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TOM TAT

Yéu t6 tin hiéu cua ho6c mdn brassinosteroid, BRI1 EMS SUPPRESSOR 1/BRASSINAZOLE RESISTANT 1
(BES1/BZR1) Homolog 3 (BEH3) tham gia diéu hoa sinh truong, phét trién, ciing nhu ting cuong kha ning
chéng chiu cua cy tréng véi didu kién bat lgi. Tuy nhién, thdng tin vé& chirc ning cua BEH3 trong phan ¢ng cua
thuc vat véi stress van con han ché. Ca chua 12 loai cay trong mang lai hiéu qua kinh té cao thi tu trén thé gigi
va ciing 1a mot trong nhiitng cay trong dugc sir dung trong nghién ciru di truyén. Do thiéu 6n dinh cua dot bién
gen SIBEH3 & ca chua nén ngudi ta biét rat it vé chirc niang ciia SIBEH3 trong phan tmg véi cac stress sinh hoc
va phi sinh hoc. O nghién ctru nay, chang t6i di phan 1ap gen SIBEH3 tir ca chua 'MicroTom' véi kich thuéc
1501 bp. Phan tich trinh ty nucleotide cho thay do tuong ty 61,4% gitra AtBEH3 va SIBEH3 (Solyc039005990 3.1).
Hon nira, chung t6i da xac dinh duoc vi tri ngNA nam trén exon | cua gen SIBEH3 va tao ra céu trdc vector
PAMGA4723 mang sgRNA chinh stra gen SIBEH3 bang phwong phép ghép ndi Golden Gate.

Tw khoa: Brassinosteroid, Cas9, chinh sira gen, MicroTom, SIBEH3.

MO DAU

Brassinosteroid (BR) 1& cac hodc mén steroid thiét yéu didu chinh sy sinh trwéng, phat trién va phan (ng cla
thwe vat v&i ap lwe méi trwdng. Tin hiéu hoéc mén BR va cac yéu td phién ma clia BR tham gia didu chinh phan
&ng cla BR, sinh tdng hop BR da dwgc md ta (Wang et al., 2002; Yu et al., 2011). Cho dén nay, méi lién két
chéo gitra tin hiéu BR va stress phi sinh hoc da dwoc tim hidu. Trong do, cac protein lién quan dén tin hiéu BR,
bao gém BES1/BZR1 (BRI1 EMS SUPPRESSOR 1/BRASSINAZOLE RESISTANT 1), BIN2 (BRASSINOSTEROID
INSENSITIVE 2) va BEH3 (BES1/BZR1 Homolog 3), c6 thé didu chinh phan &ng dAu ra tin hiéu ABA dé thich &ng
véi tinh trang cang thadng khi mat nwéc. Gan day, Nguyen va ddng tac gia (2021) da bao céo chirc ndng vé gen
twong déng BES1/BZR1, dwgc chi dinh 1a BEH3 (d6i véi BES1/BZR1 Homolog 3) véi nhitng md ta vé chirc nang
sinh ly va phan t& ctia gen AtBEH3 nhw mot yéu td didu chinh tiéu cuc cla stress thdm thau, va lién két véi BR
truyén tin hiéu & Arabidopsis thaliana. Hon niva, mot sé dét bién AtBEH3 bidu hién kidu hinh chéng chiu han
(Noguchi et al., 1999; Feng et al., 2015). Tuy nhién, cac co ché ma BEH3 tham gia vao qué trinh truyén tin hiéu BR
dé diéu chinh sy sinh trwéng, phat trién cta thuc vat va phan (ng véi méi treéng van chwa dwoc biét rd.

