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The ratio of resistant starch (amylose) to digestible starch (amylopectin)
is one of the key factors determining the quality of potato tuber starch.
The StGBSS (granule-bound starch synthase) gene family, which
encodes important enzymes involved in amylose biosynthesis, is
considered to have a significant impact on potato tuber starch
composition. This study aimed to design a CRISPR/Cas9 vector to
knock out the StGBSS?2 gene in the Atlantic potato variety, with the goal
of producing potatoes with low amylose content. We successfully
isolated and sequenced exon 2 of StGBSS2, designed two specific 22-
nucleotide crRNAs, and constructed a transgenic vector pCas9/sgRNA-
GBSS2 containing Cas9 expression construct and two sgRNAs. This
vector was designed to induce mutations in all four alleles of the target
StGBSS2 gene. The research results provide a foundation for developing
potato varieties with starch composition more suitable for industrial
applications and food processing, while also contributing to the
functional study of StGBSS?2 in potato starch synthesis.

THIET KE HE THONG CRISPR/CAS9 BAT HOAT GENE StGBSS2 LIEN QUAN
PEN TONG HQP AMYLOSE O GIONG KHOAI TAY ATLANTIC
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Ti 1é thanh phan tinh bot kho tiéu (amylose) va dé tiéu (amylopectin) la
mot trong nhitng yéu t6 quyét dinh chit luong tinh bot cu khoai tay.
Nhém gene StGBSS (granule-bound starch synthase) ma hdoa enzyme
tham gia vao qua trinh sinh téng hop amylose, dugc coi 14 c6 anh huéng
quan trong dén thanh phan tinh bot cu khoai tay. Nghién ctru ndy duogc
thuc hién v6i muc dich thiét ké vector CRISPR/Cas9 dé giy bat hoat
StGBSS2 trén gidng khoai tay Atlantic, hudng t6i tao ra khoai tiy c6 ham
luong amylose thap. Chiing t6i da phan lap va giai trinh tu doan exon 2
cuia StGBSS2, thiét ké hai crRNA dic hiéu dai 22 nucleotide, va tao thanh
cong vector chuyén gene pCas9/sgRNA-GBSS2 chira cau triic biéu hién
Cas9 va hai sgRNA. Vector nay dugc thiét ké nhim huéng dén kha nang
gdy dot bién trén ca bon allele ciia gene dich StGBSS2. Két qua nghién
ctru 1a tién dé trong viéc tao ra gidng khoai tay co thanh phan tinh bot
phtt hop hon cho céac tng dung cong nghiép va ché bién thyc pham, ddng
thoi gop phan vao nghién ctru chirc ning cia StGBSS2 trong qué trinh
tong hop tinh bot & khoai tay.
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1. Gi6i thiéu

Khoai tiy (Solanum tuberosum L.) dugc xép hang 13 cdy trong dugc san xudt nhiéu thi 4 va
dugc tiéu thy dung thir 3 trén toan thé gidi. Cu khoai tay giau carbohydrate, vitamin va khoang
chat, dong vai trd quan trong cung cép dinh dudng cho con nguoi. Ngoai ra, tinh bot trong cu khoai
tay ciing 1a nguyén liéu cho nhiéu nganh cong nghiép bao gém ca linh vuc thuc pham va phi thye
pham [1]. Vi vay, khoai tay luén dugc xem 1a dbi tugng quan trong ciia cac nghién ciru chon giéng
nham cai thién chat lugng dinh dudng va cac ung dung trong cong nghiép.

Tinh bét trong ct khoai tay chiém 80% chat khé, véi thanh phan chinh 1a amylose va amylopectin.
Tinh b6t c6 ham lwong amylopectin cao thudng duge wa thich trong cong nghiép ché bién thyc phim
va cac ung dung cong nghiép khac do cac dac tinh doc dao cua chung. Amylopectin dé dang gelatin
héa thanh dang sét, trong, mém, On dinh va it bi bién tinh hon khi déng lanh va ra dong hay bao quan
trong thoi gian dai [2], [3]. Bén canh d6, loai tinh bot ndy ciing da duge chimg minh ¢6 hiéu qua chuyén
hod thanh ethanol cao hon so véi tinh bot chura ty 1€ amylopectin tha”ip, phi hop cho nganh san xuét
nhién liéu sinh hoc [4]. Tong hop tinh bot & khoai tay 14 mot qua trinh phirc tap v6i sy tham gia cia
nhiéu nhém enzyme khac nhau nhu AGPase (ADP-glucose pyrophosphorylase), SBE (starch branching
enzyme), DBE (starch debranching enzymes), SS (starch synthase), GWD (glucan/water dikinase),
PWD (phosphoglucan/water dikinase) [5], [6]. GBSS (granule-bound starch synthase) thugc nhom
enzyme SS, trong d6 GBSS1/waxy dugc cho 1a c6 vai tro quan trong dbi voi qua trinh sinh téng hop
amylose [7]. Nhiéu nghién ctru di chirng minh viéc giam biéu hién GBSS1 hay mét hoat tinh GBSS1
lam tang ti 16 amylopectin trong thanh phan tinh bot ci khoai tay [5], [8], [9]. Trong khi vai tro cua
StGBSS1 ddi voi dic tinh tinh bot khoai tiy da dugc nghién ciru chi tiét, nghién ctru vé cic enzyme
khac con kha han ché.

