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TOM TAT
Muc tiéu: B6 sung mét ki thuat méi trong dinh danh vi khuén B. pseudomallei bdng céng nghé gidi trinh
tw gene thé hé mai.

D6i twong va phwo'ng phap: Ung dung ki thuat glal trinh tw gene the hé méi trén hé théng may M/Seq
(lllumina - Hoa Ky), giai trinh tw toan bd hé gene cua hai ching vi khuan B. pseudomallei. Banh g/a chét
lwong g/a/ trinh tw gene bdng phan mém FastQC. Binh danh vi khuén béng trinh tw 16S rRNA st¥ dung
phé&n mém Blast.

Két qua: Phén mem FastQC cho théy diém chat lwong Q dat trén Q30 (d6 chinh x&c cua doc trinh tw la
trén 99,9%), chi s6 N50 cia hai chung vi khuén la 36.559 bp va 74.123 bp. Phan mém Blast cho két qua
& ¢a 2 ching vi khuén Ia B. pseudomalle/ vOi do bao phu va do tvong déng déu dat 100%. Trinh tw kiéu
gene (ST) duoc xac dinh la ST 541, véi kiéu alen cua cac “house-keeping” genes la ace: 3, gltB: 4, gmhD:
2, lepA: 3, lipA: 5, narK: 4 va ndh: 1. Str dung céng cu ABRicate, gene khang khang sinh beta-lactam duwoc
xac dinh & ca hai chudng. St dung co sé dir liéu VFDB, xac dinh dwoc 165 gene doc lwc & ching NTW 21.1
va 171 gene déc luc & chung SS 1 240'.

Twr khéa: Meioidosis, B. pseudomallei, dinh danh, giai trinh tw hé gene.
ABSTRACT

Objective: Implemented a new technique for bacterial identification of B.pseudomallei by next-generation
sequencing technology.

Subjects and methods: Applications of next-generation sequencing technique on MiSeq system (lllumina
- USA) to sequence the entire gene set of two strains of B. pseudomallei bacteria. The quality of the gene
sequencing had evaluated by FastQC software. Bacterial identification had performed using 16S rRNA
sequencing with Blast software.

Results: FastQC software indicated that the quality scores (Q scores) reached Q30 (sequence read
accuracy above 99.9%). The N50 index for the two bacterial strains was 36,559 bp and 74,123 bp,
respectively. Blast software confirmed that both strains had been identified as B. pseudomallei, with 100%
coverage and similarity. The gene sequence type (ST) was determined as ST 541, with allele types for
‘house-keeping” genes as follows: ace: 3, gltB: 4, gmhD: 2, lepA: 3, lipA: 5, narK: 4, and ndh: 1. Using the
ABRicate tool, beta-lactam antibiotic resistance genes were identified in both strains. Utilizing the VFDB
database, 165 virulence genes were identified in the NTW 21.1 strain, and 171 virulence genes were
identified in the SS 1 240’ strain.
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Vién Khoa hoc va Céng nghé, B6 Céng an

2Viién Vi sinh vét va Céng nghé sinh hoc, Pai hoc Quéc gia Ha Noi

1. DAT VAN BE ho&c hoang da. Trén nguwdi, bénh cé biéu hién 1am

Burkholderia pseudomallei 1a vi khudn Gram
am hinh que, séng hoai sinh trong dat va nwéc bé
mat & vung nhiét d&i, dac biét 1a & Dong Nam A
va Béc Uc. Vi khuan B. pseudomallei |a tac nhan
gay bénh truyén nhiém melioidosis (con goi la bénh
Whitmore) & nguoi cling nhiéu loai dong vat nudi
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sang da dang, tién trién viém phdi va nhiém khuan
huyét cép tinh, gay tlr vong nhanh véi i 1& t& vong
cao néu bénh nhan khéng duwoc chan doan dang
va diéu tri khang sinh theo dung khuyén cdo. Gan
day, viéc nang cao ndng lwc chan doan va xét
nghiém vi sinh da giup nhiéu co s& y té phat hién
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ra ca bénh, tlr d6 ghi nhan sé ca nhiém melioidosis
ngay moét gia tang & nhiéu nwéc. Theo dy bao, moi
nam trén thé gi¢i cé khoang 189.000 ngudi nhiém
melioidosis, trong d6 c6 dén 89.000 ngudi tir vong;
riéng & Viét Nam mdi nam cé khoang 10.000 nguoi
nhiém melioidosis va gan 5.000 nguwi tir vong [6].

