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Ung dung hé thong CRISPR/Cas9 trong chinh sira gen & Bacillus spp.
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Tém tit:

CRISPR/Cas (Clustered regularly interspaced short palindromic repeats/CRISPR-associated protein) 12 mgt hé mién
dich & sinh vat nhén so ¢6 vai tro chong lai cac yéu t6 di truyén ngoai lai, nhw sy xdAm nhép ciia plasmid va thé thue khuén.
Khi h¢ thong CRISPR/Cas dwgc phit hién c6 kha ning chinh sira gen ¢ ngudi vao nim 2013, ngay cang cé nhiéu nghién
ciru hoan thién h¢ thong véi muc dich ing dung chinh sira gen trén nhiéu ddi twong khac nhau bao gdm vi sinh vit, thue
vét, déng vat va ¢ nguoi. Tir d6 dén nay, hé théng nay ngay cang tdi wu véi nhiéu wu diém dé dang thiét ké, sir dung, dé
chinh x4c cao vwot trdi hon hin so véi cac phwong phap chinh sira gen truwée diy. Gan diy, viéc chinh sira gen bing hé
théng nay trén Bacillus spp. d va dang nhin dwoc nhiéu sy quan tdm do nhirng ing dung rong rii cia Bacillus spp. trong
nong nghiép, cong nghiép ciing nhu y hoc. Trong bai bao nay, chiing tdi cung cAp nhirng hiéu biét vé h¢ théng CRISPR/
Cas9 va cac nghién ciru vé viée sir dung cong nghé CRISPR/Cas9 trong chinh sira gen & Bacillus spp. Nhirng thong tin nay
g6p phin gitip cho cic nha khoa hoc dé& dang tiép cin véi hé thong chinh sira gen CRISPR/Cas9 va ing dung hé théng nay
vao nghién ciru ctia hg mft cach thuén tién hon.
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Abstract:

CRISPR/Cas (Clustered regularly interspaced short palindromic repeats/CRISPR-associated protein) is an immune
system in prokaryotic organisms that plays a role in defending against foreign genetic elements, such as plasmid invasion
and bacteriophage attacks. The key event occurred in 2013 when this technology was identified as capable of editing
human genes. When the CRISPR/Cas system was discovered to have the ability to edit human genes in 2013, an increasing
number of studies have worked to improve the system with the goal of applying gene editing to a variety of subjects,
including microorganisms, plants, animals, and humans. Since then, this system has continuously been optimised, offering
many advantages such as ease of design and use, along with superior accuracy compared to previous gene editing methods.
Recently, gene editing in Bacillus species using this system has attracted a lot of attention because it offers a wide range of
applications in agriculture, industry, and medicine. This article presents information on the CRISPR/Cas9 system and its
application in the gene editing of Bacillus species. This information helps scientists easily access the CRISPR/Cas9 gene-
editing system, facilitating its application in their research more effectively and conveniently.
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1. Tong quan

CRISPR duoc phat hién lan d4u tién vao nam 1987 boi mot nhom
khoa hoc gia ¢ Dai hoc Osaka, Nhat Ban khi nghién ctru trén vi khuén
¢b. Cac nha khoa hoc d m ta trinh tw CRISPR 14 cac chudi DNA lap
¢6 kich thude ngan véi chirc nang chwa duoc xac dinh [1]. Sau do, n6
duoc phat hién trén cac vi sinh vat nhan so khéc ¢ cac nghién ctru tiép
theo. Chitc ning ctia chudi trinh tr CRISPR (CRISPR array) va gen
Cas 9 ciing nhur co ché hoat dong ctia nd dugc nghién ctru va lam rd
vao nam 2007 [2]. CRISPR/Cas la hé théng mién dich thich (mg trong
nhiéu vi khuan va hau hét vi khuan c6 [3], cung cép kha ning mién
dich chéng lai virus va plasmid. Trong hé thong nay, DNA cua virus
hoic plasmid xam nhap s& bi phan cét thanh bo dém méi va duge luu
trlr trong mot mang trong DNA. Khi ciing mot loai virus hodc plasmid
xam nhap tré lai, DNA xam nhap tuong img s¢ dugc xac nhan va can
thiép [3]. Budc ngodt dot pha trong sir dung hé thong CRISPR/Cas
dugc ghi nhan nam 2013 voi nhitng thanh cong trong viéc chinh stra
hé gen trén t bao ngudi [4]. Sau thanh cong nay, hé théng CRISPR/
Cas tiép tuc duoc md rong nghién ciru trén rat nhidu déi twong sinh
vat khac nhau, bao gé)m vi sinh vat, dong vat, thuc vat... trd thanh h¢
thong chinh sira hé gen don gian, chinh xéc va hiéu qua nhét tinh téi
thoi diém hién tai.

