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Mot ho hé thong dung RNA dan duong dé
nham DNA mdi — khac CRISPR va chua
phai cong cu chinh sira gene

Khai phd bé gen vi sinh vdt, cdc nha nghién citu phdt hién TIGR-Tas, mdt ho hé RNA dan
dwong chwa tirng biét c6 kha nang cat DNA — dung guide hai phan va khong can “bdi
ddp” PAM nhw CRISPR. Mot phién bdn c6 thé duoc lap trinh dé chinh stta té bao nguoi
nhung hiéu sudt thdp, va cdu triic cho thdy lién hé tién héa sdu vdi cdc c6 mdy RNA dan
duwong khdc. Pay la mé réng that sw ctia sinh hoc RNA dan dwong va mot diém xudt phdt
O thé hitu ich cho céng cu tuong lai — khdm phd khoa hoc co bdan va proof-of-concept,
khong phdi editor trudng thanh hay liéu phdp.
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THE CLEAN PAPER sinh hoc phan tu

MOt nhanh mdi trén ciy cac c6 may dugc RNA
dan duong

Thinh thodng mot bai sinh hoc xuat hién véi tiéu dé ma chinh n6 khéng hé xin. Lan nay la
“mot CRISPR m@i”. Cong trinh that sy thu vi hon thé — va nhu thuwong 1€, khiém tén hon.

Hay bat dau véi diéu CRISPR lam néi tiéng: mot hé thong duwgc RNA dan duong. Meo nam &
chd protein khong can duoc “lap trinh cirng” dé nhin ra mot muc tiéu duy nhét. Thay vao do
n6 mang mot doan RNA ngidn — RNA dan duwong — va di dén noi trinh tw ciia doan dan khép.
Doi doan dan, d6i muc tiéu. Kha ning lap trinh d6 1a Iy do CRISPR trd thanh cong cu. Nhung
CRISPR khong phai hé RNA dan duong duy nhit trong ty nhién, va ciu héi kién nhan cta bai
bao nay la: con bao nhiéu kiéu khac ngoai kia, va chung cé thé day chung ta diéu gi?

How TIGR-Tas targets DNA without being CRISPR
A tigRNA guide uses two spacers to posftion a Tas protein on both DNA strands
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Original diagram — The Clean Paper - raster artwork embedded; labels and claims remain editable SVG

TIGR-Tas dung mét RNA dan dudng c6 hai doan spacer dé doc hai mach DNA d6i dién. Day 1a mét kién truc mdi,
khéng phai mét trinh chinh sita gene s&n sang s dung.

Original diagram — The Clean Paper CC BY 4.0

DéE tim kiém, cac tac gid khong sdn cac trinh tw gene giong nhau — qua thoi gian tién héa dai,
trinh ty tréi qua nhiéu dé nhan ra ho hang xa. Ho tim hinh dang. Bat dau tir phan protein Cas9
ctia CRISPR 6m RNA dan duong, ho luc cac co s¢ dir liéu cdu truc protein du doan dé tim th
gi c6 cach xay tuwong tu. Diu vét d6 dan — qua mot “gene nhay” cia vi khuin va mot bo may
ma té bao binh thuong dung dé chinh stra héa hoc RNA cia chinh minh — dén mot thi thye
su mai.



Cac tac gia da lam gi

Cudc tim kiém cau truc phat hién moét ho protein trudc dé chuwa duwge nhan ra, ma héa chua
yéu trong bacteriophage (virus nhiém vi khuén), virus ctia archaea va cac vi khuan Kky sinh
rat nhé. Moi protein ndm canh mét doan DNA dac trung: mot mang dai 1ap lai ma tac gia dat
tén TIGR array (Tandem Interspaced Guide RNA). Ho goi cac protein la Tas (TIGR-associated).
Mot sO Tas chi gom phan 6m RNA; s6 khac ¢6 gan thém céng cu cait DNA — mot trong hai kiéu
“kéo phan t” goi la RuvC hodc HNH.

