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Momusayus u yenw. llepBuuHas auctpodust sHuotenus porosunbl Pykca (AD)
SBJISIETCS. HACJICACTBECHHBIM 3a00JIeBaHMEM TJ1a3a, XapaKTEPU3YIOIIUMCSI CHHKCHUEM
YHciIa KJIETOK SHAOTEIHS POrOBHILIbI, BRITOJHSIIOMUX (PYHKIHUIO TOACP>KaHUS BOXHOTO
Oamanca cTpombl poroBumbl. M3BectHo, uro H®d sBusercs MyIbTHIOKYCHBIM
3aboneBanueM. Hanbosee pacrpocTpaHeHHBIM Kay3aldbHbIM BapuaHToM (okoisio 70 %)
cpeou  TOMyJALMH  eBPONEHCKOro  MPOUCXOXKIEHHS  SIBISETCA  OKCIAHCHS
TpuHyKIeoTuaHbIX ToBTOpoB CTG18.1 B rene TCF4. [lo nureparypHbIM JaHHBIM 9aCTh
ciyuaeB 1P oOycnosiena Bapuantamu B reHe SLC4A] 1, OenKOBBIH MPOAYKT KOTOPOTO
SBIISIETCS. HOHHBIM TPAHCIIOPTEPOM M MOXET BHOCHTD BKJIAJ] B TIOAJIEPKAHUE BOJHOTO
Oamanca ctpombl poroBumbl [1]. Ha pmaHHBIE MOMEHT OOJNBIIOE KOJHYECTBO
JUTEPAaTypHBIX NaHHBIX, CBA3aHHBIX C (YHKIMOHUPOBAHHWEM OEIKOBOTO MPOAYKTa
SLC4A11 B 3HAOTEINN POTOBUIIBI, OBLIO OCHOBAHO HA JAHHBIX O CYIIECTBOBAHUU TPEX
ocaoBHEIX PHK m3odopm, ornudaromuxcs 5’ -KOHIIEBBIMH YYaCTKAMHA U KOJIUPYEMBIX
UMM OETKOBBIX HMPOLYKTOB. B OosbIIMHCTBE CTaTeil HA OCHOBE Pa3lUYHBIX JAHHBIX U
MPEIoIoKeHNH B KauecTBe ocHOBHOM m3odopmbl PHK HaspiBanack nzodopma 2, a B
KadyecTBE OCHOBHOW M30()opMBbI Oenka — ee HMpoayKT. Takxke B HEKOTOpPBIX padorax
uccienoBanus npooamuchk Ha uzogopmax PHK 3 u 1 1 ux 6enxoBbIx mpoaykrax [2,
3]. Kpome Toro ObUIM TMONy4YEHBI CBUETENILCTBA, YTO OCHOBHOW Qopmoil Oenka
SLC4AI11 B 3HAOTENINM POTOBUIILI SBJSETCS YKOPOUEHHBIH ¢ N-KOHIIA MOJIMIIENTH
(manee-v2short), KOTOPBIH CYMTAIOT PE3yJbTATOM CTapTa TPAHCIMH Ha u30(hopme
PHK 2 He ¢ mepBoro, a ¢ TpeThEro CTapT-KOJ0HA, HAXOJAIIEroCsS B TOH K€ paMKe
CUYMTBHIBAHUS, YTO U NepBbIii [4]. Takum 00pa3oM, 1eJIbI0 Hallleld paOOThI CTall aHATIHU3
npencTaBieHHoCcTH anbTepHatuBHBIX m3o(opm PHK rema SLC4All B samorenuun
POTOBHUIIBI 3I0POBBIX JIFOJEH M NAMEHTOB C 3HAOTEINAIBHON TUCTPO(UEH POrOBHILIBI
dykca.

