KHOA HQC KY THUAT THU Y TAP XXVII SO 2 - 2020

UNG DUNG PAN-GENOME TRONG SANG LOC CAC MARKER DUNG
PHAT TRIEN VACXIN BAO NGUGC PHONG BENH EDWARDSIELLOSIS
TREN CAC LOAI THUY HAI SAN

Nguyén Thanh Ludn

Vién Khoa hoc ung dung HUTECH, Dai hoc Cong Nghé Tp. Ho6 Chi Minh

Su gia tang va bién d6i da dang kiéu hinh cua
cac chung vi khuan gy bénh thuy san bao gdm
chi Edwardsiella dang dat ra nhiing thach thirc
16n cho viéc thay ddi lién tuc chién luge san
Xuét vacxin phong dich bénh trong nudi trong
thiy san. Phuong phdp giai trinh tu by gen va
so sanh cac bd gen cua vi khuan bang cac cong
cu pan-genome dang dugc xem la mdt cong cu
hiéu qua hd trg mé rong dé phan tich cac vi sinh
vat gdy bénh thuy sinh va céach thiic cac dac
diém linh dong va sy thich nghi vé6i nhiéu loai
vat chu cling nhu cac hé sinh thai vi moi trudng
(niches).

Muc dich chinh cta viéc phan tich pan-
genome 13 so sanh bd gen ctia cac chiing vi khuan
khac nhau trong mdt loai (intra-species) hoac
chi/giéng (inter-species) (Snipen va ctv., 2009).
Nhin chung, phan tich pan-genome cho phép
hiéu vé sy tién hoa ciia loai gdy bénh da khang
thudc. Phuong phép nay ciing cho phép hiéu rd
hon vé yéu t6 di truyén mang kha ning gay bénh
& nhiéu loai vi khuan bang cach so sanh véi cac
chung ddc luc va khong doc luc khi chi sir dung
két qua phan tich cac gen trung tam. Dic biét, sy
phan tich cac gen/cum gen (core, dispensable,
singleton) két hop hé théng phan tich chirc ning
nhu RAST (Rapid Annotation using Subsystem
Technology), KEGG, WebMGA (mot may chu
web tiy bién dé phan tich cac chudi trinh ty)
c6 thé gitp xéac dinh cac yéu té quan trong xuét
hién trong kha nang gay doc cta ching doc luc.
Ngoai ra, kha nang chuyén héa dudng phtc tap
c6 thé duoc hién thi bé“mg céc so sanh sy phan bd
ctia cac enzyme str dung dudng (ciu hinh Cazy,
carbohydrate-active enzymes) gilta cac phan
lap. Thong tin Cazy didc trung 1a mot loi thé ciia
qua trinh chon loc cho phép vi sinh vat thich

nghi véi hé sinh thai cua chung.

Két qua phan tich pan-genome trudc day
cua chung t6i (Nguyen va Kim 2018; Nguyen
va ctv., 2018) di chi ra rang ching WFLU12
phan 1ap tir c4 bién biéu hién cac dic tinh dic
thu cho viéc san xuit, chuyén doi nang luong,
su van chuyén va chuyén hoa duong bang cach
phan tach cac gen dac trung cho ting chung.
Bén canh d6, dua vao céac gen phéan tach tur pan-
genome, cac gen dugc chon hoan toan co thé
dugc kiém tra lai chirc ning trén co so dit liéu
cac gen doc lyc (VFDB), cac nhém gen churc
ning (COG), tir dién bach khoa vé gen va gen
cua Kyoto (KEGG) va co s¢ dit liéu gen khang
khang sinh (ARGB). Do d¢, dir liéu bo gen cua
vi sinh vat mang lai nhiing hiéu biét dang ké
vé su hiéu biét vé su tién hoa cta vi khuén, su
thich nghi thich hop, ciu triic quan thé va tuong
tac vat chu. Nhitng nghién ciru ndy ciing co thé
duogc ap dung cho cac van dé nhu x4c dinh gen
doc luc, thiét ké vacxin va thude (Chaplin va
ctv., 2015).

