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MO PAU
Tinh cap thiét ciia dé tai

Lua gao 1a cdy luong thuc chinh va dong vai tro thiét yéu trong viéc cung cip
nguon dinh dudng cho gan mot nira dan s thé gidi. Do d6, viéc dam bao su on dinh
va gia ting vé ning sudt va chat lugng lta mang ¥ nghia rat quan trong dbi véi an
ninh lwong thyc tai nhidu qudc gia. Tuy nhién, canh tic néng nghiép dang phai doi
mat v6i nhitng thach thirc nghiém trong. Cu thé, sy khai thac qua mirc dét canh tac
cung vdi viéce st dung thiéu kiém soat phan boén vé co va thude bao vé thuc vat hoa
hoc da gay ra tinh trang thoai hoa dét trén dién rong. Dat trong khong chi can kiét vé
ham luong dinh dudng ma con bi suy thoai vé hé vi sinh vat (VSV). Pong thdi, mam
bénh c6 xu huéng tich lily qua nhiéu vy canh tac, tré thanh mot thue trang phd bién
trén pham vi toan cu. Bén canh do, hién tuong bién ddi khi hau dang dién ra véi tde
d6 ngay cang nhanh hon, phirc tap hon. Két qua 13, cy trong phai d6i mat voi nhiing
mdi de doa nghiém trong tir cac diéu kién bat loi, bao g@)m ca yéu to phi sinh hoc va

sinh hoc.

San xuat néong nghiép hién nay c6 xu hudng gia ting su phu thudc vao cac loai
héa chét néng nghiép, bao g6m phéan bon hoa hoc, thude diét co, thube diét ndm va
thudc trir sau hoa hoc. Tuy nhién, phuong phap canh tac ndy tiém an nhiéu mdi nguy
hai d6i véi stic khée con nguoi va moi trudng. Hon nita, qua trinh san xuat héa chat
nong nghiép & quy mod cong nghiép doi hoi tiéu thy mot luong déng ké nang lugng
va cac ngudn tai nguyén khong thé tai tao. Trong bdi canh d6, viéc phat trién va tng
dung cac ché pham sinh hoc sir dung VSV, dic biét 1a vi khuan ndi sinh (VKNS), 13
mot cach tiép can kha thi nham timg budc giam thiéu sy phu thudc vao hoa chat trong
san xuat nong nghiép. Cac ché pham nay c6 kha ning kich thich sinh truéng thuc vat,
nang cao hiéu qua hap thu dinh dudng va/hodc kiém soat cac tac nhan gay bénh thyc
vat.

Céc nghién ctru vé VKNS di duoc khoi xuéng tir dau thé ky 20. Cac nghién
ctru tiép theo di cung cap bang ching chimg minh kha ning ciia VKNS trong viéc
cai thién sinh truéng thyc vat va doi khang cic tic nhan gy bénh. Trong nhiing thap

ky gan day, nghién ciru vé VKNS chu yéu tap trung vao viéc lam 13 cac tac dung cd
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loi cia ching cling nhu méi tuong tac phirc tap véi cdy chi. Cac ching VKNS c¢6
tiém nang thuc day sinh trudng thyc vat, ting cudng stc khoe cua cay trong va cai
tao dat canh tac d4 thu hiit sy quan tim 16n cho ing dung trong san xuat cac ché pham
sinh hoc phuc vu nong nghiép hitu co. Song song vdi do, su tién bo vuot bac cua
cong ngh¢ giai trinh ty gen thé hé mai, két hop vo6i cac cong cu tin sinh hi¢n dai va
ky thuat metagenomics, da tao diéu kién thuan loi cho viéc phan tich va lam rd muc
d6 da dang ciing nhu vai tro cu thé ciia hé VKNS thuc vat ddi véi cay chu. Nhiéu
phat hién mé&i vé mdi tuong tac giita thuc vat va VKNS da dugc cong bd. Pang cha
¥, cac bang chimg khoa hoc gan day ciing di 1am sang to vé sy hinh thanh ctia hé vi

sinh vat gay bénh (con dugc goi 1a pathobiome) ¢ thyc vat.

Lia 1a cay luong thuc quan trong cua nudce ta voi dién tich canh tdc hang ndm
khoang 7,1 — 7,8 tri¢u hecta. Bénh bac 14 lta do vi khuan Xanthomonas oryzae pv.
oryzae (Xoo) giy ton hai ning dén ning suét va chét luong laa gao. Phuong phap
kiém so4t sinh hoc sir dung cac VSV ¢o ich trong d6 c6 VKNS hién dang dugc quan
tam nghién ctru do tinh an toan va than thién voi moi truong. Dé tai “Nghién cibu vi
khudn néi sinh ¢ mét sé giong lia va kha nang déi khdng Xanthomonas oryzae
pv. oryzae gdy bénh bac ld ciia cdc chiing tuyén chon” duoc thyc hién nham hiéu
biét sau hon vé hé VKNS ciia mot s giéng lta ¢ Viét Nam, dong thoi tim kiém cac
chung VKNS c¢6 tiém ning Gng dung trong phong trir bénh bac 14 lta do vi khuan

Xoo gay ra.

Muc tiéu ciia dé tai

1. Nghién ctru h¢ VKNS trén cdy lta ¢ Viét Nam bang cong cu metagenomic va danh
gia vai tro cua chung ddi vai bénh bac 14.

2. Nghién ctru tng dung VKNS lua trong phong trir bénh bac 14 do Xoo gay ra.

Y nghia khoa hoc — thue tién ciia dé tai

— Nghién ctru da cung cap thong tin vé hé¢ VKNS 6 hai giéng lua quan trong 14
Bic thom 7 va IR4625, 1am sang t6 mbi lién hé giita hé VKNS va bénh bac 14

laa.



— Nghién ctru da chting minh ching VKNS Bacillus velezensis VY03 c6 tiém
ning Gmg dung t6t trong kiém soat sinh hoc phong trir bénh bac 13, hudng t6i
giam thiéu thube bao vé thuc vat va phan bén héa hoc trong canh tac lta hiru
co.

— Két qua nghién ctru ciia d¢ tai 14 tai liéu tham khao hitu ich cho nhimng nghién
ctru khac vé hé VKNS thuc vat va ung dung phat trién cac ché phém sinh hoc

phong trir bénh hai ¢ cay trong do VSV gay ra.
Tinh méi ctia luin an

— Luéan an 1a cong trinh dau tién tai Viét Nam thuc hién nghién clru so sanh
metagenome ctia hé VKNS 6 hai gidng lua quan trong, Bac thom 7 (min cam
v6i bénh bac 14) va IR4625 (it nhiém bénh bac 1), trén co s¢ d6 danh gia mdi
lién quan gitra hé VKNS va bénh bac 1a Ita. Nghién ctru cho thdy sy c6 mat
ctia Acholeplasma spp. trong hé VKNS ¢ giéng laa IR4625 ¢ thé 1a yéu t6

g6p phan vao kha ning chong chiu bénh bac 14 & giéng lua nay.

— Nghién ctru d3 chtrng minh ching VKNS 10a Bacillus velezensis VY03 tic ché
Xoo bang hai con dudng (i) sinh hoat chat khang khuan tiét ra ngoai té bao va
(ii) canh tranh khong gian sinh truéng. Ching VY03 thé hién hiéu qua kiém
soat bénh bac 14 tdt trong thi nghiém ¢ diéu kién nha luéi va diéu kién déng

rudng, l1a tdc nhan kiém soét sinh hoc tiém nang cho nén nong nghiép hiru co.



CHUONG I. TONG QUAN TAI LIEU
1.1. HE VI SINH VAT THUC VAT
1.1.1. H¢ vi sinh vat thue vat

Hé VSV thuc vét (plant microbiome) bao gom tat ca cac VSV lién két véi thuc
vét va dong vai trd quan trong ddi véi sinh truong, phat trién va kha niang thich nghi
v6i moi truong cua thuc vat (Hinh 1.1) (Gopal & Gupta, 2016). HE VSV thuc vat 1a
mot tap hop ning dong, da dang va bi anh huong bai cac yéu td nhu loai thuc vat,
diéu kién moi trudng va giai doan phat trién (Dastogeer et al., 2020; Zhang et al.,

2023). Cau trac hé VSV thuc vét theo cac 6 sinh thai (niche) bao gdm:

(i) Hé VSV vung ré (trong dit quanh ré - rhizosphere, hodc bam trén bé mit ré -
rhizoplane): 1a cac VSV sinh trudng trong khu vuc xung quanh ré cdy, chiu anh
huéng manh mé ctia cac chat tiét tir ré. Cac VSV vung ré chu yéu 1a két qua chon
loc tir dat, do vay cAu trac hé VSV dat 1a yéu td quan trong xac dinh cAu truc hé
vi khuan vang ré, hon 1a dic diém di truyén cua loai thuc vat (Vandenkoornhuyse
et al., 2015). Cac nganh vi khuan thuong dugc tim thy trong ving ré bao gém
Proteobacteria, Acidobacteria, Actinobacteria, Bacteroidetes, Verrucomicrobia,
Planctomycetes, Chloroflexi, Firmicutes va Gemmatimonatedes (Compant et al.,
2019). Cac nganh ndm pho bién bao gdm Nectriaceae, Ulocladium, Alternaria,
Mortierella, Microdochium, Ascomycota, Chytridiomycota, va Basidiomycota
(Olanrewaju, et al., 2024). Cac VSV vung ré dong vai trd quan trong trong viéc
tang cuong kha ning hap thu nuéc va khoang chat cta ciy (Trivedi et al., 2020).

(ii) Hé VSV biéu sinh nam trén bé mit cac co quan trén mit dat (phylosphere): thanh
phan hé VSV biéu sinh cha yéu bi anh hudng boi cac yéu t6 moi truong. O bé
mit 14, hé VSV thudng bao gdm vi khuan va nam (Compant et al., 2019). Dién
tich bé mat thuc vat 16n gip ~ 2 1an dién tich bé mat trai dat, c6 nghia 1a s6 VSV
biéu sinh rat 1én. Tuy nhién méi trudng biéu sinh c6 tinh khic nghiét cao, nhu
nhiét do, tia cu tim, canh tranh vé khong gian sinh trudong gitra cdc nhém VSV...
VSV biéu sinh thich nghi bﬁng cach hinh thanh tap hop té bao, tao biofilm, san
sinh chat hoat dong bé mit sinh hoc, sir dung hiéu qua co chat tir thyc vat (Vorholt

et al., 2012).



(ii1) HE VSV ndi sinh séng bén trong cac md thyc vat bao g@)m ré, than, 14, hoa va hat
(endosphere): Hé VSV ndi sinh ré da dang va chu yéu c6 ngudn gdc tir dat, mot
s6 trudng hop xam nhdp qua than/la hay c6 san trong hat tir ciy me. VSV noi
sinh xdm nhép vao mo ré thong qua cac qua trinh thy dong va chii dong sau dé di
chuyén 1€n cac bo phan khac ctia cay. HE VSV ndi sinh chiu anh huong boi nhiéu
yéu td sinh hoc va phi sinh hoc. Gan day, vi khuan lién két vai hat cling duoc
nghién ctru va chi yéu bao gdm Proteobacteria, Actinobacteria, Bacteroidetes va
Firmicutes. H&é VSV hat c¢6 lién quan d&én hé VSV dit ciing nhu hoa va qua

(Compant et al., 2019).
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Hinh 1. 1. H¢ vi sinh vt cua thuc vat (Gopal & Gupta, 2016)

Thuc vét thu hit cac VSV nodi sinh mét cach co chon loc dé thac déy su sinh
truong va thich nghi cia minh véi cac tac nhan moi trudng bat loi, vi du nho cac hop
chat tiét ra tir ré dé tuyén chon cac VSV ¢6 loi trong dat (Liu et al., 2021). San pham
quang hop cua thuc vat 13 ngudn carbon doi dao nudi dudng hé VSV, gdm cac nhom
¢6 loi nhu vi khuan cong sinh, ndm ré, VSV ndi sinh hodc vi khuan hdi sinh va ca
VSV gay bénh thuc vat (Compant et al., 2019). Méat khac, VSV ciing co thé giai
phéng cac hop chit diéu chinh qua trinh tiét dich cia thuc vét (Pereira et al., 2023).
Tuong tac thuc vat - VSV déng vai trd quan trong d6i véi viéc hinh thanh hé VSV
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cling nhu anh huéng dén bicu hién gen thyc vat va cac chic ning séng quan trong

cua thuc vat.

H¢ VSV thuc vat mang lai nhiéu loi ich cho thuc vat bao g@)m thuc déy sinh
truong va tang kha ning chdng chiu cac yéu té bat loi, do d6, quyét dinh tinh trang
stic khoe cua thuc vat (Compant et al., 2024). Cac VSV giup kich thich sinh trudng
thuc vat nho sinh hormone thuc vat va taing cuong hép thu dinh dudng nho kha nang
¢ dinh dam, hoa tan phosphate.... VSV co thé cai thién cau trac hé théng 1é cua ciy
chu, do d6 tang kha nang hap thu nudc va khoang chat cua ré (Trivedi et al., 2020).
VSV lién két véi thuc vat cling duoc chimg minh cé thé cai thién kha ning chong
chiu cua ciy ddi vai cac bét lgi phi sinh hoc nhu han han, ngap lut, min, nhiét d6 cuc
doan va 6 nhiém kim loai/hitu co (Compant et al., 2019). Mot s6 VSV ¢6 thé 1am thay
d6i dang ké dic tinh va kiéu hinh cua cay chu (Trivedi et al., 2022).

Hé VSV thyc vét c6 vai tro kép trong bénh 1y thuc vat, mot s6 loai co thé giy
bénh, mot sd loai khac lai co kha nang bao vé cay chu trudc su tan cong cua cac mam
bénh. Nhiéu VSV ¢6 loi trong ving 1é& da durgc chirg minh gitip ting cuong kha ning
phong vé ciia cay thong qua kich khang hé thong (induced system resistance, ISR)
(Schlaeppi & Bulgarelli, 2015). Céc tac nhan kiém soat sinh hoc nhu Pseudomonas
fluorescens va Bacillus amyloliquefaciens duoc chimg minh c6 thé kich hoat cac phan
g phong vé ctia cdy. Cac VSV c¢6 1oi ciing c¢6 thé canh tranh tryc tiép vdi mam bénh
vé ngudn dinh dudng va khong gian sinh trudng, hodc san sinh chat khang khuan dé
rc ché mam bénh (Trivedi et al., 2020). HE VSV dt con co kha nang kiém soat cac
mam bénh trong dit theo co ché trc ché tong quat va/hodc trc ché dic hiéu (Li et al.,
2021). Thuc vat cling co thé lua chon tiép nhéan cac VSV ¢6 1oi tir viing ré dé chéng
lai su tAn cong cua mam bénh, ngay ca khi mam bénh tin cong cac bd phan trén mat

dat (Li et al., 2021).

Nhu vay, hé VSV thuc vat khong chi mang lai 1gi ich ma con chira dung céc
VSV c6 kha ning gay hai. Viéc kham phé sau hon vé mit bénh hoc ctia mdi quan hé
phtrc tap nay da dan dén sy hinh thanh khai niém "Hé VSV gay bénh thuc vat" hay
"Pathobiome", mot budc chuyén dich quan trong tir quan diém truyén théng "mot

mam bénh — mot bénh" sang mdt cach ti€p can toan di¢n hon vé suc khde thyc vat.



1.1.2. HE vi sinh vat gay bénh thuc vat

Céac VSV gay bénh thyc vat 1a méi de doa ddi voi san xuat nong nghiép, giy ra
t6n that khoang 16% san lugng cay trong toan cau (Dastogeer et al., 2022). Xuét phat
tir quan ni¢m “mam bénh - mdt bénh”, trude day cac nghién ctu hau nhu chi tap trung
vao tuong tac giita thuc vat va tac nhan gay bénh ma it chi ¥ dén cac VSV khac cing
c6 mit tai cac vi tri nhiém bénh (Bez et al., 2021). Gén day, mbi quan hé ba bén thyc
vét - tic nhan gay bénh - cac VSV khac di thay doi cach nhin nhan cta cac nha khoa
hoc vé bénh & thuc vat nhu 13 két qua ctia mdi quan hé nay trong cac diéu kién khac
nhau (Trivedi et al., 2022). Sy tuong tac gitta tac nhan gay bénh va cac VSV khac
ctia hé VSV c¢6 thé anh hudng tich cuc hodac ti€u cuc dén doc luc cta tac nhan gay
bénh, quyét dinh murc d6 biéu hién bénh. M6t sb tac nhan gay bénh khi xam nhap vao
thuc vat sé& gdy ra thay d6i vé thanh phan va sy phong phti cia hé VSV thuc vat.
Dastogeer va cs. (2022) di bao cdo ndm Magnaporthe oryzae giy bénh dao 6n khi
nhiém vao cay lua 1am thay doi ciu triic hé VSV cta mo 14 va hat tai vi tri nhiém voi
su gia ting cta vi khuan Rhizobium va su suy giam cua mot sé6 nam Tylospora,
Clohesyomyces va Penicillium. R& cdy laa nhiém ndm M. oryzae chi chira 17%
VNKS c¢6 nguodn gdc tir dét, trong khi ¢ ré cdy lta khoe manh ty 16 nay 1a 71%. Mot
s6 tac nhan gay bénh thuc vat co thé lién két voi cac tac nhan gdy bénh khac hoac céc
vi khuén cong sinh & thuc vat, dan dén tuong tac da loai phuec tap, lam tang mtrc do

nghiém trong cua bénh (Bez et al., 2021).

Vié¢c phat hién ra cac bénh thuc vat lién quan dén nhiéu hon mot tac nhan gay
bénh d4 din dén hinh thanh thut ngit “hé VSV giy bénh thyuc vat” hay “pathobiome”,
tuc la tdc nhan gay bénh tich hgp voi moéi trudong sinh hoc cua vat chu. H¢ VSV gay
bénh thuc vat 1a mot phén cua h¢ VSV thuc vat, tap hop cac VSV gay bénh, bao g@)m
céc sinh vat nhan chuén, vi khuén va virus. Nhitng VSV nay dugc phan biét véi cac
thanh phén khéac cua hé VSV thyc vat dya trén kha ndng gay hai cho mo thuc vat
thong qua sy phat trién tam thoi dudi nhing diéu kién cy thé. Hé VSV gay bénh thuc
vat con bao gom cac twong tac da loai quyét dinh tinh trang strc khoe cua ciy

(Nemchinov et al., 2023).



Su hiéu biét sau sic vé cac twong tac phtc tap ndy trong hé VSV giy bénh thuc
vat 1a diéu can thiét dé phat trién cac giai phap quan 1y bénh hiu qua va bén ving
hon. Tuy nhién, khong phai tit ca VSV sdng bén trong ciy déu gay hai. Nhiéu loai
trong s6 d6 1a VSV ndi sinh, mang lai loi ich dang ké cho cay chii ma khong giy ra

bat ky triéu chimg bénh nao.
1.1.3. H¢ vi sinh vat ngi sinh thue vat

Dinh nghia dau tién vé VSV ndi sinh (endophyte) duoc De Bary (1866) dé xuit
1a "bat ky sinh vat nao phat trién bén trong mo thyc vat", phan biét véi loai biéu sinh
séng trén bé mat cua thuc vat. Nam 1904, Darnelin da khoi xuong nghién cuu dau
tién vé VSV noi sinh cua loai co dai Agrostemma githago L.. Ké tir nam 1940, da c6
rat nhiéu bao cao vé VSV noi sinh cu trt trong mo ctia nhiéu loai thuc vét khac nhau
bao gém hat, noan, cu, ré, than 14 va qua (Kumar et al., 2020). Cho dén nay da co
nhiéu dinh nghia vé VSV ndi sinh dugc dua ra. Nam 1991, Petrini dd mé rong thém
dinh nghia ctia Carroll (1986) 1 “tat ca cac sinh vat xdm chiém bén trong mé thuc
vét trong mot phan vong doi ciia chiing va khong gay ra céc triéu chirng bénh nhiém
trung cho cay chu, bao gém ca cdc mam bénh tiém an, duogc goi 1a VSV ndi sinh”.
Hién nay dinh nghia ciia Petrini thuong dugc sir dung trong hau hét cac nghién ciru

vé VSV ndi sinh (Xia et al., 2022).

VSV noi sinh vat bao gém ndm ndi sinh, VKNS va xa khuén ndi sinh (Dubey
et al., 2020). Cac thanh vién chinh cia ndm ndi sinh bao gdm Ascomycota,
Zygomycota va Basidiomycota. VKNS rat da dang tir vi khudn Gram duong dén
Gram am va la thanh phén chinh ctia h¢ VSV thuc vat, voi cadc nganh chu yéu la
Proteobacteria, Bacteroidetes, Actinobacteria, Firmicutes Acidobacteria va
Chloroflexi (Michl et al., 2023). Xa khuan néi sinh thudng duoc phéan 1ap tir nhiéu
loai thuc vat, dac bi¢t 1a tir cdy ngdp man va cay thude trong rung mua nhi¢t doi.
Nhin chung, s6 lugng va loai VKNS trong ré cdy nhiéu hon so véi cac bd phan khac
ctia cdy, phan 16n VKNS con chua duoc kham pha va xac dinh (Xia et al., 2022).
Trong s6 cac thanh phﬁn da dang cua h¢ VSV ndi sinh, VKNS [a mot nhém déc biét
dugc quan tim do dong vai tro ndi bat trong viéc thiic day sinh truong thuc vat va

bao v¢ cay khoi céc yéu to gay hai.



1.2. VI KHUAN NOI SINH THUC VAT

Nhiéu loai VKNS da dugc chimg minh ¢é anh huéng tich cyc 1én cay chii nhd
san sinh ra cac chat kich thich sinh truéng thyc vat, giup cay trong ting kha ning hap
thu dinh dudng. Mot s6 VKNS c6 thé sinh cac hoat chat khang cic tic nhan gay bénh
va hd tro hé mién dich cua cay chi (Watts et al., 2023). Gan ddy, mot sé nghién ctru
da chimg minh hiéu qua cuia VKNS trong viéc ting cuong kha nang chéng chiu cia
thuc vat dbi voi cac didu kién méi trudng bat loi nhu han han, lanh gia va nhiém min
(Cui et al., 2024). Do d6, VKNS ngay cang dugc quan tdm nghién ctru va irng dung
trong thuc hanh ndng nghi¢p, dac biét khi bién do6i khi hau trén toan cau ngay cang

phtrc tap.
1.2.1. Ngudn goc va sy phan bd ciia vi khuin ndi sinh thwe vt

Vi khuén ndi sinh thuc vat duge cho 1a co nguén géc chu yéu tir dat, sau do di
chuyén 1én than va 14 thong qua hop bao trong cic mach gb (Kumar et al., 2020a).
Céac VKNS trong 14/chdi cdy dugce chimg minh c6 sy trung lap dang ké voi VKNS
trong 1& & ca cap do phan loai va chic ning (Liu et al., 2017). Ngoai ngudn gbc tir
dat, VKNS c6 thé 1a cac loai biéu sinh trén bé mit cic co quan trén mat dat

(phyllosphere) cua thyc vat hoac tur hat.

O thyc vat, cac ré bén nho ra xuyén qua lop biéu bi, vo, 16p ndi bi, dai casparian
(dai xung quanh 16p ndi bi) va tru bi, do d6 tao thanh mot con dudng cho vi khuan
xam nhap moét cach ty nhién tir cac vi tri nay (Compant et al., 2019). Vi khuan cling
6 thé xAm nhap ¢ dau 1, long ré va cac vét ntt ré. Tir cac vi tri d6, vi khuan co thé
tiép tuc xdm nhap vao cic mach phloem va xylem (Hinh 1.2). Vi khuan cu tri bén
trong cac mo dan cia ré ¢ thé tiép tuc di chuyén dén chdi va 14 do sy thoat hoi nude
clia cdy. Ngoai ra, VKNS ciing ¢ thé xam nhap vao cdy thong qua cac vét thuong
nhu dut ré, rach 14 do dong vat an co, con trung hoic ton thuong co hoc khac
(Compant et al., 2019).

Bén trong than cay, mot s6 loai VKNS xam chiém hau hét cac khoang gian bao,
cac khoang ndi bao, hé théng mach, trong 16p nhu mé ciing nhu bén trong 16p biéu

bi. O 14, vi khuan c6 thé cu trii trong cac t€ bao bi€u bi trén 14, cac t€ bao thit 14, cac



mach xylem ciing nhu khoang tréng giita cac té bao mé thit 14 xdp (spongy mesophyll

cell) (Compant et al., 2021).

O hoa, nhiéu loai vi khuan khac nhau dugc phat hién xam chiém & 16p biéu bi,
mach g0, bau nhuy, noan va dau nhuy cling nhu cac bd phéan khac nhu: canh hoa, dai
hoa, bao phan cing v&i cac soi va phan hoa. Trong qua, vi khudn ciing duoc chimg
minh 14 xdm chiém v qua ngoai, vo qua gitta va vo qua trong. Cac mo hat chira vi
khuan sinh sdng 14 cac phan vo bén ngoai va bén trong cua hat, truc & dudi 14 mam

cua phoi, 1a mam va noi nhii (Glassner et al., 2018).
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Hinh 1.2. So d6 bi¢u dién sy xAm nhap va phan bo cia VKNS trong ndi quyén cia ré cy.
(A) Sy xam nhép cua vi khuan vao cay qua mot so vi tri trén re. (B) Sy xuat hién cua céc vi
sinh vat ndi sinh tai vi tri xdm nhap hodc bén trong mo ré (Kumar et al., 2020a).

O VKNS, kha ning chuyén dong, hoa hudng dong, san sinh cac enzyme phan
hay thanh té bao thyc vat va sinh lipopolysaccharide ngoai bao 1a mét sé dic diém
quan trong gitp vi khuan 1ay nhiém va thich nghi v&i cudc séng bén trong thyc vat
(Piromyou et al., 2015). Ngoai ra, VKNS c6 thé diéu chinh sy biéu hién gen khi lay
nhiém va xam chiém thyc vat. Coutinho va cs. (2015) d3 quan sat thay biéu hién cia
cac gen ma héa cac protein lién quan dén van dong, hoa hudng dong va bam dinh cta
vi khuan Burkholderia kururiensis M130 khi ¢6 mat dich chiét xuat tir cay lua trong
mai truong nudi cdy. Long roi c¢6 thé 1am ting kha nang ndi sinh cua vi khuan bang

cach gitp vi khudn di chuyén huéng hoa va neo vao bé mit thuc vat (Buschart et al.,
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2012). Cac gen ma hoéa pili loai IV (Type IV Pili) trén bé mat té bao dugc phat hién
trong h¢ gen cuia chung VKNS Burkholderia phytofirmans PsJN (Mitter et al., 2013).

Céc enzyme phan huy thanh té bao rat quan trong ddi véi VKNS thyc vat dé
sinh truéng ndi sinh (Kumar et al., 2020a). Cac gen ma hoa cellulase, xylanase,
cellobiohydrolase, endoglucanase va protein lién két véi cellulose thuc vat dugc phat
hién véi s6 lugng 16n copy trong hé gen clia quan thé VKNS ¢ ré lta (Sessitsch et al.,
2012). Pé c6 thé xAm nhap vao bén trong té bao va di chuyén trong hop bao, VKNS
con tiét ra enzyme pectinase pha v& tim gian bao ngin giita cac té bao thuc vat.
Pectinase duoc chimg minh 1a mét yéu té quan trong quyét dinh sy lay nhiém ban
dau ctia VKNS Bradyrhizobium sp. SUTN9-2 trén ciy lua, trong d6 biéu hién gen ma
hoa cho pectin esterase dugc diéu hoa ting 1én sau khi xAm nhap vao cdy lua

(Piromyou et al., 2015).

Siderophore, cac chit chuyén hoa c6 hoat tinh sinh hoc va hé théng bai tiét &
VKNS c6 thé dong vai tro nhat dinh d6i voi sy xam chiém ndi sinh. Mosquito va cs.
(2020) bao céo thé dot bién ctia ching VKNS Kosakonia sp. thiéu hé théng bai tiét

loai 6 (type 6 secretion system, T6SS) va bi giam kha ning xam chiém ving ré.
1.2.2. Tinh da dang ciia hé vi khuin ndi sinh thwe vat

Moi loai thyc vat phat trién trong moi truong tu nhién déu c6 hé VKNS. Nghién
ctru vé su da dang cua h¢ VKNS da duoc thyc hién thong qua phan lap truyén théng,
va trong nhimg nim gan day dugc hd tro manh mé bang cong cu “omics”. Hién nay,
hon 200 chi thudc 16 nganh VKNS da dugc bdo céo & nhiéu loai thuc vat khac nhau,
bao gém cac lodi co thé nudi cdy dugc va khong thé nudi cdy duoc. Chiém wu thé
nhat 1 cic nganh Proteobacteria, Actinobacteria, Firmicutes va Bacteroidetes voi cac
chi vi khuan phé bién nhu Pseudomonas, Bacillus, Burkholderia, Enterobacter va

Serratia (Kumar et al., 2020b).

Theo hudng tiép can nudi céy truyén théng, VKNS duogc xac dinh c6 mat véi
mat d6 khac nhau trong cic bo phan cua thuc vat, trong d6 ré c6 mat do cao nhét 1a
10% - 108 CFU/g 1& va ciing da dang nhat, tiép theo 13 14 va than 10° - 10* CFU/g, hoa,
qua va hat 10% - 10° CFU/g (Bulgarelli et al., 2013). Mat do VKNS trong hat ltia dao
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dong tir 103 - 106 CFU/g trong luong tuoi (Walitang et al., 2019). Mat @ VKNS trong

cay lta canh tac & ving dat kho 1a 10*— 10° CFU/g va ving ngap nudc la 10°— 107
CFU/g mb thuc vat. Cac mé ré co sb lugng VKNS cao nhit 10°— 10" CFU/g & ca 3

giai doan phat trién (dé nhanh, lam dong, trd bong), trong d6 cac chi vi khuan chiém

uwu thé la Pantoea, Bacillus, Microbacterium, Curtobacterium va Pseudomonas

(Bertani et al., 2016).

Bang 1.1. Tinh da dang ctia hé vi khuan ndi sinh & cay laa

o B Nhém chiém wu thé
Gionglia | ) on Nganh/16p Ho/Chi TLTK
Comamonadaceae (31,48%)
Burkholderiaceae (16,34%)
V]
RVT (Viét | .. | broteobacteria (89,39%) %ﬁﬁﬁ?ﬁfﬁgfg 6(6(,1209’%) Tran &
Ré Spirochaetota (4,75%) . o Nguyen,
Nam) Firmicutes (2,23%) Micropepsaceae (5,38%) 2023
’ Xanthobacteraceae (5,02%)
Spirochaetaceae (4,68%)
Alcaligenaceae (3,22%)
Ré:
Sphingomonas (9,23%)
Caulobacter (7,69%)
Methylobacterium (3,07%)
Microbacterium (3,07%)
Kalonunia Proteobacteria (49,37%) Ngon:
va Ré, Actinobacteria (28,66%) Sphingobium (3,75%), Krishna-
Dehradun ngon | Firmicutes (4,11%) Sphingomonas (8,33%), moorthy
Basmati va mo | Bacteroidetes (0,94%) Corynebacterium (6,25%) et al.,
(Indonesia) | seo Nganh chiém ty 1& nho va Mo seo: 2021
khong xac dinh (14,06%) Vibrio (28,75%)
Sphingomonas (12,11%)
Methylobacterium (5,71%)
Pseudomonas (5,54%)
Corynebacterium 1
(14,94%)
Pionero FL Moronta-
2010 va N Proteobacteria (76,67%), Cellvibrio, Opitutus, Barrios
DANAC Re Bacteroidetes (20%) Agrobacterium, Pedobacter, t al
SD20A Verrucomicrobia (3,33%) Devosia, Shewanella. ;0811 8”
(Venezuela)
o-proteobacteria (51,1-
Ni b 52,4%); Actinobacteria
PPOTBATE L (11,3- 14,5%); Okubo et
va Kasalath | Choi “oroteobacteria (8.6-9.7% al. 2014
(Nhat Ban) y-proteobacteria (8,6-9,7%) "

B-proteobacteria (4,5-
10,1%)
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Tinh da dang cua h¢ VKNS thyc vat da dugc nghién ciru mét cach chi tiét hon
nho st dung ky thuat metagenomics (Bang 1.1). Cac nghién ctru st dung k¥ thuat
nay di xac dinh nganh Proteobacteria chiém uu thé 16n nhat trong quan thé VKNS
laa (10 - 70%), tham chi c6 thé chiém t&i 99%, tiép theo 1a Bacteroidetes, Firmicutes
hodac Actinobacteria (Kunda et al., 2018; Kumar et al., 2021). O cay ngo, nganh
Proteobacteria chiém wu thé nhat (39,30 - 79,12%) trong d6 1ép
Gammaproteobacteria chiém ty 1é cao nhét (14,94 - 46,28%). Tiép theo 1a cac nganh
Actinobacteria, Firmicutes, Bacteroidetes va Spirochaetes (Correa-Galeote et al.,
2018). Trong mo ré chudi, Proteobacteria (72,64%), Actinobacteria (16,64%),
Bacterioidetes (10,67%), Firmicutes (1,97%) va Acidobacteriota (0,08%) dugc xac

dinh 1a cac nganh chiém wu thé (Tran & Nguyen, 2024).
1.2.3. Cac yéu to anh hwdng dén hé vi khuin ndi sinh thwe vat

CAu trtic cia hé VKNS phu thudc vao hé sinh thai cta thuc vat va dat, tuong tac
bén trong mo cdy chil va cac yéu td moi truong ngoai sinh, bao gém loai thuc vat,
kiéu gen, loai co quan thuc vat, giai doan phat trién, mua vu, vi tri dia 1y, loai dat,
tinh trang dinh dudng cua cay chu, phuong thirc canh tac va phan bon (Liu et al.,
2017).

Pit 14 ngudn cung cap VSV phong phii cho &, cac dic tinh cua dét c6 thé anh
hudng dén sinh ly thuc vat va su tiét dich cua ré, qua doé anh hudng 16n dén cau trac
ciia hé VKNS & ré. Hé¢ VKNS trong cc co quan trén mit dat nhu than, qua hodc hat
cling duoc ching minh 12 bi anh hudng béi nhidu yéu td, trong d6 c6 moi truong dat
(Rodriguez et al., 2020). Ddi voi cy than gd thi ndi mé than c6 hé VKNS phong phi
nhat, trong khi cdy than thao c6 hé VKNS gidu nhat ¢ r& (Harrison & Griffin, 2020).
Bén trong 14, cac tap hop VKNS khéac nhau da duoc tim thay tiy thudc vao cac yéu
t6 bén ngoai nhu khi hau va vi khi hau, cling nhu cac loai thuc vat va kiéu gen (Mina
et al., 2020). Kumar va cs. (2021) d phan tich hé¢ VKNS 14 cta cac giéng lta thom
va lta thuong duge tréng & ving nii va cao nguyén cta An PO va chi ra rang vi tri
dia 1y c6 anh hudng 16n hon so véi kiéu gen ddi voi viée hinh thanh hé VKNS. Trong

nghién ctru khac, de Almeida Lopes va cs. (2016) da cho thiy cac gidng dau tuong
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bién d6i gen (khang glyphosate) c6 hé VKNS c6 thé nudi cdy da dang hon so véi cac

gidng cay dai.

Cac yéu td sinh hoc hodc phi sinh hoc, vi du nhu ham lugong CO; va O, trong
khong khi, myc nude hay nhiét do, ciing c6 thé dan dén sy thay doi tinh da dang cia
hé VKNS (Compant et al., 2021). Ren va cs. (2015) d4 béo cdo cau tric cia hé VKNS
1a 1aa & giai doan dé nhanh va lam dong bi anh hudng boi ndng do CO: ting cao,
nhung ¢ giai doan hat chin khong bi anh huong. Mrc anh hudng nay con phu thudc
vi tri 14 khac nhau trén cay (14 trén hodac 14 dudi) va tuong quan véi mic do bon dam.
Nong d6 oxy ciing tac dong 1én cac hé VKNS lua, dic biét 1a nhom vi khuan c¢b dinh
dam. Tuong quan véi mirc nude trong rudng lia, Gammaproteobacteria chiém vu thé
khi nuéc can va Betaproteobacteria chiém wu thé khi nudc ngap (Ferrando & Scavino,
2015). Nhu vy, c6 su tai cdu triic hé VKNS thyc vat khi cac yéu té moi truong thay
doi.

Su da dang ctia hé VKNS c6 thé lién quan dén kha nang phong vé cua thuc vat.
Upreti va Thomas (2015) quan sat thdy gidng ca chua Arka Abha khang bénh héo
xanh c¢6 hé VKNS da dang hon so véi giéng Arka Vikas nhay cam. Cac ching VKNS
duogc phan 1ap tir gidng khang héo c6 kha ning sinh nhiéu chat khang khuan hon, nhu
siderophores va hydro cyanua (HCN), so véi cac chiing phan 1ap tir giéng nhay cam.
Sy xam chiém ctia VKNS di kich hoat cac con duong truyén tin hiéu phong vé & cdy
cht va tir d6 c6 thé 1am thay doi cau trac hé VSV theo hudng twong tic c6 1oi cho
cdy trong. Chen va cs. (2020a) di nghién ciru xac dinh con dudng truyén tin hiéu
hormone kiém soat su xam nhdp cua ching VKNS Azoarcus olearius BH72 va vi
khuan gay bénh bac 1a Xoo PX099 trén cay laa. Két qua cho thiy, VKNS A. olearius
da kich hoat con duong truyén tin hi¢u jasmonate c6 1gi cho cay chu, nguoc lai, Xoo
kich hoat con duong salicylic acid. Nhu vay, thuc vat ting cuong truyén tin hiéu
hormone dé han ché sy xam nhdp cua vi khuan vao trong cac mo, va day co thé 1a
mot chién luge dé kiém soat su da dang va duy tri mat do vi khuan trong cic mo &

muc c6 1gi nhat cho cay trong.