Memoowt u ancopummer: AHHOTaIMOHHBIN Qtf-haiis ¢ mosHEIM HA0OPOM TPAHCKPHUIITOB
SLC4AI11 dopmupoBaics Ha OCHOBE TPECTaBICHHBIX TPAHCKPUTITOB B 0a3e NaHHBIX
Refseq u mpoekra Gencode ¢ nomojHEHHEM TPAHCKPUITOB, MOJy4YeHHBIX de NOVO
StringTie (2.2.1). Taxxe mis tpanckpuntoB reHa SLC4A11, nonyyennsix StringTie,
TPOBOJIUJICSI CPAaBHUTEJIBbHBIN aHanu3 anHoTaiuu nakerom GffCompare (0.12.6) u s
npeacKa3aHus OTKPBITHIX paMok cunTbiBanusa (ORF) n HaxoxaeHus: MOTeHIHATBHBIX
KOJIUPYIOIINX TOCTIEIOBATENILHOCTEH B TPAaHCKPUITOMHBIX JaHHBIX HCIOIb30BAIN
naker TransDecoder (5.5.0). Ionyuennsiit anHOTarmonHsblit gtf-haitn ncnons3oBanm
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JUTSL OTICHKH YPOBHS DKCIPECCHHU T€HOB U n30(opM ¢ momoripio makera Salmon (1.3.0)
JUTS IBYX CETOB TPAHCKPUINTOMHBIX JaHHBIX, MPEICTABICHHBIX 00pa3laMu SHAOTEIHS
poroBUIIBI MTOHOPOB W marmeHToB ¢ J® [5, 6]. Ilocime mpoBomuics aHamm3
muddepernnansaoii sxcnpeccun reda SLC4A11 ¢ momompero makera EdgeR (2.0.7).
[y moATBep)KACHWS HNAaHHBIX OO0 YpOBHE OJKCIpecCHd H30(OpM, MOIYYESHHBIX
OmomHpopMaTHIECKH, OBUIO TPOBENEHO BBISBICHHWE 5’-KOHIEBBIX y4YacTKOB
TPAHCKPHIITOB, 0OPA3yIONMXCS B HIOTEINH POTOBHUIBI YEJIOBEKa METOIOM OBICTPOH
ammnpukanun 5’-koHueBbix ¢parmentoB 5’RACE (Rapid Amplification of cDNA
Ends). Ilpu sToM ©3 00pa3LOB SHAOTENUS POTOBHUIBI S5 3I0POBBIX JOHOPOB |
5 mammentoB ¢ JI® Opura BeimeneHa PHK, koropas mamee wcrmonb3oBamach IS
MOJy4eHus: HaOOpOB aMIUIMKOHOB, COOTBETCTBYIOIIMX 5’-KOHLEBBIM Yy4YacTKaMm
tpanckpuntoB SLC4A11, conepkaBmmxcst B 3TuX o0paszuax. OOparHas TpaHCKPUILHS
C MepeKIIoUeHHEM MaTpHibl mpoBoxmnack Habopom SMARTer RACE 573" Kit
(Takara). Ha marpuiie nomydenubix obpasios kJIHK mposoauincs 2 payHma HecTen
[P c IILP-cynpeccueii. [locne 3TOro npoBOAUIOCH CEKBEHUPOBAHUE MOIYUYEHHBIX
amruiukoHoB mo Conrepy um Ha lllumina MiSeq mist ompeneneHus ¥ aHHOTAIMH
TPaHCKPHIITOB, KOTOPBIE SKCTIPECCHPYIOTCS B SHIOTESIMH POTOBHIIBL.

