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Ung dung cong cu tin sinh AMROMICS vao phan tich tu
dong dir liéu giai trinh tw toan by hé gen vi khuan

Application of AMROMICS bioinformatics tool to automatic analysis of
bacterial whole genome sequencing data

Nguyén Thi Ngoc Anh*, Hoang Thu Trang**, *Vien NC Y Duoc hoc QS, Hoc vién Quan y,
Lé Phwong Thio Quyén***, Tran Tién Manh***, **Pai hoc KHTN, Pai hoc Quéc gia Ha Nji,
Tran Trung Kién***, Bui Pirc Nam***, ***Hoc vién Quan y,
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Tém tat

Muc tiéu: Nghién ctu két qua budc dau ting dung cong cu tin sinh AMROMICS trong phan tich tu
déng hé gen cua vi khudn khang khang sinh. Béi tuong va phuong phdp: Phan tich toan bé hé gen cta 14
chding vi khuan E. coli va chiing E. coli K-12 MG1655 dugc cong b6 trén ca s& dit liéu NCBI bang cong cu
tin sinh AMROMICS. Két qud: Céng cu tu déng phan tich toan bo hé gen cia 15 mau vi khuan trong thoi
gian ngén, cling luc dua ra két qua vé ciu trdc hé gen, kiéu trinh tu, gen déc luc, gen khang véi giao dién
daon gian va dé sir dung. Da s6 cac chiing nghién ctu ¢ thé 1a vi khuan da khang va mang gen khang vai
cac khang sinh thong dung nhu quinolone va aminoglycoside. Két lugn: Cong cu AMROMICS c6 tiém
nang ung dung trong lam sang dé nhanh chéng xac dinh gen khang khang sinh va gen doc luc cla vi
khuan, trén co s¢ dé co6 thé ing dung trong diéu tri va kiém soat nhiém khuan hiéu qua.

Turkhéa: AMROMICS, phan tich gidi trinh tu, toan bd hé gen, vi khuan, khang khang sinh.

Summary

Objective: To investigate initially the application of the AMROMICS bioinformatics tool in the
automatic analysis of bacterial genomes. Subject and method: Whole-genome analysis of 14 E. coli
isolates and the standard E. coli K-12 MG1655 strain published on NCBI database using the AMROMICS
bioinformatics tool. Result: AMROMICS automatically analyzed the entire genome of 15 bacterial samples
in a short time, and simultaneously showed genome structure, sequence type, virulence gene, and
resistance gene with a simple and easy-to-use interface. Most strains could be multi-drug resistant
bacteria and harbor genes associated with resistance to commonly used antibiotics such as
cephalosporin, quinolone and aminoglycoside. Conclusion: The AMROMICS tool has the potential for
clinical application, with the ability to quickly determine drug-resistant genes and virulence genes,
AMROMICS can be applied in developing effective treatments regimens and infection control measures.
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1.Pat van dé

Hién nay, vi khudn khang khang sinh dang tré
thanh moét van dé toan cau, dac biét l1a & cac nudc
dang phat trién. Tinh trang khang khang sinh dang
ngay cang phuc tap hon, dac biét la khi xuat hién
cac chiing da khang, da khang dién réng, va khang
toan bo véi cac khdng sinh dang st dung hién nay.

Co ché khang khang sinh cta vi khuan rat phuc
tap, 1a téng hop cta nhiéu ca ché khac nhau, théng
thuong la do su xuat hién clia cac gen va cac dot
bién lién quan dén khang thudc & vi khudn. Phuong
phap giai trinh tu gen thé hé mgi va phan tich toan
bo hé gen vi khuan dang cé xu huéng dugc nghién
cltu va st dung rdng rai dé hiéu ré tinh trang va co
ché khang khang sinh & vi khuan, dy doan xu thé
khang thuéc & vi khuan, cling nhu xay dung phéac doé
diéu tri chinh xac va hiéu qua. Tuy nhién phan tich
giai trinh tu thé hé méi con nhiéu khé khan, yéu cau
nhan lyc cé trinh d6 cao va may moéc hién dai. Tu dir
liéu giai trinh tu thd, can nhiéu budc xt ly bang cac
céng cu tin sinh khac nhau nhu kiém tra chat lugng
trinh ty, 1ap rap cac doan gen, cha thich gen, déi
chiéu nguén di liéu gen déc luc, gen khang khang
sinh va xay dung cdy phan loai. Quy trinh nay can
nhiéu thai gian va c6 thé c6 dé chinh xac khéng cao
néu lua chon céng cu phan tich khéng phu hagp.

