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(57) Sang ché dé cap dén ché pham vi sinh dé bon cho thuc vat, chira lwong hitu hiéu dich
cdy vi khudn thuan khiét sinh hoc chira it nhat mot loai vi khuén, cac ion kim loai vi lugng
va chat mang, trong d6 cac ion kim loai vi lwong duoc chon tir nhém bao goém ion
molypden (Mo?*), ion sat (Fe?*), ion mangan (Mn*") hodc hdn hop bat ky ctia ching; chét
mang dugc chon tir nhém bao gom polyme sinh hoc, duong, sitra dong vat, vat liéu thuc vat
va chat mang hoa hoc tro x6p; it nhat mot loai vi khuan 13 loai Enterobacter R4-368
(NRRL B-50631); va cac loai vi khuan nay co tac dung khir axetylen thanh etylen hoic
nito trong khong khi (N,) thanh amoniac (NH;) va cai thién ning suat thuc vat khi ché
pham vi sinh nay duoc bon cho thyc vat; va phuong phap cai thién ning suit thyuc vat.
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Linh vue ky thuét dwgc dé cap

Sang ché @ cap dén phuong phap giam mirc sir dung phan bén hoa hoc va phat
thai khi nito oxit (N,O) gdy hiéu ng nha kinh va phuong phap cai thién tdc do sinh
trudng cia thuc vat va ning suit thu hoach hat trong linh vuc néng nghiép bing cach st
dung ché phém vi sinh chira vi khuin c¢6 dinh dam c6 kha nang tao ndt san hiéu qua &
phén trén mit dat va hé ré cia thuc vat khong thudc ho dau. Ché phém vi sinh va phuong
phap theo sang ché dic biét thich hop cho cac thuc vét thude chi ddu me (Jatropha), lia
mién (Sorghum), béng (Gossypium), co dau (Elaeis), laa (Oryza), thiu du (Ricinus) va
san (Manihot).

Tinh trang ky thuit ciia sing ché

Gan day, su tang nhanh gid nhién liéu héa thach, sy suy giam nhanh cac ngudn
nhién liéu trén trai dit va méi lo ngai vé su néng 1én cia trai dit do tich tu cac khi gy
hiéu tmg nha kinh trong bau khi quyén duoc xem 1a ba yéu té thuc ddy viéc nghién ctru
nhién li¢u sinh hoc (Chang, 2007). Do lam gidm phat thai khi cacbonic gdy hiéu tng nha

kinh, nén vi€c ti€u thu nhién liéu sinh hoc dugc tin 1a s€ 1am lgi cho moi truong.

Géan day, loi ich cta nhién li€u sinh hoc la van dé méi dang dugc thao luan. Nito
oxit dugc tao ra mdt cach tir nhién trong dit trong cic qua trinh nitrat hoa va khir nitrat
héa. Mot ph?in 16n phan dam st dung trong san xuét nhién liéu sinh hoc b1 bién dbi thanh
nito oxit 13 khi gy hiéu tmg nha kinh c6 kha ning giit nhiét cao gép 310 lan kha ning
ctia bau khi quyén (Barton and Atwater, 2002). Loi ich cua viéc giam phat thai khi
cacbonic nhd sir dung nhién liéu sinh hoc s& khong dat dugc néu khong kiém soat dugc

viéc str dung phan dam (Galloway et al., 2008; Melillo et al, 2009; Crutzen et al., 2008).

Viéc str dung phan dam d tr& nén phd bién trong nganh ndng nghiép hién dai do
can duy tri ning suét cdy trdng cao. Da bibt ring cac cdy ho ddu khong cn bon nhidu
phén dam do nd cé céc td chirc ¢ dinh dam dugc goi 1a ndt sdn chira cc vi sinh vat cb
dinh dam (vi khuin c§ dinh dam), hiu hét 1a cdc loai thudc chi Rhizobium,
Sinorhizobium, Mesorhizobium va Bradyrhizobium (Jourand et al., 2004; Kaneko et al.,

2000; Stacey et al., 1991; Gottfert et al., 2001) tao ra mbi quan hé cdng sinh cuing c6 loi
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trong d6 cac vi khuin ndy cung cip ngudn nito cho thuc vat va sir dung ngudn cacbon tir
t€ bao thyc vat (Long, 1996; Yoimg and Johnston, 1989). Gan day, mot sb vi sinh vat
ngoai 1¢ da dugc phét hién. Vi du, Methylobacterium nodulans 13 tac nhan gy nét sin &
r& cho mot sb loai ho du thu¢c chi Crotalaria (Renier et al., 2011; Jourand et al., 2005)
va cac ndt san c¢b dinh dam nay c6 thé phat trién & mo than cia mot sb cay ho dau
(Eaglesham and Szalay, 1983; Dreyfus and Dommergues, 1981). Vi khudn Gram dwong
Frankia sbng trong dét ciing tao ra cac ndt sin ¢b dinh dam & ré ciia mot sé loai thude ho

Hoa hdng- Rosaceae (Moir et al., 2011).

Su hinh thanh ndt sin cong sinh tao ra cac médi lién hé di truyén va hoa hoc phirc
tap gifra vi khuén ¢ dinh dam va thuc vét chu. Vi dy, su cdng sinh giita Sinorhizobium
meliloti va thuc vat chil cia nd bt diu khi thuc vat nay tiét vao ving ré cac betain va
flavonoit: 4,4'-dihydroxy-2'-metoxychalcon, chrysoeriol, xynarosit, 4',7-dihydroxyflavon,
6"-O-malonylononin, liquiritigenin, luteolin, 3'.5-dimetoxyluteolin, 5-metoxyluteolin,
medicarpin, stachydrin, trigonelin. Cac hop chat nay thu hat S. meliloti 1én bé mit ré to
ctia thuce vat 1a noi vi khudn nay bat dau tiét ra cac yéu td tao ndt san (Peters et al., 1986;
Maxwell et al., 1989). Két qua 1a cac ndt sin cdng sinh ¢ dinh dam hau nhu chi dugc
thdy & cac cay ho dau. Cac vi khudn Bradyrhizobium va rhizobium c6 cung dic tinh cua
vi khuén viing ré kich thich ting truéng thyuc vat (plant growth promoting rhizobacteria -
PGPR). Cac vi khuin tao nét sin, nhu cac PGPR khéc, c6 kha ning tao ndt san & ré cia

cac cdy khong thudgc ho dau (Antoun et al., 1998).

Cac vi khudn ¢b6 dinh dam da dugc phét hién & dang séng tu do, trong do
Azotobacter vinelandii dugc nghién ciru k§ nhat. Ngay cang c¢6 nhidu loai vi khudn cb
dinh dam, vi du Azospirillum, Herbaspirillum, Burkholderia, Gluconacetobacter dugc
théy 1a c6 mbi quan hé cong sinh khong dién hinh v6i cac thuc vat (Zehr, 2011; Radiers
et al., 2004; Pedraza, 2008). Cac vi khudn nay thudng sinh truéng trén bé mit hé r& (vi
khudn ving r8) mic dit mot sé c6 thé xam nhiém vao mé thuc vat (vi khudn ndi ky sinh)
dé thyuc hién qua trinh ¢§ dinh dam va c6 thé kich thich ting trudng thuc vat. Vi du,
Patent My s6 7,393,678 B2 @ cap dén ching Klebsiella pneumonia c6 kha ning tao ndt
sin & bé mit ré (Liu et al., 2011) va kich thich tang trudng cac cdy ngii coc (cdy lua my
va cy ngd) khi c6 bén phan dam hozc khong. Tuy nhién, do hoat tinh ¢ dinh dam &
phén 16n cac ching nay déu thip, nén chi cac ching Klebsiella pneumonia ddt bién dic

hiéu duge phan 1ap méi c6 kha niing kich thich ting truéng thuc vat manh nhét. Vi du vé
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cac loai vi khudn ndi ky sinh thuc vét hiru hiéu nhit cé thé duge tim thiy & cdy mia
dudng va cdy lGa dai, bao gébm Herbaspirillum, Gluconacetobacter, Enterobacter,
Azospirillum, Swaminathania va Acetobacter 13 cac loai vi khuin c¢b dinh dam b sung
(Pedraza, 2008; Boddey et al., 1995; Baldani et al., 2002; Elbeltagy et al., 2001;
Saravanan et al., 2008). Vi khuin Bradyrhizobium c6 kha nang quang hop 1a loai ndi ky
sinh ty nhién cua cdy lua dai Chdu Phi Oryza breviligulata trong khi d6
Methylobacterium sp. c6 tac dung kich thich ting truéng va tao ndt san noi bao & cdy lia
Oryza sativa L. Cv CO-43 mic du cac tdc dung nay dugce cho 1a do qua trinh bai tiét
hormon kich thich ting truéng ciia vi khuan Methylobacterium sp. (Senthilkumar et al.,
2009; Chaintreuil et al., 2000).

Nghién ctru ctia Azospirilla cho thdy ring gidng nhu qua trinh tao ndt sin va cb
dinh dam & céc ciy ho dau, qua trinh tao nét sdn cia cac loai ndi ky sinh‘ duoc diéu khién
qua dudng di truyén va su san sinh polysacarit ngoai bao (exopolysaccharide - EPS) trc
ché ca qua trinh tao ndt sin noi ky sinh 1dn cb dinh dam & cdy lua mi thong thuong
(Kennedy et al., 1997). Ngoai ra, qua trinh dot bién trc ché téng hop polysacarit ngoai
bao c6 thé ngin ngira qua trinh tao nét sin & cdy Dé4u bdi Rhizobium leguminosarum
nhung khong ngn ngira qua trinh tao ndt san & cay Pau bdi R. phaseoli (Borthakur et al.,
1986). Do d06, kha nang kich thich ting trirdng thuc vat ciia vi khudn ¢b dinh dam khong

thé du doan dugc tir ddc tinh cta nd & cac loai thuc vat khac.

Cay ddu meé (Jatropha curcas) 13 lodi cdy g nhé thuoc ho Thiu diu
(Euphorbiaceae). Nho ¢6 m(f)f sé_ dac tinh doc déo, loai cdy nay da trd thanh nguyén liéu
ly tudéng dé san xut nhién li€u sinh hoc (Fairless, 2007; Gaydou et al., 1982; Openshaw,
2000). Céc dic tinh nay bao gdbm kha nang phat trién trén dit hoang héa; cin it nudc;
khong phai cdy luong thuc va c6 kha niang sin xuét diu trong vong tir 0,5 dén 2 nim sau
khi trdng, nhanh hon so véi cay co dau (hon 3 nim). Mot s6 qubc gia Chau A, dac biét 1a
Indonesia va An D6 d3 c6 ké hoach phét trién trc“mg cay dau me. Mot sb thuc vat khac
cling dugc quan tAm nhiéu dé phat trién thanh nguyén lidu san xuét nhién liéu sinh hoc
thay thé, bao gdm céy thiu dau, cdy lta mién, va cdy lua mién ngot.

Do cdy ddu mé chi yéu duge tréng & cac ving dét hoang héa c6 it chit dinh
dudng, nén can bén nhiéu phan dam hon céc thuc vat khac. Do d6, ¢6 nhu cau cép thiét

ve cong ngh€ gidm murc st dung phidn dam. Hién nay, c6 rét it nghién ctru vé cac vi
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khuan c6 dinh dam tu nhién & cdy dau me cling nhu ung dung cic vi khuén nay dé cai
thién ning suat thuc vat. Tinh trang nay cling gép & céac thuc vat khac, nhu cdy lua mién,

cdy thau dau va cay san.
Ban chat ky thuat cta sang che

Muc dich ctia sang ché 1a d& cap dén phuong phap gidm muc st dung phén bon
hoéa hoc va phat thai khi nito oxit (N,O) gdy hi€u ung nha kinh va phuong phép cai thién
7 tdc @6 sinh truéng cta thuc vat va ning suét thu hoach hat trong linh vuc néng nghiép
bﬁng cach str dung ché phim vi sinh chtra vi khuin cb dinh dam c6 kha nang tao nbt san
| hiéu qua & phan trén mat ¢4t va hé ré ctia thuc vét khong thudc ho dau. Ché phim vi sinh
va phuong phap theo sang ché dic biét thich hop cho céc thuc vat thudc chi dau me
(Jatropha), laa mién (Sorghum), bong (Gossypium), co dau (Elaeis), laa (Oryza), thau

dau (Ricinus) va sin (Manihot).

Theo khia canh thir nhét, séng ché dé xuétrdich céy vi khuén thuén khiét sinh hoc,
chira loai vi khudn dugc chon tir nhém bao gém vi khuén thudc chi Enterobacter,
Methylobacterium, Sphingomonas, va Pleomorphomonas. Theo mot s phuong an, céc
loai vi khuén theo sang ché c¢6 kha niang khir hiéu qua nito trong khong khi thanh
amoniac & thuc vat nhu dugc kiém ching bang thtr nghiém khi axetylen (acetylene
réduction assay - AR assay). Theo mdt s& phuong 4n, qua trinh khir khi N, dién ra & bé
mit 14. Theo céc phuong 4n khéc, qua trinh khir khi N, dién ra & bén trong bé mit 14.
Theo cac phuong 4n bd sung, qua trinh khir khi N, dién ra & bé mat r& hodc hé r&. Theo
céc phuong 4n khéc, qua trinh khit khi N, dién ra & bén trong m6 ré. Theo mét sé phuong
an, cac loai vi khuén nay cé thé tu sinh sbi hiru hiéu trén bé mat 14, bé mit ré hodc bén
trong mo thuc vat ma khong giy ra phan tmg bao vé déng ké & thuc vat, nhu gay chét té
bao. Theo cdc phuong an khac, cic loai vi khuin theo sang ché c6 thé dugc phan lap
béng cach nudi cdy dich chiét mé thuc vat hodc dich rira bé maflt la trong moi truong

khong chura nito.

Theo mot phuong 4n, ADN bd gen ciia céc loai vi khuin nay c6 d6 tuong ddng it
nhit bang 97%, va tét hon néu it nhat bang 98% so vdi trinh tr SEQ ID NO.10. Theo mdt
s& phuong 4n, cac loai vi khudn nay 14 vi khuén thudc chi Enterobacter c6 bd gen can
thiét dé ¢ dinh dam. Theo mdt sé phuong 4n, céc lodi vi khudn Enterobacter nay chu

yéu san sinh polysacarit ngoai bao, hoic endoglucanaza. Theo mot phuong an khac,
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ADN bd gen ctia cac loai vi khudn nay c6 d6 tuong ddng it nhét bang 97%, va tbt hon
néu it nhét bang 98% so véi trinh tw SEQ ID NO.11. Theo mdt sb phuong an, cac loai vi
khuén nay 13 vi khuin thudc chi Pleomorphomonas c6 kha ning ¢b dinh dam duoc kich
thich béi ion NH," & ndng do nim trong khoang tr 0,1mM dén 0,5mM. Theo phuong an
khic, ADN bd gen ciia cic lodi vi khuin ndy c6 do twong ddng it nhét bing 97%, va tbt
hon néu it nhit bing 98% so véi trinh twr SEQ ID NO.12. Theo mét s§ phuong 4n, céc
loai vi khuan nay 13 vi khuén thudc chi Sphingomonas c6 kha nang sinh truéng trong moi
truong khong chira nito. Theo phwong an khac, ADN bd gen clia céc lodi vi khuén nay c6
d6 tuong ddng it nhét bing 97%, va t6t hon néu it nhét bing 98% so véi trinh tu SEQ ID
NO.13 hoic SEQ ID NO.14. Theo mét s6 phwong 4n, cac loai vi khuin nay 13 vi khuén
thuéc chi Methylobacterium.

Theo khia canh thir hai, sang ché dé xuét ché ph'ém vi sinh chira it nhit mot dich
cdy vi khuan thuan khiét sinh hoc chira céc loai vi khudn duoc chon tir nhém bao gbm vi
khudn thudc chi Enterobacter, Methylobacterium, Sphingomonas, va Pleomorphomonas.
Theo mot phuwong 4n, ché phdm vi sinh nay chtra hdn hop ctia it nhit hai dich cdy vi
khuén thuan khiét sinh hoc chtra c4c loai vi khuén nay. Theo mdt s§ phwong 4n, quy trinh
san xudt ché phim vi sinh niy bao gdm budc san xudt cac loai vi khuin theo sang ché &
quy md 16n trong mdi trudng tily ¥ duwgc khir nude theo phuong phép thich hop dé duy tri
kha ning sdng st ciia té bao va kha ning tur sinh s6i va tao ndt sin & thuc vat chii. Theo
mét s& phuong an, ché phdm vi sinh nay c6 thé chura cac ion kim loai vi luong. Theo mot
phuong 4n, céc ion kim loai vi lugng nay dugc chon tir nhém bao gém ion molypden
(Mo*"), ion sit (Fe*"), ion mangan (Mn”") hodc hén hop bét ky cda chung. Theo mét
phuong 4n khac, ché phim vi sinh nay chira cac ion kim loai vi lugng véi ham lugng nim
trong khoang tir 0,1mM dén 50mM. Theo mét s6 phuong 4n, ché pham vi sinh nay c6 thé
chira chit mang. Chit mang bat k¥ c6 thé duge sir dung va vi du vé cic chit mang thich
hop bao gdm, nhung khong chi giéi han &, beta-glucan, carboxylmetyl xenluloza (CMC),
polysacarit ngoai bao cua vi khuén, dudng va sita dong vat. Theo mot sb phuong é&n, cac
loai vi khuan c6 thé duoc sir dung dé bao ché ché phim vi sinh nay 14 c4c loai vi khuén
néu trén. Theo cac phuong 4n khac, cic loai vi khudn c6 thé duge sir dung dé bao ché ché
phim vi sinh nay duogc phéan 14p bing cach nudi cay dich chiét mé thyuc vat hogc dich rira
bé mat 14 trong moi trudng khong chira nito hodc dugce liy tir cc ngan hang gidng vi sinh

vét dua theo chi s6 phan loai va dic tinh cia céc loai vi khuén theo sang ché. Theo mdt
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s& phuong 4n, ché phim vi sinh nay c6 tic dung kich thich tang truong thuc vat, duy tri
ham lugng chét di€p luc cao trong 14, ting san lugng qua hodc hat, ting trong lugng qua
hodc hat va gidm phat thai khi NO, do giam sir dung phan dam. Theo cac phuong 4n khac,
cac dic tinh nay dugc kiém chimg & cac loai thuc vat thudc chi ddu me (Jatropha), lua -
mién (Sorghum), bong (Gossypium), co dau (Elaeis), lGa (Oryza), thau dau (Ricinus) va

san (Manihot).

Theo khia canh thtr ba, sang ché dé xuét phuong phép cai thién nang suét thuc vat
khong thuéc ho 7(’1‘5_\111. Theo mét sé phuong én, ning suat thuc vat bao gdm su tang truéng
thuc vat, duy tri ham lugng chét diép luc cao trong 14, tang san luong qua hodc hat, ting
trong lugng qua hodc hat hoic t& hop bit ky cia cac dic tinh ndy. Theo cac phuong an
khac, ning suét thuc vét ciing bao gbm giam phat thai khi NO, dan dén giam st dung
phan dam. Theo mét ) phuong 4n, céc loai thuc vit khong thudc ho ddu duge chon tir
céc loai thudc chi ddu mé (Jatropha), lua mién (Sorghum), bong (Gossypium), co dau
(Elaeis), thiu diu (Ricinus), laa (Oryza) va sin (Manihot). Theo sang ché, phuong phéap
nay bao gém budc bén ché phim theo sang ché cho thuc vat. Theo mot phuong 4n, ché
phim theo sang ché dugc phun 1én phdn trén mit dit ctia thuc vat. Theo mot phuong an
khac, ché phdm vi sinh nay c6 thé dugc bon vao ré bing cach bén 16t vao cac lubng gieo
hat, tu6i vao dat hodc nhung r& vao hdn dich chira ché pham vi sinh nay. Theo phuong an
khac, ché pham vi sinh ndy c¢6 thé dugc 0 véi hat gidng. Theo mot sb phuong 4n, ché
phim theo sang ché chura cac ion kim loai vi luong. Theo cac phuong an khac, thuc vat
dugc phun véi dung dich chira cac ion kim loai vi lugng ngoai ché pham theo sang ché c6

thé khéng chtra cac ion kim loai vi lugng.
MG ta vin tit cac hinh vé

Fig.1a va Fig.1b thé hién tac dung ctia amoni clorua dén hoat tinh nitrogenaza cia
chung Methylobacterium sp. L2-4 (Fig.1a) va ching Enterobacter sp. R4-368 (Fig.1b).
Hoat tinh nitrogenaza dugc x4c dinh trén cc ching vi khudn sinh truéng trong cac chai
huyét thanh dung tich 125mL chtra méi trudng khong c6 nito duge bd sung amoni clorua
v6i ndng do khic nhau & nhiét do 30°C trong 48 gid. Ky hiéu sai sb thd hién d6 léch

chun + SD.

Fig.2 thé hién tac dung cia ddng nhan td nitrogenaza (Mo/Fe/Mn) dén hoat tinh

nitrogenaza cia chung Enterobacter sp. R4-368 (biu d6 bén trén) va ching


LDT248
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Methylobacterium sp. L2-4 (biéu d6 bén duéi). Hoat tinh nitrogenaza dugc xac dinh trén
c4c ching vi khuén sinh trudng trong cac chai huyét thanh dung tich 125mL chtra moi
trudng khong co nito duge bd sung Mo/Fe/Mn véi néng dd khéc nhau ¢ nhiét do 30°C
trong 48 gio.