Trang thai strc khde cua cay chu cling anh huong dén dac tinh va chure nang cia

hé VKNS thuc vat. Tian va cs. (2015) dd béo cdo tuyén tring gy bénh sung ré ca
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chua da c6 anh huéng dang ké téi hé VKNS ré. Cac gen lién quan dén phan hiy
polysaccharide thuc vat, chuyén hoa carbohydrate/protein va ¢ dinh N> da ting 1én
rat nhiéu do VKNS ré ting sinh va chuyén sang hoai sinh sau khi cay bi nhiém tuyén
trung sung ré. K&iv va cs. (2015) ciing chimg minh rang cac bénh thuc vat co thé anh
huong dén thanh phan ctia hé VKNS. Trong cu khoai tay (Solanum tuberosum) bi
nhiém bénh thdi nhiin (do Pectobacterium atrosepticum) ¢ quan xa Clostridia phan
giai ky khi dac biét phong phi va su can kiét oxy c6 thé 1a nguyén nhan ctia sy thay
d6i nay. Bez va cs. (2021) dd bao cdo vé sy hinh thanh hé vi sinh vat giy bénh
(pathobiome) lién quan dén tinh trang bénh thdi than do Dickey zeae & cdy laa (Hinh
1.3). Cac chi Prevotella, Propionispira, Clostridium sensu stricto 1 va Azospirillum
duoc phat hién co6 tuong tac tich cuc voi sy c6 mat cua Dickeya spp. va tinh trang
bénh. Ngoai ra, cac thi nghiém dong nudi cdy in vitro va in planta giita chung
Burkholderia phan lap tr miu lGa bénh va D. zeae cho thiy mat d6 ching

Burkholderia trong ndi mo lta cao hon khi c6 mat D. zeae.

Barone Sole
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Hinh 1.3. Sy thay d6i vé thanh phan va dé phong pht (relative abundance, %) cta cac ho vi
khuan ndi sinh ¢ cdy khde va cay bi nhiém bénh thoi than do Dickeya zeae cua hai giong lua
Barone va Sole (Bez et al., 2021)
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Nhin chung, viéc hinh thanh hé VKNS thuc vat khong chi 1a két qua ciia twong
tac thuc vat - vi khudn, ma con 13 két qua cua cac twong tac phirc tap khac gitta cac
nhom VSV khéc nhau nhu canh tranh va hop tac, cling nhu tuong tac cua thuc vat
v6i cac yéu td moi trudng.

1.2.4. Nghién ciru vi khuin néi sinh thyuc vat bing phwong phap sinh hoc phén

o

tw

1.2.4.1. Phuong phdp metagenomics

Metagenomics 13 linh vyc nghién ctu vat liéu di truyén da hé gen
(deoxyribonucleic acid (DNA) metagenome) cia tat ca cac VSV thu nhén tryc tiép
tir mau mai trudng tw nhién (14, than, ré, hat ctia thyc vat) ma khong thong qua phan
1ap hay nuéi cdy timg ching (Mametja ret al., 2025). Diéu nay dic biét quan trong vi
wdc tinh chi khoang 1% dén 5% VSV ndi sinh c¢6 thé duoc nudi ciy trong dicu kién
phong thi nghiém truyén thng (Trivedi et al., 2020). Hai hudng tiép can chinh dé
phan tich thanh phan (taxonomy) va chirc ning (function) ctia hé VSV ndi sinh bao
gom amplicon-based metagenomics (metabarcoding) va shotgun metagenomics

(whole metagenome sequencing).

Cac mau thyuc vat duoc thu thap va tach chiét DNA metagenome. Viéc gidi trinh
tur dugc tién hanh trén cac nén tang phd bién nhu Illumina MiSeq/NextSeq: (d6 chinh
xac cao, do dai doc 2x300 bp phu hop cho 16S) hoac lon Torrent PGM cho
metabarcoding; llumina NovaSeq (dit liéu 16n, sai s6 thap, phi hgp cho phan tich hé
VSV phuc tap) hodc Oxford Nanopore MinlON/PromethION va PacBio Sequel lie
cho shotgun metagenomics. Trinh ty thu dugc duogc xir 1y va cac trinh ty c6 d6 tuong
d6ng 16n hon 97% dwoc nhom cing mot loai sir dung cac thuat toan khac nhau nhu
Basic Local Alignment Search Tool (BLAST), bo phan loai Ribosomal Data Project,
bd phan loai Mothur va UCLUST. Mot s6 co sé dif liéu thudng duge str dung dé gan
don vi phan loai (operational taxonomic unit, OTU) bao gdm Greengenes (16S),

Ribosomal Data Project (16S), Silva (16S + 18S) (Oulas et al.,2015).

Pé danh gia tinh da dang va phan tich théng ké, phan tich da dang alpha (da
dang trong mot mau) va phan tich da dang beta (da dang giita cdc mau), ciing nhu

phan tich thanh phén phan loai va phat sinh ching loai, dugc hd tro thong qua bd
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phan mém tin sinh hoc Quantitative Insights Into Microbial Ecology (QIIME) (Oulas
et al.,2015). C6 rat nhiéu cong cu va goi phan mém khac dé thuc hién phan tich thong
ké dir liéu metagenomic nhu goi Primer-E thudong dugc cac nha sinh thai hoc VSV
sir dung va cho phép thyc hién nhiéu phén tich thong ké da bién nhu phan tich da
chiéu (multidimensional data analysis), phan tich diém twong ddng (analysis of
similarites) va kiém dinh gia thuyét. Gan ddy, ngon ngir 1ap trinh théng ké R da tro
nén rat phd bién va hién dang duoc str dung rong rii cho thong ké da bién. Cac goi
nhu vegan, phyloseq va Bioconductor cung cap nhiéu ham va thu vién tich hop sin
dé thyc hién nhiéu loai phan tich thong ké can thiét cho cac tap dir liéu metagenomics

(Oksanen et al., 2008; McMurdie & Holmes, 2013).

Metabarcoding 1a phuong phap chon mot hodc vai gen chi thi (thuong la 16S
ribisomal DNA (rDNA) cho vi khuan/archaea) roi khuyéch dai bang phan tng chudi
trung hop (polymerase chain reaction, PCR), gidi trinh tu tap trung vao vung chi thi,
tir 46 dinh danh va dinh luong tuong ddi cac taxa trong mau. Muc tiéu cia phuong
phap 1a phan tich ciu trac hé VKNS, xac dinh da dang va thanh phan loai. Phuong
phap c6 wu diém 1a quy trinh nhanh, phti hop khéao sat sé luong méu 16n, giup dinh
danh va so sanh cdu triic hé VKNS giira cac mau voi dd phan giai cao va chi phi hop
ly (Nilsson et al., 2019). Tuy nhién, k¥ thuat ndy ciing ddi mat voi mot s6 han ché
nhu sai 1éch do primer, kho xac dinh sb lugng tuyét ddi, va do phan gidi phu thude

vao chit luong co s¢ dit liéu (Tedersoo et al., 2021).

Trong nghién ctru h¢ VKNS cua lua, metabarcoding da duoc trng dung dé lam
sang to sy bién dong ctia hé¢ VKNS theo b phan, giai doan phat trién va phuong phap
canh tac. Tian et al. (2023) da phan tich h¢ VKNS trong loai lua hoang Oryza
officinalis va nhan thay ré chira h¢ VKNS da dang va dic trung hon so v6i than va
1a. Twong tu, Dong et al. (2023) cho thay su thay d6i rd rét trong da dang va ciu trac
hé vi khuan va ndm néi sinh theo vong doi cua lua tai sinh, déng thoi chi ra su hién
dién bén vitng cta mot s chi vi khudn ¢ 1oi nhu Bradyrhizobium. Ngoai ra, cac
nghién ctru so sanh ciing cho thdy anh hudng ctia phuong phap canh tac dén hé

VKNS. Khanal et al. (2024) khi khao sat hat lta trong hitu co va phan bén héa hoc
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da phat hién su khac biét 1 rét vé thanh phan hé VSV, dua ra gia thuyét rang quan 1y
dat va phan bon co thé dinh hinh hé VSV hat.

Shotgun metagenomics la phuong phéap giai trinh ty toan b DNA (cua toan bo
hé VSV) thu tir mau mdi trudng. Phuong phap nay cho phép phat hién khong chi cac
loai VSV ma con cac gen chirc nang (thich tng véi 161 song ndi sinh, gen chuyén hoa,
kich thich sinh truong va khang diéu kién bat loi) trong hé VSV ndi sinh (Sessitsch
etal., 2012). Cac nghién ctru gan day ciling nhan manh y nghia chtrc ning ctia hé VSV
noi sinh lta. Nho du doan chirc ning bang cac cong cu tin sinh hoc nhu Phylogenetic
Investigation of Communities by Reconstruction of Unobserved States (PICRUSt)
hoic thong qua shotgun metagenomics, nhiéu gen lién quan dén c¢d dinh dam, tong
hop phytohormone va khang diéu kién bat lgi da duogc phat hién trong h¢ VSV noi
sinh (Masuda et al., 2024). Metagenomics da giup du dodn cac dic diém va qua trinh
trao doi chat quan trong dé VSV c6 thé ton tai trong moi truong ndi sinh ré doi hoi

su thich nghi cao (Sessitsch et al., 2012).

Metagenomics 1a mdt cong cu phan tich h¢ VSV noi sinh manh mé, cung cép
cai nhin toan di€n, khong thién vi vé da dang, cAu tric va chirc nang, bao g@)m kha
niang kham pha cic gen va con dudng trao d6i chat mdi (Balan et al., 2024).
Metabarcoding d va dang tré thanh cong cu pho bién, dong vai trd quan trong trong
viéc kham pha da dang va chic nang cua VSV ndi sinh ¢ thyc vat. Mac du
metagenomics 1a mot bude tién 16n, viéc phan tich van con nhiéu thach thic, bao
g6m chi phi cao, d6 phirc tap cia phan tich tin sinh hoc, va nguy co nhiém DNA cua

cay chu (Mametja ret al., 2025).

Pé thyuc sy 1am rd mdi lién hé gitra tinh da dang va churc nang ctia h¢ VSV, can
phai tich hgp metagenomics voi cidc phuong phap "omics" khac nhu
metatranscriptomics (nghién ctru biéu hién gen) va metaproteomics (nghién ctru
protein duoc biéu hién). Nhitng phuong phap nay sé giup lam sang t6 cac co ché diéu
chinh cip phan tir, mang ludi tin hiu va cac con dudng trao d6i chét chi tiét trong
mdi quan hé cong sinh giita thyc vat va VSV noi sinh. Tir d6, gitup hiéu sau hon vé
vai tro ctia cong dong nay dbi voi sinh truong va kha ning khang bénh, mé ra hudng

mg dung trong chon gidng, quan 1y canh tac va phat trién ché pham sinh hoc phuc
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vu nong nghiép bén vimg trong bdi canh bién ddi khi hau toan ciu (Mametja ret al.,

2025).
1.2.4.2. Gidi trinh tu hé gen

Gidi trinh tu toan bo h¢ gen (whole genome sequencing) 1a ky thuét xac dinh
toan b trinh tu nucleotide trong bg gen ciia mot chung VSV, gitp thu dugc thong tin
di truyén day du nhat vé chung d6 (Chaudhry et al., 2017). Quy trinh co ban gdm céc
bude: (1) tach chiét DNA cé d6 tinh sach cao; (2) xdy dung thu vién DNA (library
preparation) bang cach cat nhd DNA va gin adaptor; (3) giai trinh ty bang cac nén
tang nhu Illumina, Oxford Nanopore hodc PacBio; va (4) lip rap (assembly) va chi

giai gen (annotation).

Céc nén tang Illumina cung cdp do chinh x4c cao nhung doan doc ngan (short
reads), trong khi PacBio va Oxford Nanopore tao doan doc dai (long reads), thuan lgi
cho 1ap rap bd gen hoan chinh va phét hién ving lap hoic plasmid. Hé gen duoc chu
giai bang cac quy trinh nhu Prokaryotic Genome Annotation Pipeline (PGAP) hoic
Rapid Annotation Subsystem Technology (RAST) (Khanal et al., 2023).

Giai trinh tu hé gen dong vai tro cdt 16i trong viéc tim hiéu sdu vé VKNS va
tiém nang tng dung ctia chung. Giai trinh tu hé gen giup giai ma cac gen chiu trach
nhiém cho céc chirc nang c6 loi, chang han nhu gen tham gia vao quaé trinh sinh tong
hop tién mao, hoa hudng dong, tong hop indole-3-acetic acid (IAA), c¢6 dinh dam va
hoa tan phosphate, tiét 16 cac dic diém giup vi khuan thich nghi vai 16i séng noi sinh,
bao gdm cac gen lién quan dén kha nang chiu dung diéu kién bat loi (Chaudhry et al.,
2017). Giai trinh ty hé gen hd trg viéc tim kiém va khai thac cac gen hoac chét chuyén
héa c6 hoat tinh sinh hoc nhu chét khéang sinh va chét trj liéu tir VKNS. Nghién cuu
hé gen ciing cho phép hiéu rd cac co ché twong tac gitta thuc vat va vi khuan dua trén
mang ludi tin hi¢u va cac yéu td vat chu cu thé nhu céac gen li€n quan dén su bam

dinh, xam nhap va cu tra (Khanal et al., 2023).

Chung Bacillus sp. ST24 phan 1ap tir hat laa cho thay tiém ning cao trong kiém
soat sinh hoc bénh bac 14 lha do Rhizoctonia solani gay ra. H¢ gen cua chung nay cé

kich thudc 5,799,877 bp, ham luong GC 34.81%, va c6 muc tuong d@)ng cao voi

19



nhoém B. cereus va B. thuringiensis. Phan tich bang antiSMASH v6.0 phat hién 14
cum gen sinh tong hop cac hoat chit thir cip, trong d6 c6 cac cum ma hoa lipopeptide
khang ndm nhu Fengycin va Zwittermicin A, cing cc gen lién quan dén san xuat
siderophore (Petrobactin) va hoa tan phosphate. Cac dic diém di truyén nay cho thay
Bacillus sp. ST24 1a ing vién trién vong cho tao ché pham sinh hoc gitip phong trir

bénh va thuc ddy sinh trudng laa (Khanal et al., 2023).

1.3. VAI TRO CUA VI KHUAN NOI SINH TRONG BAO VE CAY TRONG
TRUOC SU TAN CONG CUA MAM BENH VA CAC YEU TO BAT LOI

Vi khuan ndi sinh c¢6 kha nang xam chiém cay chu tuong tu nhu mam bénh thuc
vét va sinh song 6n dinh, 1au dai bén trong mé thuc vat ma khong anh huéng dén cay
chu, do d6 co tiém ning Gng dung to 16n trong kiém soat sinh hoc cac bénh ¢ cay
trong thong cac qua co ché truc tiép va gian tiép (Watts et al., 2023) (Hinh 1.4).
VKNS tic ché truc tiép cac mam bénh chil yéu nhd tong hop cac hoat chat khang
khuan nhu khang sinh, hydro cyanua (HCN), siderophore (Fadiji & Babalola, 2020).
Theo co ché gian tiép, cac VKNS kich thich hé thong mién dich cua cdy hay ting
cuong stc khoé cua cy nho sinh cac chat diéu hoa sinh truéng va thuc day hap thu
chat dinh dudng tir méi truong (Dubey et al., 2020). Ngoai ra, VKNS con gitp cay
tréng chong chiu véi cac diéu kién bét loi phi sinh hoc do sy bién d6i khi hau (Cui et

al., 2024).

Vi khuan ndi sinh bao vé cay trong
(Probiotic thire vit)

T

Co ché trye 1uép: the dong lén Co ché gidn tiép: tic ding
thc nhin gdy bénh 1én thue vilt
v' Sinh cac chit khang khuén/ enzyme tin ¥ Kich thich phong vé ciia thue vit
cOng thc nhin ghy binh ¥ Kich thich sinh trrémg thuc vit: sinh
v Canh tranh vé khdng gian va dinh duémg hormone sinh tnréng, ting curdng hap
v&i tdc nhidn gly binh thu dinh dudmg.
v Gian dogn cam bién quorum cua tac nhan v Téng cudmg kha nfing ¢ hﬁng chju céc
pdy bénh yeu 10 bit 1ol tir méi trwdng

Hinh 1.4. Cac co ché bao vé thyuc vat cta vi khuan noi sinh (Watts et al., 2023)
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1.3.1. Co ché truec tiép bao vé ciy trong khang bénh thue vat
1.3.1.1. Sinh cdc hoat chit déi khang mam bénh

Nhiéu chiing VKNS c6 kha nang dbi khang cac tac nhan gy bénh thyc vat gom
nam, vi khuan, virus, tuyén tring... VKNS d6i khang tac nhin giy bénh nho kha
ning tong hop cac chit khang sinh (antibiotic), cac hop chat hitu co bay hoi (volatile

organic compound - VOC) bao gém ketone, ruou, ester, terpene, aldehyde, cac hop

chat luu huynh, lactone (Fadiji & Babalola, 2020) (Bang 1.2).

Bang 1.2. Cac hoat chat d6i khang vi sinh vét gdy bénh thuc vt

cua mot sO vi khuan noi sinh

Chiing VKNS NguoP phan | Hoat cha.t dwge san Téc dung
lap sinh
Bacillus subtilis Av ho Di Hoat chét chéng nim T? U.C‘dfly tir}g t;m mgngluc
BERA 71 Cay ho Bau Iturin (lipopeptide) vat va trc ché nam b
Macrophomina phaseolina
Chat khang khl}én Uc ché ndm bénh
surfactin va chat Phytophthora spp., Fusarium
B. velezensis OEE1 | Cay O liu khang nam spp., Botrytis cinerea,
(fengycin, Cladosporium
plipastatin) cladosporioides
Ut ché su xAm chiém cua
Rhizoctonia solani trong cd
B. subtilis C9 Co nhung Dong phan cua nh}mg va tang cuong su phat
Zoysia acetyl butanediol trién cua thuc vat. Kich hoat
tinh khang hé thong cta thuc
vat
Pseudomonas Cay ho Ca ) ) i )
stutzeri E25 Physalis , Uc ché su phat trién ciia nam
. Cac VOC A .
Stenotrophomonas | ixocarpa bénh Botrytis cinerea
maltophilia CR71
Streptomyces s Cay ho Bach
promy p- duong Alnus | Alnumycin (quinone) | Khang khuan
DSM 1175 .
glutinosa
2 x. X . Magnaporthe oryzae,
B. velezensis Tho boi mau | Siderophore, . Ustilaginoidea virens,
(Bolbostemm | surfactin, iturin va 5 . .
BR-01 o . Fusarium fujikuroi, X. oryzae
atis rhizoma) | fengycin .
pv. oryzicola, Xoo

Ching VKNS Pseudomonas poae RE*1-1-14 phan lap tir ré cti cai duong sinh

lipopeptide poacamide c6 kha nang trc ché nam bénh Rhizoctonia solani (Zachow et
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al., 2015). Vi khuan ndi sinh phé bién nhat dugc st dung dé kiém soat mam bénh
thuc vat 1a Bacillus spp. do c6 kha nang sinh cac lipopeptide c6 tdc dung thiy phan
soi nam (Fazle-Rabbee & Baek, 2020). Haldar va Sengupta (2023) d bao cao céac
chung VKNS Pseudomonas fluorescens va Pseudomonas aeruginosa san sinh cac
hoat chat 24-diacetylphloroglucinol, penazine-1-carboxylic acid, pyoleutirin,
pyrrolnitrin hodc hydrogen cyanide v&i hoat tinh khang nam cao. Chung VKNS
Enterobacter aerogenes sinh VOC 2,3-butanediol (2,3-BD) khi nhiém vao ciy ngd
gitip ting kha ning khang bénh bac 14 do ndm Setosphaeria turcica giy ra. Bén canh
tac dung trc ché mam bénh, nhiéu hop chit VOC tir VKNS con kiém soat mdi quan
hé cong sinh véi cay chil trong méi trudng cé tinh canh tranh cao do VOC ¢6 thé kich
thich sy nhan 1én cta cac VSV ndi sinh nhung khong kich thich su lan truyén cta

mam bénh (Fadiji & Babalola, 2020).
1.3.1.2. Canh tranh vé khong gian sinh truéng va nguon dinh dwong

Vi khuén ndi sinh canh tranh véi cdc mam bénh thuc vat vé khong gian sinh
truong va nguodn dinh dudng bén trong moé thyc vat. VKNS thudng xam chiém cay
cht sém va nhanh hon cidc mam bénh, do d6 c6 lgi thé vé chiém hitu vi tri xAm nhép,
khong gian sinh trudng va str dung ngudn dinh dudng so v6i VSV gay bénh (Xia et
al., 2022). Chung VKNS Bacillus subtilis &3 1am giam sy xam nhap va tich tu doc tb
ctia ndm Fusarium moniliforme nhd canh tranh cing hdc sinh thai trong ciy ngd.
Blumenstein va cs. (2015) di phat hién sy dan xen kéo dai giira cac 6 VKNS va nim
Ophiostoma novoulmi gdy bénh trén cdy du Ha Lan, tuy nhién VKNS c6 thé canh

tranh t6t hon mam bénh do sir dung ngudn carbon hiéu qua hon.

Tuyén trung ré& Meloidogyne spp. rat kho kiém soat do c6 kha ning tao cac héc
dic biét trong dng mach ré ciia cdy trong, gay thiét hai nghiém trong cho nong nghiép
trén toan cau. Vi khuan ndi sinh Bacillus c6 tiém ning 16n trong kiém soat sinh hoc
tac nhan gy bénh ndy & cdy ca chua do cé kha nang diét au trung, xdm chiém ré
nhanh va 6n dinh (Hu et al., 2017). Viéc nhiém chung VKNS 1én ré ca chua da lam
tang ty 1& rc ché hinh thanh ndt san (81,2%) va khdi lugng trimg tuyén tring (75,6%)

va lam ting déng ké chiéu dai than, trong lugng tuoi cdy ca chua.
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1.3.1.3. Sinh siderophore

Viéc sinh ra siderophore, peptide c6 ai luc cao véi sat, 1a bang ching 16 rang
cho su kiém soat sinh hoc bang canh tranh ngudn dinh dudng. Trong diéu kién thiéu
sat, vi khudn giai phong siderophore 13 phirc hop c6 i luc cao véi sat dé lay sat tir
cac dang kho tan bang cach hinh thanh cac phirc Fe**- siderophore. Ion Fe** s& duoc
khtr thanh Fe?* tai mang té bao va giai phong vao trong té bao bdi cac co ché van
chuyén cha dong. Vi khuan néi sinh ¢ hoat tinh siderophore gitip cay trong phat trién
t6t & ving dat c6 ham luong sat thap. Sharma va cs. (2003) da bao céo tac dung ciia
chung VKNS Pseudomonas sp. GRP3 trén cdy dau xanh (Vigna radiate) véi vige
giam cac triéu chimg bénh ta vang, dong thoi ting ham luong sit, chlorophyll a va
chlorophyll b. Trong cac nghién ctru metagenome, s6 lwong ban sao cic gen ma hoa
qua trinh sinh tong hop siderophore, tiép nhan siderophore va luu trir sat da dugc phat
hién véi s6 lugng dang ké trong mo ré lta (Sessitsch et al., 2012). Siderophore ciing
kich thich tinh khang hé thong cta thuc vat dé 1am giam doc tinh cta cac kim loai vét
(Rana et al., 2020). Nho san sinh siderophore nén VKNS ¢6 thé tiép nhan du st tir
dat va cung cip cho ca cay chu, trong khi mam bénh phai chiu diéu kién thiéu sat,
cling 1a mot co ché canh tranh dan dén tiéu diét mam bénh. Siderophore ciing co thé
trc ché tryc tiép sy phat trién cia soi ndm va sy ndy mam cia bao tir nAm bénh (Zeng

et al., 2018).
1.3.1.4. Sinh cdc enzgyme thuy phdn

Nhiéu loai VKNS di duoc bdo cdo san sinh cac enzyme thuy phan khac nhau
nhu chitinase, cellulase, protease, hemicellulose, [B-1,3-glucanase, pectinase,
glucanase va amylase. Cac enzyme nay dong vai trd quan trong trong qué trinh xam
chiém té bao cdy chii cia VKNS thong qua sy hinh thianh mang sinh hoc
polysaccharide va protein. Pdng thoi, cic enzyme ndy ciing tac dong dén cic mam
bénh thuc vat mdt cach gian tiép do tac dung phan huy céc lién két glycosidic trén
thanh té bao ndm bénh hoic trc ché sy nay mam cua bao tir (Xia et al., 2022). Pay 1a
mot cach hiéu qua dé ngan chin cac tic nhan gay bénh thyuc vat va giap bao vé cay
cha khoi cic bat lgi sinh hoc. Enzyme chitinase ngoai bao phan lap tir chung

Pseudomonas aeruginosa da trc ché vi khuan Xanthomonas campestris gay bénh thoi
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den ¢ céc loai rau ho Cai. Chung Bacillus cereus ngi sinh cay ho Cai c6 kha nang
sinh chitinase cao ciing dugc chimg minh kiém soat tot bénh théi ré do Rhizoctonia
solani gady ra trén cay bong (Eid et al.,, 2021). Pseudomonas, Micrococcus,
Paenibacillus, Streptococcus, Curtobacterium, Chryseobacterium, Bacillus ndi sinh
mot sd loai hao thao duoc bao cdo sinh cic enzyme lipase, protease, amylase,

cellulase, pectinase, xylanase (Xia et al., 2022).
1.3.1.5. Ngdn chdn dwong truyén tin hiéu ciia mam bénh thwe vit

Céac mam bénh thuc vat sir dung dudng truyén tin hiéu (quorum sensing) dé diéu
khién céc yéu td tao ddc luc nhu hinh thanh mang sinh hoc, san xuét doc to, khang
khang sinh, sinh exopolysaccharides (EPS) hay tiét exoenzyme phan huy. Co ché nay
dién ra thong qua cac phan tir truyén tin hiéu khuéch tan (diffusible signaling
molecule) dugc goi 13 chit ty cam tmg (autoinducer) nhu cac homoserine lactone da
acyl hoa (acylated homoserine lactone AHL) dé giao tiép khi tao doc luc (Mansfield
et al., 2012). Viéc ngin chin dudng truyén tin hiéu co thé dugc thuc hién bang cach
trc ché tong hop cac phan tir tin hiéu, xtic tdc cic enzyme phan huy va bién doi cac

phéan tur tin hiéu (Zhang et al., 2021).

Trong nghién ctru cua Akabari-Kiarood va cs. (2020), hai chung VKNS Bacillus
cereus Si-Psl va Pseudomonas azotoformans La-Pot3-3 phan 1ap tur 14 cay c6 mui da
ngin chin viéc truyén tin hiéu qua N-acyl homoserine & chung vi khuan giy bénh
Pseudomonas syringae pv. syringae (Pss), nhd d6 tc ché qua trinh san xuit mang
sinh hoc va di chuyén cia mam bénh. Dich chiét tho cta vi khuan noi sinh B. cereus
Si-Ps1 da (rc ché sy hinh thanh mang sinh hoc ctia chung Pss 3289 dat 58% sau 96
gio nudi cdy, dong thoi gen ma héa cho enzyme AHL-lactonase aiid da dugc tim

thdy trong hé gen ching ndi sinh nay.
1.3.2. Co ché gian tiép bao vé ciy trong khang bénh thue vat
1.3.2.1. Tang cwong khd nang phong vé ciia thuce vt

Céc nghién ciru cho thdy VKNS gitip thuc vat co phan ing phong vé nhanh hon
va manh mé& hon trudc sy tin cong cua mam bénh (He et al., 2024). VKNS c6 thé tao

ra tinh khang hé théng & thuc vat, kich thich phan (mg phong vé tai chd va toan than
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cua thyc vat, nho d6 bao vé€ cay chu chéng lai sy thn cong cua mam bénh. Chung
VKNS Bacillus velezensis YC7010 tao ra tinh khang hé théng & cdy ho Cai
Arabidopsis chéng lai rép diao xanh (Myzus persicae) giy hai (Rashid et al., 2017).
Chung VKNS Bacillus amyloliquefaciens YN201732 c¢6 kha nang kiém soét sinh hoc
tich cuc chdng lai bénh phan tring & cay thubc 14 théng qua cac co ché kich khang
cam ung (Jiao et al., 2020). He va cs. (2024) da bao cdo chung Bacillus velezensis
CSUFT-BV4 ndi sinh 14 cdy ché dau (Camellia oleifera) c6 hoat tinh d6i khang hiéu
qua chdng lai 5 loai nAm Colletotrichum spp. gdy bénh than thu véi ty 16 e ché 1én
to1 73,2% nho kich thich sinh trudng va kich thich san sinh cac enzyme bao vé khac
nhau nhu superoxide effutase, phenylalanine aminotransferase va polyphenol oxidase

thuoc hé théng phong vé cua thuc vat.
1.3.2.2. Sinh cdc phytohormone

Phytohormone hay chat diéu hoa sinh truong thuc vat 1a cac hop chat hiru co
1am bién d6i, trc ché hoic thiic ddy sy sinh trudng va phat trién cua thuc vat & nong
d0 rat thap (<1 mM). San sinh phytohormone 13 dic diém chung ctia nhiéu loai VKNS
dé thiic day tang truong thuc vat va ting kha niang chdng chiu cac diéu kién bat loi
ctia thuc vat. VKNS san sinh cac phytohormone chinh bao gém: auxin, cytokinin,
abscisic acid, ethylene, brassinosteroid, gibberellin, strigolactone va jasmonate (Eid

etal,, 2021) (Bang 1.3).

IAA do VKNS sinh tao ra c6 kha ning 1am ting chiéu dai va dién tich bé mat
1é, tir d6 gitp cay tiép can tot hon vai cac chat dinh dudng trong dat. Viéc san sinh
IAA con gitip mo rong thanh té bao vi khuan va tang tiét dich nho d6 cung cap thém
chat dinh dudng dé ting cudng sy phat trién cia cac vi khuan co lgi khic c6 trong
vung ré. Céac chi vi khuan noi sinh sinh IAA phd bién bao gdm: Azospirillum,
Azotobacter, Alcaligenes, Herbaspirillum, Enterobacter, Pseudomonas, Klebsiella,
Rhizobium, Burkholderia, Pantoea, Bacillus, Acetobacter, va Rhodococcus (Dubey
et al., 2020). Cac gen ma hoa protein sinh tong hop IAA, cytokinin va gibberellin di
duoc tim thiy trong hé gen ciia quan thé VKNS thuc vat (Shahzad et al., 2016). Mot

s0 chung Pseudomonas ndi sinh cay lia mua nudc noi tai An Giang (Vi¢t Nam) co
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kha nang sinh IAA dat 27,35 mg/L sau 8 ngay nudi ciy (Ly Ngoc Thanh Xuan &
Pham Duy Tién, 2018).

Bang 1. 3. M6t s6 vi khuan noi sinh c6 kha ning sinh tong hop cac phytohormone

Phytohormone Chiing vi khuén ndi sinh Cay chu Chirc nang
a o
Cytokinin Bacillus subtilis Xa lach Tang 3;9 A)‘ xtr(_)ng
luong choi va re
Kich  thich sinh
Gibberellin B. amyloliquefaciens RWL-1 Lua truong, di€u hoa
hormone
C .. . . Giam tac dong do
Abscisic acid Azospirillum lipoferum Ngo han han
Auxin B. amyloliquefaciens B14, Bacillus DAl cove Kich  thich sinh
sp. B19, Bacillus sp. P12 : trudng, ndy mam hat
Kiém soat bénh than
B. amyloliquefaciens, B. cereus, Gt thu, kich thich sinh
Bacillus subtilis truong, tang sinh
khoi
B. subtilis NA-108 Dau tay chqh thich sinh
truong
TAA Bradyrhizobium sp., Acinetobacter Kich  thich sinh
calcoaceticus, DA tron trudng
B. amyloliquefaciens, Enterobacter : &
cloaca, Peudomonas putida
Aci. guillouiae L Kich thich sinh
, Lua mi .
Arthrobacter sulfonivorans truong
Aci. braumalli, Enterobacter Kich thich sinh
1AA, asburiae, P. fulva, P. lini; P. trudng, gidm tac
gibberellin, montelli, P. putida, Ngb dong do han han,
cytokinin P. thivervalensis, Sinorhizobium ki€m soat sinh hoc

meliloti

1.3.2.3. Chuyén héa nito

Mot s6 VKNS mang gen ¢ dinh dam, thuc hién chuyén hoa khi nito (N2) thanh

dang nito ammonium hitu dung cho cady (Bang 1.4) (Eid et al., 2021).

Cung c6 kha ning c¢d dinh nito, VKNS duoc chimg minh c6 hiéu qua tét hon vi

khuan vung ré trong viéc thuc day su phat trién va kiém soat sttc khde ctia cay trong,

ddng thoi gitp cdy trong phat trién manh trong dat thiéu hut ngudn nito. Cay thong

duoc nhiém cac chung VKNS c¢6 hoat tinh nitrogenase cao da lam ting nito ty do

trong cdy 1én >200% va giup cdy c6 thé phat trién manh trong dat nghéo dinh dudng
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(Puri et al., 2018). Ching VKNS 1é mia Klebsiella variicola DX120E duoc chimg

minh c6 kha ning thuc day sy phat trién cua giéng mia GT21 va ting cuong su hap

thu nito, phospho va kali ciia cdy mia trong diéu kién nha kinh (Wei et al., 2014).

Bang 1. 4. Cac loai vi khuan néi sinh c¢6 kha nang c¢6 dinh nito va mang céc dac tinh

6 loi khac cho thuc vat

Chiing VSV néi sinh Caychi | ThUongphap | b0 inh c6 loi khac
: xac dinh :
Acinetobacter calcoaceticus,
Enterobacter cloacae, P ) , Cox e
Pseudomonas putida, Dau tuong Khue(?h dai Uc ché nam giy benh
Bacillus cereus, gen nifH Phytophthora sojae
B. amyloliquefaciens
Arthrobacter, Rhizobium, Iriigolléuaclao Phuong phap | Sinh siderophore, IAA va
Bacillus spp. 111(;'ng ’ lia Kjeldahl hoa tan phosphate
Sinh siderophore, TAA, 1-
X . aminocyclopropane-1-
Herbaspirillum sp. Cay che K;Lue(;;ldal carboxylate deaminase
gen (ACC deaminase) va hoa
tan phosphate
Paenibacillus kribbensis HS- Tiang sinh khdi kho va tuoi
RO1 Lia Khuéch dai cua cay laa.
Bacillus subtilis CB-R05 gen nifH Sinh siderophore, IAA,
khang Fusarium oxysporum
Bacillus spp. Khuéchdai | Tang thé tich r& 39-44% va
Enterobacter s Ned gen nifH ty 1€ hat nay mam 47%-
nierobacter sp. g Phuong phép 56%; Sinh siderophore, [AA
khir acetylene | va enzyme
Pseudomonas spp., Khuéch dai
Catatrono il | o, g | sennitl | Cun iy i i
Rathayibacter tan;zceti Pinus Phuong phap quyén) cho cay (23-53%)
Frigoribacterium ’ contorta khtr acetylene | Tang chieu dai (31-64%) va
endophyticum, var. Xét nghigm_ sinh khoi (100-311%) cua
Herbiconiux solani latifolia pha loang dong | cdy thong
vi BN

Flavobacterium aquidurense

Tai Viét Nam, Hoang Thi Nhu Thuy va cs. (2022) da bao cao 03 chung VKNS
lua TQP1, THCI, RKL3 c6 kha nang ¢ dinh dam cao, véi luong NH4" dat lan luot

14 23,8; 14,3 va 10,43 mg/L sau 8 ngay nudi cdy. Nguyén Vin Phuong va cs. (2020)

da cong bd bd suu tap gdbm 77 ching VKNS phén 1ap tir ré laa gidéng Bic Thom 7
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trong & Hai Duong va khao sét cac hoat tinh sinh hoc quy. Két qua cho thay 74 chiing
sinh ammonia, 65 ching sinh IAA, 67 chiing tong hop siderophore, 77 chung phan
giai phosphate vo co, 72 chung c6 kha ning ¢c ché sy sinh truéng cta ndm

Magnaporthe oryzea gay bénh dao on.
1.3.2.4. Hoa tan phosphate kho tan

Vi khuan néi sinh hoa tan phosphate v co trong dat thong qua viéc san sinh ra
céc axit hitu co, sinh siderophore, trao d6i ion, hodc c6 thé tiét ra cac enzyme hoa tan
phosphate nhu phosphatase, phytase va C-P lyase (Singh et al., 2020). Viéc tiét ra cac
axit hiru co nhu axit citric, axit lactic, axit malonic, axit gluconic, axit oxalic, axit
acetic.... dugc coi 1a co ché chinh lién quan dén qu4 trinh hoa tan phosphate, dong thoi
giam gia tri pH ctia moi truong. Loai axit duoc san sinh va gi tri pH thay doi trong
qua trinh sinh truéng tiy theo loai vi khuan (Eid et al., 2021). Ching VKNS Pantoea
dispersa thiic day kha nang hap thy phosphor ¢ cay san nhd san sinh axit salicylic va
axit benzeneacetic (Chen et a., 2014).

