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Aim. To edit the duck genome by HDR-directed integration of the EGFP gene into the duck
host genome in combination with SMGT using CRISPR/Cas9. Methods. HDR-mediated gene
of green fluorescent protein (EGFP) was crried out by the combined action of four plasmids.
The pX330 contained the Cas9 gene. Two plasmids contained sgRNA genes: pBR322-sgRNA1
and pBR322-sgRNA2. The pBR322-HDR-EGFP plasmid was constructed to contain the DNA
vector with left homologous sequence part(LHP), the EGFP gene coding sequences and the
right homologous sequence part(RHP). The DNA sequence data for designing the HDR-EGFP-
insert and sgRNA 1 and sgRNA 2 were taken from the genome DNA sequence of Anas
platyrhynchos Spindlin 1 (SPINI) gene. Twenty four ducks (13 males and 11 females) of the
Shaoxing breed were used for this experiment. The sperm transfection was performed using
Lipofectamine 2000. Results. Thirty one ducks were obtained, 19 of which carried the EGFP
gene. F2 analysis revealed that 16 ducks (F1) (14 females and 2 males) transmitted the transgene
DNA to their offsprings. Thus 27.6 % (56/203) of F2 descendants were positive for the transgene
DNA construct. Conclusions. Exogenous DNA was successfully inserted into the duck genome.
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Introduction

The bird has been used for a long time as a
model of the embryonic development [1]. The
bird egg is also a potential bioreactor for het-
erologous production of protein, especially for
the production of recombinant therapeutic pro-
teins in biopharmaceutical industry [2-5].
Birds have several advantages compared with
other species: the short generation interval,
high protein eggs, and good sperm production.
Therefore, in the last 30 years there have ap-
peared numerous studies focused on the trans-
genic poultry because it was expected to in-
crease profitability and quality of commercial
poultry stocks considerably [6].

The vast majority of studies on the trans-
genic poultry are focused on chickens (Gallus
gallus) [4] and quails (Coturnix japonica) [7].
The eggs of duck (4nas platyrhynchos) are
larger than the chicken and quail eggs [8], and
have an advantage over the latter due to a pos-
sibility of usage as bioreactors. However, Anas
platyrhynchos has not been studied thoroughly
compared with other poultry, and there are no
reported studies on a reliable genome engineer-
ing technique in the duck. Therefore, such work
is of high significance for further use of ducks
as a model of waterfowl species. It is necessary
to pay a special attention to the egg-laying duck
breeds characterized by a high level of egg pro-
ductivity, rather than to the meat duck breeds.

The limiting factor of technologies of ge-
netic engineering in case of poultry, espe-
cially waterfowl, is often a high cost of gen-
erating transgenic birds primarily due to the
relatively low efficiency of transgenesis. The
development of site-specific nuclease tech-
niques, namely zinc finger nuclease (ZFN) [9],
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transcription activator-like effector nuclease
(TALEN) [10], and clustered regularly inter-
spaced short palindromic repeats (CRISPR)/
CRISPR-associated protein 9 (Cas9) provides
a new solution of this problem [11, 12].
CRISPR/Cas9 is easier in use, much cheaper
and more efficient than ZNF and TALEN, thus
it becomes a prevalent tool of molecular genet-
ics and genetic engineering. CRISPR/Cas9
system uses a guide RNA to direct the Cas9
nuclease to the targeted DNA and produces
double-strand-breaks (DSBs) [11]. The DSBs
at the genomic locus of interest stimulate the
genome DNA editing via non-homology-end-
joining (NHEJ) or homology-directed repair
(HDR). The number of studies on genome
engineering of domestic animals, poultry and
waterfowl with the CRISPR/Cas9 system is
increasing. The CRISPR/Cas9 mediated ge-
nome engineering has been successfully used
in chickens. However, there are no reports on
applying this system in ducks.

