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TOM TAT

Pseudomonas aeruginosa, mot vi khuan cé kha ning thich nghi cao, 1 mot trong cac nguyén nhan chinh gay
nhiém tring bénh vién & Viét Nam véi sy phé bién cua cac chung khang carbapenem, dac biét la ST235. Kiém
soat nhiém trung hiéu qua doi hoi phai hiéu rd chi tiét vé sy lay truyén va mé hinh khang thude ctia no. Nghién
ctru nay nhdm phén tich pan genome, core genome MLST (cgMLST) va core genome SNP (cgSNP) cua cac
chung P. aeruginosa dugc phan 1ap ¢ Viét Nam, so sanh va tich hop cac phuong phép nay dé nang cao d6 phan
giai dich t& hoc. Ching t6i da kiém tra 196 bo gene cua P. aeruginosa dugc phan lap ¢ Viét Nam va 956 hé gene
hoan chinh tir co s& dit liéu NCBI. Pinh dang chung ban dau duoc thuc hién bé‘mg cach st dung MLST. Phan
tich pan genome dugc thyc hién bang Roary, trong khi cic so do cgMLST dugc thiét 1ap voi ChewBBACA va
phan tich SNP ciia core genome duoc thuc hién bang Parsnp. Sau d6, cay phat sinh loai dugc xay dung va hién
thi bang GrapeTree va iTOL. Phan tich xac dinh 334 sequence type (ST) d biét tir co s¢ dir liéu NCBI, bao gdm
127 ST méi, va 25 ST d4 biét tir b dir liéu Viét Nam, véi 8 ST méi. ST235 1a phd bién nhét, chiém 77,04% mau
Viét Nam. Phan tich by gene toan phén tiét 16 68.963 gene, vai 4,16% la cac gen 15i. So d6 cgMLST bao gém
3.289 locus, cung cip d6 phéan giai cao hon so voi MLST truyén théng. Phan tich phét sinh loai trén cac chung
ST235 cho thiy cic md hinh phén cum rd rang, thé hién kha ning phan biét vuot tréi cia cgMLST va phan tich
cgSNP. Nghién ctru ndy lam ndi bat hiéu qua cua cdc cong cu genome tién tién trong phén loai va so sanh cac
chung P. aeruginosa, gop phan ning cao hiéu biét vé da dang di truyén va hd trg phat trién cac bién phap kiém
soat nhidm tring va khang thudc ciia P. aeruginosa hiéu qua tai Viét Nam.

Tir khéa: Core genome MLST, core genome SNP, da dang di truyén, pan genome, Pseudomonas aeruginosa,
Viét Nam.

MO PAU

Pseudomonas aeruginosa la mét vi khuan cé kha nang bién dbi di truyén va chuyén héa vuwot troi, cho phép né
sbng sét va phat trién trong nhiéu moéi trwdng khac nhau. Kha néng thich nghi linh hoat clia P. aeruginosa khién
né tré thanh mot trong nhitng tac nhan gay bénh co hoi nguy hiém nhét, dwoc x&p vao nhém cac tac nhan gay
bénh quan trong lam sang ESKAPE (Rice, 2008) (bao gdm Enterococcus faecium, Staphylococcus aureus,
Klebsiella pneumoniae, Acinetobacter baumannii, P. aeruginosa va Enterobacter spp.). &' nguwdi, P. aeruginosa la
nguyén nhan gay ra nhiéu loai nhiém tring trong céng déng va bénh vién, t¥ nhiém tring da va mé mém dén
viém phéi va nhiém tring mau phtrc tap (Driscoll et al., 2007). D&c biét, P. aeruginosa la tac nhan gay nhiém
trung chd yéu & bénh nhan xo nang va la nguén gbc chinh ctia nhiém tring & vét béng, dan dén ty 1&é mac bénh
va t&r vong dang ké (Kerr and Snelling, 2009).

