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ABCTpaKT: 8 ycnosusax cospemeHHoU enobanuszayuu 3HAHUe aHeaAUuliCKo20 A3bIKa
npuobpemaem 8cé bosblee 3HaYeHuUe, @ BMecme ¢ HUM 8o3pacmaem u Heobxoo0umocmeo
8 pa38UMUU BbICOKUX KOMMYHUKAOMUBHbIX HABbIKos. C pa3sumuem mexHoa02ul
UcKyccmeeHHbIl uHmesnnekm (M) cmaHosumca 8aicHoIM UHCMPYMeEHmMoM 8 cghepe
0b6pa3osaHus, 8ka4aa obyyeHue UHOCMPAHHLIM A3blIKaM. HacmosAwee uccnedosaHue
npedocmasnaem coboli 0630p Hay4yHOU aAumepamypol, NOCBAUEHHOU U3YYEeHUK B/UAHUA
N Ha copmuposaHue KOMMYHUKAMUBHbLIX KOMMemeHyul y y4aujuxcsd, u3y4aroujux
aHenulickul Aa3sIk. Lens pabomsl — npoaHanu3uposame cyuecmsyroujue uccie0o8aHus u
meopemuyYeckKue UCMOYHUKU, Ppaccmampusaroujue ucrosns3osaHue mexHonozaul WU e
npouyecce oby4yeHua aHenulickomy. B Ha4vane scce 0aémca obujee npedcmasneHue ob
UCKYyCCMBEHHOM UHMessieKme U e20 fnpumMeHeHuu 8 obpazosamenvHoli cpede. [anee
onucsiearomca cnocobol, ¢ MOMowbio Komopbix W moxcem cnocobcmeosame pa3sumuro
HaBbIKO8 ycmHoU pe4u, ayouposaHUs, YmeHUA U NUCbMA Y U3y4arousux A3bIK.

KnioueBble cnoBa: MckyccmeeHHoIl uHmennekm (UU), obyvyeHue aHenulickomy
A3bIKY, KOMMYHUKAOMUBHblE HABbIKU, adanmueHele 06pazosamesibHble MexHOs02UU,
amuyeckue acriekmeol M, ob6pazosamesibHble mexHos102uUU

B coBpemeHHOM B3aMMOCBA3aHHOM MWpPe BAALEHME AHIIMACKMM  A3bIKOM
CTaHOBUTCA HEOTbEM/IEMbIM HABbIKOM A5 TEX, KTO CTPEMUTCA A0OUTLCA ycrnexa B IMYHOM
M3HK, y4€be n Kapbepe (Capu, 2023). YMmeHMe obWATHCA Ha aHIMIACKOM OTKpbIiBaeT
A0CTyn K 06pa3oBaHMI0, MEXAYHAPOAHbIM MPOEKTamM W HOBbIM MNPOdECCUOHANbHbIM
BO3MOMKHOCTAM no Bcemy mupy (Capu, 2021). Mo mepe pocTa cnpoca Ha fA3bIK
npenoaaBaTenn U y4YyéHble ULYT HOBble MeToAbl ObyyeHMA, O4HUM M3 KOTOPbIX CTana
MHTErpauma WCKYCCTBEHHOro uHTennekta (MW) B obpasoBaTenbHblt npouecc. UM,
CNOCOBHbI MMUTMPOBATb YE/IOBEYECKOE MbIW/IEHNE, 33 MNOCNeAHME roabl caenan
6onblWON War Bnepén, NPoOYHO BOMAA B pa3/inYHble chepbl obuiecTBa. B obpasoBaHum
TEXHOJIOTUM HA €ro OCHOBE PACCMATPMBAIOTCA KaK MNEPCNeKTUBHbIA MHCTPYMEHT ANA
noAAePKKU U Pa3BUTUA A3bIKOBbIX YMEHUN, 0COBEHHO ANA yAydLlEeHNA KOMMYHUKATUBHbIX
HaBblkoB. MW npepnaraeT nNepcoHaNU3MPOBAHHbLIN, WMHTEPAKTUBHLIA WM a[aANTUBHbIN
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dopmaTt 0b6y4YeHUs, YUUTbIBAOWMIM YHUKANbHbIE NOTPEOHOCTU M NPEeAnOYTEHUSA KarKaoro
yyawerocs. Uenb aton o630pHON cTaTb — uU3yunTb, Kak UW BAuAeT Ha passuTue
KOMMYHUKATUBHbIX HaBbIKOB Yy M3y4yalOWMX aHIIMNCKUIA A3bIK. Ha ocHoBe aHanusa
CYLLECTBYIOLWMX MCCNEA0BAaHUMA M HaydHbIX MNyO6AMKAUMA Mbl NpeacTaBAAeM TekKyllee
COCTOAHME 3HaHMMK, 0bobLLaemM OCHOBHble BbIBOAbI, @ TaK¥Ke BbIABASEM TEHOEHUMU U
npob6enbl B 3TOM 061aCTU.