Pezynsmamur: Mbl poBemy npeBapuTeNbHBIN aHAIN3 TOKPHITUS TPOUTEHUSMH JIOKYCa
rena SLC4A11, ucronb3ys omyOIMKOBaHHBIE TPAHCKPHUIITOMBI (TOTAJIbHBIE U TTONU-A)
SHIOTENWsI 3IOPOBBIX AOHOPOB [5, 7] W HamOompmas IUIOTHOCTh MPOYTEHUH
cooTBeTcTBOBana 5’-obmact PHK-m3odopmel, mpencraBienHoit B 0a3e maHHBIX
RefSeq, kaxk NM 001400277, unu u3odhopma 6, KOTOpas He COOTBETCTBOBAJIA HU OHOM
3 Tpex ocHOBHBIX m3odopm SLCAAIL, durypupyrommx B JIUTEPATYPHBIX JaHHBIX.
Takxe BBICOKas IUIOTHOCTh MPOYTEHHH TMPUXOAWIAch Ha 5’-005IacTh TpeThei
n3o¢opMel. [Ipr 3TOM MOKPHITHE MPOYTCHUAMHU 5’-00JIaCTH, COOTBETCTBYIOLICH 2 U
1 uzodopmam, OBLIIO JOBOJIEHO HUZKHM.

3arem OblTa TpOBEICHA OIEHKa ypoBHs skcrpeccun uzopopm SLCAAL1 mns aByx
CETOB TPAHCKPUITOMHBIX AaHHBIX, IPEACTABICHHBIX 00pa3aMy SHAOTENNS POTOBUIIBI
noHopoB U narueHTos ¢ D [5, 6].

De novo cb6opka tpanckpuntomMoB reHa SLC4AIl1l BeisBWIIA N1BE JOMOJIHUTEIHHBIC
u3ohopmbr MSTRG.58852.10 u MSTRG.58852.21. ITakerom TransDecoder mist atux
MSTRG.58852.10 u MSTRG.58852.21 ObuIM BBISBICHBI OEJIOK-KOJUPYIOIIHE
nocieioBaTebHOCTH. OTHAKO MX KOIUPYIOIIash pOJb OLEHMBACTCS HAMH KaK Mao
3HaunMasi, Tak kak MSTRG.58852.21 koaupyeT JOBOIBHO KOPOTKHUIT TOJTHUIIETITH/L, a Y
MSTRG.58852.10 mociie CTOM-KOZOHA MAYT SK30H-3K30HHBIC COWICHEHHMS, 3TO
YKa3bIBa€T Ha TO, YTO JUIS JAaHHOW M30(OpMBI B KIETKE CKOpEEe BCEro pean3yeTcs
MexaHu3M nonsense-mediated decay.

[Tpu orieHKe NpeaCTaBICHHOCTH N30(hOpM B IBYX CETaX JaHHBIX SHIOTEIHS POTOBUIIBI
HauboJiee TmpelCcTaBICHHOW H30QoOpMoOil okaszamack wu3odopma 3, BTOpPOH TO
npejcTaBieHHocTd — uzodopma 6 (NM_001400277), koTopast HE COOTBETCTBOBAIa HU
omHO W3 Tpex ocHOBHBIX m3oopm SLC4AI1l. Tperbeld Mo mpeaCTaBICHHOCTH
okasanach Hekomupyromas wuzopopma NR 174471, Beicokas mpeiacTaBiIeHHOCTh
n30(opMbl 6 MHTEpEeCHA TE€M, YTO OHAa KoaupyeT V2short, Ho mpu 3ToM ero crapr
Tparcusuu sBisiercs mepBeiM ATG-komonom nmanHoit MPHK. IlpencraBmeHHOCTH
n3zodpopM 1 u 2 ObLIa OlICHEHA KaK JOBOJIBHO HU3Kas.