Bacillus spp. 1a loai vi khuan chu yéu ¢ dat va ving ré cay.
Ching 1a mt trong nhimg vi khuan ndi sinh thyc vét phd bién nhat
[5]. Bacillus spp. 12 mot nhom vi khuan 16n va da dang bao gém ca
cac vi khudn khong gdy bénh va gay bénh. Hau hét cac loai Bacillus
spp. ciing nhu c4c san phim cua ching, dugc coi 1 an toan cho muc
dich str dung d6i voi moi truong [6]. Nhitng vi khuan nay duoc g
dung dé thuong mai héa vi kha ning tiét ra mot s chat chuyén hoa
c6 hoat tinh sinh hoc, tao ra ndi bao tr co6 kha nang chéng lai cac
diéu kién sinh truong bat lgi va phat trién nhanh chéng trong cac
moi trudng khac nhau [7, 8]. Quan thé Bacillus spp. c6 thé ton tai
lau dai trong dt va ré cdy ma khong c¢6 bit ky anh huong lau dai
ndo dbi véi cic quan thé vi khuan khac [9]. Cac ché pham dua trén
Bacillus thuong mai dugc phat trién va phan phdi trén toan thé gioi
va chira céc ching ¢6 loi cta Bacillus bao gdm Bacillus subtilis,
Bacillus amyloliquefaciens, Bacillus pumilus, Bacillus licheniformis,
Bacillus megaterium, Bacillus velezensis, Bacillus cereus, Bacillus
thuringiensis [10].

2. ing dung ciia vi khuan Bacillus spp.

Bacillus spp. 1a chi vi khuan c6 mit & khip moi noi trong moi
trudng. Céc loai nay dugc sir dung dé san xuat duoc phim, san pham
trong cong nghi¢p va trong nong nghi¢p (bang 1) [11]. Ahmt la phén
bén hiru co sinh hoc dau tién duoc thwong mai hoa cé ngudn gbe tir vi
khuan Bacillus spp. Phan bon sinh hoc ¢6 thé dugc sir dung thay thé
cho phan bon hoa hoc va thude trir sdu va c6 thé cung cip nhimg hiéu
biét mai vé viée ting cuong sy phat trién va ning suat cdy trong khi d6i
mdt v6i dich bénh [12]. Céc loai/chung Bacillus spp. ¢6 191 cho thyc vt
thuong lién két v6i ré hodc ving sinh thai ré va phat trién mang sinh
hoc dé tang sy phat trién clia thuc vét [13]. Viéc st dung phan bon co
Bacillus vao dat 6 thé ting cuong cac dang chat dinh dudng hitu hiéu
cho cdy trong trong ving sinh thai ré, kiém soat vi sinh vt gdy bénh
phat trién va tao ra hé thong phong vé cac bénh dich hai [14, 15].
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Bang 1. Anh hwéng cta phan bén sinh hoc chiva Bacillus dén cay tréng.
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Nhimg tmg dung cong nghiép cua Bacillus spp. dac biét 1a B.
subtilis, da phat trién nhanh chong trong nhimg thép ky qua. N6 da hoat
dong nhu mot nha may sin xuat té bao vi sinh vat cho nhiéu san pham
cong nghiép [27, 28], bao gdm cac enzyme [29], protein ngoai lai [30],
khang sinh [31], vitamin [32] va axit amin [33]. Céc hop cht hoa hoc do
B. subtilis san xuét ciing dong vai trd quan trong trong cc linh vuc khac
nhau, chéng han nhu: thyc phém, thirc an chan nu6i, my phém, héa chét
va duoc pham. Nhimg san phim tir B. subtilis thuong dugc sir dung dé
b6 sung vi sinh cai thién chtre nang duong rudt va ngan ngura bénh trong
chin nuéi gia stc va gia cam [34]. Ngoai ra, n6 c6 thé duoc sir dung
trong xur 1y sinh hoc nude va ngén ngira dich bénh cho cc sinh vat nudi
trong thuy san nhu tom va ca [35]. B. subtilis c6 kha ndng san Xuit cac
chat khang sinh khang vi khuan va nam, 16 cling o thé tao ra cac chat
khang virus, chong ung thu va trc ché mién dich [36].

