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NGHIEN CU’U BAC PIEM HE GENE CUA 243 MAU VI KHUAN
Neisseria gonorrhoeae PHAN LAP TAI VIET NAM
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TOM TAT

Tinh trang khang khang sinh ¢ loai vi khuéan Neisseria gonorrhoeae gdy bénh ldu ¢ nguoi, dang 1a mot mdi nguy
hai strc khoe toan cau theo WHO. Khu vye Dong A va Pong Nam A 1a ngudn chinh xudt hién va lay lan cac
chung vi khuan nay trong nhiéu thap ki gan day, trong d6 co Viét Nam. Méc du véy, cac nghién ctru vé dac diém
hé gene cuia loai vi khuan nay ¢ Viét Nam con rat han ché. Pa sé cac nghién ctru & Viét Nam vé vi khuan nay
trong 5 nam tro lai day tap trung vao nghién ctru xu huéng khang khang sinh cua ching dwa vao cac ki thuat vi
sinh va c6 rat it - nghién ctru phan tich vé déc diém hé gene ctia N. gonorrhoeae. Do do, ching t6i xdy dung mét
quy trinh bao gdm 4 ndi dung can thiét dé phan tich cac dic diém di truyén ciia 243 trinh tu tho cua vi khuan N.
gonorrhoeae & Viét Nam bao gdm: Lap rap, du doan, chu giai hé gene; du doan cac gene doc luc va gene khang
khang sinh; x4c dinh ST va v& cdy phan loai dua vao cac house-keeping gene; phan tich Pangenome. Két qua thu
dugc 241/243 hé gene lap rap va cha giai phu hop (kich thude hé gene 2,074-2,307 Mb; s6 luong gene 2.024-
3.112; ty I¢ GC 52,27%-52,70%) c6 do tuong ddng cao voi hé gene tham chiéu ASM1303007v1 (kich thudc hé
gen 2,2Mb; sb lwong gene 2.283; ty 16 GC 52,5%). Pong thdi, phat hién dugc 43 gene doc luc va 11 gene khang
khang sinh. Trong do, c6 39/43 gene doc luc va 7/11 gene khang khang sinh xuét hién & tit ca cac hé gene lip
rap. Két qua phan tich pangenome bao gom: 1600/4270 (37,47%) core gene, 1925/4270 (45,08%) accessory
gene va 745/4270 (17,45%) unique gene. Két qua phan nhém ST cho biét 240/241 mau nay thudc 41 nhém ST
khac nhau véi mau ST7371 chiém ty 1é cao nhat (11,11%). Két qua xay dung cay phan loai cho thdy c6 2 nhanh
dugc phan chia tir géc, nhanh 1 voi 117 hé gene va nhanh 2 véi 123 hé gene.

Tir khéa: Cay phan loai, dac diém hé gene, Neisseria gonorrhoeae, Tin sinh hoc, tinh trang khéang khang sinh.

MO DAU

Vao nam 2019, T4 chtrc WHO d3 dwa ra mot canh bao vé 10 nguy co anh huwéng lén dén strc khde ma nhan loai
dang phai déi mat (WHO, 2019). Trong do phai ké dén sy xuét hién ngay cang nhidu ctia cac chdng vi khuan
khang khang sinh do sy lam dung nhiéu loai thuéc trong ngan nglra va diéu tri cac bénh nhiém trung, nhiém
khuén. N. gonorrhoeae & mét loai vi khuan gay bénh lau & ngudi, 1ay qua dwdng tinh duc (STIs). Theo WHO,
mbi ndm c6 khodng 82,4 triéu ca nhiém tring do N. gonorrhoeae trén toan thé gidi, x&p thir 3 trong nhém STls
trén pham vi toan cau (WHO, 2024). Tuy nhién, viéc quan ly va diéu tri nhidm tring N. gonorrhoeae ngay cang
tré nén phtrc tap do sw xuét hién tinh trang khang khang sinh (AMR). Hién nay, N. gonorrhoeae da phat trién dé
khang tt ca cac nhém khang sinh truyén théng dwoc st dung d& diéu tri nhidm triing bénh lau (Addamson et al., 2020).