Khu virec Bong Nam A duoc coi la mot "diém néng" vé khang khang sinh, va P. aeruginosa da dwoc xac dinh la
nguyén nhan phd bién gay nhiém trang bénh vién & Viét Nam. Theo bao cao giam sat khang khang sinh cta Bo
Y té& Viét Nam nam 2020 (céng bd thang 11/2023), div liéu tir 16 bénh vién tai 10 tinh cho thay trong téng s6
69.715 chaing vi khuan dwoc thu thap, P. aeruginosa dirng th(r nam véi ty 1é 9,4% (6.564 ching), la nguyén nhan
hang tht ba khi phan 1ap bénh pham tlr dwdng hd hap dwdi (12,9% - 3.087 chiing), bénh phdm nwéc tiéu (8,5% -
826 chang) va bénh phdm dich 6 bung (7,7% - 341 chdng). Theo di liéu tlr Trung tdm Déng luc hoc Bénh tat,
Kinh té & Chinh sach (CDDEP) nam 2016, 36% cac chlng P. aeruginosa & Viét Nam khang carbapenems, ding
th( hai toan cau chi sau An Dd v& ty 1& khang thudc. Mot nghién ctru tlr ndm 2016 tai mot bénh vién & Ha Noi da
ghi nhan sy xuét hién cta cac ching P. aeruginosa thudc kiéu ST235 mang cac gen khang carbapenemase nhw
blaIMP-15, blaIMP-26, va blaIMP-51 (Tada et al., 2016).

Dé nhanh chéng va hiéu qua trién khai cac bién phap kiém soat trong quan ly dot bung phat, viéc hiéu ro sy lay
truyén clia cac tac nhan khang thudc la dieu can thiét. Viéc xac dinh cac cum va phan loai cac tac nhan gay
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bénh, bao gdm cac dic diém khang thubc va gen doc lwc, déng vai trd quan trong trong viéc kiém soat nhiém
trung mot cach hiéu qud (Leopold et al., 2014). Bién di gel v&i trwong dién tir (Pulsed-field gel electrophoresis-
PFGE) va phan loai trinh tw nhiéu locus (multilocus sequence typing-MLST) da dwoc st dung nhw cac tiéu chudn
vang trong nhiéu nam dé xac nhan cac dot bung phat nghi ngd. Tuy nhién, PFGE thwéng gap van dé vé tinh cha
quan, khé khan trong viéc giai thich két qua va tén thoi gian. Ngwoc lai, MLST, dwoc phat trién vao ndm 2004
cho P. aeruginosa, dwa trén viéc gidi trinh tw va danh gia sw bién di alen clia bay gen bao tdn, tao ra cac kiéu
trinh tw (sequence type - ST) dé& dé&c trwng héa cac ching (Curran et al., 2004). Tuy nhién, khd ning phan biét
ctia MLST khéng phai ltc nao ciing da dé giai quyét cac dot bung phat.

Gén day, cac phuwong phap dwa trén gidi trinh tw toan bd hé gen (WGS) da tré nén kha thi nhe chi phi giai trinh
tw gidm; cung véi cac cong cu tin sinh hoc cho phép phan biét cao gitba cac chlng cé cung ST trong cac nghién
ctu dich t& hoc (Tang et al., 2017) nhw pan genome, core genome MLST, core genome SNP, ... Pan genome la
tap hop toan bd cac gen trong mét loai vi khuén, bao gdm ca gen I6i va gen phu thudc vao tivng chiing. Phan tich
Pan genome xac dinh gen 16i (c6 mét trong tit ca cac ching) va gen phu (chi cé trong mét sb ching), cung cép
cdi nhin vé sy da dang di truyén va cac yéu t6 anh hwéng dén kha nang gay bénh va khang thuéc. Core Genome
MLST (cgMLST) mé& rong MLST bang cach st dung di¥ liéu gidi trinh tw toan bé genome (WGS) dé kiém tra
nhiéu gen dich, tao ra hé théng danh sb alen c6 hé thdng, giip phan gidi cao hon trong phat hién va phan loai
cac dot bung phat. Phan tich cgSNP tap trung vao cac SNPs trong cac viing bao tén ctia bd gen 16i, xac dinh méi
quan hé tién hoa va theo déi sw lay lan clia cac chiing vi khun, phat hién khac biét di truyén nhé va cung cap cai
nhin chi tiét v& sw phat tan cla tac nhan gay bénh.

