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Tém tit: Su sinh trucng va phdt trién ciia cdy lhia bi anh hieong khi dat bi nhiém man.
Tuy nhién, mot 6 lodi vi sinh vt néi sinh chiu man sinh chat kich thich sinh truong thyc
vdt ¢é kha nang hé tro cdy liia chong chiu véi stress mén. Trong nghién ciru nay, ching vi
sinh vdt néi sinh chiu man sinh chat kich thich sinh truong thuc vat B.aryabhattai RL7
dwoc danh gid kha nang sinh 1-aminocyclopropan-1-carboxylate (ACC) deaminase, kha
nang c6 dinh dam va téc dung hé tro su sinh truong va phat trién cua cdy lua khi bj nhiém
man. Ching B. aryabhattai RL7 lam tang kha nang sinh truong (tang chiéu dai than, ré,
ham lwong chlorophyll) va lam ting sw biéu hién cia cdc gen (NADPMe2, SOSI, PRI,
MYC2, NHXI, SOD va CAT) lién quan dén ddp irmg mén cia cdy lia so véi doi chimg.
Nghién citu nay lam co so dé sir dung ching RL7 lam phdn bon vi sinh cho nhitng viing
dat trong hia c6 nguy co bi nhiém man.

Tir khéa: Vi sinh vét ndi sinh; ACC deaminase; Chiu man; Bacillus aryabhattai.
1. MO PAU

Lua la cay lwong thyc chiu min kém, sy sinh truong va nang sudt bi anh huong khi do man
16n hon 0,4%. Nong do mudi cao gy ra mat cin bang tham thau va ion & thuc vat dan dén
nhiing tac dong bat lgi do can trd mot s6 qua trinh sinh 1y va sinh héa quan trong nhu réi loan
can béng hormon, thay ddi qué trinh chuyén hoa protein, trc ché hoat dong cua cac enzym lién
quan dén chuyen hoa axit nucleic, mat kiém soat hap thu chat dinh dudng va suy giam hé mién
dich [1]. Gan day, bén canh viéc sir dung cac ky thuat di truyén dé tao ra cac giong ciy chiu man
thi viéc sir dung cac cong nghé sinh hoc thay thé nhu sir dung vi sinh vat kich thich ting trudong
thuc vat (PGPB) dé cai thién stress phi sinh hoc dang dugc quan tdm va dat dugc nhitng hiéu qua
nhit dinh. PGPB c6 thé ton tai tw do trong dat, ving r& hodc ndi sinh trong r&, c6 kha ning kich
thich sinh truéng va tang kha niang chiu min cta thuc vat khi bi nhiém min, nho cac co ché nhu
tich 1§ cac chét thim thiu, c4n bang ion ndi moi, giup thyuc vat ting hap thy dinh dudng (nho qua
trinh ¢6 dinh nito, hoa tan photphat, sinh tong hop 1-aminocyclopropan-1-carboxylate (ACC)
deaminase axit indole 3 acetic (IAA), siderophere, va ting cuong biéu hién cic enzyme chéng
oxy héa [2]. Do do, PGPB c¢ thé truc tiép thuc day su phat trlén cua thyc vat nhu tang kha nang
nay mam, chiéu dai than, chiéu dai ré, trong lugng than va ré, ham luong ham lugng chlorophyll
cling nhu 1am bién d6i su biéu hién cta cac gen lién quan dén déap tng stress min [3].

B. aryabhattai RL7 la chung vi sinh vat ndi sinh chiu mén dugc phén 1p tir ré la c6 kha nang
sinh IAA, phén giai phosphate, sinh sidrophore c6 tiém ning Umg dung dé hd tro cay lta sinh
truong trong didu kién dit nhidm man [4]. Bai béao xac dinh mot s6 déc diém dic trung cia PGPB
nhu kha nang tich 1y proline, ACC deaminase, cb dinh dam. Dong thoi, nghién cir anh hudng ciia
chung RL7 1€n su phat trién ctia cdy lta va phan tich bleu hién cua cac gen lién quan dudi tac dong
ctia mudi (NaCl 200 mM). Anh huéng t6i su phét trién cua cdy lta duoc x4c dinh qua cac chi tiéu
sinh truong nhu chiéu dai than, chiéu dai ré, trong luong than va ré, ham luong chlorophyll. Su
bién dbi sy biéu hién cia cic gen (NADPME2-NADPmalic enzyme; DREBI1A (Dehydration
responsive element binding protein 1A); NHX1-Sodium proton antiporter; PR1-Pathogenesis
related protein; SOS1-Salt overlysensitive; MYC2-myelocytomatosis 2; SOD-Superoxide dismutase
va CAT-catalase.) lién quan dén dap tmg man cla cay lta dugc xac dinh bang k¥ thuat Realtime-
PCR. Két qua cua nghién ctru nay gop phan lam sang to co ché chiu min & lua qua trung gian
PGPB & cép d6 gen va viée lai tao cac giong lua méi c6 kha ning chdng chiu véi stress man.
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2. VAT LIEU VA PHUONG PHAP

