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LOT CAM POAN
Toéi xin cam doan ludn an la céng trinh nghién ctu do chinh t6i thyuc hién.
Cac két qua trong luan an duoc thé hién trung thuc, mot phan két qua cua luan an
dugc cong bd trén cac tap tri khoa hoc chuyén nganh vai sy ddng thuan va xac nhan
cuia cac dong tac gia. Mot phan két qua con lai chua duoc ai cong bé trong bét ky tai

liéu, tap chi nao khac.

Tac gia luan an

NCS. Vii Van Diing



LO1 CAM ON
Truéc hét, em xin duoc gui long biét on dén hai nguoi thay 1a GS.TS.
Nguyén Huy Hoang, Vién truong Vién Nghién ctru hé gen va PGS.TS. Pd Hiru
Nghi, Pho vién truéng Vién Hod hoc cac Hop chét thién nhién, Vién Han 1am Khoa
hoc va Cong nghé Viét Nam da truc tiép gitp dd va chi bao trong sudt qua trinh hoc

tap va thyc hién luan an..

Nghién ctru sinh xin tran trong cam on Cac can bd Phong Hé gen hoc chuc
ning, Vién Nghién ctru hé gen di gitp d& va hudng dan tan tinh trong qua trinh hoc

tap va thyc hién luan an.

Nghién ctru sinh xin trén trong cam on Ban Lanh dao, Phong Quan 1y tong
hop, Vién Nghién ctru h¢ gen da giap do va tao diéu kién thuan loi vé moi mat, hd

tro thuc hién cac thi tuc can thiét dé hoan thanh chuong trinh hoc va luén an.

Nghién ctru sinh xin tran trong cam on Ban Giam ddc, tip thé can bo giang
vién Khoa Cong nghé sinh hoc, Hoc vién Khoa hoc va Cong nghé, Vién Han lam
Khoa hoc va Cong nghé Viét Nam da tao diéu kién thuan loi trong sudt qua trinh

hoc tap va thuc hién luén an.

Nghién clru sinh xin tran trong cdm on Pang uy, Lanh dao Vién Hoa hoc-
Vit liéu va Phong Hoa hoc cac Hop chat thién nhién, Vién Hoa hoc- Vat liéu, Vién
Khoa hoc va Cong nghé quan sy da cho phép, tao diéu kién vé thoi gian, thiét bi
nghién ctru va dong vién tinh than trong sudt thoi gian thuc hién luan an.

Nghién ctru sinh xin bay to 1ong biét on sau sic d6i Vi gia dinh, ngudi than
va ban bé ddng nghiép da luén dong vién, gitp d& trong qua trinh hoc tap va thuc
hién luan an.

Ha N¢i, ngay  thing  nam 2023
Nghién cwiru sinh

Vi Van Diing
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1
MO PAU

Sy sinh truéng va ning suét cua cay trong bi anh huéng nghiém trong boi
cac yéu té cang thang sinh hoc va phi sinh hoc. Cac yéu té stress sinh hoc nhu con
trung phé hoai hoic vi sinh vét gay bénh cho cay trong. Céc yéu tb stress phi sinh
hoc bao gdm han han, &6 man, nhiét do, kim loai nang va cac chat 6 nhiém hitu co.
Trong s céac yéu to stress phi sinh hoc, d man anh huéng nghiém trong nhat va
duoc coi 1a mot trong nhirng yéu té han ché dang ké nhét ddi voi ning suat nong
nghiép va an ninh luong thuc. Hién nay, xam nhap min dang lan rong trén toan cau
V6i toc do tang nhanh va 1am ting nguy co mat an ninh lwong thuc & mot sé quéc
gia. Cac khu vyc ddng bing cua An Do, Myanmar va Bangladesh [a nhiing ving
san xuat lta gao 16n cua thé gidi dang phai d6i mat voi moi de doa nghiém trong vé
an ninh lvong thuc do dat ven bién bj nhiém min. O Viét Nam, xam nhap min xuat
hién khong theo chu ky & cac viing ven bién nhat 1a & ving Pong bang séng Cuu
Long, gay thiét hai I6n cho san xuat ndng nghiép dac biét 1a lta nudc. Theo thong
ké nam 2015, wdc tinh ¢ khoang 35,5% dién tich trong lGa 8 tinh ven bién bj anh
hudng. Xam nhap man tang ky luc trong nam 2016 gay ra thiét hai 139.000 ha lua ¢
d6ng bang séng Ctru Long véi ude tinh nang suat giam 30-70%. Nam 2020, xam
nhap man gay thiét hai khoang 34.600 ha thugc 4 tinh Ca Mau, Kién Giang, Bén
Tre va Séc Trang v6i nang suat ugce tinh giam tir 30-70%.

C6 nhiéu bién phap khac phuc xam nhiém man nhu 1a xay dung hé thong ngan
man lay ngot tiéu (ing, tao ra cac giong Ila chiu man va gia ting ring ngap man ven
bién... Nhitng phuong phap nay doi hoi nhiéu thoi gian va kinh phi. Gan day, trén
thé giéi ¢ nhiéu nghién ctu tng dung vi sinh vat chiu man kich thich sinh truong
thue vat (PGPB) dé giam thiéu tac hai cua cac yéu tb stress sinh hoc va phi sinh hoc
khac nhau ¢ thyc vat. Két qua cho thiy PGPB véi kha ning sinh axit indole-3-acetic
(IAA), 1-aminocyclopropane-1-carboxylate deaminase (ACC deaminase), ¢6 dinh
nito, phan giai phosphate va sinh siderophores... hd tro cho cay trong chéng chiu
Vi stress man, ¢ thé duogc sir dung dé cai tao, nang cao ning suét cua cac hé sinh
thai ndng nghiép vung dat nhidm man.

O Viét Nam, viéc sir dung PGPB chiu min dé ting kha nang chdng chiu man
cua cdy laa con chua dugc chu y. Cac nghién ciru mai tap trung vao phan lap cac

chang vi sinh vat c6 hoat tinh sinh hoc nhu ¢6 dinh nito, phan gai phosphate va sinh
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IAA... Chua c6 c&c nghién cau danh gia hiéu qua caa vi sinh vat chiu man sinh
IAA va sinh ACC deaminase trong viéc hd trg cdy lta sinh truéng va phat trién
trong diéu kién nhiém man, dong thoi, chua co nghién ciru vé su biéu hién cua cac
gen lién quan dén dap tng man & cay lGa do sy hd tro cua vi sinh vat. Vi vay, luan
an: “Nghién cizu tuyén chen cac chaiing vi khudn chiu mén ¢é dac tinh kich thich
sinh truwéng thuc Vit va tic dong dén biéu hién gen lién quan dén ddp ing man
cua cay lua.” dugc thuc hién vai muc tiéu va ndi dung sau:

Muc Tiéu:

Phan 1ap, tuyén chon duoc cac chung vi khuan chiu mian sinh chat kich thich
sinh truong thuc vat (IAA, ACC deaminase, phan gidi phosphate, phan giai
cellulose, cd dinh nito va sinh siderophores) va nghién ctiru biéu hién gen lién quan
dén dap (rng man cua cay lda.

Noi dung:

1. Phan lap va tuyén chon cac chung vi khuan chiu man cé kha nang sinh chat
kich thich sinh truéng thuc vat nhu [AA, ACC deaminase, phan giai
phosphate, phan giai cellulose, c¢b dinh nito va sinh siderophores;

2. Panh gia kha ning hd tro cay laa chiu man cua cac chung vi khuan chon loc;

3. Nghién ctru sy biéu hién ctia cac gen lién quan dén dap ung voi stress min &
cdy lta dudi sy hd trg ciia chang vi khuan chon loc;

4. Giai trinh tu hé gen caa chung khuan chon loc va xac dinh cac gen lién quan
dén kha nang chiu man va sinh chat kich thich sinh truong thuc vat.

Y nghia khoa hoc va thuc tién cia dé tai:

Dé tai luan an phan lap cac chung vi khuan chiu man cé kha ning sinh chat
kich thich sinh truong thuc vat, tir d6 chon loc duoc céc chang vi khuan c6 kha
nang hd tro cdy lla sinh truong va phat trién trong diéu kién nhiém man. Két qua
ctia dé tai luan an co y nghia phuc vu c6ng tac tao ché pham sinh hoc, nang cao hiéu
qua san xuat cay lGa ¢ cac ving trong lda bi nhiém man. Két qua cua dé tai luan an
cling b6 sung va lam giau thém ngudn gen vi sinh vat hitu ich va cung cp cac thong
tin vé cac gen chiu man & cay laa dugc kich thich bai cac chiing vi khuan kich thich

sinh trudng thuc vat.



Pong gop méi caa luan an:

Luén &n phan lap va sang loc cac chung vi khuan chiu min sinh 1AA, ACC
deaminase va phan giai phosphate tir cac ngudn phan 1ap khac nhau. Tur d6 lya chon
cac chung chiu man mang nhiéu nhiéu dic diém cua vi sinh vat kich thich sinh
truong thuc vat va cd tiém nang lam ché pham sinh hoc.

Dénh gia bién doi biéu hién cua cac gen lién quan dén kha ning chiu min &
cay lGa véi su hd trg cua cac chung vi khuan chon loc.

Giai trinh tu toan bo hé gen cua chang vi khuan chon loc tir d6 xac dinh duoc

cac gen lién quan dén kha ning kich thich sinh truéng va chiu man.
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CHUONG 1. TONG QUAN

1. 1. Téng quan vé vi sinh vat kich thich sinh truéng thue vat
1.1.1. Khai niém vi sinh vt kich thich sinh truwong thuwc vit

Vi sinh vat bao gém vi khuan, xa khuan, nim, tao va dong vat nguyén sinh
giif vai trd quan trong trong viéc cau thanh chét luong dat. Sy da dang vé chung loai
va mat do cta cac loai vi sinh vat phu thudc nhiéu vao loai dat. Vi sinh vat dat c6
kha ning phét trién nhanh chong nho st dung cac chit dinh dudng trong dit. Nhom
Vi sinh vét ndy c6 thé phan bd tu do trong dat, ving dit xung quanh r& cay hoic
xam nhdp vao ré (nd1 sinh). Pac biét, mat do vi sinh vat dugc tim théy xung quanh
ré cay l1on hon nhiéu so véi mat dd vi sinh vat & cac khu vuc khac. Nguyén nhan
lam mat do vi sinh vt xung quanh ving ré ciy cao c6 thé 1a cac chét dinh dudng
(axit amin, dudng va axit hitu co) do hé ré tiét ra duoc cac vi sinh vat tai ving ré sir
dung cho qua trinh trao ddi chat dé ton tai, sinh trudng va phét trién [1]. Su twong
tac gitra vi sinh vat dat va cay co thé ¢6 loi, ¢ hai hodc trung tinh dbi tuy thudc vao
diéu kién cua dat. Tham chi, khi diéu kién dat thay doi, tic dung ctua mot loai vi
sinh vét cu thé ddi voi cdy trong ciing c6 thé thay d6i theo. Vi sinh vat ton tai tu do
trong dat, & ving ré ciy hodc cu tra ndi sinh & mo thyc vat c6 kha ning lam ting
cudng qua trinh sinh trudng va phat trién cua thuc vat va hd tro thuc vét chdng lai
bénh tat hodc tac hai ctia cac yéu stress phi sinh hoc dugc goi chung 1a vi sinh vat

kich thich sinh truéng thuc vat (PGPB) [2].

1.1.2. Péc diém ciia vi sinh vét kich thich sinh trwéng thuc vat

Vi sinh vat kich thich sinh truéng thuc vat c6 thé thuc day sy sinh trudng va
phat trién cua thuc vat mot cach gian tiép hoac truc tiép. Su thic day qua trinh sinh
truong & thyc vat xay ra gian tiép khi nhimg vi sinh vat nay lam giam hoic ngin
chin mot sb tac dong c6 hai cia mam bénh (thuong 1a ndm). Trong khi do6, su thic
day truc tiép qua trinh tang truong thuc vat 12 do céc vi sinh vat nay tao diéu kién
thuan lgi cho cay trong thu nhan cac chit dinh dudng cé sin trong méi truong nhu
nito, sit va phosphate hoa tan. Bac biét, nhém vi sinh vat nay con c6 kha niang lam
thay ddi néng d6 hormone, diéu hoa qua trinh ting truéng ¢ thuc vat (auxin,
cytokinin va ethylene), nhd d6 cay trong c6 thé hap thu va sir dung mot cach cé hiéu

qua. Mot sé dic diém quan trong cia PGPB duoc trinh bay & Hinh 1.1[2].
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Hinh 1.1. Dic diém cua vi sinh vat kich thich sinh truong thuc vat
1.1.2.1. Kha néng cé dinh nito

Tat ca c4c sinh vat can nito dé téng hop cac phan tr sinh hoc nhu protein va
axit nucleic. Tuy nhién, ngudn nito chinh trong ty nhién 14 nito khi quyén (N,) thi
hau hét cé4c sinh vat séng bao gdm ca sinh vat nhan chuan khéng sir dung duoc. CH
dinh nito sinh hoc la qua trinh khir N, thanh ammoniac (NHs) théng qua cac vi sinh
vat ¢b dinh nito nhd d6 ma thuc vat c6 thé hép thu duoc nguén dinh dudng nito tu
nhién nay. Vi sinh vat ¢ dinh nito c6 thé ¢ trang thai cong sinh (nhu hinh thanh céac
ndt san ré cay dic biét 1a cay ho Pau) hodc khong cong sinh (séng tu do trong dat).
C4c vi sinh vat ¢ dinh nito thyc hién qua trinh cb dinh nito nhd phirc hé enzyme
nitrogenase vai sy tham gia ciia ATP [3]. Vi sinh vat ¢ dinh nito thudc nhiéu chi
khac nhau nhu: Rhizobium, Bradyrhizobium, Herbaspirillum, Azospirillum,
Burkholderia, Pseudomonas, Bacillus, Azotobacter va Klebsiella ...

Klebsiella oxytoca M5al 12 vi sinh vat ¢ dinh nito dau tién ma cac gen lién
quan dén qua trinh tong hop nito va chirc ning cua enzyme nitrogenase dugc X4c
dinh va mo ta. Trong bd gen cua vi sinh vat nay, 20 gen nif dugc phan bé trong
viing nhidm sic thé 24 kb, duoc to chic thanh 8 operon: nifd, nifHDKTY, nifENX,
nifUSVWZ, nifM, nifF, nifLA, va nifBQ. Gen nifD va nifK ma héa cho FeMo-
protein, gen nifH ma hoa cho Fe-protein [4].

Mot s6 loai trong chi Bacillus ¢6 kha ning cb dinh nito nhu B. subtilis, B.
megaterium, B. circulans, B. aerophilus, B. flexus va B. oceanisediminis. Co s¢&

phan tir ciia qua trinh ¢ dinh nito & cac loai Bacillus di dudng nay da dugc chimg
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minh la nho vao sy ¢6 mat caa gen NifH [5]. Van Thi Phuong Nhu va Cao Ngoc
Diép (2014) [6] di chitng minh ring sir dung 02 ching cb dinh nito phan lap tir ré
laa (Azospirillum amazonense va Burkholderia kururiensis) co thé cung cap 50%
dam sinh hoc cho nhu cau sinh truéng va phat trién caa cay lda, cai thién chat luong
hat va chat luong dat trong IGa o thanh phd Tuy Hoa, tinh Phi Yén. Két qua phan
tich gen cho thay ca hai chung nay déu mang gen NifH.

1.1.2.2. Kha nang hoa tan phosphate

Phospho (P) 12 mét trong nhitng nguyén t6 thiét yéu cho qua trinh sinh
truong va phét trién cua ciy trong, chiém khoang 0,2% trong lugng kho cua cay.
Photpho duoc xép vi tri thir hai (sau nito) trong s cac chat dinh dudng phd bién, c6
anh hudng 16n dén sy phat trién cta cay trong. Cay trong chi hap thu phospho &
dang mudi hoa tan. Tuy nhién, trong dat nguyén té nay ton tai cha yéu & dang mubi
phosphate khong tan ciia sat, nhom va canxi. Ham luong phospho trung binh trong
dat chiém khoang 0,05% (w/w), tuy nhién chi c¢6 khoang 0,1% lwong nay 13 cdy
trong c6 kha ning st dung dugc. Trong qua trinh canh tac, khoang 70-90% lwong
phospho & dang phosphate duoc giit lai thong qua lién két véi Ca®* dé tao thanh
canxi phosphate trong da voi, trong dat hodc véi A, Fe** dé tao thanh nhom
phosphate (AIPO), sit phosphate (FePO) khdng tan trong dat chua [7].

Mot s6 vi sinh vat c6 kha nang hoa tan va khoang héa phosphate khé tan dé
cung cap cho qué trinh sinh truéng va phét trién ¢ cay trong. Ngoai phan lan hoa
hoc, qué trinh hoa tan va khoang hoa phosphate cua vi sinh vat la cach kha thi duy
nhat dé tang nguon phosphate hoa tan cho cdy trong. Trong méi trudng tu nhién,
nhiéu vi sinh vat trong dat va r& co hiéu qua trong viéc giai phong phosphate tir
phosphate khéng tan trong dat théng qua qué trinh hoa tan va khoang hoa [8]. Cac
vi sinh vat nay lam tang tinh kha dung sinh hoc ctia phosphate khong tan dé thyc vat
stt dung. Nhém vi sinh vat ndy duoc goi 12 vi sinh vét hoa tan phosphate chu yéu
gom vi khuan, nim, xa khuan va tao. Bén canh do, cac vi sinh vat dat chiu man
(halophilic) ciing thé hién kha ning hoa tan phosphate, nho d6 kich thich qua trinh
sinh truong va phat trién cua cay trong trong diéu kién nhiém man. Vi sinh vat hoa
tan phosphate bang nhiéu co ché khac nhau nhu: hoa tan bang axit, chelat hoa va
khoang hoéa (Hinh 1.2).
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Hinh 1.2. Co ché hoa tan phosphate cta vi sinh vét [8]

+) Hoa tan bang axit: Co ché chinh cta qua trinh hoa tan phosphate trong dat
1a 1am giam pH cua dat thong qua san xuat axit hitu co hodc giai phong cac proton.
Trong dat kiém, phosphate két hop véi canxi tao canxi phosphate, khong hoa tan
trong dat. Do hoa tan ciia hop chat nay tang lén khi pH cia dat giam xudng. Sy cd
mit clia cac axit hitu co 1am giam pH khién cho hop chit phosphate & dang két tia
dé dang bi hoa tan [8]. Céc vi sinh vat khac nhau tao ra cac loai va lugng axit hitu
co khac nhau. Hi€u qua cta qua trinh hoa tan phu thuoc vao d6 manh va tinh chét
cua axit sinh ra. Trong do, cac axit tri- va di-carboxylic c6 hiéu qua hon so véi cac
axit monobasic va axit vong thom. Cac axit béo dugc cho 1a c6 kha nang hoa tan
phosphate hiéu qua hon so véi axit phenolic, citric va fumaric. Mot sb axit hitu co
khac c6 kha nang hoa tan phosphate nhu axit citric, lactic, gluconic, 2-ketogluconic,
oxalic, glyconic, acetic, malic, fumaric, succinic, malonic, glutaric, propionic,
butyric, glyoxalic va adipic. Trong dd, axit gluconic va axit ketogluconic la hai axit
c6 kha nang hoa tan phosphate manh hon. Cu thé, axit gluconic 1a axit hitu co chinh
dugce san xudt boi cac vi khuan nhu Pseudomonas sp., Erwinia herbicola va B.
cepacia. Axit ketogluconic xuat hién & mot s6 ching R. leguminosarum, R. meliloti

va B. firmus. Ngoai ra, hai loai B. licheniformis va B. amyloliquefaciens c6 kha
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nang hoa tan phosphate manh do kha ning sinh hdn hop nhiéu loai axit hiru co nhu
lactic, isovaleric, isobutyric va axetic [9].

+) Qua trinh chelat héa: Cac axit hitu co va vo co dugc san xuét bai vi sinh
vat hoa tan phosphate bang cach chelat hod véi cac cation va canh tranh vi tri hip
phu trong dat v6i phosphate. Cac nhém hydroxyl va carboxyl ciia phirc axit chelate-
cation lién két v6i phosphate, tao thanh cic dang hoa tan [10]. Axit 2-ketogluconic
c6 thé hinh thanh phuc chelat Ca®* manh. Axit nitric v axit sulphuric phan tmg véi
canxi phosphate va chuyén héa thanh dang hoa tan.

+) Qua trinh khoang héa: Thyc vat va dong vat chira mot luong 16n cac hop
chét phosphate hitu co nhu axit nucleic, phospholipid, phosphate dudng, axit phytic,
polyphosphate va phosphonate. Cac vi sinh vat khoang hdéa phospho hitu co trong
dat bang cach san xuét cac phosphatase nhu phytase thiy phan cac dang hitu co cua
cac hop chat phosphate, do d6 giai phong phosphate vo co dé thuc vat sir dung. Mot
s6 nam san xuit phytase nhu: Aspergillus candus, A. fumigatus, A. fumigatus.
Bacillus va Streptomyces spp. c6 kha nang khoang hoa cac phosphate hitu co phtrc
tap nhd vao san xudt cac enzyme ngoai bao nhu phosphoesterase,
phosphodiesterase, phytase va phospholipases [10].

St dung vi sinh vét hoa tan phosphate nhu mot loai ché pham vi sinh dé phuc
hoi dat bac mau va khoi phuc ning suat ciia dat san xuat nong nghiép. Ching B.
thuringiensis c6 kha niang hoa tan phosphate cao lam tang chiéu dai cta ré lta trong
phong thi nghiém. Khi sir dung két hop hai chung Azotobacter chroococcum va B.
subtilis nang suat lta mi duoc cai thién dang ké [11].

St dung vi sinh vat hoa tan phosphate phuc hdi va cai tao dat nong nghiép
nhiém min-kiém s& cho hiéu qua cao ma khong gy ra bat ky nguy hiém nao vé méi
truong hodc sic khée do qua trinh sir dung phan bon tong hop lién tyc. Ching
Kushneria sp. YCWA18 chiu man, hoa tan phosphate v6 co va phosphate hitu co ¢co6
thé dugc st dung dé cai tao dat nong nghiép nhiém kiém man [12]

Theo Van Thi Phuong Nhu va Cao Ngoc Di¢p (2014) [13] hai chung vi
khuan P. putida TALO1 va B. subtilis TAL04 hoa tan phosphate kho tan da cung
cip 50% lan hitu dung cho cay lua trong trén dat thit pha cat ¢ thanh phé Tuy Hoa,
tinh Phu Yén.
1.1.2.3. Kha nang sinh tong hop IAA
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Axit idole-3-acetic (IAA) 1a hormone kich thich su phat trién & thuc vat,
thudc nhom auxin, 1a nhom c¢o6 tac dung sinh 1y manh nhét. IAA anh huong dén sy
phan chia, kéo dai va biét hoa té bao; kich thich sy nay mam cia hat va cu; ting ty
1¢ phat trién xylem va ré; kiém soat cic qua trinh sinh trudng sinh dudng; hinh
thanh ré bén; sy ra hoa; anh hudng dén qua trinh quang hop, hinh thanh sic tb, sinh
tong hop cac chit chuyén hoa khac nhau va chdng lai cac diéu kién bat loi [14].

Két qua phan tich & cac loai vi sinh vat khac nhau cho thiy su twong dong gitta
con dudng sinh tong hop IAA & thuc vat va vi sinh vat. IAA thuong dugc tong hop
theo hai con dudng 13 phu thudc va khong phu thudc tryptophan. O vi sinh vat con
duong tong hop IAA khong phu thudc tryptophan con chua rd rang. C6 bdn con
duong tong hop IAA phu thudc tryptophan duoc phéan loai dya trén hop chat trung

gian trong qua trinh chuyén hoa gém indole-3-pyruvate (IPA), tryptamine (TPM),
indole-3-acetonitrile (IAN) va indole-3-acetamide (IAM) (Hinh 1.3.
Tryptophan

Indole -3-acetaldoxime
(1AOX)

Indole acetaldoxime
Dehydratase

Indole-3-acetic acid

Hinh 1.3. Con dudng sinh tong hop IAA [15]

Con duong tong hop TAA tir indole-3-acetamide (IAM): Con dudng tong hop
IAA qua hop chat trung gian indole-3-acetamide dugc danh gia 1a phd bién nhat va
dic trung cho sy tong hop IAA cua vi sinh vat. Dau tién tryptophan dugc chuyén
thanh IAM bé1 enzyme tryptophan-2-monooxygenase (IaaM) ma hoa boi gen laaM.
Tiép theo, IAM duoc chuyén thanh IAA thong qua su xuc tac cia IAM hydrolase
(laaH) ma hoa boi gen iaaH [16]
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Con dudng tong hop IAA tir indole-3-pyruvate (IPyA): Con dudng indole-3-
pyruvate dugc cho 1a mot con dudng chinh cho sinh tong hop IAA trong thuc vat.
Tuy nhién, cac gen chu chdt va enzyme chua dugc xac dinh trong cac loai thyc vat.
O vi sinh vat, san xuit IAA thong qua con dudng IPyA dd dugc mo ta & nhiéu loai
nhu Pantoea agglomerans, Bradyrhizobium sp., Azospirillum sp., Rhizobium sp.,
Enterobacter cloacae va vi khuan lam. Budc dau tién trong con dudng nay 1a bién
d6i tryptophan thanh IPyA nhd vao vai trd xtc tic cua aminotransferase
(transamination). Trong ty 1€ gidi han thi IPyA bi decarboxylated thanh indole-3-
acetaldehyd (IAAld) boi decarboxylase indole-3-pyruvate (IPDC). Trong budc cudi
cung IAAIld bi oxy hoa thanh TAA [17].

Con duong tong hop IAA tir tryptamine (TPM): Tryptophan dugc chuyén hoa
thanh TPM béi decarboxylase sau d6 TPM chuyén ho4 thanh IAAId boi amine
oxidase. Cudi cung IAAId dugc chuyén hoa thanh IAA bai dehydrogenases. Trp c6
thé duoc chuyén hoa truc tiép thanh IAAId boi tryptophan side chain
monooxygenase theo con dudng tong hop IAA tir tryptophan side-chain oxidase
(TSO). Tuy nhién con dudng nay chi dugc tim thaytrong P. fluorescens CHAO [18]

Con duong téng hop IAA tir indole-3-acetonitrile (IAN): Pau tién tryptophan
chuyén hod thanh indole-3-acetaldoxime (IAOX) bdi oxidoreductase, tiép theo
IAOX duoc chuyén hoa thanh indole-3-acetonitrile (IAN) boi indoleacetaldoxime
dehydratase. Khi d6, IAN c6 thé duoc chuyén hoé thanh IAA boi nitrilases hodc hé
NHase/amidase [19].
1.1.2.4. Kha nang sinh ACC deaminase

Kha nang sinh enzyme 1-aminocyclopropane-1-carboxylate deaminase
(ACCD) 1a mét dic diém quan trong ciia PGPB, gitip thuc vat sinh trudng va chong
chiu véi cac yéu to stress phi sinh hoc nhu han han va nhiém man. Ethylene 1a
hormone thudc nhom trc ché sy phét trién cua thuc vat. Khi gip cac yéu td stress
moi truong nhu nhi¢t do cao, nhiét do théip, han han, kim loai nédng, chat 6 nhiém
hitu co va d6 min cao cdy trong san sinh ra ethylene dé han ché qué trinh phat trién
cua than va ré. Hién tuong nay dugc goi 1a stress ethylene. Thuc vat phan ing véi
stress bang cach san xuat hop chat axit 1-amino-cyclopropane-1-carboxylic (ACC),
tién chit cua ethylene. ACC dugc cdy trong tiét vao trong dit & vi tri xung quanh

ving ré va duoc hé théng ré hdp thu lai mot 1an nita truéc khi chuyén thanh
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ethylene. Co ché dé vi sinh vat kich thich sinh truong thyc vat 1am giam stress 12
lam giam ndng do ethylene théng qua viéc thuy phan tién chit 1a ACC biang ACC
deaminase. Vi sinh vat kich thich ting truong thuc vat chita ACC deaminase ¢ thé
phan giai ACC thanh amoniac va a-ketobutyrate, lam giam ham lugng ethylene bén
trong cdy (Hinh 1.4). Do d6, PGPB chita ACC deaminase c6 kha niang han ché tac
hai cua cac yéu td stress phi sinh hoc. Mot ) nghién ctru cho théy, thuc vat duoc
nhiém PGPB ¢6 chita ACC deaminase, ¢ thé hd tro cdy trong chong chiu nhiéu yéu
td stress khac nhau nhu nhiém min, han han, 1d lut va mam bénh. Gen acdS ma hda
ACC deaminase da dugc phét hién trong mot sd loai vi khuan va nam. Gan day,
ACC deaminase d3 dugc tim thay trong nhiéu loai vi khuan gram am, vi khuan

gram duong dic biét 1 vi khuan noi sinh [21].

Sinh khoi
Quang hop
Ham luong protemn

/ Ethylen | | po o0 o
STRESS PHI SINH HOC P
. umn vol st’ress
Nhiém min 7 Ning suit
' ACC oxidas V g
Han han
Lanh ,
0 Sih khoi
Kim loai ning ACC -| Quang hop
i ketObUtyrat -| Ham lugng protein
- Chat 0 nhiem Biéu hién cic gen phin

<

Amonl ac ﬁn Véfl stress
-| Nang suat

SAM
Met/

ACC deaminase

Tong hop cthylene ¢ the vat PGPB

Hinh 1.4. Vai tro ctia PGPB sinh ACC deaminase trong viéc Kich thich sinh trudng
thyc vat khi bi stress phi sinh hoc [20]
1.1.2.5. Kha nang sinh siderophores

Siderophores 1a cac phan tir hitu co nhé dugc tao ra boi cac vi sinh vat trong
diéu kién han ché sit, hd tro ting cuong qua trinh hap thu sit. Cac vi sinh vt tao ra

mot loat cac siderophores, hdu hét 1a catecholate (enterobactin), mot sb it 1a



12

carboxylate (rhizobactin) va hydroxamate (ferrioxamine) [22]. Tuy nhién, cling c6
mot sb loai siderophores ctia vi sinh vat ¢ chita hdn hop cac nhom chirc pyoverdine
[23]. M6t s6 loai vi sinh vét c6 kha ning kim ham hoic tiéu diét ndAm bénh bang
cach str dung cac siderophores tir sinh. Nguyén nhédn c6 thé 1a do cac siderophores
c6 4i lyc véi sit 16n hon nhiéu so v6i ndm bénh, vi vdy, nam bénh khong thé phat
trién trong ré cia cdy chu do thiéu sit. Mot sb tic gia di chimg minh bing thuc
nghi¢ém vé vai tro cla siderophores trong viéc ngan chan cac bénh thuc vat gay ra
boi ndm. Nghién ctru st dung cac ching vi sinh vat mang dot bién khiém khuyét
sinh tong hop siderophore cho thiy cac ching nay kém hiéu qua hon céc ching dbi
chtng trong viéc bao vé cdy chong lai nAm bénh. Rungin va cong su (2012) [24]
cho thay cay lGa nhiém ching xa khuan noi sinh Streptomyces sinh siderophores c6
sinh khéi ré va chdi ting hon so véi dbi ching do su ting cudng cung cap Fe.

