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Abstract: Objective: In order to explore the genetic distance and evolutionary relationship of Staphylococcus xylosus,
and to provide a basis for rapid detection and identification of Staphylococcus xylosus. Method: This paper focuses on all
strains of Staphylococcus xylosus downloaded from NCBI as the research object. Based on 8 housekeeping genes (arcC,
bglA, dnaJ, groL, purA, pyrD, recA, and tpiA), a multilocus sequence typing (MLST) process was created for Multilocus
sequence analysis. Result: The results indicate that the MLST method created can effectively perform typing analysis on
Staphylococcus xylosus. Among them, the 72 strains of Staphylococcus xylosus included in the analysis can be classified
into 53 ST types, which can be further divided into 3 subgroups. In addition, among the 8 selected housekeeping genes,
arcC and recA underwent significant genetic recombination. Conclusion: In summary, the established MLST method can
be used for genetic evolution analysis of Staphylococcus xylosus.
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Table 1 Genome information used for the study

Fe3l% GCA %% FRIR
NJ GCA_000338275.1 A
DMB3-Bh1l GCA_000467225.1 B
C2a GCA_000953575.1 ER Al
NS341 GCA_001476985.1 IKFE
22B GCA 001747725.1 Wi
CJH 74 GCA_001747735.1 LR
BC10 GCA _001747745.1 AT
733A GCA_001748025.1 AT
S170 GCA_002078255.1 g
CCM2738 GCA _002732165.1 A
INIFAP009-16 GCA_002836825.1 b
SNUC4938 GCA_003041255.1 e
SNUC5345 GCA_003041265.1 4
SNUC233 GCA_003041315.1 4
SNUC4476 GCA_003041485.1 e
SNUC5423 GCA_003041535.1 4
SNUC27 GCA_003041555.1 2
SNUC1397 GCA_003042795.1 4
SNUC1267 GCA_003043105.1 4
SNUC196 GCA_003043125.1 2
SNUC966 GCA_003043145.1 4
SNuUC47 GCA_003043175.1 2
SNUC5355 GCA_003578725.1 2
SNUC5173 GCA_003578765.1 4
SNUC5003 GCA _003578785.1 4
SNUC3358 GCA_003578815.1 4
SNUC2618 GCA _003578835.1 4
SNUC1349 GCA_003578865.1 4
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gl GCA %5 KU
SNUC102 GCA_003578925.1 2
SNUC5740 GCA_003579145.1 4
UGAS5 GCA_003850005.1 A
WT6 GCA_004571015.1 F st
FAM20833 GCA_005864455.1 KB
DE0198 GCA _007677965.1 7853
DMSX03 GCA _014267365.1 Y ATk
SIG190 GCA_015059615.1 liES
J70 GCA _015731745.1 AL
SMG24 GCA_018968045.1 LGS
2.1523 GCA_020229695.1 17
N19 GCA 021189335.1 2
Ani-LG-156 GCA _021366615.1 LB
TMW?2.1693 GCA_021403045.1 4
ABMPRH_121 0 GCA_022791095.1 )
MSL3003 GCA_023715825.1 HE
TMW?2.1324 GCA 024172485.1 17
TMW2.1602 GCA_024172565.1 17
DSM28566 GCA 024621885.1 B
ITEM18282 GCA 029105225.1 A
47-83 GCA_900098615.1 47
MGYG-HGUT-00011  GCA_902362245.1 AWig
MGYG-HGUT-00006 GCA_902362295.1 UNi7C

A8_8.SX.CDM
SRR18439529_bin.27

GCA_910574145.1
GCA_947425635.1
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Figure 1 BRIG analysis based on Staphylococcus xylosus
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Table 2 The information on the genes and primers used for MLST

=37 BEAR PCREY  BIMFIGS-3) PR (bp)  SBKEEE(T)
oM g
bolA S HERER-p-D- A HETF RS BglA Eg:ﬁ; ISR L] 533 54
dnal #4525 19 DnaJ 32232 gl(ég??é\ﬁ?é\f&i’f 735 56
e
SR g
o ATTROMS  n
o oo,
e N

2.2.4 FeREHFF 245t

F| F DnaSPv6.0 [17]1 5 8 4N A i 4 BR B 5 5 2k
RIS RS . 28BS, G+C &, BHR
ZFEYE (), FEIEITFIM Tajima’sD 1B DA 56 AHE 6 4

