(12) BAN MO TA SANG CHE THUOC BANG POC QUYEN SANG CHE

(19) Cong hoa xa hgi chi nghia Viét Nam (VN) (11)
CUC SO HU'U TRI TUE
1-0032716

(51 COSF 11/08; C12N 1/20; CO7K 14/195 (13) B

(21) 1-2018-00568 (22) 13/07/2016
(86) PCT/US2016/042170 13/07/2016 (87) WO 2017/011602 19/01/2017
(30) 62/192,009 13/07/2015 US; 62/213,567 02/09/2015 US
(45) 25/07/2022 412 (43) 25/07/2018 364A
(73) PIVOT BIO, INC. (US)
2929 Tth Street, Suite 120, Berkeley, CA 94710, United States of America
(72) TEMME, Karsten (US); TAMSIR, Alvin (US); BLOCH, Sarah (US); CLARK,
Rosemary (US); TUNG, Emily (US).
(74) Cong ty TNHH Tam nhin va Lién danh (VISION & ASSOCIATES CO.LTD.)

(54) SINH VAT CO DINH NITO KHONG LIEN GIONG PA BPUOC XU LY KY
THUAT VA CHE PHAM CHUA SINH VAT CO DINH NITO NAY

(57) Sang ché dé cap dén phuong phap lam tang do co dinh nito & cay khong phai ho dau.
Phuong phap nay c6 thé bao gébm budc phoi nhiém cay nay voi nhleu vi khuan. Mdi thanh
vién trong s6 cac vi khuan nay chira mot hodc nhiéu bién dj di truyen da dugc dua vao mot
hodc nhiéu ~gen hodc polynucleotit khong mé hoa cua mang ludi diéu hoa di truyén dong
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Linh vuc k¥ thuat dwoc dé cap

Sang ché dé cap dén phuong phap lam ting do c¢b dinh nito & cdy khong phai
ho dau. Phuong phép nay cé thé bao gdm budc phoi nhiér_n cdy nay voéi nhiéu vi
khudn. Mdi vi khuédn trong s6 nhiéu vi khuén nay bao gém mot hodc nhiéu bién di di
truyén da dugc dua vao mot hodc nhidu gen hodc polynucleotit khong ma hoa clia
mang ludgi diéu hoa di truyén déng héa hoic ¢b dinh nito cua vi khuin nay, sao cho
vi khuén nay c6 kha nang cb dinh nito khi quyén khi c6 mit nito ngoai sinh. Ngoai
ra, sang ché con dé cap dén quan thé vi khudn c6 kha ning cb dinh nito khi quyén khi

¢6 mat nito ngoai sinh va ché pham chira quén thé vi khuan nay.
Tinh trang ky thuit ciia sing ché

Céc thuc vat c6 lién hé voi hé vi sinh vat thong qua mot tép chuyén hoa dung
chung. Méi quan h¢ da chiéu gifta tinh trang cua mot cay trdng cu thé va tap chuyén
héa co ban dugce dic trung boi bdi canh ¢6 nhiéu cuc dai cuc bd. Co thé mong mubn
s& t&i wu héa duoc tir mot cuc dai cuc b thip thanh mot cuc dai khac biéu hién tinh
trang t&t hon bang cach lam thay dbi tAm anh huéng ctia hé vi sinh vét dén tap chuyén
hoa vi nhiéu 1y do khéc nhau, ching han nhu nhim t8i wu hoa cdy trong. Can phai co
cach tiép can bén vitng v& mit kinh té, mdi truong va xa hoi dbi v6i nong nghiép va
san xuat thuc pham nhdm dép ng nhu cAu cho dan sb toan cdu dang ngdy cang ting.
T chtrc Luong thuc va Nong nghiép cta Lién hiép qubc du kién rang cho dén nim
2050 thi téng san lugng luong thuc can phai tang thém 70% mai dap tmg dugc nhu
cAu cta dan sb ngay cang ting, mot thach thirc ma s& cang kho khan hon boi nhiéu
yéu td, bao gdm, tai nguyén nude ngot giam, gia ting canh tranh d6i v6i dit canh tac,
gid ning luong tang cao, chi phi d4u vao gia ting, va nhu cAu c6 thé co dbi vai cay
tré)ng nhdm thich g duoc véi cc ap luc do khi hiu toan cau khé hon, néng hon va

khéc nghiét hon.

Mot linh vuc dang quan tam la cai thién do ¢d dinh nito. Khi nito (N>) 1a thanh
phén chinh trong khi quyén ctia trai d4t. Ngoai ra, nito nguyén & (N) ciing 1a thanh
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phén quan trong trong nhiéu hop chit héa hoc tao nén sinh vat sdng. Tuy nhién, nhiéu
sinh vat khong thé st dung truc tiép N, dé téng hop dugce cac hoa chét dung trong cac
qua trinh sinh ly, nhu phat trién va sinh san. Dé st dung dugc Na, thi Na can phai
duoc két hop véi hydro. Viéc két hop hydro véi N duge goi 1a ¢d dinh nito. Su cd
dinh nito, du dat duoc bang phuong phap héa hoc hay sinh hoc, thi déu cén phai dau
tr mot lwong ning lugng 16n. Trong cac hé sinh hoc, mét enzym c6 tén la nitrogenaza
xuc téc duoc phan tmg nay din dén cb dinh nito. Muc dich quan trong cta nghién
ctru vé& qua trinh ¢6 dinh nito 14 nhdm m& rong kiéu hinh nay cho cic ciy khong phai
ho déu, cu thé 13 cac cAy ndng nghiép quan trong, nhu cay laa my, cdy lta va cdy ngd.
D d3 c6 tién bd to 16n trong viée hidu dugc su phét trién cua qua trinh cong sinh cb
dinh nito gitra cac ndt r& va cac cdy ho dau, nhung phuong thirc 4p dung kién thic
nay nhiam cam tng cic nét san c¢b dinh nito trén cac cdy trong khong phai ho dau van
chua sang to. Pong thoi, thach thie can cung cép du ngudn nito bd sung, nhu trong
phéan boén, s€ tiép tuc gia ting cung v6i nhu cu ngay cang ting nhim ting san Xuét

luong thuc.
Ban chit k§ thuét ciia sang ché

Do d6, c6 nhu cu cai thién cé4c tinh trang cla ciy trdng do hé vi sinh vt két
hop mang lai. Sang ché nhim muc dich gidi quyét nhu cdu nay, va dong thoi cung
cép cac loi ich khac nita. Trong mot sb truong hop, ca hai loai gdm hé vi sinh vat va
cac thong tin di truyén co ban cua ching déu 1a dich dé didu bién tac dong cua vi

khuan dén tap chuyén hoa.

Theo mdt khia canh, sang ché d& xuét phuong phap gia ting do c¢b dinh nito &
cdy khong phai ho ddu, phuong phép nay bao gdm budc phoi nhiém cdy nay voi
nhiéu vi khuén, mdi thanh vién trong s6 nhiéu vi khudn nay bao gdbm mdt hodc nhiéu
bién dbi di truyén da dugc dwa vao mot hodc nhiéu gen hoic polynucleotit khong ma
héa cia mang ludi didu hoa di truyén ddng héa hodc c¢b dinh nito cia vi khuan nay,
sao cho vi khudn nay c6 kha ning ¢b dinh nito khi quyén khi c6 mit nito ngoai sinh;
trong d6 vi khudn nay khong phai 1a vi sinh vt lién gidng; va trong d6 vi khuén nay,

in planta, san sinh nito da ¢ dinh & mic 1% hodc cao hon ¢ cay nay.
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Theo mot vai phuong 4n, vi khuan nay, in planta, san sinh nito d& cd dinh ¢
mirc 5% hodc cao hon ¢ cdy nay. Theo mdt vai phuong 4n, vi khuan nay, in planta,

san sinh nito d3 co dinh & mac 10% hodc cao hon & ciy nay.

Theo mot vai phuong an, mot hodc nhidu bién di di truyén chira trinh tu diéu
khién d3 dua vao duoc lién két c6 didu khién voi mot hodc nhiéu gen néu trén cua
mang lugi diéu hoa di truyén ddéng héa hodc ¢ dinh nito nay. Theo cac phuong an
khac, trinh tu diéu khién 14 trinh tu khéi dau. Theo cac phuong &n khéc, trinh tu khéi
dau nay 1 trinh tu khai d4u d& cam tmg. Theo mdt vai phuong an, vi khuin nay khong
bao gdm trinh tu khéi dAu co dinh lién két c6 diéu khién v6i gen cuia mang luéi didu
hoa di truyén dong hoa hodc ¢ dinh nito nay. Theo mot vai phuong 4an, vi khuin nay
khong bao gom trinh ty khoi d4u co dinh lién két c6 didu khién véi gen trong cum
gen nif.

Theo mdt vai phuong an, vi khuin nay, in planta, tiét ra san phém chira nito
trong qué trinh ¢b dinh nito. Theo mot vai phuong én, nhidu vi khudn dugc phoi
nhiém cho cay nay khong kich thich gia ting su hép thu clia nito ngoai sinh khong c6

trong khi quyén.

Theo mot vai phuong an, cdy nay dugc trdng trong d4t tir thuc dia da dugce st
dung khoang 50 Ibs (22,68 kg) phan bén chira nito trén mdi acre (~0,4 ha), va trong
d6 phan bon chia nito nay chira nito véi lugng it nhét 12 5% trong lugng. Theo cac
phuong 4n khéc, phan bén chira nito nay chira amoni hodc phan t&r chtra amoni. Theo
mdt vai phuong an, nito ngoai sinh dugc chon tir phan bén chira mot hodc nhiéu thanh
ph?ln trong sb glutamin, amoniac, amoni, ure, nitrat, nitrit, phin t& chtra amoni, phan

tir chtra nitrat, va phan tir chtra nitrit.

Theo mdt vai phuong an, nhiéu vi khudn 1a bao gdm it nhét hai loai vi khuan
khac nhau. Theo mot vai phuong an, nhiéu vi khuén bao gom it nhét hai ching khéc
nhau cta cung mot loai vi khuén. Theo mdt vai phuong an, cac vi khudn nay thudc
gidng Enterobacter. Theo mot vai phuong an, cac vi khuén nay séng ndi sinh, biéu
sinh, hodc trong bau ré. Theo mot vai phuong én, cac vi khuén nay x4m chiém cay
sao cho vi khuin nay c6 mit trong cdy ¢ muc it nhét 12 10° cfu/g trong lugng tuoi cua

cay do.
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Theo mot vai phuong an, mot hodc nhiéu gen hodc polynucleotit khong ma
héa ctia mang luéi diéu hoa di truyén ddng hoa hodc c¢b dinh nito cua vi khudn nay
dugc chon tor nhom gém: nifA, nifL, nirB, ntrC, polynucleotit ma hoa glutamin
synthetaza, ginA, glnB, ginK, drat, amtB, polynucleotit ma hoa glutaminaza, ginD,
gInE, nifl, nifH, nifD, nifK, nifY, nifE, nifN, nifU, nifS, nifV, nifW, nifZ, nifM, nifF,
nifB, va nifQ. Theo mot vai phuong 4n, mdt hodic nhidu bién dj di truyén 1a dot bién
ma din dén mot hodc nhiéu dic tinh trong s6: tang biéu hién hodc hoat tinh ctia NifA
hOYETlC glutaminaza; giam biéu hién hoic hoat tinh ctia NifL, NtrB, glutamin synthetaza,
GInB, GInK, DraT, AmtB; giam hoat tinh loai bé adenylyl ctia GInE; hodc giam hoat
tinh loai b6 uridylyl ctia GInD. Theo mot vai phuong an, mdt hodc nhiéu bién di di
truyén 1a (A) dot bién bét hoat gen; (B) lam bién dbi hodc lam mét trinh tu didu hoa

ctia gen dich; hodc (C) bao gdm cai bién cai xen trinh tu di€u hoa khéc loai.

Theo mot vai phuong 4n, cdy 1a cy trong nong nghiép. Theo cac phuwong an
khac, cdy trong nong nghiép duge chon tir cay lia mién, cay cai dau, ciy ca chua, cay
dau tay, cdy lia mach, cdy lta gao, cdy ngd, va cdy lua my. Theo cac phuong an khéc,
ciy nay la sinh vat bién dbi gen. Theo cac phuong an khac, cdy nay khong phai la
sinh vat bién dbi gen. Theo mdt vai phuong 4n, cdy nay da dugc thiét ké di truyén

hodc nhan gidong dé st dung nito hi€u qua.

Theo mdt khia canh, sang ché dé xuét quan thé vi khuan bao gdm cac vi khuan
chira mot hodc nhiéu bién di di truyén da dugc dua vao mot hodc nhiéu gen hodc
polynucleotit khong ma hoa clia mang ludi didu hoa di truyén dong hoa hodc cb dinh
nito ctia vi khuén nay, sao cho vi khuén nay c6 kha ning cb dinh nito khi quyén khi
c6 mit nito ngoai sinh; trong d6 vi khuén nay khong phai 1a cac vi sinh vt lién gidng;
va trong d6 vi khuén nay, in planta, san sinh ra nito da ¢b dinh & mic 1% hodc cao
hon & cay dugc trong khi c6 mét quan thé vi khuén nay.

Theo mdt vai phuong an, vi khuin ndy, in planta, sén sinh ra nito da ¢d dinh
& mitc 5% hodc cao hon & cdy nay. Theo mot vai phuong an, vi khuén nay, in planta,
san sinh ra nito da c¢d dinh & mirc 10% hodc cao hon & céy nay.

Theo mot vai phuong an, mot hodc nhiéu bién di di truyén chira trinh tu diéu

khién d3 dua vao duoc lién két c6 dicu khién voi mot hodc nhi€u gen néu trén cua
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mang ludi didu hoa di truyén dong héa hoic ¢d dinh nito ndy. Theo cac phuong an
khéc, trinh tu diéu khién 13 trinh tu khéi dau. Theo cac phuong an khéc, trinh tu khoi
dAu nay 1 trinh ty khoi dAu d& cdm tmg. Theo mot vai phuong én, vi khuan nay khong
bao gdm trinh tu khéi du co dinh lién két ¢6 didu khién véi gen cia mang ludi diéu
hoa di truyén ddng héa hoic c¢b dinh nito nay. Theo mot vai phuong an, vi khuin nay
khong bao gdm trinh tu khéi du co dinh lién két ¢ didu khién vé6i gen trong cum
gen nif.

Theo mot vai phuong an, vi khuén nay, in planta, tiét ra san pham chira nito
trong qué trinh ¢ dinh nito. Theo mot vai phuong én, nhidu vi khuén dugc phoi
nhiém cho c4y nay khdng kich thich gia ting su hép thu nito ngoai sinh khong co6 khi
quyén. Theo mdt vai phuong én, nito ngoai sinh dugc chon tir phén bén chira mot
hodc nhiéu thanh phﬁn trong sb glutamin, amoniac, amoni, ure, nitrat, nitrit, phan tr

chita amoni, phén t chtra nitrat, va phan tir chtra nitrit.

Theo mdt vai phuong an, quin thé vi khudn bao gdm it nhét hai loai vi khuan
khac nhau. Theo mdt vai phuong an, quin thé vi khudn nay bao gom it nhit hai ching
khac nhau cta cung mot loai vi khuin. Theo mdt vai phuong én, cac vi khuin nay
thudc gidng Enterobacter. Theo mot vai phuong én, cic vi khuin nay séng noi sinh,
biéu sinh, hodc trong bau ré. Theo mdt vai phuong 4n, céc vi khudn nay xam chiém
cy sao cho vi khuén ndy cé mit trong ciy & muc it nhét 14 10° cfu/g trong lugng tuoi
cua cay do.

Theo mot vai phuong an, mot hodc nhiéu gen hozc polynucleotit khong ma
héa cua mang lugi didu hoa di truyén dong hoa hodc ¢b dinh nito cua vi khuin nay
duge chon tr nhém gdm: nifA, nifL, nirB, ntrC, polynucleotit ma hoa glutamin
synthetaza, glnA, ginB, ginK, drat, amiB, polynucleotit md hoa glutaminaza, ginD,
gInE, nifl, nifH, nifD, nifK, nifY, nifE, nifN, nifU, nifS, nifV, nifW, nifZ, nifM, nif¥,
nifB, va nifQ. Theo mdt vai phuong an, mot hodc nhidu bién di di truyén 1a dot bién
dan dén mot hodc nhiéu dic tinh trong sb: tang biéu hién hodc hoat tinh cua NifA
hodc glutaminaza; giam biéu hién hodc hoat tinh ctia NifL, NtrB, glutamin synthetaza,
GInB, GInK, DraT, AmtB; giam hoat tinh loai bé adenylyl cua GInE; hoac giam hoat

tinh loai bo uridylyl ciia GInD. Theo mét vai phuong an, mdt hodc nhiéu bién di di



32716

truyén 1a (A) dot bién bt hoat gen; (B) lam bién dbi hodc lam mat trinh tu diéu hoa

cta gen dich; hodc (C) bao gdm cai bién cai xen trinh tu dieu hoa khac loai.

Theo mot vai phuong 4n, cdy la cay trong nong nghiép. Theo cac phuong dn
khac, cdy trong ndng nghiép duge chon tir cay lua mién, ciy cai du, cdy ca chua, cdy
dau tay, cdy lia mach, cdy lua gao, cdy ngd, va cdy laa my. Theo cac phuong an khéc,
cdy nay la sinh vét bién dbi gen. Theo cac phuong an khic, cdy nay khong phai l1a
sinh vat bién d6i gen. Theo mot vai phuong an, cdy nay da dugc thiét ké di truyén

hodc nhan gidng dé st dung nito hiéu qua.

Theo mdt khia canh, sang ché dé xuét ché pham chira quén thé vi khuén theo
sang ché. Theo mot vai phuong an, ché pham nay chira quin thé vi khuén duoc phu
1én bé miit cta hat giéng. Theo mot vai phuong 4n, ché phdm nay dugc phdi tron duési

dang chét long hodt bat.

Theo mot khia canh, sang ché d@& xuét vi khudn da phén 1ap duoc ndp luu tai

ATCC véi s6 nop luu 1a PTA-122293 hodc PTA-122294.

Theo mot khia canh, sang ché d& xut vi khuan khong lién gidng chtra mot
hodc nhiéu bién di di truyén da duoc dua vao mot hodc nhiéu gen hodc polynucleotit
khong ma héa ciia mang lu6i didu hoa di truyén dong hoa hode c¢b dinh nito ctia vi
khuan nay, sao cho vi khuén nay c6 kha nang ¢b dinh nito khi quyén khi ¢6 mit nito

ngoai sinh.

Theo mot vai phuong an, mot hodc nhiéu bién di di truyén chtra trinh tu didu
Khién da dua vao duoc lién két c6 didu khién voi mot hodc nhidu gen néu trén cia
mang ludi didu hoa di truyén dong hoa hodc ¢ dinh nito nay. Theo cac phuong 4n
khéc, trinh tu diéu khién 12 trinh tu khoi dau. Theo c4c phuong an khéc, trinh tur khoti
dau 1a trinh tu khoi ddu dé cam Gng. Theo mot vai phuong an, vi khudn nay khong
bao gém trinh tu khéi diu co dinh dugc lién két c6 diéu khién véi gen ctia mang ludi
didu hoa di truyén dong héa hodc c¢b dinh nito nay. Theo mdt vai phuong én, vi khuin
nay khong bao gdm trinh tu khéi dau co dinh dugc lién két c6 didu khién véi gen

trong cum gen nif.

Theo mot vai phuong an, mot hodc nhiéu gen hodc polynucleotit khong ma

héa ctia mang ludi diéu hoa di truyén dong hoa hodc ¢6 dinh nito cua vi khuan nay la
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duoc chon tir nhém gdm: nifA, nifL, ntrB, nirC, polynucleotit md hoa glutamin
synthetaza, glnA, ginB, glnK, drat, amtB, polynucleotit mé hoa glutaminaza, ginD,
gnE, nifl, nifH, nifD, nifK, nifY, nifE, nifN, nifU, nifS, nifV, nifW, nifZ, nifM, nift,
nifB, va nifQ. Theo mot vai phuong 4n, mot hodc nhiéu bién dj di truyén 1a dot bién
din dén mot hodc nhidu dic tinh trong s: ting biéu hién hodc hoat tinh cia NifA
hodc glutaminaza; giam bidu hién ho#c hoat tinh ctia NifL, NtrB, glutamin synthetaza,
GInB, GInK, DraT, AmtB; gidm hoat tinh loai bé adenylyl cia GInE; hodc giam hoat
tinh loai bd uridylyl ciia GInD. Theo mét vai phuong an, mot hodc nhidu bién di di
truyén 12 (A) dot bién bat hoat gen; (B) lam bién dbi hogc lam mét trinh tu diéu hoa

cta gen dich; hodc (C) bao gdm cai bién cai xen trinh ty di€u hoa khac loai.

Theo mdt vai phuong an, vi khuén nay 1a tir gibng Enterobacter. Theo mot vai

phuong 4n, vi khuén nay song ndi sinh, bicu sinh, hodc trong bau ré.

Theo mot khia canh, sang ché dé xuit phuong phép san xuat mot hoic nhiéu
vi khuén. Theo mdt phuwong &n, phuong phap nay bao gdm cac budc: (a) phan 1ap vi
khuén tir mo6 hodc dit cia cdy tht nhét; (b) dua bién di di truyén (vi dy mdt hodc
nhiéu bién di di truyén) vao mot hodc nhiéu vi khuén nay dé tao ra mot hoic nhiéu vi
khuan bién thé; (c) phoi nhiém céc cly voi vi khuan bién thé nay; (d) phan 18p vi
khuén tir md hodc dat ctia mdt trong cac ciy nay, trong d6 cdy ma vi khuén dugc phan
1ap tir do c6 tinh trang dugc cai thién so v6i cac cdy khac trong sb cac cdy nay; va (e)
13p lai cac bude tr (b) dén (d) vé6i vi khuén dugc phan 13p & budce (d). Tinh trang dugc
cai thién co thé 14 su tang cudng ¢b dinh nito & cdy ma vi khudn dugc phan 1ap tir do,
vi/hoic & cay duoc phoi nhidm véi vi khun d6. Bién di di truyén c6 the 12 su bién
dbi & gen dugc chon tr nhém gém: nifA, nifL, ntrB, ntrC, glnA, glnB, glnK, draT,
amtB, gInD, gInE, nifJ, nifH, nifD, nifK, nifY, nifE, nifN, nifU, nifS, nifV, nifW,
nifZ, nifM, nifF, nifB, va nifQ. Bién di di truyén c6 thé la sy bién doi & gen ma hoa
protein ¢6 nhom chirc duge chon tir nhom gdm: glutamin synthetaza, glutaminaza,
glutamin synthetaza adenylyltransferaza, chit hoat hoa phién ma, chét chéng hoat
hoa phién ma, pyruvat flavodoxin oxidoreductaza, flavodoxin, hoic NAD+-dinito-
reductaza ADP-D-ribosyltransferaza. Theo mot vai phuong an, bién di di truyén nay
la dot bién din dén mot hodc nhiéu dic tinh trong sb: ting biéu hién hoic hoat tinh

cia NifA hodc glutaminaza; giam biéu hién hoic hoat tinh cta NifL, NtrB, glutamin
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synthetaza, GInB, GInK, DraT, AmtB; giam hoat tinh loai bo adenylyl cua GInE;
hodic giam hoat tinh loai bé uridylyl cia GInD. Bién di di truyén c6 thé la dot bién bét
hoat gen, din dén loai bd hodc mét hoat tinh ctia mién protein, 1am bién doi hogc lam
maAt trinh tu diéu hoa cta gen dich, va/hodc bao gém cai bién cai xen trinh ty diéu hoa
khac loai. Theo mot vai phuong an, bién di di truyén nay bao gdm cai bién cai xen
trinh ty diéu hoa dugc tim thiy trong hé gen cua loai hodc gidng vi khuan tuong Ung
v6i vi khudn ma bién di di truyén dwoc dwa vao do. Trinh tu diéu hoa co thé tuy y
dwoc chon dua vao mirc biéu hién cia gen trong gibng cdy vi khuin hoic trong md
ciy. Bién di di truyén c6 thé 1a dot bién ngau nhién & vi tri ngau nhién, dot bién ngiu
nhién & vi tri dich, hodc bién di di truyén dinh truéc duge dua mot cach dic higu vao
vi trf dich. Bién di di truyén c6 thé bao gdm cai bién cai xen, lam khuyét, hogc thay
thé mét hodic nhidu nucleotit, hogc t& hop bt ky ciia chung. Bién di di truyén c6 the
duoc tao ra bang cach gy dot bién bang hoa chit. Theo mot vai phwong an, phuong
phép nay con bao gdm budc phoi nhiém céc cdy vdi cac tic nhan gdy stress sinh hoc
hodc phi sinh hoc. Theo mdt vai phuong én, cac vi khuén da phan 1ap sau khi lap lai
cac bude tir (b) dén (d) mot hodc nhiéu 1an san sinh ra nito & mitc 1% hoéc cao hon
(vi du, it nhat 2%, 5%) 10%, hodc cao hon 10%) & cdy thi hai cung loai véi cdy thu
nhét, hoic & ciy duge phoi nhiém v6i vi khuén d6. Mirc san sinh nay ciing c6 thé dat
duoc khi cay tht hai duoc trong v6i s ¢6 mit cua phan bén da bd sung glutamin,
amoniac, hodc ngudn hoa chét nito khac. Theo mot vai phuong an, céac vi khuin da
phan 1ap sau khi lap lai céc budc tir (b) dén (d) mot hoge nhiéu 1An ¢6 d6 cb dinh nito
gia tang it nhét 2 1an (vi du, gia ting it nhét 5 14n) so véi cac vi khuén dugc phan 18p
tir cay thu nhét. Cay thtr nhét, hodc cy trong sb nhiéu cay nay, co thé 1a cay trong
ndng nghiép, nhu cay dugc chon tir cdy la mach, céy lua gao, cdy ngo, cay lua my,
cay lua mién, cdy ngd ngot, cdy mia, cdy hanh, cdy ca chua, cdy dau tay, hodc cay
ming tay. Cay tht nhét, hoic cdy trong s6 nhidu cay nady, c6 thé 14 cdy mo hinh, nhu
cdy dugc chon tur Sefaria, Brachypodium, hodc Arabidopsis. Theo mot vai phuong
4an, budgc (a) con bao gbm cong doan tién hanh phan tich di truyén vi khuén di phan
1ap. Theo mot vai phuong 4n, bude (b) con bao gbm cong doan gdy ap luc chon loc
dé lam giau vi khuan chtra bién di di truyén, va tuy y phén lép vi khuén con sdng sau
ap luc chon loc. Ap luc chon lgc nay ¢o thé bao g?)m viéc phin cit cac hé gen thiéu

bién di di truyén da dugc dua vao vi tri dich, trong d6 viée phén cat dién ra & pham
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vi 100 nucleotit cta vi tri dich. Viéc phan cat nay dugc dinh hudéng boi nucleaza dac
hiéu vi tri, nhu nucleaza dugc chon tir nhém gém nucleaza ngon tay kém, nucleaza
CRISPR, nucleaza TALE, hoic meganucleaza. Trong mot vai trudng hop, nucleaza
CRISPR c6 thé duoc uu tién. Cac vi khudn da phan 14p sau khi 13p lai cac budc tir (b)
dén (d) mot hodc nhidu I3n 12 vi khudn séng noi sinh, biéu sinh, hogc trong bau ré. Vi
khudn nay c6 thé duge phéan 1ap tr md cy (vi dy, hat gibng). Vi khuén nay c6 thé
bao gdm nhiéu taxon (don vi phan loai) vi khuin khac nhau. Theo mot vai phuong
an, cong doan phan 14p vi khudn & budce (a) bao gdm phan lap vi khuén tir hat giéﬁg

ctia cdy thir nhat.

Theo mét khia canh, sang ché dé xuét phuong phép gia tang do c¢b dinh nito &
cdy. Theo mot phuong an, phuong phép nay bao gbm bude phoi nhiém ciy nay véi
céc vi khuin chtra mot hogc nhiéu bién di di truyén da dugce dua vao mét hodc nhiéu
gen didu hoa su ¢ dinh nito, trong d6 cac vi khuén nay san sinh ra nito & mic 1%
hodic cao hon (vi du, it nhat 2%, 5%, 10%, hogc cao hon 10%) & cdy nay. Vi khudn
ndy c6 thé san sinh ra nito khi c6 mat phan bén da bd sung glutamin, amoniac, hodc
ngudn hoa chét nito bd sung khac. Theo mdt vai phuong én, bién di di truyén 12 su
bién doi & gen dugc chon tr nhom gém: nifA, nifL, ntrB, ntrC, glutamin synthetaza,
glnA, gInB, gInK, draT, amtB, glutaminaza, glnD, gInE, nifJ, nifH, nifD, nifK, nifY,
nifE, nifN, nifU, nifS, nifV, nifW, nifZ, nifM, nifF, nifB, va nifQ. Bién di di truyén
c6 thé 1a dot bién dan dén mot hodc nhiéu dic tinh trong sb: tang biéu hién hoic hoat
tinh cta nifA hodc glutaminaza; giam biéu hién hoic hoat tinh cta nifL, ntrB,
glutamin synthetaza, gInB, glnK, draT, amtB; giam hoat tinh loai b6 adenylyl cua
GInE; hodc giam hoat tinh loai bé uridylyl cta GInD. Theo mot vai phuong an, bién
di di truyén (a) 12 dot bién bAt hoat gen; (b) 1am bién ddi hodc 1am mt trinh tu diéu
hoa cua gen dich; hodc (c) bao gbm cai bién cai xen trinh tu didu hoa khac loai. Vi
khuin nay c6 thé séng ndi sinh, bidu sinh, hodc trong bau ré. Trong mot vai truong
hop, vi khuan nay thudc gidng Enterobacter hodc Rahnella. Vi khuan nay c6 thé bao
gdm nhiéu taxon vi khudn khac nhau. Theo mdt vai phuong 4n, cdy la cay trong nong
nghiép, nhu cdy dugc chon tur cay lua mién, cay cai dau, cdy ca chua, cay du tay,
cdy ltia mach, cdy lua gao, cdy ngd, va cay laa my. Cay nay cé thé 1a cay khong thudc

ho dau. Cy nay c6 thé 1a sinh vat bién ddi gen (GMO; vi dy, cay c6 hé gen dugce bién
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d6i dé mang gen khac loai), khong phai 12 sinh vat bién d6i gen (non-GMO), hogc da

duge thiét ké di truyén hodc nhén giéng dé st dung nito hiéu qua.

Theo mot khia canh, sang ché dé xuit quan thé vi khudn. Theo mdt phuong
an, quin thé vi khuan nay bao gbm céc vi khuén chita mot hodc nhidu bién di di truyén
da dugc dua vao mot hodc nhiéu gen diéu hoa su ¢b dinh nito, trong d6 cac vi khuén
ndy san sinh ra nito & mic 1% hodc cao hon (vi dy, it nhét 2%, 5%, 10% hoic cao
hon 10%) & cdy duoc trong khi c6 mat quén thé vi khudn nay. Céc vi khuén nay c6
th& san sinh nito khi c6 mat phan bon di bd sung glutamin, amoniac, hodc ngudn hoa
chét nito bd sung khac. Theo mot vai phuong an, bién di di truyén la su bién ddi &
gen dugc chon tir nhom gém: nifA, nifL, ntrB, ntrC, glutamin synthetaza, glnA, glnB,
glnK, draT, amtB, glutaminaza, ginD, glnE, nifl, nifH, nifD, nifK, nifY, nifE, nifN,
nifU, nifS, nifV, nifW, nifZ, nifM, nifF, nifB, va nifQ. Bién di di truyén c6 thé 1a dot
bién din dén mdt hodc nhiéu dic tinh trong $6: tang biéu hién cta nifA hodc
glutaminaza; giam biu hién cta nifL, ntrB, glutamin synthetaza, gInB, glnK, draT,
amtB; giam hoat tinh loai bo adenylyl cua GInE; hogc giam hoat tinh loai bé uridylyl
ctia GInD. Theo mot vai phuong an, bién di di truyén (a) 1a dot bién bat hoat gen; (b)
1am bién ddi hodc 1am mat trinh tu diéu hoa cta gen dich; hodc (c) bao gbm cai bién
cai xen trinh tu diu hoa khac loai. Vi khuan nay co thé séng ndi sinh, biéu sinh, hoic
trong bau ré. Trong mdt vai truong hop, vi khuén nay thudc gidng Enterobacter hodc
Rahnella. Vi khuén nay c6 thé bao gdm nhiéu taxon vi khuén khac nhau.

Theo mdt khia canh, sang ché dé xuét ché phém chra quan thé vi khuén, nhu
quan thé vi khuin dugc md ta trong ban md ta nay. Ché phdm nay c6 thé chtra quin
thé vi khuan dugc phi 1én bé mat cia hat giéng. Theo mot vai phuong 4n, ché pham
nay duoc phéi trén dudi dang 16ng hodc dang bot.

Theo mot khia canh, sang ché @& xuét vi khudn c6 s nop luu ATCC la PTA-
12’)293 Theo mdt khia canh, sang ché dé xuAt vi khudn c6 s6 ndp luu ATCC la PTA-
122294.

Danh muc tai li€u trich dan

TAt cé céc cong bd don, patent va don sang che duge dé cap trong ban mo ta

nay duogc két hop vao day béng cach vién dan dén mirc do gidng nhu khi ting cong
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bd don, patent hodc don sang ché nay dugc chi dan 1a duoc két hop béng cach vién

dan mot cch cu thé va riéng 18é.
Mo ta van tat cac hinh vé

Céac dic diém méi ctia sang ché dugc dé cp cu thé trong cac diém yéu ciu bao
ho dinh kém. S& hiéu dugc rd hon cac dic diém va wu diém cua sang ché khi doc
phan mo ta chi tiét dudi ddy ma néu ra cic phuong dn minh hoa trong d6 str dung cac

nguyén tic clia sang che va cac hinh v& kém theo sang ché, trong do:

Fig.1A dén Fig.1B mé ta qua trinh lam giau va phan 1ap cac vi khuan ¢6 dinh
nito. St dung (A) dia thach Nib dé phan lap cic khuan lac don 1é cta vi khudn cb
dinh nito. (B) thach Nfb ban rin dugc db khudn trong ong Balch. Mii tén chi lop

mang cta vi khuén ¢6 dinh nito di lam giau.

Fig.2 thé hién phién sang loc PCR nifH dai dién. Vach duong tinh dugc quan
sat & ~350bp dbi v6i hai khudn lac trén phién sang loc ndy. Vach bén dudi la cac

dime-doan moi.

Fig.3 1a mot vi du vé phién sang loc PCR cua céc khuén lac tir qua trinh gy
dot bién chon loc CRISPR-Cas. Céc khuan lac CI006 dugc sang loc b?mg cac doan
mdi dic hiéu cho locus nifL. San phém PCR kiéu hoang dugc cho 1a & ~2,2kb, trong
khi d6 thé dot bidn duoc cho 1a & ~1,1kb. 7 trong s6 10 khuén lac da sang loc thé hién

1o rang cai bién lam khuyét mong muon.

Fig. 4A dén Fig.4D 1a cac kiéu hinh in vitro cia cac ching khac nhau. Cac hoat
tinh thir nghiém khur axetylen (ARA) cta cac thé dot bién ctia chiung CI010 (Fig.4A)
va céc thé dot bién cia chung CI006 (Fig.4B) dugc sinh truéng trong moi truong cd
dinh nito c¢6 bd sung tir 0 dén 10mM glutamin. Céc hoat tinh ARA ctia cac ching bd
sung dugc thé hién trén Fig.4C, va profin tiét amoni theo thoi gian cua hai ching
duoc thé hién trén Fig.4D.

Fig.5 1a profin bidu hién nudi cdy cua 9 gen khéac nhau trong chung CI006
tham gia vao qué trinh c¢b dinh nito cia sinh vat ¢b dinh nito. C4c con s thé hién sb
lugng cta ting ban phién ma. Nhiéu diéu kién khac nhau (0, 1, 10 mM Glutamin va

0%, 10%, 20% khong khi khi quyén 14 N) dugc chi ra trén hinh nay.
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Fig.6 la sy xdm chiém cta CI006 trén ré cay ngd. Cay ngd mam duge ching
nhiém CI006 mang plasmit bidu hién RFP. Sau hai tuin sinh truéng va duy tri plasmit
bang cach twoi khang sinh thich hop, thu gom ré va chup hinh qua kinh hién vi huynh
quang. Nhéan thdy c6 su xAm chiém & khoang trdng gitta céc té bao trong ré.

Fig.7 thé hién nito thu dugc tir ndéng do vi khudn & chung kiéu hoang WT
(CI050) va chung dugc t81 wu hoa (CM002).

Fig.8 thé hién thiét 14p thir nghiém cho tht nghiém khéi lwong ra qua Micro-
Tom.

Fig.9 thé hién qua trinh sang loc 10 chiing dé gia tang khoi luong qua Micro-
Tom. Céc két qua cho thir 6 14n 1ap lai duoc thé hién. D6i véi cot 3, p =0,07. D voi
cot 7, p = 0,05.

Fig.10A dén Fig.10C thé hién két qua b sung ddi véi céc hoat tinh ARA cia
c4c vi sinh vat ng vién va céac thé dot bién tng vién di kém duoc sinh trudng trong
mai trudng ¢ dinh nito c6 b sung tir 0 dén10mM glutamin.

Fig.11 thé hién thé dot bién kép c6 muc tiét amoniac cao hon so véi thé dot
bién don ma thé dot bién kép thu dugc tir thé nay.

Fig.12 thé hién NDFA thu dugc tir thir nghiém hép thu khi 15N (ngoai suy
ngugc lai bang céach st dung s6 ngay phoi nhiém) dé xac dinh NDFA ¢ céc cdy ngod
trong diéu kién c6 bon phén.

Fig.13 thé hién gia tri NDFA thu dugc tir thir nghiém hép thu khi 15N (ngoai
suy ngugc lai bing cach st dung s6 ngay phoi nhiém) dé xac dinh NDFA & cac cay
Setaria trong diéu kién c6 bon phan.

Fig.14A thé hién ty 1& két hop khi 15N. Céc cay dugc chung nhiém cua chiing
da tién hoa cho thdy su gia ting ty 1& két hop khi 15N so véi céc cdy khong dugce
chtiing nhiém.

Fig.14B thé hién 4 tudn sau khi trong, 1én dén 7% nito & cac cdy dugc ching

nhiém cta ching da tien héa 1a thu dugc tr nito duoc co dinh nho vi khuan.
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Fig.14 C thé hién dién tich 14 (va chi sé sinh khéi khac, dir ligu khong dugc
thé hién) gia ting & céc cdy dugc ching nhiém cua ching da tién hoa so v6i cac ciy

khong duge ching nhiém hodc dugc ching nhiém kiéu hoang.

Fig.15A thé hién cac chung da tién h6a ma biéu hién su san sinh nifH cao hon

dang ké & mo ré, nhu duoc xé4c dinh bﬁng nghién ctru hé phién ma & thuc vat.
Fig.15B thé hién ty 16 cua nito da cb dinh tim thdy ¢ mo thuc vét 1a trong quan
v6i ty 18 & d6 cdy cu thé bj xam chiém béi chiing da t6i wu hoa HoME.
Fig.16A thé hién so dd két cAu dét ctia nhiéu loai dét thyc dia dugc thir nghiém

vé kha ning xam chiém. Dat ma ¢ d6 lay mot vai vi khuén dugc ky hi€u hinh sao.

Fig.16B thé hién ty 1€ xAm chiém cta chung 1 va chung 5 ma dugc thir nghi¢ém
trén bén loai dét khéc nhau (hinh trdn). Ca hai ching déu thé hién profin xdm chiém

tuong ddi manh trén nhiéu loai dét thu.

- Fig.16C thé hién su xam chiém ciia chiing 1 nhu dugc thir nghiém trong khio
nghiém thuc dia trong sudt mua trong trot. Ching 1 nay tdn tai trong md cdy ngd cho

dén tudn 12 sau khi trong va bat dau gidm xam chiém sau thoi diém nay.

M6 ta chi tiét sang ché

Céc thuét ngit “polynucleotit”, “nucleotit”, “trinh tu nucleotit”, “axit nucleic”
va “oligonucleotit” dugc sit dung thay thé 1an nhau. Cac thuét ngir ndy chi dang
polyme ctia cac nucleotit c6 d dai bét ky, deoxyribonucleotit hodc ribonucleotit, hodc
cac chit tuong tu cua chung. Céc polynucleotit c6 thé ¢6 cAu truc ba chidu bét ky, va
¢6 thé thuc hién chirc ning bét ky, da biét hodc chua biét. Sau day 1a cac vi du khong
mang tinh gi6i han vé céc polynucleotit: cac ving méi héa hodc khong ma hoa cla
gen hodc doan gen, cic locus dugc xac dinh tr phan tich lién két, cac exon, c4c intron,
ARN thong tin (mARN), ARN van chuyén (tARN), ARN ribosom (rARN), ARN can
thiép ngin (siARN), ARN kep toc ngin (shARN), micro-ARN (miARN), céc
ribozym, ADN bd trg, cac polynucleotit téi td hop, cac polynucleoﬁt phéan nhénh, cac
plasmit, cac vecto, ADN dugc phén lap co trinh tu bét ky, ARN duoc phén lap co
trinh tu bat ky, doan do axit nucleic, va cac doan mdi. Polynucleotit c6 thé bao gém
mot hodc nhiéu nucleotit duoc cai bién, nhu nucleotit dugc metyl hoa va cac chét

twong tu nucleotit. Néu cd, cac cai bién dbi vé6i cau tric nucleotit ¢ thé duge thuc
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hién trudc hodc sau khi 1ap rép polyme nay. Trinh ty cta cac nucleotit c6 thé bi dan
xen béi cac thanh phin khong phai 1a nucleotit. Polynucleotit con c6 thé dugc cai

bién tiép sau khi polyme hoa, nhu bang cach lién hop v6i thanh phan danh diu.

“Qua trinh lai hoa” chi phan tmg, trong d6 mot hoac nhiéu polynucleotit phan
{mg dé tao thanh mot phirc hop ma dugc 1am én dinh thong qua lién két hydro gitra
c4c bazo cua cac gbe nucleotit. Viéc lién két hydro c6 thé dién ra bang cach ghép cip
bazo Watson Crick, gén két Hoogstein, hodc theo cach dac hiéu trinh tu khac bét ky
theo tinh b tro bazo. Phirc hgp nay c6 thé bao gdm hai soi tao thanh c4u trac soi kép,
ba hoiic nhidu hon ba soi tao thanh phitc hop nhidu soi, soi tu lai héa don nhét, hogc
t6 hop bat ky ctia ching. Phan tng lai héa c6 thé cAu thanh mot budc trong quy trinh
réng hon, nhu khéi dAu PCR, hodc phan cit bang enzym mdt polynucleotit bang
endonucleaza. Trinh tu thir hai ma bd tro cho trinh tu thir nhét duoc goi 1a “bd thé”
clia trinh tu thir nhit. Thut ngt “c6 thé lai” nhu st dung ddi v6i polynucleotit chi
kha ning cua polynucleotit nay trong viéc tao thanh phirc hop ma duoc lam 6n dinh

qua lién két hydro gifta cac bazo clia cac gbc nucleotit trong phan tng lai hoa.

