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T6ém tit—Viéc hiéu biét vé di truyén cua vi khuan va
cic co ché dang sau kha ning khang khang sinh phu
thuoc quan trong vao viéc phat hién plasmid. Trong ba1
viét nay, chung t6i cung cip mot phan tich toan dlen vé
céc cong cu nhéan dién plasmid khac nhau, bao gém cac
phuong phap dua trén cén chinh, dya trén hoc may, va
phuong phap lai. Cac nha nghién ciru va chuyén gia co
thé thu duoc nhiéu thong tin hiru ich tir vi€éc xem xét uu
va nhugce diém cua timg phuong phap. Ching t6i ciing
lam rd cac quy trinh 1am viéc dugc sir dung dé chuan bi
dir liéu va danh gia cac cong cu nay bang cach sir dung
ca dir lidu tong hop tir NCBI Qua nghién ctu ky ludng,
chung t6i chig minh ring cac quy trinh dé xuit c6 higu
qua va dg tin cay cao trong viéc nhan dién chinh xac
plasmid trong ca méi truong mo phong va thuc té. Nhing
phat hién nay gop phan vao khoa hoc nhan dién plasmid
va mé ra huéng nghién ciru tiép theo vé khang khang
sinh va di truyén vi sinh vat.

Tir kh6a—Vi khuin khang khéang sinh, Plasmid, tin
sinh, hoc may.

I. GIOI THIEU

Mot phan tich chi tiét vé cac ky thuat nhan dién
plasmid cho thay rd nhitng vu diém va nhuoc diém cua
céc chién lugc khac nhau. Vi cac phuong phap dya trén
can chinh dya vao sy tuong déng cua trinh ty, ching c6
thé b6 qua nhitng khac biét quan trong khi ¢d ging phan
biét giira cac plasmid c6 do khac biét 16n. Mat khac, mac
du cac cong cu dua trén hoc may rt htra hen, do
chinh xac cia ching co6 thé bj giam do phu thudc vao
cac mau da duoc xac dinh trudc do. Cac ky thuat can
chinh danh cho cac plasmid c6 quan hé gan giii dwoc két
hop mét cach khéo 1éo bdi cac phuong phap lai, giup viéc
nhan dién cac trinh ty twong ty trd nén dé dang hon. Cac
cong cu dya trén motif hodc tin suit k-mer, ching han
nhu PPR-Meta [8] va PlasFlow [2], hoat dong ddc biét
t6t trong CAC truong hgp ma céc trinh ty c6 cac miu
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d& nhan dién. Tuy nhién, ching co6 thé khong dy doan
chinh xac dugc cac plasmid méGi véoi cac dic tinh bét
thuong hodc khdng mong doi. Thiéu sy cin chinh hodc
khong c6 cac motif co thé dan dén du doan khong chinh
Xac, budc cac cdng cy phai dua vao céc tiéu chi co ban
hon nhu sb lugong gen hodc d¢ dai trinh tu.

Cac phuong phap lai nhu PLASMe [3] sir dung cac
mé hinh Transformer dic thu theo thu tu dé du doan cac
lién két dua trén thr tu trinh tu thay vi can chinh truc tiép
khi phai d6i mat véi céc plasmid khac biét. Viéc dwa cac
protein dic trung cta nhiém sic thé vi khuan vao cac co
so dir liéu plasmid dudong nhu 1a mot bude di khon ngoan
nham tang d¢ chinh xac cia dy doan. Vi hau hét cac
protein thiét yéu cho sy séng cua vi khuan déu duge tim
thdy trong nhiém sic thé, viéc bd sung ching co thé cai
thién hiéu sudt cua cac mé hinh hoc may. Hon nira, cac
mo hinh Transformer da tiét 10 kha nang tdn tai cac
protein plasmid chua dwoc dic trung hoa, cho thay vai tro
chirc ning tiém niang vuot ra ngoai cac chu thich hién co.
C6 thé cung cip thong tin m&i vé tim quan trong tién hoa
va sinh thai cia cac plasmid bang cach dy doan nhimng
vai tro nay. Ching toi s€ giai thich cac phuong phap nhan
dién plasmid hién tai dugc st dung trong bao cao nay,
bao gdm ca wu diém va nhugc diém cua ching. Tiép
theo, ching t6i s& thao luan vé mot quy trinh chi tiét lién
quan dén viéc chuén bi dit liéu dé danh gia phwong phap.
Cubi cung, chung t6i s& danh gid mot sb phuwong phép
bang cach str dung dit liéu thuc té va dé xuét cac hudng
nghién ctru tiép theo.