1. Khai thac dir liéu b gen ciia vi khuin gy
bénh thiy san

1.1. Sw can thiét ciia pan-genome trong phit
trién vacxin ddo ngugc

Trong sd cac bénh truyén nhiém duogc
chan doan ¢ loai ca tra (Pangasianodon
hypophthalmus) ¢ Viét Nam, bénh gan than mu
gay ra bdi Edwardsiella ictaluri 1a bénh xay ra
thuong xuyén nhat (Ferguson va ctv., 2001).
Bénh xay ra trong cic hé théng san xuét ca &
moi ltra tudi. Piéu nay dan dén hé qua thiét hai
kinh t& nghiém trong vi c4 chét hang loat, san
luong ca giam, chi phi diéu tri ting (Ferguson
et al., 2001). Pbi voi ca bot wong gidng, ty 18
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chét c6 thé 1én dén 100%, va tir 30 - 50% ddi
voi ca thit (Dung va ctv., 2010). Vi¢c phan lap
cac loai Edwardsiella spp. tir cac ngudn khac
nhau cho thay chiing c6 kha nang thich nghi véi
nhiing diéu kién thay doi ciia moi truong (vi du:
nhiét dg, khang sinh, vat chu) dang dat ra thach
thirc cho viée phat trién cac phuong phap phong
Edwardsiellosis bang vacxin an toan va c6 kha
nang phan tng chéo.

Su gia tang vé dit liéu genomic va proteomic
1a diéu kién thuan lgi cho qué trinh thiét ké va
phat trién vacxin. St dung vacxin dao nguoc
dugc coi 1a mot phuong phap kinh té va hiéu qua
dé sang loc toan bd bd gen cua vi sinh vat gay
bénh. Dé tim kiém cac muyc tiéu khang nguyén
c¢6 phd tac dung rong va phan tich cac loai vi
khuén c6 su lién quan chat ché, viéc déng hoa
khai niém pan-genome vao phuong phap vacxin
dao nguoc 1a rat can thiét va 1a xu thé cua céac
nghién ctru hién dai. Cac nhém gen c6 thé phan
tich tir pan-genome nhu gen 161, gen phéan tan va
gen don 1¢ dugc phan tach dé xac dinh cac tng
vién vacxin thong qua quy trinh tao vacxin dao
nguoc.

1.2. Cac gen muc tiéu trong sang loc vacxin
ddo nguoc

So sanh pan-genome ctia cac nhém vi sinh
vat gay bénh cho phép du doan churc nang cac
gen mang dic diém cua protein tiép xtic bé mat
té bao (cell surface-exposed proteins - SEPs),
bao gém protein mang ngoai (OEP) va protein
ngoai bao (EP). Nhiing gen mi hoa protein bé
mat nay dang dugc st dung nhu la Gng vién
vacxin trong cac md hinh dong vat (dugc goi
la Reversed Vaccinology). Tuong tu, trong vi
khuan gy bénh thuy san, cac SEP tham gia
lam yéu té doc luc dong vai tro chinh trong kha
ning gy bénh va giy phan trng mién dich 1én
vét cha. Vi du, sy biéu hién cua gen esal tir E.
tarda, nhu mot khang nguyén bé mat D15, trong
mé hinh ca bon Nhat Ban da kich thich sy biéu
hién ctia mot phé rong cac gen co thé lién quan
dén kha nang dap tng mién dich tu nhién va dic
hiéu, véi két qua bao vé ca sdng sot ty 1& cao va
c6 kha nang san xuat khang thé ddc hiéu (Sun
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va ctv., 2011). Tiém vacxin bang SEPs kich
thich su phat trién cac yéu tb c6 tic dung bao
vé ca chong lai bénh giy chét do Aeromonas
hydrophila (Khushiramani va ctv., 2012), nhiém
Flavobacterium columnare (Luo va ctv., 2016),
va Edwardsiellosis (Park va ctv., 2011). Nghién
clru gan day (Zeng va ctv., 2017) da thyc hién
két hop pan-geome dé sang loc SEP tir 17 chung
Leptospira interrogans dai dién bao gdm cic
serovar dich té hoc tir khép noi trén thé gidi, va
118 khang nguyén rng vién moi dugce xac dinh
la cac protein mang ngoai va cac lipoprotein. Do
d6, su gia tang nhanh chong vé sb luong trinh
tu bd gen clia vi khuan gy bénh thuy san sé& 1a
mot tiém nang 16n cho phép xay dung mot quy
trinh kiém soat bénh lay nhiém ciing nhu 1a mot
xu hudng tiém ning dé nghién ctru vi khuan gay
bénh dudi nuéc dé cai thién hidu qua cta cac
loai vacxin ¢ ca nudi va ngan chan su bung phat
bénh khi thuc hién cung phan tich pan-genome.