Fig.3 thé hién hoat tinh ¢b dinh dam cia céc chung vi khuén duoc chon khi ¢6 mat
céc ion kim loai vi lugng (Mo/Fe/Mn) & cay diu me (Jatropha). Su phét thai khi etylen
tir céc cdy dau mé dugc bd sung 15% axetylen (thé tich/thé tich) vao khoang khéng bén
trén dugc xdc dinh khi bon hodc khong bon cac chung vi khuan cb dinh dam phan lap tir
ré. Hoat tinh khtr axetylen dugc tinh tir dd chénh 1éch gifta cac cdy dugce bon cac ching vi
khuén c6 dinh dam phén 14p tir r& va céc cdy khong dugc bon céc ching nay. Cac tri sb

thu dugc dugc tinh béng tri s6 trung binh + d3 1éch chuén cho ba 14n 13p lai.

Fig.4a va Fig.4b thé hién cum gen cb dinh dam cta Klebsiella pneumonia (Ma
truy cap Genbank X13303) (Fig.4a) va céc protein turong ddng dugc xac dinh bing phan
mém BLASTP & ching Enterobacter R4-368 (SEQ ID NO.3; Fig.4b).

Fig.5 thé hién céc protein du kién m3 héa béi trinh tu SEQ ID NO.4 duogc x4c dinh
bing phdn mém BLASTP.

Fig.6a va Fig.6b thé hién hoat tinh nitrogenaza cua ching Pleomorphomonas
jatrophae R5-392. Fig.6a thé hién hoat tinh nitrogenaza cta chung Pleomorphomonas
jatrophae R5-392" sinh trudng trong moi truong khong chtra nito va muc sinh trudng
dugc do theo mat do quang ODgopm ¢ cédc khoadng thoi gian khac nhau. Hoat tinh
nitrogenaza ctia cic chiing vi khuan sinh truéng trong moi truong 1ong khong chira nito-
ndy dugc do bang cich bom 15% axetylen tinh khiét (thé tich/thé tich) vao va 1 & nhiét
d6 30°C, sau d6 dinh lugng etylen tao ra bing phuong phap sic ky khi GC. Fig.6b thé
hién két qua bat hoat nitrogenaza bang ion amoni (bidu dd bén trén) va tdc dung cua céac
ddng nhan t6 Fe va Mo dén hoat tinh nitrogenaza (biéu dd bén duéi) & chung

Pleomorphomonas jatrophae R5-392.
M0 ta chi tiét sang ché

Sang ché d& cap dén cac cong nghé sach méi ¢ dung trong nong nghi¢p va moi
truong. Cu thé, sang ché dé cap dén phuong phép gidm mtc sit dung phan dam; kich
thich ting trudng thuc vat; cii thién ning suét thyc vat va giam phét thai khi NO, gay

hiéu tmg nha kinh trong linh vyc nong nghi€p. Theo mét sd phuong 4n, sang ché dé cap
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dén phuong phép giam mirc sir dung phén bén héa hoc va phat thai khi NO, gy hiéu tng
nha kinh va phuong phap cai thién téc do sinh truéng cia thue vt va ning suit thu hoach
hat trong linh vuc néng nghiép bang cach sir dung ché phdm vi sinh chira vi khudn cb
dinh dam c6 kha ning tao ndt sin hiéu qua & phan trén mat dét va hé r& cia thuc vat
khong thudc ho dau. Ché pham vi sinh va phuong phép theo sang ché dic biét thich hop
cho céc thyc vat thudc chi ddu me (Jatropha), 1aa mién (Sorghum), bong (Gossypium), co

dau (Elaeis), lta (Oryza), thiu diu (Ricinus) va san (Manihot).

Thuét ngtt “ché pham vi sinh”, “phan vi sinh” hodc "ché phim vi sinh" dugc ding

trong ban mo ta d€ chi ché pham chira mdt hodc nhiéu loai vi khuan theo séang ché.

Thuat ngtr “dich céy vi khuén thuén khiét sinh hoc” hodc “dich céy vi khuén gén
nhu thudn khiét” dugc diing trong ban mé ta dé chi cac dich nudi cdy vi khudn theo séng
ché khéng chira cac loai vi khudn khac véi sd luong du dé tac dong vao su tai ban cua cic
ching vi khuén theo sang ché hoidc c6 thd duoc phat hién bing k¢ thuat phan tich vi

khudn hoc thong thudng.

Thuét ngit “ning sut thuc vat” duge ding trong ban mé ta dé chi su tdng trudng
hodc phat trién cua thuc vat. Déi véi cdy luong thuc nhu cdy ngii cd¢ hodc rau xanh,
thuat nglr “nang suét thuc vat” dugce dung dé chi nang suét hat hodc qua, v.v, dugc thu
hoach tir thuc vat cu thé. Do do, thuat ngit “cai thién ning suét thuc vat” dugc dung dé
chi cdc phuong phép cai thién ning suét hat, qua, hoa, hodc cac b phén khéc cua thuc
vét dugc thu hoach cho céc_ muc dich khac nhau, céi thién sy tang trudng ctia cac bd phén
cda thuc vat, bao gém than, 14 va ré, cai thién su tang trudng thuc vat, duy trinh ham
lugng chéit diép luc cao & 14, ting sdn lugng qua hoic hat, tang trong lugng qua hoic hat,
giam phat thai khi NO, do gidm str dung phin dam va céc cai thién sinh truéng va phat

trién trong tu cua thyuc vat.

Theo khia canh thir nhét, sang ché @ xuit dich céy vi khudn thudn khiét sinh hoc,
chtra loai vi khudn dugc chon tir nhém bao g@)m vi khudn thudc chi Enterobacter,
Methylobacterium, Sphingomonas, va Pleomorphomonas. Theo mét s6 phuong 4n, céc
lodi vi khuin nay c6 kha nang khir hiéu qua nito trong khong khi thanh amoniac & thuc
vét nhu dugc kiém ching bang thir nghi€ém khir axetylen (acetylene reduction assay - AR
assay). Theo mot s§ phuong 4n, qua trinh khir khi N, dién ra & bé mat 14. Theo cac

phuong an khéc, qué trinh khit khi N, dién ra & bén trong bé mit 14. Theo céc phuong an
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bd sung, qua trinh khir khi N, dién ra & b& mit r& hogc hé r&. Theo cac phuong an khéc,
qué trinh khir khi N, dién ra & bén trong md ré. Theo mét sd phuong 4n, cac loai vi khuin
nay co thé tu sinh so6i hitu hiéu trén bé mit 14, b& mit r& hodc bén trong mo thuc vat ma
khong gdy ra phan tng bao vé dang ké & thuc vat, nhu gay chét té bao. Theo cac phuong
&n khéc, cic lodi vi khuin nay dugc phén l4p bing cich nudi cdy dich chiét mé thuc vat
hoic dich rira bé mit 14 trong mdi trudng khong chira nito, bang cach st dung céc
phuong phép thich hgp nhu phuong phép theo sang ché hoic phuong phap tuong tu da

biét trong linh vuc ndy hodc phuong phép cai tién ctia chung.

Theo mdt phuong 4n, ADN bd gen ciia cac loai vi khudn nay c6 dd trong ddng it
nhét bang 97%, va t6t hon néu it nhit bing 98% so véi trinh tu SEQ ID NO.10. Theo mdt
s6 phuong 4n, cac loai vi khudn nay 13 vi khuin thudc chi Enterobacter c6 bd gen cin
thiét dé ¢ dinh dam. Theo mot sb phuong 4n, cac loai vi khudn Enterobacter nay chui
yéu san sinh polysacarit ngoai bao, hodc endoglucanaza. Theo mt phuong an khac,
ADN b gen ciia cac loai vi khudn nay c¢6 d6 trong ddng it nhét bang 97%, va tdt hon
néu it nhat bing 98% so véi trinh ty SEQ ID NO.11. Theo mot s6 phuong an, cac lodi vi
khuan nay 14 vi khuén thudc chi Pleombrphomonas c6 kha ning ¢b dinh dam dugce kich
thich béi ion NH," & ndng d ndm trong khoang tir 0,1mM dén 0,5mM. Theo phuong an
khéc, ADN bd gen clia c4c loai vi khuin nay c6 do twong ddng it nhét bang 97%, va tbt
hon néu it nht biang 98% so v6i trinh ty SEQ ID NO.12. Theo mét sb phuong an, cac
loai vi khuén nay 14 vi khuin thudc chi Sphingomonas c6 kha néng sinh truéng trong moi
trudong khong chira nito. Theo phuong én khac, ADN bd gen clia céc loai vi khudn nay c6
d6 tuong ddng it nhat bing 97%, va t&t hon néu it nhit bing 98% so véi trinh tw SEQ ID
NO.13 hodc SEQ ID NO.14. Theo mét sé phuong 4n, cac loai vi khudn nay 14 vi khun
thudc chi Methylobacterium.

Dich céy vi khuén thudn khiét sinh hoc cta cac lodi Enterobacter R4-368 va
- Pleomorphomonas jatrophae R5-392 dugc ding ky vao ngay 06/01/2012 theo Thoa
thuin Budapest v6i Ngan hang gidng nghién ctru nong nghiép (Co quan ding ky qudc té),
Trung tdm nghién ctru nong nghiép quéc gia, B Nong Nghiép Hoa Ky (Agricultural
Research Service Culture Collection - NRRL (International Depositary Authority),
National Center for Agricultural Utilization Research Agricultural Research Service, U.S.
Department of Agriculture), 1815 North University Street, Peoria, Illinois 61604 US.A,
v6i s6 dang ky 1an lugt 1a NRRL B-50631 va NRRL B-50630. Cac ching nay c6 thé
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duge nudi cly trong médi truong R,A (chiét xuit ndm men 0,5g/L; proteoza pepton
0,5g/L; axit amin thiy phéan cazein 0,5g/L; glucoza 0,5g/L; tinh bjt hoa tan 0,5g/L; Na-
pyruvat 0,3g/L; K,HPO, 0,3g/L; MgS0,4.7 H,0 0,05g/L; aga 15g/L, do pH =7,2).

Dich cdy vi khuan thudn khiét sinh hoc ctia cac loai Methylobacterium sp. 1.2-4;
Methylobacterium sp. L2-76 va Sphingomonas sp. S6-274 dugc dang ky vao ngay
06/01/2012 theo Théa thuin Budapest véi Ngan hang gidng nghién ctru ndng nghiép (Co
quan ding ky quéc té), Trung tAim nghién ctru néng nghiép qudc gia, B4 Nong Nghiép
Hoa Ky (Agricultural Research Service Culture Collection - NRRL (International
Depositary Authority), National Center for Agricultural Utilization Research Agricultural
Research Service, U.S. Department of Agriculture), 1815 North University Street, Peoria,
Ilinois 61604 U.S.A., véi sd ding ky 1an luot 1a NRRL B-50628, NRRL B-50629 va
NRRL B-50632. Céc ching nay c6 thé dugc nudi cdy trong mdi truong 869 (trypton
10,0g/L; chiét xuit ndm men 5,0g/L; NaCl 5,0g/L; D-glucoza 1,0g/L; CaClz.ZHZO

0,345g/L; d0 pH = 7,0).

Mot s thé dot bién ciia cac loai vi khudn theo sang ché ciing c6 kha ning kich
thich ting truéng thuc vét gidng nhu cac thé khong dot bién. Thé dot bién ciia céc loai vi
khudn theo sang ché c6 thé bao g0m ca thé @6t bién xuit hién trong tw nhién 13n cac thé
ddt bién nhan tao. Mot sb thé dot bién nay da dugc kiém chung 12 hitu ich trong cac thir
nghiém theo sang ché. Cac thé dot bién khac c6 thé duge tao ra bang cach dot bién cac
lodi vi khuén theo sang ché bing cic gen dot bién da biét, nhu N-metyl-nitrosoguanidin,
theo cac phuong phép thong thudng. Vi du, xem, Patent M¥ sb. 4,877,738 va Patent My¥

sd. 5,552,138, mdi tai lidu nay dugc két hop vao séng ché bang cach vién din.

Theo khia canh thtr hai, sang ché d& xuit ché pham vi sinh chua it nhit mot dich
céy vi khuén thuén khiét sinh hoc chira cac loai vi khuin duoc chon tir nhém bao gém vi
khudn thudc chi Enterobacter, Methylobacterium, Sphingomonas, va Pleomorphomonas.
Theo mot phuong 4n, ché phim vi sinh nay chira hdn hop ctia it nhit hai dich cdy vi
khuén thuan khiét sinh hoc chira c4c loai vi khuén nay. Theo mot s§ phuong 4n, quy trinh
san xuit ché pham vi sinh nay bao gdm budc san xuét cac loai vi khudn theo sang ché &
quy md 16n trong mdi trudng tuy y duge khir nuée theo phwong phép thich hop dé duy tri
kha ning séng sét ctia té bao va kha ning tu sinh soi va tao nét sin & thyc vat cha. Theo

mot s6 phuong 4n, cheé pham vi sinh ndy chtra cac loai vi khuan theo sing ché véi ham
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luong niam trong khoang tir 10® dén10' don vi tao khudn lac/mL (CFU/mL - Colony
Forming Unit/mL). Theo mdt s& phuong 4n, ché phdm vi sinh nay c¢6 thé chua cac ion
kim loai vi lugng. Theo mdt phuong 4n, cac ion kim loai vi lugng nay duogc chon tir
nhém bao gdm ion molypden (Mo>"), ion sit (Fe*"), ion mangan (Mn*") hodc hdn hop bét
ky ciia chiing. Theo mdt phuong an khac, ché phidm vi sinh ndy chira céc ion kim loai vi

~ lugng vé6i ham lugng nam trong khoang tir 0,1mM dén 50mM.

Theo mot s& phuong an, ché phdm vi sinh nay c6 thé chtra chit mang. Chét mang
thich hop bat ky c6 thé duge st dung. Vi du v& cac chit mang thich hop bao gdm, nhung
khong chi gi6i han &, beta-glucan, CMC, polysacarit ngoai bao ciia vi khuén, dudong va
stta dong vat. Ngoai ra, cac vat liéu thuc vat hoic than bun c6 thé dugc st dung lam chét
mang. Ngoai ra, polyme sinh hoc c6 thé duoc sir dung 1am chit mang, trong d6 ché phim
vi sinh theo sang ché dugc bao bang polyme sinh hoc ndy. Vi du, xem, Patent My§ sé.
4,828,600, Patent My sb. 5,061,490, Patent My s6. 5,951,978 va Patent My sb. 7,393,678,
mdi tai liéu nay duoc két hop vao sang ché biang cach vién dan.

Theo mdt s6 phuong 4n, céc loai vi khuén c6 thé dugc sir dung dé bao ché ché
pham vi sinh nay 13 céc loai vi khudn néu trén. Theo cac phuong 4n khéc, cac loai vi
khudn c6 thé duge sir dung dé bao ché ché phdm vi sinh ndy dugc phan lap bang cich
nudi ciy dich chiét mé thyuc vat hodc dich rira bé mit 1a trong moi truong khong chua
nito hoic duge 1dy tir cac ngan hang gidng vi sinh vat dua theo chi sb phén loai va dac
tinh ctia cac loai vi khuan theo sang ché. Theo mot sé phuong 4n, ché phim vi sinh nay
c6 téc dung kich thich ting truéng thuc vat, duy tri ham lugng chit diép luc cao trong 14,
tang san lugng qua hodc hat, ting trong lugng qua hodc hat va giam phat thai khi NO, do
giam sir dung phan dam. Theo c4c phuong 4n khac, c4c dic tinh nay duoc kiém chimg &
cac loai thuc vat thudc chi ddu me (Jatropha), lta mién (Sorghum), bong (Gossypium),

co dau (Elaeis), thiu dau (Ricinus), lua (Oryza) va sin (Manihof).

Theo khia canh thi ba, sang ché d& xut phuong phép cai thién ning suit thuc vat
khong thude ho ddu. Theo mot sé phuong 4n, ning sudt thuc vat bao gdm sy tdng truéng
thuc vat, duy tri ham luong chat diép luc cao trong 14, ting san lwong qud hodc hat, ting
trong lugng qua hodc hat hodc té hop bit ky ciia cac dic tinh nay. Theo cac phuong an
khac, ning suét thuc vat cling bao gdm giam phat thai khi NO2 din dén gidm st dung

phan dam. Theo mot sb phuong an, cac loai thuc vat khong thudc ho dau dugce chon tir
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cac loai thudc chi diu meé (Jatropha), lta mién (Sorghum), bong (Gossypium), co dau
(Elaeis), thdu dau (Ricinus), laa (Oryza) va sin (Manihot). Theo séng ché, phuong phap
ndy bao gébm budc bon ché phdm theo sang ché cho thuc vat. Theo mot phuong 4an, ché
phém theo sang ché dugc phun 1én phin trén mit dét cia thuc vét. Theo mot phuong an
khéc, ché phim vi sinh nay c6 thé dugc bén vao ré bang cach bon 16t vao céc lubng gieo
hat, tu6i vao dét hogc nhing ré vao hén dich chira ché phim vi sinh nay. Theo phuong 4n
khac, ché phdm vi sinh nay c6 thé duoc U v6i hat gidng. Theo mot sb phuong 4n, ché
phém vi sinh nay chtra cac ion kim loai vi luong. Theo cac phuong an khac, thuc vat
dugc phun bing dung dich chira cac ion kim loai vi luong ngoai ché pham theo sang ché

co thé khong chira c4c ion kim loai vi lugng.

Theo mot phuong én, ché phim vi sinh nay c6 thé dugc bén cho hat gidng bang
phuong phéap bén 16t hodc bén thiic thich hop true khi gieo hat. Phuong phéap 4 véi hat
gidng bang ché phim vi sinh da biét d6i v6i nguoi c6 hibu biét trung binh trong linh vuc
nay. Vi dy, céc loai vi khun theo sang ché c6 thé dugc tron véi chét mang hoa hoc dang
hat tro xép, nhu dugce md ta trong Patent My sb. 4,875,921, duoc két hop vao sang ché
bang cich vién din. Theo mét phuong 4n khac, ché phidm vi sinh nay c6 thé chira cht
mang hogc khong va ban duéi dang ché pham riéng dé sir dung truc tiép boi ngudi dung,
vi du bén 16t vao cic ludng gieo hat hodc phun 1én 14 thuc vat. Phuong phép bon truc tiép
ché pham vi sinh vao ludng gieo hat da biét ddi véi ngudi ¢ hiu biét trung binh trong

linh vic nay, vi du phun ché phim vi sinh nay 1én thyuc vAt.

Nhin chung, mat o & c4c loai vi khudn nay vio hat gidng, ludng gico hat, hogc
tudi 1én ré cAn da @& tao ra quin thé vi khuén sinh trudng phat trién & ving dat tiép giap
VGi ré cia thuc vat. Tuong tu, mat d U céc loai vi khuin nay vao thuc vat can da dé tao
ra quan thé vi khudn sinh truéng phat trién & 14 cta thuc vat. Luong hiru hiéu cta ché
phém vi sinh nén dugc st dung. Lugng hiru hiéu 13 lugng du dé tao ra su tidng trudng cua

vi khuén sao cho céi thién dugc nang suat thuc vat.

Ngudi ¢6 hiéu biét trung binh trong linh vuc nay hiéu ring ché phim vi sinh theo
sang ché c6 nhiéu wu diém hon ché phim phan bén héa hoc, hormon sinh truéng hodc
céc ché phdm twong ty ding trong noéng nghiép hién nay. Do chinh ban chit cta ché
phém vi sinh nay, nén céc loai vi khuén tu sinh s6i lién tuc khi thuc vat duge bén theo

phuong phap bt ky theo sang ché. Do d6, khong cin bon phan nhiéu 14n cho thuc vat
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trong mua vu. Trong qud trinh canh téc céc vi khudn nay sinh truéng cing voi thue vat va
tiép tuc tao ra tac dung co loi dbi vé6i thuc vat trong subt mua vu. Piéu nay trai nguoc
hoan toan v&i ché pham phan bén héa hoc, chét diét ndm cin duoc bd sung dinh ky dé trc
ché ndm lién tuc hoic cai thién téc do sinh trudng cua thuc vt trong subt mua vu. Do ché
phém vi sinh theo séng ché c6 thé dugc 4 1én hat giéng duédi dang khan hoac 4m, nén viéc
ap dung c4c k¥ thuat nay tuong ddi don gian dbi v6i ngudi ndng dan do hat c¢6 thé dugc 0
truéc khi gieo. Do ché phim vi sinh theo sang ché c6 thé dugc phun 1én thuc vat, nén
viéc 4p dung c4c k¥ thut nay twong déi don gian dbi v6i nguoi ndng dan va tao ra lgi ich

kinh té dang ké.