DE gidi quyét cac van dé trén, cong cu tin sinh
AMROMICS da dugc phat trién trong khudn khé dé
tai “Giai quyét van dé vi khuan khang khang sinh
bang cong nghé giai trinh tu DNA va phan tich di
lidu 16n” duoc tai tro bdi quy VINIF v6i ma sé dé tai
VINIF.2019.DA11. Céng cu nay cho phép tu dong
phan tich dir liéu gidi trinh tu toan bd hé gen vi
khuén, dua ra tat ca cac thong tin co ban vé bd gen
cta vi khuan nhu dinh danh loai, gen doc luc va cac
thong tin lién quan dén khang thudc.

AMROMICS hoat déng dua trén nguyén ly két
hop cac cong cu phan tich tin sinh hién dai dang dugc
sir dung phd bién trén thé gigi (Hinh 1). Sau khi tiép
nhan di liéu Assembly hodc dir liéu giai trinh tu tho
clia tiing mau, cdng cu tién hanh kiém tra chat luong
trinh ty mau truc tiép bang cdng cu FastQC
(https://github.com/s-andrews/FastQC). Sau do6, céng
cu st dung Shovill (https://github.com/tseemann/
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shovill) @& 13p rap trinh tu bo gen. Viéc 13p rap mau sau
dé dugc chu thich bang Prokka (https://github.com/
tseemann/prokka) dé xac dinh cac gen ma héa protein
va cac trinh tu RNA van chuyén. Tiép theo, cac trinh tu
da duoc lap rap dugc sang loc gen khang khang sinh
va gen doc luc bang cong cu Abricate (https://github.
com/tseemann/abricate) va cd s& di liéeu AMRF
inderPlus (https://github.com/ncbi/amr). Song song,
cdng cu clng su dung PubMLST (https://github.com/
tseemann/mist) dé xac dinh kiéu trinh tu (Sequence
Type- ST) cla loai va Kraken2 dé dinh danh loai
(https.//github.com/DerrickWood/kraken2).

Sau khi tat ca cac mau don trong bé mau da
dugc phan tich xong, AMROMICS tiép tuc phan tich
bé mau bdng Roary (https://github.com/sanger-
pathogens/Roary) dé€ phan tich cau tric hé gen cua
bd mau. Déi véi mbi cum gen ma hoa, cac trinh tu
gen dugc thuc hién déng hang gen bang MAFFT
(https://github.com/GSLBiotech/mafft) dé xac dinh su
thay ddi protein va cac doét bién nucleotide. Sau
cung, céng cu s dung Iqtree (https://github.
com/iqtree/igtree2) dé tao cay phan loai.

Quy trinh phan tich dom mau
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Hinh 1. Quy trinh phan tich tu déng ctia cong cu tin
sinh AMROMICS

Trong nghién ctiu nay, ching t6i tién hanh budc
dau nghién ctu Ung dung coéng cu tinh sinh
AMROMICS trong phan tich dir liéu gidi trinh tu toan
bd hé gen cla vi khuan E. coli. Dua trén di liéu giai
trinh ty toan b6 hé gen, cong cu tu dong xac dinh
dugc cau truc hé gen, kiéu gen va cac gen doc luc
clia nhém vi khuan nghién ctru. Ngoai ra, cong cu du
doan dugc tinh khang khang sinh clia cac vi khuén
nghién cdu dua trén sy cé mat clla cac gen va cac
doét bién lién quan dén tinh khang khang sinh.
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2. Vat liéu va phuong phap

2.1. Vatliéu

Trinh tu toan bd hé gen (WGS) cla 14 chdng vi
khuén E. coli dugc phan lap ti mau mau clda bénh
nhan tai Ha Noi va 01 chiang vi khuan E. coli K-12
MG1655 (Ma truy cap: U00096) lam mau déi ching.
14 chdng nay dugc gidi trinh ty toan bd hé gen
bang céng nghé lllumina va két qua giai trinh ty da
dugc cong bé trén co s dit liéu NCBI vGi cadc ma truy
cap (tén mau) nhu sau:

BGPF01000000 (MH14-093M);

BHWJ01000000 (MH15-214M);

BHWL01000000 (MH15-262M);

BFCO01000000 (MH13-051M);

BGNLO1000000 (MH13-017M);

BLSLO1000000 (MH15-170M);

BGPA01000000 (MH14-070D);

BGPMO01000000 (MH14-236M);

BGPO01000000 (MH16-327M);

BLSM01000000 (MH15-171M);

BHWKO01000000 (MH15-257M);

BGPE01000000 (MH14-089M);

BHWC01000000 (MH15-166M);

BGNC01000000 (MH16-401M).

