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NGHIEN CU'U CHU’C NANG TALOME CUA VI KHUAN Xanthomonas
oryzae pv. oryzae GAY BENH BAC LA
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TOM TAT

TAL effector la mot protein tiét loai 3 dac treng cho chi Xanthomonas gay bénh réng rai trén
nhiéu loai cay trdng khac nhau va chung cé vai trd quyét dinh trong twong tac dac hiéu vi khuan va
cay chu. Cac nghién ciru gan day cho thay chi mot vai TAL effector riéng 1& c6 kha ndng quyét dinh
doc tinh ctia vi khudn Xanthomonas théng qua viéc hoat héa cac gen nhiém. Trong nghién ctu nay
chung t6i tién hanh gidi trinh tw hé gen va phan lap day du TAL effector ctia 1 chiing Xoo va tién hanh
nghién ciru ddc tinh riéng ré cla tirng TAL effector. Két qué nghién ctru cho thdy co it nhat 3 TAL
effector ¢ doc tinh khi tién hanh lay nhiém trén giéng lia Azucena. Hai trong sé 3 TAL effector c6 déc
tinh c6 gen dich 1a OsSSWEET14 la mét gen nhiém dién hinh cla vi khuan bac 14 trén lGa. Gen thw 3
c6 hai gen dich trong dé 1 gen da biét 1a OSTFX1 va 1 gen méi dwoc tam goi la UPTAL2 (thudc nhém
ma héa nhan té phién ma ERF). Nghién ctvu nay cla chung t6i goi mé kha ndng kham pha chic ndng
toan bo hé TAL effector (TALome) clia vi khudn Xanthomonas, xac dinh cac TAL effector cé doc tinh

lam co s& cho coéng tac chon tao gibng khang bac la trong cac buéc tiép theo.

Tir khéa: bénh bac 13, chon tao gidng khang, TAL effector, TALome, twong tac vi sinh vat-cay

trdng, gen khang, gen nhiém.

1. MO PAU

TAL  (transcription  activator-like)
effector duoc tiém vao té bao cay chu dya trén
hé théng tiét loai III cua cac loai vi khuéan
Xanthomonas. Cac TAL effector xdm nhép vao
nhan té bao cdy chu va co kha ning bam dic
hi€u vao trinh ty promoter cta cay chu va hoat
hoa biéu hién cac gen dich giup thic day qua
trinh 1ay nhiém cta vi khuan (giup ting sinh
hodc giup vi khuan di chuyén xa hon trong cay
chu hodc cung cip dinh dudng cho vi khuan...).
Céc TAL effector c6 vai tro quan trong trong
tuong tac gitta Xanthomonas va cay chu tuy
thudc vao chuc nang cua cac gen dich trong
cdy chu, néu gen dich 1a gen nhiém
(susceptibility S gene, can thiét cho qua trinh
lay nhiém) thi vi khuan c6 kha ning gy bénh,
nguoc lai néu gen dich 1a gen khang (resistance
R gene) thi cay chu c6 kha nang khang bénh.
Trong thyc t& dot bién trén ving promoter ciia
gen nhiém khién cic TAL effector khong co
kha ning bam va ting cuong biéu hién gen
nhiém, két qua cay khang bénh vi du nhu cac
gen khang xal3 va xa25 (Chu et al., 2006;
Yang et al., 2006).

Kha nang bam dac hi¢u cua TAL effector
dugc quyet dinh dya trén trat ty ving trung tam
cua protein nay voi cac trinh ty amino acid

giéng nhau dugc ldp lai lién tuc ngoai trir hai vi
tri thir 12 va 13 12 hai vi tri siéu bién d6i (Repeat
Variable Diresidue, RVD). Ké tir nam 2009,
twong tac dac hi¢u gira RVD va cac acid
nucleic, cu thé NI = A, HD = C, NG =T, NN =
R (G hodac A), va NS =N (A, C, G, hay T) da
dugc cong bd boi hai nhom nghién ctru doc 1ap
(Boch et al, 2009; Moscou va Bogdanove,
2009). Phat hién nay co ¥ nghia to 16n vi ké tir
day dua trén trinh ty cua chudi RVD céc nha
khoa hoc co6 thé du doan céac gen dich cua vi
khudn Xanthomonas, két hop véi dir liéu
transcriptome hodc RNAseq va phan ung gitra
cay chu va vi khuén cac nha khoa hoc c6 thé du
doan/phan 1ap cac gen khang/nhiém méi. Ngoai
ra voi cong ngh¢ chinh stra hé gen (genome
editting) dwa trén hiéu biét vé mdi twong tac
giita TAL effector va gen nhiém cac nha khoa
hoc d3 co thé tao ra cac gen khang moi tr do
lam co s& chon tao cic giong khang nhiém vi
khuan Xanthmonas, vi du nhu nhém téc gia My
da tac dong lén promoter cia mot gen nhiém da
dugc nghién ctu ky (OsSWEETI4) dé tao ra
giong lta khang Xanthomonas oryzae pv.
oryzae (Li et al., 2012).

