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TOM TAT

Coronavirus (CoV) 1a mot tc nhan phd bién gay ra bénh dudng rudt, ho hip va nhidm tring hé thong &
nhiéu loai dong vat va con nguoi. Tuy nhién, hién c6 it bang chimg cho thiy cac dong vat dong hanh c6 thé
1a ngudn 1ay nhiém cho céc loai dong vat khac ké ca cho ngudi. Dé hiéu 16 sy phirc tap vé mit di truyén cua
CoV trong thu y, nghién cttu so sanh céc trinh tu genome ctia CoV phéan lap tir ddng vat da dugc thuc hién.
Phan tich x4c dinh nucleotide trung binh (ANI) di hd trg danh gia nhanh mdi quan hé rat chat ché gitra CoV
phan lap tir méo (FCoV) va tir ché (CCoV). Phan tich ciy phat sinh loai dua trén ANI ¢6 thé nhom céc ching
CoV theo ngudn gdc vat chii bi nhiém, trong khi phan tich pan-genome di gitip phan tach rd rang mdi quan
hé gitra cac ching khao sat. Sy phan bé ciia cac chung CoVs phﬁn lap tir mau 1am sang trong mo hinh phan
tich toan b hé gen da cho phép quan sat cac 6 sinh thai ban dau ctia CoV chu khong phai ngudn phan lap tr
vat chu. Ngoai ra, ching t6i con nhan thay ring cac ching FCoV doc luc nam ctng nhom véi mot s chung
NL63 va 229E (HCoV) & ngudi, cho thdy meo ¢6 thé nhay cam véi HCoV hon 1a chd. Nhur vay, két hop cac
phuong phap phéan tich da cho phép nang cao d6 phan giai cua cay phat sinh loai, chi ra ngudn gdc co thé cua
virus, tai to hop va tuong tac giita virus - vt chii, cling nhu phat trién dau chi thi sinh hoc trong chan doan.

Twr khoa: Méo, cho, Coronavirus, genome, phat sinh loai.

Analytical and comparative research of genome of some Coronavirus
strains in veterinary

Nguyen Thanh Luan

SUMMARY

Coronaviruses (CoVs) are a well-known causative agent of severe enteric, respiratory, and systemic
diseases in a wide range of animals and in humans but there is currently limited evidence that companion
animals can be a source of infection to other animals or to humans. To address the genetic complexity
of veterinary CoVs, a comparative pan-genomic analysis of CoVs sequences originating from veterinary
animals were conducted. The average nucleotide identity (ANI) analysis was a rapid procedure for assessing
the very close antigenic relationship between feline CoV (FCoV) and canine CoV (CCoV). ANI-based
phylogenetic tree clustered CoVs according to their respective host species while pan-genomic analysis
demarcated strains clearly. The distribution of the clinical isolates all across the categories in the hierarchical
phylogenetic model enabled the visualization of their original ecological niches rather than their isolation
source. Also, we found that the virulent FCoV strains grouped with human CoV strains NL63 and 229E
confirming hypotheses stating that cats were highly susceptible to HCoVs, while dogs were low susceptible
to this virus. In conclusion, the combined analysis allowed better phylogenetic resolution and the implication
of virus origins, recombination, and virus—host interaction, as well as biomarker development.

Keywords: Canine, feline, Coronavirus, pan-genome, phylogenetic.

I. DAT VAN DE nhiém tring duong hd hip cp, dudng rudt va nhiém

Coronavirus (CoVs) 1a mot ho virus 16n c6 vo trung hé thong nghiém trong ¢ nhiéu loai vat chu, bao
boc. Cac virus ¢6 nhan RNA khong phan doan, mach goém cho, méo, gdm nham, ngya va con ngudi. Nhin
don duong nay 1a nguyén nhan noi bét cua cac bénh chung, ho Coronavirus dugc chia thanh bon chi:

32



KHOA HOC KY THUAT THU Y TAP XXVII SO 8 - 2021

Alpha-, Beta-, Gamma- va Delta-coronavirus (Woo
va cs., 2012). Alpha- va Beta-coronavirus thudong
lay nhiém cho dong vat c6 vi, trong khi Gamma-
va Delta-coronavirus thuong 1y nhiém cho ch1rn va
cac loai ca. Dic biét, Coronavirus ¢ ngudn goc tir
céc loai ¢o lién quan dén dong vat dugc coi 1a ngudn
gbc cua dot bung phat dich bénh do Coronavirus
& ngudi trén toan cau nim 2019 (COVID-19, Hoi
chimg ho hap cdp tinh nghiém trong do SARS-
CoV-2) ¢6 thé bit ngudn tir ngudn dong vat va/hodc
lay truyén thong qua vét nudi trong nha.

B0 gen cua Coronavirus chita 5 khung doc mo
(ORF) chinh duoc danh ddu boi cac ving khong
dich ma 5> va 3. Ngoai nhan chua ribonucleic
axit (RNA mach don duong) phién ma thanh cac
protein cdu triic nhu protein vé nhan (nucleocapsid
N), protein gai (S), protein vo (E) va protein mang
(M), mot sé Coronavirus co thém glycoprotein
mang, hemagglutinin esterase, va cac protein phu
(accessory proteins) nhu 3a—c va 7a-b cho FCoV va
CCoV (Masters va cs., 2006). Dua trén sy khac biét
dang ké vé vi tri khang nguyén giita cac chung, ca
hai ching CCoV va FCoV thuong dugc phan biét
thanh ching c6 doc luc thip (chung chi yéu gy
bénh viém rudt, hodc type I) va chung doc luc cao
(chiing dién hinh, gay bénh da hé théng trén ty 1& nho
dong vat, hoac type II). Chung CCoV dgc luc thép co
mdi quan hé di truyén chit ché véi cac ching FCoV
(dugc goi 1a chung CCoV gidng v6i FCoV) hon 1a
cac ching CCoV dién hinh. Trong mdt sO trudng
hop ngoai 18, mot s chiung CCoV giéng FCoV biéu
hién doc luc cao hon cac ching CCoV dién hinh, va
giy tidu chay xuat huyét nghiém trong (Benetka va
cs., 2006). Nguoc lai voi FCoV, ca CCoV type I va
Il thudng duoc phat hién dong thoi trén cting mot
vét chu (36,9-76,8% cho bi tiéu chay) (Terada vacs.,
2014), diéu nay cho phép chung thyc hién tai t6 hop
di truyén va lam ting mirc do bénh nghiém trong khi
nhiém CCoV va su xuét hién cta nhiéu bién thé CCoV
0 cho (Pratelli va cs., 2004; Escutenaire va cs., 2007).

Dbi vi CCoV type II (chiém khoang 44% cac
truong hop nhiém CCoV), ba kiéu gen phu bao
gdbm CCoV-IIa, IIb va Ilc dd duoc phan loai dya
trén trinh ty ctia 300 amino acid dau tién cua dau
N (NTD) trong protein S hen quan dén viéc Xam
nhiém dudng rudt va c6 mdi lién quan di truyén
chat ché véi cac Coronavirus trén lon (TGEV,
virus gy viém rudt truyén nhidm) (Decaro va cs.,

2009). Sy lay nhiém béi chung CCoV type ITa con
duogc goi l1a chung pantropic CCoV cé doc luc cao
(nhu chung CB/05 gay dai dich bénh), da duoc
phat hién trong cac mé khac ngoai rudt, bao gom
phéi, 14 lach, gan, than va ndo; va bénh nhan co
céc du hiéu 1am sang nhu s6t, hon mé, non mira,
tiéu chay ra mau, giam bach huyét cp tinh va cac
dAu hiéu than kinh, sau d6 1a tir vong (Decaro va
cs., 2007). CCoV type IIb dugc phat hién trong
20% truong hop nhiém CCoV type II va duoc
cho 1a xuét hién thong qua su tai to hop kép giita
CCoV type Ila va TGEV (nén type IIb duoc goi
la CCoV giéng TGEV), cho thdy rang su dong
nhiém di xdy ra trén cung mot ky chii (Decaro va
¢s., 2009; 2010). Bdi voi CCoV type Ilc (ching
A76) di dwoc biao cao gan diy ¢ Thuy Dién va
Hoa Ky. Chiing A76 chtra protein S tai to hop giita
trinh ty CCoV type I va Il voi mét protein NTD S1
gidng type I, trong khi phan con lai cia protein S
gidng type II (Regan va cs., 2012).