1. CAC THUAT TOAN PE NHAN DANG
CHUOI PLASMID
A. Phirong phap dua trén can chinh c&c chudi

Mot yéu td ngay cang tré nén quan trong | nhirng hiéu
biét vé& "dir liéu 16n." Lwong dit liéu trinh tu ngay cémg
tang d01 héi cac phuorng phap xu ly tu dong VO’l hiéu sut
cao la can thiét. Vi thlet ké tuong tac hodc trién kha1 dua
trén web, khong phai tat ca cac san pham phan mém tin
sinh hoc hién c6 trén thi truong déu du kha nang dé
phan tich v6i hiéu suat cao, chwa néi dén viéc tich hop
muot ma vao cac quy trinh nghién ctru 16n hon. Kién triic
co s& dir liéu chuyén biét theo phéan loai cling dat ra
nhitng thach thirc bd sung vi ngudi ding khong c¢6 du hd
tr tin sinh hoc hodc strc manh tinh toan dé tao ra cac co
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so dir liéu da phan loai 16n hodc chuyén biét. Hon nira, do
dir liéu nay khong phai lac nio ciing dé dang truy cap,
su phy thudc vao dir liéu thé hodc dir liéu trung gian—
nhu cac trinh tu doc va db thi lap rap—co thé can tro qua
trinh phan t1ch Xt Iy v6i hidu suat cao yeu cdu cac cong
cu phan mém tin sinh hoc phai dugc thiét ké va trién khai
theo cach dap (g cac yéu cau vé kha ning mé rong cia
dir liéu 16n. Diéu nay bao gébm viéc cung cip cac dau ra
phan loai ¢ thé hanh dong, ché“ing han nhu phan loai nhi
phén chinh xac, tao ra giao di¢n dong 1énh khong tuong
tac va, néu c6 thé, ap dung thiét ké co so dir liéu doc lap
v6i phan loai.

Dé xac dinh ngudn gbe replicon ciia cac contig, cong
cu nhu Platon [4] két hop mt loat cac dic diém cép cao

clia contig v6i viéc diéu tra sy phan b 1éch cua trinh tu
protein theo replicon. Platon dau tién phan loai cac
contig dai hon 500 kbp hodc ngén hon 1 kbp 1a nhidm séc
thé. Heuristic nay dua trén quan sat ring cac trinh tu chira
1 kbp hiém khi chira ma CDS hoic thong tin c6 thé khai
thac dugc dé cho phép phan loai chinh xac. Tuy nhién,
theo kinh nghiém cta chung t6i, cac contig 16n hon 500
kbp hiém kh1 néu cé, dugc lay tir plasmld vi chung
thuong bao gdm cac dic diém di truyén khién céc trinh ty
16n khé lap rép, nhu transposon va integron. Do do,
heuristic nay cai thién toc do xtr Iy ma khong lam giam
dang ké hiéu sut phan loai.

Trong giai doan tiép theo, cac trinh ty ma hoa (CDS)
dugc dy doan bang cach sir dung Prodigal va duoc truy
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Hinh 1. So' do quy trinh mé ta luong cong viéc duwoc trién khai trong Platon. ORF, cdc khung doc mo; MPS, trinh
ty protein danh ddau; RDS, diém phan bo replicon; SNT, nguong do nhay, SPT, nguong dac trung; nhom khong
twong thich, cac nhom khong twong thich; CT, nguéng bao thu.

SO 04 (CS.01) 2024

TAP CHf KHOA HQC CONG NGHE THONG TIN VA TRUYEN THONG 70



Nguyén Dinh Quén

van véi co so dit liéu cac yéu té di truyén di dong (MGE)
thdng qua Diamond, d4p dung cic ngudng phat hién
nghiém ngat phu hop véi thong sd cum cua cic cum
UniRef90 co ban. Cac ngudng nay yéu cau do bao phi
khong dudi 80% va do tuong dong cua trinh tu khong
dudi 90%. Sau do, ty 1& doi dao twong ddi trung binh
(RDS) cua tit ca cac MGE dugc xac dinh s& duoc tinh
toan cho mdi contig. Cac contig c6 RDS trung binh thap
hon ngudng d6 nhay (SNT) du ¢ ¢ phan loai la cac trinh
tu nhi®m séc thé. Nguoc lai, cac contig vugt qua SNT sé
dugc phan tich ky ludng theo quy trinh da dugc mo ta
trong phan trudc.