Trir khi ¢6 quy dinh khéc, trén thuc té séng ché da st dung céac k¥ thuit hoa hoc,
sinh hoc phén tr, vi sinh vt hoc, A tai td hop, di truyén, mién dich hoc, sinh hoc té
bao, nudi cdy té bao va sinh hoc chuyén gen di biét trong linh vyc nay. Vi du xem,
Maniatis et al., 1982, Molecular Cloning (Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, New York); Sambrook et al., 1989, Molecular Cloning, 2nd Ed. (Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, New York); Sambrook and Russell
2001, Molecular Cloning, 3rd Ed. (Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, New York); Ausubel et al., 1992), Current Protocols in Molecular Biology (John
Wiley. & Sons, including periodic updates); Glover, 1985, DNA Cloning (IRL Press,

>

Oxford); Russell, 1984, Molecular biology of plants: a laboratory course manual (Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.); Anand, Techniques for the
- Analysis of Complex Genomes, (Academic Press, New York, 1992); Guthrie and Fink,
Guide to Yeast Genetics and Molecular Biology (Academic Press, New York, 1991);
Harlow and Lane, 1988, Antibodies, (Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, New York); Nucleic Acid Hybridization (B. D. Hames & S. J. Higgins eds.
1984); Transcription And Translation (B. D. Hames & S. J. Higgins eds. 1984); Culture
Of Animal Cells (R. 1. Freshney, Alan R. Liss, Inc., 1987); Immobilized Cells And
Enzymes (IRL Press, 1986); B. Perbal, A Practical Guide To Molecular Cloning (1984);
the treatise, Methods In Enzymology (Academic Press, Inc., N.Y.); Methods In
Enzymology, Vols. 154 va 155 (Wu et al. eds.), Immunochemical Methods In Cell And
Molecular Biology (Mayer and Walker, eds., Academic Press, London, 1987); Handbook
Of Experimental Immunology, Volumes I-IV (D. M. Weir and C. C. Blackwell, eds.,
1986); Riott, Essential Immunology, 6th Edition, Blackwell Scientific Publications,
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Oxford, 1988; Fire et al., RNA Interference Technology: From Basic Science to Drug
Development, Cambridge University Press, Cambridge, 2005; Schepers, RNA
Interference in Practice, Wiley—VCH, 2005; Engelke, RNA Interference (RNAi): The
Nuts & Bolts of siRNA Technology, DNA Press, 2003; Gott, RNA Interference, Editing,
and Modification: Methods and Protocols (Methods in Molecular Biology), Human Press,
Totowa, NJ, 2004; Sohail, Gene Silencing by RNA Interference: Technology and
Application, CRC, 2004.

Vi du thue hién siang ché

Sang ché s& dugc md ta chi tiét thong qua céac vi du sau, nhdm muc dich minh hoa
ch khong giéi han pham vi ciia sang ché. Cac k¥ thuat chuén da biét trong linh virc ndy

va céac k¥ thuat cu thé duoc st dung.
Vidu 1
Phén 14p céc ching vi khudn theo sang ché

Cay ddu mé (Jatropha curcas L.) duoc liy tir cac 16 nghién ctu cia
Agrotechnology Experimental Station c6 tru s& tai Lim Chu Kang, Singapore. Cac ciy
‘diu meé duoc 14y miu tir ba ciy cia cic giéng khic nhau c6 ngudn gbc tir Indonesia,
Trung Qudc va An Pg. Cac ré con ¢6 dudng kinh khoang tir 1,2cm dén 2,0cm 6 dinh dat
“duogc loai bd cén than khoi hé ré b%lng bay va thu vao céc tai déo vo trung. Cac doan canh
c¢6 dudng kinh nim trong khoang tir 1,5cm dén 2,5cm duoc cit bo khoi cac cdy diu me
bang kéo va céc 14 thir ba truong thanh (khong nhiém bénh) tir cic canh khée manh duoc
dat vao nudc da dé chuyén‘tir vuon thuce dia dén phong thi nghiém va xir Iy ngay 1ap tc.
Céc mAu ré, canh (khoang 50g) va 14 (khoang 15g dén 20g) duoc rira k§ bing nude cit,
khir tring bé mit trong 1 phut bang etanol 90%, sau d6 trong 10 phit bang nudc oxy gia
15% va rira 3 dén 5 1an bang nude cit vo tring. 100pL miu nude tir 14n rira thi ba duge
cdy vao mdi trudng giau dinh dudng & kiém chung hiéu qua khir trung. Sau khi khir
tring, cac ré va chdi dugce ngdm vao 10mL dung dich MgSO4 10mM bang cach st dung
may tron trong cac diéu kién vo tring. Cac dung dich pha loang lién tiép dugc didu ché
'va 100pL méu dugc cdy chuyén vao mdi truong khong chon loc dé kiém chung su co
mit cta cdc vi khuin noi ky sinh thyc vat va danh gia dac tinh cia chung. Cac vi khuén
nay dugc phan 1ap biang k¥ thuét cdy trai (100pL) bang cach sir dung cdc moi truong
khéc nhau chira aga/phytagel nhu méi truong khong chtra nito (Nfb) (Baldani et al.,
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1980) dé phan I4p céc vi khuin cb dinh dam, méi truong giau dinh dudng (M869) (Barac
et al., 2004); dé phan 1ap céc vi khuén di dudng tdng s6 va moi truong tbi thidu (AMS)
(Whittenbury et al., 1970) dé phan 1ap cac vi khudn huéng metyl. D& phan lap cac vi
* khuén cb dinh dam, hén dich t& bao (ty 1& pha loang tir 10™ dén 107°) duoc nap vao hai
6ng gidng nhau chira moi trudng ban ran khong c6 nito va o trong 96 gi¢ ¢ nhiét 4o 30°C.
Céac mang mong sinh trudng trong mdi trudng ban rin duoc ciy chuyén vao moéi trudng

thach aga khong chira nito d bao quan khuén lac don va st dung tiép theo.
Vidu2
Piéu kién nudi cdy va bén cac chiing vi khuén phan 1ap theo sang ché

Céc ching Methylobacterium dugc sinh trudng trong mdi trudng 1éng 869 (Barac
et al., 2004) chira 1% metanol dwgc ding lam ngudn cacbon. Cac ching phan lap tir ré
duoc nudi cdy trong moi truong 16ng 869 hodc moi truong 2xYT khong chira metanol.
Toan bd cic mau nudi cdy duge & & nhiét dd 30°C va sinh trudng cho dén giai doan én
dinh sém. Ngay trude khi bon vao cdy, thu idy céc t& bao (10000 vong/phut, 8 phut), rira
mot 1an va tai hdn dich hoa trong dung dich SDW hoéc dung dich MgSO, 10mM, mat 4o
quang & bude séng 600nm (ODggonm) dugc diéu chinh va bén vao cay nhu sau: dé bén &,
lugng hdn dich té bao twong duong (ODgyomn = 1,0 hoiic 10 CFU/mL) ctia mdi ching
phan 18p duoc tron va bd sung & thoi diém gieo tréng va sau 15 ngdy gieo trdng (days
after sowing - DAS); @& bon vao 14, hdn hop cac chung phéan 14p hodc ting ching phin
13p duge tuéi 1én 14 cho dén khi 14 cdy dugc thAm w6t hoan toan sau 15 ngay hoic 30

ngay gieo trdng (luong thay dbi phu thudc vao kich c& cay va sd luong 14).
Vidu3
Giai trinh tu va khuéch dai gen nifH

Gen nifH dugc phat hién bing phuong phap PCR md ta trong bai bao: Pinto-
Tomés et al. (2009). Gen nifH dioc khuéch dai bang cac mdi thong dung mdi xubi (5'-
AAA GGY GGW ATC GGY AAR TCC ACC AC-3"; SEQ ID NO.1) va mdi nguoc (5'-
TTG TTS GCS GCR TAC ATS GCC ATC AT-3"; SEQ ID NO.2) & cac diéu kién PCR
nghiém ngit duge mo ta trong bai bao: Widmer et al. (1999) dé han ché xuét hién cac san
phdm khuyéch dai 16 duong tinh, bao gdm: 95°C/5 phut, 94°C/11 gidy trong 40 chu ky,
92°C/15 gidy, 54°C/8 gidy, 56°C/30gidy, 74°C/10gidy va 72°C/10gidy, va tong hop trong
10 phtt/72°C. Céc san pham PCR dugc rira gai bang kit chiét xuat gel QIAquick trudc
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khi didu ché cac dung dich giai trinh tu chira hdn hop phan ing BigDye va nap vao may
giéi trinh tw AND tu dong Applied Biosystems 3700. Cac trinh tuy nifH tir nghién ctru nay
va cac trinh ti twrong ddng durge phan tich tir co s¢ dit lieu NCBI bang phin mém BLAST.

Vidu4
Dénh gia hoat tinh nitrogenaza in vitro

Thir nghiém khir axetylen (AR) dugc thuc hién trén céc chiing vi khuén séng tir do
va cac ching vi khuén cdng sinh véi thyc vat. Kha nang ¢ dinh dam dugc xac dinh b%mg
cach nubi cdy céc ching trong 40mL mdi trudong khong chira nito (Moi trudng DSMZ s
3) dung trong chai huyét thanh dung tich 125mL (Wheaton Industries Inc., USA). Moi
truong nay chtta cac thanh phén sau (trong 1L nudc cét): 5,0g Glucoza, 5,0g manitol,
0,1g CaCl,.2H,0, 0,1g MgS04.7H,0, 5,0mg Na,Mo04.2H,0, 0,9g K,HPO,, 0,1g
KH,PO,, 0,01g FeSO,4.7H,0, 5,0g CaCO5 va 1ImL hén hop céc ion kim loai vi lugng.
Hén hop cac ion kim loai vi lugng (SL-6, trong méi truong DSMZ s6 27) chita cac thanh
phén sau (trong 1L nude cit): 0,1g ZnSO,.7H,0, 0,03g MnCl,.4H,0, 0,3g H;BOs, 0,2¢
CoCl,.6H,0, 0,01g CuCl,.2H,0 va 0,02g NiCl,.6H,0. Thir nghiém khir axetylen dugc
thyc hién trén todn by cac mau nudi cdy 1ong biang cach bom axetylen tinh khiét vao cac
binh chtra thich hgp duogc bit kin béng nut chai kin khi dé thu dugc ham luong axetylen
bang 15% (thé tich/thé tich); sau d6 G trong thdi gian 1én dén 96 giv & nhiét do 30°C.
Trong cac khoang thoi gian nhit dinh, cdc mau khi (0,5mL) dugc hat ra bing bom tiém
PTFE (Hewlett-Packard, USA) va phan tich bang thiét bi sic ky khi (GC 6890N, Agilent
Technologies Inc., USA) dugc trang bi b phan phat hién ion hoa ngon Itra duoc van
hanh nhu sau: khi mang: He; 35mL/phut; nhiét do ctia bd phan phat hién: 200°C; cot:
GS-Alumina (30m x 0,53mm LD.); 4p suét: 4,0 psi. Puong chudn duoc thiét ké bang
etylen (C,H,, M san phdm: 00489, Sigma-Aldrich) duoc tiém lap lai hai 1an véi ndng o
nam trong khoang tir InM dén 1000nM va hiéu chuén (chiéu cao pic so véi ndng dd nmol
ctia C,H,). Nong do protein dugc xac dinh bing phwong phap Lowry c6 cai tién vé6i chit

chudn 14 abumin huyét thanh bo.
Vidu5s
Dénh gi4 hoat tinh nitrogenaza trong diéu kién in planta

Thir nghi€ém khir axetylen (AR) dugc thuc hién 2 dén 3 tudn sau khi bon, va sb

luong vi khuan c6 kha nang séng sét & chdi/r duge x4c dinh béang k¥ thut pha loang
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lién tiép. Céc mau tir mdi 16 13p lai dugc thu thap tir nha kinh va loai bd toan bd dat bam
dinh bing céach rii. Cac chdi/ré/toan bd cdy con dugc chuyén vao binh thiy tinh ¢6 dung
tich 125mL, dugc ddy bing nut mau dé dudng kinh 20mm. Sau khi hut bd thé tich khi
turong duong, axetylen dugc bom vao cic chai nay dén ndng d6 cudi cing bing 15% va u
& nhiét d@o 30°C trong 4 dén 12 gi¢. Thiét bi séc ky khi dugc van hanh & cing didu kién
néu trén. Toan bo céc tri sb biéu dién thu dugc sau khi trir di cac tri sb etylen ma khong

can miu tring
Vidu6
Dém quén the vi khuan

Céc mau cay trén ba 16 13p lai duge chon ngdu nhién trong mdi 1an 1y mau, va
mdi mAu l3p lai bao gdm ré va phin trén mit dit cia ba cay. Dé dém toan bd quin thé vi
khuén, céc dich chiét déng nhit dugc pha loang lién tiép bang nu6c cit vo tring va cly
chuyén 1én mdi trudng AMS chira 0,5% metanol dé x4c dinh quén thd Methylobacterium
hodc vao céc dia chira moi truong M869 dé xac dinh quin thé vi khuin téng sb. Cac

khuén lac dugc dém sau khi bon cac dia nay trong 5 ngay ¢ nhiét dd 30°C.
Vidu7

Hoat tinh khir axetylen cia cac chung vi khuén ¢ dinh dam phén 14p trong diéu

kién in vitro va in planta

Nhiéu loai vi khuén ¢ dinh dam duogc phan 14p tir thuc vat thudc chi ddu me
- (Jatropha) hogc ving ré clia cac thuc vat nay. Kha nang ¢ dinh dam cla cac loai nay
dugc kiém chimg bing cach phat hién sy c6 mit cia gen tuong ddng nifH bing phuong
phap PCR, hoat tinh khir axetylen trong diéu kién in vitro va in planta. Céc tac gia séng
ché da phat hién thiy ring hoat tinh nitrogenaza ctia cdc ching vi khuin phan 1ap trong
diéu kién in vitro 13 khéc biét dang ké so véi trong diéu kién in planta. Hoat tinh ctia cac

chiing nay dugc thé hién trong Bang 1.

Bang 1
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Hogttinh |y ot tinh khir
nitrogenza héa axetylen
. , Mai ciia chiing A ra Hoat tinh
Cac chiing R . Y trong di€u ki€n Gen :
A 1A truong tinh khiet . . Endoglucanza
phan lap . in planta nifH’
str dung (nmol
' C,H./giv/mg (nmol |
protein) C,H,/gid/cay)
Methylobacterium sp. 12-4 | INFb | 6613+6531 | 94174952 | 42:; 0 +
Methylobacterium sp. L.2-76 JNFb 272,2+20,15 32,70+ 5,21 + +
Methylobacterium sp. L7-515 JNFb 223,3+32,14 61,57+7,62 + +
** 1060,7 + +
Enterobacter sp. R4-368 DSMZ 1106 220,08 +£20,08 (432 nt) +
Enterobacter sp. R5-362 DSMZ | 960,5+110,5 77,54 + 8,54 + +
Enterobacter sp. R4-390 DSMZ | 1012,8+ 62,8 71,13 £10,07 + +
Pleomorphomonas jatrophae . +
sp. R5-392 DSMZ 92,79+ 4,8 Nd (409 nt) -
Sphingomonas sp. S6-274 DSMZ 16,14+ 1,2 Nd + +

~ Ch thich: gen nifH : gen dugc khuéch dai bang PCR va céc san pham duoc giai

trinh trr dé kiém chimg tiép. “DSMZ: M6i truong khong chira nito s6 3; thir nghiém khir
axetylen dugc thuc hién déi voi tit cac miu nuéi cdy léng bing cich bom axetylen tinh
khiét vao cac binh chira thich hop dugc bit kin bang nit chai kin khi dén ndéng d6 cubi
cung bang 15% (thé tich/thé tich); sau d6 w trong thoi gian 1én dén 96 giv & nhiét do
30°C. Pic etylen khong dugc phét hién & binh déi chimg khéng dugc bom 15% axetylen
(thé tich/thé tich) vao khoang khéong khi & bén trén binh. Céc tri s thu dugc duoe tinh
bang tri s trung binh + d6 1éch chudn cho ba 1in 13p lai. Nd: khong xéc dinh.

Vidu8
Téc dung ciia ion amoni dén hoat tinh ¢ dinh dam

Tinh khang amoniac 1a dac tinh quan trong ciia cic ching vi khuén ¢6 dinh dam
theo sang ché. Pé kiém chung dic tinh nay, hoat tinh khir axetylen ctia hai ching vi
~ khuén tiém ning nhit theo sang ché da dugc danh gid & cac ndng d6 amoni clorua khéc
nhau. Ngac nhién phat hién thdy ca ching Enterobacter sp. R4-368 1in ching
Methylobacterium sp. 1L.2-4 khong chi ¢ hoatltinh manh & ndng d6 amoni clorua lén dén
1mM nhung ma ion NH," con lam cai thién dang ké hoat tinh cta cac ching nay mic du
amoni clorua c6 tic dung trc ché hoat tinh cia ching & ndéng d6 bing khoang S5mM

(Fig.1a va Fig.1b).

Vidu9
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Téc dung ctia ion kim loai dén hoat tinh ¢ dinh dam

N Hoat tinh nitrogenaza dugc danh gia trén cdc mdi truong khong chira nito ¢6 bd
sung Na,MoO, hodc FeSO,.7H,0 & néng do khac nhau (0mM, 0,1mM, 0,5mM, 1mM,
10mM). Hoat tinh nitrogenaza dugc kich thich bi cac ion Fe** va molypden Mo** (Fig.2
va Fig.3).

Vidu 10

Dac tinh noéng hoc ctia cdy dau meé dugc bén cac ching vi khuin ¢o dinh dam theo

sang che

_Dé kiém chimg hiu qua c¢b dinh dam cua cac chiing vi khuan theo sang ché & thuc
vat, cac chung duoc chon dugc bén cho cay con diu me & dang chiing don hozic hdn hop.
Céc cdy ddu meé duge sinh trudng trong didu kién khong khi ngoai troi trong cac chau
nhya (dudng kinh 30cm) sau khi bén cac ching vi khuén ndy. Tir thdi diém ra hoa dén
khi thu hoach, ché phém phén bon NPK c6 ban trén thi trudng duge bén & lidu béng mot
ntra liu chi dan (0,5g/cdy) mot 1an trong khoang thoi gian 15 ngdy. Nhu duge thé hién
trong Bang 4, ham lugng chét diép luc, hoat tinh khir axetylen & 14, nang suét hat va trong
luong h{it da duoc cai thién dang ké. Pang chu y 13 khi bén bang hdn hop cac ching phan -
lap duogc tir r& va 14 d3 tao ra ham lugng chét diép luc cao nhét va hoat tinh khir axetylen
manh nhat. Thoi diém ra hoa ciing dugce rit ngin, ddc biét khi bon bang céc ching L2-4.
Hoat tinh khir axetylen twong d6i manh & céc cay dbi chiing c6 thé do ¢6 céc loai ¢b dinh
dam tir moi truong ty nhién. Quan trong 1 ning suit hat da ting gp khoang 4 1an khi
dugc bon riéng bing ching phan 1ap tir 14 L2-4 hodc hdn hop céc ching phan 1ap duoc tir
ré (Bang 2).

~Bang 2

Téc dung cta cic ching co dinh dam theo sang ché trén cdy dau me

. Hoat tinh ‘e . Tong
x lE::lg Kchir Tl::;lni:;an 86 lugng £ khoi Trong
Mauthic | 5¢ digp | 2XeVlen | s | Qud trong | Solugng | lwgng hat |\ L
nghiém luc twon (nmol 2 hoa moi lan hat/cay trong moi )
s GHY (DAP) bén 1an bén g
i gio/la) (2)
Cay doi 33,29+ 18,11+
chimg 2.44 2.1 137 26287 | 75+8,14 36,25 0,483
38,17+ 22,31+ 101+ 261 +
L2-4 410 33 110 7.91 20,78 134,89 0,517
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36,47 + 20,95 + 157 +
L2-76 4,01 4.0 125 58 + 437 11,41 81,56 0,519
Chung - :
phan 1ap
tr1a (Leaf | - 700% | 24,00 118 | 43272 | 119813 | 62,63 0,526
. 4,17 4,0
isolates -
LID)
Chiing
phan lap
tir ré 38,12+ 19,97 + 286 +
(Root 330 2.0 124 98 +9,00 25.47 145,27 0,508
isolates -
RIvaLl 40,07 + 36,67 £ 182 +
(MI) 5.14 5.7 115 73 +£5,03 12,41 92,05 0,506

Chu thich: MB3i tri s& dugc tinh b?‘mg tri s trung binh + 36 1énh chudn ctia tAm 16
1ip lai méi 1an bén (n = 8). Ching phan 14p tr 14 (Leaf isolates - LI): L2-4
(Methylobacterium sp.), L2-76 (Methylobacterium sp.) va S6-274 (Sphingomonas sp.);
Ching phan 14p tr ré (Root isolates - RI): R4-368 (Enterobacter sp.), R5-362
(Enterobacter sp.), R5-431 (Klebsiella sp.), R7-601 (Sinorhizobium sp.) va R1-99
(Rhizobium sp.). Dé bén hdn hop chura cac ching phéan 14p tir 14, cac ching nay dugc
phun bing may phun cim tay (25mL/chau; 1 x 10° CFU chting/mL hodc tu6i 4m toan bd
cac 14) sau 30 ngay va 90 ngay gieo trng (days after planting - DAP). Ham luong chit
diép luc va hoat tinh khir axetylen dugc do sau 30 ngay bon (days after inoculation -
DAI). Cac qua chin dugc thu hoach lién tyc va 1am kho & nhiét do 37°C trong 2 ngay.
Céc hat dugc thu hoach tir cac qua khd va bao quan & nhiét dd 4°C dé phén tich tiép.

Ning suat qua va hat duoc theo doi trong 7 thang.

