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AHHOTauuA. PenpoayKTUBHBINA NOTeHUMan — ypoBeHb GU3NYECKOrO M NCUXMYECKOro COCTOAHNA OpraHn3ma, no3Bonaio-
WA NPY BOCTVXKEHUN COLMANbHOW 3peniocT BOCNPOV3BOAUTL 3A0P0BOE NMOTOMCTBO. B y3KOM 6UOMEANLIMHCKOM CMbIC-
ne onpefeneHne BKIOYAET KOMMIEKC GyHKLMOHaNbHbIX MOKasaTenen penpoayKTUBHON CMCTEMBI, HO B 6oee WpoKom
CMbIC/1e ero MOXHO paccMaTprBaTb Kak COBOKYMHOCTb GU3MONOrMYeCKmX, NOBeAeHUYECKMX, afanTUBHbIX, MEHTaNbHbIX, aH-
TPOMOMETPUYECKMX 1 FEHETUYECKMX XapaKTEPUCTUK 0COOU, CMOCOOCTBYIOLMX PasMHOXeHNI0. Lienblo HacTosALel paboTbl
6bI10 pacWMpPUTb 061aCTb MPUMEHUMOCTY Co3faHHOro paHee Web-cepsuca SNP_TATA_Z-tester ons noncka KaHANLAATHbIX
MapKepoB OJHOHYKIeoTnaHOro nonumopdurama (SNP) Ha xpomocome Y yesnoBeka, CBA3AHHbIX C MYXKCKMM pPenpoayKT1B-
HbIM noTeHumanom (MPI). B noucke kaHgmpaaTHbix SNP-mapkepos ana MPIT Mmbl cocpegoTouymnmnch Ha reHax Xpomocombl Y
yenoseka. M3yueHbl 35 SNP B npomoTtopax reHos CDY2A, SHOX n ZFY, npeacTaBAAIOLWMX BCE TPU TUMa FreHOB XPOMOCOMbI Y
yenoekKa: YHWKabHbI/, NCEeBAOAYTOCOMHBIA U Mapanor reHa XPoOMOCOoMbl X YenioBeKa COOTBETCTBEHHO. MpeackasaHbl
11 kaHanpaTHbIX SNP-mapkepoB ocnabneHua MPI n3-3a nsameHeHna cpofcTea TATA-cBs3biBatoLero 6enka (TBP) K 3Tum
npomoTopam. BeibopouHo BepudrLmpoBaHbl in vitro BenuunHbl CpoacTea «TBP-npomMoTop», npefcka3aHHble B 3TON pabo-
Te. YcTaHOBNeHa foctoBepHasa Koppenaumsa (r = 0.94, p < 0.005) mexay HAMU 1 pe3ynbTaTaMin U3MepeHUs in vitro cpoacTBa
TBP uenoBeka K 0n1MroHykneotuaam, naeHTUYHbIM cavitam TBP-cBA3bIBaHUA nccnefyemMbix NPomMoTopoB. [IpoBeasA Nonck B
6a3e gaHHbIX PubMed Mo KtoueBbIM C/I0BaM, Mbl HaLWAW KIAMHUYECKOE OMNMCaHNe NaToNornMyYeckmx COCTOAHMIN Ye0BEKa,
COOTBETCTBYIOLNX U3MEHEHMIO SKCNPECCUN FeHOB, HecyLwmx NpeAckasaHHble Hamn KaHgmaaTtHble SNP-mapkepbl. Cpean
HUX OKa3anuncb Takue NnaTonioruu, Kak HapylleHue cnepmatoreHesa (ZFY: rs1388535808 v rs996955491), 3afep»Ka nono-
BOro co3peBaHua (CDY2A: rs200670724), HapylueHna smbpuroreHesa (SHOX: rs28378830) 1 HenponopLMoHanbHO HU3KNIA
poct ¢ pedopmaumamu MapenyHra (SHOX: rs1452787381). OHY CBUAETENbCTBYIOT, UTO B c/lydae SNP-NpomMoTopoB reHoB
Xpomocombl Y yenoseka cnefyeT OxXMAATb M3MEHEHUI WMPOKOro Kpyra nokasatenein MPI, BbIXOAALMX JaneKo 3a paMKu
reHeTNYeCKoro KOHTPOJIA COBCTBEHHO MYXXCKOW PenpOoAYKTUBHON GYHKLMN.

KnioueBble cioBa: YeNioBeK; penpofyKTMBHbIN NoTeHUMan; XxpoMmocoma Y; reH; npomoTop; TATA-cea3biBatowwnii 6enok (TBP);
TBP-cBsaizbIBatowmin cant (TATA-60KC); ogHOHYKNeoTUaHbIM nonumopdunsm (SNP); SNP-mapkep; Bepudurkauus in vitro.
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Candidate SNP-markers altering TBP binding affinity
for promoters of the Y-linked genes CDY2A, SHOX, and ZFY
are lowering many indexes of reproductive potential in men
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Abstract. Reproductive potential is the most important conditional indicator reflecting the ability of individuals in a popu-
lation to reproduce, survive and develop under optimal environmental conditions. As for humans, the concept of reproduc-
tive potential can include the level of the individual’s mental and physical state, which allows them to reproduce healthy
offspring when they reach social and physical maturity. Female reproductive potential has been investigated in great detail,
whereas the male reproductive potential (MRP) has not received the equal amount of attention as yet. Therefore, here
we focused on the human Y chromosome and found candidate single-nucleotide polymorphism (SNP) markers of MRP.
With our development named Web-service SNP_TATA_Z-tester, we examined in silico all 35 unannotated SNPs within 70-bp
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Candidate SNP markers of the CDY2A, SHOX and ZFY genes
on the Y chromosome reduce men's reproductive potential

proximal promoters of the three Y-linked genes, CDY2A, SHOX and ZFY, which represent all types of human Y-chromosome
genes, namely: unique, pseudo-autosomal, and human X-chromosome gene paralogs, respectively. As a result, we found
11 candidate SNP markers for MRP, which can significantly alter the TATA-binding protein (TBP) binding affinity for pro-
moters of these genes. First of all, we selectively verified in vitro the values of the TBP-promoter affinity under this study,
Pearson’s linear correlation between predicted and measured values of which were r = 0.94 (significance p < 0.005). Next,
as a discussion, using keyword search tools of the PubMed database, we found clinically proven physiological markers of
human pathologies, which correspond to a change in the expression of the genes carrying the candidate SNP markers pre-
dicted here. These were markers for spermatogenesis disorders (ZFY: rs1388535808 and rs996955491), for male maturation
arrest (CDY2A:rs200670724) as well as for disproportionate short stature at Madelung deformity (e.g., SHOX: rs1452787381)
and even for embryogenesis disorders (e.g., SHOX: rs28378830). This indicates a wide range of MRl indicators, alterations in
which should be expected in the case of SNPs in the promoters of the human Y-chromosome genes and which can go far
beyond changes in male fertility.