Sau khi tim ho protein trong co s@ dit liéu, ho dwa né vao phong lab: biéu hién céc hé trong E.
coli va gidi trinh tw nhitng RNA nhé ma chung tao ra, suy ra quy tdc RNA tim muc tiéu DNA,
kiém tra cdc phién ban cé nuclease c6 that sy cit khéng, thir 14p trinh mét phién ban dé chinh
stra té bao nguoi, roi cudi cung dong lanh mot phitc hgp dang hoat dong va chup cau triac &
do phan giai gan nguyén tu.

Ho tim thay gi

RNA dan dwong c6 hai phian. Mang TIGR dugc x@ ly thanh cdc RNA ngin khodng 36 nu-
cleotide, mo6i RNA mang hai doan nhim muc tiéu riéng. Mot doan doc mot mach ciia DNA
dich; doan kia doc mach dé6i dién. Hai doan phdéi hop dé khéa dung vi tri. Pay la khac biét co
ché thyc su so véi CRISPR, noi guide thuwong khép mot mach theo mot doan lién tuc.

Va né khong can “bai dap”. Nhiéu nuclease CRISPR chi cat duwgc canh mot motif DNA ngan,
cu thé (PAM) nam sat muc tiéu — mat gidi han vé noi chung c6 thé nham. Cac hé TIGR khong
cho thay yéu cau nhu vay: chung dya vao trinh ty muc tiéu. Vé nguyén tac, hé khong can PAM
c6 thé dugc hudng dén nhiéu vi tri hon.

Cac phién ban c6 nuclease cit chinh xac. DPugc RNA nhé dan duong, cac protein Tas mang
RuvC hodc HNH tao cac dit gdy DNA sach, dac hiéu trinh tw — va khong lam gi khi thiéu guide.

Mot phién ban cé thé dwoc 1ap trinh dé chinh sira té bao ngwo'i — nhwng rat yéu. Khi
dua vao té bao nguoi nudi cdy va nham sau gene khac nhau, mot protein Tas c6 tao chinh si¥a,
xac nhan hé cing c6 thé 1ap trinh trong té bao chung ta. Nhuwng hiéu sudt thap: tot nhat chi vai
phan tram té bao. Trong khi d6 cac cong cu CRISPR téi wu ngay nay thuong chinh stta duwoc
mot ty 18 16n té bao. Pay 1a bang chitng rang no cé thé hoat dong, khong phai mot cong cu hoat
dong tot.

Cau truc giai thich co' ché — va ggi y nguon goc. Phic hgp dugce chup 1a mot cap protein
gan doi xitng nhu gwong, 6m RNA dan duong dang s6 8, con DNA dich bi bé qua mot goc séc.
bang chu y, kién truc ay rat giong mot c6 mdy c6 & ho hang té bao ctia ching ta — box C/D
SnoRNP, b may dan cdc stta doi hoa hoc trén RNA thay vi ciat DNA.

Vai tro tw nhién van chwa ré. Khi cac tac gid biéu hién mot hé trong E. coli, n6 khéng chéng
virus hay plasmid xAm nhap — céng viéc thuwong thay cia CRISPR. Thay vao d6, qua nhiéu thé



sinh hoc phan tu

hé né dan loai mot plasmid bi nham, goi y vai tro that cé thé nam trong canh tranh cham gitra
cic phan t DNA di dong hon 1a phong thd mién dich tuyén dau. Nhwng diy 1a b6i canh nhan
tao, muon hé sang loai khac, va cau tra 10i trung thyc la chwa ai biét cac hé nay lam gi ngoai
tu nhién.

