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B 0630pe npoaHann3npoBaHbl oTaebHbIE MPobaeMbl MNaHMPOBaHWA
3KCNeprMEHTOB ¢ ncnosnb3oBaHnem metoaos RNA-Seq 1 Ribo-Seq,

a TaKkXKe KOHCONMANPOBaHbI paHee ony6MKoBaHHblE PpeKOMeHaaLun
KoHcopumyma ENCODE (2011) n gpyrux aBTOpOB MO BOMpPOCam
NIAHNPOBAHMNA SKCNEPVIMEHTOB MPW N3YyYeHWM TPAHCKPUMNTOMOB Kak
Y MNIeKOMUTAIOLWMX, TaK 1y APYTUX KUBOTHbIX 1 pacTeHmn. CyljecteyeT
npenen ysenuyeHus rnyouHbl CEKBEHMPOBaHWA ANA naeHTUdUKaLm
NPaKTUUYEeCKM BCEX aKTVBHO TPAaHCKPOVpyeMbixX B 06pasLie reHoB,
KOTOPbI 3aBUCUT OT pa3mepa TPaHCKPUNTOMa y 06beKTa nccnegosa-
HYIAA. YBenunyeHue rmy6buHbl NPOUYTeHWs TPAHCKPUINTOMA Bbllle peKo-
MeHAYeMOW He AaCT 3HaUYMTENbHOMO NOBbIWEHNA CTaTUCTAYECKOW
MOLLHOCTW UCCNIEAOBaHMA. Y MIeKONUTaoWMX ANA naeHTduKaumm
AKTVBHO TPaHCKPMOMPYyEMbIX FEHOB OMTYMasibHasA rybunHa cCeKBeHu-
poBaHus cocTasaseT ~2 x 10° n. H. Ha 6ronoruyeckun obpasew, Ans
OCTaNibHbIX BMAOB Fy6UHa CEKBEHMPOBaHWA Ha 0bpasel onpeaens-
€TCA C y4eTOM JAHHOTO 3HaYeHKA, HO JOMKHa OblTb NepecymTaHa
OTHOCUTESIbHO MPOTAKEHHOCTUN TPAHCKPUMNTOMA W YAENbHOIO KOMu-
yectBa PHK Ha KneTKy B cpaBHeHUN C TPaHCKPUNTOMOM MAIeKOMu-
TalowWwux. BoiaBneHne anddepeHLmanbHO SKCNpeccupyembix reHoB

1 CTbIKOB CanTOB cnnancuHra B MPHK MOXHO ynyuwinTb, nosbiwasn
YMCIIO aHaNM3MpyeMbix G1ONOrMUECKNX 06Pa3LOB B SKCNEPUMEHTab-
HbIX rpynnax. MMHMManbHO JOMyCTMOE YNCIO BUONOrMYecKmnX
NMOBTOPOB B Fpynne JOSIKHO OblTb paBHO ABYM. B T0 e Bpemsa ontu-
MaJIbHOE YMCI0 61ONOrMYeCcKnX MOBTOPOB NP COOMIOAEHNM BblLLe-
03HaYeHHOW FNy6UHbI CEKBEHUMPOBAHMWsA COCTaBNAET 5-8 06pa3sLoB
(KaK 1 Npy KoNMYeCTBEHHOWN OLieHKe SKCMPeCccumn OTAEeNbHbIX FeHOB
metogom qRT-PCR). Mpwu BbINONHEHUN onpefeneHna nocneaosa-
TeSIbHOCTV TPAHCKPUMNTOB PEKOMEHAYETCA NCNOMb30BaTb TEXHOOTN
CEeKBEHMPOBaHWsA, TOYHOCTb onpefeneHns 6yKBbl NocnefoBaTesib-
HOCTU AN1A KOTopbIX = 0,999. YunTbiBas yaenbHyto ceb6ecToMmMocTb
cekBeHMpoBaHus, ana metoaa RNA-Seq LenecoobpasHo 1cnonb3o-
BaTb TEXHOMOMMK, AatoLne puabl AIVHOW = 75 M. H. YaenbHble 3aTpaThbl
Ha CeKBEHMPOBaHVEe B KOHTPOMbHbIX FPyMnMnax MOXHO CHU3UTb 3a
cyeT yBeNIMYeHNA YNCNa OMNbITHbIX IKCNEPUMEHTASIbHbIX FPYMN nyTem
KOMMOHOBKM HECKONbKNX CXOAHbIX SKCMEPUMEHTOB U TOFMYECKOTro
YCNOXHEHNA NCXOQHOTO 3KCneprMeHTa. [laHHble pekoMeHAaunm
MOFYT 6bITb MCMOJIb30BaHbI A8 MAAHNPOBAHMNSA SKCNEPVUMEHTOB MO
N3yYeHMIo TPAHKCPUNTOMOB B GpYHKLIMOHANbHOI reHOMMKeE.

KntoueBble c/ioBa: BbICOKOMPOMN3BOAUTEIbHOE CEKBEHNPOBAHME;
TpaHckpunTom; RNA-Seq; Ribo-Seq; nnaHmpoBaHe SKCneprMeHTa.
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The design of experiments

for the transcriptome studies
by high-throughput sequencing
methods
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The common questions in the design of the high-
throughput sequencing experiments using RNA-Seq
or Ribo-Seq methods are reviewed. The ENCODE
guidelines (2011) as well as the recently published
advances in the design of the studies of mammalian,
animal and plant transcriptomes are also summarized
in this review. The optimal limit of the sequencing
depth does exist for the identification of almost

all actively transcribed genes. This limit depends

on the transcriptome size in the biological object
studied. Additional sequencing does not provide any
substantial additional information about the trans-
criptome complexity. For mammals, the optimal limit
of the sequencing depth for the identification of the
actively transcribed genes is equal to ~2x 10° bp

per biological sample. For other species, the optimal
limit of the sequencing depth per biological sample

is determined similarly for mammals; however,

the transcriptome size and the mean RNA content

in the studied object should be taken into account,

in comparison to the mammalian transcriptomes.

The discovery of differentially expressed genes, as well
as the identification of splicing sites in the mRNA could
be enhanced by increasing the number of biological
samples analyzed per each experimental group.

The minimal number of biological replicates per
experimental group is equal to 2. However, the optimal
number of biological replicates per experimental
group is equal to 5-8 (similar to the experiments
quantifying the expression of single genes by gRT-PCR).
For the transcriptome studies, it is recommended

to use the sequencing technologies that have

the accuracy of sequencing = 0.999 per bp. For RNA-
Seq, it is also recommended to use the technologies
that are able to produce reads equal to or larger

than 75 bp, to minimize the cost of the effective
identification of the sequences. The relative cost

for the sequencing of the control samples could be



KAK UNTUPOBATbD 3TY CTATbIO:

reduced by increasing the number of experimental
groups in the experiment or by combining several
independent experiments with similar control
groups. The present notes could be utilized during
the design step in the experimental studies
devoted to the research of transcriptomes.