Key words: human; reproductive potential; chromosome Y; gene; promoter; TATA-binding protein (TBP); TBP-binding site
(TATA-box); single nucleotide polymorphism (SNP); candidate SNP marker; verification in vitro.
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BBepeHune
Crnenys ungesm R.N. Chapman (1931) u E.R. Pianka (1976),
MOMYJISIIIMOHHBIE 3KOJIOTH MCHOJIB3YIOT KOHLEMIUIO PETpo-
JIyKTHBHOTO TTOTEHIIMAJIAa B KAYECTBE CAMOT0O BaYKHOTO ITOKa-
3arelns MaHCOB BOCIIPOU3BECTH NMMOTOMKOB M JOBECTH HX IO
PENpOIyKTUBHOTO BO3pacTa IPH HAWITYUIINX YCIOBHAX Kak
Ha YpOBHE MHANMBHU/IA, TAK ¥ HAa ypOBHE Nonyssiinu (Axelsson
etal., 2010). Teopust 0xHIaEMOM TIPOIOTDKUTCIBHOCTH HKH3-
uu (Bowles, 1998) cBs3bIBaeT penpoayKTHBHBIN TOTSHIIAAI,
Ka4eCTBO M ITPOJOJDKUTEIBHOCT XXM3HH YeJIOBEeKa C Ipeapac-
MOJIOKEHHOCTHIO K OOJIE3HAM M CTpeccaMm, 3aKOJUPOBAHHON
B ero reHome. Hakonern, nporpecc MeJUIUHbI, JOCTHKCHUS
HayK¥, pa3BUTHE TEXHOJOTHH W YIydlIeHHUe 0O0pa3oBaHUs
MO3BOJISIIOT YBEIMYHUTh PEIPOYKTHBHBIN MMOTEHIHAT CyTIep-
MOMYJISILAN JIOAEH, XOTS pOCT HapoAOHAceNeH s, ypOaHn3a-
IHsI, 3arpsi3HEHNE OKPY)KAIOIIEH Cpesbl M SIUJICMHU MOTYT
€ro yMEHBIIUTb.

bazoBast koHUEenUUs NPEeAUKTUBHO-IIPEBEHTUBHOMN Iep-
coHanm3uposaHHoi Meantunsl (Trovato, 2014), npennona-
raromas JOCTOBEPHBIC Pa3InIHs MKy OOTBHBIMH H 310PO-
BBIMH JJOOPOBOJIBLIAMH TI0 BCTPEYAEMOCTH y HUX KIIMHUYE-
CKMX MapKepoB OJHOHYKJICOTHIHOTO nonmmopdusma (SNP)
(Varzari et al., 2016), yka3piBaeT Ha BO3MOXXHOCTH 10 pac-
mu(POBAHHBIM MHIUBHYyaJIbHBIM T€HOMaM JIIOJCH yimyd-
IIATh KaUeCTBO U TPOIOJDKUTEIBHOCTD JKU3HH KaK HMX, TaKk
n notoMKoB. [To SNP-mapkepam reHOB, KOHTPOJIHPYIOLIHX
MIOKAa3aTeNIn PENPOAYKTHBHOTO MTOTEHINAIA B TEHOME Malu-
€HTa, Bpau MOXKET MPOTHO3MPOBATH CIIOCOOHOCTH K 3a4aTHIo,
MPEAPACIIONOKEHHOCTh K PENPOAYKTHBHBIM HapyLICHHUSIM,
CTPECCOPHYIO PEAKTHBHOCTh M XPOHUUECKHE OOJIE3HH, CIO-
COOHBIE YXY/IUIHUTB €ro PENpOYKTHBHOE 3/I0POBbE, KAUECTBO
KHU3HH U JIOJTOJIETHE, a TAK)Ke PEKOMEH0BATh aeKBaTHBIN
00pa3 Xu3HH, MPOYUIAKTHICCKIE MEPOTPUATHS, TUETY U
(hopMy B3aMMOAEHCTBHUS TALMEHTA C BPa4OM BO M30eKaHUE
Pa3BUTHS HEXKEIATEIFHOTO JKU3HEHHOTO CIICHAPHSL.

Kpynneiiuii Hayunsiii npoekt XXI B., «1000 reHoMOB»
(Telenti et al., 2016), kak 0cHOBa PETUKTUBHO-TIPEBEHTHB-
HOM TIepCOHAIN3UPOBAHHOIN MEIUIIMHBI, YK€ BBISIBHI COTHH
MuunoHOB SNP, cobpannbix B 6a3e manabx dbSNP (Sherry et
al., 2001), Mexxmy iecITKaM¥ THICSIY paciIn(ppOBaHHBIX HHIN-
BHyaJIbHBIX TCHOMOB JIFOJICH U 9TAIOHHBIM (pedepeHCHBIM)

TEHOMOM 4YeJioBeka B 06a3ze manHbIX Ensembl (Cunningham et
al.,2019). Hakonern, 6a3a nanaeix dbWGFP (Wu et al., 2016)
coOHpaeTt, CUCTEeMaTH3UPYET U IPUOPUTH3UPYET CBEACHUS O
KaxaoM u3 Bcex 10 Mupa MOTeHIHAIEHO BO3MOXKHBIX SNP
YeJIoBeKa B Ka4eCTBE IEPBOOCHOBBI aHAIM3a MHANBU/yalb-
HOT'O FeHOMa IalMeHTa B MPEJUKTUBHO-ITPEBEHTUBHOM Tep-
coHammupoBanHoi mMenunmHe (Trovato, 2014).

[TockonbKy BpaueOHOE pelIeHre Ha OCHOBE HAJIMYUS WIIN
OTCYTCTBHS TeX MM UHBIX SNP-MapkepoB B TeHOME IalueHTa
HAIIEJIEHO Ha €T 3/10POBbE, TPOIOIKUTEILHOCTD U KAUECTBO
JKM3HH, TO IPUEMIIEMBI TOJIbKO Onomeauunuackne SNP-map-
Kepbl, KJIMHUYECKH JJOKa3aHHbIE CpPAaBHEHHEM OOJBHBIX U
YCIIOBHO JOpOBHIX Tioneit (Varzari et al., 2016). Yder HeoO-
XOJMMBIX 3aTpaT BPEMEHH, PyYHOTO TpyJa U (PUHAHCOB IS
Ka)KJIOr'0 TAaKOT'0 TECTa UCKIII0YAEeT BO3MOXKHOCTD OLICHUTh Ha
MpaKTHKe mposiBieHne kaxaoro n3 10 mapa SNP genoseka
(Wu et al., 2016) B maroreHese kaxmoit u3 55 ThIC. O0e3HEH
YesIoBeKa, cortacHo MexayHapoHo# Kiaccudukanuu 00-
JIe3HEH W COMYTCTBYIOMKX MPOOIEM CO 3IOPOBBEM JIFOMCH,
MKB-11 (Pocai, 2019). Ognako ocraercsi HESICHBIM, HE0O0-
XOIUMO JIM KJIMHUYECKH MpoBepsTh Bce SNP denoBeka mpu
ycnosun, uto auiemma J.B.S. Haldane (1957) u Teopust Heit-
TpanbpHOW 3Bomonnu (Kimura, 1968) npenckaspiBaioT Hei-
TPaIbHOCTB a0COFOTHOTO OosbiHCTBAa SNP uenoreka. Ceii-
yac A71st Oy/yIero KIMHUYECKOTO TECTa Jallle BCEro BPyUHYIO
9BPUCTHUYECKH BHIOMpAIOT KaH1uiaTHbI SNP-Mapkep 3a1an-
Hol matonoruu cpenu Bcex SNP reHoB, yxe CBSI3aHHBIX C ATOH
6omnesnpio (Varzari et al., 2016). Ber6op Takux KaHIUIATHBIX
SNP-MapkepoB MOXKHO cienarb 0ObEKTHBHEE, ObIcTpee U
NPUILIENIBHEE 32 CYET MaJI03aTPaTHOr0 OMOMH(OPMATHYECKOTO
BBISIBIICHHSI a0COTIOTHOTO OONBITHHCTBA HEUTPaTbHBIX SNP
BO BceM pedepercHoM renome yenoBeka (Ponomarenko M. et
al., 2017). Xo1s TouHOCTH OMOMH(POPMATHIECKUX ITPOTHO30B
s SNP Bce erie ocTaercst HuKe mopora uX IpUMEHHIMOCTH
B KiImHI4eckoi mpaktuke (Yoo etal., 2015), oHa HenpepbIBHO
YBEJIMYHMBACTCSI ¢ KakpiM TozioM (Putlyaeva et al., 2018).