2.2. Phuong phdp

D liéu gidi trinh tu hé gen dugc phan tich tu
dong bang céng cu tin sinh AMROMICS tich hop
trén nén tang website https://platform.dev.amromics.
org/. Dt liéu gidi trinh ty dugc tai vé may tinh, sau dé
dugc dua 1én nén tadng website clia cong cu. Phan
tich dugc tu déng thuc hién sau khi an nat “Run
analysis” trén website. K&t qua phan tich ciu trac hé
gen (pangenome), ki€u trinh ty (MLST), cac gen
khang va gen doc luc dugc tu dong trich xuat dudi
dang bang va d6 hoa truc quan.

3.Két qua
3.1. Két qua phdn tich tir AMROMICS

Chi sau mot budc nhdp chudt (Run analysis),
cong cu hoan thanh phan tich tu dong toan bé hé

gen cGia nhém vi khudn nghién ctu. Két qua phan
tich trtng mau thu dugc sau khoang 30 phut; con doi
vGi phan tich bé mau 15 chdng E. coli, cdng cu chi
mat khoang 3-4 tiéng dé c6 thé dua ra dugc két qua.
D6i véi ting mau, cong cu dua ra cac théng so
théng ké 13p rap gen (Assembly stat), kiéu trinh tu
(Sequence type), gen khang khang sinh, gen déc luc
va biéu dé gen (Genome browser). Két qua phan
tich bé mau bao gébm kiéu cau tric gen clia bé mau
(pangenome), déng hang gen (Genes alignment)
(Hinh 3), cac thong tin vé gen khéang, gen doc luc va
ki€u trinh tu dudi dang biéu dé (Heatmap) (Hinh 2).

3.2. Két qua phan tich cdu tric hé gen

Két qua phan tich cho thay, c6 28,31% cac gen
chinh (core genes) c6 mat trong toan bd 15 ching,
31,22% s6 gen c6 mat trong 2 hoac hon 2 ching
nhung khéng c6 mat & toan bd cac ching (shell
genes) va 40,47% sé gen chi c6 mat trong 1 ching
(cloud genes).

Phan tich MLST cho thdy cac ching nghién ctu
thudc 9 phan loai ST, trong d6, ST43 xuat hién nhiéu
nhat & 5/15 chlng phan tich (Hinh 2).

Téng s6 gen doc luc phat hién dugc lén téi 152
gen. Trong d6, cac gen doc luc entB, entC, entD, entE,
entF, entS, fepA, fepB, fepC, fepD, fepG, fimF, fimH,
fimG, fes, ompA c6 mat & tat ca cac chiing dugc phan
tich. Cac chung vi khuan E. coli MH15-171, MH16-
327, MH13-051 ¢6 s6 lugng gen ddc luc cao nhat, [én
tai 75 gen.
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Hinh 2. K&t qua kiéu trinh ty clia 14 chling nghién ctu
va chiing chuén
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3.3. Gen khdng thuéc

C6 téng cong 47 gen AMR dugc xac dinh lién
quan dén tinh khang vai 18 loai khang sinh (Hinh 4).
Hau hét cac ching déu mang gen khang véi cac
khang sinh phd bién nhu B-lactam (100%),
cephalosporin = (13/14), nhém aminoglycoside
(12/14), va quinolone (7/14). 13/14 (92,9%) ching
mang nhiéu gen khang thuéc va cé thé 1a vi khuan
da khang, chi c6 duy nhat 1 chting mang gen khang
v&i mot khang sinh (Hinh 3). Bac biét, ching MH16-
401TM mang gen khang véi colistin (mcr-7)- mot
khang sinh c6 doc luc cao it dugc st dung; ching
MH15-262M mang gen khang vé&i 15 khang sinh
khac nhau va chiing nay con mang gen ble-Sh lién
quan dén tinh khang véi bleomycin- mét dong
khang sinh dugc duing trong diéu tri ung thu.

