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PEJAKTUPOBAHUE 'EHOMA MUKPOBOJIOPOCJIU CHLAMYDOMONAS
REINHARDTII C NCIIOJIb3OBAHUEM TEXHOJIOT'MU CRISPR/CAS
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OpnokneroyHas 3eneHas Bogopocns Chlamydomonas reinhardtii (XnmamumomMoHaga) —
MOy JIIPHBIM MOJIENBHBII OPraHu3M JUIS U3yUeHHS KITIOUEBBIX OMOJIOTHYECKUX MPOLIECCOB, BKIIIOYAs
(oTocuHTE3, CTPYKTYPY U (DYHKIIMM CEHCOPHBIX (POTOpELenToOpoB, (POTOMOBEICHHE, OPTraHU3AIUI0 U
(YHKIMOHMPOBAHHUE KI'yTUKOB, PEAKIMU Ha cTpecc. BRICTPBIi pocT, MpocToTa KYIbTUBHPOBAHHUS U
0e30macHOCTh Uil YeJOBeKa JENAlT 3Ty MHUKPOBOJOPOCIb IIPHUBJIEKATEIBHBIM OOBEKTOM
OMOTEXHOJIOTUH, IPUTOAHBIM [UISl TOJYYEHHs OEIKOBO-BUTAMHUHHBIX 100aBOK, (hapMaKOJIOTHYECKUX
mpernaparoB, OwoTtornuBa W Ap. JlocTikeHHWs MOCIeTHHX JIeT B 00JacTH MeTaboM4ecKou
WH)XEHEPUU W CHHTETHYECKOH OMOJIOTHH CYIIECTBEHHO PACIIMPIIN BO3MOYKHOCTH HCIIONb30BAHHS
KJIETOK XJIAaMHJIOMOHAJbl B KadecTBe «3eleHbIX (abpuk». CozmaHbl 3(PQEeKTHBHBIE CHCTEMBI
TpaHc(hOpManKH MO SASPHOMY H XJIOPOIIIACTHOMY I'€HOMY, CKOHCTPYHPOBAaHBI MyTaHTHBIE IITAMMBI,
obecrieunBaronie 3Q(HEKTUBHYIO M CTaOMIBHYIO JKCIPECCHIO TPAHCTEHOB, CO3JaH METOJ
MOJyJIbHON COOpPKH, HMPUTOAHBIA Ui OBICTpOH COOPKM BEKTOPHBIX KOHCTPYKIMH M3 TOTOBBIX
TEeHETHUECKUX uvacTel, a Takke aJalTHPOBAHBl TIPOTOKOIBl PEJAKTHPOBAHUS TEHOMA C
ucnonp3oBanuem TexHonoruu CRISPR/Cas. Ilo yka3aHHOW TEXHOJOTWH JUIS TONYyYCHUS HYJIb-
MYTaHTOB MO SAEPHBIM TeHaM, HE WMEIOIIMM CEJEeKTUPYEeMOro (EHOTHUNA, IPOBOJHUTCS
TpaHcdopMaLus BOOJOPOCIH C UCIONB30BaHUEM KOMILIEKCOB, 00pa30BaHHBIX YHIOHYKIea30i Cas9
n Hanpasgtonieir PHK (Cas9/gRNA), B cOmpoBOXICHHUU CENEKTUBHBIX MapkepHbIX JHK mms
orbopa TpancpopmanToB. TpaHcdopmaliyst MPOBOAUTCS MTOCPEACTBOM dleKTpornoparui. HecmoTps
Ha ycoBepiieHcTBoBaHU, 3¢ dexrnBHOCTE CRISPR/Cas myrtarenesa y Chlamydomonas octaercs
HU3KOI. Pe3ympTaThl JKCIEpHMMEHTa 3aBHCAT HE TOJNBKO OT OJHIOHYKIEa30i aKTUBHOCTH
PUOOHYKICONIPOTEHHOBBIX ~ KOMIIJIEKCOB, HO ¥ BO MHOTOM OIIPEHENSIOTCS  YCIOBUSIMH
anekTponopaunu. PaHee ¢  HWcmonb30BaHMEM pa3paOOTaHHBIX HAaMH  MPOTOKOJIOB  JUIA
anekTpornioparopa NEPA21, xoTopelii cmocoOeH co3[aBaTh KOMIUIEKCHBIE DJIEKTPHUECKUE
HMITYJIbCBI, MBI MHAKTUBUpOBaiH 6omee 30 sepHBIX TeHOB, BKiItouas rersl penapanuu JJHK. HokayT
TeHOB OBUI pe3yJbTaTOM TIeHHBIX MoauGHKauuu, BcTaBok M nenenuit JHK, nmpomsomenmmx mo
MecTy aByxienodeunoro paspeiea JJHK ([ILIP), BHecenHOTO KOoMILTekcoM Cas9/gRNA. Yka3zaHHbIe
Moaudukaruu Habmogammchk y 10-20 % KIOHOB, OTOOpaHHBIX Ha CEJCKTUBHOW cpeme. s
BBISICHEHHSI ITyTeH perapanny u BeIoopa ontuMaibHbIX penunuenToB 1t CRISPR/Cas myrarenesa,
MBI TTPOAHATM3UPOBATIN CaHT-HAIPABICHHBI MyTareHe3 y HYJIb-MyTaHTOB IO T€HAM perapariu
KUS80, KU70, POLQ npun BHecennu B kietky qoHopHbXx JIHK pasmumanoro tuma n 6e3 noHOpHOM
JHK. Ilomyuennsie pe3ymbTaThl mokazanu, uto y Chlamydomonas JJHK mommmepaza POLQ
OTBETCTBEHHA 3a CalT-HampaBieHHbII MyTarenes u pernapanuio JLIP, Baecernsix Cas9/gRNA. I1pu
3TOM HYJIb-MYTaHTHI k80 MOTYT CIIy>KUTh B KauecTBe 3(p(peKTHBHBIX PELIUIIMEHTOB IIPH MTPOBEACHUH
HOKayTa SJCpPHBIX T€HOB, €CIHM OJHOLIETIOYEYHbIE OJIMTOHYKJICOTHUABI MPHUMEHSIOTCA B KauecTBe
nonopHoii /IHK. B Hacrosiiiee Bpemst Mbl mpoBoiuM anantanuio meronoiorun Cas9/gRNA k
UCIIONIB30BaHMIO Ha Ooiee MpocToi MozenH 31ekTponoparopa Gene Pulser Xcell, koTopas nocrynna