1.2. Vi sinh vat chiu min va co ché hd tre thwe vat chiu min nho PGPB

1.2.1. Vi sinh vdt chiu mgn

Vi sinh vat chiu min c6 thé sinh truong trong dai ndng d6 mudi tir 1 dén
33%. Vi sinh vat chiu man nhe c6 kha ning sinh truong ¢ dai nong do mudi tir 1
dén 8%, chiu man trung binh tir 8 dén 15% va kha ning chiu min cao c6 thé sinh
truong ¢ nong d6 mudi trén 15% [25]. Vi khuan chiu man st dung mét loat cac
chién lugc dé phét trién va ton tai trong méi trudng man. Cac chién lugc nay bao
gom (1) giam thiéu sy hap thu mudi do cac thanh phan ciu tao ciia mang té bao
hodc thanh té bao; (2) diéu chinh ndng d6 ion nodi bao bang cach bom cac ion ra
khoi té bao thong qua kénh van chuyén Na*/H* va K*/Na®; (3) tich liiy cac chat hoa
tan twong thich nhu sucrose, trehalose, glycosylglycerol va glycinebetaine tong hop
ndi sinh; (4) san xuat protein va enzym thich nghi véi nong d6 mudi cao va (5) tong
hop exopolysaccharides tao mang sinh hoc ngin chin sy hap thu mubi [26, 27].

Vi sinh vat chiu man thuong phan bb phé bién & viing ré caa cac loai cay wa
man, chung c6 cac dic diém cua PGPB va cac dic diém nay van c6 kha nang duy tri
ngay ca & ndng dd mudi cao. Nhitng vi sinh vat nay hd tro cho cy tréng chiu man
va c6 vai trd quan trong trong ndng nghiép do co tiém ning trong viéc cai thién
nang suat cdy tréng ¢ cac vung khd han va nhiém man. Tiwari va cong sy (2011)
[28] da phan lap duogc cac chang Bacillus pumilus, Pseudomonas mendocina,

Arthrobacter sp., Halomonas sp., va Nitrinicola lacisaponensis chiu man tir 2 dén
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25% NaCl c6 cac dic diém kich thich sinh truong thyc vat nhu hoa tan phosphate
va san xuit 1AA, siderophore va ACC deaminase. Zhang va cong su (2018) [29] da
phan lap duoc 305 chung vi khuan chiu man tir dat vang ré 1da tai Giang T6, Trung
Qudc, trong sb d6 ¢ 162 ching c6 kha ning chiu dwogc mudi véi ndng d6 NaCl 1én
dén 150 g/I. Két qua phan loai 74 chung chiu man cho thay thudc cac bo Bacillales
(72%), Actinomycetales (22%), Rhizobiales (1%) va Oceanospirillales (4%). Hau
hét cac dong phan 1ap c6 tiém ning trong viéc cai thién kha ning chiu man, ting
truong va ning suat lda.

1.2.2. Co ché hé trg thue vt chiu man nho PGPB

Nhiém man lam giam sy ting truong va phat trién & thuc vat bang cach thay
d6i qua trinh sinh hoa va sinh Iy ciia cAy nhu qué trinh phat trién 14, ting truong hé
ré, hip thu nuéc, do dan khi khong va quang hop. Nguyén nhan 1a do sy mat can
bang tham thau va gdy doc ion. Su mét can bang tham thau & giai doan dau xay ra
ngay lap tac khi ndng d6 mudi ting 1én trén ngudng xung quanh ré, gay ra su thiéu
hut nuéc trong ré va 1am ting truong chdi bi han ché. Tuy nhién, hién trgng nay sau
d6 c6 thé phuc hdi dé téc do ting truong cua cay duoc 6n dinh. Giai doan tha hai
phét trién theo thoi gian va duoc thuc day boi doc tinh caa cac ion Na*/Cl™ du thira
tich tu trong té bao chat. Khi ndng d6 mudi vuot qua téc do thai trir caa ré hoac kha
nang ngin chan mudi vao té bao, no sé tich tu trong té bao chat va pha v cau tric
va chirc ning cua té bao [30]. Do d6, viéc ting cuong kha niang chiu man & thuc vat
déu hudéng dén duy tri can bang tham thau va can bang noi mai ion.

Vi sinh vat kich thich sinh truéng thuc vat [am ting kha nang chiu man cia
thuc vat nhd cac co ché sau (Hinh 1.5): (1) tich lu¥ cac chat thim thau dé giam bét
s mat can bang &p suat tham thau; (2) téng hop cac chat chong oxy héa dé ngin
chin stress oxy héa; (3) ting hap thu dinh dudng & thyc vat nhd qua trinh ¢ dinh
nito, hoa tan phosphate va sinh siderophores hap thu Fe; (4) sinh tong hop ACC
deaminase, chuyén dbi ACC tién than ethylene & thuc vat thanh amoniac va a-
ketobutyrate do d6 1am giam su tich tu ethylene trong thuc vét va tranh wc ché ting
truong qua trung gian ethylene dé dap (rng voi céc stress phi sinh hoc nhu han, man;
(5) sinh tong hop 1AA; (6) tong hop exo-polysacaride (EPS) tao vo boc quanh ré dé
lien két cac cation (dac biét 1a Na*) trong ré& va ngan chin su van chuyén Ién 14; (7)

Tang cudng sy biéu hién cua cac gen phan (ng voéi stress man;
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Hinh 1.5. Co ché lam tang tinh chiu man & thyc vat nho PGPB
1.2.2.1. Tich liy cdc chit thdm théiu

Sy tich ty cua cac ion mudi xung quanh ré ciy gay ra stress tham thau va mat

can bang tham thau. Thyc vat tich lity cac chat tham thau hitu co nhu proline, glycine,
betaine, polyamine, cac hop chat amoni bac bén va cac axit amin khac dé phan tng voi
céc stress phi sinh hoc [31]. Vi sinh vt ciing sir dung co ché nay dé thich nghi voi
stress tham thau thuong xay ra khi nhiém man [32]

Vi sinh vat kich thich tang truong thuc vat lam tang kha nang gitr nudc cua
thyc vat thong qua tich luy cac chat tham thau nhu proline, trehalose va glycine
betaines hd tro thuc vat vuot qua ci sé¢ tham thau ban dau sau khi nhiém man.
Vardharajula va cong su (2011) [33] da chi ra rang Bacillus sp. di hd tro kich
thich su sinh truéng cua cay ngd khi bi han va nhiém min do sy tich luy proline
va mot sb loai dwong hoa tan.
1.2.2.2. Cai thién su hdp thu chdt dinh dwéng

Kha ning hap thu cac chat dinh dudng cua cay trong phu thudc vao céc yéu
t6 nhu: pH cua dat, do am, két cau va thanh phan vi sinh vat trong dat. Trong hau
hét cac truong hop, cdy trong hap thu chat dinh dudng trong pham vi pH 5-7. Khi bi

han min, c&c chat hop chat trong dat hinh thanh ciu tric 6n dinh thdng qua lién két
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VGi cac cation va anion, do d6 lam thay d6i pH va ngan can sy hap thu chét dinh
dudng cua cay trong.

Nito 12 nguyén t6 dinh dudng quan trong can thiét cho sy phat trién cua thuc
vat, su hap thu bi han ché khi chiu tac doéng cua man. Viéc nhidm PGPB c6 kha
nang c¢b dinh nito 1am ting sy hap thu nito bang céach lién két cong sinh va khéng
cong sinh véi cay trong [34].

Phospho 1a yéu t6 dinh dudng thiét yéu cho qué trinh quang hop, hd hap va
sinh tong hop cac dai phan tir & cay trong. Trong dat, phospho ton tai ¢ ca hai dang:
v6 co va hitu co. Tuy nhién, ddi véi cac loai dat néng nghiép, tinh kha dung cua
phospho rat han ché. ic biét, nhidm man 1am cho phospho kha dung trong dat bi
ling dong va can Kiét. Cac vi sinh vat hoa tan phosphate, c6 kha ning hoa tan tram
tich phospho, nho @6 1am tang ham luwong phospho kha dung trong dat cho cay trong
gap han man c6 thé st dung [35]

Sit (Fe) dong vai tro 1a cofacter cuia 140 enzyme, xUc tac cho mét loat phan
ng sinh hoa cua cac qué trinh trao doi chat ¢ cdy trong. Thuc vat va vi sinh vat
khong hap thu dugc sat ¢ dang hydroxit khong tan. Khi dat bi nhiém man, lwong sat
khong tan tang 1én, sit hoa tan giam xudng. Vi sinh vt sinh tong hop siderophores
nhu mot phuong tién dé thu nhan Fe. Thuc vat c6 hai cach dé hap thu sit. Thuc vat
c6 thé hap thy sit tir cac phire siderophores bang cach phan hity cau tric chelat hodc
hép thu tryc tiép [36].
1.2.2.3. Sinh tong hop IAA

Mot trong nhitng co ché chung dé thyc vat thich Gmg v&i cac yéu td stress
la sy thay d6i hinh thai ré. Cac hormone kich thich sinh truéng o thuc vat, dic
biét 1a auxin, dong vai tro quan trong trong qua trinh nay. Trong do, IAA 1a loai
hormone ty nhién, thuséc nhém auxin do cay tréng hoic mét sb vi sinh vat tong
hop ra. Hop chat nay tham gia vao qué trinh phan chia va phat trién té bao, biét
héa t& bao va md, kich thich sy nay mam cua hat, hinh thanh va phat trién hé
théng ré, sy hinh thanh ré bén. Ngoai ra, IAA kich thich qué trinh quang hop
thong qua ting cuong hinh thanh céac sic té. Trén co sé d6, IAA hd trg cay trong
chdng chiu véi cac diéu kién bat lgi trong d6 c6 han man.

Tac dung tich cuc cua vi sinh vat sinh IAA d6i vé6i su phét trién cua cay

trong trong diéu kién han min da duoc ching minh. Cu thé, Saghaf va cong su
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(2018) [37] da ngam hat gidng cdy cai dau (Brassica napus L.) véi IAA thu duoc
tir vi khuan dat Rhizobium va nhan thiy kha ning sinh truéng va phat trién cua
cay cai dau cai thién dang ké trong diéu kién gap stress mudi. Tuong tu, ting kha
ning hip thu cac chét dinh dudng, nuéc va sy hinh thanh ré bén cua cay lGa mi
(Triticum aestivum) trong diéu han han khi @ hat gidng voéi IAA thu duoc tir
Azospirillum sp. va R. leguminosarum [38].

1.2.2.4. Sinh téng hop ACC deaminase

Nhu dd mé ta & trén, PGPB tiét ra ACC deaminase c6 thé 1am giam muc
ethylene bang cach chuyén hda ACC, mét tién chat cua ethylene do thyc vat san
Xuat, thanh a-ketobutyrate va amoniac. Cac cy trong duoc nhiém PGPB sinh ACC
deaminase cO ré phat trién dai hon, do giam ethylene lam ting cuong kha ning
chdng chiu man [39].

Aslam va Ali (2018) [40] d béo c4o mét sb loai sinh ACC deaminase thudc
cac chi Arthrobacter, Bacillus, Brevibacterium, Gracilibacillus, Virgibacillus,
Salinicoccus, Pseudomonas va Exiguobacterium dugc phan lap tr cdy Suaeda
fruticosa (L.) Forssk c6 kha ning kich thich sinh truong cia ngd trong diéu kién
nhiém min. Jaemsaeng va cong su (2018) [41] d3 nghién ciu vai trd cuia ACC
deaminase trong viéc hd tro lta chiu stress min. Cdy laa nhiém ching xa khuén
Streptomyces mang gen acdS tong hgp ACC deaminase c6 kha ning 1am ting kha
nang chiu min so voi cay lua duoc ciy cung chung Streptomyces bi bat hoat gen
acdS. Theo Xu va cong su (2021) [42] cac chung thudc cac chi Pseudomonas
corrugata, Enterobacter soli va Achromobacter ruhlandii c6 kha nang sinh ACC
daeminase va lam tang kha nang chiu man & cay nho.
1.2.2.5. Exo-polysaccharide

Vi sinh vat han ché su hip thu mudi cua thuc vat bang nhiéu cach thic khac
nhau nhu: bay céc cation trong ma tran exo-polysacaride (EPS), thay d6i cau tric ré
bang md rong than ré va diéu chinh su biéu hién cia chat van chuyén i lyc ion.
PGPB c6 kha ning tong hop EPS, tao thanh mot ma tran gém céc vi hat, git vai tro
nhu mét 16p mang bao vé gilp cay trong chéng lai sy bién dong cua moi trudng
bang cach ting cuong kha ning giit nuéc, chit dinh dudng trong dat va sy hinh
thanh cac té bao biéu md [43]. Atouei va cong su (2019) [44] nhan thay rang EPS
tao ra boi cac chung cO kha nang chiu man nhu B. subtilis subsp. inaguosorum va

Marinobacter lipolyticus SM19 da giup cdy lta mi sinh truéong va phat trién binh
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thuong trong diéu kién han han va nhidm man. Chu va cong su (2019) [45] da
ching minh dugc vai trd cua EPS tir Pseudomonas PS01 trong viéc diéu chinh cac
gen lién quan dén kha ning chdng chiu lai cac yéu t bat loi ¢ cay Arabidopsis
thaliana.

1.2.2.6. Hoat héa hé enzyme chéng oxi héa

Khi d6i mat véi cac yéu td stress phi sinh hoc, thuc vat san xuit mot luong
I6n cac chat oxi hoa (ROS) nhu 13 gbe ty do superoxide (O5), hydrogen peroxide
(H,0,), goc ty do hydroxyl (OH) va cac gbc tu do alkaline. ROS tiép xdc véi
protein, lipids va DNA tao ra cac phan ng oxi hoa 1am pha huy chirc ning cua té
bao thuc vat. Dé ddi pho voi tinh trang nay, thuc vat da sir dung h¢ théng phong thu
chong oxi hoa gdm cac thanh phan 1a enzyme hodc khong phai enzyme dé ngin
chan su tich luy ROS va céc stress oxi héa. Cac enzyme chdng oxi hoa bao gom
peroxidases, superoxide dismutase, catalase, ascorbate peroxidase, glutathione
reductase, dehydroascorbate reductase, monodehy-droascorbate reductase,
glutathione peroxidases va glutathione-s-trasferanse. Cac thanh phan khong phai
enzyme bao gom glutathione, tocopherol, anthocya-nins, hop chat phenolic (nhu
favonoid, lutein va tannin) va axit ascorbic [46].

Str dung PGPB cam tng su biéu hién qua murc ciia Cac enzyme chdng oxi
hoa 1a mot trong nhirg phuong thire gitip thuc vat dung nap cac yéu td stress. Mot
s6 nghién ctru chi ra rang str dung PGPB c6 thé 1am tang hoat tinh cua cac enzyme
chéng oxi hoéa & thuc vat nhu POX, SOD, CAT, APX va GR [47]. Patel va Saraf
(2013) [48] di cong bé mot s6 loai E. clocae, P. pseudoalcaligenes va Bacillus sp.,
c6 kha nang lam ting mutc d6 biéu hien APX va CAT trong la cay Jatropha, kich
thich su hinh thanh ré, ting sinh khéi, ting kha ning hap thu N, P, K va ham luong
chlorophyll, nho @6 loai cay nay cé thé chéng chiu lai stress man.
1.2.2.7. Tang cwong sw biéu hién cdc gen lién quan dén ddp ieng man

Vi sinh vat chiu min kich thich sinh truong thuc vat c6 kha ning hd tro thuc
vat chiu man do lam ting cudng sy biéu hién cua cac gen lién quan dén dap tng
man. Nghién ctu caa Sukweenadhi va cong su (2015) [49] cho thay nhiém PGPB &
cay Arabidopsis 1am ting dang ké muac do phién ma cua AtRSAL va AtWRKYS va
lam giam su biéu hién cua AtVQ9 khi bi nhidm min. Gen AtRSA1L tao thanh mot

phtic hop voi yéu td phién ma AtRITF1 dé diéu chinh can bang noi mdi ion Na* va
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giai doc ROS trong qué trinh stress mudi; AtWRKY8 va AtVQ9 ciing tham gia vao
viéc duy tri can bang noi mdi ion, 1am giam ty 1& Na*/K" trong té bao chat. Nhidm
chung Enterobacter sp. EJO1 lam tang biéu hién ciia cac gen lién quan dén dap ung
Véi stress mian & Arabidopsis gdom RAB18, P5CS1, P5CS2, MPK3 va MPK®6 [50].
Nhiém B. subtilis GB03 lam ting khd niing sinh truong cdy P. tenuiflora khi bi
nhiém min, ddng thoi lam ting biéu hién cua gen PtHKT1 (tham gia vao qua trinh
thu nhan Na® tir xylem) va SOS1 din dén giam tich liy Na* va 1am giam biéu hién
PtHKT2 (hap thu Na* ¢ r8) [51]. Khan va cong su (2019) nhiém chang Arthrobacter
woluwensis AK1 vao cdy dau tuong lam tang sy biéu hién cac gen GmLAX1 (khang
auxin 1), GmAKT2 (kénh kali), GmST1 (chiu man 1) va GmSALT3 (gen lién quan
dén tinh chiu man trén nhiém sac thé s 3) va giam biéu hién cia gen van chuyén
ion GmMNHX1 va GmCLC1 khi bj nhiém man [52]

1.3. Sw dap uwng vai stress man cua cay lda

1.3.1. Anh hwéng cia stress mén 1én cay lta

Lta 1a cay lwong thyc nhay cam véi mudi. Stress man 1am thay ddi hinh thai
cdy lua nhu suy giam kha nang hinh thanh hé thong ré, héo 13, giam dé nhanh hon trén
mdi cdy, giam sinh khéi, giam chiéu cao cdy, giam s6 hat lGa va nhiéu hat 1ép hon trén
bong va cubdi cung dan dén giam ning suit [53]. Stress man anh hudng dén sinh 1y va
sinh hoa thyc vat & tat ca cac giai doan phat trién tir nay mam dén gia di, 1am mat can
bang tham thau va ion cudi ciing gdy ra stress oxy hoa va can kiét chat dinh dudng
trong t& bao thuc vat [54].

Stress mudi lién tuc 1am giam ap luc truong nudce cua té bao thuc vat, do d6 lam
giam sy phat trién cta té bao, thuc vat phai diéu chinh tham thdu dé duy tri sy mo rong
va ting trudng cua té bao [55]. Stress thim thdu (gdy ra boi thé nude thip hon cua
dung dich bén ngoai) dugc thuc vt nhanh chéng cam nhan ngay sau khi tiép xuic véi
diéu kién man va dan dén thiéu hut nude va chat hoa tan trong cay. Stress tham thau
cling din dén viéc dong khi khong nhanh chong, 1am giam kha ning dong héa CO, va
trc ché qua trinh quang hop & thuc vat [56]. Stress ion 1am tich tu Na* va CI trong té
bao thuc vat, cudi ciing dan dén 13 gia som va tham chi chét ciy, diéu nay 1a do doc
tinh ctia Na 1am e ché hoat dong cua cic enzyme, anh huong tiéu cuc dén qua trinh
trao d6i chat, bao gdm chu trinh Calvin va cac con duong khac [57]. Thira Na* trong té
bao chét ciing can trd sy hap thu va van chuyén kali (K") va cac chat dinh dudng da

luong va vi lugng khac, bao gdm nito (N), phospho (P), kali (K*), canxi (Ca?") va kém
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(Zn*") [53,58]. Ngoai gdy ra stress thdm thiu va ion, stress mudi con gay ra su tich tu
trong té bao cac chit oxi hod (ROS), c6 thé gay ton hai nghiém trong dén ciu trac té

bao va cac dai phan tir nhu DNA, lipid va enzyme [59].

Stress thAm thiu Stress ion

Can bang
tham thau

Tin hiéu thim thau <.
va 10on

Tin hiéu ion

Té bao sinh truéng va
phan chia

Hinh 1.6. Sy dap tng vai stress man ¢ cay lua [60]
1.3.2. Co ché dung ngp mugi ¢ cay lla

Khi bi stress do mudi, cay laa phai diéu chinh cic qué trinh sinh 1y va sinh
hoéa lién quan dén viéc diéu chinh cin bang ndi méi ion va tham thau (Hinh 1.6).
1.3.2.1. Can bang ngi moi ion

Stress mudi thuong gy ra do nong do Na* va Cl cao trong dat. Na* va K*
dugc van chuyén vao té bao bang cach sir dung cung kénh van chuyén, do d6 thira
Na" gy ra sy canh tranh v6i K* va lam giam sy van chuyén K* [60]. K* quan trong
d6i v6i cac hoat dong xiic tac ciia nhidu enzyme ciing nhu qua trinh diéu hoa thim
thau va tong hop protein, duy tri hoat dong cua té bao va qua trinh quang hop [61].
Do d6, viéc duy tri can bang ndi méi Na*/K* cua t& bao 1a mot yéu t6 quan trong
quyét dinh kha ning ton tai cua thue vat trong thoi ky stress mudi.

Céc co ché lam giam Na® trong té bao chat bao gém sy han ché hap thu Na”,
ting dong chay Na* va ngin Na®* trong khong bao. Co ché nay duoc thuc bién bai
cac bom ion nhu symporter, antiporters va protein van chuyén trén mang [62,63].
Gen Salt Overly Sensitive (SOS1) mé hoa kénh van chuyén Na‘/H" antiporter trén
mang té bao chét c6 vai tro loai trir Na* khoi than, lam giam ty 16 Na'/K" trong té

bao va lam tang kha nang chiu mudi [64]. O loai Arabidopsis kénh van chuyén
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SOS1 duoc xéac dinh 14 kénh van chuyén Na* duy nhat trong biéu bi dau ré va cac té
bao nhu mé xylem [65], cAy Arabidopsis mét gen SOS1 di dugc ching minh 1a tich
lity Na* cao hon, trong khi su biéu hién qua muc ciia gen SOS1 & cay Arabidopsis
chuyén gen cho thiy giam tich liiy Na* dong thoi kha nang chéng chiu min duoc
cai thién [66]. Gen OsNHX1 ma hoa cho kénh van chuyén Na*/H" antiporter NHX1.
Céc Na'/H" antiporter ctia khong bao nhu OsNHX1, OsNHX2, OsNHX3, OsNHX4,
OsNHX5 va OsARP/OsCTP dong vai trd quan trong trong viée giit Na™ trong khong
bao va lam ting tich lily K* trong té bao chat, do d6 ting kha ning chiu min cta cay
laa. Khi nong do ion Na trong té bao chat cao hon so voi khong bao, cic kénh
Na'/H" antiporters cua khong bao dong lai va Na* dugc gift tam thoi trong khong
bao [67,68]. Trong con dudng nhay cam qua muirc voi mudi (SOS), protein lién két
trie tiép voi Ca?* va kich hoat hé théng SOS2- serine/threonine protein kinase [69].
SOS3 két hop SOS2 trén mang té bao tao phic hop SOS2-SOS3 dé hoat hoa SOS1-
mot Na'/H" antiporter trén mang va bom Na' ra khoi t& bao [70]. Khi ndng do ion
Na" trong té bao chat cao hon so v4i khong bao, cac kénh Na'/H" antiporters cua

khong bao dong lai va Na* duoc giit tam thoi trong khong bao [71].

< -

< lonstress >
| | |

[ capic ] | SOS ] [ calmodulin ]
[ K*/Na* transporter ] [ Na*/H* antiporter ] [ Na*/H* exchanger ]
OsHKT 0sS0OS1 OsNHX

[ Lam gidam K*/Na* trong té bao chit ]
\
[ Can bang ndi mdi K*/Na* ]
V
DUNG NAP STRESS MUOI

Hinh 1.7. Sy dap g véi stress min ¢ cay laa qua can bang ndi moi ion [71]
Stress ion nhan tin hiéu théng qua con dudng Ca**/PLC va con duong qua nhay
cam véi mudi (SOS) va con duong calmodulin (CaM) kich hoat cac kénh van
chuyén HKT, SOS1, NHX lam giam Na" trong té bao.
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1.3.2.2. Can bang néi mai ion

Stress tham thau do néng d6 mudi cao lam ting nhanh qua trinh sinh tong
hop axit abscisic (ABA), do d6 diéu chinh con dudng phan ung stress phu thudc
ABA. Tuy nhién, mdt sd gen cam tng stress mudi doc 14p voi ABA. Axit abscisic
12 mot hormone tir nhién do cdy trong tu san xuat dé trc ché qua trinh sinh trudng va
phat trién & cay trong do cac yéu t stress phi sinh hoc nhu han han va nhiém min.
Thuyc vat st dung hai con duong dung nap mudi dua trén phan tng v41 ABA 1a con

duong phu thuéc ABA va con duong khong phu thuoc ABA.

Protein kinase

s )
—

TFs Protein Kinase
/ / [ ROS enzyme ]

. DREB | | cDPK
MAPKI Sl

mi || WRKY l L
| CDPK | OsAREB RNA NAC CAT
MYB NADP || Mn-
MYC ME |{ SOD [
DUNG NAP STRESS MUOI

Hinh 1.8. Sy dap ting véi stress min ¢ la qua cin bang tham thau [72]
Tin hiéu stress tham thau duoc truyén qua con dudng phu thuéc ABA hoic khong
phu thugc ABA. Con duong phu thuoc ABA bao gom céc protein kinase hoat hoa
mitogen (MAP Kinase), protein kinase phu thudc canxi (CDPK), kinase thu thé
(RLK), protein kinase lién quan dén SNF1 (SnRK), yéu t6 phién mi (DREB,
MYC/MYB va OsNAC/SNAC) va cac miRNA. Con duong khéng phu thuoc ABA

bao gdm céc yéu té phién ma, kinase va cac enzyme ROS.



22
(a) Dung nap mudi théng qua con dwong phy thugc ABA

Trong trudng hop gidp han min, ciy trong chiu tic dong cia yéu td stress
tham thiu va tang cudng sinh tong hop ABA. Qua trinh nay thong qua con duong
terpenoid bét dau tir isopentenyl pyrophosphate (IPP) dd duoc nghién ctru trén ciy
laa [72]. Trong sd cac gen lién quan dén con dudng nay, gen phytoene synthase,
OsPSY3 va cac gen 9-cis-epoxycarotenoid dioxygenase (OsSNCED3, OsNCED4 va
OsNCED5) dugc tao ra ngay sau khi gip stress mudi chi mot gio va mirc do biéu
hién cua céc protein ndy c6 mbi twong quan chit véi ham lugng ABA trong ré lua
[73]. Mot sb gen lién quan dén qua trinh dung nap mudi qua con duong phu thudc
ABA da duogc nghién ctru nhu cac protein kinase (Receptor-like kinases, RLKSs;
Mitogen activated protein kinases, MAPKSs; NF1-related protein kinases, SnRKS;
Ca”" dependent protein kinases, CDPKS), transcription factors (TFs), micro RNAs
va reactive oxygen species (ROS)

Céc protein kinase dong vai trd quan trong trong viéc diéu chinh cac con dudng
truyén tin hiéu stress. Protein receptor-like kinases (RLKSs) tham gia tich cuc vao
qua trinh sinh truong phat trién va phan ang stress ¢ thuc vat. Cac yéu to stress nhur
mudi, han han, H,0, va ABA da kich hoat sy biéu hién cia gen RLK gia dinh
(OsSIK1). Cay lta chuyén gen biéu hién qua mac OsSIK1 cho thay kha ning chiu
man va han han cao hon so véi cdy d6i ching khdng biéu hién gen nay [74]. Ngoai
ra, su tham gia cua protein mitogen activated protein (MAP) kinase d6i voi dap tng
stress min O cdy lta cling da duoc béo cdo. Khi gip céc yéu té stress nhu mudi,
lanh va han ché ngudn glucose, qua trinh diéu hoa phién ma cia OsMAPK4 ¢ cay
laa dugc ting cudng, mac du sy phu thudc cia qua trinh ndy vao nong do ABA
khong r6 rang [75]. Gen OsSMAPKS5 cam trng baoi stress sinh hoc va phi sinh hoc da
duoc khuéch dai va biéu hién qua mac trén cay lda, nho d6 ting cudng kha ning
chiu han man, han néng va han lanh [76]. Protein kinase phu thuoc Ca’* va ABA
(CDPK), OsCPK21, da dugc nhan dong va chuyén vao cay lla giup ting kha ning
chiu man so véi cay dbi chung [77]. Protein kinase lién quan dén SNF1 (SnRK)
cling ¢6 vai trd trong dap tng chiu man & cay lua. Cu thé, 10 gen thudc ho SnRK?2
da duoc chirng minh ¢6 kha nang duoc kich hoat boi stress tham thau thdng qua qué
trinh phosphoryl hoa [78], trong d6 gen SAPK4 c6 vai trd rd rang nhat. Thyc té da
ching minh, cay laa chuyén gen SAPK4-ox cé thé séng dugc trong méi truong
nhiém man bang cach giam néng do Na* trong té bao chit [79].
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Transcription factors (TFs): C4c yéu t phién ma (TF) quy dinh kha ning biéu
hién cac gen phan tng véi stress phi sinh hoc. Vi du, yéu t6 OSAREB (ABA-
responsive elements) nhu OsAREBI 1a thanh phan chinh trong hé thdng phién ma
phu thuéc ABA trén cay lia. Yéu té6 OsNAC/SNAC, dic trung bsi sy tham gia cua
OsNACS, 1a cac yéu té diéu chinh qua trinh biéu hién c4c gen quan trong & cay lua
khi phai d6i mit véi cac diéu kién bat lgi. Thém vao d6, ving promopter cua Cac
gen cam (ng ABA véi céc thanh phan bao thu cis-acting element, ABRE, bZIP-type
TFs lién két ciing anh huéng khong nho dén kha niang chdng chiu min ¢ cay trong
[80]. Hossain va cong su (2010) [81] di chi ra viéc tao dot bién chén T-DNA vao
bZIP-TF, mirc d6 biéu hién cia OsABF2 dugc ting cuong, nho d6 cay chuyén gen
c6 kha ning ting do nhay cam véi stress mudi so voi cay ddi chung. Két qua nay
cho thay OsABF2 la chat diéu chinh tich cuc ddi véi stress mudi. Xiang va cong su
(2008) [82] cho rang biéu hién qua mirc cua gen OsbZIP23 di ting cudng kha ning
chdng chiu véi cay trong ddi véi han man va han nong.

Cac gen MYCs dong vai tro quan trong trong viéc phan ung véi Cac stress
phi sinh hoc va sinh hoc. O cay lda, su ting cuong biéu hién cua cac gen MYC2,
MYC4 va MYCS5 trong mdi trudng ¢6 nong dd mudi cao da duoc ghi nhan [83].
Cac nghién cau vé phién ma va sinh hoa & loai Arabidopsis di cho thay MYC2 diéu
hoa &m cua qué trinh sinh tong hop proline. Proline can thiét dé ting cuong kha
nang chdng chiu d6i véi stress man, tuy nhién, su tich tu qua mac cia nd gy doc
cho ciy. Gen MYC2 ciing lién quan dén con duong truyén tin hiéu axit jasmonic, la
hormone gitp diéu hoa mot loat cac qua trinh trong thuc vat tir quang hop, sinh
trudng dén sinh san [84].

Céc yéu t6 phién ma NAC ciing tham gia diéu hdoa mot s6 gen dap g Véi
stress mudi thong qua con duong phu thuéc ABA. Trong dat c6 d6 man cao, mot sd
gen NAC & cay laa dugc kich hoat dé ting cudng qué trinh biéu hién. Hu va cong
sir (2012) [85] nhan thiy gen SNAC1 va OsNAC6 duoc biéu hién ting cudng gilp
cdy lda c6 kha nang sinh truéng va phét trién binh thuong trong dat c6 nong do
mubi cao. Chung va cong su (2009) [86] di ching minh ring gen OsHDAC1, ma
hoa cho enzyme histone deacetylase, c6 kha ning Gc ché qua trinh biéu hién
OsNACS, la nguyén nhan gay ra hién twong cham phat trién & r&. OsNAC5, mot yéu
t6 phién ma khac thuoc nhém NAC, lién két voi trinh tu 16i nhan dang NAC
(CACG) cua promoter OsLEA3 va OsNACS5, ciing duoc phét hién biéu hién ¢ mirc

do cao ¢ cay lua trong moi truong han man [87].
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Yéu t6 phién ma 1A (TFIIIA) ciing duoc xac nhan co6 lién quan dén kha
ning chdng chiu cua cdy trong trong diéu kién bat lgi. Vi du, su biéu hién qua mirc
TFIHIA-type ZFP252 duoc phat hién & cay lia khong chuyén gen dudi ap luc cua
han min va han néng [88]. Sun va cong su (2010) [89] da xac nhan, muc do biéu
hién cao cua gen ZFP179 co lién quan véi su gia tang ham luong proline tu do va
duong hoa tan ¢ cay lta trong diéu kién han man. Ngoai ra, mic d6 biéu hién véi
ham lugng cao vugt ngudng ctia mot sé gen lién quan dén dap tng céc yéu tb stress
nhu OsDREB2A, OsP5CS, OsProT va OsLEA3 ciing d3 duoc quan sat thay trén cay
lGa chuyén gen.