La nhiing vi sinh vt an toan v6i con ngudi nén B. amylolzquefaczens
¢ thé duoc bd sung vao thire in ciing nhu nudce uong, gilp tang cuong
cac vi sinh vat c6 loi cho dudng rudt gitp phong chong cac van dé ve
tiéu hoa, déng thoi cai thién kha nang dung nap lactose gitip ting cuong
hé théng mién dich [37, 38].

3. Hé thang chinh sifa gen CRISPR/Cas

CRISPR/Cas la m6t ho céc trinh ty DNA trong b gen cua cac sinh
vt nhan so nhu vi khudn va vi khuan ¢6 [39]. Nhimg trinh tw DNA
ndy duoc hinh thanh tir cac doan DNA ngoai lai (nhu plasmid, thé thyc
khudn va céc phan tir di truyén di dong) timg tin cong vao sinh vat nhan
so d6 [2]. Chung dugc ding de phat hién va pha huy DNA ngoai lai
tuong ty trong cac lan tin cong Ve sau. Do do, ching duoc coi 1a hé mién
dich cta vi khudn va vi khuén c6 [39].

H¢ théng CRISPR/Cas lan diu tién dugc phat hién boi cac nha
khoa hoc Nhat Ban & Escherichia coli [1], nhung hi¢n nay né da dugc
tim thy trong hang loat cac loai sinh vat nhan so. Trong cac loai nay,
CRISPR/Cas c6 ving DNA thé hién tinh di truyén rong rii da dang,
nhung tat ca ching déu ¢6 mot kién tric co ban chung bao gdm mot
CRISPR array bao gom cac doan lap lai tryc tiép xen k& v6i cac trinh
tw ving dém (spacer), co nguon gdc tir axit nucleic ngoai lai; CRISPR
array ndy nam gan Cas operon [40-42]. CRISPR/Cas duoc phan chia
thanh ba nhom chinh (Type I, Type II va Type III) [43]. Trong d6, nhém
II (type II) dang duoc str dung rong rai trong nghién ctru chinh stra hé
gen. Nhom ndy gdm Cas 9, Cas 1 va Cas 2 [43]. Trong d6, Cas 9 tham
gia vao qua trinh tong hop cac CRISPR-RNA (crRNA) [43] va qué trinh
pha hity DNA ngoai lai [44]. Cas 9 gom hai domain chirc ning 1a RuvC-
like nuclease va HNH nuclease [45], ¢ vai trd phan cét céc sgi DNA.
Moi sgi dugc phan cat boi mot domain nuclease Cas9 riéng biét (HNH
hoac RuvC) [46].
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4. Co ché chinh sifa gen ciia CRISPR/Cas9