2.1. Ching vi sinh vit

Chung B. aryabhattai RL7 duogc bao quan tai phong Hoa hoc cac Hop chit thién nhién, Vién
Hoa hoc - Vit liéu.

2.2. Xac dinh mdt s6 diic diém kich thich sinh truwéng cia chiing RL7

Xac dinh hoat tinh ACC deaminase: Hoat 30 ACC deaminase dugc xac dinh dua trén kha
nang tao thanh alpha- ketobutyrate tir qua trinh thuy phan ACC. Hoat d0 ACC deaminase dugc
x4c dinh 1a luong alpha-ketobutyrate duoc tao ra trén mdi g protein trong 1 gio [5]. Luong alpha-
ketobutyrate tao ra duogc tinh dya trén phuong trinh duong chuan cua alpha- ketobutyrate dang
Y=0,0185X+0,0381 (R*=0,99).

Pdnh gid kha nang cé dinh nito: Ching RL7 nudi trong mdi truong Burk’s dich thé nudi lic
120 vong/phit, sau 72 h thu thap dich nudi dé ly tim lay dich trong dé xac dinh ham lwong NH,*
sinh ra bang phuong phép so mau véi thude thir Nessler [5]. Duong chuan NH," duoc dyng véi
cac mau c6 nong do NH," chuan khac nhau c6 dang Y = 0,0478X (R?=0,989) dé tinh lwong NH,"
c6 trong mau.

Xac dinh khd ndang tich Iy proline: Ham lugng proline dugc xac dinh theo phuong phap Bates
[6]. Su tich luy proline dugc xac dinh & cac dai ndng d6 mudi 0, 100, 200, 300 mM NacCl.

2.3. Danh gié kha niing kich thich sinh truéng ciia chiing RL7 trén cdy lia khi bi nhiém min

Hat glong dugc khir trung trong dung dich NaOCl (3%) trong 5 phut, rira v6i nude ct vo
trung 3 lan, lic trong C,;HsOH 70% trong 30 gidy va rua lai bang nudc cat khir trung 5 lan.
Chung RL7 dugc chuin bi voi mat d6 10° CFU/mL. Hat gidng sau khi nhidm ching vi sinh vét
(duoc gieo trén dat vo trung véi mat d6 10 cay/chau (m5i mot thir nghiém lap lai 3 chau). Dat su
dung lam gia thé dugc léy tor rudng tréng laa da duoc xac dinh mot sb chi tiéu dinh dudng (ham
lugng hitu co 4,9%; téng N 1,3%; lan dé tiéu 0,01%; kali dé tiéu 0,02%, pH 5,85), sau do xu ly
vo trung. Bon nghiém thirc dwoc thuc hién gom dbi ching (C), ddi ching + NaCl 200 mM
(C+NaCl), nhiém chiing RL7 (RL7), nhiém chiing RL7+NaCl 200 mM (RL7+NacCl). Cay lta
dugc 21 ngay tudi tién hanh nhiém min bang dung dich NaCl 200 mM. Nong do NaCl 200 mM
dugc Iya chon vi qua qua trinh khao sat cho thdy day 1a ndng do trung gian thé hién sy khac biét
0 nhét giita trang thai khoe manh va stress tang trudng ¢ cdy loa. Sau 7 ngay nhlem man thu
mau khao sat cac chi tiéu sinh trudng, phat trién cua cdy lua (chleu cao cdy, chiéu dai ré va trong
lugng kho), ham lugng chlorphyll (a, b va téng s6), mat do vi sinh vat (trong dit va ré) va nghién
ctru sy biéu hién cac gen lién quan dén dap tng man [3].

