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Abstract

Bacillus anthracis, a potential biological agent for terrorism, has been actively investigated for its underlying
property and phylogenetic origin in the field of Microbial forensics. With the advancement of next generation
sequencing(NGS) technology, in silico analysis becomes feasible at the whole genome sequence level, reducing the
time and cost. In this paper, we suggested a methodology for identifying unknown samples form the field, which
simulate real forensic evidence rather than highly purified samples, utilizing two in silico methods: k-mer analysis
and whole genome single-nucleotide polymorphism(wgSNP). We performed prefix-based k-mer analysis using 964
NGS raw data obtained form the NCBI database, along with the NGS data from the unknown samples, by
mapping the reads to Ames Ancestor and obtaining the consensus sequence. When analyzed together with 844
assembled sequences obtained form the NCBI database, it was determined that the unknown samples belong to the
Injectional anthrax group, which was an infectious group identified among heroin users in Norway in 2000.
wgSNP analysis has categorized the sample into discrete low-SNP group-I and high-SNP group-II, with a
difference of up to 9 SNPs within each group. We observed 30 SNP positions in group-I, which includes the
unknown samples, and confirmed that the SNP of A4564 was identical to that of the unknown samples. These
results demonstrate that prefix-based k-mer, and wgSNP analysis can be effectively used for the collection of

microbial forensic evidence from field samples.

Key Words : Bacillus Anthracis(8FA1), Microbial Forensics(T] & 2]8h), Single Nucleotide Polymorphism(th 371
tE4)

# Contributed equally to this work
* Corresponding author, E-mail: swpia@add.re.kr
Copyright (©) The Korea Institute of Military Science and Technology

St tala ey 483 4] A27E A6 (2024 129) /797



Asd - FFA - o]FE -

1. M E
v A =5 o] 8H(Microbial forensics)< A& Hx 2
S ol AN ARLEAL A4S ok

i EAE FAshks shrelth 2001 ©HA I (Bacillus
anthracis) ©1-&3 Ele olF vl Ao I
87de] AA Srskeleon 53] g Foll g A
5L FAo] @] ool il USAMRIID
(United States Army Medical Research Institute of
Infectious Diseases)= Hlglol A& AEsHz-247})
Ames o5 (Subiypo. - S g el 391
A91A Wel7k SlaS wrElen, 2016dol= 1979

Sverdlovsk & AP AMES AEAste] F-AA F=

2ol ZA7F §leo] vrE Ao
R e ?Jrﬂ DNA A& ®4(DNA
fingerprinting)©|vt Uk AME AL A B

J(Multiple Locus Variable number of tandem repeat

Analysis, MLVA) 5 &2 AES FAlo=z o|Fox
Bl o] Sanger sequencings 8] ¥S £ U A

deo] deol7} ol 1 Kbo]™, megabase(Mb)d $5002]
Hjgo] 28gy] whito|tHl A7 A
(Next Generation Sequencing, NGS)< oz A

Z A (Whole-Genome  Sequence, WGS) HHE HZo

A A9 W& NS FAlA R dEsglom,
#l FEollA 7hsA ok
AL2] short read 7]¥F Genome Analyzer®] 7%
gigabases(Gb)°] A4 FRH7} 7l53lH MbE
22 %6 _/'r:_%og 7LA3]_031;}[4]
k-mer AWML in silico ¥4 & dIY=E,
dS5 dol7t k1 @ ANEE Ve & ATtE AF
(Jaccard similarity index)& AIXtste] AA| 54 A 3¢
DistanceE FeHat= W o] A0 A4 7]
He] A5 A dolol wat AL Azre] Zlata
o2 SoluARl, k-mer ¥4 AR k 7k
prefix(thA A F 9] A F&) Mg weg 428 AIZF

