


ARCHIVES OF
VETERINARY
SCIENCE

March/2025

"';

IHJ'

=P AN e

C‘Il_ c"_.-.l .’.'.'.'I[

WAAVI >

30" Conference of the World Association for
the Advancement of Veterinary Parasitology

August 17th to 21st, Viasoft Experience

CURITIBA - 2025

[+
-
-
-
v ]
-
3
-
-
-
¥

W

]

W

i

W




Assessment of Temporal
Effects of Electroporation
on CRISPR/Cas-Driven
Gene Modifications in
Buffalo Embryos

http://dx.doi.org/10.5380/avs.v3011.96964

ot

Assessment of Temporal Effects of Electroporation on CRISPR/Cas-Driven Gene
Modifications in Buffalo Embryos

Authors:

Dipankar Sardar
Md Taslim Hossain
Adnan Habib

gamd ant
ses. Condinions ike type ] disbete:

during e brief period between fartlization aad

Author for correspondence:

Md Taslim Hossain - taslim@kau.edu.bd

Adnan Habib - ahabib.bmb@gmail.com

To read full article visit Vol. 30 No. 1 (2025): Archives of
Veterinary Science: WAAVP 2025 Special Edition at
https://revistas.ufpr.br/veterinary/ and look for by this title.

UNIVERSIDADE FEDERAL DO PARANA 1 9 7 3 - 2 O 2 3

HIVES OF
RINARY >
IENCE

Manchi 2025

ARCHIVES OF
VETERINARY
SCIENCE

March/2025

publish.avs@ufpr.br
editor.avs@ufpr.br



mailto:taslim@kau.edu.bd
mailto:ahabib.bmb@gmail.com
http://dx.doi.org/10.5380/avs.v30i1.96964
https://revistas.ufpr.br/veterinary/

. ARCHIVES OF
UreR S VETERINARY »
m Archivas of Vetarinary Science https:/ ferarm.ufpr.orf 5“ I EH EE

Manchi 2025

Assessment of Temporal Effects of Electroporation on CRISPR/Cas-Driven Gene
Modifications in Buffalo Embryos

'
Submitted: 22092024
Accepted: 22022025

Dipankar Sardar!, Md Taslim Hossain®®, Adnan Habib®* w H HV P
=r

| Diepenmment af Biotechnology, Bagladesh Agviculnmal Tniversin, Mymensingh-1202, Bangladesh, ORCID: heps: foreid ove 0000-0001-7 756
074
“Digparmment of Animal Nutition, Faculy of Tereringy, Animal and Biomedical Sciences, Kina Asvieuinmal Unfversin, Fudna-5200
Bmgladesh, QRCID: hips:/orcid org 0000-0002-4775-2033
“Dgpearmment of Animal Breeding e Genetics, Bangladesh Asvicuinral University, Mymensingh-2202, Eangladesh, ORCID:
hiips - orcid. org D000-0002-0247-1933
Amthor for cormespondence: Md Taslim Hossain — taslimitkay edubd Adnsn Habib — shabib bob smail com
Abstract: Gene edintng in buffalo faces challenpes fom mosaicism where cells contain both wild-nype and mmtant alleles, complicating the
creation of penetcally modified animals in a single step. Traditionally, elecroporation is done post in vitro fertilization (TVF) oo zygotes, ut the
higher permeability of mature oocytes suggests earlier intervention could reduce mosaicism and inprove editing efficiency. This study aimed to
determine if el erroporating buffale cocytes at different stages during i vitre manration (TWVH) could inmprove biallelic nnitstion rates for thres
zenes: EDE, GDFY, and POUSF1. Oocytes were eleciroporated at 44, 446, and 48 hours of VML and a control sroup of zveotes was electroporated
12 hours pest-IVE. Each group received three gFIAs tarzeting the three senes. After electroporation, oocytes were fertlized and cultured to the
blastecyst stage. The stdy assessed and conmpared blastocyst formation rates, nuatation rates, and biallelic puitation oCOMTEnCES ACTOSS ETOURS.
Electroporation at 44 and 46 hours of TVM reduced blastocyst formation mates but did not sisnificantty impact nurtation or biallelic mmtation rates
conmpared to the comirel. Oocytes that were electroporated at 48 hours of TV showed similar results to those that were electooporated post-IVE.
This suggests that the timing of elecroporation doring TV afects blastocyst formation bt does not influence overall gene editing efcency,
offering a potential method for pene editing in buffale without the need for IVE.
1. Imtroducton