2.3.1. Phuong phap xdac dinh chlorphyll trong la
Chlorphyll tong sd, chlorphyll a va b trong 1a xac dinh theo phuong phap Moran [7].
2.3.2. Tach chiét RNA va kj thudt Realtime-PCR

Mau 14 sau khi stress man duoc thu hoach va bao quan trong nito 1ong dé xac dinh sy bién d6i
biéu hién ctia cic gen lién quan bang phuong phap Realtime-PCR. RNA tong s dugc tach chiét
tir cac mau 14 laa sir dung Kit RibospinTM Plant (GeneAll). Chat lugng RNA tong s6 dugc kiém
tra bang ti 16 OD 260/0D 280 va dién di san pham trén gel agarose 1%. Tong hop cDNA: 1pug
RNA tong s6 duge st dung 1am khuén tong hop cDNA bang bg Kit First strand cDNA synthesis
Kit (NebEngland Biolab). Su biéu hién cia cac gen lién quan dén dap Gmg min cua ciy lta
(NADPMe2, DREBI1A, SOS1, SOD, PR1, MYC2, NHX1 va CAT) dugc phan tich bang ky thudt
Realtime-PCR. véi 02 gen Actin v UBQ5 duogc lua chon 1am gen ndi kiém. Trinh ty cac cip moi
dugc thiét ké dua trén cong cu primer-blast (https://www.ncbi.nlm.nih.gov/tools/primer-blast) va
duoc kiém tra d0 dac hiéu béng phéan ttng PCR su dung mau cDNA tir [Ga.

Phén tmg RT-PCR dugc thuc hién voi nong do cDNA da duoc téi vu 13 150 ng/pL. Chu trinh
phan tng RT-PCR duoc thuc hién nhu sau: 95 °C trong 5 phiit, tiép theo 30 chu ky & 95 °C trong
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30 giay, 52 °C trong 30 gidy va 72 °C trong 30 gidy, sau cung la 72 °C trong 10 phat.
Két qua dugc phan tich theo phuong phap cua Livak [8].
3. KET QUA VA THAO LUAN

3.1. X4c dinh mgt s6 dic diém kich thich sinh truwéng ciia chiing RL7

Chung RL7 da dugc bao cao la c6 kha nang sinh IAA, hoa tan photphat va sinh siderophore
[4]. Bai bdo nay xac dinh thém mot sO dac diém kich thich sinh trudng thuc vat gom kha ning
sinh ACC deaminase, ¢ dinh dam va tong hop proline. Mot trong cac dic diém quan trong cta
PGPB la kha nang sinh ACC deaminase. Chung RL7 c6 kha nang sinh ACC deaminase voi hoat
do la 545,6 +5,6 (nmol a-ketobutyrate mg’ Lhh. PGPB c6 kha nang ¢b dinh nito, cung cép ngudn
dinh dudng nito cho ciy trong sinh trudng va phat trlen Chung RL7 c6 kha nang moc trén mdi
truong Bruck’s khong dam, ching té ¢6 kha niang c¢d dinh nito, ham luong amoni tao ra trong
mdi truong 13 19,6 + 0,8 (mg/L). Proline ¢ vai trd nhu chét diéu hoa thim thau trong té bao, chi
thi cho qué trinh dap g bat loi vé ap suat tham thau. Kha ning tich luy proline ciia chung RL7
& cac nong d6 mubi 0; 100; 200 va 300 mM lan luot 1a 48,4; 62,2; 90,5 va 102,3 uM. Kha ning
sinh ACC deaminase, ¢ dinh nito va tich lu§ proline cta vi sinh vat ciing dugc nhiéu tac gia dé
cap dén. Saltana va cong su (2020) [9] phan 14p chung B. aryabhattai MS3 tir dat ving r& lua ¢
kha ning cb dinh nito, sinh IAA va phan giai photphat. Mehmood va cong su (2021) [10] phan
lap dwoc chung B. aryabhattai PM34 c6 kha ning c¢6 dinh nito, sinh ITAA, ACC deaminase,
siderophore va phan giai photphat.
3.2. Anh hudng ciia chiing RL7 dén sy sinh truéng ciy hia khi bi nhiém min