N ‘F“’—
@5o] 7hesitt. wH ol Akl A E ATGAC

Kk

H )0

—N<= in silico

A A

ohﬂ

v adgde 22X glon, 7|Ee FddA te
Aol Hls] = Average Nucleotide Identity(ANI)<}
o A¥AlTE 7t #FovE a5 ®e7t s d
< AZIFATH) kemer BAIHE ol9} TE prefixE
7R G g BAYES Adgows sa Al
e =9 T o, He Billes 7HH 9 A
(superkingdom domain; lb‘?ﬁ, Al o, JAFAE o)

798 / 3= A 87483 %] A27E Al6E (2024 129)

CTARE - ol - FEd
BE Bacillus £9 A% FA7MA 7bssittn 8 A
AT,

kemer 7INh 41 i 24T 5 9w WE
Mool BEITS TR FAN, A, A 2 A
g ke o)zl SAlERuk BuE= thdo] 9
o} a7 th3 A (Single Nucleotide Polymorphism,
NP A R UrhiE E o A %
SR o Ak ) B 1 % o) WER a4

e 714G Weloltl¥l, FxAdd AME AMES
=3k - Nucleotide Difference(ND) #k-S Alrtato] 4l
F7F ol = SNPE ¥#E3 = Neighbor-joining
duPFS I Es SOl dA {4
SNP #2](whole genome SNP analysis; wgSNP)2 &
9D sy Ao we AQ AZHS QFEA N 3
A S A st 54 Fol skl AlS(clades)

oL} 317 (subclade) o] gES HH7F 7F
Eo i

2 =RdAe A 13w EFEAJE
B. anthracis2] —‘."LT% Eolsle] NGS Hyow A

&l 5-gith. NCBI(National Center for
Biotechnology Information) Ho]EjHjo]~2RE 53
84470°] B. anthracis <19 2 96470 NGS W7} H
©]E{(Sequence Read Archive, SRA)E ©]-&3% k-mer
A A, Ao WA el 20000 5-H 2013

AL E

Abe] FZQl Fof F Fwk 7+I¥ Injectional Anthrax
(1Al £al= Ao FFAr) kemer 4 AFES

ng e 2 NCBI Hlo|HHle]~2iE d53 1A 1%
o] SRA dloJg 5870 tlgk weSNP w41& sk

=

A3, njxe] A B anthracis®] Ames Ancestor
[txid: 261594]9] AAMA|NA] 236078, 507075, 3770887
o] 747} G, A, T= A|3h¥ 54 2te A45649 8 &
gt

2. AlEaHH

REE

= RKI(Robert Koch Institute)ZF-E] &
dkoko ] 0.85 % NaCl#23-1-2)9} L& ul=|(#23-3-1)

of #Mito] =3kl FEHRITE Qiagen AF2] DNeasy
Blood & Tissue KitsE ©]-&3) i+&S 3, &
T7F e mZe gaAel §H4 ArAg FRE

23}t TruPrime Whole Genome Amplification Kit®

(4basebio™)S o] &3t ;A FHES FIIUT]



ZZ 8 k2 Covaris sonicatorE AF-&-3}9] Illumina
sequencing®ll 9= F71(300 bp)= A I}SIATE 1
Fofli= Apollo324 #re]B & 2] 53} A|2~E)(TaKaRa)
- Tllumina &3k PrepX DNA Libray Kit(TaKaRa)E
AF8-3F4] shotgun EholB.EE]lE Ayt gholB.E
2] AAel+= Illumina sequencing®] Z8&%+& dual
index adaptors AF83}%13, DNA AE dlolH &=
Mlumina AF9] e AE EA4& AFEste] A3
t}. Ilumina A}9 TruSeq Library Prep KitE o] &3
Alm AAE HAEES T cleanup
Beckman Coulter®] AMPure Xp beadE ©]-83 o,
AdE golrelge] gt v A5 dAH R
Agilent Technologies®] TapeStation 42003} D1000
ScreenTape, ©]*F4 S 2 KAPA Biosystems2] KAPA
Library Quantification Kit2} Thermo Fisher Scientific
9] QuantStudio 6 Flex Real-time PCR system< ©]-&
3FSI T} Illumina AF2] 10 % PhiX control v3$} 7|
NextSeq 500 benchtop platform= &3 274 EEA
< g9k