Co ché hoat dong ciia hé thong dép mg mién dich cta vi khuin thong
qua h¢ thong CRISPR/Cas9 dugc mo ta trén hinh 1. Hé thdng dap tmg mién
dich duoc khdi dong vai viec DNA ngoai lai bi cdt nho va gén vao cac trinh
tu CRISPR. Tiép theo, protein Cas dugc hinh thanh thong qua qua trinh phién
mé va dich ma ctia operon Cas, dng thoi 1a qua trinh phién mé cua gen trans-
activating RNA va cdc trinh ty CRISPR tao ra cac don vi RNA nho con goi
1a CRISPR-RNA (crRNA) va trans-activating CRISPR RNA (tracrRNA). Su
tuong tic giita crRNA va tracrRNA tao ra phirc hé cu tric gitp xéc dinh
céc phan tir DNA ngoai lai va xiic tién qué trinh ph4 hiy hay bt hoat cic
don vi DNA nay thong qua hoat dong ctia protein Cas 9. Tai vi trf nhan biét
trén phan tr DNA ngoai lai (trinh ty dinh hudng), tac dong cta phirc hop
tracrRNA-crRNA hinh thanh nén ciu tric kep toc (DNA hairpin structure).
Protein Cas 9 gz‘in vao phirc tractRNA-crRNA tai vi tri kep toc va vao phan
tir DNA ngoai lai tai vi tri trinh ty ba nucleotide (protospacer adjacent motif
- PAM) trude diém bit cip bo sung cia crRNA. Sau khi dd gin xong, ving
chirc ning NHN cia protein Cas 9 s& cit soi don DNA ¢6 trinh t b sung vi
ctRNA, trong khi ving chirc ndng RuvC ¢ nhi¢m vu cét soi don DNA con
lai [43, 47-50]. O té bao nhan thyc, cac dut giy dic hiéu trén phan tir DNA
do phtre h¢ Cas 9-tracrRNA-crRNA tao ra sé dugc sira chira thong qua hai co
ché: co ché ghép néi cua cac dau cat khong tuong ddng (Nonhomologou end
joyning - NHEJ) va co ché sira chita DNA v6i sy ¢6 mat cita trinh tw DNA bd
sung (Homology dependent repair - HDR) [45]. Qud trinh sita chira s hinh
thanh céc thay d6i trong trinh ty DNA nhur chén thém doan, mét doan. .. [45].
Tuy nhién, té bao nhan so khong cd kha nang stra chira nay (néu co thi sira
chira khong hiéu qud) [51], do do, néu bo gen bi dirt gy, té bao s& chét. Viéc
ndy ¢ thé duoc tmg dung trong chon dong vi khuan sau khi chinh sita genvi
khuan bang céc phuong phép tai td hop twong ddng sir dung khuén sira tong
hop [52]. Phuong phap chinh sira gen vi khuan bang CRISPR/Cas9 nay cho
phép tao ra cac dot bién, chén va xda doan chinh xéc [51].
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Hinh 1. Co ché dap (rng mién dich cla vi khuan théng qua hé théng
CRISPR/Cas 9. DNA ctia virus hodc plasmid sé dwoc xt ly thanh protospacer
va tich hop vao cac trinh tw I3p lai d& tao thanh chudi trinh tw CRISPR thong
qua Cas 1, Cas 2 va csn 2. Locus CRISPR dién hinh (tlr Streptococcus
pyogenes) bao gém trinh tu tracrRNA, mot s6 gen Cas, leader sequence va
CRISPR. CRISPR phién ma thanh pre-crRNA. tracrRNA két hop pre-crRNA
dé tao thanh mét phirc hop tracrRNA-crRNA trvéng thanh duoc xi ly béi cac
nuclease. Trong qua trinh can thiép gen ngoai lai, phtrc hop nay kich hoat Cas
9 va nhan biét trinh tw bd sung 20 nucleotide crRNA bén trong gen ngoai lai,
trong khi Cas 9 nhan biét trinh tw PAM. DNA soi di cudi cung sé duwgc phan
cét & 3 nucleotides ngwoc dong ctia PAM béi Cas 9 [52].
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5. Ung dung hé thong CRISPR/Cas G Bacillus spp.

Su xudt hién clia hé théng CRISPR/Cas9 di din dén nhiing
phét trién méi to 16n trong nhiéu linh vie [28, 53, 54]. Cac hé thong
CRISPR/Cas9 da duoc chimg minh la phi hop dé tao dot bién diém, xda
va chén gen trong Bacillus spp. (bang 2), da duoc ap dung trong cdc linh
vuce ky thudt trao doi chét va tong hop sinh hoc.

Ung dung CRISPR/Cas9 vao chinh sita gen & Bacillus spp. dua theo
nguyén tic da néu ¢ té bao nhin so: CRISPR/Cas9 s& nhan biét va cit
dt trinh tw DNA & nhitng dong chua dugc chinh sira thong qua tai to
hop twong dong (bing mot khuén sira - doan DNA véi trinh ty hai dau
gidng v6i trinh ty trén b gen vi khuan va trinh tu & giita khac), ngan
nhimg dong nay phat trién. Noi cach khac, nhimg dong phat trién dugc
la nhiing dong da dugc chinh stra thanh cong.

Nhu vdy, mét lan chinh sira gen & Bacillus spp. can c6 mot khuon
DNA sira (cho qué trinh tai t6 hop twong dong), mot hay nhiéu doan
trinh ty DNA dé phién ma thanh phtrc hé tracrRNA-crRNA (dé nhan
biét trinh tw DNA c¢in dugc chinh sua, phén nay co thé duge tinh gian
bing cach ni tracrRNA va crRNA thanh mt doan single guide RNA
(sgRNA) [47]) va mot trinh tu biéu hién Cas 9 (cho qua trinh cit DNA).