Két qua khao sat cac chi tiéu sinh truong, phat trién ciia cay laa bao gdm chiéu cao cay, chiéu
dai r8 va trong luong kho (ca than va ré), ham luong chlorphyll a, b va chlorphyll tong sb. Két
quéa dugc thé hién ¢ bang 1 va hinh 1. Cay lta dugce nhiém ching RL7 c6 chiéu dai than, chiéu
dai ré, trong lugng kho va ham lugng chlorophyll tong sé ting lan lugt 1a 26,45%:; 23,61%;
34,86% va 19,88% so v4i dbi chung (C). Khi bi stress min, cdy lta dwoc nhidm ching RL7 ¢6
chiéu dai than, chiéu dai ré, trong lugng kho ting, ham luong chlorophyll tong sb ting lan lugt 14
35,45%; 33,13%:; 35,11% va 29,63% so véi dbi ching (C+ NaCl). Su khac biét vé chiéu dai
than, chiéu dai ré, trong luong kho, ham lwong chlorophyll gitta cac nghiém thirc co ¥ nghia
thong ké voi do tin cdy 95%. Mat do chung RL7 trong dét tang tir 10% cfu/g 1én 10° cfu/g, trong
1é dat 1,1x10* cfu/g, va tang nhe khi bi nhiém man dat 5,9x10* cfu/g.

Bing 1. Anh huong ciia ching RL7 dén khad néing sinh truéng cdy lia khi bi stress mdn.

Chi tiéu C C +NacCl RL7 RL7+ NaCl
Than (cm) 18,40+0,76° | 15,23+0,42° 23,26+0,41° 20,63+0,57°
Ré& (cm) 5,93+0,22" 5,33+0,31° 7,33+0,34° 7,1%0,24°

Khdi luong kho (g) 0,72+0,06" 0,66+0,04° 0,97+0,05° 0,90+0,08°

Chlorophyll a (mg/g) 0,082+0,005° | 0,071+0,004* | 0,096+0,006° 0,089:0,005"
Chlorophyll b (mg/g) 0,033+0,006° | 0,027+0,004* | 0,042+0,004° 0,038+0,003"
Chlorophyll (mg/g) 0,115+0,016° | 0,099+0,005* | 0,138+0,018° 0,128+0,021°

(Gid tri la trung binh + SD, cdc chit cdi thuong trong cing 1 hang giong nhau chi si khdc biét
khéng cé y nghia thong ké voi do tin cdy 95%).

Str dung chung RL7 ¢6 kha ning sinh ACC deaminase, ¢b dinh dam, phan giai photphat, sinh
IAA, sidrophore giup tang kha nang chiu méan ¢ cdy lta. Khi bi stress mén, cdy lta san sinh mot
lugng l6n ethylene tir tién chat ACC, lam giam sy nay mam ciia hat va sy phat trién ciia ré va
cudi cing can trd sy phat trién cia cdy. Vi sinh vat tdng hop ACC deaminase c6 thé phén cét
ACC thanh a-ketobutyrat va amoniac do d6 1am giam lugng ethylene sinh ra [2]. Viée bd sung vi
sinh vat c6 kha nang sinh IAA gitp kich thich cay lta phat trién, bén canh do kha nang co dinh
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nito va phan giai photphat giap b6 sung dinh dudng cho cdy lua phat trién. Kha ning sinh
sidrophore gitip chng lai mot s6 bénh cho ciy trong. Anh hudng ching ching RL7 1én kha ning
sinh truong cia ciy lta trong diéu kién stress min ciing twong tw nhu cac nghién ciru trude do.
Céc chung B. amyloliquefaciens SN13 [3], B. aryabhattai MS3 [9] da duoc ching minh kha
ning hd tro cdy liia chiu duge stress mudi nhu 13 1am ting chiéu dai than, chiéu dai ré, trong
luong khé va ham luong chlorophyll.
3.3. Nghién ctru sw biéu hién ciia cic gen lién quan dén dap ‘ng min caa ciy laa dwéi sw
tac dfng ciia chiing RL7