NCBIZR-E] 53+ B anthracis[txid: 1392] SRA H]
o]¥ 96471 CLC genomics workbench 24.08 ©]-8-3}
o] adaptor trimming % quality trimming(>0.05)S- 712}
PO Ames Ancestors FZALER Aol FEAE
(Consensus sequence)> i T wlzl7ix] o] Wy o
2 "X A]& Unknown Biological Sample(UBS) #23-1-2
#23-1)7} #23-3-1(#23-3)2 56 E2% dAke] NGS 2
oA FEAES FRct o]e} A ZH(assembly)
o] 2483 ¥ GenBank U|°]E] 844705 AF&3}e] k-mer
B8 FFon k= 21 mer®E, Il E3Ho| upet
prefixts ATGACE A&,

1A 7159] NGS 771 "leolg 5871l tlgh wgSNP
22 Ames AncestorE FHFRAERE Ao} 7]E9
Haste] 3= 02, SNP calling SAMTools
v0.1.18& AH&3lod dd & 91X coverage 10 %,
prune distance 10S 7]5Fgto= Fro} HE|H L]
vl & readsoll 3l z-score>=1.96 ©]’dTF SNPZ <14
o, UPGMA(Unweighted Pair Group Method with
Arithmetic mean)= AF&-3l bootstrapS 1000 3] A] Y30
th Zh A=) wgSNP Aol ARSE A Wl §7
A de] 9| (position):= Ames Ancestor] FHE 7|
ToR FAYL. 9744 B AFAZHFE kemer
, 18]3l strain 579 AA A
Fig. 12| <=M 2 $85 )

—
——]—U T

o

=]

LN
o

i

Experimental Data
(lllumina/Nanopore
Sequencing )

Comparison Data
(NCBI Database)

Assemblies
Raw reads SRA GCA
Reference based
1 Mapping
with Ames Ancestor
Consensus Consensus

} }

k-mer analysis

Clade/Subclade
level extraction l

SNP analysis

|

strain specification

Fig. 1. Workflow of whole analysis

3. & 1

n XAl gol| ¥ B anthracis Y] XS 93|
7] $18te] AlE=25E FEe dike] NGS A
A#23-1, #23-3)7 NCBI dlo|E]#o] =0 A &hm st
9647112] SRA Ho]E]Z5F-E] Ames Ancestors A
g2 3lo] FEALE FRAcKFig 1). ol¢t I
NCBI GenBankZH-E] E53F 2yl MY 84475 2
ek F 1,80971 dlolH el tal kemer w41 A8
ot} AA dolEol] thsle] k = 212 k-mer 4 A
Fs w A4t A Y EAE Out of Memory
(0oM) o7} TAH O™, prefix ES ATGACE A
Qe ol sjAstieh

k-mer ¥4 A3 1F 2 79 1FoR ERFE
om ol 7|Ed HF olFdN A B9
UKFig. 2). B. Anthracis %55 ZA clade A(~90 %),
clade B(~10 %), clade C(~1 %)= o]Fo]] gl omP]
clade Bell 43}+= B branch’} 3} 1F o2 Fol
Bl gl th(Fig. 2, green). ©]2]9] 67 1F
% clade A9l £:3F subclade® o] Fojx] Uglom

o]7]ol = Ancient A, TransEurAsia(TEA), V770, Ames,
Austrailia94(Austo4), Sterme T©°] Z3IATH. o]5 F

A °
T_TZiE

St tal e ety 483 A A27E A6E(2024 12€) /799



Ancient A

—— GCA_023702485.1
——GCA_023702425.1
[ GCA_029702365.1
[ GCA_023702345.1
——GCA_023702265.1
—— GCA_023702205.1
——GCA_023702185.1
——GCA_023702165.1
——GCA_023702145.1
——GCA_023702125.1
——GCA_023702105.1
——GCA_023702085.1
——GCA_023702065.1
——GCA_023702045.1
——GCA_023702025.1
——GCA_023702005.1
——GCA_029701345.1
——GCA_023701865.1
——GCA_023701845.1
——GCA_023701805.1
——GCA_023701785.1
——GCA_029701765.1
f——GCA_0Z3701745.1
——GCA_023701725.1
——GCA_023701705.1
——GCA_023701685.1
——GCA_029701665.1
(——GCA_023701645.1
——GCA_023701605.1
——GCA_023701465.1
——GCA_023701445.1
——GCA_023701405.1
——GCA_023701365.1
——GCA_023701345.1
——GCA_023701325.1
f——GCA_023701305.1
f——GCA_023701265.1
[——GCA_023701245.1
f——GCA_023701225.1
—GCA_023701145.1