Céc yéu t6 phién ma WRKY ciing duoc kich hoat khi cy trong ddi mat voi
cac yéu t6 bat thuan. Cu thé, nong do cao cua protein OSWRKY13 ¢6 kha ning wc
ché dbi khang vsi SNACL trén cay lia chiu man. Két qua nay cho thay
OsWRKY13 la chét diéu chinh tiéu cuc cta phan ang voi mudi [90]. Tao va cong
su (2011) [91] da bao cao OsWRKY45-2 lam tang kha nang chiu man cho cay lda
trong treong hop d6 nhay cia ABA giam.

Gan day, nhiéu nghién ctru da chi ra rang microRNA (miRNA) déng vai tro
chinh trong qua trinh diéu hoa biéu hién gen ¢ cap d6 sau phién ma. Trong diéu kién
han man, nong d6 cua 02 microRNA (0sa-MIR394c¢ va 0sa-MIR393) da suy giam
tuyén tinh theo ndong d6 ABA. Piéu nay dong nghia vai viéc khi 02 miRNA biéu
hién & mirc d6 cao, kha ning chiu stress mudi cia cay trong sé giam xudng [92].

(b) Dung nap mudi théng qua con dwong khdng phu thugc ABA

Mot s6 gen c6 kha niang cam mg boi stress mudi doc 1ap véi ABA, nhu yéu
t6 phién ma (DREB1 va DREB2), protein kinases va cac enzyme phan huy ROS.

Yéu t6 phién ma DREB: B¢ gen Ia chira it nhat 10 gen loai DREB1, trong d6
OsDREB1A va OsDREBI1B duoc gay ra boi stress lanh. Sy c6 mat cua protein
OsDREBIA thuc day qué trinh biéu hién cac gen lién quan dén qué trinh chong chiu
V6i yéu t6 stress ¢ cay Arabidopsis bién doi gen [93]. Cay lda cd it nhat 04 yéu tb phién
ma tuong dong DREB2, trong d6 OsSDREB2A va OsDREB2B dugc cam ung & nhiét do
cao, nhiét do thip va nong d6 mubi cao [94]. Két qua phan tich cay lGa chuyén gen
trong moi truong han nong, lanh, man cling da phat hién dugc mot ham luong 16n céc
protein OsDREBIA va OsDREBIB. Ngoai ra, ciing dudi tic dong cia cac yéu tb
stress nay, gen OsDREB1F duoc kich hoat dé ting cuong biéu hién [95].
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Gen pathogenesis-related protein 1 (PR1) lién qua dén kha ning mién dich &
thue vat, mot s 10di vi sinh vat néi sinh hoic ngoai sinh 1am ting cuong biéu hién
cua gen PR1 dan dén lam ting kha niang mién dich (dic biét 1a kha ning khang ndm
bénh) [96].

Céc enzyme ROS ciing dugc ghi nhan c6 lién quan dén kha ning chiu man.
Khi bj stress man, thuc vat s& tdng hop céac chat oxi hoa (ROS), cu thé 1a H,0,, 0%
va OH’ 1am pha huy DNA, RNA va protein. Cac hop chat ROS ciing gay ra sy pha
hay chit diép luc va lam gian doan hoat dong cia md phan sinh ré. Cac enzyme
chéng oxy hoa nhu superoxide dismutase, catalase, ascorbate peroxidase,
peroxidase, glutathione reductase va monohydroascorbate reductase c6 kha nang
loai bo ROS va duy tri ching & muc thip. Superoxide dismutase 1a mot
metalloenzyme dong mot vai trd quan trong trong viéc bao vé té bao khoi tac hai
cta qua trinh oxy hoa, bang cach xuc tac chuyén do6i goc superoxide thanh H,O,.
Gen CAT mai hod cho enzyme catalase 1am giam mac ROS bang céch xuc tac su
phan hay H,O, thanh H,O va O,. Gen NADP-ME2 ma hoa cho enzyme NADP-
malic2, 1a mét trong nhirng enzyme quan trong tham gia vao cac qué trinh trao doi
chat ¢ thuc vat, c6 mat chu yéu o ty thé, luc lap va té bao chat, xtc tc qua trinh khir
carboxyl hoa cua malate dé tao pyruvate, CO, va NADPH dudi dang ion kim loai
(Mg?, Mn?*...). Vi vay, enzyme nay gii vai trd trong viéc tang cuong kha ning
chéng chiu caa thuc vat dbi véi stress mubi va tham thau. Quan sat cay Arabidopsis
dugc chuyén gen NADP-ME2 1 chit cam tng véi stress min & cay IGa, cac nha
nghién ctru da nhan thay kha nang chéng chiu lai stress man ¢ loai cay nay ting 1én.
Nguyén nhan c6 thé 1a do enzyme malic da lam giam s lugng céc phan tir ROS
[97]. Guan va cong su (2017) [98] cho thiy ring su biéu hién qua mac cua gen
OsCu/Zn-SOD lam tang kha nang giai doc cia ROS va lam giam tac hai cua quéa
trinh oxy hda do muéi gay ra.

1.4. Tinh hinh nghién citu vé PGPB hd tro cay trong chiu min
1.4.1. Trén thé gidi

Nhiéu nghién ctiru vé vi sinh vat chiu man c6 kha nang san xuét cac chat kich
thich sinh trudng thyuc vat trén nhiéu dbi teong cay trong khac nhau trong diéu kién
canh tac dat bi nhiém man nhu laa, ngd, dau tuong, huéng duong, dau ga, dau xanh,

dau ha lan, dau rang ngua va dau lang. Sy hién dién cua cac vi sinh vat nay trong
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dat mang lai loi ich tryc tiép cho cay trong. Trén co s& do6, nhiéu loai vi sinh vat

duoc str dung dé san xuat cac ché pham sinh hoc hd tro kich thich sy sinh truong

cua thuc vat, tir d6 cai thién ning suat cy trong trén dat nhiém man. Mot sé vi du

vé vai trd cua cac vi sinh vat kich thich ting truéng thuc vét trong viéc nang cao

nang suat ciia mot sé loai cdy trong khac nhau dugc tom tat trong Bang 1.1.

Bang 1.1. PGPB va co ché thuc day sy phat trién caa mot sb loai cay trong

Cay trong Vi sinh vat Co ché tac dung Tai liéu tham khao
IAA, ACC deaminase | Sarkar va cs., 2018
Enterobacter sp. P23 hoa tan phosphate [99]
o ACC deaminase , o
Herbaspirillum . Andreozzi va cs.,
IAA, hoa tan
Enterobacter ) 2019 [100]
phosphate, proline
ACC deaminase , .
. Yoolong va cs., 2019
S. venezuelae IAA, hoa tan
[101]
phosphate
ACC deaminase , L
. Shahid va cs., 2020
Achromobacter IAA, hoa tan
[102]
phosphate
Enterobacter sp. ACC deaminase Sagar va cs., 2020
PR14 antioxidant enzymes [103]
IAA, o dinh nito .
] . Sultana va cs.,2020
B. aryabhattai MS3 Hoa tan phosphate [104]
siderophore
Bacillus sp.
Cay lua

Exiguobacterium sp.
Enterobacter sp.
Lysinibacillus sp.

Stenotrophomonas sp.

Microbacterium sp.
Achromobacter sp.

ACC deaminase ,
IAA, hoa tan
phosphate, proline

Prittesh va cs., 2021
[105]

Staphylococcus sciuri
ET101

ACC deaminase
IAA,
hoa tan phosphate

Taja va cs., 2021
[106]
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Cay trong Vi sinh vat Co ché tac dung Tai liéu tham khao
Brevibacterium linens ACC deaminase Ahmed va cs., 2021
RS16 [107]
Klebsiella pasteurii ) ) .
ACC deaminase, Bianco va cs., 2021
Phytobacter - )
] _ IAA, Co dinh nito [108]
diazotrophicus
ACC deaminase , .
] ] . Kumar va cs., 2021
Bacillus pumilus IAA, hoa tan
: [109]
phosphate, proline
Dermacoccus (D. IAA .
i . . Rangseeka va cs.,
barathri MT2.1T va Hoa tan phosphate
_ _ 2021 [110]
D. profundi MT2.2T) siderophore
ACC deaminase, Mellidou va cs., 2021
. Pseudomonas IAA, hoa tan [111]
Ca chua o
oryzihabitans phosphate,
siderophore
ACC deaminase , Liuvacs., 2021
Pseudomonas .
IAA, hoa tan [112]
azotoformans
phosphate
) ] ACC deaminase , Mohamed va cs.,
Bacillus aryabhattai .
IAA, hoa tan 2020 [113]
EWR29
] phosphate , EPS.
Lua my - :
) ] ACC deaminase , Mehmood va cs.,
Bacillus aryabhattai .
IAA, hoa tan 2021
PM34
phosphate [114]
Diéu hoa 4p suat tham
Bacillus aquimaris thau, Li va Jiang, 2017
DY-3 Enzyme chng oxy [115]
hoa,
A. brasilense strains
Ab-V/5 va Ab-V6 Enzyme chéng oxy | Fukami va cs., 2018
Ngo Rhizobium tropici hoa, proline [116]

strain CIAT 899
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Cay trong Vi sinh vat Co ché tac dung Tai liéu tham khao
Gracilibacillus,
Staphylococcus
Virgibacillus
Salinicoccus
Bacillus sp. IAA, ACC deaminase, o
) ) . Aslam va Ali, 2018
Zhihengliuell hoa tan phosphate, [40]
Brevibacterium biofilm.
Oceanobacillus,
Exiguobacterium
Pseudomonas sp.
Halomonas spp.
) ) Misra va cs., 2020
Bacillus spp. ACC deaminase
[117]
Pseudomonas sp. P8, ] .
o IAA, ACC deaminase, Peng va cs., 2021
Peribacillus sp. P10, .
hoa tan phosphate, [118]
Streptomyces sp.
. B. subtilis ) Sofy vacs., 2021
Pau ha lan IAA, ACC deaminase
P. fluorescen [119]
F. pseudomona ] Tewari va cs, 2016
Hoa ACC deaminase
[120]
hudng — \
B.licheniformis ) Yasmeen va cs, 2020
duong o IAA, ACC deaminase
P.plecoglossicida [121]
) ) ] El-Esawi va cs., 2018
Bacillus firmus IAA, ACC deaminase
[122]
Dau tuong i S
P. pseudoalcaligenes _ Yasmin va cs., 2020
. IAA, ACC deaminase
B. subtilis [123]

Vi sinh vat kich thich sinh trueéng thuc vat thdng qua kha ning sinh chat kich

thich sinh truéng thuc vat (IAA), sinh tong hop ACC deaminase, ting kha ning hap

thu chat dinh dudng nho kha ning phén giai phosphate va tham gia vao qué trinh cé

dinh nito sinh hoc. B&n canh d6, cac nghién ctiru & mirc d6 phan tir cho thiy PGPB

con tac dong lam thay doi biéu hién mot sé gen lién quan dén qué trinh dap ung
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man, nho d6 cay trong c6 kha ning ting cudng tinh chdng chiu véi cac diéu kién
bit thuan ctia méi truong nhu han néng, han lanh hodc han man.

Nautiyal va cong su (2013) [124] da danh gia tac dung cua chang B.
amyloliquefaciens NBRISN13 (SN13) c6 kha nang sinh ACC deaminase, sinh 1AA
va hoa tan phosphate ddi voi cdy laa trong diéu kién nhiém min. Trong diéu kién
nudi thay canh, nhiém chung SN13 lam ting chiéu dai r& (3,2%), chiéu dai than
(15,4%) va trong luong kho (11,7%), ddng thoi lam ting cudng biéu hién cua mot
s6 gen gdm GIG gap 3,04 lan, SAPK4 gap 1,34 lan so voi d6i ching. Khi bi stress
man 200 mM NacCl, nhiém ching SN13 lam trong lugng kho ting 5,8% va ting
biéu hién cia cac gen BADH, LYSO va CAT tir 1,2-1,8 lan. Trong diéu kién nha
kinh, cay laa duoc trong trén dat da khir tring dé 1am giam sy tap nhiém vi sinh vat
bén ngoai. Stress man lam giam chiéu dai than (11,62%) va giam trong luong kho
(21,26%), cing voi nd lam giam su biéu hién cua cac gene NHX1, SOS1, BZ8, GIG,
BADH, SAPK4, SNRK2, LYSO, CA, PBZ1, SERK1 va EREBP tir 0,19- 0,80 lan,
trong khi MAPK5 dugc cam ung ting gap 1,21 lan. Cay lua nhidém ching SN13
trong diéu kién stress man lam tang chiéu dai than 27,43%, chiéu dai & 73,17%,
trong luong kho 55,74%, tuy nhién khong tim théy su khac biét trong biéu hién cua
13 gen (NHX1, SOS1, BZ8, GIG, BADH, SAPK4, SNRK2, LYSO, CAT, PBZ1,
SERK1 va EREBP) trir gen MAPKS5 bi giam biéu hién 0,28 1an so vé6i ddi chung.

Jaemsaeng va cong sy (2018) [41] nghién ciru tdc dung kich thich sinh
truong ctia chung xa khuan Streptomyces sp. GMKU 336 ndi sinh ¢6 kha ning sinh
ACC deaminase, hoa tan phosphate va sinh siderophores trén ciy lua trong diéu
kién nhiém man. Két qua cho thay nhiém chung GMKU 336 1am tang dang ké sy
sinh truéng, ham lugng chlorophyll, proline, K¥, Ca’ va lam giam ethylene, ROS va
Na" khi so sanh véi cay khong dugc nhiém va nhiing cay dugc nhiém véi chung dot
bién mat gen acdS. Su biéu hién cua cac gen dap wng Véi stress man & cay lGa
nhiém chung GMKU 336 c6 twong quan véi cac dac diém sinh ly cia cay. Cac gen
lién quan dén con duong ethylene, ACO1 va EREBP1 duoc diéu chinh giam dang
ké trong khi cac gen lién quan dén can bang tham thau (BADH1), kénh van chuyén
Na * (NHX1 va SOS1), calmodulin (Cam1-1), va cac enzym chdong oxy hoa (SOD1
va CAT) duoc diéu chinh ting. Nhu vdy, chung GMKU 336 gitp ting cudng sinh

truong cua ciy lua va ting kha nang chiu man bang cach lam giam ethylene thong
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qua hoat dong cia ACCD va hd trg thém cho cay trong loai bo ROS, can bang ham
lwong ion va &p suat tham thau.

Sultana va cong su (2020) [104] chang vi sinh vat chiu man sinh chat kich
thich sinh truong thuc vat B. aryabhattai MS3 dugc phan lap tir ving dat nhiém
man lam ting kha ning sinh truéng cua cay lGa khi bi nhiém man ¢ néng do 200
mM NaCl. Nghién ctu sy biéu hién cua cac gen lién quan dén dap tng Véi stress
man cho thay c6 su ting cudng biéu hién cua 4 gen BZ8, SOS1, GIG va NHX1.

Sy bién d6i biéu hién cua cac gen lién quan dén chdng chiu véi stress mian nho
PGPB ciing d4 dugc nhiéu tac gia nghién ciu trén nhiéu déi twong khac ngoai cay lia
nhu trén cdy ngd, cy cai va IGa my. Burkholderia phytofirmans PsJN lam thay doi
biéu hién cua cac gen (KT1, HKT1, NHX2 va SOS1) lién quan dén can bang noi moi
ion & cady cai Arabidopsis thaliana [125]. Cay ng6 nhiém chung B.
amyloliquefaciens SQR9 [126] khi bi nhiém min (100 mM NaCl) c¢6 ham lugng
chlorophyll, duong hoa tan tong, hoat tinh peroxidase va catalase, ham luong
glutathione va ty 1é K*/Na" tang so voi d6i ching. Nghién ctiu su biéu hién caa mot
s6 gen lién quan cho thay c6 sy ting cuong biéu hién cia cac gen RBCS, RBCL (ma
hoa tiéu don vi RuBisCo), H (+)-Ppase (ma hoa pyrophosphatase bom H*), HKT1,
NHX1, NHX2 va NHX3 va su giam cua NCED so véi d6i ching khong dugc nhidm
ching SQRY. Nhiém chung Serratia liquefaciens KM4 1am ting kha ning chiu man
& cay ngd va lam tang cuong su biéu hién céc gen APX, CAT, SOD, RBCS, RBCL,
H*-PPase, HKT1 va NHX1 va giam biéu hién gen NCED [127]. Nhiém chung
Dietzia natronolimnaea ¢ cdy lta my khi bi stress man 1am ting su biéu hién céc
kénh van chuyén ion (NHX va HKT1) va cac CAT, APX, MnSOD, POD, GPX, va
GR [128]. Nghién ctu su biéu hién cac gen lién quan dén dap ung man & cay lda
my nhiém chung Arthrobacter nitroguajacolicus cho thiy c6 sy ting biéu hién cua
cac gen P450s (CYP98A1, CYP734A5, CYP72A15 va CYP710A1) lién quan dén céc
phan (rng oxy hoa khtr va phan tng stress, APX va nicotianamine. Hon nira, c0 su
biéu hién cao hon ctia c4c kénh van chuyén ion (HKT va NHX) 1am ting cudng kha
nang chdng chiu véi stress mudi [129]. Trong diéu kién stress mian, cay dua hau
dugc nhiém ching Funneliformis mosseae ¢ su giam biéu hién cua gen RBCL

(tham gia vao qua trinh quang hop), ting mirc d6 biéu hién cua PPH (chiu trach
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nhiém cho sy phan hay chat diép luc) va ting cuong su biéu hién cac gen lién quan
dén phan ung bao vé chong oxy hda (APX, Cu-Zn SOD, CAT va GR) [130].
1.4.2. Tgi Viét Nam

Viéc tng dung vi sinh vat hitu ich 1am phan vi sinh c6 tir rat lau, cac nghién
ctru tap trung chu yéu vao phan lap va danh gia kha ning cb dinh nito, phan giai
phosphate va sinh tong hop IAA tir nhiéu nguon khac nhau nhu tir dat hodc noi sinh.
Tuy nhién, céc nghién ciu vé vi sinh vat chiu man sinh IAA, ACC deaminase con
han ché. Cac nghién ctru vé twong quan giita PGPB & mirc do biéu hién cua céc gen
chiu man ¢ thuc vat con chua dugc thuc hién.

Nguyén Anh Huy va cong su (2018) [131] da phan 1ap va nhan dién duoc mot
s6 loai vi khuan Bacillus megaterium, Acinetobacter sp. va Bukholderia cenocepacia
chiu man c6 kha ning cb dinh nito va tong hop IAA tir dat san xuét lda-tdm ¢ Bac
Liéu, Soc Trang va Kién Giang. Ung dung hai chung Burkholderia sp. PL9 va
Acinetobacter sp. GH1-1 cho thdy ca 2 dong vi khuan thr nghiém déu c6 kha ning
cung cap dén 50% phan dam héa hoc khuyén céo cho cay Ia trong trén nén dat nhiém
man.

Vin Thi Phuong Nhu va cong su [6, 13] phan lap tuyén chon duoc cac
chung vi sinh vat ngi sinh (A. amazonens, B. kururiensis, P. putida va B. subtilis) co
kha ning sinh IAA, cb dinh nito, phan giai phosphate tir cay l0a trong trén dét tinh
Pha Yén. Str dung hai ching vi khuan phan giai lan P. putida va B. subtilis c6 thé
thay thé 50% lan hiru dung va str dung hai chung ¢ dinh nito A. amazonens, B.
kururiensis c6 thé thay thé 50% dam cho cay lla trong trén dat thit pha cat & thanh
phd Tuy Hoa, tinh Pha Yén.

Nguyén Vin Phuong va cong su (2020) [132] d3 sang loc cac dic diém kich
thich sinh truéng thuc vat tir 77 chung vi sinh vat noi sinh phan lap tir giéng lGa Bac
Thom trén dat trdng IGa, tinh Hai Duong. Két qua nghién ciu xac nhan 64 chung c6
kha ning tong hop IAA, 74 ching c6 kha nang tong hop amoni va tat ca 77 chiang
c6 kha nang phan giai phosphate vo co.

Nguyén Pham Anh Thi va cong su (2020) [133] da phan lap va tuyén chon
dong vi khuan c6 kha ning hoa tan lan tir dat trong IGa bi nhidm man tai tinh S6c
Trang. Két qua nghién ciu tuyén chon duoc 2 dong vi khuan TD 3.1 va TD 4.3 ¢6

kha nang hoa tan P khé tan, duy tri mat d6 vi khuan cao & ngudng pH rong trong
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khoang 3 dén 5 va & nong do mudi NaCl dat dén 5%.. Hai dong vi khuan nay c6 kha
nang hd tro su nay mam cua hat 10a, hd tro sinh truéng, gitp ting sinh khéi cay lda
& diéu kien phong thi nghiém.

Nguyén Bic Thanh va cong sy (2020) [134] da phan lap duoc 2 chung vi
khuan P. oryzihabitans T2917 va Burkholderia sp. T3602 tir ving dat trong budi
Da xanh & tinh Bén Tre c6 kha ning chiu nong d6 mudi NaCl >3%, co hoat tinh
phén giai 1an v6 co va6i duong kinh vong phén giai 3,7+£0,16 va 2,2+0,44 cm). Hai
chang nay cé tiém ning trong san xuat ché pham vi sinh sir dung trong néng nghiép,
dic biét & vung dat bi nhiém man.

1.5. Phwong phap phén tich hé gen bang cong nghé giai trinh tw gen thé hé méi

Giai trinh tu hé gen la k¥ thuat xac dinh trinh tu cac nucleotide trong toan bo
hé gen bao gdm ca cic gen ma hoa va khong ma hoa cho céc protein chirc ning.
Phuong phap xéac dinh trinh ty gen dau tién di dugc Sanger va nhom nghién ciru
cong bd nam 1977 d3 thu duoc nhiéu thanh tuu quan trong trong d6 ndi bat nhit 1a
viéc hoan thanh dy an hé gen nguoi vao ndm 2001. Tuy nhién, phuong phap nay
can chi phi cao va luong thoi gian 16n dé hoan thanh. Sy ra doi cua cong nghé giai
trinh tu gen thé hé moi vao ndm 2005 13 mot budc ngoit 16n, mé ra mot ky nguyén
m&i trong linh vuc giai trinh tu gen. Vi wu thé vé thoi gian, dung lugng, do chinh
xac, cac cong nghé NGS ngay cang dugc su dung rong rai trong nghién ctru tuwong
quan toan bo hé gen (genomewide association studies - GWAS), xac dinh trinh tu
toan b hé gen (whole genome sequencing -WGS), hé gen biéu hién (whole exome
sequencing - WES) hay h¢ gen phién ma transcriptome (RNA-seq)...

Cong nghé giai trinh tu gen thé hé méi (NGS) con duoc goi 13 giai trinh tu
dung luong cao hodc giai trinh tu song song, cho phép giai trinh tu hang nghin dén
hang ty doan DNA dong thoi va doc 1ap v6i nhau. Ciing véi cac bude tién ciia khoa
hoc k¥ thuit, cac cong nghé NGS khong ngimg phét trién nhu ting luu luong xt 1y
lén 100 - 1000 lan, ting do dai doan trinh tu doc, giam gia thanh. Pén nay, nhiéu
cong nghé NGS khac nhau di duoc phat trién nhu: giai trinh tr Roche 454
(pyrosequencing 454), giai trinh ty Proton/PGM (Ion Torrent sequencing), giai trinh
tu Illumina (Solexa)...

Phuong phap giai trinh tu gen thé hé méi tuan theo hai nguyén Iy chinh: (1)
Poc trinh tu bang téng hop (sequencing by synthesis, SBS); (2) Poc trinh ty gan nbi
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(sequencing by ligation, SBL). Nguyén 1y thtr nhat thuong duoc cac thé hé may
Roche 454, Ton Torrent va Illumina st dung. Nguyén 1y nay st dung mot hon hop
cac ANTP b sung tir nhién va cac ANTP bo sung c6 danh dau huynh quang. Qua
trinh x4c dinh trinh ty s& dién ra twong ty nhu phan tng PCR thong thudng. Dau
tién mot doan trinh ty modi nam trén doan adapter s& duoc gan vao phan cudi cua
doan gDNA khuon can doc trinh tu. Sau do, viéc xac dinh trinh ty duoc thuc hién
bang cach gin lan luot timg ANTP b sung c¢6 danh ddu huynh quang vao phan cudi
ctia trinh ty moi. Nguyén 1y thir hai, doc trinh ty gin ndi (sequencing by ligation,
SBL) dugc dugc phat minh bdi George Church va 4p dung & mdy SOLiD. Nguyén
Iy ndy 1a mot chu trinh tudn hoan gdm céac budc: (1) Pua vao cac mdi neo dugce
thiét ké trinh ty bo sung véi trinh tu trén adapter; (2) Lai cac nonamer ngu nhién
v6i nhau (Mdi hdn hgp nonamer gdm c6 4 loai nonamer, mdi loai c6 cac base va vi
tri dd duoc xac dinh. Cac chat phat quang khac nhau dugc gan & cudi ciia mdi loai
nonamer cho phép xac dinh nucleotide trén nonamer); (3) Cac nonamer lai véi cac
moi neo (thiét bi ghi hinh va phan mém s& xac dinh nucleotide ¢ vi tri query); (4)
Moi neo, phtic hé nonamer dugc doc bang phong xa va qua trinh duoc lap lai cho
cac vi tri query trong hon hop nonamer.

Trong sb cac cong nghé giai trinh tu gen thé hé méi, cong nghé Illumina cho
két qua chinh x4c nhat, quy trinh thao tac don gian va duoc st dung nhiéu nhat,
khoang hon 90% dir liéu trinh tu gen trén thé giéi dugc tao ra bai cong nghé
Illumina. Céc budc chinh trong giai trinh ty Illumina gdm 4 budc nhu sau

Burée 1. Chuan bi mau: Cac doan DNA va ga"m 1én cac gia bam. Dau tién, soi
DNA dugc cit nho thanh cac doan DNA ngén, sau d6 02 dau cac doan DNA ngén
nay dugc gin 02 doan adapter dic hiéu. T6 hop DNA-adapter s& dugc gin 1én gia
bam 14 cac vi ban nhd cac doan do ddc hiéu adapter da gan san.

Buoc 2. Khuyéch da mau: St dung cap mdi dic hiéu adapter dé khuéch dai
céc doan DNA trén gid bam. Trong truong hop gia bam 1 vi ban thi cac thanh phan
tham gia phan tng PCR duoc bom trai 1én vi ban, nhd d6 timg cum san phim
khuéch dai duoc gan trén nhiing vi tri tich roi nhau. Cac doan DNA gin adapter
duoc bién tinh thanh mach don va duoc khuéch dai déng nhiét thanh 1 cum (cluster)
khoang 1.000 ban sao gidng hét nhau.

Buée 3. Gia trinh tu: Po tin hiéu ting loai huynh quang gin vao nucleotide
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trong phan g tong hop chudi DNA. Str dung 4 loai mau huynh quang khac nhau
dé gén vao 4 loai nucleotide dé tim trinh tu déng thoi cua hang chuc tri€u cluster.
Trong mdi chu ky gii trinh ty, mot nucleotide gan mau duge gan vao chudi DNA,
dong vai tro lam két thiic qua trinh téng hop chudi DNA. Sau mdi 1an gin két, mau
huynh quang dugc ghi lai, sau d6 duoc enzyme tach ra dé cho céc nucleotide tiép
theo gén vao chudi DNA dang tong hop. Két qua tim duoc trinh tir cac DNA ¢6 do
chinh x4c cao, khong xuét hién 18i & cac vung trinh ty 13p va céc vung trinh tu
tuong dong

Buréc 4. Phan tich s6 liéu: Cac doan trinh tu duoc sap xép va lap rap de nove
bang cac phan mém tinh sin hoc. Str dung cic phin mém tinh sinh hoc khac nhau dé

phan tich va chu thich h¢ gen.
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CHUONG 2. VAT LIEU VA PHUONG PHAP
2.1. Nguyén vat li¢u
2.1.1 Nguyén liéu
Tong sé 66 mau gom 36 mau dat trén quan dao Truong Sa, 12 mau dit va nuéc
ven bién, 9 mau ré cay lda, 9 mau ré cay dudc. Danh sach dia diém ldy mau va ky
hiéu mau duoc trinh bay & Phu lyc 1.
Gidng lta: Dai thom 8

2.1.2. Héa chdt, méi trwong va thiét bi

a) Hoa chdt

Céc loai hda chat glucose, D-mannitol, D-galactose, D-maltose, sucrose, tinh
bot tan, K,HPO4.3H,0, L-tryptophan, MgS0O,4.7H,0, axit indole-3-acetic (IAA),
glycerol, cao nam men, cao thit, tryptone, peptone, glycine, L-proline, dung dich
H,SO,, NaCl, EDTA, NaNOs;, (NH4),SO,, FeCl;.3H,0, axit ascobic,
(NH4)6M0,0,4.4H,0.

bém tra mau, 1 kb DNA ladder, dNTP, Taqg DNA polymerase PCR buffer
(Thermo Fisher, My), Agarose (First Base, Singapore).

b) Mdi truong nghién cuu

Moi truong: Nutrient agar (NA), Luria Bertani (LB), Marine agar (MA),
Dworkin va Foster salts (DF) (An D).

Moéi truong NBRIP (g/L): Glucose 10 g; CazPO,), 5 g; MgCl, 5 g; MgSO,.7
H,0 0,25 g; KCI1 0,2 g; (NH,;),S04, 0,1 g; H,O 1 L.

Maoi truong King B medium (g/L): peptone 2; K,HPO4.3H,0 1.15; MgSQO,.7
H,0, 1.5 g; glycerol 10 mL.

Moi truong Burk’s: Saccarozo 20 g/l; KH,PO,4 0,41 g/l; K,HPO,4.3H,0 0,68
g/l; MgSQO,4.7H,0 0,1 g/l; Na,SO, 0,05 g/l; CaCl, 0,2 g/l; FeSO,4.7H,0 0,005 g/I;
Na,Mo00,.2H,0 0,0025 g/I.

Mdi trudng CMC: (NH,4),SO, 1 g/l; K;HPO,.3H,0 1,31 g/l; MgS0,.7H,0
0,5 g/l; NaCl 20 g/l; CMC 5 g/l; Agar 20 g/l.

¢) Thuoc thir:

% Dung cho phén tich IAA
Thuéc thi Salkowski: 12 g FeCl, trong 1 it dung dich H,SO, 7,9 M.
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Dung dich IAA chuan: Hoa tan 1 mg IAA trong lwong nho aceton thém nuéc
cat dé dugc 10 mL duoc dung dich IAA chuin ¢6 nong do 100 ug/mL
% Dung cho dinh lugng phosphate

Dung dich K,S,0g 5%: hoa tan 25 g K,S,0g trong 500 mL nuéc cat

Dung dich axit ascorbic: Hoa tan 10 g axit ascobic trong 100 mL nudc cat

Dung dich Mo(NH,),Fe(S0,),.6H,0:

(1) Hoa tan 13g (NH4)sM070,4.4H,0 trong 100 mL nudc cat
(2) Hoa tan 0,359 K(SbO)C4H406.0,5H,0 trong 100 mL nudc cat
(3) Phalodng 150mL H,SO, 98% bing 150 mL nuéc cat
Dung dich KH,PO, chuan: Hoa tan 0,217 g KH,PO, trong 5 mL H,SO, 98%,
sau d6 dinh muc 1én 1000 mL bang nudc cat.
< Dinh lugng NH,"

Thudc thir Nessler hoa tan 100 g thay ngan (1) iodua va 70 g kali iodua
trong 100 ml nudc. Hoa tan 224 g kali hydroxit trong 700 ml nudc dyng trong
binh dinh mac mot vach 1000 ml va dé ngudi dén nhiét dd6 phong. Thém tur tir
dung dich thay ngén (I1) iodua/kali iodua vao dung dich kali hydroxit trong khi
van khudy lién tuc. Pha lodng bang nudc cat dén vach va tron déu. Bé on dinh toi
thiéu 2 ngay trude khi st dung.