Trong nghién ctru tién hoa ciia FCoV va CCoV,
FCoV va CCoV type I duoc dé xuat c6 ngudn goc
tir mot t6 tién chung. C6 1§, viéc thu nhan gen
ORF3 sau sy phan ky ciia FCoV type I hodc mat
gen nay trong to tién chung ctia chiing c6 thé dan
dén CCoV type I (chiém 20% truong hop nhiém
CCoV). Trong khi do, viéc thu nhan gen S maéi va
mat di gen ORF3 di dan dén su xuét hién cua cac
CCoV type II va sau d6 lam phat sinh cac FCoV
type II thong qua tai to hop v6i cac FCoV type I
(Lorusso cs., 2008). Hon nita, khong c6 su bdo v¢
chéo nao khoi su nhiém ching pantropic CCoV
dugc ghi nhan khi ch6 dugc chung ngura bdi mot
chung CCoV ¢6 ngudn gdc tir rudt (Decaro va cs.,
2010). Nhitng két qua nay cho thdy ring su bién
dbi trong viéc thu nhan/bién mat cac gen phu co
thé gy ra sy thay doi lay nhiém trén vat cha va
sau d6 tao ra nhiéu ching doc Iyc hon va taing murc
dd nghiém trong cua bénh viém rudt.

Cac CoV phan 1ap tr dong vat nudéi nhu meo
va cho duogc xac dinh rat phd bién va ching khac
biét vai SARS-CoV va SARS-CoV-2. Tuy nhién,
nhitng dong vat nay ro rang la nhay cam voi SARS-
CoV-2 (OIE, 2020; Shi va cs., 2020). Hién tai, mot
s0 bang chimg han ché cho thiy cac dong vat dong
hanh c6 thé 1a ngudn lay nhidm cho cac dong vt
khac hodc cho con nguoi. Ngoai ra, mot phuong
tién dé thu dugc thong tin hitu ich va c6 ¥ nghia tir
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dit liéu 16n vé bd gen cua CoV thong qua phan tich
so sanh bg gen. Trong nghién cru nay, chung toi
mo ta pan-genome cuia CoV dugc phan lap to mot
$6 dong vat déng hanh, bao gém CCoV va FCoV,
dwa trén dit lidu bd gen hoan chinh sin c6 dé danh
gi4 cac chirc ning c6 thé co clia cac gen trung tam/
phu kién va kham pha cac phuong phap phat hién
va diéu tri phu hop.

II. VAT LIEU VA PHUONG PHAP
NGHIEN CUU

2.1. Trich xuét va phan tich dir liéu

Dé thiét 1ap dac diém nhén dang loai cua 126
bd gen CoV bao gdm cac chung CCoV va FCoV,
ANI da duogc tinh toan vdi cac dai dién phat sinh
loai cua cac b gen duoc giai trinh tu cho dén
nay gan gidng thu dugc tir co so dir liéu bo gen
vi khuan NCBI (ftp:/ftp.ncbi.nih.gov/genomes/)
(bang 1) st dung cong cu phan tich ANI duogc tich

hop trong may chu EDGAR v2.2 (Blom va cs.,
2016). Ngoai ra, ngudn gc ciia CoVs & méo va
cho cling nhu kha nang gay bénh cua n6 da duoc
liét ké dé hiéu mbi quan hé giita nhimg thay doi di
truyén cia virus va boi canh 1am sang.