Nghién ciru nay nhdm phan tich pan genome, core genome MLST va core genome SNP cho cac chdng P.
qeruginosa phan lap dwoc tai Viét Nam. So sanh va két hop cac phwong phap nay cd thé dat dwoc do phan giai
t0i da cho cac phan tich dich té hoc va giam sat P. aeruginosa (Zhou et al., 2017), ho trg xac dinh va theo ddi sw
lay truyén, tién héa va khang thubc clia cac ching vi khuén P. aeruginosa tai Viét Nam.

D LIEU VA PHUONG PHAP
Dir liéu
D liéu giai trinh tw cda cdac chung phéan lap tai Viét Nam

Cac ma Sequence Read Archive (SRA) clia cac mau P. aeruginosa phan lap tai Viét Nam duoc lwu triy trén co
s& di¥ liéu National Center for Biotechnology Information (NCBI) (https://www.ncbi.nim.nih.gov/). Twong (rng voi
cac ma SRA nay, 307 trinh tw doc da dwoc truy xuat. Chung déu dwoc phan 1ap tir bénh phdm cla nguwoi trong
khoang thoi gian tr nam 2013 dén nam 2019, thudc bdn dw 4n PRJEB29424, PRJEB28400, PRJDB4025, va
PRJDB2736. Céc trinh tw nay da dwoc tinh sach va 13p rap theo cac bwédc sau: 1. Danh gia chét lwong di liéu
ban d&u béng FastQC véi théng sb mac dinh; 2. Tinh sach di¥ liéu bang Trimmomatic véi cac thong sd: SLIDING
WINDOW=25:4, MINLEN=100, ILLUMINACLIP=ON; 3. Banh gia chét lwong di liéu sau tinh sach béng FastQC
v&i thong sb mac dinh; 4. Lap rap hé gen bang SPAdes véi thong s méc dinh; 5. Banh gia chéat lwgng lap rap
bang QUAST véi théng s mac dinh; 6. Banh gia do toan ven hé gen bing BUSCO véi théng sé auto-lineage-
prok; 7. Dinh danh taxonomy cho hé gen l3p rap bing Kraken2 v&i database Minikraken2; 8. Loc b cac contigs
6 do dai nhé hon 500bp. Cac hé gen sau l&p rap thoéa man cac didu kién sau sé& dwoc dwa vao cac phan tich
phylogeny tiép theo: két qua dinh danh Loai (Species -S) gan nhat voi P. aeruginosa va %S >=90%, do hoan
thién hé gen >=90%, kich thwéc hé gen sau loc <=7,5M bp va sb lwong contigs sau loc <=400 (goi tat 1a tap di
lieu VN).

D liéu cdc hé gen hoan chinh cia Pseudomonas aeruginosa c6 sdn trén NCBI|

Bé phuc vu cho phan tich cgMLST va tim hidu sw lién hé cta cac loai phan 1ap & Viét Nam voi cac loai trén thé
gi&i, tAt ca 956 trinh tw bd gen hoan chinh (tép fasta) ctia P. aeruginosa cé sén cong khai tai co' s& di liéu NCBI
Reference Sequence (RefSeq) tinh dén ngay 20 thang 6 ndm 2024 (goi tat 1a tap di liéu NCBI) da dwoc dwa vao
cac phan tich xay dwng cay phat sinh loai, cling voi cac hé gen da duoc I&p rap ctia P. aeruginosa. Théng ké cho
thay phan 16n cac hé gen nay co tir 0 (738, 77 ,2%) hoac 1 plasmid (156, 16,0%). Cac hé gen nay dwoc phan lap
va |&p rap trong khoang th&i gian tir ndm 2006 dén nam 2024, voi phan Ién duoc thye hién tir ndm 2018 dén
2024 (848, 88,7%). Cac hé gen P. aeruginosa nay chi yéu dén tir Trung Quéc (239, 25,0%), My (151, 15,8%), va
Dan Mach (87, 9,1%), va da s6 dwoc phan lap tr mau bénh phdm clia nguoi (767, 80,2%). C6 duy nhat 1 hé gen
dwoc phan 1ap tai Viét Nam nhung t» mau dat.