B aTom 0630pHOM MCCNefoBaHUM NPUMEHEH NOC/eA0BaATENbHbIA CUCTEMHbBIN NOAXOA,
K NMOMCKY, 0T6OpPY M aHanM3y Hay4yHbiXx Ny6AMKAUMIA, NOCBAWEHHbIX POAU UCKYCCTBEHHOTO
nHtennekta (MU) B GOPMUPOBAHUM KOMMYHUKATUBHbLIX HABLIKOB Yy W3y4YaloLiUX
aHTNNCKMIA A3bIK. Mpoueaypa paboTbl BKAOYAET YeTbipe KAKYeBbIX 3Tana:

1. dopmynumpoBKa Lenen n BONpocoB NccieaoBaHumA

CHavana 4YETKO oOnpeaenAlnTcs [NlaBHaA Uelb W BCMOMOraTesibHble BOMPOCHI,
KoTopble 6yayT HanpasnATb Becb 0630p nAuTepaTypbl. OCHOBHAA 3ajaya — BbIACHUTD,
Kakum obpasom MU cnocobctByeT pasBUTUO YCTHOM peun, aygauMpoBaHUA, UYTEHMA U
MUCbMA Y YYaLMXCA aHIIMIACKOrO A3blKa. [lonoNHUTENbHO pa3pabaTbiBalOTCA YTOUHSAOWME
Bonpocbl 06 3ddekTuBHOCTM WU-MHCTPYMEHTOB, NenarorMyeckux MOCNeACTBUAX UX
NPUMEHEHWA U CBA3AHHbIX STUYECKUX acneKTax.

2. NMOUCK NCTOYHUKOB

MpoBOAMTCA KOMMNIEKCHbI MOWCK pPeNeBaHTHOM /AUTepaTypbl B aKaAeMUYECKMX
6asax  [AaHHbIX, PEeUEH3UPYeMbIX  KypHanax, MaTepuanax KoHdpepeHUuhn u
Cneumann3nmpoBaHHbIX OHMAMH-apXxMBax. Mcnonb3ytoTcs Takne KatouveBble coBa U Gppasbl,
KaK «UCKYCCTBEHHbIN UHTennekt», « M1 B obyuyeHnn A3blkam», «aHTIMNCKUA KaK BTOPOWM
A3bIKY», KKOMMYHUKATUBHAA KOMMETEHUMA» U apyrme 611M3Kkne no Teme TepmMuHbl. Mo mepe
paboTbl CTpaTerns NOMCKa yTouHAETCA U A0NONAHAETCA ANa obecneyeHns NONHOTbI OXBaTa.

3. Ot6op nybnKauni

[NnA BKAOYEHMA U UCKIOYEHMA MaTePUaioB NPUMEHAIOTCA 3apaHee YCTaHOBAEHHbIe
KpuTepuu. JlInTepaTtypa oTOMpaeTca No COOTBETCTBUIO TEMATUKe, AaTe NybanKaumm (akueHT
Ha nocnegHwWe roApl), HAY4HON HALEKHOCTU U METOAO/IOrMYEecKon cTporocTu. Mpuopurter
OTAAETCA 3IMMUPUYECKUM WUCCNEA0BaAHMAM, PELEeH3UPYEMbIM CTAaTbAM M aBTOPUTETHbIM
TeopeTmyeckum ob63opam.

4, N3BneyeHmne AaHHbIX U X 06paboTKa

M3yyeHHble WUCTOYHWKM NOABEPraloTCA AeTaNbHOMY aHanusy: QGUKcUpyroTcs
KNtoYeBble pPe3ynbTaTbl, ONUCAHUA NPUMEHAEMbIX METOAMUK, XapPaKTePUCTUKU BbIDOPOK U
TeopeTMyeckne noaxoapl. 3Ta MHPOpPMaAUUA CUCTEMATUINPYETCA ONA BbIABAEHUS 0OLMX
Tem, TPeHAOoB U pasinuuin mexay pabotamu. [lNpu HeobxoaMMOCTM NpPOBOAMUTCA
CPaBHUTE/bHbIM aHanM3, YTobbl NOAYEPKHYTb CXOACTBA M OT/INYMA B BbIBOAAX Pa3/IMYHbIX
aBTopoB. Takmm obpa3om, onncaHHaa MeToao/0rMa obecneymBaeT CTPYKTYPUPOBAHHbIN U
npo3payHbin 0630p CyLLECTBYIOLWMX WUCCNEeA0BAaHMN MO npumeHeHuto UMW B pa3sutum
KOMMYHUKATUBHbIX YMEHWIM U3YYaIOLWMX aHTTMNCKUIA A3bIK.
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5. AHanu3 orpaHMYeHuni n BbiasaeHne npobenos

OueHMBAlOTCA OrpPaHUYEHUA KaK OTAENbHbIX UCCeaoBaHUIA, Tak U Bcel 0630pHOM
paboTbl. OO6CYKOAlOTC  BO3MOMHbIE  WMCKA*KEHWA, TakKuMe KaK  A3blkoBad WM
ny6MKauMOHHaA NPeaB3aTOCTb. TaKKe onpeaenstoTca He40CTaTOMHO U3YYEHHbIE aCNeKTbI
TEeMbl, YTO MNO3BOJIAET BbIAE/NINTb HANPaBNEHUA AN Aa/IbHENLWUX UCCe0BaHUN.