< Phan tich glucose: Thudc thir DNS
b) Thiét bi

May vortex (Dragon, Trung Qudc), 10 vi song (Sharp, Nhat Ban), can ki
thuat (Metller Toledo, Thuy S¥), ti lanh -20 °C, -80 °C (Sanyo, Nhat Ban), pipet
cac loai (Gilson, Phap), may Realtime-PCR (Biorad/My), may ly tdm (Eppendorf,
Ptic), may quang phd Biospectrometer (Eppendorf, Puc), may PCR (Eppendorf
AG, buc); may dién di (Bio-Rad), may chyp anh gel (Amersham BioSciences),
may giai trinh ty gen thé hé méi (Illumina, M¥), may Nanodrop spectrophotometer
(Thermo Scientific/ M¥), ndi hap tiét tring HVP-50 (Amerex Instrument/ M¥), ti
am 20-50 °C (Memmert / Puc), ta sdy (Memmert / Dtc), ti cdy vo trung (Esco/
Singapore).



37

2.2. Phwong phap nghién ciru

Noi dung cua luan an duoc duoc hién theo cac budc mo ta trong Hinh 2.1

Thu mau
R€ cdy Iua, 1€ cay dwoc, nude bien, dat va nwde ven bién, dat teén quan dao Truong Sa

U

Phin 4p

v

Sang loc, tuyén chon cdc ching vi khuan sinh [AA

v

[ Sang loc, tuyén chon cac ching vi khuan sinh ACC deaminase, phan giai phosphate, ¢0 dinh nito
va phan giai cellulose

2%

[ Xac ditth cc dic diém hinh tha, sinh hod, dinh danh cd ching vi khuan chon loc bing phuong |
phap mai trinh tw 16S rRNA

Vv

[ Nghién ciru cde yeu 0 (nhiét d9, pE, NaCl, nguon carbon, nito) anh huong dén kha ning sinh
trrong, sinh tong hop IAA cua chung chon loc

V4

Danh gia kha ning lam giam tac dong cua stress man do1 vor cay lia cua chung chon loc

Vv

Nghién ctru su bien dor bicu hién cva cdc gen lién quan dén dap tng man ¢ cay 10a duo sy ho tro
cva chung vi khuan choc loc

4

[ (a1 trinh tw va phan tich he gen cva chung vi Khudn chon loc ]

J

.‘

Hinh 2.1. So d6 tom tit cac ndi dung nghién ciru
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2.2.1. Phwong phdp ldy mdu

Nudc bién duoc 1ay bing bathometer, sau d6 chuyén vao dng Falcon 50 ml.
Mau tram tich duoc lay bang thiét bi Iy ban chuyén dung. Dat ven bd dugc ldy
bang thia inox di khir tring rdi chuyén vao tai dyng mau. Cac mau thu thap duoc
bao quan lanh trong hop xép ¢6 chtra da trudc khi mang vé phong thi nghiém [135].

Céac mau dat duoc lay dya theo tiéu chuan TCVN 7538-6:2010

Cac mau ré cay lua va ciy dude duoc lay bang cach ding dao tach nhe nhang
phan r&, hoic thu thap toan bo phan gdc chuyén vao tai dung mau, ghi nhin va
mang vé phong thi nghiém phan lap. Cac mau chua phén tich dugc quan bao ¢ 4 °C
[136].
2.2.2. Phén ldp cdc chiing vi Khudn chiu mdn

Phan lap céac vi khuan dat va nudc: Can 10 gram mau dat hoic 10 mL mau
nudc vao binh tam giac 250 ml chira 90 ml nudc mubi 0,85% vo trung. Lac 120
vong/phit trong 30 phat. Pha lodng miu dich téi cac ndng do 107, 107, 107,10,
10 va 10°. Hat 100 pL dich miu ¢ cac ndng do pha lodng 1én cac mdi truong dia
petri (9 cm) chira moi truong chon loc ¢6 bo sung 3 % NaCl. U dia trong 3-5 ngay o
28 °C dé quan sat sy hinh thanh céc khuan lac. Céc vi khuan duoc chon loc thong
qua hinh thai bé mat, mau sic dé phu hop véi chung loai va muc dich nghién ctu.
Phan 1ap cac vi khuan ndi sinh trong ré laa va dudc [136]: R& dwoc khu tring bé
mit bang cach ngam trong ethanol 95% 1 phut sau d6 ngdm vao dung dich HgCl,
0,1% 1 phut. Sau d6 rira sach (t6i thiéu 10 1an) voi nude cat vo trang. Tiép tuc
khir tring bang cach ngam ré trong ethanol 70% trong 5 phut, tiép dén sodium
hypochlorite 5,5% trong 10 phat. Rira lai nhiéu lan bang nudc vo trung va sau dé
stc rira 3 1an vai MgSO, 0,1M. Bé kiém tra kha niang cac vi sinh vat con sot lai
trén bé mit mau sau khi khir tring, 1y 200ul nuéc cit vo trung d& rira mau o lan
thir 1an cudi cay 1én cac dia méi truong NA va u ¢ 30 °C, néu sau 24-48h 1 cac dia
moi truong ndy khong c6 su xuat hién cac khuan lac thi cac mau da khir trung dat
yéu cau.

RE dugc nghién bang cdi va chay vo trung. Huyén phu duoc pha lodng
bang nuéc mudi 0,85% hoic khong pha lodng sau d6 cdy vao dia petri chira méi
truong NA bd sung 3% NaCl. Quan sat sy hinh thanh khuéan lac sau 3-5 ngay

nudi ciy & 28 °C.
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Céc khuan lac duoc lam sach va luu giir trong dng nghiém bao quan & 4 °C
va bao quan lanh sdu (-70 °C) trong glycerol 10%. Céc khuan lac hay cac chung vi
sinh vat phan lap duoc sang loc, tiép tuc dugc danh gia kha niang sinh tong hop
IAA, ACC deaminase, phan giai phosphate khé tan, c6 dinh dam, phan giai
cellulose.
2.2.3. Sang loc cac ching vi khudn c6 khd ning sinh IAA

Céac chung phén lap duoc danh gia kha nang sinh IAA théng qua phuong

phap Salkowski [137]. Cac chung phan 1ap dwoc nubi trong binh c6 chira 5 ml moi
truong King’B bo sung thém L- tryptophan 0,5 g/l, nudi lac 200 vong/phat & 30 °C
trong 72 h. Dich nudi ciy sau 72 h duoc ly tdm & 10.000 vong/phut, thoi gian 10
phat. Hat 1 ml dich sau khi ly tdm tron 1ml thudc thir Salkowski. U hén hop 30
phut trong bong tdi, mau c6 chira IAA chuyén sang mau do. St dung may quang
phd ¢ budc séng 535 nm dé do d6 hap thuy mau. Cac thi nghiém duoc 13p lai 3 lan.
Cin ctr vao dudng chuan IAA (Y= aX+b) dé xac dinh ham luong IAA sinh ra &
tung ching (Phu luc 2a). Lua chon cac chung c6 kha nang sinh IAA cao dé tién
hanh cac thi nghiém tiép theo.
2.2.4. Sang loc cdc chiing Vi khudn cé khd nang tong hop ACC deaminase

Sang loc cac chung c6 kha nang sinh tong hop ACC deaminase tir cac chang
sinh 1AA. Hoat 40 ACC deaminase dugc xac dinh dua trén kha nang tao thanh
alpha- ketobutyrate tir qua trinh thuy phan ACC. Céac chiing chon loc duoc cay trén
moi trudng DM agar ¢6 bd sung 5 mM ACC (ngudn nito duy nhat) [138]. Sau 48 h
nudi cay ¢ nhiét do 30 °C, lya chon cac chung c6 kha nang sinh truong manh cay
chuyén sang méi truong LB long. Chung vi sinh vat duoc nudi ciy trén moi truong
LB long trong 24 h, lac 200 vong/phut, nhiét do 30 °C. Sinh khéi té bao duoc thu
bang phuong phap ly tim bang ly tam 8000 vong/phut, 5 phit, ¢ nhiét do 4 °C sau
d6 duoc rira bang méi treong DM. Hoa tan sinh khéi vao 7,5 ml méi trudng DM, ¢6
bo sung 45 ul ACC 0,5 M dé duoc nong do ACC cubi cing la 0,3 mM. Sau khi 1
tiép 24 h, lac 200 vong/phut, nhiét do 30 °C ly tam thu sinh khéi, rira 3 1an bang 5
ml of 0,1 M Tris-HCI pH 7,6. Tiép theo, té bao vi khuan hoa tan vao 600 pl 0,1 M
Tris-HCI, pH 8,5 va b sung thém 30 pl toluene, lac manh trong 1 phat. H3n hop té

bao duoc toluene hoa duoc chia 1am hai phan, mét phan dé xac dinh protein theo
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phuong phap Bradford va phan con lai duoc st dung dé xac dinh hoat d6 ACC
deaminase.

Ly 200 pl hdn hop té bao duoc toluene hod, bd sung 20 pl dung dich 0,5
mM ACC lic déu, u 30 trong 15 phdt, tiép tuc thém 1 ml dung dich 0,56 M HCI ri
ly tdm 10000 vong/phut trong 5 phat ¢ nhiét @o phong va thu dich trong. Hut 1 ml
dich trong tron déu véi 800 pl dung dich 0,56 M HCI. Tiép theo, thém 300 pl thubc
thtr 2,4-dinitrophenylhydrazine (0,1% 2,4- dinitrophenylhydrazine trong 2 M HCI.
Sau khi u hdn hgp ndy & 30 °C trong 15 pht, bo sung 2 ml NaOH 1N. Cuédi cung,
xéac dinh sy hap thu mau ¢ budc song 540 nm. Thi nghiém dugc 13p lai 3 1an. Hoat
dd ACC deaminase dugc xac dinh 1a lugng alpha- ketobutyrate dugc tao ra trén moi
g protein trong 1 gio. Luong alpha- ketobutyrate tao ra duogc tinh dya trén phuong
trinh duong chuan cua alpha- ketobutyrate dang Y= aX+b (Phu luc 2b)
2.2.5. Sang loc cdc chiing Vi khudn cé khd ning phén gidi phosphate

Cac chung c6 kha nang sinh TAA dugc danh gia kha nang phan giai
phosphate khong tan trén méi truong NBRIP agar [139]. Lua chon cac ching cé
vong phan giai phosphate nudi trén moi trudng long NBRIP, nudi lic 200 vong/phut
& 30°C. Sau 72 h nudi dich nudi duge sur dung dé xac dinh néng do phosphate hoa
tan giai phong vao méi trudng nudi cay theo phuong phap so mau blue-molyphen &
buéc séng 880 nm. Cac thi nghiém duoc 13p lai 3 1an. Dwa vao phuong trinh dudng
chuan (Y = aX + b) dé xac dinh ham luong phosphate hoa tan cé trong mau (Phu
luc 2c).
2.2.6. Sang loc cac chang vi khudn c6 khd nding cé dinh nito

Céc chang c6 kha nang sinh TAA tiép tuc dugc danh gia kha ning ¢ dinh
nito. Cac ching chon loc duoc ciy trén moi trudng Burk’s. Nhitng ching c6 kha
ning moc trén mdi truong nay la ching cé kha ning cb dinh nito. Chon nhiing
chung sinh truéng manh (khuén lac to, 18) trén moi truong thach Burk’s. Chuyén
sang moi truong Burk’s dich thé nuéi lac 120 vong/phit, sau 72 h thu thap dich
nudi dé ly tam lay dich trong dé x4c dinh ham luong NH," sinh ra bang phuong
phap so mau véi thude thir Nessler [140]. Céac thi nghiém duoc 13p lai 3 1an. Puong
chuan NH," duoc dyng véi cac mau ¢ ndng d6 NH,* chuan khac nhau c6 dang Y =
aX +b dé tinh lwong NH," ¢6 trong mau (Phu luc 2d)

2.2.7. Sang loc cac chang vi khudn c6 khd nang phén hiiy cellulose
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Cac chang c6 kha ning sinh TAA dugc ciy trén moi trudng c6 CMC 1%
(ngudn cacbon duy nhat). Nhirng chung c6 kha ning moc trén moéi trudng ndy 1a
ching c6 kha nang phan huy cellulose. Chon nhitng chung sinh truéng manh (moc
nhanh, sinh khéi nhiéu) trén méi trudong thach CMC. Chuyén sang mdi truong CMC
dich thé nuéi lic 120 vong/phut, sau 72 h dich nudi dem ly tdm 14y dich trong xac
dinh kha ning sinh enzyme cellulase sinh ra, lay dich trong dé xac dinh hoat do
enzyme cellulase theo phuong phap Miller [141]. Kha nang phan huy cellulose
dugc xac dinh dua vao lugng duong khir tao thanh sau phan tng bing phuong phap
do quang phd. Céc thi nghiém duoc Iap lai 3 lan. Pon vi hoat 46 CMCase duogc
dinh nghia 14 luong enzyme cellulase can thiét dé giai phong 1 ug glucose trong 1
phut duéi diéu kién tiéu chuan. Dya vao dudng chuan glucose c¢6 dang Y = aX +b
dé tinh luong glucose duoc giai phong (Phu luc 2e)

2.2.8. Khd ndng sinh siderophores

Kha nang sinh siderophore dugc danh gia theo phuong phap cua Schwyn va
Neiland (1987) [142]. Vi khuan dwoc nudi lic & 200 vong/phut trong méi truong
long Nutrient broth qua dém & 30 °C. Sau d6 20 pL dich vi khuan duoc nho trén dia
NA c6 bd sung Chromo Azzurol S (CAS) va 1t ¢ 30 °C. Quan sat mau sac xung
quanh ving khuan lac sau 1 tuan nudi cay. Néu mau cam sang thi chieng to vi khuan
0 kha nang sinh siderophores.

2.2.9. Phan logi vi sinh vt
2.2.9.1. Xdc dinh mét sé déc diém vé hinh thai va sinh hoa

Quan sat dic diém khuan lac: Hinh thai cta khuan lac dya vao hinh dang,
mau sic, do noi va dang bia bang kinh I0p.

Quan sat dic diém té bao vi khuan: Hinh thai té bao duoc quan sat duéi kinh
hién vi quang hoc & d6 phong dai 1000 lan.

Nhuém Gram: C6 dinh tiéu ban bang cach nho 10 pl nudc cat vo tring 1én
la men, sau d6 dung que cay v tring ldy mét luong nhé sinh khéi vi khuan trai 1én
kinh, dé khé tu nhién. Nhuém bang dung dich tim gentian trong 30 gidy- 1 phdt, sau
d6 rira bang nudc. Nhuom dung dich lugol va git trong 1 pht, ria biang nudc. Nho
dung dich alcohol 90%, giit khoang 30 gidy (cho dén khi vira thay mat mau), rira
bang nudc. Nhuém tiép bang dung dich Fucshin trong 1 phdt, rira bang nude va dé

kho. Quan sat ¢ vat kinh 100 X. Vi khuan Gram dwong: bit mau tim, do véch té bao
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day c6 kha nang gitr tim gentian. Vi khuan Gram am bat mau hong 1a do véach té bao
moéng hon khong thé giir lai gentians (Mau hdng cua fucshin)

Mot s6 dic diém sinh hoa duge xac dinh dya theo Kit API 20E Biomerieux
2.2.9.2. Phurong phap gidi trinh tu 16S rRNA

Céc chung vi sinh vat duoc dinh danh bang phuong phap giai trinh ty 16S
rRNA. Chung vi sinh duoc nuéi trong méi treong LB & 30 °C sau 24 h nudi lic 200
vong/phiit. DNA duoc tach chiét theo kit tich DNA (Thermo Scientific). Hut 1ml
dich sinh khéi ly tam 10000 vong/pht trong 5 phat. Cho 560 mL TE va 40 uL SDS
10%, danh tan va tron déu can sinh khéi roi cho tiép 20 L proteinase-K. U & nhiét
d6 56 °C trong 45 phat. Thém 280 pL NaCl 5 M, tron nhe rdi chuyén sang dng 2mL
eppendof. Rira bang hdn hop chloroform-isoamy (24:1) ty 1é 1:1, lic 10 giay. Ly
tam & 10000 vong/phdt trong 15 phat, thu dich noi (1ap lai 2 1an). Thu 500 pL dich
noi, b6 sung tiép 1 mL ethanol tuyét d6i dé u qua dém & -20 °C. Ly tdm 12000
vong/phdt & 4 °C trong 20 phit thu can. Sau khi thu cin tiép tuc rira bang 650 pL
con 70% bang céch ly tam 12000 vong/phat ¢ 4 °C trong 20 pht (2 1an). Thu cin
DNA va lam kho dé loai hét con. Hoa tan DNA trong 100 pL H,O va 10 pL Rnase
(10 mg/mL), u ¢ 37 °C trong 30 phdt.

Gen 16S rRNA dugc khuyéch dai bang phan tng PCR sir dung cap moi xudi
27F, moi nguoc 1492R. Thanh phan caa phan ung thé hién trong Bang 2.1. Chu
trinh nhiét ciia phan ang PCR véi cac giai doan: Bién tinh DNA khuén & chu ky dau
& 95 °C trong 5 phat. Cac chu ky sau bién tinh trong 30 giay; bat cip mdi ¢ 52 °C
trong 1 phut; kéo dai & 72 °C trong 1 phat 30 gidy; thuc hién 35 chu ky; chu ky cubi
& 72 °C trong 5 phut; két thic phan ang ha nhiét ¢6 xuéng 40 °C. Trinh tu gen 16S
rRNA cua chang vi khuan dugc xac dinh trén hé théng may giai trinh tu tu dong
ABI PRISM 3100 Genetic Analyzer (Applied Biosystem). Két qua giai trinh tu gen
6S rRNA cua vi khuan duoc tham chiéu véi cac trinh tu trén ngan hang gen quoc té
NCBI bang chuong trinh BLAST dé dinh danh loai vi sinh vat.
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Bdng 2.1. Thanh phan phan tng PCR nhan gen 16S rRNA

Thanh phan phan &ng Nong dd phan wng Thé tich (uL)
Nudc da khir ion vé trung 16,0
10X Buffer 1X 2,5

10 mM dNTP 0,4 mM 1,0
MObi xudi (27F) 10 pmol/ul 0,4 pmol/pL 1,0
Mb6i nguoc (1492 R) 10 pmol/ul 0,4 pmol/uL 2,0
Tag DNA polymerase 2 U 0,5
DNA khubn 2,0
Tong thé tich 25

2.2.10. Anh hwéng ciia mét 6 yéu té dén sinh trwéng va tong hop 1AA cia céc
chiing vi khudn chen loc
2.2.10.1 Anh hueéng cua pH va nhiér dé dén sinh truéng cua cac chung vi khudn
chon loc

Céc chiang vi khuan tuyén chon dugc nudi long lic trong mdi truong thich
hop, toc do 200 vong/phlt, tai cac gia tri pH trong khoang 5-8,5 va nhiét do 25, 27,
30, 34, 37 va 45 °C. Sau 48 h ngay tién hanh do OD 600 nm dé x4c dinh kha ning
sinh truéng ¢ cac dai pH va nhiét &6 nghién cu.
2.2.10.2. Anh hwdéng nguén nito dén sinh truéng va sinh 1AA cua cac chung vi
khudn chon loc

Thay peptone trong méi trudng King’B 1an luot 14 tryptone, cao nAm men,
cao thit nong d6 20 g/l va NaNO; voi ndng d6 5 g/l. Sau 120 h nudi lic 200
vong/phut & cac diéu kién nhiét do va pH thich hop thu dich 1én men xac dinh kha
nang sinh truéng bang phuwong phap do OD va ly tdim 10.000 vong/phut trong 5
phat thu dich trong dé do nong do IAA bang phuong phap so mau véi thube thir
Salkowski.
2.2.10.3. Anh huéng nong dé L-tryptophan dén sinh truéng va sinh 1AA cua cac
chuing vi khudn chon loc

Str dung moéi truong King’B véi ngudn nito thich hop va ndng do

tryptophan 1a 0; 0,1; 0,15; 0,2; 0,25 va 0,3%. Sau 120 h nudi lic 200 vong/phut &

diéu kién nhiét d6 va pH thich hop thu dich 1én men xac dinh kha ning sinh truong
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bang phuong phap do OD va ly tdm 10.000 vong/phut trong 5 phat, thu dich trong
dé xac dinh ndng d6 1AA bing phuong phap so mau vai thude thir Salkowski.
2.2.10.4. Anh hwéng nguon carbon dén sinh truong va sinh 1AA cua cac chuing vi
khudan chon loc
Str dung mdi truong King’B voi ngudn nito va ham luong tryptophan thich
hop. Ngudn carbon lan luot 13 glucose, mannitol, maltodextrin, sucrose va tinh bot
tan véi ndng d6 10 g/l. Sau 120 h nubi lac 200 vong/pht & didu kién nhiét do va pH
thich hop thu dich 1én men xéc dinh kha ning sinh truong bang phwong phap do OD
va ly tam 10.000 vong/phut, 5 pht lay dich trong nong d6 IAA bang phuong phap
so0 mau véi thube thir Salkowski.
2.2.10.5 Anh huong cua néng dé mudi dén sinh triong va téng hop IAA cia cac
chuing vi khudn chon loc
Str dung moéi truong King’B véi ngudn nito, nguon carbon va ham lugng
tryptophan thich hop cho ting ching va bé sung NaCl tir 0 d¢én 27,5%. Vi khuan
trén may lac véi tée o6 200 vong/phit véi cac diéu kién nhiét ¢ va pH thich hop.
Sau 48 h, tién hanh do OD 600 nm dé danh gia kha niang sinh truong va ly tam
10.000 vong/phut trong 5 phut, 1ay dich trong nong d6 IAA bing phwong phap so
mau vai thude thir Salkowski. Thi nghiém Iap lai 3 lan.
2.2.11. Phwong phap xdc dinh chlorophyll trong la IGa
Ham luong chlorophyll (a, b va tong sb) trong 14 duoc xac dinh theo phuwong
phap duogc mo ta boi nhém tac gia Moran [143]. Cat 0,2 g 14 thanh cac miéng nho
vao 6ng nghiém, thém 2 mL N, N-dimethylformamide, nghién va u hén hop ¢ 4°C
trong 48 h. Po OD & budc song 663 nm va 546 nm bang UV-visible
spectrophotometer (Genesys 10 UV, Thermo Fisher Scientific, USA) dé xac dinh
chlorphyll a va b. Ham luong chlorphyll tong sb, chlorphyll a va b duoc tinh theo
cong thuec:
Chlorophyll a = (0,0127 x OD663 — 0,00269 x OD645)
Chlorophyll b = (0,0229 x OD645 — 0,0468 x OD663)
Total chlorophyll = chlorophyll a + chlorophyll b
2.2.12. Pdnh gid khd néing lam giam tic dpng cia stress mdn doi véi cay lGa cria

cac chaing vi khudn chen lgc
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Chuan bi hat thoc v trang: Ngam hat thoc bang dung dich NaOCI 3% trong
5 phat, rira v6i nude cat vo tring 3 1an. Tiép tuc ra bang dung dich ethanol 70%
trong 30 gidy va ria lai bang nude cat vo trang 5 1an.

Céc chung vi khuin duoc nudi trong méi trudng long LB & 30 °C, lic 200
vong/phat, sau 24 h ly tam 10000 vong/phut trong 5 phut thu sinh khéi. Sinh khéi
duoc rira 2 1an voi nuéc vo tring. Phan can sinh khéi sau khi rira sach thi hoa tan
V6i nudce vo triung dé dat OD 600 nm 1a mat d¢ 10° CFU/m.

Hat gidng vo trung dugc ngdm véi dich vi khuan (10® CFU/mI) hodc nuéc vo
trung (P4i chuang) trong 48 h ¢ 30 °C. U dén khi hat gidng nay mam va duoc gieo
trén dat voi mat do 10 cay/chau (mdi mét tha nghiém Iap lai 3 chau). Dét sir dung
lam gia thé duoc lay tir ruong trong lta da dugce xac dinh mot sb chi tiéu dinh
dudng (ham luwong hitu co 4,9%; tong N 1,3%:; lan d& tiéu 0,01%; kali d& tiéu
0,02%, pH 5,85), sau do6 xir Iy vd tring bang phwong phéap khu tring ¢ 121 °C, 1
atm, 45 phat. Dat sau khi vo tring dwoc 1am am va bo sung vi sinh vat chon loc dé
dat mat do 10° cfu/g. V6i miu ddi chimg ding nuée vo tring.

Sau 21 ngay nudi ¢ diéu kién chiéu sang 10 h/ngay, cuong do sang 1200lux,
d6 4m 60-80%, nhiét do trung binh 30 °C thi tién hanh xt Iy cac mau vaéi NaCl 200
mM. Sau 7 ngay kiém chi tiéu sinh trueéng, phét trién caa cay lta bao gém chiéu cao
than, chiéu dai ré, trong luong khd ca cay va ham luong chlorophyll (a, b va tong
s6). Chiéu cao ciy dugc do tir co ré dén chop la dai nhat, chiéu dai ré duoc do tir
goc ré dén chop ré dai nhat bang thudc chia d6 mm. Xac dinh khéi lwong khd khéi
lugng kho toan bo cay bang cach siy ¢ 105 0C dén khi khoi luong khong doi, dem
can bang can phan tich. Xac dinh mat do vi sinh vat trong dat va trong ré bang
phuong phap phan Iap vi sinh vat mo ta trong muc 2.2.2

Lya chon chung c6 anh huang tét nhat dé thiét ké thi nghiém nghién cau su
biéu hién cua cac gen lién quan dén dap (ng man & cay lda.

2.2.13. Pdnh gid sw biéu hién ciia cdc gen lién quan dén ddp ving man ¢ cay l0a
dwdi sw hé tro ciia chiing vi khudn chen lgc

Thi nghiém duogc b tri gdm 4 nghiém thic:

1. Dbi ching (C)

2. Dbi chung + NaCl (C+NaCl)

3. Nhiém chang vi khuan chon loc
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4. Nhiém chang vi khuan chon loc + NaCl

Hat gidng vo trung dugc ngdm véi dich vi khuan (10® CFU/mI) hodc nuéc vo
trung (D4i chung) trong 48 h & 30 °C. U dén khi hat gidng nay mam va duogc gieo
trén dat véi mat do 10 cay/chau (mdi mot thir nghiém 13p lai 3 chau). Dt sir dung
lam gia thé duoc lay tir ruong trong lua da dwoc xac dinh mot sb chi tiéu dinh
dudng (ham luong hiru co 4,9%; tong N 1,3%; lan d& tiéu 0,01%; kali dé& tiéu
0,02%, pH 5,85), sau d6 xir Iy vd trung bang phwong phap kht tring ¢ 121 °C, 1
atm, 45 phat. Dat sau khi vo tring duoc 1am 4m va bd sung vi sinh vat chon loc dé
dat mat d¢ 10° cfu/g. V&i miu ddi chirng diing nuéevd tring.

Cay laa duoc 30 ngay tudi tién hanh bd sung NaCl 200 mM. Sau 7 ngay thu
mau danh gia cac chi tiéu sinh truéng, phét trién caa cay lta bao gém chiéu cao cay,
chiéu dai ré, trong luong kho, ham luong chlorphyll (a,b va tong sd) va nghién ctu
su biéu hién cac gen lién quan dén dap tng man bang phuong phap RT-PCR.
2.2.13.1. Tach chiét RNA va téng hop cDNA

L4 lta sau khi thu duoc lam lanh trong nito 16ng va bao quan -80 °C. RNA
téng s duoc tach chiét tir cac mau 14 lua st dung Kit Ribospin™ Plant (GeneAll).
Chét luong RNA tong sé duoc kiém tra bang ti 16 OD 260/0D 280 va dién di san
pham trén gel agarose 1%.

Tong hop cDNA: 1 pg RNA téng sé duoc st dung lam khuén téng hop
cDNA bang bo Kit First strand cDNA synthesis Kit (NebEngland Biolabs).

Bang 2.2. Thanh phan caa phan tng cDNA

TT Thanh phan

() RNA 1ug Tong thé tich cua hon hop:12 uL trong do thé tich
H,O 1 pg RNA va H,0: 11 pL va Oligo dT:1 pL
Oligo dT

Dé 65 °C trong thoi gian 5 phat, 1am lanh ngay trong 5 phat

()] 5X buffer 4 pL
RNase inhibitor 1uL
dNTP mix 10nM 2 UL
RT 200U 1uL

Phan tng PCR duoc thuc hién véi thé tich (1)+(11) = 20 pL voi chu trinh nhu
sau: 25 °C trong 10 phut, 45 °C trong 60 phit va 70 °C trong 5 phit. San pham sau
PCR duoc b sung 20 pL nuéc va bao quan -20 °C.

2.2.13.2. Ky thugt RT-PCR
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Sy biéu hién caa cac gen lién quan dén dap ang man cua cay lia (NADPMe2,
SOS1, PR1, MYC2, NHX1, SOD va CAT) dugc phan tich bang ky thuat RT-PCR véi
cac cap moi trinh bay trong Bang 2.3, trong d6 02 gen Actin va UBQ5 dugc lua
chon 1am gen noi kiém. Trinh tu cac cip moi duoc thiét ké dua trén phan mém
primer-blast (https://www.ncbi.nIm.nih.gov/tools/primer-blast) va dugc kiém tra do
dic hiéu bang phan tng PCR sir dung mau cDNA tir 14 l0a.

Bang 2.3. Trinh tu cac doan moi

Kich
Gen Trinh tw (5°-3) thwéc
(bp)
Actin Actin-F: GAGTATGATGAGTCGGGTCCAG 143
Actin-R ACACCAACAATCCCAAACAGAG
Ubiquitin 5/UBQ5 UBQ5-F ACCACTTCGACCGCCACTACT 69
UBQ5-RACGCCTAAGCCTGCTGGTT
NADP-malic NADP-Me2-F: TGGTTCATTGTCGGAGCACA 151
enzyme/NADP-Me2 NADP-Me2-R: GCCCTTTGAATCGACAAGCC
Salt-overly-sensitive SOS1-F: ATCAGGTGGAGGCTAGAGCA 83
1/SOS1 SOS1-R: TGACGCACTCCTTTGCAGAT
Superoxide SOD-F: TTGAATCGGACCGCCACTACT 84
dismutase/SOD SOD-R: CGCACTGCCTGCTGGTTGCAGA
Catalase /CAT CAT-F: TGCCCTTCTATTGTGGTTCC 102
CAT-R GATGAGCACACTTTGGAGGA
Pathogenesis  related | PR1-77F: CCTGCCTGCCTTCCTCATTC 77
protein 1/PR1 PR1-77R: GTGAAGATTTGGTTTCCATTGTA
Myelocytomatosis MY C2-F: CTAGCGAGGAAACCCAATCG 95
2/IMYC2 MYC2-R: TCGTCTCGTCGTCTTCTTGG
Sodium proton | NHX1-82F: GGCCATCTCGCTTGAATCTG 82
antiporter/NHX1 NHX1-82R: CTCCCAAATCCAGCCCCATC

Phan ung RT-PCR dugc thuc hién véi nong d6 cDNA di duogc ti uu 1a
150 ng/pL. Thanh phan duoc thé hién trong Bang 2.4. Chu trinh phan tung RT-PCR
duoc thuc hién nhu sau: 95 °C trong 12 phat, tiép theo 40 chu ky & 95 °C trong 15

gidy, 58 °C trong 40 giay.