Nhiéu nghién ctru da chirng minh hé théng CRISPR/Cas9 c6 tiém ndng ng dung d& cai thién cac tinh trang
mong mudn cla cay. Céng cu nay co thé tao ra cac dot bién dich di truyén qua cac thé hé. Wu diém ndi bat cta
coéng nghé nay do la tao ra cac dot bién gen dich mét cach chinh xac ma khéng can sy cd mét clia gen ngoai
(Ricroch et al., 2017). Bao cao gan day cho thay, dot bién gen BEH3 bing CRISPR/Cas9 da tao ra kiéu hinh
chéng chiu han tét & cay A. thaliana va cay dau twong (Nguyen et al., 2021; Park et al., 2022). O nghién ctru nay,
chiing toi sé thiét ké& c4u tric vector chinh stra gen SIBEH3 bing CRISPR/Cas9 & cay ca chua, véi myc tiéu tim
kiém va thiét ké dwoc sgRNA chinh stra gen SIBEH3 hiéu qua. Day sé la vat liéu quan trong dé tiép tuc chinh stra
gen & cay ca chua, nhdm tao ra cac dong ca chua chinh stra gen chéng chiu vé&i didu kién bién dbi khi hau.

NGUYEN LIEU VA PHUONG PHAP
Nguyén liéu

Gibng ca chua MicroTom, do phong thi nghiém nghién ctru chirc néng gen thye vat, Dai hoc quéc gia Chonnam-
Han Quoc cung cap. Hé thong cau tric vector pICSL01009, pICH47751, pICH7732, pICH41766, va pAGM4732
dwoc mua tir hang Addgene (https://www.addgene.org/).
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Tach chiét RNA va phan 1ap gen SIBEH3 tir cay ca chua MicroTom

RNA téng s dwoc phan lap tr 50 mg la twoi bang kit RNA plant easy (Qiagen, Dirc). cDNA dwoc tbng hop bang
hé thdng phién ma ngwoc GoScript (Promega, Hoa Ky). Moi khuéch dai doan gen SIBEH3 st dung trong PCR
bao gom moéi xudi (F:5-TCAACTTCAAGCCGATCCAG-3’; va mdi ngwoc (R: 5-CTATCTAGTGCTAGAGTTGC-3’). Phan
ing PCR dwoc bat dau & 94°C trong 5 phdt, tiép theo 1a 35 chu ky 94°C trong 30 gidy, 60°C trong 30 gidy va
72°C trong 30 giay, v&i thoi gian kéo dai cudi ciing la 72°C trong 5 phit. San phdm PCR-SIBEH3 duoc kiém tra
trén gel agarose 1%, chay dién di & 80 vol,100 mA trong 30 phut. San pham PCR dwoc hién thi trén may UV-Vis
v@i bwéc séng 365 nm.

Thiét ké RNA dinh hwéng (sgRNA)

Trinh ty gRNA dac hiéu cho gen SIBEH3 dwoc thiét ké bang phan mém CRISPR MultiTargeter
(http:/iwww.multicrispr.net/), dwa trén mo té bdi Liang va dong tac gia (2016). Ham lwgng GC cla cac gRNA
dwoc phan tich bang phan mém Genetyx 4.0.

Thiét ké cau trac vector mang sgRNA chinh stra gen SIBEH3

CAu tric vector pAMG4723 mang sgRNA chinh stra gen SIBEH3 duwoc thuc hién dwa trén phwong phap 1&p rap
Golden Gate (Weber et al., 2011; Engler et al., 2014). Cu thé, cac sgRNA duwoc khuéch dai bang phan ¢ng oligo
phosphprylation 10 pL gom sgRNA oligo forward 1 pL, sgRNA oligo reverse 1 pL, dém 10X T4 Eolynucleotide
kinase 1 L, T4 polynucleotide kinase (NEB) 0,5 L, nwéc 6,5 uL. Phan tng t & 37°C (30 phut), 95°C (5 phut), va
giam nhiét dé xudng 25°C. Céac sgRNA1 va sgRNA2 tiép tuc dwoc ghep ndi vao vector pICSL01009::AtU6p dé
tao cau tric pICSL0O1009::AtU6p::sgRNA-SIBEHS theo phan tng cat - ndi cia Weber va dong tac gia (2011) bao
gom: dém 10X NEB T4 ligase 1 L, enzym T4 quase 0,5 pL, sgRNA plasmid 1 L, Oligos 1 pL, nwdc 6,5 PL. Cau
trdc vector nay chuyén vao vi khuan E.coli va kiém tra két qua bién nap b&ng phan ¢ng PCR va cét enzyme gidi
han Bsal.

