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Abstract

Microbial forensics is a scientific discipline for analyzing evidence related to biological crimes by identifying the
origin of microorganisms. Multiple locus variable number tandem repeat analysis(MLVA) is one of the microbiological
analysis methods used to specify subtypes within a species based on the number of tandem repeat in the genome, and
advances in next generation sequencing(NGS) technology have enabled in silico anlysis of full-length whole genome
sequences. In this paper, we analyzed unknown samples provided by Robert Koch Institute(RKI) through The United
Nations Secretary-General’s Mechanism(UNSGM)’s external quality assessment exercise(EQAE) project, which we
officially participated in 2023. We confirmed that the 3 unknown samples were B. anthracis through nucleic acid
isolation and genetic sequence analysis studies. MLVA results on 32 loci of B. anthracis were analysed by using
genome sequences obtained from NGS(NextSeq and MinlON) and Sanger sequencing. The MLVA typing using
short-reads based NGS platform(NextSeq) showed a high probability of causing assembly error when a size of the
tandem repeats was grater than 200 bp, while long-reads based NGS platform(MinION) showed higher accuracy than
NextSeq, although insertion and deletion was observed. We also showed hybrid assembly can correct most indel error
caused by MinlON. Based on the MLVA results, genetic identification was performed compared to the 2,975 published
MLVA databases of B. anthracis, and MLVA results of 10 strains were identical with 3 unkonwn samples. As a
result of whole genome alignment of the 10 strains and 3 unknown samples, all samples were identified as B.
anthracis strain A4564 which is associated with injectional anthrax isolates in heroin users.
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Table 1. List of B. anttracis VNTR markers!®

Locus Foward primers Reverse primers
viItA CACAACTACCACCGATGGCACA GCGCGTTTCGTTTGATTCATAC
virB1 ATAGGTGGTTTTCCGCAAGTTATTC GATGAGTTTGATAAAGAATAGCCTGTG
virB2 CACAGGCTATTCTTTATCAAACTCATC CCCAAGGTGAAGATTGTTGTTGA
virCl GAAGCAAGAAAGTGATGTAGTGGAC CATTTCCTCAAGTGCTACAGGTTC
virC2 CCAGAAGAAGTGGAACCTGTAGCAC GTCTTTCCATTAATCGCGCTCTATC
CG3 TGTCGTTTTACTTCTCTCTCCAATAC AGTCATTGTTCTGTATAAAGGGCAT
pXOl-aat CAATTTATTAACGATCAGATTAAGTTCA TCTAGAATTAGTTGCTTCATAATGGC
pXO2-at TCATCCTCTTTTAAGTCTTGGGT GTGTGATGAACTCCGACGACA
bams01 GTTGAGCATGAGAGGTACCTTGTCCTTTTT AGTTCAAGCGCCAGAAGGTTATGAGTTATC
bams03 GCAGCAACAGAAAACTTCTCTCCAATAACA TCCTCCCTGAGAACTGCTATCACCTTTAAC
bams05 GCAGGAAGAACAAAAGAAACTAGAAGAGCA ATTATTAGCAGGGGCCTCTCCTGCATTACC
bams07 GAATATTCGTGCCACCTAACAAAACAGAAA TGTCAGATCTAGTTGGCCCTACTTTTCCTC
bams13 AATTGAGAAATTGCTGTACCAAACT CTAGTGCATTTGACCCTAATCTTGT
bams15 GTATTTCCCCCAGATACAGTAATCC GTGTACATGTTGATTCATGCTGTTT
bams21 TGTAGTGCCAGATTTGTCTTCTGTA CAAATTTTGAGATGGGAGTTTTACT
bams22 ATCAAAAATTCTTGGCAGACTGA ACCGTTAATTCACGTTTAGCAGA
bams23 CGGTCTGTCTCTATTATTCAGTGGT CCTGTTGCTCCTAGTGATTTCTTAC
bams24 CTTCTACTTCCGTACTTGAAATTGG CGTCACGTACCATTTAATGTTGTTA
bams25 CCGAATACGTAAGAAATAAATCCAC TGAAAGATCTTGAAAAACAAGCATT
bams28 CTCTGTTGTAACAAAATTTCCGTCT TATTAAACCAGGCGTTACTTACAGC
bams30 GCATAATCACCTACAACACCTGGTA CAGAAAATATTGGACCTACCTTCC
bams31 GCTGTATTTATCGAGCTTCAAAATCT GGAGTACTGTTTGTTGAATGTTGTTT
bams34 CAGCAAAATCAATCGAATCAAA TGTGCTAAATCATCTTGCTTGG
bams44 GCGAATTAATTGCTCCTCAAAT GCACTTGAATATTTGGCGGTAT
bams51 ATTTCCTGAAGCAGGTTGTGTT TGCATCTAACAATGCAGAACAA
bams53 GAGGTGTGTTAGGTGGGCTTAC CATATTTTCACCTTAATTTTGGAAG
vntrl2 CGTACGAAGTAGAAGTCATTAA GCATATAATTGCACCTCATCTAG
vntrl6 CTCTTGAAAATATAAAACGCA GAATAATAAGGGTTCTCATGGTAT
vntrl7 TAGGTAAACAAATTTTCGTAATC GATCGTACAACAGCAATTATCAT
vntrl9 GTGATGAAATCGGACAAGTTAGGAG GAAATATTTTATTAAACATGCTTTCCATCC
vntr23 TTTAGAAACGTTATCACGCTTA GTAATACGTATGGTTCATTCCC