Bang 2.4. Thanh phan phan tng RT-PCR

TT Thanh phan

1 H,O 3uL

2 gPCR master mix 5uL

3 Primer F 0,5uL

4 Primer R 0,5 uL

5} cDNA 150 ng
Tong 10 pL

Két qua dugc phan tich theo phuong phap cua Livak [144], cu thé nhu sau:
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Trong diéu kién lwong mau dau vao 1a nhu nhau, mau ¢d Ct nho hon thi s& c6
ham luong trinh ty dich cao hon. Tuy nhién trong thyc té thi khéng c6 bing chiing
nao dé khang dinh lwong miu dau vao 13 nhu nhau, vi vay can phai cd gia tri Ct
tham chiéu caa gene chung ndi (C), viéc so sanh s& dién ra gian tiép théng qua viéc
so sanh vagi C

Diy 1a phuong phap danh gia sy biéu hién cua mot gen trong truong hop Xac
dinh véi mau té bao thuong. Trong phwong phap nay, dinh lwong gen can nghién
ctu (Tg) va mot gen tham chiéu (1a gen da duoc xac dinh 1a ¢6 biéu hién nhu nhau
giita cac té bao-Rf) gitra hai mau té bao (mAu thi nghiém goi 1a T va mau dbi ching
goi 12 C).

Nhu vay ng véi mau T va mau C sé& c6 két qua dinh luong cho ca gen Tg va
gen Rf qua cac thong s6

Ct (T/Tg) 1a ngudng chu ky cia gen can nghién ciu trong mau thi nghiém (T)

Ct (T/Rf) 1a ngudng chu ky caia gen tham chiéu trong mau thi nghiém (T)

Ct (C/Tg) 1a ngudng chu ky cua gen can nghién ctu trong mau ddi ching (C)

Ct (T/Rf) 1a ngudng chu ky ciia gen tham chiéu trong mau thi nghiém (C)

Dua trén céc thong s nay, chu ky ngudng cua gen dich trén mau thi nghiém
(T) va mau dbi ching (C) dugc thuong hoa bang céch tinh hiéu sé chénh léch Ct
cua gen dich voi gen tham chiéu trén cac mau:

Mau thi nghiém: ACt (T) = Ct (T/Tg) - Ct (T/Rf)
MAu thi nghiém: ACt (C) = Ct (C/Tg) - Ct (C/Rf)
Sau d6, thuong hoa ACt mau thi bang hiéu s chénh léch ACt (T) va ACt (C)
AACt = ACt (T) - ACt (C)
Tir @6 tinh ra ty 1& biéu hién cua gen dich trén mau thi nghiém so véi ddi

ching bang 244

2.2.14. Phan tich h¢ gen cia chiing vi khudn chen loc bing phwong phdp gidi
trinh tw gen thé h¢ méi
2.2.14.1. Téch chiét, tinh sach va tgo thur vién DNA

DNA téng sé dugc tach chiét theo Qiagen Dneasy Blood & Tissue Kit
(Qiagen, USA) quy trinh hudng dan cua nha san xuat. Cac mau DNA tong sb duoc

do ndng do va chat lugng trén may NanoDrop ND-1000 Spectrophotometer va kiém
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tra chat luong bang phuong phap dién di trén gel agarose 1,5%, nhuém bang
ethidium bromide va chup anh gel biang Quantity One Program (Gel Doc EQ; Bio-
Rad, Hercules, CA).

Qua trinh tao thu vién DNA duoc thuc hién theo huéng dan cua bo Kit
NEBNext® Ultra™ DNA Library Prep Kit Hlumina®. Béi véi mdi mau, 1 pg DNA
bo gen dwoc phan manh ngau nhién dén <500 bp biang may cit siéu &m (Covaris
S220). Céac phan manh DNA duoc xtr 1y dé gan véi adaptor. Viéc lya chon kich
thugc cua Adaptor-ligated DNA duogc thyc hién bang AxyPrep Mag PCR Clean-up
(Axygen, USA) vai cac doan cua khoang 410 bp. Sau d6, mdi mau duoc khuéch dai
bang phan tng PCR trong 8 chu ky sir dung méi P5 va P7. Cac san pham PCR duoc
lam sach bang cach sir dung AxyPrep Mag PCR Clean-up (Axygen, USA). Chat
luong thu vién DNA duoc kiém tra trén thiét bi Agilent Technologies 2100
Bioanalyzer (Agilent Technologies, PaloAlto, CA, USA) va duoc dinh luong bang
Qubit 2.0 Fluorometer (Invitrogen, Carlsbad, CA, USA). Sau d6, cac thu vién gen
dugc ghép lai va chay trén thiét bi Illumina HiSeq theo hudng dan cta nha san xuat
(Ilumina, San Diego, CA, USA).
2.2.14.2 Phan tich hé gen vi khuan

Trinh ty b gen duoc xu ly qua phﬁn mém Trimmomatic dé xac dinh do dai
va chat lugng céac doan trinh ty [145]. BJ dai k-mer tot nhat va kich thude bod gen
duoc ude tinh bai KmerGenie [146]. Viéc lap rap cac trinh tu dugc thuc hién bang
phén mém SOAPdenovo2 [147]. Dy doan va chu thich gen dugc thuc hién béng
cach str dung phan mém Prokaryotic Genome Annotation Pipeline [148]. Viéc chu
thich trinh ty ma hoda protein cling dugc thyc hi¢n béng cach su dung tim kiém
BLAST dua trén co s¢ dir liéu protein cia GenBank, co s¢ dir li¢u (COG) va co so
dir liéu KEGG [149]. Chi s6 nhan dang nucleotide trung binh (ANI) da dugc phan
tich bang may tinh trén hé thdng may chi Eztaxon [150]. Dé phén tich so sanh,

trinh ty bo gen cia cac chung duoc tham chiéu trén co s dit liéu NCBI
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X 1y sb liéu tho
(Trimmomatic)

Ude lwong kich thudce hé gen va dur doan Kmer tdi uvu

(KmerGenie)

|

Lap rap thanh scaffolds
(SOAPdenovo)

!

Du doan gen (prokka)

va chu giai chirc nang

Hinh 2.2. So d0 cac budc phan tich hé gene
2.2.15. Phan tich théng ké
Phan tich s6 liéu thu duoc tir may giai trinh ty bang hé thong may tinh hiéu

nang cao. Xu Iy sb liéu sinh hoc bing phuong phap théng ké trén phan mém Excel
va chuong trinh IRRISTAT 5.0
2.2.16. Pia diém nghién cru

Cac thi nghiém cua luan an duogc tién hanh tai Phong Hé gen hoc chitc ning
va Phong Hoé Sinh, Vién Hoé hoc-Vat liéu, Vién Khoa hoc va Céng nghé quéan su,

Bo Quéc phong.
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CHUONG 3. KET QUA VA THAO LUAN
3.1. Phan lap va tuyén chon cac chiing vi khuan cé kha niing chiu min sinh
chat kich thich sinh trwéng thie vat
3.1.1. Phén ldp va tuyén chon cdc chitng vi khudn sinh 1AA

Tuy thudc vao vi tri 1dy mau, cac chung vi khuan dugc phan 1ap trén cac moi
truong khac nhau. Cac chang vi khuan tir dat quan dao Truong Sa, ré cay lua va
dudce dugc phan lap trén moéi trudng NA bo sung 3% NaCl. Cac chung vi khuan tir
mau dat va nude bién dugc phan 1ap trén moi trudng MA bd sung 5% NaCl. Sau do,
cac chung vi khuan c6 kha ning sinh IAA duoc sang loc trén méi truong King’B bd
sung 0,5 (g/l) L-tryptophan.

Két qua phan lap va sang loc cac ching vi khuan c6 kha niang sinh IAA dugc
trinh bay trong Bang 3.1 va Bang 3.2. D3 phan lap dugc 423 chung vi khuan trong
d6 175 ching vi khuan tir 36 miu dat quan dao Trudng Sa, 21 chung vi khuan tir 9
mau ré cay lua, 25 chang tir 9 mau ré ciy dudc va 202 chang tir 12 mau dat va nudc
bién. Sang loc kha niang sinh IAA tir 423 chang phan lap, két qua thu dwoc 65
chang vi khuan cé kha ning sinh IAA, trong d6 39 chung tir cAc mau dat Truong
Sa, 7 chung tir cac mau ré lGa, 9 ching tir cac mau ré cay duéc va 10 ching tir cac
mau dat va nudc bién.

Cac chung vi khuan duoc danh gia kha ning sinh IAA trén méi truong
King’B khong va c6 bo sung 0,5 (g/l) L-tryptophan. L-tryptophan dong vai tro 1a
tién chit caa IAA do vay nong do L-tryptophan anh huong truc tiép dén kha ning
sinh 1AA. Tat ca 65 ching déu khong c6 kha niang sinh TAA trong méi trudng
khéng bd sung tryptophan. Trong moéi trudng ¢ bod sung tryptophan, cac ching
phan 1ap tir cac ngudn khéac nhau c6 kha ning sinh IAA véi ham luong twong ddi
giong nhau. Muoi chung phan Iap tir cac mau dat va nudc bién c6 ham luong 1AA
trong khoang tir 19 dén 44 ug/mL, mot s6 chung c6 kha ning sinh tong hop IAA
cao nhu ching C7 (44,17 pg/mL), B7 (36,53 pg/mL) va B9 (40,43 pg/mL). Chin
ching phan 1ap tir ré cay dudc c6 kha ning sinh IAA véi ham lugng trong khoang
tir 14 dén 38 pg/mL trong d6 c6 chung DMI10 cho ham lwong IAA cao (38,78
ng/mL). Céac chung cé kha ning sinh IAA phan 1ap tr mau dat trén quan dao
Truong Sa ¢6 ham luong trong khoang tir 11 dén 38 pg/mL, trong d6 mot sé chang
€6 kha nang sinh IAA cao nhu STD2.1.3 (35,54 pg/mL), STT1.1.2 (35,71 ug/mL),
D1.2.2 (38,71 pg/mL), D3.2.3 (32,33 pg/mL), NY4.2.3 (30,17 ug/mL), NY4.3.1
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(33,34 pug/mL) va STT3.2.3 (28,50 pg/mL. Bay chang sinh IAA tir ré lda c6 ham
lwrong khoang tir 23 dén 46 pg/mL, trong d6 3 chung RL5, RL6 va RL7 c6 ham
lwgng 1AA cao lan luot 12 44,83; 35,95 va 46,50 pg/mL.

Bang 3.1. Két qua phan 1ap, sang loc céc chung cé kha ning sinh IAA

MAu phan 14 S6 Pia diém M6i | Sé ching | Sé chiing
P P mau 1Ay mau treong | phanlap | sinh IAA
Mau dat 36 | Truong Sa NA 175 39
Ré cay lda 9 | Nam Hai, Tién
NA 21 7
Hai, Thai Binh
Ré cay duse 9 | Con Vanh,Tién
S NA 25 9
Hai, Thai Binh
Pat va nudc bién Con Bung, Tra
12 | VinhvaBa MA 202 10
DPong, Bén Tre
Tong mau 66 423 65

Vi sinh vat kich thich tang truéng thuc vat c6 kha nang sinh TAA duoc phén
lap tir nhiéu ngudn khac nhau nhu trong dat, dat ving ré, nudc va noi sinh trong ré
than 14 cac loai thyuc vat. Trong do, ty 1é PGPB c6 kha ning sinh IAA thuong chiém
ty 18 cao hon trong cidc mau phan lap tir ré hoic ving dat xung quanh ré [1]. O
nghién ctu nay, ti 16 PGPB sinh IAA chiém ty 1& cao & mau ré cay dudc (36%),
mau ré l0a (33%), trung binh ¢ cdc mau dat vuon trén quan dao Truong Sa (21%)
va thap & mau dat va nudc bién (4,9%). Vi sinh vt sinh IAA da dugc phan 1ap boi
mot s6 tac gia tir nhiéu ngudn khac nhau. Cao Ngoc Diép va cong su (2015) [151]
d3 phan lap cac chung vi sinh vat ndi sinh tir cdy khom (dira) véi kha nang téng hop
IAA tir 2,35 pg/mL dén 5,74 pg/mL. Chung KL39a cho nong do IAA cao nhat Ia
5,74 mg/L. Ching RL7 phan lap tir ré lGa c6 kha ning tong hop IAA Ién téi 48,8
mg/L cao gip khoang 10 lan chung KL.39a. Nguyén Khoi Nghia va cong su (2017)
[152] da phan 1ap dugc cac chuang vi sinh vat chiu man sinh IAA véi ham luong tur
10,44 pg/mL dén 33,13 pg/mL tir cac vang dat nhiém man nudi tom két hop trong
lGa khu vuc céc tinh Bac Liéu, Bén Tre, Ca Mau, Kién Giang va Soc Trang.
Nguyén Thi Minh va cong sy (2017) [153] phan lap duoc cac chang vi sinh vat noi

sinh tir 13 loai cdy moc trén dat nhim man huyén Giao Thay, tinh Nam Dinh c6
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kha nang sinh IAA trong khoang tir 8,6 ug/mL dén 278,55 pg/mL. Nguyén Vin
Giang va cong su (2017) [154] d3 phan lap dugc ching CF9 tir dat trong ca phé khu
vuc Tay Nguyén c6 kha ning chiu min dén néng d6 mudi 10% va sinh IAA dat
68,79 mg/L. Nguyén Anh Huy va cong su (2018) [131] da phan lap duoc 116 chung
c6 kha ning téng hop ammoni va IAA trén méi truong Burk’s ¢6 b sung 1% NaCl
tir c4c mau dat ving trong l0a-tom. Trong dé chang PL2 va PL9 c¢6 kha ning cb
dinh nito va tng hop IAA dat lan luot 12 45,31 va 46,46 mg/mL.

Nhu vay, tir tong s6 66 mau gom cac mau dat Truong Sa, ré cay la, cay dudc,
mau dat va nudc bién da phan 1ap duoc 423 ching vi sinh vat. D3 sang loc va danh
gia duoc kha nang sinh IAA cta 65 ching. Tir 65 chang sinh IAA nay, luan n tiép
tuc sang loc kha nang sinh ACC deaminase, phan giai phosphate, c6 dinh nito, phan
huy cellulose va sinh siderophores
3.1.2. Sang loc cdc chiing vi khudn sinh ACC deaminase

sang loc, tuyén chon cac chung c6 kha ning sinh ACC deaminase tir 65
chang chon loc ¢6 kha ning sinh IAA gdm 39 chang vi sinh vat phan lap tir dat
Truong Sa, 10 chang tir cAc mau dat va nuéc bién, 9 chung tir ré cay dudc va 7
chang tir ré lGa. Cac chung nay duoc ciy trén moi trudng thach DF véi ngudn nito
duy nhat 12 ACC nong d¢6 3 mM. Lya chon cac ching ¢ kha ning moc trén moi
truong thach DF dé xac dinh hoat d6 ACC deaminase. Trong sé 39 ching phan Iap
tir dat Truong Sa c6 9 chung sinh ACC deaminase véi 3 chung STT1.1.2, STT3.2.3
va NY4.3.1 c6 hoat tinh cao lan luwot la 128,70; 38,45 va 40,37 nmol a-
ketobutyrate/mg/h. C6 5/9 chung phan 1ap tir ré cay dudc cd kha niang sinh ACC
deaminase, hai chung c6 hoat tinh 12 DM10 (133,80 nmol a-ketobutyrate/mg/h) va
DM20 (65,45 nmol a-ketobutyrate/mg/h ). C6 4/7 chung tir ré cay lta c6 kha ning
sinh ACC deaminase, trong d6 3 chung RL5, RL6 va RL7 c6 hoat tinh cao lan luot
la 44,83; 35,95 va 45,40 nmol o-ketobutyrate/mg/h . T4t ca 10 chung sinh IAA tir
cac dat va nudc bién khong sinh ACC deaminase (Bang 3.2, Hinh 3.1)



54

140 | N

==
o~ 120 S
=
~ 100 -
ﬁgso-
Ecci60_
£ S
§§40-
3511 LEEELEELD
¥ 1l n i f
5 T 1+ 1+ T1T""7T """’ "1+ 71T "7 ""*7°/ /}"*1T////1v 711 711
T 393333333582883335%
= S S 9 oS bLbOoSToO0===20oroo
g X ¥ EFFEO0@dzZ [apyaiya

nw n m <ZE

Chung

Hinh 3.1. Két qua do hoat do ACC deaminase cua cac chung vi khuan chon loc

Kha ning sinh ACC deaminase 1a mot dic diém quan trong cua vi sinh vat
kich thich tang truong thuc vat, dic biét trong diéu kién moéi trudong chiu tac dong
cua cac yéu td stress phi sinh hoc nhu han han, nhiém man... Khi bi stress, thuc vat
san sinh mot luong 16n ethylene tir tién chat ACC, 1am giam sy ndy mam cua hat,
su phat trién cua ré va lam giam su phat trién caa cay trong. Vi sinh vat tong hop
ACC deaminase c6 thé phan cit ACC thanh a-ketobutyrat va amoniac do d6 lam
giam luong ethylene ¢ thuc vat. PGPB c0 kha nang sinh ACC deaminase thuong
phan lap duoc tir md thuc vat (ré va than) hodc dat ving ré, thuoc nhiéu chi khac
nhau nhu Rhizobium, Sinorhizobium, Agrobacterium, Phyllobacterium,
Mesorhizobium, Azospirillum, Aneurinibacillus, Paenibacillus, Arthrobacter,
Achromobacter, Bacillus, Brevibacterium, Burkholderia, Citrobacter, Enterobacter,
Leclercia, Micrococcus, Ochrobactrum, Parastrephia, Pseudomonas, Ralstonia va
Serratia. O Viét Nam, cac nghién ciru ttng dung vi sinh vat hiru ich nhu vi sinh vét
sinh 1AA, ¢ dinh nito, phan giai phosphate va phan giai cellulose...trong néng
nghiép dudi dang ché pham vi sinh kha phd bién, tuy nhién cac nghién ctu nay
chua dé cap dén kha ning sinh ACC deaminase va kha ning hd trg cay tréng trong
diéu kién nhim man. Trén thé gigi, khi nghién ctru tac dung hd tro cua vi sinh vat
dén su sinh trueéng cua cdy trong trong diéu kién nhidm man hoic han hén, bén canh

nghién ciu kha nang sinh IAA, ¢ dinh nito va phan giai phosphate, cac tac gia dac
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biét quan tam dén kha niang sinh ACC deaminase. Kha ning sinh ACC deaminase
cua cac chung phan Iap trong luan 4n ciing twong ty nhu mét s6 nghién ciru da cong
bd trude day. Bal va cong su (2013) [156] da phan lap dugc 17 ching ¢6 kha ning
sinh ACC deaminase tir c&c mau dat vung ré lia & An D6 c6 hoat do tir 61,29 dén
2664,08 nmol a-ketobutyrate/mg/h. Trong d6 nhitng chung cé kha nang sinh ACC
deaminase va IAA cao nhu SB1.ACC2, SB1.ACC3 va SB2.ACC2 v6i ham luong
IAA lan luot 12 49,56 45,91 va 152,37 pg/mL. Pourbabaee va cong su (2016) [156]
da sang loc dugc 6 chung sinh ACC deaminase tir 167 chung phan 1ap tir dat ving
ré cay lta my c6 hoat 6 ACC deaminase tir 47 dén 275 nmol o-ketobutyrate/mg/h.
Pandey va cong su (2021) [157] da phan lap duoc 28 chung cd kha nang sinh ACC
deaminase végi hoat do tir 198 dén 1069 nmol a-ketobutyrate/mg/h. Cac chung nay
cling c6 kha ning sinh IAA tir 10 dén 80 pg/mL.

Nhu vay, két thic qua trinh sang loc cac chung c6 kha ning sinh ACC
deaminase di lua chon duoc 6 chung gdm DM10, RL5, RL6, RL7, STT 1.1.2 va
NY4.3.1 c6 hoat d0 ACC deaminase cao, day ciing la nhitng chung c6 kha nang
sinh IAA cao.

3.1.3. Sang lgc céc ching vi khudn c6 hogt tinh ¢é dinh nito

Kha ning ¢ dinh nito 1a mot trong nhiing tiéu chi quan trong dé chon lya vi
sinh vat 1am phan bén vi sinh. Vi sinh vat ¢6 dinh dam c6 thé ton tai ty do trong dat,
nudc, khéng khi, hoac cong sinh va noi sinh véi sinh vat khac. Sang loc kha nang
cb dinh nito duoc thuc hién tir 65 ching sinh IAA. Céc ching vi sinh vét dugc ciy
trén moi trudng Burk’s agar khong co ngudn nito. Nhitng ching sinh trudng va phat
trién duoc trén moi trudng nay 1a nhitng ching c6 kha ning cb dinh nito. Két qua
sang loc cac chung cb dinh nito cho thdy c6 25/65 chung ¢ kha ning cb dinh nito
trong d6 22 chung phan 1ap tir dét trén quan dao Truong Sa va 3 chung noi sinh ré
cay lta. Chung sinh phan 1ap dat va nuéc bién va chang noi sinh ré ciy dudc khong
c6 kha ning cb dinh nito.

Céc chung c6 kha ning c¢d dinh nito dugc nudi cdy trén moi truong long Burk’s
khong dam & 30 °C, lac 200 vong/phut, sau 72 h nudi ciy danh gia kha niang ¢ dinh
nito dura trén ham lwgng amoni sinh ra trong dich nudi cdy. Két qua trinh bay trong
Bang 3.2 va Hinh 3.2. Ba chung noi sinh tir ré Ita RL9, RL10 va RL18 c6 kha ning
cb dinh nito véi ham lwgng amoni lan luot 17,65, 12,63 va 15,32 mg/L. Cac ching
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phan 1ap tir dat trén quan dao Truong Sa c6 kha nang tong hop nito twong dbi cao
v6i ham lugng amoni khoang tir 5,78 dén 19,11 mg/L. Trong d6, chung STT2.6.2
cho ham lwgng amoni cao nhat 1a 19,11 mg/L. Két qua nay cao hon nhiéu so véi cac
chung trong nghién ctu caa Nguyén Anh Huy va cong su (2018) [131] ham lugng
amoni cao nhat 1a 3,73mg/L hay cé4c ching vi sinh vat noi sinh trong ciy laa dugc
nhom tac gia Van Thi Phuong Nhu (2014) [6] phan 1ap c¢6 ham lugng amoni cao
nhit 12 6,26 mg/L. Pham Thi Ngoc Lan va cong su (2017) [158] da phén 1ap duoc
céc chung c6 kha niang ¢ dinh nito tir dat vang ré cay xa lach, rau thom, hanh 14,
rau dén, cai, rau ma, ngd véi ham lugng amoni cao nhat dat 43,41 mg/L. Nguyén
Vin Phuong (2020) [132] ] da phan 1ap dugc cac chang vi sinh vat noi sinh tur ré la
¢ kha ning c¢d dinh nito véi ham lwong amoni cao tir chung cao nhat dat 205,36
mg/L.

Két qua sang loc kha niang c6 dinh nito cho thay tit cac chung ¢ kha ning cb
dinh dam khoéng c6 kha nang sinh ACC deaminase. Cac chung c6 kha nang sinh
ACC deaminase va IAA cao nhu DM10, RL5, RL6, RL7, STT 1.1.2 va NY4.3.1

cling khong c6 kha nang c6 dinh nito.
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Hinh 3.2. Ham lwong amoni sinh ra tir cac ching vi khuan chon loc
3.1.4. Sang lgc cac ching vi khudn hoa tan phosphate
Kha niang hoa tan phosphate duoc sang loc tir 65 chung sinh 1AA. Két qua
sang loc duoc 29/65 c6 kha nang moc va cho vong phan giai CaCOs; trén moi
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truong NBRIP agar. Cac chang vi khuan c6 kha niang phan giai phosphate duoc
nudi ciy trong moi truong NBRIP long dé xac dinh ham luong phosphate giai
phong ra méi truong. Két qua duoc trinh bay trong Bang 3.2 va Hinh 3.3. Muoi tam
chang phan 1ap tir it Truong Sa c6 kha ning phan giai phosphate véi ham luong
PO,> trong khoang tir 65 dén 342 mg/L, dic biét co cac chung c6 ham lwong PO,>
giai phong ra khd cao nhu STT1.1.2 (191,16 mg/L), STP2.1.3 (287,69 mg/L),
STT3.5.2 (309,37 mg/L), D3.2.3 (342,06 mg/L), D1.2.2 (375,39 mg/L) va NY4.3.1
(286,45 mg/L). Sau chung phan lap tir r& cay dudc PO,* trong khoang tir 147 dén
338 mg/L, trong d6 c6 ching DM10 cho ham lwong PO, cao nhit 1a 338,71 mg/L.
Nam chung phan giai phosphate tir ré cay lua c6 ham lugng PO,* trong khoang tur
116 dén 312 mg/L, trong d6 3 ching RL5, RL6 va RL7 cho ham lwong PO, cao
nhét lan luot 12 304,53; 201,14 va 312,64 mg/L. Cac chung phan lap tir dat va nudc
bién khong c6 kha niang hoa tan phosphate. Nhiéu nghién ctru trong va ngoai nudc
da ghi nhan céac vi sinh vat ving ré c¢6 kha ning phan giai phosphate. Vin Thi
Phuong Nhu va cong su (2015) [16] da phan 1ap cac chung néi sinh tir cdy lda cé
kha nang phan giai cao véi ham lugng PO, 14 371,31 mg/L. Nguyén Vin Giang va
cong su (2017) [133] dd phén 1ap duge chung CF9 tir dat trong ca phé khu vuc Tay
Nguyén c6 kha ning chiu min dén nong d6 mudi 10% véi hoat tinh phan giai
phosphate cao nhat 1a 145,96 mg/L. Nguyén Thi Minh va cong su (2017) [153]
phan lap dugc cac chung vi sinh vat noi sinh tir 13 loai cdy moc trén dat nhiém min
Giao Thuy, Nam Dinh c6 kha nang sinh phan giai phosphate véi vong phén giai tu
4-15mm. Nguyén Buc Thanh va cong su (2020) [134] phan lap dugc 02 chang tir
dat trong Budi ¢ Bén Tre cac chung c6 kha nang phan giai phosphate véi vong phan
giai la 11 va 15 mm.
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Chuang RL5, RL7, NY4.3.1, STT3.2.3 va DM10 vira ¢6 kha ning phan gia
phosphate, vira c6 kha nang sinh IAA va ACC deaminase. Ba chung STT3.5.2,
D3.2.3 va D1.2.2 c6 kha nang phan giai phosphate cao va sinh IAA tuy nhién lai
khong c6 kha ning tong hop ACC deaminase.

3.1.5. Sang loc c&c ching vi khudn phan gidi cellulose

Sang loc kha nang phan giai cellulose dugc thuc hién trén 65 chung sinh IAA.
Két qua 20/65 chang c¢d kha ning sinh truéng va tao vong phan giai CMC trén
truong CMC agar.

Hai muoi chung c6 kha ning phan giai cellulose duoc nudi ciy trong moi
truong CMC long dé danh gia kha nang phan giai cellulose thong qua xac dinh hoat
d6 cellulase sinh ra trong moi truong nudi cay. Két qua thé hién trong Bang 3.2 va
Hinh 3.4. Muoi 1am chang phan lap tir dat Truong Sa c6 hoat do cellulase trong
khoang tir 5 dén 9 U/ml, trong d6 chung STP2.1.3 ¢ hoat do cellulase cao nhat Ia
9,25 U/ml. Nam chung phan lap tur ré cay IGa co hoat do cellulase kha cao, trong d6
hai chung RL5 va RL7 cao nhat lan luot 12 8,80 U/mL va 9,60 U/mL. Céc chung tir
ré cay dudc va cac mau dat va nudc bién khdng co kha nang phan huy cellulose.
Hoat do cellulase cua nhém vi sinh vat phan Iap trong dat trdng IGa va da co bo
dugc VO Van Phudc Qué va cong su (2011) [159] xac dinh trong khoang tur 19,44
dén 25,43 U/ml. Hoat d6 cellulase cua nhom vi sinh vat phan lap tir dat rirng nhiét
d6i Malaysia duoc Tang va cong su (2020) [160] xac dinh trong khoang tir 4 dén 10
U/ml.
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Bang 3.2. Két qua sang loc kha ning sinh IAA, ACC deaminase, ¢ dinh nito, hoa
tan phosphate va phan giai cellulose

‘ ACCD
. Nguon nmol a- Amoni | Phosphate | Cellulase
TT | Ching p%lén IAA ke'gobutyrate/ (mg/L) (mgl;O/L) (U/ml)
ap | ML) g
.| PLLOI B???ét 11,21 i 647 i i
2| K122 23,32 - 10,76 65,20 7,26
3| K183 | 15,27 - 13,68 | 141,30 -
ao
4] K481 |soncCal| 2921 23,87 - 86,80 -
5| K4.8.2 22,15 11,23 - 65,21 -
6| STP1.2.3 q 24,74 - 12,36 - -
71 STb2.1.3 g?}?} 33,54 - - 287,69 9,58
STP4.1.1 | Ton ) 7,01 )
8 Pong | 17,61 -
9| STT1.1.2 35,71 128,70 - 191,16 -
10| STT1.4.2 23,30 - 13,75 94.29 5,81
11| STT1.5.1 15,66 - 15,20 _ i
12 | STT2.2.1 18,62 - 13,75 - 6,18
13| STT2.6.2 14,51 - 19,18 - -
14| STT313 | . | 1831 - 5,78 - ;
15| STT3.23 | gong | 28,50 38,45 - 296,45 6,54
16| STT41.2 | Tu Tay | 13,66 - 17,14 - -
17| STT4.5.1 16,61 14,21 - ; ;
18 | STT5.1.2 12,52 - 15,23 - -
19 | STT5.3.1 13,66 - - - -
20| STT5.4.1 17,81 - - - -
21| D122 38,97 - - 275,39 7,37
20| D323 ?.?,?, 3233 : i 342,06 6,58
23| D213 Ton | 17,54 - - - 5,95
24| D5.2.2 16,21 15,56 - 80,34 -
25| TSL3.4.1 | Pao | 22,25 - 18,69 - -
26 | TSL3.4.2 | Truong | 16 27 - 16,65 - -
27| TsLa22 | SALON 14 66 i 1303 | 127,21 773
28| AB1.2.1 bao 17,94 - 15,58 117,47 6,06
An 29,78 17,21 - ;
29| AB3.1.2 | Bang | 18,25
30| NY1.23 11621 - 14,79 65,01 -
31| Nv322 | PO [ 1426 - 1728 | 114,12 -
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‘ ACCD
| ching | NN |, Gl Amen| st ol
ap | MYL) T gy
32 | NY4.2.3 Nam | 3017 - - 117,47 8,32
33| NY431 | Y [ 3334 40,37 - 286,45 8,10
34 | PVAL.2.1 19,04 - 17,17 - -
35 | PVAL.4.1 18,62 - 18,61 106,76 510
36 | PVA2.11 | pao | 21,25 - 14,18 - 6,18
37 | pvA5.1.2 | Phan | 26,15 - - - 7,98
38 | pvas.ll | VINhA | 1999 - - ; -
39 | pvA3.1.2 17,41 30,65 - - -
40 | DM2 14,06 . _ : -
41 DM6 17,81 - - 155,96 -
42| DM7 22.15 45,78 - 147,65 -
43 DMS8 23,36 34,21 - - -
44| pM10 | Reécay | 3g7g 133,80 - 338,71 -
45 | DMm12 | Ut oo . . 275,21 .
46 DM15 34,66 44,21 - 198,24 -
47 | DM20 30,14 65,45 - 157,14 -
48 | DM25 28,24 - - : .
49 RL2 23,54 25,18 ; :
50 RL5 4483 41,35 - 304,53 8,80
51 RL6 3595 39,78 - 201,14 7.65
52 RL7 | Récay | 4650 45,40 - 312,64 9,60
53 RLO lia | 27,36 - 1765 | 116,45 5,87
54 | RL10 31,25 - 12,63 | 284,25 6,15
55 | RL18 33,74 - 15,32 - -
56 | BDS1.2.2 %‘;n%a 2351 - - - -
57 | BDW1.1.1 27,81 - - - -
58 | BDW1.1.2 | 28,16 - - - -
Nuoc

59 |BDW113| g, | 2539 - - - -
60 |B7 pong | 36,53 - - - -
61 | B9 40,43 - - - -
62 | CBWL1.1.1 | Nuoc | 24,55 - - . .
63 |CBWL1.1.3| Con | 2137 - - - -
64 | CBW2.2.3 | BUNG ["1975 : i - -
65 | C7 44,17 - - - -
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Két thdc qua trinh phan 1ap va sang loc cac chang vi sinh vat chiu man sinh
chat kich thich sinh trueéng thuc vat, luan an da lwa chon duoc 12 chung vi khuan
chiu man c6 kha ning sinh IAA cao, day 1a tiéu chi vu tién dé chon lya chung, tiép
theo 1a kha ning sinh téng hop ACC deaminase, ¢ dinh dam, kha ning hoa tan
phosphate, phan giai cellulose va sinh siderophores (Bang 3.3). Xac dinh kha nang
sinh sideophores cua 12 chung chon loc cho thdy cac tit ca 12 chung déu c6 kha
nang sinh siderophores.