Many techniques have been used to deliver
transgenes into the poultry genome success-
fully, although their efficiency and reliability
still pose a problem in poultry transgenesis.
Nevertheless, several techniques made consid-
erable progress. The techniques presently ap-
plied in poultry transgenesis include: retroviral
infection of chicken embryos [13—15], in ovo
electroporation of chicken embryos [16], mi-
croinjection of the liposome/foreign DNA
complex into early stages of chicken embryos
[17], and introduction of transfected primor-
dial embryonic cells (PGCs) into the circula-
tion for their re-colonization in gonad [4].
SMGT has also been successfully used to gen-
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erate transgenic chickens. Various combina-
tions of methods of DNA binding to sperm
were used to increase the effectiveness of ex-
ogenous DNA penetration into the oocyte dur-
ing fertilization: incubation of native DNA
with sperm [2, 18], with a liposome complex
[18—24], with dimethylsulfoxide (DMSO) or
with N,N-dimethylacetamide (DMAc) [2],
electroporation [18], testis-mediated gene
transfer (TMGT) using DNA/cationic polymer
complex, transplanting of transfected sper-
matogonial stem cells (TTSSCs) using elec-
troporation [25], spermatogonial stem cells
(SSCs) with liposome/DNA complex [26], and
SSCs incubation with DNA/cationic polymer
complex to produce transgenic duck [25].

In this study, we used the CRISPR/Cas9
system to mediate the HDR directed EGFP
gene integration into the duck’s host genome
combined with the SMGT.

Materials and Methods

Experimental animals: 24 Shaoxing ducks
(13 males and 11 females) were selected for
reproductive performance principle. The
drakes aged ten months were selected with
normal sperm of milky white or slightly yel-
lowish, cream-looking texture, without flakes;
concentration of > 3 x 10° sperm cells per
1 ml; the activity of sperm > 70 % (activity
and motility of sperm cells were determined
by the number of active sperm cells with rec-
tilinear motion). The ducks aged ten months
were selected for > 90 % egg production and
fertility after artificial inseminations > 90 %.
The ducks were maintained in individual cag-
es in the laboratory of the Zhuji Guowei
Poultry Development Co, Ltd, P.R. China,
which belongs to the Scientific Platform of

Institute of Animal Husbandry and Veterinary
Science, Zhejiang Academy of Agricultural
Sciences (Hangzhou, China). The protocol for
animal use was approved by the Committee of
bioethics of Institute of Animal Husbandry and
Veterinary Science. All procedures with adult
animals, ducklings and embryos were carried
out according to the requirements of bioethics.

Collection and preparation of sperm for
experimental transfection: The semen was
taken from a drake by massaging the lumbar
spine [27]. The sperm was collected into con-
ical, polystyrene cups with the following dilu-
tion to 1:1 with the OPTI-MEM medium
(Invitrogen, USA) and transportation to the
laboratory (within 15-20 min after collection)
for evaluation of quality and transfection. The
sperm motility and concentration were evalu-
ated with the standard procedure under the
optical microscope.