Phwong phap
Phéan tich MLST

956 hé gen hoan chinh dworc tai vé tlr co s& di¥ liéu genome NCBI va 196 hé gen dwoc I18p rép tir cac trinh tw
cla cac mau phan 1ap tai Viét Nam da dwoc quét dbi chiéu véi cac so dd phan loai truyén théng ciia PubMLST
(https://pubmist.org/) bdng céng cu mist. Cac ST méi dwoc gan khi khéng tim thdy ST twong (ng trong co s& diy
liéu PubMLST trong khuén khé cla nghién ctru nay.
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Phan tich Pan Genome

956 hé gen hoan chinh va 196 hé gen |ap rap dwoc chu gidi bang céng cu Prokka. Céc tap tin GFF3 dwoc tao ra
b&i Prokka duoc siv dung dé thwe hién phan tich pan genome bang céng cu Roary (phién ban 3.11.2). Theo do,
cac gen duoc phan loai thanh bdn nhém khac nhau: nhém “cét 16i” (99% < sbé chiing < 100%), nhém “cét 16i mém”
(95% < s6 ching < 99%), nhém “v&” (15% < sb ching < 95%) va nhém “may” (0% < sb ching < 15%). Cay pan
genome phan anh mdi quan hé tién hoa giva cac ching P. aeruginosa dwa trén sw twong déng va khac biét
trong toan bd gen ctia ching, dwoc xay dwng tir di¥ liéu sw hién dién va vang mat clia cac gen va tryc quan héa
bé&ng phdn mém Phandango (Phandango.net).

Phan tich core genome MLST

So d6 cgMLST cua P. aeruginosa (scheme) dwoc thiét 1ap véi cong cu Comprehensive and High Efficient
Workflow for a Blast Score Ratio Based Allele Calling Algorithm (ChewBBACA) (Silva et al., 2018). Trong do,
trinh tw genome cla P. aeruginosa PAO1 (RefSeq assembly accession: GCF_000006765.1) chi dwoc str dung
lam genome tham chiéu dé dw doan céac locus whole-genome MLST (wgMLST). Chiing t6i da chon cac locus (rng
vién cho so' d6 cgMLST c6 mét trong 99% cac hé gen hoan chinh hién c6 (956 hé gen). Sau d6, 196 hé gen I&p
rap tlr cac mau dwoc phan lap tai Viét Nam da dwoc goi alen theo so d6 cgMLST da xac dinh. Cay phan loai
cgMLST duwoc xay dwng badng phdn mém GrapeTree (phién ban 1.5.0) (Zhou et al., 2018) v&i cac thong sb duoc
trién khai trong MSTree v2, va dugc trwc quan héa bang phan mém Interactive Tree Of Life (iTOL, phién ban
4.2.3) (Letunic and Bork, 2016). Qua d6, kha nang phan loai cac mau trinh tw clia P. aeruginosa bang cgMLST va
MLST dwoc nhan xét va so sanh.

So sdnh phan tich core genome MLST véi core genome SNP cho cdc méu Pseudomonas aeruginosa ST235

Tt ca cac hé gen P. aeruginosa ST235 cla Viét Nam va cac qudc gia khac trong nghién ctru nay sé dwoc chon.
Mot cay phat sinh loai dwa trén cac cgMLST da dwoc xay dwng bang phan mém GrapeTree véi cac thong sb
duoc trién khai trong NJ. Déi véi phan tich SNP dwa trén bd gen 18i, bd gen 16i dwoc c&n chinh bang Parsnp, la
mot phan clia g6i phdn mém Harvest, str dung NCGM2.S1 (RefSeq assembly accession: GCF_000284555.1)
lam bd gen tham chiéu. Ca hai cay cung dwoc trwc quan héa bang iTOL. Sy twong ddng gitra hai phwong phap,
cgMLST va phan tich SNP dwa trén bd gen 16i, sé dwgc thdo luan dwa trén nhirng diém twong déng va khac biét
trong viéc phan cum clia hai cay phat sinh loai.