Ceifyac HAWTYUIIYI0O TOYHOCTH OMOMH(POPMATHUECKUX
MPOTHO30B JOoCTHIIH 11t SNP OemoK-KOqUpYONIX yacTei
reHoB (Amberger et al., 2015), ube HEraTUBHOE BIIUSHUC
HEYCTpaHNMO HH CMEHOW 00pa3a ku3HH, HU Tepanueii (Mit-
suyasu et al., 1998). B To ke Bpemsi 3HAYNTEILHO MEHBIIIE
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uccienoanbl SNP peryisiTopHbIx paifoHOB reHoB (Zerbino et
al., 2015), nuims MOTYMHPYIOMINX YPOBEHD AKCIIPECCHHU, YTO
KOPPEKTHPYEMO Kak CMEHOM 00pa3a ,H3HH, TaK 1 JIeKapCcTBa-
mu (Ponomarenko M. et al., 2013)). [Toatomy perysasiTopHbie
SNP caiita cBs3siBanus TATA-cBszpiBaromniero 6emnka (TBP,
kaHoHn4eckas popma caiita— TATA-6oke, =15 % TATA-co-
JIep KallluX TeHOB y YeJIOBEKa), KOTOPbhI HeoOXOIUM Teper
cTapToMm Jiroboro TpanckpunTa (Martianov et al., 2002; Rhee,
Pugh, 2012) 1 koTOpBIit MOTYAMPYET TPAHCKPHITLIHIO POTIOP-
uoHanbHO cpoactBy TBP-npomotop (Mogno et al., 2010),
BBINVISIIT MHOTOOOETIAIOIIMMHI B CHITY UX TIPEACKa3yeMOCTHU U
ToJIB36I 11 MenuiHE (Ponomarenko M. et al., 2013, 2017).

Panee mbl co3namu Web-cepeucet SNP_ TATA Compara-
tor (Ponomarenko M. et al., 2015) u SNP_TATA Z-tester
(Sharypova et al., 2018) st OLIeHKH cTaTUCTUYECKOH 3HAYN-
moctu BiaustHuA SNP Ha cponctBo TBP x npomoTtopaM reHoB
YeI0BeKa U JPYTUX SYKapHOT C UCTIOIb30BAHNEM OMOIHOTEKH
BioPerl (Stajich et al., 2002), noctyma k 6a3e nannbsix Ensembl
(Cunningham et al., 2019) 1 ¢ TOMOIIBIO IPYTUX HCTOYHUKOB
JAHHBIX COOTBETCTBEHHO. Ha 3Tol MeTOIMUeCKON OCHOBE MBI
npezackaszany kauauaataeie SNP-mMapkepsl oxupenus (Ar-
kova et al., 2015), arpeccuBnoctu (Chadaeva et al., 2016),
HapyIIeHu rupkagHoro putMa (Ponomarenko P. etal., 2016),
arepockiieposa (Ponomarenko M. et al., 2019), ayronumMmyH-
HbIX 3a0oneBanuii (Ponomarenko M. et al., 2016), 6oe3nu
Anpureiimepa (Ponomarenko P. et al., 2017), pe3uctenTHOCTH
K IpoTHBOOMyXoseBoi xumuorepanuu (Turnaev et al., 2016),
MPE/IPACIIONIOKEHHOCTH K COL[MaIbHOMY JOMUHHPOBAHUIO U
nogunHenuto y jrofei (Chadaeva et al., 2019).

Lenbro HacTosIIEH pabOTHI OBUTO PACIIHPUTH 00IACTH IPH-
mMeHumocTH Hammx Web-cepsucos (Ponomarenko M. et al.,
2015; Sharypova et al., 2018) mnst onenkn SNP catitoB TBP-
CBSI3BIBAHUS [TOCPEACTBOM MOMCKA KaHAUAATHBIX SNP-Map-
KepOB Ha XpoMocoMme Y 4ellOBEeKa, CBS3aHHBIX C [T0Ka3aTe MU
MYKCKOTO perpoaykTuBHOTO roreHnmaia (MPII). Ota merto-
JI0JTOTHsI OBbUIA MCIONB30BaHa MPH M3YYEHHH JKCHCKOTO pe-
npoaykruBHoro noreniuana (Chadaeva et al., 2018), Torna
kak MPII ewe He OIy4nsI 10JIKHOTO BHUMAHUSL.

MaTtepwuanbl n metogbl
Bbuoundopmarnueckuii aHaJau3 AaHHbIX. MBI nccineno-
Baymu nocnenosarenpHoctu JJIHK S = {5770...si...sfl} JUTU-
Holi 70 . 0. nepex crapramu Tpanckpunuuu (TSS=s; rne
s;€1a, ¢, g, t}) MPOMOTOPOB OEJIOK-KOAMPYIOIIMX TEHOB XPO-
MOCOMBI Y 4eloBeKa, Kak IT0Ka3aHo Ha puc. | W ommcaHo
paHee, HanpuMmep B HelaBHell padore (Ponomarenko M. et
al., 2019). Crpenkamu Ha puc. | yka3aHo, Kak C TOMOIIIO
(a) Web-cepsuca UCSC Genome Browser (Haeussler et al.,
2015) u (6) 6a3b1 nanubix dbSNP (Sherry et al., 2001) Ml
BBOJIMJIM WCXOIHBIE JaHHBIC B Haml (8) Web-cepsuc SNP
TATA Z-tester (Sharypova et al., 2018), rie okno “Result”
COJICPIKUT Pe3yJIbTaT 00PAOOTKH ITHX MCXOIHBIX JaHHBIX B
paMKax Harei OnonH(OpMaTHIECKON MOJIENHN TPEXIIIarOBOTO
ces3biBanust TBP/mpomorop (Ponomarenko P. et al., 2008).
Kaxxpiii SNP ananu3upoBaiu He3aBUCUMO OT OCTaIbHBIX
TaKUM 00pa3oM, 9To ecIi OBIJIO TpeICKa3aHo HeJJOCTOBEPHOE
n3MeHeHne cpoacrtsa TBP k MuHOpHOMY BapHaHTy IpOMO-
Topa ¢ 3tuM SNP B cpaBHEHHM ¢ HOPMOH, TO OH HCKIIIOYa-
cs M3 JaJbHEWIero aHanwu3a (JaHHbIE HE MOKaszaHbl). J{ms
ocrasmmmxcst SNP ¢ moMompio cTaHIapTHOTO TTOHCKa B Oase

KanpgupatHble SNP-mapkepbl reHoB CDY2A, SHOX n ZFY
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nanHeix PubMed (Lu, 2011) no kJIr04eBBIM CJIOBaM HaxXo-
JWIIN COOOMICHNS O KIMHWYECKH 3HAYMMBIX TOKA3aTeNsAX
MPII, koTOpBIE COOTBETCTBOBAIN 3HAYUMBIM M3MEHEHUSIM
IKCIIPECCHH T€HOB, HECYIIMX MPEACKA3aHHbIC KaH 1/IaTHbIE
SNP, BciencTBre 10CTOBepHOTO H3MEeHEHHs cponcTBa TBP x
MIPOMOTOPAM 3THX I'€HOB.