CBISPR/Cas (Clustered Regularly Interspaced Short Palindronmie Repeats/CRISPR-assocated) 1= a revolutionary gene-editing
technology that allows us to make precise changes to an orgamism's DINA (i & Li 2020). It onginated from a natural defense
mechamsm found in bacteria, which wse CRISPRCas systems to defend agamst viral mfectons by cuting and destroving the DINA
of imvading vwuses, and now has been successfully used for gene edifing m several mammahan species (Lng, 2020}, Water buffaloes
are one of the domesticated ammals m Bangladesh that have been widely used in bromsedical research, including gene therapy,
becanse of thewr large size, II!Pl'Dd'lJ.l’.'h.T.‘EPh} wlogy, and innmmine system characteristics are espectally useful for research purposes
(Smgh et al, 20200, Thewr large =ize, reproductrve phy=miology, and imemme system charactenstics are especially uzeful for research
purposes. Additonally, their genetic makeup and susceptibality to certain diseases mazke them relevant models for understanding
buman health and developmg treatments (L et al., 2015). Research forusing on one-step mmltple gene tarpeting m animal models
has gamered sigmficant mferest in recent vears due fo ifs potenfial imphications for understanding and treating complex uman
diseases. Condifions like type I diabetes, thrombosis, and liver enrhosis often result from mutzations m mltple genes, making them

challenge to study and treat effectvely (Smgh ot al., 2009). By simultanesusly targeting mmltiple genes involved m these diseases,
researchers can better minse the genetic complexaty seen in humans which would allow for 2 more comprehensive understandng
of dizease mechamizms, iIncluding interachons between genes and pathways.

By targeting mmltiple genes that might mteract or have complementary roles, we can enhance or combine fraits m ways that are

more effective than single-pene modifications (Civelek & Lusis, 2014). We considered 3 penes m owr study which have nearly
similar functions. The genes KD (Kinase Insert Domam Feceptor), GDFS (Growth Dhfferentiation Factor %), and POUSF1 (POU
Class 5 Homeobeomx 1) play crucial roles in vanous biologcal processes m buffalo, paricularly i development. reproducton, and
cellular fincton (Michelizzn, 2010). For genome editing puposes, reducing the number of mterventions means less stress and

handling of the ammals. This 15 important for mamtaiming animal welfare and enswring ethical standards m livestock management
(Prescott, 2020). However, one-step multiple gene fargeting svstems have encountered sigmificant obstacles, with mosale mutations I EN E
being a promument challenge (Im et al., 2016). Mosaic mutztions ocowr when only a subset of cells within an organizm undergoes

successful ediing, resultiing m a puxture of edited and unedited cells, known as mosacism. Thas phenomenon can complicate the

interpretation of expenmentzl results and hinder the generation of gemetically uniform orgamsms (Foulkes & Real 2013).

Electroporation of Cas? protein and ginde ENA (szBMNA) mto zyzgotes durng the bref penod between farhlization and the first

DA replhicanion has been proposed as a strategy to generate non-meosac o biallehe mutants. This approach tzkes advantage of the M h/2025
fact that editing the zygote before DNA replication ensures that any =enetic modifications introduced will be present in all darc

subsequent cells a5 the embrvo develops (Hashimoto ef al., 2016). Despite efforts to generate baallelic mmtations using one-step

muliiple-gene targeting, challenzes permist. Researchers shll could not produce the desmed biallehe mmtation by one-step mmltiple

gZene targeting, in which the CRISPFR/Cas? system was electroporated mnto the putatrve zygotes during the gap fime between the end

of farilzation and onset of genome rephication (Hirata et al., 2019). The mechamsm behind the limitation of aclieving biallelic
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mrtziions in mple gene knockout experiments despite early CRISPECas® miroduction remains unclear. Consequently, we decided

to mitiate a study to deteromne whether altenmg the tming of CRISPE/Caz? introduction, esther at the oocyte stage or the zvzote

stage, could enhance the rates of biallelic mutation. In contrast to the control group, which had the putative zygotes electroporated

with pooled gRMAs targeting all three genes at 12 h after the imtiation of fertibization three gRIAs targeting the KDE. GDF9. and ot
POUSF] genes were simultanecusly miroduced into buffalo cocytes that had been menbated for 44, 46, and 48 b