BRIAE MR SR R R R R B 7T & PR B R

2.2.5 ZALRFFI > B B R /1N 2B AR

18 Fl BioNumericsv8.0 A1 ACHE 31 %1 3K B4 1) 8 4~
FER I P A HEAT Z AL U750 50 B0 i, DA € 53
PRACKHE A &1 BRI ) ST Yo O 1 DR 45 SR I At 14 A0 T
M, KA 7 UPGMA (Unweighted Pair Group Method
with Arithmetic Mean) ¥2:LL & 73 AR AL 2 00T 254 J
R ST SRR M, v 7 B R R BRI A,
FIH Prim’s HIEMEE 1 /A R (minimum spanning
tree, MSTree), FF3& T 5VEMI R/ N B 3R43 % ST
A5 AR 43 B R R A (1 98 2R [18]

2.2.6 TERFEDH

i} PAMLV4.9 [19]% 151 () codeml T H., izH
AT 55 4% S 455 7 (branch-sitemodel) i A6l 12 5 PR 5% e
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(Ks) HIER X E#HE (Ka) , IR KaKs LIE5
BT ACKE #8] 2) BRTR SE R IR IS /T, 3 KalKs=1 Rk
ek, RUIFLRBEEA_FIA R LRI 2 Ka/Ks>1
RoRIERERE, RUIIEK Z RIS NI LR 24
Ka/Ks<1 FRoRaibif s, RHIHER 32 2R FIEFFI LR

227 RERB T

R IR MLST ACHE 31 %1 BRI 1 8 >R X KA arcC
bglA. dnal. groL. purA. pyrD. recA I tpiA. F|/
MEGAV6.0 #ff, RHEHESE (neighbor-joining, NJ)
P R G, bootstrap ¥ E v 1000, T RAK
#rbr[21].

2.2.8 BFERNEHANHIT

K H SplitsTreeva4.0 FfFxf ACHE 41 & BRTE 8 MFAK
FE DRI £ I 271 4 2 B 2H 93 22407 ¥l (split decomposi-
tion analysis), FfHIZE BT ) phi-test ol &5 {7 &
NRGERENEAINR.
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2.2.9 BRI AL H T A E R 7 AT

15 F % 4 PGDSpiderv2.1.1.5 K45 52 3k [A] 5 B = A
7 H SO E4T SNP 404, 774 VCF 3. FIH
Admixturev1.3.0 FAFEE T A vef SCHFEAT BEfAst
fegy oy ir[22]. [RIFER, AR AT plinkvl.9 T4
B vef STHFREAT E R4 70 B Cprincipal component
analysis, PCA) [23].

2.2.10 EHSHr

B 72 RACHEE AT ERTE 1K) 8 DM REF RN 22 P51 EE
Xof ik R IBER SR PR 7 B SCA R 2.2.7 45 B SO, A
o EH o B N SCAF S A BCfF Gubbins

(https://github.com/nickjcroucher/gubbins ) #4173 X &
Hor M2 Hufs FHEE, FEE R Splits Treeva4.0 F -1
phi-test A& I 55 7 5 K 4 2 A E B HIL R

3 ZGREMT

3.1 FXEF ST

{8 H] DnaSPV6.0 X} 43 B I 53 MRAKEH %] 3K
B 1 8 NF 5 H: K (arcC . bglA .dnad .groL . purA.pyrD.,
recA Fl tpiA)BH TR, RBIIIEFRAN ALK
[PEE . 2PN AL G+C S & H 4 b Tajima’sD 1H.
n OZHFRRZRENE) 1 Ka/Ks 25 H 54 5B % 3,

R 3 KA ) BR B N4 S D e 91 22 RE A 0 A

Table 3 Diversity analysis of housekeeping genes sequences in Staphylococcus xylosus

EE KAhMbp SNERHE  EHFMME GHCEE%  Tajima’sD Phitest (P-value) 7 (persite) Ka/Ks
arcC 805 25 78 37.20 -1.09 0.11 (0.01) 0.01 0.06
bglA 534 23 70 37.50 -0.70 0.07 (0.96) 0.02 0.10
dnalJ 734 24 7 38.90 1.02 0.13 (0.72) 0.03 0.07
groL 824 20 85 35.80 -1.04 0.12 (0.29) 0.02 0.01
purA 905 24 101 38.20 -1.46 0.16 (0.16) 0.01 0.04
pyrD 475 23 59 33.10 -0.26 0.07 (0.48) 0.03 0.11
recA 751 18 64 40.10 -0.18 0.10 (0.01) 0.02 0.03
tpiA 707 29 54 37.80 -0.82 0.11 (0.59) 0.01 0.07
P 5735 53 567 37.50 -0.56 0.15 (0.00) 0.02 -