“Tinh bd trg” chi kha ning cla axit nucleic trong viéc tao thanh (cac) lién két
hydro véi mét trinh ty axit nucleic khéc theo kiéu Watson-Crick truyén théng hodc
khong truyén thong khéc. Phan trim bd tro chi phan tram cac gbc trong mot phan tir
axit nucleic ma c6 thé tao thanh lién két (vi du, ghép cdp bazo Watson-Crick) voi
rinh tir axit nucleic thit hai (vi du, 5, 6, 7, 8, 9, 10 trong s6 10 twong tng la bd trg
50%, 60%, 70%, 80%, 90%, va 100%). “B4 tro hoan hao” nghia 1a tit ca cac gdc lién
tiép cua trinh ty axit nucleic s& lién két hydro véi céc gbc lién tiép trong trinh tu axit
nucleic thtt hai v6i cing sé luong. “Bd trg v& co ban” nhu dugc str dung trong ban
mb ta nay chi mic do bd trg ma it nhat 1a 60%, 65%, 70%, 75%, 80%, 85%, 90%,
95%, 97%, 98%, 99%, hodc 100% trong mot vung gém 8,9,10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 35, 40, 45, 50, hodc nhiéu hon 50 nucleotit,
hodc chi hai axit nucleic ma lai hoa trong diéu kién nghiém nggt. Mtrc ddng nhét trinh
tur, nhu d& d4nh gia phan tram bd trg, ¢6 thé duge x4c dinh bang thuat toan cn thang
thich hop bét ky, bao gdm nhung khong bi gi6i han ¢ thuat todn Needleman-Wunsch
(vi du, xem phin mém cin thing EMBOSS Needle san ¢c6 O

www.ebi.ac.uk/Tools/psa/emboss_needle/nucleotit.html, tuy y voi cac cai ddt mac
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dinh), thuit toan BLAST (vi du, xem cdng cu cédn théng BLAST c6 san &
blast.ncbi.nlm.nih.gov/Blast.cgi, tuy y voi cac cai dat mac dinh), hodc thuat toan
Smith-Waterman (vi du, xem phém mém cin théng EMBOSS Water san c6 trén
WWW.ebi.ac.uk/Tools/psa/emboss_water/nucleotit.html, tuy y véi cac cai dat mac
dinh). Su cén thing tuy y c6 thé duoc danh gia bang cach sir dung cac thong s thich

hop bat ki ctia thuét todn da chon, bao gdm céc thong s6 mic dinh.

N6i chung, “diéu kién nghiém ngat” @& lai hoa chi cac didu kién ma trong do
axit nucleic ¢6 tinh bd trg véi trinh tu dich phén 16n lai v6i trinh tu dich, va vé co ban
khong lai v6i cae trinh tu khong phai 1a trinh ty dich. Diéu kién nghiém ngit thuong
phu thudc vao trinh tu, va thay dbi tuy thudc vao mot sb yéu td. Noi chung, trinh tu
cang dai thi nhiét @ ma & do trinh ty nay lai ddc hi¢u véi trinh ty dich cta nd cang
cao. Cac vi du khong mang tinh gi6i han vé diéu kién nghiém ngit duoc md ta chi
tiét trong tai liéu: Laboratory Technniques In Biochemistry and Molecular Biology-
Hybridization With Nucleic Acid Probes Phan I, chuong hai “Overview of principles
of hybridization and the strategy of nucleic acid probe assay”, Elsevier, N.Y, (1993)

cua Tijssen.

Nhu dugc st dung trong ban md ta ndy, “su biéu hién” chi quy trinh trohg doé
polynucleotit dugc phién ma tir doan mau ADN (nhu thanh mARN hoéc ban phién
m# ARN khac bit ky) va/hodc quy trinh ma nho d6, mARN da phién mé sau do duoc
dich ma thanh c4c peptit, polypeptit, hodc protein. Céc ban phién ma va cac polypeptit
duoc ma hoa co thé goi chung 1a “san phim gen”. Néu polynucleotit thu dugc ADN
hé gen, thi qud trinh bidu hién c6 thé bao gdbm cong doan c&t mARN trong té bao c6

nhan dién hinh.

Céc thuat ngit “polypeptit”, “peptit” va “protein” dugc sir dung thay thé 1an
nhau trong ban mo ta nay dé chi cac polyme cta axit amin c6 do dai bat ky. Polyme
nay co thé 12 mach théng hodc mach nhanh, co thé bao gém cac axit amin dugc cai
bién, va c6 thé duoc xen doan bf‘ing cac thanh phﬁn khong phai 12 axit amin. Céac thuat
nglt nay cling co thé bao gdm polyme axit amin da dugc cai bién; vi du, su tao thanh
lién két disulfua, glycosyl hda, lipit hoa, axetyl hoa, phosphbryl hoa, hoac thao tac
khéc bét k¥, nhu lién hop voi thanh phin danh ddu. Nhw dugc st dung trong ban md

t4 nay, thuat ngft “axit amin” bao gom c4c axit amin tu nhién va/hodc phi tu nhién
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hodc tong hop, bao gbm glyxin v ca cic dbng phan quang hoc D hodc L, va cac chat

tuong ty axit amin va cac chit bit chude peptit.

Nhu duoc st dung trong ban mo ta nay, thudt ngit “khoang” duge sir dung
ddng nghia véi “xap xi”. D€ minh hoa, thi st dung thuat nglt “khoang” d6i v&i mot
lwong chi ra ring céc gid tri ¢6 thé ndm ngoai cac gia tri da néu, vi du, + hodc — 0,1%

dén 10%.

Thuét ngft “giong cay thuan khiét sinh hoc” hodc “gidng cay gan nhu thuan
khiét” chi gidng cdy ctia mot loai vi khuan duoc mo ta trong ban md ta nay khong
chita cac loai vi khuan khac véi luong du dé gdy anh hudng dén su sao chép cua

gidng cdy hodc phat hién dugce bang céc k¥ thuat vi khuén hoc thong thuong.

“Nang suit cdy trong” dé chi chung dén khia canh bét ky vé su sinh truéng
hodc phat trién clia cdy ma la ly do dé trdng cay nay. Pbi véi cay luong thuc, nhu
ngii cbc hodc rau, “ning suét cdy trong” c6 thé chi ning suét hat hodc qua thu hoach
duge tir cdy tréng cu thé. Nhu dugc str dung trong ban mé ta nay, ning suét cay trong
duoc cai thién khai quat chi sy cai thién vé ning suit hat, qua, hoa hodc céc bd phan
khéc cua cdy dugc thu hoach cho nhiéu muc dich khac nhau, sy cai thién sinh truéng
& cac bd phan clia cdy, bao gdm, than, 14, va ré, sy thuc d4y cay trong sinh trudng, su
duy tri ham lugng clorophyl cao & 14, sy gia tang s6 luong qua hodc hat, sy gia tang
trong luong qua hodc hat, sy giam phat thai NO do giam sur dung phan bén nito va

cAc cai thién tuong tu vé su sinh trudng va phat trién cua cay.

Céc vi khudn séng trong va xung quanh céy luong thuc c6 thé anh hudng dén
tinh trang cua cdc cdy ndy. Cac tinh trang cua cdy ma co thé bi anh hudng boi vi
khuan bao gdm: ning suét (vi dy, ning suét hat, tao sinh khdi, ra trdi, dom hoa); dinh
dudng (vi du, nito, phospho, kali, sit, 6 ham luong vi chét) - kiém soat stress phi sinh
hoc (vi du, chiu han, chiu man, chiu néng); va kiém soat stress sinh hoc (vi du, sinh
vat gay hai, co dai, cOn trung, nim, va vi khuén). Céach thirc 1am bién dbi tinh trang
ctia cdy trong bao gdm: gia ting ndng do cac chét chuyén hoéa chinh; thay dbi dong
hoc theo thoi gian sy anh huong cua vi khuan dén cac chét chuyén hoéa chinh; két ndi

su san sinh/phan huy chét chuyén héa nho vi khuan véi cac tin hiéu moi truong mai;
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giam céc chat chuyén hoa bat lgi; va cai thién tinh can bang cua cac chat chuyén hoa
hodc céc protein cén ban.

2
A 0?2

Nhu duoc st dung trong ban mo ta nay, “trinh ty diéu khién” chi gen diéu

khién, trinh tu khéi dau, gen lam cam, hodc gen két thic.

Nhu duge st dung trong ban md ta nay, “in planta” 1a & trong cdy, va trong

d6 cay nay con bao gom 14, ré, than, hat, nodn, phan hoa, hoa, qua, v.v..

Theo mot vai phuong an, céc trinh tu diéu khién nguyén thuy hodc ndi sinh
cua céac gen theo sang ché dugc thay thé bang mot hodc nhidu trinh tu diéu khién ciing
gidng.

Nhu dugce st dung trong ban md ta nay, “dugc dua vao” chi viée dua vao bing

cdng nghé sinh hoc hién dai, va khong phdi la cach dua vao co trong tu nhién.

Theo mdt vai phuong 4n, c4c vi khuan theo sang ché da duoc céi bien sao cho

cac vi khuan nay khong phai 1a cac vi khuan c6 trong tu nhién.

Theo mot vai phuong an, cac vi khudn theo sang ché c6 mit trong cay voi
lugng it nhét 1a 10 cfu, 10* cfu, 10° cfu, 106 cfu, 107 cfu, 10° cfu, 10? cfu, 10'° cfu,
10" cfu, hodc 10'2 cfu trong mdi gam trong lugng tuoi hodc kho cua cdy nay. Theo
mot vai phuong &n, céc vi khudn theo sang ché c6 mat trong cdy véi lugng it nhat 1a
khoang 10° cfu, khoang 10* cfu, khoang 10° cfu, khoing 10 cfu, khoang 107 cfu,
khoang 108 cfu, khoang 10° cfu, khoang 10'° cfu, khoang 10! cfu, hogc khoang 10"
cfu trong mdi gam trong lugng tuoi hodc kho ctia cdy nay. Theo mot vai phuong an,
céc vi khudn theo sang ché c6 mit trong cdy vé6i lugng it nhét 1a tir 10° dén 10°, tir
103 dén 107, tir 10% dén 105, tir 105 dén 10°, tir 10° dén 107, tir 10° dén 10'°, tir 106 dén
107 cfu trong mdi gam trong lrong twoi hodc kho cla ciy nay.

Céc phan bén va nito ngoai sinh theo sang ché co thé bao gdm cac phan tir
chtra nito sau: amoni, nitrat, nitrit, amoniac, glutamin, v.v.. Cac nguén nito cta sang
ché ¢6 thé bao gém amoniac khan, amoni sulfat, ure, diamoni phosphat, dang ure,
monoamoni phosphat, amoni nitrat, cdc dung dich nito, canxi nitrat, kali nitrat, natri

nitrat, v.v..
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Nhu duoc st dung trong ban mo ta nay, “nito ngoai sinh” chi nito khong co6
trong khi quyén c6 sin trong dat, thuc dia hodc moi truong sinh trudng ma cd mat
trong cac diéu kién khong han ché nito, bao gobm amoniac, amoni, nitrat, nitrit, ure,

axit uric, cac axit amoni v.v..

Nhu dugce st dung trong ban mo ta nay, “cac diéu kién khong han ché nito”
chi nito khong cé trong khi quyén c6 san trong dét, thuc dia, méi'trub"n‘g 4] néng do >
khoang 4 mM nito, nhu duwgc dé cap trong tai liéu Kant et al. (2010. J. Exp. Biol.
62(4):1499-1509), dugce vién dan vao day dé tham khao.

Nhu duge st dung trong ban md ta ndy, “vi sinh vat lién gidng” 13 vi sinh vat
duoc tao ra bang cach cb tinh két hop vat lidu di truyén c6 ngudn gbc phan lap tir cac
sinh vét c6 giéng phan loai khac nhau. “Thé d6t bién lién gibng” c6 thé dugc st dung
thay thé 1dn nhau vé6i “vi sinh vat lién gidng”. “Vi sinh vat lién gidng” 14y lam vi du
bao gém vi sinh vt chtra phén tor di truyén luvu dong ma dAu tién duoc xac dinh & vi
sinh vat thudc gidng khéc véi vi sinh vat tiép nh@n. C6 thé ﬁm théy phan giai thich rd

hon, trong sb nhiéu tai liéu khéc, trong 40 C.F.R. § 725.3.

Nhu dugc str dung trong ban mo ta nay, “vi sinh vat cing gidng” 14 vi sinh vat
dugc tao thanh bing cach ¢d tinh két hop vat lidu di truyén c6 ngudn gbc phan 1ap tir
c4c sinh vat cing gidng phan loai. “Thé dot bién cing giéng” c6 thé dugc st dung

thay thé 1an nhau v6i “vi sinh vat cung gidng”.

Nhu duge st dung trong ban md ta nay, “vat liéu di truyén duoc dua vao” chi
vat liéu di truyén duoc thém vao, va luu lai nhu mot thanh phén trong hé gen cta sinh

vat tiép nhan.

Theo mot vai phuong an, mang ludi didu hoa di truyén dong héa va c¢b dinh
nito bao gdm cac polynucleotit mad hoa gen va cac trinh ty khong ma hoa ma diéu
khién, diéu bién va/hodc diéu hoa qua trinh ¢b dinh va/hoic déng-héa nito cda vi
khudn va c6 thé bao gdm céc trinh ty polynucleotit ciia cum nif (vi du, nifA, nifB,
nifC,....... nifZ), cac polynucleotit ma héa protein diéu hoa nito C, cac polynucleotit
mai hoa protein didu hoa nito B, céc trinh tu polynucleotit cia cum g/n (vi du ginA va

ginD), draT, va enzym van chuyén/thdm thiu amoniac.
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Theo mot vai phuong &n, phén bon theo sang ché chira nito v6i lwong it nhat
12 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%,
20%, 21%, 22%, 23%, 24%, 25%, 26%, 27%, 28%, 29%, 30%, 31%, 32%, 33%,
34%, 35%, 36%, 37%, 38%, 39%, 40%, 41%, 42%, 43%, 44%, 45%, 46%, 47%,
48%, 49%, 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%,
62%, 63%, 64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 15%,
76%, 77%, 18%, 79%., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% trong lugng.

Theo mdt vai phuong an, phan boén theo sang ché chira nito voi luong it nhat
khoang 5%, khoang 6%, khoang 7%, khoang 8%, khoang 9%, khoang 10%, khoang
11%, khoang 12%, khoang 13%, khoang 14%, khoang 15%, khoang 16%, khoang
17%, khoang 18%, khoang 19%, khoang 20%, khoang 21%, khoang 22%, khoang
23%, khoang 24%, khoang 25%, khoang 26%, khoang 27%, khoang 28%, khoéng
29%, khoang 30%, khoang 31%, khoang 32%, khoang 33%, khoang 34%, khoang
35%, khoang 36%, khoang 37%, khoang 38%, khoang 39%, khoang 40%, khoang
41%, khoang 42%, khoang 43%, khoang 44%, khodng 45%, khoang 46%, khoang
47%, khoang 48%, khoang 49%, khoang 50%, khoang 51%, khoang 52%, khoang
53%, khoang 54%, khoang 55%, khoang 56%, khoang 57%, khoang 58%, khoang
59%, khoang 60%, khoang 61%, khoang 62%, khoang 63%, khoang 64%, khoang
65%, khoang 66%, khoang 67%, khoang 68%, khoéng 69%, khoang 70%, khoang
71%, khoang 72%, khoang 73%, khoang 74%, khoang 75%, khoang 76%, khoang
77%, khoang 78%, khoéng 79%, khoang 80%, khoang 81%, khoang 82%, khoang
83%, khoang 84%, khoang 85%, khoang 86%, khoang 87%, khoang 88%, khoang
89%, khoang 90%, khoang 91%, khoang 92%, khodng 93%, khoang 94%, khoang
95%, khoang 96%, khoang 97%, khoang 98%, hodc khoang 99% trong lugng.

Theo mdt vai phuong an, phan bon theo sang ché chtra nito v6i luong nim
trong khoang tir 5% dén 50%, khoang tir 5% dén 75%, khoang tlr 10% dén 50%,
khoang tir 10% dén 75%, khoang tir 15% dén 50%, khoang tir 15% dén 75%, khoang
tir 20% dén 50%, khoang tir 20% dén 75%, khoang tir 25% dén 50%, khoang tir 25%
dén 75%, khoang tir 30% dén 50%, khoang tir 30% dén 75%, khoang tir 35% dén
50%, khoang tir 35% dén 75%, khoang tir 40% dén 50%, khoang tlr 40% dén 75%,
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khoang tir 45% dén 50%, khoang tir 45% dén 75%, hodc khoang tir 50% dén 75%

trong luong.

Theo mot vai phuong an, sy gia tdng ¢b dinh nito va/hodc san sinh nito & muc
1% hoic cao hon ¢ cdy dugc xac dinh so véi cic cay dbi ching khong dugc phoi
nhidm véi vi khudn theo sang ché. T4t ca cdc muc ting hodc gidm vi khuin duogc xé4c
dinh so v6i cac vi khudn d6i ching. Tt ca cac mirc ting hodc giam ¢ cdy dugc xac

dinh so véi cac cay doi chung.

Nhu duoc st dung trong ban md ta nay, “trinh tu khéi dau co dinh” 14 trinh tu
khoi dAu hoat dong trong hau hét cdc diéu kién va/hodc trong hau hét cc giai doan
phat trién. C6 mdt vai loi ich dbi vai viee st dung céc trinh ty khoi dau co dinh trong
cac vecto biéu hién dugc st dung trong cong nghé sinh hoc, nhu: san sinh & mirc cao
cac protein dugc st dung dé chon loc céc té bao hodc sinh vat chuyén gen; biéu hién
& muc cao cac protein bao céo hodc céac chi thi dé cho diém, cho phép phat hién va
dinh luvgng dé dang; sén sinh & muc cao yéu t6 phién ma ma la mot phén ciia hé didu
hoa phién ma; san sinh cdc hop chit ciAn hoat tinh phd bién & sinh vat nay; va san sinh
céc hop chét can thiét cho tit ca cac giai doan phat trién. Céc trinh ty khoi dau co
dinh 14y 1am vi du khong mang tinh gi6i han bao gbm, trinh tu khéi dau CaMV 358,
trinh tu khi ddu opin, trinh ty khoi dAu ubiquitin, trinh tu khoi ddu alcohol

dehydrogenaza, v.v..

Nhu duge st dung trong ban md ta nay, “trinh tu khoi dau khong co dinh” 1a
trinh ty khoi ddu hoat dong trong mot s6 didu kién nhit dinh, & mot s6 loai té bao
nhét dinh, va/hodc trong mot ) giai doan phat trién nhét dinh. Vi du, trinh tu khoi
dau dic hiéu mo, trinh tuw khéi dau duoc wu tién trong mo, trinh tw khoi dau dac hiéu
loai t& bao, trinh tw khoi dau duge wu tién trong loai té bao, trinh ty khoi dau dé cam
g, va trinh tu khéi dau chiu su kiém soat phét trién 12 cac trinh tu khoi dau khong
co dinh. Cac vi du vé trinh tu khéi déu chiu su kiém soat phét trién bao gém cac trinh
tur khoi dAu wu tién khéi du qua trinh phién ma & cdc md nhét dinh.

Nhu duge st dung trong ban mé ta nay, trinh tu khoi dau “dé cam tmg” hodc
“d& trc ché” 1a trinh tu khoi dau chiu sy kiém soét cua hoa chit hodc cac yéu t6 moi

truong. Vi du vé cac diéu kién moi truong ma cé thé dnh hudng dén qua trinh phién
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ma bing céc trinh ty khéi dau d€ cadm tGng bao gom céc diéu ki¢n ky khi, mdt s6 hoa

chat, 4anh sang, di€u kién axit hodc bazo, v.v..

Nhu dugce sit dung trong ban md ta nay, trinh tu khoi dau “dac hiéu mo” 1a
trinh tu khoi dAu khéi dAu qué trinh phién ma chi & mot s6 mo nhét dinh. Khéc voi
su biéu hién co dinh cua gen, biéu hién dic hiéu mo la két qua cia mot vai murc twong
tac clia qua trinh diéu hoa gen. Do do, trong linh vuc nay, doi khi vu tién sir dung céc
trinh tu khéi dau tir céc lodi twong dong hoic co mdi quan hé gan d8 dat dugc su biéu
hién hiéu qua va tin cdy cia cac gen chuyén & cdc md cu thé. Pay 1a mot trong s6 cac
ly do chinh vi sao mét lugng 16n trinh tu Khoi dau dic hiéu md phan 1ap tir cdc md cu

thé dugc tim thiy trong tai liéu khoa hoc va sang ché.

Nhu duge str dung trong ban mo ta nay, thudt ngit “dugc li€n két c6 didu khién
v6i” chi su két hop cua céc trinh tu axit nucleic trén mot doan axit nucleic don nhat
sao cho chirc ndng cua mat trinh ty dugc diéu hoa béi trinh tu kia. Vi du, trinh tu khoi
diu duoc lién két co didu khidn véi trinh tw ma hoa khi n6 c6 kha nang diéu hoa qua
trinh bidu hién cta trinh tw ma héa d6 (nghia 13, trinh ty ma héa chiu sy kiém soat
phién ma cua trinh tu khoi dﬁu). Céc trinh tyr ma hoa cd thé duoge lién két co diu
khién v6i cac trinh tu diéu hoa theo huéng c6 nghia hodc d6i nghia. Theo mdt vi du
khac, cac ving ARN b tro theo sang ché c6 thé duoc lién két c6 didu khién véi, truc
tiép hoac gian tiép, ddu 5' ciia mARN dich, hodc dau 3’ cia mARN dich, hodc trong
pham vi mARN dich, hodc ving bb tro thir nhat 1a diu 5’ va bo thé ciia n6 la dau 3’

cua mARN dich.

Mot tinh trang c6 thé nhim t6i dé diéu hoa bing cac phuong phap duge mo ta
trong ban md ta nay la tinh trang ¢d dinh nito. Nito phan bén 1a chi phi van hanh I6n
nhét cho mot trang trai va yéu tb didu khién 16n nhat dé c6 ning suit cao hon & cac
cy trong theo lubng nhu cdy ngd va cdy lia my. Puoc mo ta trong ban mo ta nay 1a
cac sé’m pham vi khuin ma c6 thé phan phdi cac dang c6 thé tai sinh cla nito & cay
trong khong phai ho dau. Mac du mot sb loai ndi sinh c6 tinh trang di truyén can cho
viéc ¢b dinh nito trong mdi truong nudi céy tinh khiét, nhung thach thitc co ban vé
mit k§ thuét 1a cac loai ndi sinh kiéu hoang clia ciy ngil cbe va cdy co nging c¢b dinh

nito trén thue dia c6 bon phan. Viée sit dung cac phan bon hoa hoc va nong do nito
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du trong dét trén thuc dia béo hiéu cho vi khuén déng con duong sinh hoa dé c¢b dinh

nito.

Céc thay dbi & mtrc dd phién ma va sau dich ma clia mang luéi diéu hoa cb
dinh nito 13 cAn thiét dé phét trién vi khudn ¢6 kha ning c6 dinh va chuyén nito sang
cdy ngd khi c6 médt phan bon. Nhim muc dich ndy, duoc md ta trong ban mo ta nay
1a cong nghé Tién hoa Vi khudn-Vat chu (HoME) dé gitp tién hoa mot cach chinh
x4c mang ludi didu hoa va tao ra céc kiéu hinh méi. Cling dugc mo ta trong ban md
ta nay la thu vién doc nhét, doc quyén gém cac loai ndi sinh ¢ dinh nito tir cAy ngo,
két hop vé6i dit liéu omics chuyén sdu xung quanh tuong tic cua cac vi khuén va thuc
vét chu trong cc didu kién moi truong khac nhau nhu thiéu va du nito. K§ thuat nay
cho phép tién hoa chinh x4c mang ludi didu hoa di truyén cia cic loai ndi sinh dé tao
ra cac vi khudn chu dong ¢b dinh nito ngay ca khi ¢c6 mat phan bon ¢ thuc dia. Cling
dugc md ta trong ban mo ta nay 1a cac danh gia vé tiém nang k¥ thuat cua viée tién
hoa cac vi khuin ma xam chiém mo ré cdy ngd va san sinh nito cho céc cdy da dugc
bon phén va danh gia tinh twong thich ctia cac loai ndi sinh véi thuc tién phdi tron
chudn va phan loai dat d& x4c dinh tinh kha thi cta viéc tich hop cc vi khuén nay

vao cac chién lugc quan 1y nito hién dai.

Dé str dung nito nguyén t (N) dé tdng hop hoa hoc, thi cac dang sinh séng két
hop khi nito (N2) ¢6 s&n trong khi quyén v6i hydro trong quy trinh da biét 1a quy trinh
¢d dinh nito. Do ban chét tiéu tén niang lwgng cua qua trinh ¢ dinh nito sinh hoc, nén
cac sinh vat ¢b dinh nito (cac vi khuédn va cac cd khudn cb dinh khi nito trong khi
quyén) da tién hoa phirc tap va didu hoa chit ché& cum gen nif dé dép tmg v6i oxy moi
trudng va nito c6 sin. Céc gen Nif ma hoa cac enzym tham gia vao qua trinh ¢6 dinh
nito (nhu phtc hgp nitrogenaza) va céc protein diéu hoa qua trinh ¢d dinh nito.
Shamseldin (2013. Global J. Biotechnol. Biochem. 8(4):84-94) m0 ta chi tiét cac gen
nif va cac san phim ctia chiing, va tai liéu nay dugc vign din vao day dé tham khao.
DPugc md ta trong ban mo ta nay 1a cac phuwong phap tao ra cdy cd tinh trang duogc cai
thién bao gdbm cac budc: phan 1ap vi khuén tir cdy thir nhat, dua bién di di truyén vao
gen nif ciia vi khuén da phan 1ap, phoi nhiém cay tht hai véi vi khuén bién thé nay,
phan lap vi khuén tir cdy th hai c6 tinh trang dugc cai thién so vdi cdy thir nhét, va

ldp lai cac budce nay véi cac vi khuédn duoc phan I4p tr cdy thi hai.
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O Proteobacteria, sy diéu hoa qué trinh ¢d dinh nito tép trung xung quanh
protein NifA lién két véi gen tdng cuong phu thude os4, chét diéu hoa phién ma duong
cua cum nif. Cac néng do ndi bao cua NifA hoat tinh duoc kiém soat boi hai yéu t
chinh: sy phién mi cta operon nifLA4, va su ic ché hoat tinh NifA bing tuong tic
protein-protein v&i NifL. Ca hai quy trinh nay du dap tmg vdi cac ndng do glutamin
ndi bao thong qua dong thac truyén tin hidu protein PIL. Dong thac nay dugc didu tiét
bdi GInD, ma truc tiép cam nhén ndng d6 glutamin va xdc tac qua trinh uridyl hoa
ho#c khir uridyl hoa cia hai protein diéu hoa PII- GInB va GInK — lan luot dép lai
viéc khong cé hodc c6 glutamin li€n két. Trong cac diéu kién du nito, cac GInB chua
cai bién bao hiéu sy giai hoat trinh tu khai d4u nifLA. Tuy nhién, trong diéu kién han
ché nito, GInB dugc cai bién sau dich ma ma trc ché hoat tinh ctia né va dan dén phién
ma operon nifL.A. Theo cach nay, qud trinh phién ma nif LA dugc kiém soat chit ché
dap g véi nito trong mdi truong thong qua dong thac truyén tin hiéu protein PIL. 0
mire didu hoa NifA sau dich mé, GInK trc ché twong tac NifL/NifA v& ban chét tuy

thudc vao ndng do toan phan ctia GInK tu do ¢ trong té bao.

NifA duoc phién ma tir operon nifLA, ma trinh tu khai dau cua no6 duge hoat
hda bdi NtrC da phosphoryl héa, mot chét diéu hoa phu thudc oss khac. Trang thai
phosphoryl héa ctia NtrC dugc diéu tiét béi histidin kinaza NtrB, enzym nay twong
tac véi GInB da khir uridyl hoa, ma khdng tuong tac vi GInB dugc uridyl hoa. Trong
didu kién du nito, ndng dd nodi bao cao cia glutamin din dén viéc khir uridyl hoa
GInB ma sau do6 tuong tac véi NtrB dé giai hoat hoat tinh phosphoryl hoa ctia né va
kich hoat hoat tinh phosphataza cta né, dan dén khtr phosphoryl hoa NtrC va khit
hoat trinh tu khoi diu nifLA. Tuy nhién, trong didu kién han ché nito, nong dd
glutamin noi bao thip din dén viéc uridyl hoa GInB ma s€ trc ché tuong tac ctia nd
v6i NtrB va cho phép phosphoryl héa NtrC va phién ma operon nifLA. Theo cach
nay, mirc biéu hién nifL4 dugc kiém soat chit ché dap ing véi nito moi truong thong
qua dong thac truyén tin hiéu protein PIL nifd, ntrB, ntrC, va glnB déu 1a cac gen ¢

thé duoc dot bién theo cac phuong phap duge mo ta trong ban mo ta nay.

Hoat tinh cta NifA cling dugc diéu hoa sau dich mi dap Gng véi nito mdi
truong, dién hinh nhét 13 thdng qua su tc ché hoat tinh NifA qua trung gian NifL.
Noi chung, tuong tac ctia NifL va NifA bi d4nh huong bdi dong thac truyén tin hiéu
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protein PII thong qua GInK, mdc du ban chit ctia cac tuong tic gitta GInK va
NifL/NifA khdc nhau dang k& giita cac sinh vat ¢b dinh nito. O Klebsiella
pneumoniae, ca hai dang GInK déu wc ché twong tac NifL/NifA, va tuong tac giita
GInK va NifL/NifA duoc xac dinh theo néng do toan phﬁn cﬁa GInK tu do co trong
té bao. Trong diéu kién du nito, GInK da khtr uridyl héa trong tac voi chét van chuyén
amoni AmtB ma cé vai tro ngdn chan su hép thy amoni cia AmtB va ¢ ldp GInK
vO1 mang té bao, cho phép NifL tic ché NifA. Mit khac, & Azotobacter vinelandii,
tuong téc véi GInK da khir uridyl hoa 1a cAn thiét cho twong téc NifL/NifA va {rc ché
NifA, trong khi viéc uridyl héa GInK wc ché twong tac ctia n6 v6i NifL. O céc sinh
vat ¢b dinh nito thiéu gen nifL, c6 bang ching cho thiy 13 hoat tinh NifA bi tc ché
truc tiép boi twong tac v6i cac dang da khir uridyl héa cla cd GInK va GInB trong
diéu kién du nito. B4t ké theo co ché nao, thi viéc trc ché NifA sau dich mi cling 1a
yéu tb diéu hoa quan trong cta cum nif & phan 16n cac sinh vt ¢b dinh nito da biét.
Ngoai ra, nifL, amtB, va glnK 1a cac gen ¢ thé dugc dot bién theo cac phuong phap

duoc mo ta trong ban mo ta nay.

Ngoai viéc didu hoa sy phién ma cua cum gen nif, nhiéu sinh vat ¢ dinh nito
da tién hoa mot co ché dé cai bién sau dich ma truc tiép va tu uc ché enzym
nitrogenaza, con goi la tat nitrogenaza. Qua trinh nay duoc diéu tiét boi sy ADP-
ribosyl hoa cta protein Fe (NifH) trong diéu kién du nito, gy pha v& tuong tac cla
né voi phire hop protein MoFe (NifDK) va loai bo hoat tinh nitrogenaza. DraT xuc
tac suw ADP-ribosyl héa ctia protein Fe va chan nitrogenaza, trong khi DraG xtc tac
su loai bd ADP-riboza va tai hoat hoa nitrogenaza. Nhu cung véi viée phién ma nifLA
va trc ché NifA, viée chin nitrogenaza cling duoc didu hoa théng qua dong théc truyén
tin hi€u protein PII. Trong diéu kién du nito, GInB da khur uridyl héa twong tac véi
va hoat hoa DraT, trong khi GInK da khir uridyl hoa tuong tac v6i ca DraG va AmtB
dé tao ra phtrc hop, phtrc hop nay ¢ 14p DraG véi mang té bao. Trong diéu kién han
ché nito, cac dang d4 uridyl hoa cua GInB va GInK 14n luot khong twong tac véi DraT
va DraG, din dén lam bét hoat DraT va khuéch tan DraG dén protein Fe, tai day no
loai bd ADP-riboza va hoat hoa nitrogenaza. Cac phuong phép dugc mo ta trong ban
mo ta nay cling bao gdm budc dua bién di di truyén vao cac gen nifH, nifD, nifK, va

draT.
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Mic du mdt vai loai ndi sinh ¢6 kha nang c¢b dinh nito in vitro, céc dic tinh di
truyén nay thuong bi cam trén thyc dia do ndng d6 cao ctia cac phan bon héa hoc
ngoai sinh. Co thé tach roi sy cam nhén cda nito ngoai sinh khoi su biéu hién cua
enzym nitrogenaza dé tao thuan loi cho viéc ¢ dinh nito ngoai thuc dia. Viéc cai
thién su nguyén ven cua hoat tinh nitrogenaza theo thoi gian con nhim lam ting sn
sinh nito dé cho cdy trdng tidu thu. Cac dich ddc hiéu cho bién di di truyén dé tao
thuan loi cho qué trinh cb dinh nito ngoai thyc dia bing cach st dung cac phuong
phép dugc mo ta trong ban mo ta nay bao gdm mdt hoic nhiéu gen dugc chon tur
nhom gém nifA, nifL, ntrB, ntrC, glnA, ginB, ginK, draT, amtB, gInD, ginE, nifJ,
nifH, nifD, nifK, nifY, nifE, nifN, nifU, nifS, nifV, nifW, nifZ, nifM, nifF, nifB, va nifQ.

Mot dich bd sung cho bién di di truyén dé tao thuan loi cho viéc c¢d dinh nito
ngoai thuc dia bang cach str dung cac phuong phap duge md ta trong ban moé ta nay
la protein NifA. Protein NifA thuong 1a chét hoat hoa dé biéu hién cac gen c¢b dinh
nito. Viéc ting san sinh NifA (éor dinh hoac trong diéu kién amoniac cao) can thiép
vao con duong cam nhén ndng d6 amoniac nguyén thuy. Ngoai ra, viéc giam san sinh
cac protein NifL, mot cht (rc ché da biét cua NifA, cling dén dén viéc lam ting ndéng
d6 NifA hoat tinh ty do. Ngoai ra, viéc ting muc do phién ma cla operon nifAL (co
dinh hodc trong diéu kién amoniac cao) ciing dan dén néng do protein NifA toan ph?m
cao hon. Mirc biéu hién nifAL gia tdng dat dugc bang cach lam bién ddi chinh trinh
tur khoi du hoic bing cach 1am gidm su biéu hién ctia NtrB (mét phan ciia dong thac
truyén tin hiéu ntrB va ntrC ma ban dau s& din dén chin operdn nifAL trong diéu
kién nito cao). Nong dd cao cua NifA dat duoc bang cic phuong phép nay hoic
phuong phéap khac bét ky dugc md ta trong ban mo ta nay lam gia ting hoat tinh cb
dinh nito cta cac loai ndi sinh.

Mot dich khac cho bién di di truyén dé tao thuan loi cho viéc ¢b dinh nito
ngoai thuc dia bang cach sir dung cdc phuong phap duge mo ta trong ban md ta nay
la dong thac truyén tin hiéu PII GInD/GInB/GInK. Néng d¢ glutamin ndi bao duoc
cam nhén thong qua dong thac truyén tin hiéu PII GInD/GInB/GInK PII. Céc dot bién
vi trf hoat dong & GlnD ma loai bo hoat tinh loai bo uridylyl cia GInD phé v& dong

thac cam nhan nito. Ngoai ra, sy giam ndéng do GInB lam doan mach dong thac cam
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nhan glutamin. Cac dot bién nay “lira” cc t&€ bao cam nhén tinh trang han ché nito,

nho do 1a tang hoat tinh ¢6 dinh nito.

Protein amtB ciing 1a dich cho bién di di truyén dé tao thuén loi cho viéc cd
dinh nito ngoai thyc dia bang cach st dung céc phuong phap duge mo ta trong ban
md t& nay. Su hip thu amoniac tr mdi trudng co thé giam di bang cach 1am gidm mirc
biéu hién cua protein amtB. Khi khong c¢6 amoniac ndi bao thi loai ndi sinh khong
thé cam nhén dugc ndng do amoniac cao, didu nay ngan viéc diéu hoa giam cac gen
¢b dinh nito. Amoniac bit ky kiém soat dé vao duoc dén khoang ndi bao duge chuyén
héa thanh glutamin. Nong d6 glutamin ndi bao 1a dong cam nhén ndng do nito chinh.
Viéc giam nong do glutamin ndi bao ngin khong cho céac té béo‘ nay cam nhﬁn ndng
dd amoni cao trong mai truong. Co thé dat dugc viéc giam nay bang cach lam gia
ting mic biéu hién cua glutaminaza, mot enzyme chuyén hoa glutamin thanh
glutamat. Ngoai ra, glutamin ndi bao ciing co6 thé giam di bang cach giam thiéu
glutamin synthetaza (enzym chuyén héa amoniac thanh glutamin). § céc sinh vat ¢b
dinh nito, amoniac da ¢b dinh duoc déng hoa nhanh chong thanh glutamin va
glutamat dé sir dung cho cac qua trinh clia té bao. Viéc phd vo sy ddng héa amoniac
c¢6 thé thuc day viec chuyén nito da ¢ dinh ra khoi té bao dudi dang amoniac.
Amoniac d4 c6 dinh cha yéu duoc ddng hoa thanh glutamin bang glutamin synthetaza
(GS), duoc ma héa béi glnA, va sau d6 thanh glutamin bang glutamin oxoglutarat
aminotransferaza (GOGAT). Trong mdt vai vi du, g/nS ma hoa glutamin synthetaza.
GS duge diéu hoa sau dich ma bdi GS adenylyl transferaza (GInE), mot enzym hai
chtre nang duoc ma hoa boi glnE xtc tic ca qua trinh adenyl hoa va khir adenyl hoa
cua GS thong qua hoat tinh twong ing cua mién adenylyl-transferaza (AT) va mién
loai bod adenyl (AR) cta no. Trong didu kién han ché nito, glnA dugc biéu hién, va
mién AR ctia GInE khir adenyl héa GS, cho phép enzym nay hoat dong. Trong diéu
kién du nito, sy biéu hién glnA bi ngét, va mién AT cta GInE duogc hoat hoa theo
cach di 1ap thé boi glutamin, gy su adenyl hoa va giai hoat GS.

Hon nita, gen draT cling c6 thé 1a dich cho bién di di truyén dé tao thuén loi
cho viéc ¢b dinh nito ngoai thuc dia bang cach st dung cac phuong phéap duge mo ta
trong ban mo ta nay. Khi t& bao san sinh cic enzym c¢d dinh nito, thi viéc chdn

nitrogenaza thé hién mot mic do khac, trong do6 té bao diéu hoa giam hoat tinh cd
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dinh trong didu kién nito cao. Tinh trang chin ny c6 thé duoc loai bo bing cach 1am

giam muec biéu hién cua DraT.

Co6 thé tién hanh cac phuong phap truyén kiéu hinh vi khudn méi & cac muc
phién ma, dich ma va sau dich ma. Muc phi€n mé bao gbm cac thay d6i ¢ trinh tu
khéi dau (nhu thay dbi 4i lue yéu t6 sigma hodc céc vi tri ghn két cia cac yéu td phién
ma, bao gém lam khuyét toan bo hodc mdt doan trinh tu khéi dau) hodc thay dbi gen
két thic va gen suy giam sy phién md. Mic dich ma bao gbm céc thay d6i & cac vi
tri gén két ribosom va thay ddi cac tin hiéu thoai bién mARN. Mtrc sau dich mi bao
gbm dot bién vi tri hoat tinh cia enzym va thay dbi twong tac protein-protein. Co thé
dat duoc cac thay ddi nay theo nhidu cach. C6 thé dat duoc sy gidm muc biéu hién
(hodc loai bé hoan toan) bang cach hodn dbi vi tri gén két ribosom (RBS) nguyén
thuy hoac trinh tu khai dau véi vi tri/gen khac c6 cuong do/hiéu suét thdp hon. C6
thé hoan d&i cac vi tri bat du ATG thanh codon bit ddu GTG, TTG, hoac CTG, ma
dAn dén viéc gizm hoat tinh dich ma ctia vung ma héa. C6 thé tién hanh loai bo hoan
toan sy biéu hién bing cach lam bét hoat (1am khuyét) viing mé hoa cia gen. Viéc
chuyén khung khung doc mé (ORF) ¢ thé tao ra codon ding sém trong ORF, nho
d6 tao ra san phdm bj cat ngén khong chire ning. Viée cai xen céc codon dung trong
khung tuong tu cling s€ tao ra san pham bi c4t ngdn khong chirc nang. Viéc thém dudi
thodi bién vao & diu tan N hodc dau tan C ciing ¢6 thé duge thyc hién dé lam giam

nong do hiru hiéu ctia mot gen cu the.

Nguoc lai, mirc biéu hién cua cac gen dugc md ta trong ban md ta nay co thé
dat duoc bﬁng cach st dung mét trinh tu khoi dau manh hon. Dé dam bao hoat tinh
trinh tu khéi ddu cao trong didu kién ndng d nito cao (hodc didu kién khéc bat ky),
c6 thé 14y duoc profin phién ma clia toan by hé gen trong didu kién ndng do nito cao,
va chon duoc cac trinh ty khéi dau hoat ddng véi mic phién mi mong mubn tir bo
dit lidu d6 d8 thay thé trinh ty khéi diu yéu. Cac codon bét ddu yéu c6 thé duge hoan
di bing codon bt dAu ATG dé c6 hiéu sudt khoi ddu dich ma 6t hon. Cae vi tri gén
két ribosom (RBS) yéu cling c6 thé duogc hoan dbi bang RBS khac ¢6 hiéu suét khoi
dau dich ma tdt hon. Ngoai ra, cling ¢ thé tién hanh giy dot bién dic hiéu vi tri dé

bién d6i hoat tinh ciia enzym.
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Viéc ting muc ¢d dinh nito dién ra trong cdy co thé dan dén viéc lam gidm
lwong phan bon hoa hoc can thiét cho san xudt trdng trot va giam lugng phat thai khi

nha kinh (vi duy, oxit nito).
Céy chuyén theo day

C6 thé san xuét dugc cac vi khudn dé cai thién tinh trang cay trdng (vi du, c0
dinh nito) thong qua cdy chuyén theo day. C6 thé tién hanh quy trinh chy chuyén nay
bang cach chon loc céc cay co tinh trang duoc cai thién cu thé ma bi anh hudéng boi
hé vi khuén, ngoai viéc nhan biét cac vi khuén va/hodc ché pham co6 kha ning truyén
mot hodc nhiéu tinh trang dugc cai thién cho mot hodc nhiéu cay tréng. Mot phuong
phap san xudt vi khuén dé ci thién tinh trang cua cdy trong bao gdm céc budc: (a)
phén Iép vi khuén tir md hodc dit cta cay tha nhéit; (b) dua mot bién di di truyén vao
mét hodc nhidu vi khudn nay dé tao ra mot hodc nhidu vi khuan bién thé; (c) phoi
nhiém cac cdy v6i vi khudn bién thé nay; (d) phan lap vi khudn tir mé hodc dt cua
mot trong cac cay nz‘ly, trong d6 cdy ma vi khudn nay duoc phéan 1ap tir d6 c6 tinh
trang duoc cai thién so véi cdc cdy con lai trong sb cac cdy nay; va (e) ldp lai cac
buée tr (b) dén (d) véi cac vi khuan duge phan 1ap tir cdy c6 tinh trang duge cdi thién
(budc (d)). Céc bude tir (b) dén (d) c6 thé duoc 13p lai nhiéu 1an (vi dy, mot 1an, hai
1an, ba 14n, bén 1in, nam 1dn, mudi 1An, hodc nhidu hon mudi 1an) cho dén khi tinh
trang dugc cai thién & cdy dat dén mirc mong mudn. Hon nita, nhidu cdy c6 thé 1a
nhidu hon hai cdy, nhu tir 10 dén 20 cdy, hodc 20 hogc nhiéu hon 20, 50 hogc nhiéu
hon 50, 100 hogc nhidu hon 100, 300 hodc nhidu hon 300, 500 hodc nhiéu hon 500,
hogc 1000 hodc nhiéu hon 1000.