Preparation of the DNA construct: The
homology-directed repair (HDR)-mediated
EGFP gene insertion was achieved by four
plasmids. The pX330 plasmid, which contained
Cas9 gene driven by a CMV promoter, was
purchased at Addgene (http://www.addgene.
org/42230/). Two sgRNA constructs were used
to assist in generation of the DNA lesions at
the proper genomic locus: pBR322-sgRNA1
and pPBR322-sgRNA2. The expression of both
sgRNAs was driven by the U6 promoters. The
pBR322-HDR-EGFP plasmid was constructed
to contain the left homologous sequence part,
the EGFP gene coding sequences and the right
homologous sequence part. The DNA sequence
data for designing HDR-EGFP-insert and guide
20-nucleotide long parts of sgRNA 1 and
sgRNA 2 were taken from the DNA sequense
data of «Anas platyrhynchos Spindlin 1
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(SPINT), mRNA» (NCBI Reference Sequence:
XM_005016235.3). The EcoRI restriction site
was inserted in the end of our HDR-EGFP-
insert DNA to linearize the pBR322 vector with
HDR-EGFP-insert DNA prior to [the] transfec-
tion process with EcoRI restriction enzyme.
Preparation of the mixture of DNA-
liposome complex with drake’s semen cell for
artificial insemination: to prepare the sperms
for transfection procedure, 300 pl of plasmid
DNA (25 ng/ml of each vector) were mixed
with 1 ml of OPTI-MEM medium. Meanwhile,
300 pl of Lipofectamine® 2000 (Invitrogen,
USA) were mixed with 1 ml of OPTI-MEM
medium. After the two solutions were incu-
bated for 5 min at room temperature, they were
combined and incubated at room temperature
for another 20 minutes. Sperm fluid was centri-
fuged twice (1000 rpm, 10 min), supernatant
was removed, and the 1:1 dilution of precipi-
tated sperm cells by the OPTI-MEM medium
was made. The DNA—-Lipofectamine® 2000
complex was added to sperm cells after the
second extraction and supernatant removal, then
it was mixed and incubated at room temperature
for an hour. After this preparation, the sperm
motility was again evaluated to determine the
sperm quality. The sperm cells prepared for
transfection were used for deep artificial in-
seminations [28]. Five hundred million sperm
cells were taken for one insemination. After
insemination of ducks with the prepared for
transfection sperm cells, the eggs were col-
lected and incubated in the temperature regu-
lated chamber for 10 or 28 days, afterwards the
embryos were isolated or ducklings were grown.
Blood sampling, feather pulp and embry-
os: The feathers were plucked from each duck
with blood in a pulp and put into individual
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tubes, then they were frozen at -20 °C and
stored until the DNA was extracted. Ducks’
blood samples were collected from the Vena
cutanea ulnaris, 2 ml of blood were collected
into the vacuum collection tube with EDTA.
Genomic DNA was extracted from each blood
sample. The embryos samples were collected
from incubated eggs. 500 ul of PBS solution
were added, homogenized and pipetted to the
isolated embryos, and then 100 pl of homog-
enate were collected into individual tubes and
frozen at -20 °C until DNA was extracted.

Polymerase Chain Reaction: The existence
of transgene DNA was verified by PCR meth-
od. Two primers located outside the EGFP
gene were used: the forward primer (5°
GTGTACGGTGGGAGGTC 37) and reverse
primer (5° AAATGTGGTATGGCTGATTATG
3"). The polymerase chain reaction program
consisted of the initial step at 94°C for 3 min,
then the reaction was denatured at 94°C for
15 s, and further annealed at 55°C for 15 s and
elongated at 72°C for 30 s for 35 cycles. At
the last stage the PCR product was elongated
at 72° for 3 min. The generated PCR product
was 903 bp in size and was sequenced to con-
firm the correct amplification. The PCR and
sequencing experiments were carried out by
Genery Biotechnology Company.

Results

As a result of the experiment we obtained
31 F, birds (12 males and 19 females), 19 spe-
cies of which had transgenic insertion, deter-
mined by PCR method (Figure 1) in: blood -
A63253, G60874, G61665; feathers — A63253;
their embryos — 2617, A62783, G60874; ejac-
ulate - A62783, 1221. Therefore the exogenous
DNA insertion efficiency was 61.3 % (19/31).
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Fig. 1. Results of PCR detection of transgenic ducks generated with SMGT