2. Materials and Methods w H HV P
2.1. Ethical statement =

This study proftocol was reviewed, and animal expenments were pamutted by the Khulna Asmienltural Unpversity Animal M- astlers: il Winril Arriatien
Expermmentation Ethies Committee {Approval Mo: AFEC/EATN?024-01), Bangladazh e e siss smranf oof Weve ey Parmfahog

1.2, Docyte collection, in virro maturation (TVAL, and fertibization

Aﬂ'&rbeing langhtered at a nearbry abattoar, large black Murah breed buffalo ovanes were taken, and thev were brought to the
lab at 30°C m less than an howr m phosphate-buffered saline supplemented wath 50pg tetzevelneml. Precantions were tzken to
mummze mucrobial confammanon by conduchng procedures m hughly stenle condihons. The ovanes were reated for cummulus-
oocyte complexes (COCs) recovery using 100 I /ml pemeillin & potassium and 0.1 mg/ml streptomyein sulfate after bemg cleaned
twice in PBS and then moved to new FBS at 39 °C m a water bath. Under a stereomicroscope, follicles measuing 3-6 mm m
diameter on the ovanan surface were cut with a surgical blade on 3 sterils disk, allowmy the COCs to be seen and collected . For 24
bours, roughly 50 COCs were growm m 500 nucroliters of maturation mednom that meluded tissue culhure medium 199 with Earle’s
salts supplemented with 10% (wv) bovine follicular fluid 0.6 mM eysteine. 50 ubd f-mercaptoethanol. 50 ubd sodmm pynrcate, 2
mgml D-sorbitol, 10 IU/ml buman chononie gonadotropin, and 50 pgml gentamicm After that, the C0Cs were moved to a
bormone-free matwration mednm and cultivated for 2 fiurther twenty-tweo howrs. COCs were kept m a lhmidified ineubateor with
5% 002 2t 39°C.

The matuwred oocytes were subjected to i vive ferihizaton (IVE) as described previously (MManm et al, 201%). In short,
spermatozoa that had been frozen and thawed were placed mto 5 pmlhlitres of ferilization media and centmfuged at 300 = z for five
murmites fo remove any remamng fhind. COpee agam suspended m ferihzaton medium, the pellsted spermatozoa were adjusted to 2
« 10F cells'ml Then, about 30 oocytes were placed in 500 pl of fertibization media contaiming 10 pmol penicillamme T plus 2 pmael
sodivm metabisalfiteL., 1 pmol bypotawnne L and 20 pool adrenaline/]., sealed with mmeral oil m 4-well plates, and co-meubated
for five hours at 39°C i a hwmdified ineubator with 90% N2, 5% 02, and 5% CO2. Followng comeubaton, the embryes were
incubated for six davs &t 38.5°C, 5% CO2, 5% 02, and 90% N2 in SOF media supplemented with 5% FBS. Mo cultwe medium

replzcements were performed dunng thes tme.

1.}, Formation of ENF complexes and electroporation of presumptive zyvgotes

The zBMNA= were desizned usmg the CRISPR duect web tool (hifps/ogzprdbclzin’ To mummuze off-target effects, 12
pucleotides at the 3-end of the designed gFMAs had no sequence matches m the buffalo genome other than the target regions of
EDE, GDFY, and POUSF] (Table 1}, as deteromned using the COSMID webtool (hitps-'cnispe bme gatech edu).