Nhiéu loai VKNS dugc phan 1ap tir cac loai dau, xuwong rong, diu tdy va hudng
duong c6 kha nang hoa tan phosphate hiéu qua (Liu et al., 2017). Hoat tinh hoa tan
phosphate rat cao, dong thoi hoa tan mudi kém va kali khong tan d3 dugc ghi nhan ¢
cac chung VKNS Bacillus megaterium va B. amyloliquefasciens (Verma et al., 2015).
Tai Viét Nam, Bui Thanh DPao va cs. (2021) da nghién ciru VKNS phéan lap tr not
san, 18, va than cay lac. Mot sb chung Vi khuin thudc cac
chi Acinetobacter, Bacillus, Burkholderia, Klebsiella, Enterobacter, Sphingomonas
thé hién kha ning hoa tan phosphate cao, dat 367,34 mg/L. Hoang Thi Nhu Thuy va
cs. (2022) da bao cdo cac chung VKNS lta c6 hoat tinh hoa tan 1an dat to1 129,77
mg/L PO4*~. Ung dung ching VKNS Kosakonia radicincitans DSM16656T dé xtr Iy
ngd cho két qua giam luong phan lan can thiét trong khi ting ning suat 1én t6i 50%
(Cruz-Barrera et al., 2020). Xa khuan ndi sinh cling c6 vai trd quan trong trong vi¢c
hoa tan phosphate va ting tinh kha dung ctia phosphate ddi véi thuc vat nhd san sinh
phytase, sinh chat tao phirc, sinh axit hay thay d6i muc oxy hoa khir ciia phosphate
hitu co (Singh et al., 2020).
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1.3.2.5. Ting cwong khd néing chéng chiu cdc yéu té bat loi ti méi trwong

Bién d6i khi hau trén toan cau di din dén xuat hién mot sb yéu té sinh hoc va
phi sinh hoc bat 1oi, wdc tinh 1am giam 30 - 50% ning suat nong nghiép trén toan thé
gidi. Nhiing yéu tb bat loi phi sinh hoc chinh bao gém nhiét d6 ting, han han, nhiém
min, nhiém kim loai ning, thoai hoa dét do thiéu hut chat dinh dudng. Cac yéu t bat
loi phi sinh hoc 1am ting tinh nhay cam cila cdy trong ddi v6i cac tic nhan gay bénh
va lam giam kha niang canh tranh v&i c6 dai, din dén thay d6i sy tuong tac giita thuc
vat va sau bénh. Theo chiéu nguoc lai, mot s6 tac nhan gay hai g@)m bénh hai do vi
sinh vat, con tring hodc tuyén tring c6 thé lam thay doi phan tng cua thuc vat trude

cac yéu t6 bat loi phi sinh hoc (Cui et al., 2024).

Tir 1au, VSV noi sinh dd duge biét dén c6 kha nang giup cdy trong chdng chiu
cac yéu to bat loi bang cach kich hoat ngay 1ap tic cac hé thong phan tng chdng lai
yéu t6 bat lgi mot cach tryc tiép, vi du nhu san sinh cac chat chuyén hoa gitip ciy
khoe manh, kich hoat cac phan (mg mién dich bao vé cay t6t hon dudi tac dong cia

cac ap lyc khac nhau (Cui et al., 2024) (Bang 1.5).

Subramanian va cs. (2015) di bao céo cay ca chua khi dugc nhiém céc ching
VKNS chiu lanh Pseudomonas vancouverensis OB155 va P. frederiksbergensis
08261 ¢6 thé chdng chiu tot hon voi nhiét do thap (10 - 12°C) véi biéu hién giam ton
thuong mang té bao va ting hoat tinh chdng oxy hoa so véi cay d6i chimng. VKNS
cling c6 thé 1am ting kha niang chiu han cua thyc vat thong qua viéc san sinh cac hop
chat d& bay hoi, axit abscisic, ACC deaminase va IAA. Ching VKNS Burkholderia
phytofirmans PsIN & cay khoai tdy da diéu chinh ting phién ma cac gen lién quan
dén diéu hoa phién ma, can bang mai truong trong té bao va loai bo cac gbc oxy hoa
manh (reactive oxygen species) trong diéu kién han han (Sheibani-Tezerji et al.,
2015). Piéu nay cho thdy cac VKNS cam nhan dugc nhing thay dbi sinh 1y ¢ thuc
vét va diéu chinh biéu hién gen dé thich nghi véi moi trudng mai. Chen va cs. (2020b)
da phan 1ap tir cay lidu bach (Tamarix chinensis) ba ching VKNS Stenotrophomonas
sp. S20, Pseudomonas sp. P21 va Sphingobium sp. S42 c¢6 kha nang dung nap niken
v6i ndng d6 cao 50 - 400 mg/L. Thir nghiém tGng dung ching Sphingobium sp. S42
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da cho két qua phuc hoi su phat trién cua ciy liéu bach & diéu kién nong do Ni cao

(200 mg/L) (Chen et al., 2020b).

Bang 1.5. Vai trd cta vi khuan noi sinh trong viéc 1am giam tac dong ciia cac yéu tb
bat loi phi sinh hoc d6i v6i thuc vat

Piéu kién , Poi twong L
bét lgi Chung VSV thyc vat Chirc nang
- Giam thiéu tic dong cta han han
- Tang 30% ham lugng nudc trong 14
Burkholderia - Giam sy gdy hai 1a lién quan dén
phytofirmans PsIN Ngo tinh tham twong ddi ciia mang
Enterobacter sp. PsJN - Tang sinh khdi chdi, sinh khdi r8,
dién tich 14, ham luong diép luc,
quang hop va hi¢u suat quang hoa
- Tang cuong san sinh TAA,
Han han La cay ho siderophore, dudng hoa tan,
Pantoea alhagi dau Alhagi ammonium, EPS, enzyme protease
sparsifolia - Giam tich Ity malonyldialdehyde
- Giam sy phan huy chét diép luc
Bacillus sp. Acb9 - Tang chiéu dai chdi/ré, s6 lwong ré
Providencia sp. - San xuit IAA/CH dinh dam/Téng
Acbl1 Dtra hop ACC deaminase.
Staphylococcus sp. - Chét chuyén hoa c6 hoat tinh khang
Acb12/Acb13/Acbl4 ndm
Pseudomonas G,ﬁy ra su tich t’u néng d?) cao hon cua
pseudoalcaligenes Lia cac hop c’ha‘t don% vai ‘Ero quan tf(.)ng
trong qua trinh diéu chinh ap suat
tham thau ndi bao thuc vat
- Tang cudng san xuat sinh khéi thuc
Man vat; tang cudng sac to quang hop;
Bacillus subtilis Say hO dau i G‘1am EOC OXy h‘ia hoat d(){lg; tang
cacia cuong enzyme chong oxy hoa
BERA 71 . . .
gerrardii - Tang ham lugng phenol tong so;
giam tich ty natri; tang tich liy N, K,
Ca, Mg; va proline
loai - San sinh [AA
I(}m O | Mesorhizobium loti Cay ho dau - Tong hop ACC deaminase,
nang (Cd, . o .
Zn, Pb, HZ76, Agrobacterium | Robinia ‘ siderophore , ,
Cu) radiobacter HZ6 pseudoacacia | - Tang cudng san xuét sinh khi thue
vat
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1.3.3. Phat trién ché pham sinh hoc tir VKNS

Nhiéu ching VKNS d3 dugc tmg dung dé san xuat va thuong mai dudi dang
phan bén sinh hoc (biofertilizer) va ché pham sinh hoc (bioinoculant) gitip ting cuong
su phét trién va ning suit ciia cay trong. Ché pham sinh hoc 1a cic san pham c6 ngudn
gdc tir sinh vat sdng hodc cac chat chuyén héa cia chung. Ché pham sinh hoc duoc
dung trong canh tac hitu co nho tac dung lam tang nang suat cdy trong va giam tac
dong cua cac yéu té moi truong bat lgi bao gdm: chdng lai cic tic nhan giy bénh,
tang kha ning chdng chiu cta cdy trong voi nhiét o, bao vé hat giéng, ting cuong
hap thu chét dinh dudng ctia ciy trong va cai thién strc song cia cay trong. Cho dén
nay, cac chung Bacillus, Thiobacillus d3 dugc tmg dung trong hau hét cac ché pham
sinh hoc c6 ban trén thi 29 truong. Tuy nhién, cac ching VKNS nhu Pseudomonas,
Azospirillum, Rhizobium va Gluconacetobacter da dugc chiing minh 1a c6 hi¢u qua
khi sir dung trong thanh phan ciia cac ché pham sinh hoc. Cac ching VKNS ciing da
dugc thir nghiém va duoc khuyén cao 1am phan bon sinh hoc, gitp giam sy phu thudc
vao phan bon hoa hoc. Phan bon sinh hoc duge dinh nghia 1 cac vat chat chtra cac
sinh vat séng, khi dugc bon vao hat giéng, bé mat cay tréng hodc dat, s& xam chiém
ving ré hodc bén trong cdy va thic day su phat trién cua cdy bang cach ting ngudn
cung cap hoic kha ning cung cip cac chit dinh dudng chinh cho cay chii (Kuzniar et

al., 2019).

Trong nhiing ndm gan dy nghién ctru phat trién ché pham sinh hoc trong nong
nghiép da dich chuyén tir don ching sang hudng st dung hdn hop ching, tham chi 1a
hé VSV (Tosi et al., 2020). Trén co sé thong tin tong quat metagenome ciia hé VKNS,
cac to hop VSV c6 thé duoc thiét 1ap tir bo ching phén 1ap dé dat duoc hiéu qua mong
mudn (Vorholt et al., 2017). Khi dugc dua vao ap dung trong thuc té, cac to hop VSV
nhu vay co thé dam bao & murc cao 13 s& c6 mot hoic mot sb ching séng sot, canh
tranh t6t va duy tri hiéu qua lau dai. Cac san pham phan bon sinh hoc va ché pham
sinh hoc sir dung mot s6 VKNS lam thanh phan chinh duoc trinh bay trong Bang 1.6
(Kuzniar et al., 2019).
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Bang 1.6. Mot sb ché phém sinh hoc thuong mai tir VKNS thuc vat

Tén sian phAm | Ngudn géc | VSV ndi sinh sit dung | Tic dung
Kiém soat sinh hoc (Biocontrol)
Phytosporin-M | Nga Bacillus subtilis 26D
B. subtilis 2604D + B. Loai bo nim gdy bénh va
) il + kich thich su phat trién cia
Albit Nga Sul?tlll.? 2605DA tf:rpene 1 I p u
axit, cac nguyén to da cay
luong va vi lugng
: . B. subtilis 2604D + B.
Vitaplan Brasil subtilis 2605D
Alirin-B Nga B. subtilis Giam s6 luong vi ndm
Amylo-X Italia Bacillus amyloliquefaciens P%long trl bénh do ndm trén
cac loai rau
Béo v¢ hat lua mach chong
, Pseudomonas lai Pyrenophora graminea,
Cedomon EO buc chlororaphis MA 342 Fusarium spp. va Bipolaris
sorokiniana
Symbion-N Azospirillium lipoferum
Symbion-NG G‘luconacet‘obacter Han ché kha ning gy bénh
diazotrophicus N : :
- - - cua nam Fusarium solani
Symbion-NR TS Rhizobium phaseoli - . :
. An Do va Rhizoctonia solani.
Bio-cure B Pseudomonas fluorencese x A A
: - Ho trg sy phat trién va stic
) Bacillus megatherium X N
Bio-health WGP . .. song cua cay
Trichoderma larizianum
Rhizo-N Bacillus subtilis
Serenade Dtic Bacillus subtillis P%longﬂtrl ‘E)e_:nh‘do nam tren
dao, dau tay, ca chua.
Vi sinh vit bon cay (Bioinnoculant)
.| Bacillus spp. Téng dinh dudng, kich
BiotaMax CusjtomBl, Paenibacillus spp. thich sinh trudng cho cay,
India . - £
Trichoderma spp. cdi tao dat.
Thiobacillus thiooxidans, K‘ICh .tthh.SaI} xuavt prote}n
' T thioparus va axit amin lam tang kha
Cropaid Anh ' ’ nang chong chiu cta cay

T. ferrooxidans va trén 60
khoang chat

ddi véi thiét hai do lanh va
suong gia

1.4. BENH BAC LA LUA VA CAC BIEN PHAP PHONG TRU

Cay lua (Oryza sativa L.) 1a mdt loai thuc vat thudc ho Poaceae (Hoa thao), co

nguén géc tir khu vuc Dong Nam A va hién dugc xem 12 cay luvong thuc chu dao cua

hon mot nira dan s6 thé gidi. Vi hé thong ré chum phat trién manh trong diéu kién

ngap nudc va co ché sinh truéng ngin ngay, lta thich nghi tot v&i hé sinh thai ruong

nudc nhiét doi. Cay lua dé bi tac dong bai nhiéu tac nhan gay bénh, dac biét 1a cac
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sinh vat gy hai nhu nam, vi khuan, virus va con trung truyén bénh dan ti khong chi
anh hudéng dén sinh trudng ma con gay ton that 1on vé ning suat va chat luong san
phrflm. Cac bénh hai chinh trén lta bao g@)m bénh dao 6n, kho van, bac 14, vang lun
va [in xodn 14... trong d6 bac 14 duoc xép vao mot trong mudi bénh do vi khuén trén
thuc vat nghiém trong nhét thé gidi (Mansfield et al., 2012).

Viéc hiéu 16 tac nhén, co ché gay bénh, tinh hinh phan bd va hiéu qua cua cac
bién phap phong trir hién c6 14 co s& dé danh gia kha ning tmg dung cua cac chung

VKNS dugc phat hién trong nghién ctru nay.
1.4.1. Hién trang bénh bac 14 lia va tac nhan gay bénh

Bac 14 Iia (bacterial leaf blight) 12 bénh hai nghiém trong do vi khuan Xoo gay
ra, Xuat hién & hau khap cac ving trong lta trén thé giéi (Mansfield et al., 2012). Céc
dot bung phat dich bénh phd bién nhat vao mua gié mua & Pong Nam A va An Do,
lam t6n that nang sut lua t&i 60%, tham chi 100% & nhitng ving khi hau khic nghiét
(Zhang & Wang, 2013). Cay lua co thé bi nhiém bénh bac 14 & tt ca cac giai doan
trong qua trinh sinh trudng, dic biét trong giai doan dé nhanh dén ra dong, tré bong.
Khi bénh méi nhiém, cac mép 14 bi héo xanh, sau d6 lan dan vao trong phién 14 va tir
trén xuéng dudi, thudong cac 14 banh té bi bénh trudc sau do6 lan 1€n cac 1a non. Khi
bénh nédng, toan b 14 bi héo kho va méat kha ning quang hop, dan t6i giam ning Suét.
Bénh dac bi¢t phat trién manh & khi hdu 4m, 4m 28 - 34°C. Ngu@)n lay nhiém chinh
ctia Xoo 1a nude tudi, hat gidng va gdc ra mang mam bénh tir vy mua trude. Xoo 1ay
lan nho gio, mua va thudng xam nhap vao 14 lta thong qua céac 16 thong khi (khi

khong) va cac vét thuong trén 14 (Chukwu et al., 2019).

Xoo 13 vi khuan gram am, té bao hinh que v&i dau tron, kich thuéc 0,8 - 1 pm x
0,4 - 0,7 um, c6 mang nhiy bao quanh. Xoo san sinh nhiéu loai yéu t6 gy doc cho
cay chu, bao gdm EPS, cac enzyme ngoai bao, va cac protein gitup ching ting kha
ning nhiém bénh va tranh duoc dap tmg mién dich cia cay chii. Viéc san sinh mot
luong 16n EPS duogc goi 1a xanthan ¢ Xoo 13 mot trong nhitng yéu t6 gay doc quan
trong nhét ctia loai nay (Hinh 1.5). Xanthan tao ciu tric mang sinh hoc (biofilm) bén
vitng gitip bao vé vi khuan khoi cac tac dong bat loi tir moi trudng, nhu mét nudc, sy

tan cong boi hé mién dich cia ciy chu, khang lai thude bao vé thuc vat (Husain et al.,
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2019). Hé qua 1a sinh khéi Xoo va EPS c6 thé lap kin cdc mach dan, 1am tic nghén
con dudng van chuyén nude va cac chat dinh dudng t6i cac té bao, dan dén 14 bi kho

héo (Hinh 1.5), giy anh huong nghiém trong dén ning suat lta (Chukwu et al., 2019).

Hinh 1.5. Hinh anh lua khong nhiém bénh, 14 méi nhiém bénh véi cac giot tiét vi khuén trén
madt 14 (A) va 14 bi nhiém bénh khién phan mo 14 bi kho vang doc theo gan 14 (B). Hinh danh
te bao va khuan lac cta vi khuan Xoo (C) (Nino-Liu et al., 2006).

O Viét Nam, bac 14 1a mot trong nhiing bénh hai nghiém trong nhét trén ciy
laa, gay that thu ning suat tir 10 - 50%, tham chi c¢6 thé 1én t6i 70 - 80% trong nhitng
vu c6 diéu kién thoi tiét thuan loi (ndéng 4m, mua nhiéu, gi6 16n...) cho bénh phat
trién (Nguyén Thi Lién va cs., 2012; Pham Thién Thanh va cs., 2020). Bénh lay lan
nhanh qua nuéc tudi, tan du cdy bénh va vét thuong co gidi do gid, mua hodc con
trung, trong khi cac yéu t canh tic nhu gieo cay day, bon thira dam, dat ngap ung
lau ngay va st dung giéng rat man cam nhu BT7, Q5, Khang Dan 18 gép phan lam
gia tang ty 1& bénh (Nguyén Thi Tho va cs., 2022; Tran Thi Nam Ly va cs., 2023).
Bénh phd bién tai cac ving trong lta chinh nhu dong bang song Hong va dong bang
song Ctiru Long, dac biét nghiém trong & cac tinh Hai Phong, Ninh Binh va Hung Yén

sau cac dot mua bao (Tran Qudc Tuén va cs., 2017).

Theo s6 liéu théng ké cua Trung tdam Bao v¢ thyc vat phia Bic (Cuc Tréng
trot va Bao vé thuc vat, Bo Nong nghiép va Moi trudong), bénh bac 14 dién ra thudng
xuyén hang nim véi mic d6 nhiém bénh va thiét hai vé ning suat ngdy cang ting,
tap trung chi yéu & vu mua cta céc tinh phia Bic (Bang 1.7) (Bao céo tong két tinh
hinh phat sinh v gay hai ctia dich hai trén mét s6 cay trong chinh & cac tinh phia bac
nam 2023, Trung tim Bao vé thuc vat phia Bic, B6 Nong nghiép va Moi truong).

Nim 2019, dién tich nhiém bénh bac 14 lta & mién Béc 1a 22.965 ha, trong d6 dién
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tich nhiém niing 12 2.676 ha, dic biét trén cac dién tich bon thira dam, bon dam muon.
Nam 2022 va 2023, téng dién tich lta nhiém bénh bac 14 1an luot 1a 14.820 va 7.571
ha. Vu Bong Xuan 2022-2023, bénh bac 14 gay hai chu yéu trén cac giéng nhiém nhu
Bic thom 7, LC25, TBR225, Pai Thom 8, Nhi uu 838, Tap giao...véi ty 1 pho bién
5-7%, cao 10-30%, cuc bd c6 noi 1én téi 50-70% sd 14, tap trung ¢ cac tinh/thanh
gom: Hai Phong, Ha Noi, Phii Tho, Bac Ninh, Hung Yén, Ninh Binh, Son La...). Ddi
v6i vu mua, bénh phat sinh tir cudi thang 7 trén tra la cyc sém - sdm, tang nhanh tur
cubi thang 8 dén cudi vu. Bénh gay hai chu yéu cac gidng lua nhu Bic thom 7, Bic
wu 903, Nhi wu 838, BC15, T10, Thién wu 8, Huwong thom 1... ty 1 phd bién 1-5%,
cao 10-30%, ca biét 50-80% sd 14, tap trung tai cac tinh Hung Yén, Dién Bién, Ninh
Binh , Hai Phong, Ha N¢i, Quang Ninh, Bic Ninh, Lao Cai, Lai Chau...).

Bang 17 Ty 18 hai va dién tich nhiém bénh bac 14 giai doan 2019-2023 & céc tinh
phia Bac

Ty 1¢ bénh (%) Dién tich nhiém (ha)
Nam Phé bién Cao Cuc bd Téng Nang Giz}m >704%
nang suat

Vu xuin
2019 3-5 10-20 40-80 11.851 1.749 0,2
2020 1-3 8-15 30-70 4.552 282 0
2021 1-7 10-20 40-70 3.951 319 0
2022 1-3 7-15 30-50 4.661 135 0
2023 5-7 10-30 50-70 1.654 98 0

Vu mua
2019 3-5 10-30 50-80 11.114 927 0
2020 3-5 10-20 50-70 6.295 319 0
2021 3-5 10-30 50-80 8.457 990 0
2022 2-7 20-30 40-90 10.159 731 0
2023 1-5 10-30 50-80 5917 267 0

Vé dic diém dich té va quﬁn thé, cac nghién ctru cho théy Xoo & Viét Nam co
su da dang di truyén rat cao, thé hién qua nhiéu nhoém noi khac nhau. Cac ching Xoo
& dong bang song Ctru Long c6 ddc luc khac biét rd rét so v6i cac chung mién Béc
(Tran Qudc Tuan va cs., 2017). Phan tich PCR va chi thi di truyén cho thay su ton tai
ctia nhiéu gen doc lyc méi, trong d6 c6 cac ching mang gen rhs, giy nhidm rong trén

nhiéu giéng lta (Nguyén Thi Lién va cs., 2012). Sy phan héa di truyén cta quan thé
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Xoo dugc xem 1a nguyén nhan chinh dan dén hién tuong giong bi thoai hoa tinh khang

nhanh sau vai nam canh tac.
1.4.2. Cac bién phap phong tri bénh bac 14 laa
1.4.2.1. Cdi tién ky thudt canh tic

Bénh bac 14 1a co thé dugc kiém soat bang mot s6 bién phap canh tac nhu: st
dung hat giéng sach bénh, don dep cd dai, tan du ctua vu trudc; khoang cach céy phu
hop; bon phan hop 1y, tranh du thira dam, bon can d6i N-P-K; x4y dung hé thong cap
thoat nudc tét trong rudng... Phuong phap nay don gian, dé thuc hién va it ton kém
nhung hiéu qua chua cao. Céc bién phap vat 1y nhu ngam hat giéng trong dung dich
agrimycin 0,07% trong 12 gio va hap cach thiy & 54°C trong 30 phiit ¢ thé loai trir
duge 95-100% vi khuan Xoo. Ngoai ra, phuong phap xir 1y hat giéng 30 phut ¢ 52°C
truée khi ngdm hat 8-10 gio cling ¢6 hiéu qua phong bénh dang ké (Shekhar et al.,
2020).
1.4.2.2. Sir dung thuéc béo vé thwce vit héa hoc

Kiém so4t bénh bac 14 bang chat hoa hoc trén rudng lua bat dau vao nhirng nim
1950 voi viée ap dung hdn hop Bordeaux (voi toi va dong sunfat) dé phong ngira va
thir nghiém mot s6 loai thudc khang sinh, hop chét thity ngan va dong. Vao nhiing
nam 1960, nhiéu loai héa chat nong nghiép khac nhau da duoc phat trién tir cac thir
nghiém thuc dia va duoc san xuit & quy mo thuong mai 16n, chi yéu & Nhat Ban.
Céac hoa chat nay chu yéu 1a L-chloramphenicol, nickel-dimethyldithio-carbamate,
dithianon va fentiazon (Gnanamanickam et al., 2009). Cac loai hoa chit khac nhau
da duoc tho nghiém va viéc s dung Streptocycline (streptomycin
sulphat:tetracycline hydrochloride, 9:1) 0,5% + déng oxychloride 2,5% c6 hiéu qua
nhat trong viéc chdng lai bénh bac 14 lta do vi khuan (Shekhar et al., 2020)

Bénh bac 14 lua thudng duoc phong trir biang cac loai thude bao vé thuc vat phd
bién nhat nhu Sasa (saikuzuo 25%), Xanthomix (bismerthiazol 20%) dung khi bénh
méi xuat hién, hodc Bactocide 12 WP, Staner (oxolinic acid 200 g/kg), Kasumin
(kasugamycin 2% w/w tir xa khudn Streptomyces kusagaensis), Physan (quatemary
ammonium  salt:  20%), Beam (tricyclazole 75%) khi bénh néng

(https://vaas.vn/kienthuc/Caylua/10/074_bacla.htm). Hi€u qua bao vé cua cac loai
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thude hoa hoc 13 kha cao, mic du vay, phun thudc hoa hoc thuong khong dat hi¢u
qua mong mudn khi bénh di 13y lan rong. Tac dung phu 16n nhét cia thudc bao vé
thuc vt hoa hoc 13 gdy 6 nhim méi trudng va 1am thodi hoa dit canh tac. Ngoai ra,
sir dung thudc 1au dai c6 thé dan dén hinh thanh cac noi khang thubc, dac biét véi
tinh da dang cao ctia cic ndi Xoo trong moi trudng canh tac, lam cho thudc sau mot
thoi gian st dung khong con hi€u qua va lam tram trong hon tinh trang dich bénh
(Shekhar et al., 2020).

1.4.2.3. Tao giéng lita khding bénh bac ld

Lai tao giéng laa khang bénh bac 1a duoc coi 1a phwong phap hiéu qua nhat dé
dat dugc muc ti€u quan ly bénh bac 14 trén déng rudng bén virng va kinh té. Nén tang
quan trong cho lai tao gidng lta khang bénh nam & viéc kham pha cac gen khang
bénh & la va 1am séng to cac co ché phan tir co ban ciia kha niang khang Xoo. Trong
30 nam qua, nhiéu gen khang Xoo phd rong quan trong ciing nhu cac co ché khang
bénh twong ng va Gmg dung cua chung da dugc bao cdo rong rai. Cho dén nay, da
c6 hon 46 gen khang Xa/xa & laa mang lai kha nang khang pho rong hodc dic hiéu
theo noi Xoo dugc du doan va xac dinh. Téng cong 16 gen Xa da duoc tach dong va
mo ta boi cac nhom nghién ctru khac nhau, bao gdm 12 gen troi (Xal, Xa2, Xa3, Xa4,
Xa7, Xal0, Xal4, Xa2l, Xa23, Xa27, Xa31l va Xa45) va 4 gen lan (xa35, xal3, xa25
va xa41) (Jiet al., 2025).

Tai Trung Qudc va An D9, nho tng dung chi thi phan tir trong chon tao giong,
céc nha nghién ciru da quy tu duoc nhiéu gen khang vao trong mot giéng dé mo rong
pho tac dong khang lai sy da dang clia cic ndi Xoo giy bénh. Lu va cs. (2022) da
chuyén mét gen khang méi 1a Xa47 vao giéng laa JG30 tao cay chuyén gen co tinh
khang pho rong véi 9 noi Xoo khac nhau. Chukwu va cs. (2020) di tich hop da gen
Xa4, Xa2l, xa5 va xal3 vao giong lua Putra 1 tir gidng bd me IRBB60 nham ting
cuong tinh khang vdi bénh bac 1a.

Céc nha khoa hoc Viét Nam ciing da nhan dién cac gen khang bénh bac 14, két
hop véi chon gidng dua trén danh gia kiéu hinh va chi thi kiéu gen dich nham chon
tao gidng khang bénh bac 14 (Dwong Xuan T va cs., 2017). Cac nghién ctru cia

Duong Xuan Tt va cs. (2018) va V3 Thi Minh Tuyén va cs. (2015) di ing dung chon
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loc ¢6 trg gitip bang chi thi phan tor (MAS, MABC) dé chuyén cac gen khang cha luc
nhu Xa4, xa5, Xa7, Xa2l vao cac gidng lta chat lugng cao nhu BT7, HDTS, HT1.
Két qua di tao ra cac giéng trién vong DT82 (mang Xa4, Xa7, Xa2l) va HDT10
(mang xa5, Xa7), déu thé hién muc khéang manh (diém 1-3) trén déng rudng, déng
thoi duy tri ning suat 6.0 - 6.5 tin/ha va chat luong gao thom, mém. Tiép nbi, Pham
Thién Thanh va cs. (2020) da st dung chi thi xaSFM dé 1ai trd lai va chon loc giéng
BT7KBL-02, khang cao véi Xoo, ning sudt 5.5-6.3 tin/ha, chat lugng gao tuwong
duong BT7. Céc két qua nay chimg minh kha nang ing dung hiéu qua cua ky thuat
di truyén phan tir trong cai tién gidng ndi dia khang Xoo.

Song song, hudng nghién ctru hién dai hon nhu chinh sira gen cam nhiém bang
CRISPR/Cas9 ciing dugc trién khai. Duy et al. (2021) d chinh sira ving promoter
ctia gen OsSWEETI4 dé loai bo vi tri gan TAL effector ctia Xoo, qua d6 ting dang
ké kha ning khang bénh cho giéng lua thuong mai Viét Nam ma khong lam giam
nang suat. Nhitng thanh tyu ndy déanh dau budc chuyén manh ctia Viét Nam trong
mg dung céng nghé gen hién dai nham tao ra cac gidng lta khang bénh bac 14 bén
virng, than thién moi trudng va thich ng diéu kién sinh thai ni dia.
1.4.2.4. Kiém sodt sinh hoc bénh bac ld liia

Kiém so4t sinh hoc duoc cho 1a mot giai phap ¢ hiéu qua trong viéc ngin ngira
bénh bac 14 lta va than thién véi méi truong. Nguyén 1y ctia kiém soat sinh hoc 14 tan
dung cac co ché ty nhién ctia VSV ¢6 loi (canh tranh, ddi khéang, kich khang, pha tin
hiéu gy bénh) dé giam mat do va doc luc ctia Xoo, gbp phan giam sir dung thudc hoa
hoc va phat trién nong nghiép bén viing. Cac nghién ctru lién quan dén linh vyc nay
phan 16n dé cap dén ung dung VSV, trong d6 c6 VKNS, lam tac nhan kiém soét sinh
hoc. Gnanamanickam va cs. (2009) & An D9 va Philippines da phan 1ap ching
Pseudomonas fluorescens va mot sd chung Bacillus tir ving ré laa, c6 kha ning tc
ché manh sy phat trién ciia Xoo trong phong thi nghiém. Céac ching vi khuan nay
duogc st dung dé xir Iy hat gidng va phun trén 13 la vao ngay thir 35 va 45 sau khi
cdy, lam giam chiéu dai trung binh cta ton thuong 14 lta do Xoo dén hon 50% khi xir
Iy véi Bacillus sp. va 64% khi xtr Iy bang P. fluorescens PTB9 so véi cac cdy doi

chimg. Hoat chat khang Xoo do Bacillus sp. sinh ra dugc xac dinh 1a kanosamine va
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hoat chat khang Xoo do ching P. fluorescens PTB9 sinh ra duoc xac dinh 1a 2.4-
diacetylphloroglucinol. Nam 2008, Ji va cs. cong bd chung Lysobacter antibioticus
dugc phan 1ap tir r& cdy laa ¢ tinh Van Nam, Trung Qudc, c6 kha ning trc ché nhiéu
loai ndm va vi khuan gay bénh thuc vat, trong d6 cd Xoo. Trong cac nam g?m day,
cac hoat chit khang Xoo duoc xac dinh do cac chung vi khuin Bacillus spp.,
Streptomyces spp. sinh ra nhu dificidin, bacilysin... da cho thiy tiém nang ing dung
hi€u qua cua bién phap sinh hoc trong phong tri bénh bac 1a (Wu et al., 2015; Li et
al., 2016).

Mot s6 chi VKNS tiéu biéu c6 kha ning khang Xoo

Trong sb6 cac nhom VKNS duoc nghién ctru trén cay lua, mot sb chi di duoc
ghi nhan c6 vai trd quan trong trong viéc trc ché tic nhan gy bénh bac 1a va kich
thich sinh trudng cdy trong. Pic biét, cac chi Bacillus va Pantoea thuong chiém ty 1¢
cao trong h¢ VKNS c6 thé nuoi céy duoc va thé hién hoat tinh khang Xoo cao. Nhiéu
nghién ctru gan day di chi ra tiém niang Gmg dung clia hai nhém nay nhu cic tic nhan

kiém so4t sinh hoc (biocontrol agents) va kich thich sinh truéng

- Bacillus spp.: Chi Bacillus bao gdm cac loai vi khuan Gram duong, sinh bao
tu, phé bién trong dat va mo thuc vat. Cac chung Bacillus subtilis, B. velezensis, B.
amyloliquefaciens va B. siamensis duoc ghi nhan c6 thé tc ché Xoo thong qua co ché
tiét ra lipopeptide (nhu surfactin, fengycin, iturin) va polyketide khang khuan
(Chowdhury et al., 2015; Rabbee et al., 2019). Ngoai hoat tinh ddi khang, Bacillus
con c¢6 kha ning san sinh enzyme phan giai thanh té bao (chitinase, p-1,3-glucanase),
kich thich sinh truong thuc vat thong qua tong hop IAA, siderophore, ACC
deaminase va kich khang hé thng (Chowdhury et al., 2015).

Nhiéu loai Bacillus d3 duoc xac dinh 1a VKNS cay lta, cé kha ning thuc day
sinh truong va kiém soat bénh bac 14. Bao cdo vé hoat tinh khang Xoo ciia VKNS
ngay cang ting trong nhitng nim gan day. Ching Bacillus oryzicola YC7007 noi sinh
1é laa duge chimg minh khang hiéu qua hai loai vi khuan gay bénh trén lta 1a Xoo va
Burkholderia glumae (Chung et al., 2015). Mot lipopeptide surfactin AXLP14 c6 kha
nang dbi khang véi Xoo dugc thu nhan tir dich nuéi cay cua ching VKNS Bacillus

amyloliquefaciens B014. Hoat chit nay con duoc chimg minh trc ché manh sy hinh
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thanh mang sinh hoc va kha ning di chuyén cta Xoo. Viéc str dung AXLP14 cho cay
laa da lam giam dang ké ty 16 mac va mac d6 nghiém trong ctia bénh do Xoo giy ra

b?mg co ché kich khéng thuc vat (Li et al., 2016).

Resti va cs. (2020) da bao céo t6 hop cac ching VKNS Bacillus va Serratia
marcescens ¢6 hiéu qua d6i khang tot voi Xoo va thiic day sinh trudng cua cay la.
Céac chung VKNS 14 va ré lta gdm Geobacillus thermoparaffinivorans va Bacillus
subtilis thé hién hoat tinh d6i khang cao v&i Xoo (duong kinh vong khang > 33 mm),
cho hiéu qua giam ty 18 bénh bac 14 twong tmg 1a 83,49% va 81,56% & diéu kién nha
kinh (Halim et al., 2020). Cac ching VKNS phan 1ap tir cAy lia nhiém bénh bac 14
Bacillus tropicus USMLS, Bacillus altitudinis USML9 va USMRI1 v6i Bacillus
paramycoides USMRI1 thé hién kha ning d6i khang in vitro manh mé chbng lai Xoo,
ghi nhan dudng kinh vong vo khuan 16n > 20 mm (Ooi et al., 2022). O diéu kién nha
ludi, cac chung noi trén dat hi€u qua khang bénh bac 14 52,1 - 85,3%. Ngoai ra, cac
chung con c6 kha nang sinh IAA, hoa tan kali va phosphate kho tan. Xu 1y chung
USML9 va USMRI d cai thién dang ké chiéu dai chdi, trong luong kho cta chdi va
1, va ham lugng diép luc 14 lta so v&i d6i chimg, ngay ca khi cay bi stress sinh hoc

nghiém trong do nhiém Xoo (Ooi et al., 2022).

Mot uu diém quan trong ctia Bacillus 1a kha nang hinh thanh bao tir giup ching
ton tai bén virng trong diéu kién khac nghiét va dé bao quan trong ché pham sinh hoc.
Do d6, Bacillus dwgc xem 1a nhom VKNS chii lyc trong huéng nghién ciru phat trién

ché pham phong trir bénh bac 14 than thién véi méi truong.

- Pantoea spp.: Pantoea 14 chi vi khuan Gram am thudc ho Enterobacteriaceae,
thuong dugc tim théy nhu VKNS hoic biéu sinh trén nhiéu loai thuc vat, bao gém ca
laa. Mot sé chung Pantoea ananatis, P. agglomerans va P. dispersa d3 duge béo cao
c6 kha ning trc ché Xoo thong qua co ché tiét ra khang sinh peptide, siderophore hodc
enzyme lam bat hoat yéu td doc luc cua Xoo (Walterson & Stavrinides, 2015; Lee et
al.,2021). Ngoai hoat tinh khang khuan, Pantoea con c6 vai tro kich thich sinh trudng
ciy thong qua san xuat IAA, hoa tan phosphate vo co (Megias et al., 2016).
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Mic du chi Pantoea bao gdm ca cac loai co thé gdy bénh co hoi trén mot sb cay
tréng, song nhiéu ching biéu sinh hoic ndi sinh di duoc chimg minh an toan va co
tiém ning tmg dyung trong phong trir sinh hoc. Viéc phat hién va khai thac cac chung
Pantoea c6 hoat tinh khang Xoo mo ra huéng tiép can méi cho viéc kiém soat bénh
bac 14 laa theo hudéng than thién méi trudng va bén viing.

O Viét Nam, mot sb nghién ctru vé viée su dung vi khuan d6i khéng dé phong
trj bénh bac 14 lua d3 dugc cong bd. Tran Vil Phén va cs. (2014) di sang loc duoc
bdn ching Bacillus spp. ¢6 hoat tinh d6i khang cao voi Xoo tir 233 ching Bacillus
phan 18p dugc trén rudng lua ¢ tinh Hau Giang. Mot ché phém sinh hoc da duoc tao
ra tir cac chung vi khudn ddi khang trén két hop v6i dan xuét tir chitosan dé tmg dung
trong phong tri mot s6 bénh hai trén lta, dong thoi kich thich ting truong cua cay lua.
Trong mdt nghién ciru khac, 17 chiing xa khuan duoc phat hién cé kha ning khang
ca 10 ndi Xoo pho bién & Viét Nam. Thir nghiém dong rudng st dung dich nudi cay
ctia chung xa khuan Streptomyces toxytricini VN-08-A12 d6i v6i hai giéng laa SS1
va KD18 cho két qua giam chiéu dai ton thuong do Xoo tuong tmg 13 38,3% va 29,8%
va hoat chat khang Xoo sinh ra bdi ching nay duoc xac dinh 1a factumycin (Hoa et
al., 2014). Pham Thi Té Oanh da nghién ctru san xuat ché pham vi sinh phong tri
bénh bac 14 chira cac chung Steptomyces sp. va Bacillus spp. (Pham Thi T6 Oanh,
2020).