[Ad584)
(A4572)
(A4585)
A4583)
A4568)
A4589)
A4550)
A4591)
A4592)
A4595)
A4584)
A4593)
A4596)
A4597)
A4558)
A4559)
A4601)
A4604)
A4605)
A4606)
A4608)
A4610)
A4609)
A4611)
A4612)
A4613)
A4616)
A4B15)
A461T)
A4565)
A4574)
A4566)
A4568)
A45T1)
A4576)

UBS #2312 (#2310
UBS £23-3-1 (#23-3)
SRR1999714 (A4564)

Fig. 2. k—-mer tree based on Jaccard—distance of B. anthracis and a subtree of IA subclade

TEA subclade= 7}g 52 B34 (polytomy)S 7HA|H
Tsiankovskii, Injectional Anthrax(IA) & o8] 15 X
kel dHAAT kmer A= B2k
£ I th(Fig. 2, purple and ivory). H=3} sterne 15
pXO7}t A& WAl #FE pX0E 7ML A &
HE B. anthracis® k-mer &4 A7} sterne 1wl &
k= A& BRI KFig. 2, yellow). U] A& #23-13}
#2333 ©] T 1A el HaSIA 1A 52 2000
UE e29olollA] 3= AMSAFERFE A i
o] HuElon FFAHORE A3 FA|IE E
A 9 At oSl 78 258 straine

NCBI Hlo[gjlo]~2RE f5ae] 1 Aoy ¥

Mo r

v

BAYEE 53 SRR1999714(A4564)51 2.7, GenBank
25E g53 1A 259 =9 AdaE AR 2

5 Y hFig. 2).

GCAZ A A3} GenBank XHA G2 7|E =
A SKESAV22E E3] zdd Aot} A E3)
F=% raw data® 7FEske] Shube] A

yad

=

800 / gr=rwrAF8l7] 4 813] 2] A27d A|65(20241d 129)

o =9
gl

9] contigs

AFESIAIRE, 2 Al A E ZZ(gap cost, reads

7 fAE 5ol e} tandem repeato] WHEE= 91X
oAl ZHQ F(assembly error)E FHHEl7| wiEe] 2

7} debd 4 o TRo| = SRR19997142 %
B FalE GCA 29701425.13F WA A 8. #23-1/#23-30]
7 7 A D AS kemer B4 A st
4 Atk o= AAME SKESA LaElFo] k = 218
7187k o 2 3= raw reads®] k-mer FAME FS o]&
a7 wEoln prefixs 7|WHO.R 3 kemer ¥4 o]
coding regiondll F&E3to 7 FFQ Fo| JeS W
A %kom, SKESA ¥nFFS AHES Hel Hg
7} 83 ot s 5 ok dlE ¢are
Z2 SRA dHloJE 2 oFgk 91 A]Eo] thsl SPAdes
9l Megahit 52 B} 2§ dag]F Hoh A2 2P
e BT

k-mer EAHE AA MAE dol7} kQl W AL

2 e ¥ AFF= Alg(Jaccard similarity index)S 7l



ez}
A

(ol

g A
3070
7|Eo R

111z 322212

5444557333

IA Z15°] 2009~

A (group-) @} 20003 %= =
B
o] dte]

F 1A group-19] 487)]

3
1 Ames Ancestor®] A

R8s

-
L
=
L.