Trong nghién cru nay chung t6i trinh
bay phuong phap thu nhan trinh ty TALome
cua vi khuan bac 14 tur trinh tu hé gen va phan
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lap tung TAL effector riéng 1¢ cting nhu phan
tich chirc nang cua tung TAL effector riéng 1¢
cta vi khuan bac 14. Két qua nay goi mé mot
kha nang kiém tra toan bd hé TALome cua vi
khuén bac 14 dai dién cia Viét Nam tir d6 tao
co sO cho viéc bién tap hé gen phuc vu cong
tac tao gibng khang bac 14 phd rong va bén
virng tai Viét Nam.

II. VAT LIEU VA PHUONG PHAP THi
NGHIEM

2.1. Vat liéu

Nghién ctru sir dung ngudn vi khuan gay
bénh bac 14 dwoc cung cip bai phong thi
nghiém thudc Trung tam Nghién ctru vi sy phat
trién IRD, cong hoa Phap. Gibng lua chuan
nhiém dwgc st dung 1a gibng lua japonica:
Azucena. Céc héa chat thiét bi nghién ciru sinh
hoc phan tr dugc cung cdp tir cic hing
Invitrogen, Sigma, Qiagen... Giai trinh tu hé
gen vi khuan dugc cung cip dich vu bsi phong
thi nghiém cua Vién Nghién ctu Icahn, New
York-M¥ theo hé thong Pacbio sequencer. Giai
trinh ty vector dugc cung cép dich vu boi cong
ty Beckman Coulter Genomics theo phuong
phap Sanger.

2.2. Phwong phap thi nghiém
2.2.1. Gidi trinh tw h¢ gen vi khudn bac ld

Vi khuan bac 14 duoc nudi cdy trén moi
truong PSA dic c6 bd sung khang sinh
gentamycin (20mg/l) dé thu duoc khuan lac
don trudc khi nudi cdy dé thu sinh khdi 16n.
DNA cua vi khuén duge thu nhan béng kit tach
chiét DNA tong sé Blood & Cell Culture DNA
Midi Kit cia hang Qiagen (Cat. No. 13343).
DNA tong s6 dugc kiém tra bang dién di xung
day 2 chiéu truéc khi chudn bj thu vién cho
giai trinh tu hé gen bang hé thdng giai trinh ty
Pacbio. Viéc lap ghép dit lidu giai trinh ty duoc
cung cdp boi Vién Nghién ctru Icahn. Hé
genome vi khuan cta dugc chu thich va so
sanh bang céng cu mod trén cac website:
http://rast.nmpdr.org/ va
https://benchling.com/.
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2.2.2. Trich xudt TALome ciia vi khudn bac ld

Két qua giai trinh ty hé gen ctia vi khuan
bac 1a dugc st dung dé trich xuét trinh tw RVD
va trinh tu nucleotide dugc thuc hién b@fmg phﬁn
mém AnnoTALE va duoc kiém tra bang phuong
phép Southern Blot dé xéac dinh s luong va kich
thudc chinh xac cta ting thanh vién.

2.2.3. Phin ldp TAL effector ciia vi khuin
bac la

Cac TAL effector ciia vi khuén bac la
duoc sang loc bang phan ting PCR véi cap moi
dac hi¢u tur thu vién pSKX1/TAL-BamHI da
lam giau nho thao tac cit dong thoi hé gen vi
khudn véi 3 enzyme cat gigi han 1a BamHI,
Sfol va Apall. Cac khuan lac dwong tinh duoc
tach plasmid, kiém tra lai v6i phan tmg cit gisi
han béng enzyme BamHI trudc khi giai trinh tu
vung N va C ciling nhu vung trung tam véi
phuong phap giai trinh tu Sanger.

2.2.4. Tii nap TAL effector vao vi khuin
Xanthomonas oryzae X11-54

DNA plasmid chtta phan doan ma hoa
TAL effector sau khi kiém tra trinh tu duoc bién
nap vao vi khuan E. coli ching S17.1 va tiép d6
dugc tai nap vao vi khuan Xanthomonas oryzae
X11-5A  bang phuwong phip bi-parent
conjugation (Verdier et al., 2012).