6. MoaroToBKa UTOFOBOro OTYETA

Bce pe3ynbTaTbl M BbiBOAbl 0POPMANAIOTCA B BUAE CBA3ZHOIO M JIOTMYHOIO TEKCTa,
COOTBETCTBYIOLLErO CTPYKTYpPE Hay4yHOM 0630pHOM CcTaTbW. B OTUET BKAtOYAOTCA: BBEAEHMUE,
onuncaHne mMeToaonornm, 063op nUTepaTypbl, aHaAN3 U 06CYyKAEHME NOYYEHHbIX AAHHbIX,
BbIBOAbI M NPeANoXKeHNs ans byaywmx nccnefoBaHuin.

Ba)KHO NMoOA4YepKHYTb, YTO AaHHbLIM METOA OCHOBAH WMCKAKYMUTENIbHO HAa BTOPUYHOM
aHaNn3e — TO eCTb Ha U3YYEeHUU N 060OLLEHUN YKe CYLLEeCTBYIOLWMX HayYHbIX NCTOYHUKOB.
MpoBeaeHMe COBCTBEHHbIX 3KCMEPUMEHTOB UKW ONPOCOB HE BXOAM/IO B PAaMKW AAHHOrO
nccnepoBaHma. Huke npeactaBneHbl KAO4YEBble pPe3ynbTaTbl, MOJyYeHHble B XO4e
nnTepatypHoro ob3opa:

1. BAMAHME UCKYCCTBEHHOIO MHTENNEKTA Ha Pa3BUTUE KOMMYHUKATUBHbIX HAaBbIKOB Y
N3YYaKOLLNX AHTTMACKUI A3bIK

a. MmHorve wuccnepoBaHuA MNOAYEPKUBAKOT  MNONOXKUTENIbHOE BaAMAHMe WUN-
WHCTPYMEHTOB, TaKMX KaK CUCTEMbI PaCcrnoO3HABaHMA peyn 1 BUPTyaabHble NpenogasaTeny,
Ha y/ly4ylleHMe YCTHOM Peymr 1 NPOU3HOLLEHMUA.

b. NHTepakTnBHble NaaTtdopmbl M YaT-60Tbl ¢ UM CTUMYNMPYIOT aKTUBHOE yvacTue
yyalmxca M nomoraroT um csobogHee roBOpUTb MO-aHMIMMACKM 338 CYET MIHOBEHHOM
obpaTHOM CBA3M M NOCTOAHHOM A3bIKOBOM MPAKTUKMU.

C. WICKYCCTBEHHbIM MHTENNEKT B afanTUBHbIX 06pPa30BaTE/NbHbIX TEXHOMOIMMAX
npeaocTaBiAeT BO3MOXKHOCTb MEPCOHANN3NPOBaTb ObyyeHMe A3bIKY, YyYNTbIBAA YPOBEHb
NMOArOTOBKU, CKOPOCTb YCBOEHWS MaTepuasia U YHUKaNbHble MNOTPEOHOCTM KaXKAoro
YYEHMKaA.

2. Neparornyeckure acneKktbl npumeHeHns NN B A3bIkoBOM 06y4eHUM

a. Ucnonb3zoBaHne NN B obyyeHMM cnocobCTBYET PA3BUTUIO CAMOCTOSATENbHOCTW:
yyalLmecs MoryT 3aHMMATbCA B yAoOHOe Bpemsa, nonyyatb obpaTHyk CBA3b M AOCTYyN K
maTtepuanam 6e3 NoCToOAHHON NOMOLLM NpenoaaBaTens.

b. WWU-nnatdopmbl o0becneynBardT NEPCOHaANN3UPOBAHHLIA Y4ebHbIM NyTb U
npegnaraloT afanTUBHble METOoAbl OUEHKM, YyYMTbIBAlOWME YyCNexu, CTUAb 0byvyeHusa U
WMHTEepeCbl CTYAEHTOB.

4. BbiaBneHHble npobenbl U HanpaB/eHUa Ans byaywmx nccneaoBaHuUin:

a. HecmoTps Ha nonoxutenbHble pe3ynbTaTbl, TpebyeTcA AanbHellee U3yyYeHue
AONTOCPOYHOro BAMAHMA MW Ha pasBUTME KOMMYHMKATMBHbIX HaBbIKOB M3y4YaroLLMX
aHTIMACKMA  A3bIK, BK/OYAA YCTOMYMBOCTb MNPUOOPETEHHbIX ymeHui. b. Bbyaywme
nccnefoBaHMA [OMKHbI OblTb HanpaB/ieHbl HA oONpeAeneHMe Hauayywmx cnocobos
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nHTerpaumm UMM B A3bikoBoe o06pasoBaHME U BbiiBNeHME 3SPPEKTUBHLIX METOAMK,
cnocobcTByOWMX Hanbonee NOIHOMY PacKpbITMIO NoTeHuMana N B obyueHun.

c. Heobxoaumo pa3pabaTtbiBaTb UYETKME ITMYECKME CTAHAAPTbl M PYKOBOACTBA,
perynvpytowme Bonpocbl 6€30NacHOCTU AaHHbIX, NPO3PaYHOCTU AaNTOPUTMOB, YCTPAHEHMA
NpeAB3aTOCTU M 06LWEro STUYHOIo UCNoib3oBaHUsA MU B 06pa3oBaTenbHbIX LEensx.