BO MHOTUX jaboparopusx. Mpl ImpeamonaraeM, 4YTO HAIl¥ Pe3yJbTaThl OyOyT IOJE3HbBI IS
JajdbHEHIIer0 pa3BUTHS TEXHOJOIMH PEAAKTHPOBAaHMS I'€HOB Y PACTEHHMH M OHOTEXHOJOTMHU
MUKPOBOJIOPOCIICH.

Pabora momnmepxana KypuaroBckum reHOMHBIM mneHTpoM — [IMSI® mo mnporpamme
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The unicellular green algae Chlamydomonas reinhardtii (Chlamydomonas) is a popular model
organism for study of key biological processes, including photosynthesis, the structure and function
of sensory photoreceptors, photobehavior, the organization and functioning of flagella, and reactions
to stress. Rapid growth, ease of cultivation and safety for humans make this microalga an attractive
object of biotechnology, suitable for obtaining protein and vitamin supplements, pharmacological
preparations, biofuels, etc. The achievements of recent years in the field of metabolic engineering and
synthetic biology have significantly expanded the possibilities of using Chlamydomonas cells as
"green factories. Efficient transformation systems for the nuclear and chloroplast genomes have been
created, mutant strains have been designed that provide efficient and stable expression of transgenes,
a modular assembly method has been developed suitable for the rapid assembly of vector constructs
from ready-made genetic parts, and CRISPR/Cas genome editing protocols have been adapted.
According to CRISPR/Cas technology, to obtain null mutants for nuclear genes that do not have a
selectable phenotype, Chlamydomonas cells are transformed with the use of complexes formed by
the Cas9 endonuclease and guide RNA (Cas9/gRNA), accompanied by selective marker DNA for the
selection of transformants. Transformation is carried out by electroporation. Despite improvements,
the efficiency of CRISPR/Cas mutagenesis in Chlamydomonas remains low. The results of the
transformation experiments depend not only on the endonuclease activity of ribonucleoprotein
complexes, but are also largely determined by the conditions of electroporation. We have previously
inactivated more than 30 nuclear genes, including DNA repair genes, using our protocols for the
advanced NEPAZ21 electroporator, which is capable of generating complex electrical impulses. The
gene knockout was the result of gene modifications, insertions and deletions of DNA that occurred at
the site of a DNA double-strand break (DSB) introduced by the Cas9/gRNA complex. These
modifications were found in 10-20 % of selected clones. To elucidate repair pathways and choose
optimal recipients for CRISPR/Cas mutagenesis, we analyzed site-directed mutagenesis in the ku80,
ku70, polQ null mutants that contained the inactivated repair genes with the use of various types of
donor DNA and without donor DNA. Our results showed that in Chlamydomonas DNA polymerase
POLAQ is responsible for site-directed mutagenesis and repair of DSBs introduced by Cas9/gRNA. At
the same time, ku80 null mutants can serve as effective recipients for nuclear gene knockout if single-
stranded oligonucleotides are used as donor DNA. We are currently adapting the Cas9/gRNA
methodology for the use with a simpler model of the Gene Pulser Xcell electroporator, which is
available in many laboratories. We anticipate that our results will be useful for the further
development of plant gene editing technology and microalgae biotechnology.
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