2.2.5. Danh gia djc tinh cia TAL effector

Doc tinh cia TAL effector riéng 1¢ dugc
danh gia bang phuwong phap cit dau 14 lua
Azucena ¢ giai doan sinh dudng (30 ngay sau
gieo hat) véi dung dich vi khuan Xo X11-5A
tai nap (ODggo = 0.2). Vét bénh duoc do tai thoi
diém 15 ngay sau khi lay nhiém, thi nghiém
duoc tién hanh lap lai 6 1an, mdi lan trén it nhat
8 cay (2 14 mdi cay). Két qua dugc xur 1y théng
ké va xay dung d6 thi trén phin mém
Graphpad Pism 6.

2.2.6. Dy dodn gen dich ciia TAL effector

Trinh ty bam va danh sach gen dich cua
cac TAL effector dugc tinh toan dua trén ph?m
mém TALvez 3.1 va TAL Effector Nucleotide
Targeter 2.0.
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Bdng 1. Danh sdach va trinh ty moi sir dung trong nghién ciru
Tén mbi Trinh ty Chu thich
pthXol-nt-Fwl GCAGCTTCAGCGATCTGCTC Southern blot va sang
pthXol-nt-revl TGGACCTCTCAACTCTCCCGCCA loc thu vién
pSKX1-For GGCACGACAGGTTTCCCGAC Giai trinh tu plasmid
pSKXI-REV GGGCACCAATAACTGCCTTA tai t6 hop"

talc-repeat-rev

GCCGGATCAGGGCGAGATAACT

talc-repeat-FW

CACTGACGGGTGCCCCCCTGAA

Giai trinh tu plasmid
tai to hop®

TFX1-For ACTGCCTCTCACCTCCAAGC
TFXI-REV GGTAGGCGTCATCTGTGCTG
ERF-Rev CTTGTTGGTGGTGTGGTCTC SqRT-PCR
ERF-For GCGCGGCGCCAACGCCGTCC

' giai trinh tu ving N va C cia TAL effector; *: giai trinh tu ving trung tim ctia TAL effector

III. KET QUA VA THAO LUAN

3.1. Giai trinh ty h¢é gen va TALome cta vi
khuan bac l1a

Trinh ty hé gen cua 3 chung vi khuan
Xanthomonas oryzae pv. oryzae (Xoo 1, Xoo 2
va Xoo 3) dugc tién hanh giai trinh ty bang
phuong phap Pacbio sequencing. Phuong phap
nay st dung cong nghé doc trinh ty thoi gian
thuc trén tirng phan tir DNA (single molecule,
real-time: SMRT sequencing) cho phép doc
trinh tu cac phan doan DNA c¢ kich thude 1én
dén 20 kb. Phuong phap nay cho phép thu nhan
trinh ty hé gen chét luong rat tdt, 4o chinh xac
rat cao dic biét 1a cac vung c6 do lap lai 16n
(do c6 kha ning doc rat dai) va dic biét thich

hop cho cac hé gen nho cua vi khuén. St dung
phuong phép nay nhom tac gia A. Bogdanove
da thu nhan dugc trén 10 hé gen cua vi khuén
Xanthomonas oryzae pv. oryzicola (Wilkins et
al.,, 2015) va chu thich lai mot s6 sai sot do
giai trinh ty hé gen trudc d6 cua vi khuan Xoo
PX099* (Sebra et al., 2015).

So bd phan tich két qua ching toi nhan
thiy chit luong giai trinh ty rat tot, hé gen
dugc lp ghép trong 1 contig duy nhat cho ca 3
vi khudn véi kich thudc x4p xi 4,7 Mb va thanh
phan GC xap xi 63,9%, s6 lugng RNAs (ARN
nho) 1a 59 va s6 lugng gen mé hoa cho 3 ching
lan luot 13 4442, 4517 va 4530.
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Hinh 1. Cdy quan hé phdt sinh gitta cdc ching vi khuan Xanthomonas oryzae dige xdy dung dwa
trén so sanh trdt tu nucleotide cua 31 gen gitr nha bang phan mém Mega 6.0
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Nhim so sanh hé gen cua 3 chang vi
khuén trong nghién ctru ndy véi cac trinh tu hé
gen cua vi khuan Xanthomonas oryzae da cong
bd trudc ddy, trinh ty 31 gene giit nha (house
keeping gene) cua cac ching da dugc thu nhén
bang phan mém AMPHORA sau d6 duoc ghép
noi lai thanh 1 trinh ty duy nhat goi la trinh ty
cac gen gilt nha va tién hanh so sanh trinh tu,
xdy dung cdy quan hé phat sinh trén phin mém
Mega 6.0. Két qua cho thdy 3 trinh ty hé gen
ciia chung t6i nam riéng biét khoi nhom vi
khuan Xanthomonas oryzae pv. oryzicola va
nim kha gan nhom vi khuin Xanthomonas
oryzae pv. oryzae khac ciia chau A (hinh 1).
Két qua nay cho thiy c6 su phan biét kha rd
gitta 2 nhom vi khuan Xoo va Xoc ngay trong
cac gen gilt nha cua chung.