The details of the samples (a): 1 and 8 — Embryos (F,) from Father 2617; 2 — Embryo (F,) from Father A62783; 3 —
Sperm (F,) — 2614; 4 — Feathers (F,) — G60168; 5 — Feathers (F;) — A63253; 6 — Sperm (F,) — 1221; 7 — Sperm (F,) —
A62783; 9 — Control. The details of the samples (b): 1, 2 and 3 — Embryos (F;) — from Father 2617; 4 — Sperm (F) —
2612; 5 — Embryo (F,) from Father A62783; 6 — Control. The 31 F; ducks were mated with non-transgened ducks to
obtain their F, offsprings. One female and eight male founder birds did not produce any descendants. The offsprings’
(F,) analysis revealed that total 16 ducks (F;) (14 female and 2 male) transmitted the transgene to their offsprings. In
total F, ducks had 203 offsprings with 56 ducks (27.6 %) were positive for the EGFP gene. Moreover, two female and
two male ducks with detected transgene DNA in the blood did not pass it on to their descendants; and 7 ducks with not

detected transgene DNA in the blood, passed it on to their descendants.

Figures 2 and 3 show the variation of fertil-
ity level of females (F1) and transgene DNA
transmission to descendants (F2) with respect
to the day the eggs were laid and the descen-
dants from F1 were born afterwards.

Discussion

During this study we used the sperm mediated
gene transfer to generate transgenic ducks. The
sperm cells were subsequently used to in-
seminate the female ducks. In 31 offsprings
we obtained the following results: 19 ducks

44.4
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Fig. 2. Influence of the day of laying eggs (F1) on num-
ber of transgenic descendants (F2) (after SMGT), %

were positive for the EGFP transgene deter-
mined by PCR reaction. Although some F,
birds were negative for the transgene in their
blood, feather, and semen samples, the genome
of their gametes could still contain the trans-
gene, and the transgene was transmitted to
their offsprings. The blood test showed the
presence of the construct in 10 out of 19 fe-
males and in 9 out of 12 males. 14 out of 19
females produced a transgenic offspring, 2 out
of 10 females with transgene in the blood did
not produce a transgenic offspring. Thus, 17
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Fig. 3. Influence of the day of laying eggs (after transfec-
tion) (F1) on fertilizing ability of females.
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of 19 female birds were mosaic for transgene.
The research on all animals’ feathers as a result
of transfection with sperm did not show the
presence of transgenic constructs. Sperm anal-
ysis showed the presence of constructs in two
drakes, which did not give an offspring, but
had the transgenic construct found in the blood.
2 other males with no construct in the blood,
also did not give a transgenic offspring.
According to the results of the analysis of the
offsprings, in 9 out of 12 males sperm and
blood were transgenic. Only 4 out of 12 birds
gave offsprings where 2 of them gave trans-
genic and 2 gave non transgenic offsprings.
Only 1 out of 5 males with the construct found
in the blood produced a transgenic offspring.
Transgenic offsprings were obtained from one
drake with no transgene in the blood. Thus, all
transgenic males were mosaic. These results
indicate that some of embryonic cells lost the
modified genomic locus during the embryonic
development, but it was apparently remained
in a portion of sperm cells.

After the F, founder birds were obtained,
they were crossed to produce F, descendants.
The results showed that 27.6 % of F, descen-
dants were positive for the transgene construct.
This result suggested that the transgene DNA
was integrated into the host genome rather than
in the episome. However, the transgene con-
struct was transmitted primarily to daughters
of the transgenic birds. 78.6 % of F, trans-
genic descendants were female. We pondered
that the exogenous DNA fragment had been
integrated into the W chromosome of female
founders. This hypothesis can explain the fact
that the female F, founders primarily transmit-
ted the transgene to their daughters. However
it is still difficult to explain the fact that males
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also primarily transmitted the transgene to
their daughters.

The table 1 shows the creation of trans-
genic poultry by transfection of sperm. The
authors obtained successful results from the
first generation embryo to the second genera-
tion of adult birds. The efficiency of transgene
insertion ranged from 3.7 % to 89.5 %.

Comparison of the effectiveness of the
methods used for introduction of the transgene
DNA construction suggests that liposomes
provide the most successful results.

