 1 40
Nextra XT Index Kit MiSeq Reagent Kit v2 500 Cycle
Kit 8 pM  PhiX 20% paired-end, 251 reads
CLC Genomics Workbench 12
5% 1%
BLAST
(4MiInION
DNA  COl PCR 20 pL 10
pL KOD One PCR Master Mix ( ) lul 10 pM ( ; 0.5
pM) 1 uL DNA (10 ng/uL ) SimpliAmp 98 10
55 5 68 1 40 Ligation Sequencing
kit ( ) R10.3

Forward (5"-CTGTACTAGCAGCCGGAATTA-3") Reverse (5°-
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128 16S col
AB Haplotype Ratio against » Ratio against » Ratio against >
total reads Origin expected total reads Origin expected total reads Origin expected
(%) (%) (%)
1st 44.60 Cervus elaphus 38.48 Rangifer tarandus 54.22 Cervus elaphus
11 2nd 41.13 Rangifer tarandus 33.96 Cervus elaphus 25.54 Rangifer tarandus
3rd 2.77 - 2.96 - 2.22 -
1st 56.73 Cervus elaphus 47.56 Cervus elaphus 61.47 Cervus elaphus
21 2nd 30.20 Rangifer tarandus 26.35 Rangifer tarandus 16.75 Rangifer tarandus
3rd 2.07 - 3.10 - 2.44 -
1st 69.47 Cervus elaphus 59.93 Cervus elaphus 71.10 Cervus elaphus
41 2nd 19.85 Rangifer tarandus 17.51 Rangifer tarandus 11.96 Rangifer tarandus
3rd 1.28 - 2.32 - 2.90 -
1st 78.72 Cervus elaphus 69.92 Cervus elaphus 77.94 Cervus elaphus
91 2nd 10.41 Rangifer tarandus 9.40 Rangifer tarandus 5.75 Rangifer tarandus
3rd 0.67 - 1.62 - 2.83 -
1st 84.77 Cervus elaphus 78.70 Cervus elaphus 81.69 Cervus elaphus
191 2nd 541 Rangifer tarandus 5.12 Rangifer tarandus 3.52 - (Rangifer tarandus)
3rd 0.44 - 0.83 - 2.88 -
1st 87.86 Cervus elaphus 84.80 Cervus elaphus 83.63 Cervus elaphus
391 2nd 2.56 - (Rangifer tarandus) 1.85 - (Rangifer tarandus) 2.94 - (Rangifer tarandus)
3rd 0.60 - 0.43 - 1.46 -
3 5%
A: (Cervus elaphus) B: (Rangifer tarandus)
3 A,B
128 16S Col
Sample Haplotype Ratio against > Ratio against > Ratio against >
total reads Origin expected total reads Origin expected total reads Origin expected
(%) (%) (%)
Ist 69.22 Cervus elaphus 66.91 Cervus elaphus 30.71 Cervus elaphus
2nd 528 Cervus elaphus 6.00 Cervus nippon 21.85 Cervus elaphus
3rd 5.06 Saiga tatarica 3.87 Saiga tatarica 6.70 Saiga tatarica
A 4th - - - - 291 Cervus elaphus
5th - - - - 275 Cervus elaphus
6th - - - - 274 Bufo gargarizans
7th - - - - 261 Cervus nippon
Ist 24.05 Cervus elaphus 35.94 Arctocephalus pusillus 17.67 Cervus elaphus
2nd 2274 Arctocephalus pusillus 10.57 Cervus elaphus 8.28 Cervus elaphus
3rd 14.30 Arctocephalus pusillus 6.42 Phoca groenlandica 7.75 Arctocephalus pusillus
4th 931 Phoca groenlandica 2,57 Cervus nippon 5.70 Cervus elaphus
5th 197 Bos taurus 1.62 Bos taurus 4.85 Cervus elaphus
6th 1.85 Cervus elaphus 150 Callorhinus ursinus 3.05 Cervus elaphus
7th 1.20 Cervus elaphus 140 Cervus elaphus 295 Elaphe carinata
B 8th - - 138 Cervus elaphus 2.87 Phoca groenlandica
9th - - - - 2.50 Arctocephalus pusillus
10th - - - - 242 Cervus elaphus
11th - - - - 150 Arctocephalus pusillus
12th - - - - 1.47 Arctocephalus pusillus
13th - - - - 1.37 Arctocephalus pusillus
14th - - - - 113 Cervus elaphus
1%
Cervus elaphus Saiga tatarica Bufo gargarizans
Arctocephalus pusillus Phoca
groenlandica Bos taurus Cervus nippon

Callorhinus ursinus

®

12S rRNA

Elaphe carinata

0.94%




(4MinlION

MinION Fast High-accuracy Fast
High-accuracy DNA
19:1
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30
4 MinION Fast High-accuracy
. . BLAST result Concordance rate
Samples | Species of origin = :
Origin expected Fast mode High-accuracy mode

Cerves elaphus Cerves elaphus 706/717 (98%) 719725 (99%)
Rangifer tarandus Rangifer tarandus 669/715 (94%) 716/727 (98%)
Ursus thibetanus Ursus thibetanus 710/725 (98%) 719/730 (98%)
Bos taurus Bos taurus 715/723 (99%) 718/726 (99%)
Moschus chysogaster Moschus chysogaster 705/726 (97%) 713/727 (98%)
Malayopython reticulatus Malayopython reticul atus™* 719/728 (99%) 7271736 (99%)
Varanus salvator Mapping impossible * - -
Varanus salvator Varanus salvator 674/680 (99%) 676/630 (99%)
Oncotympana maculaticollis  |Oncotynmpana maculaticollis 734/739 (99%) 744/749 (99%)
Graptosaltria nigrofuscata Graptosaltria ni(\;]r()fuscata*3 716/728 (98%) 7241729 (99%)

1 Malayopython reticulatus
2 \Varanus salvator

3 Oncotympana maculaticollis
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