Target™ ERMA target sequence Target Strand  Forward primer Eeverse primer

EDR-Ch7, GAGGCATCACTTIGOGOG COGG Ex 2 Sanza GGCACAAMAGTCACCCA  CAGCTTGGAGRAGTGE
NC 0591631 CCA ACTT AAAG
GDF9-Cho, TIGCTAATTCTTCCAAG TGG Exl Antisen  CTCCTCTIGAGCCTCTG  ACAGOCCTCTICTICTG

NC_0591651 CCA GTG GICA
POUSF1-Chz COCTCAGCCOCGAGGEC GG Ex2 Sense ACAGCATGTTTTGACCC CAAGACCCOCACACCAG

HNC 0591581  GAGG ACA CTAT
Table 1 - gFMA and primer sequences nsed for sequencing analysis.
*Bazed on MCBL Bubalus bubalis isolate 160015118507 breed Mumrah whole genome shotzum sequence WDDB_SH_1 (GCF_01982398335).

14, Electroporation
After remoning O0C and sperm 5-10 howrs after insemumation, the likely taffale zyzotes were teice washed with wash media
and zone-thinned for 10 seconds using ac1d Tyrode's solution. Electroporztion was performed as desenbed previously (Punetha et
al, 2024). In hort, 2 Gene Pulser Xeell was attzched to an electrods, whuch was placed beneath a stereoscopic mucroscope. After
bﬂngmm:ha.ted for the specified dw=zhons from the beginming ufﬂ:ematumunculn.u'e the curmlus-free oocytes were cleaned
with Opt-MEM I solution and pesihoned in a line betareen the electrode gap in acl:umber_ahdeﬂ:atcmtalmd 10yl of muclease-
free duplex buffer that contamed 100 ng/ul of three gRMNAs (IDT, Corahnlle, USA) and 100 ng'ul of Cas? protem (Takara Bio,
Shaga, Japan). The same matwation media was used to incubate the cocytes aﬂ:erdacﬁ'upmaﬁmﬁ:rﬂm finzl 48 howrs of the culture March/2025
pentod. A= previously mentioned, in vigre ferilization was performed on the matired oocytes. The embryos were then cultivated for
seven days to assess both the genotypes of the developing blastocysts and thewr capacity to develop to the blastocyst stage.
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1.5, Amalvzis of the targeted genes after electroporation

To assess the effectivensss of introducing target mutations in the embryos, we examined the frequencies of base mserbions or
deletions (mdels) in the target regions of mdrndual blastocysts. Embrves were heated m 50 mb MNaOH to extract thenr genomuc
DA, FoMmgmmhzﬂmgbIﬂlPﬂb@ﬂhh(Gm&MCm@a}mmﬂhp&r&rmamhmem
reaction (PCE) on the DMA samples following the manufacturers mstuetions. The prinsers emploved for amphfication are detailad
i Table 1. We used Sanger sequencmg to analvze the target region sequences after purifiing the PCE. products using the Fast Gene
GelPCE. Extraction Eat (Mippon Geneties, Tokyo, Japan). We usad an ABI 3500 genetic analyzer (Apphed Biosystems, Foster City,
CA USA) and a BigDhve Termmater Cyele Sequencing Kit version 3.1 (Thermo Fisher Seientfic KK | Tokye, Japan). The TIDE
{Tracking of Indels by Decomposition) broinformaties tool (https:'fide desk sen comwras utihized to mezsure the frequency of indel
mutations m blastorysts produced from oocytes that were electroporated with three differant R0 A= Blastocysts were cateponzed
as having lallelic mmtations (canving no wild-tvpe sequences), mosates (contaimng more than one type of matation plus wild-type
saquence), or WL {camving just the wild-fype sequence) based on the target repion sequences.

1.6, Experimental design

Oocytes that had been incubated for 44, 46, and 48 howrs following the start of IVM culture were treated with three gRMNAS
targeting EDE. GDF?, and POUSF] conowrently to test if the toming of electroporation before IVE promotes tiple gene editng mn
the resultant blastocysts. Dulbeceo’s PBS mixed with 1 mg'ml hyahwonidase was used to mechanically release the oocytes that were
incubated for each time point from curmubes cells. The tree different gRINAS that tarpeted each zene were combined and added to
the cummalus-free cocyies at the same time usmg 100 ng/ul of Cas® protein electroporation. Following electroporation, the oocytes
underwent i vitre feribzation (IVE) after bemng cultured in the same matwration media for 48 howrs out of the entire culture time.
Twelve howrs after IVF began, zygotes were electroporated with three gFINAS somultanecusly as a control. After miroducmg three
gBNAs into oocytes, the rate at which blastocysts formed was assessed. a5 were the target mutahons present m the subsequent
blastocysts.