Key words: high-throughput sequencing;
transcriptome; RNA-Seq; Ribo-Seq; design
of the experiment.
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BE€ TEXHOJIOTHU BBICOKOIIPOM3BOIUTEIEHOTO CEKBEHH-
POBaHMs, HCIOJIB3YEMBIE ITPU U3YYEHHH TPAHCKPHIITO-

MOB Y JKUBOTHBIX M pacTeHuil — metoq RNA-Seq mis
OTIpeJIeJIEHNs] TI0CIEJ0BATEIbHOCTEH TPAaHCKPHONPYEMOTO
reHoma n metox Ribo-Seq st onpesiesieHnst mocie10BaTeb-
HOCTEH TPaHCIMPYEMOTO TeHOMa — IIOCTETICHHO CTaHOBSTCS
6a30BBIMH HHCTPYMEHTAMH COBPEMEHHOH ()yHKIIMOHAILHOH
TEHETHKH JUUISl MCCIEJOBAHMSI SKCIIPECCHH TCHOB B CaMBIX
pa3HoO00Opa3HbIX MOACNSX in vivo W in vitro (Wang et al.,
2009; Sims et al., 2014; Ingolia, 2014). Mcnons3oBanne
JITAaHHBIX METOJIOB Y’K€ TI03BOJIMIIO BBISIBUTH CYIIIECTBOBAHHE
3HAUUTEJILHOTO YKCJIa HOBBIX TPAHCKPHUIITOB C HEU3BECTHON
(DyHKIMEH, CANTHIBAEMBIX B CAMBIX PA3JIMYHbBIX TKAHAX Opra-
Hu3Ma (van Bakel et al., 2011; Aspden et al., 2014; Xie et al.,
2014), 00HapY>KUTb PE3KYIO «IIEPECTPONKY» TPAHCKPUIITOMA
mocie crpecca (Moskalev et al., 2015), moarBepauts QyHK-
[IMOHAJIBHBIN Xa0C PEryJsiiiy TPAHCKPHUIIIUK Y THOPUIOB
(McManus et al., 2010). [Tpu n3ydyeHnn TKaHEBBIX TPAHCKPHII-
TOMOB TaKXe OBbIITM COCTABJIEHBI TOJPOOHBIE MOJICKYIISIPHBIE
aTIIAChl MPEACTABICHHOCTH PA3IMYHBIX (DYHKIIMOHAIBHO
3HAUUMBbIX TPAHCKPHUIITOB B TKAHSX OPraHU3Ma y 4eJoBeKa,
KPBICHI, MBIIIIH ¥ IPYTUX MOJEIBHBIX ’KUBOTHBIX U PACTCHUI
(manpumep, Hawrylycz et al., 2012; O’Rourke et al., 2014).
[MaBHBIM TUMUTHPYOLUM (HAaKTOPOM, OIPAHUYUBAIOLINM
BO3MOXXHOCTH 3KCIIEPUMEHTATOPOB HPH IIAaHUPOBAHUH
1 TIPOBEJICHNH MCCIIEJOBAHUI TPAHCKPUIITOMOB, SIBIISICTCS
OrpaHMYCHHOCTH (PUHAHCOBBIX, TPYAOBBIX 1 BPEMEHHEIX pe-
CYPCOB, 3aTpadeHHBIX Ha MOAOOHBIE IKCTIEpUMEHTHI (Sims et
al., 2014). VnenbHas CTOMMOCTh cekBeHMpoBanus 1 x 106 1. 1.
reroma 110 2010 1. cocrapisiza Oojiee OJHOIO A0JUIapa Ha
Bcex mMeronuxcs wiardopmax (Mardis, 2008; Wetterstrand,
2015) (puc. 1). B cBs13u ¢ mo00HOI BBICOKOI CTOMMOCTBIO
cexkBeHupoBaHus 10 2010 I. SKCHIEPUMEHTHI IO U3YyYEHHUIO
nuddepeHnanTbHO IKCIPECCUPYEMBIX TEHOB METOIaMU
RNA-Seq n RiboSeq 6111 110 O0s1B1IIEH YaCTH HEBO3MOMKHBI
B CHIIy CBO€H AOpOroBu3Hsbl, a B nepuox 2011-2015 rr. skc-
MIEPUMEHTSHI 110 CPABHUTEIBHOMY aHAIIM3Y TPAHCKPUIITOMOB
yarie BCETo NMPECTaBIsuIN co00H MpsiMOE CpaBHEHHE JBYX
9KCIIEPUMEHTAJIbHBIX T'PYII pa3MepoM B OAMH—TPU OHO-
JOTHYECKHX MoBTOpa Kaxnaas (Sims et al., 2013). Bmecre
C TEM aKTHBHOE Pa3BUTHE TEXHOJOTUH CEKBECHHPOBAHMS
BTOPOTO MOKOJICHHS TIPUBEJIO B MOCIEIHHE IISITh JIET K 3Ha-
YUTETLHOMY CHIKEHHUIO YIETBHONH CTOMMOCTH HCCIIEIOBAHUS
reHeTn4eckor nudopmanuu (puc. 1) n Mo3BOIUIO YIECHBIM
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IUIAHUPOBATh HKCIIEPUMEHT, IPHHNUMAsI BO BHUMAHHUE TaKUE
rapaMeTpsl, Kak NTyOHHA CeKBEHUPOBAHHMS, KOJIMYECTBO IKC-
MePUMEHTAJIBHBIX IPYIIT U 00pa3LoB Ha IPYIIILY.

B Hacrosimiee BpeMsl CyIIECTBYET 3HAYMTEIBHOE YHCIIO
0030pOB JIUTEPATYPHI, AETATFHO PACCKa3bIBAIONINX O TEXHHU-
YEeCKUX 0COOCHHOCTSIX CUMTHIBAHHS PHUJIOB IIPH CEKBEHHPO-
BaHMU TPAHCKPUIITOMOB Ha PAa3JIMYHbIX MIIaTGopMax (Harpu-
Mep, Ansorge, 2009; Mutz et al., 2013), a Takxe 0 mporpam-
Max M ajJrOpUTMax, KOTOPbIE MOTYT OBITh HCIOJIb30BaHbI
Ha BTOPOW CTaJMN HCCIIEI0BAHUS — CTaJUHN COOPKU TpaHC-
KpuIToB (Harpumep, Martin, Wang, 2011; Florea, Salzberg,
2013; Ghosh, Chan, 2016). Bmecte ¢ TeM B tuteparype Majio
BHUMAaHHMA yJesseTcss 0a30BbIM MpPaBUIaM IIaHUPOBAHUS
skcriepumeHToB RNA-Seq n Ribo-Seq, a 60onbIIMHCTBO MH-
(hopmanuu, MOCBSIIEHHON JaHHOMY BOIPOCY, BCTpEYaeTCsl
B Pa3pO3HEHHOM BH/IE B 0030pax JIUTEPATYPBI, OTTUCHIBAIOIINX
TEXHOJIOTHIO TIOJTHOT€HOMHOTO CEKBEHHPOBAHUS (HAIpPH-
Mmep, Sim et al., 2014). ExuHcTBeHHBIE ITpaBUIIa IPOBEICHUS
sKcTiepruMenToB (mpasmiia KoHcopunyma ENCODE — «Stan-
dards, Guidelines and Best Practices for RNA-Seq», penax-
st 1.0) ObuM cOpMUPOBAaHBI HA OCHOBE JIAHHBIX, MOJY-
YEHHBIX IIPH N3yYIEHUN TPAHCKPUIITOMOB Y MIICKOTIUTAIOIINX,
n He obHoBsHCh ¢ 2011 . (ENCODE 2011; Spies, Ciaudo,
2015). B atom 0030pe mpoaHaTHU3UPOBAH PsijJi BAXKHBIX BO-
MIPOCOB IIJIAHUPOBAHUSA TOJHOT€HOMHBIX 3KCIIEPHMEHTOB
¢ ucnosp3zoBanreM metonoB RNA-Seq u Ribo-Seq, a Taxxke
KOHCOJIM/IMPOBaHbI paHee OIyOIMKOBaHHBIE COBETHI I10 ILIa-
HUPOBAHUIO TPAHCKPUIITOMHBIX 3KCIIEPUMEHTOB, KOTOPBIE /10
HACTOSIIIIETO BPEMEHH OBIIH IPEICTABICHBI B PA3PO3HEHHOM
BHJIC B KJTFOUEBBIX MyOJUKAIUAX U 0030pax (Hampumep,
Corney, 2013; Hart et al., 2013a, b). Bce 3ti pexomenganuu
MOTYT OBITh HCIIOJI30BaHbI JJISl TUIAHUPOBAHUS SKCIEPH-
MEHTOB MO W3yYEHHIO TPAHCKPUIITOMOB M Yy JKUBOTHBIX,
Uy pacTeHUH B PA3IMUYHBIX (YHKIHMOHAIBHBIX MOJEIAX
in vivo M in vitro.