JkcnepuMeHT in vitro. PexomOunanTHeiii TBP uenose-
ka (hTBP) skcmpeccupoBanu B knetrkax Escherichia coli
BL21(DE3) ¢ mnasmuast pAR3038-hTBP (;r06e3H0 npero-
craiena npo¢. B. Puhg, The Pennsylvania State University,
Pennsilvania, CIITIA) cormacuo (Peterson et al., 1990; Pugh,
1995), 3a uckirouerneM korneHTparmy UITTI (1 MM BMecTo
0.1 MM) u Bpemenu nnaykuuu (3 4 BMecto 1.5 ).

B pabore ncmonp30Bany OJIUTOAC30KCHPHOOHYKICOTH IBI
(ODN) muHOM 26 11. 0., CHHTE3UPOBAHHBIC U IOTIOTHUTEIIEHO
ounieHHsle anexrpodopesom B [TAAI («buoccer», HoBocu-
6mpck). s nmomydenus MedeHbIX Aynenodedasix ODN obe
uenu metuin 32P-ATP («Buocany, HoBOCHOMPCK) € TOMOILBIO
T4-nonunyxneoruakunasel («CnoOH3um», HoBocnbupek),
omxkuranu npu 95 °C (B PKBUMOJISIPHOM COOTHOIICHHUH) U
MEJUICHHO (He MeHee 3 1) OXJIayK/1aJIx 10 KOMHATHOH TeMIIe-
parypbl. OTO}XCKEHHBIE AYIIEKCHI OUHIIAIN ¥ aHAIM3UPOBAIIN
anekrpodopesoM B 15 % ITAAT B HeneHATYpPUPYIOIIUX YCIIO-
BUSIX C TTOCIeyIomIel paaroasTorpaduei Ha Gpochopumu-
xepe Molecular Imager PharosFX Plus (Bio-Rad) (Drachko-
va et al., 2005). HemeueHbIe TyTIeKChl TOMyYaIl TaK e U
HCIOJIB30BaIA 0€3 JONMOJIHUTENLHON 04ucTKY B [TAAT.

Jst onperiesieHnst paBHOBECHOW KOHCTaHTBI AUCCOIMAIINT
(Kp), a Taxxe BpeMeHu nomypacnaia (t;,) KOHCTaHT CKO-
poctu obpasosanus (k,) u pacnaza (k,) xommnekcos TBP-
ODN npoBoguin He MEeHee TpeX IKCIIEPUMEHTOB IO CBA3bI-
Baumio TB-ODN mpu 25 °C B Oydepe, conepxkamem 20 MM
HEPES-KOH (pH 7.6), 5 MM MgCl,, 70 MM KCI, 1 MM
DTT, 100 mxr/mi BSA, 0.01 % NP-40, u 5 % munepuna
¢ ¢ukcupoBaHHON KoHIeHTparme 2 HM axtuBHOTO TBP.
Kaxnplil sxcriepuMeHT BKiItoyan 32 peakUuuu CBSI3bIBAaHUS
(8 BpeMEeHHBIX TOYEK, KaXKJlasi ¢ YEThIPbMSI KOHIICHTpaIUsi-
mu ODN). YeTBepka peakunii cBs3piBaHus (1 BpeMeHHas
TOYKa) 3aIlycKajach OJHOBpeMeHHO nobaBienuem TBP k
peakuuoHHoOU cmecH, coaepxkameit ODN, u HeMenIeHHbIM
nepeHocoM B TepmocTar Ha 25 °C. [lo OkOHYaHNHU peaknnun
CBSI3BbIBAHUSI BCE pEaKLMOHHbIE cMecH HaHocwid Ha [TAAT
OJIHOBPEMEHHO MpH HanpsbkeHHOCTH 1ot 10 B/ecm. Komriek-
csl TBP-ODN otaemnsinu ot HecszaHHOTo ODN ¢ moMonipro
KOJIMYECTBEHHOTO METO/IA AIIEKTPOPOPETHUECKON 3a/ICPKKH
(EMSA). Daekrpodopes npooauiiu B HaTUBHOM 5 % [TAAT
Ha Tris-rmumrHOBOM Oydepe (pH 8.3) B Tedenue 40 MuH npu
temnieparype 10 °C n HanpspkeHHOCTH 110311 25 B/em.

3areM rejid BBICYUIMBAIM U HKCIIOHMPOBAIN C DKPAHOM
Imaging Screen-K (Kodak) mms dpochoummmxepa Molecu-
lar Imager PharosFX Plus (Bio-Rad). Oxpan ckanupoBamu
Ha (ochormMuIKepe U ¢ TOMOIIBIO ITporpaMMbl Quantity
One — 4.5.0 (Bio-Rad) mpoBoamiy KoIMYeCTBEHHBIH aHATN3
paanoastorpados. [lomydeHHbIe 3aBUCMMOCTH KOHIIEHTPALIN
komriekcoB TBP-ODN ot koHnenTpanmit ODN BBOIMIN Kak
MCXOIHBIE TaHHBIe B 00mmenocTynHbIif Web-cepsuc GraphPad
Prism 5 (http://graphpad-prism.software.informer.com/5.01),
pe3ynbTaToM KoTtoporo Obuau BeamuuHel Kp, t, ., k u k|
aHaM3UpyeMbIX KomriekcoB TBP-ODN, a Takke OleHKH
CTaHAAPTHBIX OMHUOO0K cpenHuX (+ SEM) 1t 3THX BEINYHH.
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a
UCSC Genome Browser on Human Dec. 2013 (GRCh38/hg38) Assembly
chrY:18,025,707-18,025,796 90 bp. l chrY:18,025,707-18,025,796 l go
[chrv ca11.222) [ 9piiz 1 ECISWESNY | IEIWEES
e 'rnnc"r 'r*rn‘:’fﬁsri:l"agl'rrn#%'n.%sé?ra'%e né?’ﬁ’?d?ﬂ:nrn‘%’ﬁﬁ?ﬂnc nff'er'#znsﬁwgln ﬂno‘g'noﬁsé.f'\aglnnnn‘%':?’?:lcn GGCA
rs1275062232| ] -
%’33333315‘\ @ n
rs11816590S7 % | |
N < 5
\ c
S SRl 5 1171 -ester - Hoxila Fnetox B
Qain  [paexa Baa  Xypran 3acnankn UncTpywenT  Crpaska
S e \  dbSNP o2 / SNP TATA Z-tester x \ +
- NCBI Short Genetic Variations

@) @ | beehive bonet nsc.ujcgrbinfngsfatascan_foxfstartal | C |[ Qoo [N DS A =

dbVar ClinVar
Search Entrez [dbSNP V| for

T
PubMed Protein

Nucleotide

(r ) Report:
Organism: human (Homo sapiens)
Molecule Type: Genomic

Created/Updated in build: 137/151

Variation Class: single nucleotide variation

RefSNP Alleles: C/T (FWD)