T Tajima’sD GEit eIl Al 4 e FE e AL R R B AT A p B, BB 2 Bk £ 5 ) /E ] . @R Tajima’sD fE/NT 0,

WL PR 22 (K] 52 25 [FHEFAE A THZAE KT 0, R W52 2 2 AR FFF I [24] o (ELAR IR SR ML H IR AL 57 A ISR R R 22 572
Ka/Ks {ELAE I W A= A2 RE AL AR o JE AL 15 32 B A B R 3 (K e % 0 04 A

Note: Tajima's D statistic is employed to test for departures from the neutral evolution model in genes, thereby assessing the action of selec-
tive pressures during evolution. A Tajima's D value significantly less than zero indicates that the gene has been subjected to directional selec-
tion, whereas a value significantly greater than zero suggests diversifying selection [24]. The = value (pi) represents the nucleotide diversity
within a population, quantifying the average pairwise nucleotide differences per site. The Ka/Ks ratio (or dN/dS ratio) is utilized to infer the
presence and type of natural selection acting on protein-coding genes during evolution; a ratio significantly deviating from 1 indicates the

action of selective pressure.

XTI 45 S e B, AR MLST 204 8 A
PR BRI B2 475 (purD) ~ 905bp (purA), &7 )5
JF 5 K SR 5735bp. S5y 3 PR A iR 1) 2 /b A e e ik
2RSS, S RREERE, WERRIER
ZRMREEE . RPEEEERE 8 MNMFE LA 2 5
RN 18~29 4, H4F 53 MM, HA recA
FER SRR R E R b, 9 18 A4, iR v B
M2 AK. tpiA ZEFEM R R E, N 29
A, Ut B R B 2RI f v o RN 4] BR B Y
Z AL RN 54~101 A, Hordr tpiA BRI (1) 22 A8 A7
/b 54 A, purA FERE T2 AN SR E N 101 1,

i 8 NMREF IR AT 567 ML B M. G+C F 2
2 R AR AT T R I B R AR, PR A R
(1) purD %X G+C & ik, 7y 33.10%, H:[A] recA [
G+C &8, 740.1%, 8 MFEILF ERBER M G+C
N 37.5%.

AR T A 7 AR EEF (arcC L bglA .groL,
purA. pyrD. recA Fl tpiA) [¥) Tajima’sD {H/hF 0, &
BEA 2 28 mpEFAE A, T AAG 3 dnad XT 0,
RHEANZ BN 2R AR o Ui WA W 8 ) 3K B =
DAL 1 B E E A A TR O 40 52 318 e 8RR, b
W2 RN ZRAGERNER . 8 NMRFEIEFEN n {ETE
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0.01 (arcC. purA F1 tpiA) %] 0.03 (dnaJ Al recA)
(), 58 P AW 4 2 R T 1) B A% P IR AR S 7™ A ) i 1A
KFZE BN . RPEEEERE 8 NMREFEERN Ka/Ks
{H1F 0.0098 (groL) ~ 0.1115 (purD)Z [f], ¥J/NF 1, ik
Y AR 81 2] TR T 1) R DR B A R 52 B BRI DR 3R A e 4%
JEJ11ER -

3.2 BALRFHI BT

A S5 07 DR 7 A 22 57K 8 /N AR 7 27 3K A R PR
(257 FE K32 recA. dnad. groL. bglA. pyrD. purA.
arcC Al tpiA [P T A, 1380 L N B, 7
X EIRE G, VEONBERR ST Y, ACHE 78 47 BR B B Rk 1)

TIER IR 4. R 4 ATRN, 72 BRACHE A BR R St
Iy 53 N ST M, Hidp ST-10 RILHFHIT, &4 8
R, 30l BRI E 4. KBE. W, Fhip. A
R EEARMAEHEE; ST-7 A1 ST-32 %65 FH 3
PRE, o ST-7 0 BokIE A & A WES, ST-32 735
KV E NFI; ST-4. ST-6. ST-13. ST-15. ST-23.
ST-28. ST-34 il ST-39, #AL%& 2 FRistks FIRM 42
A ST BB R & A B — R bk