I'ny6v|Ha CeKBeHNPOBaHVA TPaHCKPUNTOMa

OueBu/IHO, YTO ITyOMHA CEKBEHHPOBAHMS TPAHCKPUIITOMA
OIIPEIEIISIETCS 1IEJIbI0 IKCIIEPUMEHTa, KOTOpasi MOXKET CBO-
muThes Kak (1) K mpocToMy OTpeneNeHnI0 BCeX aKTHBHO
TPAHCKPUOUPYEMBIX 3K30HOB, TaK ¥ (2) K HACHTH(UKAINT
BCEX CUMTBHIBAEMbIX BAPUAHTOB TPAHCKPUIITOB, CTHIKOB CATOB
CIUTaliCHHTA ¥ BapUaHTOB MOJMMOP(HBIX CaWTOB B TpaHC-
kpunrax oopasna (Veeneman et al., 2015). OtnensHo criexyer
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OTMETHTb, uTo npaBuiia koncopiryma ENCODE (2011) Obuu
chopMyTHpOBaHBI HA OCHOBAHWHU JAaHHBIX, OTYYCHHBIX IPU
WCCIICIOBAHUY TPAHCKPHUIITOMOB y KITFOUEBBIX MOJCITEHBIX
MJIEKOTTUTAIOIIUX (MBIIIHU, KPBICHI, JTFOJIN) C pa3MEPOM reHoMa
~10° m. 1. ITo 3To¥ IPUYKHE IS OCTANBHBIX OMOTOTHYECKHX
BUJIOB HECOOXOMMAasI TITyOMHA CEKBEHIPOBAHUS Ha OUOJIOTH-
Yyeckuii 00pasel TaKkKe OMPEACISIETCS C YIeTOM 3TUX MTPABHUIL,
OJHAKO JOJDKHA OBITH MepecuynTaHa OTHOCHTEIBHO MPOTS-
JKCHHOCTH TPaHCKPHIITOMA (IJTHHBI BCEX YYaCTKOB T'€HOMA,
KOJUPYIOIINX TPAHCKPUIITHI) U yaeabHoro komuuectsa PHK
Ha KJIETKY B CPAaBHEHNH C TPAHCKPUIITOMOM MJIEKOTTUTAIOIINX.

NpeHTndurkauma akTuBHO TpaHCcKprbupyembix MPHK

y MAeKonuTaroLmx

HWcxonno B nmpasmiax ENCODE (2011) 6su10 3ahukcnpoBano
(U1 MITEKOITMTAIOIINX ), YTO JUIS BBISIBJICHUS aKTUBHO TPAHC-
KpubmupyeMbix B obpasne MPHK mocrtarouno ompenenuts
MOCIIEI0BATENBLHOCTD y HEe MeHee ueM 20—25 MITH puoB, Ipu
9TOM JUIMHA pHJA JOJDKHA ObITh > 30 1. H. (9KBHBAJIEHTHO
>1,5x%10° m. H. TeHeTHYECKOI MHPOPMANUH). DTOT TE3UC
onupaeTrcs Ha AaHHble wieHoB koHcopuuyma ENCODE
(Mortazavi et al., 2008) 1 Ha Gosiee paHHUE OLIEHKH I'PYIIIIbI
Galau (Galau et al., 1977), cormacHO KOTOPBIM B OTHOCHTEIIFHO
TOMOTEHHOH TKaHH y MJICKOITMTAIOIIUX (HAaIpuMep B TICYCHH)
IeHbl C aKTMBHO PabOTAIOIIMMHU POMOTOPAMH JIOJKHBI J1a-
BaTh KaK MUHMMYM OZINH TPAHCKPUIT Ha KIIETKY, 1 YPOBEHb
takux MPHK nomken ObiTh He Menee 0,3—1,0 FKPM. Kak
CJIC/ICTBHE, B OOJIBIIHCTBE SKCIIEPUMEHTOB C IPUMEHEHHUEM
RNA-Seq, omy6nukoBanHBIX B Hadasne 2010-x rogoB, mryOnHa
CEKBEHHPOBAHMs Ha 00pa3ell KUBOTHOTO MPOHCXOMKICHHS
cocrapysna nopsaaka 1 x 109-3 x 10° . u. (Sims et al., 2013).

OHaKO JOCTATOYHO JIM TAKOW NITyOHHBI TPOYTEHHS TPAHC-
KPHUIITOMAa B COBPEMEHHBIX dKcrepuMenTax? [Ipasuio mo
nryoune cekBeHupoBanusi or ENCODE nHeoHOKpaTHO 11011
BEpPrajoch KPUTHKE IPyTUMHU WIEHAMH COO0IIecTBa (Harpu-
Mep, Hebenstreit et al., 2011). bonee Toro, Ob110 YCTaHOBIEHO,
YTO YUCIO WACHTH(OUIHMPYEMBbIX B 00paslie TPaHCKPHUIITOB
3aBHCHUT OT ITyOHHBI cekBeHnpoBanus (Tarazona et al., 2011).

[Mocnenyromue ucciieOBAHUS MOATBEPANUIN TE3HC
ENCODE 1o rnyOuHe CeKBEHHpPOBAHHMS /ISl BBISIBICHHS
YHHUKaJIbHBIX TPAHCKpHUITOB. B wactHOCTH, Hart ¢ komeramu
(2013b) Ha ocHOBaHWM maHHBIX 127 skcrepuMeHTOB RNA-
Seq ycTaHOBMIIM, YTO B MOAABIISIOIIEM OOJBIIMHCTBE CIIy-
yaeB cBbite 90 % TPaHCKPUIITOB ONPENENAIOTCA Ha YPOBHE
> 0,1 FKPM pmaxe B 00pa3iax U3 HEOJHOPOMHBIX TKAHCH.
Marinov ¢ koseramu (2014) takke yCTaHOBWIJIM, YTO JJISI
TOJIABJIAIOIIET0 OOBIIMHCTBA AKTUBHBIX OETIOK-KOUPYIOIUX
TEHOB B O/THOM KJIETKE MIICKOITUTAIOMINX B KaXKIbIIl KOHKpET-
HBIA MOMEHT BpeMeHH IpucytcTByeT juiib oT 50000 mo 1
TPAHCKPUITA Ha KJIETKY. B pe3ynprare uneHsl KoHCOpIHyMa
ENCODE noxnrBepanin, 9T0 aKTHBHBIC T€HBI 00BIYHO UMEIOT
ypoBeHb 3kcnpeccun He HIke 0,5-5 FKPM (uem Ooblie
3HaueHne, TeM MeHbIe TotansHoi PHK Opi10 B Hiccemyemoit
KJIETKE), 9TO B TPyOOM IPHOIMKSHUN 3KBUBAJIICHTHO OJTHOMY
tpaHnckpunry Ha kierky (Kellis et al., 2014).