1.7. Statistical analysis

Arcsme transformation was applied to the percentzges of embrvos that reached the blastocyst stage. Analyzis of vanance was
used to assess the comverted data, and then protected Fisher's least sizmuficant difference tests were performed. The program used
for the analysis was GraphPad Prsm (Califorma, USA). Uth=ing Yates' cmrechmmcm:gmctmm.ﬂl chi-squared tests, the
percentages “of rustant blastocysts were examined Differences with probzbility values, P = 0.05 were considered stzhstically
sigmificant.

3. Re:ults

We locked at bow the tmung of electroporation with three different kmds of znde ENA (zRMA=) before in vitre ferhhzabon
(IVF) affected the development of the embryo (Table 2). When cocytes were electroporated before the conclusion of the in vitre
paturation (TWVM) culture period, their blastocyst formaton rates were considerably (P = 0.05) lower than those of cocytes cultured
for the entire duration. Monetheless, after the enfive culture penod, the blastocy=st formanon rate of the electroporated cocvies was
comparable to that of the conirol zygotes that were electroporated 12 howrs after the IVF process began

No. of embryos No. (%9) of embrvos”
examined Cleaved™ Developed to blastocysts
280 254 (875809 31 (10.69=3 1)y
236 135 (37.20L2. Ty 22 (16.29=1 8y
289 166 (57433 9 17 (10.24=]1 2y
270 237 (877829 31 {13.08=1.5§

Electroporation time during TVAL

Table X — Effects of the timng of electroporation during i vitre matwration on the blastocyst formation of cocytes after in viero
fertilization.
*A1 experiments were rephicated three times. Diata are expressed as the mean = SEM.

** At the appropriate infervals from the beginning of the maturation cultuwe, three gRMNAS targetmz EDFE. GDFY, and POUTSF]L
were electroporated, and the oocytes were subsequently cultured in the same matwation media for the final 48 howrs of the cultwre
penod. Putative zygotes that were harvested 12 hours after IVF began were electroporated with three gBIN A= as 3 control.

@Y alues with different superseripts in the same colmmn are significantly different (P= 0.05).

When evaliating the mutation rates by sequencing each farget site in the resulting blastocysts (Figure 1), the timing of
slectroporation before IVE did not lead to an merease in erther the overall mutation rates or the totzl biallelic mutation rates.
Furthermore, the total mmutafion rates of the three types of gFINAS that were electoporated simultaneously m control zygotes and
oocytes did mot differ sigmficantly. The rate of mple mutations mn the resultimg blastocysts from oocvies electroporated at 43 h was
sigmificantly higher (F = 0.05) than that of oocytes electroporated at 44 h (Fizure 1 A). The timung of electroporation did not mfluence
the mumber of target sites with biallelic putations in the resulting blastocysts (Figure 1B).

hitp:/'dx doworzs 105380 avs vw30h] 36964

Archivaes of Vetarinary Science
hittps:/{revistas.ufpr.orhveterinary

|
anos
Setor de Ciencias Agrdrias

l ' I= P R Universidade Federal do Parand

UNIVERSIDADE FEDERAL DO PARANA 1 9 7 3 - 2 O 2 3

T

PPGCV

PROGRAMA DE POS-GRADUAGAD
EM CIENCIAS VETERINARIAS-UFPR

ARCGHIVES OF
) VETERINARY >

SCIENCE

Manchi 2025

Fo

WAAVR

W0 asfrrreg g pf il Fodd oy umineyy for
i Afesissamani of Vatrrbeerey Parmifshop

ARCHIVES OF
VETERINARY
SCIENCE

March/2025

publish.avs@ufpr.br
editor.avs@ufpr.br




ARCGHIVES OF
) VETERINARY >

m‘ Archivas of Vetarinary Science httPE-r-""‘“-""-'Ume” 5“ I EH B E

Manchi 2025

WAAVR

e - B f aufrrremg e pf ilbe Fpgdd fosou iy for
I i Afesissamani of Vatrrbeerey Parmifshop