Cho dén nay hau nhu c6 rat it nghién ctru trong nude bao céo vé cac VKNS thuc
vét noi chung va ndi sinh lia néi riéng c6 kha nang dbi khang Xoo va phong trir bénh
bac 14. Nghién ctru cia Nguyén Vin Phuong va cs. (2020), mot trong s rat it cac
cong bd vé VKNS laa, di bao cao bo 77 ching VKNS phan 1ap tir gidng laa Béc
thom 7 véi cac hoat tinh sinh hoc quy nhu sinh IAA, ammonia, tong hop siderophore,
phosphate vo co, va khang nAm Magnaporthe oryzea giy bénh dao 6n. Co thé thiy
rang linh vuc nghién ctru ndy can duoc quan tim hudng t6i muc tiéu tao ra ché pham
sinh hoc tir cac chung VKNS phuc vu cong tac kiém soat bénh bac 14 mét cach hiéu

qua va an toan.

Str dung céc bién phéap kiém soat sinh hoc trong phong trir cac bénh thyc vat noi

chung va bac 14 noi riéng 1a xu hudng chung cua san xuat nong nghiép bén viing trén
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thé gidi va & Viét Nam. VKNS c6 anh huéng tich cuc dén su sinh truong va sire khoe
clia cdy trong thong qua cac co ché khac nhau nhd kha nang kich thich sinh truong
va d6i khang mam bénh. Viéc tim kiém cac ching vi khuan c6 1gi trong d6 c6 VKNS
1a huéng di tiém ning dé phuc vu phat trién nong nghiép hitu co. Nghién ctru vé hé
VKNS ¢ thuc vat néi chung va & cay laa noi riéng, ciing nhu tuong tac cia chiing d6i
v6i cac VSV gdy bénh ¢ cdy chu giup giai dap dugc nhidu cau hoi vé co ché giy bénh
& thuc vat, 1am co s cho viéc ung dung trong phong trir bénh hiéu qua. Nhing két
qua nghién ctru trude day cho thdy VKNS c6 tiém ning ung dung trong kiém soét
bénh bac 14 10a, cung cap giai phap canh tac theo hudng sinh hoc bén virng. Tir nhitng
co s d6, luan 4n tién hanh khao sat cu trac hé VKNS trén cac gidng lta c6 phan
ung khéac nhau véi bénh bac 14, déng thoi phan 1ap, tuyén chon va danh gié cac ching
c6 hoat tinh khang Xoo nham xac dinh nhiing tng vién tiém ning cho phat trién ché

pham sinh hoc phong trir bénh.
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CHUONG II. NGUYEN VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. NGUYEN VAT LIEU
2.1.1. MAu laa

Hat lua giéng Béc thom 7 duoc cung cip boi Cong ty c¢6 phan Tap doan Giéng
cdy trong Thai Binh.

Cay lua gidng Béic thom 7 (ky hiéu TB) va IR4625 (ky hiéu LA) & giai doan
lam dong duoc thu hai trong vu Hé Thu 2018. Giéng lua Bic thom 7 trong tai huyén
Vii Thu, tinh Thai Binh (20°21'28.8"N, 106°17'15.8" E). Gidng Bac thom 7 duoc
trong rong rai & dong bang song Hong, min cam cao v4i bénh bac 1a. Gidng lta
IR4625 trong tai huyén Thii Thira, tinh Long An (10°34'27.6" N, 106°21'57.2" E).
Gidng LA 1a gidng lta nép chét lugng cao, duoc trong phd bién & cac ving nhu Pong
bang Séng Ciru Long, Pong Nam B¢ va Tay Nguyén, nhd ning suét cao, cing ciy
va kha nang chiu phén tdt, it man cam véi bénh bac 1a.

Bang 2.1. Thong tin vé cac mau lta duogc thu thap sir dung cho nghién ctru

S6 lwong o

£ , 5. sk o aeX (cay) Thfn ky Thoi gian

Giong lua Dac diém Dia diém sinh thu tha
Khée | Bénh trudéng 4P

Bic thom | Gidng lia man . \ 1
7 (TB) cdm véi Xoo Thai Binh 7 8 Lam dong | 05/2018
IR4625 Giong lua it man C
(LA) cdm véi Xoo Long An 15 0 Lam dong | 06/2018

Tong 30

Cay ltia nhiém bénh bac 14 va cdy lua khoe manh dugc thu thap trén cing mot
rudng. Nhitng cay nhiém bénh dugc lya chon dya trén biéu hién cac triéu chung bénh
bac 14 dién hinh, nhitng cdy khoe manh dugc chon ngau nhién, hoan toan khong c6

triéu chiing bénh (Phu luc 1).
2.1.2. Chung vi sinh vat

Chung Xanthomonas oryzae pv. oryzae ndi RS (VTCC 12280) phan lap tir mau
14 1aa nhiém bénh bac 14 dugc luu giit tai Trung tim Ngudn gen Vi sinh vat Qudc gia,

Vién Vi sinh vat va Cong nghé sinh hoc, Pai hoc Quéc gia Ha Noi.
2.1.3. Oligonucleotide
Céac moi str dung trong cac phan tng PCR duoc tong hop tai Bang 2.2.
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Bang 2.2. Cac mdi sir dung trong nghién ctru

A . s s Tai liéu
Moi Trinh tw (5’ -3’) tham khao
TCGTCGGCAGCGTCAGATGTGTA
16S Amplicon PCR_ Fw | TAA GAGACAGCCTACGGGNGG
CWGCAG Klindworth

GTCTCGTGGGCTCGGAGATGTGT | ¢tal. 2013
16S_Amplicon PCR Rv | AT AAGAGACAGGACTACHVG

GGTATC TAATCC
27F AGAGTTTGATCCTGGCTCAG Weisberg
1492R ACGGCTACCTTGTTACGACTT etal., 1991
rpoB-2292f GACGTGGGATGGCTACAACT Rooney et
rpoB-3354r ATTGTCGCCTTTAACGATGG al., 2009

2.1.4. Hoa chiat

Taq DNA polymerase, thang chuan DNA 1,0 kb, b kit tach chiét DNA tong sb
tir vi khuan Genomic DNA Extraction and Purification, b kit tach chiét DNA hé gen
tir mau laa DNeasy PowerSoil DNA Pro Kit dugc dit mua tir hing Thermo Scientific,
New England Biolabs, Qiagen (M¥). Cac hoa chat, vat tu str dung dé tao thu vién 16S
rDNA cho phan tich metagenomics (hat AMPure XP, bd kit Nextera XT Index) dugc
dat mua tir hang Illumina (M¥). Hoa chat co ban sir dung trong nghién ctru déu co
tiéu chuan chat lugng cao tir cac hang cung cp 16n nhu Merck (Pirc), Sigma (M¥),

Wako (Nhat Ban), Biobasic (Canada).
2.1.5. Thiét bi

Nghién ctru sir dung cac thiét bi chuyén moén dung trong VSV hoc, sinh hoc
phan tir va hoa phan tich dat tiéu chuan qudc té.
Thiét bi nghién ciru VSV hoc: kinh hién vi phan pha va huynh quang (Zeiss, Prc),
may do quang phd UV — Vis (Eppendorf, Dtrc), tii ciy an toan sinh hoc cap 2 (Nuaire,
M¥), ta am (Binder, Prc), ndi khir tring (Hirayama, Nhat Ban), may lic on nhiét
(Amerex, My), ti lanh -20°C (Panasonic, Nhat Ban), ti lanh sau -80°C (Nuaire, MY),
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may ly tam lanh (Eppendorf, Puc), mady do pH (Horiba, Nhat), can ky thuat
(Precisa, Thuy Si), can phan tich (Shimadzu, Nhat).

Thiét bi nghién ctru sinh hoc phan tir: may do nong do6 DNA BioPhotometer
(Eppendorf, Burc) va Nanodrop 2000 (Thermo Scientific, M), may PCR (Eppendorf,
Pric), may dién di (Nyx Technik, M¥), may soi gel GelDoc (BioRad, M¥), may kiém
tra kich thuéc DNA Bioanalyzer (Agilent, M¥), may dinh lugng huynh quang Qubit
2 (Invitrogen, M¥).

2.2. PHUONG PHAP NGHIEN CUU
2.2.1. Phén tich hé vi khuin ndi sinh lia bing phwong phip metagenomics
2.2.1.1. Tdch chiét DNA hé gen tir ré/than/ld lia

Céac mau ré/than laa dugc cét ¢ cac vi tri tuong duong trén cay laa khoé va cay
nhiém bénh bac 14. Pbi véi cac mau 14 nhiém bénh bac 14, cit phén 14 mau xanh cach
ria viing c6 biéu hién bénh 1 - 2 cm va cit mau & vi tri tuong tu d6i voi mau 14 cua
cay khoé. Cac mau lua dugc rira k§ bang nude mdy, sau do rira sach bang nudc cat
vo tring va dé kho trong khong khi. Cac mau nay duoc cit nho va nghién min trong
nito 1ong bang cbi va chay vo trung. DNA hé gen tir miu lta duoc tach chiét sir dung

b kit DNeasy PowerSoil DNA Pro theo huéng dan ctia nha san xuat.

Néng dd DNA dugc phan tich trén thiét bi BioPhotometer va Nanodrop. Do
tinh sach ctia mau DNA tuong tng dugc xac dinh bdi ty 1& Azeo/Azso (DNA/protein)
can dat >1,7 va Aaso/A2s0 (DNA/humic acid) can dat >2 (Tanveer, 2016). Cac mau
DNA dugc chuan vé nong d6 7 ng/uL va sir dung cho phan tmg PCR tao thu vién
gen 16S rDNA.

2.2.1.2. Tao thuw vién gen 168 rDNA

Thu vién gen 16S rDNA duoc tao ra nhd phan tmg PCR khuéch dai ving siéu
bién V3-V4 sir dung cap mdi 16S_Amplicon PCR_Fw va 16S_Amplicon PCR_Rv
c6 gin ma vach (kich thudc san pham khoang 550 bp) (Bang 2.5). Kiém tra kich
thudc san pham PCR bang thiét bi Bioanalyzer va tinh sach san pham PCR bang hat
AMPure XP theo huéng din ciia nha san xuét. Index PCR: str dung cic san pham

PCR lan 1 d4 dugc tinh sach lam khuon cho phan tmg PCR 1an 2 dé gan Adapter va
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Index str dung bo kit Nextera XT Index. San phém PCR tiép tuc duogc tinh sach béng
hat AMPure XP. Kich thudc, tinh nguyén ven va do tinh khiét cta cac doan khuéch
dai duoc kiém tra bang thiét bi Bioanalyzer va kiém tra ndng do trén thiét bi dinh
luong huynh quang Qubit 2. Trinh ty metagenome dugc doc bang cong nghé Illumina
MiSeq (kiéu doc trinh tw 250 bp paired-end) véi cac thong sé cho phép tao file FastQ
riéng clia cac trinh ty gin index.

Bang 2.3. Thanh phan va chu trinh nhiét ctia cac phan tmg PCR
tao thu vién gen 16S rDNA

Thanh phin Thé tich (uL) Chu trinh nhiét
PCR vung V3-V4 gen 16S rDNA 25
DNA 2,5 95°C, 3 phut
16S_Amplicon PCR _Fw 1 uM 5 95°C, 30 giay
16S Amplicon PCR Rv 1 uM 5 55°C, 30 giay 25 chu ky
2x KAPA HiFi HotStart ReadyMix 12,5 72°C, 30 giay
72°C, 5 phut
4°C
Index PCR 50
DNA 5 95°C, 3 phut
Nextera XT Index Primer 1 (N7xx) 5 95°C, 30 giay
Nextera XT Index Primer 2 (S5xx) 5 55°C, 30 giay 8 chu ky
2x KAPA HiFi HotStart ReadyMix 25 72°C, 30 giay
PCR Grade water 10 72°C, 5 phut
4°C

2.2.1.3. Phén tich metagenome hé vi khudn ngi sinh dwa trén thw vién doan 16S

rDNA

Tap dir li€u FastQ tho dugc nhép vao nén tang QIIME 1.9.1. sau d6 duoc xu ly
bﬁng cong cu DADA2 v1.4.0 dé loc chat lugng. Vige cat xén trinh tu va loai bd
chimera dugc thyc hién bang cach st dung cic ham FilterAndTrim va
RemoveBimeraDenovo twong ung. Cac trinh ty dat chat luong c6 do twong dong >
97% dugc nhom lai thanh mot don vi phan loai OTU béng cach st dung ham
Taxonomy. Cubi cung, cong cu phan loai Clasifier cia Dy an dit li€u ribosome
(Ribosomal Database Project) duoc st dung dé gan cac chudi dai dién cho cac phan

loai VSV. Cac OTU co nguf)n géc luc lap va ty thé thuc vét sé& bi loai bo.

TAt ca cac phan tich thong ké va truc quan hoa dir liéu dugc thuc hién trong
phan mém R (v3.4.2) bang cach sir dung goi Vegan (v2.6.4) (Oksanen et al., 2016),
ggplot2 va Phyloseq (v1.42) (Mc Murdie & Holmes 2013). Chi s6 d6 phong phus
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tuong d6i (relative abundance) va chi s6 da dang Alpha (Observed, Chaol, Shannon
va Simpson) duoc tinh toan dé udc tinh mtc d6 phong pht trong cac mau. Sy khac
biét vé tinh da dang cua hé VKNS giita cdc miu ciia hai giéng laa dugc phan tich
bang cach st dung ty 18 da chiéu phi s6 liéu (non-metric multidimensional scaling,
NMDS) dua trén sy khong twong dong Bray trén dit liéu di dugc chuin hoa va duoc
kiém tra murc ¥ nghia bang thuat toan ANOSIM (999 hoan vi). Goi DESeq2 (v1.38.3)
da dugc su dung dé xac dinh sy khac biét co y nghia théng ké vé murc d6 phong phu
tuong d6i cia cac OTU vi khuan (Love & Anders 2014).

Cong cu web http://bioinformatics.psb.ugent.be/webtools/Venn/ dugc st dung

de tao biéu d6 Venn nham tryc quan héa cac chi VKNS cung xuat hién hodc chi xuat

hién & cac mau lta bi bénh va khoe manh.
2.2.2. Phan 1ap vi khuan ngi sinh

Phén 1ap VKNS tir cac mau lua dugc tién hanh theo mo ta ciia Bertani va cs.

(2016), tom tit nhu sau:

X ly mau: cit cac doan ré, than, 14 cua céac cay lua thu thap thanh cac doan 3 - 5 cm
& vi tri giong nhau dbi véi tat ca cac cay, cu thé 1y phan than trén mat nudc, phan
giita 14 bo dau mut va cudng 14 va phan ré dudi cudng ré. Tién hanh khir tring bé mit
mau lta bang cach rira sach miu dudi voi nude may va lan luot dua mau qua cac
budc khir tring bé mat sau: (i) ngdm trong cdn 75% trong 2 phit, rira sach bang nudc
cat vo trung; (ii) ngdm trong dung dich NaClO (5,5% CI hoat dong) & ndong do 50%
trong 2 phit, rira sach bang nudc cat vo tring; (iii) ngdm trong con 75% trong 1 phut,
rira sach bang nudc cit vo tring; (iv) rira sach bang nudc cit vo tring 5 1an.

Kiém tra mirc d6 sach ctia miu bang cach ciy trang 0,1 mL nudc rira cudi cing
va dat mot phan mau sau khi khir tring 1én dia méi truong TSA 1/5 trong 60 phut
trude khi tién hanh nghién mau. Kiém tra sinh truéng cia vi khuan sau 72 gio.
Phén ligp VKNS: dung chay va cdi st vo trung nghién nhuyén 1 g mau (1a/than/ré)
trong 10 mL dém PBS. Tién hanh pha lodng theo diy dén 10 va cy gat trén moi
truong thach dia TSA 1/5 & ba ndng d6 pha lodng cudi. U cac dia ¢ nhiét do 28 - 30°C
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trong 5 ngay. Nhit cac khuan lac va tinh sach lai trén dia TSA 1/5 cho dén khi thu

dugc chung thuan khiét.
2.2.3. Panh gia hoat tinh khang Xoo ciia vi khuin ndi sinh

Panh gi4 hoat tinh khang Xoo cuia cac chung VKNS dugc tién hanh theo mé ta
ctia Magaldi va cs. (2014). Ching Xoo duoc cay trén moi truong thach PSA (peptone
10 g/L; sucrose 10 g/L; axit glutamic 1 g/L va agar 15 g/L), u dia ¢ 30°C, 48 gio (Ke
et al., 2017). Cac chung VKNS duoc nuoi trong méi trudong long TSB 14 (Himedia,
An Do) ¢ diéu kién 30°C, lic 150 v/p trong 24 gio. Ly tam dich nudi & 5000 v/p trong
15 phut va loc qua mang loc kich thudc 16 0,22 pm.

Hoat tinh khang Xoo cta cac chung VKNS duoc xac dinh bang cach ria déu
khuan lac chung Xoo 1én bé mit dia thach PSA. Tién hanh duc céc giéng thach dudng
kinh 5 mm va nho vao mdi giéng 50 pL dich nudi cdy di loai té bao cua cac chung

VKNS. U céc dia thir hoat tinh & nhiét do 30°C trong 48 gio.

Kha nang khang Xoo dugc xac dinh dua vao kich thudc vung khang (AD) &
xung quanh vi tri giéng/théi thach: AD = D — d. Trong d6: D 1a duong kinh ving khang
khuan (mm), d 1a duong kinh giéng/théi thach.

2.2.4. Nghién ctru cac dac tinh sinh hoc ctia vi khuan ngi sinh

Sinh truong va hoat tinh khang Xoo cua VKNS trong céc thi nghiém dugc danh
gia thong qua gia tri ODgoo va dudng kinh vong khang khuan (theo phuong phap
khuéch tan trén giéng thach, xem muc 2.2.3). Ching VKNS dugc nudi trong moi
truong dich thé TSB Y%, lac 150 v/p trong 2 ngay (d6 lap lai: 3 binh nudi cay/thi
nghiém), ldy miu dé xac dinh xac dinh ODgoo va hoat tinh khang Xoo. Ddi véi thi
nghiém xac dinh nhiét d6 nudi cay thich hop, cac chung VKNS dugc nudi cdy ¢ cac
nhiét 6 25, 30, 37, 42°C. Pé xac dinh pH méi truong thich hop, cac chung VKNS
dugc nudi cdy trong moi trudng TSB % ¢ diéu chinh d6 pH & cac gia trj tir 5 dén 9
bang dung dich H2SO4 1 M hodc dung dich NaHCOs 1 M. Péi véi thi nghiém xac
dinh né)ng do mudi thich hop, VKNS duoc nuoi trong moéi truong TSB Y2 véi néng
d6 mubi trong khoang 0 — 20 g/L (st dung dung dich mudi 5M: NaCl 286,4 g;
MgClo.6H20 44,7 g; CaCl,.2H20 2,2 g, nudc cat dan toi 1 L). Bi v6i thi nghiém xac
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dinh ngudn carbon/nito thich hop, VKNS duoc nudi cdy trong méi truong dich thé
(mdi truong Landy dbi véi chiing VY03, méi truong GA dbi véi chiing VY 148), lac
150 v/p trong 2 ngay (d6 lap lai: 3 binh nudi cay/thi nghiém), 1dy mau dé xac dinh
xac dinh ODsoo va hoat tinh khang Xoo. Nguén carbon dugc b sung thay thé vao moi
truong 1a mot trong cac hop chét sau: glucose, acetate, methanol, glycerol, ri duong
(1% v/v). Ngudn nito dugce bd sung thay thé vao mdi trudng 13 mot trong cac chat

sau: peptone, casein, cao thit, cao nam men.

Kha nang sinh siderophore dugc danh gia theo phuong phép cua Lakshmanan
va cs. (2015). Hoa tan 60,5 mg chrome azurol S trong 50 mL nudc cat va phdi tron
v6i 10 mL dung dich Fe(I1I) (FeCl3.6H,0 1 mM; 10 mM HCI). 6 tir tir hdn hop trén
vao dung dich hexadecyltrimethyl ammonium bromide (CTAB, 72,9 mg hoa tan
trong 40 mL nudc cat). Ludn str dung khudy tir trong qua trinh thuc hién. Khir tring
hdn hop ¢ 121°C, 15 phat. Tron 100 mL dung dich chrome azurol S véi 900 mL méi
truong thach TSB Y 1oi do dia petri. Ciy chdm diém cac chung VSV va u & 30°C
trong 72 gio. Ching vi khudn dugc ghi nhan c6 kha ning sinh siderophore khi lam

bién d6i mau méi trudng tir xanh duong sang vang nhat.
2.2.5. Pinh danh va phan tich trinh tw hé gen ciia vi khuin néi sinh

DNA hé gen cua cac chung VKNS dugc tach chiét su dung bd kit Genomic
DNA Extraction and Purification (New England Biolabs) theo huéng dan cua nha
san xuat. Nong do DNA dugc phan tich trén thiét bi BioPhotometer (Eppendorf). Do
tinh sach ctia mau DNA can dat mtc Azso/Aaso > 1,7 va Aaso/Azzo> 2 (Tanveer, 2016).

Gen 16S rDNA (~1500 bp) va gen rpoB (khoang 500 bp) dugc khuéch dai trong
phan Gng PCR sir dung cip moi 27F-1492R va rpoB-2292f-rpoB-3354r v6i thanh
phan va chu trinh phan g duoc trinh bay ¢ Phy luc 2. San pham PCR sau khi duoc
tinh sach bang kit tinh sach san pham PCR (Bioneer - Han Quéc) dugc tién hanh phan
ung doc trinh tu véi ABI Prism BigDye Terminator cycle sequencing kit va doc trinh
tu trén may ty dong 3110 Avant Appied Biosystems. Trinh tu gen sau d6 dugc phan
tich, so sanh v&i trinh ty 16S rDNA/rpoB cia cac loai ¢6 lién quan hién da cong bd

trén Database EZTaxon/GenBank st dung cong cu BLAST Search. Cay phan loai
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duoc dung theo phuong phép neighbour-joining (Saitou & Nei, 1987), trong dé dinh
dang cdy duoc tién hanh dua trén 1000 phép so sanh da chiéu (Felsenstein, 1985).

Giai trinh ty h¢ gen cia cac ching VKNS dugc thyc hién trén nén tang [llumina
HiSeq 2500, tao ra cac doan doc ngin 150 bp theo kiéu paired-end, cho phép bao phu
toan bo bd gen voi do chinh xac cao va han ché sai sot trong vung lap. Dt li¢u tho
dugc xur Iy bang cac budc loc chat lugng (quality trimming) dé loai bo doan doc c6
diém chét lugong thép, adaptor va trinh ty nhiém. Sau 6, cac doan doc sach duoc lép
rap de novo bang phan mém SPAdes v3.6.0 (Bankevich et al., 2012) thich hop cho
viéc tai dung hé gen cua vi khuan c6 kich thude trung binh (3—-6 Mb) tir dit liéu

llumina.

Céc contig thu dugc dugc chi thich chirc ning gen bang cong cu PGAP, cho
phép nhan dién cac gene mi hoa protein, RNA ribosome, RNA vén chuyén va du
doan khung doc m¢ (ORFs) thong qua so sanh vdi co so dir liéu RefSeq. Song song
d6, hé gen ciing duge xr Iy bang RAST (Aziz et al., 2008) nham phan loai chirc ning
gen, qua d6 nhan dién cac nhom gen lién quan dén trao d6i chat, kha ning ndi sinh,

kich thich sinh truong thuc vat, canh tranh sinh hoc va tuong tac cay chu.

Dé khai thac tiém ning sinh hoc ciia VKNS, dic biét 1a kha ning sinh tong hop
hop chét thir cap c6 vai tro trong d6i khang vi sinh vét gdy bénh hodc kich thich sinh
truong cdy, cac hé gen dugc phan tich bang cong cu antiSMASH 7.0 (Blin et al.,
2023). Cong cu nay cho phép du doan va phan loai cum gen sinh tong hop bao gém
cac polyketide synthases (PKS), non-ribosomal peptide synthetases (NRPS),
siderophore, lantipeptide, terpenoid va cac hgp chat c6 hoat tinh sinh hoc khéc.

2.2.6. Panh gia kha nang xAm nhap vao reé lia cia vi khuan néi sinh

Kha ning xam nhap ré lia dugc danh gia theo phuong phap ctia Bertani va cs.
(2016). Tién hanh tao thé dot bién ngau nhién khang rifampicin tir VKNS bang cach
cdy trai ching VKNS trén dia thach TSA 1/5 b6 sung rifampicin 100 pg/mL, nudi &
30°C trong 48 gio. Cay chuyén cac khuan lac sang dia TSA-rifampicin méi va thu
cac thé dot bién ngau nhién khang rifampicin. Khir tring bé mat hat thoc giéng Bac

thom 7 bang cach ngam trong dung dich NaClO 50% (5,5% Clo hoat dong) trong 30
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phut va rira sach béng nude cat vo trung 5 lan. Sau do, hat duoc dat trong dia Petri co
chtra dung dich Hoagland ¥ (Phu luc 3) dé nay mam ¢ 30°C trong 1 tuan ¢ diéu kién
tranh anh sang. Cay con 1 tuan tudi duoc trong vao éng Falcon 50 mL chira 35 mL
moi trudng Hoagland Y4, thach 0,3% ¢ diéu kién chiéu sang 16 gio, toi 8 gio, dd am
80%, 30°C trong 1 tudn. Cay duoc tudi 2 ngay/lan bang nudc cat vo trung. Nudi lic
thé dot bién khang rifampicin trén moi truong TSB 1/5, sau d6 pha lodng bang moi
truong TSB 1/5 dé dua ODsgoo vé 0,3 va nhung toan bo phan ré cta cay lta 2 tuan tudi
vao dich nudi cdy da pha loang trong 60 phut. Trong lai ciy trong cac ong Falcon 50
mL chira méi trudng Hoagland %4 thach 0,3% trong diéu kién chiéu sang 16/8, d6 4m
80%, nhiét do 30°C trong 6 ngay. Tai thoi diém két thuc thi nghiém, thu hoach cay
lta va rira ré cay nhiéu 1an véi nudce cat roi dé kho trong khong khi 10 phut.

Pé x4c dinh s6 luong té bao & bé mat 1& (epiphytic), ré cdy dugc cin va ria
trong 5 mL dém PBS 1x bang cach vortex 5 1an, mdi lan 30 gidy. Nudc rira nay duoc
pha lodng dén 107 va cay trai trén moi truong thach TSA 1/5 chira 50 pg/mL
rifampicin, nudi & 30°C trong 3 ngay. Pém s6 luong khuan lac va tinh toan mat do té

bao (CFU/g).

bé xac dinh sb luong té bao ndi sinh (endophytic), sau khi rira trong dung dich
PBS 1x (di thyc hién & budc trén), ré laa duoc khir tring bé mit nhu mé ta trong
muc 2.2.2. Nu6c rira cudi duge cdy trai trén dia thach TSA 1/5 chtra 50 pg/mL
rifampicin dé kiém tra quy trinh khtr tring bé mit. Phan ré da khir tring bé mit duoc
nghién trong 10 mL dém PBS 1x, sau d6 100 pL dich nghién ré & cac do pha loang
10° va 10! dugc cdy trai trén dia thach TSA 1/5 chira 50 pg/mL rifampicin, nudi &
30°C trong 3 ngay. Pém sb luong khuan lac va tinh toan mat do té bao (CFU/g).

2.2.7. Panh gia hiéu qua kiém soat nhiém Xoo ciia vi khuan néi sinh
2.2.7.1. Thi nghiém trong diéu kién nha lwéi

Thi nghiém dugc thuc hién trong nha ludi ciia Vién Bao v¢ thuc vat tir thang 6

dén thang 10 nam 2024.

Chudn bi dit ¢ cdc 6 thi nghiém: Céc 6 thi nghiém c6 kich thude 1 m x 1 m. Cude

dat, phoi ai va lam sach co dai trudc thi nghiém 1 thang, sau d6 dan nudc vao cac 6
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U 3 - 4 ngay cho dat ngau roi tién hanh san phang bé mat, giit lai mic nude 5 cm.
Phan bon 16t duge tron déu vao dat, ap dung cho tat ca cac 6 thi nghiém: 15 g dam +

15 g super lan + 0,25 g kali.

Xir Iy hat giong va cdy lia: Hat gidng Bac thom 7 duoc ngadm v, gieo trén moi truong
dat bun binh thudng. Chia s6 ma lam 7 phan: 5 phan cham soc binh thudng, 1 phan
duogc tudi bang dich nudi chung VY03 (10° CFU/mL), 1 phan duoc tudi bang dich
nudi ching VY148 (10 CFU/mL) vao ngay thit 5 sau khi gieo. Khi ma duoc 7 - 10
ngay tudi thi dem cdy. O thi nghiém duoc cay 1 danh v6i mat @6 30 danh/m? khoang
cach cay céach cay 16 x 16 cm; hang cach hang 20 x 20 cm (Hinh 2.2). Cham séc
bang k¥ thuat thong thuong theo quy trinh canh tac giéng lta Bic thom 7 va duy tri
murc nude mat 5 cm. Khong st dung bat ky hoa chat/thudc bao vé thuc vat nao trong

sudt thoi gian thi nghiém.

Hinh 2. 1. Anh minh hoa thi nghiém danh gi hiéu qua phong trir Xoo trong nha luéi
Lay bénh nhan tao cho cdy liia (Ke et al., 2017): Khi ciy lta duoc 8 tudn tudi, thi tién
hanh 1ay nhiém. Vi khuin Xoo dugc nudi trong binh tam giac chira méi trudng dich
thé PSB trong 24 h. Dich nuéi sau d6 dugc pha lodng bang dung dich MgCl, 10 mM
dat mat do 10 CFU/mL. Chon 14 banh té, dung kéo v trung nhing vao dich nudi
Xoo 16i cit dirt hoan toan mot doan 14 10a tai vi tri cach ddu mat 14 3 - 5 cm. Mot ngay
sau khi nhiém Xoo, tiép tuc phun huyén phu té bao/dich nuéi cay cua ching VKNS

bao goém:
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- Huyén phu té bao: ly tam dich nudi cay ching VKNS ¢ toc do 10.000 v/p trong
10 phut, bé dich trong. Rira can té bao thu duogc béng nude cat vo trung. Hoa lai
can té bao trong nudc cat vo trung sao cho mat do té bao dat 10° CFU/mL. Tién
hanh phun dich huyén phu té bao d6i v6i 16 thi nghiém, phun nudc cit vo tring

d6i voi 16 ddi ching (-), 200 mL/16 1 m>.

- Dich nuéi cdy loai té bao: phun dich nudi cay da loai té bao va pha loang 10 lan
bang nudc cat vo triung d6i v6i 16 thi nghiém, phun méi trudng TSB Y5 vo tring
pha loang 10 lan bang nudc cat vo trung d6i véi 16 ddi chimg (-), 200 mL/16 1
mZ. O 16 d6i chimg (+), phun thudc bao vé thuc vat Starner 20WP (axit oxolinic

20%, Sumitomo Chemical, Nhat Ban) véi liéu lugng khuyén céo 1a 32 mL/m?.

BG tri thi nghiém phong chong bénh bac ld:
Cong thirc 1: Nhiém Xoo, khong nhiém VKNS
Cong thitc 2A:  Nhiém VKNS khi gieo ma, phun té bao VKNS trudc va sau khi
nhiém Xoo
Cong thitc 2B:  Nhiém VKNS khi gieo ma, phun dich nu6éi VKNS (khong chia
té bao) trudc va sau khi nhiém Xoo
Cong thitc 3A:  Nhiém vi khuan biéu sinh (VKBS) khi gieo ma, phun té bao
VKBS truéc va sau khi nhiém Xoo
Cong thitc 3B:  Nhiém VKBS khi gieo ma, phun dich nu6i VKBS (khong chia
té bao) trudc va sau khi nhiém Xoo
Cong thuc 4: Nhiém Xoo, phun thubc hoa hoc
Phwong phdp diéu tra danh gid: Tién hanh diéu tra ¢ thoi diém sau nhiém 14 ngay.
M&i cong thirc diéu tra theo phuong phap 5 diém chéo goc, mdi diém diéu tra 5 14,
khong diéu tra trén cac khom laa canh mép 6 thi nghi€ém. Thyc hi¢n dém sb 14 bi bénh
va phan cép bénh. Tinh toan chi sd bénh, ty 1¢ bénh va hi¢u lyc phong trir theo cac

cong thire nhu trinh bay ¢ muc 2.2.7.3.
2.2.7.2. Thi nghiém ¢ diéu kién dong ruéng

Thi nghi¢m déng rudng phong trir bénh bac 14 dugc thuc hién tai Doi 2, Quang

Bic, Hai Quang, Hai Hau, Nam Dinh tir thang 3 dén thang 6 nam 2021 (vu Xuan he)
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trén gidng laa Bic thom 7. P4t 1 ma dugc tudi dung dich chira VKNS (10° CFU/mL)
2 ngay trudc khi gieo hat véi ty 18 100 mL/m?, tron déu trong 10 cm dat mat. Cay ma
sinh trudng trén dat c6 bd sung chung VKNS trong 15 ngay trude khi dua ra ruong
céy. Dién tich lua thi nghiém 1a 3 1u6ng lap lai, moi luéng 30 m? (dai x rong 1a 3 m x
10 m). Trong mdi ludng, lta dugc ciy timg danh véi mat d6 42 danh/m?2, khoang cach
cdy cach cdy 1a 15 x 15 cm, hang cach hang 13 16 x 16 cm. Ché d6 phan bon, chim

soc theo quy trinh canh tac khuyén cao dbi voi gidng lta Bic thom 7.

Trong giai doan cay lta lam dong dén trd (70 - 75 ngay tudi), 14 thoi diém dé
nhiém bénh bac 14, & cong thirc thi nghiém (CTTN) tién hanh phun dich nuéi VKNS
(10° CFU/mL) véi tan suat 2 ngdy 1 1an (tranh ngdy mua), tong cong 5 1an. Pdi chimg
gom c6 (i) rudng khong phun thude (BC (-)) va (ii) rudng phun thudc héa hoc Kasumil
2SL (hoat chat Kasugamycin 2%) véi liéu luong thuong dung (40 mL thudc pha trong
binh 16 L phun cho 300 — 400 m?) (BCxs).

Theo dbi tién trién bénh & cac rudng thi nghiém va ddi chung, danh gid hi¢u luc
phong trir bénh bac 14 7 ngay 1 1an tir khi phun thuée/VKNS cho dén khi thu hoach.
Cu thé, mdi cong thirc danh dAu diéu tra 10 diém, mdi diém diéu tra 10 danh/10 khom
laa ngiu nhién, thyc hién dém sd 14 bi bénh va phan cip bénh theo thang sau: Cap 1:
<1 % dién tich 14, hat, bong bi bénh; Cip 3: Tir 1 % dén 5 % dién tich 14, hat, bong
bi bénh; Cap 5: Tir> 5 % dén 25 % dién tich 14, hat, bong bi bénh; Cap 7: Tir > 25 %
dén 50 % dién tich 14, hat, bong bi bénh; Cap 9: > 50 % dién tich 14, hat, bong bi
bénh) (TCVN 13268-1:2021 (Bao vé thyc vét - phuong phap diéu tra sinh vat gay hai
- Phan 1: nhoém ciy luong thyc)).

Tinh toan chi s6 bénh, ty 1& bénh va hiéu luc phong trir theo cac cong thirc nhu
trinh bay ¢ muc 2.2.7.3.
2.2.7.3. Xir Iy 56 liéu

Tinh toan chi sé bénh va ty 18 bénh theo bang cac cong thic sau:

Yni x vi
N xK

x 100

Chi s6 bénh (CSB): CSB (%) =
Trong do: ni la s6 14 bi bénh & cac cép bénh;
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vi 1a cac cap bénh (bénh hai l4: cap 1 - 9)
N 1a tong s6 14 diéu tra

K 1a cap bénh cao nhat quan sat dugc

S6 la bi bénh
S6 ladiéu tra

Hiéu luc phong trir dugc danh gia theo cong thirc Abbott (Abbott, 1987):

Ty 18 bénh (%) = x 100

H (%)= =100 %
Trong d6: C 1a ti 1& bénh ¢ cong thire dbi ching
T 1a ti I¢ bénh & cong thirc thi nghiém
Céc yéu tb cu thanh ning suat va ning suat lta dugc danh gia theo QCVN 01-
55: 2011/BNNPTNT gdm: s6 bong/m?, sb hat chac, khéi lugng 1000 hat, ning sut
ly thuyét va nang suét thuc té (sé liéu duoc tinh todn n = 30 mau). Mau duoc thu thap

theo TCVN 5451: 2008:

Nang suét 1y thuyét (ta/ha) = (S6 bong/m>x S6 hat chic/bong x M 1.000 hat)/10.000
Nang suét thuc té (ta/ha) = (ning suat 6/30 m2) x 10.000 m>

2.2.8. Phén tich s li¢u

S6 liéu thu thap dugc xir 1y va xdy dung dd thi bang phan mém Excel
(Microsoft Office, My) va GraphPad Prism 9.5.1(GraphPad Software, My). Phan tich
kiém dinh t (t-test) dugc sir dung dé danh gia su khac biét cé y nghia, trong do: ns -

khong c6 y nghia théng ké; 0,0332 (*); 0,0021 (*¥*); 0,0002 (¥**) ; < 0,0001 (¥***),

So do cac buée nghién ctiru

Thu thdp mde s

!