Viéc phan loai tiép theo cac contig la plasmid phu
thudc vao viéc thoa man mot hodc nhiéu tiéu chi sau:

(i) dat dugc RDS trung binh vugt ngudng dac trung
(SPT); (ii) ching minh kha ning circularizability;

(iii) chira it nhat mot protein sao chép hodc huy dong;
(iv) chira mot yéu t6 khong twong thich; (v) chira mot
trinh ty oriT; (vi) dat duge RDS trung binh vuot qua
ngudng bao thi (CT) va c6 két qua BLAST+khép vdi co
s¢ dir liéu plasmid RefSeq ma khéng mé hda cac gen
ribosome.

B. Cac phuwong phap dua trén hoc may

St dung céc phuong phép tiép can hoc may dé tu
dong kham pha cac trinh ty plasmid trong bét ky
metagenome nao la mdt cach tiép can thu vi khac dé
nhan dién plasmid tr dit liéu metagenomic bin pha
(shotgun). Cac phuong phap dua trén ddu hiéu di truyén
d3 tim ra mbi quan hé giita thanh phan %G+C cua bd
gen va su tuong dong giita plasmid va vat chi. Hon nira,
cac ma vach ctia bo gen plasmid thuong thé hién cac dic
diém tuong tu, co thé 1a do ap luc chon lgc twong ty gay
ra boi sy chuyén giao thuong xuyén ciia chung giita cic
mai trudng nudi cdy té bao.

C6 mot loat cac thuat toan duoc thiét ké cho van dé
phan loai contig, v4i nhiéu trong sé do moi duoc phat
trién gan day. Cac phuong phap nay chu yeu tan dung cac
tiép can hoc may. Phuong phap sém nhét cho viéc phan
loai contig, cBar [5], tién phong sir dung hd so k-mer ctia
mdt contig lam dac tinh chinh trong mo6 hinh phén loai
hoc may. Trong cBar, mé hinh dwoc huin luyén bang
mot tap dit lidu 16n bao gdm cac td hop bd gen vi khuan
da dong. Nguyén tic chung cua viée sir dung céc thudc
tinh k-mer lam dac tinh phan loai cling da duogc ap dung
boi nhiéu bd phan loai hoc may hién dai, bao gém
PlasFlow, mliplasmids [6], va PlasClass [7]. PPR-Meta
[8] dai dién cho m¢t phuong phap hoc sau dua trén céc
chudi contig ma hda mot-hot.

C. Céac phuong phap lai

PlasForest va Deeplasmid la hai phuong phap gin day
dua trén cac md hinh hoc mdy, tdn dung cac dac tinh da
dang cta mot contig, ché‘ing han nhu thanh phﬁn GC
(thuong khac nhau giita plasmid va nhidm sic thé) va sy
hién dién ciia cac trinh ty déc trung ctua plasmid, dugc
x&c dinh théng qua viéc ddi chiéu véi co so dir lidu
plasmid tham chiéu. RFPlasmid két hop ca hd so k-mer
va cac déc tinh cta trinh ty plasmid.
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Quy trinh PLASMe dua trén thiét ké trén duogc thé
hién trong Hinh 2. DPiu tién, ching t6i lgc cac contig co
d6 dai ngén hon 1k hoic dai hon 350k. Sau d6, ching t6i
s& d6i chiéu chung vdi co so dir liéu plasmid co tén DB,
chira 33 125 trinh tu plasmid tham chiéu. Néu cic contig
dugc ddi chiéu véi mirc @6 bao phu truy van va do twong
dong cao (Tcov = Tident = 90% theo mic dinh), chiing s&
duogc phan loai la plasmid. Ngugc lai, ching s€ dugc gan
vao céac thir ty dua trén gia tri e cua viéc ddi chiéu (nho
hon 10). Sau d6, Transformer dac trung theo thur ty s€
dugc goi dé du doan plasmid. Néu truy van khong thé
dugc gan vao bét ky thir tyr nao bang BLAST dudi gié tri
e mac dinh, nd s€ dugc phan loai 1a khong phai plasmid.
Duya trén phan tich, sy trong dong giita cac plasmid trong
cliing mot thr tu c6 thé dan dén cac dbi chiéu véi gia tri e
dang ké. Do d6, budc nay co thé gitip loc ra mot s6 lwong
16n cac trinh ty khong phai plasmid. Cac phan tiép theo
s& chi tiét cach chung t6i huan luyén Transformer dé
nhén dién plasmid.