Ancestral Allele: T

SNP TATA Z-tester

Enter two proximal promoter sequences for comparison (in FASTA-format)
ter, (FASTA):

GCTAGTGTAACTTTAAAAATGTTATAACATTAGAATGTTCC
TCGTCATAGCAACCACAATTAAACAAAGAAACACAAAAGA

2nd promoter, (FASTA):

, rs200670724:T (wt)

‘9 £ Nc_000011.10~ | Find: |
18,025,720

Méedace——pameszz
JEXET rs200670724 & LEEE]

8,025,730

18,025,720 18,625,738

IFash sequence (Legend)
>dbSNP|rs2006707

ePos=51|totallen=101|lalleles=C/T
'GTAACTTT AAAAATGTTA TAACATTAGA ATGTTCCATA

p(
AATCGTCATA GCAACCACAA TTAAACAAAG AAACACAAAA GAGTAACAGG

Cale
Result:
CDY2A,rs200670724:(wt):max (+/-)s.d. :19.26 0.09
CDY2A,rs200670724:c(m) :max (+/-)s.d. :18.76 0.07

> CDY2A, rs200670724:c(m)
ALGCTAGTGTAACTTTAAAAATGTTATAACATTAGAATGTTCC
TCGTCATAGCAACCACAATTAAACAAAGAAACACAAAAGA

-In(Kp) £6

TBP-promoter

Z-score= 7.98 :p > 0.999999 ' ——-——.—._._.
d e

) SNP TATA Z-tester - Mozilla Firefox ) SNP TATA Z-tester - Mozilla Firefox [ [5]X]
J SNP TATA Z-tester x \ + / SNP TATA Z-tester x \ +

€ ) © | bechive.bionet.nsc.rujcgi-binjmgs/tatascan_foxfstart.al | & [[ Q novoc | €9 0 & #r = @) ® | beehive bionet.nsc.rujcgi-binjmgs/tatascan_foxstartpl | €& |[Qronex [ DS A | =

SNP TATA Z-tester SNP TATA Z-tester

Enter two P for (in FASTA-format) Enter two p! P for (in FASTA-format)

1st promoter, (FASTA): 1st promoter, (FASTA):

>ZFY,rs1388535808:C (wt) v
CCGGGGCGCCGAGAGGCCCACCGGGCGGAGGGGGCCCAACTACCAT
CCCGCATTTTCCTGGGTCTCTCTCCCGGGCGGTGACGTGACGTGCT
2nd promoter, (FASTA):

>ZFY,rs1388535808:t (m) v
CCGGGGCGCCGAGAGGCCCACCGGGCGGAGGGGGCCLAACTACCAT
CCCGCATTTTCCTGGGTCTCTCTCCCGGGCGGTGACGTGACGTGCT
Calculate

Result:

ZFY,rs1388535808:C(wt):max (+/-)s.d. :17.66 0.09
ZFY,rs1388535808:t(m) :max (+/-)s.d. :18.72 0.11
DECISION :excess: significant

>SHOX,rs1452787381:A (wt)

TTGCACCAGACAGGCAGCGCATGGGGGGCTGGGCGAGGTCGCCGCG!

TATAAATAGTGAGATTTCCAATGGAAAGGCGTAAATAACAGCGCTG!
promoter, (FASTA):

>SHOX, rs1452787381:g (m)

TTGCACCAGACAGGCAGCGCATGGGGGGCTGGGCGAGGTCGCCGCG!

TgTAAATAGTGAGATTTCCAATGGAAAGGCGTAAATAACAGCGCTG

s

Result:

ISHOX,rs1452787381:Awt):max (+/-)s.d. : 20.30 0.09

SHOX,rs1452787381:gm) :max (+/-)s.d. :19.20 0.08

DECISION

Z-score=14.54 :p > 0.999999

Z-score=17.47

:deficiency : significant
tp > 0.999999

Fig. 1. Analysis of the 70 base long proximal promoter (<) upstream of the transcription start of the human CDY2A gene with
four unannotated SNPs (®). One of them (rs200670724; dashed arrow) has been proposed as a candidate marker for human male
maturation delay and poorer reproduction potential caused by poorer expression of the gene (Stahl et al., 2012) associated with

the presence of the SNP in the TBP binding site (boxed).

(a) Presentation of the human CDY2A promoter with the UCSC Genome Browser (Haeussler et al., 2015). (b) Annotation of rs200670724
SNP in dbSNP (Sherry et al., 2001). (c) The SNP_TATA_Z-tester application formerly developed by us. Line "DECISION” in its “"Result” window

present the prediction of CDY2A deficiency with the minor allele of the promoter as compared to the ancestral SNP variant,

means the

R software (Waardenberg et al.,, 2015). (d, e) Corresponding predictions of lower male reproductive potentials done by SNP_TATA_Z-tester
for candidate SNP markers rs1388535808 and rs1452787381 in the ZFY and SHO genes, respectively.

Crarncruyeckuii ananau3. buonndopmarmyeckue oneHkn
cpoxnctBa TBP k Bapmantam SNP-mpoMoTOpOB reHOB Xpo-
MOCOMBI Y YeJIOBEKa CPaBHHMBAIHM C HKCIIEPUMEHTAIBHBIMU
BenuunHaMu cpoactBa TBP k ODN, ueHTUYHBIM 3TUM IIPO-
Mortopam, ¢ nmomoinbsio STATISTICA (Statsoft™).

Pesynbratbl 1 06cyKaeHue

[Ipoananu3upoBansl Bce 35 HeaHHOTHPOBaHHBIX SNP, mo-
ctynHbIX B BhITycke Ne 151 6a3pr manubsix dbSNP (Sherry
et al., 2001), ama TPOKCHMAIBHBIX MTPOMOTOPOB JUTHHOU
70 . 0. renoB CDY24, SHOX n ZFY, npeAcTaBIsIONUX BCe
TPpU TUIA TEHOB Ha XpOMOCOME Y 4€JIOBEKa: YHHUKAJBHBIM,
TICEB/I0ay TOCOMHBIH 1 IIApaJIoT reHa XpOMOCOMBI X UesloBeKa
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COOTBETCTBCHHO (Tabm. 1). B pe3ymbrare ObLIO BBISIBICHO
11 xangunataeix SNP-mapkepoB cHmkenuss MPIT uz-3a go-
CTOBEPHBIX U3MEHEHUH cpojcTBa TBP k aTuM npomoropam
(cm. Tabn. 1). PaccMorpum cHavana Hanbosee mogpoOHO
€AMHCTBeHHbIN kaHauaaTHbl SNP-mapkep 1s200670724 B
rene CDY2A, ces3annblii ¢ ociabnenneM MPII, yToObI 3aTeMm,
Onarosapst aHaJIOTMSIM C HTUM HJLUTIOCTPATUBHBIM PHMEPOM,
Kpartko onucath 10 ocTanbHbIX KaHAUIATHBIX SNP-MapkepoB
B reHax ZFY n SHOX.

