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Momusayus u yenw: Harueii 3agaueit 6buto nonmyuenvie muauu Drosophila melanogaster
C OJHOW TOYECYHOH 3aMeHOI B reHe Orb, MpUBOASAIICH K MOSBICHUIO CTOM-KOIOHA M
MPEXIEBPEMEHHON OCTaHOBKEe cHHTe3a Oenka. Takas Myrauus HeoOXomuma JUIs
MOCTEAYIONIET0 M3y4YeHHs (PYHKIMOHATBFHOW POJM HEKOHCEpBAaTWBHOW C-KOHIIEBOM
nocinenoBareasHocTH Oenka Orb.

Memoowt u ancopummer: becmoBHas cucrema penaktupoBanust reHoma CRISPR/Cas9
OCHOBaHa Ha 0ECCJIEAHOM BBIPE3aHUH CEJICKTHBHBIX MAPKEPOB U3 caiiTa HHTErpalyu ¢
nomotpio  piggyBac (PB) Tpancnosza3sl. PB  TpaHCHO30HBI BCTpaWBaroTCsS IO
nocienoBatenbHOCTSIM T T AA B reHoMe. TTAA caliThl IyIMIMPYIOTCS IPU BCTPOHKE
TPAHCIIO30HA U OCTAIOTCS B OAHOM KOIMHU IIOCJIE BBIPE3aHUS TPAHCIIO30HA [IPH yUaCTUH
PB Tpamncmnosassl. B kommepueckom monopHoM Bektope PHD-ScarlessDsRed st
OCCILIOBHON CHUCTEMbI pPElaKTHPOBAHUS CeNEKTHBHBIN Mapkep dsRed dankupoBan
koHnamu PB Tpancmosona m TTAA caiitamu, 4To oOecredynBaeT €ro BhIpE3aHHUE C
nmomoripio PB  Ttpancmozasel. llpu mombope caifita paspesanms reHoma Cas9-
SHJIOHYKJICA30i BaXXHO, YTOOBI CAHT HaXoAWICS B HEMOCPEICTBEHHOW OJIM30CTH OT
TTAA cailTa BCTpOUKH, B 3TOM CIIy4ae IMOCJIEI0BATEIbHOCTH JOHOPHOI'O BEKTOpa U
TeHOMHOM TmocienoBaTeabHOCTH OynyT ornmuatbes M Cas9-sHuonykneaza Oyner
paspesats ToabKo reHomHyto JJHK, a He moHOpHBIN BekTop. MBI mogo0panu cailt s
paspes3a JIHK Ha paccrostHun 252 Hyki€oTHAa OT MPOBOJAMMOM TOUYEYHOW 3aMeHbl. B
paboTe HCIOIBb30BAINCh CTAHAAPTHBIE METObI, IPUMEHSIEMbIE B T€HHON WH)XEHEPHH,
takue Kak [ILIP u moisiekynsipHOE KIOHMpOBaHuUeE. il NOJy4eHHs] TOUEYHOW MyTaluu
MBI BBOJMJIM COOTBETCTBYIOLIYIO 3aMEHy B OJHO W3 JABYX IUIEY, OKpPYKarOIIHUX
cesnekTuBHbIH Mapkep dSRed B moHOpHOM BekTope. TodeuHyrO 3aMeHy BBOAWIIHM B J1Ba
NEPEKPHIBAIOIIMXCA KOMIUIMMEHTAPHBIX MpaiiMepa, aMIUIMQUIUPOBATA C STHMHU
npaiimepamu 1Ba npoxykra IIIP. [TosyuuBiimecs MpoayKThl CMEIIMBAIN U TPOBOIUIN
cumBaromyto ITHP, npu KOTOpoi UCHONB3YIOTCS TpaiMepbl, KOMIUIUMEHTApHBIE 5° U
3 KoHHaM cyMMmapHoro ¢parmeHTa. B paHHHMe AMOPHOHBI JIMHUM MYX,
SKCIpeccupyroIeii sumonykineasy Cas9 (nmuuums #55821 u3 Bloomington Drosophila
Stock Center, Bnymunrron, CIIIA), wunbenmpoBanu BomHblii pactBop JIHK,
colepKallluii JTOHOPHBIM BEKTOp M IuIa3MHIy, 3kcnpeccupyroomyro SgPHK. C
PasBUBILIMUMUCSA U3 SMOPHOHOB MyXaMH IPOBOAWIN HHIUBHIYAIbHbBIE CKPEILINBAHUS C
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ocobsmu nuaun WM ux moTOMCTBO OTOMpanM Ha HauMYMe BCTPOMKU IO
CENICKTUBHOMY TIpH3HaKy — KpacHbiM riazam (DsRed). IMocnenmyromiee Bbipezanue
CEeNIeKTUBHOTO MapKepa MbI TNPOBOAWIM IyTeM CKpEIIMBAHUS JHHUH, HECyIIeH
BCTPOHKY YacTH JJOHOPHOTO BEKTOPA, C JINHUEH, dKcTipeccupyromeii PB tpancmozasy B
amOpuorenese (aunus #8285 u3 Bloomington Drosophila Stock Center, Biiymunrros,
CLIA).