Pé kiém ching kha ning tu sinh san cda cac loai vi khuin nay & mo thuc vat, cac
dich chiét mé ddng nhét khong dugc khir tring bé mit duge pha lodng lién tiép bing
nuéc cit vo tring va ky thuat MPN dugc thuc hién véi 3 éng chira moi truong Nfb bing
cach sir dung ty 1¢ pha loang tir 10° dén 10 va @ & nhiét do 30°C trong 7 ngdy. Dé dinh
lugng qur;”m thé vi khudn ndi ky sinh thue vat truge khi déng nhét hoa, cidc mo 14 va mé ré
duge khir tring bé mit bing cach ngam vao etanol 70% trong 1 phut; nude c;xy gia 15%
trong 1 phut, sau d6 rira tir 5 dén 10 14n bang nudc cit vo trang. Cac dung dich pha loang
lién tiép duoc cdy phi 1én mdi trudng thach aga khong chira nito. Céc khuén lac duoc
dém sau khi bon céc dia nay trong 5 ngay & nhiét 6 30°C. Cac két qua thir nghiém duogc

thé hién trong Bang 3. Pdi vdi cac chung phén 1ap duge tir 14, quan thé vi khudn di dudng
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va huéng metyl nhiéu hon quin thé vi khudn néi ky sinh thuc vat (dit liéu khong dugc thé
hién). |
Béang 3

Quan thé vi khudn cb dinh dam (K§ thuit MPN)

Quin thé (Log CFU/g miu)
Mau thir Mau 14 Mau ré
nghiém Ching phan 1ap tir | Vi khuanndiky | Ching phan 1ap tir | Vi khudn néi ky
14 sinh thuc vat 18 sinh thue vét
Cay ddi chimg 3,97 +£0,97 2,48 £0,18 2,56 +0,16 2,46 + 0,36
L2-4 5,38 £ 0,38 2,96 + 0,46 3,51+0,41 2,81 0,11
L2-76 5,61+0,51 2,82+0,72 3,16+ 0,36 2,64 + 0,34
Ching phan lap
tir 14 (Leaf 5,46 £ 0,26 3,10+0,30 3,24+0,54 2,59+0,19
isolates - LI)
Chung phan lap
tir ré (Root 4,12+0,12 3,05 +0,25 4,32 +0,32 3,65+0,25
isolates - RI)
RIva LI (MI) 5,72 +0,62 3,21 +0,31 4,66 + 0,66 3,88+0,43

Cha thich: Quan thé cac ching phén 1ap duoc tir 14 hodc cac vi khudn noi ky sinh
thyc vat tir ca céc 14 dugce khir trung bé& mit 14n khong dugc khir tring bé mat duge do

trong mdi trudng Nfb & thoi diém thu hoach qua, tirc 12 6 thang sau 14n bén thi hai.
Vidull
Kich thich ting trudng cdy con diu mé

Hat giéng cta ciy diu mé (Jatropha; gibng MD44) duoc khir tring bé mit bing
cach ngadm vao etanol 70% trong 1 phut; 2% NaOCl trong 30 gidy, sau d6 rira tir 5 dén 10
1in bang nudc cit vo tring. Dé bén vao thuc vat, cic ching Methylobacterium phan lap
dugc tir 14 L2-4 va L7-515 dugce sinh trudng trén moi trudong long 2xYT chira 30mM
metanol va cac ching phéan 1ap tir 18 R4-368, R5-362, R5-431, R7-601 va R1-99 dugc
sinh truéng trong moi trudong khong chira metanol d&én giai doan sinh truéng theo clp sb
nhan vira phai, ly tim, rtra, hdn dich héa lai trong nuéc cét vo tring va bao quan & nhiét
d6 4°C cho dén khi st dung. Hon dich chira cac vi khuén nay duogc diéu chinh dén mat do
quang ODggonm bang 1,2 (10° CFU/mL) va bén cho c4c hat gidng cdy diu me sau khi khir
triung. P& bén hdn hop, trén nam ching véi luong bang nhau; sau do6 st dung d ngim
hat (& nhiét d6 phong trong 6 gid & tbe d6 60 vong/phut), bon ré (2mL/chiu sau khi gieo

trdng) va phun bé mit cho dén khi thim ué6t 1a.
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Trong céc didu kién nha kinh, sau 45 ngdy gieo trong cho thdy hiu hét cac thong
sb6 danh gia cula céc cay diu mé duge bon véi vi khudn cb dinh dam déu cao hon dang ké
S0 V6i cac ciy dbi ching khong duge bon (Bang 4). O cdy diu mé, viéc bon riéng céc
ching vi khuan ¢b dinh dam (LI va RI) hodc hén hop clia n6 di lam ting dang ké sb
luong 14, ham lugng chét diép luc, strc khde cdy con, ty 1€ nay mam va sinh khdi so véi
céc cdy ddi ching hoidc cic ciy bon riéng véi cac ching phan 14p dugc tir 14 hodc cac
chiing phan l4p dugc tir ré. Trong diéu kién nha kinh, hoat tinh khir axetylen & céc cay

dbi chimg thap hon rt nhiéu, c6 thé do su nhidm chéo thép.
Bang 4

Chi s6 strc khde cia cdy con, so lugng 14 va ty 1& ndy mam cta hat Dau meé dugc

bon céc ching vi khuén ¢6 dinh dam sau 45 ngay gieo trong

Ham
Thir nghiém &' | S6 lugng 14 | '"¢REchat | Hoattinh oo, rG | Sinhkhoi
diép luc nitrogenaza (2)
twong doi
A gk 34,91 + 901,7 £ 46,12 +
Cay ddi chimg | 6,19+ 0,29 301 4,15+ 0,25 467 23,50 £2,5 6.12
Céc chung phan
lap duoc tir ré 36,08 + 1054,1 + 24,55 +
(Root isolates - | 8= 048 | 71 he 8:56£1.06 | "¢ 18 255 | 62040
RI)
Céc chiing phan
1ap dugc tir 14 38,81 + 986,2 + 23,57+
(Leafisolates - | &4 E042 | "5 16,792,719 | “¢579 257 | 6LAE34
LI)
3531+ 1037,6 + 25,41+
RI+LI 6,72 0,42 381 11,52+ 1,72 67.51 241 63,0 + 4,0

Chi thich: "Tri sé trung binh cia ctia 150 cdy diu me. *Tri sé dugc tinh theo sb
nmol C,H,/ngay/cdy con. Mdi trj sb dugc tinh bang tri s6 trung binh ctia ba 16 1ip lai mdi
14n bon. Chi sb stre khoe cia céy con (Seedling vigour index - SVI) duogc tinh theo cong
thire sau: SVI = % cdy ndy mam x chidu cao cdy con (chiéu cao chdi + chidu cao r&) tinh
theo cm (Baki and Anderson, 1973). Ty 1& niy mam (Rate of germination - RG) duogc
tinh theo cong thirc sau: RG = Y Ni/Di, trong d6 Ni 14 s luong hat da ndy mam trong
khoang thoi gian nhit dinh; va Di 1a don vi thoi gian (ngay) (Madhaiyan et al., 2004).

Tac dung kich thich tang truéng thuc vat ¢ thé dugce quan sat trong thoi gian dai
trong cac chdu c6 dudng kinh 35cm. Nhu dugce thé hién trong Bang 5, chidu cao cay,

dudng kinh thén, sb luong 14 va khéi lugng than da dugc cai thién ding ké. Dt ngheéo
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chét dinh dudng duoc st dung va ché phdm phén bén NPK dugc bon & lidu lwong bang

mdt nira lidu chi dAn (0,5g/cdy) mot lan trong khodng thoi gian 15 ngay.

Bang 5

Téac dung ctia hdn hop cac ching vi khuin c¢b dinh dam dén su tdng trudng sém

cua cdy dau me sau 90 ngay gieo trong

2 A \ . Ham lugng £ey
Thir nghigm & | Chicucaocdy | Dudngkinh | o\ o015 | cnie diep e | R0i lwong
(cm) than re than
] twong doi
Chiing doi 32,23 25,55 11,58 26,20 167,41
chirng
RI 40,37 27,72 20,58 33,40 244,08
RI va LI 43,97 27,44 24,50 38,16 261,59

Chu thich: Mi tri s6 dugc tinh bing tri s6 trung binh ctia 12 cay mdi 1an bon (n = |
12). Céc ching phén 1ap tir 14 (Leaf isolates - LI): L.2-4 (Methylobacterium sp.) va L7-
515 (Methylobacterium sp.); Céc ching phan 1ap tir R& (Root isolates - RI): R4-368
(Enterobacter sp.), R5-362 (Enterobacter sp.), R5-431 (Klebsiella sp.), R7-601
(Sinorhizobium sp.) va R1-99 (Rhizobium sp.).

Vidu 12

Téc dyng cua ching Metylobacterim sp dén sy tang trudng cta cdy bong, cdy thiu
dau, va cy lua mién

Cac hat giéng dugc khi tring bé mit bing cach ngam vao etanol 70% trong 1
phut; NaOCl 2% trong 30 gidy, sau d6 rira tir 5 dén 10 14n bing nuée cit vo tring. Pé
bén vao thyc vat, ching Methylobacterium 1.2-4 dugc sinh trudng trong moi trudng 1éng
2xYT chira 30mM metanol (thé tich/thé tich) dén giai doan sinh truéng theo cap s nhan
vira phéi, ly tAm, rira, hdn dich héa lai trong nude cét vo trung va bdo quan & nhiét do
4°C cho dén khi sir dung. pé ngam hat, céc hat giéng da dugc khir tring bé mit duoc
ngdm vao thé tich gip d6i hdn dich vi khudn (ODgggrm =1,2 hogic 10° CFU/mL hén dich).
Sau 6 gi®d ngam, hon dich vi khudn nay duoc loai bd, va cac hat gidng dugc phoi kho
trong bong ram trong 30 phut trudc khi & nay mam trong 24 gio va dem gieo. P& phun
1én bé mat 14, cac ching vi khuin duoc phun bing may phun bing tay (khoang

25mlL/cay; ODgoonm = 1,2) sau 15 ngay gieo tréng.

Trong cac diéu kién nha kinh, chung Methylobacterium 1.2-4) c¢6 hoat tinh khir

axetylen manh & 14 clia ciy béng, cdy thau diu, cdy lua mién (Sorghum), va cay laa
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(Béang 6). Céc tac dung clia chiing vi khuan nay dén su ting trudng cua céc cdy nay duogc

thé hién trong Bang 7.
Bang 6

-Hoat tinh nitrogenaza hodc hoat tinh khir axetylen cta cic thuyc vat khac nhau

dugc bon v6i ching Methylobacterium sp. 1.2-4; sau 20 ngay bon

Thuwe vat Hoat tinh khir axetylen (I:;itl ténllfljrl:“\a);etﬁs n)
T (nmol C;H,/ngay/ciy) 2 gay/g mau
DW)
Cay bong 176,67 21,67 70,7 £ 11,72
Cay laa mién 259,61 + 59,61 177,8 + 28,77
Cay thau dau 25,78 £ 5,78 19,2 +5,20

Cay Iua 17,54 + 2,54 140,8 + 15,77
Cay diu mé (Jatropha; gibng MD-44) 288,45 + 78,45 114,5 + 19,46

Cht thich: M&i tri s6 duoc tinh b%lng tri s& trung binh + d 1énh chuén cda ba 16
1ap lai mbi 14n bon. '
Bang 7

Téc dyng cua ching Methylobacterium sp. 1.2-4 dén sy ting truéng thuc vat

Chiéu cao ciy (cm) 56 lwong 14 I?izilgl lll:gl:i;::at s6 lreng canh | S5 lwgng hoa
Thyc y #) P e *#) #)
at 7 z- z- ~ . K- ~ . A A
ve Cay do6i (Cay duoc| Cay doi (Cay duoc| Cay d@6i | Céy |Caydoi| Cay |Cayddi| Cay
chimng i} chimg ! ching | dugcu ching | duoc i | chimg |duocu
Cay 101,5+ | 103,4+ 40+£2.16 4425+ | 3595+ (39,195« 5,75+ | 8,75+ | 9,25+ | 15,75

bong 4,45 3,08
‘Ca‘ly" 105,8+ | 115,8+
thau dau| 12,21 3,92

1,89 1,12 1,89 0,50 0,96 1,5 |£1,26
B B e [ w | o [ae
|Gyl e T Ty B2 T O | v | o [
.Cary;gau 7?’,;;li 722:2; 166?;51 2(31,’75%:1: 3%’69671 34;’,163i ND ND ND | ND

Chu thich: Mdi trj s6 dugc tinh bang trj s§ trung binh + d6 1énh chuin cta ba 16

10+2,16

13p lai mbi 14n bén. Ham luong chét diép luc twong dbi duoc do & 5 14 tir phia dinh cac

céy. Cac két qua dugc ghi sau 75 ngay bon.
Vidu 13
Hoat tinh khir axetylen va dit liéu phan loai chiing Pleomorphomonas jatrophae

Kha ning cd dinh dam c6 thé duge kiém chimg bing phuong phép da nganh.
Chung Pleomorphomonas jatrophae R5-392" dugc phén tich khuéch dai PCR dic hiéu
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gen nifH. San pham khuéch dai c6 chidu dai 409 cdp bazo du kién dwoc quan sat véi
ching Pleomorphomonas jatrophae R5-392 thit nghiém. Trong trudng hop cua chung
Pleomorphomonas jatrophae R5-392, san phidm PCR nay duoc tinh ché va gidi trinh tur.
So séanh trinh ty thu dugc v6i co s& dit liéu EMBL cho thdy dé twong ddng cua trinh tu
ndy v6i gen nifH cia P. oryzae bing 98%. Trinh ty axit amin thu dugc (gém 130 axit
amin suy ludn) c6 do tuong ddng bing 100% véi reductaza phu thudc ATP hodc
nitrogenazé sit-protein (thanh phan nitrogenaza 11, dinitrogenaza reductaza, protein nifH)
cia P. oryzae. Hoat tinh nitrogenaza cuia ching Pleomorphomonas Jjatrophae R5-392
duoc danh gia bang thir nghiém khi axetylen. Chiing Pleomorphomonas jatrophae R5-
392" dugc sinh trudng trong mdi truong khong chira nito, da khir hitu hiéu axetylen va c6
hoat tinh nitrogenaza manh nhét 16n hon 300 nmol C,H,/mL trong mau khi & khoang
khong bén trén sau 96 giv u & nhiét d6 30°C véi sb luong quén thé vi khudn 16n hon 6
log CFU/mL (Fig.6a). Tuy nhién, lodi di truyén gin véi chiing | Pleomorphomonas
Jjatrophae R5-392 ¢6 hoat tinh nitrogenaza nh6 hon 10nmol C,Hy/mg protein (dit liéu
khéng dugc thé hién). Trong moi truong khong chira nito, ndng do nito cang thap
(0,1mM NH,CI) thi hoat tinh nitrogenaza cang manh hon so v&i méi trudng chira ndng
d¢ nito cao hodc khong chira NH,Cl (Fig.6b). Nitrogenaza dugc bit hoat bang cach st
dung NH,Cl & ndng do 16n hon 1mM trong moi truong khong chira nito. Hoat tinh
nitrogenaza dugc do béng cach bd sung Na,MoO,/FeS0O,.7H,0 & céac néng dd khac nhau
(OmM, 0,1mM, 0,5mM, ImM, 10mM) vao moi treong khong chira nito va bom vai 15%
axetylen (thé tich/thé tich) sau khi bén. Hoat tinh nitrogenaza cao hon khi ndng d6 Fe
bang 0,1mM va giam khi ndng d6 Fe tang. Hoat tinh nitrogenaza khong dugc ghi nhin
trong moi trudng khong chira nito khong c6 Fe (Fig.6b).

Vidu 14

Gidi trinh ty b0 gen cua chung Enterobacter sp R4-369 va ching
Methylobacterium sp. L2-4

AND tdng sb cua ching Enferobacter sp R4-369 va chung Methylobacterium sp.
L2-4 dugc chiét xut va mot phén trinh tu bo gen thu dugc dugce st dung dé xac dinh cac
trinh tu doan gen ngin bing phuong phép giai trinh ty nhd dinh lugng pyrophosphat 454.
Bing céach sir dung cum gen nif cla Klebsiella pneumonia 1am trinh tu truy vin (Ma truy

cap Genbank 13303), toan bd chiéu dai céc gen nif clia cac ching nay duoc xac dinh
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(Fig.4). Trinh tu gen nif cia Methylobacterium sp. L2-4 1a SEQ ID NO.3. Trai lai, céc

gen ndy khong thé xéc dinh dugc & Enterobacter cloacae (Ma truy cdp Genbank.
- NC_014121.1 va NC_014618.1) hodc Enterobacter sp. 638 ndi ky sinh kich thich tang
trudng thuc vat (M3 truy cdp Genbank. NC _009436.1).

Ngac nhién 1a khoéng phat hién thdy do6 twong déng v& bd gen cia
Methylobacterium sp. L2-4 va b gen clia Methylobacterium radiotolerans JCM 2831 da
cong bd (MA truy cép Genbank. CP001001 - CP001009), ma c6 d6 twong ddng v& ADN
ribosom 168 va trinh ty tdng sb bang 99%. Str dung cdng cu tra ciru do trong ddng trinh
ty Blast véi céc trinh tu protein nifH cia K pneumonia 1am cac protein truy van c6 mbi
lién hé di truyén xa, M3 truy cap Genbank. YP _001755485.1 va YP _001754523.1 ma co
do twong ddng axit amin bing khoang 35% va dugc du doén‘lé/dé ma héa 1an luot
clophylit reductaza sét protéin tiéu don vi X va protoclophylit reductaza sit-lvu huynh
prbtein gén két ATP. D6 twong ddng giita gen nifH cua K. pneumonia va gen nifH cta vi
khuén lam cyanobacteria thép hon nhidu (M3 truy cip Genbank.ACC79194.1). B6 gen
ndy rd rang cling khong chira cum gen nif. Trinh ty SEQ ID NO.7 ma héa gen tién hoa
thing nifH gia dinh. Ngac nhién 1a céc trinh tw ma hoa lién k& gia dinh cho céc
protoclophylit reductaza tiéu don vi gin nhu twong ddng véi nifD va nifE (Fig.5). Do
Methylob'acterium sp. L2-4 ¢6 kha ning c¢b dinh dam, nén cac gen nay c6 thé rat quan
trong cho su ¢b dinh dam & vi khuén huéng metyl Methylobacterium.

Vidu 15

Téc dung ctia EPS dén hoat tinh ¢b dinh dam cta chung Enterobacter

Céc chiing dot bién mit kha nang cb dinh dam dugc xac dinh bang qua trinh dot
bién Tn5. Cac ching dot bién EPS duoc xac dinh dudi dang cac khuin lac nho6 khong di
dong trong moi trudng ran khong chira nito. Toan bd céc ching dot bién EPS c6 hoat tinh
nitrogenaza khong dang ké nhu dwgc xac dinh bang thir nghiém khir axetylen (AR). Cac

chiing d6t bién dugc thé hién trong Bang 8.