CexBennpoBanne 10 CoHTepy NPOAYKTOB, IMOJyYEHHBIX METOJIOM  OBICTPOI
amMmuUKanry 5’-KOHIEBBIX ()ParMEHTOB LIENeBbIX TpaHCKpunToB reHa SLC4A11,
MOKa3ajo, 4To 00pas3lbl COOTBETCTBOBAJIHM 5’-KOHIIEBOMY Yy4acTKy H30(OpMBI 6 U
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Hexomupyoomeir  m3opopmel  NR 174471,  IlpenBaputenvubiii  aHamn3z  NGS-
CEKBEHHPOBaHUS OJHOTO U3 00pa3loB, MoKa3al, YTO B HeM Haubolee MpeacTaBICHHON
SIBISIETCST 5°-KOoHEI m30GopMbI 6, TOpa3a0 MEHee MPEACTaBICH KOHeN H30(opMBI 3,
MPaKTHYECKH HEeT MPOYTEeHHH, COOTBETCTBYOMUX n3odopmam 1 u 2 (1 mpoureHue) u
ecTb HeOONbIIOe KOJMYECTBO MPOUYTCHUH, COOTBETCTBYIOIIMX CIUIaAHCHPOBAHHBIM
TPaHCKPHUIITAM, HAYMHAIONIUMCS BHYTPH BTOporo WHTpoHa 1-3 m 6 m3odopm, o
MPOMOTOPHOM aKTUBHOCTH JTOTO y4yacTKa T€HOMa IOKa He OOHApYKEHO HHUKAKUX
JAHHBIX.

Bvi6oovi: Mpbl modyunnu CBUAETENBCTBA NpeumylnecTBeHHoH skcnpeccun PHK
n3opopm SLC4All 3 u 6 B OSHOOTEIMH POTOBHIIBI W JOBOJBHO HHU3KOMH
MPEICTaBICHHOCTH B HEM M30(opMbl 2. DTH JaHHBIE HE TOJBKO MOMOTYT YTOUYHHUTH
WHPOPMALIUIO O MPEUMYIECTBEHHO 00pa3yIOIIMXCs B SHAOTEIHH POTOBHILIBI OEITKOBBIX
nzopopmax SLC4AIl, HO Takke OXapakTepu3oBaTh  (QYHKIIMOHHPOBAHHE
mpomotopHoro peruona SLC4A1 1B 3HI0TEIHMHM POTOBHIIBI.

Qunancuposanue: HccnenoBaHue IOANEPKAHO T'PAaHTOM PoccuiicKOro Hay4HOro
¢donma (Ne 22-75-10157).
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Motivation and Aim: Primary Fuchs' endothelial corneal dystrophy (FECD) is an
inherited eye disease characterized by a reduction in the number of corneal endothelial
cells, which are responsible for maintaining the water balance in the corneal stroma.
FECD is known to be a multilocus disease. The most common causative variant
(approximately 70 %) in populations of European descent is the expansion of the
trinucleotide repeat CTG18.1 in the TCF4 gene. According to the literature, a proportion
of FECD cases are caused by variants in the SLC4A11 gene, the protein product of which
is an ion transporter and may contribute to maintaining water balance in the corneal
stroma [1]. To date, much of the literature on the function of the SLC4A11 protein
product in the corneal endothelium has been based on the existence of three major RNA
isoforms that differ in their 5'-ends and the protein products encoded by them. Most
papers, based on different data and assumptions, identified isoform 2 as the major RNA
isoform and its product as the major protein isoform. Some papers have also looked at
RNA isoforms 3 and 1 and their protein products [2, 3]. In addition, it has been shown
that the major form of SLC4A1l protein in the corneal endothelium is an N-short
polypeptide (hereafter referred to as v2short), which is considered to be the result of
translation start of RNA isoform 2 not from the first but from the third start codon, which
is in the same reading frame as the first [4]. Therefore, the aim of our work was to analyze
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the expression of alternative RNA isoforms of the SLC4A1l gene in the corneal
endothelium of healthy subjects and patients with FECD.