Adamson va cac cong sy Viét Nam da thyc hién mdt nghién ctu vé 409 ching N. gonorrhoeae phan lap ti
2017- 2019 va phat hién chung da khang véi penicillin, tetracycline, ciprofloxacin va dang cé xu huwéng giam dan
dd nhay cam véi ceftriaxone, azithromycin. Day 1a hai loai khang sinh dwoc khuyén céao st dung khi bi nhiém
khuan N. gonorrhoeae mang lai hiéu qua khi ma cac khang sinh khac da khéng thé tiéu diét dwoc loai vi khuan
nay (Adamson et al., 2020). Diéu nay chirng td mirc dd nguy hiém cla loai vi khuan nay ngay cang ting & Viét
Nam. Thém vao d6, sb lwong cac nghién ctru vé& N. gonorrhoeae trong nhivng nam gan day rat it va thuong chi
tap trung vao kiém tra d6 nhay cdm véi khang sinh bang cac ki thuat vi sinh ch&r chwa di sau vao nghién cru dac
diém hé gene.

Vao ndm 2023, Adamson va cac cdng sw Viét Nam da tién hanh mét nghién ctu khac vé phét hién cac chung
N. gonorrhoeae khang ceftriaxon. Két qua nhan manh réng Ceftriaxon, liéu phap duy nhét con lai trong diéu tri
lau cau dang bi de doa. Va viéc phat hién céac chung nay la cé thé sy xuét hién cla gene penA-60.001 trong hé
gene cua chung (Adamson et al., 2024).Vi vay, céc bién phap can thiép dwa vao dic diém hé gene rat quan trong
nh&m phat hién trinh trang khang thudc va giam thiéu sy lay truyen thém cdia N. gonorrhoeae mét cach chinh xac
va nhanh chong. Do dd, viéc tim hiéu vé& cac dac diém di truyén dé dy doan va giam sat tinh trang khang khang
sinh ctia N. gonorrhoeae 1a can thiét.
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Nh&m thwc hién muc tiéu nay, ching tdi 14y dir liéu gidi trinh tw cba 243 mau N. gonorrhoeae phan lap & Viét
Nam, dwoc lwu trr trén SRA va phan tich cac dac diém di truyén cla chiing bang cac quy trinh Tin sinh hoc. Ndi
dung nghién cu quy trinh bao gém: LAp rap, dw doan, chl gidi hé gene; dy doan cac gene doc luc va gene
khang khang sinh; xac dinh ST va vé cay phan loai dwa vao cac house-keeping gene va phan tich Pangenome.
Céc két qua nay co thé ng dung trong du dodan, giam sat va cac nghién ctu lién quan v& N. gonorrhoeae néi
riéng cling nhw nhiéu loai vi khudn khac néi chung trong twong lai.

DU LIEU VA PHUONG PHAP

Div liéu

Trong nghién ctru nay, chlng t6i st dung 243 b6 di liéu WGS cua vi khuén N. gonorrhoeae dugc phan 1ap &
Viét Nam. Trong d6, 229 mau thu thap vao nam 2011 va 2015-2016 & Bénh vién Da liéu, Ha No6i (Lan et al.,

2020). Con lai 14 mau phan Iap trong ndm 2019-2020 & H6 Chi Minh va Ba Nang (Trinh et al., 2022). Toan bé di
lieu WGS nay duworc tai vé tlr co s& dir liéu SRA véi ma truy cap la PRIEB34425 va PRIEB45627.

Phwong phap
Lap rap, dw doan va cha giai hé gen

D liéu WGS véi dinh dang FastQ dwoc danh gia bang FastQC v0.12.1 va tién xtr ly bang Trimmomatic v0.39 véi
cac tham s6 nhw sau: SLIDINGWINDOW:4:20 (Loai bd céac vi tri bases c6 chét lwgng trung binh thdp hon 20),
MINLEN:100 (Loai bé cac doan trinh tw ngan hon 100bp) va loai bé cac adapters. D liéu trinh tw sau tinh sach
duoc I1&p rap bang phadn mém Shovill v1.1.0 véi tham sb mac dinh. Két qua lap rap dwoc danh gia chat lwong
b&ng phdn mém QUAST v5.0.2 (Gurevich et al., 2013) v&i tham sb méc dinh va danh gia do hoan thién bang
BUSCO v5.6.1 (Manni et al., 2021) v&i co s& dir liéu bacteria_odb10. Cac hé gene cé dd hoan thién cao (>90%
Complete) dwoc gilr lai va thuc hién dw doan, chu gidi gene bang cong cu Prokka v1.14.6 véi cac tham sé méc dinh.