Bang 8
Dot bién EPS
Ma
dot Gen dwgce chén Trinh tr doan ranh giéi TeS (SEQ ID NO.)
;);l;i Axit colanic polymeraza cgttaatctcaatttggctcagcatcaaacagtttggtat (5)
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S236 D6t bién mit doan gen EPS gcgttggcccaggggatgtgctgaacgtaaccgtg (6)
S210 Axit colanlc\;)éztgltransferaza cccecgcaggtgectgtatcgetggegegeatt (7)
S237 GDP-L-fucoza synthetaza ctggtgctgcgttccecgecgaggagctgaace (8)
Sinh tong hop axit colanic
S300 | UDP-chat mang lipit glucoza cgtctgaacgttgaatcgcggcacgacgagga (9)
transferaza Wcal
Vidu 16

Gidi trinh ty b gen va khuéch dai gen ARN ribosom 16S

ADN b gen dugc chiét xuit theo quy trinh chun (Wilson, 1997), tinh ché bing
cot DNeasy mini spin (Qiagen Cat. No.: 69106) va giai trinh tir bing k¥ thuat FLX Titan
(GS-FLX Titanium) tai Macrogen (Republic of Korea). Qua trinh giai trinh trr bing sung
bén gen va gidi trinh ty tir hai diu gen (mate-pair end sequencing) (3kb) dugce thyc hién

va qua trinh lép rép céc doan trinh tu chinh xéac (quality filtered reads) dugc thuc hién
bing phin mém GS De Novo (v 2.6). Gen ARN ribosom 168 dugc khéch dai bang cac
dogn mdi 27F va 1492R (Delong, 1992). Céc didu kién PCR 14 nhu sau: bién tinh ban diu
95°C trong 10 phut; 95°C trong 1,5 phut trong 30 chu ky, 55°C trong 1,5 phut va 72°C;
trong 1,5 phut va tbng hop & 72°C trong 10 phut. Céc san phadm PCR duoc gin vao vecto
plasmit pGEM-T Easy (Promega, Madison, USA) va bién nap véo t& bao hoat luc manh
Escherichia coli XL-Blue bing cach sir dung hé vecto pGEM-T Easy (Promega). Sau do,
c4c ching vi khudn d4.dugc bién nap ndy duge nudi cdy qua dém & nhiét do 37°C trén
cdc dia thach chira mdi truong Luria-Bertani (LB) chtra ampicilin (100pg/mL, cac ching
vi khuén da dugc bién nap duong tinh duge nudi cdy qua dém trong méi truong léng LB.
Cac plasmit dugc thiét ké bang k¥ thuat QIAprep Miniprep (Qiagen). Trinh tu cia céc
gen ARN ribosom 16 S thu duogc b?‘mg cach st dung cac doan mdi 27F (5°-

AGAGTTTGATCMTGGCTC-3’; SEQ ID NO.15), 1492R
(5'-TACCTTGTTACGACTT-3’; SEQ ID NO.16), 785F (5'-
GGATTAGATACCCTGGTA-3"; SEQ ID NO.17), 518R (5'-
GTATTACCGCGGCTGCTGG-3"; SEQ ID NO.18), 1100R

(5-GGGTTGCGCTCGTTG-3"; SEQ ID NO.19) va céc trinh tu nucleotit cia chiing dugc
x4c dinh bing méy giai trinh ty ADN Applied Biosystems 3730 X1 (AB Applied
Biosystems, HITACHI). Céc trinh ty ARN ribosom 16S nay dugc sap hang bing chuong
trinh Megalign do DNASTAR cung cip. P9 twonng ddng trinh tu dugc phan tich bing

phan mém EzTaxon server (http://www.eztaxon.org/; Chun et al., 2007).
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Vidy 17

Téc dung clia cac ching Enferobacter va ching Methylobacterium déi véi cdy co

ddu
Céc cdy co dau lai ndi dong duge tréng vao cac chau dat khéng vo tring dugc bén
bang cach db vao dat ching Enterobacter R4-368 hoic phun cho dén khi thim uét 14
ching Methylobacterium sp L2-4. Céac cdy co dau dugc sinh truéng trong diéu kién
- khong khi ngoai troi. So véi cac cdy co diu duoc bon véi phan bon gia, chidu cao cy co
dau da dugc cai thién dang k2 khi dugc bon véi ca hai chiing vi khuin nay. Toan bJ céc
cdy dugc bon véi ca hai chiing vi khudn nay déu c6 sb lugng 14 cao hon dang ké (Bang 8).
Cac két qua ndy tirong dwong véi sb luong vi khudn noi ky sinh thuc vat cao & ré va trén

bé mit 14 (Bang 10).
Béng 9

Chiéu cao cdy va so lugng 14 cdy co diu sau 150 ngay bon

Chiéu cao ciy

Masbeay. | P1|P2|P3| P4 |P5|P6|P7|ps|po | rumeg Doléch) —oo0.p
binh chuan »
Cay duge bon v6i | ¢ | 55 | 56| 35 | 61 | 54 | 59 | 60 | 55 | 5500 | 7.94
phén boén gia
124 42 |55 | 52169 | 53 | 68 | 571 67 | 51 | 57.11 | 9.16
R4-368 57 | 54 [ 58] 65 | 61 | 61 | 60 | 69 | 59 | 60,44 | 442 | 0.9

L2-4+R4-368 56 | 63 [ 66| 68 | 48 | 61 | 69 | 65 | 71 | 63,00 | 721 0,04
S6 lwgng 14

. A A Trung | DS 1€ch
Ma s0 céy. Pl | P2 (P3| P4 |P5|P6| P7| P8 | P9 binh | chuin
Cay duge bon v6i | 16 | 19 | 9 [ 11| 10 | 10 | 11| 10 | 10 | 1011 | 0,60
phén bdn giad
L2-4 12 | 13 |13 )13 | 13 | 12 | 12 | 13 | 13 | 12,67 0,50 0,0005
R4-368 11 | 11 1212 | 12 | 12 ] 12 | 11 | 11 | 11,56 0,53 0,0005
L2-4vaR4-368 | 13 | 13 | 11| 12 | 12 | 12 | 12 | 11 | 11 | 11,89 0,78 | 0,0005

Bang 10

S6 lwong vi khuan cb dinh dam sau 150 ngay bén

Quan thé vi Quén thé vi khuén
khuin & ré&' & 14°
_ P léch , | D8
Chiing vi khuan dwgrc st dung CFU/g % CFU/cm léch
chuan 2
, chuian
Cay dugc bon véi phan bon gia 1,27 x10° 0,20 0 0
L2-4 Nd ' 7,33 0,88
R4-368 3,68 x10° 0,05 Nd
L2-4 vaR4-368 1,85 x10’ 0,22 8,00 1,73
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Chu thich: : r& dugc vo trung bé mit trude khi bon. 2: bé madt 14 phia trén khong
dugc vo tring duge phu 1én céc dia thach aga va cac khuin lac mau d6 duge dém 3 ngay
sau khi bon & nhiét d6 30°C.
Vidu18

T4c dung cua gen cb dinh dam dén su kich thich tdng truong va ham lugng nito &

Dét bién mét doan céc gen nifH, nifD va nifK dugc tao ra & vi khuén noi ky sinh
thye vat Enterobacter R4-368 bing cach dién di gen céu tric mat doan tuong Umg chira
cac trinh tir ranh gidi c6 chidu dai khoang 1kb duoc dung hop & c4 hai dau cia gen nhay
kich thude nhé Tn5 tbng hop (gen khang kanamyxin). Cac dot bién mét doan duoc kiém
chimg bing phuong phép PCR va phuong phép lai Southern. C4c chung d6t bién va
chiing thé tw nhién nay duoc bén vao hé ré cla cac cdy diu mé thu duoc tir hat gidng da
dugc khir tring bé mit cia cdy diu mé va trong trong chau chira hdn hop cét vo tring va
vemiculit theo ty 1€ 1:1. Qua trinh bén dugc thuc hién bang cach tréi 100mL hdn dich té
bao (ODgoonm bing khoang 1,0 trong nuéc) vao mdi chau. Cac cdy ddu mé dugc sinh
trué‘ng trong diéu kién khong khi ngoai troi trong nha kinh. Chiéu cao cay, sb lugng 14 va
sinh khdi kho dugc do sau 45 ngdy bon. Ham lugng nito trong sinh khdi 14 khé (khoang
2mg) tir 4 cdy diu mé ciing dugc dinh luong theo phuong phap Elementar Vario Micro
Cube (ELEMENTAR Analysensysteme, Germany). Nhu dugc thé hién trong Bang 11,
toan by cac ching dot bién mét doan co cung chiéu cao céy, sb lugng 14, sinh khéi va
ham lugng nito so v6i cac cdy ddu meé duge bon vai phan bon gia, trong khi cic dic tinh
ndy da dugc cai thién déng ké & cac cdy diu me duge bén véi ching thé ty nhién

Enterobacter sp. R4-368.
Bang 11

T4c dung clia gen dot bién méit doan nifHDK dén chung Enterobacter sp. R4-368

sau 45 ngay bén

Chiing Chiéu cao | Sb lrong | Sinh khoi | Sinh khéi Ham lugng nito
ciy (cm) la choi (g) ré (g) trong la (%)
Ching ty nhién | 34,0£58 | 10,0£24 | 7.1+0,7 1,4+0,1 1,968 + 0,323
nifHA 253+45 | 81+12 | 41+13 0,7+0,1 1,055+ 0,013
nifDA 231+45 | 701+12 | 44+04 0,6+0,1 0,878 0,019
nifKA 226+39 | 73+13 | 44+0,5 0,8+0,1 1,263 = 0,025
Phinbéngida | 179+13 | 6112 | 2,6+0,5 0,6 0,0 0,903 =+ 0,025
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Cht thich: n = 7; *n=4
Vidu 19
T4c dung cia cym gen EPS dén su ting trudng thyuc vat

V4 hat cua cay dau me (giéng MD-44) dugc loai bd, nhdn hat dugc khir tring
bing etanol 75% (thé tich/thé tich) trong 1 phiit, sau d6 bang nudc oxy gia 10% (thé
tich/thé tich) trong 60 phut, tiép theo rira nim lan lién tiép bang nudc cit vo trung va
ngdm vao nudc ct vé tring qua dém & nhiét do 28°C trong bong t6i. Cac phoi khong cé
ndi nhii dugc ndy mim trong méi trudng khong chira hormon (1/2 mudi MS, Vitamin B3,
5g/L sucroza, 0,5g/L MES va 2,2g/L. phytagel, 0 pH = 5,6) va nudi cdy trong phong
nudi cdy mé & nhiét do 25°C +2°C trong diéu kién 16 gior chiéu sang (100 umol/m?)/8 gid
trong béng t6i. Cac chung vi khudn dugce st dung bao gdm ching Enterobacter sp. R4-
368 thé ti nhién, ching dot bién Tn5 300 chta gen nhay Tn5 trong cum gen EPS va tao
ra rét it EPS va ching ot bién méat doan toan bo cum gen EPS. Céac ching dot bién va thé
tu nhién dugc bén vao hé ré cua cac cdy diu mé thu dugc tir hat gidng ciia cdy diu me da
dugc khir tring b mit va trdng vao chau chira hén hop cét vd trung va vermiculit theo ty
1¢ 1:1. Qua trinh bén dugc thyc hién bang cach tudi 100mL hdn dich té bao (ODgyony =
1,0 trong nuéc) vao mdi chau. Cac cdy dau mé dugce sinh trudng trong didu kién khong
khi ngoai troi trong nha kinh két hop tuéi nudc va cac dung dich dinh dudng thuong
xuyén. Ca ching dot bién Tn5 13n chiing dot bién méit doan gen EPS d4 1am giam déng ké

chidu cao cdy va sinh khéi (p<0,05; Bang 12).
Bang 12

Téc dung clia ching Enterobacter hoic gen EPS dén su kich thich tdng trudng cia

cdy dau me

. Chiéu cao ciy Sinh khéi khd (g)’
Chiing (cm)! Chdi R
Chuing Enterobacter sp. R4-368 28,1 +2,90 9,50 +£0,57 1,74+ 0,04 |
Chung d6t bién mit doan gen EPS 130-1 24,9 +2.90 6,75 £ 0,76 1,15+ 0,17
Chiing d6t bién sTn5 S300 26,0 + 1,50 6,90 + 0,31 1,14+ 0,12
Cay duoc bon voi phan bon gia 23,3+230 7,57 £ 0,30 0,96 + 0,20

Ch thich: Mdi tri sd duoc tinh b?mg tri s6 trung binh va d¢ léch chudn cta 7 cay

:\ b Y k4 2 Y 7
dau me; I sau 30 ngay u; “:sau 45 ngay U.

Thuit ngit “mot”, “duy nhit” va “cai nay” va cdc thuat nglr twrong ty dugc dung

trong ban mo ta (ddc biét 1a trong bd yéu cau béo ho) dé chi cac danh tir s it 13n sé nhiéu,
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trir khi ¢6 quy dinh khac hoiic trir khi c6 chi din khac. Thuét ngit “bao gém”, “cd”, “cod
chira” va “chtra” dugc xem 1a céc thuat ngit “khoédng tri s6” duge ding trong ban md ta
chi nham muc dich thé hién cach viét tat dé cap dén ting tri sb riéng biét thudc khoang tri
s& d6, trir khi c6 quy dinh khéc, va mdi tri sb riéng biét duoc két hop vao ban mo ta néu
n6 dugc vién dan. Vi du, néu khoang tri s6 tir 10 dén 15 dugce boc 10, thi cac tri sb 11, 12,
13, va 14 cling dugc boc 19. Toan bd cac phuong phéap dugc thé hién trong ban mo ta nay
c6 thé duoc thuc hién theo cach thuc thich hop bat ky trir khi ¢6 quy dinh khac hogc trir
khi c6 chi d4n khac. Viéc st dung bit ky va tit ca cac vi dy, hodc ngon ngir (vi du “nhu”)
dugc d& xuét trong ban md ta, chi nhdm muc dich thé hién chta khong gidi han pham vi
clia sang ché, trir khi ¢6 quy dinh khéc. Khong c6 ngon ngir trong ban md ta nay dugc
hiéu 13 chi ra bét ky yéu t5 khong cin yéu ciu bao ho 1a cin thiét cho viéc thuc hanh theo
sang ché. Ngudi c6 hiéu biét trung binh trong linh vuc ndy s& hiéu rang cac phwong phép
va ché phdm theo sang ché c6 thé dugc két hop & dang nhidu phwong 4n va chi mot vai
trong sd cac phuong 4n ﬁéy dugc thé hién trong ban mb ta. Cac phuong 4n theo sang ché
theo sang ché, bao gdm céac phuong an tdt nhat dé thuc hién sang ché. Nguoi ¢6 hidu biét
trung binh trong linh vuc nay hiéu ring bién thé cua cac phuong 4n nay c6 thé dugc tao
ra dya trén ban mo ta sang ché. Cac tac gia sang ché hy vong ngudi ¢ hidu biét trung
binh trong linh vyc nay s& st dung céc thay dbi thich hop, va sang ché s& dugc thuc hién
theo cac phuong 4n khéc véi cac phuong an cu thé dugc thé hién trong ban md ta nay.
Theo do, trir khi c6 quy dinh khac hodc chi dan khac séng ché nay bao gém tAt ca céac
thay ddi va bién dbi trong duong ciia ddi tugng néu trong bd yéu cau bao hd kém theo do
dugc phép luat cho phép 4p dung. Hon nita, su két hop bat ky cua cac yéu t trén trong

tét ca c4c bién thé clia né déu nidm trong pham vi clia sang ché.
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- atgaccatgc gtcaatgcgce catttacggc aaaggtggga tcggcaaatc gaccaccaca 60
cagaacctgg tcgccgcget ggcggagatg ggtaaaaaag taatgattgt cggetgcgat 120
ccgaaagccg actccacgcg tttgatcctg catgcgaaag cgcagaacac cattatggag 180
atggctgctg aagttggctc cgtggaagac ctggaattag aagacgtgct gcaaatcggt 240
tacggcggeg tgcgetgege agaatccgge ggtccggage caggegtggg ttgtgecggt 300
cgtggggtga tcaccgcgat taacttcctc gaagaagaag gcgcttacgt geccggatctc 360
gattttgttt tctacgacgt gctgggcgat gtggtatgeg gtggtttcge catgccgatt 420
cgtgaaaaca aagcgcagga gatctacatc gtttgctctg gcgaaatgat ggcgatgtac 480
gctgccaata acatctccaa aggcatcgtg aagtatgcca aatccggcaa agtgcgectc 540
ggcgggctga tttgtaactc gcgccagacc gaccgtgaag atgagctcat cattgegetg 600
gcagaaaaac tcggcacgca aatgatccac tttgttccce gcgacaacat tgtgcagegt 660
gcggaaatcc gecgtatgac ggttatcgaa tatgacccga cctgcaatca ggcaaatgaa 720
tatcgcagce ttgccagcaa aatcgtcaac aacaccaaaa tggtggtgec caccccctge 780
accatggatg agctggaagc gctgctgatg gagttcggca ttatggatgt ggaagacacc 840
agcatcattg gtaaaaccgc cgccgaagaa aacgccgtct gatcacagga gcacacccat 900
gagcaatgca acaggcgaac gtaacctgga gataatcgag caggtgctgg aggttttccc 960
ggagaagacg cgcaaagaac gcagaaaaca catgatggtg acggacccgg agcaggaaag 1020
cgtcggtaag tgcatcatct ctaaccgcaa atcgcagccg ggecgtgatga ccgtgcgegg 1080
ctgctcgtat gccggatcga aaggggtggt atttgggcecca atcaaggata tggcgcatat 1140
ctcccacggt ccgatcgget gecgggcagta ctcccgegec gggcgacgta actactacac 1200
cggcgtcage ggcgtggaca gcttcggcac gctcaacttc acctccgatt ttcaggageg 1260
tgacatcgtg tttggcggeg acaaaaagct cgccaaactg attgaagagc tggaagtgct 1320
attcccgetg accaaaggca tttcgattca gtcggaatgce ccggtcggec tgattggega 1380
tgacattgag gccgtcgega acgccagtcg taaagccatc aacaaaccgg ttattcceggt 1440
gcggtgcgaa ggctttcgeg gegtgtcgeca atccctceggt caccatattg ctaacgatgt 1500
gatccgcgac tgggtgctgg agaaccgcga aggcaaaccg ttcgaatcca ccccttacga 1560
tgtggcgatc atcggcgatt acaacatcgg cggcgatgce tgggcttcge geattttget 1620
cgaagagatg ggcttgcggg tggtggcgca atggtccgge gacggtacge tggtggagat 1680
ggagaacacg ccgttcgtca aactcaacct ggtgcactgc taccgctcaa tgaactacat 1740
ctcgegecat atggaggaga agcacggtat tccgtggatg gaatacaact tctttggecc 1800
gacgaaaatt gcggaatcgc tgcgcaaaat cgccgaccag tttgacgaca ccattcgege 1860
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tcgeccacgt ctggagggtc gcaaggtgct getttatatg ggecgggttge gtccgegeca 1980
tgtgattggc gcctatgaag acctgggaat ggagatcatc gcagccggtt atgagttcge 2040
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tgatgccage agctatgagc tggaggcatt cgtcaacgcg ctgaaaccgg atctcatcgg 2160
ttcecggcatc aaagagaagt acatctttca gaaaatggge gtgccgtttc geccagatgea 2220
ctcctgggat tactccggec cgtaccacgg ctatgacgge ttcgccatct tcgecccgega 2280
tatggatatg acgctcaaca accccgegtg gggccagttg accgcgcegt ggctgaaatc 2340
cgcctgattt ttatcctgtt atceccgtttg ttcaccgatt tgtggcgegg gaggagaaca 2400
ccatgagcca gactgctgag aaaatacaga attgccatcc cctgtttgaa caggatgcett 2460
accagacgct gtttgccggt aaacgggcac tcgaagaggc gcactcgccg gagcgggtge 2520
aggaagtttt tcaatggacc accaccccgg aatacgaagc gctgaacttc aaacgcgaag 2580
cgctgactat cgacccggca aaagcctgcc agccgetggg cgeggtgcete tgttegetgg 2640
ggtttgccaa caccctgcca tatgtgcacg gttcacaagg ttgcgtggec tatttccgta 2700
catactttaa ccgccacttc aaagaaccgg tggcctgegt gtcggattca atgacggaag 2760
atgcggcegt gttcggcggg aataacaacc tcaataccgg gctacaaaac gccagcgegce 2820
tgtataaacc ggagattatc gccgtctcta ccacctgtat ggcggaggta atcggcgatg 2880
acttgcaggc ttttatcgcc aacgctaaaa aagatggttt tcttgatgcc geccatccceg 2940
tgccctacge gcacacccec agttttatcg gcagccatat caccggctgg gacaacatgt 3000
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tggcgggega
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gctccctgte
atatgctggt
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agctggcaac
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aagtgttgct
tcggcatgac
tcecgtgaact
tggatgtggt
ccgcttataa
ccggttatcg
tctggecgea
cttcgcagta
atcctcgceca
agcgccttcg
acggcgatgg
aatgttctct
gaagcccagg
cataaaggcg
ggttacagcg
agcctgcecgea
gaactgttgce
tcgetgtege
acatcgctgce
tcgetgggtce
ccgcatctga
gggcgcgacyg
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gcggcatggt
gtcagccagc
gatatgcagg
gccgatcteg
cggctgggag
gagctggcga
cgccagcacg

acagcccggt
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ctacagcttc
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gctggcagca
gtccagtggce
gcaggtgcag
tgggctcacc
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cggcggeceg
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aagcgcacaa
attaacacta
gctcgatgaa
acccggtgeg
ttccgatgtg
ccgcggcagce
cgagcaggat
tgtcgaccge
aggcgatgat
tgccgttgat
ggtgatggtg
ttttgccceg
gttctggcat
cggcgacggg
ttgctccaga
gtttgaaggc
gctcaccggce
cgcagcagag
ctataccggt
ggttgtgget
gatgggcgat
ttatcgctge
agcgcgtctg
cggcatcatt
aacgcatgcc
aaaaaccgct
gtctggggtt
caaaggtgtt
atccgacttc
gtcagcgcaa
gcagcgacat
ttgcgctgcet
ccgtgctgga
accgccgegt
gcagttacgt
tggacggaca
gcatgattga
gtgcggcgge
tgacgcttgce
tccecgegtg
tgtggttgca
gcgatttcge
cggggttgca
atcagctttg
ccgcgecagtt
aatttcgtcg
atgtgatgcg
tcgacaatac
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gtgctggata
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gttgggctgg
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gaacagtttg
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ctcgaattac
cgctgggege
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atcaatggtc
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atccgcgege
gcagccgcac
attttgtccc
gcgaaacggc
tgggggegtt
cacttttccc
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ccggcectgtg
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gcgcatctgg
ctgagttccg
gtcatcatgg
tatcatccgg
attgaagccg
gtggccggtt
aaaaaagtca
gcgcaccgte
atccagccgce
cgctttgeeg
gcgctgatta
agtttttatg
gatagcgatt
caggcgctgg
ggcgttaaat
accggaacgc
gacgccatca
aaagccgaca
ccctttettg
acccttgceeg
cgcgcgecgt
ggcggtcage
cgaacagtgc
ctttattcaa
caccattatg
cgccgcgaaa
ttcgegggtyg
caccgtcaac
aagcatgatt
caacctgctg
tgaagccttc
tctggcaaac
acagatgggg
gttactggcg
agcctgcgac
gattgagcgce
gggcgcegget
ccgcagccag
aaatctgccg
cgcgacgccc
tgatctgtcg
cctgcgecag
cgaacgccac
cgttacgcecct