Vi khuédn nay van dang dwoc xem 1a mot tac
nhan sinh hoc de doa nghiém trong strc khde con
nguwoi [10] va da dwoc liét ké vao danh sach tac
nhan sinh hoc nhém B [11]. Trong linh vwc an
ninh - qudc phong, B. pseudomallei cing mét sb
vi khuan nguy hiém khac dwoc quan tdm nghién
clu va kiém soat bdi khd nang gay bénh nhanh,
ti I tr vong cao va cd nguy co bj st dung lam vii
khi sinh hoc. B. pseudomallei dwoc dinh danh bang
nhiéu phwong phap khac nhau, nhw dwa vao dac
tinh sinh hoa va nhay cdm khang sinh, ki thuat real-
time PCR dac hiéu, giai trinh tw gene 16S rRNA
va recA... b6 chinh xac cla cac phwong phap da
dwoc so sanh va danh gia [1]; song, dinh danh B.
pseudomallei bang cac ki thuat sinh hoc phan tir
van duoec coi la tiéu chuan vang trong cac nghién
ctru [2].

Nham tiép can phwong phap méi trong nghién
ctvu vi khuén B. pseudomallei tai phong thi nghiém,
chung t6i thie hién nghién ctru vng dung ki thuat
gidi trinh tw gene thé hé mai dé giai trinh tw toan
bd hé gene cla vi khuan B. pseudomallei. Day |a
ki thuat dwoc danh gia cé hiéu suéat va tinh chinh
xac cao, ngay cang dwoc phat trién va (rng dung
manh mé trén nhiéu linh vwc, bao gdm ca nghién
ctu hé gene vi sinh vat. Cung vé&i két qué dinh
danh vi khuén, nghién ciru nay s dung cac céng
cu phan mém danh gia mot sb thong tin vé dich té
hoc, tinh khang thudc va méi quan hé di truyén cuta
céac chuiing trong cung mot loai.

2. DOI TUONG, PHU'ONG PHAP NGHIEN CU'U
2.1. Péi twong, nguyén liéu, thiét bi nghién ciru

- Péi twong nghién ciru: 2 ching vi khuéan B.
pseudomallei, ki hieu NTW 21.1 va SS 1 240’
(méa trinh ty twong ng la 22-P6H09-PBS-01 va
22-P6H09-PBS-02), do Vién Vi sinh vat va Cbéng
nghé sinh hoc (Pai hoc Québc gia Ha Nai) cung cap.
Céc chiing nay dwoc phan 1ap tr mau bénh pham
lam sang va méi trurdng trong chum ca bénh xay ra
tai S6c Son (Ha No6i) nam 2019.

- Nguyén liéu nghién ctru:

+ Héa chat st dung trong tach chiét hé gene
vi khuan: tris (Serva, Bwrc), EDTA-disodium salt
dihydrate (BioBasic, Canada), sodium chloride
(Merck, Buc), cetyltrimethyl ammonium bromide
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(CTAB) (Serva, Duwc), lysozyme (Amersham
Pharmacia Biotech Inc, Hoa Ky), proteinase K,
RNase A (Thermofisher, Hoa Ky), sodium dodecyl
sulfate (SDS) (Fisher Chemical, Hoa Ky), chloroform
(Avantor Performance Materials, Ha Lan), isoamyl
alcohol (Merck, Buc), ethanol absolute (Merck,
Drc), isopropanol (Merck, Dirc).

+ Hoa chét, vat tw, sinh pham s dung cho giai
trinh tw hé gene vi khuan: MiSeq Reagent Micro Kit v2
va lllumina DNA Prep (M) Tagmentation 24 Samples
(lumina, Hoa Ky); cac héa chét vat tw tiéu khac st
dung theo dung huéng dan ctia hang lllumina.