Doi v6i nhém quinolone, ngoai cac gen khéng
thuéc, AMROMICS con tim dugc cac dot bién lién
quan khang thu6c trén két qua déng hang gen
(Hinh 4). 12/14 chling (92,86%) c6 su thay thé amino
acid S83L va D87N trén gen gyrA, 2 dét bién nay da
dugc ching minh lién quan dén tinh khang
quinolone v&i ndng do Uc ché t6i thiéu tang Ién 10
lan so véi chiing nhay cam [4].

sporin

Bleomycin

P-lactam

TP
GM
STR
AN
KAN

M

CHL
I
RIM
Fos
CL

K12-MG1653
MH13-051M
MH15-170M
MH16-327TM
MH15-17T1M
MH14-069M
MH15-166M
MHI14-070D
MH14-093M
MH15-25TM
MHI16-401M
MH14-236M
MH15-214M
MH13-017TM
MH15-262M

Hinh 3. Kiéu khang thuéc ctia 15 chiing vi khuan
nghién ctu
SSS:  Sulfonamide; TET: Tetracycline; TMP:
Trimethoprim; GM: Gentamicin; STR: Streptomycin;
AN: Amikacin; KAN: Kanamycin; TM: Tobramycin;
CHL: Chloramphenicol; FF: Flofenicol; RIM:
Rifamycin; FOS: Fosfomycin; CL: Colistin.
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Hinh 4. Hinh anh két qua déng hang gen gyrA
Thay thé amino acid S83L va D87N lién quan
dén tinh khang quinolone.

4.Ban luan

Tu két qua giai trinh tu, cong cu dua ra toan bd
két qua phan tich hé gen chi trong vai gig dong ho véi
giao dién don gian, dé st dung. Viéc phan tich dugc
thuc hién trén website, khong st dung dén cac cau
[énh phtc tap, khéng can thiét bi c6 bd nhé va dung
lugng luu trir I6n. Ngoai cau trac hé gen va cac thong
tin lién quan nhu kiéu trinh tu, gen déc luc, cong cu
con dua ra thong tin cac gen lién quan dén tinh khang
clia vi khuan déi véi tat ca cac khang sinh hién hanh,
ké c& nhiing khang sinh it str dung nhu colistin.

Su xuat hién cac gen ESBL trén hau hét ching
nghién ciu cho thdy muc d6 khang khang sinh
cla E. colidang & muc bdo dong, dac biét & nhém
cephalosporin thé hé 3, 4 - mo6t nhom khang sinh
manh va dugc st dung phé bién trén lam sang cho
vi khudn gram am nhu E. coli. Theo nghién ctu cua
Hoang Quynh Huang va cong sy, E. coli chiém ty lé
cao nhat trong cac vi khuan gay nhiém khuan huyét
(66%) véi ty lé khang thudc cao, 73,1% véi cefazolin
va 51,6% vdi ceftriaxone, va 53,7% vdi cefotaxim [1].

Hau hét cac ching vi khuan nghién ctiu c6 thé
la vi khuan da khang, két qua nay cling tueng tu nhu
mot sé nghién clu trudc véi ty 1é da khang & vi
khuan E. coli 1én t6i 91,46% [2]. Ngoai cac ching da
khang, hién nay cac ching vi khuan da khang dién
rong va toan khang ciing da xuat hién & Viét Nam
[3]. Su c6 mat clia gen ble-Sh lién quan dén tinh
khang bleomycin da dugc ching minh cé thé tang
kha nang séng sét va sinh trudng cda vi khuan E. coli



TAP CHI Y DUOC LAM SANG 108

Tap 17 - $6 5/2022 DOL:....

[5, 6]. Nhu vay, nguy co lay lan trén dién rong cla
chling vi khuan mang gen nay la rat I16n. Thuc trang
trén la mot thach thic rat 16n cho quy trinh quan ly
nhiém khuan tai bénh vién va trong céng dong. Viéc
phat hién va sang loc sém nhing ching vi khuén
khang thudc la vé cing quan trong, nén dugc phat
trién va ing dung mét cach phé bién trong nghién
clu va diéu tri lam sang.

5. Két luan

Nghién ctu nay da ing dung thanh céng cong
cu tin sinh AMROMICS trong phan tich ty dong dir
liu gidi trinh tu toan bé hé gen vi khuan E. coli. Véi
kha nang tu dong, don gidan va nhanh chéng xac
dinh dugc cau tric hé gen va du doan dugc tinh
khang khang sinh cla vi khuan, cong cu ¢é tiém
nang Ung dung trong lam sang dé diéu trj va kiém
soat nhiém khudn hiéu qua. Két qua nghién ctu
clng cho thay tinh trang khang khéng sinh ngay
cang phuc tap véi su xuat hién clla cac ching vi
khuan mang nhiéu gen khéng véi cac khang sinh
khac nhau va gen khang véi khang sinh c6 doc luc
cao. Viéc xac dinh nhanh chdéng va chinh xéc tinh
khang cla vi khuan gay bénh la v6 cung cap thiét
trong lam sang dé diéu tri bénh hiéu qua va kiém
soat su lay lan clia vi khudn khang thudc trong bénh
vién cling nhu trong céng déng.
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