AHanu3 CylecTByOWMNX WUCCNeAOBaHUIM NO3BONAET cAenaTb BbIBOA O BbICOKOM
addpekTnBHoCcTM U B pa3sBUTUN KOMMYHUKATMBHbIX HABbIKOB Y M3Y4YaloLWMUX aHITMNCKUNA
A3blK. Ocobbli  aKUEHT cAefaH Ha negarorMyeckux MNPeMMYLLLECTBaX, TaKUX Kak
nepcoHanMsaums obyyeHMA U pasBUTME CAMOCTOATENIbHOCTM. Bmecte ¢ Tem
NOAYEPKMBAETCA BaXKHOCTb 3TMYECKUX aACMEKTOB U HeobXoAMMOCTU  [afibHEeMLWMnX
nccnenoBaHUA, HanpaBieHHbIX Ha 6e30MacHyl, WHKAK3UBHYHO W Pe3y/lbTaTUBHYIO
WHTerpaumio TexHonormin MM B A3bikoBoe obpasoBaHue.
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BIOENGINEERING THE CASPIAN TIGER: CAN CRISPR AND INTERSPECIES CLONING
REVIVE AN EXTINCT SUBSPECIES?

https://doi.org/10.5281/zenodo.17010507

Toshpulatov Bexruz Dilshod o’g’li

Abstract: The Caspian tiger (Panthera tigris virgata), once the largest tiger subspecies
in Central Asia, was driven to extinction by mid-20th century due to habitat destruction and
hunting[1][2]. Genomic analyses show that Caspian tigers were nearly identical to living
Siberian (Amur) tigers, differing by only a few nucleotides[3][4]. This close relationship has
led to proposals to reintroduce “proxy” tigers into the former Caspian range using Amur
tigers or bioengineered equivalents[3][5]. Recent advances in biotechnology — notably
CRISPR/Cas9 genome editing, stem-cell techniques, and interspecies cloning — raise the
possibility of “de-extinction”. We review published literature on Caspian tiger history,
genetics, and on de-extinction technologies. We analyze whether CRISPR can recreate
missing Caspian tiger genetic traits and whether a viable embryo could be produced via
interspecies somatic cell nuclear transfer (SCNT) or related methods[6][7]. We assess
biological, ecological, technological, and ethical factors. Our findings suggest that, in
principle, engineered Caspian tigers could be produced: the genetic differences with
Siberian tigers are minimal, and CRISPR has already been used to synthesize extinct-wolf
genes in living wolves[8] and to introduce mammoth traits into elephant cells[6]. However,
substantial challenges remain. These include obtaining sufficient high-quality Caspian tiger
DNA, ensuring proper gene regulation and epigenetic reprogramming, and finding or
creating suitable surrogates (e.g. Siberian tiger or domestic cat/oocyte)[9][7]. Ecosystem
assessments indicate that only limited habitat (tugai riparian zones in
Kazakhstan/Uzbekistan) remains and that prey populations must be restored before any
reintroduction[10][11]. Ethical and socio-political concerns are significant: experts question
resource allocation and the welfare of engineered animals[12][13]. We conclude that while
bioengineering tools make a Caspian-tiger-like animal theoretically possible, practical and
ecological constraints make true revival unlikely in the near term. Future efforts might
focus first on habitat restoration and conservation of Siberian tigers, alongside continued
development of genome engineering and cloning methods.
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INTRODUCTION

The Caspian tiger (Panthera tigris virgata), also called the Turanian tiger, was a large
feline inhabiting riverine forests and floodplains of Central Asia from Eastern Turkey
through Iran, the Caucasus, and into Kazakhstan and western China[14]. Individuals
reached up to about 530 pounds and 10 feet in length[4]. The subspecies was classified
based on its distinct geographic range and morphology. Over the 20th century, Caspian
tiger populations plummeted due to loss of riparian habitat (largely drained for Soviet
irrigation and agriculture) and systematic killing[1][2]. By the 1950s the international
community considered the Caspian tiger extinct[15], although isolated reports suggest a
few may have persisted into the 1970s or even 1990s in remote areas of Turkey[16]. In any
case, no confirmed wild Caspian tiger sightings have been recorded in decades.

Recent genetic studies have fundamentally changed our understanding of the
Caspian tiger. Ancient-DNA analysis of museum specimens shows that Caspian and
Siberian (Amur) tigers share a virtually identical mitochondrial genome, differing by only a
single nucleotide[3]. Phylogeographic evidence suggests that a common Panthera tigris
population colonized Central Asia and later Siberia via the Gansu Corridor about 10,000
years ago[3]. In practical terms, the living Amur tiger (P. t. altaica) is the closest extant
relative to the Caspian tiger — so close that Driscoll et al. (2009) argue Amur tigers could
serve as genetic surrogates if Caspian-range tigers were ever to be reintroduced[3].
Indeed, Luo et al. (2012) note that genetic difference between Amur and Caspian tigers is
“negligible” and propose restoring tigers to the Caspian basin using Amur-stock animals[5].

In parallel to these findings, advances in biotechnology have raised the prospect of
“de-extinction” — using genetic engineering to recreate extinct species or at least
phenotypic analogs. Landmark projects include attempts to bring back the passenger
pigeon, woolly mammoth, and Tasmanian tiger (thylacine) using CRISPR and cloning
approaches (e.g., Church’s mammoth effort and Colossal Biosciences’ thylacine
project)[6][7]. Recently, Colossal Biosciences reported success in creating live “dire wolf”
pups by editing gray wolf DNA with ancient dire wolf sequences and using a domestic dog
surrogate[8]. These developments have fueled interest in whether similar methods could
be applied to the Caspian tiger.