DL SRR, G— ST B [AKE & & Bk A Aok
PETAFRIIEREE, O ACHE 7 25 3R B8 14 22 067 0% 51 53
BAIHA BA REER; 1k

R4 BT 8 ARFSEE K AR % BR IR ST 7 L 45457 JE A P i

Table 4 STs and allelic profiles of Staphylococcus based on eight house-keeping genes

= g ST WERS ) L ERE G

L IS i B S BRI arcC bglA dnaJ groL purA pyrD recA tpiA
NJ GCA_000338275.1 1 singleton Human 1 1 1 1 1 1 1 1
DMB3-Bh1 GCA_000467225.1 2 Clusterl  mouse 2 2 2 2 2 2 2 2
C2a GCA_000953575.1 3 singleton  UN 3 3 3 3 3 3 3 3
NS341 GCA_001476985.1 4 Clusterl plant 2 2 4 4 2 4 2 2
22B GCA_001747725.1 5 Clusterl  Cheese 2 4 5 2 2 4 2 2
CIH_74 GCA_001747735.1 6 singleton  milk 4 5 6 3 3 3 3 3
BC10 GCA_001747745.1 7 singleton  Cheese 5 6 6 5 3 3 3 3
733A GCA_001748025.1 8 singleton  Cheese 6 5 6 6 4 5 4 3
S170 GCA _002078255.1 9 Clusterl  plant 2 2 2 2 2 4 2 2
CCM2738 GCA_002732165.1 10 Clusterl  Human 2 2 5 2 2 4 2 2
INIFAP009-16 GCA _002836825.1 11 singleton microplus 7 3 7 7 5 6 5 4
SNUC4938 GCA _003041255.1 12 singleton bovine 8 7 8 8 6 7 3 5
SNUC5345 GCA_003041265.1 13 singleton bovine 9 8 9 3 3 8 3 6
SNUC3232 GCA _003041275.1 6 singleton  bovine 4 5 6 3 3 3 3 3
SNUC233 GCA_003041315.1 14 singleton bovine 10 9 7 9 7 9 6 7
SNUC4476 GCA _003041485.1 15 singleton bovine 10 3 7 9 7 9 6 8
SNUC2570 GCA_003041515.1 15 singleton bovine 10 3 7 9 7 9 6 8
SNUC5423 GCA_003041535.1 16  singleton bovine 1 10 10 10 8 10 7 9
SNUC27 GCA _003041555.1 17  singleton bovine 9 11 9 8 9 11 8 10
SNUC1397 GCA_003042795.1 18 singleton bovine 12 3 7 9 10 9 6 8
SNUC1267 GCA _003043105.1 19 singleton bovine 13 12 11 11 11 12 9 11
SNUC196 GCA_003043125.1 20 singleton bovine 14 13 12 12 12 13 10 12
SNUC966 GCA 003043145.1 21  singleton bovine 4 5 6 3 3 14 3 3
SNUC47 GCA 003043175.1 22 singleton bovine 15 14 1 13 13 1 1 13
SNUC5355 GCA _003578725.1 23 singleton bovine 4 5 6 7 4 3 3 3
SNUC5173 GCA 003578765.1 24 singleton bovine 16 8 3 8 14 15 11 5
SNUC5003 GCA _003578785.1 25 singleton bovine 17 15 13 14 15 16 12 14
SNUC3358 GCA 003578815.1 26  singleton bovine 6 5 6 7 3 17 3 3
SNUC2618 GCA _003578835.1 27 singleton bovine 9 11 14 15 14 5 3 15
SNUC1349 GCA _003578865.1 28 singleton bovine 18 3 7 9 16 6 6 8
SNUC237 GCA 003578895.1 10 Clusterl bovine 2 2 5 2 2 4 2 2
SNUC102 GCA_003578925.1 29 singleton bovine 15 14 15 13 17 1 1 16
SNUCA4735 GCA 003579115.1 28 singleton bovine 18 3 7 9 16 6 6 8
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BRI S

SNUC5740
UGAS5
WT6
FAM20833
DE0198

2
DMSX03
SIG190
19428wA1_WT6
370
RIT806
G19-4C
SMG24
K19

K46
2.1523
N24

N19
Ani-LG-156
TMW2.1704
TMW2.1780
TMW2.1693
ABMPRH_121 0
MSL3003
TCD16
TMW2.1324
TMW2.1521
TMW2.1602
TMW2.1523
DSM28566
ITEM18282
47-83
ATCC29971
NCTC11043