Khe tring miu

Tach chiét DNA Phin 1§p vé sang loc vi khudn

mxtagenome nia sich &1 khdng Yoo .
m? = Nghun ctru cac die tinh

' : sanh hoc
Too thar vidn 165 DNA

l Cidii trinh tur v phiin tich
] ’ ) h¢ wen
Gl trinhy 1y Chunag 384 khing K Diénh g kha ning xim
| mgah chi¥m ré (s
Phén tich CSDI : Bich gin hidu qui phdeg mlr
metngenome Ning * bhinh bee 1 diéa kén nhi
ca chng oy tin sl win va ddag rufny

Hinh 2. 2. So d6 cac budc nghién ctru
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CHUONG III. KET QUA VA THAO LUAN

3.1. NGHIEN CUU MOI LIEN HE GIUA HE VI KHUAN NOI SINH LUA VA
Xoo

Hé VKNS c¢6 vai tro quan trong trong viéc kiém soét strc khoe cta cy chu.
Trong phan nghién ciru nay, hé¢ VKNS ctia hai gidng lua ban dia c6 mirc nhay cam
khac nhau dbi v6i bénh bac 14, cu thé 1a gidng Bac thom 7 (TB) nhay cam va giéng
IR4625 (LA) it nhiém bénh dugc Iyra chon dé phan tich bang cong cu metagenomics.
Muc tiéu nghién ciru 1a dé tra 16i hai cau héi (i) vi khuan gy bénh Xoo c6 thiét 1ap
mot quan xd VKNS dién hinh (pathobiome) khi xd4m nhap vao ciy lta hay khong, va
(ii) tinh khang bénh bac 14 ¢ giéng lta LA c¢6 do VKNS quyét dinh hay khong.

3.1.1. Su da dang ciia hé vi khuan ngi sinh lia qua phan tich metagenome

Téng cong c6 30 cdy lta cua cac gidbng LA va TB (mdi gidng 15 cdy) dugc thu
thap dé phan tich metagenome hé VKNS (Bang 2.1). Céc cay lta giéng TB gém 8
mau ciy bi bénh bac 14 (duoc chon dua trén céac vét bénh mau xam nau - tréng doc
theo gan 14), va 7 mau cdy khoe manh duoc thu tai cing mét rudng véi ciy bi bénh.
Déi voi gidng LA, co 15 cay khoe dugc thu thap, khong phat hién mau bi bénh bac
14 nao trong cac dot thu mau. Tién hanh cit cic mau ré/than/1a (tong sd 46 mau gom:
30 mau 14, 8 mau than, 8 mau ré), khir tring mau va tach chiét DNA tong sb. Sau
bude tach chiét DNA thu duogc 43/46 mau (30 mau 14, 6 mau than, 7 mau ré) trong
d6 giéng LA 23 mau va gidng TB 20 mau dap tng cac diéu kién chat luong dé giai
trinh tu metagenome (Phu luc 4). Trinh ty thd cua cac mau lia duoc ding ky trén

GenBank véi ma sé BioProject PRINA602829.

Dt li€u giai trinh ty metagenome amplicons vung V3 - V4 cua trinh tu gen 16S
rDNA sau khi xtr Iy chat lugng dugc mo ta cu thé trong Phu luc 4. Téng s6 1an doc
(reads) dat chat luong hay tong so trinh ty dat chat luong ctia 43 mau 1a 234.803,
trong do mau LA 13 164.829 trinh ty va mau TB 14 69.974 trinh tu. S trinh tu cta
mot mau dao dong trong khoang 194 - 22.676, gia tri trung binh 1a 5.461 (46 1éch
chuan SD 6.072) (Bang 3.1). Cac dif liéu trong bang dugc xac dinh sau khi d2 loai bo

cac trinh tu chimera, trinh ty moéi va adaptor.
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Céc trinh tu dat chat luong voi >97% tuong dong duoc sap xép vao cac don vi
phan loai (OTU). S6 lwong OTU cua gidng LA tir 13 - 142, trung binh 13 54,57+37,83
va clia giébng TB tir 12 - 121, trung binh 1a 41,65+34,29. Két qua nay cho thiy mau
LA c6 sb lugng OTU phong pha hon so véi giéng TB, tuy nhién su khac biét khong
c¢6 ¥ nghia vé mit thong ké (Bang 3.1).

Bang 3.1. Thong tin mau va sé luong trung binh ciia OTU theo gidng
va tinh trang mau

Théng Phiin loai S& miu S6 trinh tr dat S6 OTU
i) : chat lugng trung binh p
Giéng LA 23 164.829 54,57+37,83 0250
lia TB 20 69.974 41,65+34,29
LA (mau khoé) 23 164.829 54,57+37,83 0.407
Tinh | TB (miu khog) 11 36.630 42,91+37,80 |
trang TB (mau bénh) 9 33.344 40,11+31,65 0.862
TB (méu kho¢) 11 36.630 42,91437.80 |

Chaol 1a chi s6 vé sy phong phu cua loai (tong sb loai trong mdt mau) nhay
cam voi cac OTU hiém, gia tri Chaol cao hon biéu thi tinh da dang cao hon. Két qua
phan tich alpha diversity cho thay gia tri Chaol, Shannon va Simpson ctia cac mau
1 cao nhat, sau d6 dén mau than va 1a. Piéu nay ching t6 hé¢ VKNS ré phong pha va
d6ng déu hon dang ké so voi ¢ than va 14. Gia tri Chaol cua giéng LA cao hon cua
gidng TB, nghia 12 hé¢ VKNS cua gidng LA c6 su phong pht hon so véi cta gidng
TB, dic biét 1a ¢ 14 (p<0,05) va r& (p=0,05) (Bang 3.2). Gi4 tri cao nhat ctia Chaol tir
giong LA va TB tuong ung 1 187,67 va 135,00, gia tri thip nhét tuong tng 14 24,00
va 21,00 (Phu lyc 5).

Bang 3.2. Chi sé da dang alpha ctia hé VKNS cua hai giéng lua LA va TB

Miu Chaol Shannon Simpson

LA TB p LA | TB p LA | TB p

Tong | 77,92 55,91 0,09 2,19 2,11 0,70 0,76 0,76 0,93

La 55,26 | 39,35 | 0,04 1,88 1,84 0,75 0,71 0,72 0,84

Than | 77,85 84,29 10,69 2,23 2,73 0,40 0,76 0,87 0,49

RE 162,98 | 119,83 | 0,05 3,29 3,08 0,38 0,92 0,90 0,36

Phan tich alpha diversity ciing chi ra rang sy khac nhau vé gia tri Shannon va

Simpson 1a khong dang ké. Shannon va Simpson 14 chi sb vé tinh dong déu cua loai
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(phan bd ty 1¢ thuan cua sé lugng ting loai trong mdt mau). Nhu vay, tinh da dang
ciia hé VKNS cua ca hai gidng lta 1a twong dwong nhau. Phuong phép toa do
(ordination) 1a mot thut ngir chung cho céc k¥ thuat da bién, dugc st dung trong
sinh thai hoc dé mé ta mdi quan hé gifta cac kiéu thanh phan loai va bién thién méi
truong co ban. Phuong phap nay duoc sir dung phd bién trong cac phén tich thong ké
v6i nhitng bo dir liéu 10n (big data), gitp truc quan hoa mot tap dir liéu da chiéu bang
cach chiéu 1én mot khong gian chiéu thap. Phan tich do da dang beta sir dung phuong
phap toa d6 chia ty 1& da chiéu khong theo hé mét (non-metric multidimensional
scaling, NMDS) cho thdy h¢ VKNS ciia hai gidng lia TB va LA c6 d6 tuong dong
khé cao (p = 0,023) (Hinh 3.1) (Phu luc 6). Xét theo cac bo phan khac nhau trén cay
laa, gidng TB phan bd doc theo truc thir nhat cho thay hé VKNS c¢6 tinh bién doi cao
hon (p = 0,001) so véi giébng LA (p = 0,02). O ca hai giéng laa, hé VKNS cua 14 va
than tuong dbi gan gili (c6 su twong dong), trong khi thé hién khac biét 16n véi hé

VKNS cua ré (tao thanh mot cum riéng biét trén dd thi NMDS).
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Hinh 3.1. Biéu 6 NMDS dura trén mirc don vi phan loai OTU cua hai giéng lua LA va TB.
Hinh elip cho thay khoang tin cay 95% (p<0,05) cho mdi nhom mau.

Nhu vay, cu trac hé VKNS cia hai gidng laa LA va TB khong khéc biét dang
ké néu xét theo giéng lua hay vi tri canh tac, tuy nhién sy khac biét rd rét dugce phat
hién khi xét theo cic bo phan cta cdy cu thé 1a 1a/than so véi ré. Két qua nay ciing
tuong d@)ng voi két qua da duoc bao cédo boi mdot sb tac gia khi so sanh h¢ VKNS lua
tréng tai Indonesia va Nhat Ban (Krishnamoorthy et al., 2021; Kumar et al., 2021).
Két qua nay ciing gop phan khang dinh vai tro cta cac bd phan khac nhau & thuc vat
trong viéc thu hut VKNS. R& thuong c6 hé VKNS da dang nhat va chiu su chi phdi

cua dich ti€t ré va cac chat chuyén hoa ciia VSV vung re.
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Bang 3.3. Cac OTU chiém wu thé theo cap phan loai trong hé VKNS
cua hai giong lua LA va TB

Cép phan loai LA (%) TB (%)
Actinomycetota 13,59 15,22
Armatimonadota 0,24 0,06
Chloroflexota 0,35 0,30

Nganh Deigococcota 0,77 0,70
Bacillota 1,40 0,75
Nitrospirota 0,38 0,01
Pseudomonadota 60,90 82,80
Mycoplasmatota 22,30 0,09
Actinomycetia 13,60 15,20
Alphaproteobacteria 60,10 79,90
Anaerolineae 0,10 0,23
Armatimonadia 0,23 0,06
Betaproteobacteria 0,19 0,13

, Clostridia 1,40 0,74

Lop . .

Deinococci 0,77 0,70
Desulfobacteria 0,33 0,16
Campylobacteria 0,23 0,02
Gammaproteobacteria 0,07 2,57
Mollicutes 22,30 0,09
Nitrospiria 0,38 0,01
Acholeplasma 22,30 0,09
Aurantimonas 0,82 591
Bradyrhizobium 1,39 2,50
Curtobacterium 3,02 4,29
Geodermatophilus 1,28 0,73
Kineococcus 1,19 2,01
Methylobacterium 13,18 13,44

Chi Mycobacterium 1,36 1,95
Nocardioides 1,14 1,22
Novosphingobium 2,09 1,21
Phycicoccus 0,24 1,06
Rhizobium 10,22 8,56
Sphingomonas 21,99 40,24
Sphingopyxis 1,92 0,41
Xanthomonas 0,00 1,82

Ghi chii: Danh phdp va phén loai cdc nhém vi khudn trong nghién ciru dwoc ra sodt va cdp nhdt
theo cac co so dir liéu phan loai hoc moi nhat, bao go”‘m Genome Taxonomy Database - GTDB
Release R214 (2025), NCBI Taxonomy (truy cdp thang 10 nam 2025) va List of Prokaryotic names
with Standing in Nomenclature - LPSN (2025).
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Bo dit liéu metagenome ciia gidng lta LA va TB duoc xép vao 232 don vi phan
loai OTU (169 OTU thudc giong laa TB va 216 OTU thudc giéng lta LA), gdm 17
nganh, 31 16p, 48 bd, 98 ho va 232 chi. Cac OTU chiém wu thé theo cac cap phan loai
nganh, 16p va chi dugc trinh bay trong Bang 3.3.

O cép dd nganh, Pseudomonadota chiém wu thé nhat vai 82,80% va 60,90% &
giong laa TB va LA. Tiép theo 1a Actinomycetota chiém uu thé thtr hai (15,22%) &
gidng lta TB va vi tri thir ba voi 13,59% & gidng lta LA. Nganh Mycoplasmatota
duogc phat hién véi do phong phu twong ddi cao (22,32%), tap trung & than va 14, 1a
nganh chiém wu thé thi hai & gidng lua LA, trong khi chi chiém phan rat nhé trong
hé VKNS ¢ giéng laa TB (0,09%). Ngoai ra, mot s6 nganh dugc phat hién ¢ ca hai
giong lta véi do phong phii thap (<1%), nhu Bacillota, Deinococcota, Chloroflexota

va Nitrospirota.

O cép d6 16p, Alpha-proteobacteria chiém wu thé nhat & ca giéng TB va LA (lan
luot 1a 79,90% va 60,10%), tiép theo 1a Actinomycetia (Ian lwot 1a 15,22% va
13,59%). Twong tng véi nganh Mycoplasmatota chiém wu thé thir hai ¢ gidng lta
LA, 16p Mollicutes chi duoc tim thdy & giéng ndy véi do phong phu cao (22,32%),
tap trung & 14 va than (Hinh 3.1). Chiém vu thé thi ba & giéng laa TB 1a Gamma-
proteobacteria (2,57%), trong khi & gidng LA 1a Clostridia (1,40%). Cac 16p c6 do
phong pht <1% bao gdm: Anaerolineae, Armatimonadia, Deinococci,

Campylobacteria, Desulfobacteria....

O cap do chi, hé VKNS ¢ gidng lua TB c6 tinh da dang thip hon (169 chi) so
v6i gibng laa LA (216 chi). Cac chi chiém uu thé & ca hai giéng lia gom
Sphingomonas, Rhizobium, Methylobacterium va Curtobacterium, trong d6 chi
Sphingomonas c6 ty 1& cao nhat, chiém 40,24% & gidng lua TB va 21,99% & giéng
laa LA. Céc chi Methylobacterium, Rhizobium va Curtobacterium duoc tim thiy &
ca hai gidng la véi ty 1¢ thap hon, 1an luot 13 13,44%, 8,56%, va 4,29% & gidng laa
TB va 13,18%, 10,22%,va 3,02% & giéng lta LA. Pac biét, chi Acholeplasma duoc
tim thdy véi ty 18 khéd cao ¢ gidng LA (22,3%), tap trung cha yéu & 14 va than, nhung
chi xuat hién v&i ty 18 rat nho (0,09%) & gidng TB (Hinh 3.2).
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Hinh 3.2. Sy da dang cua h¢ VKNS trong cac bg phan ré/thén/lé laa & cap do 16p (d6 phong
phu tuwong doi > 0,01) (A) va chi (d¢ phong pht twong déi > 0,05) (B) cua hai giong lta LA
va TB.

Thanh phan cac chi chiém ty 1¢ thip (<5%) trong cac bd phan cia ciy c6 su
khac biét 16n hon & hai gidng lta. Chi Aurantimonas va Xanthomonas chiém tuong

tmg 5,91% va 1,82% hé VKNS & gidng TB nhung chi xuét hién véi ty 18 0,82% va
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0,003% & gidng LA. Nguoc lai, chi Sphingopyxis dugc tim thay ¢ gidng LA voi ty 18
1,92%, cao hon so v6i ¢ giébng TB chi 12 0,41%. Ngoai cac chi chiém uu thé ké trén,
trong 1é cOn co su Xut hién cua céc chi Bradyrhizobium, Celullomonas, Clostridium
sensu stricto, Pleomorphomonas, Novosphingobium... Tuy nhién, Sphingomonas
xuat hién nhiéu & ca ré/than va 1a la. Sphingomonas spp. phan bd rong rai trong tu
nhién nho kha ning ton tai & cac mdi truong nghéo dinh dudng va kha nang sir dung
nhiéu ngudn carbon khac nhau (Balkwill et al., 2006). Viéc Sphingomonas duoc tim
thdy & tit ca cac bo phan cua cdy laa co thé dugc giai thich bang kha ning thich tng
cao cua cac loai thudc chi nay trong cac diéu kién méi truong khac nhau. Mot sb chi
chiém wu thé trong hé VKNS nudi cay dugc nhu Bacillus, Pantoea... khong duoc
phat hién trong phan tich metagenome. Hién twong nay c6 thé do gidi han ctia phuong
phap giai trinh ty 16S rDNA, chi cho phép phéan giai dén mirc chi gan giii va kho phat
hién cac nhom c6 ty 1¢ thap trong hé VKNS. Ngoai ra, cac chi nay c6 kha ning phat
trién tot trén moi trudng nhan tao, nén duoc ghi nhan cha yéu ¢ phuong phap nudi

cay hon 1a trong phan tich metagenome (Xie et al., 2024).

Cac két qua twong ddng vé hé VKNS ré va than laa cling da duoc cong bd.
Kunda et al. (2018) d3 bao cdo hé VKNS trong ré lta trong tai mot sd noi & An Do
gdém 04 nganh chinh 13 Proteobacteria (nay 12 Pseudomonadota), Firmicutes (nay 13
Bacillota), Bacteroidetes (Bacteroidota) va Spirochaetae, trong d6 Proteobacteria
chiém wu thé nhat v6i hon 99% va 16p Alphaproteobacteria cling chiém uu thé tuyét
d6i véi 88 —99% (Kunda et al., 2018). Krishnamoorthy et al. (2021) d4 bao cao thanh
phan hé vi khuan noi sinh hai giéng laa Kalonunia va Dehradun Basmati trong tai
Indonesia bao gdm: Proteobacteria (49,37%), Actinobacteria (nay 1a Actinomycetota)
(28,66%), Firmicutes (4,11%), Bacteroidetes (0,94%). Tong s6 OTU & cac mau ré 13
365 trong khi & cac miu ngon 1a 302. O &, cac chi chiém wu thé bao gom:
Sphingomonas (9,23%), Caulobacter (7,69%), Methylobacterium (3,07%),
Microbacterium (3,07%). Cac chi phd bién & ngon 13 Sphingobium (37,50%),
Sphingomonas (8,33%), Corynebacterium (6,25%). Mirc da dang cia VKNS & ré
thudng cao hon so véi than va 14 12 do sy xAm nhap ciia VKNS thuong bat dau tir ré

r0i di chuyén dén cac bo phan khéc trong cdy (Kumar et al., 2020b).
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Nhu vdy, mic du co sy twong dong dang ké vé cau tric, hé VKNS gitta hai
giong lua LA va TB c6 su khéac biét 1 rét trong thanh phan cila cic nganh, 16p, va
chi wu thé, dic biét 1a sy hién dién va do phong phu cua nganh Mycoplasmatota/lop
Mollicutes va chi Acholeplasma & gidng LA, ciing nhu céc chi dic trung cho timg
giong. Nhimng khac biét nay khong chi phan anh sy da dang sinh hoc ma con cé thé
lién quan dén cic chic ning sinh 1y khac nhau ma cac hé vi khuan noi sinh mang lai
cho mdi giéng lua (anh huong dén strc khoe, kha nang thich nghi va niang suét). Hon
nita, két qua phan tich ciing cho thay cac b phan cua cdy (1& so véi than/14) dong vai
trd quan trong hon giéng lua trong viéc dinh hinh ciu tric va tinh da dang cta hé
VKNS, cu thé 1a ré thuong c6 hé¢ VKNS da dang hon so véi than/la. Tuy nhién, sy
chénh léch vé sé lwong miu giita cac nhém (30 mau 14, 6 mau than va 7 mau ré) co
thé anh huong dén muc d6 dai dién va két qua so sanh gilra cac bd phén cua cay. Cac
két luan trong nghién ciru nay duoc rut ra trén co so dir liéu thu duge cé tinh dinh
huéng, phan anh xu thé chung vé sy phan b ctia hé VKNS trong ciy laa hon 1a so
sanh dinh luong tuyét dbi giita cac bo phan. Nhitng khac biét budc dau vé cau tric
hé VKNS giita cac bd phan cta ciy goi y kha nang ton tai cia cac nhom vi khuan
khac nhau c6 vai trd quan trong trong phan ng khang bénh cta cay lua. Trong phan
tiép theo, moi twong quan giita hé¢ VKNS va muic do nhiém bénh s& dugc phan tich,

nham xac dinh cac nhom vi khuan lién quan dén tinh khang Xoo.

3.1.2. So sanh hé vi khuan ndi sinh ciia cdy lia khée manh va ciy hia bi bénh dé

danh gia anh huéng ciia Xoo téi hé vi khuan ndi sinh lia (Xoo-pathobiome)

Hé VKNS chiu anh hudng cta nhiéu yéu t6 khac nhau, bao gém cac giai doan
sinh trudng ciia cdy va cac diéu kién moi trudng (dat dai, khi hau) (Kunda et al, 2018).
Trong cac bd phan khac nhau cia cay, hé VKNS ré phu thudc phén 16n vao sinh thai
dat, trong khi hé VKNS cac bo phan trén mit dat chiu anh hudng nhiéu hon bdi cac
diéu kién méi truong nhu khi hdu, mam bénh va k¥ thuét canh tic (Compant et al.,
2019; Bez et al., 2021). Sy hién di€n cua cac tac nhan gay bénh thuc vat trong cay
chu thuong din dén sy suy giam tinh da dang va thay do6i thanh phan ciia he VKNS
(Bulgari et al., 2014; Fadiji & Babalola, 2020). Nguoc lai, h¢ VKNS da dang hon s¢€
hd trg tot hon cho cay cha chdng lai cac tic nhan gdy bénh (Podolich et al., 2015).
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Nhiam danh gia anh hudng ciia Xoo dén su phong pha va déng déu cua hé
VKNS, céac phan tich so sanh chi s6 da dang alpha, beta va thanh phan hé VKNS
trong mau lta khoé manh va mau lta bénh cua giéng TB d3 duoc tién hanh. Két qua
phan tich cho thdy, chi s6 Chaol ciia cic mau lta khoé manh va mau lia bénh cao
tuong duong nhau ching to mutc do phong pha loai du kién ctia hai nhom miu khong
c6 sy khac biét. Chi s6 Shannon va Simpson cta mau ltia bénh thip hon déng ké so
v6i cdc mau khée manh, ¢ nghia 1a tinh déng déu cua hé VKNS trong hai loai mau

da c6 su khac biét (Hinh 3.3).
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Hinh 3.3. Danh gia da dang alpha (theo ba chi sO Chaol, Shannon va Simpson) cua h¢ VKNS
¢ cac mau khoe manh va mau nhiem bénh bac 14 giong laa TB.

Két qua phéan tich 6 da dang beta trén biéu dd NMDS cho théy, hé VKNS cua
cac mau TB bi bénh bac 14 khong khac biét dang ké so voi mau khoé (p = 0,062) (Phu
luc 7), nhung tao thanh mdt cum phu trong hé VKNS cuia cac mau khée manh (Hinh

3.4).

S lugng céc chi VKNS déng xudt hién hodc chi xuit hién & cac mau lia khoé
manh va mau lGa bénh cia gidng TB dugc hién thi trong biéu dd Venn (Hinh 3.5).
Tong cong 108 chi duoc tim thdy & ca hai loai mau trong khi d6 s6 lugng chi chi duge
tim théy trong hé¢ VKNS ctia cdc mau lua khoé manh va mau lta bénh lan luot 1a 38

va 23 chi.
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Hinh 3.4. Biéu dd NMDS dya trén muc don vi phan loai OTU ctia mau lua khoé rna,lnh va
mau lua bénh gidng lua TB. Hinh elip cho thay khoang tin cdy 95% (p<0,05) cho moi loai
mau.

Hinh 3. 5. Biéu d6 Venn hién thi s6 lugng OTU chung va riéng giira cac mau khoe manh
va cadc mau nhiém bénh cua giong TB

Thanh phan va do phong phu twong ddi (relative abundance) trung binh ctia cac
OTU chiém wu thé & cAp phan loai nganh, 16p va chi ciia cac mau laa khoé va mau
laa bénh gidng TB duogc trinh bay trong Bang 3.4. Nganh Pseudomonadota chiém uu
thé nhit trong cac mau khoé va mau bénh, lan luot 13 80,93% va 85,09%. Nganh

Actinomycetota duoc tim thdy véi mat do trung binh va cao twong duong nhau dat
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16,49% & mau khoé va 13,66% & mau bénh. Cac nganh Chloroflexota, Deinococcota,
Bacillota va Mycoplasmatota dugc phat hién véi mat do thép trong ca hai loai mau
(Bang 3.4). O cip d6 16p, cac 16p phd bién nhat 1a Alphaproteobacteria va
Gammaproteobacteria, (nganh  Pseudomonadota),  Actinomycetia  (nganh
Actinomycetota). Lép Gammaproteobacteria chu yéu duogc dai dién boi cac chi

Gibbsiella, Serpens va Xanthomonas.

Su khac biét ¢ y nghia giita @6 phong phu ctia mau khée va nhiém bénh duoc
tinh todn bang kiém dinh t (t-test). O mau 14 khoé, cic chi Aurantimonas,
Bradyrhizobium, Phycicoccus, Nocardioides, Marmoricola cb d0 phong phti cao hon
so voi & mau bénh. Nguoc lai, cic chi Sphingomonas, Methylobacterium,
Curtobacterium, Sphingopyxis & miu 14 bénh phd bién hon so véi & mau 14 khoé. O
cip phén loai 16p, 16p Gammaproteobacteria co su khac biét rd rét giita cac hé vi
khuan cta mau khoé va mau bénh (p=0,009). Lép Gammaproteobacteria bao gdbm
cac chi chiém wu thé 1a Serpens, Gibbsiella va Xanthomonas nhung chi c¢6 chi
Xanthomonas thé hién sy khac biét c6 y nghia (p=0,0001) giita hai loai mau duoc

nghién ctu (Bang 3.4).

Bang 3.4. Cac OTU chiém wu thé theo cép phén loai trong hé VKNS cua giéng TB
Cép phan loai Ciy khoé (%) | CAy bénh (%) | p (t-test)
Actinomycetota 16,49 13,66 0,317
Chloroflexota 0,35 0,22 0,688

Nganh Deir.lococcota 0,96 0,39 0,123
Bacillota 1,09 0,35 0,392
Pseodomonadota 80,93 85,09 0,186
Mycoplasmatota 0,05 0,15 0,391
Actinomycetia 16,49 13,66 0,317
Alphaproteobacteria 79,30 80,68 0,643
Anaerolineae 0,28 0,16 0,610
Betaproteobacteria 0,13 0,14 0,942

Lop Clostridia 1,07 0,34 0,388
Deinococci 0,96 0,39 0,123
Desulfobacteria 0,24 0,06 0,329
Gammaproteobacteria 1,23 4,21 0,009
Mollicutes 0,05 0,15 0,391
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Cép phin loai Cay khoé (%) | Caybénh (%) | p (t-test)
Agromyces 0,16 0,15 0,969
Aurantimonas 6,90 4,71 0,273
Bradyrhizobium 3,44 1,34 0,479
Brevundimonas 0,35 0,51 0,536
Curtobacterium 3,72 5,00 0,400
Deinococcus 0,93 0,93 0,133
Geodermatophilus 0,58 0,92 0,321
Gibbsiella 0,60 0,03 0,098
Kineococcus 1,86 2,18 0,644
Marmoricola 0,22 0,04 0,100
Methylobacterium 11,53 15,79 0,218
Chi Microbacterium 0,76 0,76 0,989
Mycobacterium 2,49 1,29 0,314
Nocardioides 1,75 0,57 0,147
Novosphingobium 1,59 0,75 0,452
Ochrobactrum 0,33 0,16 0,390
Phycicoccus 1,79 0,16 0,077
Rhizobium 8,30 8,88 0,825
Serpens 0,59 0,11 0,129
Sphingobium 0,80 0,51 0,537
Sphingomonas 38,30 42,60 0,541
Sphingopyxis 0,20 0,66 0,060
Xanthomonas 0,00 4,05 <0,001

Tién hanh so sanh hé VKNS trong cac mau ciy bi bénh bac 14 va mau cay khoe
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manh ctia gidng lta TB dya trén phén tich sy khac biét tuyén tinh (linear discriminant
analysis) bang cong cu DESeq2. DESeq? sir dung mot mo hinh thong ké dé tinh toan
su khéc biét trong biéu hién gen gitta hai hodc nhiéu nhom mau. Mdi diém dit liéu
biéu thi mét chi (truc y) duoc xac dinh 1a khac biét ddng ké giita cac mau lua khoe
manh va mau lia bi bénh. Céc gia tri 4m cta log2 fold change (truc x) biéu thi do
phong phu twong dbi cao hon trong cic mau bi bénh cua gibng TB va cac gia tri
duong biéu thi 46 phong phti twong d6i cao hon trong cac mau khoe manh. Két qua
chi ra rang hai chi Xanthomonas va Bradyrhizobium c6 ty 18 khac biét nhat (Hinh 3.6)
(Phy luc 8). Chi Bradyrhizobium xuat hién véi ty 1 trung binh 3,44% trong than va

ré cia mau lua TB khoé manh, cao hon so véi gia tri trung binh 1,34% & mau lta




bénh nhung c6 su khac biét rat 1on khi phan tich so sanh theo cip mau bang phan tich
su khac biét tuyén tinh. Nguoc lai, chi Xanthomonas thé hién su khac biét rat 16n
trong hai loai mau khi phan tich so sanh bang hai phuong phap. Chi Xanthomonas co
mit véi ty 1& cao trong cac mau lua bi bénh (4,05%) va chi co trong cac mau 14 (Hinh

3.7).

Xanthomonas- @

Lép
:S ¢ Alphaprotectacteria
¢ Gammagrotoobactona
Bradyihizobiem - a

-4 0 P
kg 2FoldChange

Hinh 3.6. So sanh sy khac biét vé hé VKNS (cip do chi) 6 céy lua bi bénh bac 14 va cay lua
khoe manh cia gidng laa TB. So sanh khac biét tuyén tinh dwa trén céng cu DESeq2
(p<0,05).

Céc phan tich trén cho thay, sy c6 mit ctia Xoo & 14 khong gay su thay d6i dang
ké trong thanh phan ciia hé VKNS . Ty 1& Xanthomonas cao trong cac mau laa TB bi
bénh bac 14 rat co thé 1a mot yéu té 1am thay d6i tinh da dang va dong déu cta hé
VKSN so0 véi cdc mau lua TB khoe manh, cu thé 1am giam ty 1€ cua chi vi khuan co
loi Bradyrhizobium. Tuy nhién, sy khac biét vé gia tri d6 phong phu tuong d6i trung
binh ctia chi Bradyrhizobium giita nthom mau bénh va mau khoe khong co y nghia vé
mit théng ké (p=0 479) (Béng 3.4). Nhu Véy, khéng xéac dinh duogc cac loai VNKS

AAAAAA

dinh duoc sy thiét lép hé VSV gﬁy bénh (pathoblome) dic trung d6i véi Xoo.
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Hinh 3.7. Thanh phan hé VKNS & cap do chi (relative abundance >0,001) trong mau 14 khoé
va mau 14 bénh cua giong TB

H¢ VKNS lién quan tdi tdc nhan gay bénh (pathobiome) chiu dnh hudng cta
nhiéu yéu td, gém (i) cac chat khang khuan do tac nhan giy bénh san sinh ra, (ii)
ngudn dinh dudng (carbon va nito) kha dung bi canh tranh, (iii) phan tng mién dich
tai chd va toan hé théng cua thuc vat, va (iv) tin hi¢u tuong tac gitra thuc vat - vi
khuan va vi khuéan - vi khuan (Bez et al., 2021). Trong nhiing diéu kién cu thé, tac
nhan gay bénh khién hé VSV ndi sinh thay dbi va tao diéu kién cho sy thiét 1ap ciia

bénh (Mannaa & Seo, 2021).

Tac nhan gay bénh thyc vat co thé tuong tac vdi cac loai ndi sinh vo hai khac
theo hudng c6 loi vé mit trao ddi chat va lam ting mirc do nghiém trong ctia bénh.
Buonaurio va cs. (2015) di phat hién vi khuan Pseudomonas savastanoi pv.
savastanoi gy bénh u budu trén canh 6 liu truyén tin hiéu quorum (quorum sensing)
véi VKNS Erwinia toletana vo hai sdng trong cic u budu khién bénh ning hon.
Nhém tac gia ciing bao cao viéc dong thoi nhiém cac loai Pantoea va Erwinia véi

Pseudomonas savastanoi pv. savastanoi kich thich vi khuan xam chiém, khai thac
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chat dinh dudng, pha v& kha niang phong vé cta ciy va ting kich thude cac cuc budu

(Buonaurio et al., 2015).

Tac nhan gdy bénh thuc vat cling c6 thé thay doi cdu triic ciia hé VKNS va thiét
1ap cac diéu kién thudn loi cho chiing ton tai va xam chiém cay cha. Kim va cs. (2020)
d3 bao cdo vi khuan Burkholderia glumae tuong tac véi cac VKNS trén lua thong
qua hé thong bai tiét T6SS, dan dén giam quan thé cua cac vi khuan co loi nhu
Luteibacter va Dyella c6 vai tro thic day sy phat trién cta cdy va gop phan bao vé
ciy chdng lai vi khuan gy bénh (Kim et al., 2020). Phan tich metagenomic ciing cho
thdy nhiing thay d6i dang ké trong cau tric hé VKNS trén ciy ltia bi nhiém bénh so
v6i cdy khoe manh hodc ciy bi nhiém dot bién B. glumae khuyét thiéu T6SS (Kim et
al., 2020). Nam Magnaporthe oryzae giy bénh dao 6n khi nhiém vao cdy lua ciing
lam thay d6i cu trac hé VKNS trong 14 va hat tai vi tri nhiém, dong thoi lam giam
ty 16 VNKS c6 ngudn gdc tir dat (Dastogeer et al., 2022). Mot s6 tac nhan gay bénh
thuc vat c6 thé lién két véi cac tdc nhan gay bénh khéc hodc cac vi khuan cong sinh
& thyc vat, dan dén tuong tac da loai phirc tap, 1am ting mirc do nghiém trong ctia
bénh (Bez et al., 2021). Musonerimana va cs. (2020) da chung minh h¢ VSV gay
bénh trong cac mau la nhiém bénh thdi be thay ddi theo vi tri canh tac va diéu kién
moi trudng. Phan tich metagenome cho thdy & cic ving dat cao tac nhan gay bénh
chinh 13 Pseudomonas fuscovaginae bat ké mua kho hay mua mua va khong phu
thudc giéng lua. Tuy nhién, ¢ cac vung dat thép va vao mua mua, mat do cua P.
fuscovaginae thap trong khi cac loai ndm Sarocladium oryzae, Bipoloris va Fusarium
lai chiém wu thé trong cac cdy mac bénh théi be. Do d6, thdi be 1a mot can bénh phirc
tap lién quan dén nhiéu loai tac nhan gy bénh (Musonerimana et al., 2020). Bez va
cs. (2021) da chimg minh vi khuan Dickeya zeae gy bénh thbi gdc lta lam thay do6i
hé VKNS vé thanh phén loai, s lugng va sy phong phu dan dén su hinh thanh
pathobiome lién quan dén trang thai bénh. Tong s6 chi duoc tim thdy & ca mau khoé
va mau bénh 1a 140, c6 40 chi xuét hién & riéng mau khoé nhung c6 téi 158 chi chi
xuét hién & mau bénh. Cac chi Aridibacter, Candidatus-Koribacter, Kineococcus,
Vicinamibacter, Planctomycetes, Dysgonomonas, Microbacter xuat hién véi ty 1é cao

& cac mau laa khoé manh trong khi d6 cac chi Paludibaculum, Bryobacter,
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Curtobacterium, Kineosporia, Paludibacter chiém wu thé & cac mau lta bénh. D.
zeae xAm nhap vio cdy qua ré va di chuyén 1én than cy do d6 di gay anh huong 16n
dén hé VKNS. Cu thé 1a mot s6 loai vi khuan ky khi c6 thé da tham gia vao sy tién
trién cta bénh thong qua viéc tao diéu kién cho qué trinh xam chiém, biéu hién cac
yéu t6 doc lyc va lam giam kha ning khang ctia cdy chi. Nhom tac gia ciing dé xuat
bénh thdi gbe lua co thé 1a két qua cua sy twong tac giita nhiéu loai chir khong chi do

mot tac nhan gay bénh duy nhat (Bez et al., 2021).

Khac v6i bénh théi gde do D. zeae nhiém tir ré, Xoo xam nhap qua vét thuong
hozc thuy khong ¢ 14, di chuyén theo hé théng mach dan, do d6 rat co thé khong gay
anh hudng 16n dén hé VKNS ciia cdy lua. Nhu vay, mdi tac nhan gy bénh c6 co ché
va tac dong khac nhau dén hé VSV cia cay chi. Khong thé khai quat hoa vai tro cia

hé VKNS va nhing twong tic sinh hoc c6 thé co dan t&i bénh thyc vat.

Nhu vdy, cac phan tich trong nghién ctru nay cho thay sy c6 mit ctia Xoo trong
mau lua TB d3 anh huéng dén tinh da dang va dong déu ctia hé VKNS. Tuy nhién,
ngoai chi Xanthomonas xuét hién véi ty 1é cao trong cidc mau lta bénh, cac phan tich
khong xac dinh dugc su thay doi ty 1¢ 10 rét & cac chi VKNS chiém wu thé khac (tang
hoic giam) khi c6 mit Xoo. Cac bang chimg thu duoc chi ra rang khong c¢6 dau hiéu
13 rang vé viéc thiét 1ap mot hé VSV giy bénh dic trung va rong khip do Xoo giy ra
(Xoo-pathobiome) ¢ giéng laa TB. Nguyén nhan duoc dé xuat 14 do vi khuan Xoo
xam nhap vao cay lua tir 1a qua khi khong va cac vét thuong, kho anh hudng dén hé

VKNS duoc cho 1a chil yéu xam nhap tir ré.