Song song v&i qua trinh khao sat cac chi tiéu sinh truong, phat trién cua cdy lua bao gom
chiéu cao cay, chleu dai ré va trong luong kho (ca than va ré), ham lugng chlorphyll a, b va
chlorphyll téng s6, mau 14 lta dugc thu hoach dé nghién ctru sy biéu hién cta cac gen lién quan
dén dap tmg véi méan cia ciy laa

Sy biéu hién cua cac gen bao gdom SOS1, NHX1, MYC2, PR1, DREB1A, NADPMe2, CAT va
SOD & bén nghiém thirc duoc xac dinh bang phuong phap RT-PCR. Két qua dugc thé hién trong
hinh 2. Nhiém min lam ting cudng su biéu hién cua cac gen MYC2, NHX1, NADPMe2, SOS1,
SOD, PR1 va CAT lan luot 1a 1,34; 1,66;1,89; 2,16; 2,23; 2,57; 3,07 lan so véi dbi ching (C). O
diéu kién khong bi nhiém min, chung RL7 khong lam thay ddi su biéu hién cac gen so voi dbi
chtng (C). Khi bi stress min, chimg RL7 1am ting cudng su biéu hién cta cac gen MYC2, SOD,
NADPMe2, SOS1, PR1, CAT va NHX1 lan luot 1a 1,24; 1,29; 1,31; 1,35; 1,38; 1,46; 1,53; 1,55
va 1,59 lan so voi mau (C+NaCl). Pang chti ¥, gen DREBI1A khong thay doi sy biéu hién & ca
bdn nghiém thirc trong diéu kién nhiém hodc khong nhiém man.

mC @8C+NaClORL7 8RL7+NaCl

fold change

Hinh 1. Anh huong ching RL7 lén sir Hinh 2. Su biéu hién ciia cdc gen
sinh truong cdy lua khi bi stress man. lién quan deén dap vrng man.

Cay lta chiu duoc min théng qua hai co ché chinh 1a can bang ion ndi moi va can bang ap
sudt tham thau. Khi bi nhidm min cac gen lién quan dén hai con duong nay dugc ting cuong
biéu hién. Nhidm chung RL7 lam tang cuong biéu hién cua 7 gen lién quan dén ca hai co ché
trén gitp cdy lta chéng chiu véi man. Cac gen MYCs dong vai tro quan trong trong viéc phan
g voi cac stress phi sinh hoc va sinh hoc. O lda, c6 sy tang biéu hién ctia cic gen MYC2,
MYC4 va MYC5 khi bi nhidm min [11]. Nhiém min va nhiém chung RL7 1am ting cudng biéu
hién cua gen MYC2 hd tro ciy lta chiu min nguyén nhan c6 thé 1a gen MYC2 lién quan dén con
duong truyén tin hiéu axit jasmonic- mot loai hormone giup diéu hoa su ting trudng, quang
hop va sinh san. Su biéu hién cua gen pathogenesis-related protein 1 (PR1) dan dén lam ting kha
ning mién dich (dic biét 1a kha ning khang ndm bénh) [18]. Khi bj nhiém min, chung RL7 lam
tang cuong sy biéu hién ctia gen PR1 1én 2.2 lan so vai ddi ching (C), didu nay co thé thay vai
tro cia ching vi sinh ndi sinh RL7 trong viéc lam giam tac dong stress man. Nhiing két qua
nghién ctru vé su bién ddi biéu hién cua gen MYC2 va PR1 trong bai bao 1 nhiing minh chimg
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dau tién vé vai tro cia MYC2 va PR1 trong diéu kién stress man.

Nhiém min gay ra mot loat cac chat oxi hod cu thé 1a H,0,, 0% va OH lam hong DNA, RNA
va protein. Superoxide dismutase (SOD) la mt metalloenzyme dong mot vai trd quan trong
trong viéc bao vé té bao khoi tac hai cia qua trinh oxy hoa, bang cach xic tac chuyén dbi gbc
superoxide thanh H,0, .Catalase lam giam mirc ROS bang cach xtc tac sy phan huy H,0, thanh
H,0 va O,. Khi bi nhiém man, nhiém chung RL7 lam téng cuong biéu hién cta cac gen SOD va
CAT so véi ddi chimg (C). Nhu vay, bang cach loai bo ROS thong qua cac hoat dong CAT va
SOD cay lta nhiém chung RL7 ¢6 thé thich nghi v&i stress man. Sy thich nghi véi stress min
nho ting cudng sy biéu hién cia cac enzyme ROS nhu CAT va SOD ciing dugc chimg minh &
cdy lua [6], khoai tay [13], dau bap [14].