KET QUA VA THAO LUAN
Lap rap cac chiing phan lap tai Viét Nam

Sau khi ap dung céc tiéu chuén loai trir, 196 hé gen 1&p rap (PRJEB29424: 110; PRJEB28400: 37; PRJDB2736:
26; PRJDB4025: 23) dwoc chon dé tién hanh cac phan tich tiép theo. Cac hé gen nay co kich thuéc tir 6,39 Mbp
dén 7,45 Mbp va dat mirc dd hoan thién rat cao, voi gia tri trung vi dat 100% va cac gia tri dao dong tr 96,8%
dén 100%. Ty lé phan tram twong déng véi P. aeruginosa (%S_P. aeruginosa) c6 gia tri trung binh khoang
94,36%. Cac hé gen cé chat lwong 1&p rap tét, véi sé lwong contigs dao dong tir 35 dén 390, dam bao chat lwong
cao cho cac phan tich cay phat sinh loai tiép theo.

Xac dinh MLST

Trong tap d liéu tv NCBI, téng sb 334 ST dwoc xac dinh, trong d6 207 ST da dwoc ghi nhan trong co sé& dir liéu
pubMLST va 127 ST |a cac ST méi. Cac ST da biét xuét hién nhiéu nhat trong tap dir liéu nay bao gdbm ST235
(54 mau), ST111 (43 mau), ST463 (29 mau), ST309 (18 mau), ST357 (17 mau), ST253 (17 mau), ST277 (15 mau),
ST233 (13 mAu), ST395 (13 mau)... Béi va&i tap dir liéu VN (Bang 1), ¢ 25 ST duoc xac dinh, trong d6 17 ST da
dwoc ghi nhan va 8 ST 1a cac ST méi. Twong tw nhw tap di¥ liéu NCBI, ST235 14 ST phd bién nhat véi 151 mau
dwoc dinh danh, chiém 77.04% tdng sb mau. Tiép theo la ST357 v&i 10 mau, chiém 19.60%. Cac ST khac nhw
ST644, ST360, ST310, ST1650, ST2332,... c6 sb lwong mau dao dong tr 1-4. Cac ST méi chi xuat hién & merc
thap, v&i sb lwong mau dao dong tir 1-2 cho mdi ST méi.

Bang 1. Két qua dinh danh MLST ctia 1.152 hé gen Pseudomonas aeruginosa

ST Sheme acsA arok guaA mutL nuoD ppsA trpE NCBI VN
235 paeruginosa 38 11 3 13 1 2 4 54 151
357 paeruginosa 2 4 5 3 1 6 11 17 10
644 paeruginosa 28 3 94 13 1 4 10 3 4
360 paeruginosa 15 5 36 11 27 4 2 2 4
310 paeruginosa 5 59 60 3 1 6 4 0 4