Dw doan gene doc lwc va gene khang khéang sinh

Dwa vao cac thong tin v& gene doc lwc va gene khang khang sinh trén co s& di liéu lan lwot 1a VFDB
(http://lwww.mgc.ac.cn/VFs/main.htm) va CARD (https://card.mcmaster.ca/), cdng cu Abricate v1.0.1 (Seemann,
2023) dwoc str dung dé phat hién cac doan trinh tw c6 mirc dd twong ddng cao (>80%) so v&i cac gene trong co
s& di¥ liéu. Cac gene nay sau d6 duwgc thdng ké va phan nhém theo cac nhém déc lwe trén VFDB va nhém khang
sinh trén CARD.

Phan tich dai hé gene Pan-Genome

Céac két qua cha giai (dinh dang gff) tv Prokka v1.14.6 (Seemann, 2014) duoc tdng hop lai va phan tich
pangenome bang cong cu Roary (Page et al., 2015). Sau do, so lwgng cac nhom genes nhw: Core gene, Unique
gene va new gene duoc thong ké theo sO Ilwgng hé gene phan tich va trirc quan hda bang python.

Xay dwng cay phén loai dwa trén ST

Cac contigs thu dwoc tir két qua Iap rap dwoc st dung lam dau vao cho céng cu mist v2.23 dwa vao thong tin
phan loai ST trén co s& di¥ liéu pubMLST (https://pubmist.org/neisseria). Phwong phap nay dwa vao viéc xac
dinh sequence type clia 7 house-keeping gene cla Neisseria (adk, abcZ, aroz, fumC, pgm, gdh, pdhC) dé phan
nhém ST. Sau d6, cong cu MAFFT v7.526 (Katoh et al., 2002) dwoc dung cho viéc ddng hang da trinh tw. Két
qua déng hang dwoc dwa vao FastTree v2.1.11 dé vé cay phan loai va iTOL v6 dwoc st dung dé tryc quan héa
hinh dang cay.

KET QUA VA THAO LUAN
Két qua lap rap, dw doan va chu giai hé gene

Hai tr&m bén mwoi ba bd di¥ liéu hé gene cla N. gonorrhoeae dwoc tinh sach bang Trimmomatic va I&p rép bang
Shovill, thu dwoc 243 hé gen voi kich thwdce tir 2,074-2,307Mb (trung binh 2,153 + 0,027) v&i so lwgng contig te
68-1.375 (trung binh 103 + 98) véi chi s& N50 ttr 2.178-80.821 (trung binh 55.604 + 10.133).

Két qua dy doan gene xac dinh sb lwgng gene cla 243 hé gene vi khuan N. gonorrhoeae dao déng tlr 2.024-
3.112 (trung binh 2.125 + 79) gene. Thém vao d6, cac thdng ké vé sb lwong RNA bao gdm: 3-4 rRNA, 48-61
tRNA va 1 tmRNA. Ty I& GC khoang 52,27%-52,70%. Két qua |ap rap, dw doan va chu giai hé gene nay phu hop
véi hé gen tham chiéu (ASM1303007v1) c6 kich thwéc hé gene 1a 2,2Mb, sb lwong gene 2.283, ty 1&é GC 52,5%.