MGYG-HGUT-00011
MGY G-HGUT-00006

A8_8.SX.CDM
IM1419

s

GCA_003579145.1
GCA_003850005.1
GCA_004571015.1
GCA_005864455.1
GCA_007677965.1
GCA_007814625.1
GCA_014267365.1
GCA_015059615.1
GCA_015235475.1
GCA_015731745.1
GCA_016892565.1
GCA_017583125.1
GCA_018968045.1
GCA_019148995.1
GCA_019334165.1
GCA_020229695.1
GCA_021189235.1
GCA_021189335.1
GCA_021366615.1
GCA_021402985.1
GCA_021403025.1
GCA_021403045.1
GCA_022791095.1
GCA_023715825.1
GCA_023716225.1
GCA_024172485.1
GCA_024172505.1
GCA_024172565.1
GCA_024442095.1
GCA_024621885.1
GCA_029105225.1
GCA_900098615.1
GCA_900240095.1
GCA_900458755.1
GCA_902362245.1
GCA_902362295.1
GCA_910574145.1
GCA_925279085.1

SRR18439529 hin.27 GCA _947425635.1

ST

30
31
32
33
34
13
35
36
32
37
23
10
38
10
10
39

40
41
34

42
43
44
32
45

46
39
47
48
49
10
10
50
51
52
10
53

wESS
3
singleton
singleton
Clusterl
singleton
singleton
singleton
Cluster2
singleton
Clusterl
singleton
singleton
Clusterl
singleton
Clusterl
Clusterl
singleton
Clusterl
Cluster2
singleton
singleton
singleton
singleton
singleton
singleton
Clusterl
singleton
singleton
Clusterl
singleton
Clusterl
singleton
singleton
Clusterl
Clusterl
singleton
singleton
singleton
Clusterl
singleton

S ERIE SEMERRS _
arcC hglA dnalJ groL purA pyrD recA tpiA
bovine 9 8 9 16 4 8 3 17
human 14 16 12 12 12 13 10 18
human 2 2 16 2 2 4 2 2
ham 9 8 9 15 14 8 3 15
UN 10 3 7 9 18 18 6 19
cow 9 8 9 3 3 8 3 6
Meju 2 17 17 2 2 4 2 2
Goat 9 8 3 8 14 15 13 5
mouse 2 2 16 2 2 4 2 2
milk 19 5 6 7 3 3 3 3
plant 4 5 6 7 4 3 3 3
environment 2 2 5 2 2 4 2 2
cow 20 18 18 2 2 19 14 6
bovine 2 2 5 2 2 4 2 2
bovine 2 2 5 2 2 4 2 2
sausage 21 19 6 7 19 20 6 8
bovine 2 2 4 4 2 4 2 2
bovine 2 2 17 2 2 2 2 2
cow 9 20 9 3 6 11 11 20
bovine 10 3 7 9 18 18 6 19
sausage 5 6 6 5 3 3 3 3
bovine 9 8 9 7 20 8 3 21
mouse 22 21 19 17 21 21 15 22
environment 10 3 6 7 19 6 6 3
mouse 2 2 16 2 2 4 2 2
sausage 6 3 20 6 3 3 3 23
sausage 5 6 6 5 3 3 3 3
sausage 2 2 21 2 2 4 2 24
sausage 21 19 6 7 19 20 6 8
mouse 2 2 5 2 2 4 2 25
human 2 2 22 2 2 4 2 2
milk 23 22 23 18 22 22 16 26
sausage 2 2 5 2 2 4 2 2
UN 2 2 5 2 2 4 2 2
human 24 23 24 19 23 1 17 1
human 25 8 9 8 14 15 13 27
mouse 22 21 19 17 24 21 15 28
UN 2 2 5 2 2 4 2 2
mouse 22 21 19 20 24 23 18 29
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Figure 2 Minimum spanning tree of Staphylococcus xylosus
VE: ST U A FE R A BT ER T /R [ 40 BRI, B RN RRi% ST AUIHL & (B ML