Hé thong CRISPR/Cas 14 cong cu chinh sira gene pho bién nhét hién nay. Hé thong nay hoat
dong dua trén bo may phong vé virus CRISPR/Cas ciia vi khudn va bd may sira chita DNA cua
sinh vét nhan chudn theo co ché NHEJ (non-homologous end joining) va HDR (homology-directed
repair) dé tao ra cac dot bién mong mudn trén gene dich. Nho tinh don gian va hiéu qua, hé thong
chinh sira gene CRISPR/Cas di dugc sir dung cho nhiéu myc dich nghién ctru trén cay trong, bao
gdm ca nghién ctru co ban (nghién ciru chirc nang hé gene) va nghién ctru tng dung (cai tién tinh
trang) [1], [10], [11].

Trong nghién ctru ndy, ching t6i da phan tich co s dif liéu gene va protein khoai tdy dé xac dinh
gene tuong dong voi StGBSS] (dat tén 14 StGBSS2). Bé phuc vu tim hiéu chirc nang ctia StGBSS2 thong
qua bét hoat gene dich, chiing t6i da thiét ké hé thdng chinh stra gene CRIPSR/Cas9 nhdm vao vj tri
exon 2 trén StGBSS?2 ciia gidng khoai tay Atlantic — mot giéng thuwong mai rét phd bién hién nay. Nghién
ctru 1am rd vai trd clia cAc gene trong nhom SS sé 14 tién dé cho viéce phat trién giong khoai tay méi co
ham lugng amylopectin cao dap g thi hiéu ciia thi truong tiéu thu.

2. Vit liéu va phwong phap nghién ctru
2.1. Vit liéu nghién curu

Gidng Khoai tay Atlantic do Trung tim Nghién ciru Khoai tiy, Rau va Hoa cung cap. Vi khuan
Escherichia coli DH5a dugc mua tir hang Thermo Scientifics (My). Vector pPENTR4-V5 (mang
cAu trac biéu hién sgRNA) va pCas9 (mang cau triic biéu hién Cas9) duoc cung cap boi Trung tAm
Nghién ctru vi sy phét trién (Montpellier, Phap).

Céc oligonucleotide str dung trong nghién ctru duoc thiét ké bang phin mém Primer3 va dat
sinh tong hop tir Cong ty C6 phan Phu Sa Genomics (Viét Nam).

2.2. Phwong phap nghién ciru
2.2.1. Phdn tich ddc diém gene in silico

biac diém trinh ty va cau truc gene dugc sang loc tir co s¢ dir li€éu Ensembl Plant. Quan hé di
truyén gilra cac protein dugc dyng bang cong cu UniPro. Péac diém cau trac va chic nang cta
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protein dugc sang loc tir co sd dir liéu Ensembl Plant, PANTHER, Superfamily, CDD, Pfam,
NCBIFAM, TIGRFAM, HAMAP, InterPro.

2.2.2. Phan ldp va phdn tich trinh ty StGBSS2

DNA tong s ctia khoai tay duogc tach chiét tir 14 bang dung dich CTAB 2% [12]. Cip mdi GBSS2-
F/GBSS2-R (5'-GGTGGGAGTGGTAGCTTATCA-3"/5'-CCAACTTACGCACTTGTCCC-3") dugc
sir dung dé phén lap doan gene StGBSS2 tir DNA tong s6 khoai tdy bang ky thuat PCR [13]. San
pham PCR (khoang 607 bp) duoc tinh sach bang bo kit GenJET-TM Gel Extraction (Thermo Fisher
Scientific, Hoa Ki) va dugc giai trinh ty nucleotide boi Cong ty C6 phan Phu Sa Genomics (Viét
Nam). Két qua giai trinh ty dugc xir li bing phan mém BioEdit 4.0 va phan tich bang cong cu
BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cgi).