168



HOI NGH| KHOA HOC TOAN QUOC VE CONG NGHE SINH HOC 2024

1650 paeruginosa 16 5 26 3 4 15 8 0 2
2332 paeruginosa 15 5 91 11 3 4 2 0 2
new_1 paeruginosa 38 ~11 3 13 1 2 4 0 2
277 paeruginosa 39 5 9 11 27 5 2 15 1
773 paeruginosa 5 4 5 5 5 7 8 11 1
1971 paeruginosa 32 190 3 62 8 7 26 8 1
1212 paeruginosa 11 10 11 72 3 10 3 4 1
664 paeruginosa 9 5 11 3 4 40 18 2 1
2165 paeruginosa 87 42 114 37 53 97 147 1 1
830 paeruginosa 5 13 109 5 1 1 47 0 1
1410 paeruginosa 13 158 5 5 12 7 15 0 1
1649 paeruginosa 16 5 12 77 11 4 18 0 1
3359 paeruginosa a7 50 65 31 1 6 8 0 1
new_2 paeruginosa 38 ~11 3 ~13 1 2 4 0 1
new_3 paeruginosa 9 ~5 ~11 ~21 4 40 18 0 1
new_4 paeruginosa 39 5 9 11 ~27 5 2 0 1
new_5 paeruginosa 27 ~14 25 ~23 1 16 ~46 0 1
new_6 paeruginosa ~5 4 ~5 ~5 5 7 8 0 1
new_7 paeruginosa ~28 3 ~94 ~13 1 4 ~10 0 1
new_8 paeruginosa 11 ~6 11 13 2 7 53 0 1

Phan tich Pan genome ttr Roary

Phan tich Roary clia pan genome cua téng sb 1.152 ching P. aeruginosa da xac dinh dwoc 2.868 gen 16i
(4,16%), 1.619 gen I6i mém (2,45%), 2.330 gen vé (3,38%) va 62.146 gen dam may (90,01%), trong téng sb
68.963 gen. Hinh 1 (bén trai) cho thay cac hé gen tlr cdc mau phan lap tai Viét Nam (mau tim) ¢ sb lwong cac
gen phu nhidu hon so v&i cac hé gen hoan thién da dwoc cong bé trén NCBI. Dac biét, cé thé dé dang thay ton
tai mdt nhanh nhé cac hé gen trong tap di liéu VN nam trong sb 1% khong chira ddy dd mét sé lwong kha lén
cac gen 16i nhung lai cung ¢ mot sb lwong gen phu déc trwng & vi tri khodng 551,7kb. Hinh 1 (bén phai) cho
thdy sb lwong gen 16i dwoc can bang khi sb lwgng hé gen tang cho thay rdng cac gen 16i 1a can thiét va bao tén
cao gitra cac chiing khac nhau, phan anh tinh n dinh va thiét yéu cia ching trong bd gen. S6 lwgng 16n cac gen
dam may cho thay c6 sy di biét I&n gitra tbng sb 1.152 chiing P. aeruginosa dwoc xem xét, nhadn manh tinh chét
'mé&' cla pan genome P. aeruginosa.

‘
6
b

obp
827 6kb

275 87kb
551.74kb

1.1Mb
1.38Mb

Conserved vs Total Genes

70000 | —— Conserved genes
Total genes

60000

50000

& 40000

£ 30000
20000

10000

0

0 200 400 600 800 1000 1200
No. of genomes

Hinh 1. Pan genome ctia Pseudomonas aeruginosa
Bén tréi: cay phan loai va biéu dé ma tran (bén tréi) dua trén sw hién dién hay vdng mat clia cac gen I6i va gen phu cting véi
théng tin vé sequence type (ST) va tap div liéu (NCBI: mau cam, VN: mau tim); Bén phai: dudong mau dé thé hién téng sb gen
va dudng mau xanh thé hién s6 gen bao tén (gen 16i) khi s6 luong hé gen Pseudomonas aeruginosa tang /én.
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Phan tich core genome MLST