Dua vio cdu triic va cach to chire khudn sira, trinh tw biéu hién Cas 9
va trinh ty dé phién mé ra ngNA ba phuong phap ung dung CRISPR/
Cas9 khac nhau di dugc phat trién cho Bacillus spp. 14 phuong phap st
dung plasmid, phuong phap su dung khuon sura riéng biét va phuong
phdp duy tri ¢ b gen.

6. Phuong phap sii dung plasmid

Nhiéu cong bd d st dung plasmid dé chinh sira gen ctia nhiéu loai
thudc chi Bacillus. Trong phuong phéap nay, khuon sua, trinh ty biéu
hién Cas 9 va trinh ty dé phién mi ra sgRNA ¢6 thé ndm trén cling mot
plasmid (hé plasmid don) hay dugc phan bé trén hai plasmid khac nhau
(hé plasmid kép).

6.1. H¢ plasmid don

pJOE8999 do J. Altenbuchner (2016) [51] phat trién la mot vi du
v& hé plasmid don. Plasmid chira promoter manh cho sgRNA va mot
promoter cam tmg mannose cho Cas 9 [51]. Téc gia lin dau tién sir dung
plasmid pJOE&999 vao chinh stra gen trén B. subtilis va da thanh cong
trong viéc dot bién gen trpC2 va x6a bo trinh tw DNA ¢ hai gen (amyE
va gen tham gia tong hop pulcherrimin), gbm mot trinh ty 16n (25,1 kb)
va mot trinh ty nho (4,1 kb) [51].

pJOE8999 sau d6 dd dwgc tng dung dé chinh sira gen & cac loai
Bacillus khic. O B. licheniformis, C.W. Song va cs (2021) [55] sir
dung hé vector ndy dé chinh sita mot ching B. licheniformis ty nhién
thanh chung san xuét 2,3-butanediol khong chita mucoid (dé ting kha
niing phat trién va san xuét cac cht trao doi chat trung gian) va khong
san xuat phy pham (lactate, glycerol va ethanol) bing céch x6a bo cac
gen thudc operon pgsBCAE ma hoa cho polyglutamate synthase va
gen sacB gen ma hoa levansucrase, va cac gen /dhA ma hoa lactate
dehydrogenase, dgp ma hoa D-a-glycerophosphatase, va adhE ma hoa
alcohol dehydrogenase. O B. anthracis, pJOE8999 di duoc ding dé x6a
b6 hai trinh tw prophage trong genome: x6a bo doan 50 kb thi hiéu suat
14 20%, trong khi d6 x6a bo doan ngan hon thi hiéu suat dat dén 100%
[56]. Trong cung nghién ciru do, cac tac gia da su dung pJOE8999 thanh
cong dé gay dot bién diém chinh xac trén gen plcR cua B. cereus [56].
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pJOE8999 ciing di dwoc cai tién dé tmg dung cho cac loai Bacillus
khac. P. Hartz va cs (2021) [57] nhan thdy chinh sua gen B. megaterium
bing pJOE8999 khong hiéu qua. Céc tac gla & xuét promoter cam (g
mannose cua Cas 9 & pJOE8999 1a vin dé: B. megaterium khong c6
gen van chuyén hay sir dung mannose nhu mot sb loai Bacillus khac,
nén khong thé cam tmg Cas 9 bang mannose [58]. Nhom tac gia dd
gidi quyét van dé nay bang cach thay thé promoter cam tmg mannose
thanh promoter cam ung xylose va da thanh cong trong vi¢c x6a bo mot
doan gen p-galactosidase voi hiéu sudt 1én dén 100% [57]. Trudc do,
AA. Toymentse va cs (2019) [58] ciing da thiét ké cac vector mdi tir
pJOE8999 bing cach thay doi promoter ctia Cas 9 thanh promoter cim
ung xylose, tuy nhién, ing dung ctia ho méi chi dimg lai & B. subtilis.