Tiép theo, san pham PCR tinh sach cla sgRNA1 va sgRNA2 duoc ghép nbi vao vecto tiép nhan pICH47751
trong phan (rng Golden Gate (Weber et al., 2011) v&i thanh phan gom c6 10X T4 Ligase Buffer 0,5 uL, 10X BSA
0,5 pL, PCR-sgRNA1 (100 ng) hodc PCR-sgRNA2 (100 ng) 1 pL, pICH47751 (100 ng) 1 pL, pICSL01009_u6pro
(100 ng) 1 uL, Bsal 0,5 pL, T4 DNA ligase 0,5 pL, va nwéce 5 pL. Qua trinh ghép ndi dwoc thye hién & phan rng
0 &37°C (5 E)hl]t),,16°C (10 phut), thwe hién trong 10 chu ky va tang nhiét d6 1én 50°C (5 phut) va 80°C (5 phut),
lwu git® & 10°C. CAu truc vector to hop trén dwoc bién nap vao E.coli, nudi trén méi trwong LB dé chon khuan lac
trdng va kiém tra badng PCR, cét enzyme gi¢i han Bsal.

Céc vector tai t&6 hop mang promoter U6, gen chon loc NPTII, protein Cas9, va chu trdc vector tai td hop
pICH47751-sgRNA1/sgRNA2 dwgc cat - noi vao vector pAGM4723 véi phan (rng ghép ndi Golden Gate (Weber
et al, 2011; Engler et al., 2014) bao gdbm 10X T4 Ligase Buffer 1 pL, pICH47732-NPTIl (100 ng) 1 pL,
pICH47742-35S:Cas9 (100 ng) 1 pL, pICH47751-sgRNA1 (100 ng) 1 pL, pICH47751-sgRNA2 (100 ng) 1 pL,
pICH41766-linker (100 ng) 1 pL, pAGM4723 (100 ng) 1 pL, Bpil 0,5 pL, T4 DNA Ligase 0,5 pL, va nwéc 2 pL.
Phan (rng Golden Gate dwoc G & may U nhiét theo quy trinh nhw trén. Bién nap cAu tric vector tai t6t hop trén
vao té bao E.coli va nudi trén méi trwéng LB déc co bo sung kanamycin 50 pg/ml, va nudi qua dém & 37°C. Chon
loc khuan lac trang va kiém tra bang phan (rng PCR v&i cap moi dac hiéu cho sgRNA-SIBEH3, Cas9, va cat
enzyme gi&i han Bpil.

San phdm vector tai tb hop pAGMA4723::Cas9::sgRNA-SIBEH3 (100 ng) dwoc bién nap vao vi khuan
Agrobacterium tumefaciens LBA4404 kha bién (200 uL), theo phwong phap soc nhiét. Chon loc vi khudn trén moi
trwéng LB chira 50 mg/L kanamycin. Thu nhan khuan lac mau trdng va kiém tra khuan lac b&ng PCR véi cap moi
dac hiéu sgRNA-SIBEH3 va giai trinh tu.

KET QUA VA THAO LUAN
Két qua xac dinh trinh tw gen SIBEH3 & cay ca chua MicroTom

Dé tim kiém trinh ty gen SIBEH3, code Solyc03g005990.3.1 dwoc si dung cho tim kiém trén co s& dir liéu vé
cay ca chua EnsemblPlants (https:/plants.ensembl.org/). Két qua tim kiem cho thay Solyc03g005990.3.1 nam
trén nhiém sac thé (NST) sb 3, c6 chtva ca ving khéng dich ma (5’'UTR va 3'UTR), cac viing exon va intron.
Trong d6, Solyc03g005990.3.1 c6 chira 3 ving exon va 5 viang intron. Ving mé& hoa cho gen
Solyc03g005990.3.1 c6 chieu dai 1501 bp (Hinh 1A).