- Thiét bi nghién ctru: hé théng may MiSeq
(lumina, Hoa Ky), may dinh lwvgng DNA Quantus
(Promega, Hoa Ky), may ProFlex PCR System
(Thermo Scientific, Hoa Ky), may NanoDrop 2000
(Thermo Fisher Scientific, Hoa Ky), micropipette va
céac dung cu sinh hoc phan t& can thiét khac.

2.2. Phwong phap nghién ctru

- Tach chiét hé gene vi khuan: hé gene vi khuan
tach chiét theo quy trinh ctia Gabor va cong sv [8]
voi mot sb stra doi. Vi khuan dwoc hoat hda tir
6ng bao quan lanh sau (d&m 80°C) bang cach cay
ria trén moi trwdng Muller Hinton thach va nubi &
37°C trong 18 gi¢. Chon 2-3 khuén lac c6 hinh thai
giéng nhau, hoa tan trong 500 pL nwéc MQ, sau dé
li tdm thu can & 8.000 vong/phut trong 10 phut (1ap
lai bwée rira té bao véi nwdc MQ 2 1an). Hoa can té
bao v&i 400 pL dung dich li gidi (100 mM Tris-HCI,
100 mM Na2EDTA, 1,5 M NaCl, 1% CTAB, pH 8,0),
rdi bd sung 5 L proteinase K (600 U/mL), tron déu
va 0 & 37°C trong 1 gio. Tiép theo, thém 120 L
SDS 20% (w/v) va 20 L lyzozyme (50 mg/mL) vao
dng va 0 & 65°C trong 2,5 gi®. Sau khi bd sung vao
éng 2 uL RNase A (10 mg/mL) va 0 & 56°C trong
20 phut (I&p lai qua trinh 2 1an), thém tiép voa éng
550 pL ClI (chloroform:isoamyl alcohol = 49:1), trén
déu bang cach dao nguwoc 6ng 3-5 1an va li tam
13.000 vong/phut & 4°C trong 10 phut. Thu dich
ndi sau li tam (300 uL) vao mét dng eppendoft mai,
bd sung 300 L dung dich Cl va I1ap lai quy trinh
dao tron, li tdm nhw bwdc trén. Sau do, thu 100
uL dich ndi vao éng eppendoft mai, bd sung 60 L
isopropanol lanh va két tta DNA qua dém & 4°C.
Taa DNA dworc li tam thu héi, rira v&i ethanol 70%
va lam kho & 56°C. Hoa tan lai DNA tda trong 100
ul nwéec MQ va kiém tra ndng do, d6 tinh sach bang
may NanoDrop 2000.

- Giai trinh tw hé gene vi khuan: hé gene cua 2
chiing vi khuan B. pseudomallei sau khi tach chiét
duwoc lap thw vién véi bo kit lllumina DNA Prep (M)
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Tagmentation 24 Samples (lllumina, Hoa Ky) va
giai trinh tw st dung hé théng may lllumina MiSeq
(paired-end [PE]).

- Phan tich dac tinh sinh hoc: danh gia chat
lwgng cac doan read thu duwoc sau gidi trinh tw
bang phan mém FastQC 0.11.9 [3], lam sach bang
phan mém Trimmomatic 0.38.1 (sliding-window:
4:20, min-len: 20) [5]. H& gene dwoc ldp ghép
bang phan mém SPAdes 3.15.4 (-careful). Loai bd
céac contig cé kich thwéc < 500 bp. Danh gia chét
lwong va d6 hoan thién cta hé gene lap ghép de
novo bang phan mém BUSCO 5.4.6 [22] (lineage,
Burkholderiales). Kiém tra cac théng sb chat lwong
hé gene I&p ghép bang phan mém QUAST 5.2.0.
Chu gidi hé gene bang phan mém Prokka 1.14.6
[19]. Xac dinh cac gene khang khang sinh va
gene doc lyc can clr vao co sé dir liéu ResFinder
[71, NCBI Bacterial Antimicrobial Resistance
Reference Gene Database [9] va VFDB [13] voi
coéng cu ABRicate 1.0.1 [21]. X&c dinh kiéu trinh
tw (sequence type - ST) twr trinh tw toan bd hé
gene va so sanh véi co s& dir liéu PubMLST bang
phan mém MLST 2.22.0 [20]. St dung phan mém
barrnap 0.9 [18] d& xac dinh trinh tw gene ribosome
16S cla cac ching to di¥ liéu 1&p ghép hé gene.