2.2.3. Thiét ké trinh tw crRNA chinh sira StGBSS?2

Trinh tir crRNA trén phén tir sgRNA chinh stra StGBSS2 duoc x4c dinh bang phan mém CRISPR-
P v2.0 [14]. CAu triic bac 2 cta cac sgRNA duoc phan tich bang cong cu Mfold 2.3 [15]. Cac trinh
tu DNA trong hé gene khoai tdy twong dong véi crRNA di thiét ké dugc xac dinh bang cong cu
CCTop [16]. Trinh tyr crRNA dugc lya chon dya trén chi tiéu: ham lugng GC (30 - 80%), kha nang
hinh thanh va duy tri céu trac bac 2 6n dinh (chtra vong loop RAR, SL2 va SL3, tong sb cap base
trong crRNA < 13, s6 cip base lién tuc < 8, s cip base bén trong cau truc crRNA < 7) [17], diém
dac hiéu (on-score) > 0,2, vi tri tao ra diém cét khong roi vao vi tri chira nucleotide da hinh.

2.2.4. Thiét ké T-DNA biéu hién cdu triic sgRNA chinh sira StGBSS2

Lgul-crRNAI- F N Bsal-crRNA2- F
= —
Lgul-crRNA1- R Bsal-crRNA2- R
crRNAI-GBSS2 crRNA2-GBSS2
v v v
Lgul Lgul Bsal Bsal
pENTR4-V5
a1 PO TER Awe2 -

c—gRNAZ Rv _—

attL-F attL R

— HindIll

) HindllI
Ubi-F Cas9-tR HPTF  HPT-R
) ] L

—_— —

Hinh 1. So do thiét ké vector biéu hién pCas9/sgRNA-GBSS2 ,
Ghi chu: (attL1, attL2, attR1, attR2) vi tri nhdn biet cua LR clonase; (U6.1) promoter OsU6; (TER) vung két thuc
phién ma; (NOS) ving két thiic phién md Nopaline synthase; (LB, RB) trinh tw bién trdi, bién phdi cua T-DNA;
(HPT) cdu triic biéu hién gene Hygromycin phosphotransferase; miii tén (—) thé hién vi tri ciia cdc moi.

Céac cap oligonucleotide Lgul-crRNAI1-F/Lgul-ctrRNA1-R (5’-GGTGGCTTCAGAATG
CGCTCCATGG-3’/5’-CCATGGAGCGCATTCTGAAGCCACC-3’) va Bsal-crRNA2-F/Bsal-
crRNA2-R (5’-CCTCTACTGTAAGTTCCAAAAGAAC-3’) va (5’-GTTCTTTTGGAACTTAC
AGTAGAGG-3") dugc lién két v6i nhau bang phan tmg bién tinh/phuc hdi DNA (95°C - 10 phut,
4°C - o) dé tao crRNA soi d6i hoan chinh (¢c#rRNAI-GBSS2 va crRNA2-GBSS2). Hai crRNA nay
l4n luot dugc chén vao vi tri enzyme Lgul va Bsal trén vector pENTR4-V5 (Hinh 1). Vector téi to
hop pEN/sgRNA-GBSS2 dugc kiém tra bang PCR véi 2 cip mdi: Lgul-crRNA1-F/Bsal-crRNA2-
R (0,45 kb); attL-F/ gRNA2-R (5’ -GTACAAAAAAGCAGGCT-3’ /5’ -GAATTCGATATCAAG
CT-3%) (0,9 kb). Tiép theo, doan trinh tu chtra cAu trac /AtU6::sgRNA-GBSS2] duoc ghep ndi vao
pCas9 bang bo kit Gateway (Invitrogen). Vector pCas9/sgRNA-GBSS?2 duoc kiém tra bang PCR
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v6i cac cap moi Lgul-crRNA1-F/pEN-R (0,4 kb); Ubi-F/ Cas9-t-R (5’-CCCTGCCTTCATACG
CTATT-3")/5’-GCCTCGGCTGTCTCGCCA-3’) (0,36 kb); HPT-F/HPT-R (5’-AAGGAGGTG
ATCCAGCC-3’/5’-GAGTTTGATCCTGGCTCAG-3") (0,8 kb) va giai trinh tu DNA (Cong ty
DNA sequencing, Viét Nam).

3. Két qua va ban luin
3.1. Phan tich dic diém gene StGBSS?2

StGBSS1/waxy di duoc nghién ctru kha chi tiét vé ddc diém chirc nang va vai tro trong qua trinh
tong hop amylose, c6 vai trd quan trong d6i v6i thanh phan tinh bot cu khoai tay [5], [8], [9]. St
dung co s dir liéu Ensembl Plant va Pfarm, chiing t6i da sang loc dugc trong hé gene S. tuberosum
c6 6 gene ma hoa cac protein c6 chua domain SS (Bang 1), trong do 4 protein M1AF51 (SS4),
Q43847 (SS2), MIBLC3 (SSS1) va Q00775 (StGBSS1) cung mang 2 domain chirc ndng SS va
Glycosyl transferase (GT). Hon nita, phan tich quan hé di truyén gitra cc protein mang domain SS
ctia khoai tay ciing chi ra ring Q43847 (SS2) c6 quan hé di truyén gan nhat voi StGBSS1 (Hinh
2A), goi ¥ rang protein nay c6 chirc ning twong tu voi StGBSS1. Gene ma hoa Q43847 (SS2) bao
gdm 8 exon, voi ving ma hoa dai 2301 nucleotide (Hinh 2B), ma héa phan tir protein c¢6 kich thudc
767 amino acid, khdi lwong phan tir 85,2 kDa (Bang 1).