Sy biéu hién ting cudng cia cac gen NHX1 va SOS khi bi nhiém min va nhiém ching RL7
da dugc chimg minh trong bai bao. Thuc vat dap tng thich nghi v6i man bang cach ¢b 1ap va
tich ty mudi vao trong khong bao, kiém soat nong do mu01 ciing 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 di dugc chimg minh
1a tham gia vao qua trinh trao d6i Na*/H*, giam Na® trong té bao va sy ting biéu hién cac gen
SOS1 va NHX1 hd trg cdy trong phat trién dang ké khi bi nhiém min. NADP malic enzyme 2
(NADPME 2) 14 mdt trong nhimg enzyme quan trong tham gia vao cic qua trinh trao d6i chat &
thuc vat, cha yéu xuét hién & ty thé, luc lap va té bao chat, xuc tac qué trinh khir carboxyl hoa
clia malate dé tao ra pyruvate, CO2 va NADPH duéi dang ion kim loai (Mg®*, Mn*,...) ¢6 vai
tro trong viéc tang cuong kha nang chiu stress mudi va tham thau [16]. Nhiém min lam gen
NADPMe2 biéu hién cao gap 1,98 1an, khi nhiém chung RL7 murc dg biéu hién ting 1én 2,73 lan
so v6i dbi chimg (C), diéu nay co thé thay vai trd hd trg cua ching RL7 hd tro cua vi khuin
trong viéc cai thién stress do mudi. Sy biéu hién ctia cdc gen trong bai bdo nay ciing twong tu véi
két qua cac nghién ciru trude do. Cay lua duoc nhidm chung B. amyloliquefaciens SN13 [3], B.
aryabhattai MS3 [16], Streptomyces sp. GMKU [17] lam ting cudng sy biéu hién cua cac gen
NHX1, SOS1, NADP-Me2, CAT VA SOD.

4. KET LUAN

PGPB déng vai tro quan trong trong viéc hd trg ciy trong sinh truong, dic biét trong khi gap
diéu kién méi truong bat loi nhu han han hodc nhiém man. Ching vi sinh vét ndi sinh chju mén
Bacillus aryabhattai RL7 c6 nhiéu dic diém cia PGPB nhu khid ning sinh IAA, ACC
deaminase, c¢b dinh dam, tich luy proline, phan gidi phosphate. Trong diéu kién stress min,
ching RL7 lam ting kha ning sinh trudng cua cdy laa. Sy bién ddi biéu hién cia cac gen la
nguyén nhan gitip cay laa chiu thich g voi stress man.

Loi cam on: Nghién ciu ndy dwoc tai tro- boi Quy Phat rién khoa hoc va céng nghé Quoc gia
(NAFOSTED) trong dé tai ma sé 106-NN.04-2016.37.
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ABSTRACT

EVALUATION OF THE CHANGE OF GENE EXPRESSION RELATED TO SALINITY
TOLERANCE IN RICE UNDER THE SUPPORT OF PLANT GROWTH-
PROMOTINGENDOPHYTIC BACTERIA BACILLUS ARYABHATTAI RL7.

The growth and development of rice is affected by saline soil, however, some salinity-
tolerant endophytic bacteria can improve its salinity tolerance. In this study, the plant
growth- promoting endophytic bacteria Bacillus aryabhattai RL7 was evaluated for the
ability to produce proline, 1-aminocyclopropan-1-carboxylate (ACC) deaminase, fixing
nitrogen and the effect on the growth and development of rice plants under salinity. Bacillus
aryabhattai RL7 increased plant growth (shoot length, root length, dry weight, chlorophyll)
and the expression of genes (NADPMe2, SOS1, PR1, MYC2, NHX1, SOD and CAT) related
to salinity tolerance in rice. The results of this study contribute to the elucidation of the
PGPB-mediated mechanism of salt tolerance in rice at the genetic level and the basis for
using strain RL7 as a microbial fertilizer for rice-growing areas at risk of salinity.

2

Keywords: Endophytic bacteria; Salt tolerance; ACC deaminase; Bacillus aryabhattai.
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