Pesynomamuvr.  Kommepueckuit Bektop PHD-ScarlessDsRed wumeer nuHKepHBIC
MOCJIEI0BaTEIFHOCTH ¢ HaOOpPOM CalTOB PECTPUKLMH I BCTPAaUBAHUS IUICH ISt
TOMOJIOTHYHOM PEeKOMOHMHAIINK ¢ 00EUX CTOPOH OT cesieKTuBHOTO Mapkepa dsRed. ITpu
BeIpe3anny dsRed PB Tpamco3a3oii 3TH JIMHKEPHBIE MOCIE0BATENFHOCTH OCTAIOTCS B
reHome. Takum 00pa3oMm, MOMHMO BHOCHMOW B T€H MYTAallUH, MPU HCIIOJb30BaHUU
KOMMEPUYECKOT'0 BEKTOpa B T€HE OCTAIOTCs JAONOJIHUTEIbHBIE MOCIEAOBATEIBLHOCTH,
KOTOpBIE MOTYT OKa3bIBaTh BIMSHHE HA €ro 3Kcmpeccuio. Mpl pemmian popaboTath
KOMMEpPYECKHIA BEKTOP, IS 4ero COeTMHEHUE CeIeKTUBHOrO Mapkepa dsRed ¢ mieuamu
npoBoaunan He myrtem surupoBanus JHK mo calitam pecTpukuuu B JUHKEpax,
¢mankupyromux dsRed, a myrem cmumBarome#r III[P. Cravama OTAEIBHO
aMIUTU(UIMPOBAINCh JIBA TOMOJOTMYHBIX Iuleya W OSRed ¢ wucmone3oBanneMm
npaiiMepoB, MepeKphIBAIOIINX Kaxaoe u3 mied u dSRed B mecrax mx crhika. 3aTem
npoBoauan cmuBatomryro [I[P ¢ monyduenuem ogHOro ooOmero ¢parmenta C
WCIIOJIb30BAaHUEM [IBYX BHEUIHUX IpaiiMepoB. Takod MOAXOJ MMO3BOIWI YIAIHUTh
JIMHKEPHBIC MOCIIEI0BATEIBHOCTH U3 KoMMepueckoro BekTopa pHD-ScarlessDsRed.

B mocnexyromeii paboTe MBI CTONKHYJIHCH CO CIOKHOCTSMH TIPU  BBIpE3aHHUH
ceneKTuBHOTO Mapkepa PB Tpancmosasoii. [Ipn ananm3e HECKOIBKHX COTEH ITOTOMKOB
HH OJIHOTO Ciiydasi Beipe3aHus dSRed He mpowu3olLIo, YTO CBHACTEIBCTBYET O HU3KON
s dexTrBHOCTH paboThl PB Tpancnosassl B Hamiem ciydae. MBI MIPOBENN BTOpPOE
CKpEIIUBaHUE MEXKAY OCOOSMU MEPBOrO IMOKOJCHHMS, HECYIIUX BCTPOWKY TOHOPHOTO
Bektopa u PB Tpancmo3azy. Bo BTOpOM MOKOIEHNH MBI ITOYYHIN HECKOJIBKO 0cO0eH,
y KOTOPBIX OTCYTCTBOBAJl CENICKTHBHBIH Mapkep OSRed u mpucyTcTBOBaja TOuUcuHas
3aMeHa B KOIUPYIOIIeit yacTu rena orb.