I1l.  PHUONG PHAP

Dé danh gia hiéu qua cta cac mo hinh mot cach hidu
qua, diéu can thiét 1 chuén bi cac tap dit liéu phu hop va
khach quan. Cac tap dir liéu nay can phai du 16n va bao
gém mot loat cac loai da dang. Hon nira, phan nay ciing
s& trinh bay mot quy trinh toan dién dé tao diéu kién truy
cap vao dir liéu cho nhitng ngudi c6 nén tang han ché
trong linh vyc tin sinh hoc.

A. Tdi dir liéu tir ngan hang dir liéu NCBI

Tap dit liéu ban dau duoc tai xuéng tr co s dir liéu
NCBI, tip trung cu thé vao cac loai vi khuén duoc bao
cdo 1a co kha ning khang thudc da dang, bao gdm
Escherichia coli, Staphylococcus aureus va Klebsiella
pneumoniae. Cong cu ete3 duoc sir dung dé hd tro viée thu
thap thong tin dua trén cac dinh danh phan loai. Tong
cong c6 8.759 mau vi khuén da duge xir 1y sau khi loc bd
cac mau c6 thong tin khong day du.

B. Chudi doi

Dua trén dir liéu da thu thap, cho mdi mau, ching toi
da xac dinh toan bd bo gen cua cac plasmid va nhan doi
chidu dai trlnh tur plasmld bang cong cu Blopython Quy
trinh nay 1a can thiét vi plasmld thuong co ciu tric hinh
tron, trong khi dir liéu tai xuong lai trinh bay dum dang
cac chudi tuyen tinh. Thong tin tai cac vi tri n01 cla
plasmid, bao gdm cac doan gen, ¢ thé khdng sin c6
ngay. Do d6, viéc ndi chudi hai 1dn dam bao riang cac
contig thu duoc bao quat ddy du thong tin vé plasmid.

C. Sinh ra cac doan doc NGS téng hop

Sau do, chung toi sir dung B mé phong doc Assembly
Read Simulator (ART) dé tao ra cac contig tir Cc ban lap
ghép doc ngan. ART la mot tap hop cac cong cu md
phong tao ra cac doc téng hop
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Hinh 2. Quy trinh ciia PLASMe gom ba bude: loc cdc contig theo dg dai, can chinh véi co sé dir liéu plasmid
co ao twong dong cao, va xdc dinh cdc contig la plasmid dwa trén ¢ dong nhat va do phu. Sau do, PLASMe
sdp xép thir tw contig, dwa vao mé hinh transformer, va dw dodn plasmid néu xdc sudt viegt ngueong da chon.

ctia chudi thé hé tiép theo. Chirc ning nay rat quan
trong dé kiém tra va danh gia cac cong cu phan tich dir
liéu chudi thé hé tiép theo, bao g6m can chinh doc, lép
ghép de novo va phét hién bién thé di truyén. ART tao ra
céc doc chudi gia bang cach md phong quy trinh chudi
v6i cac md hinh 15i doc cu thé theo cong nghé dugc tich
hop san va céc ho so gia tri chat luong co s duogc tham
s6 hoa thuc nghiém trong cac tap dit liéu chudi 16n. Hién
tai, ching t6i hd trg ca ba nén tang chudi thé hé tiép theo
thuong mai chinh: Roche’s 454, Illumina’s Solexa va
Applied Biosystems” SOLID. ART ciing cho phép linh
hoat trong viéc str dung cac tham s6 mo hinh 13i doc tuy
chinh va cac hd so chit luong. Pbi vi mdi bd gen, cac
doc chudi Illumina dugce tao ra béng cach st dung ART
(v2.5.8) dudi cac tham sb cu thé: chudi ghép doi véi
chiéu dai doc 12 100 cip co s& (bp), dat duge do phu gip
50 lan, vd mo phong kich thuéc manh trung binh 1a 400
bp.
D. Xu ly va tao ra cac contig