Ngoai viéc thu dugc cdy c6 tinh trang dugc cai thién, con thu duoc quﬁn thé
vi khudn bao gdm céc vi khudn chira mot hodc nhiu bién di di truyén da dugc dua
vao mot hodc nhiéu gen (vi du, gen didu hoa sy ¢d dinh nito). Bing céch l3p lai cac
budc dugc mo ta & trén, co thé thu duoc quén thé vi khudn g?)m cac thanh vién thich
hop nhét trong quin thé c6 twong quan véi tinh trang cia cdy dang quan tAm. Cac vi
khuén trong qu?m thé nay co thé dugc nhan biét va céc tinh chit c6 loi ctia chiing
dwoc xéc dinh, nhu bing cach phan tich di truyén va/hodic phan tich kiéu hinh. C6 the
phan tich di truyén d6i v6i vi khudn da phén lap & budc (a). C6 thé thu duoc thong

tin kiéu hinh va/hodc kiéu gen bing cach st dung cac k¥ thudt bao gb6m: sang loc
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nang suét cao cac thanh phén héa hoc ¢o ngudn gbe thue vat, cac k§ thuat giai trinh
tu bao gém giai trinh ty nang suét cao cta vat lidu di truyén, cac k¥ thuat biéu hién
vi sai (bao gdm DDRT-PCR, va DD-PCR), k¥ thuat vi ddy axit nucleic, ARN-seq
(Whole Transcriptome Shotgun Sequencing), va qRT-PCR (PCR dinh luong thoi
gian thuc). Thong tin thu dugc ¢o6 thé dugc st dung dé c6 duge thong tin profin quan
x4 v& dic diém nhan dang va hoat tinh cua céc vi khuén c¢6 mit, nhu phan tich phét
sinh loai hodc sang loc dua trén vi ddy céc axit nucleic ma hoa cac thanh phén operon
ARN ribosom hodc cac locus thong tin vé taxon khéc. Cac vi du vé céac locus thong
tin vé taxon bao gdbm gen 16S ARN ribosom, gen 23S ARN ribosom, gen 5S ARN
ribosom, gen 5.8S ARN ribosom gen, gen 12S ARN ribosom, gen 18S ARN ribosom,
gen 28S ARN ribosom, gen gyrB, gen rpoB, gen fusA, gen recA, gen coxl, gen nifD.
Céc quy trinh léy lam vi du dé x4c dinh profin taxon dé x4ac dinh cac taxon c6 mit
frong quin thé duge md ta trong US20140155283. Viéc nhan biét vi khuan ¢6 thé bao
gém budce x4c dinh dic tinh hoat tinh ciia mdt hodc nhiéu gen hodc mot hodc nhiéu
con duong tin hiéu, nhu cac gen li€n quan dén con duong cb dinh nito. C4c twong tac
hiép ddng (trong d6 hai thanh phan, khi két hop ching v6i nhau, 1am tang tic dung
mong mudn & mitc d§ 16n hon murc cdng hop) gitta cac loai vi khuén khé4c nhau ciing

c6 thé c6 mat trong cac quan the vi khuan nay.

Bién di di truyén c6 thé 1a gen duoc chon tir nhém odm: nifd, nifL, ntrB, ntrC,
glnA, ginB, ginK, draT, amiB, gInD, ginE, nifJ, nifH, nifD, nifK, nifY, nifE, nifN, nifU,
nifS, nifV, nifW, nifZ, nifM, nifF, nifB, va nifQ. Bién di di truyén c6 thé 1a sy bién doi
& gen ma hda protein ¢6 nhém chirc duge chon tir nhom gdm: glutamin synthetaza,
glutaminaza, glutamin synthetaza adenylyltransferaza, chét hoat héa phién ma, chét
chéng hoat hoa phién ma, pyruvat' flavodoxin oxidoreductaza, flavodoxin, hodc
NAD+-dinito-reductaza ADP-D-ribosyltransferaza. Bién di di truyén co thé 1a dot
bién din dén mot hodc nhidu dic tinh trong sb: tang biéu hién hoic hoat tinh ciua NifA
hodc glutaminaza; giam biéu hién hodc hoat tinh ctia NifL, NtrB, glutamin synthetaza,
GInB, GInK, DraT, AmtB; giam hoat tinh loai bo adenylyl giam ctia GInE; hodc giam
hoat tinh loai bo uridylyl ciia GInD. Viéc dua bién di di truyén c6 thé bao gom viée
cai xen va/hoac lam khuyét mot hodc nhiéu nucleotit & vi tri dich, nhu 1, 2, 3, 4, 5,

10, 25, 50, 100, 250, 500, hogc nhidu hon 500 nucleotit. Bién di di truyén da dugc
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dua vao mdt hodc nhidu vi khuin theo cic phwong phap dugc md ta trong ban mo ta
nay c6 thé 1a dot bién bat hoat gen (vi du lam khuyét trinh tw khoi dau, cai xen hogc
lam khuyét dé tao ra codon ding sém, lam khuyét toan bd gen), hodc co thé 12 loai
b6 hodc lam mat hoat tinh ctia mién protein (vi du thé dot bién diém tac dong dén vi
tri hoat dong, hodc lam khuyét mot doan gen ma hoa doan tuong (mg clia san pham
protein), hoac co thé bién ddi hodc lam mét trinh tu diéu hoa ctia gen dich. Cling c6
thé cai xen mot hodc nhiéu trinh ty diéu hoa, bao gém cac trinh tu diéu hoa khac loai
va trinh ty diéu hoa tim thiy trong hé gen cuia céc loai hodc gidng vi khuén tuong g
v6i vi khudn ma bién di di truyén duoc dua vao d6. Hon nita, co thé chon loc cac
trinh tu diéu hoa dwa vao mirc biéu hién ctia gen trong gidng cdy vi khuén hoic trong
mo cay. Bién di di truyén ¢6 thé 1a bién di di truyén dinh trudc duoc dua mot cach
dic hiéu vao vi tri dich. Bién dj di truyén 6 thé 1a dot bién ngﬁu nhién trong pham vi
vi tri dich. Bién di di truyén 6 thé 1a cai bién cai xen hodc lam khuyét mot hodc nhiéu
nucleotit. Trong mot vai truong hop, nhiéu bién di di truyén khéac nhau (vi du 2, 3, 4,
5, 10, hodc nhiéu hon 10) duogc dua vao mot hodc nhiéu vi khudn dugc phan lap trudce
khi phoi nhiém vi khuin nay cho cac cay dé danh gia su cai thién tinh trang. Nhiéu
bién di di truyén c6 thé thudc loai thay dbi bét ky trong s6 cac loai néu trén, cung loai
hodc cac loai khac nhau, va theo t6 hop bat ky. Trong mot vai truong hop, nhiéu bién
di di truyén khac nhau duge dua vao lan luot, dua bién di di truyén thw nhat vao sau
bude phan 1ap thir nhét, bién di di truyén thi hai sau budc phén 1ap thir hai, va v.v.
dé tich lu nhiéu bién di di truyén trong céc vi khuén truyén cac tinh trang duoc cai
thién tlr tr & céc cdy lién quan.

N6i chung, thuat ngty “bién di di truyén” chi thay d6i bat ky duge dwa vao trinh
tu polynucleotit so véi polynucleotit tham chiéu, nhu hé gen tham chiéu hoic mot
phan ctia no, hodc gen tham chiéu hodc mot phan ctia né. Bién di di truyén c6 thé
dugc goi 1a “dot bién”, va trinh ty hodic sinh vat chira bién di di truyén c6 the duge
g0i 12 “bién thé di truyén” hoic “thé dot bién”. Bién di di truyén c6 thé c6 mot s tac
dung bét ky, nhu tdng hodc giam hoat tinh sinh hoc nhét dinh, bao gé)m su biéu hién
gen, chuyén héa, va truyén tin hiéu té bao. Bién di di truyén 6 thé dugc dua mot cich
dac hiéu vao vi tri dich, hodc dugce dua vao mot cach ngau nhién. Nhiéu loai cong cu

phén tir va phuong phép 1a ¢ sin dé dua bién di di truyén vao. Vi du, bién di di truyén
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c6 thé duge dua vao bang cach gy dot bién phan tng chudi polymeraza, gay dot bién
dinh hudéng béng oligonucleotit, gdy dot bién bao hoa, gay dot bién x40 tron manh,
t4i t& hop twong ddng, céc hé CRISPR/Cas9, gdy dot bién hoa hoc, va két hop cac
cach nay. Cac phuong phép héa hoc @& dua bién di di truyén vao bao gdm phoi nhiém
ADN véi tac nhan gdy dot bién héa hoc, vi duy, etyl metansulfonat (EMS), metyl
metansulfonat (MMS), N-nitrosoure (EN U), N-metyl-N-nitro-N'-nitrosoguanidin, 4-
nitroquinolin N-oxit, dietylsulfat, benzopyren, xyclophosphamit, bleomyxin,
trietylmelamin, acrylamit monome, nito hoi cay, vincristin, diepoxyalkan (vi du,
diepoxybutan), ICR-170, formaldehyt, procarbazin hydroclorua, etylen oxit,
dimetylnitrosamin, 7,12 dimetylbenz(a)anthraxen, clorambuxil,
hexametylphosphoramit, bisulfan, va cac hoa chét twong tu. Céc tac nhin cam tng
dot bién phong xa bao gdm phéng xa tir ngoai, phong xa v, tia X, va bén phé notron
nhanh. Bién di di truyén cling c6 thé duoc dua vao axit nucleic béng cach st dung, vi
du, trimetylpsoralen kém theo anh séng tir ngoai. Ky thuét cai xen ngau nhién hodc
hmmgﬁmpanADN&d&%VNMJm%uhﬁdmﬁnﬁJém&mmmgpMp
thich hop khéc dé tao ra bién di di truyén. Bién di di truyén c6 thé dugc dua vao axit
m@dﬂm@qmummm&mdmmmy@mwmﬂmMgwébmmumbﬁgwm
stt dung k¥ thuat phan tng chudi polymeraza (PCR) nhu PCR d& sai sot. Bién di di
truyén co thé duoc dua vao axit nucleic in vitro bang céach st dung k¥ thuét xo tron
ADN (vi du, x40 tron exon, hoan dbi mién, va k§ thuat tuong tu). Bién di di truyén
cling ¢6 thé duge dwa vao axit nucleic do thiéu hut enzym stra chita ADN trong té
bao, vi du, su ¢c6 mat trong té bao cua gen dot bién ma hoa enzym stra chita ADN dot
bién dugc cho 1a tao ra tAn sudt dot bién cao (nghia 13, khoang tir 1 dot bién/100 gen
dén 1 dot bién/10.000 gen) trong hé gen ctia té bao nay. Vi du vé cac gen ma hoa céc
enzym stra chita ADN bao gdm, nhung khong bi gi¢i han ¢ Mut H, Mut S, Mut L, va
Mut U, va céc dang tuong dong ciia chiing & cac loai khac (vi du, MSH 1 6, PMS 1
Z,BIL}{1,(YFBP,EH{CC}I,Vécécdangtuongtuj.Phénrnétéviduw%rﬁﬁ&lphuong
phéap dé dua bién di di truyén vao dugc dé cap trong céc tai liéu, vi du: Nature 5:1-7,
(2004) ctia Stemple; PCR Methods Appl 2(3) (1993) ctia Chiang et al.: 210-217; Proc.
Natl. Acad. Sci. USA 91:10747-10751 cua Stemmer (1994); va céac patent My s6
6033861, va 6773900.
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Déi v6i k¥ thuat khuéeh dai theo chu ky, quy trinh gay dot bién phan tmg chudi
polymeraza (PCR) sir dung cac doan mdi gy dot bién d8 dua cac thé dot bién mong
mubn vao. Tién hanh PCR bang cdc chu ky gdy bién tinh, (i vad m& rong chudi. Sau
khi khuéch dai bing PCR, c6 thé tién hanh chon loc ADN di dot bién va loai bd ADN
plasmit gdc bang cach: 1) thay thé dCTP bang dCTP dugc hydroxymetyl hoa trong
qué trinh PCR, tiép d6 phan huy bang cac enzym gi6i han dé chi loai b6 ADN gbc
khong dugc hydroxymetyl hoa; 2) gly dot bién ddng thoi ca gen khang khang sinh
va gen da nghién ctu lam thay ddi plasmit nay thanh khéng khang sinh khéc, tinh
khang khang sinh méi tao thudn loi cho viéc chon loc thé dot bién mong mubn sau
do; 3) sau khi dua dot bién mong muén vao, phan hiy ADN khudn mau gbe dugc
metyl hoa bang enzym giéi han Dpnl, enzym nay chi phan cit ADN d3 metyl hoa,
bing cach nay thu dugc cic chudi khong duge metyl hoa da bi dot bién; hodc 4) tuan
hoan cé4c san phdm PCR da dot bién trong phan ting ndi mach bd sung dé lam gia ting
hiéu suit bién nap ciia ADN da dot bién. C6 thé tim dugc phin md ta chi tiét hon vé
cac phuong phap liy 1am vi du trong céc tai lidu, vi du: US7132265, US6713285,
US6673610, US6391548, US5789166, US5780270, US5354670, US5071743, va
US20100267147.

Gay dot bién dinh huéng bing oligonucleotit, con dugc goi 1a gy dot bién
dinh hudng vi tri, thudng st dung doan mdi ADN tdng hop. Poan mdi tong hop nay
thuong chira dot bién mong mubn va b trg v6i ADN khudén mau xung quanh vi tri
d6t bién sao cho né c6 thé lai héa véi ADN & gen quan tam. Dot bién nay c6 the l1a
su thay déi mot bazo duy nhét (dot bién diém), thay dbi nhiéu bazo, lam khuyét, hogc
cai xen, hodc tb hop cac dot bién nay. Poan moi soi don tiép d6 dugc md rong bang
cach st dung ADN polymeraza, enzym nay sao chép phan con lai ctia gen nay. Gen
dugc sao chép theo cach nay chira vi tri bi dot bién, va tiép d6 co thé dugc dua vao té
bao vat chu dudi dang vecto va duoc tach dong. Cudi ciing, cac thé dot bién 6 thé
duoc chon loc b%mg cach gidi trinh tw ADN dé kiém tra xem ching c6 chtra dot bién

mong mudn hay khong.

Bién di di truyén c6 thé duge dua vao bang cach str dung PCR dé sai sot. Trong
k¥ thudt nay, gen quan tdm dugc khuéch dai bang cach st dung ADN polymeraza

trong diéu kién thiéu do chinh xéc trong sao chép trinh tu. Két qua 1a cac san pham
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khuéch dai chura it nhit mot sai sét trong trinh ty. Khi mot gen dugc khuéch dai va
(c4c) san pham thu duge clia phan Gng ndy chira mot hodc nhiéu thay dbi trong trinh
tu so voi phan to khudn mau, thi cic san phém thu duoc 1a bi dot bién so v6i khudn
mau. Mot cach thirc khac dé dwa cic dot bién ngau nhién vao 1a phoi nhiém céc té
bao v&i tac nhan gy dot bién hoa hoc, nhu nitrosoguanidin hodc etyl metansulfonat
(Nestmann, Mutat Res 1975 June; 28(3):323-30), va vecto chl’xa;gen nay tiép dé6 dugc

phan 14p tir vat chu.

Gay dot bién bio hoa 12 mot hinh thire gay dot bién ngdu nhién khac, trohg do
thir tao ra tat ca hodc gén nhu tt ca céé dot bién ¢6 thé c6 & mot vi tri cu thé, hodc
mot ving gen hep. Néi chung, gy dot bién bao hoa bao gom giy dot bién cho tap
cat-xet gy dot bién hoan chinh (trong d6 mdi cat-xet ¢6 do dai, vi dy, tir 1 dén 500
bazo) trong trinh tu polynucleotit xdc dinh Ia can gay dot bién (trong d6 trinh tu cén
gay dot bién nay c6 do dai, vi du, tir 15 dén 100.000 bazo). Do d6, mdt nhom céac dot
bién (vi du nim trong khoang tir 1 dén 100 dot bién) duoc dua vao mdi cat-xet can
gdy dot bién. Phan nhom céc dot bién s& dua vao mot cat-xet c6 thé khac hodc gidng
v6i phan nhom céac dot bién thir hai s& dua vao cat-xet thr hai khi 4p dung mot chu
ky gay dot bién bdo hod. Cac phan nhom nhu vdy dugc 14y lam vi du bang cach lam

khuyét, thém, gdp nhém céc codon cu thé, va gép nhom céc cat-xet nucleotit cu thé.

Gay dot bién x40 tron manh, con dugc goi 1a xdo tron ADN, 1a cach dé nhanh
chong nhan 1én céac thé dot bién ¢6 loi. Trbng vi du vé quy trinh x40 tron, DNAza
duoc stt dung dé phan manh mdt tap hop céc gen gbc thanh cac manh c6 do dai tix 50
dén 100 cip bazo (bp). Sau quy trinh d6 12 phan (g chudi polymeraza (PCR) khong
¢6 cac manh ADN--doan mdi véi trinh tu tuong ddng trung lap vira di s& nbi voi
nhau va tiép d6 dugc mé rong chudi bang ADN polymeraza. Pé dién ra mot vai chu
ky m¢ rong chudi bing PCR, sau khi mot vai phan tit ADN dat dén kich c& cta cac
gen gbc. Cac gen nay tiép do6 co thé duoc khuéch dai bing mot PCR khéc, 14n nay co
bd sung thém cac doan mdi dugc thiét k& dé bd tro cho cac dau cua cac soi. Cac doan
mdi c6 thé ¢6 trinh tu bd sung duge thém vao céc dau 5' cta chuing, nhu 1a céc trinh
tu cho cac vi tri nhan dién enzym gidi han cin dé nbi vao vecto tach dong. Céc vi du

khac nita v& k¥ thut x40 tron duge dé cép trong US20050266541.
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Gay dot bién tai té hop twong ddng bao gbm su tai t6 hop gitta manh ADN
ngoai sinh va trinh tu polynucleotit dich. Sau khi dién ra qu4 trinh phé v& s¢i doi, cac
doan ADN xung quanh cc ddu 5' cia sgi pha v& bi cit di trong quy trinh goi 1a cit
doan. Trong budc xdm chiém sgi sau d6, diu nho 3' ctia phan tt ADN da pha v khi
d6 "xam chiém" phan tir ADN tuong tu hoic tuong ddng ma chwa bi pha v&. Phuong
phép nay co thé dugc sir dung dé xo4 bo gen, loai bo cac exon, thém gen, va dua cac
dot bién diém vao. Gay dot bién tai td hop twong dong co thé la vinh vién hodc c6
diéu kién. Thong thuong, khuén miu tai t6 hop ciing duge cung cép. Khuon mau tai
té hop c6 thé 1a thanh phén ctia mot vecto khéc, co trong mot vecto riéng r&, hodc
duogc cung cip dudi dang polynucleotit.riéng ré. Theo mét vai phuong an, khudn miu
tai t6 hop dugc thiét ké dé 1am khudn mau trong quy trinh téi t6 hop twong déng, nhu
trong pham vi hodc gén trinh tu dich bi cit bo hodc phan cat boi nucleaza dic hiéu vi
tri. Polynucleotit khuon mAu c6 thé c6 do dai thich hgp bt ky, nhu khoang hogc nhiéu
hon khoang 10, 15, 20, 25, 50, 75, 100, 150, 200, 500, 1000, hodc nhiéu hon 1000
nucleotit. Theo mot vai phuong 4n, polynucleotit khuon mau nay bd trg v6i phan
polynucleotit chira trinh tu dich. Khi duoc cin thang t6i wu, polynucleotit khuon mau
6 thé trung 1dp véi mot hodc nhiéu nucleotit ca trinh tu dich (vi du khoang hoac
nhiéu hon khoang 1, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, 100 hodc
nhiéu hon 100 nucleotit). Theo mot vai phuong é&n, khi trinh tyr khuon mau va
polynucleotit chtra trinh ty dich dugc can théng tdi wu, thi nucleotit gén nhét cua
polynucleotit khudn mau 1 trong khoang 1, 5, 10, 15, 20, 25, 50, 75, 100, 200, 300,
400, 500, 1000, 5000, 10000, hoac nhiéu hon 10000 nucleotit tr trinh tu dich. Cac vi
du khdong mang tinh giéi han vé céc nucleaza dinh huéng vi tri hitu ich trong céc
phuong phép tai td hop tuong ddng bao gdm nucleaza ngén tay kém, nucleaza
CRISPR, nucleaza TALE, va meganucleaza. Dé c6 thém thong tin chi tiét hon vé viéc
st dung cdc nucleaza nay, xem trong cdc tai liu, vi du, US8795965 va

US20140301990.

‘Cac hé (Cas) két hgp CRISPR/Cas9 (c4c doan 13p palindrom ngén dugc cach
quing déu din cum lai)/CRISPR cung cép cac vi khudn va céc ¢b khuan c6 tinh mién
dich thich g khang lai cc virut va plasmit bang cach str dung cac ARN CRISPR

(crARN) dé din huéng viéc lam cdm céc axit nucleic xam chiém. Protein Cas9 (hodc
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thé chtrc ning twong dwong va/hoic bién thé ctia n6, nghia 1 protein gidng Cas9) tu
nhién chira hoat tinh ADN endonucleaza ma tuy thudc vao su két hop ctia protein nay
v61 hai phén tr ARN c¢6 trong ty nhién hodc téng hop goi 1a crARN va tractARN (con
goi 1a cdc ARN dén huéng). Trong mot vai truong hop, hai phan ti nay dugce lién két
cong hoa tri dé tao thanh mot phan tir don nhét (con duoc goi la ARN dan huéng don
nhét (“sgARN™). Do d6, protein Cas9 hodc protein gibng Cas9 két hop véi ARN
huéng dich ADN (thudt ngit nay bao gdm ca céu hinh ARN dan huéng hai phéan t
va cAu hinh ARN dan huéng mot phan tr), ARN nay hoat héa protein Cas9 hodc
protein giéng Cas9 va dan huéng protein nay dén trinh tu axit nucleic dich. Néu
protein Cas9 hodc protein gidng Cas9 van gilt duge chirc nang enzym tu nhién cua
nd, thi protein nay s& phan c&t ADN dich dé tao ra sw phd v& s¢i doi ma co thé dan
dén viéc bién ddi hé gen (c6 nghia la, chinh sura: 1am khuyét, cai xen (khi c6 mat
polynucleotit cho), thay thé, v.v.), nhd d6 bién dbi su biéu hién gen. Mot vai bién thé
ctia Cas9 (cac bién thé nay dugc bao ham bdi thuat ngir gidng Cas9) da duoc bién dbi
sao cho chung cé hoat tinh phén cit ADN giam di (trong mot vai trudng hop, ching
phan cit mot s¢i thay vi ca hai sgi cia ADN dich, trong khi trong céc truong hop
khéc, chung c6 hoat tinh phin cit ADN tr giam nghiém trong dén khong con hoat
tinh). X4c md ta vi du ldy 1am vi du khéc nita vé hé CRISPR dé dua bién di di truyén
vao ¢6 thé duoc tim théy trong tai liéu, vi du US8795965.

T4c nhan gdy dot bién tao ra chu yéu 1a cac dot bién diém va cac cai bién lam
khuyét, cai xen, chuyén doan, va/hodc chuyén tiép doan ngén, bao gdm tac nhan gy
dot bién hoa hoc hodc phong xa, co thé dugc str dung dé tao ra bién di di truyén. Tac
nhan gdy dot bién bao gdm, nhung khong bi gi¢i han ¢, etyl metansulfonat,
metylmetan sulfonat, N-etyl-N-nitrosure, trietylmelamin, N-metyl-N-nitrosoure,
procarbazin, clorambuxil, xyclophosphamit, dietyl sulfat, acrylamit monome,
melphalan, nito hoi cay, vincristin, dimetylnitrosamin, N-metyl-N'-nitro-
Nitrosoguanidin, nitrosoguanidin, 2-aminopurin, 7,12 dimetyl-benz(a)antraxen,
etylen oxit, hexametylphosphoramit, bisulfan, diepoxyalkan (diepoxyoctan,
diepoxybutan, va chidt twong tu), 2-metoxy-6-clo-9[3-(etyl-2-clo-

etyl)aminopropylamino]acridin dihydroclorua va formaldehyt.
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Viéc dua bién di di truyén vao c6 thé 12 qu4 trinh khong hoan chinh, sao cho
trong quin thé vi khuan da dugc xur Iy ndy c6 mot vai vi khudn mang dot bién mong
mudn trong khi cic vi khudn con lai thi khong. Trong mot vai trudng hop, ¢6 thé
mudn st dung ap luc chon loc dé 1am giau cac vi khudn mang bién di di truyén mong
mudn. Theo cach truyén théng, viéc chon loc céc bién di di truyén thanh céng bao
¢dm chon loc dbi vé6i hodic loai bod nhom chirc nhét dinh duge truyén hogc loai bo boi
bién di di truyén nay, nhu trong truong hop cai xen gen khang khang sinh hogc loai
b6 hoat tinh chuyén héa c6 kha nang chuyén hoa hop chét khong gy chét thanh chét
chuyén hoa giy chét. Ciing c6 thé sir dung 4p luc chon loc dua trén chinh trinh tu
polynucleotit, sao cho chi ¢ bién di di truyén mong mudn 13 can duoc dua vao (vi
du, khong cAn dén chi thi chon loc). Trong trudong hop nay, ap luc chon loc ¢ thé
bao gdm viéc phan cét cac hé gen thiéu bién di di truyén dua vao vi tri dich, sao cho
viéc chon loc duoc dinh huéng mot cach hiéu qua dua vao trinh ty tham chiéu ma
bién di di truyén duoc tim cach dua vao. Thong thuong, sy phén cit dién ra trong
pham vi 100 nucleotit quanh vi tr dich (vi du trong pham vi 75, 50, 25, 10, hodc it
hon 10 nucleotit tir vi tri dich, bao gdm phan cit & hodc trong pham vi vi tri dich).
Viéc phan cit ¢6 thé duge dinh hudng b?mg nucleaza dac hiéu vi tri dugc chon tu
nhém gdm nucleaza ngén tay k&m, nucleaza CRISPR, nucleaza TALE (TALEN),
hodc meganucleaza. Quy trinh nay twong tw v6i quy trinh ting cuong sy tai t6 hop
twong ddng & vi tri dich, ngoai trir viéc khong cung c4p khubén miu dé tai td hop
trong dong. Do d6, céc vi khu4n khong mang bién di di truyén mong muén c6 kha
nang bi phéan cit hon ma khong duoc sta chita, dan dén chét té bao. Cac vi khuin
sbéng sot sau chon loc nay tiép d6 co thé dugc phan 1ap dé st dung dé phoi nhiém cho

cay dé danh gid viéc truyén tinh trang dugc cai thién.

Nucleaza CRISPR ¢6 thé duge stir dung 1am nucleaza ddc hiéu vi tri dé dinh
hudng sy phan cat dén vi tri dich. Co thé thu duoc su chon loc cai thién cua céac vi
khuén da dot bién bing cach sir dung Cas9 dé tiéu diét cac té bao khong bi dot bién.
Céc cly tiép d6 duge chiing nhiém bing cac vi khuén da dot bién dé tai khang dinh
su cdng sinh va tao ra p luc tién hoa dé chon loc cac thé cong sinh hiéu qua. Sau do
céc vi khudn c6 thé duoc phén 14p lai tir cac mo cdy. Céac hé nucleaza CRISPR dung

dé chon loc loai bé cic dang khong phai bién thé c6 thé sir dung céc phan tir trong tu
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v6i cAc phan tir dd mo ta & trén doi véi viée dua bién di di truyén vao, ngoai trir viéc
khong cung cap khudon mau dé tai td hop twong dong. Theo dé viéc phan cat dugc

dinh huéng dén vi tri dich 1am ting cudng su chét cac té bao bi anh hudng.

Céc phuong 4n khac dé cam trng mot cach dédc hiéu sy phan cit & vi trf dich 1a
c6 san, nhu cic nucleaza ngén tay kém, cdc hé nucleaza TALE (TALEN), va
meganucleaza. Cc nucleaza ngén tay k&m (ZFN) 1a cac endonucleaza ADN nhén tao
dugc tao ra bang cach dung hop mién gin két ADN ngén tay kém v6i mién phan cit
ADN. Cac ZFN ¢6 thé duoc xtt Iy k§ thuat & huéng dich céc trinh tw ADN mong
mudn va viéc xi Iy nay khién cho cac nucleaza ngén tay k&m phén cit dugc céc trinh
tu dich doc nhit. Khi duge dua vao té bao, cac ZFN ¢o thé dugc st dung dé chinh
stra ADN dich trong té bao (vi du, hé gen cua té bao nay) bang cach cam Gng lam pha
v& soi d6i. Céc nucleaza hiéu ung tuong tu chit hoat héa phién ma (TALEN) la cac
endonucleaza ADN nhéan tao dugc tao ra béng cach dung hop mién gén két ADN hiéu
ting TAL (tuwong tu chét hoat hoa phién ma) v6i mién phan cit ADN. Céc TALEN c6
thé duge xir Iy k§ thuat mot cdch nhanh chong dé gén két trén thuc té trinh ty ADN
mong mudn bét ky va khi dugc dua vao té bao, cac TALEN c6 thé dugc st dung dé
chinh stra ADN dich trong té bao nay (vi du, hé gen cta té bao nay) bang cich cam
tmg la pha v& soi dbi. Cac meganucleaza (endonucleaza homing) la cac
endodeoxyribonucleaza dic trung boi vi tri nhan dién 16n (trinh tw ADN so1 ddi co
tir 12 dén 40 cdp bazo). Cac meganucleaza cé thé duoc sir dung dé thay thé, loai bd
hodic cai bién céc trinh tu theo cdch huéng dich muc do cao. Bing cach cai bién trinh
tu nhan dién cta ching thong qua x ly k¥ thuat protein, trinh tu dich c6 thé bi thay
dbi. Cac meganucleaza c6 thé dugc stir dung dé cai bién tit ca céac loai hé gen, cho du
1a cua vi khuén, thuc vat hay dong vat va thuong dugc phan thanh bdn ho: ho
LAGLIDADG, ho GIY-YIG, ho hdp His-Cyst va ho HNH. Céc endonucleaza
homing 14y lam vi du bao gdm I-Scel, I-Ceul, PI-Pspl, PI-Sce, I-ScelV, I-Csml, I-
Panl, I-Scell, I-Ppol, I-Scelll, I-Crel, I-Tevl, I-TevIl va I-TevIIl.

Céac phuong phép theo sang ché c6 thé duoc st dung dé dua vao hodc cai thién
mot hoac nhiéu loai tinh trang mong mudn. Cac vi du vé céc tinh trang ma c6 thé
duoc dua vao hoac cai thién bao gém: sinh khéi ré, do dai ré, chiéu cao, do dai chdi,

s6 luong 14, hiéu suat st dung nudc, sinh khoi tong thé, san luong, c& qua, cd hat, toc
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do quang hop, chiu han, chiu nhiét, chiu man, khang stress do giun tron, khang mam
bénh nim, khang mam bénh vi khudn, khang mam bénh virut, ndng do chit chuyén
hoa, va su biéu hién protein. Céc tinh trang mong mudn, bao gdm chiéu cao, sinh
khéi tdng thé, sinh khdi ré& va/hodc chdi, kha ning ndy mam cua hat, kha ning séng
cta cdy giéng, hidu suit quang hop, tdc do thoat hoi nude, sb lugng hodc khdi luong
hat/qua, san lugng hat hodc qua, ham luong clorophyl cua 14, técvdé quang hop, do
dai cua ré, hodc td hop bt ky cua cac tinh trang nay, c6 thé dwoc stir dung dé xac dinh
muc do sinh trudng, va so véi tée do sinh trudng cua cac cdy ndng nghiép tham chiéu
(vi du, cdy khong c6 cac tinh trang cai thién) dugc trdng trong c4c diéu kién nhu nhau.
Tinh trang dugc uu tién can dugc dua vao hodc duoc cai thién la ¢ dinh nito, nhu
dugc mo ta trong ban mod ta nay. Trong mdt vai truong hop, cdy thu dugce tir cac
phuong phap duge mo ta trong ban md ta nay bidu hién su chénh lénh vé tinh trang
ma 16n hon it nhat khoang > 5%, vi du it nhit khoang 5%, it nhat khoang 8%, it nhét
khodng 10%, it nhét khoang 15%, it nht khoang 20%, it nhit khoang 25%, it nhat
khoang 30%, it nht hon khoang 40%, it nhit hon khoang 50%, it nhét hon khoang
60%, it nhat hon khoang 75%, it nhit hon khoang 80%, it nhét hon khoang 80%, it
nhit hon khoang 90%, hoc it nhit 100%, it nhit khoang 200%, it nhat khoang 300%,
it nhét khoang 400% hodc cao hon 400%, so véi cdy nong nghi¢p tham chiéu duoc

trdng trong cling didu kién trong dit.

Tinh trang can dugc cai thién co thé dugc danh gia trong cac diéu kién bao
gém viéc sir dung mot hodc nhiéu tc nhan gAy stress sinh hoc hoéc phi sinh hoc. Cac
vi du vé& céc tac nhan giy stress bao gdm cac stress phi sinh hoc (nhu stress nhiét,
stress mudi min, stress kho han, stress lanh gi4, va stress ngheo chit dinh dudng) va
céc stress sinh hoc (nhu stress giun tron, stress con trung an thuc vét, stress mam bénh

nam, stress mam bénh vi khuén, va stress mam bénh virut).

Tinh trang duoc cai thién bang cc phuong phép va ché phém theo sang ché
¢6 thé 12 kha nang cé dinh nito, ké ca & cdy trude d6 khong ¢6 kha nang ¢6 dinh nito.
Trong mot vai truong hop, céc vi khuén duoc phan 1ap theo phuong phéap dugec md
ta trong ban mo ta nay san sinh nito trong cdy ¢ mirc 1% hodc cao hon (vi du, 2%,
3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%, hon 20%), mic nay cho thay kha

nang c¢d dinh nito tang it nhét 2 1an (vidu3 14n, 4 14n, 5 lan, 6 lan, 7 14n, 8 14n, 9 l4n,
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10 14n, 20 14n, 50 14n, 100 14n, 1000 1in, hodc hon 1000 1dn) so véi cac vi khuén dugc
phén 1ap tir cAy thi nhét trude khi dwa bién di di truyén bét ky vao. Trong mot vai
truong hop, vi khudn nay san sinh nito trong cdy & muc 5% hodc cao hon. Muc cb
dinh nito mong mubn c6 thé dat dugce sau khi lap lai ce’ic budc gém dua bién di di
truyén vao, phoi nhiém cho nhidu cdy, va phan 18p vi khuén tir cac cdy co tinh trang
dugc cai thién mot hode nhidu 1an (vi du 1, 2, 3, 4, 5, 10, 15, 25, hogc nhiu lan).
Trong mot vai truong hop, dat duge mirc ¢b dinh nito tang cuong khi ¢6 mit phan
bon ¢6 bd sung gluamin, amoniac, hodc ngudn héa chét nito khic. Cac phuwong phép
dé danh gia mtc do ¢d dinh nito 1a da biét, vi du vé cac phuong phap nay dugc mo ta
trbng ban mo ta nay.

Quy trinh ¢b dinh nito

Puogc md ta trong ban md ta nay 1a cac phuong phép gia ting do c¢b dinh nito
& cdy, bao gdm budc phoi nhiém ciy nay voi cac vi khuén chira mot hodc nhidu bién
di di truyén da duoc dua vao mdt hodc nhiéu gen diéu hoa su ¢ dinh nito, trong d6
vi khuén ndy séan sinh nito & mic 1% hodc cao hon ¢ cdy nay (vi du 2%, 5%, 10%
hodc hon 10%), mic nay cho thiy kha ning ¢b dinh nito cao hon gép it nhit 2 1an so
vGi cdy khong c6 vi khuén nay. Vi khudn nay c6 thé san sinh nito khi ¢6 mat phin
bén ¢ bd sung glutamin amoniac. Bién di di truyén c6 thé 1a bién dj di truyén bt ky
dugc mo ta trong ban mo ta nay, bao gbm céc vi du da dé cap & trén, voi sd luong bt
ky va theo t6 hop bat ky. Bién di di truyén c6 thé duoc dua vao gen duge chon tur
nhém gém nifA, nifL, ntrB, ntrC, glutamin synthetaza, glnA, gInB, glnK, draT, amtB,
glutaminaza, glnD, gInE, nif], nifH, nifD, nifK, nifY, nifE, nifN, nifU, nifS, nifV,
nifW, nifZ, nifM, nifF, nifB, va nifQ. Bién di di truyén c6 thé 1a dot bién dén dén mot
hoic nhiéu dac tinh trong sb: ting biéu hién hoic hoat tinh cua nifA hodc glutaminaza;
giam biéu hién hodc hoat tinh cta nifL, ntrB, glutamin synthetaza, glnB, ginK, draT,
amtB; giam hoat tinh loai bé adenylyl ciia GInE; hodc gidm hoat tinh loai bo uridylyl
ctia GInD. Bién di di truyén di dugc dwa vao mot hodc nhiéu vi khudn theo céc
phuong phép duge mé ta trong ban md ta nay ¢6 thé 1a dot bién bat hoat gen hodc
bidn di nay c6 thé lam mét trinh ty didu hoa cta gen dich, hodc né c6 thé bao gom cai
xen trinh ty diéu hoa khac loai, vi du, cai xen trinh tu diéu hoa tim thay trong hé gen

clia ciing mot loai hodc giong vi khuan. Trinh tu di€u hoa 6 thé duoc chon dua trén

-40-



32716

murc biéu hién clia gen trong giong cay vi khuin hodc trong md cdy. Bién di di truyén
c6 thé dugc tao ra bang cach gdy dot bién hdoa hoc. Céac cay dugce trong & bude (¢) ¢o

thé dugc phoi nhiém véi c4c tac nhan gy stress sinh hoc hodc phi sinh hoc.

Mic d6 c¢b dinh nito ¢é trong cdy duge md ta trong ban md ta nay co thé duoc
x4c dinh theo mdt vai cach, vi du, bing thir nghiém khir axetylen (AR). C6 thé tién
hanh thtr nghiém khir axetylen nay in vitro hodc in vivo. .R.() rang 1a mot vi khuén cu
thé cung cép nito da cb dinh cho ciy co thé bao gdm: 1) N toan phan trong cay ting
lén déng k& khi ching nhi®m, t&t hon 12 ciing v&i su gia ting dong thoi ndng do N ¢
cdy nay; 2) giém nhe céc tri€u chirng thiéu hut nito trong cac didu kién han ché N khi
ching nhiém (ma nén bao gbm su gia tang chat kho); 3) kha ning ¢ dinh N duoc
ghi nhéan théng qua viéc st dung phuong thirc '*N (ma c6 thé 1a thtr nghiém pha loang
ddng vi, thit nghiém khi 1Ny, hodc thir nghiém dur thira ty nhién "N); 4) N da cb
dinh dugc két hop vao protein hodc chat chuyén hoa ctia cdy; va 5) tat ca cac tac dung
nay khéng dugc thdy & cdy khong duge ching nhiém hodc & cdy duoc ching nhiém
bing thé dot bién ctia chiing ching nhiém.

Dong thac didu hoa qué trinh c¢b dinh nito kiéu hoang c6 thé dugc trinh bay
dudi dang mach logic k¥ thuat s, trong d6 cac dau vao Oz va NH4+ di qua cong NOR,
dAu ra cua céac chét nay di vao cong AND ngoai ATP. Theo mdt vai phuong an, céc
phuong phap duge mo ta trong ban md ta nay phd vo sy anh huong ctia NHs™ dbi voi
mach nay, tai nhiéu diém trong dong théc diéu hoa nay, sao cho céc vi khuén ¢6 thé
san sinh nito ngay ca trén thuc dia ¢6 bon phén. Tuy nhién, cdc phuong phap duge
mo ta trong ban mo ta nay ciing du tinh viéc lam thay ddi tac dong cia ATP hodc Oa
dén mach nay, hodc thay thé mach nay bing cac dong thac diéu hoa khac trong té
bao, hodc 1am thay ddi cac mach gen khong phai 1a mach c¢b dinh nito. C4c cum gen
c¢6 thé duogc xir ly ky thuat lai dé tao ra cac san phim chtic ning duéi sy kiém soat
ctia hé diéu hoa khac loai. Bing cach loai b cac phén tir diéu hoa nguyén thuy ngoai
pham vi, va trong pham vi céc trinh ty ma hdéa cuia cum gen, va thay thé chung bang
céc hé didu hoa thay thé, cac san pham chtrc ning clia cac operon gen phirc hop va
cac cum gen khéc ¢ thé duoc kiém soat va/hoic di chuyén dén cac té bao khac loai,
bao gdm té bao cia loai khac khong phai loai ma cac gen nguyén thuy thu duge tir

d6. Khi da duogce xur ly k§ thuét lai, cdc cum gen tdng hop c6 thé dugc kiém soét bang
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cac mach di truyén hodc cac hé diéu hoa dé cam tng khic, nho d6 kiém soat dugc su
biéu hién ctia cac san phim theo ¥ mudn. Cat-xet bidu hién c6 thé dugc thiét ké dé
hoat dong nhu céc céng logic, bd tao xung, by dao dong, bd chuyén mach hoac bd
nhé. Cat-xet kiém soat biéu hién ¢6 thé duoc ndi voi trinh tu khai dau sao cho cat-
xet biéu hién nay hoat dong nhu bo cam bién méi trudng, nhu bd cam bién oxy, bo
cam bién nhiét do, bd cam bién xtc gidc, b cam bién ang suét thAm thau, bd cam

bién rng sudt mang hodc by cam bien oxy hoa khir.

Vi du, cac gen nifL, nifA, nifT, va nifX c6 thé duoc loai bo khoi cum gen nif.
Céc gen tdng hop c6 thé dugc thiét ké bang cach chon ngiu nhién codon cia ADN
ma hoéa ting trinh ty axit amin. Tién hanh chon loc codon, cu thé 1a viéc st dung
codon khac biét nhidu nhét c6 thé so véi viée sit dung codon & gen nguyén thuy. Cac
trinh tu duoc dé xuét dugc quét tim cac dic diém khong mong mudn bét ky, nhu cac
vi trf nhéan dién enzym gi6i han, cac vi tri nhin dién transposon, cdc trinh tu 13p, cac
trinh tu khoi dau sigma 54 va sigma 70, cac vi tri gin két ribosom bi an, va cac gen
két thuc khong phu thudc rho. Céc vi tri gin két ribosom tong hop dugc chon dé tring
khép voi do bén ctia mdi vi tr gén két ribosom nguyén thuy tuong tng, nhu la bang
cach xdy dung ciu trac plasmit bao cdo huynh quang, trong d6 150 cdp bazo (bp)
xung quanh codon bét dau cta gen (tir —60 dén +90) dugc dung hop véi gen huynh
quang. Gen kham nay co thé duoc biéu hién duéi su kiém soat cua trinh tu khdi dau
Ptac, va x4c dinh tin hiéu huynh quang thong qua k¥ thuat dém té bao theo dong chay.
Dé tao ra cac vi tri gén két ribosom téng hop, thu vién plasmit bao céo st dung 150
bp (—60 dén +90) clia cat-xet biéu hién téng hop dugc tao ra. Vin tét 13, cat-xet biéu
hién téng hop c6 thé bao gdm doan dém ADN ngdu nhién, trinh tu thoai héa ma hoa
thu vién RBS (RBS- vi tri gin két ribosom), va trinh ty ma hoa cho timg gen tong
hop. Nhiéu dong vo tinh duge sang loc dé x4c dinh vi tri gén két ribosom tong hop
trung khép nhat v6i vi tri gin két ribosom nguyén thuy. Theo d6 cac operon tbng hop
ma bao gdm cing cic gen nhu operon nguyén thuy duogc xdy dung cAu tric va thir
nghiém vé kha ning bd trg chirc ning. Phin mo ta chi tiét hon vé céc operon tong

hop dugc néu trong US20140329326.