Eme oganm nokaszarenscTBoM qanHoro npasmia ENCODE
craino uccnenoBanne Hart ¢ xomuteramu (2013a), B KoTopom
OblIa MPEATIOKEHa MOJIIIb, KIACCU(PUIMPYIOIIAsi BCE TeHBbI
Ha: (a) TeHBl ¢ HEAKTUBHPOBAHHBIMHU MIPOMOTOPAMH B Te-
TepoxpomaruHe U (0) TeHbl ¢ aKTUBHBIMU ITPOMOTOPAMH,
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Puc. 1. YaenbHasa ce6ecToMMOCTb ceKBeHpoBaHus 1x 10° . . reHe-
Tnyeckon nHdopmaumu B gonnapax CLLA 8 2001-2015 rr. (Mo JaHHbIM
NHGRI Genome Sequencing Program).

JIOKaJIM30BaHHbIe B yxpomarune (Hart et al., 2013a). B atoi
paboTe OBUTO TOKA3aHO, UTO IS TPOCTON MACHTH(PHUKAIIAH T10-
JIABIISFOIIETO OOJBIIMHCTBA TEHOB C aKTUBHBIM IIPOMOTOPOM
Yy MJIEKOITUTAIOMUX BIojHE nocTtatoyHo 20-30 MiH puaoB
(>2x10° m. 1. Ha 0Opa3em), W JaNbHEHIIee YBETNICHHE
ITyOWHBI CEKBEHHPOBAHUS HE AT MPAKTHUSCKH HUKAKOH
JIOTIOJTHUTEIbHON MH(POPMAIMN 00 OT/IEJIBHBIX TPAHCKPHIITAX
(Hart et al., 2013a).

Bce atH nccnenoBaHus CBUACTEIBCTBYIOT O TOM, YTO HE
TpeOyeTcst 0EeCKOHEUHOE YBEIMUCHHE IITyOHHBI CCKBCHUPOBA-
HUS T NICHTH(OUKALIN TIPAKTHYECKH BCEX aKTHBHO TPAHC-
KpHOHMPYEMBIX B 00pa3iie 3K30HOB — JIOCTATOYHO OIPE/ICINTh
HoclieJoBaTeNnbHOCTh y Oosee yem 20—30 MITH PUIIOB C JUTMHO#
He Menee yeM 50 m. H. (mopsaka 2 % 10 1. H. reHeTHIeCcKo
nHdopmarun). Jlaxxe eciiu TpaHCKPHUIT OyIeT MpeacTaBIeH
He BO Bcex Kierkax (jumb B ~20-50 % or obuiero uucia
KJIETOK), UMEIOIUXCS JAHHBIX Oy/leT BIIOJIHE IOCTATOYHO IS
nieHTudukanuy 6onsmmrHcTBa Taknx MPHK y miexornurato-
mux (Hart et al., 2013b).

UpeHTndukauma anbrepHaTUBHO TPaHCKPUOUpYyeMmMbix
MPHK 'y mnekonuTtatowmnx
Jst menelt nAeHTH(UKAIINN CTHIKOB CATOB CIUIAalCHHTA,
MOJIYYHBILUXCS B PE3YNBTaTe albTEPHATUBHOIO CILUIAWCUH-
ra npe-MPHK, a Taxxe BapuaHTOB MOJIMMOPQHBIX CaHTOB
B TPAHCKPHUIITaX MOJOOHOHN NIyOMHBI IMPOYTEHUS B OJHOM
o0Opase OyeT 3aBeIoMo HeZI0CTaToYHO. [1o MHEHHIO KOHCOp-
mryma ENCODE (2011), yBepeHHast ieTeKiust O0JIbIINHCTBA
CTBIKOB CaWTOB CIUIAHiCHHra M MOJIMMOP(HBIX BapHAHTOB
BO3MOJKHA JIMIIb NTPpH ripouTeHuu He MeHee 100-200 mutH nap-
HBIX PUIOB JIHHON He Menee 75 m. 1. (15 % 109-30 % 10° m. u.
uHpopmarun). Haimm 1aHHbBIe TakkKe yKa3bIBAIOT HA TO, YTO
MCTIOIb30BAaHKE PUJIOB C JIIMHAMU 75 T1. H. 1 OoJiee JIs JIeTeK-
LMY CTHIKOB CAWTOB CIUIACHHIA SBISETCS HauOOJIee OITH-
MaJIbHbIM C 3KOHOMHUYECKOM TOUKH 3PEHHS, €CIIN MEINaHHAas
JUIMHA 9K30HA Y TPAHCKPHUIITOB PaBHA WJIM OOJBIIE TAaKOBOM
y mutekonuraroiux (Menshanov, Dygalo, 2015).

BwMmecTe ¢ Tem ciietyeT 0OpaTuTh BHIMAaHUE HA CYIIECTBO-
BaHUE 3aBHCHMOCTH MEXAY /UIMHOW puaa (Tapsl PHJIOB)
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Puc. 2. MakcmmanbHO BO3MOXHasA [LONA MEXIK30HHBIX PUAOB B 06LYeN
Macce pufoB onpeaeneHHon fyinHbl (0Cb X — M. H.), KOTopas MOXeT ObITb
NoKanM3oBaHa npwu 3afaHHoN JJIMHE NPUIIEratoLLero K CTbIKy caiTa
cnnancuHra yyacTka (Ana MnekonuTalowwyx, Npu MeaviaHHoN AnvHe
3K30Ha 140 n.H.).

1 JToJIel pUIOB, HECYIIMX CTHIKM CATOB CIuTaiicuHra (puc. 2).
B wacTHOCTH, 3TO BaskHO 1715t MeToa Ribo-Seq, 11 koTOporo
3¢ PeKTUBHAS JTHHA PUJIa COCTABIISIET BCEro Jiniib ~ 30 1. H.,
HMMEHHO Takol y4yacTok Tpancnupyemoid MPHK 3amuien pu-
6ocomoii ot nerpananmu (Ingolia, 2014). B pesynbrare naxe
IIPY MCIIOJIb30BAaHUU COBPEMEHHBIX AJITOPUTMOB JIJIs COOPKH
TpaHckpunTos He Oonee yem 30—40 % punos OyayT comep-
JKaTh HEOOXOAMMYIO JUISl AKCIICPUMEHTATOPa M OJIHO3HAYHO
BOCCTaHaBJINBAEMYI0 HH(POPMALIMIO O MECTaxX CThIKa CalTOB
crutaiicusra. [1o 3Toil npuuKMHE NIpU NCIOJIB30BAaHUU METOA
Ribo-Seq HamexHas NeTEKIUs CTHIKOB CAWTOB CIDIAWCHHTA
JUISL TPAHCKPUIITOMA MJIEKOIHUTAIONMX OyJIeT OCTUIHyTa
JIMIIb IPU CYNTHIBAHUM He MeHee uyeM 500 MIIH puioB.

Hns merona RNA-Seq pacuerHble 1aHHbIE CBUIETEb-
CTBYIOT O HELIEJIECOOOPA3HOCTH HCIIOIBb30BAHUSI CBEPXIJIMH-
HBIX puoB (6omee 150-200 m.H.) ¥ JOCTHKEHUH BBICOKOMH
3G PEKTUBHOCTH AETEKIIMU CTHIKOB CATOB CIUIAiicHHTra yXe
IIPY UCTIONB30BAaHUHU MapHBIX pyuI0B JutnHOH 100 1. H. (puc. 2)
(Menshanov, Dygalo, 2015). CBepXTHHHBIE PHIBI [IEIIECO-
00pa3HO HMCIONB30BaTh JIUIIG ISl CHEHU(pUUECKUX 3a/1ad,
OTpEJIeNEHHBIX LENIMHU 3KCIIEPUMEHTA.