D@t ligu thu dugc s€ dugc xir ly qua quy trinh
AMRomics. AMRomics la mot bo phﬁn mém duoc thiét
ké dé phan tich cac bo dir lidu di truyén vi sinh vat.
N6 bao gdm mét quy trinh tich hop cac phuong phép tién
tién cho nhiéu khia canh cua phan tich khang thubc
(AMR). Két qua ctia phan tich quy trinh c¢6 thé dugc truy
cédp va tryc quan hda thong qua mét ing dung web, ing
dung nay ciing cung cip kha niang quan 1y dit liéu hiéu
qua.
E. Can chinh contig véi co sé dir liéu tham chiéu

Cubi cung, Minimap2 duoc st dung dé cin chinh cac
contig voi co s dit liéu tham chiéu. Minimap2 12 mot
chuong trinh can chinh da muc dich dé anh xa cac chudi
DNA hoiac mRNA dai chéng lai mdt co s& dir liéu tham
chiéu 16n. N6 hoat dong voi cac doc ngén chinh xac co
chiéu dai 16n hon 100 bp, cac doc gen 1 kb vdi ty 18 15i
15%, cac doc RNA hodc cDNA dai day du c6 do on va
cac contig lip ghép hodc nhiém sic thé day du co lién
quan chit ch& v6i chiéu dai hang trim megabases.
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Minimap2 thyc hién can chinh doc tach roi, st dung chii
phi khoang tréng 16m cho cac chén va xéa dai va gioi
thiéu cac phuong phap méi dé giam can chinh gia. N6
nhanh gip 3-4 lan so véi cac cong cu anh xa doc
ngin phd bién & d6 chinh xac twong dwong va nhanh hon
30 14n so v&i céac cong cu anh xa gen hodc cDNA dai &
d6 chinh xé&c cao hon, vuot trdi hon hau hét cac cong cu
can chinh chuyén dung cho mét loai can chinh.

Dbi vai cac chudi doc on 10 kb, Minimap2 nhanh gip
hang chuc lan so véi cac cdng cu anh xa doc dai
phd bién nhu BLASR, BWA- MEM, NGMLR va
GMAP. N6 chinh x&c hon trén cac doc dai gia va tao ra
cin chinh c6 y nghia sinh hoc sin sang cho cac phan tich
tiép theo. Pdi voi cac doc ngén Illumina I6n hon 100 bp,
Minimap2 nhanh gép ba lan so véi BWA-MEM va
Bowtie2, va chinh xac twong duong trén dit liéu gia.

V. THYC NGHIEM

Chang toi trudc tién so sanh hiéu sudt cia timg
phuong phap trén b dir liu NCBI. Trén bd dir li¢u nay,
chung t6i ciling so sanh cic cong cu nhan dién plasmid
khac nhau, bao gdm cac phuong phap dwa trén hoc may
(PlasClass, RFPlasmid, mlplasmid), cdc phuong phap dua
trén can chinh (PlasmidFinder, Platon) va cac phuong
phép lai (plasmidVerify, PLASMe, Deeplasmid). Chuing
t6i danh gia két qua bang cach sir dung cac chi sb phod
bién, ching han nhu do chinh xac, d6 thu hoi (recall), do
chinh xéc (precision) va diém F1. Tt ca cac cong cu
dugc danh gia déu nhan cac contig lam dau vao va do d6
¢6 thé duoc danh gia trén cung mot b thir nghiém. Dé co
mot so sanh cong bang, ching toi khong bao gdm céc
cong cu lap ghép plasmid dua trén dd thi, vi ching yéu
cau cac dau vao khac va khong duoc t6i wu hoa cho cac
contig.

A. Dir lieu mo phong: Co so dir liéu trinh tw tham
chiéu NCBI

Co s¢ dit liéu NCBI (Trung tam Thong tin Sinh hoc
Qudc gia) 1a mot bo suu tap toan dién vé dir lidu sinh hoc
dugc cdng bd cong khai boi Vién Y t& Qubc gia (NIH) tai
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Hoa Ky. B dit liéu nay bao gdm mét loat thong tin sinh
hoc, bao gém cac chubi gen, tai li€u y sinh, cAu trac phan
tr va nhiéu hon nita. Cac nha nghién ciru, khoa hoc gia
va cdng déng khoa hoc rong 16n st dung b dir licu
NCBI cho nhiéu muc dich khac nhau nhu nghién ciru
genomics, phat hién thude, diéu tra bénh tat va cac
nghién ctru tién hoa. Tinh kha dung va sy phong phii cia
b dir licu NCBI 1am cho né tr¢ thanh mot tai nguyen
quy gia dé thuc day nghlen cu’u y sinh va hiéu biét vé
nhimg phirc tap cua sy sdng & cap d6 phan tir.