2.2. Xay dung cay phat sinh loai

Str dung EDGAR v2.2, ca gen chinh théng va
ham lugng gen dugc chia sé tuong ddi giira cac
ching CoV da chon déu dugc truy xuit va cdy
phat sinh loai dugc tao ra. Trong khi cdy phan cum
dua trén phan tich nhi phan ciia cic kho gen bang
Genesis v1.8.1 (Sturn va cs., 2002). Theo phan tich
pan-genome, cac cum gen 10i va phu da dugc trich
xuat dé tim hiéu danh gia vé viéc theo ddi thong
luong gen theo chidu ngang giita cic ching va thu
thap thong tin chi tiét vé sy tién hoa ciia chiing.

III. KET QUA VA THAO LUAN

3.1. Két qua phan tich ANI

58 FCoVs
1CCoV

11 CCoVs

20 murine
CoVs

12 human CoVs

4 equine CoVs
8 human CoVs
4 mink CoVs

8 human CoVs*

Hinh 1. Biéu dé nhiét phén tich gia tri ANI va méi quan hé phét sinh loai ctia 126 bé gen CoV phén 1ap

tee cdc loai dong véat khdac nhau. FCoV tir ho méo, CCoV twr ho ché, murine CoV tr cdac loai gam nham,

equine CoV ttr ngwa, mink CoV tir chén, human CoV tir nguwdi. Thanh mau dai dién cho loai CoV dwoc
nhém lai theo ky chi xam nhiém.

Gia tri phan tich x4c dinh nucleotide trung
binh (ANI) dya trén by gen hoan chinh cua
CoV phan lap tir mot s6 loai dong vat dugc thé
hién trong hinh 1 va cho thiy cac ching FCoV
tr méo co6 do tuong ddéng 85,26-100%; trong
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khi d6 muc do twong ddng ANI cua cic ching
CCoV tur cho 1a 84,45-100%; tir cac loai gam
nham va chuot 1a 89,88-100%; tir chdn (mink)
1a 91,15-100%; tir ngua la 98,74-100% va cac
dong CoV ¢ nguoi (HCoV) 1a 61,03—-100% (hinh
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1). Phan tich cay phat sinh loai dua trén gia tri
ANI cho két qua 1 nhirng tap hop céac ching CoV
tuy theo ngudn gdc vat chii twong Ung cia cac
ching CoV. ANI phan tich dya trén bg gen gitia
cac chung FCoV va CCoV cho thiy sy gidng
nhau la 80,34-88,72%; ngoai tru ching CCoV
type 11 KC175339 (gia tri ANI 1a 85,65-99,89%
khi so sanh véi by gen FCoV). Chung CCoV
type II KC175339 nay thé hién do tuong dong
cao (> 99%) voi cac chung FCoV (cling thude
serotype 1) DQ010921, DQ286389, JQ408980,
GQ152141 va JN634064; cho thay kha ning lan
truyén chéo cua cac CoV trén méo va cho. Ngoai
ra, két qua nay cho thiy phuong phap phén tich
ANI ¢6 thé duoc tién hanh nhanh chong dé xac
dinh mdi quan hé co tinh khang nguyén rat chat
ché gitta FCoV va CCoV ciling nhu kha nang lay
truyén gitra cac dong vét khac loai (McArdle va
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cs., 1992; Horzinek va cs., 1982).