vntr35

AAATAATATGTTCCTTTTGCTG

GTCCTGAAATAAATGCTGAAT

510/ Sh=rAt el &8k 3| X)) #2748 Al45 (2024 8Y)
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shVNTRS ¥3eh= MLVA A& AFHo= g
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Table 2. Analysis results of MLVA including shVNTR
for B. anthracis isolated form the DNA of
the S—1-2 sample
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Table 3. Analysis results of MLVA including lIoVNTR
for B. anthracis isolated form the DNA of
the S—1-2 sample

Locus NextSeqg | MinlON | Hybrid | Sanger
vitA 4 4 4 4
virB1 20 20 20 20
virB2 14 14 14 14
CG3 2 2 2 2
pXOl-aat 10 10 10 10
pXO2-at 7 6.5(7) 7 7
bams05 5 5 5 5
bams25 12 11.9(12) 12 12
bams53 8 7.9(8) 8 8
vntr12 6 5.5(6) 6 6
vntrl6 20 20 20 20
vntrl7 4 4 4 4
vntrl9 5 5 5 5
vntr23 4 4 4 4
vntr35 4 4 4 4

Locus | NextSeq | MinlON Hybrid Sanger
vrrCl 57 56 57 57
virC2 21 22.422) 21 21
bams01 13 13 13 13
bams03 27 30 29.4(29) 30
bams07 99 98.9(99) 99 99
bams13 30 30 30 30
bams15 45 45 45.3(45) 45
bams21 10 10 10 10
bams22 16 16 16 16
bams23 11 11 11 11
bams24 11 11 11 11
bams28 14 13.8(14) 14 14
bams30 69 74.9(75) | 74.9(75) | 74.9(75)
bams31 64 64 63 64.1(64)
bams34 9 9 9 9
bams44 8 8 8 8
bams51 9 9 9 9
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Table 4. MLVA analysis of B. anthracis isolated from

the DNA of the 3 unknown sample. ®MLVA
results using gel electrophoresis

Locus S-1-2 | S-2-1 S-3-2 Ref.
vitA 4 4 4 4
virB1 20 20 20 20
virB2 14 14 14 14
virCl 57 57a 57 57
virC2 21 21 21 21
CG3 2 2 2 2
pXOl-aat 10 10 10 10
pXO2-at 7 7 7 7
bams01 13 13 13 13
bams03 30 30a 30 30
bams05 5 Sa 5 5
bams07 99 99a 99 99
bams13 30 30a 30 30
bams15 45 45a 45 45
bams21 10 10 10 10
bams22 16 16 16 16
bams23 11 1la 11 11
bams24 11 11a 11 11
bams25 12 12 12 12
bams28 14 14 14 14
bams30 75 75a 75 75
bams31 64 64a 64 64
bams34 9 9 9 9
bams44 8 8 8 8
bams51 9 9a 9 9
bams53 8 8 8 8
vntrl2 6 6 6 6
vntrl6 20 20 20 20
vntrl7 4 4 4 4
vntrl9 5 5 5 5
vntr23 4 4 4 4
vntr35 4 4 4 4
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tree of 10 B. Anthracis and 3 unknown samples
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