Cac loai vi khuan
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Céc vi khuén hiru ich trong cac phwong phép va ché phim dugc mo ta trong
ban md ta nay c6 thé thu duoc bing cach chiét tach cac vi khuén tir bé mat hodc md
clia céc cdy nguyén thuy; nghién hat d& phan 14p vi khuén; gieo hat trong cac mAu dat
khac nhau v thu hdi vi khuAn tr cac md; hodc ching nhidm cho cdy bang céc vi
khuin ngoai sinh va xac dinh xem vi khuén nao xuét hién trong mo cay. Cac vi du
khong mang tinh gidi han vé& mb cay bao gém hat, cay mam, 14, canh gidm, cdy, cu
hoic ré ct. Trong mdt vai truong hop, cac vi khudn duoc phan 14p tir hat. Cac thong
s6 dé xir Iy miu co thé dugc thay d6i dé phan lap céc loai khac nhau cta céc vi khudn
két hop, nhu loai séng trong bau ré, cac loai biéu sinh, hodc cac loai ndi sinh. Céc vi
khuén ciing c6 thé ngudn gbc tir mot tap hop, nhu tép hop chung méi truong, thay vi
phén 13p tir ban dAu tir cdy thir nhét. Céc vi khuén nay c6 thé dugc xé4c dinh kiéu gen
va kiéu hinh, bang cach giai trinh tw cac hé gen cua cac vi khuén d3 phan lap; xac
dinh profin hgp phan cia cac quén x4 in planta; dic trung hoa chirc ndng hé phién
ma cuia céc qu?m x4 hay céc vi khuén dugc phén 14p; hodc sang loc cic dac diém vi
khudn bing céch sir dung mdi truong chon loc hogc kiéu hinh (vi du, kiéu hinh ¢6
dinh nito hodc kiéu hinh hoa tan phosphat). Cac chung hodc quan thé ang vién duoc
chon ¢é thé thu duoc thong qua céc dit liéu trinh ty; dit liéu kiéu hinh; dit liéu cay (vi
du, dit liéu hé gen, kiéu hinh, va/hodc san lugng); dir lieu dat (vi du, o pH, ham

lwong N/P/K, va/hodc quin xa sinh hoc trong khdi dét); hogic t hop batky cua ching.

Vi khuén va céc phuong phép san sinh vi khudn dugc mo ta trong ban md ta
nay co thé ap dung cho cac vi khuén c6 kha ning ty nhan [én mdt cach hiéu qua trén
bé mit 14, bé mat ré hodc bén trong md cta cy ma khong gay ra phan Ung tu v€ gdy
hai cho cdy, hodc cac vi khuén khang cac dp g tu vé cia cdy. Vi khuén dugc mo
ta trong ban md ta nay co thé dugc phéan 1ap bang cach nudi ciy dich chiét mo cay
hodc dich rira bé mit 14 trong moi trudng khdng c6 nito bd sung. Tuy nhién, vi khuén
nay c6 thé 1a khong thé nuoi cdy, nghia 13, khong rd 1a ¢6 thé nuoi chy duoc hay kho
nudi cdy bang cach sir dung cdc phuong phap chudn da biét trong linh vuc nay. Vi
khuan duoc mé ta trong ban mo ta ndy c6 thé 12 vi khudn noi sinh hodc bicu sinh hodc
vi khudn cu tra & bau ré cua cy (vi khuin bau ré). Vi khuén thu duoc sau khi 13p lai
céc bude gdm dua bién di di truyén vao, phoi nhiém voi nhiéu cay, va phéﬁ lap vi

khudn tir cac cdy co tinh trang cai thién mot hodc nhiéu lan (vidu 1, 2, 3,4, 5, 10, 15,
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25, hodc nhiéu hon 25 lﬁn) 6 thé 1a séng ndi sinh, biéu sinh, hoic trong bau ré. Céc
loai ndi sinh 13 cdc sinh vat di vao bén trong thuc vat ma khong gy nén cac tri€u
chirng bénh hodc gy ra su hinh thanh céac ciu trac cong sinh, va dugc quan tim vé
mat noéng hoc do ching ¢6 thé ting cuong su sinh trudng ctia cdy va cai thién dinh
dudng cho cay (vi du, théng qua cb dinh nito). Vi khuin c6 thé 12 loai ndi sinh sinh
ra tir hat. C4c loai ndi sinh sinh ra tir hat bao gbm vi khuén két hop véi hoéc thu duoc
tir hat cia c6 hodc cdy, nhu vi khuén néi sinh sinh ra tir hat dugc tim théy O cac hat
gia, kho, va khong bi hu hai (vi du, khong nat, khong bi nhiém ndm nhin thay duge
hoac khong nay mam s6m). Vi khu4n ndi sinh sinh ra tir hat c6 théduqc két hop véi
hodc thu duoc tur bé mit cua hat; theo cach khac, hodc ngoai fa, 6 thé duoc két hop
véi hodce thu duoc tir khoang bén trong cta hat (vi du, hat dugc vO trung bé mit).
Trong mot vai truong hop, vi khuén ndi sinh sinh ra tlr hat c6 kha néng sao chép trong
md cdy, vi du, bén trong hat. Tuong tu, trong mot vai truong hop, vi khuén noi sinh

sinh ra tir hat ¢6 kha niang séng sot khi huat 4m.

Vi khuén dugc phén 14p theo cac phuong phép ctia sang ché c¢6 thé bao gdbm
nhidu taxon vi khuén khac nhau két hop lai. Vi du, vi khuén c6 thé bao gdm
Proteobacteria (nhu Pseudomonas, Enterobacter, Stenotrophomonas, Burkholderia,
Rhizobium,  Herbaspirillum, Pantoea, Serratia, —Rahnella, Azbspz’rillum,
Azorhizobium, Azotobacter, Duganella, Delftia, Bradyrhizobiun, Sinorhizobium va
Halomonas), Firmicutes (nhu Bacillus, Paenibacillus, Lactobacillus, Mycoplasma,
va Acetabacterium), va Actinobacteria (nhu Streptomyces, Rhodacoccus,
Microbacterium, va Curtobacterium). Céc vi khuin ma c6 thd dugc san xuét bing
cac phuong phap dugc mo ta trong ban mo td nay bao gdm Azotobacter sp.,
Bradyrhizobium sp., Klebsiella sp., va Sinorhizobium sp. Vi khudn c6 thé duoc chon
tr nhom gdm: Azotobacter vinelandii, Bradyrhizobium japonicum, Klebsiella
pneumoniae, va Sinorhizobium meliloti. Vi khun c6 thé 1a thudc gidng Enterobacter

va Rahnella.

Vi khuan c6 thé thu duoc tir moi truong dat lién phd bién bat ky, bao gdm cac
dét, cac thuc vat, nam, dong vat (bao gdm cac dong vat khong xuong sdng) va cac
khu hé sinh vat khéc, bao gom tram tich, nudce, va khu hé sinh vat ho ao va song; tu

moi truong thuy sinh, khu hé sinh vét va tram tich ctia mdi truong nay (vi du, nude
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bién, bun bién, cc thuc vat bién, dong vat khong xuong séng bién (vi du, hai mién),
dong vat c6 xuong sdng bién (vi du, cd)); dia quyén dat lién va bién (ting phong héa
va dé, vi du, d4 dam ngim, cat va dét sét); bang quyén va nudc tan chay cua no; khi
quyén (vi du, bui khong khi loc, may va giot nudc mua); moi truong d6 thi, cong
nghiép va nhan tao khac (vi du, chét hitu co va khoang chét tich tu trén bé mit bé

tong, ranh thoat nudc bén duodng, bé mat mai, va bé mat duong).

Cac cdy ma thu duoc vi khudn tir d6 c6 thé 12 cdy c6 mot hodc nhiu tinh trang
mong mudn, vi du cdy moc tw nhién trong mot mdi trudng cu thé hodc trong cac diéu
kién nhét dinh dang quan tim. Vi du, mot s6 cdy co thé moc tu nhién trong dat cat
hodc céat ¢6 dd0 mén cao, hodc & nhiét do khéc nghiét, hodc co rat it nude, hodc né co
thé khang céc loai gay hai hodc bénh c6 trong mdi trudng, va cd thé mong mudn ring
cdy trong thuong mai moc dugc trong céc didu kién d6, dic biét néu chung 13, vi du,
cac didu kién duy nhét sn c¢6 & mot vi tri dia 1y cu thé. Vi du khac, vi khuan co thé
duoc thu gom tir cc cdy trong thuong mai duoc trdng trong mai trudng do, hodc cu
thé hon 1a tir cac c4 thé cay trdng biéu hién tét nhat tinh trang quan tAm trong sd cac
cay trdng duogc tréng trong mdi truong cu thé bit ky: vi du c4c cdy moc nhanh nhét
trong sb cac cay tréng & déat han ché nudc min, hodc cac ciy bi hu hai it nhét trong
s§ céc cdy phoi nhiém véi thiét hai do con tring hodc bénh dich nghiém trong, hodc
cac cdy c6 luong mong mubn ctia mot s6 chét chuyén hoa nhét dinh va céc hop chét
khac, bao gém ham lugng chit xo, ham lugng dau, va ham luong twong tu, hodc cac
cdy c6 mau sic, mui hodc vi mong mudn. Vi khuin c6 thé dugc thu gom tir cdy quan
tam hodc vat lidu bét ky xuat hién trong mdi trudng quan tAm, bao gdbm ném va khu
hé sinh vat ddng vat va thuc vat khac, dét, nuée, tram tich va céac phén tir khéac cua

mdi truong nhu da néu tu trude.

Vi khudn c6 thé dugc phan 18p tir mo cdy. Viéc phén 14p nay c6 thé dién ra tir
md thich hop bat ky cua céay, bao gém vi duy, ré, than va 14, va cac md sinh san cua
cdy. Vi duy, cac phuong phéap thong thuong dé phan lap tir cdy thuong bao gdm budc
cat vo trung vat liéu cdy dang quan tdm (vi du, do dai ré hoac than, 14), vo tring bé
mit bang dung dich thich hgp (vi du natri hypoclorit 2%), sau d6 vat li¢u cdy nay dat
trén moi truong dinh dudng dé vi khuan phat trién. Theo cach khéc, vat lidu cay da

duoc vo tring bé mit c6 thé dugc nghién trong chét 16ng vo khuén (thuong 12 nuéce)
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va hdn dich 1dng, bao gdm cic manh nhé cua vat lidu cay da nghién phét 1én bé mat
ctia moi trudng thach rin thich hgp hodc moi trudng ma co thé hodc khong thé chon
loc (vi du chi chira axit phytic lam ngudn phospho). Phuong thirc nay déc biét hiru
ich cho céc vi khuén tao khuén lac duoc phan lap va co thé dugc nhat ra mot cach
riéng r& dé tach cac dia moi trudng dinh dudng, va tinh ché tiép dén con mot loai don
nhét bang cac phwong phap da biét. Theo cach khéc, cac mau r& hoic 14 cdy c6 thé
khong dugc vo trung bé mit ma chi duge rira nhe nhang do d6 bao gdm cac vi sinh
vat biéu sinh cu tru trén bé mit trong quy trinh phan 18p, hodc céc vi khuén biéu sinh
c6 thé duoc phan 1ap riéng ré, bing cach 4n cac mAu ré, than hoic 14 cdy 1én trén bé
mit ciia mdi truong thach sau d6 nhéc 1én va tiép d6 phan lap cac khuén lac don 1&
nhu trén. Phuong thirc ndy dac biét hitu ich dbi v6i vi khudn ching han. Theo cach
khac, r& c6 thé dugc xir Iy ma khong rira trdi cdc lugng d4t nho bam vao ré, do d6 bao
gbm cac vi khuan xam chiém bau ré cay. Theo cach khac, d4t bam dinh vao r& c6 thé
duogc loai bo, pha lodng va phét 1én thach cua moi trudng chon loc va khong chon loc

thich hop dé phan 1ap céc khudn lac don 1¢ ctia vi khudn bau ré.

Gidng céy thuan khiét vé mit sinh hoc ctia Rahnella aquatilis va Enterobacter
sacchari dugc ndp luu ngay 14/7/2015 vao Thu vién gibng chuan M§ (American
Type Culture Collection-ATCC; mot co quan ndp luu quéc té), Manassas, VA, MY,
va duge cAp sb ky hidu nop luu Patent ATTC lan luot 1a 122293 va PTA-122294.
Viée nop luu dugce thyc hién theo quy dinh cia Hiép wéc Budapest vé Cong nhan
Qudc té dbi voi viec Nop lwu Chiing Vi sinh vt nhim tién hanh c4c thi tuc vé patent

va Quy dinh kém theo (Hiép udc Budapest).
Ché pham

Ché pham chira cic vi khuin hodc quan thé vi khuan duoc san xuét theo cac
phuong phap dugc md té trong ban md ta nay va/hodc c6 cac dic tinh duge mo ta
trong ban md ta ndy cling co thé duoc st dung dé cai thién cac tinh trang cay trong.
Ché phém chira quan thé vi khudn nay c6 thé dugc phii 1én bé mdt cta hat, va ¢6 thé
¢ dang long. Ché pham chira 16p phit hat dang cho cay trong nong nghiép quan trong
vé mit thuong mai, vi du, céy lta mién, cay cai dau, cdy ca chua, cdy dau tay, cay lta
mach, cdy lua gao, cdy ngo, va cdy lua my. Ché phdm nay ciing c6 thé duoc phun 1én

cac bd phén ciy trén khong hodc str dung cho ré bang cach chén vao ludng cay sé&
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gieo hat, tué1 nude vao d4t, hodc nhing ré vao hdn dich chua ché phim. Ché phim
nay c6 thé duogc khir nuée theo cach thich hop d& duy tri kha ning séng cta té bao va
khé nang ching nhiém nhén tao va xam chiém cay trong chu. Cac loai vi khuén ¢6
thé c6 mat trong ché phim & ndng do ndm trong khoang tir 10 dén 10'° CFU/ml. Ché
pham nay c6 thé dugc bd sung ion kim loai vi lugng, nhu céc ion molybden, cac ion
sét, cac ion mangan, hodc t6 hop céc ion nay. Nong d6 ion trong ché pham duoc mo
ta trong ban mo ta nay co thé nam trong khoang tir 0,1 mM dén khoang 50 mM. Ché
pham nay cling c6 thé dwoc phdi tron v6i chat mang, nhu beta-glucan, carboxylmetyl
xenluloza (CMC), chét polyme ngoai bao vi khuén (EPS), dudng, sita dong vat, hodc
c4c chat mang thich hop khac. Theo cach khéc, c6 thé str dung cac vat lidu trdng trot
hodc than bun dé lam chét mang, hodc cé thé st dung céac polyme sinh hoc ma ché
pham dugc bay trong polyme sinh hoc nay dé lam chét mang. Ché phdm chta quan
thé vi khudn dugc md ta trong ban md ta nay ¢6 thé cai thién cac tinh trang cta cay,
nhu thuc ddy sy sinh trudng cla cdy, duy tri ham lugng clorophyl cao trong 14, gia

tang sb luong qua hodc hat, va gia ting trong luong clia timg qua hogc hat.

Ché phadm chira quin thé vi khun duge mé ta trong ban mo ta nay co thé duoc
phu [én bé mat hat. Nhu vay, ché phdm bao 26m hat duoc phu bing mot hoic nhiéu
vi khuén dugc mé ta trong ban mo ta nay cling nam trong pham vi clia sing ché. Lép
pht hat ¢6 thé duoc tao thanh bang cach tron quan thé vi khuén v6i chit mang dang
hat tro vé mat hoa hoc va Xép réng. Theo céch khac, ché phém nay co thé duoc chén
true tiép vao ludng cay s& gieo hat hodc phun 1én 14 cdy hodc sit dung béng cach
nhung ré vao hon dich chia ché pham nay. Lwong hitu hiéu cta ché pham nay c6 thé
dwoc st dung dé vi khuin sdng dang sinh trudng cu tra dugc ¢ ving dudi dat gan véi
r& cay, hoic dé vi khuan séng dang phat trién cu tra duoc trén 14. N6i chung, lugng
hitu hiéu l1a lugng du dé tao ra cdy c6 tinh trang dugc cai thién (vi du muc cb dinh

nito mong muodn).

Céc ché phdm vi khuan dugc md ta trong ban moé ta nay co thé duoc phdi tron
bang cach st dung chit mang néng dung. Dang phdi tron hitu ich cho cac phuong an
nay bao gom it nhét mot thanh vién dugc chon tir nhom gdm chét dinh, chét 1am 6n
dinh vi khuén, chét diét nam, chét khang khudn, chét diét co, chét diét giun tron, chét

diét cOn trung, chét diéu hoa sinh truéng thuc vat, phan bon, chét diét dong vat gdm
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nhém, chat htit Am va chét dinh dudng. Vi du, ché phim bat ky trong sb cac ché pham
duoc mo ta trong ban mo t4 nay co thé chtra chit mang nong dung (vi du, mot hodc
nhiéu phan bén nhu phan bén khong c6 trong ty nhién, chit két dinh nhu chat két
dinh khéong c6 trong tu nhién, va chit diét loai gdy hai nhu chat diét loai gay hai
khdéng c6 trong ty nhién). Chét két dinh khong c6 trong tu nhién co6 thé 1a, vi du,
polyme, copolyme, hodc sap tdng hop. Vi du, bét ky trong sb hat gidng duoc pht, cdy
gidng, hodc ciy dugc md ta trong ban md ta nay ¢ thé chtra chit mang nong dung
trong 16p phu hat. Trong ché phim hodc phuong phap bét ky trong sd cac ché phim
hodc phuong phap dugc mo ta trong ban mo ta nay, chit mang nong dung c6 thé 1a
hodc ¢6 thé bao gdm hop chit khong c6 trong ty nhién (vi du, phan bon khong c6
trong tu nhién, chét két dinh khong c6 trong tw nhién nhu polyme, copolyme, hodc
sap téng hop, hoic chét diét loai gy hai khong c6 trong ty nhién). Céac vi du khong
mang tinh giéi han v& cac chit mang néng dung duoc md ta dudi day. Cac vi du bd

sung vé cac chit mang ndng dung 1a da biét trong linh vuc nay.

Trong mdt vai truong hop, cac vi khuin dugc tron voi chét mang ndng dung.
Chét mang nay c6 thé 1a chit mang rin hodc chit mang 1éng, va ¢ nhiéu dang khic
nhau bao gdm vi cdu, bdt, nhil twong va dang tuong tu. Chét mang c6 thé 1a mot hodc
nhiéu chit mang bit ky trong s6 cac chat mang mang lai nhiéu tinh chét, nhu tang do
6n dinh, kha ning thdm wdc hoic kha ning phan tan. Céc chit thAm w6t nhu cac chit
hoat dong bé mit tu nhién hodc téng hop, ma ¢co thé 1a chét hoat dong bé mit phi ion
hozic ion, hodc t6 hop cua ching c6 thé c6 trong ché pham nay. Nhil tuong nudc-
trong-diu ciing c6 thé duge st dung dé phdi tron ché pham chira vi khuan dugc phan
lap (xem, vi duy, Patent My sb 7485451). Céc ché pham thich hop c6 thé dugc pha
ché bao g@)m bot co thé thAm udt, hat, gel, bang thach hodc vién, chét lam dic, va
dang tuong tu, cc hat vi nang, va dang tuong tu, cac chét long nhu dich 1éng chira
nudce, hon dich chita nude, nhii tuong nuge-trong-dau v.v.. Ché phadm c6 thé bao gdm
cac san phém hat hodc hat dau, vi du, bot nghién min hoic bot diu, canh hodc bot thu

duoc tir hat hodc du, tinh bot, duong hodc dau.

Theo mot vai phuong an, chét mang néng nghiép c6 thé 1a dit hodc mdi trudong
sinh trudng thuc vat. Cac chit mang ndng nghiép khac ma co thé duogc st dung bao

gdm nudc, phan bon, dau goc thuc vat, chat lam am, hodc t0 hop cua ching. Theo
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céch khac, chit mang néng nghiép c6 thé 1a chét rn, nhu dét tao cat, dat mun, silica,
alginat, dét sét, bentonit, vermiculit, vé hat, cic san phém thuc vat va dong vat khac,
hodc dang két hop, bao gém hat, vién, hoidc hon dich. Cac hdn hop cta thanh phﬁn
bat ky trong sb cac thanh phan néu trén ciing dugc dy dinh lam cht mang, nhu, nhung
khong bi gidi han ¢, pesta (b0t va dat sét kaolin), vién géc thach hodc bot my trong
dt mun, cat, hodc dat sét v.v.. Cac ché phim c6 thé bao gdbm ngudn thirc an cho vi
khuin, nhu lda mach, gao, hodc céc sinh chét khac nhu hat, bd phan cua ciy, ba mia,
vo hoic triu tir quy trinh xir Iy hat, vat liéu thuc vat nghién hoic gd nghién tir chét

thai cong trinh x4y dung, min cua hodc soi manh tir qua trinh tai ché gidy, vai hodc

on

20.

Vi duy, phan bon c6 thé dugc str dung dé hd tro thic déy su sinh trudng hodc
cung cip chit dinh dudng cho hat gibng, cdy gidng, hoic cdy. Cac vi du khong mang
tinh giéi han vé phan bon bao gdm nito, phospho, kali, canxi, luu huynh, magie, bo,
clorua, mangan, sét, kém, déng, molybden, va selen (hoac mudi ctia ching). Céc vi
dl_i bd sung vé phéan bén bao gém mot hoac nhiéu axit amin, cac mudi, cac hydrat
cacbon, cac vitamin, glucoza, NaCl, dich chiét nAm men, NH4HPOs, (NH4)2SOx4,
glyxerol, valin, L-loxin, axit lactic, axit propionic, axit sucxinic, axit malic, axit xitric,
KH tartrat, xyloza, lyxoza, va lexithin. Theo mdt phuong an, ché phém c6 thé chta
chAt dinh hodc chét két dinh (dugc goi la tic nhan két dinh) dé hd tro lien két cac hoat
chét khac v6i co chit (vi du, bé mat hat). Céc chit nay hitu ich dé két hop vi khuan
v6i chdt mang ma c6 thé chira céc hop chit khac (vi dy, cac tac nhan kiém soat khong
phai 1a sinh pham), dé tao ché phim phu. Ché pham nay hd trg tao 16p phu xung
quanh cdy hodc hat gidng dé duy tri sur tiép xuc gitra vi khuan va céc chit khac véi
cAy hodc bd phén cia cay. Theo mdt phuong an, cac chét két dinh duoc chon tir nhém
g?)m: alginat, gdbm, tinh bdt, lexithin, formononetin, rugu polyvinylic, formononetinat
kiém, hesperetin, polyvinyl axetat, xephalin, gdbm Arabic, gom Xanthan, dau khoéng,
Polyetylen Glycol (PEG), Polyvinyl pyrolidon (PVP), Arabino-galactan, metyl
xenluloza, PEG 400, Chitosan, Polyacrylamit, Polyacrylat, Polyacrylonitril,
Glyxerol, Trietylen glycol, Vinyl Axetat, gom Gellan, Polystyren, Polyvinyl,
Carboxymetyl xenluloza, g6m Ghatti, va copolyme khéi polyoxyetylen-

polyoxybutylen.
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Theo mot vai phuong an, cac chit két dinh c6 thé 13, vi du, sép nhu sap
carnauba, sap ong, sdp Trung qudc, sap shellac, sap spermaceti, sap candelilla, sip
thau dau, sap ouricury, va sap cam gao, polysacarit (vi du, tinh bot, dextrin,
maltodextrin, alginat, va chitosan), chét béo, dau, protein (vi du, gelatin va dam ng9),
gdm arabic, va gdm shellac. Cac chit két dinh ¢6 thé 1a cac hop chét khong c6 trong
tu nhién, vi du, polyme, copolyme, va sap. Vi du, cac vi du khéﬁg mang tinh gidi han
vé cac polyme ma c6 thé dugc st dung 1am chét két dinh blao gbm: cac polyvinyl
axetat, copolyme polyvinyl axetat, copolyme etylen vinyl axetat (EVA), ruou
polyvinylic, copolyme rugu polyvinylic, xenluloza (vi du, etyl xenluloza, metyl
xenluloza, hydroxymetyl xenluloza, hydroxypropyl xenluloza, va carboxymety]l
xenluloza), polyvinylpyrolidon, vinyl clorua, copolyme vinyliden clorua, canxi
lignosulfonat, copolyme acrylic, polyvinylacrylat, polyetylen oxit, polyme va
copolyme acylamit, polyhydroxyetyl acrylat, monome metylacrylamit, va

polyclopren.

Trong mdt vai vi du, mot hodc nhidu hop chét trong sb chét két dinh, chat
chéng nam, chét diéu hoa sinh trudng, va chét diét loai gay hai (vi du, chét diét con
trung) la cac hop chét khong c6 trong tu nhién (vi du, theo t hop bat ky). Cac vi du
bd sung vé cac chit mang nong dung bao gdbm chit phan tin (vi du,
polyvinylpyrolidon/vinyl axetat PVPIVA S-630), chit hoat dong bé mit, chét lién

két, va chét don.

Ché pham ciing c6 thé chira chit hoat dong bé mit. Cac vi du khong mang tinh
giéi han vé cac chit hoat dong bé rheflt bao gdm hdn hop chit hoat dong bé mit-nito
nhu Pbrefer 28 (Cenex), Surf-N(US), Inhance (Brandt), P-28 (Wilfarm) va Patrol
(Helena); dau hat dugc este hoa bao gébm Sun-It II (AmCy), MSO (UAP), Scoil
(Agsco), Hasten (Wilfarm) va Mes-100 (Drexel); va cac chét hoat dong bé mit silicon
hitu co bao gom Silwet L77 (UAP), Silikin (Terra), Dyne-Amic (Helena), Kinetic
(Helena), Sylgard 309 (Wilbur-Ellis) va Century (Precision). Theo mot phuong an,
chét hoat ddng bé mit c6 mit voi ndng d6 nam trong khoang tir 0,01% dén 10% theo
thé tich. Theo mot phuong an khéc, chit hoat dong bé mit c6 mat véi néng d6 nam

trong khoang tir 0,1% dén 1% theo thé tich.
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Trong mot sd trudng hop, ché pham chira chit 1am dn dinh vi khuén. Chat nay
¢6 thé bao gdm chét hut 4m ma c6 thé bao gdm hop chét bét ky hozc hdn hop bat ky
cua cac hop chét c6 thé dugc phan loai 1a chat hut 4m bat ké viéc hop chét hoic cac
hop chét nay c¢6 duoc sit dung & ndéng do sao cho chung c6 tac dung hut Am ddi véi
chét chang nhiém 1dng trén thuc té hay khong. Céc chét hat 4m nay twong thich mot
cach ly tudng voi quan thé vi khuén dugc st dung, va nén thuc day kha ning cta
quin thé vi khuin nay trong viéc sdng sot khi pht lén hat gibng va séng soét khi hat
4m. Cac vi du vé& céc chit hit 4m thich hop bao gém mot hodc nhiéu hop chét trong
sd: trehaloza, sucroza, glyxerol, va metylen glycol. Cac chét hit 4m thich hop khéc,
bao gdm, nhung khong bi gi6i han ¢, dudong khong khir va rugu dudng (vi du, manitol
hoic sorbitol). Luong chit hut 4m duge dua vao ché pham c6 thé ndm trong khodng
tr khoang 5% dén 50% theo trong lu'gng/thé tich, vi du, trong khoang tir 10% dén
40%, trong khoang tir 15% dén 35%, hoic trong khoang tir 20% dén 30%. Trong mot
vai trueong hop, c6 loi cho ché phdm nay khi chira cac chét nhu-chit diét nim, chit
khéng khudn, chét diét co, chét diét giun tron, chét diéu hoa sinh trudng thuc vét, chét
diét dong vat gam nham, hodc chit dinh dudng. Céc vi du khdong mang tinh gidi han
v& chit didu hoa sinh trudng bao gdm brassinosteroit, xytokinin (vi du, kinetin va
zeatin), auxin (vi du, axit indolylaxetic va indolylaxetyl aspartat), flavonoit va
isoflavanoit (vi du, formononetin va diosmetin), phytoaixin (vi du, glyxeolin), va
oligosacarit cam Ung phytoalexin (vi du, pectin, chitin, chitosan, axit
polygalacuronic, va axit oligogalacturonic), va gibelerin. Cac chét nay twong thich
mot cach ly tudng v6i hat gidng hoic ciy gidng noéng nghiép st dung ché phdm nay
(vi du, n6 khong nén giy hai cho sy sinh truéng hay khoé manh cta cay). Hon nira,
chét nay 1a chét ly twéng ma khong gy quan ngai vé tinh an toan khi st dung cho
ngudi, dong vat hodc trong céng nghiép (vi du, khdng co vAn d& gi vé tinh an toan,
hodc hop chit nay khong bén vira du sao cho san phdm hang héa thyc vét thu duge
tur cdy chira hop chéit nay véi cic lwgng khong dang ké).

O dang chét long, vi du, dung dich hodc hén dich, céc quén thé vi khudn c6
thé dugc tron hodc tao hdn dich trong nude hodc trong dung dich chira nuge. Cac chat
pha loang hodc chit mang léng thich hop bao gbdm nuéce, dung dich chira nuée, chat

chung cat dau mo hodc céc chat mang 1ong khac.
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Ché phdm ran c6 thé dugc diu ché bang cach phan tin quin thé vi khuan trong
va trén chat mang rén dugc phén chia thich hop, nhu than bun, bot lta my, bot cam,
vermiculit, dat sét, bot talc, bentonit, dét diatomit, dat sét fuller, dét thanh tring, va
chét twong tu. Khi cac ché phdm nay duogc str dung dudi dang bot thdm wat, thi chat
phén tan tuong thich sinh hoc nhu céc chét phan tan va nhii héa phi ion, anion, ludng

tinh hoiic cation c6 thé dugc str dung.

Céc chit mang rin duoc st dung cho ché phim bao gdm, vi du, cac chit mang
khoang nhu dét sét kaolin, pyrophylit, bentonit, montmorilonit, dat diatomit, dat tring
axit, vermiculit, va pearlit, va céac mudi vd co nhu amoni sulfat, amoni phosphat,
amoni nitrat, ure, amoni clorua, va canxi cacbonat. Tuwong tu, cac BC)t min hitu co nhu
bot my, bot cdm gao, va cdm gao co thé dugc st dung. Céc chat mang 16ng bao gdbm
diu thuc vat nhu dau ddu nanh va dau hat bong, glyxerol, etylen glycol, polyetylen

glycol, propylen glycol, polypropylen glycol, v.v..
Loai thuc vat

Céac phuong phap va vi khuén duge mo ta trong ban mo ta nay thich hop cho
bat ky thuc vat nao trong s6 nhiéu loai thuc vat, nhu cic thuc vat thudc giéng
Hordeum, Oryza, Zea, va Triticeae. Céc vi du khong mang tinh gi6i han khac vé cac
thuc vat thich hop bao gdm réu, dia y, va tdo. Trong mét vai truong hop, cdc thue vét
nay co6 gia tri kinh té, xa hoi, va/hodc moi trudong, nhu cdy luong thyc, cdy léy SO,
cay ldy dau, cac thuc vat trong 14m nghiép hodc céng nghi¢p bot va gidy, nguyén liéu
d8 san xudt nhién liéu sinh hoc va/hoic cac thuc vat lam canh. Céc vi du khong mang
tinh gidi han vé cdy trong bao gdm cdy ngd, cdy lua gao, cdy lua my, cdy lua mach,
cdy lua mién, cay ke, cdy yén mach, cdy lia mach den, cdy kiéu mach, cay ngd ngot,

cdy mia, cdy hanh, cdy ca chua, cdy dau tdy, va cy mang tay.

Céc thuc vat ¢6 thé thu duge hodc dugc cai thién bang cach st dung céc
phuong phép va ché pham dugc mo té trong ban mo ta nay con bao gbm cay dira, cAy
chudi, cay dira, cdy Hué tdy, va cdy co; va cac thuc vat hai 1a mam, nhu, vi dy, ciy
dau Ha lan, cdy c6 linh ling, cdy ca chua xanh Mé-xi-c0, cdy dua, cdy déu ga, cdy cai
6 10, cdy co ba 14, cAy cai xodn, cdy ddu ling, cay dau tuong, cay thubc 14, cay khoai

tay, cay khoai lang, cdy ci cai, cdy bap cai, cdy cai dau, cdy tdo, cay nho, cdy bong,
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cdy hudng duong, cly Arabidopsis thaliana, ciy cai dau, cy cam quyt (bao gdm
cam, quyt, quét vang, chanh tay, chanh xanh, bu¢i chum, quét, cam budi (tangelo),

thanh yén, va budi), cdy ho tiéu, cdy dau, va cy rau di€p.

Trong mot vai treong hop, cly cAn cai thién khong d& didu chinh theo céc didu
kién thi nghiém. Vi du, cay trdng c6 thé mét qué nhiéu thoi gian dé du 16n dé danh
gid duoc tinh trang cai thién trai qua nhiéu chu ky phat trién trén thuc té. Do dé, cay
thr nhat ma cac vi khudn bude ddu duge phén 18p tr d6, va/hoic nhiéu cdy ma céc vi
khuan da duoc thibt ké di truyén duge dua vao c6 thé 1a cay mo hinh, nhu cay dé diéu
chinh dé danh gid trong diéu kién mong mudn. Céc vi du khong mang tinh giéi han
vé cac cdy md hinh bao gdm Setaria, Brachypodium, va Arabidopsis. Sau d6, kha
nang cua vi khuén dd duogc phan 1ap theo phuong phap theo sang ché bing cach st
dung cdy mo hinh c6 thé duoc 4p dung cho cdy thudc mot loai khac (vi du cay trong)

dé khéng dinh viéc ¢6 mang lai tinh trang dugc cai thién.

Céc tinh trang ma c6 thé duoc cai thién theo cac phuong phip duge md ta
trong ban mo ta nay bao gbm dic tinh ¢6 thé nhan thy bat ky cua cay, bao gbm, vi
du, tdc dd sinh trudng, chiéu cao, trong lwong, mau sdc, vi, mui, cac thay dbi trong
viéc san sinh mot hodc nhiéu hop chét cua cay (bao gém vi du, cac chét chuyén hoa,
protein, dugc chét, hydrat cacbon, df?ui, va cac hop chét khac bat ky). Viéc chon loc
cdy dua trén thong tin kiéu gen cling dugc du dinh (vi dy, bao gdm hinh miu biéu
hién gen & cdy dap ung voi vi khuén, hodc x4c dinh sy c6 mat cua chi thi di truyén,
nhu céc chi thi lién quan dén su ting c¢d dinh nito). Cac cdy cling c6 thé dugc chon
loc dua trén viéc khong cé, kim ham hoac uc ché mot s dac diém hodc tinh trang
nhét dinh (nhu dic diém hodc tinh trang khdng mong mubn) trai v6i viee c6 mat dic

diém hoic tinh trang nhét dinh (nhu dic diém hodc tinh trang mong mudn).
Vi du thye hién sang ché

Céc vi du trong ban md t4 nay md ta cac phwong phdp phan 1ap vi khuan, phan
tich vi khuin va thuc vat, va sy cai thién tinh trang cdy tréng. Céc vi du nay chi nham
muc dich minh hoa va khong dugc hiéu 13 1am giéi han sang ché theo bat ky cach

nao.

Vi du 1: Phéan 1dp céc vi khudn tir mo cay
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Téng dit mat thu dugc tir nhidu ving nong nghiép & mién trung California.
Thu gom 20 mau dét véi cac dic tinh két chu da dang, bao gdm dit sét ning, dat sét
min ¢6 than bun, dat sét ban, va dit sét pha cat. Hat giéng clia cdc cdy ngd thuc dia,
cdy ngd ngot, cAy ngd di san va cdy ca chua dugc gieo vao ting loai dét, nhu thé hién

trong Bang 1.

Li)re,gnc;y g;ycr:fg Cay ngo ngot Cay ngd di san Cay ca chua
Bantam T-51" Moseby Prolific Roma VF
Ferry-Morse Victory Seeds
B73 'Silver Queen 'Reid's Yellow Stover Roma
Hybrid' Dent'
. : Totally Tomatoes
DKC 6640 | EemyMorse | Victory Secds | i giery Tom
& y RINg Hybrid’
DKC 67-07 | Heinz 1015
DKC 70-01 Heinz 2401
| Heinz 3402
Heinz 5508
Heinz 5608
Heinz 8504

Bang 1: Loai va gidng cay trdng duoc gieo & dat c6 céc dic tinh khac nhau

- Céc cay duogc nhd ré sau khi trdng tir 2 dén 4 tuan va loai bo dét‘ du thura trén
bé mat ré bing nudc da khtr ion. Sau khi loai bd dét, cac cdy nay dugc vo tring bé
mit bing chit tAy va rira k§ trong nude v trung. Cjt 14y doan ré 1 cm da rira sach tur
ciy nay va cho vao dung dich nuéc mudi dém phosphat chtra cdc hat thép 3 mm. Tao

ra huyén phu dic béng cach lic manh dung dich nay bang Qiagen TissueLyser IL.

Pha loang huyén phu dic chira ré va nuge mudi nay va chung nhiém vao nhiéu
loai moi truong sinh truong khac nhau dé phan lap cac vi khudn séng trong bau ré,
noi sinh, biéu sinh, va cac vi khuan lién quan dén cay khac. Str dung moi truong thach
R2A va Nfb dé thu duoc cac khudn lac don nhat, va sir dung mdi trudng nghiéng Nfb
ban rin dé thu duoc quén thé cac vi khuén c¢d dinh nito. Sau khi u tr 2 dén 4 tuin
trong mdi truong nghiéng Nfb ban rén, thu gom cac quan thé vi khuén va ciy vach

dé thu duoc céc khudn lac don nhét trén thach R2A, nhu duge thé hién trén Fig.1A-
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Fig.1B. Tao lai huyén phu céc khudn lac don nhét trong hdn hop gdm R2A va
glyxerol, cho phan tich PCR, va dong lanh & nhiét do -80°C dé phén tich sau. Thu

duoc khoang 1.000 khun lac don nhét va goi la “céc vi khuin da phéan 1ap”.

Céac thé phan 1ap tiép d6 dugc tién hanh sang loc PCR k_huén lac dé phat hién
su ¢6 mat cua gen nifH dé nhan biét cac sinh vt c¢b dinh nito. Str dung bd doan mdi
dd mo ta & trén Ueda 19F/388R, ma cho thiy 12 phét hién ra hon 90% sinh vt ¢b dinh
nito trong cac phién sang loc, @8 do su c6 mat ctia cum nif trong mdi thé phan 1ap (J.
Bacteriol. 177: 1414—1417, 1995 cua Ueda et al.). Nhit cac khuén lac don nhét cua
céc thé phan lap di tinh ché, tao lai huyén phu trong PBS, va st dung lam khudn mau
cho PCR khuén lac, nhu thé hién trén Fig.2. C4c khuén lac clia céc thé phan 1ap ma
cho vach PCR duong tinh dugc céy vach lai, va 1dp lai quy trinh PCR khuén lac va
quy trinh céy vach lai hai 1an d8 tranh nhan biét cac sinh vat ¢ dinh nito duong tinh

gia. Céc thé phan 1ap da tinh ché sau d6 duge goi 14 “cac vi khuén trng vién”.
Vi du 2: Xac dinh dic tinh ctia cac vi khuin da phan 1ap
Giai trinh tu, phén tich va xac dinh dac tinh phét sinh loai

Phuong phap giai trinh tw ADN ribosom 16S bing bo doan mdi 515£-806r
duogc st dung dé tao ra cac dic diém nhén dang phat sinh loai so bo cho vi khuan da
phan ldp va vi khuén tng vién (xem tai liéu, vi du: BMC Microbiol. 2002 Dec
23:2:39. cua Vernon et al.). Cac vi khuin bao gbm céc gidng khac nhau bao gom:
Enterobacter, Burkholderia, Klebsiella, Bradyrhizobium, Rahnella, Xanthomonas,
Raoultella, Pantoea, Pseudomonas, Brevundimonas, Agrobacterium, va

Paenibacillus, nhu duge thé hién trong Bang 2.
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GIONG " PHAN LAP GIONG PHAN LAP
Achromobocter 7 Paenibacifius 1
Agrobacterium 1317 Paenisporosorcing 3
Agromyces 1 Pantoga 14
Afieyclobacilius 1 Pedoboacter 16
Asticeacoulis & Pimelobacter 2
Bacilfus - 131 Pseudomonas 212
Bradyrhizebium 2 Rhizobium 4
Brevibacilus 2 Rhodoferax i
Burkholderi 2 Sphingobacterium 13
Coulobuacter 17 Sphingobivm 3
Chryseobacterium 42 Sphingamonas 3
Camamaonas i Sphingopyxis 1
Dyadobacter 2 Stenotrophomonus 39
Fiovobacterium 46 Streptococcus 3
Halemonas 3 Variovores 37
Leptothrix 3 Xplanimicrobivm 1
Lysobocter 2 khong xdc dinh 75
13 '

Neisseria

Bang 2: Tinh da dang ctia cac vi khuén duoc phan lap tlr cdy ca chua nhu dugc xac

dinh bing céch gii trinh tw sdu ADN ribosom 168.

Sau do, hé gen cua 39 vi khuin tng vién duoc giai trinh ty bang cach st dung
hé thdng Ilumina Miseq. ADN hé gen tir cac gidng cdy thudn khiét dwoc tach chiét
béng cach str dung bo kit mini QITAmp DNA (QIAGEN), va cic thu vién ADN toan
phan dé giai trinh tu dwgc xay dung thdng qua nha cung cép bén thir ba (SeqMatic,
Hayward). Tiép d6 tién hanh ldp rap hé gen thong qua kénh dan A5 (PLoS
One 7(9):¢42304, 2012 cua Tritt et al.). X4c dinh va chu giai céc gen, va cac gen ¢6
lién quan dén viéc didu hoa va biéu hién su ¢ dinh nito dugc ghi nhén lam dich dé
gdy dot bién.