Bang 1. Két qua sang loc gene md héa protein chira domain SS

M sb Kich thwéc Khoi luwgng Vi tri domain

TT Mai sb gene? Vi tri Mo ta* protein® pl;(;tae)m p(ll'((;;t:)n chirc ning><
| POSCOO0SDNG 23002740 g o apst o0 1137 5530578
2 PGE&%%%%?IQ\/IG 2;:‘2'211(;)7()5857(;5_ Starch synthase 5 M1D0J6 390 43,5 SS: 58-297
) POSCIOODNG MO sy quwr o wa S
{ POSCIOODNG TR Sk e e e SR
5 P oy 556 MIB200 412 463 SS:126-354
o POSCUIDNG SIS s qoms a1 e S

Ghi chii: “Theo co 56 dir liéu Ensembl Plant; *Theo co so dit liéu UniPro; “Theo co s¢ dir liéu Pfarm; (SS)

domain starch synthase; (GT) domain glycosyl transferase.
@ M1DO0JE (SSV)

D - M1B200 (SSVI)
D @ M1AF51 (SSIV)
> @ Q00775 (StGBSS1)

1 0.4 1 e @ M1BLC3 (SSS1)
I 1 D

@ Q43847 (StGBSS2)

A

571 522 6l; 74i 171 45 174 1729

Hinh 2. Ddc diém gene StGBSS2
Ghi chu: (A) Quan hé di truyen gitka cdc protein chira domain SS cua khoai tdy. Cdy pha hé dwoc dyng bang
cong cu UniPro. Ki tw thé hién md sé va tén goi protem (theo co so dir li¢u Ensembl Plant). (B) Cau triic
gene StGBSS2. Hinh chir nhdt thé hién ving exon: mau trdng thé hién ving 5’ va 3’ khéng dich ma, mau do
thé hién viing md héa amino acid; chit s6 thé hién d¢ dai (nucleotide) ciia cdc exon, dwong ké mau do thé
hién vung intron.
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Viéc phan loai cac gene/protein thuoc nhom SS & khoai tay cho dén nay chua c6 sy thong nhat.
Dry va cong su [18] da sir dung khang huyét thanh khang GmGBSS1 (dau twong) dé sang loc tir
thu vién cDNA khoai tdy dugc 2 gene twong dong v6i GmGBSSI va GmGBSS2 cia dau tuong.
Trong khi d6, Nazarian-Firouzabadia va Visser [7] lai x4c dinh nhém SS & khoai tay c6 4 isoform,
dat tén 1a StSS1, StSS2, StSS3 va StGBSS1. Gan day, nhom SS ¢ khoai tdy duoc chia thanh 2 loai
StGBSS va soluble starch synthase (StSSS), trong d6 StGBSS bao gom StGBSSI1 va StGBSS2,
StSSS gdm 6 loai tir StSS1 — StSS5 [5]. Trong nghién ctru nay, gene méa hoa protein Q43847 (SS2)
(dugc dit tén 1a StGBSS2) duogc xac dinh ¢ san phdm protein ¢6 muirc do tuong ddng cao nhét véi
StGBSS1 dé dugc nghién ciru trude ddy. Hon nira, 2 protein nay ciing dugce chimg minh ¢6 ham
luong cao nhét trong sd cac enzyme lién quan téi tong hop tinh bot & khoai tay [5]. Chinh vi vay,
chung t6i da Iya chon gene StGBSS2 nay cho nghién ciru tiép theo.

3.2. Phén ldp doan gene StGBSS?2 ciia giong khoai tiy Atlantic

Da sb cac gidng khoai tay trong san xuat c6 hé gene tir bi phirc tap, 6 su khac biét vé trinh ty
nucleotide gifta cac allele trong cing mot gene. Tinh da hinh nucleotide c6 thé tao ra cac su kién
chinh sira gene khac nhau trén mdi allele khi sir dung cong cu CRISPR/Cas9 [11]. Do vay, viéc
phan tich trinh ty day dii cia gene dich 1a can thiét khi thyc hién nghién ciru chinh sira gene trén
dbi twong cay trong nay.