Control 44k 46h 48k Control 4 b 46 h 45 h

Figure 1 — The resultant blastocysts after elecroporation therapy with gRINAs targeting three gpenes during i vire manration (TVI) had the
routation (A) and the biallelic rmeation (B). At the appropriate intervals from the beginning of the IVM culture, three gFNAs targeting ETE,
GDFY, and POUTSF] were elecooporated and the oocytes were subsequently culnmed in the same manmration media unil 48 hours into the
TWM culture period. Three gFINAs tarpeting EDF. GDFY, and POTUSF] were elecmoporated into pusatdve Zygotes that were harvested 12 hours
after the m wiro fertlization process began This was done as a conirol Using TIDE, the blastocysts” penotypes were identified. The total
mumber of blastocysts analyzed is indicated by the mmibers in parentheses. *P-=10.05 compared with the rate of miple mrations in the resulting
blastocysts from cocytes electroporated at 43 b

ARTICLES

Biallelic genes

Fdited penes
W gene @2 pemes

Hlpene D2gemes O3 pgenes

Ol the resultant blastocysts from cocytes electroporated at 48 howrs and from control zvgotes electroporated at 12 howrs after
the start of [VF showed the smultaneous inserton of tmple mutations. We then contrasted the sorts of mutations made to each
targeted zene in the two groups (Fizure 2). The overall mmtzton and fotal biallelic mutation rates of each targeting gene 1 the
resultant blastocysts did not differ sizmficantly between the tero groups.

Gty o PORLUTF el regiog
mhi Bmos OWT

Ciemotype of AW tanpet regson Gienotype of CIOFT el region
Wl Weos OWT 5 Whs Bmues OWI
W

Conmal Bh Contral EEIN Uenired “8h nn c " I“Es 0 F

Figure 2 — Genotypes of blastocysts after individus] sequencing the target sites of (A) EDEL (B) GDFS, and {C) POUSE genes. Blastocysts

derived from oocytes electroporated at 48 h after the mitiation of TVM calnme (48 h), and from patative zygotes eleciroporated at 12 h after the
imitiztion of i vitrp fertlizatgon (Conool) were snalyzed. Genotypes of blastocysts were determnined nsing TIDE. Mumbers within parentheses
indicate the total member of examined blastocysts. bi: blastocysts having bisllelic madatons; mos: blastocysts having moszic nmtation; W

wild type.

4. Dhzcussion

The tmung of CRISPR/Cas® delivery info cocvies 1s crucial for successful genﬂhcmadlﬁ.cahun,wﬂhmmmma:md
at metaphase I munimizing mosaicism and targeting specific developmental stages, while posmg efficiency challenges (Hoata et
al., 2019). This study explores whether electroporating buffalo cocvies during the IVM process can enhance biallelic and total
pmtation frequencies for nple zene knockouts. Findings suggest that cocvies at the end of matuwration may be more effectrve for
gene editing than those at mtermediate stages. During IVM, cocytes undergo chromatin remodeling, transinonng through metotic
phases to reach metaphase II, drven by vanious molecular factors ke listone modifiers, chromatin remodelers, and tansenption
factors (Belli et al, 2014). The evidence suggests that decandensed chromatin is a superior substrate for gene editing than condensed Mal‘(}h/2025
chromatin because decondensed chromatin 15 more likely to target editing machinery due to protem depletion dwing decondensation
(Suzuk et al., 2014; Yoshida et al., 2007). This work could contribute to the understanding of why a more effective CRISPR/Cas9
system 15 supported by mature oocytes that make it through the maturation stage and on to the ferihization stage.