Xéc dinh pfoﬁn hé phién ma cda céc vi khuan tng vién

Tién hanh xac dinh profin hé phién ma cho chung CI010 dé nhan biét cac trinh
tu khoi dau hoat dong khi c6 mit nito mdi truong. Nudi céy ching CI010 trong mdi
truong xac dinh khong c6 nito ¢ bd sung glutamin 10 mM. Téach chiét ARN toan
phan tir cac gibng ciy nay (b QIAGEN RNeasy) va cho gidi trinh tw ARNseq bing
Illumina HiSeq (SeqMatic, Fremont CA). Lap ban dd cac két qua giai trinh tw theo
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dir liéu hé gen CI010 bang cach sir dung Geneious, va nhan biét cac gen biéu hién &
mirc cao dudi su kiém soét cla cac trinh ty khai dau phién ma gin. Bang 3A-Bang
3C liét ké cac gen va mirc biéu hién tuong dbi cua chiing nhu xac dinh dugc bang
cach giai trinh ty ARNSeq cho ARN toan phén. Ghi nhén céc trinh tu cda trinh tw
khéi ddu gan dé str dung trong quy trinh gy dot bién cho céac con dudng nif, cac con

duong lién quan dén tiéu thy nito, hodc cac gen khac c6 mirc bicu hién mong mubn.
Danh gid kha nang dé dicéu khién vé mit di truyén

Céc vi khuén tng vién dugc xac dinh dic tinh dya trén kha ning bién nap va
kha nang d& didu khién di truyén. Budc thi nhAt, x4c dinh muc tiéu thu ngudn cacbon
tdi wu qua su sinh trudng trén panen nho chira mdi truong thich hop cling nhu duong
cong sinh trudng trong ca moi trudong khong ¢ nito va moi truong giau nito. Bude
thir hai, xac dinh tinh khang khang sinh tw nhién ctia mdi ching théng qua cdy diém
va su sinh truedng trong mdi truong nudi cdy 16ng chtra panen khang sinh duoc su
dung lam chi thi chon loc dé gdy dot bién. Budc thir ba, mdi ching duoc thtt hghiém
v& kha nang bién nap cia no bang cach dién di mot tdp hop céc plasmit. Tép hop
plasmit nay bao gdm phin mé rong td hop gdm bay diém khéi d4u sao chép, do 1a,
pl5a, pSC101, CloDF, colA, RK2, pBBRI, va pRO1600 va bdn chi thi khang khéng
sinh, d6 13, CmR, KmR, SpecR, va TetR. Str dung phuong phap danh gia tbng thé
tinh twong thich gita didm khoi du va chi thi khang dé nhan biét cac vecto ding dé

gdy dot bién bang plasmit & cac vi khuin tmg vién.
Vi du 3: Gay dot bién cac vi khuan tmg vién
Bét hoat gen qua trung gian Lambda-Red

Tao ra mot vai thé dot bién cua cic vi khuin tng vién bang cach st dung
plasmit pKD46 hodc dan xudt chtra chi thi khang kanamyxin (PNAS 97(12): 6640-
6645, 2000 cua Datsenko et al.). Cac cat-xet bét hoat gen dugc thiét ké c6 doan twong
ddng 250bp nim bén suon gen dich va dugc tao ra thong qua phuong phap PCR m&
rong chudi chdng lap. Cac vi khudn tmg vién duoc bién nap bang pKD46, dugc nudi
céy vOi su ¢6 mit cia arabinoza dé cam ung sy biéu hién co cAu Lambda-Red, duoc
chuén bi cho qua trinh dién di, va bién nap véi cac cat-xet bt hoat gen dé tao ra céac

chung dot bién ung vién. St dung bdn vi khuén Gng vién va mdt chung phong thi
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nghiém, Klebsiella oxytoca M5A1, dé tao ra mudi ba thé dot bién ing vién cia gen

diéu hoa su ¢b dinh nito nifL, ginB, va amtB, nhu dugc thé hién trong Bang 4.

Cl006 X X X

Bang 4: Danh sach céc thé dot bién bt hoat gen don 1¢ dugc tao ra bang cach gay

d6t bién Lambda-red
Gay dot bién dinh huéng bing oligo kém theo chon loc Cas9

Phuong phép gy dot bién dinh huéng bang oligo duoc st dung dé huéng dich
cac thay déi hé gen déi véi gen rpoB & DHI0B clia E. coli, va cac thé dot bién duge
chon loc bing hé CRISPR-Cas.  Oligo™ - gy  dot bién  (ss1283:
“G*T*T*G*ATCAGACCGATGTTCGGACCTTCcaagGTTTCGATCGGACATA
CGCGACCGTAGTGGGTCGGGTGTACGTCTCGAACTTCAAAGCC”, trong d6
* chi lién két phosphorothioat) dugc thiét ké dé truyén tinh khang rifampixin cho gen
rpoB thong qua dot bién 4 cap bazo (bp). Céc té bao chura plasmit ma hoa Cas9 duoc
cam ung dé biéu hién Cas9, dugc chuén bi cho qua trinh dién di, va tiép d6 duogc dién
di bing ca oligo gay dot bién va plasmit ma hoa sw biéu hién co dinh cia ARN dan
hudng (gARN) ma hudéng dich su phan cit Cas9 cua trinh tu 7poB kiéu hoang (WT).
Thu hdi cac té bao da dién di trong moi trudng khong chon loc qua dém dé phan chia
théa dang cac nhiém sic thé dot bién thu dugc. Sau khi dan trén dia dé chon loc
plasmit ma héa gARN, hai trong s6 muoi khudn lac da sang loc cho thdy 1a chtra dot
bién mong mudn, trong khi céc khuan lac con lai cho thy 1a cac thé dot bién trén
thoat duoc tao ra thong qua dot bién protospacer trong plasmit gARN hodc mat

plasmit Cas9.
Gay dot bién Lambda-Red kém theo chon loc Cas9

Cac thé dot bién cia cac vi khudn tng vién CI006 va CI010 dugc tao ra bang

cach gdy dot bién lambda-red kém theo chon loc bang CRISPR-Cas. Céc cat-xet bét
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hoat gen chira trinh tu khoi dau noi sinh d3 dugce nhan biét béng cach xac dinh profin
phién mi (nhu d3 md ta trong Vi du 2 va trinh bay trong Bang 3) va vung tuong dong
~250 cap bazo nam bén suon dich khuyét doan. CI006 va CI010 duoc bién nap voi
cac plasmit ma hoa hé tai td hop Lambda-red (cac gen exo, beta, gam) dudi su kiém
soat ctia trinh tu khoi ddu arabinoza dé cam tng va Cas9 dudi su kiém soat ctia trinh
tu khéi dau IPTG d& cam tng. Céac hé tai to hop Red va Cas9 duoc cam tng trong
cac thé bién nap thu duoc, va cac chung duoc chudn bi dé dién di. Céc cat-xet bét
hoat gen va gARN chon loc dugc ma hoa béng plasmit tiép d6 dugc bién nap vao cac
té bao canh tranh. Sau khi dan trén dia dé chon loc khang sinh cho ca plasmit Cas9
va plasmit gARN, thi 7 trong s6 10 khuén lac da sang loc thé hién d6t bién bat hoat
gen du dinh, nhu dugc thé hién trén Fig.3.
Vi du 4: X4c dinh kiéu hinh in vitro ctia cc phan tir tng vién

Danh gia tdc dong cia nito ngoai sinh 1én hoat tinh va sy sinh téng hop
nitrogenaza & nhiéu thé dot bién khéac nhau. Stir dung thir nghiém khir axetylen (ARA)
(109(18): 7085-7090, 2012 ctia Temme et al.) dé xac dinh hoat tinh nitrogenaza trong
céc diéu kién nudi cdy thuan khiét. Cac ching dugc dé sinh truéng trong cac 6ng
nghiém kin khi, va dinh lvgng mutc khir axetylen thanh etylen bang phuong phap sic
ky khi Agilent 6890. Hoat tinh ARA ciia céc vi khudn (g vién va cac thé dot bién
Gng vién dbi tng sinh truéng trong mdi trudng c¢b dinh nito dugc bd sung tir 0
dén10mM glutamin duoc thé hién trén cac hinh vé Fig.4A dén Fig.4B va Fig.10A
dén Fig.10C.

Trong diéu kién nuoi cAy ky khi, thir nghiém mot khoang cac ndng do glutamin
va amoniac dé dinh lugng tic dong 1én hoat tinh ¢b dinh nito. O céc té bao kiéu hoang,
hoat tinh nay gidm nhanh khi ndng dd glutamin ting lén. Tuy nhién, trong mot loat
cac dot bién bit hoat gen ban dAu, mot nhom dot bién duge kiém dinh thuc day su
bidu hién ctia cac gen ¢ dinh nito & céc ndng do glutamin ma s& nglng hoat tinh nay
d6i voi kiéu hoang. Profin nay dugc tao ra ¢ bén loai khac nhau cta sinh vat ¢6 dinh
nito, nhu quan sat dugc trén Fig.4C. Ngoai ra, bing cach ndi lai mang ludi didu hoa
b%mg cach st dung cac phﬁn di truyén da duoc nhéri biét, muc hoat tinh ¢b dinh nito
da duoc diéu chinh theo du tinh. Két qua nay c6 thé quan sat dugc trén Fig.4B, hinh
v& nay minh hoa cac chung CM023, CM021, CMO015, va CI006. Chung CMO023 la

-59-



32716

chung da tién hoa it; ching CM021 la ching da tién hoa nhiéu; ching CMO015 1a
chung da tién héa trung binh; chung CI006 1a kiéu hoang (ching 2). Amoniac da dugc
tiét vao cac dich ndi trén bé mit nudi céy dugc tht nghiém béng cach st dung thi
nghiém dua trén enzym (MEGAZYME). Thir nghiém nay x4c dinh luong NADPH
d4 tiéu thu khi hdp thu & bude séng 340 nm. Tién hanh thir nghiém nay déi véi céc
gibng cdy vi khuén sinh truéng trong moi truong ky khi khong c6 nito véi mat do
ban dau 1a 1E9 CFU/ml. Trong panen gém 6 ching da tién hoa, 1 ching tiét ra 1én
dén 100 pM amoniac trong thoi gian 48 gid, nhu quan st duoc trén Fig.4D. Hon nira,
thé dot bién ddi c6 su tiét amoniac & murc cao hon so véi thé dot bién don ma né c6
ngudn gbc tir d6, nhu quan sat duge trén Fig.11. Két qua nay chtng t6 1a kha nang

san sinh amoniac cta vi khuan vugt qué nhu cau sinh ly cua no.
Xéc dinh profin phién mi cua cac giong cay thuan khiét

| Hoat tinh phién ma cua CI006 dugc xac dinh bang céach st dung hé théng
Nanostring Elements. Cac té bao dugc cho sinh trudng trong moi truong khong c6
nito va thu gom 10E? té bao sau 4 gio 0. ARN toan phan duoc tach chiét bang cach
str dung bo kit Qiagen RNeasy. ARN da tinh ché duoc chuyén cho Core Diagnostics
& Palo Alto, CA, dé lai hoa dau do va phén tich Digital Analyzer, nhu dugc thé hién
trén Fig.5.
Vi du 5: Xéc dinh kiéu hinh in planta cua cac vi khuén Gmg vién
Mtrc xam chiém cua céc vi khudn tng vién trén cdy

Mirc xAm chiém cay trong chii ciia vi khuan tng vién duogc dinh lugng thong

qua céc thr nghiém sinh trudng thyc vat thoi gian ngén. Céc cay ngd duogc chung
nhidm bang ching biéu hi¢n RFP tir plasmit hodc tir cat-xet biéu hién RFP tich hop
Tn5. Cac cay ngd nay dugc trdng trong ca cat da vo tring va mdi truong than bun
khong vo trung, va tién hanh ching nhiém bang cach nhd bang pipet 1 mL dich nudi
cdy té bao truc tiép 1én 14 bao mam clia cdy m&i moc 3 ngay sau khi ndy mam. Duy
tri plasmit bang cach tudi cac cly nay bang dung dich chira khang sinh thich hop. Sau
ba tudn, thu gom ré cdy, rira ba 14n trong nuGe vo tring dé loai bo dét nhin thdy duoc,
va chia thanh hai mAu thir. Mot mau ré dugc phan tich bﬁng cach soi kinh hién vi

huynh quang dé xac dinh kiéu cu tri ciia cac vi khuan ing vién. Tién hanh soi kinh
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hién vi trén cac doan dai 10mm ctia phan ré cdy nguyén ven tot nhat, nhu dugc thé

hién trén Fig.6.

Phuong phap dinh lugng thur hai dé danh gia muc xdm chiém dugc phat trién.
Tién hanh thir nghiém PCR dinh lugng trén céc ché phdm ADN toan phan tr cac ré
cdy duge ching nhiém cac loai ndi sinh. Cho nay mam hat giéng ngd (Dekalb DKC-
66-40) trong cat da hip tiét tring tlr trude trong cac chau kich thude 2,5 inch (6,35
cm) x 2,5 inch (6,35 cm) x 10 inch (25,4 cm). Mot ngay sau khi gieo, thdm 1ml dich
nudi cdy qua dém cua vi khudn noi sinh (moi truong SOB) vao ngay diém gieo hat
gidng. 1mL dich nudi ciy qua dém nay gin tuong duong véi khodng 1019 cfu, thay
ddi chénh nhau khoang 3 1an, tuy thudc vao ching sé& st dung. M3di céy gibng duoc
bon 3 1dn/tudn bang 50mL dung dich Hoagland da cai bién c6 bd sung dung dich
amoni nitrat 2,5mM hodc 0,25mM. O thoi diém 4 tuin sau khi tréng, thu gom cac
mau ré dé tach chiét ADN. Rira sach dat bam bang céch xit nude c6 ap luc. Tiép d6
c4c mAu md nay dugc ddng nhit hoa bang cach sir dung QIAGEN Tissuelyzer va
ADN duoc tach chiét sau d6 bang cach sir dung bot kit QLAmp DNA Mini (QIAGEN)
theo quy trinh duoc khuyén cao. Tién hanh thir nghiém qPCR bang cach st dung
Stratagene Mx3005P RT-PCR db6i v6i céc dich chiét ADN nay bing cach st dung
cac doan mdi da thiét ké (s dung Primer BLAST ctia NCBI) dé dac hiéu véi locus &
timg hé gen clia loai ndi sinh. Sy c6 mit ciia ban sao hé gen ctia céc loai ndi sinh duoc
dinh luong. bé khéng dinh hon nita dac diém nhén dang cua cac loai ndi sinh, céac
san phdm khuéch dai PCR dugc giai trinh tu va dugc khang dinh 1a ¢6 trinh tw ding.
Tém tit vé& profin xam chiém ctia ching CI006 va CI008 tir cac vi khuén tng vién
dugc trinh bay trong Bang 5. Ty 1€ xam chiém cao dén murc 1077x cfu/g ré twoi duge

thé hién & ching CI008.

Chung | Ty 1& xdm chiém (CFU/g € tuoi)

CI006 1,45 x 1075

CI008 1,24 x 1077

Bang 5: Xam chiém cay ngd nhu x4c dinh bing qPCR
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Xac dinh profin ARN in planta

M sinh téng hop ctia cic thanh phan ciia con duong nif in planta duge ude
tinh bang cach x4c dinh mirc phién mé cia cac gen nif. ARN toan phan thu dugc tr
mo ré cdy cla cic cdy dugce ching nhiém CI006 (phuong phéap gieo trong nhu dugc
md ta & trén). Tién hanh tach chiét ARN bang cach st dung bot kit mini RNEasy theo
quy trinh dugc khuyén cao (QIAGEN). ARN toan phén tir cic md cdy nay tiép do
dugc thir nghiém bang bo kit Nanostring Elements (NanoString Technologies, Inc.)
bing cach st dung diu do dic hiéu v6i cac gen nif trong hé gen cua chung CI006. Dt
liéu vé& mirc biéu hién cua gen nif in planta dugc tom tat trong Bang 6. Phét hién co
su biéu hién céac gen nifH & cac cdy dugc ching nhiém bang ching CM013 trong khi
do6 khong phat hién dugc 1a c6 su biéu hién nifH & cac ciy dugc ching nhiém bang
chiing CI006. Chung CMO013 14 bit ngudn tir ching CI006, trong d6 gen nifLL da& dugc

Jam bét hoat.

Céc gen dugc biéu hién & muc cao cia CMO11, dugc Xép loai theo sb lugng
ban phién ma/triéu kilobazo (TPM), duoc xac dinh in planta trong diéu kién c6 bon
phéan. Céc trinh tuy khéi dau kiém sodt su biéu hién cia mdt vai gen trong sb cac gen
duoc biéu hién & mitc cao nay dugce st dung lam khudn mAu dé tai td hop twong ddng
vao céc locus ddng hoa va c¢b dinh nito dich. Céc miu ARN tir cdy duge ching nhiém
CMO11 tréng trong nha kinh dugc tach chiét, ARN ribosom dugc loai bd bang cach
st dung bd kit Ribo-Zero, dugc gidi trinh tu bang cach st dung hé Truseq cla
Illumina va 1ap ban dd gen nguoc theo hé gen cia CMO11. Céc gen duoc biéu hién &

mire cao tr CMO011 duoc liét ké trong Bang 7.

Ching | Muc biéu hién phién ma tuong d6i

CI006 9.4

CMO13 103,25

Bang 6: Biéu hién cua nifH in planta
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lgi;g TP?A
A : doc (B'an
Tén gen Vi tri gen Hudng K&t phlé_n
qué rpﬁ/trléu
tho kilobazo)
Trinh ty ma hoa (CDS) rpsH | 18196 - 18588 | ngugc chiéu | 4841,5 | 272064
CDS rplQ 11650 - 12039 | nguogc chiéu | 4333 | 24536,2
CDS rpsJ 25013 - 25324 | nguoc chiéu | 3423 24229
CDS rplV 21946 - 22278 | nguoc chiéu | 3367,5 | 22333
CDS rpsN 18622 - 18927 | nguogc chiéu | 2792 | 20150,1
CDS rpIN 19820 -20191 | nguoc chiéu | 3317 | 19691.8
CDS rplF 17649 - 18182 | nguoc chiéu | 4504,5 | 18628,9
CDS rpsD 13095 - 13715 | nguoc chiéu | 5091,5 | 18106,6
CDS rpmF 8326 - 8493 xudi chidu | 1363,5 | 17923,8
CDS rplW 23429 -23731 | nguoc chidu | 2252 | 16413,8
CDS rpsM 14153 - 14509 | nguoc chiu | 2269 | 14036,2
CDS rplR 17286 - 17639 | nguoc chidu | 2243,5 | 13996,1
CDS rplC 24350 - 24979 | nguoc chiéu | 3985 | 13969,2
CDS rplK 25526 - 25954 | nguoc chiéu | 2648,5 | 13634,1
CDS rplP 20807 - 21217 | nguoc chiéu | 2423 | 13019,5
CDS rplX 19495 - 19809 | nguogc chiéu | 1824 | 12787,8
CDS rpsQ 20362 - 20616 | ngugc chicu | 1460,5 | 126487
CDS bhsA 3 79720 - 79977 | nguoc chidu | 1464 | 12531,5
CDS rpmC 20616 - 20807 | nguoc chiéu | 998,5 11485
CDS rpoA 12080 - 13069 | ngugc chiéu | 4855 | 10830,2
CDS rplD 23728 - 24333 | ngugc chiéu | 2916,5 | 10628,5
CDS bhsA 1 78883 - 79140 | nguoc chiéu | 1068 9141,9
CDS rpsS 22293 -22571 | ngugc chiéu | 1138,5 | 9011,8
CDS rpmA 2210 - 2467 xudi chiéu | 1028,5 | 8803,7
CDS rpmD 16585 - 16764 | nguoc chiéu | 694,5 8520,8
CDS rplB 22586 - 23410 | ngugc chiéu | 3132 8384
CDS rpsC 21230 - 21928 | nguoc chiéu | 2574,5 | 8133,9
CDS rplE 18941 - 19480 | ngugc chiéu | 1972,5 | 8066,9
CDS rplO 16147 - 16581 | nguoc chiéu | 1551 7874,2
CDS ctia SecY céu tric siéu
phan tr van chuyén tién chat | 14808 - 16139 | nguoc chiéu | 4657 7721,2
protein
CDS rpsE 16771 - 17271 | ngugc chiéu | 1671,5 | 7368
CDS rpsK 13746 - 14135 | ngugc chiéu | 1223,5 | 6928,2
CDS tufA 27318 - 28229 | nguoc chiéu | 2850 6901,3
CDS rpml 38574 -38771 | xubichidu 615 6859,5
CDS rplU 1880 - 2191 xudi chiéu | 935,5 | 6621,7
CDS rplT 38814 -39170 | xudichiéu | 1045 6464.4
CDS bhsA 2 79293 - 79550 | nguoc chicu | 754 6454,1
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lui(r)lg TPM

: doc (B'an

Tén gen Vi tri gen Huong &t phién
- rpﬁ/triéu
thé kilobazo)

CDS rpmB 8391 - 8627 nguoc chiéu | 682 6355,1
CDS rplJ 23983 - 24480 | nguoc chidu | 1408 62439
CDS fusA 2 481 - 2595 nguoc chidu | 5832 6089,6
CDS rpsA 25062 - 26771 | nguoc chidu | 4613 5957,6
CDS rpm] 14658 - 14774 | nguoc chiéu | 314 5926,9
CDS rpsR 52990 - 53217 | xudi chiéu 603 5840,7
CDS 1psG 2692 -3162 | nguoc chidu | 1243 | 58282
CDS rpsl 11354 - 11746 | nguoc chiéu | 980,5 5509,8
CDS cspC 1 8091 - 8300 nguogc chiéu | 509 5352,8
CDS rpsF 52270 - 52662 | xudi chiéu 916 51474
CDS rpsT 55208 - 55471 | ngugc chiéu | 602 5035,9
CDS infC 38128 - 38478 | xudi chiéu 755 4750,3
CDS cspG 30148 - 30360 | xudi chiéu 446 46242
Bang 7

Thit nghiém N

Phuong phap co ban nhim phat hién sy ¢b dinh st dung ddng vi nito 1°N, dong
vi ndy tim thay trong khi quyén & ty 1& ¢ dinh so v6i '“N. Béng cach bd sung phan
bén hogc khi quyén v6i cdc ndng do duge lam gidu 5N, ¢6 thé quan sat sy c¢b dinh
truc tiép, & mtc cao hon N duge ¢b dinh tir khi quyén bd sung khi "N» (Yoshida
1980), hodc ngugc lai thong qua viéc lodng phan bén da lam giau bang khi N khi
quyén & md cdy (Iniguez 2004). Phuong phép pha loang cho phép quan sat nito da cd
dinh tich lu§ trong thoi gian sinh trudng cua cdy, trong khi phuong phap khi "Nz han
ché & viéc x4ac dinh su ¢ dinh dién ra & khoang cach ngén ma cdy dugc tréng trong
khi quyén trong d6 (xac dinh ty 1¢). Do d6, phuong phap khi wu viét hon v tinh dic
hiéu (khi ndng d6 SN, gia ting bét ky trong cay cao hon ty 1¢ trong khi quyén thi c6
thé quy két mot cach rd rang 12 do su c¢d dinh) nhung khong thé thé hién hoat tinh tich

luy.

Cé hai loai thir nghiém déu da duoc tién hanh dé xéac dinh hoat tinh ¢4 dinh
cta chung duoc cai thién so vé6i cac cay ngd kiéu hoang va céc cdy ngd khong dugc

chtiing nhiém, va nhan thdy rang ty 1é c6 dinh tang 1én in planta dbi vi mot vai ching
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da cai thién (Fig.12, Fig.14A, va Fig.14B). Céc thir nghiém nay la céng cu dé chimg
td 1a hoat tinh cta cac chung dugc quan sat in vitro chuyén thanh cac két qua in vivo.
Hon nita, cac thir nghiém nay cho phép xac dinh tac dong ctia phan boén 1én hoat tinh
ctia ching, diéu nay goi y ing dung thich hop trong bdi canh ndng nghiép. Quan sat
thdy cac két qua twong ty khi cac cay Setaria dugc ching nhi®m bing céc chiing kiéu
hoang va chung dugc cai thién (Fig.13). Hoat tinh c¢b dinh in planta thé hién trén céc
hinh v& Fig.14A dén Fig.14C dugc sao luu thém bdi cac dit li¢u hé phién ma. Cac
chung da tién héa biéu hién murc phién ma nifH gia ting so vdi ching d6i tmg kiéu
hoang. Hon nfra, néng do nito thu duge tir vi khuén in planta cling twong quan voi
muc xAm chiém trén cdy theo timg cdy. Cac két qua nay (Fig.12, Fig.13, Fig.14A dén
Fig.14C, Fig.15A, va Fig.15B) cling ¢ gia thuyét rang vi khuan nay, thong qua viée
didu hoa cai thién dbi voi cum gen nif, 1a Iy do ¢ vé ding cho su gia tdng nito thu
dugce tir khi quyén thdy dugc trong mo cdy. Ngoai viéc xdc dinh truc tiép mirc ch
dinh, thi tdc ddng cla cac cdy chung nhiém c6 ching cai thién trong thir nghiém sinh
khéi & cdy bi stress nito cling dugc xac dinh. Mdc du sinh khéi & cay co thé co lién
quan dén nhidu twong téc c6 thé ¢ cua vi khuén véi cdy, cac tic gia mong doi rang
viée bd sung nito da cé dinh sé tac dong dén kiéu hinh cta cdy khi nito b han ché.
Céc ciy da ching nhiém dugc trdng trong moi trudng hoan toan khong cé nito, va
nhén thiy c6 su gia ting dang ké dbi voi dién tich 14, trong lugng tuoi va kho cia
chdi, va trong luong twoi va khd cua r& & cdc cAy dd ching nhiém so véi cdy doi
ching khong dugce xit ly (Fig.14 C). Mic du cic chénh 1éch nay khong thé quy riéng
1a do su ¢6 dinh nito, sb liéu nay cling cling ¢b cho két luan ring cac chiing dugc cai
thién tich cuc cung cap nito cho cdy. Céc ciy ngd va cdy Sefaria dugce trdng va ching
nhidm nhu néu trén. Phin bén chira SN 1,2% duoc sir dung déu ddn cho cac cdy
thong qua tudi nudc. Mac c¢b dinh nito boi cac vi khuén duge dinh lugng bing cach
xéc dinh ndng do SN & md cay. Thu gom md 14 thir tu va 1am kho 4 tuan sau khi gieo
trdng. Ddng nhét héa cac miu 14 khd bing cach s dung chum hat (QIAGEN
Tissuelyzer) va chia nho mau vao céc nang thiéc dé do phd khéi so sénh ty 18 dong
vi (IRMS) (MBL Stable Isotope Laboratory & The Ecosystems Center, Woods Hole,
MA). Tinh ton lugng nito thu duge tir khi quyén (NDFA), va mirc sén sinh nito ctia
CI050 va CM002 duoc thé hién trén Fig.7.
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Thir nghiém san sinh hormon thuc vat

Cay ca chua lun (Solanum lycopersicum) gidng canh tac ‘Micro-Tom’ trudc
day da dugc sir dung dé nghién ctru tAm anh huéng cta axit indol-3-axetic d6i véi
viéc qua chin thong qua thit nghiém in vitro (J Am Soc Hortic Sci 121: 520-524,
1996 cua Cohen). Dé danh gid sy san sinh va bai tiét hormon thuc vat cla cac vi
khuén Gng vién, thir nghiém sang loc trén dia bang cach st dung quéa chua trudng
thanh cia cdy Micro-Tom. Céc dia thir nghiém nudi cy md 20 giéng dugc chuén bi
bang cach lam day cac giéng bang moi trudng thach, dé n6 hoa rin, va chdm 10 uL
dich nudi céy vi khuén qua dém lén bé mit thach, nhu duoc thé hién trén Fig.8. Cac
giéng c6 thach chira axit giberelic (GA) véi cdc lugng téng nhung khoéng chtra dich
nudi cdy vi khudn dugce st dung lam déi chimg duong va mau chudn. Céc bong hoa
mot ngay sau khi ra hoa cit tir cdy Micro-Tom dang trdng duoc gai, dau tién 1 phan
cudng, vao thach & diém chidm dich nuéi cdy vi khuan nay. Theo ddi cac bong hoa
nay trong 2-3 tudn, sau d6 thu hoa hoach qua va cén. Sy gia ting khéi lugng qua trén
cy trén mot vai ban sao cho théy ¢6 su san sinh hormon thuc vat do vi khuén ching

nhiém, nhu duoc thé hién trén Fig.9.
Vi du 6: Sy tién hoa vi khudn-vat chii theo chu k¥

Céc cay ngd dugce chung nhidm bang CM013 va dugc trdng 4 tudn dén khoang
giai doan sinh truéng V5. Cac cay thé hién sy tich lu§ nito cai thién tlr cac ngudn vi
khudn bing phan tich "N dugc nhd r&, va ré dugc rira béng nude ap luc dé loai bo
d4t bam. Cit léy doan ré 0,25g va rira trong dung dich PBS dé loai bo cac hat dét min,
va céc vi khuin khong bam dinh. Pdng nhit héa cdc mau mod bang cach st dung cac
hat thép 3mm trong QTAGEN TissueLyser I1. Dich treo md ddng thé dugc pha lodng
va dan trén dia trén moi truong thach SOB. Cac khuin lac don nhit duoc téi tao huyén
phtl trong moi trudng 16ng va phan tich PCR cho ADN ribosém 16S va cac dot bién
doc nhat dbi voi ching ching nhiém nay. Quy trinh phén 18p vi khuén, gay dot bién,
chiing nhim, va tai phan 14p c6 thé dugc 1ap di lap lai dé cai thién cac tinh trang cla

vi khuan, céc tinh trang ctia cdy, va kha nang xam chiém cta vi khuén nay.
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Vi du 7: Tinh twong thich gitta cac vung dia ly

Kha ning cta cac vi khun cai tién trong viéc xam chiém cdy di ching nhiém
1a yéu t6 quan trong gitp cay séng khée manh trong céc diéu kién thuc dia. Trong khi
cac phuong phap phan 1ap da mo ta duoc thiét ké dé chon loc tir dit cac vi khudn ma
c6 thé ¢6 mbi quan hé gan gili véi cdc ciy trdng nhu cay ngd, thi nhiu ching c6 thé
khong xam chiém mot cach hidu qua trén pham vi gdm cac kiéu gen cay trong, moi
truong, loai dat, hodc diéu kién ching nhi®m. Do xam chiém 1a mot qua trinh phtrc
tap doi hoi mot loat cac tuwong tac gifta ching vi khudn va cdy trong chi, nén viéc
sang loc kha ning canh tranh xam chiém d4 tro thanh phuong phép trung tam dé chon
loc cac ching wu tién dé phat trién tiép. Cac nd luc bude dAu nhim danh gia mirc xam
chiém str dung phuong phap dinh nhan huynh quang cho cac chung, phuwong phap
nay c6 hiéu qua nhung mat thoi gian va khong nhén rdng duoc trén co s¢ timg ching.
Do hoat tinh x4m chiém khéng dé tuin theo su cai thién truc tiép, nén nhét dinh céc
san pham g vién tiém nang phai dwgc chon tr cdc chung ma 13 chiing xam chiém

tu nhién.

Thr nghiém dugce thiét ké nhdm kiém dinh kha ning xdm chiém manh ctia cac
chung kiéu hoang & cay trdng chu bét ki da cho bang cach str dung gPCR va céc doan
mdi da dugce thiét ké nhim dic hiéu véi ching trong mAu quan xi. Thir nghiém nay
duoc du dinh nham xé4c dinh nhanh chéng ty 1& xam chiém cta céc vi khudn tir cac
mau md cay ngd. Cac thir nghiém ban déu str dung céc chiing dugc danh gia 1a ching
xaAm chiém c6 thé c6 bang cach st dung kinh hién vi huynh quang va k¥ thuat st dung

dia cho thiy rang phuong phap qPCR c6 ca tinh dinh lugng va kha nang nhan rong.

Thir nghiém thong thudong duoc tién hanh nhu sau: céc céy, chu yéu 1a giéng
cdy ng0 va cdy lua my, dugc trdng trong hon hop dit trdng than bun trong nha kinh,
4p lai 6 chau cho mbi ching. G thoi diém 4 hodc 5 ngdy sau khi trdng, nho bing
pipet 1 mL dich nudi cy dAu pha tinh gdm céc vi khuan duoc pha loang dén OD590
=0,6-1,0 (khoang 5E+08 CFU/mL) 1én 14 bao mam mdi nhi. Cac cay chi duge tudi
nudc may va dé moc trong 4 tudn trude khi ldy mau, & thoi diém nay, cac cay dugc
nhd ré va rira ré that sach dé loai bo hiu hét cin than bun. C#t cac mau ré sach va
ddng nhit hoa dé tao huyén phit gdm cic ménh té bao thuc vat va cac té bao vi khuan

lin quan. Céc tic gia da phét trién mot quy trinh tich chiét ADN hiéu sult cao ma
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san xudt mot cach hiéu qua hdn hop gdm ADN ctia cdy va ADN vi khuén dé st dung
1am khuoén mau cho gPCR. Dua trén cé4c thtr nghiém c6 pha té bao vi khudn, quy trinh
tach chiét ADN nay cung cip mau ADN vi khuén c6 tinh dinh luong so véi trong
luong tuoi cla ré. Mdi ching dugc danh gia bﬁng cach str dung céc doan mdi dic
hidu v6i chung dugc thiét ké bang cach st dung Primer BLAST (Ye 2012) va so voi
mirc khuéch dai nén tir céc cay khong duoc ching nhiém. Do mot vai doan moi biéu
hién su khuéch dai 1éch dich & céc cay khong dugc chung nhiém, nén x4c dinh mirc
xam chiém theo muc khuéch dai hodc khuéch dai gia ting ctia san pham ding so véi

murc nén.

Thir nghiém nay dugc sir dung dé xac dinh tinh twong thich cua san phém vi
khuén trén nén dia ly d4t khac nhau. Chét luong dét thuc dia va diéu kién thuc dia c6
thé c6 anh hudng to 16n ddi véi tac dung ciia san pham vi khuén. Do pH cua dat, kha
nang gilt nude, va cac vi khuén canh tranh chi 12 mot vai vi du vé céc yéu tb trong dat
ma c6 thé anh hudng dén kha ning sdng s6t va kha ning xam chiém cta chfmg chung
nhidm. Tién hanh thit nghiém xam chiém bing cach st dung ba loai dit khac nhau
14y mAu tir thuc dia & California lam mdi truong sinh trudng cua cdy (Fig.16A). Mat
dd chung nhiém trung gian duoc st dung dé xac dinh gan dung diéu kién nong nghiép
thuc tién. Trong vong 3 tudn, ching 5 xam chiém tit ca cac cay & muc tir IE+06 dén
1E+07 CFU/g trong lugng tuoi. Sau 7 tudn trdng, phién ban tién héa ctia chung 1 da
biéu hién ty 1& xAm chiém cao (1E+06 CFU/g trong lugng tuoi) & tét ca cdc loai dat.

(Fig.16B).

Ngoai ra, dé danh gi4 kha ning xam chiém trong diéu kién thuc dia phtec tap,
bat ddu mot khao nghiém thuc dia trén 1-acre (0,4 ha) ¢ San Luis Obispo vao thang
6/2015 dé danh gia tac dong va kha ning xadm chiém ctia 7 trong s6 cac ching kiéu
hoang trén hai gidng ngo thuc dia. T chirc nghién ctru thuc dia theo hgp ddng, Pacific
Ag Research, tién hanh thiét ké néng hoc va thuc hién khéo nghiém nay. Dé ching
nhiém, str dung cing mot k§ thuét phu hat bang dich nudi cdy than bun da thie nghiém
trong thir nghiém vé cac phuwong phép ching nhiém. Trong subt mia trdng cay, thu
gom cac mau cay dé danh gia kha ning xam chiém & ré va bén trong than. Thu gom
cac mAu tir ba 6 rudng xtt 1y ip lai & 4 va 8 tudn sau khi trong, va tir 6 6 x Iy 1ap lai

ngay truéce khi thu hoach ¢ tudn 16. Thu hai cac mAu bo sung tir 6 6 xir Iy 13p lai dugc
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ching nhiém bing Chiing 1 va Chung 2, cling nhu 6 d6i chung khong dugc xtt 1y, &
thoi diém tudn 12. Danh gi4 sb luong té bao trong mdi gam trong lugng tuoi ctia ré
d4 rira nhu v6i cac thir nghiém xam chiém khac bang qPCR va céc doan moi dic hiéu
v6i chiing. Hai ching, Chung 1 va Ching 2, thé hién kha ning xam chiém ré nhét
quan va lan rong, dat mirc tdi da & thoi diém tudn 12 va sau d6 giam manh (Fig.16C).
Trong khi Chung 2 duong nhu ¢6 mit véi s6 lwong cp khuéch dai nhé hon Ching
1, n6 duge tim thdy vé6i sé lugng nhét quéan hon gifta cac cy. Khong c6 chung nao
6 vé xam chiém hiéu qua bén trong than. Pé cung cb cho cac dit lidu v& x4m chiém
theo qPCR, c4 hai ching da dugc phén 18p lai thanh cong tir cac mau ré bang cach sir
dung k¥ thudt dan trén dia va giai trinh ty 16S dé nhan biét céc thé phén 1ap c6 trinh
tu trung khop.

Viéc str dung thuat ngit chi sb it “mot” va cac dang dé cap tuong ty trong ngit
canh mo ta sang ché (dic biét 1a trong ngit canh vé cac diém yéu cau bao ho dudi
day) duge hidu 12 bao ham cé sb it va s6 nhiéu, trir khi duoc néu khéc di trong ban
md t& ndy, hodc néu trai ngwoc mot cach rd rang trong ngit canh. Céc thudt ngir
“odm”, “c6”, “bao gbdm”, va “chira” dugc hiéu dudi dang céc thuét ngit dé ngo (tirc
14, c6 nghia la “bao gbm, nhung khong bi gi¢i han ¢”,) trir khi c6 luu y khéc di. Viéc
trich dan cac khoang gia tri trong ban md ta nay chi dugce du dinh 12 nhim lam phuong
phap tbe ky dé dé cap riéng dén ting gia tri riéng biét nam trong khoang na‘iy, trir khi
duoc néu khéc di trong ban mo ta nay, va mdi gid tri riéng biét duoc dua vao trong
ban mé ta nhu thé gia tri d6 dugc trich dan riéng trong ban mo ta nay. Vi dy, néu dé
cap dén khoang gid tri tir 10 dén 15, thi céc gid tri 11, 12, 13, va 14 ciing dugc dé cép.
T4t ca cac phuong phap duge md ta trong ban md td nay co thé dugc tién hanh theo
tht tu thich hop bat ky trir khi duge néu khac di trong ban mo ta nay hodc néu trai
ngugc mot cach rd rang trong ngit canh. Viéc st dung bét ky va tat ca cac vi du, hodc
ngdn ngit vi du (vi du, “nhu") dugc dua ra trong bdn md ta nay, chi nhdm minh hoa
rd hon sang ché va khong nham gidi han pham vi cia sang ché trir khi duoc bao ho
khac di. Khong ngdn tir ndo trong ban mo ta nay s€ dugc hidu 1a néu yéu té khong

duwoc bao ho bat ky 1a thiét yéu dbi voi thuc tidn cla sang ché.

Trong khi céc phuong an duge vu tién ctia sdng che da dugce the hién va mo ta

trong ban md ta nay, s& 12 hién nhién doi véi nguoi c6 hiéu biét trung binh trong linh
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vuc ndy rang cac phuong an nay dugc néu chi nhdm muc dich minh hoa. Nhiéu bién
thé, thay ddi va thay thé s& 12 ¢6 thé c6 ddi voi ngudi c6 hiéu biét trung binh trong
linh vuc nay ma khong vugt ra khdi séng ché. Can hiéu rang nhiéu phwong 4n thay
thé cho cic phuong 4n ctia sdng ché dugc mod ta trong ban mo té nay c6 thé duge sir
dung dé thyc hién sang ché. Dy dinh ring céc diém yéu cau bao ho dudi day xac dinh
pham vi cua sang ché va ring cac phuong phap va ciu tric trong pham vi clia céc
diém yéu ciu bao ho nay va céc dang tuwong duong cua chung ciing thuéc pham vi

cua sang che.