3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
€120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800



ggagatctgt
aatgaaagtc
gcccaagtta
tttttctgtg
agattgcgtc
aatcggcgta
aattcagcac
cgcccgcatg
gtcggttgtg
cattaactta
gtcatcaccc
ctgggagcca
cgtaacgcgce
ggcgatgege
gggtttcaga
attattggcc
cttgatggce
gcggcgattg
atttgcaaat
ctgaccaccc
catgaaaaaa
accgtcactg
cgtccgcata
gtaaccgtca
tggctccage
gccaccactt
ccaccacccg
acggcaaccc
cccgecagcea
cctgcgcecgac
gccgggagat
tggaacgcca
tggaacagta
ataatgaaac
gcgcgetgtt
gcacgcagat
gttgcctcta
agcgcggtceg
gcgaactggc
tgcaagacga
gcgtteccgg
tccttaacca
aaccgtcgca
gtttttcact
cagccattat
ctacctttgce
ctacgctgecg
ccattgccga
tgggccgega
tcatggcctg
actgggtgga
cgctgececggt
tgcaggtctg
ttgcccacgt
tgctcgaccce
aaatcgaaat
ttcgcgeegg
acgccgceget
tggatttcac
ttgacccaca
tcgctgeect
gcgaataccg
cccgectggg
gcgtggegga
ccttgtgtgg
gatccccgge
ttatgaaccg
cctgcatgat
tctggegege
aaaccaaagt
accatgccgg
cgtgaatggg
ggtttgattg
gggcagttcc
atcgtggtgg
gagagttaca
ttgctggaga
cccgcectggea
cctgggegeg
ttactgacga

atgccgcatg
gcectttgeca
gtgatctatg
ctcgeccggac
acgctctact
cgcgcggtte
tactggtatg
ctccaggaac
tgacaaagcc
ccccattgaa
gccgttgatt
ggcacatgtg
gggtggtgga
tgcggctgat
cgtttggctg
gcacgctggc
tgccgecegea
cccactaccg
gctttggegt
ttgaagaggt
ttgaactggc
cggagaaaga
tccaggccga
gcectttecgg
aaaaactgat
gtcaaccgat
tatcgacccg
gtcgtcgatt
agtcgccgeg
cgaggccacc
tattaccacc
gggctacctt
tcgcecgegeg
cggggtgctg
tcactgcgat
cgatatgctc
tttgcgeegt
ccgegeeggt
gcagatacac
actggtcaaa
cacggcgaac
ggcggggatc
tgtgatgcgg
ctcgcgctat
taccecgtctg
gcecggtttac
cgatggcgaa
agcgctgttt
agaacgccag
gtgtcgcatg
tatctcacta
cgtgctggat
tattggttgce
cgcccgcaac
tttcaccacc
gcacgcccat
agcaaccagt
ggaaaccgtc
gcaattaccg
gcaaccgctg
gctgcgegat
gctggtgcte
ctatcacctt
aagcagcaaa
gtcaggcgcc
gtggctgaac
ctcacgctge
catgtgccge
aggctgctgg
atgcgttcgg
gttaccggcg
gcacgttcct
tgggctgeceg
agtatggcga
ccgccggaga
ctgtcacctt
cgccacaatg
ctgcgagccg
ccagcgccag
gctgcgtaat

ttaatcgtca
gttcggatta
gcgtgaaaga
accagcaaga
gcgtggcgat
gcgtgecgea
acaaagagca
aaacctggca
aacataaaat
atgcaacact
gaggcggtga
gaattactcc
aaacgccaac
gctacgcgtg
cggcagcgeg
gcaggccgag
aaaaatgcac
tggcgaaacg
cgatgaaggg
gatcaactac
gctggccgat
tccgcactgg
tggcggegat
cagttgcagc
ggagcgtacc
gtgggagaaa
atggtgctgg
cacgactttg
ctgctggggg
agcaccgcac
gccgttgaac
atccatcgca
ctgagcacgc
tttccggtga
gcggtacaag
tcectgetegg
ggcaccecgct
acggagaata
ctgcccggta
caggtaccct
ctggcgttcg
gccgcectcecca
gcgatgaaca
acgcgggaaa
cgcgegettt
ggctaaggcg
cagagccccyg
gcecgeegggg
cggatgcgac
aataccgatg
ccggcettetg
aagctggcca
gaagacgcat
gcaggcgcac
gctcagcgta
aacgatctcg
gtgaatacga
gcgcteggtce
atgctctgcc
gtaggcgege
cgcgaaagct
ggtaagcact
aatgccectge
cgcacgccgce
acacacctgg
tcgacagcge
gcecgttgetg
tgcgtaatct
cggaaagcta
tgaggaagtt
cggcgatttg
gatggaaaaa
cgagcaggaa
taccgtcgece
acaaggccag
ttccgggege
atgccgtggg
gaaaacatcc
ctcgaactgg
gccgtggeeg
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gttcagcacc
tcaccacgtg
gcacgaggtc
gaagctcgat
tggcgaageg
cgcgaccacc
gcgcaaaagc
ggaagaggat
cgcgacacag
tttcccttcet
aatgcgccac
gagaaagtga
gcecgtgggeg
gatccgcaaa
attgcctect
caggtgacca
tgctcggtga
ctgatcgatg
caaattcgcc
accaaagcgg
attctcgeccc
caggaggtcg
atgtcgctge
agctgcatga
ggctgttata
atatgaagca
aagcgatgat
gcaccccectce
ccgatcacag
tgcacgcctg
acccggccac
ttggtgtgaa
gtgtggcagc
tcgaaatggce
tggtgggcaa
cgcataaact
ttcgtccact
tcgececgggat
gcgcgggeat
cagtgatggt
aatttatcga
gcggcagege
ttccctacac
aggagatcga
ctccctactg
gcgacatgtc
gcgtcgectt
tgaccgecgcet
aagttcgcca
aaatcagcca
acaaactgcg
cgctgattgce
cccgcgecag
agcggttgeg
tcagcgeget
gtatggcgac
ccgtygctggg
tgagccgetg
agcaggtcgce
aggtatttac
accaggccat
ccggtcgtca
aagtcgacct
aagacgatga
cgaggggtta
cgagtccttt
cctgcecggtg
gcttgaagcect
cgaacactgt
cgcgttagcec
ctggtgcgtc
gtgatttatc
ctgctgececge
tgccgceccacg
atcgccgeca
tggtttcagg
agcgtttcge
cggcatcaca
cagtggttgc
catcgctggce

atttgccagg
gatcaacact
acgctgttgce
tgtcgcattc
gtttttcgece
attgccggge
gcccegceaatc
gagcgttagc
cgccgggttt
ggtattgctt
ggcgctttce
aagatcattt
atgtgggctc
gtgaaaccat
cttcegeget
accagcagat
tgggtcagga
agcacgaaga
gggcggtgcet
gcggcggcetg
ggcacccgca
tcgatgcgat
ttagcgtcaa
tgaccgacat
tggacgtcgt
ggtctatctg
gccattctta
ccgcgeegeg
tagcgaaatc
cgttgagctg
tctcgeegtg
tgccagecgge
ggtcagcata
ggcgatggcg
aattccgctg
gcacgggcca
gctgcgeggt
tgtcggcatg
cgccagcectg
gatgggcgge
aggggaagcec
ctgcacctecc
ggcggcgeat
ctatgtaatc
gcaggatggt
cagggttgtg
ttgcgccage
ggaagtcggce
gcaactgcct
gagcgccgat
ccagtacaaa
gcaggcgcega
cgatcggaca
ttttgccgat
gcgtcaaagce
cgccaatacg
ccttggcgaa
tctgggtctg
cgatgccgec
ccatgagtcc
tgatccggceg
ggccgtggaa
gctgctgcecc
actgattgcg
aagatggaat
tttacttttt
ctgcgcgaat
acaccccgcg
acaacggagc
gcgccatceg
ggggcagtac
aaatccactt
tttccgeccece
cgctggccat
caggccaggg
ttceccgeceg
ccgccgacgg
ccagcaggca
cattgcgcge
gccgcagcetce
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gcgaatggtc
ttggcgccac
gggtggtgga
acgcgctgga
agcttttgca
tgttgcagga
cacaacgctt
cacacgccgt
tatgttggca
ttgcttgatt
gtcatctctc
ttttaatccce
gttaagctgt
ccttgaagcc
caccgagctg
tgcggattac
ggcgctgcgg
aggcgcgetg
gagtaacggg
caccgcgtge
ggccgccact
cactgaatta
caatcacacc
gacgctcgcecce
ggccgectga
gacaataacg
actgaacatt
cttgaacgcg
attttcacct
atgccggagce
tgcgaacatc
gcactggata
atgtgggcga
caggaatatg
gatatcgccc
aaaggtgtgg
gggcatcagg
ggtgcggcat
cgcgatcgcece
gatcaacccc
attttactgce
ggctcgctgg
ggcagtatcc
gagacgctgce
tctgcececceg
atcaatgaca
gagaaaatcg
accccggcga
gacgccacgc
ctcggcatga
ttgcgtgaac
cagcagggat
ttagcggaga
acccttggcc
tggceccggtg
ctggcggcgg
cgcgccggaa
gatagcggcg
cggcgtccceca
ggcgtgcatg
ctgatcggcece
ggtgtattta
gccattcgce
Ctttacacca
ggttttatca
tcteecgtgece
ttcacctgceg
agccctggcet
cgacatcatg
caacgatggc
gggttttgtc
tcccgactge
ctggcacgcce
cggcgataac
agacgacgca
cgccatgatt
ttggcgctga
tttgaccgceg
gacgcaaacg
gatgagtgcc

7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700
8760
8820
8880
8940
9000
9060
9120
9180
9240
9309
9360
9420
9480
9540
9500
9660
9720
9780
9840
9900
9960
10020
10080
10140
10200
10260
10320
10380
10440
10500
10560
10620
10680
10740
10800
10860
10920
10980
11040
11100
11160
11220
11280
11340
11400
11460
11520
11580
11640
11700
11760
11820
11880
11940
12000
12060
12120
12180
12240
12300
12360
12420
12480
12540
12600



ctttttectce
ttgctgaggt
agcaacatca
ccgcagagca
gtgaccaccg
tggaggggag
cgctgtttge
atttgttgtg
cgaaagcgcg
cgtcattatt
<210> 4

<211>
<212>
<213>
<400> 4

cagggcggcyg
caccgcggcg
ccaggcgagc
caccgccagc
ccgceccggac
gtcgttggeg
gatcaccggce
ccacatcggce
cgtagcggtc
acgcgaccac
atccgaaaca
ccggcagcgce
ccgggatect
cgccecgegeg
ccgecgececg
cgtagcggceg
aggcccggtt
ccgtecgtcte
ccaccgagcg
ccgaccggat
ccacgtcctce
cgtggtcgac
ggtcgagggt
cggcgttgge
cctcgatcac
cggcggcecag
ccgtgacctc
cccgcagggce
cggcgtectg
tggcctegge
ggaacagcag
cctgctgggt
gcacgaggat
cgccgtcggg
cccgcagcag
ggcccagcca
tcaccccgtce
ccgcctegee
aggggcgggyg
gcaggccaat
cgacgcgcag
gccgecgacce
cgccgtcagg
gtccgaccgg
ccagccggec
c¢gggcagggce
ggcgcagagg
gtcgcaggca
gaggagcagg
gtcgaccggg
cgceccggtec
gatctccgcee
accgagggca
ggacggaccg
tgagacgacc
tcgeeegtcet
ctctgccegte
aaaaaatatc
accceccgceec
gatgcatggg
ggcgecgattce
tcttectgat
cggccgagat
cgatctggga
acgtggtcag

ADN

agccgaacgc
tgcacgcaca
ggcacaattt
aaaccacgcc
cgcggecttt
gcgtetggge
gctgcaaaca
gtgtgaacag
ggagtatttg
acaggcgcgc

14752

gccatgacgg
ttgccccace
gcgagcccga
gacagggccg
gggatcggec
gcctggectgg
cactggccgce
gcgaaccacg
atggcgggag
gtgtgcacga
cctgggaacc
ccecggeggeg
cgagccacte
gggctccgge
gggcgggggce
catcttggcg
gtcccgggtg
gcgcaccagg
gggcacctcc
ggcgaagccc
catgccgecg
gagggtcgcg
gcgeccgegg
catcaggacc
cgcggeggte
ctgcagcagg
gccgegeccg
ggcgaactgg
cccggcecgatg
cacccggcgce
ccggtagcgg
ctcgaccagc
cgggccgecce
cgaggggtgg
ggcgtcgatce
gccggecacg
ggcgtcgatce
ctggaggagg
ctgaggggtc
gcctgtctgt
gcatccgcecec
agcacccgga
accggcagca
agcaggtcca
tcccggaaga
agcagcagga
cggcggctca
tcctectece
cgcgcgagceg
ccggcggeca
gcegggacygg
tcgacgacct
gtgtcgcgga
taatcaagac
ccggcccgga
attcttcgceg
tcagttgacg
cctccecegtg
tagcctctgt
tccecgaggac
ctcgeeectgg
cagtctcgcee
ctcggtegte-
gaaggtcgtg
catgctggtg

caggcagtga
gccccectcece
atgcgcccgg
gggataagaa
ccceggetgg
tgggtaagcc
gatgaggtca
atccgccaac
ttccgtcagt
tga

Methylobacterium L2-4

cggcgceggt
agccgttcecg
acagggcggce
tccaggcgag
ggtccggete
tggcgcagac
tggccggetg
tgagcggcett
gctaacgggg
cgtttgtcgg
gcggcggcegg

ccececgggege

ggcgceceegge
aggcccggge
cgtcaggcect
tagaggccct
atccgcagceg
gtcttcatcg
cgaccgaccc
aggcaggggce
taggcgcecge
aacagcgcct
gcctggecca
cgccgcgecg
ggcgcctect
gcgctecgege
tgctggageg
gcctccaggg
cgcttggecg
gtgccggeat
gtctcggcegg
cggcgctgea
tccgagggcece
ttcacctggce
ttcgggegge
gtctcggecg
accagggaga
ccggccacct
acggtcaccg
ccagcaaagc
cgacgatccc
cgtcceggtt
ggacgtcgca
gggggtcgac
agctcgecgac
cgctgcgece
cggcgtggag
agagggcgcc
gcaggccgcec
ggagcagggce
cgcggecegge
tggcgagcgce
acacgggaag
ggccaccgaa
agggccggceg
tccgecagtt
atacgcttcc
tcaaaccaca
caacgacgga
cggccggceac
accctggtcce
ctggtgctgce
gtgaagaccg
ttcggacggt
ctggccctcece
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ttgcgcatca
cggacgaggc
aacagcgctt
cacagatcac
cagcgcgcca
gtggcctget
gccagceggt
cggcactgat
cccaacagca

gaaccagggc
cttcagccgce
cccgaggatce
ggcgaggtag
gttgatcgcg
cagcgggccg
gcccgaggag
cagcagctcg
cccgeccgag
atcaatacag
acccgcccgg
tcceggegece
tcaggcaccc
ggggatgaac
cctcgaccgg
gcecggctcag
ccgectcegat
agacccggcc
cgggtcgtec
gggtcccggce
ggacgacggt
gcgcecteggt
cggtggcgag
aatcggtgac
ggtcgggecce
cgccctegee
ccgceccggat
tccgggtget
ggcgeccgag
cgaccaccag
cgcggagccg
gggccgccac
ggatcgacgc
gccagcgggt
tctccaccgt
cgaggtcgge
ggtccgcgga
gctgcaggge
caatgtgata
ttccgeegeg
cgcctcgeceg
gcgcgagtcg
ggagagcgac
cceccggeccg
cagggacagg
gatggccggg
ccgceccgagg
gagatgccgg
gtcgcgecagg
gctgaaatcg
gggccggtgg
gtccgggacg
accatcgctc
atgcctccag
gatccgcteg
cctggatctg
tggccatctt
gaagcgtcaa
gcctctggeg
gaccgctcta
agggggttct
gtgccctgge
tggccctcta
ggctcttcge
acaccgtcta

tgccegtcetg
gggcgtgctg
aacctcgcac
ccggttttat
ttcgcactgt
ctttccggaa
cgaaacggcg
ggcgaaggca
gtggcaacgc

agcccctegt
acgggcggcg
cagggcccga
agcccccagce
tcgacgtgge
gccagcagga
atgaccccge
atgactgcgce
tgtcaagcca
cggcggccca
c€gcgggcggyg
cctcggacge
ggttccggge
cggacgggac
gccgtcgagg
gccgagcatc
gcagagcttc
cacgagctcg
ctcggcgatc
caccgacacg
ggcgaagcgyg
ctcgtcgegg
ctgcgccage
cacgaagccc
ggccgeegeg
ccggaacagc
ctcgccegece
ggcggggteg
gaggcgggcec
caccggctcg
gtcgtagtcc
cgccegeatg
gtagcggatc
gatgccctcg
gacggtgtcg
gccgaccgcg
cgccgcgacg
cgcgggcgge
gtcggtttga
gcgggcgcega
ccgtggegceg
cggcgcacct
aggccgacca
ggcaccgcegg
ccgaagacgt
accgattcge
gccteggtca
gccgeegggyg
gcgtccaccc
gcgatctccc
gcgagcatca
ggcctgtgceca
acggggctge
tttcccateg
cctgctecggt
acaagccaaa
ggcaatgatc
gcgcacttga
ccgccgacca
cacgctcgce
ggcgccecte
caccggtgac
cgcgatcatg
acccgcectte
cctcgeggece
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gaaacgcagt
cgctggtatc
ctgctgctga
cagcaaatcc
cccagcgege
ctggaaaacg
ctgggctggce
gacgcgctgg
cagtggctgg

agcagagcgc
ccgagtagac
gggcggeggce
ggcccgggat
ggtcgaacca
tgccggegge
aggcgaaggce
tcggggcggg
gatttacacg
gaaatacatt
tcceggeget
gaggacgatt
cgacgcggcg
ccgcggecgg
tcgccgacge
tcggececgeecg
tcgatcaggt
gtcatctgcet
cgcecgeggge
gcggcgacct
cgcacggcgce
ccgagccagt
tccaggaagg
tccggeatceg
gccgeegggt
gaggccgaga
tgcceggtceg
aacagctcga
gccgeegggt
ccggagatct
cgctccaggg
tcgcgeccga
ggcaggtcgg
gtcccggceat
atccagcgcce
gcgtcccgaa
atgcgcccga

gactgcgggg -

ggccctttca
ggcacgcgtc
cgaagaaggg
ccgccaccgt
cgtcgaacca
tggtcacgtc
gggtctcgec
tctccagcetce
ccgccaggaa
cgagcaggtc
gggcgtcgag
gcgcgcetegg
ggcggggcag
ggtcggacca
agccggccge
gcatcctcce
gcggegttge
cggcggcaat
ttattcgaag
cacttccggg
gcagggagcg
gaacggcgcc
cagttcgcga
ggcgcegegeg
gtcaccggtt

ttctgggagg
ctcgcgacgg

12660
12720
12780
12840
12900
12960
13020
13080
13140
13163

60
120
180
240
300
360
420
480
540
600

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900



gcgccectgag
tcaacgcggce
gcgcaccgcg
cggcggcatc
catcgtctgg
ctgcgcgcac
caccgccatc
ccgggtggtg
ctcctgcececg
ccgcctegece
gcaaggtgag
aaccgcgtcg
gcggatgttc
cgccatgceceg
gaccgcccgce
cgccgaggge
ggcgttcgac
ccgcgagaag
gctcgececcge
cctgcaccgg
cgagggccag
ggtctgcgge
gatcgagttg
gttcgtgege
tctggaccta
ggctgcatta
tgatcgagceg
tcggcecgega
ggccccaggce
gcggcectecge
accagaagaa
ccggggctcce
tgggttcaac
tcgataccct
tgggccggcet
ctgcggacta
tcggcggcac
cggtgctcga
atctcacggg
gggtcgccge
tcgcececgega
actacctcga
agatggagcg
tccacgtcca
tcctgttcega
tgttccggga
ccttecgggac
ctccgacgcece
ccgaggccga
acaccgagac
atgccaaagc
aatcacttgg
ctggtgctgg
tgtcgggccg
cacgtgcggg
ggctgecctct
ggcaccaagc
ggcaatgccg
ccgggttegg
tcggacgaga
cgcgccgect
ctctaccacc
acgggcgcca
accgcccatt
gccttegeca
cgcgccagca
tacaacgacg
gcccaggcge
ccggtcgagg
gtgttcggcg
cccgagcgceg
gcgaaggccg
accggcacgg
gcggcggacg
ctcgacggca
gaggaccacc
ccgggecgece
gtcttcgtcg
gagcgcggcet
ttcagcgecg

cgggcaggcg
ccagttecctt
tctcgcggag
gaactgcgcc
ctgcaccgga
ctgatccagt
atcgacgagc
acccggctga
tccgaggtga
ccecgtgeggg
gatgcctgcec
tcgctectga
gccgcegatgg
gcagtcggge
gccctcgagg
accaccggct
cgggcgaccg
ctcggcggeca
ttcctecgece
ggacatctcg
agcctcaacg
ctcggccteg
ctgttcacge
ccgctccgac
cgagggcccg
cgtgctgcac
gcggggcegece
caccgccgag
catgatcgtc
caaggcccte
ggagaactgg
ggccccgege
ggcgctggge
cggcatcgcece
ccgggacgce
cctgaagaag
ccgceggtte
cggatccgge
caagcgcgtc
gaaggaactc
ggtcecgegece
cgtcgaggeg
ccacgtcgecc
ggacttcccg
caccctggtc
agatcccgaa
tccggeggac
ggcgccegtt
gaaggagctg
tttcgecgegg
gcattacggc
cgagcgcggt
gcttccacge
acatcgcgca
cgatcctgece
cggccggega
gcagcgccct
gccggcagat
cccaggacgt
acgtcgccge
ggcgcegaggg
cgcgcectcecat
agggccgggt
acgacggcgt
gcggcectcga
tcgacgcget
ccgececgecge
tggaatttca
cgaccatgat
gccgetecge
cggcccggcet
agcggaagct
cggcgttcct
gctacacggt
atgccaagcg
tgcgeccgega
accagaccaa
gggtccagcc
tcgcaccgac
acgccgtget