RNA tbng sé dwoc tach chiét bang kit RNA plant easy cta Qiagen tir 4 cay ca chua va dugc phan tich trén gel
agarose 2%. Két qua dién di & hinh 1 cho thay RNA tong so thu dwgc dam bao d6 tinh sach, RNA van nguyén
ven (Hinh 1B). RNA dwoc st dung cho phan (rng tong hgp cDNA. Két qua kiem tra nong d6 cDNA bang may
Nanodrop cho thay nong dd thu dwgc dat dao dong tlr 1000 - 1600 ng/ul.

Gen SIBEH3 dwgc nhén ban b&ng PCR v&i khudn 1a DNA cia mau la ca chua non (giai doan 6 la), s& dung cap
moi dworc thiet ké dwa vao trinh tw nucleotide cla gen SIBEH3 dwoc cong bo trén Genbank. Két qua dién di trén
gel agarose 1% cho thay san phadm PCR chi xuat hi&én moét bang DNA duy nhét cé kich thuwéc xap xi 1,5 kb twong
trng v&i kich thwéc ly thuyét cda doan gen SIBEH3 (1501 bp) (Hinh 1C). Nhw vay, gen SIBEH3 mong mudn da
dwoc phan 1ap thanh céng tr RNA tdng sé clia mau I non.
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Hinh 1. Két qua xac dinh vi tri va phan lap gen SIBEH3

(A) Vi tri gen SIBEH3 (Solyc03g005990.3.1). (B) RNA téng s6 tach chiét termau 1. (C) San phdm PCR-SIBEH3 & gidng ca chua
MicroTom dién di trén gel agarose 1%. M: Thang chudn 1 kb. 1 va 3 m&u RNA duoc PCR véi cdp méi déc hiéu gen SIBEH3.

Két, qua nhan dién su twong ddng va xac dinh ving axit amin ma héa protein SIBEH3 chira mét khung doc mé duy
nhat mé héa protein 666 axit amin. So sanh trinh tw axit amin phan tich tir 9 gen cho thay Solyc03g005990.3.1 c6
murc do twong dong cao 61,4% so v&i gen AtBEH3 (At1g75080) va cay phan loai (Hinh 2A), cé trinh ty amino
acid twong dong dang ké vo&i cac thanh vién da biét ctia ho protein BES1-N terminal active domain. Cac gia tri
twong ddng téng thé cta 40-53% nhan dang va doé tucyng tw 40,7%—61,4% da dwoc quan sat gitra AtBEH3 va
SIBEH3 (Solyc03g005990.3.1) twong &ng. Sw sap xép cla AtBEH3 va BES1-N-terminal active domain suy ra
cac chudi axit amin va mirc d6 twong ddng clia gen SIBEH3 biéu thi bang cay phan loai (Hinh 2B).

B Solyc03g005990.3.1

Solyc02g071990.3.1

BEH3Z

Solyc07g062260.3.1

Solyc02g063010.3.1
Solyc040079980.3.1
Esulyngussmo.aj

Solyc1090763900.2.1

Solyc08g005780.4.1

—
010

Hinh 2. S3p xép céac chudi axit amin dwoc suy ra cé6 do dai day dua cua céac trinh tw nucleotide cia BEH3
ttr cac nguon goc phat sinh gen khac nhau

(A) Hién thj cac trinh tw nucleotide tuong déng & Arabidopsis BEH3 (Atlg7508), va mét sé gen Solyc03g005990.3.1,