Béang 3A
Tén Téi thiéu Téi da Do dai Huéng
CDS lipoprotein murein 2.929.898 2.930.134 237 xudi chiéu
CDS mang té bao 5217.517 | 5.217.843 327 xudi chidu
CDS protein gin két kém/cadimi 3.479.979 | 3.480.626 648 xubi chidu
CDS protein chit mang axyl 4.563.344 4.563.580 237 nguoc chiéu
CDS ompX 4.251.002 4.251.514 513 xubi chiéu
CDS protein gén két ADN HU-beta 375.156 375.428 273 xudi chidu
sspA CDS 629.998 630.636 639 nguoc chiéu
tatE CDS 3.199.435 3.199.638 204 nguoc chiéu
CDS gem kim ham LexA 1.850.457 1.851.065 609 xudi chiéu
CDS hisS <3999979 4.001.223 | >1245 xudi chiéu
Bang 3B
Do tin , S6
cay P £ S6 luong | luong
myet | Tyl | Soluome | Soluomg f e T pan
2 L két qua | ban phién A
N doi biéu ~ doc phién
Ten muc hién vi doc ma ARNSe ma
¥ "I VI ARNSe | ARNSeq 4
bieu sai nifL-Raw | nifL-Raw _WT- ARNSe
hién vi a Raw qWT -
sal Raw
CDS lipoprotein murein 1000 -1,8 12950,5 10078.,9 5151,5 4106,8
CDS protein mang 1000 -1,3 9522,5 53713 5400 3120
CDS protein gan ket 33 1,1 6461 1839,1 5318 | 1550,6
k&m/cadimi
CDS protein chit mang axyl 25,6 1,6 1230,5 957,6 1473,5 1174,7
CDS ompX 1,7 1,1 2042 734,2 1687,5 621,5
CDS protein gin két ADN
HU-beta 6,9 -1,3 1305 881,7 725 | 5018
CDS sspA 0,2 1- 654 1888 504,5 149,2
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1,3 131

1184

125 115,8

CDS gem kim ham LexA 0,1

-1,1 248

75,1

164 50,9

CDS hisS 0

-1,1 467

69,2

325 49,3

Bang 3C

Tén

Doan mdi (theo hudng
thuén, ving tir -250 dén
+10)

Trinh tu dugc biéu hién

Trinh tu bén canh

CDS
lipoprotein
murein

GCCTCTCGGGGCGCTT
TTTTTTATTCCGGCAC
TAGCCGCTATTAATAA
AAATGCAAATCGGAA
TTTACTATTTAACGCG
AGATTATCTAAGATGA
ATCCGATGGAAGCGC
GCTGTTTTCACTCGCC
TTTTTAAAGTTACGTG
ATGATTTCGATGCTTC
TTTGAGCGAACGATCA
AAAATAAGCGTATTCA
GGTAAAAAAATATTCT
CATCACAAAAAAGTTT
GTGTAATACTTGTAAC
GCT---
ACATGGAGATTAACTC

ATGAATCGTACTAAAC
TGGTACTGGGCGCGGT
AATCCTGGGTTCTACTC
TGCTGGCTGGTTGCTCC
AGCAATGCTAAAATCG
ATCAGCTGTCTTCTGAC
GTTCAGACTCTGAACG
CTAAAGTTGACCAGCT
GAGCAACGACGTGAAC
GCAATGCGTTCCGACG
TTCAGGCTGCTAAAGA
TGACGCAGCTCGCGCT
AACCAGCGTCTGGACA
ACGCAGCTACTAAATA
CCGTAAGTAA

ATGAAAAAGACCAAAATTG
TTTGCACCATCGGTCCGAAA
ACCGAATCCGAAGAGATGT
TGACCAAAATGCTGGACGC
GGGCATGAACGTTATGCGTC
TGAACTTCTCTCACGGTGAC
TATGCGGAACACGGTCAGC
GCATCCAGAATCTGCGCAAT
GTGATGAGTAAAACCGGTA
AGAAAGCGGCAATCCTGCT
GGACACCAAAGGTCCGGAA
ATCCGTACCATTAAGCTGGA
AGGCGGCAACGACGTCTCC
CTGAAAGCGGGCCAGACCT
TCACCTTCACCACCGATAAA
TCCGTTGTCGGTAATAACGA
AATCGTTGCGGTGACCTATG
AAGGCTTCACCAGCGACCTG
AGCGTTGGCAACACGGTACT
GGTTGACGATGGTCTGATCG
GTATGGAAGTGACCGCTATC
GAAGGCAACAAAGTTGTTT
GTAAAGTGCTGAACAACGG
CGACCTCGGCGAGAACAAA
GGCGTTAACCTGCCGGGCGT
ATCTATCGCGCTGCCGGCGC
TGGCTGAAAAAGACAAACA
GGATCTGATCTTCGGTTGCG
AACAGGGCGTTGACTTTGTT
GCGGCATCCTTTATCCGTAA
GCGTTCTGACGTTGTTGAAA
TCCGTGAGCACCTGAAAGCC
CACGGCGGCGAGAAGATCC
AGATCATCTCCAAAATCGAA
AACCAGGAAGGCCTGAACA
ACTTCGACGAAATCCTCGAA
GCCTCTGACGGCATCATGGT
AGCCCGTGGCGACCTGGGC
GTTGAAATCCCGGTTGAAGA
AGTTATCTTCGCGCAGAAGA
TGATGATCGAGAAATGTATC
CGCGCGCGTAAAGTCGTTAT
CACCGCGACCCAGATGCTG
GATTCCATGATCAAAAACCC
GCGTCCGACCCGTGCGGAA
GCAGGCGACGTGGCCAACG
CCATCCTCGACGGCACCGAC
GCAGTTATGCTGTCCGGCGA
ATCCGCGAAAGGTAAATAC
CCGCTGGAAGCGGTCACCAT
CATGGCGACCATCTGCGAAC
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Tén thuén, vung tir -250 dén Trinh tu duoc bidu hién Trinh tu bén canh
+10)
GTACCGACCGCGTCATGACC
AGCCGTCTTGAGTACAACAA
CGACAACCGTAAGCTGCGC
ATCACCGAAGCGGTGTGCC
GCGGTGCGGTAGAAACGGC
TGAAAAACTGGAAGCGCCG
CTGATCGTTGTGGCAACCCA
GGGCGGTAAATCCGCGCGC
GCCGTACGTAAATACTTCCC
GGATGCCACTATCCTGGCGC |
TGACCACCAACGAAACCAC
CGCGCGTCAGCTGGTGCTGA
GCAAAGGCGTTGTGGCACA
GCTGGTTGAAGATATCTCCT
CTACCGATGCGTTCTACATC
CAGGGTAAAGAACTGGCGC
TGCAGAGCGGTCTGGCGCGT
AAAGGCGACGTGGTTGTTAT
GGTTTCCGGCGCGTTAGTCC
CGAGCGGAACCACCAATAC
CGCTTCCGTGCACGTGCTGT
AA
ATGGCCAACCGAGCAA
ACCGCAACAACGTAGA
GGTTCACATAAACATA | AGAGAGCGCTGAAGAT ééﬁéﬁ%ﬁ;ﬁ%ﬁﬁ%ﬁ%ﬁéﬁﬁ?
ATTATCGCCACGGCGA | ATCCATAACGATGTCA
AAGCCGGCTTCACCATGGAT
TAGCCGTACGCTTTTT | GCCAATTAGCGGATAC | ‘a0 on 20 - Pl oG
GCGTCACAACATCCAT | GCTGGAAGAGGTGCTG | & -2 i el le el
GGTGAAGCCGGCTTTT | AAATCGTGGGGCAGCG
AATTATGTTTATGTGAACCG
TCAAGAACACGCGCC | ACGCCAAAGACGAAGC
TGAAGCTCGTATGGGGCGTA
ACCTCATCGGGTCTTA | GGAGGCCGCGCGCAAA
CCGCGTTAATTATTCATCCG
DS oroein | AATACATACTCATTCC | AAAGCGCAGGCGCTGC | Gotiry hs ok G oGEAGEA
0P TCATTATCTTTTACCG | TGAAAGAGACCCGCGC | Cx y cOeTTOCGOAGOCCGE
g CACGTTAACCTTACCT | CCGGCTTAACGGCAAC
GTCGGATATCAAAACCTGCG
TATTCATTAAAGGCAA | AACCGCGTCCAGCAGG
ATCATTATGAGCAGTTCCCG
CGCTTTCGGAATATTC | CGGCGTGCGACGCCAT | pr s 1t e G GGGGATGE
CATAAAGGGCTATTTA | GGGCTGCGCTGACAGC | or oy coNTTATGOTATIC
CAGCATAATTCAAAAT | TACGTGCGCGACAAAC
CACACGGGTTCAGTTCGCGA
CTTGTCCTACACTTAT | CGTGGCAAAGCGTCGG
ATGGCGCTTGAGCGTTTTCT
AGACTCAATGGAATTA | CGCCGCAGCAGCCGTT
GAGTGGCCTGTTTGGCGAAA
AGGGA GGGGTATTTATTGGCGT B T TAGCTOA
ATTACTGAATTTACGTC
GATAA
GCGCGGAAAATCGAC | ATGACCAAAAAGATIT | ATGGATAGCGACATTAATCA
GCATAGCGCATTCTCA | CCGCCCTAGCGTTTGGC | GGTCATTGATTCTTTTGTTA
GAAGCCGGCCTGGTCT | ATTGGCATGGTAATGG | AAGGCCCGGCGGTCGTGGG
CGGTGGAAAAGCGAA | CGAGCAGCCAGGCTTT | AAAGATTCGCTTTTCCACCG
TCTTTCCCACGACCGC | TGCCCACGGTCACCAT | AGACCAGGCCGGCTTCTGA
CGGGCCTTTAACAAAA | AGTCATGGCCCGGCGC | GAATGCGCTATGCGTCGATT
CDS protein | GAATCAATGACCTGAT | TGACCGAAGCGGAACA | TTCCGCGCCTCGAAATCATG
ohin két TAATGTCGCTATCCAT | AAAGGCGAGTGAAGGC | CTTGCGGGTCAGCTTCACGA
\em/cadimi | TCTCTCTCCGCGTAAT | ATTTTTGCTGACCAGGA | TCCGGCGATTAAAGCCGATC
GCGATCTTTITTCATC | CGTAAAGGACAGGGCG | GCGCCCAGCTCATGCCGCAC
ATACCTAACAAACTGG | CTGAGCGACTGGGAGG | GATGTGCTGTATATTCCCGC
CAGAGGGAAAAGCCG | GGATCTGGCAGTCGGT | TGGCGGATGGAATGACCCG
CGCGGTTTTTCTGCGA | TAACCCCTATCTGCTGA | CAATGGCTGGCGCCCTCCAC
AGTGTATTGTAAGATT | ACGGGGATTTAGATCC | TCTGCTCACTATCTTATTTG
TGTTTGATATGTTATA | GGTTCTGGAGCAGAAG | GTAAACAGCAGCTGGAATT
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Trinh tu duoc biéu hién

Trinh tu bén canh

+10)
TCGTAACATATTATIG | GCCAAAAAGGCCGGTA | CGTCCTGCGCCACTGGGACG
CAAACAT AAAGCGTGGCGGAATA | GCAGCGCGCTTAACGTGCTG
TCGGGAATATTATAAG | GATAAACAGCAGGTTCCGC
AAGGGCTACGCTACCG | GCCGCGGTCCCCGGGTCGGE
ATGTCGACCAGATTGG | TCTTTTCTGCTGCAGGCGCT
TATCGAGGATAACGTC | GAATGAAATGCAGATGCAG
ATGGAGTTTCACGTCG | CCGCGGGAGCAGCACACGG
GGAAAACCGTCAACGC | CCCGCTTTATTGTCACCAGC
CTGTAAGTACAGCTATT | CTGCTCAGCCACTGTGCCGA
CCGGTTACAAAATTCTG | TCTGCTGGGCAGCCAGGTAC
ACCTACGCATCCGGTA | AAACCTCATCGCGCAGCCA
AAAAAGGCGTGCGCTA | GGCGCTTTTTGAAGCGATTC
CCTGTTCGAATGCCAGC | GTAAGCATATTGACGCCCAC
AGGCGGATTCAAAAGC | TTTGCCGACCCGTTAACCCG
GCCGAAGTTTGTTCAGT | GGAGTCGGTGGCGCAGGCG
TTAGCGATCACACCATC | TTTTACCTCTCGCCAAACTA
GCGCCACGCAAGTCCC | TCTATCCCACCTGTTCCAGA
AGCATTTCCACATCTTT | AATGCGGGCCAATGGGCTTT
ATGGGCAATGAGTCCC | AACGAGTATCTGAATCACAT
| AGGAAGCGCTGCTGAA | CCGCCTGGAGCAGGCCAGA
AGAGATGGATAACTGG | ATGCTGTTAAAAGGCCACG
CCAACCTACTATCCTTA | ATATGAAAGTGAAAGATAT
TGCGCTGCATAAAGAG | CGCCCACGCCTGCGGTTTCG
CAGATTGTCGACGAAA | CCGACAGCAACTACTTCTGC
TGCTGCACCACTAA | CGCCTGTTTCGCAAAAACAC
CGAACGCTCGCCGTCGGAGT
ATCGCCGTCAATATCACAGC
CAGCTGACGGAAAAAACAG
CCCCGGCAAAAAACTAG
ATGAGTTTTGAAGGAAAAA
TCGCGCTGGTTACCGGTGCA
AGTCGCGGGATTGGCCGCG
CAATCGCTGAAACGCTCGTT
GCCCGTGGCGCGAAAGTTAT
ol
ACATCACCGGTGAAA | ATGAGCACTATCGAAG
GCGATTATTTAGGTGCTAAC
CTCTGCACGTCAACGG | AACGCGTTAAGAAAAT | Je0f b o o A
CGGAATGTATATGGTC | TATCGGCGAACAGCTG | G2 ARe 2 L s e
TGACCGAGATTTGCGC | GGCGTTAAGCAGGAAG | 10 A Dl e AT
AAAACGCTCAGGAAC | AAGTTACCAACAATGC
CGCGCAGTCTGTGCGG | TTCCTTCGTTGAAGACC | ATTCGCCCAGAATTTGGTGA
AGTTGATATCCTGGTGAACA
| TTCACTGTAATGTTTT | TGGGCGCTGATTCTCTT
CDS protein ATGCCGGGATCACTCGTGAT
; GTACAAAATGATTTGC | GACACCGTTGAGCTGG
chat mang axyl GTTATGAGGGCAAAC TAATGGCTCTGGAAGA AACCTGTTAATGCGCATGAA
AGATGATGAGTGGAACGAT
AGCCGCAAAATAGCG | AGAGTTTGATACTGAG | arf it BB J00 e
TAAAATCGTGGTAAG | ATTCCGGACGAAGAAG | )7 ot won o
ACCTGCCGGGATTTAG | CTGAGAAAATCACTAC | ‘4 ) o oony “rnces iy
TTGCAAATTTTTCAAC | TGTTCAGGCTGCCATTG | & COGTOATGOA
ATTTTATACACTACGA | ATTACATCAACGGCCA
AAACCATCGCGAAAG CCAGGCGTAA CGTATTATCACTATCGGTTC
Ay TGTGGTTGGTACCATGGGAA
ATGCGGGTCAGGCCAACTA
CGCTGCGGCGAAAGCGGGT
CTGATTGGCTTCAGTAAATC
ACTGGCTCGCGAAGTTGCGT
CCCGCGGTATTACTGTAAAC
GTTGTTGCTCCGGGCTTTAT
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Tén thudn, ving tir -250 dén Trinh tu dugc biéu hién Trinh fu bén canh
+10)
TGAAACGGACATGACGCGT
GCGCTGACCGATGAGCAGC
GTGCGGGTACGCTGGCGGC
AGTTCCTGCGGGGCGCCTCG
GCTCTCCAAATGAAATCGCC
AGTGCGGTGGCATTTTTAGC
CTCTGACGAAGCGAGTTACA
TCACCGGTGAAACTCTGCAC
GTCAACGGCGGAATGTATAT
GGTCTGA
ATGAATAAAATTGCAC
GTTTTTCAGCACTGGCC
GTTGTTCTGGCTGCATC
CGTAGGTACCACTGCTT
TCGCTGCGACTTCTACC
GTTACCGGTGGCTACG
CGCAGAGCGACATGCA
ACGCCTGGGGEGeCG | GGGTGAAGCGAACAAA
GCTGGCGGTTTCAACCT
ACCAGCGGGAAGAGT
GAAGTACCGCTACGAG
GATTTGGCCAACGAG
- CAAGACAACAACCCGC
GCGCCGCTCTGAATGG
TGGGTGTTATCGGTTCT
AAATCATGGCGATTAA
TTCACCTACACCGAAA
AATAACCAGTATCGGC
AACCATOCCGOTAGCT | AAGATCGTTCTGAATCT ‘
TACGAGACGAGCCGG GGCGTTTACAAAAAAG | ATGCCCGGCTCGTCTCGTAA
CDS ompX GCATCCTTTCTCCTGT GCCAGTACTACGGCAT | GGTACCGGCATGGTTGCCGA
p CACCGCAGGTCCGGCT | TACTGGTTATTTTAATCGCC
CAATTTTGTCAAATGC
TACCGTCTGAACGACT ATGATTTCCAT
GGTAAAGGTTCCAGTG
GGGCTAGCATCTACGG
TAATTGAATTACCCCG
CGTAGTGGGTGTTGGTT
CGCCGGTTGAGCTAAT
ACGGTAAATTCCAGGA
GTTGAAAAAAAGGGT
CAACAGCTACCCGAAC
CTTAAAAGCAGTACA
AAATCTGATATGAGCG
ATAGGGCGGGTCTGA
AGATAATTTCA ACTACGGTTTCTCTTAC
GGCGCTGGTCTGCAGTT
CAACCCGATCGAAAAC
GTTGCCCTGGACTTCTC
CTACGAGCAGTCTCGC
ATTCGTAACGTTGACGT
TGGCACCTGGATTGCTG
GCGTAGGTTACCGCTTC
TAA
TCTGATTCCTGATGAA | GTGAATAAATCTCAAC ﬁgg‘éﬁ%ﬁﬁg?gggﬁ’;
AATAAACGCGACCTTG | TGATTGACAAAATTGCT | 1 QG ITGCGCGATGTGGTG
AAGAAATTCCGGATA | GCCGGTGCGGACATTT GTTTATCCGCAéATGGTCAT
ACGTTATCGCCGATTT | CTAAAGCCGCAGCTGG | \’oceeTGTITTGTAGGGCGGG
AGATATCCATCCGGTG | ACGTGCGTTAGATGCTT | * "5 m "\ o OO TTGTCTC
AAACGAATCGAGGAA | TAATCGCTTCTGTTACT | ‘&0  Coa GECATGGACCATG
CDS protein | GTTCTGGCACTTGCGC | GAATCTCTGCAGGCTG | (i u s A L ATGCTGGTT
gén két ADN | TACAGAACGAACCGTT | GAGATGACGTTGCGCT | ‘o oo a s s GAAGCCTCGA
HU-beta TGGAATGGAAGTCGTC | GGTAGGGTTTGGTACTT
CGGATGAGCCGGGTGTAAA
ACGGCAAAATAGTGA TTGCTGTTAAAGAGCG CGATCTTTTCACCGTCGGGA
TTTCGCGCAAATAGCG | CGCTGCCCGTACTGGTC CCGTGGCGTCTATTTTGCAA
CTAAGAAAAATAGGG | GCAATCCGCAAACAGG ATGCTGAAGCTACCGGACG
CTGGTAAGTAAATTCG | CAAAGAAATCACCATT | o/ r o GTGOTGGTC
TACTTGCCAGCCTTTT | GCTGCTGCTAAAGTTCC GAAGGTTTGCAGCGCGCGC
TTTGTGTAGCTAACTT GGGTTTCCGCGCAGGT GCATCTCTGCGCTGTCTGAT

-74-




32716

Tén

DPoan mdi (theo huéng
thuén, ving tr -250 dén
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Trinh tw dwoc biéu hién

Trinh tu bén canh

AGATCGCTGGCAGGG | AAAGCGCTGAAAGACG

GGGTCAATT

CGGTAAACTGA

AATGGCGAACATTTTTCGGC
GAAGGCGGAATACCTTGAA
TCGCCGGCGATTGACGAAC
GCGAGCAGGAAGTGCTGGT
TCGTACCGCTATCAGCCAGT
TTGAAGGCTACATCAAGCTG
AACAAAAAAATCCCTCCGG
AAGTGCTGACGTCGCTGAAT
AGCATCGACGATCCGGCGC
GTCTGGCGGATACCATCGCT
GCGCATATGCCGCTGAAGCT
GGCGGACAAACAGTCCGTG
CTGGAGATGTCCGACGTTAA
CGAGCGTCTGGAATATCTGA
TGGCGATGATGGAGTCGGA
AATCGATCTGCTGCAGGTGG
AGAAGCGTATTCGCAACCG
CGTGAAAAAGCAGATGGAG
AAATCTCAGCGCGAGTACTA
TCTGAATGAGCAAATGAAA
GCCATTCAAAAAGAGCTCG
GCGAGATGGACGACGCCCC
GGACGAGAACGAAGCGCTG
AAGCGTAAGATCGACGCGG
CGAAAATGCCGAAAGAGGC
AAAAGAGAAAACCGAAGCG
GAACTGCAAAAACTGAAAA
TGATGTCCCCGATGTCGGCG
GAAGCGACCGTCGTTCGCG
GCTACATCGACTGGATGGTG
CAGGTACCGTGGAACGCTC
GCAGCAAGGTTAAAAAAGA
CCTGCGTCAGGCTCAGGAG
ATCCTCGATACCGATCACTA
CGGCCTTGAGCGCGTGAAG
GATCGCATTCTTGAGTACCT
CGCGGTGCAGAGCCGTGTTA
ACAAGCTCAAAGGGCCGAT
CCTGTGCCTGGTTGGGCCTC
CGGGGGTAGGTAAAACCTC
TCTCGGCCAATCCATCGCCA
AAGCAACTGGACGCAAATA
TGTGCGTATGGCGCTGGGCG
GCGTGCGTGATGAAGCGGA
AATCCGCGGTCACCGCCGTA
CCTATATTGGCTCAATGCCG
GGCAAACTGATCCAGAAAA
TGGCTAAAGTGGGCGTTAA
AAACCCGCTGTTCTTGCTGG
ATGAGATCGACAAGATGTCT
TCTGACATGCGCGGCGATCC
GGCCTCGGCGCTGCTGGAG
GTGTTGGATCCGGAACAGA
ACGTGGCCTTTAACGACCAC
TATCTGGAAGTGGATTACGA
TCTCAGCGACGTGATGTTCG
TTGCGACCTCTAACTCCATG
AACATCCCGGCGCCGCTGCT
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Trinh tu dugc biéu hién

Trinh tu bén canh

GGATCGTATGGAAGTGATCC
GCCTCTCCGGCTATACCGAA
GATGAGAAGCTAAACATCG
CCAAACGCCATCTGCTGTCA
AAACAGATTGAGCGTAACG
CGCTCAAGAAAGGCGAGCT
GACGGTGGATGACAGCGCG
ATTATCGGCATCATTCGCTA
CTACACCCGTGAAGCAGGC
GTGCGTGGTCTGGAGCGTGA
AATCTCGAAACTGTGCCGCA
AAGCGGTGAAACAGCTGCT
GCTGGATAAGTCGCTGAAA
CACATCGAGATTAACGGCG
ACAACCTGCACGATTTCCTT
GGCGTGCAGCGCTACGACT
ATGGTCGTGCGGATAGCGA
AAACCGCGTAGGTCAGGTG
ACCGGACTGGCGTGGACGG
AAGTGGGCGGCGATCTGCT
GACCATTGAAACCGCCTGCG
TTCCGGGTAAAGGCAAACT
GACCTACACCGGTTCACTGG
GTGAAGTCATGCAGGAATC
CATCCAGGCGGCGCTGACG
GTGGTTCGTTCACGTGCGGA
TAAGCTGGGTATTAACTCAG
ACTTTTACGAAAAACGTGAT
ATTCACGTTCACGTGCCGGA
AGGCGCGACGCCGAAGGAT
GGTCCAAGCGCCGGTATCGC
GATGTGCACCGCGCTGGTTT
CCTGTCTGACGGGTAATCCG
GTACGCGCCGACGTGGCGA

TGACCGGTGAGATTACCCTC .
CGTGGCCAGGTATTGCCGAT
TGGTGGTCTGAAGGAAAAA
CTGTTGGCCGCGCATCGCGG
CGGCATTAAGACTGTTCTGA
TTCCTGATGAAAATAAACGC
GACCTTGAAGAAATTCCGG
ATAACGTTATCGCCGATTTA
GATATCCATCCGGTGAAACG
AATCGAGGAAGTTCTGGCA
CTTGCGCTACAGAACGAACC
GTTTGGAATGGAAGTCGTCA
CGGCAAAATAG

CDS sspA

GTAAGAAAGTCGGCC
TGCGTAAAGCACGTCG
TCGTCCTCAGTTCTCC
AAACGTTAATTGTTTT
CTGCTCACGCAGAACA
ATTTGCGAAAAAACCC
GCTTCGGCGGGTTTTT
TTATGGATAAATTTGC
CATTTTCCCTCTACAA
ACGCCCCATTGTTACC
ACTTTTTCAGCATTTC

ATGGCTGTCGCTGCCA
ACAAACGTTCGGTAAT
GACGCTGTTTTCTGGTC
CTACTGACATCTATAGC
CATCAGGTCCGCATCGT
GCTGGCCGAAAAAGGT
GTTAGTTTTGAGATAGA
GCACGTGGAGAAGGAC
AACCCGCCTCAGGATC
TGATTGACCTCAACCCG
AATCAAAGCGTACCGA

ATGGCTGAAAATCAATACTA
CGGCACCGGTCGCCGCAAA
AGTTCCGCAGCTCGCGTTTT
CATCAAACCGGGCAACGGT
AAAATCGTTATCAACCAGCG
TTCTCTGGAACAGTACTTCG
GTCGTGAAACTGCCCGCATG
GTAGTTCGTCAGCCGCTGGA
ACTGGTCGACATGGTTGAGA
AATTAGATCTGTACATCACC
GTTAAAGGTGGTGGTATCTC
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Tén thuan, ving tir -250 dén Trinh tu duoc biéu hién Trinh ty bén canh
+10)
CAGAATCCCCTCACCA | CGCTTGTGGATCGTGA | TGGTCAGGCTGGTGCGATCC
CAACGTCTTCAAAATC | GCTCACTCTGTGGGAAT | GTCACGGTATCACCCGCGCT
TGGTAAACTATCATCC | CTCGCATCATTATGGAA | CTGATGGAGTACGACGAGT
AATTTTCTGCCCAAAT | TATCTGGATGAGCGTTT | CCCTGCGTGGCGAACTGCGT
GCAGGTGATTGTTCAT | CCCGCATCCGCCGCTCA | AAAGCTGGTTTCGTTACTCG
TTTT TGCCGGTTTACCCGGTG | TGATGCTCGTCAGGTTGAAC
GCGCGTGGGGAAAGCC | GTAAGAAAGTCGGCCTGCG
GTCTGTATATGCAGCGT | TAAAGCACGTCGTCGTCCTC
ATCGAAAAGGACTGGT | AGTTCTCCAAACGTTAA

ATTCGTTGATGAATACC

ATTCAGACCGGTACCG

CTGCGCAGGCTGATAC

TGCGCGTAAGCAGCTG

CGTGAAGAACTACAGG

CGATTGCGCCAGTTTTC

ACCCAGAAGCCCTACT

TCCTGAGCGATGAGTTC

AGCCTGGTGGACTGCT

ACCTGGCACCACTGCT

GTGGCGTCTGCCGGTTC

TCGGCGTAGAGCTGGT

CGGCGCTGGCGCGAAA

GAGCTTAAAGGCTATA

TGACTCGCGTATTTGAG

CGCGACTCTTTCCTCGC

TTCTTTAACTGAAGCCG

AACGTGAAATGCGTCT

CGGTCGGGGCTAA

ATGTTIGTTGCTGCCGGACA
ATTTGCCGTAACGCCGGACT
GGACGGGAAACGCGCAGAC
CTGCGTCAGCATGATGCGCC
AGGCCGCGGAGCGGGGGGC
GTCGCTTCTGGTTCTGCCTG
CTCAAAGCCGTATTAT AGGCGTTGCTGGCGCGAGA
CGATAACGATGCGGATTTAT
CGACCCCTTAGGGACA CGGTTAAATCCGCCCAGCAG
ACGCTTGCCGGGGCG | ATGGGTGAGATTAGTA | 0 At CGGOTTOTIACA
GGAGAGCGGCCGCAG | TTACCAAACTGCTGGTA | = 0t GOTGGCGGAGAGEG
TIGATTTTTGCCGAAC | GTCGCAGCGCTGATTAT | S0 =) P 2 An et s
TTTCAGCTGATTATAT | CCTGGTGTTTGGTACCA | SEre i o aTee
TCAGCAGGTACGCGA | AAAAGTTACGCACGCT | 2l GAAGGTCGAGE
GCGCCTGCCGGTGTTG | GGGTGGAGACCTGGGC | ¢\ nGAATACGCTGGTOGCC
CDStE | CGCAATCGCCGCTTTG | TCGGCTATCAAAGGCTT | il oo o A TTGT
CGCCACCGCAATTATT | TAAAAAAGCCATGAGC | G oty ATATCAGAAACTG
ATGACGTTTTTTTAAA | GATGACGATGACAGTG | Jororiit e e fn i

CAAGGCTTGATTCACC | CGAAGAAGACCAGTGC
TTGTTACAGATTGCTA | TGAAGAAGCGCCGGCA | LATCCAGGAATCCAGGCTGG
TTOTGTOCGOGCGTCA | CAGAAGCTCTCTCATA | LCGATGCCGGGCGGCAAATT
AATAGCCGTTAATTGT AAGAGTAA CCGCCGCTGATCGAAGTCGA
e aac CGGGATGCGCGTCGGGCTG
S ATGACCTGCTACGATTTACG
TTTCCCTGAGCTGGCGCTGT
CGTTAGCGCTCAGCGGCGCG
CAGCTCATAGTGTTGCCTGC
CGCGTGGGTAAAAGGGCCG
CTGAAGGAACATCACTGGG
CGACGCTGCTGGCGGCGCG
GGCGCTGGATACAACCTGCT
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Tén thudn, vung tir -250 dén Trinh tu duoc biéu hién Trinh tu bén canh
+10)
ATATTGTCGCCGCAGGAGA
GTGCGGGACGCGTAATATC
GGTCAAAGCCGTATTATCGA
CCCCTTAGGGACAACGCTTG
CCGGGGCGGGAGAGCGGCC
GCAGTTGATTTTTGCCGAAC
TTTCAGCTGATTATATTCAG
CAGGTACGCGAGCGCCTGC
CGGTGTTGCGCAATCGCCGC
TTTGCGCCACCGCAATTATT
ATGA

ATGAAAGCGTTAACGA

CCAGGCAGCAAGAGGT

GTTTGATCTCATTCGGG

ATCATATCAGCCAGAC

GGGCATGCCGCCGACG

CGTGCGGAGATTGCTC

AGCGCTTGGGGTTTCGC

TCCCCAAACGCGGCGG

AAGAGCATCTGAAAGC
gggﬁ?ggfggﬁggfﬁ% ATGGCCAATAATACCACTGG
GAGGCGGTGGTTGAC CGGCGCCTCCCGCGGT GTTAACCCGAATTATTAAAG
CGTATCGGTCCCGAGC ATTCGTCTGCTGACGGA CGGCCGGGTATTCCTGGAAA
ATCATGAGCTTTCGGG AGAAGAAACCGGTCTG GGATTCCGTGCGGCGTGGGT
GCGAGCGAAAGATAT CCGCTTATTGGCCGCGT CAATGAGGCCGCATTTCGTC
GGGATCGGCGGCGGT CGCGGCAGGTGAGCCG AGGAAGGCATCGCGGCCGT
ACTGCTGGCGATTATC CTGCTAGCGCAGCAGC TATTGCCGTGGCGATCGCCT
ATCGCGCTGATCGCGT ACATTGAAGGCCACTA GCTGGTTGGACGTCGATGCC
CDS gen kim GGGGAACGCTGCTGT CCAGGTGGACCCGGCC ATCACGCGGGTGCTGCTCAT
ham LexA GGGCGAACTACCGCT ATGTTITAAGCCGAACG TAGCTCGGTCCTGTTAGTGA
AAGTCTTGTCGTAGCT CCGATTTTCTGCTGCGT TGATAGTTGAAATTATCAAT
GCTCGCAAAACGGAA GTTAGCGGTATGTCGAT AGCGCGATTGAGGCGGTGG
AGAAACTCCTGATTTT GAAGGATATCGGTATT TTGACCGTATCGGTCCCGAG
TGTGTGAAATGTGGTT CTCGATGGCGACCTGCT CATCATGAGCTTTCGGGGCG
CCAAAATCACCGTTAG GGCTGTCCATAAAACG AGCGAAAGATATGGGATCG
CTGTATATACTCACAG CAGGATGTGCGCAATG GCGGCGGTACTGCTGGCGAT
CATAACTGTATATACA GTCAGGTGGTTGTGGC TATCATCGCGCTGATCGCGT
CCCAGGGGGC GGGGAACGCTGCTGTGGGC

GCGTATCGACGAAGAA GAACTACCGCTAA

GTGACCGTGAAGCGTC

TGAAAAAACAGGGTAA

CGTCGTGGAATTGCTGC

CGGAAAACAGCGAATT

CTCGCCGATCGTGGTCG

ACCTTCGCGAACAAAG

CTTTACTATTGAAGGCC

TGGCCGTCGGCGTTATC

CGCAACGGCAACTGGC

AATAA

TAAGAAAAGCGGCCT . ATGAACGATTATCTG | ATGCATAACCAGGCTCCGAT
GTACGAAGACGGCGT CCGGGCGAAACCGCTC TCAACGTAGAAAATCAAAA
ACGTAAAGACAGGCT TCTGGCAGCGCATTGA | CGAATTTACGTTGGGAATGT
GGATAACGACGATAT | AGGCTCACTGAAGCAG GCCGATTGGCGATGGCGCCC
CDS hisS GATCGATCAGCTGGA GTGCTTGGTAGCTACG | CCATCGCCGTACAGTCGATG
AGCGCGTATTCGCGCT | GTTACAGCGAAATCCG ACAAACACGCGCACCACCG
AAAGCATCGATGCTG | TTTGCCGATTGTAGAGC | ATGTGGCGGCGACGGTAAA
GATGAGGCGCGTCGT AGACCCCGTTATTCAA | TCAAATTAAAGCCCTCGAGC
ATCGATATCCAGCAGG | ACGCGCTATCGGCGAA GCGTTGGCGCGGATATCGTG
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Trinh tu bén canh

+10)
TTGAAGCGAAATAAC | GTGACCGACGTGGTTG | CGCGTTTCGGTGCCGACGAT
GTGTTGGGAAGCGAT | AAAAAGAGATGTACAC | GGATGCGGCGGAAGCGTTC
ACGCTTCCCGTGTATG | CTTTGAGGACCGTAAC | AAACTTATCAAACAGCAGG
ATTGAACCTGCGGGCG | GGCGATAGCCTGACTC | TTAACGTCCCGCTGGTTGCC
CGAGGCGCCGGGGTT | TACGTCCGGAAGGCAC | GATATCCACTTCGATTACCG
CATTTTTGTATATATA | GGCTGGCTGCGTACGC | CATTGCGCTGAAGGTAGCG
AAGAGAATAAACGTG | GCCGGTATCGAACATG | GAATACGGCGTTGATTGCCT
GCAAAGAACATTCAA | GTCTCCTGTACAATCAA | GCGTATTAACCCGGGCAATA
GAACAGCGCCTGTGGT | TCGGCAACGAAGAGCGTAT
ACATTGGGCCGATGTTC | CCGCATGGTGGTGGACTGCG
CGCCACGAACGTCCGC | CTCGCGATAAAAATATTCCT
AAAAAGGCCGCTACCG | ATCCGTATCGGGGTAAACGC
TCAGTTCCACCAGATTG | CGGTTCTCTGGAAAAAGATC
GCGCCGAAGCGTTTGG | TCCAGGAAAAATACGGCGA
CCTGCAGGGGCCGGAT | ACCGACTCCGCAGGCGCTGC
ATCGATGCCGAGCTGA | TGGAATCGGCAATGCGCCAT
TTATGCTGACCGCCCGC | GTTGATCATCTCGATCGTCT
TGGTGGCGCGAGCTGG | CAACTTCGATCAGTTTAAAG
GCATCTCCGGCCACGTT | TCAGCGTAAAAGCCTCCGAT
GCGCTGGAGCTGAACT | GTGTTCCTCGCGGTTGAATC
CTATCGGTTCGCTGGAG | CTATCGCCTGTTGGCGAAAC
GCTCGCGCTAACTATCG | AGATCGATCAGCCTCTGCAC
CGACGCGCTGGTGGCC | CTCGGGATCACCGAAGCGG
TATCTTGAGCAGTTTAA | GCGGCGCGCGCAGCGGCGC
AGATAAGCTGGACGAA | GGTGAAGTCCGCGATCGGC
GACTGCAAACGCCGCA | CTCGGCCTGCTGCTGTCTGA
TGTACACCAACCCGCT | AGGGATTGGCGATACGCTG
GCGCGTGCTGGATTCTA | CGCGTCTCTCTGGCGGCGGA
AAAACCCGGACGTCCA | TCCCGTTGAAGAGATCAAA
GGCGCTGCTGAACGAC | GTGGGCTTCGATATTCTCAA
GCCCCGACGCTGGGCG | GTCGCTGCGTATTCGCTCTC
ACTATCTTGATGAAGA | GCGGGATCAACTTTATTGCC
GTCCAAAACGCATTTTG | TGCCCGACCTGTTCACGTCA
CCGGGCTGTGCGCGCT | GGAGTTTGACGTTATCGGTA
GCTGGATGATGCCGGT | CCGTTAACGCGCTGGAGCA
ATTCGCTATACCGTGAA | GCGCCTGGAAGATATCATTA
TCAGCGTCTGGTACGC | CGCCGATGGATATTTCGATC
GGTCTCGACTACTACA | ATTGGCTGCGTGGTAAACGG
ACCGCACCGTGTTTGA | TCCCGGCGAGGCGCTGGTTT
GTGGGTCACCACCAGC | CCACCCTCGGCGTAACCGGC
CTCGGTTCCCAGGGCA | GGCAATAAGAAAAGCGGCC
CCGTCTGCGCCGGAGG | TGTACGAAGACGGCGTACG
CCGTTACGATGGTCTGG | TAAAGACAGGCTGGATAAC
TTGAGCAGCTTGGCGG | GACGATATGATCGATCAGCT
TCGCGCTACCCCTGGCG | GGAAGCGCGTATTCGCGCTA
TCGGCTTTGCGATGGG | AAGCATCGATGCTGGATGA
GCTGGAACGTCTTGTTT | GGCGCGTCGTATCGATATCC
TACTGGTTCAGGCAGT | AGCAGGTTGAAGCGAAATA
GAATCCGGAATTTAAA A
GCCGATCCTGTTGTCGA
TATATACCTGGTAGCCT
CCGGAACTGACACCCA
GTCCGCAGCAATGCGT
CTGGCTGAACAGGTAC
GCGATGCGTTACCCGG
CGTTAAGCTGATGACC
AACCATGGCGGCGGCA
ACTTTAAGAAGCAGTTT

-79-




32716

Poan mdi (theo huéng
Tén thuén, ving tr -250 dén Trinh tu duoc bidu hién Trinh tu bén canh
+10)
GCGCGCGCTGATAAAT
GGGGCGCTCGCGTTGC
GCTGGTGCTGGGCGAA
TCAGAAATCGCCGACG
GAAACGTGGTAGTGAA
AGATTTACGCTCAGGT
GAGCAAACTACCGTAA
CGCAGGATAGCGTTGC
TGCGCATTTGCGCACAC
TTCTGGGTTAA
Bang cac ching
Tham | Tén | Tén I\:&t\? Kidu ,
TT | chieu dau | hién thong Dong A e Dot bién gen 1
tién hanh dung gayﬂdot gen
bién
N Chiing phén . Kiéu
1 v?ogan CI006 | CI006 | lap tir giéng K};‘:,)“g hoang
Enterobacter (WT)
- 1z Ching phéan n
2 Va:jnogan CI008 | CI008 | lap tir gibng Kl;‘(’,)“g WT
Burkholderia
e Ching phén R
3 V?ot’lan CI010 | CI010 | lap tir giéng Kl;‘(’,)“g WT
Klebsiella
. 1z Chung phén n
g4 | VERbAY | 10 | 1019 | Tap i gibng | <POP8 | w
don co
Rahnella
. 1 Chung phan R
s | Vanban | crooe | cro2s léptirglzéng Khong | -y
don co
Enterobacter
. 1 Chung phén A
6 Wg‘ ban | 1050 | 1050 | 1ap tir gibng | <PO"E | wT
on Klebsiella | °
Phi g ATGAGCCATATTCAACGGGAAA
CGTCTTGCTCCAGGCCGCGATTA
f&i AATTCCAACATGGATGCTGATTT
bing ATATGGGTATAAATGGGCTCGCG
ot ATAATGTCGGGCAATCAGGTGC
bk GACAATCTATCGATTGTATGGGA
bion AGCCCGATGCGCCAGAGTTGTTT
Khing CTGAAACATGGCAAAGGTAGCG
Kanamy TTGCCAATGATGTTACAGATGAG
s dorbibn| M| anitis | GO ANTTIATGOCTCITCCOACCA
Van ban Thé dot bién AnifL:: ]
Tl gon | EMO02| CMO02 |- o 1050 fiaﬁljg KanR | TCAAGCATTTTATCCGTACTCCT
GATGATGCATGGTTACTCACCAC
gen TGCGATCCCCGGGAAAACAGCA
?mmo.g TTCCAGGTATTAGAAGAATATCC
yg’S‘t TGATTCAGGTGAAAATATTGTTG
phos-ph ATGCGCTGGCAGTGTTCCTGCGC
s CGGTTGCATTCGATTCCTGTTTG
TAATTGTCCTTTTAACAGCGATC
ralzﬁ GCGTATTTCGTCTCGCTCAGGCG
gfwc CAATCACGAATGAATAACGGTTT
- GGTTGATGCGAGTGATTTTGATG
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TT

Tham
chiéu dau
tién

Tén
hién
hanh

Tén
thong
dung

M6 ta
ADN
gdy dot
bién

Dong

Kiéu
gen

Dot bién gen 1

cai xen
vao.

ACGAGCGTAATGGCTGGCCTGTT
GAACAAGTCTGGAAAGAAATGC
ATAAGCTTTTGCCATTCTCACCG
GATTCAGTCGTCACTCATGGTGA
TTTCTCACTTGATAACCTTATTTT
TGACGAGGGGAAATTAATAGGT
TGTATTGATGTTGGACGAGTCGG
AATCGCAGACCGATACCAGGAT
CTTGCCATCCTATGGAACTGCCT
CGGTGAGTTTTCTCCTTCATTAC
AGAAACGGCTTTTTCAAAAATAT
GGTATTGATAATCCTGATATGAA
TAAATTGCAGTTTCATTTGATGC
TCGATGAGTTTTTCTAATAAGCC
TGCCTGGTTCTGCGTTTCCCGCT
CTTTAATACCCTGACCGGAGGTG
AGCAATGA

Vin ban
don

CMO11

CMO11

Pha v
gen
nifL
bing

cat-xet
bidu
hién

khéng
spectin
omyxin

(SpecR
) ma

héa gen

strepto
myxin

3-0O-

adenyly

Itransfe
raza
aadA
duoc

cai xen
vao.

Thé dot bién
ctia CI019

AnifL::S
pecR

ATGAGCATCACGGCGTTATCAGC
ATCATTTCCTGAGGGGAATATCG
CCAGCCGCTTGTCGCTGCAACAT
CCTTCACTGTTTTATACCGTGGTT
GAACAATCTTCGGTGGCGAGCGT
GTTGAGTCATCCTGACTAGCTGA
GATGAGGGCTCGCCCCCTCGTCC
CGACACTTCCAGATCGCCATAGC
GCACAGCGCCTCGAGCGGTGGT
AACGGCGCAGTGGCGGTTTTCAT
GGCTTGTTATGACTGTTTTTTTGG
GGTACAGTCTATGCCTCGGGCAT
CCAAGCAGCAAGCGCGTTACGC
CGTGGGTCGATGTTTGATGTTAT
GGAGCAGCAACGATGTTACGCA
GCAGGGCAGTCGCCCTAAAACA
AAGTTAAACATCATGAGGGAAG
CGGTGATCGCCGAAGTATCGACT
CAACTATCAGAGGTAGTTGGCGT
CATCGAGCGCCATCTCGAACCGA
CGTTGCTGGCCGTACATTTGTAC
GGCTCCGCAGTGGATGGCGGCCT
GAAGCCACACAGTGATATTGATT
TGCTGGTTACGGTGACCGTAAGG
CTTGATGAAACAACGCGGCGAG
CTTTGATCAACGACCTTTTGGAA
ACTTCGGCTTCCCCTGGAGAGAG
CGAGATTCTCCGCGCTGTAGAAG
TCACCATTGTTGTGCACGACGAC
ATCATTCCGTGGCGTTATCCAGC
TAAGCGCGAACTGCAATTTGGA
GAATGGCAGCGCAATGACATTCT
TGCAGGTATCTTCGAGCCAGCCA
CGATCGACATTGATCTGGCTATC
TTGCTGACAAAAGCAAGAGAAC
ATAGCGTTGCCTTGGTAGGTCCA
GCGGCGGAGGAACTCTTTGATCC
GGTTCCTGAACAGGATCTATTTG
AGGCGCTAAATGAAACCTTAAC
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TT

Tham
chiéu dau
tién

Tén
hién
hanh

Tén
thong
dung

Mo ta
ADN
gy dot
bién

Dong

Kiéu
gen

Dot bién gen 1

GCTATGGAACTCGCCGCCCGACT
GGGCTGGCGATGAGCGAAATGT
AGTGCTTACGTTGTCCCGCATTT
GGTACAGCGCAGTAACCGGCAA
AATCGCGCCGAAGGATGTCGCT
GCCGACTGGGCAATGGAGCGCC
TGCCGGCCCAGTATCAGCCCGTC
ATACTTGAAGCTAGACAGGCTTA
TCTTGGACAAGAAGAAGATCGC
TTGGCCTCGCGCGCAGATCAGTT
GGAAGAATTTGTCCACTACGTGA
AAGGCGAGATCACCAAGGTAGT
CGGCAAATAATGTCTAACAATTC
GTTCAAGCCGACGCCGCTTCGCG
GCGCGGCTTAACTCAAGCGTTAG
ATGCACTAAGCACATAATTGCTC
ACAGCCAAACTATCAGGTCAAG
TCTGCTTTTATTATTTTTAAGCGT
GCATAATAAGCCCTACACAAAT
GGTACCCGACCGGTGGTGAATTT
AATCTCGCTGACGTGTAGACATT
CCCTTATCCAGACGCTGATCGCC
CATCATCGCGGTTCTTTAGATCT
CTCGGTCCGCCCTGATGGCGGCA
CCTTGCTGACGTTACGCCTGCCG
GTACAGCAGGTTATCACCGGAG
GCTTAAAATGA

Vin ban
don

CMO013

CMO013

Pha v&
gen
nifl
bang
cat-xet
biéu
hién
khang
kanamy
Xin
(KanR)
ma hoa
gen
aminog
lycosit
O-
phosph
otransfe
raza
aphl
duoc
cai xen
vao.