Imy6urHa ceKBeHNpPOBaHMA TPaHCKPUNTOMa,
NPOTAXKEHHOCTb TPAHCKPUNTOMa

n yaenbHoe Konuyectso PHK B KneTkax

Heo0x0auMo MOMHHTE, 4TO BCE BBIIICHIEPEUHCICHHBIC pe-
KOMeHJanuu, B ToM uucie u pekomeHganuu ENCODE,
ONMPAIOTCSI HA JAHHBIE, [TOJYUYEHHBbIE B 3KcriepuMeHTax RNA-
Seq y MIJICKONHUTAIOUINX, IPOTSHKEHHOCTh TPAHCKPHIITOMA
y kotopeix He mpesbimaer 100 mun n.H. OnHaKo ciexyer
OTMETHUTD, YTO TPOTHKEHHOCTh TPAHCKPUIITOMA Cl1ab0 Kop-
penmpyeT ¢ pasMepoM r'eéHOMa Y Pa3IniHbIX )KUBOTHBIX U pac-
TEHHH, 4TO 3aTPyAHACT MpecKa3aHue TaHHOTO MoKa3aress
JUISL TPAHCKPHUIITOMA y BHJIOB, AJISI KOTOPBIX U3BECTEH JIUIIb
pasmep renoma (Corney, 2013; Kagale et al., 2014; Coate,
Doyle, 2015). ITo a3tumM npuyrHaM IJIAaHUPOBAHHUE IITyOUHBI
CEKBEHHUPOBAHUS TPAHCKPHUIITOMA B Ka)KJJOM KOHKPETHOM
9KCIIEPHMEHTE JO0JDKHO YYHUTBIBaTh HE TOJBKO PACUETHYIO,
250

BaBunnoBcKuii )KypHan reHeTuKkn n cenekuymm « 20 - 2 - 2016

M.H. MeHbluaHoOB
H.H. Obirano

HO M 110 BO3MO)XHOCTH paHee OIpPEeesIEHHYIO MPOTSHKEH-
HOCTh TPAaHCKPUITOMa y HMccieayemoro suia. Hampumep,
MPOTSDKEHHOCTh TPAHCKPHUIITOMA PO30(HIEI HEHAMHOTO
MeHblIIe TpaHcKkpunToma y muekonurarommx (Nfonsam et
al., 2012). B To ke BpeMs y 3JIaKOBBIX CPEIHSS MPOTSHKEH-
HOCTb TPAHCKPHUIITOMA B /IBA—TpPH pa3a O0JIbIIIE, YeM Y MBIIIH
(Krasileva et al., 2013), mo3toMy [ijist 3TUX BUIOB PACTCHHIA
1enecoo0pa3Ho YCTaHOBHTH IIYOMHY CEKBEHHPOBAHHUS HE
MeHee yeM B 4-5 % 10° 1. 1.

AKTHBHO HCHOJIb3yeMOE B 3aIa/IHOM JINTepaType MOHsITHE
«pasmep TpaHCKpHUIITOMay (transcriptome size) MOKXeT OBITH
OITpe/IeNIeHO U KaK KormdecTBo TpaHckpuntoB 1 PHK B kietke
(Coate, Doyle, 2010, 2015), koTopoe TaKkKe JIUIIb YaCTHIHO
KoppenmpyeT ¢ pazmepom reHoma (Marguerat, Bihler, 2012).
VnensHoe konunuectBo PHK 1 TpaHCKpUNITOB B KIIETKE MOXKET
BapbUPOBaTh HE TOJBKO y Pa3IUYHBIX BUIOB DYKapHUOT U
MIPOKAPHOT, HO M Y PA3HOIOJBIX 0COOEH OT/IENBHBIX BUIOB,
Yy OJTHOTO OpraHM3Ma B Pa3IMYHBIX TKAHSIX, B OJHOW M TOH
JK€ TKaHU Ha Pa3HbIX ATallax Pa3BUTUS U JAKE B OJHOW U TOU
K€ TKaHH JI0 ¥ [TOCTIE OTAENbHBIX AKCIIEPUMEHTAIBHBIX BO3-
neiicteuii (Coate, Doyle, 2010, 2015). Hanpumep, ynensHoe
konmuecTBo PHK B THCThSIX MAaHIPOBBIX JIEPEBLEB B UETHIPE
pasa BeIIIe, 9eM B KamOuansHON TKaHU cTBOona (Reef et al.,
2010). YneneHOe coneprkanne PHK B remarorurax 6osee yem
B 20 pa3 npeBbIIIaeT aHAJIOTMYHBIN I0KA3aTellb B TAMOLIUTAX
(Schmidt, Schibler, 1995). Takxke ciemyeT OTMETHTH, YTO
BO3/ICHCTBHE NIIOKOKOPTHKOUAAMH IPUBOJIUT K YBEITNIECHHIO
yaenbHoro konnuectBa PHK B neuenn kpeic (Thompson et
al., 1976; Flusser et al., 1989). B To e Bpems B Mo3re, TH-
Myce, a TAKXKE psiie IPYTUX TKaHEeH Y MIICKOTIUTAIOIIHUX 10
BIIMSTHUEM [JIFOKOKOPTHKOUJIOB ITPOUCXO/INT HE YBEIIMUCHHE,
a ymeHbIeHne yaensHoro konmdectsa PHK (Zimmerman et
al., 1970). CooTBeTCTBEHHO, NPH TUIAHUPOBAHUN TITyOHHBI
CEKBEHHUPOBAHUSI HEOOXOANMO YUUTBIBATh HE TOJIBKO MPOTSI-
YKEHHOCTb TPAHCKPHUIITOMA, HO U yienbHoe Koinnuectso PHK
k JIHK u nenesbix PHK B uccnenyembix kieTkax.

Yncno KCnepMeHTaJibHbIX rpynn

B cBsi3u ¢ BBICOKOH ce0ECTOMMOCTBIO TOJTHOICHOMHOTO
aHaJIM3a OJHUM M3 BaXXHEWIIMX BOIPOCOB IJIAHMPOBAHUS
skcriepuMenToB RNA-Seq 1 Ribo-Seq siBnsiercs onpenenenne
MHHHMAJIEHOTO U ONTHMAJIBHOTO YHCIIA SKCIIEPUMEHTAIIBHBIX
IPYIII [UIsi Pa3HBIX KAaT€rOpHid IKCIIEPUMEHTOB (CpaBHEHHUE
SKCTIPECCUH B PA3JINYHBIX TKAHSIX, BPEMEHHAS JUHAMHKA
TPAHCKPUIITOMA MOCIIE BO3/ICHCTBUS, INypUHAIBHAS W BO3-
pacTHas JuHaMuKa TpaHckpunroma). [Tockonbky cymiecTByer
06eCKOHEUHOE MHOYKECTBO PA3INYHBIX AN3aHHOB SKCIIEPUMEH-
toB, npasmwia ENCODE (2011) Hukak He periaMeHTHPYIOT
YHCJIO IKCIIEPUMEHTAJIBHBIX IPYIIIL, OCTABJISISA IAHHBIN Mapa-
METpP Ha YCMOTPEHHUE HKCIIEPUMEHTATOPA.

Pembroke ¢ xomreramu (2015) ycranoBui, 4To B X01€
JIMYPUHAJIBHOTO [UKJIA 3HAYUTEIBHOE YKCIIO TPAHCKPHUIITOB
MMEET He MPOCTYIO CHHYCOHUIAIbHY O THHAMHUKY U3MCHEHHH,
KaK CYMTAJIOCh paHee, a 00jee CIOKHYIO — C IByMsI ITUKAMHU.
Wuaykius (MIn CHIOKEHHE) YPOBHS psiia TPAHCKPHUIITOB I10-
cJie BO3ZICUCTBHS KCIIEPUMEHTAIBHOTO (haKTopa Takke MOo-
JKET OBITh HEOJJHOBPEMEHHOM, UTO MPOSIBIISCTCS B MOSBICHUN
HECKOJIBKHX «BOJIH» U3MEHEHHI Y TaK Ha3bIBAEMBIX «PaHHUX)
U «HO3AHUX» TU(depeHInanbHO IKCIPECCUPYEMBIX TEHOB
(manpumep, Arner et al., 2015). ITogoOHBIE HEOTHOBPEMEH-
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HBI€ 3MEHEHUS 3KCIPECCUH PETYIATOPHBIX TeHOB (HarpuMep
TPAHCKPUIIINOHHBIX ()aKTOPOB) MOTYT IMIPUBOANTD K IOSIBIIC-
HUIO ¥ OoJiee CIIOKHBIX MAaTTEPHOB AKCIPECCHN OTACTBHBIX
MPHK nocne Bo3aeticteus (narpumep, Shishkina et al., 2015).