B6 dir liéu NCBI dugc md phong tir 8759 b gen hoan
chinh cua ba loai: Escherichia coli, Staphy- lococcus
aureus va Klebsiella pneumoniae. Day 1a ba loai vi khuan
quan trong c¢6 anh huong da dang dén suc khoe con
ngudi. E. coli 1a mot cu dan phd bién trong rudt nguoi,
dong vai tro ca co loi va giy bénh, gay ra cac bénh nhiém
triang duong tiéu hoa va duong tiét nidu. S. aureus cu tra
trén da va niém mac nhung c6 thé try thanh gy bénh,
gy ra nhiém tring da, viém phdi va nhidm tring mau,
thuong  thé hién khang khang sinh. Klebsiella
pneumoniae, thudng c6 trong rudt, co thé dan dén céc
bénh nhidm tring hé hap va duong tiét niéu, dic biét 1a
trong Ccé&c co so'y té, noi ma cac chung khang da thudc
gay kho khan trong diéu tri. Hiéu biét vé cac vi khudn nay
|2 rit quan trong dé quan ly nhidm tring va phat trién cac
chién luoc diéu tri hiéu qua.

Chung t6i thu thap dir liéu va ap dung cac bude tién
xtr ly di néu trong quy trinh dé c6 dugc két qua cudi
cing bao gém céc contig duoc phéan loai theo loai, kém
theo nhan tuong Gng. Tap di liéu mo phéng mo phdéng
rt gan v6i cac quy trinh xir 1y dit lidu trong thé gidi thuc
va ¢6 thé duge su dung lam tiéu chuén dé danh gia hiéu
qua ctia cac mo hinh phat hién plasmid hién tai.

B. C&c chi so danh gia

Péi voi mdi nhiém vu phén loai, chiing t6i danh gia
mot sb chi sb hiéu sudt, bao gém d0 chinh xéac
(precision), 6 hdi twong (recall), diém F1 (trung binh hai
hoa ciia do chinh xac va do hdi tuéng) va do chinh xac
téng thé (accuracy). Déi v6i cac phuong phap gan diém
hodc X4c suat cho céc contig, két qua phan loai phu thudc
cao vao ngudng diém di chon. Luu Yy rang, d6 chinh xéac
va d6 hdi tuong khong xac dinh khi mau sb bang khong,
va diém F1 khong xac dinh néu d6 chinh xac hodc do hoi
tuong khong xac dinh. Chung t6i danh gia timg chi sd
nay trén mdi tp hop dugc bao gdm trong bo thir nghiém
(noi ¢6 thé) va bao cao gia tri trung vi. Tat ca cac cong cu
ma ching t6i so sanh déu thé hién su bién thién lén vé do
chinh x4c clia cdc du doan giira cdc mau riéng 1. Gia tri
trung vi duoc chon vi cac chi s6 thu duoc it bi anh huong
boi céc gia tri ngoai lai.

Cac nhan that va dy doan tao ra cac ) lugng true
positives (TP), true negatives (TN), false positives (FP)
va false negatives (FN) cho nhiém vu phan loai. Mdi
contig dwoc tinh 1a mot don vi duy nhit, bét ké chidu
dai cua nd. Céc contig khong c6 nhén thuc khdng dugc
dua vao danh gid. Luu Y ring, Cic contig c6 nhan thyc 1a
“mo hd” duoc coi 1a duong tinh cho ca nhiém vu phan
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loai plasmid va nhiém sic thé.

Count

S_aursus

K_pneumoniags

Hinh 3. Phan b¢ thanh phan cac 10ai vi khudn trong
b dir lieu

V. KET QUA

Ching t6i di danh gia ban dau hiéu sudt cta cac
phuong phép nay bang céach sir dung mot tap dir lidu thir
nghiém bao gém 834 contig, dwoc phan loai déu thanh
hai nhom: plasmid va nhidém sic thé, ddc thu cho mot
chung E. coli duy nhat. Két qua cho thay cac phuong phap
dua trén can chinh (alignment-based) ludn thé hién gi tri
d6 chinh x4c (Precision) cao dang ké. Quan sat nay c6 thé
duogc giai thich boi su phé bién rong rai cia E. coli va sy
phong phu thong tin c6 san trong cic co s dit ligu lién
quan dén loai nay. Dic biét, phuong phap Platon dat
dugc diém F1 cao nhat (0.91), cho thay hiéu qua cua n6
trong viéc xac dinh plasmid. Tuy nhién, can c6 thém
danh gia trén nhiéu loai khac nhau dé x4c dinh tinh tong
quat cua phuong phap nay. Nguoc lai, cac phuong phap
dua trén hoc may (learning-based) thudng cho két qua
khong tdi wu do phu thudc vao cac dic diém don gian
nhu chidu dai contig va phan phdi k-mer, nhan manh tam
quan trong cua viéc tdn dung thong tin tr cac co s¢ dir
liéu phong pht.