Thé dot bién
ctia C1006

AnifL::
KanR

CTGATCCTTCAACTCAGCAAAAG
TTCGATTTATTCAACAAAGCCAC
GTTGTGTCTCAAAATCTCTGATG
TTACATTGCACAAGATAAAAATA
TATCATCATGAACAATAAAACTG
TCTGCTTACATAAACAGTAATAC
AAGGGGTGTTATGAGCCATATTC
AACGGGAAACGTCTTGCTCCAG
GCCGCGATTAAATTCCAACATGG
ATGCTGATTTATATGGGTATAAA
TGGGCTCGCGATAATGTCGGGCA
ATCAGGTGCGACAATCTATCGAT
TGTATGGGAAGCCCGATGCGCC
AGAGTTGTTTCTGAAACATGGCA
AAGGTAGCGTTGCCAATGATGTT
ACAGATGAGATGGTCAGACTAA
ACTGGCTGACGGAATTTATGCCT
CTTCCGACCATCAAGCATTTTAT
CCGTACTCCTGATGATGCATGGT
TACTCACCACTGCGATCCCCGGG
AAAACAGCATTCCAGGTATTAG
AAGAATATCCTGATTCAGGTGAA
AATATTGTTGATGCGCTGGCAGT
GTTCCTGCGCCGGTTGCATTCGA
TTCCTGTTTGTAATTGTCCTTTTA
ACAGCGATCGCGTATTTCGTCTC
GCTCAGGCGCAATCACGAATGA
ATAACGGTTTGGTTGATGCGAGT
GATTTTGATGACGAGCGTAATGG
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TT

Tham
chiéu dau
tién

Tén
hién
hanh

A

Tén
thong
dung

M5 ta
ADN
gy dot
bién

Dong

Kiéu
gen

Dot bién gen 1

CTGGCCTGTTGAACAAGTCTGGA
AAGAAATGCATAAGCTTTTGCCA
TTCTCACCGGATTCAGTCGTCAC
TCATGGTGATTTCTCACTTGATA
ACCTTATTTTTGACGAGGGGAAA
TTAATAGGTTGTATTGATGTTGG
ACGAGTCGGAATCGCAGACCGA
TACCAGGATCTTGCCATCCTATG
GAACTGCCTCGGTGAGTTTTCTC
CTTCATTACAGAAACGGCTTTTT
CAAAAATATGGTATTGATAATCC
TGATATGAATAAATTGCAGTTTC
ATTTGATGCTCGATGAGTTTTTC
TAATAAGCCTTGACCCTACGATT
CCCGCTATTTCATTCACTGACCG
GAGGTTCAAAATGA

10

FigAA

CMO004

CMO004

Pha vo
gen
amtB
bing
cat-xet
biéu
hién
khéng
kanamy
xin
(KanR)
ma hoa
gen
aminog
lycosit
0-
phosph
otransfe
raza
aphl
duoc
cai xen
vao.

Thé dot bién
cua CI010

AamtB::
KanR

ATGAAGATAGCAACAATGAAAA
CAGGTCTGGGAGCGTTGGCTCTT
CTTCCCTGATCCTTCAACTCAGC
AAAAGTTCGATTTATTCAACAAA
GCCACGTTGTGTCTCAAAATCTC
TGATGTTACATTGCACAAGATAA
AAATATATCATCATGAACAATAA
AACTGTCTGCTTACATAAACAGT
AATACAAGGGGTGTTATGAGCC
ATATTCAACGGGAAACGTCTTGC
TCCCGTCCGCGCTTAAACTCCAA
CATGGACGCTGATTTATATGGGT
ATAAATGGGCTCGCGATAATGTC
GGGCAATCAGGTGCGACAATCT
ATCGCTTGTATGGGAAGCCCGAT
GCGCCAGAGTTGTTTCTGAAACA
TGGCAAAGGTAGCGTTGCCAAT
GATGTTACAGATGAGATGGTCCG
TCTCAACTGGCTGACGGAGTTTA
TGCCTCTCCCGACCATCAAGCAT
TTTATCCGTACTCCTGATGATGC
GTGGTTACTCACCACCGCGATTC
CTGGGAAAACAGCCTTCCAGGT
ATTAGAAGAATATCCTGATTCAG
GTGAAAATATTGTTGATGCGCTG
GCCGTGTTCCTGCGCCGGTTACA
TTCGATTCCTGTTTGTAATTGTCC
TTTTAACAGCGATCGTGTATTTC
GTCTTGCTCAGGCGCAATCACGC
ATGAATAACGGTTTGGTTGATGC
GAGTGATTTTGATGACGAGCGTA
ATGGCTGGCCTGTTGAACAAGTC
TGGAAAGAAATGCACAAGCTCT
TGCCATTCTCACCGGATTCAGTC
GTCACTCATGGTGATTTCTCACT
TGATAACCTTATTTTTGACGAGG
GGAAATTAATAGGTTGTATTGAT
GTTGGACGGGTCGGAATCGCAG
ACCGTTACCAGGACCTTGCCATT
CTTTGGAACTGCCTCGGTGAGTT
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TT

Tham
chiéu dau
tién

Tén
hién
hanh

Tén
thong
dung

MO ta
ADN
gdy dot
bién

Dong

Kiéu
gen

Dot bién gen 1

TTCTCCTTCATTACAGAAACGGC
TTTTTCAAAAATATGGTATTGAT
AATCCTGATATGAATAAATTGCA
GTTTCATTTGATGCTCGATGAGT
TTTTCTAATAAGCCTGTGAAGGG
CTGGACGTAAACAGCCACGGCG
AAAACGCCTACAACGCCTGA

11

Fig4A

CMO005

CMO005

Pha v&
gen
nifl
bang
cat-xet
biéu
hién
khéng
kanamy
xin
(KanR)
ma hoa
gen
aminog
lycosit
O-
phosph
otransfe
raza
aphl
duoc
cai xen
Vao.

Thé dot bién
cua CI010

- AnifL::
KanR

ATGACCCTGAATATGATGCTCGA
TAACGCCGTACCCGAGGCGATTG
CCGGCTGATCCTTCAACTCAGCA
AAAGTTCGATTTATTCAACAAAG
CCACGTTGTGTCTCAAAATCTCT
GATGTTACATTGCACAAGATAAA
AATATATCATCATGAACAATAAA
ACTGTCTGCTTACATAAACAGTA
ATACAAGGGGTGTTATGAGCCAT
ATTCAACGGGAAACGTCTTGCTC
CCGTCCGCGCTTAAACTCCAACA
TGGACGCTGATTTATATGGGTAT
AAATGGGCTCGCGATAATGTCG
GGCAATCAGGTGCGACAATCTAT
CGCTTGTATGGGAAGCCCGATGC
GCCAGAGTTGTTTCTGAAACATG
GCAAAGGTAGCGTTGCCAATGA
TGTTACAGATGAGATGGTCCGTC
TCAACTGGCTGACGGAGTTTATG
CCTCTCCCGACCATCAAGCATTT
TATCCGTACTCCTGATGATGCGT
GGTTACTCACCACCGCGATTCCT
GGGAAAACAGCCTTCCAGGTATT
AGAAGAATATCCTGATTCAGGTG
AAAATATTGTTGATGCGCTGGCC
GTGTTCCTGCGCCGGTTACATTC
GATTCCTGTTTGTAATTGTCCTTT
TAACAGCGATCGTGTATTTCGTC
TTGCTCAGGCGCAATCACGCATG
AATAACGGTTTGGTTGATGCGAG
TGATTTTGATGACGAGCGTAATG
GCTGGCCTGTTGAACAAGTCTGG
AAAGAAATGCACAAGCTCTTGC
CATTCTCACCGGATTCAGTCGTC
ACTCATGGTGATTTCTCACTTGA
TAACCTTATTTTTGACGAGGGGA
AATTAATAGGTTGTATTGATGTT
GGACGGGTCGGAATCGCAGACC
GTTACCAGGACCTTGCCATTCTT
TGGAACTGCCTCGGTGAGTTTTC
TCCTTCATTACAGAAACGGCTTT
TTCAAAAATATGGTATTGATAAT
CCTGATATGAATAAATTGCAGTT
TCATTTGATGCTCGATGAGTTTT
TCTAATAAGCCTTGGTTCTGCGT
TTCCCGCTCTTTAATACCCTGAC
CGGAGGTGAGCAATGA
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A . M6 ta
o Tham | Tén | Tén \ ADN | Kidu o
chiéu dau | hién thong Dong A an Dot bien gen 1
tién hanh dung gayxdot gen
bién
ATGACCCTGAATATGATGATGGA
TGCCGGCGGACATCATCGCGAC
Pha v& AAACAATATTAATACCGGCAAC
gen CACACCGGCAATTTACGAGACTG
nifL, CGCAGGCATCCTTTCTCCCGTCA
bing ATTTCTGTCAAATAAAGTAAAAG
ménh AGGCAGTCTACTTGAATTACCCC
ciia CGGCTGGTTGAGCGTTTGTTGAA
18 dotbidn | V"€ | anifLp | AAAAAGTAACTGAAAAATCCGT
12| FigaB [CMO1s| cmo1s |00 (SN | nim |27 S | AGAATAGCGCCACTCTGATGGTT
trude AATTAACCTATTCAATTAAGAAT
gen TATCTGGATGAATGTGCCATTAA
ompX ATGCGCAGCATAATGGTGCGTTG
dugc TGCGGGAAAACTGCTTTTTTTTG
cai xen AAAGGGTTGGTCAGTAGCGGAA
vao ACAACTCACTTCACACCCCGAAG
(Prm5). GGGGAAGTTGCCTGACCCTACG
ATTCCCGCTATTTCATTCACTGA
CCGGAGGTTCAAAATGA
Pha v&
fie& ATGACCCTGAATATGATGATGGA
bing TGCCGGCTCACCACGGCGATAAC
ot CATAGGTTTTCGGCGTGGCCACA
o TCCATGGTGAATCCCACTTTTTC
sing CAGCACGCGCGCCACTTCATCGG
S GTCTTAAATACATAGATTTTCCT
i CGTCATCTTTCCAAAGCCTCGCC
o ACCTTACATGACTGAGCATGGAC
| o | SEIATTEAGAMATIECACA
. . & dot bién nifL::
13| Figd4B |CMO21} CMO21 |~ . 06 STI‘-’.C... m2 | CCGTCTGGCCTTAAAAATTATGG
S/éudig TCTAAACTAAAATTTACATCGAA
T oty AACGAGGGAGGATCCTATGTTTA
. ACAAACCGAATCGCCGTGACGT
R AGATGAAGGTGTTGAGGATATT
ot gon AACCACGATGTTAACCAGCTCGA
. ACTCACTTCACACCCCGAAGGGG
Pt GAAGTTGCCTGACCCTACGATTC
e CCGCTATTTCATTCACTGACCGG
ao AGGTTCAAAATGA
(Prm2).
Pha v ATGACCCTGAATATGATGATGGA
gen TGCCGGCTGACGAGGCAGGTTA
nifL, CATCACTGGTGAAACCCTGCACG
bing TCAATGGCGGAATGTATATGGTT
méanh TAACCACGATGAAAATTATTTGC
q | cia GTTATTAGGGCGAAAGGCCTCA
. Thé dotbién | ving |AnifL:P| AAATAGCGTAAAATCGTGGTAA
14 | Fig4B |CMO023| CMO023 |~ o ~1o06 | nim | rm4 |GAACTGCCGGGATTTAGTTGCAA
trude ATTTTTCAACATTTTATACACTA
gen CGAAAACCATCGCGAAAGCGAG
acpP va TTTTGATAGGAAATTTAAGAGTA
doan TGAGCACTATCGAAGAACGCGTT
121 cap AAGAAAATTATCGGCGAACAGC
bazo TGGGCGTTAAGCAGGAAGAAGT
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Tham | Tén | Tén IXBE Kidu ,
TT | chiéu dau | hién thong Dong A an Dot bien gen 1
tién hanh dung g2y ;dot gen
bién
dAu tien TACCAACAATGCTTCCTTCGTTG
clia gen AAGACCTGGGCGCTGATTCTCTT
acpP d6 GACACCGAACTCACTTCACACCC
duoc CGAAGGGGGAAGTTGCCTGACC
cai xen CTACGATTCCCGCTATTTCATTC
vao ACTGACCGGAGGTTCAAAATGA
(Prm4).
Pha G ATGACCCTGAATATGATGATGGA
TGCCGGCCGTCCTGTAATAATAA
fiefi CCGGACAATTCGGACTGATTAAA
bing AAAGCGCCCTTGTGGCGCTTTTT
s TTATATTCCCGCCTCCATTTAAA
o ATAAAAAATCCAATCGGATTTCA
ving CTATTTAAACTGGCCATTATCTA
s AGATGAATCCGATGGAAGCTCG
o CTGTTTTAACACGCGTTTTTTAA
' Thé dot bién | gen Ipp | AnifL:p | CCTTTTATTGAAAGTCGGTGCTT
15 | Fig.10A |CMO14 | CMo14 |~ ° (2 W 850 PP IS0 58| CTTTGAGCGAACGATCAAATTTA
29 can AGTGGATTCCCATCAAAAAAAT
o] ATTCTCAACCTAAAAAAGTTTGT
S GTAATACTTGTAACGCTACATGG
i gon AGATTAACTCAATCTAGAGGGTA
o 5 TTAATAATGAATCGTACTAAACT
D GGTACTGGGCGCAACTCACTTCA
i CACCCCGAAGGGGGAAGTTGCC
ho TGACCCTACGATTCCCGCTATTT
CATTCACTGACCGGAGGTTCAAA
(Prm1). ATGA
Pha v& ATGACCCTGAATATGATGATGGA
f&‘i TGCCGGCATATTGACACCATGAC
bing GCGCGTAATGCTGATTGGTTCTG
s TGACGCTGGTAATGATTGTCGAA
o ATTCTGAACAGTGCCATCGAAGC
ving CGTAGTAGACCGTATTGGTGCAG
e AATTCCATGAACTTTCCGGGCGG
. GCGAAGGATATGGGGTCGGCGG
zen ORI I T ACCTGGATCGOATT
16 | Fig.10A |CMO016 | CMO16 Tgfadé’iobégn Vlgxéz:n ATH%‘P ACTCTGGTCACATTTTCGATAAC
%) ctp GCTTCCAGAATTCGATAACGCCC
.. TGGTTTTTTGCTTAAATTTGGTTC
e CAAAATCGCCTTTAGCTGTATAT
cia gon ACTCACAGCATAACTGTATATAC
s ACCCAGGGGGCGGGATGAAAGC
ph ATTAACGGCCAGGAACTCACTTC
free ACACCCCGAAGGGGGAAGTTGC
i CTGACCCTACGATTCCCGCTATT
oae TCATTCACTGACCGGAGGTTCAA
(Prm9). AATGA
Pha v ATGACCCTGAATATGATGATGGA
1 | gen TGCCGGCATCATATTGCGCTCCC
. Thé dotbién | nifl. |AnifL::P| TGGTTATCATTTGTTACTAAATG
17 | Fig10A |CM022| CMO22 | " o c1006 | bing | rm3 | AAATGTTATAATATAACAATTAT

manh
cua

AAATACCACATCGCTTTCAATTC
ACCAGCCAAATGAGAGGAGCGC
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. . MO ta
o Tham 1 Tén Ten . ADN | Kiéu .
chiéu dau | hién thong Dong A an Dot bien gen 1
tién hanh dung ga}.lkdot gen
bién
ving CGTCTGACATAGCCAGCGCTATA
nim AAACATAGCATTATCTATATGTT
truéc TATGATTAATAACTGATTTTTGC
gen GTTTTGGATTTGGCTGTGGCATC
mntP 1 CTTGCCGCTCTTTTCGCAGCGTC
va doan TGCGTTTTTGCCCTCCGGTCAGG
53 cap GCATTTAAGGGTCAGCAATGAGT
bazo TTTTACGCAATTACGATTCTTGC
dAu tién CTTCGGCATGTCGATGGATGCTT
ciia gen TAACTCACTTCACACCCCGAAGG
mntP 1 GGGAAGTTGCCTGACCCTACGAT
6 TCCCGCTATTTCATTCACTGACC
duoc GGAGGTTCAAAATGA
cai xen
vao
(Prm3).
ATGACCCTGAATATGATGATGGA
TGCCGGCCGCGTCAGGTTGAACG
Phi V5 TAAAAAAGTCGGTCTGCGCAAA
zen GCACGTCGTCGTCCGCAGTTCTC
=0 CAAACGTTAATTGGTTTCTGCTT
bing CGGCAGAACGATTGGCGAAAAA
. ACCCGGTGCGAACCGGGTTTTTT
o TATGGATAAAGATCGTGTTATCC
Ihé dorbién| Y€ | switLp| TOTTILTCAGCATITCCAGAATC
) € dot bién S nifL::
18 | Fig 10A [CMO24 | CMO24 |~ 0 1006 am | mi | CCCTCACCACAAAGCCCGCAAA
ATCTGGTAAACTATCATCCAATT
f“; TTCTGCCCAAATGGCTGGGATTG
;ﬁm TTCATTTTTTGTTTGCCTTACAAC
civen GAGAGTGACAGTACGCGCGGGT
Ta AGTTAACTCAACATCTGACCGGT
@) CGATAACTCACTTCACACCCCGA
: AGGGGGAAGTTGCCTGACCCTA
CGATTCCCGCTATTTCATTCACT
GACCGGAGGTTCAAAATGA
Pha vo ATGACCCTGAATATGATGATGGA
ﬁ?, TGCCGGCCCTGTATGAAGATGGC
bing GTGCGCAAAGATCGCCTGGATA
. ACAGCGATATGATTAGCCAGCTT
o GAAGCCCGCATTCGCGCGAAAG
sing CGTCAATGCTGGACGAAGCGCG
ey TCGTATCGATGTGCAACAGGTAG
e AAAAATAAGGTTGCTGGGAAGC
Thé dotbién| gon | AnifLiP GGCAGGCTTCCCGTGTATGATGA
19 | Fig10A |CM025| Cmo2s |~ = St | B 1T T | ACCCGCCCGGCGCGACCCGTTGT
donm 5 TCGTCGCGGCCCCGAGGGTTCAT
ar TTTTTGTATTAATAAAGAGAATA
gﬁ% AACGTGGCAAAAAATATTCAAG
e CCATTCGCGGCATGAACGATTAT
: CTGCCTGGCGAACTCACTTCACA
;ﬁgﬁg CCCCGAAGGGGGAAGTTGCCTG
P ACCCTACGATTCCCGCTATTTCA
¢ TTCACTGACCGGAGGTTCAAAAT
cal ‘xen GA
vao
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TT

Tham
chiéu dau
tién

Tén
hién
hanh

Tén
thdng
dung

M6 ta
ADN

gy dot
bién

Dong

Kiéu
gen

Dot bién gen 1

(Prm10

20

Fig.10B

CM006

CMO006

Pha v&
gen
glnB
bang
cat-xet
biéu
hién
khang
kanamy
xin
(KanR)
mi hoa
gen
aminog
lycosit
O-
phosph
otransfe
raza
aphl
duoc
cai xen
vao.

Thé dot bién
ctia CI010

AglnB::
KanR

ATGAAAAAGATTGATGCGATTAT
TAAACCTTTCAAACTGGATGACG
TGCGCTGATCCTTCAACTCAGCA
AAAGTTCGATTTATTCAACAAAG
CCACGTTGTGTCTCAAAATCTCT
GATGTTACATTGCACAAGATAAA
AATATATCATCATGAACAATAAA
ACTGTCTGCTTACATAAACAGTA
ATACAAGGGGTGTTATGAGCCAT
ATTCAACGGGAAACGTCTTGCTC
CCGTCCGCGCTTAAACTCCAACA
TGGACGCTGATTTATATGGGTAT
AAATGGGCTCGCGATAATGTCG
GGCAATCAGGTGCGACAATCTAT
CGCTTGTATGGGAAGCCCGATGC
GCCAGAGTTGTTTCTGAAACATG
GCAAAGGTAGCGTTGCCAATGA
TGTTACAGATGAGATGGTCCGTC
TCAACTGGCTGACGGAGTTTATG
CCTCTCCCGACCATCAAGCATTT
TATCCGTACTCCTGATGATGCGT
GGTTACTCACCACCGCGATTCCT
GGGAAAACAGCCTTCCAGGTATT
AGAAGAATATCCTGATTCAGGTG
AAAATATTGTTGATGCGCTGGCC
GTGTTCCTGCGCCGGTTACATTC
GATTCCTGTTTGTAATTGTCCTTT
TAACAGCGATCGTGTATTTCGTC
TTGCTCAGGCGCAATCACGCATG
AATAACGGTTTGGTTGATGCGAG
TGATTTTGATGACGAGCGTAATG
GCTGGCCTGTTGAACAAGTCTGG
AAAGAAATGCACAAGCTCTTGC
CATTCTCACCGGATTCAGTCGTC
ACTCATGGTGATTTCTCACTTGA
TAACCTTATTTTTGACGAGGGGA
AATTAATAGGTTGTATTGATGTT
GGACGGGTCGGAATCGCAGACC
GTTACCAGGACCTTGCCATTCTT
TGGAACTGCCTCGGTGAGTTTTC
TCCTTCATTACAGAAACGGCTTT
TTCAAAAATATGGTATTGATAAT
CCTGATATGAATAAATTGCAGTT
TCATTTGATGCTCGATGAGTTTT
TCTAATAAGCCTCGCGCGTGATT
CGTATCCGCACCGGCGAAGAAG
ACGACGCGGCGATTTAA

21

Fig.10C

CI028
nifL.:Ka

CMO017

Pha v
gen
niflL
bang

Thé dot bién
cua CI028

cat-xet

AnifL.::
KanR

ATGACCATGAACCTGATGACGG
ATGTCGTCTCAGCCACCGGGATC
GCCGGGTTGCTTTCACGACAACA
CCCGACGCTGTTTTTTACACTAA
TTGAACAGGCCCCCGTGGCGATC
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Tham
chiéu dau
tién

Tén
hién
hanh

Tén
thong
dung

Mo ta
ADN
gy dot
bién

Dong

Kiéu
gen

D6t bién gen 1

bicu
hién
khang
kanamy
xin
(KanR)
mi hoa
gen
aminog
lycosit
O-
phosph
otransfe
raza
aphl
duoc
cai xen
vao.

ACGCTGACGGATACCGCTGCCCG
CATTGTCTATGCCAACCCGGGCG
TGTTGAGTCATCCTGACTAGCTG
AGATGAGGGCTCGCCTGATCCTT
CAACTCAGCAAAAGTTCGATTTA
TTCAACAAAGCCACGTTGTGTCT
CAAAATCTCTGATGTTACATTGC
ACAAGATAAAAATATATCATCAT
GAACAATAAAACTGTCTGCTTAC
ATAAACAGTAATACAAGGGGTG
TTATGAGCCATATTCAACGGGAA
ACGTCTTGCTCCAGGCCGCGATT
AAATTCCAACATGGATGCTGATT
TATATGGGTATAAATGGGCTCGC
GATAATGTCGGGCAATCAGGTG
CGACAATCTATCGATTGTATGGG
AAGCCCGATGCGCCAGAGTTGTT
TCTGAAACATGGCAAAGGTAGC
GTTGCCAATGATGTTACAGATGA
GATGGTCAGACTAAACTGGCTG
ACGGAATTTATGCCTCTTCCGAC
CATCAAGCATTTTATCCGTACTC
CTGATGATGCATGGTTACTCACC
ACTGCGATCCCCGGGAAAACAG
CATTCCAGGTATTAGAAGAATAT
CCTGATTCAGGTGAAAATATTGT
TGATGCGCTGGCAGTGTTCCTGC
GCCGGTTGCATTCGATTCCTGTT
TGTAATTGTCCTTTTAACAGCGA
TCGCGTATTTCGTCTCGCTCAGG
CGCAATCACGAATGAATAACGG
TTTGGTTGATGCGAGTGATTTTG
ATGACGAGCGTAATGGCTGGCCT
GTTGAACAAGTCTGGAAAGAAA
TGCATAAGCTTTTGCCATTCTCA
CCGGATTCAGTCGTCACTCATGG
TGATTTCTCACTTGATAACCTTA
TTTTTGACGAGGGGAAATTAATA
GGTTGTATTGATGTTGGACGAGT
CGGAATCGCAGACCGATACCAG
GATCTTGCCATCCTATGGAACTG
CCTCGGTGAGTTTTCTCCTTCATT
ACAGAAACGGCTTTTTCAAAAAT
ATGGTATTGATAATCCTGATATG
AATAAATTGCAGTTTCATTTGAT
GCTCGATGAGTTTTTCTAATAAG
CCTGACCGGTGGTGAATTTAATC
TCGCTGACGTGTAGACATTCATC
GATCTGCATCCACGGTCCGGCGG
CGGTACCTGCCTGACGCTACGTT
TACCGCTCTTTTATGAACTGACC
GGAGGCCCAAGATGA

22

Fig.10C

CI019
nifL:Sp
ecR

CMO11

Pha v

Thé dot bién | gen
cua CI019 nifL

bing

AnifL::S
pecR

ATGAGCATCACGGCGTTATCAGC
ATCATTTCCTGAGGGGAATATCG
CCAGCCGCTTGTCGCTGCAACAT
CCTTCACTGTTTTATACCGTGGTT
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R R MO ta
o Tham | Tén | Ten ‘ ADN | Kiéu o
chiéu dau | hién thong Dong A A Dot bien gen 1
tién hanh dung gayPOt gen
bién
cat-xet GAACAATCTTCGGTGGCGAGCGT
bidu GTTGAGTCATCCTGACTAGCTGA
hién GATGAGGGCTCGCCCCCTCGTCC
khang CGACACTTCCAGATCGCCATAGC
spectin GCACAGCGCCTCGAGCGGTGGT
omyxin AACGGCGCAGTGGCGGTTTTCAT
(SpecR GGCTTGTTATGACTGTTTTTTTGG
) ma GGTACAGTCTATGCCTCGGGCAT
hoa gen CCAAGCAGCAAGCGCGTTACGC
strepto CGTGGGTCGATGTTTGATGTTAT
myxin GGAGCAGCAACGATGTTACGCA
3”-O- GCAGGGCAGTCGCCCTAAAACA
adenyly AAGTTAAACATCATGAGGGAAG
Itransfe CGGTGATCGCCGAAGTATCGACT
raza CAACTATCAGAGGTAGTTGGCGT
aadA CATCGAGCGCCATCTCGAACCGA
duoc CGTTGCTGGCCGTACATTTGTAC

cai xen
vao.

GGCTCCGCAGTGGATGGCGGCCT
GAAGCCACACAGTGATATTGATT
TGCTGGTTACGGTGACCGTAAGG
CTTGATGAAACAACGCGGCGAG
CTTTGATCAACGACCTTTTGGAA
ACTTCGGCTTCCCCTGGAGAGAG
CGAGATTCTCCGCGCTGTAGAAG
TCACCATTGTTGTGCACGACGAC
ATCATTCCGTGGCGTTATCCAGC
TAAGCGCGAACTGCAATTTGGA
GAATGGCAGCGCAATGACATTCT
TGCAGGTATCTTCGAGCCAGCCA
CGATCGACATTGATCTGGCTATC
TTGCTGACAAAAGCAAGAGAAC
ATAGCGTTGCCTTGGTAGGTCCA
GCGGCGGAGGAACTCTTTGATCC
GGTTCCTGAACAGGATCTATTTG
AGGCGCTAAATGAAACCTTAAC
GCTATGGAACTCGCCGCCCGACT
GGGCTGGCGATGAGCGAAATGT
AGTGCTTACGTTGTCCCGCATTT |
GGTACAGCGCAGTAACCGGCAA
AATCGCGCCGAAGGATGTCGCT
GCCGACTGGGCAATGGAGCGCC
TGCCGGCCCAGTATCAGCCCGTC
ATACTTGAAGCTAGACAGGCTTA
TCTTGGACAAGAAGAAGATCGC
TTGGCCTCGCGCGCAGATCAGTT
GGAAGAATTTGTCCACTACGTGA
AAGGCGAGATCACCAAGGTAGT
CGGCAAATAATGTCTAACAATTC
GTTCAAGCCGACGCCGCTTCGCG
GCGCGGCTTAACTCAAGCGTTAG
ATGCACTAAGCACATAATTGCTC
ACAGCCAAACTATCAGGTCAAG
TCTGCTTTTATTATTTTTAAGCGT
GCATAATAAGCCCTACACAAAT
GGTACCCGACCGGTGGTGAATTT
AATCTCGCTGACGTGTAGACATT
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TT

Tham
chiéu dau
tién

Tén
hién
hanh

Tén
thong
dung

MO ta
ADN
gy dot
bién

Dong

Kiéu
gen

Dot bién gen 1

CCCTTATCCAGACGCTGATCGCC
CATCATCGCGGTTCTTTAGATCT
CTCGGTCCGCCCTGATGGCGGCA
CCTTGCTGACGTTACGCCTGCCG
GTACAGCAGGTTATCACCGGAG
GCTTAAAATGA

23

Fig.10C

CI006
nifL:Ka
nR

CMO013

Pha v&
gen
nifl
béing

cat-xet
biéu
hién

khéng
kanamy
xin

(KanR)

mi hoa
gen

aminog

lycosit
O-
phosph
otransfe
raza
aphl
duoc
cai xen
vao.

Thé dot bién
cua CI006

AnifL::
KanR

CTGATCCTTCAACTCAGCAAAAG
TTCGATTTATTCAACAAAGCCAC
GTTGTGTCTCAAAATCTCTGATG
TTACATTGCACAAGATAAAAATA
TATCATCATGAACAATAAAACTG
TCTGCTTACATAAACAGTAATAC
AAGGGGTGTTATGAGCCATATTC
AACGGGAAACGTCTTGCTCCAG
GCCGCGATTAAATTCCAACATGG
ATGCTGATTTATATGGGTATAAA
TGGGCTCGCGATAATGTCGGGCA
ATCAGGTGCGACAATCTATCGAT
TGTATGGGAAGCCCGATGCGCC
AGAGTTGTTTCTGAAACATGGCA
AAGGTAGCGTTGCCAATGATGTT
ACAGATGAGATGGTCAGACTAA
ACTGGCTGACGGAATTTATGCCT
CTTCCGACCATCAAGCATTTTAT
CCGTACTCCTGATGATGCATGGT
TACTCACCACTGCGATCCCCGGG
AAAACAGCATTCCAGGTATTAG
AAGAATATCCTGATTCAGGTGAA
AATATTGTTGATGCGCTGGCAGT
GTTCCTGCGCCGGTTGCATTCGA
TTCCTGTTTGTAATTGTCCTTTTA
ACAGCGATCGCGTATTTCGTCTC
GCTCAGGCGCAATCACGAATGA
ATAACGGTTTGGTTGATGCGAGT
GATTTTGATGACGAGCGTAATGG
CTGGCCTGTTGAACAAGTCTGGA
AAGAAATGCATAAGCTTTTGCCA
TTCTCACCGGATTCAGTCGTCAC
TCATGGTGATTTCTCACTTGATA
ACCTTATTTTTGACGAGGGGAAA
TTAATAGGTTGTATTGATGTTGG
ACGAGTCGGAATCGCAGACCGA
TACCAGGATCTTGCCATCCTATG
GAACTGCCTCGGTGAGTTTTCTC
CTTCATTACAGAAACGGCTTTTT
CAAAAATATGGTATTGATAATCC
TGATATGAATAAATTGCAGTTTC
ATTTGATGCTCGATGAGTTTTTC
TAATAAGCCTTGACCCTACGATT
CCCGCTATTTCATTCACTGACCG
GAGGTTCAAAATGA

24

Fig.10C

CIO010
nifL:Ka
nR

CMO005

Phéa vo
gen
nifL
bang

cat-xet

Thé dot bién
ctia CI010

AnifL::
KanR

ATGACCCTGAATATGATGCTCGA
TAACGCCGTACCCGAGGCGATTG
CCGGCTGATCCTTCAACTCAGCA
AAAGTTCGATTTATTCAACAAAG
CCACGTTGTGTCTCAAAATCTCT
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Kiéu
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cai xen
Vao.

GATGTTACATTGCACAAGATAAA
AATATATCATCATGAACAATAAA
ACTGTCTGCTTACATAAACAGTA
ATACAAGGGGTGTTATGAGCCAT
ATTCAACGGGAAACGTCTTGCTC
CCGTCCGCGCTTAAACTCCAACA
TGGACGCTGATTTATATGGGTAT
AAATGGGCTCGCGATAATGTCG
GGCAATCAGGTGCGACAATCTAT
CGCTTGTATGGGAAGCCCGATGC
GCCAGAGTTGTTTCTGAAACATG
GCAAAGGTAGCGTTGCCAATGA
TGTTACAGATGAGATGGTCCGTC
TCAACTGGCTGACGGAGTTTATG
CCTCTCCCGACCATCAAGCATTT
TATCCGTACTCCTGATGATGCGT
GGTTACTCACCACCGCGATTCCT
GGGAAAACAGCCTTCCAGGTATT
AGAAGAATATCCTGATTCAGGTG
AAAATATTGTTGATGCGCTGGCC
GTGTTCCTGCGCCGGTTACATTC
GATTCCTGTTTGTAATTGTCCTTT
TAACAGCGATCGTGTATTTCGTC
TTGCTCAGGCGCAATCACGCATG
AATAACGGTTTGGTTGATGCGAG
TGATTTTGATGACGAGCGTAATG
GCTGGCCTGTTGAACAAGTCTGG
AAAGAAATGCACAAGCTCTTGC
CATTCTCACCGGATTCAGTCGTC
ACTCATGGTGATTTCTCACTTGA
TAACCTTATTTTTGACGAGGGGA
AATTAATAGGTTGTATTGATGTT
GGACGGGTCGGAATCGCAGACC
GTTACCAGGACCTTGCCATTCTT
TGGAACTGCCTCGGTGAGTTTTC
TCCTTCATTACAGAAACGGCTTT
TTCAAAAATATGGTATTGATAAT
CCTGATATGAATAAATTGCAGTT
TCATTTGATGCTCGATGAGTTTT
TCTAATAAGCCTTGGTTCTGCGT
TTCCCGCTCTTTAATACCCTGAC
CGGAGGTGAGCAATGA

25

Fig4C

Ching

CI006

Chung phan
14p tr gidng
Enterobacter

Khong
co

WT
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Fig.AC

Ching

CI010

Chung phén
1ap tir giong
Klebsiella

Khoéng
co

WT

27

Fig.4C

Chung

CI019

Chung phan
lap tir giong
Rahnella

Khong
cé

WT

28

Fig.4C

Ching

CI1028

Chung phan
lap tir gidng
Enterobacter

Khong
co

WT
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] . M6 ta
- Tham | Tén | Tén , ADN | Kidu o
chiéu dau | hién thong Dong A an Dot bien gen 1
tién hanh dung ga}.lidot gen
bién
, Chung phén A
29 | Figan | "% | 006 | lap tirgiong Khong | gy
co
Enterobacter
Phi vE ATGACCCTGAATATGATGATGGA
ven TGCCGGCCGTCCTGTAATAATAA
= CCGGACAATTCGGACTGATTAAA
bing AAAGCGCCCTTGTGGCGCTTTTT
s TTATATTCCCGCCTCCATTTAAA
o ATAAAAAATCCAATCGGATTTCA
ving CTATTTAAACTGGCCATTATCTA
iy AGATGAATCCGATGGAAGCTCG
o CTGTTTTAACACGCGTTTTTTAA
. Thé dot bién | gen Ipp | AnifL: P CCTTTTATTGAAAGTCGGTGCTT
30 | FigdB | Cao | CMo14 | =0t B PE g | CTTTGAGCGAACGATCAAATTTA
% cio AGTGGATTCCCATCAAAAAAAT
b ATTCTCAACCTAAAAAAGTTTGT
e GTAATACTTGTAACGCTACATGG
cta gon AGATTAACTCAATCTAGAGGGTA
op d6 TTAATAATGAATCGTACTAAACT
D GGTACTGGGCGCAACTCACTTCA
e CACCCCGAAGGGGGAAGTTGCC
ao TGACCCTACGATTCCCGCTATTT
(D) CATTCACTGACCGGAGGTTCAAA
‘ ATGA
ATGACCCTGAATATGATGATGGA
TGCCGGCGGACATCATCGCGAC
Pha v& AAACAATATTAATACCGGCAAC
gen CACACCGGCAATTTACGAGACTG
nifL CGCAGGCATCCTTTCTCCCGTCA
béng ATTTCTGTCAAATAAAGTAAAAG
manh AGGCAGTCTACTTGAATTACCCC
clia CGGCTGGTTGAGCGTTTGTTGAA
oo | vang | .| AAAAAGTAACTGAAAAATCCGT
31 | Fig4B T&‘l‘;}g CMO15 Tch;adg;ob(;gn ndm A“r‘nflLs“P AGAATAGCGCCACTCTGATGGTT
trude AATTAACCTATTCAATTAAGAAT
gen TATCTGGATGAATGTGCCATTAA
ompX ATGCGCAGCATAATGGTGCGTTG
duge TGCGGGAAAACTGCTTTTTTTTG
cai xen AAAGGGTTGGTCAGTAGCGGAA
vao ACAACTCACTTCACACCCCGAAG
(Prm5). GGGGAAGTTGCCTGACCCTACG
ATTCCCGCTATTTCATTCACTGA
CCGGAGGTTCAAAATGA
Pha v ATGACCCTGAATATGATGATGGA
gen TGCCGGCTGACGAGGCAGGTTA
nifL CATCACTGGTGAAACCCTGCACG
bing TCAATGGCGGAATGTATATGGTT
manh TAACCACGATGAAAATTATTTGC
, Thé dotbién| 9 | nifrep| GTTATTAGGGCGAAAGGCCTCA
32 | FigsB | Thip | CM023 | o (S r | vimg || AAATAGCGTAAAATCGTGGTAA
ndm GAACTGCCGGGATTTAGTTGCAA
trude ATTTTTCAACATTTTATACACTA
gen CGAAAACCATCGCGAAAGCGAG
acpP va TTTTGATAGGAAATTTAAGAGTA
doan TGAGCACTATCGAAGAACGCGTT
121 cip AAGAAAATTATCGGCGAACAGC
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Tham Tén Tén Mo ta .2
TT | chiéuddu | hién | thong Dong | ADN | Kicu D6t bin gen 1
tien | hanh | dung gdy dot|  gen
bién
bazo TGGGCGTTAAGCAGGAAGAAGT
du tién TACCAACAATGCTTCCTTCGTTG
cua gen AAGACCTGGGCGCTGATTCTCTT
acpP do GACACCGAACTCACTTCACACCC
duogc CGAAGGGGGAAGTTGCCTGACC
cai xen CTACGATTCCCGCTATTTCATTC
vao ACTGACCGGAGGTTCAAAATGA
(Prm4).
, Ching phan A
33 | Fig4D Ch;“g CI1006 | lap tit gibng | “PO"8 | wr
co
Enterobacter
Pha v
gen
nifL
bang
manh
cua
vung
nim
trudc
gen
ompX
duoc ATGACCCTGAATATGATGATGGA
cai xen TGCCGGCGGACATCATCGCGAC
vao AAACAATATTAATACCGGCAAC
(Prm5) CACACCGGCAATTTACGAGACTG
va lam CGCAGGCATCCTTTCTCCCGTCA
Kkhuyét ATTTCTGTCAAATAAAGTAAAAG
1287 AGGCAGTCTACTTGAATTACCCC
cap |AnifL::P| CGGCTGGTTGAGCGTTTGTTGAA
Tién Thé dot bién bazo rm5 AAAAAGTAACTGAAAAATCCGT
34 FigdD héa CMO029 cta CIOOG sau AgInE- AGAATAGCGCCACTCTGATGGTT
codon |AR KO AATTAACCTATTCAATTAAGAAT
khéi 1 TATCTGGATGAATGTGCCATTAA
dAu cua ATGCGCAGCATAATGGTGCGTTG
gen TGCGGGAAAACTGCTTTTTTTTG
glnE AAAGGGTTGGTCAGTAGCGGAA
chua ACAACTCACTTCACACCCCGAAG
mién GGGGAAGTTGCCTGACCCTACG
loai bo ATTCCCGCTATTTCATTCACTGA
adenyly CCGGAGGTTCAAAATGA
1 cia
glutama
t-
amonia
c-ligaza
adenyly
Itransfe
raza
(AgInE-
AR K
0ol).
% Chung phan R
35 | Fig14 C | ot | CI006 | 14p tir gibng Khong | - yp
oang ()
Enterobacter
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Tham | Téen | Tén MO ki ,
TT | chiéu dau | hién thong Dong A an Dot bien gen 1
tién hanh dung ga){Ath gen
bién
Pha v ATGACCCTGAATATGATGATGGA
TGCCGGCCGTCCTGTAATAATAA
fﬁi CCGGACAATTCGGACTGATTAAA
bing AAAGCGCCCTTGTGGCGCTTTTT
o TTATATTCCCGCCTCCATTTAAA
o, ATAAAAAATCCAATCGGATTTCA
ving CTATTTAAACTGGCCATTATCTA
e AGATGAATCCGATGGAAGCTCG
o CTGTTTTAACACGCGTTTTTTAA
. Kiéu Thé dot bién | gen Ipp | AnifL::P CCTTTTATIGAAAGTCGGTGCTT
36 [ Figlac | 0% | CMot4 | o 0t B | i | CTTTGAGCGAACGATCAAATTTA
5 AGTGGATTCCCATCAAAAAAAT
238‘;31’ ATTCTCAACCTAAAAAAGTTTGT
e GTAATACTTGTAACGCTACATGG
i gon AGATTAACTCAATCTAGAGGGTA
iop d5 TTAATAATGAATCGTACTAAACT
D GGTACTGGGCGCAACTCACTTCA
e CACCCCGAAGGGGGAAGTTGCC
a0 TGACCCTACGATTCCCGCTATTT
CATTCACTGACCGGAGGTTCAAA
(Prm1). ATGA
.z Chiing phén A
37 | Fig.14B hfﬁ‘g C1019 | lap tir gidng K}“:‘z,)“g WT
Rahnella .
ATGAGCATCACGGCGTTATCAGC
ATCATTTCCTGAGGGGAATATCG
CCAGCCGCTTGTCGCTGCAACAT
CCTTCACTGTTTTATACCGTGGTT
Pha v GAACAATCTTCGGTGGCGAGCGT
GTTGAGTCATCCTGACTAGCTGA
fiefi GATGAGGGCTCGCCCCCTCGTCC
bing CGACACTTCCAGATCGCCATAGC
o GCACAGCGCCTCGAGCGGTGGT
e AACGGCGCAGTGGCGGTTTTCAT
vy GGCTTGTTATGACTGTTTTTTTGG
Khing GGTACAGTCTATGCCTCGGGCAT
spoctin CCAAGCAGCAAGCGCGTTACGC
onmgxin CGTGGGTCGATGTTTGATGTTAT
) ., | SpecR GGAGCAGCAACGATGTTACGCA
33 | Fig14n | KO | cvord Thé dot bién | P2 | Anifl:S GCAGGGCAGTCGCCCTAAAACA
: tién hoa cta CI019 | M0 L| pecR AAGTTAAACATCATGAGGGAAG
Strepto CGGTGATCGCCGAAGTATCGACT
g CAACTATCAGAGGTAGTTGGCGT
0. CATCGAGCGCCATCTCGAACCGA
ademly CGTTGCTGGCCGTACATTTGTAC
oy GGCTCCGCAGTGGATGGCGGCCT
o GAAGCCACACAGTGATATTGATT
A TGCTGGTTACGGTGACCGTAAGG
. CTTGATGAAACAACGCGGCGAG
et CTTTGATCAACGACCTTTTGGAA
a ACTTCGGCTTCCCCTGGAGAGAG
' CGAGATTCTCCGCGCTGTAGAAG
TCACCATTGTTGTGCACGACGAC
ATCATTCCGTGGCGTTATCCAGC
TAAGCGCGAACTGCAATTTGGA
GAATGGCAGCGCAATGACATTCT
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TT

Tham
chiéu dau
tién

Tén
hién
hanh

Tén
thong
dung

Mo ta
ADN
gy dot
bién

Dong

Kiéu
gen

Dot bién gen 1

TGCAGGTATCTTCGAGCCAGCCA
CGATCGACATTGATCTGGCTATC
TTGCTGACAAAAGCAAGAGAAC
ATAGCGTTGCCTTGGTAGGTCCA
GCGGCGGAGGAACTCTTTGATCC
GGTTCCTGAACAGGATCTATTTG
AGGCGCTAAATGAAACCTTAAC
GCTATGGAACTCGCCGCCCGACT
GGGCTGGCGATGAGCGAAATGT
AGTGCTTACGTTGTCCCGCATTT
GGTACAGCGCAGTAACCGGCAA
AATCGCGCCGAAGGATGTCGCT
GCCGACTGGGCAATGGAGCGCC
TGCCGGCCCAGTATCAGCCCGTC
ATACTTGAAGCTAGACAGGCTTA
TCTTGGACAAGAAGAAGATCGC
TTGGCCTCGCGCGCAGATCAGTT
GGAAGAATTTGTCCACTACGTGA
AAGGCGAGATCACCAAGGTAGT
CGGCAAATAATGTCTAACAATTC
GTTCAAGCCGACGCCGCTTCGCG
GCGCGGCTTAACTCAAGCGTTAG
ATGCACTAAGCACATAATTGCTC
ACAGCCAAACTATCAGGTCAAG
TCTGCTTTTATTATTTTTAAGCGT
GCATAATAAGCCCTACACAAAT
GGTACCCGACCGGTGGTGAATTT
AATCTCGCTGACGTGTAGACATT
CCCTTATCCAGACGCTGATCGCC
CATCATCGCGGTTCTTTAGATCT
CTCGGTCCGCCCTGATGGCGGCA
CCTTGCTGACGTTACGCCTGCCG
GTACAGCAGGTTATCACCGGAG
GCTTAAAATGA

Fig.14A

Kiéu
tién hoa

CMO11

Pha v&
gen
niflL
bang
cat-xet
bidu
hién
khang
spectin
omyXxin
(SpecR
) ma
héa gen
strepto
myxin
37-O-
adenyly
| tran
sferaza
aadA
duoc

Thé dot bién
cua CI0O19

AnifL::S
pecR

ATGAGCATCACGGCGTTATCAGC
ATCATTTCCTGAGGGGAATATCG
CCAGCCGCTTGTCGCTGCAACAT
CCTTCACTGTTTTATACCGTGGTT
GAACAATCTTCGGTGGCGAGCGT
GTTGAGTCATCCTGACTAGCTGA
GATGAGGGCTCGCCCCCTCGTCC
CGACACTTCCAGATCGCCATAGC
GCACAGCGCCTCGAGCGGTGGT
AACGGCGCAGTGGCGGTTTTCAT
GGCTTGTTATGACTGTTTTTTTGG
GGTACAGTCTATGCCTCGGGCAT
CCAAGCAGCAAGCGCGTTACGC
CGTGGGTCGATGTTTGATGTTAT
GGAGCAGCAACGATGTTACGCA
GCAGGGCAGTCGCCCTAAAACA
AAGTTAAACATCATGAGGGAAG
CGGTGATCGCCGAAGTATCGACT
CAACTATCAGAGGTAGTTGGCGT
CATCGAGCGCCATCTCGAACCGA
CGTTGCTGGCCGTACATTTGTAC
GGCTCCGCAGTGGATGGCGGCCT
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TT

Tham
chiéu dau
tién

Tén
hién
hanh

Tén
thong
dung

M0 ta
ADN

gdy dot
bién

Dong

Kiéu
gen

Dot bién gen 1

cai xen
vao.