SolchZgO71990 3.1, Solyc079062260 3.1, Solyc029063010 3.1, Solch4gO?998O 3.1, Solyc129089040 3.1, SolyclOgO7390 2.1,

va Solyc08g005780.4.1 tir ca chua MicroTom. Mau den va mau xam tuong dmg biéu thj cac axit amin glong hét va twong tw
nhau. Khoang tréng duoc st dung dé t6i uu héa viéc can chinh. (B) Cay phat sinh_chdng loai md té& moi quan hé tuong déng
gitra cac gen BEH3 6 Arabidopsis thaliana va ca chua MicroTom. Cac so tai cac diém nhanh biéu thj gia trj bootstrap sau 1000
1an 14p.
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Thiét ké trinh tw sgRNA dinh hwéng chinh sira gen SIBEH3

Hoat dong chinh stra gen bang CRISPR/Cas9 dwa trén kha nang cat chinh xac DNA soi doi tai vi tri mong mudn
ctua phic hé protein-RNA CRISPR/Cas9, bao gom hai thanh phan chinh: (1) protein Cas9 cé hoat tinh
endonuclease va (2) phan tr sgRNA (single guide RNA) c6 vai tro dan dwong cho phirc hé dén dang vi tri DNA

can cét. Tinh chinh xac cta hé théng CRISPR/Cas9 duwoc quyét dinh bdi doan trinh tw dai ~20 nucleotide
(crRNA) trén phan tir sgRNA (Bortesi va Fischer, 2015). Dé ‘phuc vu nghién ctu chinh sira gen SIBEH3 bang
CRISPR/Cas9, trinh tw crRNA duoc thiét k& nham gay dot bién tai cac vi tri exon | trén gen SIBEH3. Bang phan
mém CRISPR MultiTargeter, 227 trinh tw (20 nu) trén gen SIBEH3 da dwoc xac dinh ndm phia trwdc vi tri nhan
biét bao thi PAM (protopacer adjacent motif-NGG) (D liéu khéng duoc trinh bay). D& dam bao kha nang duy tri
hoat tinh va tinh d&c hiéu cta hé théng CRISPR/CAS9 trong nhén}té bao, gRNA phai cé ham Iwvgng GC trong
trinh tw crRNA tlr 30-80%, c6 kha nang hinh thanh cau trdc bac Il on dinh (duy tri cau tric vong loop RAR, SLg
va SL3), tdng sb cap bgzcr (TBP-total base pairs) < 13, sO cép bazo lién tuc (CBP-consecutive base pairs) < 8, sO
cap bazo bén trong cau trdc crRNA (IBP-internal base pairs) < 7 (Liang et al., 2016). Két qua phan tich bang
phan mém Genetyx 4. .0 va Mfold 2.3 cho thdy gRNA dam bao viéc hinh thanh phuc hé CRISPR/CAS9 6n dinh c6
hoat tinh trong nhan té bao thwc vat (Hinh 3).

TCATCTTACAAATT CTAAACCGGTTTCACACTCG
AACCGCTTTTTTAATCCGGTTCGATCTCTATTTACAGCAGTATTCCGGCGACCTGAAT
GACTTCCGGCACGAGGTTACCGACATGGAAGGAAAGAGAGAACAATAAABEEAG
sgRNAT PAM
AGAACGACGGCGAAGAGC RATCGCCGCGAAGATC‘lTCGCCRGN(iAAZCTTAGAATGTA
sg