Diéu nay cé thé c6 y nghia gi
Co hai két ludn, & hai mrc tin khac nhau.

biéu chic hon: thé gigi cdc hé RNA dan duong rong va da dang hon CRISPR cung cac ho hang
méi duoc tim gan day. TIGR-Tas 1a mot nhanh thue sw khac biét, véi cdch nhan DNA hai phan
va khong PAM riéng. B4 la mot bo sung that vao ban do.

biéu sdu hon nhuwng con suy doan: vi bo may TIGR dugc xay giong snoRNP chinh RNA trong
cac té bao nhu ching ta, va cling giong mot “gene nhay” da biét, n6 c6 thé danh dau mot lién
két tién hda gitta cadc hé dung RNA dan dudng dé stta RNA va cac hé dung RNA dan dudong dé
nhdm DNA — c6 thé 1a mdt manh con thiéu trong cau chuyén vé cach guide RNA c6 thé lap
trinh xuat hién trong sy song.

biéu nay khong chitng minh gi

Day khéng phai cong cu chinh stra gene san sang dung. Chinh sita trong té bao nguoi
da dugc chitng minh nhwng rat yéu — t6t nhat vai phan tram. b6 1a bang chitng kha nang
lap trinh, khong phai editor trwdng thanh, va con rat xa tng dung lam sang.

bay khong phai “CRISPR 2.0”. Néu do nhw mot cong cu hién nay, CRISPR-Cas9 chinh stra
hiéu qua hon rat nhiéu. TIGR-Tas la mot kién triic mdi & giai doan proof-of-concept, khong
phdi phién ban tot hon cia sdn pham hién cé.

Vai tro sinh hoc tw nhién chwa biét. N6 khong hoat dong nhu hé mién dich chéng virus
trong phép thit duy nhat vé y twdng dd; “mot hé mién dich vi khudn mdi” chwa dugc chirng
minh.

Nhiéu phan cia co' ché co ban van m& — gom céach guide RNA duogc cit dén do dai cudi
va cac hé nay thye sy nham gi trong tw nhién (phan 1é6n nam & vi sinh vat rat khé nuoi cay).
Khong c6 diéu tri nao & day. bay la kham pha va mo ta trong vi sinh vat va nuoi cay té
bao — khong bénh, khong tri liéu, khéong bénh nhan.

Bang chitng manh dén dau?

Ban than phat hién dng trén nén kha chac va dugc kiém tra nhiéu chiéu: khai pha cau truc
quy mo 1én, roi xac nhan trong lab cach RNA dugc tao va tim/cat DNA, sau d6 cdu truc gan
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nguyén tt ciia phitcc hgp dang hoat dong, cong thém thir nghiém té€ bao nguoi. Khang dinh
“day 1a mot ho RNA dan duong nham DNA mai va khéc biét” duge nhiéu loai bdng ching cung
ho tro.

Phan con rdt sém la moi th vé tinh htu dung: chinh stta cé xay ra nhwng rat it, va toan bo
qué trinh t6i wu hda tirng bién CRISPR tir mdt diéu la thanh céng cu do6i véi TIGR van con &
phia trudc. Phan suy ludn 1a phan cau chuyén con lai — vai tro ty nhién la mot phong doan
hop ly tir thi nghiém nhan tao, con lién két tién hoa du dep van 1a 1ap luan tir ciu truc chung,
chwa phai lich st da chot. Bai bdo kha can than phan biét cdc mic nay.

Vi sao diéu nay quan trong

Nhiéu lan trudc, viéc mé rong danh muc hé RNA dan dudng cudi cung da sinh ra cong cu. Cac
hé ding sau Cas9, Cas12, Cas13, roi protein IscBJOMEGA nho hon va Fanzor & sinh vat nhan
chuan, Iic dau déu chi la sinh hoc méi dwgc mo ta. Khong cai nao ra doi dudi dang san pham
hoan thién. Mot hé c6 guide hai phan va khong can PAM 1a mot diém xudt phat that sy khac,
va nham muyc tiéu khong PAM chinh 1a loai linh hoat ma nguoi xay cong cu rat coi trong.

Nhung két qua yén tinh hon cé thé con quan trong hon trién vong cong cu. Bang cach n6i mot
hé cat DNA v6i bo may snoRNP chinh RNA va véi mat gene nhay, cong trinh phac mot soi chi
6 thé ndi cdc hé RNA dan dudng riat khac nhau trén cay sy song. Nhitng phat hién nhu vay cé
thé sap xép lai cach ca linh vuc hiéu ngudn goc cong cu clia minh — vé 1au dai dang gia hon
thém mot tiéu dé vé “kéo phan ta”.