3.2. Phan lap TAL effector ciia vi khuin bac
1a

Bing cach so dung phin mém
AnnoTALE, chung t6i da thu nhan dugc trinh
tuw RVD va trinh tu nucleotide TALome cua ca
3 ching vi khuan. Theo d6 véi mdi chung vi
khuin déu c6 9 Tal effector trong mdi
TALome véi kich thudc t6i da 1a 25,5 repeat
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cho mdi hé TALome. Pay 1a su khac biét so
v6i cac hé TALome duge cong bd trude do do
s6 luong twong dbi it (thong thudng tir 16-19
TAL effector cho vi khudn Xoo va 26-30 cho vi
khuan Xoc). Dé khang dinh két qua nay, thi
nghiém Southern Blot da duoc tién hanh cho 2
chung Xoo 1 va Xoo 2. Hinh anh thu dugc cua
phan Gng lai v6i moi dic hiéu thiét ké trén
vung C cua TAL effector cho phép chung to6i
khing dinh sé lugng va kich thuéc TAL
effector ctia timg chiing trung khép véi két qua
phan tich bang phan mém AnnoTALE.

Tién hanh so sanh so bo tong thé ving N
va C cua cac TAL effector trong TALome cua 3
ching vi khuan trong nghién ciu nay véi
TALome cua cac chung Xanthomonas oryzae da
cong bd bang phan mém Mega 6.0 ching toi
nhan thdy 3 chung vi khuan trong nghién ctru
nay tao thanh 1 nhém riéng so vdi cac vi khuan
Xanthomonas oryzae khac va nhom gan giii cia
n6 1a 3 ching vi khuan Xoc gdm 1 ching chau
Phi va 2 ching Dong Nam A (hinh 2). Pay la
diéu khong quan sat thdy khi so sanh hé genome
cua ca 3 chung trong nghién ctru véi cac ching
Xanthomonas oryzae da cong b (hinh 1).
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Hinh 2. Két qud so sanh trdt tir nucleic ciia vimg N va C giita cdc ching vi khudn Xanthomonas
oryzae bang phan mém Mega 6.0

Pé tién hanh danh gia doc tinh riéng ré
cua ting TAL effector chung t6i di tién hanh
xdy dung thu vién TAL effector 1am giau bang
k¥ thudt cdt dong thoi gDNA tong s6 ciia timg
chung voi 3 enzyme cat gio1 han va nhan dong
truc tiép trong vector bidu hién tai vi tri
BamHI. Phuong phap nay giup ching toi rut
ngan duoc thoi gian do khong can sang loc thu
vién plasmid tai to6 hop véi sé luong 16n do
phan doan TAL effector da dugc lam giau theo
tinh toan ly thuyét 1a 60-70%. Két qua thuc
nghiém cho thay 25-30% khuédn lac sang loc
mang phan doan TAL effector (duong tinh véi
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phan tmg PCR bang mdi ddc hiéu thiét ké trén
dau N). Pay 1a két qua rét tt néu so sanh véi
mot sb phuong phap khac nhu PCR (bj han ché
do cAu truc lap tai ving trung tdm cia TAL
effector) hay cac phuong phap tao thu vién
thong thuong (dudi 0,1%).

3.3. Phan tich chirc ning cuia ciac TAL effector

TALome cua chung Xoo 1 da dugc
ching t6i phan 1ap hoan toan trong vector biéu
hién va tién hanh tai nap vao ching vi khuan
Xo X11-5A. bay la chung Xanthomonas
oryzae dac biét do trong h¢ gen khong mang
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bat ky TAL effector nao va c6 doc luc yeu
trong thi nghiém cat dau 14 trén gidng chuin
nhiém dugc str dung 1a Azucena. Chung X11-
5A do khong c6 TAL effector tu than nén khi
dugc tai nap TAL effector tu vi khuén
Xanthomonas oryzae khac s& thé hién chinh
doc tinh cuia TAL effector tai nap (Verdier et
al., 2012).