B& co s& div liéu bao gém trinh tw hé gene 131
chiing vi khuan B. pseudomallei tai xudng ti co' s&
dir lieu NCBI RefSeq (ngay 20/5/2023). Cac gen
16i (core gene) c6 mé&t & > 99% sb chiing trong bd
di liéu va co dd twong dong > 92% duwoc lwa chon
bang phdn mém Roary 3.13.0 [15]. Xay dwng cay
phan loai dwa trén thuat toan maximum-likelihood
bang phan mém IQ-Tree 2.1.2 [14] v&i cac gene 16i
nay. Tl cay phan loai tbng thé, cac chling cé quan
hé gan giii v&i chiing trong nghién ctu nay duoc lva
chon dé xay dwng cay phan loai cung véi cac chiing
B. pseudomallei c6 ngudn gbc tir Viét Nam [17], voi
nhom ngoai (out-group) la chdng B. pseudomallei
MSHR4503 c6 ngudn gbe tir Uc. Xay dwng cay phan
loai dwa trén thuat toan neighbor-joining v&i 5.118

gene 16i, 1.000 bootstrap bang phan mém MEGA11
[12]. Danh sach 14 ching B. pseudomallei str dung
dé xay dwng cay phan loai nay duwoc cung cap bdi
danh sach cac chung st dung trong xay dwng cay
phan loai neighbor-joining.

3. KET QUA NGHIEN C('U VA BAN LUAN

3.1. banh gia chat lwong giai trinh tw va chat
Iwong lap ghép

Quy trinh gidi trinh tw gene thé hé mai thwe hién
v&i vi khuan B. pseudomallei trén hé théng giai
trinh tw MiSeq cla lllumina bao gém nhiéu budc.
Chét lwong mdi bwdc déu anh hwdng dén chéat
lwong chung cla viéc gidi trinh tw. Do vay, sau khi
hoan tat cac buéc thuc nghiém quy trinh, ching
t6i tién hanh danh gia chat lwong giéi trinh tw (chat
lwong base, chéat lwgng adapter) bang phan mém
FastQC. Két qua danh gia cho thay, chat lwong gidi
trinh tw & ca hai mau vi khuan déu bao dam dé cé
thé thwe hién cac phan tich tiép theo. Chét lwong
nay thé hién & cac tiéu chi dat dwoc néu ra trong
bdo céo tiéu chuan cla FastQC, gdm: khéng cé
trinh tw chéat lwong kém, diém chat lwvong Q dat
trén Q30 (do chinh xac cla doc trinh ty > 99,9%),
céac adapter da bi loai bd hoan toan.

Kiém tra chat lwong 1&p ghép hé gene béng phan
mém QUAST cho thay khoéng cé sw bat cdp nham
(mismatches) trong qué trinh 13p ghép, chi s6 N50
cula 2 chung thu dwoc la 36.559 bp va 74.123 bp (cac
contigs c6 chiéu dai nay sé chiém 50% bd gene).
Chi s6 N50 Ién hon & trinh tw 22-P6H09-BPS-02
ching t6 qua trinh giai trinh tw dat chat lwong tét
hon do thu dwoc nhiéu contigs cé chiéu dai Ién hon.

3.2. Phan tich di liéu hé gene va dinh danh vi khuan

Viéc phan tich di¥ liéu hé gene va dinh danh
déi v&i vi khuan duoc thwe hién sau khi danh gia
chét lwong giai trinh tw hoan tat (két qua thé hién
& bang 1).

Bang 1. Két qua phan tich di¥ liéu hé gene 2 chiing vi khuan B. pseudomallei.