Bri6oowvr: Mbl ycoBepineHCTBOBaIM KomMepueckuii Bekrop PHD-ScarlessDsRed mytem
ucrionb3oBanusi cmmBaromeir [IP  1mns  coequHeHHMS TOMOJOTMYHBIX IUIEY  C
CEJIEKTUBHBIM MapKepOM, YTO IO3BOJIHIIO MOTYUYHUTh JIMHHIO MYX, HE HMEIOILYIO CIIe/I0B
JMHKepoB mpH Beipe3annu dSRed u3 rena Orb. DToT moaxox MokeT ObITh UCIONB30BaH
HE TOJIBKO JUIS MOJTYYSHHUS JIMHUN C TOYSYHBIMU MYTAIMAMH B PYTHX TeHAX, HO M IS
JAPYTrux TUIIOB MyTaHI/Iﬁ, TaKUX KaK JACJICIUN U NHCCPLHHU.

Qunancupoganue: Padborta momnepkana Poccuiickum HaydHbM QoHmoM (Ne 24-24-
00517).
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Motivation and Aim: Our goal was to obtain Drosophila melanogaster line with a single
nucleotide substitution in the orb gene, leading to the appearance of a stop codon and
synthesis of the truncated protein. This mutation is required for further study of the
functional role of the non-conserved C-terminal sequence of Orb.

Methods and Algorithms: The CRISPR/Cas9 scarless genome editing system is based on
the traceless excision of selective markers from the integration site using piggyBac (PB)
transposase. PB transposons target TTAA sites in the genome for insertion. TTAA sites
are duplicated during transposon insertion and remain in a single copy after transposon
excision by PB transposase. In the commercial donor vector pHD-ScarlessDsRed for the
scarless editing system, the selective marker dsRed is flanked by PB transposon ends
and TTAA sites to ensure its removal by PB transposase. When selecting a cleavage site
for Cas9-endonuclease in a genome, it is important that the site is in close proximity to
the TTAA insertion site. In this case the sequences of the donor vector and the genomic
sequence will be different and Cas9-endonuclease will excise only the genomic DNA
and not the donor vector. We selected Cas9 cleavage site 252 nt away from the point
mutation. We used standard methods of genetic engineering, such as PCR and molecular
cloning. To obtain a point mutation, we introduced a corresponding substitution into one
of the two arms surrounding the selective marker dsRed in the donor vector. The point
substitution was introduced into two overlapping complementary primers, and two PCR
products were amplified with these primers. The resulting products were mixed and
stitching PCR was performed using primers complimentary to the 5' and 3' ends of the
total fragment. An aqueous DNA solution containing the donor vector and a plasmid
expressing sgRNA was injected into early embryos of a fly line expressing Cas9
endonuclease (line #55821 from Bloomington Drosophila Stock Center, Bloomington,
USA). Flies developed from embryos were individually crossed with individuals of line
w18 their offspring were selected for the presence of the insertion by the selective trait
— red eyes (DsRed). Subsequently we performed excision of the selective marker by
crossing the line carrying the insertion part of the donor vector with a line expressing PB
transposase in embryogenesis (line #8285 from Bloomington Drosophila Stock Center,
Bloomington, USA).

Results: The commercial vector pHD-ScarlessDsRed has linker sequences with a set of
restriction sites to insert shoulders for homologous recombination on both sides of the
selective marker dsRed. When dsRed is excised by PB transposase, these linker
sequences remain in the genome. Thus, in addition to the point mutation in the gene,
when using a commercial vector, additional sequences remain that may affect gene
expression. We decided to improve the commercial vector, for which the connection of
the selective marker dsRed to the shoulders was carried out by stitching PCR rather than
by ligating DNA at restriction sites in linkers flanking dsRed. First, two homologous
shoulders and dsRed were amplified separately using primers that overlapped each of
the shoulders and dsRed at their junction sites. Stitching PCR was then performed to
obtain one common fragment using two external primers. This approach allowed us to
remove linker sequences from the commercial vector pHD-ScarlessDsRed.

In subsequent work, we encountered difficulties in excision of the selective marker by
PB transposase. When we analyzed several hundred offspring, there was no a single case
of excision of dsRed, indicating the low efficiency of PB transposase in our case. We
performed a second cross between individuals of the first generation carrying the donor
vector insert and PB transposase. In the second generation, we obtained several
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individuals that lacked the selective marker dsRed and had a point substitution in the
coding part of the orb gene.

Conclusion: We have improved the commercial pHD-ScarlessDsRed vector by using
stitching PCR to connect homologous arms with a selective marker. This allowed us to
obtain a fly line with no linker traces when dsRed is excised from the orb gene. This
approach can be used not only to obtain lines with point mutations in other genes, but
also for other types of mutations, such as deletions and insertions.
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