Mbt so dd cgMLST bao gdm 3.289 gen dich da duoc xac dinh, bao pht 73,58% trong s6 5.570 ORF dwoc dy
doan cho chling tham chiéu PAO1. Két qua nay kha ddng nhat vai két qua tbng cé 3.168 gen dich trong nghién
ctru phan tich cgMLST cla P. aeruginosa clia Romario Oliveira de Sales va cdng sw. Theo dé, 196 chlng phéan
lap tai Viét Nam dwoc xac dinh so dd cgMLST theo bd gen dich trén. Két qua ctia bd so d6 cgMLST cda 1.152
chiing P. aeruginosa sau dé duwoc s dung dé xéy dwng cay phan loai (Hinh 2). Tinh t& trong ra ngoai, trong
cung 1a cay phan loai dwoc xay dung tir két qué cgMLST. Vong tron dau tién phan biét gira cac chung dugc
phén lap tai Viét Nam (mau xanh la) va trén thé gi¢i (mau _tim). Vong tron thir hai phan loai cu thé ngudn gbéc
quoc gia clia cac chiding P. aeruginosa. Vong tron tht ba thé hién kich thwéc hé gen clia tirng chuding. Hinh 2 da
cho thay dwoc sy vuwot trdi vé kha nang phan loai cac ching P. aeruginosa va thé hién chi tiét hon v& mdi quan
hé di truyén gitva cac chlng nay ctia phan tich cgMLST so vé&i phwong phép truyén théng MLST
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Hinh 2. Cay phat sinh loai dwa vé,ao phan tich cgMLST
Tinh tir trong ra ngoai: Tap div liéu (xanh la: VN, tim: NCBI); Quoc gia phén Iap; Kich thuéc hé gen; Sequence Type

So sdnh phéan tich cgMLST va cgSNP cho cdc ching Pseudomonas aeruginosa ST235

Nghién ctru sy da dang cla P. aeruginosa ST235 & Viét Nam la quan trong vi day 1a nhém vi khuan da khang
phd bién tai Viét Nam (chiém t&i 77,14% tdng s6 mau trong nghién ctru nay), doi hdi sy quan tam déc biét dé hd
tro' dich t& hoc va phat trién chién lwoc kiém soat. ST235 thé hién sy thay dbi khéng dang ké trong kiéu gen qua
moét thap ky, nhw dwoc ghi nhan trong nghién clru clia Wei Feng va cong sw, cho phép khao sat cac phuwong
phap phan loai c6 d6 phan giai cao hon cap do gen nhuw cgMLST va cgSNP, gidp danh gia chinh xac bién déi di

truyén va hiéu qua ctia cac cdng cu phan tich nay.

Hinh 3A va Hinh 3B I&n luot la cay phan loai dwoc vé tlr phan tich cgMLST va cgSNP cho 205 ching P.
aeruginosa ST235 dwoc xac dinh trong nghién ctru cia ching t6i. O ca hai hinh, ching ta cé thé thdy duoc sw
twong ddng clia da sb cac ching & Viét Nam, va ching cé sw khac biét v&i cac ching trén thé gi6i. Dac biét,
chiing cé ID DRR021817 (Viét Nam, 2013) ¢ khodng cach xa h&n cac chiing con lai; cac chiing con lai nay déu
dwoc phan lap nam 2013 va ching tach thanh hai nhdm ré rét & ca hai hinh. Tuy nhién, van cé sy khac biét gitra
hai phwong phap phan loai nay. Cu thé, & cay phan loai chLST chung t6i phat hién hai nhdm trén lan lwot co
méi quan hé gan nhét véi hai ching dwoc phan 1ap ndm 2023 & chau A (Thai Lan - 2023, Trung Quéc - 2023)

trong khi do, & cay phan loai cgSNP, hai nhém nay I&n lwot co d6 twong déng cao nhat 1an lwot véi mot ching &
Trung Qudc nam 2023 va mét ching & Y nam 2024.
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Hinh 3. Cay phat sinh loai cho cac chiing Pseudomonas aeruginosa ST235
A. Cay tir phan tich cgMLST; B. Cay tir cgSNP. Tinh tir trong ra ngoai, trong cung la cdy phan loai véi nhdn mau tim thudc di
liéu NCBI va nhan mau xanh thuéc tap dir liéu VN; vong & trong thé hién v tri dia ly; vong ngoai cting thé hién nam phéan lap
cla céac ching Pseudomonas aeruginosa ST235