VYuukanenslii red CDY2A na xpomocomMe Y 4eaoBeKa Ko-
JIIPYET XPOMOZIOMEH 2A M HECET YEThIpe HEAaHHOTUPOBAHHBIX
SNP B cBOEM TPOKCHMAIBHOM IpOMOTOpe THHOH 70 1. 0.
(cMm. puc. 1, @), TUIIB OTMH CPEAn KOTOPBIX, 152276109 (cm.
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Table 1. Candidate SNP markers of male reproductive potential (MRP) capable of altering the affinity of TBP
for the promoters of the humanY chromosome genes (according to our predictions made in this work)

Gene dbSNP 5'-flank wt  3'flank Kp, nM Candidate & References
(Sherry et al., mut “wt A 7 o SNPmarker
2001)
CDY2A rs200670724  atgttccata t 4 7 106 Increasedrisks | Stahletal, 2012
(unique male-specific C 7 of male matura-
protein-coding gene) tion arrest
ZFY rs1388535808 ggagggggcc € aactaccatc 21 > 15 1076 Increasedrisks | Janetal,2018
(paralogous to X-linked t 7 of azoospermia
genes) rs996955491  gggggcccaa ¢ taccatcccg 21 > 8 10-6 andinfertility |
a 13
SHOX rs1452787381 gtcgccgegt a taaatagtga 2 < 17 10 Increasedrisks | Ramachandrappa
(pseudo-autosomal el 5 of dispropor- etal., 2018
gene) rs1405831103 gtcgccgcgt  ataa atagtgagat 2 < 22 10-6 tionate short !
t 8 stature and
rs1273755135 tcgccgegta t aaatagtgag 2 < 17 10 Madelu.ng
c 4 deformity
rs375938368  aggtcgccgc g tataaatagt 1.5 < 3 103 l
t 1.9
rs771395540  caggagccaa t aggggtcttc 62 < 2 0.05 l
S LA
rs28378830 aggggtcttc g agtcaccctg 62 > 13 107 Increasedrisks | Brosensetal,
a* 30 of pathoem- 2014
rs894540003  caataggggt ¢ ttcgagtcac 62 > 15 10 bryogenesis l
a 23
rs970127768  cgaggtcgcc g cgtataaata 1.5 > 2 0.05 l
a* 13

Note. wt - norm (reference human genome); mut - minor allele; Ky, - equilibrium dissociation constant of TBP-promoter complex; A - alteration in the affinity of
TBP for promoter, namely: increase (<) and decrease (>); Z — Z-value of Fisher’s Z-test; a - statistical significance estimate (a = 1 - p, where: p, probability estimate
for random reasons shown in Fig. 1, d); & - alteration in MRP, namely: increase (1) and decrease (|). Genes: CDY2A - chromodomain Y-linked 2A; ZFY - zinc finger

protein Y-linked; SHOX - short stature homeobox.

*In addition to the indicated minor allele, other alleles are present, which insignificantly alter the affinity of TBP to the corresponding human promoter.

puc. 1, 6), 10CTOBEPHO CHIKAET HKCIIPECCHIO 3TOTO TeHa, CO-
IIacHO HameMy poruo3y (cM. puc. 1, ). Kak npencrasneno
B MEPBOH cTpoke Tabnm. 1, 3TOT JeQHUIUT IKCIPECCUH T'eHa
CDY24 Bo13BaH cHmkeHHEM cpoactsa « TBP-mpomoTop» ¢
4 uM B HOpMe A0 7 HM asist MuHOpHOTO amiens rs2276109.

[Ipexie Bcero Mbl AKCIIEPUMEHTAIBHO MTPOBEPUIIA ATOT
MPOTHO3 METOAOM 3a/I€P>KKHU EKTPOPOPETHIECKOH MOBHK-
Hoct (EMSA). Dnexrpodoperpammam Ji1si HOPMJIEHOTO U
MUHOPHOTO ayenei 152276109 cooTBETCTBYIOT puc. 2, a U
puc. 2, 6, Toraa KaK 3aBHCUMOCTH KOHIICHTPAIIMHA KOMILICK-
coB TBP-ODN or konnentpanuit ODN, kotopslie Obu1H TIO-
CTPOEHBI Ha OCHOBE ATHX AIEKTpOodoperpamMmm, IeMOHCTPHUPY-
10T puC. 2,8 1 2, 2.

Ha »Tux pucyHKax MOXXHO BHJETH CHIDKEHHE CPOJCTBA
“TBP-ODN” ¢ 160 #HM B HOpM™ME 110 500 HM 111 MHHOPHOTO
amens rs2276109. 3To cBUAETENbCTBYET 00 aJeKBaTHOCTH
oneHok Web-cepsuca SNP_ TATA Z-tester (Sharypovaetal.,
2018) s ouenku cpoactsa TBP k mpomoropam reHos Ha
XpoMocoMe Y YesIoBeKa.

Haxkownern, ¢ moMomnpio MOMCKa IO KIIIOUEBBIM CIIOBaM B
6a3ze nannbix PubMed (Lu, 2011) Mbl HalILIA KIMHAYECKUE
nmanseie (Stahl et al., 2012) o gedunmuTe ’KcTpeccun reHa
CDY2A npu 3aJiepKKe NOI0BOI0 CO3peBaHusl. DTO MO3BOIMIO
HaM MpeIokuTh Kanauaataeii SNP-mapkep 15200670724
KaK TeHeTHYeCKylo npuuuHy cHuxeHuss MPII BciencTsue
3aIep>KKH MTOJIOBOTO CO3PEBAHMSI MY)KCKOTO OpraHH3Ma.

I'en ZFY (Y-cBsi3aHHBIN OCITOK «IIUHKOBBIN TAJICI)) SIB-
JisieTcs napaioroMm resa ZFX nHa xpomocoMe X 4ejlOBEKa.
B ero mpomoTope MBI HaIIUTK J1Ba HEAHHOTHPOBAHHBIX SNP,
rs1388535808 1 15996955491, criocOOHBIX BBI3BATh H30BITOK
ZF'Y, xak npeJCTaBlIeHO Ha puc. 1, e.

S.Z. Jan ¢ xomeramu (2018) coobmmmm o cymepakcmpec-
cun ZF'Y B ciepMaTonnTax Kak KIMHAYECKOM MapKepe ocTa-
HOBKH UX Mel03a, a300CIEePMHUH U OCCIUIONUS Y MYKUHH.
B rpanumax npuMEHNMOCTH 3TUX KIMHUYECKUX HAOMIOACHNH
0€3 rMIoTe3 0 MPUINHHO-CIICICTBEHHBIX CBA3SX MBI IPEIICKa-
3anu 1s1388535808 u 1s996955491 kax xannunataeie SNP-
MapKepbl, MOBBIIIAIONINE PUCK OCTAHOBKU CIIEPMATOreHE3a
Ha CTaJIMU MeHo3a ¢ Tocieayoneld azoocnepMuei n dec-
TUIOZIMEM, YTO 0€3yCIIOBHO, 3HAUMTEIILHO CHU)KAET MYIKCKOM
PEePOAYKTUBHBIHN MOTEHITHAT (CM. Tabm. 1).