ctgctgctcec
ctgaagctcc
gcgctgceceat
aggagcacgg
agatccagga
cggcggecgg
gcgacctege
tcgagcgcecg
tcaagctcga
tgctgaacta
tcgcggeget
tcgtcgggge
gcatcgcgga
gcggcacccg
aacgcggcgce
ggctgcggge
ccgcgggecg
agcgggtgtt
gggaactcgg
ccgccgagat
accagatgga
ccaacccgct
cggtgcaggg
gccgtgeect
cctcacatcg
gctccgcagg
cgcccgeecg
ctgttcaagg
ggcgcctect
gaccttccga
ggcgegtegg
c¢cggcgcggg
ttccgecacce
gtgaatgtcg
gacttcaacg
gcectteggge
gtcgaggagg
tcgeggetge
ttcgtgttcg
ggcttcaccc
gaggcggceceg
gcgatccgeg
aagcggctcg
gcgcgctacg
catccgctga
ttccacgacg
gaggcgttcg
ccgatcctge
aagaagatcc
gagcggcacc
cgctaggccg
ggagcgggcg
ggccgeegag
ggccgacatc
ggcgcetggeg
ggtggtgaag
cgacttcctg
ggccctggtg
gcgcgcectat
gctggtgcge
tccggeggeg
cggtcggatce
cggcctgetg
catcgccgece
caaccgccecg
ggtctcgctce
cgaggcgatg
gaccctggaa
ggtcgcgatc
gaattccgge
cgcecgagegg
cgccgeggtyg
gtcggtctac
cgaagtgccg
ctacggcacc
gccctaccte
cggcgccgac
cgccttegge
ccacgcgttce
gcatttcggce
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tcgcgectgge
gggccgegeg
gaacgccccce
ccagcgggcce
cgcgttcttce
ggtgatgatc
cggcctegee
gcccgacatc
cctgtccegg
ttcgggctcece
ggtgceggac
gctggccgac
tgtcecggttce
ctacctgctg
ccgcecggcte
cgccgccgag
ggcccgegec
cttcttccce
cgctgagctc
cgagtggctt
ccgctgeegg
ggaggcggag
ctacgagcag
gctggaggtg
gcgcgatgeg
gcgacaccta
tgacttacac
aggcggtcge
gcacggccga
tccecggtgat
agaccttcta
agcecegggceg
gggacgacct
tggcgccget
tcgtgctcta
agccgttcac
tggcgggect
cctggtactc
gcgacgccac
tcgtcggget
agcacggtat
cggccgegec
gcatcccctg
ccccgcagat
tgatgggcct
gcgtecggcecece
aggccgegga
ttgagcggcecce
cgttcttcgt
tgccgctcat
ccgatcegeg
cgcctgegee
tgggacaacg
gtgctctcgg
gcceggegeg
accacgaagc
aagaagctgc
cgcaaactgc
ttcctgacce
ttcctegtge
ccggcacccce
ggtgccgacc
gtgatgcgca
ctggaggcge
gcggtagagt
accggcttct
ctggccegge
cagtgggagg
cccgaactcg
gccgacaacg
gtcgcgcgac
ctgttcaact
gcctegetge
gagagcgtcg
caggccaacg
gcggagatcg
atcttcgtge
tacgagggcg
agcgccttcet
acccacgggg

ggcctacgceg
cctggagggg
ctggcccacc
gtgttctgcg
ctcgtggtcg
ttcgccgage
gacgccaacg
aagcttttgt
gcggegeage
ggcatcgaga
ctgccecegeg
gtggtggagg
ctgcccgeece
gcccagcecect
gcggceccecgt
gcgttcggeg
gagaccgcgc
gactcgcagc
gtggaggtcg
cccgcgggcea
gcggcecgece
gggctgtcga
gccggcgacce
tagcgccatg
cgtcgccacg
cgccgacctg
gaccttccgt
cgccgcgecac
gctgatccag
cccgctggag
ccggctggtce
gcgcccgete
gatcgagatc
gggggccacg
tccecgagacg
gcaaaccatc
cgccgggatt
ccgcteggte
gcacgccatc
cggcacctac
cgaggcgetg
ggaactcgtc
cgcggtgatc
gggcttcgag
cgaagagcac
ctcgcatctc
acgggcgccg
ggccgcgacc
gcggggcaaa
caccctcgag
tcgtcategt
tccggtcecga
atcccgegac
ccatgctgtt
cggcctgcga
tcggeegett
ggggcaagcc
cgaagatcct
tgcaatactg
accgctacgce
tcgattatcce
cgtcgegget
gctacgtgct
ggggcctcga
ccttcttett
cgctggtcgg
tcgacgtgcce
cgggtgaccg
acggcgccac
caagggacat
tggtatcgct
tcccgeccaa
tcaacacgct
acgccctgeg
tccacgecceg
aggcccagtg
tgggcgegea
acccgatgceg
accgctacct
cgctcgagtt
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acctacgtgg
gccggcagece
cgccgecectg
gcctcaccgg
gctcgegeac
cgcgcttege
aggagctcga
tcctegtggg
gcctgteggg
cgacctttac
aggcagaggc
accagttect
gcecgggceegg
tcctgaccga
tccegetegg
tctccgggga
tcgecgceecca
tagaggtgcc
ggacgcccta
cacgcgtgac
cggacctcac
ccaagtggtc
tcgeccgaget
cagctcaccc
gcgatgtccg
ctgttcacca
gcccaggatc
gcacggttcc
gacgatccgg
ctgcccgect
cgcgcgcecteg
tgcaacattc
cgccagcetge
cccgecgatce
gcccgetecg
ccgatcggeg
gacccggcgce
gattcgacct
ggcatcgccce
ggccgcgagt
gtcaccgacg
ctcggcaccc
tccgegecgg
ggcgccaacg
ctcctecggca
ggcggcaagt
gctgacaccc
gcgtggtcge
gcacgcacga
accctctacg
cacgctcgac
gatgcccggg
gctggeggee
catggacgag
cgcgatggtce
cgacatgagc
gggccagcag
gcgcttcatce
gctggeggge
ggccggegag
ggagacaggt
gccgegecte
cgccggcaac
cgtggtgcecg
ggaggacggg
cggcceccgec
ctacctcgcee
cggcctgteg
caccccgacg
gcgggtccat
ccgccggace
tgccggegece
gaagggcctg
cgaaaaaatc
cattccggcce
gggcecggceg
gttcggcaac
gctgctgttc
gcgcgaggac
catgccecggce

39560
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6500
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
7800
7860
7920
7980
8040
8100
8160
8220
8280
8340
8400
8460
8520
8580
8640
8700



aagcagaccg
gtctacctct
gcgacgetgg
ctcgacctga
cgcgagacgc
gagccggect
gagctggagc
gaggagcggyg
cgggccggga
ggcctgecccg
ctgctgtcge
ccgeeggtgg
ctccacggct
caggtggccc
gccctggtec
ctggcgctga
ctgatcccge
atctttcgag
gccaccgccg
gccgagcagg
gcctacggag
ctctgcgaga
ccgcagcggg
gactcggtcg
ggcecgggcegyg
cgcggggagg
atgctcaacc
atcgagacgc
tggatctacg
gccgecttga
cgcggcttet
ctggaggacc
accccgtcgt
agatcgagac
cctcgtcgaa
gcgacccgaa
acgcgcttga
agggctacaa
gcggctacgt
ccgatgtcgt
tccagcacge
tgaaccggat
gcgtcatcge
gcctgaagcg
agtcgaccct
tgcggcectcge
accgcgacct
ccggggcgag
ctcggacgcg
ggccacgctg
ctgcggcacc
cgacgtctcg
ggggcgcatc
cgtggtggeg
ggtcctgggt
gctgacgctg
cgtgccggtg
cttcgectgg
gctgacacgc
gcggccatga
ctgcectteg
ctgttccagg
atgatcgtcg
gtcttcgceece
ggctggegge
atcatgccegt
gacctcgegg
gtggggctceg
ctgctctgeg
ctggcccatt
atcatcctca
acggcgccgce
cggcgccgece
ctcgaaccct
gccttgetgg
gggggcgacc
gcggtegtgt
atcgggctcg

ggccccgagyg
ggcctctega

gcctgtecga
acgcggccaa
tgagctacct
agagctcgat
tggcgcgect
ggaccggcga
agaccctgat
tcgatctgcet
tcgaggccect
ccgacgacgt
gcgaccacga
ccggcggcega
tcgatccgta
gcatcctcga
tgtggggcac
tcggegecge
tggagaccct
acctgctacc
acgagcccct
gctgcgatct
ccaacgtcaa
ccttcgegeg
cgctgatgca
aggtcggegt
tggcceggge
ggcgegtceg
cgaaatggta
atctcaccaa
agcggatcac
accccaccgce
ggacccccga
gcctggaagg
ggcgcgaaag
cgccaaggtc
cctgtcggtg
gcacgattcg
ggcggtgaac
cggggtgatg
ggtcggccag
cgtgttcgac
cgaccgggcg
cgtcgeggeg
caaccgctcg
gctggcgcat
gttcgagatg
cgagacgctc
gttcgagttt
ctgaccacct
cccgtgagece
ctctectgge
ggggcgctca
ccgacgctga
gatttccggg
atggattcgce
gcgegeacgg
atgcacgcgg
accgagggtg
gcgcagagcce
accctgecge
ccceccacccg
cggacgccgce
tcaccgtcgg
agctcggegt
ccttgecggge
gcgtgececta
tcgecectget
cggcgctcge
ccctegecac
cggccctget
tctcgeecegt
acgggttcgce
agcgggactt
tcgtggcgat
acggcggcca
ccgecggtgg
cgttccgegt
tcgececgecece
gcggeggect
ataccgggct
tcgeggegag

atcctgctgg
caacccgtcce
gaccccgagce
cgagcgctgg
gatccaagac
tctggaggct
cccgcacggce
cctggegcecte
cgtcacgggg
gacccgggcyg
ggttccggeg
cctgctgege
ccgcctgecce
acgcttcgece
cgacaatctc
gcceegette
cggccgcecg
gctgcagacc
cgaacagaac
ggagacggcg
tcacttggtc
ccgcaagagt
ggcggtgete
cacctcggtce
caagggcgag
ctccctggag
cgagggcctg
cacggtcggce
cgagacctac
ctccgccaag
cgcagcgatg
cgtcaccgca
gaggagggga
ttcgeggtcet
gccttetega
accttcacgc
ttccactcgg
tgcgtcgagg
acggtgaagc
gtgctgggcg
ctgatcgtca
atccacgcca
gccaagaccg
ttccecgacce
gagtcctcgce
tgggccggceg
ctgggattcg
acttcgaccg
ggatccgege
tcccggecga
gcgtcgagge
tcgggetgge
tgggcgacat
tgatccacta
acgggtcggt
ccggaaaatt
gattgcggeg
accggatcaa
cccgcgcegga
caagctcacc
caccgccgag
catggccgeg
cccggectgg
gctggtcgge
catctggttc
catcctgtcg
cttectgetg
cgacctcgcce
gttcggcatg
ccggctgatc
cctgtggaag
ccggtectcee
cgggctcgge
gatcctgcac
cgggctcgge
ctcecgeggte
gctcgecteg
gttcgcccac
cgcgetegge
cggcctegtg
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ccggagcggce
gaggggacgce
ctcgcggcgg
cgcggcectcg
cagggcgcgyg
cgggtctccg
ctgcacgtgg
gcccagtcegg
cagggggtcg
gcgttcgcaa
ctgctgcggg
aacccggccg
tcggcectteg
gcggacggaa
aagagtgagg
gacggctacg
cggatcgacg
aaactcctgg
tacgtccgca
gcgctccggg
gactcgggca
ttcgcctacg
gcctccegteg
gaccactact
tcggtgecga
gagcaggtgg
ctcggccacg
tggtcggcca
gtcctcgacc
gtcgcccaga
cgcgacgccc
ggagtggccg
gccttcaggt
acggcaaggg
agctcggcaa
tgaccaagcg
aggagctgceg
ccggcggecce
tcctcaagga
acgtggtctg
ccgccaacga
agtccaagaa
acgagatcga
tcgacgtggt
cggagctcga
ccgagccctg
actgatggcc
caccgcggtc
cacggtgcgg
catgaccggc
ggcgcggege
gcaggagcgyg
gctcgatccc
ccgcgceecgec
gctgttcacc
cttccecgege
gcggatcgece
cagcgggttc
tcggggcggg
gccgecctga
ctgccgecteg
gtgctgctga
atcgtggcga
ttccgectegg
ggcacgctgce
ggcgacacga
gtcggcgegg
cccgeccatg
atggcgagceg
caggtgatcc
caggagccgc
tggcgggeet
acggcgggcet
ctctcggtgg
ctgctggtcg
ggcgtcggga
gccgacctgt
ggcaccctca
gcctggggceg
cgcgacgtgg

tgatcgggge
tcgccaagceg
ccggactcta
gccccgaggce
cggtcgatct
gcctctggac
tcggegeggg
cgcacggcgt
aggcggcgct
gtctggcgga
cgctggacgg
tgctgccgac
cggtggcgga
aaccctgccce
gcggeccgat
ggcgcctgag
cggtggtgac
cggaagcgtc
agcacgccct
tcttctccaa
actgggacga
gccgcaccgg
acatggccta
tcgacgggct
tctacatcag
cgctggagac
gctacgaggg
ccgccaacgce
ccgccatgeg
ggctgatcga
tcgaccgggce
catgaacatc
cgccctegat
cgggatcgge
acgggtgctg
cctcgececece
cgtcgaggat
gceccgeecgge
gcaccacctc
cggcggettce
cttcgactcg
ttacggcgtg
ccggttcaac
ccgceccgcecteg
cgccgtgacce
cgaggcgcag
agcgccagct
gaggcgtggt
gccgggegceg
ctgcgtttge
ggcgccgagg
ctgccggega
gggctcgggce
gacatcgccc
gtggcgccge
ggcgaccgct
tcggagagceg
tacctgtcga
ggcceeggtge
tgcgcctegg
ggcggetget
tcggcaccct
tgatgctggce
acacgcaccg
tccagttcgg
ccgggceeget
gcctgcacac
cgaggccgaa
cggtgctgtt
agggcgegge
gcgatccgaa
atgcggggca
tctccatgca
cggccaccac
cggcgcgcetg
tcgggatcct
tcgeegeggg

ccgcectcecgat-

ccgtgcagge
gcggcgceccat
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gctgcccaac
gcgcetcggceg
tcgcggtctg
gggcggcgag
cgtcgecgece
cgcgctgcag
cacgccggaa
gcggceeggag
gacggcttcc
gaccgaccgg
ccgcttegtg
aggccgcaac
cggtgcccgg
ggagagcgtc
cgcccaggct
cggcgccgag
cctcteggge
tttcctegee
cgcgatccag
cgccgagggce
cgaggccgag
ccgccecggeg
ccagaacctc
cggcggcatg
cgaccagacc
gcgcacccgg
cgtccggcag
ggtccagccc
cgagcgcatg
ggcgcaccgce
cgaggaggag
gcgatccgeca
cccgatctga
aagtcgacca
cagatcggct
acggtgatcg
ttcgtggtcg
accggctgcg
ctcgaagaca
gcctcgecge
atcttcgcca
cgactcggcg
gacgcggtcg
cggctcaaga
gccgagtaca
cccatgaagg
acgacgcccg
cgcgcctgac
acgccatgcg
tcgatgcegg
tggtggcgat
tcgeccggege
ggttcgatca
gggcgetgge
gcacggccct
cgcctteccat
ccctggacge
acgcggtggce
aatccgggat
cccggeggtg
ccgectegece
gaaccgggtg
gctgccgetg
ctcggtgcetg
cggcctegeg
ctgggtcgge
gacccagacc
ggtggtggcyg
cggcctgtte
cctcgtcacc
ccggacgcegyg
gggcaccgcc
ggacatcctg
ggcgctgacc
gctcggecge
cgcgtteteg
cgtgagcectg
gaaccgggcc
gaccgcggec
cgcccagtcg

8760

8820

8880

8940

9000

9060

9120

9180

9240

9300

9360

9420

9480

9540

9600

9660

9720

9780

9840

93900

9960
10020
10080
10140
10200
10260
10320
10380
10440
10500
10560
10620
10680
10740
16800
10860
10920
10980
11040
11100
11160
11220
11280
11340
11400
11460
11520
11580
11640
11700
11760
11820
11880
11940
12000
12060
12120
12180
12240
12300
12360
12420
12480
12540
12600
12660
12720
12780
12840
12900
12960
13020
13080
13140
13200
13260
13320
13380
13440
13500



ggggtgctgg
gagatcgccc
cggacagagg
gggaggacag
ctctacgcct
cgcgagggct
ctgatcccge
gcggtgcacg
ccgggggcge
tgggtgctge
ctcegggtgg
gtgttcggcea
gagtcgctga
accacgttct
agccagttcg
gagcggatca
cccctgatat
tgccgeeggg
gagtgttcca
tcgeggeggg
ccggcgeegt
<210> 5

<211> 40

<212> ADN
<213>
<400> 5

gcgagggcat
tgctgttcge
atcggaaccg
ccatgccaac
tcttectett
atcccctgga
ggtccaaggc
gccgggacga
cctacgagcg
ggcacgacgt
cgaagaactt
ccgacagcgce
tccgcetacta
gcegggecgg
ccgacatccc
tctcgtattt
gagcggcgac
cgagcgcatc
cgcccgecte
ctcgceccgeg
cgcgctgcte

gaacgagccg
cgcgctgcte
catcgccgac
cggcgcactt
cttcgcggga
gaacgaggcg
gtttcacctg
catcgagacc
cacggaatcg
gcacgaccgg
cgtcatccac
cgtcgeggge
cgaggtcgag
cggtttcacc
gaccacccgc
cggcgecggce
ttccteeceg
ctctggcagg
gtgatcgcgt
gcggcgctga
tggctgctcg

Enterobacter sp R4-368

cgttaatctc aatttggctc agcatcaaac

<210> 6
<211> 35
<212> ADN
<213>
<400> 6

Enterobacter sp R4-368

gcgttggcecec aggggatgtg ctgaacgtaa

<210> 7
<211> 31
<212> ADN
<213>
<400> 7

Enterobacter sp R4-368

cccegeaggt getgtatcege tggegegeat

<210> 8
<211> 31
<212> ADN
<213>
<400> 8

Enterobacter sp R4-368

ctggtgctge gttcccgecga ggagctgaac

<210> 9
<211> 32
<212> ADN
<213>
<400> 9

Enterobacter sp R4-368

cgtctgaacg ttgaatcgcg gcacgacgag

<210>
<211>
<212>
<213>
<400> 10

gcacctgctc
ttgacgtcge
cgaagtttaa
tgaacgctgg
cgggtgacga
actactggaa
ggcctcttge
ctaggcgacg
gtccagactc
cagccatgcec
agggagtaag
tccgtgcecag
aaagcgcacg
tgcatccgaa
tgaaatgcgt
gacgctcagg
gtaaacgatg
aaatagaccg
cgcacaagcg
tgacatccac
tgcatggctg
cccttatect
ctggaggaag
tgctacaatg

10
1740
ADN

tttaacaatt
aagacgaaaa
ttcattgagc
cggcaggcect
gtggcggacg
acggtagcta
catcagatgt
atccctaget
ctacgggagg
gcgtgtatga
gttaataacc
cagccgcggt
caggcggtct
actggcaggc
agagatctgg
tgcgaaagcg
tctatttgga
cctggggagt
gtggagcatg
agaactttcc
tcgtcagcectce
ttgttgccag
gtggggatga
gcgcatacaa

Enterobacter sp R4-36€8

tatcagacaa
atgaatacca
atcaaacttt
aacacatgca
ggtgagtaat
ataccgcata
gcccagatgg
ggtctgagag
cagcagtggg
agaaggcctt
ttattcattg
aatacggagg
gtcaagtcgg
ttgagtctcg
aggaataccg
tggggagcaa
ggttgtgccc
acggccgcaa
tggtttaatt
agagatggat
gtgttgtgaa
cggttaggcce
cgtcaagtca
agagaagcga
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gccatcggct
gcgctcggac
ggccttgceceg
acgggttacg
ctggtcttct
gtcggecgge
ccgggcggeg
ggcatcccgg
tcgctccagg
acctgggacg
gaggacggcce
gtgatcagcg
ctccecgacgg
aagacggtga
gatcccgaca
acgctctacg
aaggcaccct
gcgcgccgac
ggttctcggt
gggtggtggce
cctggctcac

agtttggtat

ccgtg

ga

tctgtgtggg
agtctcaacg
taaattgaag
agtcgaacgg
gtctgggaaa
acgtcgcaag
gattagctag
gatgaccagc
gaatattgca
cgggttgtaa
acgttacccg
gtgcaagcgt
atgtgaaatc
tagagggagg
gtggcgaagg
acaggattag
ttgaggcgtg
ggttaaaact
cgatgcaacg
tggtgccttce
atgttgggtt
gggaactcaa
tcatggcect
cctcgcgaga

acctcatcgt
cgctggtgcg
gccggacggce
tcgacgtcge
ggctccgeceg
gcaaggcgga
agacgaccta
cccgcaaggt
ccggegtegg
acgagatccg
cgaacccgat
acgtctgggt
gcggacgeceg
cgaccgaggc
gcgtaacctt
cgacgccggce
gcggggtctg
caccgcgggce
ctgcgcectg
gccgaccctg
ccaccggacg

cactcagggt
agtgaacacg
agtttgatca
tagcacagag
ctgcctgatg
accaaagagg
taggtggggt
cacactggaa
caatgggcgc
agtactttca
cagaagaagc
taatcggaat
cccgggctca
tagaattcca
cggcctectg
ataccctggt
gcttccggag
caaatgaatt
cgaagaacct
gggaactgtg
aagtcccgceca
aggagactgc
tacgaccagg
gcaagcggac
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ctaccacatc
cgaggacgct
ctgacattcg
ccaggtcgtg
cgaggaccgg
cgacccgatc
cgcgccgcag
cgagccctgg
tcceggetee
catcgtgccc
cggcatgacg
cgaccgcggce
gctgatgccg
gctgctcgeg
cctggaggag
ccgggcggag
cccggcccge
ctgctggtcc
gccttcggee
gtgatcggcg
ac

gactggattc
taattcatta
tggctcagat
agcttgctct
gagggggata
gggaccttcg
aacggctcac
ctgagacacg
aagcctgatg
gcggggagga
accggctaac
tactgggcgt
acctgggaac
ggtgtagcgg
gacgaagact
agtccacgcce
ctaacgcgtt
gacgggggcece
tacctggtct
agacaggtgc
acgagcgcaa
cagtgataaa
gctacacacg
ctcataaagt