Up to date numerous cases of the CRISPR/
Cas9-genome-edited animals have been ob-
served [29]. The fact of mosaicism while creat-
ing multicellular transgenic animals of different
species was described by means of different
vector systems for transgene delivery [30, 31].
There were considered various factors which
affect the level of mosaicism as a result of
operations with the CRISPR/Cas9 [29]. The
effect of concentration of the construct in em-
bryos’ survival and the success of editing the
genome [32] were shown. The researches
showed that an increase in concentration of the
construct caused embryos’ death [33]. It could
be expected that after insemination with sperm,
which contained lipofectamine and the con-
struct, there will be a change in the time of
success of the construction or insemination,
because the complex of lipofectamine-sperma-
tozoon-transgene was present in the female
genital tract within 7 days. However in our
studies we analyzed the survival of embryos
after transfection and it should be noted that
we found no connection between the day of
egg laying and the embryo mortality at a certain
period of its development or a level of mosa-
icism, neither between the presence of trans-
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genic constructs in different tissues. We also
revealed no effect out of the presence of trans-
genic constructs in the blood during the trans-
mission of transgenic constructs to descendants.
It means that the presence of a transgenic con-
struct in the blood neither leads to mandatory
transmission of this construct to the descen-
dants of a transgenic animal nor] affects the
reproductive abilities of an animal in this case;
we could not show an indirect connection be-
tween the level of mosaicism of the descen-
dants received and the DNA degradation [33].

The mechanisms of DNA-mosaicism are
associated with the lag of the genome editorial
division from cell division [34, 35]. The delay
in the construction of the structure occurs due
to involvement of the transcription system in
its work at the stage of division of blastomeres.

DNA-mosaicism depends on 1) the species
of organism in which the genome was edited;
2) targets in the genome; 3) the concentration
of the transgene DNA; 4) the period of cell
cycle during which the construction was intro-
duced [29].

Table 1. Creation of transgenic poultry by transfection of sperm

Latest stage
Species Approach Method Plasmid transgenes Results Reference
found
Chicken Liposome-like SMGT |P(CX-EGFP) F1 9.5% (2/21) F1 20
(Gallus gallus) | Liposome 3.7 % (2/53) F1
Chicken Cationic polymer | TMGT | P(EGFP-N1) F2 56.5 %(13/23) F1 25
50.0-66.7 % F1 Embryo
52.9 % (9/17)F2
46.7-57.4 % F2 Embryo
Chicken Electroporation | TTSSCs | P(EGFP-N1) Fl1 11.1 % (2/18)F1
12.5 % (8/64) F1 Embryo
Duck Cationic polymer | SSCs P(EGFP-N1) F1 54.8 %(17/31) F!
Chicken Liposome SMGT |P(eGFP) F2 89.5 % (17/19) F1 21
75 % (6/8)F2
Chicken DMSO SMGT |P(EGFP-N1) F1 38 % (31/66) F! 2
DMA 19 % (5/23) F1
DNA incubation 5 % (4/81) F!
Chicken Liposome SMGT |P(H2K-S) Embryo |26.0 % F! Embryo 19
Chicken Liposome SMGT |P(IRES EGFP2) Embryo |3.4 % (1/29) F! Embryo 22
Chicken Liposome SMGT |P(IRES EGFP2) F2 33.0 % (2/6) F1 24
33.0 % (3/9) F1 Embryo
37.5 % (3/8)F2
Chicken DNAincubation |SMGT |P(Bact-Luc-SV40poly-A | Embryo |46.7 % (14/30)F1 Embryo 18
Electroporation signal) 22.6 % (7/31) F1 Embryo
Liposome 63.0 % (34/54) F1 Embryo
Chicken Liposome SSCs pcDNA3.0(EGFP-MMXx) F1 10.5 % (4/38) F1 26
Chicken Liposome SMGT |pUC18 F1 40 % (4/10) F! 23
50 % (3/6) F1
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It is possible that the editing process of the
genome lags behind a rapid rate of the blasto-
meres formation in the early stages of develop-
ment (blastula). Thus, only certain cells are the
carriers of resulting mutations. In our studies
we determined the efficiency of transgene
DNA insertion by the presence of PCR product
in DNA isolated from animals of the first gen-
eration (blood, sperm, feathers) and their off-
springs (adults and embryos). Apparently, the
analysis of our results indicates that all the
animals we obtained were mosaic.