VYuuTeIBas Bce BhIIECKa3aHHOE, (1) s SKCIIEpUMEHTOB,
MIPE/OoNAralonX JIUIIb OaHaIbHOE CpaBHEHHE 0a3aIEHOTO
YPOBHS TPAHCKPHUIITOB B HECKOJILKMX TKaHsX (B OJHOW TKa-
HHU y pa3sHBIX BUAOB U T.[I.), IIEJIECO00pa3HO TIAaHUPOBATH
MO O/THON IKCIIEPUMEHTAIBHON IPyIINe Ha KXl 00bEKT
uccnenoBanust; (2) ans uccleJoBaHUM, MPeanonaraommux
U3ydeHHE JUHAMHUKH YyPOBHS TPAHCKPUITOB B OHTOTCHE3E,
TaK)Ke CIIEAYeT TOTOBUTH IO OJHOM 3KCIEPUMEHTAIbHON
IpyIIIe Ha KaX /bl TUIAHUPYEMBIH K U3y4EHHIO BO3pacT (Ha-
npumep, Kozhevnikova et al., 2013); (3) s sxcrepumeH-
TOB, MPEIIOJIATAIONINX U3YUYCHNE ANYPUHAIBHBIX PUTMOB
HN3MCHCHHUA TPAHCKpUNIMU, MUHUMAJIBHO JOJI’KHbI 6])IT]>
U3y4eHBI JIBE BpeMeHHbIe TOUKH. OJTHAKO B CBETE JaHHBIX
Pembroke ¢ xomneramu (2015), 6omnee kKoppeKTHBIM Oy/eT uc-
CJIe/IOBaHKe YPOBHS TPAHCKPHUIITOB B HE MEHEE YEM YEThIPEX
BPEMEHHBIX TOYKaX (JHEM, HOYBIO, yTPOM M BEUEPOM, KaK
y Hughes ¢ komneramu (2012), a B uzneane — uepes Kax/pie
3—4 y; (4) nist ¥UCCIIEAOBAHUM, MPEIIIOIATAOIINX U3YUCHHE
JUHAMUKH TPAHCKPUIITOMA TIOCJTE BO3JAEHCTBHS dKCIEpH-
MEHTAJILHOTO (JaKTOpa, MUHUMAJIBHO TOMYCTHMBIM SIBIISICTCS
omnpeneinenue aub0 «paHHux» (uepe3 30—120 mun mnocie
BO3JEHCTBHSA), TMOO COBOKYITHOCTH «PaHHUX» U «HO3THUX
muddepeHnnansHO AKCIPECCUPYEMBIX TeHOB (depes 2—12 9
roce Bo3aelcTBus). BMecTe ¢ TeM B Takux ciydasix oosee
Pa3yMHBIM TIPEJCTABIISICTCS ONpEeNIeHNEe TUHAMUKH U3Me-
HEeHUI KaK MUHMMYM B JIByX ONBITHBIX TOYKax — JUISl ycTa-
HOBJICHHS M «PAHHUX», U KIIO3JIHUX)» TEHOB, & TAKIKE TEHOB C
YHUKaJIbHBIM ATTEPHOM 3KCIIPECCUH (TIOMUMO ONPEIETICHUS
0a3aJIbHOTO YPOBHS TPAHCKPHUIITOB).

Cnez[yeT OTMCTHUTDH, YTO MHOI'MC BaXXHbIC I'CHbI 3a CUCT
CYIIECTBYIOIIUX CETEH Perymsuy TPAaHCKPUIIUH HMEIOT
CJIOKHBIH, HEBOJTHOTIOTOOHBIN TATTEPH IKCIIPECCHH, KOTOPBIH
HE YKJIQJIBIBA€TCs B IPOCTYI0 MOJEIb PAaHHEU U IO34HEH
«BONHBDY M3MeHeHu# (Amer et al., 2015). Oqaum U3 Hau-
Oosiee XapaKTEpHBIX IPHUMEPOB TAKHX TCHOB SIBISIETCS TE€H
bcl-X, ypoBeHb JUIMHHOTO TPAHCKPHUIITa KOTOPOTO MOXKET
OBITh MHIYIUPOBAH IIIOKOKOPTHKOMJAMH B CTBOJIE MO3Ta
yepe3 6 4 TocJie Havdaja BO3ACHCTBHUS, OTHAKO yXKe depes 2 4
nocie 3toro yposeab MPHK Bcl-XL BoccranaBimuBaetcs
1o 6azapHOTO (Shishkina et al., 2015). O4eBuaHO, 4TO 15
WIeHTH(HUKALUY TaKUX TEHOB MOTpedyeTcs Ooiee yeM JBe
OKCIICPUMECHTAJIbHBIC TOYKU JIsI OLHCHKHU YPOBHS HEJICBBIX
TPAHCKPHUIITOB MOCIIE HCXOAHOTO BO3/IEHCTBUSL.

Yncno BHYTPUrpynnoBbiX MOBTOPOB
Panee ObUTO yCTaHOBIIEHO, YTO TIPH JTOCTATOYHOH TITyOHMHE
HPOYTEHHS KAKI0T0 OHOIOruuecKoro oopasua (> 2 x 10° . 1.
Ha o0pasel]) caMbIM Pa3yMHBIM METOJIOM MOBBIILICHUS MOIL-
HOCTH MCCJIEIOBAHHUS SIBJISIETCSI YBEJIMUSHHE YHCIia OUOJI0TH-
YECKUX IMOBTOPOB, a HE TITyOWHBI CEKBEHUPOBAHUS KaXkKIOTO
obpasna (Ching et al., 2014; Liu et al., 2014). OqHako CKOJIBKO
OMOJIOTMYECKHX IIOBTOPOB HEOOXOIMMO H JIOCTATOYHO JIeNIaTh
MIPH UCCIICIOBAHUH TPAHCKPUIITOMA?

[pasuna ENCODE (2011) ycranaBnmBaroT, 4T0 MUHUMAIIb-
HOE YMCII0 OMOJIOTUUECKUX TIOBTOPOB B TPYIIIE TOJKHO OBITH
He MeHee IByX. [1omoOHBINM MU3aifH TIO3BONSET MPOBEPUTH
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BHYTPUTPYTIIOBYIO TMCIIEPCHUIO U OTIPEACTUTH YCIOBHOE «Ka-
YECTBO» JETEKIINH IETIEBBIX TPAHCKPHUIITOB — KO3 uitnerT
nerepmunanuu R2. B coorBerctBun ¢ npasunamu ENCODE,
JTAHHBIN TTapaMeTp 1oJuKeH ObITh He MeHee 0,90. B npotiBHOM
CITydae MCCIe0BaTeNb JODKEH OOBSICHUTE TPHYHNHY BO3HHK-
HOBCHUS HU3KOTO 3HAYCHUS KOA(PPHUIIMCHTA CTSPMHUHAIIIH,
100 BOCIIPOM3BECTH PE3YJIbTaThl IKCIICPUMCHTA.