BEETAACTATAAGCTTCCTAAACACTGTGATAACAACGAGGTGTTGAAAGCTCTGT
PAM

x TCAT
CTTACCAACCGAG TCCGGGTGC TTCGTATAATCCAAG TCCTGE TTCATCATC TTTCCC TAGCCCAG TC TCATCCAATTATG TTG
CAAATOTCCARAATAATE A TOATCE TAACACCETARTTEE TTOGE TTARGAATE TOTCATECOGATEATCOCOTTEATEATCEA
GATTTCCCCACCATTTGTACATTCC TGGGAGE TCTATAAG TGCGCCTGTTACTCCACC TTTGAGCTC TCCCACAGCTCGTACA
CCTAGAATGAGCGATGATCCCA TGGCAAATTCAGGG TGGGCACAACAACACTATGCCTTC TTACCATCTTC TACCCCCGCCA
GTCCTGEGTC G TCAMCACCACCAG A TICTGG TTCCCT TG TEG TG TTCARAC TECACANGACEGACG TICA TCCCCTACG TTY
AGCCTTGTCTCACCAAATCCATICGGATTC. AGGGCAAAGTG
O AT TP C T AT T OO TEAG G AT GACCARAE AGETOACS TACE AR T TE SO ATOE TATT TCAGC AG AGTTTOE

TTCAC! TGTGCTACTGATGATCTCGAG
GT =G >

Hinh 3. Thiét ké sgRNAs va cau tric vector mang sgRNAs chinh stra gen SIBEH3

(A) Xéc dinh vj tri va trinh twr cda sgRNAs trén vung nucleotide mé héa (CDS) cho gen SIBEHS. (B) Céu trdc vector pAMG4723
mang sgRNA1L va sgRNA2. Vj tri muyc tiéu cho céu tric Cas9 (mau xanh duong), PAM (méau tim), va vi tri méi khuéch dai cho ca
vung gen SIBEH3 (mau xanh dam).

CAu tric vector mang sgRNA chinh stra gen SIBEH3

A PICSLO1009::AtUGP sgRNA PCR product B pICH47732:: pICH47742:: pICH47751 pICHA1766
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i 3 e
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Hinh 4. So* d6 md ta qué trinh thlet ké cau trdc vector pAMG4723 mang sgRNAs chinh stra gen SIBEH3 theo phwong
phéap cat — ndi Golden Gate (Weber et al., 2011; Engler et al., 2014)

(A) Khuéch dai sgRNA va ghép ndi 1an 1. (B) Ghép ndi lan 2 dé tao céu triic vector pAMG4723 mang sgRNA1 va sgRNA2 hoan
chinh. (C) Cau trdc vector pAMG4723 mang sgRNAs chinh sira gen SIBEH3.

Trinh tw sgRNA-SIBEH3 duwoc khuéch dai théng qua viéc gén nbi vao vector pICH86966 :AtUGp dé tao cAu trac
t& hop pICH86966::AtU6p::sgRNA-SIBEH3 nhd enzym cét gidi han Bsal. Két qua kiém tra khuan lac bang chudi
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trung hop (PCR) cho thay hai khuan lac c6 mét bang duy nhét kich thudc 0,75 kb (Hinh 5A). San pham PCR cla
SgRNA-SIBEH3 trén duo’c tinh sach va thiét 1ap phan ung céat n0| str dung enzym gi&i han Bsal cho c4u trac
pICSLO1009:AtU6p (Spec ) va cAu tric vector muc tiéu & ghép ndi 1an 1 pICH47751 (Carb ) dé& tao thanh clu
trac tai td hop mang trinh t sgRNA-SIBEH3. CAu tric nay sé dwoc bién nap vao vi khuén E.coli DH5a. Két qua
PCR chon loc ngau nhién mét khuan lac cho thay c6 mét bang vach DNA duy nhét xuét hién, kich thwoc khoang
0,75 kb (Hinh 5B). D& x4c nhan, ching t6i tiép tuc cét plasmid béng enzym gi&i han Basl, két qua dién di san
pham cét trén gel 1% c6 hai bang vach DNA xuét hién, trong dé c6 mét bang DNA kich thwéc 0,75 kb cla gen
sgRNA-SIBEH3 va bang DNA kich thwéc 5 kb cla vector pICH47751 (Hinh 5C).