Bang 2. Phdn tich in silico cac domain chirc nang cia StGBSS?2

TT Co sé di liu® Vi tri® M ti Vung exon
mai hoa
1 PANTHER (PTHR45825) 26-767 Granule-bound starch synthase 1 2-8
2 Superfamily (SSF53756) 276759~ UDP-Glycosyliransferase/ glycogen 2-8
phosphorylase
3 CDD (cd03791) 277-761 Glycogen synthase 2-8
4 Pfam (PF13692) 582-697 Glycosyl transferase 8
5 Pfam (PF08323) 277-519 Starch synthase (domain xUc tac) 2-8
6 NCBIFAM 276-760 Glycosyl transferase 2-8
7 TIGRFAM (TIGR02095) 276-760 Glycosyl transferase 2-8
8 HAMAP (MF_00484) 276-763 Glycogen synthase 2-8
9 InterPro (IPRO11835) 276-763 Glycogen synthase/ starch synthase 2-8
10 InterPro (IPR013534) 277-519 Starch synthase (domain xtc tac) 2-8
Ghi chu: °Ki tu trong ngodc thé hién ma 56 cua domain trong co s¢ dir liéu; *Theo co s¢ dir liéu Ensembl Plant.
b M 1 2
3,0 kb »
1,0 kb »
0,5 kb »
0,25 kb»

Hinh 3. Phan lap StGBSS2 tir giérnquhoai tay Atlantic )
Ghi chi: Nhan ban StGBSS2 bang PCR. Gieng M: thang chuan DNA 1,0 kb (Thermo Scientific), giéng 1:
San pham PCR cua gene StBGSS?2; giéng 2: doi chung am (khong co DNA khuon).
Phén tich cAu tric gene StGBSS2 cho thay tit ca cac domain chirc nang ciia StGBSS2 déu duoc
mi héa boi viing exon 2 - 8 (Bang 2). Trong nghién ctru gy dot bién bét hoat gene chirc ning bang

http://jst.thu.edu.vn 209 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 230(13): 205 - 214

hé théng CRISPR/Cas9, vi tri dich ctia sgRNA cang gan vi tri khéi dau ctia domain chirc ning thi
kha nang thanh cong cang 16n do co thé tao dot bién dich khung 1am sai 1&€ch toan bg trinh ty amino
acid cua san phém protein. Chinh vi vay, dé phuc vu muc dich chinh stra gene StGBSS2 cta giéng
khoai tdy Atlantic, mét doan trinh tu chira viing exon 2 ctia StGBSS2 da dugc lua chon dé phan lap
va giai trinh ty nucleotide. Poan gene nhan ban dugc bang PCR vdi cap moi dic hiéu tir DNA tong
s6 ¢6 kich thude khoang 0,6 kb (Hinh 3, giéng 1). Két qua gidi trinh ty san pham PCR cho thiy
trinh ty phan 1ap dugc dai 607 bp, giéng >99,8% so vdi trinh tu twong déng da duoc cong b trén
GenBank (M3 s6 NM_001288048.1) (Hinh 4). Pang chu y, doan gene StGBSS?2 ciia gidng Atlantic
ton tai 4 allele 6 trinh ti khac nhau, vi 6 vi tri da hinh. Hién tuong da hinh nucleotide cia cac
allele trén ciing mot gene nay phu hop voi thuc té thudng gip ¢ cac gidng cdy trong da bdi nhan
gidng vo tinh nhu khoai tay.

Ref GATGTTGATA TCCCTGACGT GGATAAAGAT TATAATGTTA CTGTACCTAG TACTGCTGCT ACTCCAATTA CTGATGTCGA 80
Allele 1: « oo

Allele 2:
Allele 3:
Allele 4:
Ref 160
Allele 1:
Allele 2:
Allele 3:
Allele 4: 160
Ref 240
Allele 1:
Allele 2:
Allele 3:
Allele 4.

240

Ref CCTCCAGAARA CTCCGAAGTC CAGTCAAGAG ACACTTTTGG ATGTGAATTC ACGCAAAAGT TTAGTAGATG TTCCTGGAAA 320
Allele 1:
Allele 2:
Allele 3:
Allele 4:

Ref

Allele 1:
Allele 2:
Allele 3:
Allele 4:

Ref

Allele 1:
Allele 2:
Allele 3:
Allele 4.

crRNA1-GBSS2
Ref C. GGCTTCAGAA TGCGCTCCATr
Allele 1:
Allele 2:
Allele 3:
Allele 4:

Hinh 4. Phan tich trinh tw StGBSS2

Ghi chu: Trinh tu 4 allele doan gene StGBSS?2 ciia giong Atlantic (Allele 1 — 4)) duwoc so sanh voi trinh tw
tham chiéu trén GenBank (Rej). Ddu cham thé hién cac nucloetide giong nhau. Vi tri crRNA dwoc dong khung.
Trong nd luc cai tao chat luong tinh bot & khoai tiy nhitng ndm gin day, cac nha nghién ciru
tap trung vao viéc chuyén gene hodc chinh sira gene ma hoa cac loai enzyme lién quan dén qua
trinh tong hop tinh bot bao gdm GBSS, SS va SBE. Két qua cho thay viéc bat hoat (knock out) gene
StGBSS1 1am giam dang ké sy tich luy amylose trong cti khoai tdy; trong khi cac dot bién trén gene
SiSS1, StSS2 va StSBE lam mat hau nhu hoan toan sw ¢ mit cua amylopectin [5]. Véi muc tiéu
tao ra giong khoai tay khong chira amylose, cac nghién ctru chinh stra gene CRISPR/Cas9 gan day
da lya chon gay dot blen vao cac ving exon trén gene StGBSS. Cu thé, khi bién nap hé théng
CRIPSR/Cas9 vao glong khoai tay t&r boi Sayaka, nhom nghién ctru ciia Kusano da tao duoc cac
dot bién trén ving exon 1 ctia gene StGBSSI 1am giam ham lugng amylose dang ké so vai cdy doi
chung [11]. Méi day, Abeuova va cong su [19] ciing thiét ké sgRNA tac dong vao 3 vi tri khac
nhau trén exon 1 ctia StGBSS céac giéng khoai tay ban dja Astanalyk, Tokhtar va Aksor va thu duoc
két qua tuong ty. Trong nghién ciru nay, chung t6i lwa chon trinh ty exon 2 trén gene StGBSS2 dé
gay dot bién vi trinh ty nay c6 kich thudc 16n, nam gan ma mé dau ATG, exon nay ma hoa amino
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acid nam trong ving chirc ning ctia StGBSS2 nén c6 thé bét hoat chirc ning ciia protein néu xay
ra dot bién dich khung.

3.3. Thiét ké trinh tw crRNA chinh sira StGBSS2

Véi muc tiéu bat hoat gene ¢ giong khoai tdy Atlantic bang hé théng CRISPR/Cas9, trinh tu
crRNA di dugc thiét ké nhdm vao ving exon 2 trén gene dich. Bén muoi crRNA (dai 19-22
nucleotide) trén doan gene StGBSS2 da dugc xac dinh béng cong cu CRISPR-P v2.0, trong d6 8
crRNA ¢6 diém dic hiéu > 0,2 va khong chura vi tri nucleotide da hinh. Phéan tich béng cong cu
Mfold cic sgRNA chtra cac crRNA nay cho thiy 7/8 trinh tu co thé tao ra cdu trac bac 2 phu hop
voi hé thong CRISPR/Cas9 (Bang 3, Hinh 5). Be xéac dinh sé luong trinh ty off-target (trinh tyr
tuong dong v6i crRNA trong hé gene nhung ndm ngoai gene dich), cong cu CCTop di duoc sir
dung; két qua cho thay crRNAS va crRNA6 khong c6 trinh ty off-target, trong khi cac crRNA khéc
déu co it nhit 1 trinh tu off-target trong hé gene tham chiéu. Hai crRNA nay (dit tén lan luot 1a
crRNA1-GBSS2 va crRNA2-GBSS?2) da duogc lya chon dé thiét ké hé thong CRISPR/Cas9 chinh
stra StGBSS2 (Hinh 4).

Bang 3. Trinh ty cac crRNA chinh sira StGBSS2

Tén Trinh tw crRNA Kich Chu triic bic 2° On — Off-

: thudc : score target

ctRNAI  GGACTTCGGAGTTTCTGGA 19  9TBP;5CBP;4IBP; 1 GSL  0,6836 19(1)
cRNA2  GCGCTCCATGGTCTAAAAC 19  7TBP;4CBP;0IBP;1GSL 0,6563 19(0)
cRNA3  GATGAGAAACCCCCTCCAT 19 11 TBP;5CBP;0IBP; 1 GSL 03647 13(3)
ctRNA4  GTGTCTCTTGACTGGACTT 19  9TBP;6CBP;0IBP; 1 GSL  0,3061 19(3)

ctRNA5  GGTGGCTTCAGAATGCGCTCCA 22 12 TBP; 6 CBP; 0 IBP; 1 GSL 0,4159 0 (0)

crRNA6  GTTCTTTTGGAACTTACAGTAG 22 9 TBP; 4 CBP; 0 IBP; 1 GSL  0,3217  0(0)

ctRNA7  GACTGGACTTCGGAGTTTCTGG 22 12 TBP; 6 CBP; 31BP; 1 GSL  0,2295 1(0)
Ghi chii: “(TBP) téng s6 cdp base; (CBP) 50 cap base lién tuc; (IBP) s6 cdp base ciia trinh ti crRNA trong cdu
triic bdc 2 cua sgRNA; (GSL) 56 vong loop bi mat On score: Diém dy dodn kha nang nhén biét dung vi tri dich.
bS6 trinh tu twong dong ndam trong hé gene giong khoai tdy tham chiéu; chit sé trong ngodc thé hién sé trinh t
twong dong nam trén ving md héa ciia gene chirc nang.