Methods and Algorithms: An annotation gtf-file with the complete set of SLC4A11
transcripts was generated based on the submitted transcripts in the Refseq database and
the Gencode project with the addition of transcripts obtained de novo by StringTie
(2.2.1). Similarly, for the SLC4A1l gene transcripts obtained by StringTie, the
annotation was compared using the GffCompare package (0.12.6) and the TransDecoder
package (5.5.0) was used to predict open reading frames (ORFs) and find potential
coding sequences in the transcriptome data. The resulting annotated gtf-file were used
to assess gene expression levels and isoforms using the Salmon package (1.3.0) for two
sets of transcriptomic data represented by corneal endothelial samples from donors and
patients with FECD [5, 6]. Differential expression of the SLC4A11 gene was analyzed
using the EdgeR package (2.0.7). To confirm the bioinformatic data on isoform
expression levels, the 5'-end regions of transcripts produced in human corneal
endothelium were identified by rapid amplification of 5'-end fragments using 5’RACE
(Rapid Amplification of cDNA Ends). RNA was isolated from corneal endothelial
samples of 5 healthy donors and 5 patients with FECD and used to obtain sets of
amplicons corresponding to 5'-end fragments of SLC4A11 transcripts present in these
samples. Reverse transcription with matrix switching was performed using the
SMARTer RACE 5/3' Kit (Takara). 2 rounds of nested PCR with PCR suppression were
performed on the matrix of the obtained cDNA samples. The resulting amplicons were
then sequenced by Sanger approach and on lllumina MiSeq to identify and annotate the
transcripts expressed in the corneal endothelium.

Results: We performed a preliminary analysis of read coverage of the SLC4A11 gene
locus using published transcriptomes (total and poly-A) of healthy donor endothelium
[5, 7] and the highest density of reads corresponded to the 5' region of the RNA isoform
represented in the RefSeq database as NM_001400277 or isoform 6, which does not
correspond to any of the three major SLC4A11 isoforms in the literature. There was also
a high density of reads in the 5' region of the third isoform. However, the coverage of
reads in the 5' region corresponding to isoforms 2 and 1 was rather low.

We then evaluated the expression level of SLC4Al1l isoforms for two sets of
transcriptomic data represented by corneal endothelial samples from donors and patients
with FECD [5, 6].

The expression level of SLC4A11 isoforms was then evaluated for two sets of
transcriptomic data represented by corneal endothelial samples from donors and FECD
patients [5, 6].

De novo assembly of the SLC4A11 gene transcriptome revealed two additional isoforms,
MSTRG.58852.10 and MSTRG.58852.21. The protein coding sequences for these
MSTRG.58852.10 and MSTRG.58852.21 were identified using the TransDecoder
package. However, we consider their coding role to be of little importance since
MSTRG.58852.21 encodes a rather short polypeptide and MSTRG.58852.10 has exon-
exon junctions after the stop codon, indicating that the nonsense-mediated decay
mechanism is most likely realized in the cell for this isoform.

When evaluating the representation of isoforms in two sets of corneal endothelial data,
isoform 3 was the most represented isoform, the second most represented isoform was
isoform 6 (NM_001400277), which did not correspond to any of the three major
isoforms of SLC4A11. The third most abundant isoform was the non-coding isoform
NR_174471. The high representation of isoform 6 is interesting because it encodes
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v2short, but its translation start is the first ATG codon of this mMRNA. The representation
of isoforms 1 and 2 was estimated to be rather low.

Sanger sequencing of the products obtained by rapid amplification of 5'-end fragments
of the target transcripts of the SLC4A11 gene showed that the samples corresponded to
the 5'-end of isoform 6 and the non-coding isoform NR_174471. Preliminary NGS
sequencing analysis of one of the samples showed that the 5' end of isoform 6 is most
abundant, the end of isoform 3 is much less abundant, there are virtually no reads
corresponding to isoforms 1 and 2 (1 read), and there are a small number of reads
corresponding to spliced transcripts starting within the second intron of isoforms 1-3 and
6. No data on the promoter activity of this genomic region have been found.
Conclusion: We obtained evidence for the predominant RNA expression of SLC4A11
isoforms 3 and 6 in the corneal endothelium and a rather low representation of isoform
2. These data will not only help to clarify the information about the protein isoforms of
SLC4AL11 predominantly produced in the corneal endothelium, but also to characterize
the function of the promoter region of SLC4A11 in the corneal endothelium.

Funding: The study is supported by Russian Science Foundation, grant No. 22-75-
10157.
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