3.1.3. So sanh h¢ vi khuan ngi sinh & hai giong lia TB va LA dé xac dinh nhém

vi khuin lién quan dén tinh khang bénh bac 14 & giong lia LA

Gidng Bac thom 7 (TB) du nhép vao Viét Nam tir nam 1998 va dugc trong rong
rii & ving ddng bang song Hong. Gidng lta ndy man cam cao véi bénh bac 14, thiét
hai nang suat hang nim khoang 25 - 30% (c6 khi t&i 50%) (Cuc Trong trot va Bao
vé thyc vat, Bo Nong nghiép va Moéi trudng). Gidng IR4625 (LA) duoc 1a giéng lta
nép chu luc ¢ dong bang séng Ciru Long va cho dén nay chua co bao cao vé dich
bénh bac 14 trén giéng lua nay (Nguyén Kim Khanh va cs., 2024). Viéc so sanh hé

VKNS trong cac mau lia khoé manh ctia hai giong laa ndy duoc tién hanh nhiam xéc
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dinh nhom VKNS c6 thé lién quan téi kha ning chéng chiu bénh bac 14 cia giéng lua
LA. Két qua phan tich da dang alpha ctia hé VKNS & cac mau khoé manh cua hai
gidng lta cho thay chi sé Chaol & gidng LA (77,92) cao hon so véi gidng TB (55,63)

trong khi hai chi s6 Shannon va Simpson cao turong dwong nhau (Hinh 3.8).
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Hinh 3.8. Panh gi4 da dang alpha (theo ba chi s6 Chaol, Shannon va Simpson) ctia h¢
VKNS ¢ cac mau lta khoe manh cua hai giong loa LA va TB

Xét theo cac bo phan cua cdy, ca ba chi s6 nay & ré cia gidng LA cao hon so
v6i gidbng TB, nhung ¢ than, chi s6 nay & gidong TB cao hon (Bang 3.5). Sy phong
pht loai du kién ctia hé VKNS ¢ méu 14 cta gidng LA cao hon ¢ miic c6 y nghia so
v6i giong TB (p<0,05)

Bing 3.5. Chi s6 da dang alpha ctia hé VKNS trong méau kho¢ manh
cua hai giong lua LA va TB

~ Chaol Shannon Simpson
Mau
LA TB p LA TB P LA TB p
Tong 77,92 55,63 0,17 | 2,19 2,18 0,96 0,76 0,77 0,80
La 55,26 30,80 | 0,01 1,88 1,81 0,76 0,71 0,72 0,96
Than 77,85 84,28 0,70 | 2,23 2,73 0,40 0,76 0,87 0,49
RéE 162,98 113,87 | 0,08 | 3,29 2,88 0,06 0,92 0,87 0,09

Phan tich sy khac biét tuyén tinh (p < 0,05) d& dugc tién hanh dé tinh toan su
khac biét trong hé gen cuia VKNS trong cac mau khoé cua hai giéng laa LA va TB
dua trén mic OTU (Hinh 3.9). Mdi diém dir liéu biéu thi mot chi (truc y) duoc xac
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dinh 1 khac biét dang ké giira cdc mau lia LA va mau lta TB. Cac gia tri am cia
log2 fold change (truc x) biéu thi do phong phu twong dbi (relative abundance) cao
hon trong cac miu LA va cac gia tri duong biéu thi d6 phong phu twong dbi cao hon

trong cac mau TB
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Hinh 3.9. Phén tich su khac biét tuyén tinh DESeq (p < 0,05) so sanh hé VKNS trong cic
mau kho¢ cua hai giong lta LA va TB dya trén muc OTU.

Céc tinh toan bang cong cu DESeq2 d3 phat hién 08 OTU c¢6 ty 18 khéac biét 16n
(Hinh 3.9). Chi Acholeplasma (thudc 16p Mollicutes) c6 su khac biét 1d rét & mau
LA, thé hién qua gia tri log2 fold change dat -11,87, trong khi cac chi Gibbsiella va
Serpens thudc 16p Gammaproteobacteria co ty 1& cao hon & mau TB, gia tri log2 fold
change dat tuong ung 4,212 va 4,917. Lop Alphaproteobacteria va Actinomycetia voi
cac chi dai dién khac nhau c6 sy khac biét kha 16n & ca hai giéng laa, cu thé 1a &
gidng laa LA ¢ cac chi Sphingopysis (Alphaproteobacteria) va Aeromicrobium
(Actinomycetia), trong khi d6 ¢ gidng lta TB c6 cac chi Aurantimonas

(Alphaproteobacteria), Physicoccus va Terrabacter (Actinomycetia).

So sanh cac mau 14 bi bénh va mau 1a khoe manh cta ca hai giéng lua chi ra
rang chi Xanthomonas xuét hién trong cac mau 1a TB mac bénh (4,05%) trong khi
chiém ty 1¢ hau nhu khong dang ké trong gidng LA (0,003%) (Hinh 3.10A). Nguoc
lai, chi Acholeplasma chi duoc phat hién ¢ gidng laa LA véi ty 18 cao (22,32%), tap
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trung trong 14 va than (Hinh 3.2B, Hinh 3.10B), nhung c¢6 ty 18 rat thap (0,09%) ¢
giéng laa TB, ca mau khoe manh va mau bi bénh, tip trung & 14 (Hinh 3.10A, B).
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Hinh 3.10. D6 phong phu twong dbi (relative abundance) cua cac chi Acholeplasma va
Xanthomonas trong h¢ VKNS cua hai giong laa LA va TB. (A) Xét theo triu chiing bénh;
(B) Xét theo cac bg phan cua cay

Tur két qua nay, gia thuyét duoc dé xuat 1a Acholeplasma co mit véi ty 1é cao &
giong lua LA 1a yéu t6 lién quan dén kha ning it nhiém bénh bac 14 cta gidng lua
nay, trong khi Xanthomonas c6 mit & cac mau bénh cua giéng lta TB 14 yéu t6 lién

quan dén tinh man cam cua cac giong nay doi véi bénh bac 1.

Chi Acholeplasma chua ting dugc bao cao trong cac nghién ctru trude day nhu
mot thanh phan caa hé VKNS & giéng lta hoang Oryza longistaminata (Peng et al.,
2021) ciing nhu & cac gidng laa O. sativa L. duoc trong trong cac diéu kién khi hau
khédc nhau (Bez et al.,, 2021; Wang et al., 2021). Nhu vdy su c6 madt cua
Acholeplasama voi ty 18 cao ¢ gidng laa LA 1a diém dic biét so voi cac gidng laa
khac. Acholeplasama dugc tim thdy & nhiéu diéu kién méi trudng khac nhau dudi
hinh thirc 13 VSV hoai sinh va cong sinh & dong vat ¢ xuong séng, con tring va thuc
vat (Siewert et al., 2014). Acholeplasama c6 kich thudc té bao nho, khéng cd6 mang
té bao, hé gen don gian va kha ning sinh tong hop han ché. Tuy nhién do c6 nhiéu co
ché van chuyén cac chat khac nhau, chung co6 thé phat trién tét theo 161 song tu do
hodc cong sinh véi vat chu nho str dung cac ngudn ning luong va carbon tir bén ngoai

(Lazarev et al., 2011).
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Mot s6 loai Acholeplasma da duge bao cao sinh trudng lién két véi thuc vat, vi
du nhu 4. florum & hoa chanh va buoi (McCoy et al., 1984), 4. brassicae trén bé mit
bong cai xanh, va 4. palmae trong md chdi cua cdy dira (Tully et al., 1994b). Tuy
nhién, chua c6 b4do cao nao md ta Acholeplasma 1a tac nhan gay bénh thyc vat chinh
(Kube et al., 2014). Trong nhitng trudng hop bt 1gi, Acholeplasma cé thé bién doi
thanh céc té bao nano c6 kha ning giy bénh cao hon cho thuc vat so v4i dang thong
thudng (Chernov et al., 2006). Pic biét, mot s6 loai Acholeplasma cé thé 1ay nhiém
cho thuc vat giébng nhu chi vi khuan gan gii 13 Phytoplasma (Strauss, 2009).
Acholeplasma c6 thé sinh cic enzyme ngoai bao phan hiy thanh té bao thuc vat nhu
cellulase va amylase, hd tro chiing xAm nhép vao md thuc vat chu (Kube et al., 2014).
Acholeplasma da dugc phat hién cu tra trong rudt va h¢ bach huyét ctia nhiéu loai
con trung séng nho thuc vat (Tully et al., 1994a), do vay co thé duoc truyén vao thuc

vat qua con duong chich hut cia cac loai con trung nay (Bonnet et al., 1991).

R& rang 13 ¢ giéng lua LA, Acholeplasma séng cong sinh bén trong mo cua ciy
cht ma khong gay hai. Tuy nhién, rat c6 thé hop chat lipoglycan (lipopolysaccharide
- like) do Acholeplasma tao ra hoat dong nhu mat chat kich thich cay chu san Xuét
cac chat chuyén hoa thir cip dé chdng lai sy xAm nhap tiép theo cta cac mam bénh
khac (Fadiji & Babalola, 2020). Bén canh do, Acholeplasma c6 mat véi ty 1€ cao
trong than va 14 cta giéng lta LA c6 thé da can tré sy xdm nhap cua Xanthomonas
va/hodc canh tranh khong gian sinh trudng véi Xanthomonas. Gia thiét nay duoc dé
xuat giai thich cho kha niang khang bénh bac 14 ciia giéng laa LA. Tuy nhién, gia thiét
can duoc khing dinh bang cac nghién ctru thuc nghiém in vitro va in vivo dé hiéu
chinh xac vé vai trd ctia Acholeplasma d6i v&i kha nang khang bénh bac 14 trén giéng
laa nhu LA. Phén 1ap Acholeplasma tir cy lha va tién hanh cac thi nghiém lay nhiém
nhan tao 1a cach tiép can dé 1am sang to gia thiét trén. Tuy nhién, Acholeplasma 1a
nhom vi khuan cé kich thudc té bao nho, khong c6 thanh té bao, viéc phan lap thuan
khiét va thuc hién cac k¥ thuat nghién ctru twong tac v6i cdy trong khong don gian
va chua dugc bdo cdo trong cac nghién cuu trude day.

Nhu vy, cac phan tich cho thay hé VKNS ciia hai gidng lua c6 su khac biét rd
rét vé tinh da dang va thanh phan chi, gibng LA c6 su phong phti loai dy kién cao
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hon so véi gidng TB. Chi Acholeplasma (16p Mollicutes) duoc phét hién voi ty 16 cao
dang ké & giéng lta LA, dac biét tap trung & 14 va than. Nguoc lai, chi Xanthomonas,
tac nhan gdy bénh bac 14, lai chii yéu xuat hién trong cac mau 14 TB méc bénh. Gia
thiét vé sy c6 mit vai ty 1& cao cta Acholeplasma trong giéng laa LA 13 yéu t6 lién
quan dén dic tinh khang bénh bac 14 cua giong nay can duoc tiép tuc khang dinh bang
cac nghién ctru thyc nghiém in vitro va in vivo. Phan lap chung thuan khiét va thir
nghiém lay nhiém nhén tao s& 13 hudng di quan trong dé 1am sang t6 co ché bao vé
(néu co) ctia Acholeplasma & cap do phan tir va sinh thai.

Tuy nhién, Acholeplasma 1a vi khuan khong c6 thanh té bao, doi hoi diéu kién
dinh dudng dic biét va mdi truong nudi cdy khat khe, nén chua thé phan lap va duy
tri 6n dinh trong diéu kién phong thi nghiém thong thudng. Do d6, nghién ctru duoc
dinh hudng tap trung vao cac nhém VKNS co thé nudi cdy, thé hién hoat tinh khang

Xoo 1d rét va c6 tiém niang ing dung cao trong phong trir sinh hoc.

3.2. NGHIEN CUU UNG DUNG VI KHUAN NOI SINH TRONG PHONG
TRU BENH BAC LA

Nham muyc dich img dung VKNS trong phong trir bénh bac 14, cac ching VKNS
thuan khiét da duogc phan lap tir cac bd phan ré/than/14 1ta sau khi khur trung bé mat
va sang loc kha niang dbi khang Xoo. Cac chung c6 hoat tinh khdng Xoo cao dugc
nghién ctru vé cac dic tinh sinh 1y va phan loai, sau d6 thir nghiém danh gia hiéu qua

phong trir bénh bac 14 lta & diéu kién nha ludi va diéu kién dong ruong.
3.2.1. Phan lap chiing vi khuin ndi sinh va danh gia cic dic tinh sinh hoc
3.2.1.1. Phin Igp chiing vi khudn nji sinh va danh gid hoat tinh khding Xoo

Tién hanh phéan lap VKNS tir cac miu ré/than/1a cia 46 mau laa khoe manh
trong vung bi bénh bac 14 sau khi da khur trung bé mat. Cac chung duoc lya chon dé
tinh sach dya trén so sanh loai trir v&i cac dia d6i ching gdm: (i) mau di khu tring
bé mit dit truc tiép trén moi truong dinh dudng va (i) nudc rira mau 1an cudi sau cac

budc khir tring bé mit.

Két qua cho thay, sb lugng vi khuan con lai trong dich rira cudi rat it. Trong khi

d6, cac mau ré/than/1a sau khi d duoc khir tring bé mit van con chia nhiéu vi khuan
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bam dinh bé mit (epiphytic), dic biét 1a & cac mau than va ré (Phu luc 9). Nhitng
khuén lac ¢6 hinh dang khéc vdi cac khuén lac trén dia doi chung s€ tiép tuc duoc
tinh sach bang cach ciy ria trén dia moi truong TSA % méi dé chac chan thu dugc

cac chung ung vién VKNS thuan khiét..

Téng cong ¢ 394 ching g vién VKNS d3 duoc phan 1ap, trong d6 189 ching
duogc phan 1ap tir r& (chiém 48%), 111 chung tir than (28,2%), 84 ching tir 14 (23,3%)
(Bang 3.6). Két qua nay twong déng v4i mot sé nghién ciru di duoc cong bd trude
day, cho thdy VKNS Iua tap trung cao nhét ¢ r&, sau d6 dén than va l4. Bertani va cs.
(2016) da phan 1ap duoc 1318 ching VKNS tir 54 cay lta duoc trong trong diéu kién
kho va ngap nudc, gdm 700 chung phan 1ap tir ré, 314 chung tir 14 va 304 chung tir
than. Piéu nay ciing phi hop véi cac nghién ciru di chimg minh VKNS xam nhéap
vao cdy chu tir ré.

Bang 3.6. Két qua phan lap cc img vién VKNS tir cac mau lua

TT | Gidnglaa | S6 lwong miu RE ?ﬁ;:m Chﬁ£1§ Tong sb
1 TB 23 62 39 51 152
2 | LA 23 127 82 33 242
Téng cong 46 189 11 84 394

Sang loc hoat tinh khang Xoo ctia 394 chung ung vién VKNS phan 1ap tir cac
gidng lua TB va LA dugc thyc hién bang phuong phap duc 16 thach. Sau budc sang
loc dau tién, cac ching tiém nang tiép tuc dugc danh gié hoat tinh khang Xoo sir dung
dich nuéi trong méi truong TSB %. Két qua thu duoc 2 chung giit hoat tinh khang
Xoo 6n dinh sau 2 1an khao sat lip lai 1a VY03 va VY148 véi vong tic ché 1an luot 13

15 mm £ 0,5 mm va 28 mm =+ 0,5 mm (Hinh 3.11).

A B..

7 Voieo mw
\//

Hinh 3.11. Thi nghiém in vitro danh gia hoat tinh d6i khang Xoo cua hai chung tmg vién
VKNS VY03 va VY 148. A — Chung VY03 khang Xoo; B — Chung VY 148 khang Xoo
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Chung VY03 va VY148 dugc phan 1ap twong tng tir ré va than da khir tring bé
mit cta cdy lta khoe manh gibng TB, thu thap trong ciing rudng ¢ cay nhiém bénh
bac 13. Trén mdi truong TSA, ching VY03 ¢ khuén lac hinh dang khong xac dinh,
mép khong déu, 16i cao hinh vanh khan, nhéy, bé mit nham, mau tréng duc. Té bao
cua chung hinh tryc khuan c6 kich thude tir 2,2 - 6,8 x 0,47 - 0,78 um, Gram duong
(Hinh 3.12A, B). Ching VY148 c6 khuan lac hinh tron, mép déu, phang, bé mait
bong, mau vang nhat, dudng kinh 1,6 - 2 mm. Té bao cta ching hinh tryc khuin

ngén, kich thuoc 1,5 - 1,7 x 0,5 - 0,6 pm, Gram am (Hinh 3.12C, D).

Hinh 3.12. Hinh thai khuan lac va té bao cta ching VY03 (A, B) va VY148 (C, D)
3.2.1.2. Dinh danh hai chiing VY03 va VY148

Phan tich so sanh trinh ty 16S rDNA cua chung VY03 v6i cac ching da cong
bd trén co so dit lieu EZTaxon cho thay ching VY03 c6 quan hé gan nhit véi
Bacillius velezensis (ty 1 twong ddong 99,93%) (Hinh 3.13A). Ddi voi chi Bacillus,
viéc dinh danh chinh xac ti loai duoc khuyén céo két hop so sanh trinh tu gen chi
thi khac cung voi 16S rDNA. Gen rpoB ma hoa cho tiéu don vi beta cua enzyme
RNA polymerase, mQt enzyme quan trong trong qua trinh phién ma, dugc st dung
pho bién trong phén tich va xac dinh phat sinh loai vi khuan. Trong nghién ctru nay,
gen rpoB duoc lya chon nhu mot gen chi thi dé dinh danh chung VYO03. M&i lién hé

phat sinh loai ctia chung VY03 véi loai B. velezensis ciing duoc xac nhan bang phan
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tich trinh tu gen rpoB (Hinh 3.13B). Nhu vay, chung dugc dinh danh 1a B. velezensis
VYO03. Trinh tu gen 16S rDNA va rpoB ctua chung VY03 da duogc gui vao GenBank
dudi cac s6 hieu MT256303 va MW863332 (Phu luc 10).

Chi Bacillus thuong duoc phan 1ap tir ré, than va 14 lta véi ty 1& cao (Walitang
et al., 2019). Bertani va cs. (2016) da phan 1ap va xac dinh dugc 689 ung vién VKNS
tir cac bd phén cua cay lua thudc 51 chi khac nhau, trong d6 ¢6 94 ing vién (13,6%)
VKNS thudc chi Bacillus. Loai Bacillus velezensis thuong dugc tim thdy trong mo
ctia mot sb thue vat nhu lac, lia mi, lda. .., c6 kha nang kich thich sinh truong thuc
vat va sinh cac chat khang khuan, khang ndm. Chung B. velezensis LS123N noi sinh
lta c6 kha nang kiém soat hiéu qua nhiéu loai bénh trén laa, bao gém bénh bac 14,
bénh dao 6n, bénh bakanae, bénh Pythium va bénh ddm nau (Tu et al., 2024). Ching
B. velezensis Lle-9 phan lap tir ¢t hoa Lilium leucanthum c6 kha niang khang nhiéu
loai ndm giy bénh thuc vat nhu Botryosphaeria dothidea, Fusarium oxysporum,
Botrytis cinerea va Fusarium fujikuroi. Cac chat chuyén hoa thi cap cta B. velezensis
cling ¢ thé kich thich co ché mién dich hé théng cua thyc vat, nho do6 tdng cuong su

chdng chiu ddi v6i cac VSV giy bénh (Rabbee et al., 2019).

Két qua phan tich so sanh trinh ty gen 16S rDNA cila ching VY 148 cho thay
chung VY 148 gan giii nhat v6i loai Pantoea ananatis (ty 1é tuong dong 99,79%). Do
do, chung dugc dinh danh 1a P. ananatis VY148, ma GenBank MT256304 (Hinh
3.13C) (Phy lyc 10). Pantoea ananatis 1a vi khuan sinh truéng ndi sinh (endophytic)
va biéu sinh (epiphytic) & nhiéu loai cdy trong, trong d6 c6 cy lua. P. ananatis
thuong dugc phan 1ap tir hat va than laa, mang mdt s6 dic tinh c6 lgi cho cay tréng,
trong d6 c6 kha ning dbi khang v6i cac VSV gay bénh thyc vat. Chung P. ananatis
R100 dugc phan 1ap tir hat lua d3 dugc chirng minh c6 tac dung trc ché dbi vai
Acidovorax avenae subsp. avenae, tic nhan gdy bénh dom nu trén lua (Wu et al.,
2016). Trong mot nghién ctru khac, Megias va cs. (2016) di chi ra rang ching VKNS
lta P. ananatis AMGS521 cling c¢6 kha nang kich thich tang truong thuc vat va tang

nang suat lua.
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Psaudomonas sofary (LC744517)
,,,,_lsoc’ma velezensis (AYE03658)
833 - Bacilius velezensis VY03 (MT256303)
42 - Backus toquidensis (AYTOO1000043)
23 Baclus abrophaves (ABO21181)

. Bacths ichendormes [AFO17333)
r BeIuS pumis (ABRX01000007)
B ————
1000 ' Bachus salensis subep. sadenss (ASJDO1000027)

Bacdius scicicola (AF547203)

Baclus Wehondormes IAED1 7333 1)

1000

603 o BaciVus slamens's (KCE0B574.1)
r— Bacius am fokquefacians [FNSAT644 1)
Backus verzenss (CPON0SE0 2)

|Mm velozonsis VYOI (MWBE3332.1)
995 | Bacaius velezensis (CPO11278.1)

Bactus atrophaous (EUT38361.1)

BaocWus mogavenss (EU138851.1)

Baciius subtls sLbsp sublrs (CP034484 1)

Baciius velezensis (AYS03658)

Partoes bejingensrs (KC346071)
Pantosa coffeiphila (KJ427829)

~ Panloea dispersa (DQS04305)

894 Panfoea walsi (MLFS01000124)
|.-— Pantoea septica (MLUO10000TT)

Pantosa ananatis VY148 (MT256304)
5l

- Pantces ananalys (JMJIJD1000010)
1000

Hinh 3.13. Cay phat sinh loai dya trén so sanh trinh tu 16S rDNA va gen rpoB ctia chung
VY03 (A, B) va gen 16S cua chung VY148 (C) véi trinh ty ciia cac ching da biét trén ngan
hang GenBank. Cay phan loai dugc dung theo phuong phép neighbour-joining, trong do
dinh dang cay duoc tién hanh dya trén 1000 phép so sanh da chiéu.

Maic du hai chi Bacillus va Pantoea khong dugc phat hién trong dir li¢u phan

tich metagenome, két qua phan 1ap van thu dugc cac chung thudc hai chi nay co thé

do chiing sinh trudng tét hon trong diéu kién phong thi nghiém. Viéc khong phét hién

hai loai nay trong phan tich 16S rRNA c6 thé bat ngudn tir gidi han do phan giai cta

phuong phéap, dan dén viéc gop cac OTU & mire chi gan gili hodc bo sot cac lodi ¢o

ty 1é rat thip trong quan xa ty nhién. Két qua nay phan anh tinh bd sung giira hai
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hudng ti€p can - metagenomics va nudi cay truyen thong - trong viéc phat hién va

khai thac nguén VKNS c¢6 tiém ning tng dung.
3.2.1.3. Pdnh gid khd ning xdm nhap vé liia ciia hai chiing VY03 va VY148

Kha ning x4m nhap ré lta thé hién qua déc tinh sinh trudng ndi sinh va/hoac
biéu sinh ctia hai ching VY148 va VY03 duoc danh gia trong thi nghiém in planta
sir dung cay ma 1 tuan tudi. Két qua cho thay ching VY03 c6 kha nang xam nhap ré
t6t, thé hién qua kha ning sinh truong ndi sinh cao, dat mic 9,9x10° CFU/g ré tuoi.
Chung VY03 ciing c6 kha ning sinh truéng biéu sinh kha tot, dat mirc 4,9x10° CFU/g
1é twoi. Nguoc lai, ching VY148 chi biéu hién 16i séng biéu sinh véi mat do té bao
trén bé mat ré cao, dat 1,3x107 CFU/g ré tuoi, khong phét hién duogc té bao ndi sinh

(Hinh 3.14).

Kha ndng xam chiém cay chu manh mé 1a mot déc tinh giup VKNS cu tra bén
vitng trong cic md cua cdy va trd thanh mot tac nhan kiém soat sinh hoc tiém ning
(Dong et al., 2022). VKNS thuong cu trii bén trong cay chu véi mat do tir 10° - 107
CFU/g sinh khéi tuoi, trong ré 13 10°- 107 CFU/g (Bertani et al., 2016). Mot s6 ching
Bacillus xAm chiém ré tich cuc di dugc béo cdo. Chung B. velezensis CC09 xam
chiém ré cay laa mi véi ty 1¢ khoang 3x10° CFU/g trong luong tuoi (Kang et al.,
2018). Ching B. velezensis IBUN 2755 ciing da ghi nhan dat nong d6 10* CFU/g

trong lugng tuoi cua ré lua (Perea-Molina et al., 2022).
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Hinh 3.14. Danh gia kha ning sinh trudng biéu sinh/ndi sinh ctia hai chung VY03 va VY148
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Chung VY03 co thé dugc phan 1ap lai tr cAc mau ré duoc khir tring bé mit la
bang chimg t6t cho thdy chiing c6 kha ning thiét 1ap séng noi sinh. Day 1a mot loi thé
quan trong dé chung VY03 dya vao mdi truong vi méd 6n dinh hon va it canh tranh
hon, tir d6 bao vé cay chii khéi bi nhiém mam bénh thuc vat. Kha nang xam nhap vao
1& va thiét 1ap doi séng noi sinh cia vi khuan c6 ¥ nghia rat quan trong, gitip mdi quan
hé cta vi khuan va cay chu tré nén bén vimng va ho trg hiéu qua viéc chéng lai tac

nhan gay bénh cao hon.

Chung VY 148 khong c6 kha ning xAm nhép vao ré, tuy nhién sinh truong bicu
sinh véi mat do té bao rat cao (>107 CFU/g ré tuoi). Trong thi nghiém in vitro, chung
VY 148 thé hién hoat tinh khang Xoo cao hon chiing ndi sinh VY03. Két qua nay ciing
chi ra rang phuong phap khir tring bé mat khong loai bé duoc hoan toan cac VSV

biéu sinh, dac biét cac loai c6 kha nang bam dinh cao.

Hai ching VY03 va VY148 s€ duoc lya chon cho cac thtr nghiém tiép theo vé
dac tinh sinh hoc, phan tich hé¢ gen va danh gia hi¢u qua phong tri bénh bac 14 do
cung s& htru hoat tinh ddi khang Xoo cao, nhung khac biét hoan toan vé mat tuong
tac v4i cdy chil. Cu thé, ching VY03 1a VKNS thuc thu, c6 kha ning xam nhap va
cu tr 6n dinh trong md cay, hira hen hiéu qua bao vé 1au dai trong diéu kién tu nhién;
trong khi ching VY148 14 vi khuan biéu sinh, phat trién manh trén bé mat 14, c6 thé
doéng vai tro tuyén phong thu dau tién chéng lai sy xdm nhap cua mam bénh. Viéc két
hop danh gié ca hai ching vdi ddc tinh sinh thai khac nhau gitp lam r6 hon vai tro
clia tirng nhom vi khuan trong kiém soat bénh bac 1a va mé rong tiém nang tmg dung

trong cac diéu kién canh tac khac nhau.

3.2.1.4. Pdnh gid anh hwéng ciia cdc diéu kién nuéi cdy dén sinh trwéng va hoat

tinh khdang Xoo cua hai chiing VY03 va VY148

Anh hwéng ciia nhigt dg: Chung VY03 sinh truong tot & khoang nhiét do 30 —37°C,
tuy nhién hoat tinh ddi khang Xoo kha on dinh khi nudi ciy trong dai nhiét do 25 —
37°C. Trong khi d6, nhiét d6 c6 anh hudéng 16n dén sinh truéng va hoat tinh sinh hoc
ctia ching VY148. Ching nay sinh truong t6t va c6 hoat tinh khang Xoo tot nhat
trong khoang nhi¢t d¢ 25 — 30°C (Hinh 3.15A).
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Anh hwéng ciia pH: Chung VY03 sinh trudng tot & khoang pH trong khoang 6 — 8,

tuy nhién pH 7 1a pht hop nhat. Ching VY 148 c6 thé sinh trudng tot & pH 5 — 7, tot

nhat & pH 7. Hoat tinh khdng Xoo cta hai chung tot nhat khi nuéi cay ¢ pH 7 (Hinh

3.15B).
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Hinh 3.15. Anh huong cta céc diéu kién nudi cdy lén sinh trudng va hoat tinh khang Xoo
cua hai ching VY03 va VY 148. (A) Nhiét do; (B) pH; (C) Nong dd muoi; (D) Ngudn carbon;
(E) Nguon nito.

Anh hwong ciia nong do muoi: Ca hai chung déu c6 thé sinh trudéng ¢ cac nong do

mudi thir nghiém trong khoang 0 - 20 g/L. Chung VY03 sinh truéng t6t nhat va co

hoat tinh khang Xoo cao nhét khi nudi cdy ¢ ndng d6 mudi 5 - 15 g/L. Ching VY148

cling sinh truong tét nhat & khoang ndng do mudi nay nhung hoat tinh khang Xoo cao
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nhat khi nudi cdy ¢ ndng do mudi < 5 g/L (Hinh 3.15C). Pic diém sinh hoc nay c6 ¥
nghia thuén loi khi dua cac chung nay vao ung dung tai cac khu vuc canh tac bi xam

thuc man.

Anh hwéng ciia nguon carbon va nito: Ngudn carbon (gom cé glucose, acetate,
methanol, glycerol, tinh bot, ri dudng) va ngudn nito (peptone, casein, cao thit, cao
nam men) dugc thir nghiém riéng biét va so sanh véi ddi chung 14 sinh trudng cua
hai chung trong méi truong TSB (Hinh 3.15D, E). Glucose 12 ngudn carbon thich hop
nhat cho sinh truéng va hoat tinh khang Xoo ctia chung VY03. Glucose ciing 1a nguon
carbon thich hop nhét véi ching VY 148. Vi glycerol hodc ri duong ching VY148
dat mtrc ODsoo thap hon, tuy nhién hoat tinh khang Xoo lai cao hon so véi glucose.
Ngudn carbon tir acetate déu khong thich hop vé6i hai chung nay (Hinh 3.15D). Di
v6i chimg VY03, bon ngudn nito khao sat déu phut hop. Pdi véi ching VY148, cao
thit va cao nAm men kich thich sinh truong 1o rét so voi moi truong TSB va tao hoat
tinh khang Xoo tot hon dang ké. Casein va peptone 1a ngudn nito tét cho ching VY03,
nhung khong phu hgp cho chung VY 148 (Hinh 3.15E).

Nhu vy hai ching VY03 va VY148 1a nhitng vi khuan wa 4m dién hinh, dé
dang nudi cdy dat mat do té bao cao trong méi trudng dich thé véi cac ngudn carbon
va nito pho bién.

3.2.2. Phan tich hé gen cta hai chiing VY03 va VY148
3.2.2.1. Thong tin chung

Chung Bacillus velezensis VY03 ¢6 nhiém sac thé dang vong co6 chiéu dai
3.942.273 bp v6i ham luong GC 1a 46,7%. Toan bd h¢ gen dugce du doan chura 3.714
trinh ty ma hoéa protein (protein - coding sequence CDS), 86 tRNA va 27 rRNA (Bang
3.7). Téng cong 1.686 chirc ning gen dugc md ta dua trén cong cu RAST, bao gdm
cac chirc nang sinh hoc chinh ciia vi khuén, véi cc chirc nang wu thé bao gdm axit
amin va cac dan xuat (299), carbohydrate (219) va chuyén ho4 protein (210) (Phu luc
11).

Hé gen cta ching P. ananatis VY148 bao gém nhiém sic thé dang vong voi

chiéu dai 4.465.754 bp va mot plasmid dai 302.727 bp. Phan tich sau hon dy doan hé
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gen chira trinh ty DNA ma hoa cho 4.248 gen, 77 gen tRNA va 22 gen rRNA. DNA
hé gen c6 ham lugng GC trung binh cao hon 14 53,6%. S6 luong cac gen & moi nhom

churc nang cao hon so véi chung VY03 (Bang 3.7).

Bang 3.7. Thong tin chung vé hé gen clia chiing B. velezensis VY03
va P. ananatis VY 148

Pic diém VY03 VY148
Kich thuédc (bp) 3,942,273 4,768,481
Ham luong GC (%) 46.7 53.6
Trinh ty ma hod protein (protein-coding sequence) 3,714 4,248
Gen rRNA 27 22
Gen tRNA 86 77
Ma GenBank CP(072843 CP086009

3.2.2.2. Cdc gen/cum gen lién quan dén cdc hop chit trao déi bic hai

Hai chiing VY03 va VY148 c6 hoat tinh khang khuan, do vy cic gen/cum gen
lién quan dén cac hop chét trao doi bac hai duogc quan tam. Phan tich hé gen cua hai
chung nay va so sanh véi mot s6 ching khac thudc cung loai B. velezensis (FZB42,
GUMT319 va M75) va P. ananatis (LMG 2665, OC5a va YJ76) da duoc thuc hién
bang cong cu truc tuyén antiSMASH. Két qua cho thay, ching B. velezensis VY03
chira 12 cum gen lién quan dén qua trinh sinh téng hop cac hop chat khang khuan va
khang ndm manh (Bang 3.8). Pang cht y, sau cum gen duoc xac dinh 13 twong déng
100% véi cac cum gen da bao cdo & cac chung B. velezensis khac, bao gdm ba cum
ma hoa cho ba hop chit NRPS (fengycin, bacillibactin va bacilysin) va ba cum ma
hoa cho ba hop chat PKS (macrolactin, bacillaene va difficidin).

- Cum gen pks ma hoa cho macrolactin, mot polyketide c6 hoat tinh khang khuan
manh, dic biét hidu qua voéi vi khuan gdy bénh thuc vat nhu Ralstonia
solanacearum (Chen et al., 2018). Polyketide bacillaene, dugc ma héda bdi cum
gen bae c6 kha ning e ché tong hop protein ctia vi khudn, hoat dong trén ca vi
khuan Gram 4m va Gram duong. Tuong tu, cum gen dif ma hoéa difficidin, mdt
polyketide khang sinh pho rong c6 hiéu qua cao véi nhiéu loai vi khuan (Rabee et

al., 2019).
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Bang 3.8. Cac gen/cum gen mi hoa cac chat chuyén héa thir cap c6 hoat tinh khéng
khuan trong h¢ gen cta B. velezensis VY03

B. velezensis khac
B. velezensis VY03 FZB4 | GUM
2 | 1319 | M7
, A Kich Cum gen Tén
thgoc;;lat du Vi tri thwée | twong dong | cum
(kb) (%) gen
305,122 - Surfactin
NRPS 369,940 64.82 (82%) srf + + +
. . 584,284 - Kijanimicin a
Thiopeptide, LAP 613,454 29.12 (4%) - - - +
. 920,746 - Butirosin .
PKS-like 961,990 41.24 (7%) - + + +
1,046,867 - . .
Terpene 1,064,163 17.3 |- - + + +
1,362,841 - Macrolactin
§ »3945 + + +
TransAT-PKS 1,450,662 87.82 (100%) pks
TransPKS, 1,670,169 - | 100.6 | Bacillaene bae N N N
type3PKS, NRPS 1,770,844 7 (100%)
NRPS, transAT- 1,837,319 - | 133.8 | Fengycin
+ + +
PKS, betalactone | 1,971,197 | 7 | (100%) Jen
1,035,897 - . .
Terpene 2,057,780 21.88 |- - + + +
2,310,588 - . .
Type 3 PKS 2,171,688 41.10 | - - + + +
2,299,600 - Difficidin .
Trans-PKS 2,393,376 93.77 (100%) dif + + +
NRPS- Bacillibactin
metallophore, 3?;015 012’070932_ 51.78 | (100%) dhb + + +
NRPS, RiPP-like U
3,616,432 - Bacilysin
NRPS 3.657.850 41.41 (100%) bac + + +

(-%) khong tim thdy cum tuong tw nao thong qua phan tich antiSMASH;
(+) sw ¢6 mat hodc (-) vang mdt cia cdc cum gen chat trao doi thir cap

FZB42 GUMT319 va M75 la ba ching dai dién cia B. velezensis co trinh ty hé gen da dwoc cong
bo trén GenBank

- Ba hop chat non-ribosomal peptide bao gom lipopeptide fengycin ma hod béi cum
gen fen ¢6 hoat tinh khang ndm manh, dic biét ddi véi ndm soi, théng qua co ché
lam thay ddi tinh thAm mang té bao nam (Jin et al., 2024). Cum gen dhb mi hoa

bacillibactin, mot siderophore c6 ai lyc cao véi Fe**, giup vi khuan canh tranh sat
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trong moi truong, ddng thoi han ché ngudn sat cho nAm gay bénh, tir 46 gép phan
kiém soat sinh hoc hiéu qua (Li et al., 2014). Cubi cung, cum gen bac ma hoa
bacilysin, mot dipeptide khang sinh phd rong c6 kha ning pha v& thanh té bao vi
khuan, dic biét hiéu qua voi Xanthomonas spp. (Chen et al., 2018).

- Ngoai ra, hé gen chung VY03 ciing chira cum gen c¢6 mirc 46 twong ddng thap hon
v6i cac trinh tuy da biét, chang han nhu sinh tong hop surfactin (82%). Cum gen srf
duoc du doan ma hoa surfactin, mot lipopeptide vong c6 hoat tinh bé mit cao, co
kha ning pha v& mang sinh hoc ctia VSV va gy ra tinh khang hé théng ¢ thuc vat.

Surfactin con dong vai tro tin hi¢u trong tuong tac gitra cac loai (Jin et al., 2024).

So sanh vé6i cac ching B. velezensis khac nhu FZB42, GUM T319 va M75 c6 thé
thdy rang ca bay cum gen trén déu hién dién dy du ¢ tat ca cac ching nay (Bang
3.8). Tuy nhién, mirc d6 twong ddéng ciia cum gen s7f ciia VY03 thdp hon (82%) so
v6i ¢ cac chung khéc, goi ¥ kha nang c6 sy bién doi trinh ty hodc cdu trac gen trong

chung VYO03.

Maic du vay, sy hién dién d@)ng thoi cua toan bo cac cum gen chinh nay ¢ VY03
cho thiy ddy 1a mot ching ¢ tiém ning sinh hoc twong dwong véi cac chung da duoc
nghién ciru rong rai, dong thoi c6 thé so hitu nhitng dic diém di truyén riéng biét gitp
thich nghi tot vi mdi trudng ban dia hodc muyc tiéu tng dung cu thé. Viéc khong tim
thdy trong hé gen chung VY03 cdc cum gen twong dong cao cho Kijanimicin,
Butirosin, Terpene va Type 3 PKS nhu chung M75 hoac GUM T319 da phan anh su

da dang di truyén va kha niang thich nghi cua cac ching B. velezensis.