3.2. Két qua phan tich pan-genome ciia FCoV
va CCoV

Phan tich pan-genome mé ta tap hop tit ca cac trinh
tu (bao gém khung doc m¢ [ORF], gen, v.v.) thude vé
bo gen cua virus dugc chon nghién ctru. Trong phéan
tich nay, cac 126 b gen CoV duoc chon thuc hién so
sanh b.':?mg cong cu phan tich pan-genome EDGAR
v2.2 (Blom va cs., 2016), va két qua cho thiy tong sb
45 nhém gen da duoc x4c dinh, ciu thanh pangenome
cta CoV c6 ngudn gbe tir dong vat (hinh 2). Trai nguoc
v6i phan tich phat sinh loai dya trén gia tri ANI, phan
tich pan-genome cho thay sy phan viing khéc nhau cia
cac ching CoV duoc kiém tra dua trén ham lwong gen
so sanh (hinh 2). Cac ching CoV c6 ngudn goc tir 7 loai
vat chu khac nhau dugc phan nhom theo thir bac thanh
bén cum riéng bi¢t va khong phu thude vao vat chu.

5
12 human CoVs (NL63, 229E)

53
11 canine CoVs

4 mink CoVs

20 murine CoVs
16 human CoVs (0C43, HKU1)
4 equine CoVs

Hinh 2. So sénh va phdn nhém theo cdc bé gen CoV c6 nguon gdc tir nhiéu loai vat cha khdc nhau

bang phén tich pan-genome. Két qua cho thay méi quan hé tiém ning cua kiéu gen FCoV va HCoV

(NL63 va 229E). Sw hién dién gen va khong c6 gen trong méi bé gen dwoc biéu thj bing mau dé va
mau den, twong rng.
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3.3. Phan biét va nhan dién CoV trong phén
tich pan-genome

Pang chi ¥, hdu hét cac ching cd ngudn
gbe tir meéo, chd, chdn va con ngudi (NL63 va
229E) déu thudc cluster 1 (alphacoronavirus) va
dugc phan biét véi cac chung CoV tu ngua, cho
va con nguoi (OC43 va HKU1) thudc cluster 2
(betacoronavirus). Cum CoV c¢6 ngudn gbc tir
méo va cho dugc chia thanh cac cum phy bao gom
[meo — chod] va [meo], [meo — cho — nguoi (vi du:
HCoV NL63, accession no. MK334045 c¢6 ngudn
gde tir Trung Qudc)]. Phan tich nay phu hop vai
phat hién rang ching CCoV HLJ-073 tai to hop
(ma s6 KY063618) co thé sao chép hiéu qua trong
ca té bao lympho & cho va té bao THP-1 ciia con
ngudi (Chen va cs., 2019). O Trung Quéc, ching
HLJ-073 nay c6 cac dic diém sinh hoc khac véi
cac CCoV duogc bao cdo, vi vdy viéc phan nhom
theo thu bac (hierarchical clustering) co thé hiru
ich dé sang loc cac ching CCoV déc biét. Nguoc
lai, cac chung tur cac loai gam nham va chudt trong
cluster 2 dugc chia thanh cac cum phy gdm [gam
nhim], [chudt - ngua - nguoi] va [gdm nham -
chudt], va cac cum phu nay c6 lién quan chat ché
hon véi cac chung HCoV méi (SARS-CoV-2).

bic biét, cac chung FCoV c6 doc luc dugce xép
chung nhom véi cac ching HCoV-NL63 va HCoV-
229E (hinh 2). O nguoi, hai chung HCoV-229E
va HCoV-OC43 duoc biét dén véi kha nang giy
ra cac triéu ching ho hép trén nhe khi duogc tiém
thur nghiém cho nhiling nguoi tinh nguyén truong
thanh khée manh. Tuong tu nhu cac chung SARS-
CoV va MERS-CoV, HCoV-NL63 va HCoV-229E
¢6 ngudn goc tir doi, trong khi HCoV-OC43 va
HCoV-HKUI c¢6 thé ¢ nguén gbe tir loai gim
nhidm (Li va cs., 2020). Két qua cta chung toi cting
¢6 thé ung ho gia thuyét truée d6 cho ring meo rat
nhay cam véi HCoV trong khi cho ¢6 do nhay cam
thap véi virus nay (Shi cs., 2020). Tuy nhién, sy
gia ting lay nhiém CCoV c6 ddc luc cao da duoc
ghi nhan & cho con khong ¢ ddu hiéu 14m sang rd
rang (Escutenaire va cs., 2007; Decaro va cs., 2007,
Zicola va cs., 2012) thong qua cac sy kién tai to hop
¢6 thé lan truyén tir cac ho chira ty nhién cua ching
sang vét chii nhay cam, bao gdm ca con ngudi theo
nhiing cach khac nhau (vi du nhu trong trudong hop
chung CCoV HLJ-073, ma s6 KY063618), vi chd
va meo tlep xuc gan va truc tlep v&i con nguoi.
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3.4. So sanh phwong phap phén tich bing ANI
va phéan tich cum