13560
13620
13680
13740
13800
13860
13920
13980
14040
14100
14160
14220
14280
14340
14400
14460
14520
14580
14640
14700
14752

40

35

31

31

32

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380
1440
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gcgtegtagt ccggattgga gtctgcaact cgactccatg aagtcggaat cgctagtaat 1500
cgtggatcag aatgccacgg tgaatacgtt cccgggectt gtacacaccg cccgtcacac 1560
catgggagtg ggttgcaaaa gaagtaggta gcttaacctt cgggagggcg cttaccactt 1620
tgtgattcat gactggggtg aagtcgtaac aaggtaaccg taggggaacc tgcggttgga 1680
tcacctcctt accttaaaga acctgcectct gcagtgtcca cacagattgt ctgatgaaaa 1740
<210> 11

<211> 1443

<212> ADN

<213> Pleomorphomonas jatrophae R5-392

<220>

<221> Trinh tu 18i

<222> (603)..(603)

<223> n la a, ¢, g, hodc t

<400> 11

gagtttgatc ctggctcaga acgaacgctg gcggcaggct taacacatgc aagtcgaacg 60
ctcgcagcaa tgcgggagtg gcagacgggt gagtaacgcg tgggaacata ccctttggtt 120
cggaataact gagagaaatt tcagctaata ccggatgtgc cctatggtgg aaagatttat 180
cgccaaagga ttggcccgeg tctgattage tagttggtga ggtaacggcet caccaaggeg 240
acgatcagta gctygtctga gaggatgatc agccacactg ggactgagac acggcccaga 300
ctcctacggg aggcagcagt ggggaatatt ggacaatggg ggcaaccctg atccagccat 360
gccgegtgag tgatgaagge cttagggttg taaagctctt tcgtcaggga agataatgac 420
ggtacctgaa gaagaagccc cggctaactt cgtgccagca gccgeggtaa tacgaagggg 480
gctagcgttg ttecggaatta ctgggcgtaa agcgcacgta ggcggacatt taagtcaggg 540
gtgaaatccc agggctcaac cctggaactg cctttgatac tgggtgtctt gagtacgaga 600
gangtgagtg gaattccgag tgtagaggtg aaattcgtag atattcggaa gaacaccagt 660
ggcgaaggcg gctcactggce tcgtaactga cgctgaggtg cgaaagcgtg gggagcaaac 720
aggattagat accctggtag tccacgctgt aaacgatgaa tgccagccgt tgggcgacgt 780
gtcgttcagt ggcgcagcta acgctttaag cattccgect ggggagtacg gtcgcaagat €40
taaaactcaa aggaattgac gggggcccgc acaagcggtg tagecatgtgg tttaattcga 900
agcaacgcgc agaaccttac cagcccttga catccgtcgad ccggtggaga gatccatttt 960
gcectteggg gecggcgaga caggtgetge atggetgtcg tcagetcgtg tcgtgagatg 1020
ttgggttaag tcccgcaacg agcgcaaccce tcgecttcag ttgccageat ttggttggge 1080
actctggagg gactgccggt gataagccgg aggaaggtgg ggatgacgtc aagtcctcat 1140
ggcccttacg ggctgggeta cacacgtgct acaatggcgg tgacaatgag cagcgacttc 1200
gcgaggagaa gctaatctca aaaagcecgtc tcagttcgga ttgcactctg caactcgagt 1260
gcatgaagtc ggaatcgcta gtaatcgcgt aacagcatga cgcggtgaat acgttcccgg 1320
gccttgtaca caccgcccgt cacaccatgg gagttggett tacccgaagg tagtgcgeta 1380
accgcaagga ggcagctaac cacggtaggg tcagcgactg gggtgaagtc gtaacaaggt 1440
aac 1443
<210> 12

<211> 1414

<212> ADN

<213> Sphingomonas sp. S6-274

<400> 12

acgaacgctg gcggcatgcec taacacatgc aagtcgaacg agagcttcgg ctctagtgge 60
gcacgggtgc gtaacgcgtg ggaatctgcc cttgggttcg gaataacagt tggaaacgac 120
tgctaatacc ggatgacgtc gataagacca aagatttatc gcccgaggat gagcccgegt 180
cggattagct agttggtggg gtaaaggcct accaaggcga cgatccgtag ctggtctgag 240
aggatgatca gccacactgg gactgagaca cggcccagac tcctacggga ggcagcagtg 300
gggaatattg gacaatgggc gcaagcctga tccagcaatg ccgcgtgagt gatgaaggcec 360
ttagggttgt aaagctcttt tacccgggaa gataatgact gtaccgggag aataagcccc 420
gggctaactc cgtgccagca gccgcggtaa tacggagggg gctagegttg ttcggaatta 480
ctgggcgtaa agcgcacgta ggcggctttg taagtcaggg gtgaaagcct ggagctcaac 540
tccagaactg cctttgagac tgcatcgctt gaatccggga gaggtgagtg gaattccgag 600
tgtagaggtg aaattcgtag atattcggaa gaacaccagt ggcgaaggcg gctcactgga 660
ccggtattga cgctgaggtg cgaaagcgtg gggagcaaac aggattagat accctggtag 720
tccacgeegt aaacgatgat aactagetgt ccgggaactt ggtttttggg tggcgcaget 780
aacgcattaa gttatccgcc tggggagtac ggccgcaagg ttaaaactca aaggaattga 840
cggggggcct gcacaagcgg tggagcatgt ggtttaattc gaagcaacgc gcagaacctt 900
accagcgttt gacatgtccg gacgattccc agagatgggt ctcttccctt cggggactgg 960
aacacaggtg ctgcatggct gtcgtcagct cgtgtcecgtga gatgttgggt taagtcccge 1020
aacgagcgca accctcgect ttagttacca tcattgagtt gggtactcta aaggaaccge 1080
cggtgataag ccggaggaag gtggggatga cgtcaagtcc tcatggccct tacgcgectgg 1140
gctacacacg tgctacaatg gcgactacag tgggctgcaa tcccgcgagg gtgagctaat 1200
ctccaaaagt cgtctcagtt cggattgttc tctgcaactc gagagcatga aggcggaatc 1260
gctagtaatc gcggatcagec atgccgeggt gaatacgttc ccaggecttg tacacaccge 1320
ccgtcacacc atgggagttg ggttcacccg aaggcgttgc gctaactcag caatgagagg 1380
caggcgacca cggtgggctt agcgactggg gtga 1414
<210> 13

<211> 1409

<212> ADN

<213> Methylobacterium L2-4

<400> 13 .

agatcaatct cttcaacgtg agagtttgat cctggctcag agcgaacgct ggcggcagge 60
ttaacacatg caagtcgagc gggcccttcg gggtcagegg cggacgggtg agtaacgcegt 120
gggaacgtgc cttctyggttc ggaataaccc tgggaaacta gggctaatac cggatacgcc 180
cttttgggga aaggtttact gccggaagat cggcccgegt ctgattaget agttggtggg 240
gtaacggcct accaaggcga cgatcagtag ctggtctgag aggatgatca gccacactgg 300
gactgagaca cggcccagac tcctacggga ggcagcagtg gggaatattg gacaatgggce 360
gcaagcctga tccagccatg ccgcgtgagt gatgaaggec ttagggttgt aaagetcttt 420
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tatccgggac
ccgcggtaat
gcggegtttt
gggacgcttg
tattcgcaag
gaaagcgtgg
gccagctgtt
gggagtacgg
agcatgtggt
acccagagag
cagctcgtgt
tgccatcatt
ggatgacgtc
tgacagtggg
ttgcactctg
cacggtgaat
tacccgacgg
<210> 14

<211>
<212>
<213>
<220>
<221>

ADN

1339

gataatgacg
acgaaggggyg
aagtcggggg
agtatggtag
aacaccggtg
ggagcaaaca
ggggtgcttg
tcgcaagatt
ttaattcgaa
atctggggtc
cgtgagatgt
cagttgggca
aagtcctcat
aggcgaagga
caactcgagt
acgttcccgg
cgctgcgceca

gtaccggagg
ctagcgttgce
tgaaagcctg
aggttggtgg
gcgaaggcgg
ggattagata
caccgcagta
aaaactcaaa
gcaacgcgca
cccttecgggg
tgggttaagt
ctctagggag
ggcccttacg
gcgatctgga
gcatgaaggc
gccttgtaca
accgcaagg

Methylobacterium L2-76

Trinh tu 16i
(56)..(56)
n la a, ¢, g,

<222>
<223>
<220>
<221>
<222>

Trinh tu 138i
(60) ..(60)

hodc t

<223>
<400> 14

tgcagtcgaa
tgceccttegg
ggaaaggttt
cctaccaagg
acacggccca
tgatccagcc
gacgataatg
aatacgaagg
attaagtcgg
ttgagaccgg
aagaacacca
tggaggagcaa
gttggcctge
cggtcgcaag
ggtttaattc
gagatcgggg
tgtcgtgaga
attcagttgg
gtcaagtcct
gggacgcgaa
ctgcaactcg
aatacgttcc
cggcgcetgceg
<210> 15

<211> 18

<212> ADN
<213>
<220>
<223>
<400> 15

agagtttgat
<210> 16

<211> 16

<212> BADN
<213>
<220>
<223>
<400> 16

taccttgtta
<210> 17

<211> 18

<212> ADN
<213>
<220>
<223>
<400> 17

ggattagata
<210> 18

<211> 19

<212> ADN

n la a, ¢, g,

cgggcttett
ttcggaataa
actgccgaag
cgacgatcag
gactcctacg
atgccgcegtg
acggtaccgg
gggctagcegt
gggtgaaagc
aagaggacag
gtggcgaagg
acaggattag
ttgcaggtca
attaaaactc
gaagcaacgc
atcctctteg
tgttgggtta
gcactctagg
catggccctt
accgcgaggt
ggtgcatgaa
cgggeccttgt
ccaaccgca

Poan mdi dic hiéu

cmtggcte

Poan mdi dic hiéu

cgactt

Poan mdi dic hiéu

ccctggta

hodc t

cggaagtcag
ctcagggaaa
gatcggcccg
tagctggtct
ggaggcagca
agtgatgaag
aagaataagc
tgctcggaat
ctgtggctca
cggaactgcg
cggctgtctg
ataccctggt
gtggcgecege
aaaggaattg
gcagaacctt
gaggcgtgca
agtcccgcaa
gagactgcceg
acgggatggg
tgagcaaatc
ggcggaatcg
acacaccgcc

Trinh ty nhéan tao

gen ARN

Trinh tu nhén tao

gen ARN

Trinh ty nhan tao

gen ARN
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aataagcccc
tcggaatcac
tggctcaacc
aactgcgagt
ccaactggac
ccctggtagt
gcgcagctaa
ggaattgacg
gaaccttacc
gcgcgcacac
cccgcaacga
actgccggtg
ggatgggcta
gcaaatcccc
ggaatcgcta
caccgccegt

tggcagacgg
cttgagctaa
cgtctgatta
gagaggatga
gtggggaata
gccttagggt
cccggctaac
cactgggcgt
accacagaat
agtgtagagg
gtccggttcet
agtccacgcce
taacgcatta
acgggggcecec
accatccctt
cacaggtgct
cgagcgcaac
gtgataagcc
ctacacacgt
cccaaaagcc
ctagtaatcg
cgtcacacca

ribosom 16S

ribosom 16S

ribosom 16S

ggctaacttc
tgggcgtaaa
acagaatggc
gtagaggtga
cattactgac
ccacgccgta
cgctttgage
ggggcccgea
atcctttgac
aggtgctgca
gcgcaaccca
ataagccgcg
cacacgtgct
aaaagccgtc
gtaatcgtgg
cacaccatgg

gtgagtaaca
taccggatac
gcttgttggt
tcagccacac
ttggacaatg
tgtaaagctc
ttcgtgcecag
aaagggcgcg
tgccttcgat
tgaaattcgt
gacgctgagg
gtaaacgatg
agcattccge
gcacaagcgg
gacatggcat
gcatggctgt
ccacgtcctt
gcgaggaagg
gctacaatgg
gtctcagttce
tggatcagca
tgggagttgg
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gtgccagcag
gggcgcgtag
cttcgatact
aattcgtaga
gctgaggcge
aacgatgaat
attccgectg
caagcggtgg
atggcgtgtt
tggctgtecgt
cgtccttagt
aggaaggtgt
acaatggcgg
tcagttcgga
atcagcatgc
gagttggtct

cgtggnaacn
gcccttatgg
ggggtaacgg
tgggactgag
ggcgcaagcc
ttttgtccgg
cagccgceggt
taggcggeeg
actggttggce
agatattcgce
cgcgaaagcg
aatgccagcc
ctggggagta
tggagcatgt
gttacctcga
cgtcagctcg
agttgccatc
tgtggatgac
cggtgacagt
ggattgcact
cgccacggtg
tcttacccga

480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1409

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1339

18

16

18



<213>
<220>
<223>
<400>

Trinh ty nhan tao

Poan mdi d¥c hiéu
18

gtattaccgc ggctgcectgg

<210>
<211>
<212>
<213>
<220>
<223>
<400>

19

15

ADN

Trinh tuy nhén tao

Poan mdi dic hiéu
19

gggttgcget cgttg

23619

gen ARN ribosom 16S

gen ARN ribosom 16S
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23619
YEU CAUBAO HO
1. Ché phim vi sinh dé bén cho thuc vat, chira lugng hitu hiéu dich ciy vi khuén thudn
khiét sinh hoc chira it nhit mot loai vi khuén, cac ion kim loai vi lugng va chét mang,
trong do6: cac ion kim loai vi lugng dugc chon tir nhém bao gdm ion molypden (Mo?"),
ion sat (Fe"), ion mangan (Mn”") hozc hdn hop bat ky ctia ching; chit mang dugc chon
tr nhém bao gém polyme sinh hoc, dudng, sita dong vat, vat liéu thuc vat va chét mang
héa hoc tro x0p; it nhat mot loai vi khuan 1 loai Enterobacter R4-368 (NRRL B-50631);
va céc loai vi khudn nay c6 tac dung khir axetylen thanh etylen hodc nito trong khong khi
(N3) thanh amoniac (NHj3) va cai thién ning suit thuc vat khi ché phdm vi sinh nay duogc

bon cho thuc vit.

2. Ché phim vi sinh theo diém 1, trong &6 qua trinh khir ndy dién ra & bé mit 14, bén

trong bé mit 14, bén trong mo r& hodc trén bé mat hé ré.

3. Ché phém vi sinh theo diém 1, trong d6 qué trinh khir nay dién ra & thuc vét dugce chon
tir cac lodi thude chi diu mé (Jatropha), laa mién (Sorghum), bong (Gossypium), co diu

(Elaeis), thiu dau (Ricinus), lta (Oryza) va sin (Manihot).

4. Ché pham vi sinh theo diém 1, trong d6 ché phdm vi sinh nay con chira céc loai vi
khuin dugc chon tir nhém bao gdm Pleomorphomonas Jjatrophae R5-392 (NRRL B-
50630); Methylobacterium sp. L2-4 (NRRL B-50628); Methylobacterium sp. 12-76
(NRRL B-50629 ); Sphingomonas sp. S6-274 (NRRL B-50632) va hdn hop bét ky cia

ching.

5. Ché ph4m vi sinh theo diém 4, trong d6 ché pham vi sinh nay chira cac ion kim loai vi

lugng v6i ham lugng nam trong khoang tir 0,1mM dén S0mM.

6. Ché phdm vi sinh theo diém 1, trong d6 cac loai vi khuan nay tiét ra polysacarit ngoai

bao (exopolysaccharide - EPS) hodc endoglucanaza.

7. Ché phadm vi sinh theo diém 1, trong d6 ché pham vi sinh ndy chira cac ion kim loai vi

luong véi ham lugng nam trong khoang tir 0,1mM dén S0mM.

8. Phuong phép cai thién ning suét thuc vat, bao gbm budc bon lwong hiru hiéu cta ché

pham vi sinh theo diém 1 cho thyc vit.

9. Phuong phép theo diém 8, trong d6 ché phdm vi sinh nay dugc phun lén phan trén mat

d4t caa thyc vat.
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10. Phuong phép theo diém 8, trong d6 ché phim vi sinh nay dugc bon bang cach bon 16t
vao cac ludng gieo hat, tudi vao hé r& cta thuc vt trong dét, nhing r& vao ché phim vi

sinh nay hodc 0 véi hat gidng.

11. Phuong phép theo diém 8, trong d6 ché phdm vi sinh nay chira c4c ion kim loai vi

luong véi ham luong nim trong khoang tir 0,1mM dén 50mM.

12. Phuong phép theo diém 11, trong d6 ché phim vi sinh ndy dugc phun 1én phén trén

mat dit caa thyc vat.

13. Phuong phép theo diém 8, trong d6 ning suét thuc vat bao gdm su tdng trudng thuc
vét, duy tri ham Irong chat diép luc cao trong 14, ting san lrgng qua hodc hat, tang trong

lugng qua hodc hat hoac td hop bat ky cia céc dic tinh nay.

14. Phuong phép theo diém 8, trong d6 thwc vét nay 13 cac loai thudc chi diu me
(Jatropha), loa mién (Sorghum), béng (Gossypium), co dau (Elaeis), thdu diu (Ricinus),
Itia (Oryza) hodc sin (Manihot).

15. Phuong phéap theo diém 11, trong d6 ning suét thuc vét bao gdm su tang trudng thuc
vét, duy tri ham lrgng chit diép luc cao trong 14, ting san luong qua hodc hat, tang trong

lugng qua hodc hat hodc td hop bét ky cua céac dic tinh nay.

16. Phuong phép theo diém 11, trong d6 thuc vat nay 1a cac loai thudc chi ddu me
(Jatropha), Yaa mién (Sorghum), béng (Gossypium), co dau (Elaeis), thdu dau (Ricinus),
1aa (Oryza) hodc sin (Manihot).

17. Phuong phép cai thién nang sut thuc vat, bao gdbm budc bon lugng hiru hidu cta ché

phém vi sinh theo diém 4 cho thuc vat.

18. Phuong phap theo diém 17, trong d6 nang sudt thuc vét bao gdm sy ting trudng thuc
vét, duy tri ham hrong chat diép luc cao trong 14, ting san luong qua hoic hat, tdng trong

luong qua hoic hat hodc t& hop bit ky ciia cac dic tinh nay.

19. Phuong phap theo diém 17, trong d6 thwc vat nay 1a céc loai thudc chi diu mé
(Jatropha), laa mién (Sorghum), béng (Gossypium), co dau (Elaeis), thiu diu (Ricinus),
1aa (Oryza) hodc sin (Manihot).

20. Phuong phép theo diém 17, trong d6 ché phdm vi sinh ndy dwoc phun lén phan trén

mat dit cia thuc vat.

-48-



23619

21. Phuong phép theo diém 17, trong d6 ché phim vi sinh nay duogc boén biang cach bén
16t vao cac luéng gieo hat, tuéi vao hé r& cla thyuc vt trong dat, nhuing ré vao ché phém

vi sinh ndy hodc u véi hat giong.

22. Phuong phép theo diém 17, trong d6 ché phdm vi sinh nay chara céc ion kim loai vi

lugng v6i ham lwong ndm trong khoang tir 0,ImM dén 50mM.

23. Phuong phép theo diém 22, trong d6 ché phdm vi sinh nay dwoc phun 1én phan trén

mat dit caa thyuc vat.

24. Phuong phap theo diém 22, trong d6 ning suét thuc vét bao gdm su tang trudng thuc
vét, duy tri ham lugng chit diép luc cao trong 14, ting san lugng qud hodc hat, tdng trong
lugng quéa hozc hat hodc t6 hop bét ky ciia cac dic tinh nay.

25. Phuong phap theo diém 22, trong d6 thuc vat nay 13 cdc loai thudc chi diu me
(Jatropha), 1ta mién (Sorghum), bong (Gossypium), co dau (Elaeis), thdu dau (Ricinus),
1da (Oryza) hoic sin (Manihot).

26. Phuong phép theo diém 22, trong d6 ché phdm vi sinh nay dugc bon bang cach bén
16t vao cac ludng gieo hat, tudi vao hé r& cia thuc vat trong dat, nhiing r& vao ché phim

vi sinh ndy hodc u vai hat giong.
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