Trong cac nghién ciru chinh stra gene bang CRISPR/Cas9, viéc sir dung nhiéu hon mot sgRNA
thuong giup ting hidu qua cia qué trinh chinh sira. Didu nay cang c6 ¥ nghia hon khi chinh sira
gene trén cac sinh vat da bdi nhu khoai tay. Villafuerte va cong sy [20] da thuc hién chinh sira gene
GBSS & giéng khoai tdy Yukon Gold va thu dugc dong khoai tdy mang dot bién trén ba allele cua
gene voi kiéu hinh ham luong amylose khong c6 su thay d6i dang ké. Trong nghién ciru chinh sira
gene StGBSSI cua Kusano va cong sy [11], viée sir dung hé thong chinh stra v6i ba phan tir sgRNA
d3 tao ra hiéu suit dot bién trén ca 4 allele cao hon 3 rét so voi hé thong c6 it sgRNA hon (28%
s0 v01 7%). Cac két qua nghién ctru nay cho thiy dé dam bao thu dugc kiéu hinh mong mudn, viéc
gy dot bién ca 4 allele trong hé gene khoai tay 1a rat can thiét. Trong nghién ctru nay, ching t6i
cling da thiét ké 2 sgRNA chinh stra gene StGBSS? cua giéng khoai tay Atlantic dé ting hiéu qua
gdy dot bién trén ca 4 allele cia gene dich.

Quan trong hon, trong qua trinh thiét ké ngNA chung t6i da phan tich ky ludng 6 vi tri da
hinh d3 dugc x4c dinh trén gene StGBSS?2 cua gidng Atlantic d& dam bao chung khong anh huong
dén hiéu qua gy dot bién. Boi vi cac SNP (Single Nucleotide Polymorphism) nim trong vung
nhan biét cia sgRNA hodc chudi PAM (Protospacer adjacent motif) (5'-NGG-3") c6 thé 1am gidam
dang ké hodc hoan toan mat kha ning cit cta phirc hgp CRISPR/Cas9 [17]. Hai trinh ty crRNA
duoc lua chon déu ndm & vi tri bao thu trén tt ca cac allele ctia StGBSS2, khong chira SNP trong
ca ving nhén biét va ving PAM lién ké. Didu nay dam bao kha ning nhén dién va cit dong thoi
ca 4 allele ciia gene dich, 1a yéu t6 then chét dé tao ra kiéu hinh mong muédn trong gidng khoai tay
tt boi. DAy chinh 14 wu thé vuot troi cuia cong nghé chinh stra gene CRISPR/Cas9 so vdi cac phuong
phap cai tién gidng truyén théng khi 1am viéc voi cac gidng khoai tiy Atlantic c6 mirc d6 di hop
tr cao va bd gene tr bdi phirc tap.
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) Hinh 5. Cdu triic béc 2 ciia sgRNA chinh sita StGBSS2 .
Ghi chi: Cau tric bdc 2 cua sgRNA chita trinh tw crRNAS (4) va crRNAG (B) duoc du dodn bang cong cu
Mfold v2.3 mang day du cdc cau truc vong loop chinh (Stem loop 2, 3 va RAR).

3.4. Thiét ké céu triic T-DNA chinh sira gene StGBSS?2

kb M 1 2 3 4 5 6 Promoter AtU6.1 ERNAI1-GBSS2 tracrRNA
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__________________
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Hinh 6. Kiém tra vector pCas9/sgRNA-GBSS?2

Ghi chu: (4) Kiém tra vector tdi 16 hop bang PCR. Giéng M: thang chud:n DNA 1,0 kb (Thermo
Scientifics); gieng 1, 4, 7: san pham PCR véi khudn la vector tdi 10 hop, giéng 2: doi chitng dwong voi khuon
la pEN/sgRNA-GBSS2; giéng 5, 8: doi chimg dwong voi khuon la pCas9; giéng 3, 6, 9: doi chirng am (khong
c6 DNA khuon); giéng 1-3: phan irng siwr dung moi Lgul-crRNAI -F/Bsal-crRNA2-R; giéng 4-6: phan ung si
dung moi HPT-F/HPT-R; gieng 7-9: phan umg sir dung moi Ubi-t-F/Cas9-R. (B) Giai trinh tuw pCas9/sgRNA-
GBSS2. Mii tén nét dut thé hién trinh tu promoter AtU6.1 va AtUG.2; miii tén nét lién thé hién trinh tw
crRNA-1 va crRNA-2; dwong nét dut thé hién trinh tu tracrRNA.