2. Ung dung phén tich Edwardsiella pan-
genome trong tim cac wng vién vacxin

Phan tich pan-genome cua chung
Edwardsiella 1a phuong phap dé phan tach cac
gen ma hoa chung cho cac protein bé mat té bao
(SEPs), bao gdm céac protein mang ngoai va
protein ngoai bao. Nhitng gen nay s€ dugc xem
nhu 13 tng vién dé san xuit vacxin dao nguoc
trong mot mo hinh cé tra khi chung thdéa man
cac dic tinh bam va bao gdm céc vi tri khang
nguyén thong qua cac kiém tra bang cong cu
dac trung.

2.1. Mé6 hinh thuwc hién sang loc cdac gen SEP
tir Edwardsiella pan-genome

2.1.1. Chon loc dir li¢u

Trong nghién ctru nay, tong cong c6 15 bo
gen hoan chinh cta chung Edwardsiella va dugc
phan 1ap tir cac hé sinh thai khac nhau dugc thu
thap tir Ngan hang bo gen vi khuan NCBI (ftp://
ftp.ncbi.nih.gov/genomes/).

2.1.2. Phan tich Edwardsiella pan-genome

Pan-genome cua 15 chung FEdwardsiella
duoc phan tich bang hé thong co s¢ dit li€u cua
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EDGAR v2.2 (Blom va ctv, 2016). Theo do,
nhom gen bao gdm s6 lugng gen thude gen 151,
gen phan tan va gen don 1¢, duoc trich xuat theo
cac thong sé mic dinh cua chuong trinh.

2.1.3. Sang lgc gen wng vién vacxin

Pé tim cac gen co6 thé dung lam Gng vién
vacxin, gen 16i cia 4 loai xac dinh tir két qua
phan tich phylogenomics va gen 16i cua 15
chung Edwardsiella dugc phan tach va phan
tich lai bang phdn mém céc cong cu khac nhau
nhu PSORTDb3.0, CELLO, va SOSUI-GramN
dé phén tich chtrc ning gen ma hoa cac thanh
phan té bao (subcellular localization), dic tinh
bam (adhesin probability) bang cong cu SPAAN
software, va du doan gen c6 tinh khang nguyén
cao (antigen) bang VaxiJen server tir cic gen 15

phan tach dugc. Cac gen sang loc dugc tiép tuc
khao sat dic tinh B-cell Linear Epitope bang
IEDB sever (http://tools.iedb.org/) va CTL
Epitopes bang CTLPred sever (http://crdd.osdd.
net/).

2.2. Diic diém ciia cdc nhom gen thanh phin
trong Edwardsiella pan-genome

Trong thanh phan pan-genome cua 15 chung
Edwardsiella ¢c6 6733 gen ma hda protein voi
29,07% (1957 gen) la gen 161 (core gene), va
70,93% con lai 1a gen phan tan (assessor gene)
va gen don 1é (singleton gene). Theo Tettelin va
ctv., (2005), cong thiic Heapys Law n =k * N-a
v6i hé sb a trong nghién ctru nay 13 0,301 (hinh
1A), tuong tng voi md hinh pan-genome mo.