GAAGCCACACAGTGATATTGATT
TGCTGGTTACGGTGACCGTAAGG
CTTGATGAAACAACGCGGCGAG
CTTTGATCAACGACCTTTTGGAA
ACTTCGGCTTCCCCTGGAGAGAG
CGAGATTCTCCGCGCTGTAGAAG
TCACCATTGTTGTGCACGACGAC
ATCATTCCGTGGCGTTATCCAGC
TAAGCGCGAACTGCAATTTGGA
GAATGGCAGCGCAATGACATTCT
TGCAGGTATCTTCGAGCCAGCCA
CGATCGACATTGATCTGGCTATC
TTGCTGACAAAAGCAAGAGAAC
ATAGCGTTGCCTTGGTAGGTCCA
GCGGCGGAGGAACTCTTTGATCC
GGTTCCTGAACAGGATCTATTTG
AGGCGCTAAATGAAACCTTAAC
GCTATGGAACTCGCCGCCCGACT
GGGCTGGCGATGAGCGAAATGT
AGTGCTTACGTTGTCCCGCATTT
GGTACAGCGCAGTAACCGGCAA
AATCGCGCCGAAGGATGTCGCT
GCCGACTGGGCAATGGAGCGCC
TGCCGGCCCAGTATCAGCCCGTC
ATACTTGAAGCTAGACAGGCTTA
TCTTGGACAAGAAGAAGATCGC
TTGGCCTCGCGCGCAGATCAGTT
GGAAGAATTTGTCCACTACGTGA
AAGGCGAGATCACCAAGGTAGT
CGGCAAATAATGTCTAACAATTC
GTTCAAGCCGACGCCGCTTCGCG
GCGCGGCTTAACTCAAGCGTTAG
ATGCACTAAGCACATAATTGCTC
ACAGCCAAACTATCAGGTCAAG
TCTGCTTTTATTATTTTTAAGCGT
GCATAATAAGCCCTACACAAAT
GGTACCCGACCGGTGGTGAATTT
AATCTCGCTGACGTGTAGACATT
CCCTTATCCAGACGCTGATCGCC
CATCATCGCGGTTCTTTAGATCT
CTCGGTCCGCCCTGATGGCGGCA
CCTTGCTGACGTTACGCCTGCCG
GTACAGCAGGTTATCACCGGAG
GCTTAAAATGA

40

Fig.15A

Kiéu
hoang

CI1006

Chung phan
14p tir giong
Enterobacter

Khong
co

WT
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Fig.15A

Kiéu
tién hoa

CMO013

Pha vo
gen
nifLL
bang

cat-xet
bidu
hién

khang

Thé dot bién
cua CI006

kanamy

AnifL::
KanR

CTGATCCTTCAACTCAGCAAAAG
TTCGATTTATTCAACAAAGCCAC
GTTGTGTCTCAAAATCTCTGATG
TTACATTGCACAAGATAAAAATA
TATCATCATGAACAATAAAACTG
TCTGCTTACATAAACAGTAATAC
AAGGGGTGTTATGAGCCATATTC
AACGGGAAACGTCTTGCTCCAG
GCCGCGATTAAATTCCAACATGG
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A A M6 ta
Y Y O B O e \ ADN | Kiu o
chiéu dau | hién thong Dong A an Dot bien gen 1
tién hanh dung 82y ;dot gen
bien
xin ATGCTGATTTATATGGGTATAAA
(KanR) TGGGCTCGCGATAATGTCGGGCA
m3 héa ATCAGGTGCGACAATCTATCGAT
gen TGTATGGGAAGCCCGATGCGCC
aminog AGAGTTGTTTCTGAAACATGGCA
lycosit AAGGTAGCGTTGCCAATGATGTT
O- ACAGATGAGATGGTCAGACTAA
phosph ACTGGCTGACGGAATTTATGCCT
otransfe CTTCCGACCATCAAGCATTTTAT
raza CCGTACTCCTGATGATGCATGGT
aphl TACTCACCACTGCGATCCCCGGG
dugc AAAACAGCATTCCAGGTATTAG
cai xen AAGAATATCCTGATTCAGGTGAA
vao. AATATTGTTGATGCGCTGGCAGT
GTTCCTGCGCCGGTTGCATTCGA
TTCCTGTTTGTAATTGTCCTTITA
ACAGCGATCGCGTATTTCGTCTC
GCTCAGGCGCAATCACGAATGA
ATAACGGTTTGGTTGATGCGAGT
GATTTTGATGACGAGCGTAATGG
CTGGCCTGTTGAACAAGTCTGGA
AAGAAATGCATAAGCTTTTGCCA
TTCTCACCGGATTCAGTCGTCAC
TCATGGTGATTTCTCACTTGATA
ACCTTATTTTTGACGAGGGGAAA
TTAATAGGTTGTATTGATGTTGG
ACGAGTCGGAATCGCAGACCGA
TACCAGGATCTTGCCATCCTATG
GAACTGCCTCGGTGAGTTTTCTC
CTTCATTACAGAAACGGCTTTTT
CAAAAATATGGTATTGATAATCC
TGATATGAATAAATTGCAGTTTC
ATTTGATGCTCGATGAGTTTTTC
TAATAAGCCTTGACCCTACGATT
CCCGCTATTTCATTCACTGACCG
GAGGTTCAAAATGA
Pha vd ATGAGCATCACGGCGTTATCAGC
gen ATCATTTCCTGAGGGGAATATCG
niflL CCAGCCGCTTGTCGCTGCAACAT
bang CCTTCACTGTTTTATACCGTGGTT
cat-xet GAACAATCTTCGGTGGCGAGCGT
bidu GTTGAGTCATCCTGACTAGCTGA
hién GATGAGGGCTCGCCCCCTCGTCC
khang CGACACTTCCAGATCGCCATAGC
spectin GCACAGCGCCTCGAGCGGTGGT
42 | Fig 158 Khong | 011 Thé dot bién | omyxin | AnifL::S | AACGGCGCAGTGGCGGTTTTCAT
' tén cia CI019 | (SpecR | pecR GGCTTGTTATGACTGTTTITTTTGG
) mad GGTACAGTCTATGCCTCGGGCAT
hoéa gen CCAAGCAGCAAGCGCGTTACGC
strepto CGTGGGTCGATGTTTGATGTTAT
myxin GGAGCAGCAACGATGTTACGCA
37-0O- GCAGGGCAGTCGCCCTAAAACA
adenyly AAGTTAAACATCATGAGGGAAG
Itransfe CGGTGATCGCCGAAGTATCGACT
raza CAACTATCAGAGGTAGTTGGCGT
aadA CATCGAGCGCCATCTCGAACCGA
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TT

Tham
chiéu dau
tién

A

Tén
hién
hanh

Tén
thong
dung

Kiéu
gen

Dot bién gen 1

CGTTGCTGGCCGTACATTTGTAC
GGCTCCGCAGTGGATGGCGGCCT
GAAGCCACACAGTGATATTGATT
TGCTGGTTACGGTGACCGTAAGG
CTTGATGAAACAACGCGGCGAG
CTTTGATCAACGACCTTTTGGAA
ACTTCGGCTTCCCCTGGAGAGAG
CGAGATTCTCCGCGCTGTAGAAG
TCACCATTGTTGTGCACGACGAC
ATCATTCCGTGGCGTTATCCAGC
TAAGCGCGAACTGCAATTTGGA
GAATGGCAGCGCAATGACATTCT
TGCAGGTATCTTCGAGCCAGCCA
CGATCGACATTGATCTGGCTATC
TTGCTGACAAAAGCAAGAGAAC
ATAGCGTTGCCTTGGTAGGTCCA
GCGGCGGAGGAACTCTTTGATCC
GGTTCCTGAACAGGATCTATTTG
AGGCGCTAAATGAAACCTTAAC
GCTATGGAACTCGCCGCCCGACT
GGGCTGGCGATGAGCGAAATGT
AGTGCTTACGTTGTCCCGCATTT
GGTACAGCGCAGTAACCGGCAA
AATCGCGCCGAAGGATGTCGCT
GCCGACTGGGCAATGGAGCGCC
TGCCGGCCCAGTATCAGCCCGTC
ATACTTGAAGCTAGACAGGCTTA
TCTTGGACAAGAAGAAGATCGC
TTGGCCTCGCGCGCAGATCAGTT
GGAAGAATTTGTCCACTACGTGA
AAGGCGAGATCACCAAGGTAGT
CGGCAAATAATGTCTAACAATTC
GTTCAAGCCGACGCCGCTTCGCG
GCGCGGCTTAACTCAAGCGTTAG
ATGCACTAAGCACATAATTGCTC
ACAGCCAAACTATCAGGTCAAG
TCTGCTTTTATTATTTTTAAGCGT
GCATAATAAGCCCTACACAAAT
GGTACCCGACCGGTGGTGAATTT
AATCTCGCTGACGTGTAGACATT
CCCTTATCCAGACGCTGATCGCC
CATCATCGCGGTTCTTTAGATCT
CTCGGTCCGCCCTGATGGCGGCA
CCTTGCTGACGTTACGCCTGCCG
GTACAGCAGGTTATCACCGGAG
GCTTAAAATGA

43

Fig.16B

Chung

CI008

WT

44

Fig.16B

Ching

CMO11

Mb ta

. ADN
Dong gdy dot
bién

duoc
cai xen

vao.
Ching AT [ 11

1ap tir gidng 6

Burkholderia

Pha v&

gen

Thé dot bién t‘)‘;fnL
ctia CI019 &
cat—?cet

biéu

hién

AnifL::S
pecR

ATGAGCATCACGGCGTTATCAGC
ATCATTTCCTGAGGGGAATATCG
CCAGCCGCTTGTCGCTGCAACAT
CCTTCACTGTTTTATACCGTGGTT
GAACAATCTTCGGTGGCGAGCGT
GTTGAGTCATCCTGACTAGCTGA
GATGAGGGCTCGCCCCCTCGTCC
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Tham Tén Tén Efota 2
TT | chiéu ddu | hién thong Dong o DI\I Kicu Dot bién gen 1
tién hanh dung gayﬁot gen
bién
khang CGACACTTCCAGATCGCCATAGC
spectin GCACAGCGCCTCGAGCGGTGGT
omyxin AACGGCGCAGTGGCGGTTTTCAT
(SpecR GGCTTGTTATGACTGTTTTTTTGG
) m& GGTACAGTCTATGCCTCGGGCAT
héa gen CCAAGCAGCAAGCGCGTTACGC
strepto CGTGGGTCGATGTTTGATGTTAT
myxin GGAGCAGCAACGATGTTACGCA
3”-0- GCAGGGCAGTCGCCCTAAAACA
adenyly AAGTTAAACATCATGAGGGAAG
Itransfe CGGTGATCGCCGAAGTATCGACT
raza CAACTATCAGAGGTAGTTGGCGT
aadA CATCGAGCGCCATCTCGAACCGA

duoc
cai xen
Vao.

CGTTGCTGGCCGTACATTTGTAC
GGCTCCGCAGTGGATGGCGGCCT
GAAGCCACACAGTGATATTGATT
TGCTGGTTACGGTGACCGTAAGG
CTTGATGAAACAACGCGGCGAG
CTTTGATCAACGACCTTTTGGAA
ACTTCGGCTTCCCCTGGAGAGAG
CGAGATTCTCCGCGCTGTAGAAG
TCACCATTGTTGTGCACGACGAC
ATCATTCCGTGGCGTTATCCAGC
TAAGCGCGAACTGCAATTTGGA
GAATGGCAGCGCAATGACATTCT
TGCAGGTATCTTCGAGCCAGCCA
CGATCGACATTGATCTGGCTATC
TTGCTGACAAAAGCAAGAGAAC
ATAGCGTTGCCTTGGTAGGTCCA
GCGGCGGAGGAACTCTTTGATCC
GGTTCCTGAACAGGATCTATITG
AGGCGCTAAATGAAACCTTAAC
GCTATGGAACTCGCCGCCCGACT
GGGCTGGCGATGAGCGAAATGT
AGTGCTTACGTTGTCCCGCATTT
GGTACAGCGCAGTAACCGGCAA
AATCGCGCCGAAGGATGTCGCT
GCCGACTGGGCAATGGAGCGCC
TGCCGGCCCAGTATCAGCCCGTC
ATACTTGAAGCTAGACAGGCTTA
TCTTGGACAAGAAGAAGATCGC
TTGGCCTCGCGCGCAGATCAGTT
GGAAGAATTTGTCCACTACGTGA
AAGGCGAGATCACCAAGGTAGT
CGGCAAATAATGTCTAACAATTC
GTTCAAGCCGACGCCGCTTCGCG
GCGCGGCTTAACTCAAGCGTTAG
ATGCACTAAGCACATAATTGCTC
ACAGCCAAACTATCAGGTCAAG
TCTGCTTTTATTATTTTTAAGCGT
GCATAATAAGCCCTACACAAAT
GGTACCCGACCGGTGGTGAATTT
AATCTCGCTGACGTGTAGACATT
CCCTTATCCAGACGCTGATCGCC
CATCATCGCGGTTCTTTAGATCT
CTCGGTCCGCCCTGATGGCGGCA
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, R R M ta
Tham | Tén | Ten \ ADN | Kiéu o
TT | chiéu dau | hién thong Dong Ay dot Dot bién gen 1
tién hanh dung gay 99 gen
bién
CCTTGCTGACGTTACGCCTGCCG
GTACAGCAGGTTATCACCGGAG
GCTTAAAATGA
Béngcécchﬁng(ﬁéptheo)
M ta
Tham
| Tén | Tén ADN .
Tha | chiéu | Kiéu )
. hién | thong | Dong gay Dot bién gen 2
tur dau gen
i hanh | dung dot
tién .
bién
Pha ATGTTTAACGATCTGATTGGCGATGA
v3 gen TGAAACGGATTCGCCGGAAGATGCG
niflL CTTTCTGAGAGCTGGCGCGAATTGTG
bing GCAGGATGCGTTGCAGGAGGAGGAT
manh TCCACGCCCGTGCTGGCGCATCTCTC
cua AGAGGACGATCGCCGCCGCGTGGTG
ving GCGCTGATTGCCGATTTTCGCAAAG
nim AGTTGGATAAACGCACCATTGGCCC
trudc GCGAGGGCGGCAGGTACTCGATCAC
gen TTAATGCCGCATCTGCTCAGCGATGT
Thé ompX AnifL:: ATGCTCGCGCGACGATGCGCCAGTA
. N dugc CCGCTGTCACGCCTGACGCCGCTGCT
. i dot Prm5
sy | Figd | Tien | CMO L1 cl | poup. | CACCGGAATTATTACCCGCACCACTT
D | héa | 29 “ xen ACCTTGAGCTGCTAAGTGAATTTCCC
cua AR K
cl006 | V2© o1 GGCGCACTGAAACACCTCATTTCCCT
(Prm5 GTGTGCCGCGTCGCCGATGGTTGCC
) va AGTCAGCTGGCGCGCTACCCGATCC
lam TGCTTGATGAATTGCTCGACCCGAAT
Kkhuyét ACGCTCTATCAACCGACGGCGATGA
1287 ATGCCTATCGCGATGAGCTGCGCCA
cap ATACCTGCTGCGCGTGCCGGAAGAT
bazo GATGAAGAGCAACAGCTTGAGGCGC
sau TGCGGCAGTTTAAGCAGGCGCAGTT
codon GCTGCGCGTGGCGGCGGCGGATATT
khoi GCCGGTACGTTGCCAGTAATGAAAG
dhu TGAGCGATCACTTAACCTGGCTGGC
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cua
gen
glnE
chtra
mién
loai bd
adenyl
yl cla
gluta
mat-
amoni
ac-
ligaza
adenyl
yltrans
feraza
(Agln
E-
AR K
0o1).

GGAAGCGATTATTGATGCGGTGGTG
CAGCAAGCCTGGGGGCAGATGGTGG
CGCGTTATGGCCAGCCAACGCATCT
GCACGATCGCGAAGGGCGCGGTTTT
GCGGTGGTCGGTTATGGCAAGCTGG
GCGGCTGGGAGCTGGGTTACAGCTC
CGATCTGGATCTGGTATTCCTGCACG
ACTGCCCGATGGATGTGATGACCGA
TGGCGAGCGTGAAATCGATGGTCGC
CAGTTCTATTTGCGTCTCGCGCAGCG
CGTGATGCACCTGTTTAGCACGCGC
ACGTCGTCCGGCATCCTTTATGAAGT
TGATGCGCGTCTGCGTCCATCTGGCG
CTGCGGGGATGCTGGTCACTACTAC
GGAATCGTTCGCCGATTACCAGCAA
AACGAAGCCTGGACGTGGGAACATC
AGGCGCTGGCCCGTGCGCGCGTGGT
GTACGGCGATCCGCAACTGACCGCC
GAATTTGACGCCATTCGCCGCGATAT
TCTGATGACGCCTCGCGACGGCGCA
ACGCTGCAAACCGACGTGCGAGAAA
TGCGCGAGAAAATGCGTGCCCATCT
TGGCAACAAGCATAAAGACCGCTTC
GATCTGAAAGCCGATGAAGGCGGTA
TCACCGACATCGAGTTTATCGCCCAA
TATCTGGTGCTGCGCTTTGCCCATGA
CAAGCCGAAACTGACGCGCTGGTCG
GATAATGTGCGCATTCTCGAAGGGC
TGGCGCAAAACGGCATCATGGAGGA
GCAGGAAGCGCAGGCATTGACGCTG
GCGTACACCACATTGCGTGATGAGC
TGCACCACCTGGCGCTGCAAGAGTT
GCCGGGACATGTGGCGCTCTCCTGTT
TTGTCGCCGAGCGTGCGCTTATTAAA
ACCAGCTGGGACAAGTGGCTGGTGG
AACCGTGCGCCCCGGCGTAA
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Cho du ¢6 cac diém yéu cau bao hd kém theo, ban md ta néu ¢ day con duoc xac dinh

theo cac khoan dudi day:
1. Phuong phéap san xuAt mot hodc nhidu vi khuin, bao gdm céc budc:
(a) phéan lap vi khuén tir md hodc dét ctia cay thir nhét;

(b) dua bién di di truyén vao mot hodc nhiéu vi khuan nay dé tao ra mot

ho#c nhiéu vi khuan bién thé;
(¢) phoi nhiém nhiéu céy véi vi khuan bién thé;

(d) phén lap vi khuan tir md hodc dat cia mot trong s6 cac cay nay, trong
d6 cAy ma vi khuan dugc phan 1ap tir d6 o tinh trang dugc cai thién so véi cac cay

con lai trong sb cac ciy do; va
(e) lap lai céc bude tir (b) dén (d) véi cdc vi khuan duge phan 1ap & bude
(d).
2. Phuong phéap theo khoan 1, trong do tinh trang dugc cai thién 1a kha nang

¢6 dinh nito duoc ting cuong & cdy ma vi khuan dugc phan 1ap tir do.

3. Phuong phap theo khoan 1, trong d6 bién di di truyén 1a su bién d6i & gen
duoc chon tir nhom g(‘Sm: nifA, nifL, ntrB, ntrC, glnA, gInB, glnK, draT, amtB, glnD,
gInE, nifl, nifH, nifD, nifK, nifY, nifE, nifN, nifU, nifS, nifV, nifW, nifZ, nifM, nifF,
nifB, va nifQ.

4. Phuong phép theo khoan 1, trong d6 bién di di truyén 1 sy bién d6i & gen
ma hoéa protein c¢6 nhém chirc duge chon tir nhoém gdm: glutamin synthetaza,
glutaminaza, glutamin synthetaza adenylyltransferaza, chét hoat hoa phién ma, chat
chéng hoat hoa phién ma, pyruvat flavodoxin oxidoreductaza, flavodoxin, hodc

NAD-+-dinito-reductaza ADP-D-ribosyltransferaza.

5. Phuong phap theo khoan 1, trong d6 bién di di truyén 14 dot bién din dén
mot hodc nhiéu dic tinh trong sd: tang biéu hién hodc hoat tinh cuia NifA hodc
glutaminaza; giam biéu hién hoic hoat tinh cta Nifl, NtrB, glutamin synthetaza,
GInB, GInK, DraT, AmtB; giam hoat tinh loai bo adenylyl ctiia GInE; hodc giam hoat
tinh loai bo uridylyl cua GlnD.
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6. Phuong phép theo khoan 1, trong do bién di di truyén la dot bién bét hoat
gen.

7. Phuong phap theo khoan 1, trong do bién di di truyén dan dén loai bd hoidc
]am mAt hoat tinh cta mién protein.

8. Phuong phéap theo khoan 1, trong d6 bién di di truyén 1am bién d(‘)i' hodc
lam mét trinh tu diéu hoa ctia gen dich.

9. Phuong phap theo khoan 1, trong do bién di di truyén bao gdm cai bién cai
xen trinh tu diéu hoa khac loai.

10. Phuong phép theo khoan 1, trong do bién di di truyén bao gdbm cai bién cai
xen trinh ty didu hoa tim thiy trong hé gen cla loai hodc gidng vi khuén tuong tmg
véi vi khudn ma bién di di truyén duoc dua vao.

11. Phuong phép theo khoan 10, trong d6 trinh tu diu hoa dugc chon dua trén
murc biéu hién cla gen trong gidng cdy vi khudn hodc trong md cay.

12.Phuong phép theo khoan 1, trong do bién di di truyén duge tao ra bang
cach gay dot bién hoéa hoc.

13. Phuong phap theo khoan 1, trong d6 bude (¢) con Bao gdm viéc phoi nhiém
cac cdy v6i cac tdc nhan gdy stress sinh hoc hogc phi sinh hoc.

14. Phuong phap theo khoan 2, trong d6 céc vi khuin dugc phéan 14p sau khi
1ap lai cac budc tir (b) dén (d) mot hodc nhidu 14n san sinh nito & mic 1% hodc nhiéu
hon & cdy thit hai cung loai véi cdy thir nhét.

15.Phuong phap theo khoan 2, trong do6 cac vi khuin duogc phan 1ap sau khi
lap lai cac bude tir (b) dén (d) mot hodc nhiéu 1an do c6 dinh nito tang 1én it nhat 2
1An so véi cac vi khudn duge phan 14p tir cdy thu nhét.

16..Phu0ng phap theo khoan 14, trong d6 cay thi hai dugc trong voi su c6 mit

ctia phan bon ¢6 bo sung glutamin, amoniac, hodc nguén hoa chat nito khéac.

17.Phuong phép theo khoan 1, trong d6 cdy thur nhét 14 cdy trong nong nghiép.
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18. Phuong phép theo khoan 17, trong d6 cay trdng ndng nghiép dugc chon tir
cdy laa mach, cay lua gao, cdy ngd, cdy lia my, cdy lua mién, cdy ngd ngot, cdy mia,
cdy hanh, cdy ca chua, cdy dau tay, hodc cdy mang tay.

19. Phuong phap theo khoan 1, trong d6 cay thi nhét hodc cic ciy trong s6
nhiéu cdy 1a cdy md hinh.

20.Phuong phap theo khoan 19, trong d6 cdy mo hinh dliqc chon tu Setaria,
Brachypodium, hoac Arabidopsis.

21. Phuong phép theo khoan 1, trong d6 bién di di truyén 1a bién di di truyén
dinh truée duge dua mot cach dac higu vao vi tri dich.

22.Phuong phap theo khoan 1, trong do bién di di truyén 1a dot bién ngiu
nhién trong pham vi vi tri dich.

- 23 Phuong phap theo khoan 1, trong d6 budc (a) con bao gbm viéc tién hanh
phén tich di truyén vi khuén d3 phan 14p. '

24.Phuong phép theo khoan 1, trong d6 budce (b) con bao gbm viéc dua dp luc
chon loc vao dé lam giau céc vi khuan chira bién di di truyén.

25.Phuong phap theo khoan 24, trong d6 ap luc chon loc bao gdm viéc phan
ciit cac hé gen thiéu bién di di truyén da duoc dua vao vi tri dich, trong do6 viéc phan
cat dién ra & pham vi 100 nucleotit cta vi tri dich.

26.Phuong phap theo khoan 24, phuong phép nay con bao gdm budc phan 1ap
vi khuén con sdng sau 4p luc chon loc.

27.Phuong phép theo khoan 25, trong d6 viéc phan cét duge dinh huéng bing
nucleaza dic hiéu vi tri dugc chon tir nhom gém nucleaza ngoén tay kém, nucleaza

CRISPR, nucleaza TALE, hodc meganucleaza.

28. Phuong phap theo khoan 27, trong d6 nucleaza dédc hi€u vi tri la nucleaza

CRISPR.

29.Phuong phép theo khoan 1, trong do bién di di truyén 1a cai bién cai xen

hoéc lam khuyét mot hodc nhiéu nucleotit.
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30. Phuong phép theo khoan 1, trong d6 céc vi khuén dugc phan 1ap sau khi
lap lai cac bude tir (b) dén (d) mot hogc nhidu 14n séng ndi sinh, bidu sinh, hodc song

trong bau ré.

31.Phuong phép theo khoan 1, trong d6 céc vi khuén dugce phan 1ap sau khi
1ap lai cac bude tir (b) dén (d) mot hodc nhiéu 14n bao gdm nhiéu taxon vi khuan khéc

nhau.
32.Phuong phéap theo khoan 1, trong do vi khudn dugc phan 1ap tir md cay.

33.Phuong phap theo khoan 1, trong d6 cong doan phén lap vi khuin & budc

(a) bao gdbm viéc phan 1ap vi khuén tr hat ctia cdy thir nhét.

34.Phuong phép ting dd cd dinh nito & cdy, bao gom budc phoi nhiém cay
ndy vé6i cdc vi khuén chira mot hodc nhiéu bién di di truyén da dugc dua vao mot
hodc nhiéu gen diéu hoa sy c6 dinh nito, trong d6 vi khuan nay san sinh nito & mirc

1% hodc cao hon & cay nay.

35.Phuong phéap theo khoan 34, trong do vi khuén nay san sinh nito & mirc

5% hodc cao hon ¢ céy nay.

36.Phuong phap theo khoan 34, trong d6 vi khuén nay san sinh nito ¢ mitc

10% hoac cao hon & cay nay.

37.Phuong phép theo khoan 34, trong do vi khuén nay san sinh nito khi c6

mit phan bén c¢6 bo sung glutamin, amoniac, hodc nguon hoéa chat nito bo sung khéc.

38.Phuong phap theo khoan 34, trong do6 bién di di truyén 12 su bién dbi & gen
dugc chon tir nhém gém: nifA, nifL, ntrB, ntrC, glutamin synthetaza, glnA, glnB,
gInK, draT, amtB, glutaminaza, glnD, gInE, nif], nifH, nifD, nifK, nifY, nifE, nifN,
nifU, nifS, nifV, nifW, nifZ, nifM, nifF, nifB, va nifQ.

39. Phuong phap theo khoan 34, trong d6 bién di di truyén 1a dot bién dén dén
mot hodc nhiéu dic tinh trong sb: tdng biéu hién hodc hoat tinh cta nifA hodc
glutaminaza; giam biéu hién hodc hoat tinh cua nifL, ntrB, glutamin synthetaza, glnB,
gInK, draT, amtB; giam hoat tinh loai b6 adenylyl ciia GInE; hodc giam hoat tinh loai
bé uridylyl cua GInD.
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40.Phuong phéap theo khoan 34, trong do bién di di truyén (a) 1a dot bién bét
hoat gen; (b) lam bién ddi hodc 1am mét trinh tur diéu hoa cta gen dich; hodc (c) bao
gbm cai bién cai xen trinh tu diéu hoa khac loai.

41.Phuong phép theo khoan 34, trong do vi khuén nay thudc gidng

Enterobacter.
42.Phuong phép theo khoan 34, trong d6 vi khuén nay thudc gibng Rahnella.
43.Phuong phap theo khoan 34, trong d6 vi khuin nay séng ndi sinh, biéu
sinh, hodc séng trong bau ré.

44 . Phuong phéap theo khoan 34, trong do vi khuin nay bao gdm nhiéu taxon

vi khuén khéc nhau.

45.Phuong phép theo khoan 34, trong d6 cay la cay trong néng nghiép.

46.Phuong phéap theo khoan bét ky trong s cac khoan tur 34 dén 45, trong d6
ciy nay la cdy khong phai ho dau.

47.Phuong phap theo khoan 45, trong do cay trdng nong nghiép dugc chon tir
ciy lta mién, ciy cai dau, cdy ca chua, cdy dau tay, cdy lta mach, cdy lta gao, cay
ngo, va cay lua my. |

48.Phuong phép theo khoan 45, trong d6 cdy nay la sinh vat bién dbi gen
(GMO).

49. Phuong phap theo khoan 45, trong d6 cdy nay khong phéi la sinh vat bién
d6i gen (GMO).

50.Phuong phép theo khoan 45, trong d6 cdy nay da duoc thiét ké di truyén
hodc nhan gidng dé st dung nito hiéu qua. |

51.Quan thé vi khuén bao gé)m céc vi khun chra mot hodc nhiéu bién di di
truyén da dugc dua vao mot hodc nhidu gen diéu hoa qué trinh c¢b dinh nito, trong d6
vi khudn nay san sinh nito & métc 1% hodc cao hon & cdy dugc trdng cling véi su ¢o
mit cta quan thé vi khuén nay.

52.Quan thé vi khuan theo khoan 51, trong d6 vi khuén san sinh nito khi c6

mat phan bon ¢6 bo sung glutamin, amoniac, hodc ngudn héa chat nito bo sung khéc.
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53.Quén thé vi khuAn theo khoan 51, trong d6 bién di di truyén 14 sy bién doi
& gen dugc chon tir nhom gém: nifA, nifL, ntrB, ntrC, glutamin synthetaza, glnA,
gInB, gInK, draT, amtB, glutaminaza, glnD, gInE, nifJ, nifH, nifD, nifK, nifY, nifE,
nifN, nifU, nifS, nifV, nifW, nifZ, nifM, nifF, nifB, va nifQ.

54.Quén thé vi khuAn theo khoan 51, trong d6 bién di di truyén 13 dot bién dan
dén mét hodc nhiéu dic tinh trong s6: biéu hién tang ctia nifA hodc glutaminaza; biéu
hién giam cta nifL, ntrB, glutamin synthetaza, glnB, gInK, draT, amtB; hoat tinh loai
bo adenylyl gidm cta GInE; hodc hoat tinh loai bo uridylyl gidm cia GInD.

55.Qudn thé vi khudn theo khoan 51, trong d6 bién di di truyén (a) 12 dot bién
bét hoat gen; (b) lam bién dbi hodic 1am mét trinh tu didu hoa ctia gen dich; hodc (c)
bao gdm cai bién cai xen trinh tu diéu hoa khac loai.

56.Quan thé vi khuan theo khoan 51, trong d6 vi khudn nay 1a Enterobacter.

57.Qudn thé vi khuan theo khoan 51, trong d6 vi khuin nay 1a Rahnella.

58.Quén thé vi khuin theo khoan 51, trong d6 vi khuin nay séng noi sinh,

bi€u sinh, hodc song trong bau re.

59.Qudn thé vi khuén theo khoan 51, trong d6 cac vi khuan bao gdm nhidu

taxon vi khuan khac nhau.

60. Ché phim chra quan thé vi khuan theo khoan bét ky trong sd cac khoan tir
51 dén 39.

61.Ché phim theo khoan 60, trong d6 ché phdm nay chuta quan thé vi khuén

duoc phu 1én bé mit hat.

62.Ché phim theo khoan 60, trong d6 ché phdm nay duoc phdi tron dudi dang
long hodt dang bot.

63. Vi khuén c6 s6 ndp luu ATCC PTA-122293 hoic PTA-122294.
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YEU CAU BAO HO
1. Sinh vét c6 dinh nito khong lién gidng da dugc xi Iy k¥ thuat ¢6 hoat tinh cb dinh
nito ting so vadi sinh vét chua cai bién thudc ciing loai v6i sinh vat ¢ dinh nito khong
lien gidng da duoc x Iy k§ thuat néu trén, trong d6 sinh vat ¢ dinh nito khong lién
gidng da dugc xir Iy k§ thuét néu trén chaa bién di di truyén & mét hoic nhidu gen dé
diéu hoa su ¢b dinh hodc déng hoa nito, bién di di truyén nay bao gém vat liéu di
truyén c6 ngudn gbc tir it nhét mdt sinh vét thudc cling loai v6i sinh vét c¢b dinh nito

khéng lién giéng da duoc xit Iy k¥ thut néu trén.

2. Sinh vt ¢b dinh nito khong lién giéng da dugc xt Iy k¥ thuét theo diém 1, trong
6 sinh vat 6 dinh nito khong lién gidng da dugc xir Iy k§ thuat nay 1a vi khuan dugc
xu ly k¥ thuat.

3. Sinh vat ¢b dinh nito khong lién giéng da duoc xtr ly k§ thuat theo diém 1, trong

doé bién di di truyén 12 ndm trong gen trong con dudng diu hoa di truyén 06 dinh nito.

4. Sinh vat ¢d dinh nito khong lién gibng da duge xt Iy ky thuat theo diém 3, trong
d6 bién di di truyén trong mot hodc nhiéu gen dé diéu hoa su ¢b dinh hoic déng hoéa
nito lam thay dbi hoat tinh hodc su biéu hién cta gen dugce chon tir nhém bao gém

NifA, NifL va NifH.

5. Sinh vat c6 dinh nito khong lién giéng da dwoc xir Iy k¥ thuat theo diém 1, trong
do6 bién di di truyén 12 nim trong gen trong con dudng didu hoa di truyén dong hoa

nito.

6. Sinh vat ¢d dinh nito khong lién giéng da dugc xit Iy k¥ thuat theo diém 5, trong
d6 bién di di truyén trong mot hodc nhiéu gen dé didu hoa su cb dinh hodc ddng hoa
nito 1am thay ddi hoat tinh hodc su biéu hién cua gen dugce chon tr nhém bao g6m
GInE, AmtB, ntrB, ntrC, polynucleotit md héa glutamin synthetaza, glnA, glnB,

gInK, draT, polynucleotit ma hoa glutaminaza va glnD.

7. Sinh vét cb dinh nito khong lién giéng da duoc xir Iy k§ thuat theo diém 1, trong

d6 vat liéu di truyén bao gém phan tit diéu hoa.

8. Sinh vit cé dinh nito khong lién giéng da dwoc xir Iy k¥ thuat theo diém 7, trong

d6 phan tir didu hoa 1a phan tir diéu hoa khac loai.
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9. Sinh vét cb dinh nito khong lién gibng da dugc xi Iy k§ thudt theo diém 7, trong
d6 phan tir diéu hoa 14 trinh tw khoi dau.

10. Sinh vt cé dinh nito khong lién giéng da dwoc xi Iy k¥ thuat theo diém 1, trong
d6 sinh vat ¢d dinh nito khong lién gidng da duge xt Iy k¥ thuat nay c6 hoat tinh cb
dinh nito tang khi c6 mat nito da c¢d dinh véi néng do it nhéat 13 0,01 mM, so v6i sinh
vit cé dinh nito chua cai bién thudc cing lodi, khi c6 mit nito da ¢d dinh v6i cing

nong do.

11. Sinh vét cb dinh nito khong lién gidng da dwoc xir Iy k§ thuat theo diém 1, trong
d6 sinh vat cb dinh nito khong lién gidng da duoc xir 1y k¥ thuat nay c6 hoat tinh cb
dinh nito taing KHI ¢6 mit nito da ¢b dinh voi ndng d¢ it nhét 1a 0,1 mM, so v6i sinh
vat ¢b dinh nito chua cai bién thudc cung lodi, khi c6 mit nito da ¢ dinh véi cling

nong do.

12. Sinh vt ¢b dinh nito khong lién gidng da dugc xi Iy k¥ thuat theo diém 1, trong
d6 sinh vat c¢b dinh nito khong lién giéng da dugc xu 1y k¥ thuét nay c6 hoat tinh cd
dinh nito ting khi c¢6 mit nito da ¢§ dinh v6i ndng d¢ it nhat 1a 0,5 mM, so vdi sinh
vat ¢é dinh nito chua cai bién thudc cing loai, khi c6 mit nito da c6 dinh v6i cing
ndng do.

13. Sinh vit ¢ dinh nito khong lién gibng da dugc xtt ly ky thuat theo diém 1, trong
d6 sinh vat cb dinh nito khong lién gidng da dugc xir ly k§ thuét nay co6 hoat tinh cb
dinh nito tang trong thuc dia, so voi sinh vt ¢b dinh nito chua cai bién thudc cung
loai, trong cung thyc dia do.

14. Sinh vét ¢ dinh nito khong lién gidéng da dugc xir Iy k¥ thuat theo diém 13, trong
d6 thuc dia néu trén c6 ndng do nito da cb dinh it nhat 1a 0,01mM.

15. Sinh vat c6 dinh nito khong lién gidng da duoc xtt ly k¥ thuat theo diém 13, trong
d6 thue dia néu trén c6 ndng do nito da cb dinh it nhat 1a 0,1mM.

16. Sinh vat ¢ dinh nito khong lién gidng da duoc xtt Iy k¥ thuat theo diém 13, trong
d6 thuc dia néu trén c6 ndng do nito da cb dinh it nhat 12 0,5mM.

17. Sinh vat ¢b dinh nito khong lién gidng da dugc xir Iy k§ thuét theo diém 1, trong

d6 sinh vat ¢ dinh nito khéng lién giéng da dugce xit Iy k§ thuat nay 1a sinh vét biéu
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sinh.

18. Sinh vat ¢b dinh nito khong lién giéng da dugc xir Iy k§ thuat theo diém 1, trong
d6 sinh vat ¢b dinh nito khong lién gidng da duge xir ly k¥ thuat nay 1a sinh vat ndi

sinh.

19. Sinh vat c¢b dinh nito khong lién gidng da duoc xi ly k¥ thuét theo diém 1, trong
d6 sinh vat ¢b dinh nito khong lién gidng da dwoc xit Iy k¥ thudt nay 1a sinh vét séng

trong bau re.

20. Sinh vat ¢b dinh nito khong lién gidng da duoc xir Iy k¥ thut theo diém 1, trong
d6 vat licu di truyén cta sinh vat ¢b dinh nito khong lién gidng da duwgc xir Iy k§ thuat
néu trén vé co ban bao gém vat liéu di truyén co ng116n géc tir it nhAt mot sinh vat
thudc cung loai v6i sinh vat ¢b dinh nito khong lién gidng da duge xir ly k¥ thuat nay.
21. Ché phdm chtra sinh vét ¢b dinh nito khong lién gidng da dugc xt 1y ky thuat
theo diém 1 va hat gidng.

22. Ché phim theo diém 21, trong d6 hat gidng 1a hat giéng ctia cdy khong phai ho
dau.

23. Ché pham theo diém 21, trong d6 hat giéng 13 hat gibng cay ngil chc.

24. Ché phim theo diém 21, trong d6 hat giéng 14 hat gidng ctia cdy duoc chon tir
nhom bao gdm: cdy ngo, cdy lta my va cdy lia mién.

25. Ché phém theo diém 21, trong d6 sinh vat c¢b dinh nito .khc“)ng lién gidng da duoc
xtr ly k¥ thuét duge pha 1én hat gidng. |

26. Ché pham theo diém 25, trong d6 sinh vat ¢b dinh nito khong lién gidng da duoc
xt 1y k§ thuét nim trong 16p phu hat ma dugc phu 1én trén hat gidng.

27. Sinh vat ¢b dinh nito khong lién gidng da duge xi ly k¥ thuét theo diém 1, trong
d6 mot hoac nhiéu gen didu hoa su cb dinh hodc dong héa nito dugc chon tir nhém
bao gém nifA, nifL, ntrB, ntrC, glnA, gInB, glnK, draT, amtB, glnD, glnEv, nifH, nif],
nifD, nifK, nifY, nifE, nifN, nifU, nifS, nifV, nifW, nifZ, nifM, nifF, nifB va nifQ.
28. Sinh vit c6 dinh nito khong lién gidng da dugc xir 1y k¥ thuat theo diém 1, trong
d6 bién di di truyén trong mdt hodc nhiéu gen dé didu hoa su ¢b dinh hodc déng héa

nito din dén mot hoic nhiéu dic tinh trong ) tdng biéu hién hodc hoat tinh ctia NifA
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hodc glutaminaza; giam biéu hién hodc hoat tinh cta NifL, NtrB, glutamin synthetaza,
GInB, GInK, DraT, hoic AmtB; gidm hoat tinh loai bé adenylyl ctia GInE; hodc giam
hoat tinh loai bo uridylyl cia GInD.

29. Sinh vat c6 dinh nito khong lién gidng da dugc xir y k¥ thuat theo diém 1, trong

d6 sinh vt ¢ dinh nito nay 14 vi khuin proteobacteria.
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