I'en SHOX (romeo00KCc HH3KOPOCIIOCTH) JIOKAJIM30BaH B
niceBo-ayrocoMHoM paiione 1 (PAR1) xpomocoms! Y uerno-
Beka. B mpokcumanpHBIX mpoMoTopax utnHoH 70 1. 0. mepen
€ro cTapTaMy TPAHCKPHUITIIUK MbI HALIUTH TSITh KAaHAUAATHBIX
SNP-mapkepoB [uisi qeduLuTa 3TOr0 TPAHCKPUIIIMOHHOTO
thakrtopa (cm. puc. 1, e: 1s1452787381) u Tpu KaHIUIATHBIX
SNP-mapkepa amst ero u30biTka (cM. Tabm. 1: rs28378830).
CornacHo Ta6m. 1, onu camxaror MPIT mocpenctBom Herpo-
MOPLHOHAIBLHO HU3KOTO pocTa ¢ AedopmarsiMu MazemyHra
(Ramachandrappa et al., 2018) 160 Hapymenuii sMmOpuore-
He3a (Brosens et al., 2014) cooTBeTCTBEHHO.
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Fig. 2. Measuring the kinetics of TBP binding to two TATA-containing ODNs identical to the human CDY2A gene promoter.

Legend: (a and b) Electropherograms of the wild-typed ancestral and minor alleles of the unannotated SNP rs200670724 under this study,
respectively; the concentration of TBP was 2 nM in all the experiments; the concentrations of an ODN containing a tested SNP allele that
we used are indicated; (c u d) dependences of reaction rates on ODN concentrations in the cases of the ancestral and minor alleles of the
SNP rs200670724, respectively; the Kp value of the equilibrium dissociation constant was inferred from the dependences of reaction rates
on ODN concentrations according to the Web-service GraphPad Prism 5 (http://graphpad-prism.software.informer.com/5.01).

DKCriepUMeHTalIbHBIE JaHHBIC in Vitro Iyl BEIOOPOYHOM
MpOBEPKU Tpex KaHAuAATHBIX SNP-mapkepoB cHUXKe-
Hust MPII, 1520067072 (CDY24), rs1452787381 (ZFY) n
rs1452787381 (SHOX), npencrasiensl B Tadi. 2. C UCIoib-
3oBaHneM Metona EMSA Oputn n3MepeHsl, Ipex/ie BCero,
paBHOBeCHas KoHcTaHTa aucconuanuu (Kpy), a Taxxe Bpems
nofypacnaza (t, ,), KOHCTaHThI ckopocTH coopku (k,) 1 pac-
naza (k;) komnnekcos TBP-ODN, kak 510 Ob1710 OKa3aHO Ha
wtoctpatnBHOM npumepe 15200670724 (cMm. puc. 2).

JlocToBepHble pobacTHbIE KOppesiuuy — JuHelHas [Tup-
cona (), obobmennas ['ynmana—Kpyckana (y), paHTOBBIE
Crimpmena (R) u Kennanna (t), — MeXay HalIMMU MpezcKa-
3aHHBIMH (CM. TabJ1. 1) ¥ 9KCIIEpUMEHTANIBHBIMH (CM. TalI. 2)
3HAYEHUAMH PABHOBECHOH KOHCTaHThI qucconuannu (K),
BBIP)KCHHBIMHU B HATYPAJIbHBIX JIOTApA(PMUUECKHX SIMHHUIAX,
noka3aHbl Ha puc. 3. OHM T0Ka3bIBAIOT a/IeKBaTHOCTH HAIIIMX
IIPOrHO30B ISl BEIIMYUH cpozicTBa TBP kK mpomMoTopam reHoB
Y-XpoMocoMBI 4enoBeka. B mopsiike 00CYKICHHUS MOXKHO
KOPOTKO OTMETHUTD, YTO HECOBIIAJICHNUEC MEKTY IIKaJIaMU BEP-
THUKAJIFHOM (3KCTIEPUMEHT) ¥ TOPH30HTAIBHOH (TIPOTHO3) OCei
Ha pHC. 3 COOTBETCTBYET Pa3IMUUIO B KOHIEHTpauusx TBP

790

(T. €. B HEKOHTpOIUpyeMoii nose tumepoB TBP, kotopsie nme-
101 Ky =4+1.5 oM (Colemanet al., 1995) u ne cpsasbiBaror
JIHK) B aoii pabote (2 HM) n panee (Ponomarenko P. et al.,
2008) mpu ONTHUMHU3AIUHE TPEXIIATOBON MOJICIH CBA3BIBAHUS
«TBP-nmpomotop» (0.3 HM), ncnions3oBanHoi Web-ceprcom
SNP_TATA Z-tester (Sharypova etal., 2018) s mporHo3os
B 3TO¥1 pabore.

Camas O6nm3Kas K KAaHOHHYECKOH MOCIe0BaTENbHOCTh
TATA-6okca HabmogaeTcss B mpomoTtope rena SHOX c
Kp=39+7 um (cM. Tabn. 2). MunopHslii Bapuant SNP
rs1452787381 (3ameHa «A» Ha «G» B TATA-60Kce) mpuBOIHUT
K CHIDKCHHIO CPOZICTBA ITOYTH B 7 pa3, 4To 00yCIOBICHO CHHU-
JKEHHEM CKOpocTH oOpasoBanus kommuekcos (k) B 22 pasa.
Cxopocts pacnaza xomriekcos (k) cHuxkaercs B 3 pasa, a
TAaK)KE yBEIMYMBACTCS BPEMs JKU3HH KOMILIEKCOB (t, ). Bee
9TU XapPaKTEPUCTUKHA MOTYT IIPUBECTH K IOBBIIIEHHOMY PH-
CKy (hOPMHPOBaHMS HETIPOIOPIHOHATBHO HU3KOTO POCTa C
nedopmanusiMu MazenyHra.

Haunxymmee cponcrso “TBP-OND”, Ky = 1000+400 nm,
65110 oTIpeenieHo it koMiuiekcoB TBP ¢ mpomoTopoMm rena
ZFY, nmeromiero mocienoBarensHocTh (CCCAACTAC),
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Table 2. EMSA-based in vitro analysis of a complex of TBP

and synthetic 26 bp ODNs identical to natural promoters near the SNPs being tested

Gene Allele  ODN, sequence, 26 bp

dbSNP ID

(Sherry et al., 2001)

CDY2A WT agaatgttccataTaatcgtcatagc

rs200670724 T-43C agaatgttccataCaatcgtcatage
27y Wr gacgoagogggcccaactaccatece

rs1388535808 C-56T ggcggagggggccTaactaccatcce

SHOX wTt gaggtcgccgcgtAtaaatagtgaga

rs1452787381 A-45G gaggtcgccgegtGtaaatagtgaga

KanampatHble SNP-mapkepbl reHos CDY2A, SHOX n ZFY 2020

XPOMOCOMbI Y CHUKAIOT PenpPOAyKTUBHbIV NOTEHLMaN MyX4MH 24.7
Prediction Experiment
-In(Kp) Kp, "M ty/5, MiN Ky M7Ts7T kg s'x107*
19.27 160+30 28.2+54 2500+300 4.1+0.7
18.76 500+200 64.2+18.2 350+50 1.8+0.6
17.67 1000+400 50.2+15.8 230+40 23+0.6
18.18 2000+1000 57.8+17.8 90+50 2.0+0.7
20.31 39+7 19.3£3.1 17000+£2000 6.0£1.0
19.21 260+70 57.8+14.5 770+80 20+05

Note: ty/,, half-life; Kp, dissociation constant; k, and kg, assembly and dissociation rate constants, respectively.
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Fig. 3. The significant robust correlations between the predicted in silico
and experimentally measured in vitro values of the TBP-DNA affinity (in
natural logarithmic units).