Kich S6 ving sé Kich K&t qua
N Ma thwérc hé [Kiéu trinh| ma hoa thwéc netq
Chung . . | lwong . N50 dinh danh
trinh tw | gene (bp) | tw (ST) | protein ARN contigs (gene 16S)
(%GC) (CDS) dai nhat 9
NTW | 22-P6H09-| 6.993.710 B. pseudomallei
21 1 BPS-01 (68.24%) 541 5.777 82 113.236 | 36.559 K96243
- D0 bao phu:
SIS L 2P0 | EHEEIE 541 5.710 75 221.830 |74.123 190% 2
240’ BPS-02 (68,30%) ) ’ : - B twong dong:
100%
50 Tap chi Y HOC QUAN SU, SO 364 (5-6/2023)
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Kich thwéc hé gene xac dinh dwoc & hai ching
lan lwot 12 6.993.701 bp va 6.992.098 bp, véi ti
& GC twong &ng la 68,24% va 68,30%. St dung
phan mém Blast [4] v&i hé gene tham chiéu trén
Genbank (K96243), trich doan gene ma hda cho
ribosome 16S (kich thuwérc 1.527 bp) cho két qua
dinh danh la B. pseudomallei & ca 2 ching vi khuan
Vi cac chi s6 mirc dd bao phu (Query cover) va do
twong déng (Per. Indent) déu dat 100%. Xac dinh
loai trinh tw ST qua cdng cu MLST la 541, véi kiéu
alen cula cac gene “keeping house” la ace: 3, gitB:
4, gmhD: 2, lepA: 3, lipA: 5, narK: 4 va ndh: 1 & ca
hai chang vi khuan. Mot sb théng sé nhu sb vung
ma héa protein, sb lwong ARN, kich thwéc contigs
dai nhét, chi sb N50... cling dwoc xac dinh. Két qua
dinh danh va cac théng s da néu khang dinh sy
phiu hop véi két qué ctia nghién clru da thuc hién
trudc d6 [16]. Két qua giai trinh tw da dwoc dang
ki trén Genbank v&i ma sé JASKZC000000000 va
JASKZD000000000.

—_—

0.00050

100

3.3. Xac dinh méi lién hé vé&i cac ching khac

Trén co s& két qua trinh tw thu dwoc, chang
tdi xac dinh mdi quan hé di truyén gitra cac ching
trong nghién ctru nay v&i cac ching tir cac qudc
gia khac, thong qua viéc xay dwng cay phan loai.

T 131 hé gene c6 ngudn gbc tir Lao, Thai Lan,
Malaysia, Singapore, Hong Kong, Trung Quéc, Uc,
thdy 2 chang trong nghién cru nay cé quan hé gan
gli nhat v&i 7 ching c6 ngudn gbc tlr Singapore
(laWwC19, BD5, N2, AW9, AW17-23, AW44, AW17-
22). Cung v&i cac hé gene clia 4 ching twr Vit Nam
m&i dwoc cong bd gan day, ching téi xay dung cay
phan loai (hinh 1).

Hai chaing trong nghién ctru nay c6 quan hé gan
gli nhat v&i ching AH09. Day la chiing c6 cung
kiéu trinh tw ST 541 va dwoc phan lap tlr rudng
mia & Nghé An, Viét Nam. Diéu d6 khéng dinh do
tin cay cla ki thuat giai trinh tw hé gene vi khuan
trong nghién ctru nay.

AW9
100
AW17-23
100
WC19
100 AW44
100 ' AW17-22

—— BDS

100

— AHO09

100 r NTW 21.1
oo' SS 1240

1
| NA77

100 - NA18
AH34

MSHR 4503

Hinh 1. Cay phéan loai xay dwng diwra trén 5.118 gene 16i
cda hai ching B. pseudomallei NTW 21.1, SS 1 240’ va céc ching cé quan hé géan gii.

Viéc xay dwng cay phan loai dwa trén trinh ty
toan bd hé gene rat hiru ich trong nghién ctru dich
t& hoc phan tl, tlr d6 cung cap théng tin nham truy
vét ngudn géc tac nhan gay bénh, gitp cho cac nha
diéu tra, can bo y t& ndm bét dwoc tinh hinh khi cd
khting bd sinh hoc xay ra.

3.4. Phan tich xac dinh gene khang khang sinh
va gene doc lwc

Bén canh viéc dinh danh vi sinh vat, viéc thu
thap di liéu trinh tyw hé gene ciling cho phép ching
ta st dung dé phan tich véi nhiéu muc dich khac
nhau, trong dé co viéc xac dinh cac gene khang
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khang sinh va cac gene gay déc. Trong nghién ctru
nay, chung t6i tién hanh xac dinh cac gene khang
khang sinh cta hai ching nghién ctu (két qua
phan tich thé hién & bang 2).