hitp: s dorcrz 10,5380 /avs w3001 6064

publish.avs@ufpr.br
o A b editor.avs@ufpr.br

|
[ anos
Setor de Ciencias Agrdrias

l ' I= P R Universidade Federal do Parand

UNIVERSIDADE FEDERAL DO PARANA 1 9 7 3 - 2 O 2 3

PPGCV

PROGRAMA DE POS-GRADUAGAD
EM CIENCIAS VETERINARIAS-UFPR

T




Manchi 2025

ARTICLES ST % AHBHI“EE uF m
m‘ Archivas of Vetarinary Sciance hittps:fwerm ufpr o SEIEHEE
(ene edifing actvifies can contitme after genome replication m mmlti-cell stage embryos when CRISPR/Cas? 1s mtroduced mmto
fertilized oocytes, leading to mosaictsm (Chang et al., 2013). The CRISPR/Cas? system can edit the paternal gpenome confimuonsly
during ferilization, potentially enhancing control over gene mutations during cocyvie matwston and resulting in mmltiple mrtated
alleles in both paternzl and maternal genomes (Wu et al, 2018). However, electroporating before fernhization did not merease ot
brallelic mutahon rates m blastocysts. Suzuk: et al 2014), suggesredﬂutﬂ:zbﬁ&ftnlmewiudwrﬁwCRISPR'CasﬂLdmto R 3
oocyte chromatin orgamization dunng meiche departure, which may resist the editing apparams. Mixed-allele cases hikely anse
when only one allele 1= available during editing. This mmplies that, although CRISPE/Cas? was mnfroduced before ferhhzation,
pmaternal gene editing mught have ocowred after the imfial DNA rephication. Addrbonally, the Cas¥ protein may have a short half- =
life due to proteclysis (Yang et al., 2018}, possibly miting 1ts activity during gene ediing. Additional research 1= requured to clanfy e i e e e
these mechanizms. Wi |.l..::....u.-u.| I.|I ';.n... ..-\_.,.;'...,-.-\...:.. -
This study found that cocytes electroporated at 48 hows of IVM cultwe and control zyvzotes had hgher developmental s
competency compared to cocyies electroporated at 44 and 46 hows. Earlier research indicates that cocytes are more sensifive to
alectrical pulzes than =ygotes (Hiratz et al., 2019). Dunng electroporztion, the creation of membrane pores allows reactive oxyvzen
species (ROS) to enter cells, impactng membrane stuchwre and mducing ceadative stress, which can alter cellular behavior and
facilitate the enfry nngﬂmuma.tmaLlfYa.da‘L etal, 2021; Yang & Lin, 2021). Ann‘l:hu':mpartantﬁctmmtake mto account 15
the parthenogenesis of developed ococytes via dac'tmpumt.on simmlzfion, which will raise each expenmental group's blastocyst
formation rate (Smgh et al, 2009). In contrast to control zygotes electroporated after in viro feriilization, the blastocyst formation
rate from oocyies d:ixmhvelectmponl:inn dunng mahwaton culture was lower m thas wvestgation. The detnmental mpact of
slectroporation on an cocyte’s developmental capacity throughout matwston seems to outweigh the parthenogenesis-mduced
increase 1n the rate of blastocyst formation. However, the experimental desizn should ke electroporation simulation-mduced
parthenogenesis into account. A dditvonally, removing cumubos cells durmg TVM culture hinders the nuclear maturation, fartilration,
and subsequent development of the embrvo m cocytes (Wongsnkeao et al., 2005). Cur findings therefore suggzest that, in addifion
to causng a stress response due to membrane damage, electroporation of commlus-free cocyies dunng IV may also result in fubure
embryonic developmental amest, presumably a5 a result of ROS formation. Buffalo IVF methods continue to face a confmuous
challenge from polyspermic penetration (Funzhashi, 2003). Using owr IVE system, the normal and polyspermic feriibization rates
were approximately 40 to 30%, and = 15%, respectively (Kadoom et al , 2014). Removal of cunmlus calls before IVE reduces sperm
penetration (Eikuchi et al, 1993). Consequently, there 15 probably not 2 zreat chance of polyvspermic penetration. It does, however,
make it more difficult to evaluate the finding=. One option to thimk about 15 intracytoplasmie sperm mjechion.
£, Conclusion
Thas study demonstrates that usng fially matured buffalo cocytes for electroporation, whether before or after fertibization, does
not significantly alter mutation rates or tallelic mutations m resultant blastocysts. This expands the timeframe for gene edifing
without waiting for IVF completion, offening greater flesabality m research design. While promusmg, firther imveshzation 1= needed
to understand the mpact of pre-IVF electroporation on mmplantahon success and to delve into the underlying mechamsmes of gene
editing efficiency in matured oocytes. Future research should aim to resolve these 13mues, paving the way for effectrve applications
in buffalo breedmg and boteckmology.
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