Note: Node color denotes the isolation source of Staphylococcus xylosus strains belonging to different Sequence Types (STs), while node
size is scaled proportionally to the number of strains comprising each ST.
Clusterlll, 1 Clusterl 5 ) ST R %, ST R
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Figure 3 NJtreebasedontandemsequencesof8housekeepinggenesinStaphylococcusxylosus
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Note: The Neighbor-Joining method is a commonly used phylogenetic inference method in molecular systematics. It reconstructs evolution-
ary trees (phylogenies) by measuring the genetic divergence between species, thereby elucidating their evolutionary relationships. A boot-
strap value of 1000 indicates that 1000 replicates of random resampling were performed during tree reconstruction to assess the topological
robustness (reliability) of tree nodes, thereby enhancing the accuracy and confidence of the inferred phylogeny.
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Figure 4 Splitting and recombination diagram based on the tandem sequences of 8 housekeeping genes in Staphylococcus xylosus

BI3% 3 ATEREE, Sl Lineaged 7 28 AMHEK,
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Figure 5 Population structure analysis based on tandem sequences of 8 house-keeping genes in Staphylococcus xylosus

T FERFRG T B P RN BT AT 20 ARG 1 MFEAR (L 72 DM RbR, 53 > ST ZUFEA), A R € LS € LU A7) IR X A A
AT PO LA A R L1

Note: In the population structure analysis plot, each vertical bar represents an individual sample (comprising a total of 72 strains, among
which 53 distinct Sequence Types (STs) were identified). The color composition of each bar visually depicts the proportional contribution of
genetic ancestry components (subpopulations) assigned to that sample.
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Figure 6 PCA analysis based on the tandem sequences of 8 house-
keeping genes in Staphylococcus xylosus
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Figure 7 Recombinant analysis of eight house-keeping genes in Staphylococcus xylosus

T FATIRERGR BRI —A ST B, A OTTPFRIAM A2 S ERENTNEL, HHEh2Z D0 @YItFRTA, EEJr
PARRAE LS 3L LB B, SIS 8N BT 11
Note: Each row in the figure corresponds to a distinct Sequence Type (ST) within the phylogeny. Red squares depict predicted recombination

events occurring on internal branches of the phylogenetic tree, indicating ancestry shared by multiple isolates. Blue squares denote recombi-
nation events located on terminal branches, representing genetic variation unique to a single isolate.

http://www.lifescitech.org



34 Wl BB S5 AT A 4 BRI 19 2 A0 s 7 51 70 B 20

Gubbins & — i m SRR EE, F TSR
GURE, EACHVR B m R RS B AL, IR
HAMONEH[28]. 46K 7 FE 2 nfLIBR B, 1
ARHEE R ERBEM 8 NMRFZE R B BT B b, 4
MWHE T 17 REHFIE. Gubbins 4558 SR, B
ClusterIF1 Cluster2 #82A Z A4 A 2 AN A,
Clusterlll AfF7E W b, REATNEG 2 EHFFR
Ao F4b, TE 8 MERER MR EUT A B L, A E]
T 2 MBS AEFE R AR XK, %R T 3K arcC
recA, 14555 phitest 255K —8, FEIUESE T AKE 4
R AHF R FE K arcC Al recA fEH b FErh A= T R K
.

4 WiEZR

AW A BREA A& — PP 22 IRPBH MR B, TC eI g
B, AW, TTRAAETER. &R A1 KR
SR E[3-5], BT R T R BRI AE A (6] N
X o AR A BRI 5 R GO RIE, AR T
(R EERE B A, T — R A SRk, If
BT BN AR AR AT T 200 5 0 B 5 g
B M. LB RE, HESLH MLST 285 e T
ARWERT A EREE 1 B b, BA— M9,

AR

(L) 3BT T LA AT TR 2L 72 PRACHE 2 BR 1 ik

1T 2 AL B b, RIVEATATBA A 53 4
ST A,

(2) T MLST WIBHAG TS 2GR E i
RENIX 72 PRACHER 2 BR B #8 0] LA A 3 AN
s

(3) YA\ MLST il 8 MEFRIEAH, arcC
FERIFD recA FER B3 kA TSR E A

[1] BLJ5, BRIEFL, BhEE, 5. PO S R B R A WE 3 ) 2R i
12 5L [J]. & fh 5 kI Lk, 2006(08): 72-74.