7]

SNPE A 153 1670
(group-1, group-IT) ol 4]

33322245
33322245

2013 9 A9

F 2FOR Rl
%

. 3). 9]

ig

pSeN
=
d

SNPZ A
gor 7 B 1
)

N
oo
o

pud

3
A(group-IN .2 Fofzltt

F 2012

el
SAEHE

ZO

11 1111111144433 356

¥ ¥ 333 FF:2IEEIEILIINILLLLT

A S #23-13} #23-30] &
A=)

:¥::¥¥FEPERIIZEZEILLEEILILIILLLLT

%223 RPEFEFR3ZRZLZEEEILZLLEEZINILLLILT

1111111111 1111222111111 11112 2233336
111111 1111111122211 11111111z% 33336
111111 1111111122211 11111111z% 33336

1111111111 1111222111111 11112 2233336
1111111111 1111222111111 11112 2233336
111111 1111111122211 11111111z% 33336

111111 1111111122211 11111111z% 33336
1111111111 1111 2221111111111z 2233336

f
5
x
=
5
IS
(@}
@
£
T
Ll (O]
[FaS <~
>
St A0 AN a0 W W S
W on W ko)
Mom oM o e C
Mmoo @©
m o o @ o
g ¥
m o o S
mm o R T 2 p =
o oo om o N N m o ]w._ov ND
2 I - -« B < o - o W __
- - - - B o > ol nnimw !
M MMM e MR R R M R R R MM Mmoo e e e % ,.u_.‘w _O/J,A_ =
2
o N mmnnmnnannnnonna QNS 9 T o o ,_E _
_zr.c R I hOu Mﬂﬂﬁ Lfdn .OI - 8
o ey B S oy <o m S T g sl
=o e nnnnmammnnnma oo mnn = HoPpeagIuIdon H
G Nnamnnnnmannanann oo nas -
~ B G R R I R T T O R O R R R R R e <
o M v o e o e e o m e m e e e e e o o [ S =
o £ TIE LW EEE A
T ™I Y oy p— N°
w_.m S . - I R o e = ~ rmmw_.‘_ﬂﬁm oy
S i ry r (SIS  ~ ~ m m @ m w0 o = X
S . L e ° 2N 148101@.
70 - - - [ . . . ERSES .. © N o W G il
o S o [\ o @ m @ o M#Sﬂeﬁll
B S - -« - [ . . . EREES - & o S TR Gl YA M= ~ W
iy e T = X8 &R =)
R &oﬂWS Q 72
- S N BN o DEIopsgr
_/u . - - [ | . < o = A.._Mﬂ ol AL~ M =
3 I . -~ T - - - B - c B 2w o) o«
0 R P L e LTS U]L.E‘a Wﬂ_Ol
) - - -~ N - R m o 2 s I 0 R M S
==t - e wy = o e = -— - o % \M;‘HWM‘OITM% E_ A.4_,.3_.L
B5E55E55030450 05T 0085500 0000000054088 < Te o g THEN
[ LHEBO_HJloﬂ_DIFL —
s @Eﬁ¢womqﬁ_§@
o ) T OH : < o
= 9 Q Bﬂwqqﬁﬁﬂ_z
o B = A
S © AR L
wvw .olA i __OM,mELlﬁ_v 8
— —_— =1
IS PEE]JL]]QEH
Z I < = WK ¥R 3 m
2 2 . BT duﬁomm% .
n_m m = n_w el LIE p_lv O#E E#ﬁ)A Sq
< g ] = 5 T EF T "D g
: 2 CERVRBPRRT 2P

=

=

3|#] Al277 A65(2024A 12¢) /801

1

i<l
o

Jo
=
i

rel
Sl

A

Az

o

Well A Mt vl

=
]

A3} 1A 2

A=)
34

SNP



— 18505
> | 236087
506943
507075
547880
1374613
— 1403748
o [1510543
> [1769219
— 1826249
> | 2784474
— | 3453862
o | 3639078
o | 3639647
O | 3643020
o | 3770887
— | 3869794
o | 3902433
3920034
3928831
— | 3943951
o [ 4009226
4148106
4608605
— © | 4611840
'\ ¢ 4612948
4613088
4996612
i\ —|4997228