Conclusion

In this study we used CRISPR/Cas9 system
combined with the sperm mediated gene trans-
fer to introduce a transgenic DNA construct
into the duck genome. 61.3 % of the F; ducks
were positive for the transgene in the experi-
ment. The F; ducks transmitted the gene to the
next generation at a comparable transmission
rate of 27.6 %. Therefore the exogenous DNA
was successfully inserted into the duck ge-
nome. Meanwhile the transgene was transmit-
ted primarily to the daughters of transgenic
birds and as a result 78.6 % of the transgenic
F, descendants were female.
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I'enepaunisi Tpancrennux yrok muisixom CRISPR /
CAS9-onocepeakoBaHoi BCTABKU FeHOB

B MOEAHAHHI 3 CIIEPMATO30i1-0M0CePEIKOBAHNM
nepeHeceHHs redis (SMGT)

O. Konosau, I1. Kopoms, I1. Tabaka, C. Kocrenko,
JI1. Jly, A. Yemnira, M. Jlopomenko, M. [IparyssiH,
X. by, L. Xyanr, JI. JIi

Mera. PenaryBaru reHom kauku metogom HDR-
crnpsiMoBaHoi inTerpauii rena EGFP B renom rocriogapst
B oegHaHHi 3 SMGT 3 Bukopuctanasm CRISPR / Cas9.
Metoau. BeraBka HDR-onocepeakoBaHoro rena 3ejaeHo-
ro quryopecuenTHoro 6iika (EGFP) Gyna nocsirayTa crisib-
HOIO Ji€I0 YOTHPBOX Imia3mif. [lepma mmasmima pX330
mictuiaa red Cas9. Ille aBi mia3Miay MICTHIN Crieciicepu
sgRNA: pBR322-sgRNA1 i pBR322-sgRNA2. Yersepra
mrazmina pPBR322-HDR-EGFP Oyna ckoHCTpyiioBaHa TakK,
1100 BoHa mictuiia Bekrop JJHK 3 j1iBOrO 4acTHHOO ro-
MojoriyHoi mociigosHocti (LHP), komyrodoro mociizos-
HicTio reHa EGFP i mpaBoro 4acTHHOIO TOMOJOTIHHOL
nociigosHocTi (RHP). Jlns korctpytoBanas HDR-EGFP-
BCTaBKH 1 20-HyKiIeoTHIHUX Harpasisitounx sgRNA 1 i
sgRNA 2 nani Oyii B34Ti 3 JaHUX ITOCITIAOBHOCTI TEHOMY
«Anas platyrhynchos Spindlin 1 (SPIN1)» B 6a3i NCBI.
JIyist IbOrO eKCIEepUMEHTY OYyJI0O BUKOPHCTAHO 24 KauKH
(13 cammiB i 11 camok) mopomgu [aocin. Tparcdekmito
CIepMaTOo301/iB 31 ICHIOBAIIN 3 BUKOPUCTAHHSIM pearcHTy
Lipofectamine 2000. Pe3yabraru. byno orpumano 31 xau-
Ky, 3 sikux 19 mictimm JIHK-TpancreHHy BeTaBKy, ska Oyna
Bu3HaueHa metomoM ITJIP. Ananiz moromctra (F2) moka-
3aB, 110 Bcboro 16 kavok (F1) (14 camok i 2 camui) nepe-
nanu TpaHcrenny JIHK cBoim nmoromkam. Pesynbrarn
mokazaim, 1o 27,6 % (56/203) namiaakis F2 Oyiau mo3u-
TUBHUMH IIOAO KOHCTpyKuii TpaHcrennoi JIHK.
BucHoBku. Pe3ynbratn cBimuars, mo exzoreHra JTHK
OyJa yCIIIIHO BCTaBJICHA B TEHOM KauKH.
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Kawuosi caosa: CRISPR / Cas9; EGFP; SMGT;
TpaHcreHHUM NTax; Kayka