Viéc so sanh bang ca hai phuong phap phéin
nhom theo thir bac va cy phat sinh loai thé hién
mot mirc dd bao ton trong viéc phan nhom cac
ching virus. Trong linh vuc phan tich cdy phat
sinh loai va dong lyc hoc virus, su tién hoa thép
trong bd gen cua virus, tirc 1a cac dot bién diém
lién quan dén su phat tan hodac muc do nghiém
trong cua bénh. Trong khi do, cay phan nhom theo
thir bac (dua trén bd gen hoan chinh cta virus)
¢6 thé mo ta su khac biét vé gen va dong luc hoc
(kiéu gen va kiéu gen phu) cua quan thé virus,
co ché sinh bénh va vector lién quan dén sy lan
truyén virus giita cic quan thé (Faria va cs., 2018).
Phan tich pan-genome nay phéan dinh 16 rang cac
ching, do d6 phan tich két hop cho phép xay dung
ciy tién hoa c6 d6 phan giai phat sinh loai tot hon
va lién quan 6 rang dén ngudn gdc cua virus, su
tai to hop va twong tac gitra virus va vat chu.

IV. KET LUAN

Tom lai, lwong thong tin di truyén CoV ¢6 sin
trong co s¢ dit liéu bo gen ciia NCBI (GenBank)
cho phép chung t6i tiép can tim hiéu sy phirc tap
vé di truyén ctia CoV trong thu y. TAt nhién, phan
tich pan-genome 1a mot cong cu hiéu qua cé thé
mang lai nhitng hiéu biét sau sic vé viéc so sanh
cac gen khac nhau gitra cac chtiing virus va cling co
thé cho phép hiéu thém vé sy tuong tac 1an nhau
gilia cac chung virus va/hodc sy tuong tac gitra vat
chu va virus.

Céc phan tich tong hop st dung cac cong cu
nhu ANI, pan-genome va phan tich phylogenomic
dugc su dung dé phan loai cac chung virus duoc
phan 1ap tir cac hé sinh thai vat chi khac nhau.
Vi du, serotype II cua chung CCoV (mi sb
KC175339) dugc phat hién c6 do tuong dong
cao (ANI > 99%) voi cac serotype Il chung
FCoV (mi s6 DQ010921, DQ286389, JQ408980,
GQ152141, IN634064), cho thdy rang phan tich
ANI ¢6 thé dugc tién hanh nhanh chéng dé danh
gid mdi quan hé khang nguyén rat chit ché giita
FCoV va CCoV va kha ning lay nhiém giira cac
loai. Do dd, cac phan tich theo dong (downstream)
¢6 thé gitip phan biét mot ching méi phén lap co
kha ning gy bénh truyén bénh tir dong vat sang



KHOA HOC KY THUAT THU Y TAP XXVII SO 8 - 2021

nguoi hay gay dich bénh bung phat hay khong. Vi
du, ching HLJ-073 ¢ Trung Qudc c¢6 su khac biét
vé dic tinh sinh hoc so véi cac CCoV duge bao
cao khac va vi¢c phan nhom theo thir bac co thé
hiru ich dé sang loc cac chung CCoV dic biét nay.

Loi cam on: Quy nghién ciu Khoa hoc va
cong nghé, Truong dai hoc Cong nghé, TP. HCM
da tai tro- cho nghién ciru nay.
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