This paper examines the feasibility of reviving the Caspian tiger via modern
bioengineering. We review the tiger’s history and extinction causes, its genetic relationship
to Siberian tigers, and the relevant biotechnologies: CRISPR/Cas9 gene editing, stem cell
and embryo technologies, and interspecies nuclear transfer (cloning). We analyze
biological challenges (DNA quality, phenotypic traits, reproductive biology), ecological
considerations (remaining habitat and prey, ecosystem roles), technological constraints
(current cloning success rates, surrogate compatibility), and ethical issues (resource
priorities, animal welfare, ecosystem impacts). We then assess the potential ecological
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impact of a restored tiger population in Uzbekistan and Central Asia. Our goal is to provide
a comprehensive, evidence-based assessment of whether and how “bioengineering” could

P

Fig. 1. Antique photograph of a captive Caspian tiger (Panthera tigris virgata). This extinct
Central Asian subspecies was one of the largest tiger forms (up to ~530 lbs)[4]. Genetic
data show Caspian tigers were essentially identical to Siberian (Amur) tigers[3].

Methods

This study synthesizes findings from peer-reviewed journals, conference proceedings,
technical reports, and news accounts related to tiger conservation, de-extinction, and
genome engineering. We identified key literature on Caspian tiger biology and extinction
history[1][2], tiger genomics[3][5], CRISPR and genetic rescue technologies[6][7], and prior
interspecies cloning attempts[12][7]. Sources included genetics studies (e.g. Driscoll et al.
2009, Chestin et al. 2017), high-profile de-extinction project reports (Shapiro 2015; Evans
2022), conservation organization analyses (WWF feasibility reports), and recent media on
gene-edited animals (e.g. Kazinform 2025). When possible we extracted quantitative data
on habitat size, tiger population models, genetic differences, and cloning outcomes.
Technical details of CRISPR/Cas9 editing and somatic cell nuclear transfer (SCNT) were
reviewed from molecular biology literature. We also reviewed ecological studies of Central
Asian habitats to estimate available tiger range and prey base[17][11]. Ethical and
socioeconomic commentary was gathered from opinion pieces and analyses where
relevant (e.g. Bethge 2012; Evans 2022). All information is compiled to address the central
guestion: can modern biotechnology realistically recreate a Caspian tiger and reintroduce
it into the wild, and at what cost or impact?
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RESULTS

Genetics and Historical Context

The Caspian tiger historically occupied scattered riparian forests (tugai vegetation)
along Central Asian river systems[14]. By the early 1900s its range totaled on the order of
800,000-900,000 km?[18], but these were fragmented patches. Due to intensive hunting
(including Soviet military bounty-hunts into the 1930s[2]) and habitat loss, Caspian tigers
vanished rapidly. Soviet-era irrigation projects destroyed much of the tugai habitat[1], and
prey species (Bukhara deer, wild boar, saiga) were decimated. By mid-century the
subspecies was gone in the wild[15]. A recent analysis even suggests locals saw tigers in
southeastern Turkey into the 1990s, implying some individuals survived decades longer
than thought[16], but these claims remain unconfirmed.

Molecular studies have provided crucial insights. Driscoll et al. (2009) extracted
mitochondrial DNA from museum specimens of Caspian tigers and found a nearly identical
haplotype to that of modern Amur (Siberian) tigers[3]. The Caspian tiger’'s major mtDNA
haplotype differed by only one nucleotide from the single type found in all living Amur
tigers[3]. Phylogeographic analyses indicate that an ancestral Panthera tigris population
migrated into Central Asia (~10,000 years ago) and later gave rise to the Amur tiger via
eastward expansion[3]. Thus, genetically and evolutionarily, Caspian and Siberian tigers
form a single clade. The implications are significant: living Amur tiger genomes effectively
contain the Caspian tiger genome, minus any very rare mutations. Luo et al. (2012) concur
that the difference between the two is “negligible” and propose using Amur tigers or their
hybrids for reintroduction in the former Caspian range[5].

The limited genetic divergence simplifies the concept of bioengineering. Rather than
constructing a wholly novel genome, one could start with a Siberian tiger genetic template
and insert any Caspian-specific sequences identified from ancient DNA. Given that Caspian
tigers may not have had unique traits beyond geographic population differences, the
number of required gene edits might be small. However, most genetic differences likely
reside outside mitochondrial DNA (in nuclear or regulatory genes), and comprehensive
Caspian genome sequencing from degraded samples remains a challenge. Recent work on
other extinct species underscores this point: Shapiro (2015) notes that resurrecting an
extinct genome requires sequencing and comparing it to a living relative, then editing in
targeted differences[19]. For species without living tissues, genome reconstruction from
fossils is the only path. In principle, technology for extracting ancient DNA and assembling
high-quality genomes has advanced greatly (now available for mammoths and passenger
pigeons[19]), but it is imperfect: DNA damage and fragmentation in old specimens may
leave gaps. Until a near-complete Caspian tiger genome is assembled, any bioengineering
plan would rely on partial reconstructions and analogies with the Siberian tiger.
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CRISPR and Genome Editing Techniques

CRISPR/Cas9 gene editing offers precise tools to rewrite DNA. In the context of de-
extinction, scientists envision editing the genome of a close relative (or stem cell) to
introduce traits of the extinct species. Shapiro (2015) describes the case of George
Church’s team, which in 2015 used CRISPR to replace 14 loci in an Asian elephant genome
with the corresponding woolly mammoth sequences[6]. This involved identifying genes
related to cold adaptation (fat insulation, hemoglobin, hair) and editing them in elephant
cells. Shapiro notes that while fully recreating a mammoth genome would require ~1.5
million edits, focusing on key phenotypic genes could achieve an “Arctic elephant”
phenotype[20]. Similarly, for Caspian tigers the number of meaningful edits could be far
smaller, given the close relation. One could target genes involved in fur density, size, or
adaptation to central Asian climates, if such differences exist.