D6 toan ven hé gene duoc danh gia bing phan mém BUSCO cho thdy ty I& hoan thién cla 241/243 mau N.
gonorrhoeae deu trén 90% (Complete). Hai mau con lai la ERR3623126 va ERR3623149 c6 d6 hoan thién thap
hon 90%, lan lwot 1a 59.7% va 75% bj loai bé khéi cac phan tich tiép theo.
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Két qua dw doan gene ddc lwc va gene khang khang sinh

Cac gene doc luc 1a cac gene c6 kha nédng mé hoéa thanh cac protein gitp vi khudn xam nhap, bam dinh, sinh san
va gay hai cho té bao vat cha, dan dén nhiém khuén. Két qua xac dinh gene doc luc trong co s di liéu VFDB
cho thdy c6 43 gene déc lwc tdn tai trong 241 hé gene N. gonorrhoeae. Trong d6, 39/43 gene dwoc phat hién &
hau nhw tat c& cac mau, chiém 88%. Trong 39 gene chung nay, c6 18 gene thudc nhém Adherence (Bam dinh),
chiém sb lwong nhiéu nhat. Ngoai ra, sé lwong cac gene thudc nhém khac bao gom: 6 gene thudc Stress
survival, 9 gene thudéc nhom Nutritional/metabolic factor, 5 gene thudc Antimicrobial activity/Competitive
advantage, 1 gene thudc nhém Immune modulation. 4/43 gene con lai chi tén tai & mot s6 mau (Ty 1& chua téi
10%). D&c biét c6 xuét hién gene porB 1a mét gene dwoc phan vao nhém Invasion véi ty 1& 6.6%, mot nhom maoi
s0 v&i cac nhdm & trén. Cac két qua thdng ké chi tiét dwoc trinh bay & Bang 1.

Bang 1. Théng ké sé lwgng cac gene doc Iwc trong 241 mau N. gonorrhoeae

Nhém Tén gene S6 lwong Tylé

pilX, pilK, pild, pill, pilH, pilZ, pilT2, pilP, pilO, pilN, pilM, pilw,

pilF. pilD. pilG, pilV/, pilT 241 100%
Adherence pilu 240 99.6%

pilQ 2 0.8%

pilE 9 3.7%
Stress Survival recN, mntA, mntB, mntC, katA, msrA/B (pilB) 241 100%

fbpA, fbpB, fbpC, IbpA, IbpB, hpuA, hpuB, hmbR, tbpA 241 100%
Nutritional/metabolic factor

tbpB 2 0.8%
Antimicrobial activity mtrC, mtrD, mtrE, farA, farB 241 100%
Immune modulation nspA 241 100%
Invasion porB 16 6.6%

Trong 241 mau N. gonorrhoeae, ching toi phat hién duwoc 11 gene khang khang sinh theo co sé& dir liéu CARD.
DPdng thdi, c6 7/11 (63.64%) gene cd & tAt ca cac mau vai ty 1& xudt hién la 100%. Cac gene nay khang véi
macrolide, penam va free fatty acids. Cac gene con lai chia 1am 2 nhém, bao gdm: Nhém khang tetracycline c6
97 mau; nhém khang cephalosporin, monobactam, penam, penem véi 80 mau. Théng tin v& tén gene va sb
lwong mau cé & Bang 2.

Bang 2. Théng ké sé lwong cac gene khang khang sinh trong 241 mau N. gonorrhoeae

Tén gene S6 lwong mau Ty lé (%) Loai thuéc khang

tetM 97 40,25% Tetracycline

mtrC 241 100% Macrolide, penam

mtrD 241 100% Macrolide, penam

mtrE 241 100% Macrolide, penam

farA 241 100% Free fatty acids

farB 241 100% Free fatty acids

macA 241 100% Macrolide

macB 241 100% Macrolide

TEM-1 43 17,84% Cephalosporin, monobactam, penam, penem
TEM-135 36 14,94% Cephalosporin, monobactam, penam, penem
TEM-206 1 0,41% Cephalosporin, monobactam, penam, penem

Két qua phan tich Pangenome

Pangenome la tap hop toan bd gene cla tit ca cac ca thé trong mét loai. CAu tric cda pangenome bao gdm:
Core genome (Céc gene chung cla tat ca cac ca thé va co lién quan dén cac chirc nang co ban va thiét yéu cho
sw sdng), Accessory genome (Cac gene hién dién & mét sé ca thé va cé lién quan dén dac diém thich nghi cu thé
cta tirng nhém nhd), Unique genome (CAc gene tdn tai & 1 ching duy nhat, mang tinh d&c trwng cho tirng ca
thé). Trong 4270 gene dwoc phat hién & 241 mau N. gonorrhoeae, c6 1675 (37,47%) core gene, 1925 (45,08%)
accessory gene va 745 (17,45%) unique gene.
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Conserved vs Total Genes Unique vs New Genes