A45752
A4583
A4595
A4607
A4608
Ad617
A4574
A4590
A4588
Ad602
A4601
A4605
A4604
A4576
A4585
A4615
A4573
A4593
Ad614°
Ad572
A4587
A4580
Ad564
#2341
#23-3
A4589
A4591

o
[}
>
o
>
[}
G
@
e}

Fig. 4. SNP position and profile. Highlighted position
is novel in this study. 2Contains 14 seguences
with the same whole—genome SNP results as
A4575. PContains 9 sequences with the same
whole—genome SNP results as A4614

A7 AXE HERNATHFig. 4). A45759F &2
SNPE 717 14709] straine A4575% TR E S ow wf
7R A46149F 722 9709 strain H-3F A4614%
AZITE WA AR #23-1/#23-33 A4564E 2360872
ottid(a)o]l Tobd(G) =, 5070752 AEA(C)o] oF
(A2, 37708872 AEA(C)o] EFLU(T)O.E
Hol®l EAE 7HA+ WolFEA 1 5ol st

-
3t

Al AA Gl whe} Adse4zRE fEld RS 54
Ak
4. 2 E

& ATl = kemer 4 5L wgSNP £4E& 55}
of 54 mEA7E 2w wEke] mAA R g
Helstd 24E AR vAAR #23-1/#23-39)
AFFAAND 24 AAeRy FeAds FE0
Il o

NCBI Ho|gHo]~2 5 grgt 1,808712] B
o

anthracis +AA A k-mer T4 F3l 3HSE7]

802 / Bt=rtAl 8l 8te] 2] A27d Al6E (20241 12€)

it

Ty EHE
Asol A gk
& EUE 1A 259 HANA
Az} X A& #3-13} #23-3 A236087G, C507075A,
C3770887T ®WolE EH O T 3= B. anthracis strain
A45642HEH FHHASS reylch

Al &9 WHoldha xALS 3] NCBI Hlo]EH]
o]~ RE 53 1808712 ALl I weSNPE

2=

i

2 oo [l

a2

=]
RN

2
B X

1=

References

[1] Keim P, Pearson T, Okinaka R. Microbial forensics:
DNA fingerprinting of Bacillus anthracis(anthrax).
Anal Chem. 2008 Jul 1;80(13):4791-9.

[2] Sahl JW, Pearson T, Okinaka R, Schupp JM, Gillece
JD, Heaton H, Birdsell D, Hepp C, Fofanov V,
Noseda R, Fasanella A, Hoffmaster A, Wagner DM,
Keim P. A Bacillus anthracis Genome Sequence
from the Sverdlovsk 1979 Autopsy Specimens. mBio.
2016 Sep 27;7(5):e01501-16.

[3] Perez-Losada M, Arenas M, Castro-Nallar E.
Microbial sequence typing in the genomic era. Infect
Genet Evol. 2018 Sep;63:346-359.

[4] Tucker T, Marra M, Friedman JM. Massively
parallel sequencing: the next big thing in genetic
medicine. Am J Hum Genet. 2009 Aug;85(2):142-54.

[5] Bussi Y, Kapon R, Reich Z. Large-scale k-mer-based
analysis of the informational properties of genomes,
comparative genomics and taxonomy. PLoS One.
2021 Oct 14;16(10):e0258693.



(6]

(8]

(%]

[10]

[11]

[12]

[13]

Lumpe J, Gumbleton L, Gorzalski A, Libuit K,
Varghese V, Lloyd T, Tadros F, Arsimendi T,
C, Sevinsky J, Hess D,
M. GAMBIT(Genomic  Approximation
Method for Bacterial Identification and Tracking):
A methodology to rapidly leverage whole genome

Wagner E, Stephens
Pandori

sequencing of Dbacterial isolates for clinical
identification. PLoS One. 2023 Feb 16;18(2):
€0277575.

Wang, A., Ash, G. Whole Genome Phylogeny of
Bacillus by Feature Frequency Profiles(FFP). Sci
Rep 2015 Sep 01;5:13644.