Ngoai pJOE8999 va céc din xuat, C. Zhou va cs (2019) [59] phat
trién vector CRISPR/Cas9 cho B. licheniformis tit pWH1520, thay doi
promoter ctia Cas 9 va sgRNA. Cac tic gia nhan thdy rang, Cas 9 dudi
promoter pS cua B. subtilis va sgRNA dudi promoter manh pLY-2 cho
hiéu qua x6a gen uprT (mi hoa uracil phosphoribosyltransferase) dén
99,2% [59]. Cac nha khoa hoc da phat trién vector CRISPR/Cas9 cho B.
subtilis tir hé thong vector CRISPR/Cas9 ciia Streptococcus pyogenes,
voi promoter o-amylase cho Cas 9 va promoter B. subtilis manh p43
cho sgRNA: ho thiét ké sau plasmid (pHYCas9dsrfl, pHYCas9dsrf2,
pHY Cas9dspo, pHY Cas9dnpr, pHYCas9dapr and pHYCas9damy) dé
chén mdt doan trinh ty dai 450-550 bp vao cac gen srfC, spollAC, nprE,
aprE va amyE cua chung B. subtilis cong nghiép (ATCC 6051a) va da dat
duoc hiéu qua xoa gen tir 33 dén 55%. Tuy nhién, khi ho sir dung vector
nay dé x6a mot doan 284 bp & gen s7/C thi hidu qua dat duoc chi 13.9,1%.

Hé plasmid don c6 uu diém 12 chi cAn mot bude bién nap vao té bao
vi khuan, lam ting kha ning sdng sot cta vi khuan. Tuy nhién, nhugc
diém 16n nhét ca hé théng nay 1a kich thudc plasmid to (trong truong
hop khuén sura dai), lam han ché hiéu qua bién nap.

6.2. H¢ plasmid kep

H¢ plasmid kép dugc cho la linh hoat hon hé plasmid don K.Q.
Hong va cs (2018) [60]. Tuy nhién, nd méi chi duge Gng dung trén B.
subtilis. Y. So va c¢s (2017) st dung hai plasmid, pHCas9 chira SpCas9
tu: Streptococcus pyogenes va pBOA chira DNA sura va sgRNA. SpCas9
nam dudi kiém soat promoter Pgrac [61] - mot promoter cam tmg IPTG
nhung cho phép biéu hién protein & mirc cao ma khong can chat cam
{mg [62], con sgRNA nam dudi kiém sodt ctia promoter arabinose Para
[61]. Hé nay di dwoc tmg dung thanh cong dé x6a gen spo0A (hiéu suat
100%), gay dot bién diém (hiéu sudt 68%) va chén gen GFP vio sigE
(hiéu sudt 97%) [61]. Mic du hiéu qua chén gen ciia hé plasmid kép nay
cao hon hé plasmid don, nhiéu plasmid s€ tao nén ganh ndng cho té bao
chii va lam qué trinh loai plasmid tré nén ton thoi gian.

1. Phuigng phap si dung khuén sia riéng biét

O phuong phap nay, trinh ty biéu hién Cas 9 va phién ma sgRNA
$& ndm trén mot plasmid, con khudn stra 1a mot doan DNA thé“ing. M.A.
Price va cs (2019) [63] sir dung plasmid phét trién tir pHTO1. Plasmid
nay chira Cas 9 dudi kiém soat cta promoter Pgrac va sgRNA dudi kiém
st ctia promoter manh Pveg va s& dugc bién nap dong thoi voi DNA
stra - 14 mot doan DNA mach dbi thing (san phdm PCR) [63]. Céc tac
gi4 da thanh cong trong viéc chuyén gen amyE mi hoa a-amylase va
thay thé ba amino acid ciia subtilisin E - san pham cua gen aprE [63].
Uu diém cua viéc sir dung DNA thing lam DNA sira [a giam thoi gian
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thiét ké va tich hop DNA sira vao plasmid nhu ¢ hé plasmid don [63].
Tuy nhién, ciing nhu hé plasmid kép, yéu cu dua dong thoi hai plasmid
khac nhau vao té bao anh huong xéu dén hiéu qua bién nap [63].

8. Phuong phap duy tri CRISPR/Cas9 6 bo gen

O phuong phap duy tri CRISPR/Cas9 ¢ genome, gen Cas 9 s&
duoc tich hop vao genome cua té bao chu. Phuong phap nay dugc A.W.
Westbrook va cs (2016) [64] phat trién trén B. subtilis, dya trén viéc hé
thong CRISPR/Cas ton tai & nhidu vi khun va co vé khong lam anh
hudng dén su sdng con ciia chung. Dé chinh sira gen bang hé thng nay,
chi can thiét ké va bién nap vao té bao chu mot plasmid chira sgRNA va
khuon stra [64].