In practice, CRISPR editing would proceed in cultured cells. One approach is to derive
induced pluripotent stem cells (iPSCs) from a Siberian tiger fibroblast and use CRISPR to
insert Caspian tiger alleles into those cells[21][7]. The engineered cells could be tested in
vitro for expression and function. Alternatively, viral vectors or injected CRISPR complexes
might be used directly in developing embryos (though this has lower efficiency). Shapiro
emphasizes that as editing capability grows, we may be able to make extensive genomic
changes even before fully understanding each gene’s function[22]. For now, model
organisms and cell assays would guide the process.

Once a suitably edited cell line is obtained, one would attempt to create an embryo.
In mammals, the primary method is somatic cell nuclear transfer (SCNT), where the
nucleus of an edited cell is transferred into an enucleated egg. If Caspian tigers were
available, one might transfer a Caspian nucleus into a Siberian tiger egg; but with Caspians
extinct, a Siberian (or domestic cat) oocyte would serve. The resulting embryo would carry
the edited, Caspianized genome. Shapiro (2015) notes that SCNT has succeeded across
many mammals and even in at least one extinct example: researchers cloned an extinct
Pyrenean ibex (bucardo) in 2009[19]. That newborn ibex (born from a goat egg and
mother) survived only minutes, but it demonstrated the principle of interspecies cloning
(distantly related domestic goat surrogates). However, as Bethge (2012) and others report,
cloning success rates are low and many interspecies embryos die prenatally or soon after
birth[23]. A critical factor is genomic imprinting and epigenetics: foreign cytoplasm may
mis-regulate transplanted nuclei. Shapiro (2015) emphasizes that if no suitable surrogate
exists or if cloning fails, alternate methods (like germline genome editing in eggs/sperm) or
artificial wombs might be needed[9]. For tigers, an adult cow or even domestic cat has
successfully carried feline clones (tigers and leopards)[24], but a domestic animal is likely
too distant for a tiger. A more plausible surrogate is a living Siberian tiger female; research
has established Siberian tiger fibroblast cultures for this purpose[25]. Interspecies NT into
a Siberian tiger egg is technically feasible in principle, though it may require optimization of
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cell cycle stages and activation protocols.

Cloning and Hybridization Case Studies

To gauge the practicality of cloning an extinct felid, we examine analogous
experiments. Bethge (2012) reports that interspecies cloning has been attempted for many
endangered mammals: wildcats, lynxes, wolves, pandas, etc[24]. At the Audubon Center,
for example, cloning of African wildcats and a black-footed cat using domestic cat eggs
succeeded, producing live kittens[26]. These were not extinct subspecies but
demonstrated that a domestic surrogate can gestate wild felid embryos. In the tiger
domain, partial progress has been made: Song et al. (2007) cultured Siberian tiger
fibroblasts specifically for nuclear transfer[25], providing donor cells with normal
karyotypes. While no fully cloned tiger has been reported yet, these cell lines could serve
as nuclei for SCNT.

A striking recent success with synthetic genomes was reported by Colossal
Biosciences (2025) for the dire wolf. In this case, scientists identified dire wolf-specific gene
variants (e.g. for coat and size) and used CRISPR to edit gray wolf cells. These gene-edited
cells were then cloned (via SCNT) and implanted into domestic dog surrogates[8]. The
result was three hybrid pups (“modern dire wolves”) that resemble the extinct Aenocyon
dirus[8]. Two male pups were born in late 2024 and a female in early 2025[27]. The
process involved transferring “healthy developing embryos...into surrogates for
interspecies gestation”[28]. This real-world achievement shows that (1) CRISPR can
incorporate extinct genes into a living relative, (2) SCNT can create embryos from those
cells, and (3) surrogates can carry them to term. Importantly, it also highlights challenges:
intensive monitoring was needed, and some experts question whether such hybrids can
function ecologically[29].

Fig. 2. Dire wolf (Aenocyon dirus) pups born from CRISPR-edited gray wolf cells. Colossal
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Biosciences introduced extinct wolf genes into living wolf cells and then cloned and carried
the embryos in domestic dogs[8]. This demonstrates that gene-editing plus interspecies
cloning can produce live animals with some extinct-animal traits.