Wakui M.  Analysis of single
polymorphisms(SNPs). Rinsho Byori. 2013 Nov;61
(11):1008-17.

RS, Leekitcharoenphon P, Aarestrup FM,
Lund O. Solving the problem of comparing whole
genomes across different sequencing
platforms. PLoS One. 2014 Aug 11;9(8):¢104984.
Leekitcharoenphon P, Kaas RS, Thomsen MC, Friis
C, Rasmussen S, Aarestrup FM. snpTree--a web-

nucleotide

Kaas

bacterial

server to identify and construct SNP trees from

whole genome sequence data. BMC Genomics.
2012;13 Suppl 7(Suppl 7):S6.

Benson DA, Cavanaugh M, Clark K, Karsch-
Mizrachi I, Lipman DJ, Ostell J, Sayers EW.
GenBank. Nucleic Acids Res. 2013 Jan;41(Database
issue):D36-42.

Ravel J, Jiang L, Stanley ST, Wilson MR, Decker
RS, Read TD, Worsham P, Keim PS, Salzberg SL,
Fraser-Liggett CM, Rasko DA. The complete
genome sequence of Bacillus anthracis Ames
“Ancestor”. J Bacteriol. 2009 Jan;191(1):445-6.

Li H, Handsaker B, Wysoker A, Fennell T, Ruan
J, Homer N, Marth G, Abecasis G, Durbin R. 1000
Genome Project Data Processing Subgroup. The
Sequence Alignment/Map format and SAMrtools.

Bioinformatics. 2009 Aug 15;25(16):2078-9.

[14]

[15]

[19]

Grunow R, Verbeek L, Jacob D, Holzmann T,
Birkenfeld G, Wiens D, von Eichel-Streiber L,
G, Reischl U.
outbreak in heroin users.
Dec;109(49):843-8.
Ringertz SH, Heiby EA, Jensenius M, Maehlen J,
Caugant DA, Myklebust A, Fossum K. Injectional
anthrax in a heroin skin-popper. Lancet. 2000 Nov
4;356(9241):1574-5.

Price EP, Seymour ML, Sarovich DS, Latham J,
Wolken SR, Mason J, Vincent G, Drees KP,
Beckstrom-Sternberg  SM, Phillippy AM, Koren S,
Okinaka RT, Chung WK, Schupp JM, Wagner DM,
Vipond R, Foster JT, Bergman NH, Burans J,
T, Brooks T, Keim P.
epidemiologic investigation of an anthrax outbreak

Grass Injection anthrax--a new

Dtsch Arztebl Int. 2012

Pearson Molecular
among heroin users, Europe. Emerg Infect Dis.
2012 Aug;18(8):1307-13.

Souvorov A, Agarwala R, Lipman DJ. SKESA:
strategic k-mer extension for scrupulous assemblies.
Genome Biol. 2018 Oct 4;19(1):153.

Liao, Xingyu, et
of de assembly,”
Biology 2019 June 1;7(2): 90-109.
Torresen OK, Star B, Mier P, Andrade-Navarro
MA, Bateman A, Jarnot P, Gruca A, Grynberg M,
Kajava AV, Promponas VJ, Anisimova M, Jakobsen
KS, Linke D. Tandem repeats lead to sequence

al., “Current challenges and

solutions novo Quantitative

assembly errors and impose multi-level challenges
for genome and protein databases. Nucleic Acids
Res. 2019 Dec 2;47(21):10994-11006.

Keim P, Grunow R, Vipond R, Grass G, Hoffmaster
A, Birdsell DN, Klee SR, Pullan S, Antwerpen M,
Bayer BN, Latham J, Wiggins K, Hepp C, Pearson
T, Brooks T, Sahl J, Wagner DM. Whole Genome
Analysis Anthrax Identifies
Disease Clusters Spanning More Than 13 Years.
EBioMedicine. 2015 Oct 6;2(11):1613-8.

of Injectional Two

S FAl ey 483 A A27E A6 (2024 12¥) /803