Tém tat gon

Bang cach tim hinh dang protein thay vi trinh tw, cdc nha nghién cttu phéat hién TIGR-Tas: mot
ho trudce do chua biét cia cac hé dung RNA dan dudng dé nham DNA, thiy chu yéu trong virus
vi khudn va vi khudn ky sinh. RNA dan dudng cia n6 bit thuwong — khodng 36 nucleotide vGi
hai doan nham riéng doc hai mach DNA d6i dién — va khéac CRISPR & ch6 khong can motif
“PAM” ké muc tiéu. Cac thanh vién cé nuclease cidt DNA chinh xdc; mot phién ban c6 thé lap
trinh dé chinh sita té bao ngwoi nhung hiéu suat chi vai phan tram; cdu tric gan nguyén ti
cho thay phitc hop c6 kién tric giong bo may snoRNP chinh RNA trong té bao chung ta, goi y
lién hé tién héa siu gitta hé RNA dan dudng stta RNA va nham DNA. Diy 1a mé rong that sy
cta sinh hoc RNA dan dudng va c6 thé 1a khung mdi cho cong cu twong lai — mot kham pha
khoa hoc co ban va proof-of-concept, khong phai editor trudng thanh, khong phai “CRISPR
2.0” va khong phai liéu phdp. Vai tro ty nhién van chua biét.
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Panh gi4 thing thin

Bai bao cho thiy gi: Mot ho mdi va khac biét cia hé RNA dan dudng nhdm DNA (TIGR-Tas) &
sinh vat nhan so va virus cda chung, tim bang khai phé cdu truc; guide RNA hai doan, khong
PAM (~36 nt) nham hai mach DNA phoi hop; cat DNA déc hiéu do céc thanh vién cé nuclease;
chinh sta cé thé 1ap trinh & t€ bao ngudi vdi hiéu sudt thap (t6i da vai phan tram); ciu tric
cryo-EM gan nguyén t; va lién hé cau tric/tién héa véi box C/D snoRNP cung transposon
IS110.

Piéu hgp ly nhwng chwa dwgc chirng minh: Vai tro sinh hoc ty nhién (mot vai tro khong
phai phong thu trong canh tranh phan t& di dong dugc goi y béi mot thi nghiém nhan tao);
cau noi tién hoa dé xudt gitta hé RNA dan duong sita RNA va nham DNA (14p ludn cdu truic).

DPiéu n6 khong cho thay: Mot cong cu chinh stta gene trudng thanh hodc hiéu qua cao; vuot
troi CRISPR nhu cong cy; chitc nang ty nhién da duwoc xac nhan; cach guide RNA trudng thanh;
bat ct ng dung diéu tri nao.

Han ché chinh: Hiéu suat chinh stta té bao nguoi thap (chi proof-of-concept); phan 16n hé nam
trong metagenome khé nghién ctru nén muc tiéu ty nhién gan nhu chua biét; khing dinh vé
vai tro sinh hoc va nguon goc tién hoéa la suy luan; mo ta & vi sinh vat va nuoi cay té bao, khong
trong boi cAnh bénh.

Mot doc gia pho théng nén tw tin dén mivc nao? Ty tin cao rang day la mot ho mdi that
su ciia hé RNA dan dwong nham DNA véi co ché hai phan, khong PAM, va cac hiéu biét ciu
trac 1a cé that. Ty tin cao rang n6é khéng phai cong cu chinh sta gene san dung, khéng phai
“CRISPR 2.0” va khong phai liéu phap. Ty tin thap vé vai tro tw nhién va no sé di xa dén dau
nhu cong cu. Thai dd phu hop: hao hirng that sy vé sinh hoc méi va mat lién két tién hoa co
thé quan trong — kién nhan vdi ing dung, vi ching méi ¢ diém dau.
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