—

Hinh 1. A-M&i quan hé giira core genes va s6 lwong mau; B- M0| quan hé gilra unique genes va new genes
v&i s6 lwong mau

Céac méi quan hé gitra cac nhém genes v&i sb lwgng hé genes duoc thé hién & Hinh 1. Khi sé lwong hé genes
téng thi sd lwong cac gene bao tdn (Core genome) cé xu hwéng gidm dan trong khodng 25 hé gene dau va hau
nhuw khéng thay ddi khi phan tich thém vao cac hé gene tiép theo. Tuong ty, sb lwgng unique gene (Téng hop
cac gene duy nhét trong cac hé gene phan tich) c6 xu hudng giam & cac hé gene dau va tang dan khi phan tich
thém cang nhiéu hé gene. Nguoc lai, so lwvong new genes (So lwgng gene m&i so v&i cdc hé gene phan tich
trwéc d6) gidm dan theo cép sé nhan. Diéu nay chirng té rdng cac gene dic trwng riéng cho tirng cé thé
N. gonorrhoeae xuét hién ngay cang nhiéu, gidp vi khuén thich nghi v&i nhiéu loai khang sinh khéac nhau.

Két qua xay dwng cay phan loai dwa trén ST

Trong 241 m?a,u N. gonorrhoeae thyc hién phan tich, c6 1 méu |a ERR3623233 khong xac dinh dwoc nhom ST.
Keét qua chi tiet veé cac nhom ST va so lwgng mau thude tivng nhdm c6 & Bang 3. Bong thoi, cac ket qua phan
tich ty 1& cda ttrng nhém ciing dwgc thé hién & Hinh 2.

Bang 3. Théng ké sé lwgng ST trong 243 mau N. gonorrhoeae

STT S6 lwong Tylé ST S6 lwong Tylé ST S6 lwong Tylé

ST7371 27 11,11% | ST7360 5 2,06% | ST7367 2 0,82%
ST1588 23 9,47% ST6714 5 2,06% | - 1 0,82%
ST7363 18 7,41% ST1596 4 1,65% | ST11710 1 0,41%
ST1600 16 6,58% ST8153 4 1,65% | ST12516 1 0,41%
ST1901 14 5,76% ST7823 3 1,23% | ST12520 1 0,41%
ST13871 14 5,76% ST8109 3 1,23% | ST1904 1 0,41%
ST7822 13 5,35% ST1902 3 1,23% | ST16471 1 0,41%
ST11230 1 4,53% ST8143 2 0,82% | ST1921 1 0,41%
ST7827 10 4,12% ST10241 2 0,82% | ST1925 1 0,41%
ST1583 10 4,12% ST9900 2 0,82% | ST1927 1 0,41%
ST10313 7 2,88% ST6960 2 0,82% | ST11231 1 0,41%
ST10314 7 2,88% ST11173 2 0,82% | ST1963 1 0,41%
ST8123 7 2,88% ST12518 2 0,82% | ST1580 1 0,41%
ST1920 7 2,88% ST12514 2 0,82% | ST1582 1 0,41%

Két qua cay phan loai theo ST cho thdy cac nhém ST dwgc phan theo tirng cum véi don vi dd dai cla cay &
0.001. Trong d6, Ngoai ra, cé thé thdy dwoc nhdm ST cé khoang céach xa nhét so véi gbe 1a ST8153 (thudc nhém
others) va nhém ST8123 (mau vang) c6 khoang cach gan nhét so véi gbc. T gbe, cay phan loai chia lam 2
nhanh: Nhanh 1 chia 117 hé gene véi da s6 cac hé gene thugc 6 nhém ST: ST1901, ST7371, ST10314,
ST1583, ST7822 va ST11230; nhanh 2 chira 123 hé gene. Thém vao dd, nhanh 1 cling la nhanh c6 sy da dang
vé ST hon so v&i nhanh 2 vi sb lugng cac hé gene thudc nhém others (mau den) chiém sé lwgng nhiéu hon hén.
Trong d6, nhém ST7371 chiém ty 1& nhiéu nhat & nhanh 1 c6 méi quan hé gan nhét véi nhém ST7822 (mau xam)
va nhém ST1588 chiém ty 1& nhiéu nhat & nhém 2 cé khodng cach gan nhét véi nhém ST1596 (nhém others).
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Hinh 2. Cay phan loai theo MLST
KET LUAN