H Heaps' law function: 3092.195 * x ** 0.301
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Hinh 1. Pan-genome cua 15 chidng Edwardsiella. (A) Sé Iwong gen trong pan-genome
va hé so a trong cong thirc Heap's Law. (B) So Iwong gen 16i cua 4 loai E. ictaluri, E.
anguillarum, E. piscicida, E. tarda va cua tat ca 15 chung khao sat trong nghién ctru nay.
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Diéu nay c6 nghia 1a viéc bd sung thém mot
bo gen Edwardsiella khac sé tiép tuc giup phat
hién céc gen méi cho loi nay, va ciing cho thay
rang Edwardsiella spp. c6 thé thich nghi véi
nhiéu diéu kién moéi truong khac nhau.

Phan tich su phat sinh loai tir di¥ liéu gen 161
va hién dién/ving mit cta cac gen trong dir liéu
gen phan tan cho thay 15 ching Edwardsiella
duoc chia ra thanh 5 nhom loai nhu sau: E.
ictaluri bao gébm ching 93-146, RUSVM-1
va MS-17-156; E. anguillarum bao gdm
ET080813, EA181011 va LADLO05-105; E.
piscicida bao gdbm C07-087, S11-285, ETW41,
ET-1, EIB202 va FL6-60 (v6i ET-1, EIB202,
FL6-60 truoc day dugc dinh danh 1a E. tarda);
E. tarda bao gdm FL95-01 va KC-Pc-HBI; E.
hoshinae ATCC_35051. Céac gen 15i cua 4 loai
E. ictaluri, E. anguillarum, E. piscicida, E. tarda
va 15 chung khao sat dugc phan tach (hinh 1B)
va st dung dé sang loc cac gen ung vién lam
vacxin. Ddi véi loai E. hoshinae, dit 1iéu NCBI
cho thdy chi c6 1 bd gen hoan chinh dugc cong
bb tai thoi diém phan tich, vi vay ching khong

dugc chon dé phan tich gen 16i trong nghién
cuu nay. Tuy nhién, E. hoshinae cling dugc xem
la tdc nhan c6 kha nang gay bénh (Janda va ctv.,
1991) nén chung duoc dua vao phén tich véi tat
ca cac chung con lai dé tim ra cac gen lién quan
hudng t6i phat trién vacxin da khang.

2.3. Két qua sang loc cdc gen ma héa SEPs

Trong nghién ctru nay, cac gen ma hda cac
loai protein bé mit té bao (SEPs) bao gom
protein mang ngoai (outer membrane), protein
ngoai bao (extracellular) dugc phan tich tir dir
lidu cac gen 15i. Két qua cho thay, 73, 69, 72, 77
va 96 gen lién quan SEPs dugc tuyén chon tir
2686, 2673, 2877, 2920, va 1957 gen 101 tuong
ung cua E. ictaluri, E. anguillarum, E. piscicida,
E. tarda va 15 chung Edwardsiella khao sat.
Céc gen duoc tiép tuc sang loc voi cac dac tinh
B-cell Linear Epitope va CTL Epitopes gdm 9
gen cua E. ictaluri, 13 gen cua E. anguillarum,
9 gen cua E. piscicida, 12 gen cia E. tarda va 14
gen tir 15 chung Edwardsiella khao sat c6 tiém
nang su dung trong nghién ctru tao dong va san
xuit vacxin dao nguoc (bang 1).