Két qua thi nghiém liy nhiém bang
phuong phap cit dau 14 trén gidng Azucena
cho thay chi c6 3 TAL effector ciia chung Xoo
1 c¢6 kha nang tang cuong doc tinh cho vi
khuan X11-5A tai nap so véi vi khuan gdc
(hinh 3). Tién hanh phan tich trat ty bam va dy
doan gen dich cho timg TAL effector v4i phan
mém Talvez 3.1 va Tal targetter 2.0 cho thdy 2
TAL effector 5 va 6 c6 cung gen dich la
OsSWEETI4 tuy nhién véi hai trinh ty EBE
doc lap. Pay la két qua tha vi vi gene
OsSWEETI4 duge biét 1a gen nhiém duoc
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nghién ciru tot nhat cho vi khuan bac 14 va la
gen dich cta nhiéu ching vi khuan bac 14 khi
gy bénh trén lta. Tuy nhién day 1a 1an dau tién
chung ta thdy 1 ching vi khuan c¢6 kha ning tac
dong dén 2 vi tri khac nhau trén ving promoter
ciia gen nhiém nay trén cdy lia. Riéng voi
truong hop TAL effector con lai (sé 2) thi
trong danh sach gen dich khong cd gen nao
duogc thong bao trudc do co vai tro trong qua
trinh 1ay nhiém cta vi khuan. Tuy nhién khi
kiém tra danh séch va doi chiéu voi dir liéu
biéu hién gen tong sb va kiém tra lai bang
phuong phap sqRT-PCR chung t6i da phat hi¢n
dugc 1 gen dich tiém niang 1a OsTFXI 1a gen
dich cua TAL effector pthXo6 da cong bd trude
d6. Ngoai ra con 1 gen c6 tiém ning thudc
nhom gen mé hoa cho nhan t6 phién ma ERF,
cac két qua nghién ctu tiép theo s& dugc trinh
bay trong mot cong bd khac.
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Hinh 3. Két qua ldy nhiém nhdn tao bang phirong phap cat dau ld cac ching vi khudn X11-5A4 tdi
nap o 15 ngay sau khi lay nhiem (Graphpad Prism 6.0)

IV. KET LUAN

Két qua nghién ctru cua chung toi khang
dinh kha ning tiép can phuong phap giai trinh
tw hé gen méi Pacbio. Trong nghién ctru nay
chung t61 da dé xuit mot phuong phap moi
nham phan 1ap timg TAL effector riéng 1&, cho
phép nhanh chong nghién ctu doc tinh cua
ting TAL effector. Pay 1a mot budc tiép can
gitip chiing t6i c¢6 thé nhanh chéng nghién ciru
va xac dinh dugc vai tro cua tirng TAL effector
riéng 1¢ trong tuong tic giita vi khuan
Xanthomonas oryzae pv. oryzae voi cdy chu.

Két qua nghién ciru ciing goi y cho ching toi
kha nang cé thé thu nhan dugc mot buc tranh
toan canh vé TALome cho quan thé vi khuan
bac 14 & Viét Nam nhim tao co s& cho viéc
nghién ciru tuong tac giita vi khuan bac 14 va
cay ltia ¢ nudc ta, ngoai ra con phuc vu tryc
tiép cho cong tac tao giéng khang bac 14.
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TAL effector is an excretion protein 3, which becomes specific to Xanthomonas genus. The
bacteria caused serious diseases to various crop species with specific host-pathogen relationship.
Recent studies showed that some individual TAL effectors could identify the virulence by
Xanthomonas through inducing susceptible genes. In the study, genome sequencing and TAL
effectors’ identification were carried out with particular virulence in each effector. At least three TAL
effectors induced the virulence in case of Azucena genotype inoculated by Xoo. Of three effectors, two
exhibited their virulence, which controlled by OsSWEET14 gene. The third one related two target
genes as OsTFX1 and one new gene UPTAL2 (belonging to transcription factor of ERF). The study
will help us detect the function of whole TAL effector (TALome) of Xanthomonas, identify TAL effectors
with highly toxic virulence, and help rice breeders improve bacterial blight resistant rice varieties.

Keywords: bacterial blight, host-pathogen relationship, resistance genes, susceptible genes,
TAL effector, TALome
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