Legend: solid and dashed lines denote the linear regression and boundaries of
its 95 % confidence interval, calculated by means of standard software pack-
age STATISTICA (Statsoft™, Tulsa, USA); arrows pinpoint the ancestral (WT) and
minor (min) alleles of the SNP being studied (rs200670724 of CDY2A), an anal-
ysis of which is depicted in Figures 1 and 2 as an example of the application of
our Web service SNP_TATA_Z-tester (Sharypova et al., 2018) in this work and its
in vitro selective verification here; r, y, R, T, and p are coefficients of linear cor-
relation, Goodman-Kruskal generalized correlation, Spearman’s and Kendall’s
rank correlations, and their p values, respectively.

JIMIIB BEChMa OTJaJIEHHO HAallOMHUHAIOIIy10 KoHCeHcyc TATA
o6okca (TATAAAAG). 3amena «Cy» Ha «T» He criacaet mojio-
’KEHHE — CKOPOCTh 00pa30BaHHMs KOMILUIEKCOB (k,) cCHIKaeTCs
B 2.5 pa3a, U HE3HAUUTEIbHO U3MEHIETCS CKOPOCTh UX pac-
nana (k) ¥ Bpemst KU3HH (t;,). MOXKHO IIPEMONOKNTH, YTO
Ipe/icKa3anHast HaMu in silico CynepaKCIpecchss MUHOPHOTO
amens SNP rs1388535808 B ciepmaronnTax, IpUBOASIIAs K
OCTaHOBKE CIIEPMATOreHe3a Ha CTaINH MeH03a, a300CIePMUHN
1 OecIIonio, B YCIOBHUSX in vivo 00ecTieunBaeTCs y9acTu-
em TBP-acconuupoBanubix dakropoB (TAFs) u apyrux
PETYIATOPHBIX OEKOB B 00pa30BaHUN TPAHCKPHIILIHOHHOTO
kommekca B cinydae TATA-Heconepxkalero npoMoTopa resa
ZFY yenosexa.

IlonyuyeHnHble nanHble 0 cHUXKeHUU cporcTBa TBP k mpo-
motopy rena CDY2A Goxnee uem B 3 pasa jurst amnenst C co-

OTBCTCTBYIOT KIIMHUYCCKUM JJaHHBIM O }leQ)I/IIJ,MTC IMpoaAyKTa
3TOr0 r'eHa Kak TeHEeTHIECKON TIPUYINHE 3aICPIKKHU TTOJIOBOTO
CO3peBaHus.

3aknioyeHune

B nactosmeit pabore uccnenosansl Bce 35 SNP B mpomoTo-
pax renoB CDY2A, SHOX u ZFY, npeACTaBIABIINX BCE TPU
THUITa TEHOB XPOMOCOMBI Y YE€JIOBEKa: YHUKAIBHBIN, ICEBJIO-
AyTOCOMHBI M T1apajior TeHa XpPOMOCOMBI X YeJIOBEKa COOT-
BeTcTBeHHO. M3 HuX oroOpansl 11 kanaunarHeix SNP-map-
KEpOB, CITOCOOHBIX U3MEHHUTH CpoacTBO TBP k 3TM mpomo-
TOpaM M TaKUM 00pa3oM crioco0cTBoBaTh ocnadiaeHno MPIL.
[Ipexae Bcero, Mbl BEIOOPOYHO BEPUDHUIIMPOBAIHU in VIitro
BeJIMUYMHBI cponctBa « TBP-nmpomoTopy, npeackasaHHble B
9TO# paboTe, ¥ yCTAaHOBHMIIM CTATUCTUYECKH JOCTOBEPHYIO
JUHEHHYIO KOPPENALHUIO MEKAY HUMHU U SKCIIEPUMEHTAIIBHO
n3MepeHHbpIME BenmanHamH (7= 0.94, p <0.005). Mcmons3ys
ITOMCK II0 KIIFOUEBBIM clioBaM B 0ase maHHbIx PubMed, MbI
HAIIIM KIIMHUYECKHE TaHHBIE O (PU3HOJIOrNUeCKHUX IPU3HAKAX
MaTOJIOTUH Yell0BEKa, KOTOPhIE COOTBETCTBOBAIN HU3MEHEHHIO
9KCIIPECCUH I'€HOB, HECYIIUX MPE/CKa3aHHbIC KaH/IUIATHBIC
SNP-mapkepsl. Cpe/ir HUX ObLIN TI0Ka3aTeNu Ipoliecca crep-
Mmarorenesa (ZFY: rs1388535808 1 1s996955491), 3anepxkn
nostoBoro co3peBanus (CDY2A4: rs200670724), nenpormop-
LUOHAJIBHO HHU3KOTO pocta ¢ Jedopmanusimu MajenyHra
(mampumep, SHOX: 1s1452787381) u HapymeHus mporecca
smbpuorenesa (Hanpumep, SHOX: rs28378830). B coBokym-
HOCTH MOJTyYEHHBIE Pe3YJIbTaThl CBUETEIBCTBYIOT, UTO B CITy-
yae SNP-ITpoMOTOPOB T€HOB XpPOMOCOMEI Y YelloBeKa CIECIyeT
0’KUJIaThb U3MEHEHUH MMPOKOro Kpyra mokasareneil MPII,
BBIXO/ISIIIMX JAaJIEKO 38 PAMKH I'€HETHYECKOT0 KOHTPOJIS cO0-
CTBEHHO MY>KCKOH PeTPOAYKTHBHOHN (PYyHKITHH.

OTO 3aKIIOYEHHE COMIACYETCSI C BEIBOAOM aBTOPOB PEKOH-
CTPYKLIMU KO3BOIHOLUU XpOoMOCOM X U Y y pa3HbIX BUJOB
(omoccyM, OBIK, KpbICa, MBIIIb, MAPMO3ETKa, MaKaKa-pesyc,
IIMMITaH3¢ ¥ YeJIOBEK) Ha OCHOBE JJAHHBIX BBICOKOIIPOHM3BO-
nqurenbHoro cexsenupoBanusi (Bellott et al., 2014), uro, kpome
MYKCKOM pelpOAYKTUBHON (YHKINH, XpoMocoMa Y OIpe-
JIeTsieT TakXKe TeHACPHBIN IUMOP(H3M B IPEIPACIIONOKEH-
HOCTH K 3200JI€BaHUSIM M )KM3HECTIOCOOHOCTH MyxkuuH. [Ipen-
CKa3aHHbIE M SKCHEPUMEHTAIBHO MOATBEP)KICHHBIE 3[€Ch
n3MeHeHus cpoactBa TBP k muHOpHBIM Bapuantam SNP
renoB CDY2A, SHOX n ZFY uenoeka MoryT cHu3uts MPII
JWIIb MIPY aHOMAJIBHBIX N3MEHEHMAX YPOBHEH OelKoB, KO-
JPYEMBIX 3THMHU T€HaMH, B COOTBETCTBYIOMINX TKaHAX Ha
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OIIPEJEIEHHBIX CTaJUAX OHTOTeHEe3a. DTO C HEOOXOAUMOCTHIO
TpebyeT KIMHIUUECKOM TPOBEPKH, HAa CHIKEHHUE 3aTPaT KOTO-
poii Grarozaps yIydIICHUIO €€ aJpeCHOCTH HAIleJICHO HaIle
HKCHEPUMEHTATbHO-OMOUH(POPMATHUECKOE UCCIECA0BAHHUE.
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