Bang 1. Mot s6 trng vién vacxin tiém ning dung phat trién vacxin
phong Edwardsiellosis sang loc trong nghién ctru nay

Loai Chtrc nang

Edwardsiella_tarda pilus assembly protein

STT Protein Protein BLAST with
Accession length VFDB_set A

1 AAW15_11440 859 VFG000456
2 A9798 03900 190 VFG000442
3 A9798_ 10515 367 VFG043487
4 A9798 11675 177 VFG000456
5 AAW15_03775 190 VFG000442
6 AAW15_10465 386 VFG043487
7 ETEE_0777 190 VFG000442
8 ETEE_2462 375 VFG043487
9 ETEE_3185 376 VFG043487

Edwardsiella_hoshinae

Edwardsiella_hoshinae

Edwardsiella_hoshinae
Edwardsiella_tarda
Edwardsiella_tarda

Edwardsiella_anguillarum

Edwardsiella_anguillarum

Edwardsiella_anguillarum

virulence protein
porin
pilus assembly protein
virulence protein
porin

Attachment invasion locus
protein precursor

Quter membrane protein C
precursor

Quter membrane protein C
precursor

Cac SEPs duogc xem la ung vién tiém nang
trong md hinh san xuat vacxin cho dong vat va
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ca (dugc goi la Reversed Vaccinology). Vi du,
su bicu hién cua gen esal ti E. tarda, mt khang
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nguyén bé mit giong D15, trong md hinh ¢4 bon
Nhat Ban da tao ra sy biéu hién ctia mot phé rong
cac gen co thé lién quan dén kha nang mién dich
tw nhién va dic hiéu, ciing nhu ting ty 1& song
s6t ctia ca va kha niang san xuat khang thé huyét
thanh dac hi€u (Sun va ctv., 2011). Trong nghién
ctru ndy, img dung pan-genome két hop véi cic
cong cu phan tich chttc nang va déc tinh cta cac
protein SEPs cua chﬁng Edwardsiella budc dau
da giap chung to1 it ngan dugc thoi glan dé sang
loc va giam sb luong cac ing vién tiém ning néu
chi dya trén trinh tw mot bd gen. Trong do, 9 gen
tiém ning san xuat vacxin dao nguoc phon g chbng
nhiém E. ictaluri s& dong vai tro rat quan trong
cho viéc phit trién vacxin thir nghiém phong bénh
Edwardsiellosis ¢ ca tra va cac loai c4 nudc ngot
khéc & Viét Nam. Pic biét, dé nang cao hidu qua
cua mdt loai vacxin ddo nguoc trong phong bénh
Edwardsiellosis do nhiéu loai Edwardsiella gay ra,
14 gen tiém nang trén s& 14 thong tin rit quan trong
cho cac nghién ciru tiép theo.

4. Tém tit

Két qua cua ching t6i c6 thé gop phan du
doan cac khang nguyén phu hop véi dac tinh la
(g ctr vién san xuat vacxin déo nguoc c6 tiém
nang chong lai nhidu chung Edwardsiella gay
bénh thily san va ciing cung cAp nhiing hiéu biét
sdu sic hon vé quy trinh choc loc cac tng vién
(hinh 2). Ngoai ra, su gia ting nhanh chéng vé
s0 lugng genome ciia vi khuan gy bénh trén
thiy san s€ cho phép ching t6i xdy dung mdt
quy trinh phan tng nhanh trong kiém soét dich
bénh, va 1a dit liéu quy dé nghién ciru cai thién
hiéu qua cta cac loai vacxin da gia nham ngan
chin cac dich bénh c6 xu huéng bién doi lién
tuc trong nudi trong thuy san. Cudi cung, chién
luoc sang loc cua ching toi két hop véi dit lidu
phan tich pan-genome c6 thé 1a mot xu huéng
nghién ciru va san xuat vacxin dao ngugc thong
thuong duoc ap dung cho nhidu tic nhan gay
bénh khac trén cad ngudi va dong vat trén can.
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Hinh 2. So dé sang loc tng vién vacxin ddo nguoc
phong Edwardsiellosis két hop phan tich pan-genome
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Loi cam on: Quy nghién cuu Khoa hoc va
cong nghé, Truong Dai hoc Cong nghé, TP
HCM (HUTECH) da tai tro cho nghién ctru nay.
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