Dé tao vector tai to hop mang cau trac biéu hién sgRNA (goi tat 1a pEN/sgRNA-GBSS?2),
crRNA1-GBSS2 va crRNA2-GBSS2 da dugc ghép nbi vao cu tric biéu hién sgRNA trén vector
pENTR4-V5 (Hinh 1). Trinh tu chira 2 cu triic biéu hién sgRNA sau d6 dugc tai t hop vao vector
pCas9 nho LR clonase. Plasmid tai tb hop sau d6 dugc kiém tra bang 3 cip moi dic hiéu cho gene
chon loc HPT, ciu tric biéu hién Cas9 va cdu trac biéu hién sgRNA nhim gene dich StGBSS2
(Hinh 6A). Hinh anh dién di cho thiy tit ca san pham PCR thu duoc déu c6 kich thudc phii hop
v6i kich thude theo tinh toan 1y thuyét cia cac doan DNA cin nhan ban. Phén tich trinh tu vector
tai t6 hop (Hinh 6B) cho thiy crRNA1-GBSS2 va crRNA2-GBSS2 da duge chén dung vao vi tri
gitra promoter U6 va tractRNA cua céu tric biéu hién sgRNA va khong xdy ra hién tuong dut gay
tai cac vi tri ghep nbi. Cac két qua nay chimg to vector chuyén gene biéu hién phuc hé
CRISPR/Cas9 nhim gene dich StGBSS2 cua gidng khoai tiy Atlantic pCas9/sgRNA-GBSS?2 di
dugc thiét ké thanh cong. Hiéu qua chinh sira gene ciia hé thong sgRNA dugc diéu khién boi
promoter AtU6 (phan lap tir Arabidopsis) dd dugc chirng minh boi cac nghién clru chinh stra gene
khoai ty gan day [1], [19]. Vi vay, trong nghién ciru nay, ching t6i st dung promoter AtU6 dé
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thiét ké cdu truc biéu hién sgRNA chinh sira exon 2 ciia StGBSS2 trén gidng khoai tiy Atlantic.
Céu tric biéu hién gene ma hoa protein Cas9 dugc st dung trong nghién ciru nay ciing cho thay
kha nang hoat dong hiéu qud trong nghién cuu chinh stra gene trén cdy lua trudc day cua nhom
chung t6i [21]. Viéc thiét ké vector chinh stra gene trong nghién ctru nay tap trung vao qua trinh
xay dung céiu tric phan tir, bao gom lwa chon vi tri dich trén gene StGBSS2, thiét ké sgRNA c6 cau
tric bac 2 6n dinh va dic hiéu cao, ciing nhu lap rap thanh cong cac thanh phan chirc nang vao T-
DNA. Mic du chua c6 két qua thuc nghiém in vivo vé hiéu qua gay dot bién trén cay khoai tay,
viéc xac nhén céc thiét ké phan tir nay da thanh cong (nguyén ven trinh tw, dang vi tri ghép nbi) 1a
budc quan trong dau tién trong quy trinh phat trién céng cu chinh sira gene. Hon nita, cic thanh
phan dugc str dung trong vector ciia chiing toi nhu promoter AtU6, protein Cas9 va phuong phap
thiét ké sgRNA bang CRISPR-P da duoc nhiéu nghién ciru trude ddy chimg minh higu qua, goi y
kha nang hoat dong cua ciu trac nay [21] - [24].

Dé tién t6i Ung dung thue té, cac nghién ciru tiép theo s& tap trung vao chuyen céu tric vector
da thiét ké vao gidng khoai tiy Atlantic, danh gia hiéu sut hoat dong in vivo, t6i wu hoa quy trinh
chuyén gene va sang loc dong khoai tdy mang dot bién mong mudn. Nhitng két qua nay s& lam co
s& cho viée tao gidng khoai tiy bat hoat gene StGBSS2, tir d6 1am sang to vai trd phuc tap ciia cac
enzyme tong hop tinh bot, huéng dén muc tidu cai tién chat luong tinh bot cho gidng khoai tay
thwong mai Atlantic. Nghién ciru hién tai di cung cip cong cu thiét yéu va 1a tién dé cho cac nghién
ctru tiép theo.

4. Két luan

Doan trinh ty chita exon 2 gene StGBSS2 cua giéng khoai tiy Atlantic da dwoc phén 1ap va giai
trinh tu, gidng > 99,8% so voi trinh ty tham chiéu trén GenBank (ma s NM_001288048.1). Hai
trinh tu sgRNA dic hiéu cho StGBSS2 cua gidng Atlantic dai 22 nucleotide da dugc thiét ké bang
cong cu tin sinh, co cAu triic bac 2 6n dinh va kha nang hoat dong dac hi€u cao. Vector chuyén
gene thuc vat biéu hién phirc hé CRISPR/Cas9 chinh stra StGBSS? cua gidng khoai tiy Atlantic da
duoc tao thanh cong, chira dﬁy du céc céu trac biéu hién gene can thiét. Két qua nghién cuiru 1a tién
dé cho nghién ciru chirc nang StGBSS2, hudng tdi phuc vu chon tao gidng khoai tay c6 ham luong
amylose thip bang cong nghé gene.
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