Phan tich hé gen cua chung Pantoea ananatis VY 148 cho théy su hién dién cua
nhiéu cum gen ma héa chat chuyén hoa thir cip bao gdm ca cac hop chat da duoc mo

ta va cac cum gen chua rd churc nang (Bang 3.9).

- Chiing VY148 mang hai cum gen sinh tong hop siderophore 14 desferrioxamine E
(twong déng 100%) va aerobactin (twong ddng 77%). Cac cum gen ndy cé vai trd
quan trong trong co ché thu nhén st — yéu tb thiét yéu cho sy sinh truong ciia VSV
trong moi truong canh tranh (Rabee et al., 2019). Sy hién dién cua cum gen nay

cho thy P. ananatis VY 148 c6 thé st dung co ché nay dé canh tranh voi cac VSV
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khac trong méi truong séng. Hai cum gen ndy chi hién dién ¢ chung OC5a ma
khong c6 mat ¢ hai chung con lai (LMG 2665 va YJ76), cho th?iy su phan hoéa di

truyén dang ké gitra cac chung P. ananatis.

Bang 3.9. Cac gen/cum gen ma hoa cac chat chuyén hoa thtr cap c6 hoat tinh khang
khuan trong h¢ gen cta P. ananatis VY 148

P. ananatis khac
P. ananatis VY148 LMG
2665 OC5a | YJ76
Nhém chét e ch,h Cum gen Tén
du dosn Vi tri thuwéc | twong dong | cum
i (kb) (%) gen
270,556 - Carotenoid a
Terpene 204,120 23.56 (83%) - + + +
Luminmycin/
NRP + 796,819 - 12.34 Glidobactin glb N N )
Polyketide 810,155 ' A/Cepafungin
(15%)
2,241,890 -
s b _a _a + + +
Hserlacton 2,262,522 20.63
R 2,835,214 - 20.61 a a + + +
2,855,825 : ) )
NRP + 2,353,018 - 2117 Lankacidin C lke i i i
Polyketide 2,374,183 ' (13%)
2,606,228 - . .
Phosphonate 2,630,748 2452 |- - - - -
Thiopeptide, | 2,915,386 - O-antigen .
saccharide 2041651 | 2627 | (1a%) - - - -
NI- 3,712,253 - Desferrioxam
) ) . - =+ -
siderophore 3,742,604 30.35 ine E (100%) dfo
NI- 4,126,998 - Aerobactin
) ) ' - =+ -
siderophore | 4,159,403 | 2241 | (770) e

(-%) khong tim thdy cum tuong tw nao thong qua phan tich antiSMASH;
(+) su co mat hodc ( ) ving mdt ciia cdc cum gen chdt trao doi thir cap;

LMG 2665, OC5a va YJ76 la ba chung dai dién cua P. ananatis co trinh tu hé gen da dwoc cong bé
trén GenBank

- Cum gen terpene c6 d6 twong dong 83% véi cum gen carotenoid da biét, dugc phat
hién trong hé gen chung VY 148. Cum gen nay hién dién trong ca ba chung tham
chiéu (P. ananatis LMG 2665, OC5a va YJ76), phi hop véi cac nghién ctru trude
day vé kha niang tong hop carotenoid & loai Pantoea (Mishra et al., 2022).
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Carotenoid 13 nhém séc t6 c6 hoat tinh sinh hoc quan trong, dic biét 1a kha ning

chbng oxy hoa.

Céc cum gen thuoc nhdm Non-Ribosomal Peptide (NRP) va polyketide, bao gom
cum gen mi hoéa Luminmycin/Glidobactin A/Cepafungin va Lankacidin C, lan
luot c6 do twong dong thap véi cac cum gen tham chiéu (15% va 13%). Pic biét,
cum gen Lankacidin C vang mit hoan toan trong cac chung dbi chimg, cho thiy
day c6 thé 1a mot cum gen dic trung cho VY148, tiém an kha ning tong hop hop
chat méi c6 hoat tinh khang khuan (LaGier et al., 2022).

Hai cum gen hserlactone va phosphonate, mic du khong ¢ su trong dong véi bat
ky cum gen nao trong co s dir liéu antiSMASH, van duoc xac dinh trong hé gen
cua VY 148. Sy hién dién cua hai cum gen cho théy day c6 thé 1a cac cum gen mai
hoic it duoc mb ta, tiém ning cao trong viéc tong hop cac hop chit chuyén hoa

thr cap chua duogc biét dén.

Cum gen ma hoa O-antigen (thiopeptide/saccharide) cting dugc phat hién voi mue
d6 tuong dong thap (14%). O-antigen 1a mot phan cua lipopolysaccharide trén bé
mat vi khuan, c6 vai tro trong twong tac véi moi truong va dap tng mién dich cua
vat chi, gop phan vao dic tinh thich nghi va tiém ning gy bénh hodc cong sinh

cua vi khuan.

Nhu vay, hé gen chung Pantoea ananatis VY 148 mang cac cum gen ma hoa

céc chat chuyén hoa thir cip, bao gom ca cac hop chat ¢ hoat tinh sinh hoc di biét

(nhu carotenoid, siderophore) va cac cum gen chua dugc moé ta rd (hserlactone,

phosphonate). Su hi¢n di¢n ctuia cac cum gen NRP/Polyketide c6 muc tuong d@)ng
thap, cting voi cac cum gen la, cho thay tiém nang khai thac VY 148 nhu mot ngudn
VSV san sinh chat khang sinh méi. Nhiing két qua nay phi hop véi cac bao céo trude
day vé kha ning sinh cac hop chét sinh hoc ¢6 hoat tinh cta Pantoea ananatis, mé ra

huéng nghién ciru tiép theo trong khai thac VKNS lam ngudn hop chét ty nhién phyc

vu y hoc va nong nghiép.

bé kiém chung sy biéu hién cua cadc cum gen lién quan dén sinh tong hop céc

hop chat chuyén hoéa thir cap cé hoat tinh khang khuan & muc héa hoc, dich nuéi cay
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ctia hai chung duoc tién hanh tach chiét so bo bang dung méi hitu co, sau d6 tinh sach
50 bd trén cot C18 voi hé dung moéi CHsCN/H:O rira giai theo gradient, tiép tuc phan
tich bang sic ky 16ng cao ap dé thu cac phan doan c6 hoat tinh trc ché Xoo manh nhat.
Céc phan doan nay dugc lam kho va phan tich cau tric bang phuong phap phd khéi
va phé cong hudng tr hat nhan. Tuy nhién, chua xac dinh dugc cAu trac hoa hoc do
hop chét khong bén va dé phan hiy trong qué trinh tinh sach. Két qua cho thay cac
hoat chat khang khuan do hai ching sinh tong hgp nhiéu kha niang thuoc nhém
lipopeptide hoic polyketide khong bén, phi hop véi du doan tir dit liéu hé gen (Phu
luc 12).

3.2.2.3. Cdc gen/cum gen lién quan dén kha nang xam chiém ngi sinh

Céc gen lién quan dén kha ning xam chiém noi sinh nhu kha ning van dong va
hinh thanh mang sinh hoc ciing duoc quan tim tim kiém trong hé gen cia cac chung
ndi sinh. Cac gen epsBCD, chiu trach nhiém tong hop exopolysaccharide va cum gen
flg, kiém soat qua trinh tong hop roi, da dugc phat hién trong hé gen clia ching VY03
(Bang 3.10). H¢ gen chung VY03 ciing mang céc locus ma hda cac enzyme phan huy
thanh té bao thuc vat dé tao diéu kién cho sy xam nhdp ndi sinh nhu peld va pelB1
(ma hoa sinh tong hop pectin lyase), galETK va xyIA (ma hoa cac enzyme sir dung
galactose va xylose). Cac cum gen nay khong co6 trong hé gen cia ching VY 148 chi
sinh truéng biéu sinh. Ngoai ra, cac gen kiém soat qua trinh tong hop sinh hoc cac
hop chét kich thich tang truong thuc vat va’hodc kha nang mién dich ctia thuc vat da
dugc tim thay, nhu trpABCDER (tong hop tryptophan, tién chat cia axit indole-3-
acetic), prid (tong hop auxin), alsDSR va bdhA (dé tong hop acetoin va 2,3-
butanediol).

Thong tin vé cac gen/cum gen c6 ciing chirc nang ciing duoc phat hién trong hé
gen cua chung VY148. Cac gen lién quan dén ciu triac roi bao gém f1i, flh, flg,
motA/motB. Mot sb cum gen lién quan dén qua trinh di hoa carbohydrate nhu galEKT,
xyIAB va xynA, da duoc tim thiy tuy nhién, cac gen quan trong lién quan dén qua
trinh phan hiy thanh té bao thyc vat bao gdom peldB va xynB da khong dugc phat
hién. Cac gen lién quan dén kha ning van dong va hinh thanh mang sinh hoc cia

ching VY148 ciing khong dugc tim thiy. Khong gidong nhu VY03, cac protein lién
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quan dén hoa hudng dong nhu CheAVW da duge xac dinh trong hé protein 15i cta

chung P. ananatis VY 148 (Bang 3.10).

Bang 3.10. Cac gen/cum gen lién quan dén twong tac gitta thyc vat-vi khuan trong hé
gen cua hai chiung VY03 va VY148, dugc chu giai nho may chu RAST va cong cu

PGAP
Gen/cum Vi tri San phim dw Vai tro du doan
gen VY03 | VY148 dodn
Di djng va tao biofilm
abrB 45,468 - - Transition state [Chat tc ché va chat hoat hoa
45,752 regulatory qua trinh phién ma cia cac gen
protein dugc bi€u hién trong trang thai
chuyén tiép gilra giai doan sinh
trudng sinh dudng va bat dau
pha tinh va hinh thanh bao tr
cheAW - 1,953,836 - | Chemotaxis Phan (ng v6i nhitng thay do6i
cheV 1,956,351 protein trong thanh phan hoa hoc cta
3,391,352 - moai truong
3,392,314
ecsA 984,952 - - ABC Lién quan Eién viée chuyén vi
985,695 transporter, mot chat nén qhua bict qua
ATP-binding mang. Cac mién xuyén mang
protein (transmembrane domain) tao
ecsB 985,688 - . ABC thanh mot 16 trén mang va mién
permease domain) chiu trach nhi€ém tao ra
protein nang luong. Can thiét cho doc
luc.
ecsC 986,957 - - EcsC protein
987,661
epsBCD 3,325,944 - | - Exopolysaccha
3,329,375 ride
biosynthesis
flaA 3,414,287 - - Flagellar
3,415,273 protein
fIbB 1,601,268 - - Flagellar
1,601,882 protein
flbD 1,604,514 - - Flagellar
1,604,729 protein
fleN 1,615,215 - - Flagellar
1,613,322 synthesis
regulator
cgs - 114,699 - Beta 1-2 Tao ra beta-glucan & nAm
123,281 glucan
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Gen/cum Vi tri San phim dy Vai tro du doan
gen VY03 VY148 doan
synthetase
IytS 2,793,288 - - Autolysis H¢ thong LytR/LytS diéu hoa
2,795,069 histidine kinase | cdc gen lién quan dén qua trinh
tu phan huy, chét té bao theo
chuong trinh, hinh thanh mang
sinh hoc va chuyén hoa thanh
té bao
RstA - 2,200,254 - | Sensory
2,198,953 histidine kinase
swrA 3,399,807 - Swarming
3,400,142 motility protein
swrC 673,030 - Swarming
676,173 motility protein
Chuyén ho4 carbohydrate
abnA 2,786,708 - - Arabinan endo
2,787,673 1,5 a-L-
arabinosidase
ganA 1,154,699 - - Arabinogalacta
1,155,811 n endo-1,4-
beta-
galactanase
lacG 1,161,641 - - 6-phospho-
1,163,041 beta-
galactosidase
lacR 1,163,288 - - Lactose
1,164,055 phosphotransfe
rase system
repressor
peld 725,343 — - Pectate lyase
726,608 precursor
pelBI 3,774,513 - - Pectin lyase Pegtin lyase tac dong Ién cac
3,775,751 chat pectic polysaccharide ¢
phién gitra va thanh té bao
chinh cua thuc vat bac cao
xynB 1,784,544 - - Xylan 1,4-beta- [Tham gia vao qua trinh phan
1,786145 xylosidase huy polysaccharide thanh té bao
thuc vat
Kich thich sinh truwéng thuc vat
bdhA 621,181 - 68,112 - 2,3-butanediol
622,221 68,885 dehydrogenase
phy 2,098,189 - |- 3-phytase
2,099,340
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Gen/cum Vi tri San phim dy Vai tro du doan
gen VY03 VY148 doan

trpEab 2,205,142 - (2,119,548 - | Tryptophan
2,207,134 2,121,541 synthase

trpD 2,207,773 - 2,121,589 - | Indole-3-
2,208,525 2,122,950 glycerol

phosphate

synthetase

Nhiéu ching Bacillus ndi sinh lta da duoc chimg minh c6 kha ning khang tac
nhan giy bénh thuc vat nhu Xoo, Burkholderia glumae, Dickeya zeae... (Kumar et
al., 2020b; Tu et al., 2024). Cac chung nay ciing thé hién kha ning kich thich ting
truong thyuc vat va kich khang hé théng ¢ cdy chii (Chung et al., 2015). Mot s6 VKNS
lta thudc loai P. ananatis da dugc bao cdo la cé kha nang kich thich tang truong thuc
vat va ting nang suat lua (Megias et al., 2016, Lu et al., 2021). Wu va cs. (2016) da
bao cao chung P. ananatis R100 phan lap tur hat lua khong gay bénh cho cay lua va
thé hién tac dung (rc ché tic nhan gay bénh soc nau trén laa Acidovorax avenae subsp.

avenae.

Hai chiing B. velezensis VY03 va P. ananatis VY 148 thé hién hoat tinh khang
Xoo cao ¢ diéu kién in vitro va mang cic gen/cum gen ma hoa cho cac hoat chat
khang khuan tiém nang, thé hién rang ching 1a cac tac nhan kiém soét sinh hoc tiém
ning. Hé gen cta cac ching nay dugc ky giri tai GenBank véi mi s6 BioProject
PRINA719969. M sé trinh tu hé gen ching B. velezensis VY03 va cta ching P.
ananatis VY 148 1an luot 1a CP072843 va CP086009.

3.2.3. Panh gia hiéu qua phong trir bénh bac 14 cia hai ching VY03 va VY148

Hai chung VY03 va VY148 cung c6 hoat tinh khang Xoo cao (Hinh 3.10), tuy
nhién ching tuong tac vdi cdy chi theo cac cach khac nhau. Ching VY03 thé hién
kha ning sinh trudng ndi sinh t6t hon so véi biéu sinh, trong khi d6 ching VY148
chi thé hién kha ning sinh truong biéu sinh trong diéu kién thi nghiém. Trong phan
nghién ctru nay, hiu qua phong trir ctia hai chung d6i v6i bénh bac 14 lua do Xoo giy
ra dugc danh gia thong qua thi nghiém ¢ diéu kién nha ludi va dong rudng.

Dich nuéi cay khong chira té bao ciia hai chung VY03 va VY148 c6 hoat tinh

khang Xoo, ching t6 cic chiing nay tiét cac chat khang khuan vao méi trudng. Tuy
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nhién, VSV ddi khang c6 kha ning tiéu diét tic nhan gay bénh thong qua sinh hoat
chat khang khuan va/hodc canh tranh khong gian sinh truéng (Fadiji & Babalola,
2020; Xia et al., 2022). Do vdy, trong nghién ciru nay, té bao va dich nuéi khong chira
té bao cla hai chung VY03 va VY148 duoc thir nghiém riéng biét trong hai thi
nghiém tién hanh song song.
3.2.3.1. Danh gia hiéu quda phong trir bénh bac la cia hai ching VY03 va VY148
¢ diéu kién nha lugi

Thi nghiém danh gi4 hiéu qua kiém soat bénh bac 14 trén cdy lta bi nhiém Xoo
d3 duoc tién hanh trong diéu kién nha ludi st dung dich huyén phu té bao trong nudc
cit vo trung cta cac ching VY03 va VY148 hoidc dich nudi cdy khong chua té bao

ctia cac chung nay dé phun 1én 14 1aa nhim Xoo (Hinh 3.16).

B Xoo+VYO03
B Xoo+VY14§
L == 8 Xoo
T
X00+VY03 Xoo+VY148 Xoo Chi s8 bénh Hiéu lyc phong trir

Hinh 3.16. Thi nghiém danh gia hi¢u qua phong trir bénh bac 14 do Xoo trén cdy lua sir dung
té bao cta ching VY03 va VY148. A — Hinh anh 14 Itia sau 14 ngay nhiém Xoo va xur 1y
bang VSV; B — Chi sb bénh va hiéu luc phong trir. Do 1éch chudn duoc tinh toan tir ba lan
lap lai thir nghiém cho mdi mau. Dau hoa thi biéu thi sy khac biét dang ké vé gia tri chi sb
bénh giita nhom dbi ching va nhém xir Iy VY03/VY 148 (p < 0,05).

Trong thi nghiém sir dung dich huyén phu té bao, cic ton thuong trén 1a laa
dugc phun té bao VY03 hoidc VY148 da giam dang ké, trong khi nhom dbi chimg c6
cac triéu ching bac 14 rd rét (Hinh 3.16A) voi chi s6 bénh 14 40,47 + 0,82% va ty 1€
bénh cao 12 76,67 + 5,78% phan anh su phat trién manh cia Xoo trong diéu kién thi
nghiém (Hinh 3.16B). Nhom duoc xir Iy bang VY03 cho thay chi s6 bénh giam manh
con 33,04 £ 3,72%, tuy nhién, hi¢u lyc phong trir kha thép o muc 20,71 +2,03%. Cac

mau laa duoc xir Iy bang té bao VY148 dat duoc mirc do kiém soat bénh manh hon,
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chi s6 bénh giam con 27,38 £ 2,73%, voi ty 1€ bénh 1a 50% va hi¢u lyc phong tru 1a
34,52 + 5,15% (Hinh 3.16B). Su khac biét vé chi s6 bénh gitra cong thirc xir Iy VY03
va VY148 vé6i cong thirc ddi ching khong xtr Iy & mitc c6 y nghia vé mat thong ké.
Thi nghiém st dung dich nudi cay d loai té bao ciia hai chung VY03 va VY148
thu dugc hiéu qua bao vé cao hon (Hinh 3.17A). Cu thé, dich nudi cay khong co té
bao cua ching VY03 da lam giam chi s6 bénh xuéng con 15,39 + 3,24%, dat hiéu luc
phong trir 13 43,45 + 6,27%. Di voi chung VY148, chi s6 bénh rat thap chi ¢ muc
6,03 +2,19% va hi¢u lyc phong trir cao 1a 62,69 + 7,56% da dugc ghi nhan, tham chi
cao hon dang ké so véi xir Iy bang thudc héa hoc Starner, c¢6 hiéu luc phong trir 14
40,48 + 5,15% (Hinh 3.17B). Chi sd bénh ciia cong thirc xtr Iy VY03/VY 148/thube
hoa hoc voi cong thirc d6i chimg khong xt Iy ¢6 ¥ nghia khac biét cao vé mit thong
ké. Sy giam manh chi sb bénh & cac cong thirc dung dich nuoi cho théy hoat tinh sinh
hoc manh ctia cac hop chat duoc tiét ra, c6 thé bao gdm lipopeptide, siderophore hoic
enzyme phan giai thanh té bao Xoo. Nhin chung, xu huéng giam chi sé bénh qua cac
cong thie cho thay hiéu qua khang bénh phu thudc chit ché vao kha ning tiét hoat
chit cua cac ching vi khuan hon 14 sy hién dién cta té bao séng. Chung VY148 thé
hién wu thé vuot troi, khéng dinh tiém nang ung dung nhu mat ché phém sinh hoc

kiém soat bénh bac 14 hi€u qua va bén virng hon so véi bién phap héa hoc.

100 B
W oYl
B Koo VY143
80+ ) Xoo+Starmer
0 xxo

X00+VYD3 Xoo+VY148 Xoo+Stamer Xoo Chi 30 bénh Méu T phong triz

Hinh 3.17. Thi nghiém danh gia hiéu qua phong trr bénh bac la do Xoo trén céy lua sir dung
dich nudi cay khong chura té bao cua chung VY03 va VY148. A — Hinh anh la l0a sau 14
ngay nhiém Xoo va xir 1y bang dich nuéi; B — Chi s6 bénh va hiéu lyc phong trir. Starner 1a
thudc héa hoc tri bénh bac 14. Do 1éch chuén duoc tinh toan tir ba 1an 1ap lai thtr nghiém cho
mdi mau. Dau hoa thi biéu thi sy khac biét dang ké vé gia tri muc do nghiém trong cua bénh
giita nhom ddi ching va nhom xtr Iy VY03/VY 148 (p < 0,05).
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Cac két qua trén ciing twong dong v4i mot sd bao cao vé hidu qua kiém soat
bénh bac 14 lta ciia cac ching VKNS d3 duoc cong bd trong va ngoai nude. HO Xudn
Uyén va cs. (2023) da phun dich nuéi cdy ching Bacillus spp. (108 CFU/mL) (phan
1ap tir 14 Ita nhiém bénh bac 14) 1én toan bo 14 cta ciy lua & thoi diém 42 ngay sau
gieo. Mot ngay sau, cdy laa tiép tuc duoc phun dich nudi cidy ching Xoo (108
CFU/mL). Két qua theo ddi sau 14 ngay cho thiy, hiéu lyc phong trir bénh bac 14 &
cdy lta thi nghiém 13 48,94% so v6i d6i chimg khong xu 1y.

Resti va cs. (2020) dd ngam hat gidng laa da duoc khir tring bé mit trong dich
nudi cdy ctia hdn hop hai chung VKNS Bacillus (mat do 103 CFU/mL) trong 15 phut,
dé kho trude khi gieo hat. Cay ma 25 ngay tudi tiép tuc duoc ngam ré trong dich nudi
cdy VKNS (108 CFU/mL) trong 2 gid, trong trong cac chau nhua va dugc lay nhiém
Xoo. Két qua theo ddi sau 60 ngay cho thay, cac ching VKNS Bacillus spp da lam
giam 32,35% ty 1€ méc bénh bac 14 va giam 61,15% chi s6 bénh so voi ddi chung.
Nguyén nhan duoc cho 1a do hai chung VKNS nay c6 kha ning san xuat ra cac hop
chit co kha nang uc ché céc tac nhan gay bénh thuc vat nhu khang sinh, siderophore
va axit salicylic. Thi nghiém twong tu ciing dugc tién hanh boi Ooi va cs. (2022). Hat
laa gibng MR220 CL2 (Malaysia) dugc khir tring bé mit va gieo trong ty nhién trong
diéu kién nha tréng tiéu chuan véi 4nh sang tu nhién, nhiét d¢ va do am dao dong tu
nhién. Cay giéng dugc xir Iy bang ching VKNS Bacillus phan lap tir 14 va ré lta ciia
cay lua khoé manh va cdy laa nhiém bénh bac 14 véi liéu luong 5 mL dich nudi (10°
CFU/mL)/cdy con & thoi diém 1 va 29 sau trong. Nhiém Xoo (10° CFU/mL) duoc
tién hanh & thoi diém 30 ngay sau trong bang phuong phap cit 14. Tiép tuc xir 1y cay
cay lua véi dich nuoi cac chung VKNS ¢ thoi diém 1, 3, 5,7 va 13 ngdy sau nhiém.
Két qua diéu tra & thoi diém 15 ngay sau nhidém da cho thay su giam déng ké vé chiéu
dai vét bénh va dién tich 14 nhidém bénh, 1an luot 1a 1,5 + 1,3 cm va 4,02 + 3,9%.
Ngoai ra, hi€u qua bao v¢ Ién téi 85,3 £ 12,5% so voi doi chung khong dugc xur ly

chung VKNS.

Mot s6 ching VKNS lta P. ananatis da duoc bao céo 1a c6 kha niang kich thich
tang truong thyc vat, ting nang suat la va (rc ché mam bénh gay bénh soc nau trén

lua (Megias et al., 2016; Lu et al., 2021; Wu et al., 2016). Cho dén nay hau nhu chua
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c6 cong bd nao vé kha niang kiém soat bénh bac 14 lta cta loai P. ananatis. Trong
nghién ctru nay, chung P. ananatis VY148 1a vi khuan biéu sinh, thé hién hoat tinh
ddi khang Xoo cao hon so vdi ching vi khuén ndi sinh VY03 & thi nghiém in vitro,
dong thoi ciing c6 hiéu qua phong trir bénh bac 14 cao hon trong thi nghiém ¢ diéu
kién nha luéi. Chung VY148 sinh siderophore va mang cac cum gen lién quan dén
sinh t6ng hop aerobactin, c¢6 thé c6 lién quan dén kha ning ddi khang Xoo (Phu luc
13). Chiing VY03 mang rat nhiéu gen/cum gen lién quan dén sinh tong hop cac chat
khang khuan (nhu fengycin, bacillibactin, bacilysin, macrolactin, bacillaene va
difficidin). Bén canh Xoo, ching VY03 ciing trc ché sy phat trién cia cac tic nhan
gay bénh quan trong khéac trong nong nghiép nhu Ralstonia solanacearum, Alternaria
alternata va Colletotrichum gloeosporioides (Phu luc 14). Nghién ctru tach chiét va
xac dinh cdu tric héa hoc cta cic hop chat khang khuan do hai ching VY03 va
VY148 san sinh chua thanh cong do cac hop chat nay khong bén va dé bi phan hay

trong qua trinh tach chiét.

Ngoai viéc san sinh cac chat khang khuan, vi khuan d6i khang lam giam su phat
trién cua cac tac nhan gay bénh thuc vat bang cach canh tranh vé cac khong gian sinh
truong hodc chat dinh dudng (Palmieri et al., 2022). Sy canh tranh phu thudc vao
mirc d6 xam chiém hiéu qua cac héc sinh thai chung cua cac ching d6i khang xam
chiém véi cac tac nhan giy bénh (Kohl et al., 2019). Vi khuan gay bénh Xoo chiém
giit bé mit 14 trudc khi xAm nhap vao md 14 thong qua cac vét thuong hoic qua cac
thity khong (Gluck-Thaler et al., 2020). Ching VY03 chtra cac gen méa héa cho
enzyme phan huy thanh té bao thuc vat nhu pectin lyase, phan hity galactose va xylose
trong hé gen, c6 kha nang noi sinh tot, trong khi biéu sinh & mic thap (Hinh 3.14),
c6 thé khong phai 1 d6i thu canh tranh tryc tiép cia Xoo vé khong gian sinh trudng.
Chung VY148 duoc phan lap tir mau than da khir tring bé mit ciia cdy laa va phat
trién hoan toan biéu sinh, 1a d6i twong chia s¢ khong gian sinh truéng va canh tranh
truc tiép v6i Xoo. Do vay, chung biéu sinh VY 148 ¢6 hiéu qua bao vé cao hon VY03
chdng lai Xoo nhiém bénh trén 14 lua theo ca hai co ché (i) sinh hoat chat khang khuan

va (ii) canh tranh vé khong gian sinh truéong. Uu thé cia ching VY03 so véi ching
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VY148 c6 thé 1a kha niang xAm nhap vao 1é& cao va sinh truéng noi sinh, dong hanh

va bao v¢ cay lua trong suot qua trinh sinh truéng.

Céc loai Pantoea duoc bao cao co thé tac nhan gay bénh hodc 13 vi khuan co loi
v6i kha nang kiém soat sinh hoc & nhiéu loai cdy chii (Duchateau et al., 2024). Cac
dai dién cta Pantoea da dugc bao cao 1a c6 kha ning kiém soat nhiéu loai vi sinh vat
gdy bénh thuc vat nhu Botrytis cinerea, Penicillium expansum, Xanthomonas
axonopodis pv. vesicatoria va Xanthomonas oryzae pv. oryzae, Acidovorax avenae
subsp. avenae, Erwinia amylovora & cac cay chu khac nhau (Wu et al., 2016; Lee et
al., 2024). Cac hop chét khang khuan/khang ndm do Pantoea spp. sinh ra bao gdbm
cac hop chat hiru co dé bay hoi (VOC) ¢6 co ché hoat dong khong chon loc (Zhao et
al., 2022), cac loai khang sinh nhu pantocin va dapdiamide (Smits et al., 2019) va cac
chat hoat dong bé mit sinh hoc nhu ananatoside va lipopeptide (Holscher & Kovacs,
2017). Tuy nhién, hau hét cac loai khang sinh da duoc nghién ctru nhu andrimid,
agglomerin, herbicolin va microcin déu la san pham chuyén héa cua Pantoea
agglomerans (Lv et al., 2022). Chi c6 chat hoat dong bé mit sinh hoc glycolipid PNP-
1 duge béo cao 1a do P. ananatis san xuat (Smith et al., 2016). P. ananatis 13 1oai lién
quan dén lta phd bién va chiém uvu thé nhat trong chi Pantoea (Kini et al., 2021).
Loai nay da dugc bao céo vé nhiéu tac dung ¢6 lgi khéac nhau ddi véi cay lua nhung
cac ching ciing c6 thé hoat dong nhu céc tac nhan gay bénh co hoi (Egorova et al.,
2015; Xue et al., 2021). Nhin chung, P. ananatis khong c6 enzyme phan huy thanh
té bao thuc vat. Loai nay canh tranh khong gian trén bé mit cay bang cach chii dong
di chuyén va san xuat EPS, cung voi mot s6 chat hoat dong bé mit (e ché céc tac
nhan gy bénh (Xue et al., 2021; Lv et al., 2022). Chung P. ananatis VY 148 thé hién

hoat tinh di khang Xoo t6t trong ca thir nghiém in vitro va trong diéu kién nha luéi.

Can ctr vao nhirng phan tich trén, c6 thé dua ra gia thiét vé co ché tac dong cua

VY03 va VY148 trong phong trir bénh bac 14 nhu sau:

Chiing P. ananatis VY148 — Co ché biéu sinh két hop sinh chat khang khuan:
ching VY148 c6 kha ning sinh truéng manh trén bé mit 14 — noi Xoo bam va xam

nhap qua thuy khong hodc vét thuong. Diéu nay cho phép VY148 (i) canh tranh truc
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tiép vé khong gian sinh trudng véi Xoo, ngin can su dinh cu cia mam bénh & giai
doan diu nhiém (Gluck-Thaler et al., 2020); (ii) viéc san sinh siderophore
(aerobactin) lam giam luong sat ty do, mot yéu td thiét yéu cho su phat trién va doc
luc cua Xoo; (iii) VY 148 c6 kha nang tiét ra chat hoat dong bé mit hodc chat khéang
khuan chua xac dinh, c6 thé 1am t6n hai mang té bao hodc e ché qua trinh sinh tong
hop ctia Xoo. Co ché nay phit hop v6i mé hinh phong trir sinh hoc theo huéng canh

tranh vé khong gian va dinh dudng, dic biét hidu qua trong giai doan sém ciia bénh.

Chiing B. velezensis VY03 — Co ché ngi sinh, kich khang hé thong va pho khang
khuin rong: ching VY03 c6 kha ning xam nhép t6t vao mo ré va mo bén trong cay
nho mang cdc gene ma hoa enzyme phan huy polysaccharide nhu pectin lyase,
enzyme phan giai galactose va xylose. Nho vay, VY03 phat trién nhu mot VKNS va
hinh thanh méi quan hé 6n dinh véi cay chi. Co ché tac dong co thé bao gom: (i) san
sinh nhiéu hop chat khdng khuan phd rong nhu fengycin, difficidin, bacilysin,
bacillaene. .. gitip tic ché tryc tiép Xoo va cac mam bénh thir cap khac nhu Ralstonia,
Alternaria, Colletotrichum; (ii) kich hoat tinh khang hé thdng nho sy hién dién lau
dai trong mo cay, giup cay ting cuong sirc dé khang véi cac tic nhan gy bénh. Tuy
nhién, do kha nang phat trién biéu sinh yéu, VY03 khong truc tiép canh tranh véi Xoo
& bé mat 14 — giai doan som cua bénh, dan dén hiéu qua bao vé thép hon trong diéu
kién nha luoi.

3.2.3.2. Pdnh gid hiéu qud phong triv bénh bac ld lia ciia chiing VY03 6 diéu kién

dong rupng

Bacillus velezensis dugc biét dén nhu mot tic nhan kiém soat sinh hoc
(biocontrol agent) tot va an toan. Trong nghién ctru ndy, ching VY03 thé hién hoat
tinh d6i khang tot doi véi Xoo & diéu kién in vitro va nha ludi va d6i khang mot sd
tac nhan gay bénh thyc vat khac. Do do, chung VY03 rat c6 tiém nang ng dung vao
san xuat ché pham sinh hoc phong trir bénh bac 14. Viéc danh gia hiéu qua phong trir
bénh hai nay ctia ching VY03 & diéu kién dong rudng 14 rat can thiét. Ching VY148
mic du thé hién hoat tinh khéng Xoo cao hon nhung loai Pantoea ananatis chua dugc

chﬁp nhén str dung nhu mot tadc nhan kiém soat sinh hoc, do vay thtr nghiém d@)ng
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rudng khong duoc tién hanh véi ching nay.

Trong thi nghiém déng rudng, té bao ching VY03 duoc dua vao dat gieo hat
va vom ma dé tao diéu kién cho vi khudn xam nhap vao cdy ngay tir giai doan dau
clia qua trinh sinh truong. Cay ma sau d6 dugc cdy ra rudng, cham soc theo quy trinh
thudng quy va theo ddi tién trién ctia bénh bac 14 trong tu nhién. Két qua diéu tra murc
do nhiém bénh bac 14 trong giai doan cay lua 1am dong dén trd (70 - 75 ngay tuéi)
cho théy bénh bac 14 xuét hién & tat ca cac rudng thi nghiém vai ty 1€ bénh tang dan
qua cac ky diéu tra (Bang 3.11). O rudng thi nghiém tiép xtic sém v&i ching VY03
tai thoi diém trd bong, ty 16 bénh (TLB) bac 14 13 19,83+ 4,86 % va chi s6 bénh (CSB)
12 9,21 £ 2,01%. Tuong tu, & cac rudng doi chung c6 ty 1¢ bénh 1a 20,05 + 3,83% —
21,24 + 5,36% va chi s6 bénh 12 9,38 £ 0,82% — 10,16 * 4,26%. Sau khi xac dinh sy
gia ting ctia bénh bac 14 trong cac rudng thi nghiém, dich nuéi cay (khong loai té bao)
cta chung VY03 dugc phun ¢ rudng thi nghiém (cong thure thi nghiém, CTTN) va so
sanh voi doi ching 1a ruong khong xir Iy bénh (dbi ching am, PC (-)) va ruong ctia
cac hd dan xung quanh phun thudc Kasumin 2SL (d6i ching kiém soat, PCks).
Kasumin 2SL 1a san pham thuong mai chira hoat chat kasugamucin chiét xuat tir dich
1én men cua xa khuan Streptomyces kusagaensis, dugc khuyén céo st dung cho
phong trir bénh bac 14 nho co ché sy hinh thanh axit amin trong co thé vi khuan. Két
qué cho thay xir 1y bang chung VY03 lam giam ty 1¢ bénh va chi sé bénh mot cach
1 rét, & mirc tuong duong v4i thude hda hoc Kasumin 2SL (Bang 3.11).

Bing 3.11. Murc d6 nhiém bénh & cac cong thirc thi nghiém

- CTTN (%) PCxs (%) PC(-) (%)

TLB CSB TLB CSB TLB CSB
0 | 19,83+4,86| 9,21+2,01 | 20,05+3,83 | 9,38+0,82 | 21,24+5,36| 10,16+4,26
7 | 24,5343,51 | 10,34+1,42 | 25,6242,91 | 11,07+1,82 | 48,72+7,90| 26,25+2,28
14 | 17274579 | 9,35+2,48 | 14231438 | 7,71+3.42 | 68,6319,71| 37,21+1,42
21 | 12,96+4,82 | 6,6343,72 | 10,45+6,20 | 4,12+0,80 | 67,35+8,80 | 44,75+3,70
28 | 9,3843,16 | 6,59+1,24 | 7,07+4,69 | 4,96+2,06 | 60,11+13,69 42,22+2,08

Cu thé két qua danh gia ¢ thoi diém lia chin sap tic 21 ngay sau xir Iy véi
VKNS, rudng dugc phun dich té bao chung VY03 (CTTN) c6 ty 18 bénh va chi sb
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bénh tuong tng 1a 12,96 + 4,82%va 6,63 * 3,72%, tuong duong vdi rudong phun thude
Kasumin 2SL 1a 10,45 + 6,20% va 4,12 £0,80 %. Rudng doi chung khong xtr 1y co
ty 18 bénh va chi sb bénh tiép tuc ting nhanh qua cac ky diéu tra va dat cao nhét &
giai doan nay 1a 67,35 £ 8,80% va 44,75 £ 3,70%. Hiéu lyc phong trir bénh bac 14 &
rudng xir Iy bang chung vi khuan VY03 va rudng phun thudc Kasumin 2SL twong
duong nhau ¢ thoi diém ngay 14 - 28 ngdy, twong tng dat mic 74,31 - 84,21% va
79,05 - 87,88% (Hinh 3.18). Hi¢u qua kiém soat bénh cao hon so véi thi nghiém trong

diéu kién nha ludi, phan anh tac dung cua viéc xtr Iy dat ma bang chung VY03.