Hién nay, c6 nhidu phuong phéap tich hop chién lugc
lai (hybrid) két hop gitra tai nguyén co s dit lidu véi cac
k¥ thudt hoc may hodc hoc sau tién tién. PLASMe dai
dién cho mot phuong phap sang tao két hop kién tric
Transformer véi tai nguyén co so dif lidu, thé hién hiéu
qua dang ké. Piéu nay dugc chirmg minh boi PLASMe
dat dugc diém F1 cao tht hai (0.854), chi sau Platon
(0.91). Phuong phap nay st dung cic ma token cum
protein nhu mot thay thé cho cac phuong phap phan
doan k-mer thong thudng, ma hoa Byte-Pair (BPE) hoac
phéan doan & muc ky tu. PLASMe dat dugc d¢ chinh xac
vugt troi trong khi giam do phutc tap cia mo hinh, tr d6
nang cao hi¢u qua tinh toan.

DPé thuc hién mot danh gia toan dién hon vé cac
phuong phap dya trén can chinh va cac phuong phap hoc,
chung t61 d@ mo rong phéan tich ctia minh sang mot tap dir
lidu 16n hon. Cu thé, s6 lwong contig nhiém sic thé da
tang tir 419 1én 26.630. D6i v6i danh gia mé rong nay,
chung t6i da chon m{t mo hinh dya trén can chinh,
Platon, va hai mo hinh dya trén hoc, RFPlasmid va
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Bang |
KET QUA PANH GIA TREN DU LIEU MO PHONG NCBI.
Method Type plasmid.fasta | chromosome.fasta |Precisi| Recall F1-score
on
Platon Alignment-based 0.85 0.005 0.99 | 0.86 0.91
PlasmidFinder Alignment-based 0.15 0 1 0.15 0.26
PlasClass Learning based 0.77 0.026 0.967 | 0.77 0.838
mlplasmid Learning based 0.58 0.01 0.976 | 0.575 0.724
RFPlasmid Learning based 0.74 0.03 0.95710.742 0.836
PLASme Hybrid 1 0.34 0746 1 0.854
Deeplasmid Hybrid 0.277 0.024 0.92 [ 0.277 0.426
plasmidVerify Hybrid 0.828 0.124 0.867 | 0.828 0.848

mliplasmid (ching ti da loai trir cic m6 hinh lai khoi thir
nghiém nay do han ché vé thoi gian, v6i ké hoach danh
gi& chlng trong cac bao céo tuong lai vai théng tin chi
tiét hon). Két qua cho thdy véi tap dir liéu 16n hon, cac
phuong phép dwa trén can chinh van tiép tuc thé hién
hiéu suat vuot troi so voi cac phuong phép chi dua vao
hoc méy hodc cac mo hinh hoc sau co ban.

VI.  THAO LUAN

Duya trén két qua thyc nghiém cua ching t6i, cac
contig ngén c¢6 xu huéng chira nhiéu két qua duong gia
hon do su chuyén gen ngang giira cic nhidém sic thé va
plasmid. Viéc xac dinh plasmid tir cac trinh tu ngin co
thé dan dén cac két qua duong gia. Do d6, viéc xac dinh
cac trinh ty plasmid bi phan manh van 1a mot nhiém vu
thach thirc.