Jis BBIABNICHHUS TIENEBBIX TU(PEepeHIINATHHO SKCIIPECCH-
PYEMBIX TCHOB (KaK ¥ TIPH KOJTMYCCTBEHHON OIIEHKE IKCIIPEC-
cum otaenbHbIX reHoB MetonoM qRT-PCR) nenecoobpasHo
OIIEHUBATh HEOOXOIMMOE YHCII0 00pa3IoB B KaXKI0i TpyIIIe,
UCIIONB3YsI KITACCUYCCKUI aHAJIH3 CTATUCTUICCKON MOIITHOCTH
1 YYUTBIBasI OXKUIAEMYIO BapUaOEIbHOCTD YPOBHSI HCCIICYE-
MbIX TpaHckpunToB (Karlen et al., 2007; Spies, Ciaudo, 2015).
Juns npentudukannu npakrudeckn Bcex MPHK, ypoBens
KOTOPBIX M3MEHMJICS B > 1,5 pa3a u cpenHsAs KONUITHOCTh
KOTOPBIX BBIIIIE, YeM OUH TPAHCKPHIIT Ha KIETKY, OTITHMAJIh-
HBIM pa3MEpOM TPYIIIBI OyleT MATh—BOCEMb 00pa3IoOB Ha
aKcriepuMenTanbHyto rpyniy (Karlen et al., 2007).

Bbi6op nnatdpopmbl

ANA BblCOKONpPOU3BoaAUTENIbHOIoO CeKBeHNpPOBaHNA
Kaxxpass mutaropma aiis BBITIOTHEHUS TTOTHOTEHOMHBIX
WCCIIEJIOBAHNN HMEET sl TEXHUUECKUX XapaKTEPHCTHK,
KOTOpBIE TIPENIOIPEACISIOT Ka4eCTBO CeKBeHUpoBaHus. [1pu
TUTAHUPOBAHUH SKCIIEPUMEHTA CIIETyeT 00palaTh BHUMAHUE
Ha TaKWe IMapaMeTphl, KaKk JUTMHA U TTAPHOCTh PHUJa, KOTOPbIE
JaeT rardopma, a Tak)Ke Ha BEPOSTHOCTH COBEPILEHUS
OIIMOKH ITPU ONPEIENICHUU OTHOTO HYKJIEOTH/IA.

B Tabn. 1 npuBeeHb! JaHHBIE TIO JOJIE PUIOB OIpE/IeNeH-
HOM JIUTMHBI C PA3JIMYHBIM KOJINYECTBOM TEXHHUYECKHX OIIU-
00K, B 3aBHCUMOCTH OT HcTIoNb3yeMoi mardopmsl (Corney,
2013; Fox et al., 2014). ITockonbky s metonga Ribo-Seq
3¢ PeKTUBHAS UTMHA PUIa COCTABIISCT BCETO JIUIIb ~ 30 I1. H.
(Ingolia, 2014), To I SKCIIEPUMEHTOB C HUCIIOJIE30BAHUEM
JTAaHHOTO MeToja IurarhopMamu BeIOopa OyayT riardopmbl
SOLID u [llumina ¢ KOpOTKMMH HETIapHBIMU PUIAMH JTTHHON
He 6omee 50 1. H., AafONTHe 3HAYUTEIHHOE YHCIIO PUIOB 0e3
omuOoK (Tadm. 1).

Tabi. 2 copepxuT uHPpOpPMAIUIO 00 YICIBHOMN IIEHE CCK-
BenupoBanus 1 x 10° . H. Ha pa3IM4HBIX IaThopMax st
merona RNA-Seq. YuursiBas nanasie Menshanov u Dygalo
(2015), nast RNA-Seq nenecoobpasnbiM OyJeT MCIOJIB30-
Banue tuiatgopmsl Illumina 4000 B BapuanTe C MapHBIMU
pugamu aiuHON > 100 1. H., 17151 KOTOPOH CTOMMOCTB 3 dek-
THBHOTO cekBenupoBanus 1 x 10° m. . Oyzmer nke 50 mom.
CIIIA (pwuc. 2, Tabm. 2).

YAeanaﬂ LeHa ceKBeHNpoBaHnA
OTaenbHO CTOMT OTOBOPUTH BO3MOKHOCTH O SKOHOMHH
JCHE)KHBIX PECYPCOB MPH BBIOJHCHHH YKCIIEPHUMEHTOB
RNA-Seq u Ribo-Seq. CyriectByeT psifi BO3MOXHOCTEH
OINITHMHM3AIMHU 3aTpaT Ha NPOBEJCHUE MOJHOTCHOMHBIX HC-
CIICIOBaHHH ITyTEM KOPPEKTHOTO ITAHWPOBAHUS IIPOBEICHHS
sKcnepuMeHTa. Harpumep, 04eBUIHO, UTO YUCIIO KOHTPOJIb-
HBIX H OTIBITHBIX I'PYIII ONPEAENIAETCS HETIMH SKCIIepUMEH-
Ta (cM. BbILLIE). YICTEHYIO CTOUMOCTB BBITTOJTHCHHS SKCIICPH-
MCHTAa MOXHO CHU3UTDL ITYTEM YBCJIMUCHUS YUCJIA OIIBITHBIX
(HEKOHTPOJIBHBIX ) IKCIIEPUMEHTAIBHBIX TPYIII, YTO OOBITHO
JOCTUTAETCsI 32 CYET KOMIIOHOBKH B OTHOM HCCIICIOBAaHUH
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Ta6bnuua 1. Hona pPnAaoB C pa3yiINyHbIM KONNYECTBOM TEXHUYECKUX OWKn6OK, B 3aBUCUMOCTI OT VICI'IOJ1b3YEMOIZ I'IJ'IaTCl)OprI

Mnatpopma BepoAaTHOCTb Hekop-
PEKTHOTO ONIPEAGNEHVA 1 ecTBO OWMGOK
OfHOMO HYKNEOTULA coovoeveeeieiiiiiiiiieiiiiiiiii
HeT 1
454 GS Junior ~0,01 73,97 % 22,42 %
PacBio RS
lon Torrent/Proton
Solid ~0,001 97,04 % 291 %
llumina ~0,001 97,04 % 2,91 %

Nons pyupos gnvHoii 30 n. H. (Ribo-Seq)

[Hona pypos anviHon 100 n.H. (RNA-Seq)

>2 HeT 1 >2
<3,62% 36,60 % 36,97 % 26,42 %
<0,05% - - _
<0,05% 90,48 % 9,06 % <047 %

Ta6nuua 2. YaenbHas LeHa npu cekseHnposaHun 1x 10° n.H. (metog RNA-Seq) ans pasnunuHbIX AIMH HenapHbIX pUAoB

Mnatpopma [nvHa puga, n.H. CronmocTb cekBeHUpoBaHMA  CTOMMOCTb NOMyYeHNa OAUHAKOBOrO KONMYecTBa
116, gonn. CLLA MEX3K30HHbIX puaos, gonn. CLUA
S o|_|D ...................................... 5 0 ............................................. 7 0 ................................................. - 120 .............................................................................

50|_|D ...................................... 7 5 ............................................. 5 56 ............................................... - 65 ................................................................................

”lummazooo .......................... 5 0 ............................................. 110 ............................................... - 190 .............................................................................

|||umma2000 .......................... 7 5 ............................................. 9 0 ................................................. - 105 ..............................................................................

|||umma2000 .......................... 100 ........................................... 7 5 .................................................. - 75 ................................................................................
|||um,na4000 .......................... 10045 .................................................. - 45 ................................................................................

Mo paHHbIM Menshanov, Dygalo (2015), ¢ gononHeHnAMN.