[21 FEE. 800 & BRE S T AR IZIE T a8 R AT
CRISPR/Cas Pt il Fr i A5t [D]. | 4: HEpEE TR
22,2022

[31 CHm, skit, #B 25 ACHE & BR B )1 U A R
eI [J]. BTSSR, 2023, 44(13): 62-69.

http://www.lifescitech.org

[4]

[7]

(8]

(9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

WIEEE, REE, SRR BT B FLAT A AR A B
B X A 1 i ot R KRR PR SR [3]. 2 S R T
2023, 49(15): 129-135.

hiEEE, R, OO, BB A MENRR 2
FEESEAPE R 0 [J]. RIS ITA, 2023, 44(12):
187-195.

TEE, XUBE 5, AR, S AT A R BRI
TR [J]. W, 2023, 37(04): 61-68.

PhSE, T4, A CER, & PEESGRES S AMED
PR 4 R ST [J]. B A S R B Dk, 2017, 43(09):
238-258.

RN, R, R, 5. R R R A B R
BRI 3] PR AR, 110

ZRUTHE, REEWF, XIFEBE, S5 RUR Bz IR A BR TR 19 43 25 48
ERM P4 [0, o ESEE AR, 2022, 58(11): 49-53.

AR, EAE. T S0 a5 S Ak A A A 4 1) S BR Bh  of
= [J]. Rk RHE, 2023, 44(09): 113-115.

FrAE, TR, BRETES. KIR N BR R LN AR &
TR B B T R % HL TS 24 TR vk AR R RO g e [J].
AT & AR, 2023(11): 1-7.

Tohag, H/DE, THE. S0 8750 0 8RR R
R[] EFEEZFRERRCT, 2010, 34(01): 76-79.

El Mazini S, Barhoumi M, Mhaidi I, et al. Genetic Diversity
and Population Structure of Leishmania infantum in Morocco
as Revealed by Multilocus Sequence Typing (MLST) Ap-
proach [J]. Pathogens, 2023, 12(6): 785.

ZREATN. A% o ok I L) o AR LT R R R 2 R TR AR A
[D]. BEJpil: ZRdbARill K2, 2018.

Seemann T. Prokka: rapid prokaryotic genome annotation [J].
Bioinformatics, 2014, 30(14): 2068-2069.

Kazutaka K, M D S. MAFFT: iterative refinement and addi-
tional methods. [J]. Methods in molecular biology (Clifton,
N.J.), 2014, 1079131-46.

Rozas J, Ferrer-Mata A, Séachez-DelBarrio J C, et al. DnaSP 6:
DNA sequence polymorphism analysis of large data sets [J].
Molecular biology and evolution, 2017, 34(12): 3299-3302.

G JH, B, RERE. BT 240875 5 R EisE
TR )L i T8 PR BOWECAF 1 (Bifidobacteriumbifidum)
Bk 548 22 S A [J]. TR 2 a4k, 2023, 50(12):
5487-5504.

Yang Z. PAML.: a program package for phylogenetic analysis
by maximum likelihood [J]. Computer applications in the bi-
osciences, 1997, 13(5): 555-556.



[20]

[21]

[22]

[23]

[24]

Akl SRR 2025, 4(2): 23-35 35

VFE 22, WE W R AR B 1 4 T B 53 I 1 34k
[D]. #iiL: Wi k2%, 2023.

FEERE, FIRE, R, . T APX REREFGEE K
FIENHT [J]. TRHX AR, 2023, 41(06): 54-63

T HEEAER GRER) RS 2 AP0 5 E i
7¢ [D]. BRPG:PEALRMBIEIR, 2023

B, T T4 FE R 20 SNP AR IO A W UM 3&E R 12 4348
WHT [D]. fRE: FREARMALE, 2023,

SRIRA, ERR, RS ZFENGELRRENDES
S8 L FORIR R B LT B AR i O] B,
2021, 42(22): 105-112.

[25]

[26]

[27]

[28]

KT, B, R DRI E B IE S 3
R ZFEERT A [J]. B4k, 2019, 59(09): 1786-1797

TEoR. MRS 2 AR S L XUk B R LI R [D.
WSl ISR kR, 2021,

S TSR E MR SRR AL Z R T [D]. FEE B
sEROK A, 2021.

Croucher N J, Page A J, Connor T R, et al. Rapid phylogenet-
ic analysis of large samples of recombinant bacterial whole
genome sequences using Gubbins [J]. Nucleic acids research,
2015, 43(3): e15-e15.

http://www.lifescitech.org