O buéc ghép ndi lan 2 cAu tric pICH47751::sgRNA-SIBEH3 sé& dwoc tién hanh dung hop véi cac té hop cau tric
khac mang gen chon loc khang sinh kanamycin (pICH47732::NPTII), Cas9 (pICH47742::Cas9), va phan lién két
(pICH41766-linker) cling v&i cau tric vector pAGM4723 biéu hién & cay ca chua, dé tao céu tric hoan chinh
mang sgRNA chinh stra gen SIBEH3 (Hinh 4C). Qua trinh cét néi dwoc tién hanh dudi sw xic tac cha enzyme
cét gi&i han Bpil (Bbsl). Két qua kiém tra PCR khuén lac tai t hop cho thdy sw hién dién cia gen Cas9, kich
thwéc 1,1 kb (Hinh 5D) va sgRNA-SIBEH3 (0,75 kb, Hinh 5E). Cac khudn lac nay tiép tuc dwoc kiém tra bang
phan &ng cét enzym gi&i han Bpil, k&t qua xac nhan réng gen Cas9, SgRNA-SIBEH3 da duoc chen vao vector
PAGMA4723 (12 kb) (Hinh 5F). Két qua giai trinh tw vector pAGM4723 tai t6 hop cho thdy sgRNA1/sgRNA2 da
dwoc chen ghép ndi thanh cong vao vector pAGM4723 (Hinh 6). Quy trinh I&p rap Golden Gate tuan theo cac
quy tac thiét k& don gian va rd rang, ddng thdi cho phép cét nbi nhleu manh cé kich thwéc khac nhau vao mét
khung doc mé (Weber et al., 2011; Engler et al., 2014). San pham cubi cling c6 thé dwoc tich hop truc tiép vao
hé thédng nhan ban Multisite GatewayTM théng qua vector nhi thé pAGM4723 dwoc st dung réng rai, mang lai sy
linh hoat hon khi str dung gen chuyén & cay ca chua (Brooks et al., 2014).
M 1 2 3 4 M1 2 3

A

0,5 kb

1,0 kb P C— —
1,1kb 1,1kb

0,75 kb 0,75 kb

Hinh 5. Két qua kiém tra sw hién dién cia sg RNA & cau triic vector pAMGA4723

(A) va (B) Khuan lac duoc kiém tra PCR mét phdn doan gen SIBEH3 chira vi tri sgRNA duroc ndi vao vector pICH47751 (ghép ndi
l&n 1). (C) Cét kiém tra plasmid bang enzyme cét gidi han Bsal. (D) Két qua kiém tra PCR khudn lac tai té hop cda protein Cas9,
kich thuéc 1,1 kb. Kiém tra khuan lac bang phén tmg PCR va cét enzym giéi han Bpil déi véi doan gen mang sgRNA ghép néi
vao vector pAMGA4723 (ghép néi l4n 2).

taagcacaggg BAAGCOOOAIOACEERGERE Jcagaaaacattatccacttgtttactctgaccaacttgggegegectgeage
cttcaagtacttcgacaccaccatagacagaaagcggtacacctctacaaaggaggtcctggacgccacactgattcatcagtcaattacggggctc
tatgaaacaagaatcgacctctctcagctcggtggagacagcagggctgaccccaagaagaagaggaaggtgtgagcttgtcaagcagatcgttc
aaacatttggcaataaagtttcttaagattgaatcctgttgccggtcttgcgatgattatcatataatttctgtigaattacgttaagcatgtaataattaacat
gtaatgcatgacgttatttatgagatgggtttttatgattagagtcccgcaattatacatttaatacgcgatagaaaacaaaatatagcgcgcaaactagg
ataaattatcgcgcgcggtgtcatctatgttactagatcgacgctACT Agaattcgagctcggagtgatcaaaagtcccacatcgatcaggtgatat
atagcagcttagtttatataatgatagagtcgacatagcgattgT TGGTGATATCAGCACAGTAGTtttagagctagaaatagc
aagttaaaataaggctagtccgttatcaacttgaaaaagtggcaccgagtcggtgctttttttctagacccagctttcttgtacaaagttggcattacgctt
tacgaattcccatggggagtgatcaaaagtcccacatcgatcaggtgatatatagcagcttagtttatataatgatagagtcgacatagcgattg TG T
TITGAAGTACTGCGTCAGGttttagagctagaaatagcaagttaaaataaggctagtccgttatcaacttgaaaaagtggcaccgag
tcggtgcttttttictagacccagcetttcttgtacaaagttggcattacg ctCACAGCAGCG AT GCACAT G T GACCGagggacacga
agtgatccgtttaaactatcagtgtttgacaggatatattggcgggtaaacctaagagaaaagagcgtttattagaataatcggatatttaaaag GG