Phuong phép tiép can lai nhu PLASMe st dung token
cip protein (PC-level token) lam dic diém dau vao. So
v6i k-mer, mé hoa byte-pair (BPE) va ma hoa cép ky tu,
token cép protein t6t hon trong viéc hoc tim quan trong
clia cc protein khac nhau va mdi quan hé giira chung.
Dic biét ddi véi céc trinh tu dai hon, viée sir dung cac
protein lam token va nhing chiing vao céac vector tao ra
cac vector ngén hon nhiéu so véi cac vector duoc tao ra
boi k-mer hodac BPE. Viéc st dung céac vector dau vao
ngin hon c6 thé 1am giam do phirc tap cia mé hinh (it
tham s6 hon), diéu ndy gidp qué trinh huin luyén md hinh
trén GPU. Do d6, dudi tai nguyén tinh todn han ché, viéc
sit dung mot bo phan loai cép protein ¢ thé tich hop
thdng tin tir c4c trinh tw dai hon t6t hon. Tuy nhién, viéc
ma héa cp protein ciing c6 mot s han ché, vi no d&
gip phai van dé tir vung ngoai (Out Of Vocalbulary). Do
d6, dbi véi cac plasmid méi hon, viée sir dung token cap
protein c¢6 thé dan dén cac két qua 4m tinh gia.

Bang Il
SO SANH HIEU SUAT GIUA CAC MO HINH DUA TREN
CAN CHINH VA CAC MO HINH HOC MAY

Model Type 2 F1-score
Platon Alignment-based 0.915
RFPlasmid Learning based 0.765
mlplasmid Learning based 0.714
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VIl. KETLUAN

Trong bai nay, chiing t6i da danh gia nhiéu cong cu dé
xé4c dinh plasmid trong cac lip rap doc ngin. Van con
mot s van dé can giai quyét trong cong viéc tuong lai.
Pau tién, do plasmid co sy da dang 16n, plasmid méi c6
thé chira cac protein khong thé can chinh véi co s dir
liéu hién tai, dan dén du doan khong chinh xéc. Néu mét
contig chi chtra cac protein médi khong thé can chinh véi
co so dit liéu, didu ndy s& la mot truong hop khé khin
cho hau hét cac cong cu. Cu thé, cac cdng cu lai va
duya trén cin chinh khong thé xac dinh cac contig nay vi
khong c6 sy can chinh. Néu khong c6 su can chinh,
chung chi c6 thé st dung cac dic diém nhu chiéu dai
chudi va sb lugng gen chua trong d6, dan dén do chinh
xac thép. Céac cong cu dya trén hoc may phu thudc vao
dong luc hodc tan sudt k-mer chi c6 thé dy doan chinh xac
néu céc trinh tu chira cac dong luc cu thé hodc phan phéi
tan suat k-mer da duoc nhin théy trude d6. Tuy nhién, cac
cdng cu can chinh nhu Platon ¢ thé phan loai cac contig
nay la nhiém sic thé do cic can chinh kém. Dé cai thién
d6 nhay cua md hinh, bén canh viéc cap nhat va mé rong
co so dir liu kip thoi, chung t6i s€ dao sau hon vao mbi
quan hé giira cac protein plasmid dé xay dung ciu ndi
giita cac token da biét va chua biét.

Thir hai, cac token hién tai tir PLASMe chi chira cac
protein cua plasmid. Cac nghién ctru da chi rarang cac
protein quan trong ddi véi su sdng s6t ciia vi khuan c6
nhiéu kha ning xuét hién trong nhiém sic thé. Do do,
viéc thém cac protein dic hiéu cho nhiém séc thé co thé
giup cai thién d chinh xac cua mo hinh hoc hon nira.

Cubi cung, viéc giai thich mé hinh Transformer da xac
dinh cac protein tiém ning chwa dugc chu thich co thé
ciing dong vai trd quan trong trong doi sng ciia plasmid.
Dy doan chuc nang cua cac protein plasmid chua dugc
chi thich nay c6 thé gilp nghién ctru ¥ nghia tién hoa
ciing nhu sinh théi caa plasmid.
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EVALUATION OF CURRENT METHODS AND
PROCESSES FOR PLASMID SEQUENCE
RECOGNITION AND APPLICATION ON

SIMULATED DATA.

Abstract—Understanding the genetics of bacteria and
the mechanisms underlying antibiotic resistance depends
critically on the detection of plasmids. Here, we provide
a comprehensive analysis of various plas- mid
identification tools, including alignment-based, learning-
based, and hybrid approaches. Researchers and
practitioners can gain significant insights from this
examination of each method’s strengths and limits. We
also clarify workflows that are used to prepare data, and
evaluate these tools using synthetic data from the NCBI.
We show via thorough study how effective and reliable
the suggested pipelines are at correctly recognizing
plasmids in both simulated and real-world settings. These
discoveries further the science of plasmid identification
and set the stage for next investigations into antibiotic
resistance and microbial genetics.

Keywords—Antimicrobial resistance, Plasmid, Bioin-
formatics, machine learning.
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