Pau tién, pAW016-2 duoc sir dung dé dua gen Cas 9 va fracrRNA
vao locus lacA [64]. Sau khi da thu duoc chung vi khuan bién doi gen,
cac vector chira mot hay nhiéu sgRNA va vector chira DNA stra s& duoc
dudi thang va bién nap vao chung nay [64]. sgRNA s& dugc tich hop vao
gen thrC trén hé gen cua B. subtilis va dugc biéu hién dé cung voi doan
chira DNA sira tao ra dot bién 6 vi tri mong mudn [64]. Sau khi gy dot
bién thanh cong, sgRNA s& duoc loai bo khoi genome B. subtilis bang
cach bién nap doan sira thrC, phuc hoi lai gen thrC [64]. Chung bién
dbi gen bay gio lai c6 thé duoc dung dé chinh sira tiép [64]. Sir dung
hé thong nay, dot bién don va doi da dugc dua vao hé gen B. subtilis
v6i hidu suat 1én dén 100 va 85%, con dua mot doan operon tong hop
hyaluronic acid dai 2,9 kb vao genome thi hiéu suat dat 69% [64].

Bang 2. Téng hop cac phwong phap chinh siva gen & Bacillus spp. bang
CRISPR/Cas 9.

Promoter diéu Khién

thg Loai Tén vector Hiéu sudt chinh sira Th?m
phip Cas 9 sgRNA khao
Vector ¢ 33-56% voi chen doan
nguongdeti PamyQ P43 DNA450-550;9,1%véi ~ [65)]
pWHI520 x0a doan 284 bp.
B. subtilis
89% véi mit doan 25,1 kb; 1]
- 97% voi mét doan 4,1 kb
St duflg B licheniformis  pJOE8999 promoter - Promoter 0% i xéa gen [55]
plasmid camimg ey tric - .
i B anthvacis Mamose pin ing 2(? /Zi V0 d(})lgnhSO kb; 100%
gl v6i doan nho hon [56]
B. cereus hién 100%
PxylA- mgnh
B megalertum ‘S’iggf? ¥ E;fnm;:fgr 100% v6i xéa gen [57]
xylose
Pgrac - Para - s n 1ok ek
Sir dung rg;arfoter i:fnoter 68% voi dot bien diem;
plasmid fémm Ic)ém o 00t g9 1]
kép PTG ¢ arabinofe vdi chen doan DNA
Sir dung 0 e
khuon sira Pgrac Pveg 7? G [63]
L N sira gen
rigng biét B, subrilis
Duy tri Promoter 0 s 0co o
CRISPR/ BCatis  congubn ook chodgibin
Cas9 , fotis don va dot; 69% voichén  [64]
PYOBENES BOCHS:  pery mdt doan 29 Kb
genome pyogenes



Hé thong nay da giai quyét dwgc nhuoc diém ciia hé thong plasmid
don hay kép & chd lam gidm ganh ning cho té bao chii va giam thiéu yéu
céu phai loai bo plasmid sau chinh sira. Tuy nhién, viéc tich hgp sgRNA
vao genome t¢ bao chil dan dén viée bét buge phai loai bo no trude khi
chinh sira tiép.

9. Két luan

Cong ngh¢ CRISPR/Cas9 ngay cang duoc st dung rong rai hon
trong viéc chinh stra b gen cua sinh vat. Ky thudt ndy mang lai hi¢u
qua cao, xac dinh dugc vi tri can thi¢p cu thé, dé dang str dung, chi phi
thip, do d6 da sir dung trong viéc chinh sira gen trén nhiéu dbi tugng
khéc nhau. Trong bai tong quan nay, ching t6i d trinh bay nhiing hiéu
biét co ban vé hé thong chinh sita CRISPR/Cas9 va nhing hé thdng
CRISPR/Cas9 di dugc sir dung trén vi khuan Bacillus spp.. Vi nhing
ung dung rdng rai trén nhiéu linh vuc cude séng, viée st dung k¥ thuat
chinh sira gen CRISPR/Cas9 trén doi twong Bacillus spp. hita hen s&
mang lai nhiéu lgi ich hon nita cho cac nghién ctru mang tinh mg dung
trong tuong lai.

Nghién ctru dugc thyc hién béng kinh phi hé tro hoat dong nghién
cuu khoa hoc cua Bé tai ma so NVCC08.12/22-22, Vién Han 1am Khoa
hoc va Cong ngh¢ Viét Nam. Céc tac gia xin chan thanh cam on.
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