The thylacine (Tasmanian tiger) project provides another instructive example of a
marsupial de-extinction effort. Colossal Biosciences and University of Melbourne
researchers plan to resurrect a thylacine-like animal by editing the genome of a related
marsupial (fat-tailed dunnart) using CRISPR[7]. They have reprogrammed dunnart cells into
stem cells and aim to insert thylacine sequences to create an embryo[7]. Because
marsupial reproduction differs (tiny pouch young, short pregnancy), they are also
developing artificial womb/pouch technologies[30]. While not a felid case, this project
illustrates the workflow: sequence the extinct genome (the thylacine lab has >96% of it),
identify target edits, reprogram relative’s cells to iPSCs, apply CRISPR, and attempt to
produce an embryo and surrogate birth[7][31]. The researchers note that gestation for
thylacines would be much shorter than elephants, simplifying some aspects[31]. The
thylacine effort underscores that emerging gene-editing methods can potentially
“recreate” key extinct-trait combinations in a living proxy, but also that many steps
(completing the genome, solving developmental challenges) remain.

In sum, published cases show that CRISPR-mediated de-extinction is no longer purely
hypothetical. Mammalian cells can be edited with multiple extinct-species genes (Church’s
mammoth edits[6], WolfCorp’s dire wolf[8]) and embryos brought to term via cloning. No
cloned animal is a perfect genetic copy of its extinct progenitor, but it may express crucial
traits. If the technological pipeline — ancient DNA recovery, genome assembly, targeted
editing, SCNT, surrogate gestation — is successful, creating an animal very similar to the
Caspian tiger is theoretically possible. However, the success rates of cloning in general
remain low. Bethge (2012) notes that many cloned embryos die in utero or soon after
birth[32]. The cloned Pyrenean ibex lived only 10 minutes, exemplifying high mortality[33].
Even the Dire Wolf project used modern grey wolves and dogs, whose genomes are well-
known, whereas editing a tiger genome might encounter unforeseen viability issues.

Habitat and Ecosystem Feasibility

Apart from genetics, any revival must consider whether there is a suitable
environment for Caspian tigers today. Luo et al. (2012) and subsequent studies have
examined Central Asian habitat. Large areas of potential habitat remain: Luo et al.
identified over 1 million km? of former tiger range that could be suitable if restoration
measures were taken[34]. Chestin et al. (2017) used remote sensing and population
models to narrow this to a few patches. They found that only two key areas (totaling
<20,000 km?) are currently viable for a tiger population[35]. The most promising is the Ili
River delta and southern Lake Balkhash region in eastern Kazakhstan (~7,000 km? of high-
quality riparian forest)[11]. In this region, models suggest that a population of ~40-50
tigers could grow to 64-98 in 50 years, provided prey and water are plentiful[11]. These
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estimates assume careful habitat management: maintaining Ili River flow, preventing
floodplain fires, and bolstering prey (Bukhara deer, wild boar, roe deer)[11][10].

Extensive surveys in Uzbekistan’s Amu Darya Delta (Tugai forests) have identified the
Akpetki-Jiltyrbas area (~1 million ha) as a candidate site[17]. However, experts emphasize
that it is not yet ready for tigers. WWF consultants recommend first securing protected-
area status, restoring water flow, and rebuilding prey stocks[17][10]. For example, current
ungulate densities are far below historical levels, and key species like the kulan (Asiatic
wild ass) and Bukhara deer need reintroduction[10]. Livestock grazing and oil/gas
development must be strictly managed or removed to prevent human-tiger
conflict[17][10]. In short, the ecological infrastructure for tigers (dense prey, cover, water)
must be deliberately reconstructed. This aligns with Chestin et al.’s conclusion that tiger
re-establishment is feasible “if..prey population restoration precedes tiger
introduction”[36].

Community attitudes are also a factor. In Kazakhstan’s lli-Balkhash region, the local
Auyldastar community has been engaged in preparation: planting native trees, building fire
brigades, and learning about tigers[37][38]. Initially there was hesitation, but after six
years of outreach, local leaders express pride in the project[39]. The Siberian tigers being
introduced (named Bodhana and Kuma) are kept first in large enclosures. If they
successfully breed, their cubs are intended for release into the wild[40]. This ongoing real-
world trial (launched 2022-2025) will provide concrete data on ecosystem carrying
capacity and socio-ecological dynamics. It illustrates that even without de-extinction,
reintroducing close relatives into the Caspian range is possible with long-term
commitment[41][39].

From the ecosystem perspective, tigers are apex predators whose presence or
absence can have cascading effects. Restoration of wolves in Yellowstone, for example, led
to significant trophic changes. Experts suggest that if tigers reach viable densities, they
could help control overabundant herbivores (as the thylacine project anticipates for
wallabies and kangaroos[42]). In Central Asia, tigers would prey on wild boars, deer,
gazelles, and perhaps reduce pressure on vegetation. Conversely, introducing a large
predator carries risks: livestock depredation could provoke human backlash. Plans
therefore typically include livestock compensation programs and strict anti-poaching
enforcement[10].

Technological and Biological Challenges

Genome Reconstruction: A revived Caspian tiger genome must account for all missing
DNA, not just a few traits. The Church lab’s mammoth project highlights that even when
high-coverage genomes are available, tens of thousands of edits might be needed to
approximate the extinct species[20]. If Caspian tigers diverged ~10,000 years ago, their
genomes could differ at many loci. We lack published estimates of nuclear divergence
between Caspian and Siberian tigers; mitochondrial evidence shows near identity, but the
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nuclear genome could harbor unique alleles affecting coat pattern, disease resistance, or
other physiology. Ancient DNA from museum skins can help identify fixed differences, but
quality issues (fragmentation, contamination) may leave gaps. As Shapiro warns, “the
number of edits can be minimized by replacing large pieces of the genome in a single edit
or by focusing on phenotypic genes”[20], but this requires knowing which genes matter.
Without complete knowledge of gene—trait links, CRISPR edits may miss key variants.
There is also risk of off-target effects or incomplete editing.