243 b6 dir liéu giai trinh tw lllumina t&» SRA cla loai vi khuin N. gonorrhoeae dwoc st dung trong nghién cteu dac
diém hé gene thu dwoc 241 hé gene pht hop sau khi 1&p rap. Cac hé gene nay cé kich thudc tir 2,074-2,307 Mb,
ty 1& GC khoang 52,27%-52,70% va sb lwong gene 2.024-3.112. Céc sb liéu nay phu hop véi hé gene tham chiéu
cua loai vi khuan nay véi ma ID 1a ASM1303007v1 trén NCBI. S6 lwong gene doc luc va khang khang sinh phat
hién 1an lwot 1a 43 va 11. Trong d6, c6 39/43 va 7/11 gene xuét hién & tat ca cac mau. Do do, 241 hé gene nay
déu co6 kha ndng khang cac loai khang sinh bao gdm: macrolide, penam, free fatty acids va cé thé gay doc theo
nhidu co ché khac nhau nhw: Adherence, stress survival, nutritional/metabolic factor, antimicrobial activity,
immune modulation. Bdng thei, phat hién dwoc 1675/4270 (37, 47%) core gene, 1925/4270 (45 08%) accessory
gene va 745/4270 (17,45%) unique gene. Xu huong cua core gene va unlque gene glam dan & cac mau ban dau
va thay ddi rat it khi tang sb lwgng mau 1én. Mat khac, sb lwgng new gene gidm theo c&p sb nhan khi ting lwong
mau. Két qua phan tich ST cho thdy cé 240/241 hé gene xac dinh duwoc ST. Trong do, ty 1& ST7371 |a nhiéu nhat
véi 11,11%. Cay phan loai xay dwng bang sw khac biét gitra 7 house-keeping gene chia cAc mau thanh 2 nhanh:
nhanh 1 (117 hé gene) v&i d6 da dang vé ST hon so véi nhanh 2 (123 hé gene).

Loi cam on: Nghién citu nay duwoc tai troboi Céng ty TNHH LOBI Viét Nam.
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SUMMARY

Currently, antibiotic resistance Neisseria gonorrhoeae, which causes gonorrhea in humans, is a global health
threat according to the WHO. The East Asia and Southeast Asia regions have been the main sources of
emergence and spread of these bacterial strains in recent decades, including Vietham. However, studies on the
genetic characteristics of this bacteria in Vietnam are still very limited. Most studies in Vietnam on this bacteria
in the past five years have focused on researching its antibiotic resistance trends using microbiological
techniques, with very few studies analyzing the genetic characteristics of N. gonorrhoeae. Therefore, we have
developed a protocol comprising four essential components to analyze the genetic characteristics of 243
N.gonorrhoeae raw sequences in Vietnam, including: genome assembly, gene prediction and gene annotation;
prediction of virulence genes and antibiotic resistance genes; determination of ST and phylogenetic tree
construction based on housekeeping genes; pangenome analysis. The results obtained 241/243 assembled and
annotated N. gonorrhoeae genomes (genome size 2.074-2.307Mb; number of genes 2,024-3,112; GC content
52.27%-52.7%) with high similarity to reference genome ASM1303007v1 (genome size 2.2Mb; number of
genes 2,283; GC content 52.5%). Additionally, 43 virulence genes and 11 antibiotic resistance genes were
identified. Among them, 39/43 virulence genes and 7/11 antibiotic resistance genes were present in all assembled
genomes. P'angenome analysis results include: 1600/4270 (37.47%) core genes, 1925/4270 (45.08%) accessory
genes, and 745/4270 (17.45%) unique genes. The ST grouping results showed that 240/241 samples belonged to
41 different ST groups, with ST7371 being the most prevalent (11.11%). The phylogenetic tree construction
results revealed two distinct clades, with clade 1 comprising 117 genomes and clade 2 comprising 123 genomes.
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