Két qua cho thdy ca hai ching vi khudn déu
c6 kiéu hinh khang beta-lactam. Chang chira cac
gene ma héa cho enzym phan giai khang sinh nhém
beta-lactam la oxacillin-hydrolyzing class D beta-
lactamase OXA-59 va Penl family class A extended-
spectrum beta-lactamase. Cac gene c6 dd twong
ddng > 99% so v&i gene NG_049799.1 ctia chiing
B. pseudomallei K96243 va gene NG 048031.1 cua
chding B. pseudomallei 392a Iwu gil trén Genbank.
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Bang 2. Két qua phan tich xac dinh gene khang khang sinh hai ching nghién ctru.

~ Tén Db bao | Db twong | Ma sé trén | ek
Chung Trinh ene h.CI (%) dén (o/? enbank Protein san pham | kiéu hinh
tw 9 phu {7 g{7) | 9 khang
oxacillin-hydrolyzing
NG BETA-
blaOXA-59 1 100 99.88 | 049799.1 class D beta- LACTAM
NTW 22-P6H09- lactamase OXA-59
211 BPS-01 Penl family class A
penl_Bp 100 99.32 e extended-spectrum 210
~048031.1 LACTAM
beta-lactamase
oxacillin-hydrolyzing
NG BETA-
blaOXA-59 1 100 99.88 £ 049799.1 class D beta- LACTAM
SS 1 22-P6H09- lactamase OXA-59
240’ BPS-02 Penl family class A
penl_Bp 100 99.32 NE extended-spectrum SIE10s
~048031.1 LACTAM
beta-lactamase

Bang 3. Két qua phan tich xac dinh cac nhém
gene doc té cua hai ching nghién ctru.

Ching
Nhém gene déc B. pseudomallei
NTW 21.1 | SS 1240’
Di d@ng nho actip_ 1 1
(Actin-based motility)
Bam dinh (Adherence) 13 13
Chong thyc bao
(Antip%agbcytosis) 2 2
Xam nhiém (Invasion) 54 55
Hé thong tiét
(S.ecretign system) &8 e
Ho6 hap kikhi 1 1
(Anaerobic respiration)
Bom day (Efflux pump) 1 1
Noi doc t6 (Endotoxin) 2 2
Yéu t6 bam dinh léng
(Fimbrial adherence 1 1
determinants)
L&n trén mién dich 1 1
(Immune evasion)
Hap thu sét (Iron uptake) 8 10
Dac td (Toxin) 1 2
Khac 2 2

St dung co s& di¥ lieu VFDB, da xac dinh dwoc
cac gene doc lwc va san pham protein twong (ng
ctia hai chling nghién ctvu, gdm 165 gene doc luc &
chang NTW 21.1 va 171 gene déc lwvc & ching SS
1 240’. Cac gene doc cla hai ching nay chi khac
nhau & nhdm xam nhiém, hé théng tiét, h4p thu sét
va doc td (bang 3).

Phan tich, xac dinh cac gene néu trén ngoai viéc
gop phan xac dinh d&c diém khang khang sinh, dac
diém sinh doc tb ctia vi khuan dé hé tro' cho truy vét
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ngudn gbc, con gilp can bd y té dinh hwéng phac
dd diéu tri thich hop khi c6 tinh huéng nhiém doc
xay ra va kiém soat sy lay lan cla vi khuan khang
thudc trong cong dong.

4. KET LUAN

Chung t6i da nghién clru rng dung thanh céng
coéng nghé giai trinh tw thé hé ma&i trong giai trinh
tw toan bd hé gene vi khuan B. pseudomallei tai
phong thi nghiém (Vién Khoa hoc va Cong nghé,
Bd Cong an). Bang viéc sir dung cu phan mém
phan tich, chung t6i xac nhan tinh chinh xac trong
dinh danh vi khuan bang ki thuat sinh hoc phan to
va tinh chinh xac vé kiéu trinh tw ST. Bén canh do,
chung téi cling da phan tich dwgc cac gene khang
khang sinh va gene déc lwc cta vi khuan.
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