Cloning and Embryo Viability: Even if a designer Caspian genome is assembled,
producing a healthy embryo is nontrivial. Shapiro (2015) notes that cloning elephants has
not yet been accomplished[9]; similarly, no successful tiger SCNT with a foreign nucleus
has been reported publicly. The only tiger embryos ever gestated outside a tiger surrogate
were in vitro, and any live births would be unprecedented. Interspecies SCNT often faces
epigenetic barriers: mismatch between nucleus and cytoplasm can cause developmental
arrest or abnormalities (Bethge 2012). Indeed, many animal cloning attempts yield
stillbirths or postnatal death[43]. Even Colossal’s dire wolf pups required careful
optimization and currently live under intensive care. If a Caspian tiger embryo were
created, a suitable surrogate would likely be an Amur tiger. However, Siberian tigers
themselves are endangered (~500 in captivity worldwide) and captive breeding programs
cannot easily spare females for experimentation. The other option would be to use a
domestic surrogate (e.g. cat or dog), but such distant species may fail to support tiger
embryo development. Shapiro suggests artificial wombs as a future solution for intractable
cases[9], but these are still experimental for mammals.

Population Genetics: Another biological hurdle is genetic diversity. Any de-extinct
Caspian tiger population would start from a very small founder pool (perhaps one or a few
reconstructed genomes), leading to inbreeding. Even the dire wolves created are
essentially three individuals from a single plan. In contrast, natural populations benefit
from many founders over time, preserving genetic health. To avoid severe inbreeding
depression, one would need multiple independent cell lines or gametes reflecting any
known genetic variation among Caspian tigers (which were already somewhat
bottlenecked before extinction). The 2009 study of 20 Caspian specimens found “genetic
depletion” characteristic of Amur tigers, indicating low diversity predating human
effects[44]. Reviving a genetically diverse population would likely require mixing multiple
edited genomes or repeatedly introducing gene-edited individuals (akin to a breeding
program) — a complex, ongoing process.

Health and Adaptation: Even if live Caspian-like tigers were created, their health and
viability are uncertain. Cloned animals often exhibit higher rates of developmental defects,
immune issues, and abnormal aging[32]. For example, the cloned bucardo died of lung
problems after birth[33]. The same risk could affect cloned or gene-edited tigers.
Furthermore, Caspian tigers were adapted to a specific environment (riparian Central
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Asia). Modern surrogates (Siberian tigers) and potential offspring may have phenotypes
optimized for Siberian forests, not arid steppes. If gene edits focus only on visible traits
(coat, size), subtler physiological adaptations (salt tolerance, fat storage) might be missed,
reducing fitness. Thus, a revived Caspian tiger might be only an approximation.

Ethical, Financial, and Social Considerations

Many scientists caution against de-extinction as a conservation panacea. Critics argue
it may divert resources from saving extant species and habitats. As Bethge (2012) reports,
some experts contend that de-extinction “trivializes extinction” and that funds would be
better spent on habitat protection[12]. Indeed, the resources needed for gene-editing
projects are immense; Colossal has raised hundreds of millions for mammoth and thylacine
work. For a Caspian tiger project, similar investment would be required for research
facilities, sequencing, editing, and long-term captive breeding. Meanwhile, Asiatic tiger
subspecies (including Amur tigers) remain critically endangered, and Central Asian habitats
still lack basic protections.

Animal welfare is another concern. Cloned animals often suffer abnormalities and
large-scale cloning of embryos could cause suffering (high failure rates, stillbirths). Some
ethicists question whether creating a novel, likely-hybrid animal in artificial conditions is
morally acceptable, especially if the end goal is release into uncertain ecosystems. Preston
(2025) summed up a common skepticism: “It is hard to imagine dire wolves ever being
released and taking up an ecological role.”[13] If even supporters doubt releasing a hybrid
wolf, similar doubts apply to tigers whose historical niche no longer exists as it once did.

On the other hand, proponents argue that technology itself can aid conservation. The
thylacine researchers note that developing marsupial reproductive techniques (e.g.,
artificial pouch, milk formula) may benefit living endangered marsupials[31]. Similarly,
somatic cell lines or frozen DNA from tigers could serve as genetic “insurance” for future
use, even if full revival is not done. Furthermore, a restored tiger could catalyze ecosystem
protection; Chestin et al. observe that tiger reintroduction programs often lead to new
protected areas and funding for biodiversity[36]. A flagship charismatic species can
galvanize public support. In Kazakhstan, the government and WWF have partnered since
2011 to restore landscapes (Balkhash-Balkans River basins) in anticipation of tigers[45],
showing a political will that could extend to Uzbekistan.

Social factors are crucial. Reintroducing any tiger (genetically revived or not) requires
community consent. The Kazakhstan project demonstrates that local attitudes can shift
with engagement and economic benefits (ecotourism, grants). Conversely, if communities
fear livestock losses, conflicts may undermine conservation. The WWEF feasibility report
recommends compensation schemes and awareness campaigns[10]. In Uzbekistan and
elsewhere, similar groundwork would be essential.
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