Bang 3.3. Bang tong hop 12 chung chon loc

TT | Ching | IAA ACC Co Phan giai | Phan giai | Siderophores
deaminase | dinh | phosphate | cellulose
nito
1 | DMI10 + + - + - +
2 |Cv + - - - - ¥
3 |RL5 + + - + + +
4 RL6 + + - + + +
5 |RL7 + + - + + +
6 |STT3.23| * + - + * *
7 |STT112 | * + - + + +
8 NY4.2.3 + - - + + +
9 NN4.3.1 + + - + + +
10 |STP2.1.3 | * - - + + +
11 |D1.2.2 + - - + + +
12 | D3.2.3 + - - + + +

Trong phan tiép theo cua luan &n, 12 ching vi khuan chon loc dugc nghién ctu dic

diém hinh thai, sinh hoé va giai trinh tu gen 16S rRNA dé phan loai.

3.2. Nghién citu mot sé dic diém hinh thai, sinh hoa va giai trinh tu 16S rRNA
3.2.1. Nghién citu mét sé dic diém hinh thai ciia cac chiing vi khudn chen lgc

Hinh thai té bao dugc quan sat trén tidu ban sdng va tiéu ban nhuém gram
trén kinh hién vi quang hoc vat & d6 phong dai X100. Chung DM10 dugc quan sat
va ghi hinh dudi kinh hiém vi dién tir SEM. Hinh thai khuan lac duoc quan sat trén
mdi truong NA cé bd sung 3% NaCl, nuéi cdy ¢ 30° C trong 48h. Két qua duoc
trinh bay trong Bang 3.4.

Chuang vi sinh vat chiu man phan Iap tir dat va nuée bién (C7), tir ré cay dudc
(DM10), chung RL2 phan lap tir ré cay lua, va chang STT1.1.2 tir dat Truong Sa
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thuoc nhom Gram am va co6 dang hinh que. Ba chung phan lap tur ré IGa (RL5, RL6
va RL7) va sau chung (NY4.3.1, D3.2.3, D1.2.2, STT3.2.3, STP2.1.3 va NY4.2.3)
phan lap tir dét trén quan dao Truong Sa thudc nhom Gram duong, 13 truc khuan,
sinh bao tur.

Bang 3.4. Hinh thai té bao va khuan lac cua cac chung chon loc

Hinh thai khuan lac
TT Chung Gram
Té bao Hinh dang | Mau sic
Truc khuan, xép Tron, bong, Tring
1 C7 (-) <
don, d6i hoac chuoi mép tron duc
Truc khuan, xép Tron, bong, Tring
2 DM10 ) .
don, d6i hoac chuoi mép tron duc
Truc khuan, xép o ,
- Tron, bé mat Trang
3 RL5 (+) | don, d6i hoic chudi,
. nhan, mép nhan duc
mang bao tu
Truc khuan, xép Tron, bé mat )
) - Trang
4 RL6 (+) don, d6i hoac chuai, nhan, mép 4
uc
mang bao tur nhan
Truc khuan, xép Tron, bé mat )
. Trang
5 RL7 (+) don, d6i hodc chuai, nhan, mép d
uc
mang bao tu nhan
Truc khuan, xép Tron, bé mat )
x. Trang
6 | STT3.23 | (+) | don,dsihodcchudi, | nhin, mép )
uc
mang bao tur nhan
Truc khuan, xép Tron, bé mat )
x. Trang
7 STT1.1.2 ) don, d6i hodc chuai, nhan, mép q
uc
mang bao tir nhan '




63

Hinh thai khuan lac

TT Chung Gram
Té bao Hinh dang | Mau sic
Truc khuan, xép Tron, bé mat )
- Trang
8 STP2.1.3 (+) don, do6i hoac chuoi, nhan, mép 4
uc
mang bao tir nhan '
Truc khuan, xép Tron, bé mat )
. . Trang
9 NY4.2.3 (+) don, do6i hoac chuoi, nhan, mép 4
uc
mang bao tu nhan
Truc khuan, xép Tron, bé mat )
. Trang
10 NN4.3.1 (+) don, d6i hodc chuai, nhan, mép i
uc
mang bao tur nhan
Truc khuan, xép Tron, bé mat )
- Trang
11 D3.2.3 (+) | don, doi hogc chudi, | nhdn, mép )
uc
mang bao tur nhan
Truc khuan, xép Tron, bé mat )
. Trang
12 D122 (+) don, d6i hodc chuai, nhan, mép d
uc
mang bao tur nhan
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STb2.1.3

Hinh 3.5. Hinh thai té bao va khuan lac cia mét s chung chon loc
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3.2.2. Xdc dinh mét sé dic diém sinh héa cia cac ching vi khudn chen loc
Mudi hai chung chon loc duoc xac dinh mot sé diém sinh hoa duwa trén Kit
API 20E. Két qua dugc trinh bay trong Bang 3.5
Bdng 3.5. Bic diém sinh hda Kit API 20 E
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Chuang C7: Hoat tinh sinh hydro sulfide, galactosidase, arginine dihydrolase,
lysine decarboxylase, ornithine decarboxylase, urease, tryptophan deaminase va
gelatinase déu am tinh; ¢ kha nang sir dung citrat; khoéng sinh axit tir cac loai duong
glucose, mannose, inositol, sorbitol, rhamnose, sucrose, melibiose, amygdalin va
arabinose.

Chang DM10: cé hoat tinh [-galactosidase, gelatinase, khong cO hoat
ornithine decarboxylase, urease, tryptophanedeaminase, arginine dihydrolase va
lysine decarboxylase; khong sir dung citrate, khdng sinh H,S, indole va acetoin;
khéng sinh axit tir inositol, c6 kha nang sinh axit tir glucose, mannitol, sorbitol,
rhamnose, sucrose, melibiose, amygdalin, arabinose.

Chang RL5, RL7, STT3.2.3 va NY4.3.1: c6 hoat tinh arginine dihydrolase va
lysine decarboxylase, khéng c6 hoat tinh B-galactosidase, ornithine decarboxylase,
urease, tryptophanedeaminase, gelatinase; khéng sir dung citrate, khéng sinh H,S,
indole va acetoin; khéng sinh axit tir inositol, melibiose, amygdalin.

Chung STT1.1.2: Chi cO hoat tinh urease. Sinh axit tir glucose, sucrose,
amygdalin va arabinose.

Chung STD2.1.3, NY4.2.3, D1.2.2 va D3.2.3: Chi c6 hoat tinh gelatinase yéu.

Sinh axit tr mannitol, rhamnose, amygdalin, arabinose.

3.2.3. Gidi trinh te 16S rRNA cuaa cac ching chen loc va xay deng cay phat sinh
chaiing loai

Tat ca cac trinh tu 16S rRNA cua 12 ching vi khuan chon loc da duoc phan
tich va so sanh véi cac trinh tu da cong bo trén ngan hang gen (NCBI) bang cong cu
BLAST nucleotide. Két qua phan tich duoc so sanh véi nhau va xay dung so db
méi quan hé di truyén giira cac chang vi sinh vat. Theo Rowland va Taber (1996)
[161] khi so sanh trinh ty chudi 16S rRNA véi nhau, néu ty 1é twong ddng > 99% c6
thé két luan 2 chung vi khuan thuoc cing 1 loai, tir 97 dén 99% thi 2 chung so sanh
cuing 1 chi, néu mic do twong dong < 97% thi 2 chung dugc so sanh thudc vé 2 chi
khac nhau.

Nhitng trinh tu 16S rRNA hoan chinh duoc tham chiéu véi céc trinh tu 16S
rRNA di duoc cong bd trén ngan hang dir liéu GenBank, dé xac dinh ty Ié twong
d6ng. Két qua so sanh 16S rRNA duoc trinh bay trong Bang 3.6
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Bang 3.6. Mdi tuong quan di truyén gitta c4c chung phan Iap vai céc chang vi

khuan c6 trong ngan hang gen dya vao trinh ty 16S rRNA

M4& sé trén | Su twong
TT| Ching Loai gan nhat Té‘n chﬁ’ng GenBank dong
gan nhat (%)
1|C7 Marinobacter pelagius HS225 DQ458821 99,09
2 | DM10 Salinicola tamaricis FO1 KT343976 99,86
3| RL5 Bacillus aryabhattai B8W22 EF114313 100
4 | RL6 Bacillus subtilis Strain P MH388434.1 | 99,96
5| RL7 Bacillus aryabhattai B8W22 EF114313 100
6 | STT3.2.3 | Bacillus aryabhattai B8W22 EF114313 99,74
71 STT1.1.2 | Martelella endophytica YC6887 CP010803 100
8 | NY4.2.3 Bacillus endophyticus 2DT AF295302 99,51
9 | NN4.3.1 Bacillus aryabhattai B8W22 EF114313 97,58
10 | STB2.1.3 | Bacillus endophyticus IAM 13418 | NR 043401.1 99,51
11 | D3.2.3 Bacillus endophyticus 2DT AF295302 98,81
12 D122 Bacillus endophyticus 2DT AF295302 99,03

Cay phat sinh chung loai duoc thuc hién trén chuong trinh MEGA7. Khoang

céch tién hoa duoc tinh toan dua theo théng sé cia Tamura-Nei. Phuong phép tién

hoa dugc sur dung xay dung cdy phéat sinh loai la Neighbor-joining. Phan tich

bootstrap v&i 1000 sy 1ap lai dugc thuc hién nham kiém tra tinh chinh xac va dé tin

cay cho tirng nhanh trong cay phat sinh loai. Cay phat sinh chung loai duoc trinh

bay trong Hinh 3.6




68

RLS

NN4.3.1

STT 3.2.3
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Hinh 3.6. Cy phéat sinh chang loai cac chung vi khuan chon loc.

Dua trén trinh tu gen 16S rRNA, chung C7 duong dong 99% voi loai
Marinobacter pelagius. Chi Marinobacter ton tai phd bién trong nudc bién, lodi M.
pelagius 1a nhém vi khuin gram am, hiéu khi va chiu man trung binh [162]. Cac
nghién ctru vé kha ning sinh chat kich thich sinh truéng thuc vat (IAA) tir cac loai
trong chi ndy con han ché, c6 mot sd nghién ctru dé cap dén kha ning sinh
siderophores nhu  petrobactin  monosulfonate duoc san xuit baoi M.
hydrocacbonoclasticus [163], petrobactin va petrobactin monosulfonate tir ching
M. aquaeolei VT8 [164]. Chiing C7 phan 1ap tir nu6c bién Cong Bung, tinh Bén Tre
budc dau da dugce xac dinh c6 kha ning sinh tong hop IAA va sinh siderophores.
Chung C7 duoc lya chon dé tién hanh céc thi nghiém tiép theo trong luan an.

Chung DM10 c6 trinh ty gen 16S rRNA twong dong 99,86% véi loai
Salinicola tamaricis. Chi Salinicola duoc phan lap tir cic moi truong khac nhau nhu
nuéc bién moé mubi, tram tich bién sau va dat vang ré hoac noi sinh tir cac cay ving
ngap min. Cac loai Salinicola spp. dugc mé ta 14 Gram am, hiéu khi, hinh que, di
dong va chiu man trung binh [165]. Zhao va cong su (2017) [166] da phan lap duoc
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chung S. tamaricis sp. now. trong 14 cay chiu man Tamarix chinensis. Fidalgo va
cong su (2019) [167] da phan 1ap dugc 5 chung mdi thudc chi Salinicola tir cay chiu
man Halimione portulacoides & mot ddm nudc min thuéc B6 Pao Nha gom S.
halimionae sp. nov., S. aestuarinus sp. nov., S. endophyticus sp. nov., S.
halophyticus sp. nov., va S. lusitanus sp. nov. Cac chiing nay déu cé kha nang sinh
tong hop IAA va hoa tan phosphate. Chung DM10 dugc phan 1ap tir ré cay dude
ving rimg ngdp min thudc hé sinh thai Con Vanh, huyén Tién Hai, tinh Thai Binh
c6 kha sinh tong hop IAA, phan giai phosphate, sinh tong hogp ACC deaminase va
sinh siderophores. Chung DM10 duoc lya chon dé tién hanh cac thi nghiém tiép
theo trong luan an.

Chuang RL6 c6 trinh tu gen 16S rRNA twong dong 99,93% vai loai Bacillus
subtilis, ddy 1a mot loai kha phd bién, phan bé trong dat hodc noi sinh trong mé thuc
vat va dugc ung dung rong réi trong ndng nghiép va y duoc. Trong néng nghiép, B.
subtilis duoc st dung dudi dang cac ché pham vi sinh chic ning nhu phan giai
phosphate, sinh 1AA, siderophores va sinh cac chat khang sinh phong trir bénh &
thuc vat. Wagi va cong su (2019) [169] phan lap dugc chung B. subtilis (Mt3b) co
kha nang sinh IAA, ACC deaminase, siderophores va phéan giai phosphate. Koua va
cong su (2020) [170] da phan 1ap dugc 40 ching B. subtilis tir ca&c mau dat ving ré
cdy dua c6 kha nang sinh TAA va phan giai phosphate. Mehmood va cong su (2021)
[171] phan lap dugc chang B. subtilis PM32 tir dat trong khoai tay véi cac dic diém
thiic day ting truong thuc vat bao gom kha niang hoa tan kém va kali, ¢6 dinh nito
sinh hoc, sinh 1AA, ACC deaminase, siderophores va EPS. Ngoai ra chung PM32
con c6 kha ning sinh nhiéu enzyme ngoai bao (cellulase, catalase, amylase,
protease, pectinase va chitinase). Chiing RL6 phan lap tir ré la chi B. subtilis co
kha nang chiu man, sinh IAA, ACC deaminase, siderophores, phan giai phosphate,
va phan giai cellulose. Chiung RL6 duogc lra chon dé tién hanh céc thi nghiém tiép
theo trong luan an.

Chang STT1.1.2 c6 trinh tu gen 16S rRNA twong dong 100% véi loai
Martelella endophytica. Cac nghién cau uwng dung trong néng nghiép M.
endophytica con kha han ché. Bibi va cong sy (2013) [172] d3 phén 1ap dugc chang
M. endophytica YC6887(T) tir r& mot loai cay hoa hong chiu min (Rosa rugose)

moc & vlng ven bién Han Qudc ¢ kha niang khang nim bénh oomycete. Gan day,
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chung M. endophytica YC6887(T) dugc xac dinh la c6 kha nang sinh axit
phenylacetic [173] va phan huy cellulose [174]. Chung STT1.1.2 dugc phan lap tu
dat ving ré cay bang vudng trén dao Song Tir Tay la chung c6 kha ning sinh IAA,
ACC deaminase, phan giai phosphate va phan huy cellulose, duoc lya chon dé tién
hanh céc thi nghiém tiép theo trong luan an.

Bén chung D1.2.2, D3.2.3, NY4.2.3 va STP2.1.3 ¢6 trinh ty gen 16S rRNA
tuong dong voi loai Bacillus endophyticus lan luot 1a 99,51; 99,51; 98,81 va
99,03%. Loai B. endophyticus phan b phé bién trong moi truong dat va noi sinh
trong ré thuyc vat. Reva va cong su (2002) [175] phan lap duoc chung B.
endophyticus 2DT tur than cdy béng. Kuma va cong su (2014) [176] phén lap duoc
chang B. endophyticus AVP9 tir dat ving ré ciy o6t c6 kha niang sinh IAA,
siderophores va phan giai phosphate. Chauhan va cong su (2016) [177] phéan lap
dugc ching B. endophyticus TSH42 tir t6 ong ¢6 kha ning phan giai phosphate va
sinh siderophores. Bon ching D1.2.2, D3.2.3, NY4.2.3 va STD2.1.3 duogc phan lap
tr dat trén quan dao Trudong Sa di duoc xac dinh c6 kha ning sinh IAA,
siderophores, phan giai phosphate va phan giai cellulose, trong d6 chung D1.2.2 thé
hién cac hoat tinh ndi troi hon duoc lua chon dé tién hanh cac thi nghiém tiép theo
trong luan an.

Nhu vay, két qua giai trinh ty 16S rRNA cho thdy cac chung RL5, RL7,
STT3.3.1 va NN4.1 gan véi loai B. aryabhattai. Bén chung D1.2.2, D3.2.3,
NY4.2.3 va STD2.1.3 gan véi loai B. endophyticus. Dé tién hanh cac thi nghiém
tiép theo, da lya chon cac chung c6 kha ning sinh chat kich thich sinh trudong wu
biét hon va dai dién cho cac chi vi khuan khac nhau gém 6 ching dai dién cho 6
loai la C7, DM10, RL5, RL7, STT1.1.2 va D1.2.2. Trong 6 loai nay, ba loai thuc
chi Bacillus gém B. subtilis, B. aryabhattai va B. endophyticus day 1a cac loai duoc
tng dung phd bién trong ndng nghiép dudi hinh thac cac ché pham vi sinh hoic
trong cac ché pham phan hitu co vi sinh dwoc ching minh cé tinh an toan cao,
khong gay doc hai véi thuc vat. Phan tiép theo cua luan an s& tién hanh nghién ciu
mot s6 yéu té anh hudng dén sy sinh truong va sinh tong hop IAA cia 6 ching

chon loc.
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3.3. Nghién cttu cac yéu té anh hwéng dén sinh trweéng va tong hep 1AA cia

mét s6 chiing vi khuan cheon loc

Kha nang sinh IAA 1a mot dac diém guan trong cua vi sinh vat PGPB, phu
thuoc vao nhiéu yéu td nhu ndéng do NaCl, tién chat L-tryptophan, ngudn dinh

dudng carbon va nito.

3.3.1. Anh hwong nhiét dé, pH dén khi nang sinh trwéng cia cac chang vi

khudn chen loc

Nhiét do anh huong dén qua trinh sinh truong va phat trién cua vi sinh vat,
nhiét d6 qua nong hoac qua lanh s& tc ché qua trinh trao d6i chat do d6 vi sinh vat
ngirng phat trién hoic bi chét. Két qua nghién cau anh huéng cua nhiét ¢6 (Hinh
3.7) cho thay chi ¢6 chung D1.2.2 sinh truéng & dai nhiét d6 25-45 °C, cac chung
con lai chi c6 kha ning sinh truéng trong khoang nhiét do 25-40 °C. Nhiét do thich
hop cho su sinh truéng va phat trién cia chang C7 va DM10 1a 30-34 °C, cua ching
RL7,STT1.1.2 va RL5 la 34 °C, cua chung D1.2.2 la 34-37 °C.

-0-C7 —=— DM10 RL7 ——STT1.2.2 =&-D1.2.2 RLS

OD 600 nm

O 1 1 1 1
25 27 30 34 37 40 45
Nhiét d6 (°C)
Hinh 3.7. Anh huéng nhiét do dén kha ning sinh truong cua céc ching chon loc
Két qua khao sat anh huong cua pH dén kha nang sinh truong caa cac chung

chon loc dugc thé hién trong Hinh 3.8. Ca 6 chung déu cd kha ning sinh truéng
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trong dai pH 5-8,5. pH thich hop cho su sinh truéng va phét trién caa chung RL7,
D1.2.2,STT1.1.2 va DM10 la 7, cta chung RL5 la 6,5-7,5, caa chung C7 1a 7,5.

-—-C7 —a— DMI10 RL7 —e=STT1.2.2 —&—D1.2.2 RL5

OD 600 nm
=
(@]

[EEN
T

o
(6)]
T

5 55 6 6.5 7 7.5 8 8.5
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Hinh 3.8. Anh hudng pH dén kha ning sinh truéng caa cac chung chon loc

3.3.2. Anh hwéng ciia NQuén nito' dén khd nang sinh truwéng va tong hep 1AA cia
cac chaing vi khudn chen lgc

Két qua danh gia anh huéng nguoén nito (cao nam men, tryptone, cao thit,
peptone va NaNO3) dén kha ning sinh truong va tong hop IAA cua 6 chung vi
khuan chon loc duoc thé hién ¢ Hinh 3.9. Trong cac méi truong ¢6 nguodn nito hiru
co (cao nAm men, tryptone, cao thit va peptone) kha ning sinh truéng va sinh tong
hop IAA cua c4c chung cao hon nhiéu trong moi truong ¢ ngudn nito vo co
(NaNOs).

Chung C7: méi truong ¢6 ngudn nito nhu cao ndm men, cao thit, peptone va
tryptone c6 ham luong IAA tao ra khd cao tuwong ung dat 148,16+0,31;
124,38+0,37; 112,24+0.46 va 93,46+0,71 pug/mL. Mac du chiung C7 c6 kha nang
sinh truéng tot nhit trén moi trudng peptone nhung luong IAA cao nhét 1a trong
moi trudng cao nAm men. Kha ning sinh truéng cua chung C7 trén moi trudng

NaNO; thap nén kha ning sinh IAA ciing thap.
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Hinh 3.9. Anh huong cua ngudn nito dén kha ning sinh truong va tong hop IAA

Chung DM10: mai trudng c6 cac ngudn nito nhu cao nAm men, tryptone va
cao thit co ham lugng IAA tao ra kha cao (twong trng dat 178,07+0,78; 135,40+0,45
VA 145,11+0,65 pg/mL), cao hon so véi peptone (88,21+0,85 pg/mL) va NaNO3
(19,81+0,34 pg/mL).

B4n chung RL5, RL7, D1.2.2 va STT1.1.2 déu cho ham lugng IAA cao nhét
khi ngudn nito 12 cao nam men (lan luot 1a 89,12+1,10; 90,20+0,94; 77,65+1,13 va
77,9142,45 pg/mL), mac du kha nang sinh truong cua ching D1.2.2 va STT1.1.2
khi nguoén nito 1a cao thit. Kha ning sinh truéng cia ca 4 chung nay khi ngudn nito
la NaNO; thap nhat nén lwong IAA sinh ra ciing thap nhat.

C6 thé thay ngudn nito hitu co (dic biét 1a cao nim nem) thich hop cho su
sinh treong va sinh téng hop IAA cua ca 6 chung nghién nghién ctu. Vi vay, cao
nidm men duoc chon 1am ngudn nito dé tién hanh céc thi nghiém tiép theo. Két qua
nghién ctru nay cling tuong ty v4i cac nghién cuu trude d6. Bhutani va cong su
(2018) [163] ciing chi ra ring ngudn nito thich hop nhat véi ba chung B.
aryabhattai MJHN1, B. megaterium MBN3 va B. cereu MJHN10 la cao nim men
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véi ham luong IAA sinh ra lan luot 13 146,75, 114,11 va 99,33 pg/ml. Khi ngudn
nito 1a (NH,4),SO, ca ba chung nay ciing cho ham lwong IAA thap nhat.

3.3.3. Anh hwong ciia L-trytophan dén dén khd néng sinh tong hep 1AA ciia cac
chiing vi khudn chen loc

Két qua anh huong nong do tryptophan dén kha ning sinh truéng va tong
hop IAA cua céc chang thé hién trén hinh 3.10.

Két qua cho thiy kha nang sinh truéng cua 6 ching ting dan khi ham luong
tryptophan bd sung ting tr 0 dén 3 g/L, diéu ndy co6 thé 1a do viéc bo sung
tryptophan da cung cap ngudn dinh dudng nito.

Véi chung C7: Ham luong IAA sinh ra ting dan khi b sung tryptophan tir
0,5 dén 2 g/L lan luot 12 88,01+1,45; 149,97+ 1,56; 165,030+1,78 va 191,19+1,62
pg/mL. Khi ham lIugng tryptophan tang 1én 2,5 va 3g/L thi lwong IAA sinh ra giam
dan, lan luot 12 171,06 £1,12 va 124,27+ 1,56 pg/mL. Pang chu y 1a kha ning sinh
truong giam dan khi ham luong tryptophan ting tir 0 dén 3 g/L.

Vé6i chung DM10: Ham lugng IAA sinh ra ting dan khi b sung luong
tryptophan ting tir 0,5 dén 3%. Ham luwong IAA sinh ra cao nhat khi luwong
tryptophan 3 g/L 1a 256,4+1,41 pg/mL. Kha ning sinh trudng ting dan ty 1& thuan
véi ham luong trytophan.
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Hinh 3.10. Anh huéng cua L-trytophan dén kha ning sinh truang va tong hop 1AA
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Véi chung RL7: Ham luong IAA sinh ra ting dan twong ung voi luong
tryptophan tir 0,5 dén 2 g/L lan luot 1a: 46,21+0,54; 89,70+1,08; 96,31+0,71 va
112,2340,87 pug/mL. Khi ham lugng tryptophan tang tir 2 dén 3 g/L, ham lugng
IAA sinh ra ting khong dang ké.

Vi ba chung RL5, D1.2.2 va STT1.1.2: Kha nang sinh truong tang khi tang
ham lugng tryptophan tir 0 dén 3 g/L, tuy nhién luong IAA sinh ra ting khong dang
ké khi tang luong tryptophan tir 2 1én 3 g/L. Khi lwgng tryptophan b sung 1a 2 g/L
luong 1AA sinh ra ¢ ba chung RL5, D1.2.2 va STT1.1.2 lan luot 12 102,30+1,12;
91,30+1,3 va 88,20+0,92 pg/mL.

Tryptophan 14 tién chat cua 1AA, do dé viéc bd sung tryptophan vao moi
truong nudi cay khong chi cung cap dinh dudng cho qua trinh sinh truéng ma con
ting cuong qua trinh sinh tong hop IAA & vi sinh vat [19]. Mohite va cong su
(2013) [178] da x4c dinh ham luwong tryptophan thich hop nhat cho cac chang B.
megaterium brl, B. subtilis br2 va B. cereus wr2 lan luot 12 1; 1,5 va 0,5 g/L. Wagi
va Ahmed (2019) [169] khao sat anh huong ndng do tryptophan 1én kha ning sinh
IAA cuaa Bacillus sp. & dai nong do 0-4 g/L, két qua cho thdy ham luong tryptophan
thich hop 1a 2-4 g/L. Ham 1AA cao nhit dugc ghi nhan khi ndng d6 tryptophan 2 va
3 g/L ¢ hai chung B. subtilis Mt3b va B. cereus So3llI lan luot 1a 37; 54; 44 va 64
pg/mL. Bhutani va cong su (2018) [179] dd nghién ctu anh huéng cua ndng do
tryptophan Ién kha nang sinh IAA cua 3 chung B. aryabhattai MJHN1, B.
megaterium MBN3 va B. cereu MJHN10 cho théy ham luong TAA sinh ra dat cuc
dai & néng do tryptophan 0,5 g/L ¢ 2 ching MBN3 va MJHN1 véi ham lugng IAA
lan luot 12 114,10 va 79,88 pg/mL, trong khi chuing MJHN10 dat ham lugng I1AA
cuc dai 79,60 pg/mL & ndng do tryptophan 0,3 g/L.

Nhu vay voi ham lugng tryptophan thich hop dugc lya chon dé lam thi
nghiém tiép theo cho 5 chung C7, RL7, STT1.1.2, D1.2.2 va RL5 la 2 g/L, cho
chung DM10 la 3 g/L.

3.3.4. Anh hwong ciia nguén carbon dén khd néng sinh trwéng va tong hep 1AA
ciia cac ching vi khudn chen loc

Pé danh gia anh huong ngudn carbon dén kha ning sinh trudng va tong hop
IAA, 5 ngudn carbon gom sucrose, D-mannitol, D-maltose, D- glucose, va tinh bot

tan duoc st dung. Két qua xac dinh mot sé dic diém sinh hoa cho thay chung C7



76

khong sir dung cac ngudn carbon trén. Do vay, ¢ thi nghiém nay chi khao sét anh
huong cua ngudn carbon dén kha ning sinh IAA cua 5 chung DM10, RL5, RL7,
STT1.1.2 va D1.2.2. Két qua thu duoc thé hién ¢ Hinh 3.11.

Véi chang DM10: Ham luong IAA sinh ra khi ngudn carbon 1a glucose,
maltose, mannitol va tinh bot tan lan luot 14 238,50+1,12; 262,31+0,91;
258,91+2,12 va 194,51+0,98 pg/mL. Mic du chung DM10 sinh truéng tot nhét khi
ngudn carbon 1a mannitol nhung ham lwong IAA cao nhat khi ngudn carbon la
sucrose (287,74+2,92 pg/mL).
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Hinh 3.11. Anh hudng ngudn cta carbon dén kha ning sinh truong va tong hop 1AA
V6i ching RL5, RL7 va STT1.1.2 kha nang sinh trudng va sinh I1AA cao
nhat khi nguon carbon 1a glucose voi ham luwong IAA sinh ra lan luot 1a
134,60+3,32; 121,37+2,21; 118,20+0,97 pg/mL.
Chung D1.2.2 sinh truéng manh hon khi ngudn carbon 1a mannitol nhung
ham luong IAA sinh ra nhiéu hon & méi truong cd ngudn carbon 1a glucose
(109,80+0,97 pg/mL).
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Kha nang sinh truong cua cac ching RL7, RL5 va D1.2.2 manh nhat voi
ngudn carbon 1 glucose va sinh IAA cao nhit (twong wng |a 78,95+1,24; 63,52+0,94
va 65,81+2,01 pg/mL). Glucose ciing 1a ngudn carbon thich hop nhat cho céc B.
aryabhattai, B. megaterium, B. cereu va B. subtilis sinh IAA cua [169, 178, 179].

Nhu vy, ngudn carbon thich hop 1am méi trudng sinh 1AA cia 4 chang RL5,
RL7,D1.2.2va STT1.1.2 la glucose, vai chung DM10 la sucrose.

3.3.5. Anh huwéng nong dp NaCl dén khi nang sinh trwéng va sinh tong hep 1AA
cua cac chang vi khuan chen loc

Dya trén két qua nghién ctu anh huong cia nguon nito, ham luwong
tryptophan va carbon dén kha ning sinh truong va sinh IAA ¢ trén di Iya chon

duoc moi trudng va cac diéu kién nudi cdy thich hop cho 6 chung sinh tong hop

IAA (Bang 3.7).