Ta6nuua 3. [lona CTOMMOCTU UCCNeA0BaHNA JaHHbIX (%) B KOHTPOJIbHbIX FPynnax oT 06Liel CTOMMOCTM BCErO SKCNEPUMEHTa
(Npu ycnoBmm paBHbIX 06beMOB MHGOPMALMK, NMOSTYUEHHbIX B KaXKAO0W SKCMeprMeHTanbHOw rpynne)

O6Luee UnNCNO FKCNEePUMEHTANTbHBIX TPy

qmcno ..................................................................................
KOHTPOMbHbIX rpynn - 5 3 4 5

1 50 333 25 20

2 - 66,7 50 40

3 - - 75 60

HECKOJIbKMX CXOJHBIX 9KCTIEPUMEHTOB TN YCIOKHEHUS HC-
XOJIHOTO DKCIIEpUMEHTa. B pesysbrare, eciiu skcriepuMeHTa-
TOp OyZAET B OTHOM HCCIIEIOBAHUN COTIOCTABIIATH HECKOJIBKO
BO3/ICHCTBUI, TO yAeIbHBIC 3aTPaThl HA CEKBEHHPOBAHUE
KOHTPOJIBHBIX IPYHIT OyyT CHUKAThCs (Tadi. 3).

Eme oxHOM BakHOM TPOOIEMOil SBISIETCS HEPA3BUTOCTD
[IEHTPOB KOJUIEKTHBHOTO TOJIb30BaHMS Ha Teppuropun Poc-
cuiickoit denepanuu u, Mo CyTH, perHoOHaIbHasT MOHOIIOJIH-
3aI¥sl JAHHOH BBICOKOTEXHOJIOTHYHOMN OTPACIN HECKOIBKIMHU
UTpOKaMH, 00JIa/IaIoIMU JJOCTYIIOM K ITpnbopHoit 6a3e. Ha
MHPOBOM PBIHKE CEKBEHHPOBAHHMSI CYILIECTBYET 3HAYUTEILHOE
YHCIIO0 KPYMHBIX M MEITKUX UTPOKOB, TIPEJOCTABIIAIOMINX CBOU
YCIIYTH TI0 TIOJTHOTEHOMHOMY CEKBEHHPOBAHHUIO 32 BIIOJIHE
pueMIIeMyIo 1ieHy. V3 KpymHbIX UTPOKOB HAHOOJIBILIETO BHU-
Mmanus 3acyxnBaioT BGI Technologies (www.bgitech.com)
n Macrogene (www.macrogenlab.com), KoTopble 3aHUMAIOT
6ouiee 50 % Bcero ppIHKa KOMMEPYECKOTO CEKBEHHPOBAHUSI.
B cBsi31 ¢ 3THM COMOCTaBIEHNE 1IEH CEKBEHUPOBAHNUS B Pa3-
JIMYHBIX OTEYECTBCHHBIX M 3apyOCIKHBIX LICHTPAX, TI€ MOXKET
252
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6 7 8 9 10
......... 16,714,312,5”’110
......... 3 332862522220
......... 5 04219371533’330

MPOBOUTHCS] KOMMEPYECKOE OIPEIeTICHHE MOCIICI0BaTEIIb-
HocTH TpaHckpuntoMoB Merogamu RNA-Seq u Ribo-Seq,
a TaK)Ke BMCHEHHBIX 3aTpaT Ha TPAHCIOPTUPOBKY 00pa3noB
JI0 TAKHX LEHTPOB, CTAHOBHUTCS BaXKHBIM 3JIEMEHTOM ILIaHH-
POBaHHS SKCIIEPUMEHTA.

Bbi6op mexpay metogamu RNA-Seq n qRT-PCR

I'pynma Nonis ¢ koeramu (2014) npoBerna cpaBHUTEIBHbIIH
aHaJIN3 ce0ECTOMMOCTH KOJMYECTBEHHOH OIEHKH ypOBHEH
Y Pa3IU4HOIO YUCJIAa TPAHCKPUIITOB B MPEAONPEAEIEHHOM
qucie 00pa3IoB IPHU UCIOIb30BAHUH BEICOKOTIPOU3BOANTEIb-
HOTO cekBeHHpoBaHU MeToioM RNA-Seq 1 kiaccnaeckoro
Metoga qRT-PCR. Bbuio noka3aHo, 4To UCHONIB30BAHUE CO-
BPEMEHHBIX IUIAT(GOPM BBICOKOITPOU3BOANTEIHLHOTO CEKBE-
HUPOBAHWS, NAIOIIUX PUABI ITHHON He MeHee 75—100 m. H.,
JUIsl OLICHKH ypoBHeH y Oonee uem 200-250 TpaHCKpHIITOB
MetooM RNA-Seq Bcerga 5KOHOMHUECKH BBITOJIHEE aHAJIO-
TUYHOTO HCCIEA0BaHMSA, BRIIOTHEHHOTO MeToioM qRT-PCR,
ecim Opare niensl 2014-2015 rr. (mogpoduee Nonis et al.,
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2014) (puc. 3). Tak xak B OHOJOTHYCCKUX OOBEKTaX MPHUCYTCTBYIOT HE COTHH,
a TBICSIYM PA3TIMYHBIX TPAHCKPHUIITOB, MccienoBanne Nonis ¢ komteramu (2014)
MO/ITBEP/INIIO0 SKOHOMHYECKOE MPEHMYIIecTBO TpuMeHeHns Metona RNA-Seq nan
qRT-PCR 151 KOMM4YeCTBEHHON OLIEHKH YPOBHEN TpaHCKpUNTOB. Vcronb30BaHue
metona RNA-Seq mo3BomsieT mcciaeqoBaTh HE TOIBKO YPOBHH TPAHCKPHIITOB, HO
U WX TociieioBatenbHoCTH. Kak ciiecTBre, NpernMynecTBO IPUMEHEHUS BBICO-
KOIPOU3BOJUTEIILHOTO CEKBEHUPOBAHUSI B (DYHKIIMOHAIBLHOW T€HOMHKE SIBIISIETCS
HEOCIIOPUMBIM.

[IpencTaBneHHbIC B HACTOSIIIEM 0030pe PEKOMEHIALINH HE SIBIISIOTCS HCUEPITHI-
BatoiMu. OTAENIBHO CIIeAyeT OTMETUTb, YTO JUIsl HY XK/ KJIMHUUECKOW TeHEeTHKN
(IeTeKmyst COMaTH4eCKIX ¥ TeHEPATUBHBIX MOIMMOP(HBIX BAPUAHTOB TEHOMA) yKe
paszpaboran m100 MpooIDKaeT pa3padaThIBaThes 1elblii Habop mpasui (Bennett,
Farah, 2014; Gargis et al., 2015), KOTOpbIi TaK)Ke MOXKET OBITh HCIIOIB30BAH U B 3KC-
MepUMEHTANIBHBIX LessiX. JlanbpHeilnee pa3BUTHE U yCIIEBICHNE IOJTHOTEHOMHOTO
CCKBEHHPOBAHUSI TIO3BOJIAT MOBBICUTH 3((EKTUBHOCTH HCCIIEIOBAaHUN B o0nacTu
¢yHkimonanpHol reHoMuku Metonamu RNA-Seq u Ribo-Seq. [To atoii npuunne
TUTaHUPOBAaHHUE SKCIIEPUMEHTA Oy/IeT HeOTheMIIEMOH KOMITOHEHTOH, ITO3BOJIAIONICH
n30eXKaTh MOTEPh PECYPCOB B XOJI€ BHIIOIHEHNS HAyYHO-NCCIIEI0BATEILCKON Jes-
TEJILHOCTH B YCJIOBUSIX OIOJKETHBIX M MHBIX OrPaHHYCHUI.
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