I'enepauus TpancreHHbix yTok nyrem CRISPR /
CAS9-onocpenoBaHHOIi BCTABKH I'eHOB

B COYETAHHHU CO CIIEPMATO30U/I-0TIOCPETOBAHHBIM
nepenocom reuos (SMGT)

O. Konogau, I1. Kopous, I1. Tabaka, C. KocreHko,
JI. JIy, A. Yenura, M. lopomenko, M. [IparynsH,
X. by, L1. Xyanr, JI. JIn

Ieasn. PenakrupoBare reHoM ytku meronqom HDR -Ha-
npaBneHHoi uHTerpaiuu rena EGFP B reHom xo3suHa B
coueranun ¢ SMGT c ucrions3oBannemM CRISPR/Cas9.
Mertonsl. Buenpenne HDR-onocpeaoBaHHOro reHa 3ese-
Horo (uryopecrientHoro 6enka (EGFP) 0bu10 1OoCTUTHYTO
COBMECTHBIM JICHICTBHEM YeThIpex Mmna3mu. Ilepsas rias-
muga pX330 coneprkana reH Cas9. Eme nBe miasmMuab
conepkanu creiicepbl SgRNA: pBR322-sgRNAI1 u
pBR322-sgRNA2. Yersepras miazmuaa pBR322-HDR-
EGFP Obu1a cKOHCTpYyHpOBaHA TaK, YTOOBI OHA CoAeprKalia
BekTop JIHK c neBoit yacThro roMOIOrHYHOI TTOCIe1oBa-
tensHOCTH (LHP), KOmmpyromel nocienoBaTebHOCTBIO
rera EGFP u nipaBoii 9acThI0 TOMOJIOTHYHOMN TIOCIIEIOBA-
tenpHOCTH (RHP). [Ina xonctpymposanns HDR-EGFP-
BCTaBKU U 20-HYKJI€OTUAHBIX Hampasistonmx SgRNA 1 u
sgRNA 2 nanuble OBUTH B3SITHI U3 MOCIIEIOBATEIIEHOCTH
JHK renoma ytku «Anas platyrhynchos Spindlin 1
(SPIN1)» B 6a3e NCBI. [l 3T0ro skcriepuMeHTa ObUTO
ncnons3oBaHo 24 ytku (13 camioB u 11 camMok) mopoabt
[Maocun. TpaHChEKIHIO CIIEPMATO30UI0B OCYIICCTRISLIN
¢ ucnoip3oBaHMeM peareHTa Lipofectamine 2000.
Pesyabrarbl. beuio nonydeno 31 ytky, u3 xotopsix 19
nMenu B reHome Tpancrennyto JIHK (EGFP), koropas
Obuta ornpeneniena MerogoM [1LP. Ananus notomkos (F2)
mokazal, uro Bcero 16 yrok (F1) (14 camok u 2 caMIioB)
nepeganu Tpancrennyro JIHK cBoum mnotomkam.
Pesyabrarsl nokazany, uro 27,6 % (56/203) noromxos F2
OBbUIM TIO3UTUBHBIMH B OTHOLIICHUH KOHCTPYKIINH TPaHCTeH-
Hoii JIHK. BoiBoabl. Pe3ynbTarhbl CBUICTEIHCTBYIOT, YTO
sx3orenHas JIHK Oblna ycrienHo BcTaBiieHa B TCHOM YTKU.

Knwuebie caosa: CRISPR/Cas9, EGFP, SMGT,
TpancrenHnast ntura, YTka
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