Bang 3.7. Bang tong hop mai truong sinh IAA cua cac chung chon loc
Thanh ph?m C7 | DM10 RL5 RL7 STT1.1.2 D1.2.2
Cao nam men (g/L) | 20 20 20 20 20 20
Glucose (g/L) - - 10 10 10 10
Sucrose (g/L) - 10 - - - -
Tryptophan (g/L) 2 3 2 2 2 2
K,HPO,.3H,0 (g/L) | 1,5 15 15 15 15 15
MgSO,.7H,0 (g/L) | 1,5 1,5 1,5 1,5 15 15
pH 7,5 7 7 7 7 7
Nhiét do (°C) 30 30 34 34 34 37

Anh huéng NaCl dén kha nang sinh truong va tong hop IAA cia cac chung
chon loc duoc thé hién trong Hinh 3.12. Két qua cho thidy NaCl ¢ anh huéng Ién
dén kha ning sinh truang va sinh IAA cua ca 6 ching chon loc. Luong I1AA sinh ra
giam dan khi tang ndng d6 mudi.

Chung C7 (Hinh 3.12 a): Chang C7 ¢6 su sinh truong ting dan khi nong do
NaCl tang tir 1 dén 5%, nong d6 NaCl tdi wu 14 4% va su sinh truong giam dan khi
nong do NaCl ting tir 6 dén 20%. Khong sinh truong khi ndng ¢6 NaCl 1a 0% va
I6n hon 20%. Ham luong IAA cao nhat 12 192,17+1,14 pg/mL ¢ 1% NaCl, giam
dan khi ting ndng d6 NaCl va khong sinh IAA khi nong d6 NaCl I6n hon 15%.
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Chung C7 c6 kha nang chiu man, nhiét 46 va pH thich hop tuong tu vai loai M.

pelagius [162].
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Hinh 3.12. Anh huéng nong d6 NaCl dén kha niang sinh truéng va tong hop 1AA

cua cac chang chon loc
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Chang DM10 (Hinh 3.12 b): Néng d6 NaCl ¢6 anh huong Ién dén kha ning
sinh 1AA cua chung DM10. Luong IAA sinh ra ty 1& nghich véi néng d6 mudi.
Chung DM10 sinh truong va phét trién ting dan khi nong d6 NaCl ting tir O
dén12,5% sau d6 giam dan. Mic du ching DM10 sinh truéng cao nhat & nong do
mubi 12,5% nhung luong IAA (318,18+3,14 pg/mL) cao nhat khi khdng c6 mit cua
NaCl. Tuy nhién & ndéng d6 mudi cao (15%) thi kha ning sinh IAA cua chung
DM10 van kha cao (48,07%). Zhao va cong su (2017) [166] da chi ra riang loai S.
tamaricis 12 loai va min c6 kha ning séng ¢ nong d6 NaCl Ién tsi 25%, chang S.
tamaricis FO1" sinh truéng tot nhat ¢ 5% NaCl, pH 7 va nhiét d6 30 °C trong khi
chang DM 10 sinh truéng tét nhat & 12,5% NaCl, pH 7 va nhiét d6 30-34 °C.

Chang RL7 (Hinh 3.12 ¢): Sy sinh truéng toi wu khi nong do mudi tir 0 dén
1%, giam dan khi ndng d6 mudi tang tir 1 dén 10%, khong sinh truéng ¢ néng do
NaCl 16n hon 11%. Ham luong IAA sinh ra cao nhét khi nong ¢6 mudi 1a 0 va 1%
lan luot 1a 139,22+3,10 va 135,81+1,05 pg/mL. Khi ndng do mudi Ién hon 5%
chung RL7 khéng c6 kha nang sinh TAA. Kha nang chiu man caa ching RL7 cling
tuong tu mot sé6 chung trong loai B. aryabhattai cong bd trudc d6. Chung B.
aryabhattai MS3 c6 kha niang chiu man dén 10% NaCl [104], chung B. aryabhattai
EWR29 c6 kha ning chiu man dén 12% NaCl [113] va B. aryabhattai UPMREG c6
kha nang chiu min dén 11% NaCl [168].

Chung RL5 (Hinh 3.12 d): Anh hwong ciia mudi 1én su sinh trudng va tong
hop IAA cua ching RL5 twong tu chung RL7. Su sinh truéng t6i wu khi nong do
mudi tir 0 dén 1%, giam dan khi nong do mubi tang tir 1 dén 10%, khdng sinh
truong o ndng 6 NaCl 16n hon 11%. Ham lugng IAA sinh ra cao nhat khi ndng do
mudi 1a 0 va 1% lan luot 1a 124,21+2,40 va 120,1+1,70 pg/mL. Khi ndng do mudi
I6n hon 5% chiing RL5 khong c6 kha nang sinh IAA. Mot s6 cac nghién ctu chi ra
rang loai B. subtilis c6 kha ning chiu man cao. Chang B. subtilis SRM3 phan Iap tir
ré I0a c6 kha niang sinh truong ¢ ndng do6 mudi 20% [123]. Trong méi truong ti uu
(khéng c6 NaCl) ching B. subtilis (Mt3b) sinh téng hop IAA cao voi ham luong
322,60 pug/mL [169]. Chuang B. subtilis PM32 phan lap tir dat tréng khoai tay c6 kha
nang sinh IAA véi ham lugng 102,6 ng/mL [171].
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Chung D1.2.2 (Hinh 3.12 €): Anh hudng cua mudi 1én sy sinh truéng va tong
hop I1AA cua ching D1.2.2 twong ty chang RL7 va RL5. Sy sinh truong téi wu khi
nong do NaCl tir 0 dén 1%, sau d6 giam dan khi ndng do mudi tang tir 1 dén 10%,
khong sinh truang ¢ nong do NaCl 16n hon 10%. Ham lugng IAA sinh ra cao nhat
khi ndng d6 mudi 1a 0 va 1% lan luot 1a 110,31+1,12 va 109,20+2,30 pg/mL. Khi
nong d6 mudi Ién hon 5% ching D1.2.2 khéng c6 kha ning sinh IAA. Nghién ctu
ctia Kumar va cong su (2014) [176] cho thay ching B. endophyticus sinh truéng &
nong do mudi tir 0 dén 5% va sinh truong t6i vu & 3%, ham luong 1AA sinh ra 80
pg/mL.

Chang STT1.1.2 (Hinh 3.12 f): Sy sinh truéng tang dan khi nong d6 mudi
tang tir 0 dén 4%, thich hop tir 2 dén 3%, sau d6 giam dan khi nong d6 mudi ting
dén 10%, khong sinh truong khi ndong d6 mudi 16n hon 10%. Mac di, sy sinh
truong kém hon khi khong c¢6 NaCl, nhung kha ning sinh IAA lai cao nhat
(121,81+2,70 pg/mL). Khi ndong d6 muédi tang tir 2 dén 3%, Sy sinh trudng ting 1én
nhung kha ning sinh IAA lai giam va khi ndng d6 NaCl ting trén 6% thi khong c6
kha nang sinh TAA.

3.4. Panh gia kha ning hd tro cay lGa chiu min ciaa mét sé chang vi khuan
chon lgc
3.4.1. Lwa chen nong dé muéi dé gay stress mgn & cay lGa

Cay lta dugc trong trong chau, sau 21 ngay tudi tién hanh gay stress man Véi
cac nong d6 mudi 50, 100, 150, 200, 250 va 300 mM. Tién hanh quan sat sy phét
trién cua cay lia & cac nong do mubi khac nhau. Két qua cho thay ¢ dai nong do 0-
50 mM cay Ila phat trién binh thuong voi cac dac diém hinh thai khong c6 su khéc
biét dang ké. O néng d6 100 mM dau 14 IGa bat dau c6 dau hiéu héo 14 va than. Su
khac biét vé hinh thai bat dau biéu hién rd rét khi ndong d6 mubi ting tir 150-200
mM. Cay lua bi chét & 250 va 300 mM NaCl (Hinh 3.13). Nhu vay, néng d6 NaCl
200 mM la ndng d6 trung gian gitta trang thai khoe manh va stress ting truong. Dé
danh gia kha ning hd trg cay lda chiu min cua cac chang vi sinh vat, ndng d6 NaCl
200 mM duoc lya chon 1a nong do dé gay stress cho cay lia. Nong do NaCl 200

mM ciing duoc mot sb tac gia sir dung dé gay stress cho cay lGa [41,104, 124].
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300mM 250mM 200mM 150mM 100mM 50mM

Hinh 3.13. Anh huéng nong d6 nudi 1én sy sinh truong cay lda

3.4.2. Pdnh gid khd nang hé tre cay l0a chju mégn cia mét sé ching vi khudn
chen lgc
Qua trinh sang loc d3 lwa chon duoc 6 chung c6 kha ning sinh chat kich

thich sinh truéng noi troi nhu sinh IAA, ACC deaminase, phan giai phosphate, phan
giai cellulose va sinh siderophores thuoc 6 loai khac nhau la M. pelagius, S.
tamaricis, B. aryabhattai, M. endophytica, B. subtilis va B. endophyticus. Mac du
chung M. pelagius C7 la chung chiu man cé kha nang sinh IAA cao nhung lai
khong sinh trudng trong diéu kién khdng c6 NaCl nén khdng phu hop dé tién hanh
c4c thi nghiém stress mudi trong luan an. Két qua danh gia kha nang hd tro cay lda
chiu man caa céc chang chon loc qua céc chi tiéu nhu chiéu dai than, chiéu dai ré,
khoi lugng khd (than va ré) va ham lugng chlorphyll (a,b va tong sé) dugc trinh bay
trong Bang 3.8, Hinh 3.14 va Hinh 3.15.

Bang 3.8. Anh huong cua cac chiing vi sinh vat chon loc 1én sy phat trién caa cay
[Ga khi bi nhiém man

Chiing RL7 DM10 | STT1.1.2 | RL5 | D1.2.2 | Péi chirng
Chiéu dai than (cm) | 12,76° |11,97°| 11,19° |11,51" | 10,94 9,96°
Chiéu dai ré (cm) 4,03 | 376°| 353" | 370° | 3,46° 3,23°

Khéi lwong khd (g) | 0,557 ¢ | 0,510°| 0,480° | 0,503° | 0,470° | 0,419

Chlorophyll a (mg/g) | 0,076 | 0,072°| 0,068™ | 0,074° | 0,066 | 0,058

Chlorophyll b (mg/g) | 0,038° | 0,036° | 0,033° | 0,035° | 0,032* | 0,030

Chlorophyll
téng(mg/g) 0,114° | 0,208° | 0,101* | 0,109" | 0,098* | 0,088"

(Céc chiz cdi thuong trong cung 1 hang giong nhau chi s khac biét khéng cé y nghia
thong ké vai do tin cay 95%)
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Hinh 3.14. Anh huéng cua cac chung vi sinh vat chon loc 18n sy phét trién caa cay

IGa khi bi nhiém man
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Hinh 3.15. Anh huong cua céc chung vi sinh vat chon loc 1én ham lwong
chlorophyll trong 14 IGa khi bi nhiém man
Két qua cho thay, cay lta duoc nhiém cac chung RL7, DM10, STT1.1.2,
RL5 va D1.2.2 déu lam tiang chiéu dai than, chiéu dai ré, trong lugng khd va ham
lwong chlorophyll so véi mau d6i ching.
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Cay lda nhiém chung RL7: Chiéu dai than dai hon mau nhiém céc chung
DM10, STT1.1.2, RL5, D1.2.2 va dbi chung lan luot 13 8,30%; 14,20%; 11,03%;
15,13% va 28,22%. Chiéu dai ré dai hon mau nhiém cac chung DM10, STT 1.1.2,
RL5, D1.2.2 va doi chang lan luot 12 6,81%; 17,17%; 8,46%; 14,13% va 30,82%.
Trong lugng khé 16n hon cac chiing DM10, STT1.1.2, RL5 va D1.2.2 va déi chimng
lan luot 12 7,84%; 14,58%; 10%:; 17,02% va 30,95%. Ham luong chlorophyll tong
s6 16n hon mau nhiém cac chang DM10, STT 1.1.2, RL5 va D1.2.2 va d6i chiing
lan luot 1a 5,50%; 12,87%; 4,50%; 14% va 35,55%. Cay lta nhiém chung RL7 c¢6
su khéc biét vé chiéu dai than, chiéu dai ré, trong lwong khd va ham lwong
chlorophyll so véi mau nhidm cac chang DM10, STT1.1.2, RL5, D1.2.2 va ddi
chuang co ¥ nghia thong ké voi do tin cay 95%. Nhu vay, chung RL7 tac dung hd tro
cay lta chiu man manh hon cac chang con lai.

Cay lta nhiém chang DM10: Chiéu dai than dai hon mau nhiém cac chung
STT1.1.2, RL5, D1.2.2 va ddi chiing lan luot 12 5,51%; 2,52%; 6,30% va 18,39%.
Chiéu dai ré dai hon mau nhidm cac chung STT1.1.2, RL5, D1.2.2 va déi ching lan
luot 14 9,71%; 1,50%; 6,70% va 22,50%. Trong lugng khd 16n hon mau nhiém céac
chang STT1.1.2, RL5, D1.2.2 va ddi ching lan luot 12 6,25%; 2%; 8,51% va
21,42%. Ham lugng chlorophyll tong s6 16n hon mau nhiém cac ching STT1.1.2 va
D1.2.2 va dbi chung lan luot 14 6,93%; 8% va 25,58%. Cay lua nhiém chung DM10
cd su khac biét vé chiéu dai than, chiéu dai ré, trong luong khd va ham luong
chlorophyll so v&i mau nhiém cac ching STT1.1.2 va D1.2.2 ¢6 ¥ nghia théng ké
Vi do tin cay 95%. Nhu vay, chung DM10 tac dung hd tro cay IGa chiu man tét hon
hai chung STT1.1.2 va D1.2.2.

Cay IGa nhiém chang RL5: Chiéu dai than dai hon mau nhiém céc ching
STT1.1.2, D1.2.2 va d6i chiing lan luot 14 2,85%; 3,69% va 15,48%. Chiéu dai ré
dai hon mau nhidm cac chang STT1.1.2, D1.2.2 va dbi ching lan luot 1a 8%; 5,10%
va 20,61%. Trong luong khd nhiéu hon mau nhiém céc chung STT1.1.2, D1.2.2 va
d6i chung lan luot 12 4,16%:; 6,38% va 19,04%. Ham luwong chlorophyll tong sé
nhiéu hon mau nhiém cac chung STT1.1.2, D1.2.2 va d6i ching lan luot 12 7,93%;
9% va 26,74%. Cay lta nhiém chung RL5 cd sy khac biét vé& chiéu dai than, chiéu
dai ré, trong luong khd va ham luong chlorophyll so véi mau nhiém ching DM10
va su khac biét vé chiéu dai than, ham lwong chlorophyll so véi mau nhigm chuang
hai chang STT1.1.2 va D1.2.2 khong c6 ¥ nghia thong ké voi do tin cay 95%. Su
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khéc biét vé chiéu dai ré, trong luong khd va chlorophyll ¢ cay Ita nhiém chiang
RL5 so v&i mau nhiém chang hai chung STT1.1.2 va D1.2.2 ¢6 ¥ nghia thdng ké véi
do tin cay 95%. Nhu vay, ching RL5 ¢ kha niang lam ting su phét trién ré va sinh
khéi cay Ia tot hon hai chang STT1.1.2 va D1.2.2.

Cay lda nhidm ching STT1.1.2 va D1.2.2 ¢6 chiéu dai than dai hon mau ddi
chung lan luot 12 12,27% va 11,38%. Chiéu dai ré dai dai hon mau dbi chuang lan
lwot 12 11,65% va 14,74%. Khéi lugng khd 16n hon mau ddi chang lan luot 14
14,24% va 11,94%. Ham lugng chlorophyll tong s6 16n hon mau dbi chang lan luot
la 17,44% va 16,28%. Cay lta nhiém chung STT1.1.2 va D1.2.2 khong c6 sy khéc
biét vé chiéu dai than, chiéu dai ré, trong luong khd va ham luong chlorophyll.

Két qua xac dinh mat do vi sinh vat trong ré va trong dat (Bang 3.9) cho thay
mat do c&c vi sinh vat trong dt bd sung ban dau khoang 10° cfu/g, két thic qua
trinh thi nghiém mat do tang Ién 10° cfu/g. Mat do cac ching RL7, DM10 va RL5
trong ré cao hon hai chung STT1.1.2 va D1.2.2 day c6 thé la nguyén nhan lam hiéu
qua hd trg cay lua chiu man & ba chung RL7, DM10 va RLS5 tét hon cac ching con
lai. Chung RL7 va RL5 phan lap tir ré lGa nén kha nang xam nhap vao ré lGa c6 thé
cao hon cac chang con lai. Két qua nay ciing chi ra rang, cac chung DM10, STT
1.1.2 va D1.2.2 déu c6 kha nang ndi sinh. Nautiyal va cong sy (2013) [124] da cho
thay rang chung B. amyloliquefaciens SN13 ¢ kha niang ndi sinh trong ré cay lua
(mat d6 9x10° cfu/g r&), khi bi nhidm man (200mM) mat d6 tiang 1én 3x10° cfu/g ré.

Bang 3.9. Mat do vi sinh vat trong dat va ré

Mat d¢ vi sinh vat trong dat (cfu/g) | Mat dd vi sinh vat
Chiing Ban diu Két thuc trong ré (cfu/g)
RL7 2,3x10° 2,9 x 10° 3,5 x 10*
DM10 1,7 x 10° 51x10° 2,5 x 10*
STT1.1.2 1,4 x 10° 3,7x 10° 1,8 x 10°
RL5 2,1x10° 4,3x 10° 2,1x 10"
D1.2.2 1,8 x 10° 3,5x 10° 1,4 x 10°

Vi sinh vat kich thich sinh truong thuc vat sinh IAA, ACC deaminase,
siderophores va phan giai phosphate duoc dugc chitng minh c6 kha ning hd tro cay
trong sinh trudng va phat trién trong diéu kién stress man. Enterobacter sp. [99,
103, 106], H. huttiense RCA24 va E. cloacae RCA25 [100], S. venezuelae ATCC
10712 [101], Achromobacter [102, 104, 105], B. subtilis [105], B. aryabhattai [104,
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105], S. sciuri ET101 [106], B. linens RS16 [107], K. pasteurii va P. diazotrophicus
[108], B. pumilus [109] va B. amyloliquefaciens [124] lam tang kha nang chiu man
¢ cay lua. Dermacoccus [110], P. oryzihabitans [111] va P. azotoformans [112] lam
tang kha nang chiu man ¢ cdy ca chua. B. aryabhattai EWR29 [115] va B.
aryabhattai PM34 [116] lam ting kha nang chiu man ¢ cay Ida my. B. subtilis
[117], Pseudomonas sp. P8, Peribacillus sp. P10 va Streptomyces sp. X52 [118]
lam tang kha nang chiu man & cdy ngd. B. subtilis va P. fluorescen lam tang kha
nang chiu man ¢ cdy dau ha lan [119]. B. firmus [122], P. pseudoalcaligenes va B.
subtilis [123] lam tang kha nang chiu man ¢ cay dau tuong.

Nhu vay, qua phan tich anh huong cia cac chung vi sinh vat [&n sy phat trién
cua cdy lta dudi diéu kién stress man cho thay cac ching RL7, DM10 va RL5 ¢6
tac dung 1am ting rd rét cac chi s6 chiéu dai than, chiéu dai ré, trong luong kho va
ham luong chlorphyll (a, b va tong sb). Chung RL7 phan lap noi sinh tir ré lua,
thuoc loai B. aryabhattai dwoc x4c dinh 1a co cac dic diém néi bat cia PGPB nhu
sinh 1AA, sinh ACC deaminase, siderophores, phan giai phosphate va phan giai
cellulose c6 tac dung hd tro cay la chiu stress man tét nhat so véi cac chung con
lai. Chung DM10, RL5, STT1.1.2 va D1.1.2 ¢6 nhiéu dic diém nhu chung RLY
nhung c¢6 kha ning hd tro ciy lta sinh truong trong diéu kién stress man thap hon.
Nguyén nhan cua su khac biét ndy c6 thé 1a do kha ning sinh chat kich thich sinh
truong cling nhu kha nang xdm nhap noi sinh vao ré caa cac chang manh hay yéu
khac nhau. Chung B. endophyticus D1.2.2 khéng c6 kha ning tong hop ACC
deaminase, day c6 thé 1a nguyén nhan lam chung nay cé kha ning hd tro cay lua
chiu man kém hon cac ching con lai.

Chang RL7 va DM10 véi hiéu qua cao nhat duoc lra chon dé tién hanh danh
gia kha nang 1am giam tac dong stress man va nghién ciru sy biéu hién cua cac gen

lién quan dén kha nang chju min cua cay lGa.
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3.5. Nghién ctru sw biéu hién cac gen lién quan dén dap wng min cia cay lia dudi
sur hd tro ciia chiing RL7 va DM10

3.5.1. Anh hwéng ciia chitng RL7 va DM10 d@én sw sinh trwéng cay la khi bi nhiém
mgn

3.5.1.1. Anh huéng cua chung RL7
Két qua khao sét cac chi tiéu v& sinh truong va phat trién cua cay lda bao
gom chiéu cao cay, chiéu dai r&, trong lwong khd (ca than va rd) va ham luong
chlorphyll (a, b va tong sb) duoc thé hién & Bang 3.10.
Bang 3.10. Anh huong cua ching RL7 dén kha nang sinh truéng cay IGa khi bi

nhiém man
Chi tiéu C C +NaCl RL7 RL7+ NaCl
Than (cm) 18,40£0,36° | 16,23+0,42° | 23,26%0,41° | 20,630,57°
RE (cm) 5,72+0,21° 543+0,33° | 7,43+040° | 7,1+0,34°

Khoi luong khd (9) | ( 74+0,06° 0.68+0,04° | 097+0,05° | 090+0,08°

Chlorophylla (mg/9)|  082+0,005° | 0,070+0,004% | 0,096+0.006° | 0,089+0,005"

Chlorophyll b (Mg/9)| ( 033+0,006° | 0,025+0,004% | 0,042+0,004° | 0,038+0,003"

Chlorophyll (mg/9) | 0 115+0.016" | 0,095+0,005° | 0,138+0,018" | 0,128+0,021°

(Gia tri trung binh £ SD, cac chiz cdi thuong trong cung 1 hang giong nhau chi su
kh&c biét khong co y nghia thong ké vdi do tin cay 95%)
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Hinh 3.16. Anh huéng ching RL7 [8n sy sinh treong cay 1Ga khi bi nhiém man
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Hinh 3.17. Anh huéng cua chung RL7 1én chiéu cao cay, chiéu dai ré va trong

luong khd khi bi nhiém man
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Hinh 3.18. Anh huéng cua chung RL7 1én ham lugng chlorophyll trong 14 1Ga khi bi

nhiém man
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Cay lua dugc nhidm chung RL7 ¢6 chiéu dai than, chiéu dai ré, trong luong
kho va ham luong chlorophyll tong sé ting 1an lugt 13 26,45%; 29,89 %; 31,08% va
19,99% so v6i dbi ching (C). Khi bi stress mian, cay lta dugc nhiém ching RL7 ¢6
chiéu dai than, chiéu dai r&, trong lwong khé ting va ham lwong chlorophyll tong sb
tang 1an luot 13 27,10%; 30,67%:; 31,06% va 34,73% so voi dbi chimg (C+ NaCl).
Sy khac biét vé chiéu dai than, chidu dai ré, trong luong kho, ham luwong
chlorophyll giita c4c nghiém thirc c6 ¥ nghia thong ké voi do tin cay 95%. Mat do
ching RL7 trong dat ban dau 14 2,1x10° cfu/g két thac thi nghiém mat d6 khoang
10° cfu/g, trong r& 1a 1,1x10” cfu/g va tang nhe khi bi nhidm man 1én 5,9x10* cfu/g.
3.5.1.2. Anh huéng cua ching DM10

Tuong tu ching RL7 két qua khao sat anh huong cia ching DM10 Ién cac kha
ning sinh trudng cia cdy lua trong diéu kién stress man qua cac thdng sé nhu chi tiéu
sinh truong va phat trién cia cay lda bao gom chiéu cao cy, chiéu dai ré, trong lugng

kho (ca than va ré) va ham luong chlorphyll (a, b va tong s6) duoc thé hién ¢ Bang 3.11

Bang 3.11. Anh huéng cia chimg DM 10 dén kha ning sinh truong cay lda khi bi

nhiém man

Chi tiéu C C +NaCl DM10 DM10 + NaCl
Than (cm) 16.86+0,54° | 14,83+0.36% | 10,67+0,28° | 17,73+0.31
RE (cm) 5,83+0,37° | 5,06+0,21% | 7,06+0,51¢ | 6,56+0,40
Khéi 1 kho

01 lugng kho (g) 0,6740.03" | 0.58+0,04° | 0,82+003° | 0,71+0,02°
Chlorophyll a (mg/g) 0,058+0,004°(0,049+0,003%0,070+0,003| 0,064+0,005"
Chlorophyll b (mg/g) 0,032+0,005°|0,030+0,003%0,040+0,004°| 0,035+0,002°
Chlorophyll tong s6 (Mg/g)|g 090+0,012°/0,079+0,008%0.110+0,013¢| 0,099+0,017°

(Gia tri trung binh £ SD, cac chir cdi thuong trong cung 1 hang giong nhau chi su
kh&c biét khong co y nghia thong ké véi do tin cay 95%)




89

=
—

-
—
e

.

Hinh 3.19. Anh huong chung DM10 1én sy sinh truong cy lda khi khi bi nhidm man
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Hinh 3.20. Anh huong cua chang DM10 18n chiéu cao cay, chiéu dai ré va trong

luong khd khi bi nhiém man
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Hinh 3.21. Anh huéng cia chung DM10 1én ham lugng chlorophyll trong 14 lta khi
bi nhiém man

Cay laa nhiém chung DM10 c¢6 chiéu dai than, chiéu dai ré, trong lugng kho
va ham lugng chlorophyll tong sb ting lan luot 1a 16,60%; 21,14%; 21,38% va
22,87% so voi ddi ching (C). Khi bi nhiém man, cay lda nhiém chang DM10 c¢6
chiéu dai than, chiéu dai r&, trong lwong khé ting va ham lugng chlorophyll tong sb
tang lan luot 1a 19,55%:; 29,6%:; 21,71% va 25,73% so v6i ddi chirng (C+NaCl). Sy
khac biét vé chiéu dai than, chiéu dai ré, trong luong kho va ham luong chlorophyll
giita cac nghiém thirc c6 y nghia thong ké véi do tin cay 95%. Mat d6 chung DM10
trong dat ban dau I1a 2,5x10° cfu/g két thic thi nghiém mat do6 khoang 10° cfulg,
trong ré 1a 7,9x10° cfu/g va khi bi nhidm man 1a 1,9x10° cfu/g.

Nhu vay, chung DM10 va RL7 c6 kha nang sinh ACC deaminase, phan giai
phosphate, sinh IAA va sidrophores gitap tang kha nang chiu man ¢ cay lta. Khi bi
stress man, thuc vat san sinh mot luwong I6n hormone ethylene lam giam su nay
mam cua hat va sy phét trién cua ré va cudi cling can tré sy phat trién cua cay. Vi
sinh vat tong hop ACC deaminase c6 thé phan cit ACC thanh a-ketobutyrate va

amoniac, do d6 lam giam luong ethylene sinh ra khi bi stress ¢ thuc vat. Viéc b
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sung vi sinh vat c6 kha nang sinh IAA gitp kich thich thuc vat phat trién, bén canh
d6 phan giai phosphate gitp bd sung dinh dudng cho cdy sinh truéng va phat trién.
Kha ning sinh siderophores gitip chéng lai mot sé bénh cho cay tréng va gitp cay
trong hap thu nguyén té vi luong Fe. Anh huéng cua ching RL7 va DM10 Ién kha
nang sinh trudng cua ciy lua trong diéu Kién stress min ciing tuong ty nhu céac
nghién curu trude do. Cac chung B. amyloliquefaciens SN13 [124], B. aryabhattai
MS3 [104] di duoc chitng minh kha niang hd trg cdy IGa chiu duoc stress mudi nhu
1a 1am tang chiéu dai than, chiéu dai r&, trong lugng kho va ham lugng chlorophyill.
3.5.2 Nghién ciu sw biéu hién ciia cdc gen lién quan dén ddp vng man cia cay
Iia dwdi sw hé tro  ciia chiing RL7 va DM10

Song song Vvéi viéc khao sét cac chi tiéu vé sinh truong va phat trién caa cay
lta nhu chidu cao cdy, chiéu dai ré, trong luong kho (ca than va ré va ham luong
chlorphyll (a, b va tong s6), 14 lta dugc thu dé nghién ciu su biéu hién cua cac gen
lién quan dén dap ang véi man.

Cac mau 14 lua duoc tich RNA, mdi mot nghiém thic lap lai 4 1an, nong do
RNA tong sé duoc trinh bay trong Phu lyc 11. Két qua cho thay cac mau RNA c6
nong d6 va do tinh sach dat cht luong dé sir dung la khudn tong hop cDNA.
3.5.2.1. S biéu hién cia cdc gen lién quan dén dap img man cua cay lua dudi s
hé tro cua ching RL7

Sy biéu hién cua cac gen bao gom SOS1, NHX1, MYC2, PR1, NADPMe2,
CAT va SOD & bbn nghiém thic duoc xac dinh bang ki thuat RT-PCR. Két qua
dugc thé hién trong Hinh 3.22. Nhiém man lam tiang cudng sy biéu hién caa cac gen
MYC2, NHX1, NADP-Me2, SOS1, SOD, PR1 va CAT lan luot 12 1,34; 1,66;1,89;
2,16; 2,23; 2,57 va 3,07 lan so véi ddi chimg (C). O diéu kién khong bi nhiém man,
chung RL7 khong lam thay doi su biéu hién cac gen so voi ddi ching (C). Khi bi
nhiém man, chang RL7 1am ting cudng su biéu hién cua cac gen MYC2, SOD,
NADP-Me2, SOS1, PR1, CAT va NHX1 lan luot 1a 1,29; 1,35; 1,38; 1,46; 1,53; 1,55
va 1,59 lan so véi mau (C+NaCl). Sy khac biét vé mac do biéu hién cua cac gen

giita cac nghiém thirc c6 ¥ nghia thong ké véi do tin cay 95%.
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Hinh 3.22. Sur biéu hién cuia cac gen lién quan dén dap (ing man & cay lia
dudi su ho trg cua chung RL7
3.5.2.2 Sir biéu hién cia cdc gen lién quan dén dap wng man Cua cdy lua duoi Sy ho
tror cua chung DM10
Véi ching DM10, cac gen dugc danh gia su biéu hién gom MYC2, CAT,
NADPMe2, SOD va PR, két qua duoc thé hién trong Hinh 3.23.

OC ©OC+NaCl wDM10 ©DM10+NaCl

25 -
C
2 -
5 .
k=) i C
L 1 c b b
b a a a
i D e
0 alml e T
MYC2 PR1 NADPMe2 CAT SOD

Hinh 3.23. Su biéu hién cua cac gen lién quan dén dap tng min ¢ cay lda dudi sy
hd tro cia chung DM10
Két qua cho thay, nhidm man lam ting cudng sy biéu hién cua cac gen
MYC2, CAT, NADPMe2, SOD va PR1 lan luot & 1,45; 1,82; 2,18; 2,42 va 2,57 lan
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so v6i d6i chiung (C). O diéu kién khong bi nhiém min, ching DM10 lam ting
cudng biéu hién gen PR1 1,24 1an va khong lam thay ddi sy biéu hién cic gen con
lai so v6i ddi ching (C). Khi bj nhiém min, ching DM10 1am ting cuong su biéu
hién cta cac gen MYC2, SOD, NADPMe2, CAT va PR1 lan luot 14 1,19; 1,46; 1,47;
1,50 va 1,51 1an so véi mau (C+NaCl). Su khéac biét vé mirc do biéu hién cua cac
gen giira cac nghiém thuc c¢6 ¥ nghia thong ké véi do tin cay 95%.