Két qua phan tich phuong sai hai chiéu (two-way ANOVA) tai cac thoi diém 7,
14,21 va 28 ngay sau xur 1y cho thdy yéu t6 thoi gian 12 bién sé anh hudng manh nhat
dén hiéu qua phong trir bénh bac 14, véi ty 18 bién thién dat 69,57 - 79,81% (Phu luc
15). Hiéu qua phong trir ctia ca hai cong thirc xir Iy VKNS va thudc héa hoc déu ting
dang ké theo thoi gian, dat mirc cao nhit sau 28 ngay. Mic di PCks c6 xu hudng dat
hiéu qua cao hon CTTN tai timg thoi diém, khac biét gitta hiéu qua phong trir cta
hai cong thirc khong cé y nghia thong ké & moi thoi diém danh gia. Diéu nay khang
dinh rang viéc xur Iy chimg VY03 c6 hiéu lyc twong duwong véi thudc hoa hoc trong

kiém soat bénh bac 14 trén dong rudng trong diéu kién thi nghiém.
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Hinh 3.18. Hi¢u luc phong trir bénh bac 14 ¢ cac cong thic thi nghiém trong diéu kién thuc
té ngoai déng rudng. B9 léch chuén duoc tinh toan tir ba 1an 1ap lai thir nghi€ém cho mdi mau.
Dau hoa thi biéu thi sy khac biét dang ké vé gia trji hiéu lyc phong trir giita cac thoi diém
diéu tra (p < 0,05).
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Bén canh d6, hiéu qua cua ching VY03 trong trc ché bénh bac 14 do Xoo con
dugc danh gia thong qua cac yéu td ciu thanh ning suat va nang suat lua (Hinh 3.19).
Quan sat hinh thtrc bong laa c6 thé thdy ¢ rudng CTTN bong lua ¢ mau sic hat vang
sang, it hat 1ép, trong khi & rudng PC (-) bong lta c6 nhiéu hat 1ép, mau nau ti (Hinh

3.19B).

Hinh 3. 19. Thi nghiém danh gia hiéu qua kiém soat bénh bac la cua chung VY03 ngoai
dong rudong. A — Hinh anh khu thi nghiém thyc t€; B — Bong ltia thu hoach ¢ rudng doi ching
(PC(-)) va cong thirc thi nghiém (CTTN)

Két qua danh gia chi tiét (Bang 3.12) cho thiy, sé bong/m? ciia CTTN trong
khoang 267 — 291, s hat chic/bong giao dong tir 117 — 122 hat, cao hon PC (-)
(mirc sai khac ¢6 y nghia). Khéi lugng 1000 hat trong CTTN ciing cao hon PC (-)
(mtrc sai khic c6 y nghia). Nang suat Iy thuyét cia CTTN va PCks dat twong tng
64,7 ta/ha va 70,4 ta/ha, cao hon cong thirc BPC(-) 12% va 13% (so sanh c6 y nghia)
(Bang 3.12). Mau sic hat ¢ cac cong thirc phun ché pham va phun thude hoa hoc déu
c6 mau sic hat vang sang hon so véi cong thire d6i chimg. Két qua nay ciing tuong
ddng véi bao cao vé chung B. velezensis BTR11 ¢ hiéu qua bao vé cao chéng lai
bénh bac 14 dat 75 - 85% trong diéu kién dong rudng va ting ning suat (khoang 12%)
(Do et al., 2023).

Bang 3.12. Yéu t6 cdu thanh ning suét va ning suat lta cta thi nghiém.

Céng Bong/m? sﬁ hat | M1000 hat | NSLT (ta/ha) NSTT

thire chac/bong (g) Nang suat | Tang (%) (ta/ha)
CTTIN | 2856" | 11025 | 20,56 647" 12 59,2
PCks 2898" | 118,12° 20,58" 70.4° 13 62,3
bC 2688 104,22" 19,25 53,9 - 48,6
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Tong hop céac két qua phan tich trong thir nghiém dong ruong cho thay ching
VY03 c6 anh hudng tich cuc tdi su phat trién cla cay lua, gém (1) kiém soat bénh bac
1a va (i) ting ning suat laa. Ching VY03 thé hién tac dung nhu mot probiotic cho
cdy lta thong qua nhiéu co ché di dugc phan tich trong cic ndi dung trudc bao gom:
kha ning xam nhap va sinh truong ndi sinh, d6i khang VSV gay bénh phd rong (Phu
luc 13), hé gen chuia cac gen pectin lyase cho phép chung di chuyén trong hé dan,
giita cac té bao thuc vat. Khi cay lua dugc tiép xtc sém véi té bao chung VY03 (dua
vi khuédn vao dat gieo ma) giup vi khuan c6 thé xdm nhap sém vao cay laa va thé hién
cac tac dong “loi khuan” dbi véi cay chir. Két qua 13, ching VY03 thé hién hiéu qua
kiém soat bénh bac 14 lta ¢ diéu kién dong rudng twong dwong véi thude hoa hoc,
déng thoi con mang lai lgi ich vé tdng nang suit va cai thién chat lugng hat. Viée xtr
ly hat giéng bang VY03 trong qué trinh gieo ma rat thun tién va hoan toan tich hop
v6i cac quy trinh san xuat cdy con, khong c6 gidi han vé thoi gian phun nhu thude
hoa hoc. Piéu nay cho thay str dung ching ndi sinh VY03 1a mot Iya chon bén viing
hon so véi cac phuong phap st dung thudc bao vé thuc vat héa hoc truyén thong.
Vi¢c ung dung VY03 nhu mot tac nhan sinh hoc phu hgp voi xu hudng canh tac lua
hiru co va giam thiéu sir dung hoa chat trong néng nghiép, gop phan bao vé moi

trurong va strc khde con nguoi.
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KET LUAN

1. Két qua phan tich so sanh hé VKNS ciia hai giéng lta Bac thom 7 (TB) va IR4625

(LA) bang cong cu metagenomics cho thay:

- Hé VKNS cua giéng lua LA phong pha va ddng déu hon so vé6i gidng laa TB. Hé
VKNS ré khac biét so véi hé VKNS cia 1a/than ¢ ca hai gidng la.

- Su xam nhép cua tac nhan gay bénh bac 14 Xoo ¢ mau lua bénh giéng TB khong
dan dén thiét 1ap mot he VKNS gay bénh dic trung (pathobiome), ngoai trir lam
giam tinh da dang cua h¢ VKNS.

- Chi Acholeplasma cb mit véi ty 1& cao & gidng laa LA (tap trung & than va 13) 1a
khac biét 16n nhét so voi gidng laa TB, do vay dugc dé xuat 13 ¢6 vai tro ddi véi

kha nang chéng chiu bénh bac 14 ciia giéng lua LA.

2. Chung Bacillus velezensis VY03 (ma VTCC 60016) va Pantoea ananatis VY 148
(mi VTCC 60020) dugc phan 1ap thuan khiét tuong (mg tir ré va than di khr tring
bé mit cla cay lua TB khoe manh c6 hoat tinh doi khang Xoo cao, sinh trudng tdt
& diéu kién wa 4m va sir dung cic ngudn carbon va nito thong thudng. Ching
VY03 sinh trudong nodi sinh tot hon biéu sinh, trong khi ching VY148 chi sinh

truong bicu sinh.

- Heé gen ciia hai chiing chira nhiéu gen lién quan dén kha ning sinh tong hop cac
hoat chat khang khuan, kha niang di dong va kich thich sinh truéng thyc vat. Chung
VY03 chtra cdc cum gen ma hoa cho cic enzyme phan huy thanh té bao thuc vat,

trong khi chung VY 148 khong chira cac gen tuong tu.

3. Danh gia hiéu qua phong trir bénh bac 14 & diéu kién nha luéi va dong rudng cho
thay:

- Dich nudi khong chira té bao ctia hai chung VY03 va VY148 c6 hiéu qua phong
trir tot d6i v6i bénh bac 14, trong d6 ching VY 148 ¢6 hiéu qua phong trir cao hon
(62,69 + 7,56%) so véi ching VY03 (43,45 + 6,27%). Té bao cta chung VY03
va VY148 thé hién tinh ddi khang vai vi khuan gay bénh théng qua co ché sinh

chat khang khuan va canh tranh vé khong gian sinh trudng.
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O diéu kién déng rudng, vi¢c tudi dich nudi ching VKNS VY03 ¢ giai doan gieo
ma va phun bd sung khi c6 triéu chimng bénh bac 14 giup dat hiéu qua phong trir
cao tuong dwong véi xtr Iy bang thudc Kasumin 2SL, dat muc 74,31 - 84,21%.
Ning suét 1y thuyét ctia cong thirc xtr Iy voi chung VY03 cao hon cong thic d6i

chung 12%.

HUONG NGHIEN CUU TIEP THEO

Mot s6 hudng nghién ciru tiép theo can thyc hién nhu sau:

Nghién ciru 1am séng to vai tro ctua Acholeplasma d6i véi kha nang chong chiu
bénh bac 14 ctia gidng laa LA.
Xéc dinh hoat chat sinh hoc khang Xoo cua hai ching Bacillus velezensis VY03

va Pantoea ananatis VY 148.
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PHU LUC

Phu luc 1. Hinh anh minh hoa céac cay lua thu thap dugc. (A) Cay lua khoé. (B) Cay
laa nhiém bénh bac 14

Phu luc 2: Phan tmg PCR khuyéch dai gen 16S rDNA va rpoB

Phu luc 3: Thanh phan cac dung dich va méi truong

Phu luc 4: Danh sach mau la sir dung cho phan tich metagenome

Phu luc 5: Két qua phan tich cac chi sé da dang alpha ctia cic mau lta

Phu luc 6: Két qua phan tich NMDS cua cac loai vi khuan dua trén mic OTU thu
dugce tir cac mau khac nhau cta hai gidng lta LA va TB

Phu luc 7: Két qua phan tich NMDS cua céc loai vi khuan dya trén mic OTU thu
duoc tir cac mau lta khée manh va bi bénh cua giéng lua TB

Phu luc 8: Két qua phan tich d6 phong phti khac biét (differential abundance
analysis) (P < 0,05) ctia cic mau lia

Phu luc 9: Phan 1ap vi khuan ndi sinh la. (A) Pia phén lap; (B) Pia kiém chtng (dit
tryc tiép mau ré/than/1a sau khi khir tring bé mit); (C) Pia kiém chimg (cdy gat nudc
rira mau ré 1an cudi sau khi khtr tring bé mit)

Phu luc 10: Trinh tu gen 16S rDNA va rpoB cia chung VY03 va VY 148

Phu luc 11. Cac gen/cum gen lién quan dén qué trinh trao d6i chit cta hai chung B.
velezensis VY03 va P. ananatis VY 148

Phu luc 12: Phan tich hoat chat khang Xoo tir dich nudi chiing VY03 va VY 148: Két
qua phan tich bang phuong phap sic ky long cao ap (A-VY03, D-VY148); Kiém tra
hoat tinh khang Xoo cua cic phan doan thu dugc (B-VY03, E-VY 148); Pho hap phu
ctia hoat chat khang Xoo sau khi tinh sach (C-VY03, F-VY 148)

Phu luc 13: Hinh minh hoa kha nang sinh siderophore ctia chung VY 148

Phu luc 14: Hoat tinh d6i khang cac ching nAm bénh Ralstonia solanacearum (A),
Alternaria alternata (B) va Colletotrichum gloeosporioides (C) cua chung B.
velezensis VY03. DMSO (50 pl) duoc str dung 1am ddi chtng va khong c6 kha ning
{rc ché nim bénh.

Phu luc 15: Bang tong hop két qua phan tich phuong sai hai chiéu (two-way
ANOVA) hiéu qua phong trir bénh bac 14 & cac thoi diém khac nhau.
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Phu luc 1. Hinh anh minh hoa cac cay lua thu thap dugc. (A) Cay lua khoé. (B) Cay lua
nhiém bénh bac 14

Phu luc 2: Phan tmg PCR khuyéch dai gen 16S rDNA va rpoB

5 A - Thé tich Nhiét do N So chu
Thanh phan phan wng (ul) ©C) Thoi gian ky
PCR gen 16S rDNA
H>O MQ 13,5 94 3 phut
10x buffer 2,5 94 30 giay
BSA (3 mg/ml) 2,5 55 45 giay 35
MgCl; (20 mM) 2 72 1,5 phut
dNTP (2,5 mM) 2 72 7 phut
Mdi 27F (50 pmol/pl) 0,5
Mdi 1492R (50 pmol/ul) 0,5
Taq polymerase (5u/pl) 0,5
DNA Khuon 1
PCR gen rpoB
H>O MQ 13,5 94 5 phut
10x buffer 2,5 94 30 giay
BSA (3 mg/ml) 2,5 55 30 giay 35
MgCl; (20 mM) 2 72 1 phut
dNTP (2,5 mM) 2 72 7 phut
Mdi rpoB-2292f (50 pmol/ul) 0,5
Moi rpoB-3354r (50 pmol/ul) 0,5
Taq polymerase (5u/pl) 0,5

DNA Khuon 1




Phu luc 3: Thanh phan cac dung dich va méi trudong

- Dung dich Hoagland (Arnon, 1950):

Dung dich Hoagland Thanh phan vi lwong
Thanh phan Dung dich gbc Thé tich Thanh phan Ham lugng
KNO3 M 6 mL H3BO:; 2,86 ¢
Ca(NO3), M 4 mL MnCl,-4 H,O 1,81 ¢
NH4H2PO4 1M 1 mL ZnSO4'7H20 0,22 g
MgS04.7H20 IM 2 mL CuS04.5 H0 0,08 g
Fe-EDTA 1g Fe/L 5mL MoO3-H,0 85% 0,02 g
Vi luong 1 mL H,O Dantéi 1L
H,O DantéilL
- Thanh phan cac méi truong nudi ciy vi sinh vat
MGi truimg Thanh phin (cho 1 L) Hing san
xuat/TLTK
Tryptic Soy Tryptone 8,5 g; soytone 1,5 g; glucose 1,%5 g,;. HiMedia (An
Broth TSB 14/ NaCl 2,5 g; K2HPO4 1,25 g; agar 15 g (d6i véi Do)
Agar TSA 2 TSA) '
;?O)Iﬁnpe S?;X;Zi Peptone 10 g; s:%cr(’).se 10 g; L-glutamic acid 1 Ke etal, 2017
g; agar 20 g (doi voi PSA)
PSA
Glucose 20 g; KH2PO4 1 g; MgS04.7H20 0,5
g; FeS04.6H20 0.0012 g; CuS0O4.7H20 0.0016
Landy g; MnSO4 0.0004 g; axit L-glutamic 1 g; cao Wuetal, 2015
nam men 10 g
Glycerol 20 mL; (NH4)2SO4 1 g; KoHPO4 11,5
GA g; KH2PO4 4,5 g; MgS04.7H,0 0,12 g; Walterson et al.,

thiamine HCI 2 mg; axit nicotinic 0,05 g;
tryptone 5 g

2014




Phu luc 4: Danh sach mau la sir dung cho phan tich metagenome

Tr | Tén tgl:; Bo Nong dfl)) e Solin | 8§
mau m.f'iu phan (ng /mL.) Az601280 | A260/230 doc OTU
I Long An
1 Al Khoé La 137 2,18 2,13 669 30
2 A2 Khoé | Than 23 1,76 1,00 4.170 63
3 A3 Khoé Ré 30 1,78 1,07 | 12.549 134
4 A5 Khoé L4 108 2,08 1,82 318 16
5 A6 Khoé L4 73 1,73 1,79 683 36
6 A7 Khoé L4 176 1,79 1,94 611 13
7 A8 Khoé | Than 58 2,11 1,18 5.255 43
8 A9 Khoé R& 40 3,09 0,95 6.540 104
9 A10 | Khoé L4 141 1,71 1,99 492 22
10 Bl Khoé L4 209 1,76 2,14 364 19
11 B2 Khoé L4 157 1,67 1,86 1.478 30
12 B3 Khoé La 103 1,56 1,33 | 13.953 75
13 B4 Khoé | Than 43 1,36 0,96 6.844 76
14 B5 Khoé Ré 43 1,17 0,72 | 20.053 142
15 B6 Khoé L4 95 1,50 1,27 | 10.661 71
16 B7 Khoé L4 117 1,56 1,47 | 12.065 44
17 B8 Khoé L4 37 1,23 0,78 4.027 28
18 B9 Khoé L4 140 1,55 2,62 8.423 30
19 | B10 | Khoé | Than 48 1,30 0,96 1.405 26
20 Cl Khoé Ré 46 1,99 0,87 | 18.824 114
21 C2 Khoé L4 72 1,76 1,46 2.727 30
22 C3 Khoé L4 136 1,80 1,70 | 10.042 43
23 C4 Khoé L4 81 1,21 1,34 | 22.676 66
II | Thai Binh
1 C6 Khoé La 145 1,83 2,08 194 17
2 C7 Khoé RE 152 0,98 1,10 8.237 89
3 Cs8 Khoé | Than 29 0,73 0,81 2.306 77
4 C10 | Khoé La 180 1,88 2,15 700 15
5 D1 Khoé L4 247 1,77 1,54 1.999 22
6 D2 Khoé RE 10 1,80 0,57 | 17.063 120
7 D3 Khoé La 274 1,86 2,10 538 20
8 D4 Khoé La 204 1,86 2,07 371 16
9 D5 Khoé | Than 8 1,71 0,33 4.051 64
10 D6 Khoé L4 125 1,86 1,85 235 12
11 D7 Khoé La 190 1,84 2,03 936 20
12 D8 Bénh L4 127 1,84 1,95 2.035 24




rp | T | ] ;‘;‘; By | d;) NA genome sé1an | sb
mau mau phan (ng /mL.) Az601280 | A260/230 doc OTU
13 El Bénh La 144 1,85 1,93 1.480 26
14 E2 Bénh La 127 1,65 1,83 3.460 29
15 E3 Bénh La 171 1,57 2,51 1.627 32
16 E4 Bénh RE 20 2,58 0,89 12.621 121
17 E5 Bénh La 125 1,79 1,75 3.118 26
18 E6 Bénh La 165 1,78 1,86 1.876 25
19 E7 Bénh La 174 1,76 1,85 1.707 25
20 ES Bénh La 101 1,40 2,22 5.420 53




Phu luc 5: Két qua phan tich cac chi s6 da dang alpha ctia cac miu lta

TT Tén miu Chaol Shannon Simpson
1 Al 37,5000000 2,3915850 0,8403860
2 A2 88,9090900 2,6512110 0,8541260
3 A3 168,0000000 3,3041620 0,9231810
4 AS 37,2500000 2,0889600 0,7900597
5 Ab 56,8000000 2,5201520 0,8413746
6 A7 26,5000000 1,4630190 0,6606647
7 A8 74,5000000 2,0903270 0,8064613
8 A9 134,2500000 3,3815430 0,9379297
9 Al0 54,5000000 2,0817690 0,7722751
10 Bl 24,0000000 2,0533950 0,7996015
11 B2 47,1111100 1,8406350 0,7196171
12 B3 102,3333300 2,6632840 0,8613037
13 B4 96,0000000 2,8520230 0,8998073
14 B5 187,6666700 3,2316490 0,9195231
15 B6 95,2307700 2,5190070 0,8314138
16 B7 62,1666700 1,3646030 0,5626548
17 B8 47,1666700 1,6779700 0,7160176
18 B9 56,6666700 0,8774290 0,3405858
19 B10 52,0000000 1,3273960 0,4969441
20 Cl 162,0000000 3,2590650 0,9169834
21 C2 38,5000000 1,4346240 0,6129486
22 C3 60,1111100 1,3703170 0,5833456
23 C4 83,0000000 1,9026270 0,7861252
24 Cé6 28,2500000 2,2549900 0,8176214
25 C7 92,7500000 2,6171310 0,8311102
26 C8 92,0769200 2,9547410 0,8899959
27 C10 21,0000000 1,5763370 0,6697469
28 D1 43,0000000 1,6201870 0,6706485
29 D2 135,0000000 3,1323100 0,9093491
30 D3 29,5000000 2,0027920 0,7577770
31 D4 29,6000000 1,7931880 0,6862635
32 D5 76,5000000 2,4998400 0,8488431
33 D6 25,0000000 1,6530860 0,6751652
34 D7 39,2500000 1,8345690 0,7436034
35 D8 31,0000000 1,6837790 0,6707392
36 El 38,0000000 1,8052460 0,7166015
37 E2 57,3333300 1,8566570 0,7294136
38 E3 44,5000000 2,1568260 0,7961289
39 E4 131,7500000 3,5000460 0,9460430
40 E5 35,7500000 1,8993690 0,7541927
41 E6 35,0000000 1,8864390 0,7562937
42 E7 40,0000000 1,7406560 0,7050002
43 E8 93,0000000 1,8073680 0,6873622




Phu luc 6: Két qua phan tich NMDS cuia cac loai vi khuan dua trén mac OTU thu

duoc tir cac mau ctia hai giong lia LA va TB

TT Mau MDS1 MDS2
1 Al -0,06742507 -0,328207895
2 A2 0,39223345 -0,155823019
3 A3 1,0373069 0,108154373
4 AS -0,34810939 0,558940525
5 A6 0,11076491 0,101430028
6 A7 -0,64370741 -0,548669731
7 A8 0,11899709 -0,348464969
8 A9 1,17524699 -0,001788644
9 Al0 -0,08486855 0,261495323
10 Bl -0,60583839 -0,177856819
11 B2 -0,14868524 0,027795402
12 B3 0,25947005 -0,097368736
13 B4 0,4775271 -0,114172188
14 BS5 0,96508892 0,026581651
15 B6 0,17850423 -0,111271287
16 B7 -0,07912206 -0,084119028
17 B8 -0,25172905 -0,098659913
18 B9 -0,14712658 -0,322466898
19 B10 0,2396077 -0,664455327
20 Cl 0,9825679 -0,062282885
21 C2 -0,20540318 -0,279941651
22 C3 0,04780513 -0,198114203
23 C4 0,030082 -0,102351328
24 Cé6 -0,60275605 0,526173062
25 C7 0,46641513 0,054756504
26 C8 1,07751422 0,431050384
27 C10 -0,78664108 0,103310089
28 Dl -0,54339026 0,08239006
29 D2 1,09894439 0,234292612
30 D3 -0,62057355 0,253878897
31 D4 -0,68718317 -0,013194032
32 D5 0,37663406 -0,30252503
33 D6 -0,8034117 0,205059684
34 D7 -0,72423201 0,142864591
35 D8 -0,42998544 0,156494201
36 El -0,34369002 0,087093099
37 E2 -0,36688225 0,118054066
38 E3 -0,35054182 -0,108019206
39 E4 0,98187466 0,241792814
40 E5 -0,39772668 -0,016544153
41 E6 -0,45687093 0,028297038
42 E7 -0,45305645 0,108595977
43 E8 0,13237152 0,277796562




Phu luc 7: Két qua phan tich NMDS cuia cac loai vi khuan dua trén mic OTU thu
duoc tir cac mau laa khde va bi bénh cua giong lia TB

TT Méiu MDS1 MDS2
1 C6 -0,3684536 -0,594006955
2 C7 0,6883875 0,33779021
3 C8 1,1741935 -0,32469772
4 C10 -0,6567998 -0,139944814
5 D1 -0,3930013 0,045739841
6 D2 1,2911087 -0,142921502
7 D3 -0,6400981 0,202697774
8 D4 -0,4276523 -0,369442205
9 D5 0,4791934 0,490120542
10 D6 -0,7330131 -0,022845324
11 D7 -0,6443013 -0,00087565
12 D8 -0,2281594 -0,029546928
13 El -0,140161 0,167311852
14 E2 -0,1800571 0,109686723
15 E3 -0,1269863 0,295886131
16 E4 1,1727419 -0,099746309
17 E5 -0,2177615 0,141568949
18 E6 -0,1668669 -0,036381596
19 E7 -0,1955961 0,028847801
20 ES8 0,3132829 -0,059240818




Phu luc 8: Két qua phan tich do phong phii khac biét (differential abundance analysis) (P < 0,05) ciia cac mau lua

baseMean | log2FoldChange | lfcSE stat | pvalue | padj Phylum Class Order Family Genus

So sanh cic miu hia bénh va khoé manh ciia giong TB

22,148 -7,293 1,613 -4,520 | 0,000 0,001 Proteobacteria Gammaproteobacteria | Xanthomonadales Xanthomonadaceae Xanthomonas
28,993 7,501 1,963 3,821 0,000 0,011 Proteobacteria Alphaproteobacteria Rhizobiales Bradyrhizobiaceae Bradyrhizobium
So sanh cic miu hia ciia giong LA va TB

604,974 -11,870 1,610 -7,373 | 0,000 0,000 Tenericutes Mollicutes Acholeplasmatales | Acholeplasmataceaec | Acholeplasma
27,386 -2,964 0,637 -4,649 | 0,000 | 0,000 Proteobacteria Alphaproteobacteria Sphingomonadales | Sphingomonadaceae | Sphingopyxis
41,840 2,569 0,596 4,308 | 0,000 0,001 Proteobacteria Alphaproteobacteria Rhizobiales Aurantimonadaceae Aurantimonas
2,759 4,917 1,188 4,139 | 0,000 | 0,001 Proteobacteria Gammaproteobacteria | Pseudomonadales Pseudomonadaceae Serpens

11,767 2,760 0,775 3,560 | 0,000 | 0,008 Actinobacteria | Actinobacteria Actinomycetales Intrasporangiaceae Phycicoccus
2,717 4212 1,193 3,530 | 0,000 0,008 Proteobacteria Gammaproteobacteria | Enterobacteriales Enterobacteriaceae Gibbsiella
3,713 -3,027 0,925 -3,272 | 0,001 0,017 Actinobacteria Actinobacteria Actinomycetales Nocardioidaceae Aeromicrobium

1,420583 1,421 2,462 0,777 | 3,170 0,002 Actinobacteria Actinobacteria Actinomycetales Intrasporangiaceae Terrabacter




Phu luc 9: Phan 1ap vi khuan noi sinh lua. (A) Dia phan lap; (B) Pia kiém chimg
(dat tryc tiép miu ré/than/14 sau khi khir tring bé mit); (C) Pia kiém chung (ciy gat
nuéc rira mau ré 1an cudi sau khi khir tring bé mit).




Phu luc 10: Trinh ty gen 16S rDNA va rpoB ctia chuing VY03 va VY 148

>Mr256303. 1 Bacillus vel ezensis strain VY03 16S ri bosomal RNA gene
CTCAGGACGAACGCT GECGGECGT GCCTAAT ACAT GCAAGT CGAGCGGACAGAT GEGAGCTTGCTCCCTGA
TGT TAGCGGECGGACGGEGET GAGT AACACGT GGGTAACCT GCCT GTAAGACT GGGATAACT CCGEGAAACCG
GGGCTAATACCCGATGGT TGT CTGAACCGCATGGT TCAGACATAAAAGGT GGCTTCGGECTACCACT TACA
GATGGACCCGCGECGCATTAGCTAGT TGGT GAGGT AACGGCT CACCAAGGECGACGAT GCGTAGCCGACCT
GAGAGGGT GATCGECCACACT GGGACT GAGACACGGECCCAGACT CCTACGEGAGECAGCAGTAGGGAATC
TTCCGCAATGGACGAAAGT CTGACGGAGCAACGCCGCGT GAGT GATGAAGGT TTTCGGATCGTAAAGCTC
TGTTGT TAGCGGAAGAACAAGT GCCGT TCAAAT AGGECGGECACCT TGACGGT ACCTAACCAGAAAGCCACG
GCTAACTACGT GCCCAGCAGCCGCGGTAAT ACGTAGGT GGCAAGCGT TGTCCGGAATTATTGGECGTAAAG
GGCTCGCAGGCGGT TTCTTAAGT CTGAT GT GAAAGCCCCCGGECT CAACCGECGAGGGTCATTGGAAACT G
GGGAACT TGAGT GCCAGAAGAGGAGAGT GGAAT TCCACGT GTAGCGGT GAAAT GCGTAGAGAT GTGGAGGA
ACACCAGT GBCGAAGGCGACT CTCTGGT CTGT AACT GACGCT GAGGAGCGAAAGCGT GGEGAGCGAACAG
GATTAGATACCCT GGTAGT CCACGCCGTAAACGAT GAGT GCTAAGT GTTAGGGGGT TTCCGCCCCT TAGT
GCTGCAGCTAACGCAT TAAGCACT CCGCCT GEGEGAGT ACGGT CGCAAGACT GAAACT CAAAGGAATTGAC
GGEEEECCCECACAAGCGGT GGAGCATGT GGT TTAATTCGAAGCAACGCGAAGAACCT TACCAGGTCTTGA
CATCCTCTGACAATCCTAGAGATAGGACGT CCCCT TCGEEEECAGAGT GACAGGT GGTGCATGGT TGTCG
TCAGCTCGT GT CGTGAGAT GT TGGEGT TAAGT CCCGCAACGAGCGCAACCCT TGATCT TAGT TGCCAGCAT
TCAGT TGGGCACT CTAAGGT GACT GCCGGT GACAAACCGGAGGAAGGT GGCGATGACGT CAAATCATCAT
GCCCCTTATGACCT GGGCTACACACGT GCTACAAT GGACAGAACAAAGGGECAGCGAAACCGCGAGGT TAA
GCCAATCCCACAAATCTGI TCTCAGT TCGGAT CGCAGT CTGCAACT CGACT GCGT GAAGCT GGAATCGCT
AGTAATCGCCGGATCAGCATGCCGCGGT GAATACGT TCCCGGEECCT TGTACACACCGCCCGT CACACCACG
AGAGT TTGTAACACCCGAAGT CGGTGAGGTA

>MI256304. 1 Pant oea ananatis strain VY148 16S ri bosomal RNA gene

CTCGCGGT GACGAGT GGCGGACGEGT GAGT AATGT CTGGEGGAT CT GCCCGATAGAGGGEGEGATAACCACT GG
AAACGGT GGCTAATACCGCATAACGT CGCAAGACCAAAGAGGEGEGACCT TCGEGECCT CTCACTATCGGAT
GAACCCAGATGGCGATTAGCT AGT AGECGEEGT AACGECCCACCT AGGCGACGAT CCCTAGCTGGTCTGAG
AGGATGACCAGCCACACT GGAACT GAGACACGGT CCAGACT CCTACGGGAGGCAGCAGT GGGGAATATTG
CACAAT GGGECGCAAGCCT GAT GCAGCCAT GCCGCGT GTATGAAGAAGGCCTTCGEGT TGTAAAGTACTTT
CAGCGGGGAGGAAGGCGATAAGGT TAATAACCNNGT CGAT TGACGT TACCCGCAGAAGAAGCACCGGECTA
ACTCCGT GCCAGCAGCCGCGGTAAT ACGGAGGEGT GCAAGCGT TAATCGGAAT TACT GGGCGTAAAGCGCA
CGCAGECGGTCTGT TAAGT CAGATGTGAAAT CCCCGEECT TAACCT GGGAACT GCAT TTGAAACT GGCAG
GCTTGAGT CTCGT AGAGGEGEGEGGTAGAAT TCCAGGT GTAGCGGT GAAATGCGTAGAGATCTGGAGGAATAC
CGGT GBCGAAGGCGECCCCCT GGACGAAGACT GACGCT CAGGT GCGAAAGCGT GBGGAGCAAACAGGATT
AGATACCCT GGTAGT CCACGCCGTAAACGAT GTCGACT TGGAGGT TGT TCCCT TGAGGAGT GECTTCCGG
AGCTAACGCGT TAAGT CGACCGCCT GEGGAGT ACGGCCGCAAGGT TAAAACT CAAAT GAAT TGACGGEEGEG
CCCGCACAAGCGGT GGAGCAT GTGGTTTAATTCGAT GCAACGCGAAGAACCTTACCTACTCTTGACATCC
ACGGAATTCGGCAGAGATGCCT TAGT GCCTTCGEGAACT GT GAGACAGGT GCTGCATGECTGI CGTCAGC
TCGTGTTGTGAAATGT TGGGT TAAGT CCCGCAACGAGCGCAACCCT TATCCTTTGT TGCCAGCGATTCGG
TCGGGAACT CAAAGGAGACT GCCGGT GATAAACCGGAGGAAGGT GGGEGAT GACGT CAAGT CATCATGECC
CTTACGAGT AGCGGCTACACACGT GCTACAAT GGCGCAT ACAAAGAGAAGCGACCT CGCGAGAGCAAGCGG
ACCTCATAAAGT GCGT CGTAGT CCGGAT CGGAGT CTGCAACT CGACT CCGT GAAGT CGGAATCGCTAGTA
ATCGTGGATCAGAAT GCCACGGT GAATACGT TCCCGGECCT TGTACACACCGCCCGT CACACCATGCGGAG
TGGGTTGCAAAAGAAGT AGGTAGCT TAACCT TCCEGAGEGECCCT TACCACT TTGTGATTCATGACT GEGG

>MAB63332. 1 Bacillus vel ezensis strain VY03 RNA pol ynmerase beta subunit
(rpoB) gene, partial cds

AGTCAGGATTTCT TGAAGCGT GTAAGCT GCGCCGT AAGCT TCAAGCGCCCAAACCT CCATCTCACCGAAA
CGCTGTCCGCCGAAT TGGEGECT TTACCGCCGAGAGGCT GCTGCGTAACAAGT GAGT AAGGACCTGTAGAAC
GGGCATGAAGT TTATCGTCAACCATGT GAGCCAGT TTGATCATGTACATGATTCCGACTGATACACGGT T
GTCGAACGGT TCTCCCGTACGECCGTCATAAAGAACTGT TTTAGCGTCTCTTGACATGCCTGCTTCTTCA
AGTGT TTCCCACACATCTTCT TCACGCGCGCCGT CAAATACAGGT GACGCGAT GT GAATGCCGAGGTAGC
GGGCAGCCATACCCATGTGAAGT TCTAATACCTGACCGATAT TCATACGT GATGGTACACCCAGCGEGT T
AAGCATGATATCGATCGECGT GCCGT CAGGAAGGTAAGGCATATCTTCTTCAGGAAGAATCTTCGAGATA
ACCCCTTTATTTCCGT GACGT CCGECCATTTTATCACCTTCAGAAATCTTACGT TTCTGAACGATATATA
CGCGTACAAGCT GGT TCACT CCCGGAGGAAGT TCGTCECCGTCTTCACGGT TGAAGACT TTTACGTCGT G
GATAAT TCCGCCGCCGCCGT GAGGCACACGGAGAGAAGTATCACGGACT TCACGCGCTTTTTCTCCAAAG
ATCGCATGAAGAAGGCGT TCT TCAGCCGTAAGCT CAGT TACACCT TTAGGCGT TACTTTACCTACGAGAA
GGTCTCCGTCGT TGACT TCCGCACCGATACGGATAAT TCCGECGGT CATCAAGGT TGCGAAGCGCGTCTTC
CCCTACGT TTGGAATATCGCGEGTGATCTCTTCCGGT CCAAGCTTTGTATCACGTGCTTCTGATTCATAT
TCTTC



Phu luc 11. Cac gen/cum gen lién quan dén quaé trinh trao d6i chat cta hai chung B.
velezensis VY03 va P. ananatis VY 148

Nhém chife ning S6 lwong gen/cum gen
VY03 VY148

Cofactor, vitamin, nhém prosthetic, sac to 147 143
V6 va thanh té bao 81 50
Doc luc, gay bénh va phong vé 39 37
Chuyén ho4 kali 3 13
Quang hop 0
Phage, prophage, nhan t5 chuyén vi, plasmid 13
Van chuyén mang 41 44
Chuyén hoé va thu nhan sit 23 28
Chuyén hod RNA 66 53
Nucleoside va Nucleotide 94 100
Chuyén hoa Protein 210 210
Phan chia té bao va chu ky té bao 6 7
Di dong va hod hudng dong 44 14
Diéu hoa va truyén tin hiéu té bao 26 44
Chuyén hoa thi cép 8 5
Chuyén hod DNA 64 80
Axit béo, lipid va Isoprenoid 53 78
Chuyén hoa N 19 8
Ngu dong va tao bao tir 92 1
Ho hap 41 89
Phan tng vé6i cac diéu kién bat lgi 45 78
Chuyén hoa cac hop chat thom 12 27
Amino acid va cac dan xuét 299 332
Chuyén hoa S 6 26
Chuyén hoé P 11 33
Carbohydrate 219 335
Khéc 24 12
Tong 1686 1854




Phu luc 12: Phén tich hoat chat khang Xoo tir dich nuéi ching VY03 va VY 148: Két qua
phan tich bang phuong phap sic ky long cao ap (A-VY03, D-VY148); Kiém tra hoat tinh
khang Xoo ctia cac phan doan thu duoc (B-VY03, E-VY 148); Phd hip phu cta hoat chit
khang Xoo sau khi tinh sach (C-VYO03, F-VY 148)

A ———————

song 234 nm (mAU)

Cudne do hap thy tai bude

Curtrng 60 hiip phy tal budre
sédng 254 nm (mAU)




Phu luc 13: Hinh minh hoa kha néng sinh siderophore ctia ching VY148

Phu luc 14: Hoat tinh d6i khang cac chung nim bénh Ralstonia solanacearum (A),
Alternaria alternata (B) va Colletotrichum gloeosporioides (C). cua ching B.
velezensis VY03. DMSO (50 ul) dugc sir dung lam d6i chiung va khong c6 kha
nang tc ché nAm bénh.

Phu luc 15: Bang tong hop két qua phan tich phuong sai hai chiéu (two-way
ANOVA) hi€u qua phong trir bénh bac 14 & cac thoi diém khac nhau

o e P-value P-value n v ek en

di(é:;p(;h‘;‘ J|(Thai diém theo| (CTTNva |D¢ bzﬁ;‘)ﬂ“e“ Ghi chi
gay déi) PCks) °

7-14 <0.000] **kk 0.4434 ns 69.57% Hiéu qua ting manh

7-21 <0.000] #*** 0.6900 ns 75.16% Tiép tuc ting

7-28 <0.000] sk 0.4510 ns 79.81% Cao nhit, hiéu qua nhat
7-14-21-28| <0.0001 **** | 0.0225 * 73.05% | U hudng tang toan bo

thoi gian theo doi

ns - khong c6 ¥ nghia théng ké; 0,0332 (%); 0,0021 (**); 0,0002 (**%); < 0,0001 (***%).