Hinh 6. Két qua giai trinh tw cAu tric vector pAMG4723 mang sgRNAs chinh sira gen SIBEH3.

Vj tri méi xudi khuéch dai vector pAGM4723_F (mau nén xanh dam), vj tri mdi xudi khuéch dai vector pAGM4723_R (mau
hong), sgRNAL (chx ddm mau xanh dam), sgRNA2 (ch& ddm mau dd), linker (mau nén xanh |a cay), ACTA vj tri nhan dién
protein cas9.
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KET LUAN

O nghién ctru nay, gen SIBEH3 lién quan dén tin hiéu ctia hodc mén BR da dwoc phan lap va giai trinh tw day
dd. Ving trinh tw da phan 1ap chiva exon | da dwoc chon dé thiét ké mot cdu trac gRNA phuc vu nghién ctu
chinh sra gen SIBEH3 bang cdng nghé CRISPR/Cas9. Hai yéu t6 gbm c6 sgRNA1/sgRNA2 va protein Cas9 da
dwoc ghép ndi thanh cong vao hé théng vector pAMGA4723. CAu trdc vector nay sé tiép tuc dwoc chuyén vao cay
ca chua dé danh gia hiéu qua chinh stva gen clia cac sgRNA va lam ré thém vai trd cla gen SIBEH3 dbi véi qua
trinh diéu hoa sinh trwdng, phat trién va dap &ng stress clia cay ca chua & cac nghién ctwu tiép theo.

Loi cam on: Nghién ciu duoc thuc hién dudi su hé tro ciia d@é tai cdp Qudc gia theo nhiém vu Nghj dinh thw, ma sé
NDT/KR/23/10. Nhém nghién ciru cam on su ho trorva cung cap vt liéu cia gido su Cheol Soo Kim, Khoa Nong nghiép va
Khoa hoc su song, Pai hoc quéc gia Chonnam, Han Quac.
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BRASSINOSTEROID HORMONE SIGNALING GENE IN TOMATO
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SUMMARY

The signaling factor of the brassinosteroid hormone, BRI1 EMS SUPPRESSOR 1/BRASSINAZOLE
RESISTANT 1 (BES1/BZR1) Homolog 3 (BEH3) regulates plant growth and development, as well as enhancing
plant resistance to stress conditions. However, information on the function of BEH3 in plant responses to
environments stress is still limited. Tomatose are the fourth most economically productive crop in worldwide
and are also one of the best characterized model plants used in genetic research. Due to the lack of stability of
the SIBEH3 gene mutation in tomato, little is known about the function of SIBEH3 in tomato response to biotic
and abiotic stresses. In this study, we isolated the SIBEH3 gene from 'MicroTom' tomato with a size of 1501 bp.
Nucleotide sequence analysis revealed 61.4% similarity between AtBEH3 and SIBEH3 (Solyc03g005990.3.1).
Furthermore, we identified the sSgRNA located on exon | of the SIBEH3 gene and created the vector construct
PAMG4723 carrying the sgRNA mutated SIBEH3 gene using the Golden Gate assembly method.

Keywords: Brassinosteroid, Cas9, gene editing, MicroTom, SIBEH3.
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