Nghién ctu nay cé mét vai han ché. Thir nhét, chi cac hé gen hoan chinh c6 sén trén co s& di¥ liéu NCBI dwoc
dwa vao ddng phan tich cay phat sinh loai, do d6 thiéu cac di lieu dé két luan v& mdi quan hé cla cac hé gen
chwa hoan thién thudc cac ST dwoc quan tam va cong bd & thdi diém khac. Thi hai, dwa trén két qua tim kiém
trén NCBI, chi c6 di¥ liéu cla cac chling P. aeruginosa Viét Nam dwoc phan lap vao cac nam 2013, 2014, 2018,
va 2019, dan dén thiéu hut dir liéu hé gen cla vi khudn nay trong nhitng ndm gan day dé danh gia va nhan xét vé
mirc d6 phat trién clia chiing. Bén canh ST235, ST357 cling ndm trong top 10 sequence type dang quan tam vé
van d& khang thubdc nhung chura dwoc tim hidu sau hon vé mirc dd da dang. Trong céac nghién ctru tuong lai,
chuing t6i sé& cb géng thu thap di¥ liéu va gidi trinh tw cac chdng P. aeruginosa mai nhat, cling nhw kham pha muirc
dod phan loai clia cac chiing sequence type khac dé bd sung vao hiéu biét hién cé.

KET LUAN

Nghién ctru nay da chirng minh dwoc mirc dé phan giai cao clia cac cong cu dwoc khdo sat trong viéc phan loai
cac ching P. aeruginosa & Viét Nam va so sanh  chang voi cac chung trén thé gidi. Cac két qua cta nghién ctru
nay s& gép phan vao viéc nang cao hiéu biét vé sy da dang di truyen va sy lan truyen cua P. aeruginosa néi
riéng va cac chiing vi khuan da khang néi chung, tir d6 hd tro' phat trién cac bién phap kiém soat va phong ngira
hiéu qua hon, tlr d6 bao vé strc khde cong ddng trong tinh hinh khang thudc di» doi tai Vit Nam.
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STUDY ON THE GENETIC DIVERSITY OF Pseudomonas aeruginosa
IN VIETNAM THROUGH PAN-GENOME, CORE GENOME MLST,
AND CORE GENOME SNP ANALYSES

Vuong Thi Huongl, Nguyen Tien Dat’, Trinh Thi Xuan?, Nguyen Cuongs"
1LOBI Vietnam Ltd
2Faculity of Information Technology, Hanoi Open University

®Institute of Information Technology, Vietnam Academy of Science and Technology

SUMMARY

Pseudomonas aeruginosa, a highly adaptable pathogen, is one of the major causes of hospital infections in
Vietnam, particularly with the prevalence of carbapenem-resistant strains, notably ST235. Effective infection
control requires a detailed understanding of its transmission and resistance patterns. This study aims to analyze
the pan-genome, core genome MLST (cgMLST), and core genome SNP (cgSNP) of P. aeruginosa strains
isolated in Vietnam, comparing and integrating these methods to enhance epidemiological resolution. We
examined 196 P. aeruginosa gene profiles from Vietnam and 956 complete genome sequences from the NCBI
database. Initial strain typing was performed using MLST. Pan-genome analysis was conducted with Roary,
while cgMLST schemas were developed with ChewBBACA, and core genome SNP analysis was performed
using Parsnp. Phylogenetic trees were constructed and visualized using GrapeTree and iTOL. The analysis
identified 334 known sequence types (ST) from the NCBI database, including 127 new STs, and 25 known STs
from the Vietnamese dataset, with 8 new STs. ST235 was the most prevalent, accounting for 77.04% of the
Vietnamese samples. The pan-genome analysis revealed 68,963 genes, with 4.16% being core genes. The
cgMLST schema included 3,289 loci, providing higher resolution compared to traditional MLST. Phylogenetic
analysis of ST235 strains demonstrated clear clustering patterns, showcasing the superior discriminative ability
of cgMLST and cgSNP analysis. This study highlights the effectiveness of advanced genomic tools in
classifying and comparing P. aeruginosa strains, enhancing understanding of genetic diversity, and supporting
the development of effective infection control and resistance management strategies in Vietnam.

Keywords: Core genome MLST, core genome SNP, genetic diversity, pan-genome, Pseudomonas aeruginosa, Vietnam.
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