Qua cac két qua nghién ciu & trén, cac co ché cd thé lam ting kha ning chiu
man & cay lGa qua trung gian cua chiung RL7 va DM10 dwgc tom tat trong Hinh
2.24 dudi day.

STRESS MAN PGPB

| Sinh khéi 1 Sinh khéi

| Quang hop ‘ : 1 Quang hop

1 Cén bang ndi moi 11 Can bang ndi moi
SOSI va NHX1 SOSI va NHXI

4 Cén bing thim théu 11 Can bing tham théu
MYC2, NADPMe2, MYC2, NADPMe2, CAT
CATva SOD N va SOD

’ Tiép nhan va truyén tin hiéu ‘

. N

|

e
ACC deaminase
- Siderophores
1
DM10 L7 N

Hinh 3.24. Tém tat mot s6 con duong co thé lam tang kha ning chiu man ¢ cay lda
véi sy hd trg cia chiing RL7 va DM10

Cay lta chju duoc min thong qua hai co ché chinh 1a can bing ion ndi moi

va can bang ap suat tham thau. Khi bi nhiém man cac gen lién quan dén hai con

duong nay duoc ting cudng biéu hién [56]. Nhidm chung RL7 va DM10 1am ting

cudng sy biéu hién cac gen lién quan dén ca hai co ché trén gitp cay lta chéng chiu

VG man.
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Céac gen MYCs dong vai tro quan trong trong viéc phan tng véi cac stress phi
sinh hoc va sinh hoc. O cay lda, su ting cuong biéu hién cua cac gen MYC2, MYC4
va MYCS5 trong méi trudng ¢ ndng d6 mudi cao da duoc ghi nhan [83]. Cac nghién
ctru V& phién ma va sinh hda & loai Arabidopsis da cho thiy MYC2 diéu hoa am cua
qua trinh sinh tong hop proline. Proline can thiét dé tang cuong kha ning chdng
chiu dbi vai stress man, tuy nhién, su tich tu qua mac cua nd gay doc cho cay. Gen
MYC2 ciing lién quan dén con duong truyén tin hiéu axit jasmonic, 14 hormone gidp
diéu hoa mot loat cac quéa trinh trong thuc vat tir quang hop, sinh truong dén sinh
san [84]. Khi bi stress man, nhiém chung RL7 va DM10 lam tang cuong biéu hién
cia gen MYC2 ho tro cay lta chiu stress man.

Mot s6 loai vi sinh vat ndi sinh hodc ngoai sinh 1am ting cudng biéu hién cua
gen pathogenesis-related protein 1 (PR1) din dén lam ting kha ning mién dich (dic
biét 12 kha niang khang nam bénh) [96]. O diéu kién man, nhiém chang RL7 va
DM10 lam ting cuong su biéu hién cua gen PR1 lan luot 13 2,2 va 2,75 lan so voi
d6i ching twong tng. Piéu ndy cho thay vai trd cua chung vi sinh ndi sinh RL7 va
DM10 trong viéc lam giam tac dong ctia man Ién sy sinh truong cua cay lda. Nhing
két qua nghién ciru vé su biéu hién cia gen MYC2 va PR1 trong luan an la nhiing
minh ching dau tién vé vai trd cua cac gen MYC2 va PR1 ¢ cay lda khi bi stress
man.

Khi bi stress man, thuc vat sé téng hop cac chit oxi hoa (ROS), cu thé 1a
H,0,, 0% va OH’ 1am pha huy DNA, RNA va protein. Cac hop chat ROS ciing gay
ra sy pha huy chét diép luc va lam gian doan hoat dong cia mo phan sinh ré. Cac
enzyme chéng oxy hoa nhu superoxide dismutase, catalase, ascorbate peroxidase,
peroxidase, glutathione reductase va monohydroascorbate reductase c6 kha nang
loai b6 ROS va duy tri chung & muc thip. Superoxide dismutase la mot
metalloenzyme dong mot vai trd quan trong trong viéc bao vé té bao khoi tac hai
clia qua trinh oxy héa, bang cach xic tac chuyén doi gbc superoxide thanh H,0,
[180]. Catalase 1am giam mirc ROS bang cach xac tac sy phan huy H,0, thanh H,0
va O,. Khi bi stress min, nhiém ching RL7 va DM10 1am ting cuong biéu hién cia
c4c gen SOD va CAT so véi ddi chimg twong tmg. Nhu vay bang cach loai bo ROS
théng qua hoat dong cuia hai enzyme CAT va SOD, ciy lua nhiém chiung RL7 va

DM10 c6 thé ting cudng kha nang chiu man. Sy thich nghi véi man nho ting cuong
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su biéu hién cua cac enzyme ROS nhu CAT va SOD dudi sy hd trg cta cac vi sinh
vat sinh chit kich thich sinh truéng thuc vét cling dugc ching minh ¢ cay lua [41,
124], dau bap [181] va khoai tay [182].

Su biéu hién ting cudng cua cac gen NHX1 va SOS1 trong diéu kién nhiém
man va nhiém chung RL7 va DMO da dugc chirng minh trong luan an. Thuc vat
chéng lai stress min bang cach ¢ 1ap va tich tu mudi vao trong khéng bao, kiém soat
nong d6 mudi cling nhu duy tri ti 16 K’/Na" cao trong té bao chat tir d6 lam giam tac
dong co6 hai cia mudi. NHX1 va SOS1 tham gia vao trao d6i Na'/H" va giam Na®
trong té bao [56]. Nhu vdy, su ting cudng biéu hién ciia hai gen SOS1 va NHX1 di hd
tro cdy lia chiu man. Enzyme NADP-malic 2 (NADP-ME2) 1a mét trong nhiing
enzyme quan trong tham gia vao cac qua trinh trao doi chat o thyuc vat, c6 mat chi
yéu & ty thé, luc lap va té bao chait, xuc tac qua trinh khir carboxyl héa cua malate
dé tao pyruvate, CO, va NADPH dudi dang ion kim loai (Mg®*, Mn?*...). Vi vy,
enzyme nay gif vai tro trong viéc ting cuong kha ning chdng chiu caa thuc vat doi
V6i stress mudi va tham thau [97]. Nhiém man lam gen NADP-Me2 biéu hién muc
d6 phién ma cao gap 1,98 lan, khi nhiém ching RL7 va DM10 mitc d6 phién ma
cao gap lan luot 2,73 va 1,46 lan so véi ddi chung twong tmg, diéu nay cho thay
chang RL7 va DM10 ¢4 vai tro hd tro cay lda chiu man. Két qua nghién ciu su biéu
hién cua cac gen lién quan dén dap tng man & cdy IGa trong luan an ciing twong tr
v6i két qua ciia cac nghién ciru trude d6. Nautiyal va cong su (2013) [124] da xac
dinh su biéu hién cua cac gen NHX1, SOS1, NADPMe2, cay laa khi bi stress mdn va
nhiém ching B. amyloliquefaciens NBRISN13. Theo Sultana va cong su (2020)
[104] chung B. aryabhattai MS3 chiu min phan lap tir ré lua lam ting cudng su
biéu hién cua cac gen SOS1 va NHX1 lan luot 1a 419% va 770% & cay lGa khi bi
nhiém man 200 mM NaCl. Chung xa khuan Streptomyces sp. GMKU36 ciing 1am
ting cudng su biéu hién cua cac gen NHX1, SOS1, CAT, SOD & 14 lua trong diéu

kién nhiém man [41].
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3.6. Giai trinh tw hé gen ciia mét sé6 chiing chon loc

Chung RL7 va DM10 14 hai chung c6 hiéu qua cao trong viéc ho tro cay lda
chiu man, chang C7 ¢6 kha nang chiu man va tong hop IAA cao. Trong khudn kho
luan &n, chang DM10 va C7 duoc chon dé giai trinh tu hé gen trén co sé d6 phan
tich cac gen lién quan dén kha ning kich thich sinh trueéng, kha niang chiu man.
3.6.1. Ldp rdp cdc doan trinh twr va ch( gidi chize ning

Két qua giai trinh ty hé gen cho thay kich thuéc hé gen cua ching DM10 va
C7 lan luot 1a khoang 4,2 Mbp va 4,0 Mbp (Bang 3.12). S lugng céc scaffolds sau
khi Iap rap caa chung DM10 va C7 lan luot 1a 12 743 va 1360. Ham luong GC lan
luot 12 65,91% va 59,21%. Tong s6 gen dugc dy doan lan luot 1a 3.635 gen va
3.797 gen, tong so gen duoc dy doan chirc nang lan luot 1a 2.270 gen (chiém
62,44%) va 2.239 gen (chiém 58,96%). Chung DM10 47 gen RNA goém 45 gen
tRNA, 1 gen rRNA va 1 gen tmRNA. Chung C7 c6 46 gen tRNA, 5 gen rRNA va 1
gen tmRNA. Céc gen thudc co so dit lisu COGs cua chung DM10 va C7 lan luot 13
1.786 va 1.603

Bang 3.12. Pic diém genome ching DM10 va C7

Pic diém DM10 C7
Kich thuéc hé gen (bp) 4.203.784 4.057.300
Ham lugng (G+ C) (%) 65,91 59,21
Scaffolds 743 1,360
Téng s6 gen du doan (CDS) 3.635 3.797
Téng s6 gen duoc du doan chirc ning 2.270 2.239
Céac gen rRNA 1 5
Céc gen tRNA genes 45 46
Céac gen tmRNA 1 1
Céc gen thuoc co so dit lieu COGs 1.786 1.602

3.6.2. Phan logi duwa trén chi sé fwong dong toan bg hé gen

Nhan dang nucleotide trung binh (ANI) giita cac cip genome nhat dinh da
duoc coi 1a mot tiéu chuan vang cho viéc phan loai céc loai sinh vat nhan so. Giira
céc loai thugc ciing 1 chi ¢6 chi s6 ANI >95% thi coi la giéng nhau [183].

Trinh ty bd gen cua chung C7 va DM10 di dwogc so sanh véi cac loai gan
nhét caa ching trong cac chi Marinobacter va Salanicola. Chi sé ANI giira chiing

C7 va Marinobacter pelagius la 86,33%, gitra chung DM10 va Salanicola tamaricis
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1a 92.89% (Bang 15). Nhu vay, chung C7 va DM10 c6 chi s6 ANI <95% nén duoc

phan loai 1 1 loai lan lugt thudc chi Marinobacter va Salinicola.

3.6.3. Phan logi cac nhom gen chirc nang

Pinh danh cac nhém gen chirc niang d6i véi cac contig cua chang vi khuan
DM10 sir dung cdng cu Prokka cho két qua 1786 gen twong dong véi céc trinh tu
protein da biét chirc ning, luu trit trén co s& dit liéu COG (Bang 3.13). C4c gen nay
dugc phan loai thanh 22 nhom chirc nang. Nhom chirc nang tham gia qua trinh
chuyén héa chiém phan Ién nhat bao gom véan chuyén va chuyén héa amino acid
(12,71%), bao toan va chuyén héa nang lugng (8,51%), chuyén hoda va van chuyén
carbohydrate (9,41%), chuyén héa va van chuyén ion vo co (6,44%), chuyén hoa
va van chuyén coenzyme (5,66%)..... Ngoai ra c6 s6 luong 16n gen tham gia qué
trinh dich m, thuyét phat sinh va ciu trac ribosome (10,58%). Khi so sanh céc
chung véi nhau thi thiy c6 sy phan bé khong dong déu gitra cAc nhém chire ning.

Bang 3.13. Phan loai nhdm gen chirc nang protein truc giao COGs

Cac nhom chirc nang DM10 C7
SL. % SL. %
[A] Stra doi va xu ly RNA 1 0,06 1 0.06
[B] Chitrc ning va cau trdc
S, 2 0,11
sol nhiém sac 3 0,19
J] Dich m4, thuyét phat
o [_] N y- P 189 | 10,58
Luu trtr va | sinh va cau trdc ribosome 191 11,92
xtr ly théng | [K] Phién m& 114 6,38 69 4,31
tin [L] Nhan déi, tai té hop va
77 4,31
stra chira 83 5,18

[D] Kiém soat chu ky té
Tin hiéu va | bao, phan chia té bao, phan 24 1,34

cac qua viing nhiém sac, 29 1,81
trinh caa té | [M] Su phat sinh
. . . . 136 7,61
bao mang/thanh té bao 114 7,12
[N] Su di dong cua té bao 43 2,41 14 0,87

[O] Piéu chinh sau dich 78 4,37 98 6,12
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Cac nhom chirc néng DM10 C7
SL. % SL. %
ma4, su chuyén dbi protein,
chaperones
[T] Co ché truyén tin hiéu 47 2,63 60 3,75
[U] Van chuyén tdi bao,
bai tiét, va van chuyén noi 16 0,90
bao 21 1,31
[V] Co ché phong vé 32 1,79 26 1,62
Chuyén hoa | [C] Bao toan va chuyén
152 8,51
hoa nang lugong 152 9,49
[E] Chuyén hoa va van
A 227 | 12,71
chuyén amino acid 197 12,30
[F] Chuyén hoa va van
) _ 60 | 3,36
chuyén nucleotide 43 2,68
[G] Chuyén hoa va van
, 168 9,41
chuyén carbohydrate 72 4,49
[H] Chuyén hoa va van
, 101 5,66
chuyen coenzyme 108 6,74
[1] Chuyén hoa va van
o 04 | 526
chuyeén lipid 130 8,11
[P] Chuyén hoa va van
, 115 6,44
chuyén ion v6 co 75 4,68
[Q] Di hoa, van chuyeén va
sinh téng hop cac chat 23 1,29
chuyén héa tha cap 35 2,18
Khé phén [R] Dy doan chtic nang
_ 64 | 358
loai chung 22 1,37
[S] Chua biét chtic ning 20 1.12 2 0,12
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3.6.4. Gen lién quan dén khd ndng kich thich sinh trwéng thuec vit

Két qua giai trinh tu hé gen cua chung DM10 va C7 di xac dinh cac gen co

lién quan dén kha nang kich thich sinh truong thuc vat nhu sinh IAA, phan giai

phosphate, sinh ACC deaminase va sinh siderophores.

Bang 3.14. Danh sach mot s6 gen c6 lién quan dén kha nang kich thich sinh truéng

thuc vat trong hé gen cua chung DM10 va C7

Pic diém [Gen |EC Ch giai DM10 | C7
gcd 1152 Quinoprotein glucose N
dehydrogenase
oStA Phosphate trans_port system N
permease protein PStA
ostB 3.6.3.27 Phosphate import ATP-binding N .
Hoa tan protein PstB
Phosphate transport system
+
phosphate | pstc permease protein PstC
pstS Phosphate-binding protein PstS +
PggA Coenzyme PQQ synthesis protein A +
pgqB Coenzyme PQQ synthesis protein B + +
Bifunctional coenzyme PQQ
+
PaqCD synthesis protein C/D
trpA 4.2.1.20 Tryptophan synthase alpha chain + +
trpB 4.2.1.20 Tryptophan synthase beta chain + +
Indole-3-glycerol phosphate +
trpC 4.1.1.48 o ProsP +
synthase
Anthranilate +
trpD 2.4.2.18 _ +
, phosphoribosyltransferase
San xuat i
IAA trpE 4.1.3.27 Anthranilate synthase component 1 + +
N-(5'-phosphoribosyl)anthranilate +
trpF 5.3.1.24 ) (5-phosp yh +
isomerase
trpG 4.1.3.27 Anthranilate synthase component 2 + +
trpS 6.1.1.2 Tryptophan-tRNA ligase +
HTH-type transcriptional regulator
trpl +
Trpl
Hoat tinh 1-aminocyclopropane-1-carboxylate
acdS +

ACC

deaminase
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Pic diém | Gen |EC Chu giai DM10 | C7
deaminase
Trehalose transport system
SUgA ) + +
permease protein SugA
5 Trehalose transport system
A su + +
Chuyen : permease protein SugB
hoa
treF 3.2.1.28 Cytoplasmic trehalase + -
trehalose
treY 5.4.99.15 | Maltooligosyl trehalose synthase +
Malto-oligosyltrehalose
+
treZ 3.2.1.141 | trehalohydrolase
Oxygen-dependent choline
betA 1.1.99.1 + +
dehydrogenase
NAD/NADP-dependent betaine
betB 1.2.1.8 + +
aldehyde dehydrogenase
betC 3.1.6.6 Choline-sulfatase + +
betl HTH-type transcriptional regulator
e
Betl + +
betL Glycine betaine transporter BetL + +
High-affinity choline transport +
betT _ +
protein
L-2,4-diaminobutyric acid +
ectA 2.3.1.178 +
acetyltransferase
Diaminobutyrate--2-oxoglutarate +
ectB 2.6.1.76 ] +
transaminase
ectC 4.2.1.108 | L-ectoine synthase + +
Sanxudt |[ectD | 1.14.11.55 | Ectoine dioxygenase + +
glycine- ectT Ectoine/hydroxyectoine transporter + +
betaine gbsA |1.2.1.8 Betaine aldehyde dehydrogenase + +
proP Proline/betaine transporter + +
proS 6.1.1.15 Proline--tRNA ligase + +
Glycine betaine-binding protein +
yehZ +

YehzZ
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Pic diém |[Gen |EC Chu giai DM10 | C7

Glycine betaine uptake system +
yehY ] +

permease protein YehY

Glycine betaine uptake system +
yehX |3.6.3.- o ] +

ATP-binding protein YehX

Glycine betaine uptake system +
yehW ) +

permease protein YehW

Glycine betaine uptake system +
yehY ) +

permease protein YehY

Glycine betaine uptake system +
yehX |3.6.3.- o ) +

ATP-binding protein YehX

Glycine betaine uptake system +
yehW +

permease protein YehW

Glycine betaine transport ATP- -
OpuAA | 3.6.3.32 e _ +
binding protein OpuAA

Glycine betaine transport system -
OpuAB ) +
permease protein OpuAB

Glycine betaine transport ATP- +
OpuAA | 3.6.3.32 o ) +
binding protein OpuAA

Glycine betaine/carnitine/choline

opuCA transport ATP-binding protein + +
OpuCA
Osmoregulated proline transporter

OpukE +
OpuE +

Axit indole-3-acetic (IAA) la phytohormone tham gia vao nhiéu qué trinh sinh
treong va phét trién quan trong ¢ thuc vat nhu kich thich qua trinh gidn, phan chia
té bao, biét h6a mo, phan ung vai anh sang va trong luc [18]. Kha niang tong hop
IAA 1a mot dic diém dic trung ¢ nhiéu vi khuan kich thich sinh truéng thuc vat
[20]. Chung DM10 va C7 thé hién kha ning sinh IAA (Hinh 3.25 A, Al). Tuy
nhién, cac gen lién quan dén con dudng sinh téng hop IAA hoan thién khong duoc
tim thay trong hé gen cua ching DM10 va C7 ma chi thdy sy c6 mat cia gen

aldehyde dehydrogenase (aldA). Pang chu y, két qua phan tich ghi nhan nhém gen
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sinh tong hop tryptophan trpABCDEFGIPS ¢ mit trong hé gen cia chung DM10
ca C7. Két qua nay hoan toan phu hop véi két luan caa cac nghién ciu trude day,
cu thé, cac gen lién quan dén sinh tdng hop tryptophan c6 méi quan hé mat thiét voi
con duong sinh tong hop IAA ciing nhu cac chire ning sinh hoc lién quan [184].

Ethylene 1a mot phytohormone da chirc ning, c6 kha ning diéu chinh ca sy
phét trién va su 130 hda & cdy trong thong qua cac co ché thiic day hoic wc ché hai
qua trinh nay, tiy thuoc vao nong do, thoi diém ap dung va loai thuc vat [24]. Dudi
tac dung cia ACC deaminase, ACC (tién chat caa ethylen) bi phan huy tao thanh
amoniac va a-ketobutyrate. Vi khuan san xuat ACC deaminase c6 thé Iam giam
ndng do ethylene trong thuc vat, thuc day sy ting trudng va phét trién caa thuc vat
cling nhu ting kha niang chdng chiu cua thyuc vat véi cac diéu kién bat loi khac nhu
1it lut, khd han, han man va mam bénh [25]. Chung DM10 c6 kha ning sinh ACC
deaminase (Hinh 3.25B), két qua giai trinh tu cho thay chung DM10 mang gen acdS
ma hoéa cho ACC deaminase. Két qua xac dinh hoat do enzyme cho thay chung
DM10 c6 hoat do khoang 133,80 nmol a-ketobutyrate/mg/h.

Chung DM10 ¢6 kha ning sinh siderophores (Hinh 3.25 C), két qua giai trinh
tu cho thidy chung DM10 mang ving gen ma hoa (CDS) ma héa cho protein
FhuCDB, Ia nhiing protein can thiét cho viéc van chuyén ferrichrome va céc hop
chit Fe**-hydroxamate (Fe**-aerobactin, Fe**-coprogen) va cac CDS ma héa cho hé
théng van chuyén sat fecAE phu thudc citrate. Protein ExbD cung cép ning luong
cho qua trinh nay ciing tim thay trong hé gen ching DM10. Hon nita, b gen DM10
chira CDS mé hoa cho protein hap thu sit efeOU. Sy hién dién caa cac gen ma hoa
c4c protein nay cho thay ton tai mot phirc hop van chuyén st ¢ chung DM10.

Sy hoa tan photphate boi vi khuan 1a mot cach khac dé ting cuong kha ning
thuc day su phat trién cua cdy trong bang cach cung cap nguon dinh dudng cho cay
trong. Cac hop chét phosphate khé tan c6 thé duoc hoa tan thdng qua cac axit hitu
co do céc vi sinh vat san sinh va tiét ra ngoai méi truong. Trong dé, axit quan trong
nhat 13 axit gluconic dwgc chuyén héa boi quinoprotein glucose dehydrogenase
(EC1.1.5.2). Enzyme nay duoc ma hoda boi gen ged, xic tdc qué trinh oxy hoa
chuyén glucose thanh axit gluconic va pyrroloquinoline quinone (pqq) [8]. Chung
DM10 c6 kha ning hoa tan phosphate (Hinh 3.25D), két qua giai trinh tu xac dinh
chang DM10 mang gen gcd. Su hdp thu photphate vé co & ching DM10 c6 thé
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duogc ting cuong bai cac protein didu hoa (phoB) va protein cam bién (phoR) véi sy
tham gia cua hai hé théng van chuyén photphate &i luc cao khéac 1a pstSCAB va
phnD1U. Két qua giai trinh ty hé gen ciing xac dinh ching DM10 ¢6 gen PhoD ma
hoa cho enzyme phosphatase, day 1a mot trong nhirng gen quan trong trong chu
trinh chuyén hoéa Ian hitu co trong dat. PhoD 1a mot enzyme don phan co thé thay
phan ca phosphomonoester va phosphodiester [184], con dudng nay ciing tim thay
trong bo gen DM10. Nhu vay, chung DM10 c6 thé giai phong phosphate tir dang
phosphate khoang va céc hop chat hiru co.

Amylase 12 enzyme phan giai tinh bot va co thé déng mot vai trd trong viéc
thuc day sy phat trién cua thuc vat bang cach phan huy chat hiru co trong dat [185].

Chiang DM10 mang gen amyl ma hoa cho a-amylase.

* )
| "1l
¥

3
B

Hinh 3.25. Binh tinh cac dic diém kich thich sinh truong thuc vat caa chiung DM10.
(A- 1AA tao mau do véi thudc thi, Al- dich IAA thé sau Ién men duoc chay sac ky
ban mong) tong hop IAA, (B) ACC deaminase, (C) siderophoree, (D) hoa tan
phosphate, (E) amylase.

3.6.5. Gen lién quan dén kha néng chiu man.

Chung DM10 va C7 la mot chung chiu man (halophyte), c6 kha nang sinh
truong trong dai nong do NaCl tir 0-22%, nong d6 NaCl t6i uu véi chung DM10 va
C7 lan luot 1a 12,5% va 4% . Céc loai chiu man thich nghi véi sy c6 mat caa mudi
bang céch duy tri sy can bang tham thau giira té bao chat va méi trudng xung quanh
thong qua chién lugce “salt- in” (tich tu ndng do cua kali va clorua) hoic va chién
luge “salt-out” (cac chat hitu co hoa tan twong thich) nhu da mé ta boi Ruppel [26].

Chién lugc “salt-in” doi hoi su thich nghi rong rdi cua bo may enzyme noi
bao voi su c6 mat caa mudi. Trong chién luoc “salt-out” tdng hop cac chat hoa tan
tuong thich hoat. C&c chat hitu co hoa tan twong thich tir cac loai ua man bao gom

proline, glycine betaine, trehalose, ectoine/5-hydroxyectoine, glucosylglycerol va
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dimethylsulfoniopropionate [26]. Phan tich bd gen cho thay chung DM10 va C7
mang cac gen lién quan dén ca hai chién luoc. Hé thdng van chuyén K* duoc ma
hod bai cac gen trkAHI, ktrAB va kdpABC. Céac gen mnhC, mrpDEF va nhaP méd
hod Na*/H" antiporter va gen nhaP2 ma hoa K*/H" antiporter dé bom H* vao va
bom Na*, K* ra dé chdng lai stress tham thau dugc tim thiy trong b gen cua chung
DM10 va C7. Glycine betaine va proline 1a cac chat thim thau hitu co chinh tich tu
trong nhiéu loai vi khuan dé d6i phd véi cac stress ciia moi trudng nhu han hén,
nhiém man va séc nhiét [186]. Cac gen chinh betA va betB/gbsA tong hop glycine-
betaine ma hoa twong ung choline dehydrogenase va betaine aldehyde
dehydrogenase dugc tim thay trong chang DM10 va C7. Ngoai ra, chang DM10 va
C7 bao gdom céac gen opuAA, opuAB, opuCA va opuE mi hoa cac hop chat van
chuyén glycine betaine/proline/choline. Mot chat bao vé tham thau khac la
trehalose. Cho dén nay, c6 nim con dudng sinh téng hop trehalose da duoc tim thay
trong vi khuan bao gom treS, otsA/otsB, treP, treT va treY/treZ [187]. O day, con
duong treY/treZ da duoc tim thay trong bd gen cua chung DM10. Maltosedextrin
dugc chuyén thanh maltooligosyl-trehalose boi maltooligosyl trehalose synthase
(treY). Maltooligosyl-trehalose sau d6 dugc thiy phan thanh trehalose dwoc XUc tac
boi hoat tinh malto-oligosyltrehalose trehalohydrolase (treZ). Cudi cung, trehalose
cd thé bi thay phan boi trehalase té bao chit (treF). Gen tong hop ectoine ciing duoc
tim thay trong hé gen chang DM10 va C7. Tong hop ectoine thu duoc tir L-
aspartate-B-semialdehyde va bao gdm ba budc duoc x(c tac boi L-2,4-
diaminobutyric axit acetyltransferase (EctA), Diaminobutyrate-2-oxoglutarate
transaminase (EctB) va L-ectoine synthase (EctC) dé tao ra phan tir ectoine mach
vong [189]. Chung DM10 va C7 ciing c6 thé tong hop mot dan xuat hydroxyl hoa
cua ectoine-5-hydroxyectoine bang cach xlc tac boi ectoine dioxygenase (EctD)
[190].
3.6.6. Cdc gen lién quan dén hé thong bai tiét

Hé thong bai tiét cua vi khuan 1a cac phtc hop protein cé trén mang té bao,
cling 13 hé thng gilp chiing dé xam nhap vao té bao vat chi. Ching DM10 ¢c6 6 hé
thdng tiét protein bao gom cac loai I, 11, 1V, VI, Tat va Sec. Chiung DM10 ¢6 ca hai

hé thong tiét Sec va Tat, I1a hai hé théng van chuyén rong réi qua mang té bao chat
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[191]. Trong bd gen cua chiung DM10, hé Tat bao gom tatABC, hé Sec chua
secABDEFY, thudng duogc tim thiy & vi khuan gram am [192].
3.6.7. Cdc gen lién quan dén qua trinh ngi sinh

Vi sinh vat ndi sinh (endophyte) la nhiing loai vi sinh vat cu tra trong mo
thue vat trong phan 16n vong doi cia chding ma khdng cé bat ky tac dong bat loi nao
d6i vé6i cay chu. Viéc s dung cac loai vi sinh vat tu nhién nay mang lai co hoi dé
t6i da hoa nang suat cdy trong dong thoi giam tac dong bat loi cia ndng nghiép voi
moi truong. Endophyte thiic day sy phat trién cua thuc vat théng qua qué trinh cé
dinh nito, san xuat phytohormone, thu nhan chéat dinh dudng va bang céch tao ra
kha ning chdng chiu véi cac stress phi sinh hoc va sinh hoc. Su xdm nhap cua
endophytes 12 rat quan trong dé cung cap nhiing loi ich nay cho cay chu [197].

Theo md ta ciia Taghawi va cong su (2010) [193] qua trinh noi sinh bao gdm
bon budc, dau tién 1a su di chuyén vé phia ré cay bang chuyén dong hoic hoa
huéng dong, budc 2 va 3 1a bam dinh va xam 1an bé mit r&, budc 4 1a xdm chiém
vao trong md thyc vat. B gen DM10 chtra cac gen lién quan dén su chuyén dong
qua 16ng roi va type IV pili, cling nhu cac gen lién quan dén cac chat hoa hudng

dong (chemotaxis) hd tro qué trinh xam nhap vao mo thyc vat.
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KET LUAN VA KIEN NGHI
KET LUAN

1. Tuyén chon dugc 65 chung vi khuan chiu min sinh 1AA tir 423 ching
phan lap tir 66 mau. Sang loc dugc 18/65 chung sinh ACC deaminase, 25/65 chang
phan giai phosphate, 29/65 ching ¢ dinh nito va 20/65 chung phan giai cellulose.
Di xac dinh cac dic diém hinh thai, sinh hoa va giai trinh tu 16S rRNA dé dinh
danh 12 chung vi khuan chon loc. Can ctr vao kha ning sinh chét kich thich sinh
tredng thuc vat, ngudn géc phan 1ap va phan loai da lva chon duoc 6 chung gom M.
pelagius C7, S. tamaricis DM10, B. aryabhattai RL7, M. endophytica STT1.1.2, B.
endophyticus D1.2.2 va B. subtilis RL5. Pa nghién cttu anh huéng caa mot sé yéu
t6 (nhiét ¢, pH, NaCl, nguén carbon, nito va tryptophan) dén kha nang sinh truong
va sinh tong hop 1AA cua chung 6 chung chon loc C7, DM10, RL5, RL7, STT1.1.2
vaD1.2.2.

2. Panh gia kha niang hd tro cay lua sinh truong va phat trién trong diéu kién
stress man cua cac chung vi khuan DM10, RL5, RL7, STT1.1.2 va D1.2.2. Lya
chon dugc hai chiung RL7 va DM10 c¢6 kha ning hd tro cay l0a chiu min tt nhat.
Chung RL7 va DM10 hd trg cay lda chiu min va 1am ting cuong sy biéu hién cua 7
gen lién quan dén dap Gng min ¢ cdy laa gobm NADPMe2, SOS1, PR1, MYC2,
NHX1, CAT va SOD.

3. Giai trinh ty toan bo hé gen cua chung S. tamaricis DM10 va M. pelagius
C7 trén co s d6 dd xac dinh duogc cic gen lién quan dén kha ning kich thich sinh
truong (kha niang phan giai phosphate, tong hop ACC deaminase va sinh
siderophores), kha nang chiu man va kha nang ndi sinh.

KIEN NGHI

Chung B. aryabhattai RL7 va S. tamaricis DM10 14 cac ching c6 nhiéu tiém
ning ung dung dé san xuat ché pham sinh hoc sir dung cho cac ving trong lGa c6
nguy co bi nhiém man. Vi vay, can xay dyng quy trinh san xuat ché pham ciing nhu

thir nghiém trén quy mé rudng dong dé danh gia hiéu qua chung RL7 va DM10.
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