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OKempakyus HyK1euHO8bIX KUCIIOM — OCHOGHOU 2Man MONeKYIAPHOU OUOoN02UlU.
B nacmosuwee spemsa cyujecmayem 601bu10e KoMuuecmeo npomoroios u Memooudeckux
pexomenoayuu ons sxkempaxyuu PHK u JIHK u3 pasueix epynn opeanusmos. Om
evibopa coomeemcmeyiouwyeco Memooa u 6 KoHeunom umoze xaiecmea npobvr PHK
Hanpamyio 3agucum pe3yibmam npoeeoeHUs BblCOKOYYECMBUMENbHBIX Meno008,
Hanpumep NOAUMEPA3HOU YenHou peaxyuu 6 peanvhom epemenu (IIL{P PB).
Croocrocmu, goznuxaiowue npu sxempaxyuu PHK uz pacmumenvnoil mxanu, césasamsl
¢ npucymcmeuem 6 pacmeHusx O0NbU020 KOIUYeCmea GMOPUHHLIX Memabonumos
u nonucaxapuoos. Ilposedeno cpagnenue mpex memoodos sxcmpaxyuu PHK uz
aucmoes pacmenuti kapmoghens (Solanum tuberosum L.) copma Jlyeoeckoil ¢ yenwio
OdanvHeluezo ucciedosanus sxcnpeccuu 2enos. Kavecmeo sxcmpazupyemou PHK u
ee KOMU4ecmeo OYeHUuBau cnekmpogphomomempuiecku, ¢ noMowblo snekmpogopesa
6 azaposHom 2ejie U npumeHeHus Memooa Kpamuvix paseeoenuti ons IIL[P ¢ peanvrom
epemenu. ITokazano, umo 05t pacmenuil Kapmogheist Haubonee NOOXOOAUUM SL6/ISLeMCsL
Kommepyeckuii Habop pupmuvl Qiagen u3z-3a HAUMeHbULE20 UHSUOUPYIOU €20 6TUAHUA HA
npomexanue I1LP, Opyzue npumensemvie Memoobl HYHCOAIOMCA 8 MOOUDUKAYUAX NO
ouuwenuro obpasya PHK om uneubumopoe peaxyuu.

KuroueBble cioBa: Solanum tuberosum L.; PHK; @enon; anexmpoghopes;
nanocnexmpogomomemp, I1L[P 6 pearvHom epemeHnu.

BBenenune

[IpumeHeHne MOJEKYISPHBIX METOJOB IMO3BOJISET pelarh Kak (yHIaMeH-
TaJNbHBIE, TaK ¥ IPHUKJIaTHBIC BOIIPOCH OMonorud. JJaHHOE HarpaBiIeHUE B METO-
JIOJIOTHH TIOSBUJIOCH CPAaBHUTENBHO HegaBHO — B 1950-x rr. [1]. K HacTosmemy
BPEMEHH JIOJISI MOJICKYIISIPHBIX HCCIIEIOBAHUH MIPOIOIDKACT CTPEMHUTEIBHO YBEIH-
YMBATHCS, B TOM YHUCIIE B 00JacTu 00TaHUKHU U (pusnosnoruu pacreHuit. Mcemomns-
30BaHUE JTAHHBIX IIOIXOJ0B MO3BOJISIET ONPENCITUTh HE TOIBKO CHCTEMAaTHIECKOE
MOJIOKEHHE OpTraHu3Ma, HO U BBIABUTH AU(D(epeHIHaTbHYI0 IKCIPECCHIO TEX
WJIM WHBIX TPYII I'eHOB B OTBET Ha JIEHCTBHE PETYIATOPHBIX PakTopoB [2]. [Tpo-
necc 3kctpakiuu PHK moxgpasymeBaer crepyronue OCHOBHBIE 3Talbl — JIU3UC
(pa3pyiIeHne) KIETKH, SKCTPaKIuio Makpomoiekyn u ounctky PHK. OcHoBHEIE
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crocoObI X MmpoBecHUs onucanbl emé B 1987 1. [3]. OqHako u3-3a HU3KOM I10-
BTOPSIEMOCTH SKCIIEPUMEHTOB MOTPEOHOCTh B (JOPMHUPOBAHUM OLIEHKH KauecTBa
MOTYYEHHOTO Mpenapara HyKIEHHOBONH KHCIIOTHI JUIS MCCIETYEMBIX 00pa3IoB
nosiBIIIach ToNbKo B Hadase 2000-x rr. [4—8]. B 2009 r. pa3paboTaHbl MUHUMAIIb-
HbIe TpeOOBaHMA JUIsl OIMyOnuKkoBaHUs pe3ynsratoB [11[P B peanbHOM BpeMeHH
(ITIIP PB) — MIQE (Minimum Information for publication of Quantitative real-
time Experiments), B KOTOPBIX TaKk)Ke NPONHCaHbl TpeboBanus K oopasmam PHK
u JJHK: nomyctuMoe mpucyTcTBre MpuMeced OSJIKOB U MoIrcaxapuaoB, KOHIIEH-
Tpamus ¥ IeJ0CTHOCTh npemnapara [9]. Okcrpakuus PHK HeoOxonmnma He TOIBKO
s nposenerus I[P PB, Ho u ams psaa Apyrux MaHUMYISIUNA (CEKBEHUPO-
BaHMeE, OTpe/eNICHHe BUPYCHOM HArpy3KH W T.J.), B XO/I€ BBITIOJHEHUST KOTOPBIX
pPEKOMEHIIAaIIMK MOTYT OBITH JOMONHEHBL. K mpumepy, uid peanu3anuu 3ajad,
CBSI3aHHBIX C M3yYEHHEM IOIHOTO TPAHCKPHUIITOMA, HEOOXOIMMO TIOTydeHUE 00-
pasia, XxapakTepHU3YIOIIErocs He TOIbKO BEICOKUM conepxanrneM MPHK u kopot-
KX HHTEPPEPUPYIONINX TOCIEA0BATENFHOCTEN, HO M OTCYTCTBAEM pHOOHYKIIEa3
(PHKa3) u uaru6uropos I1LP [10]. M3BecTHO, 4TO CITOCOO OCYLIECTBICHHS dTa-
TIOB AKCTPaKINH HyKIenHOBBIX KucioT (HK) nampsimyro onpenensier mapaMeTpsl
nonyyaemoro obpasua PHK [3, 9]. Cpenu MeTonuueckux crarei, moCBsIIIEHHBIX
MOJICKY/SIPHBIM HCCIICOBAHHMSAM B 0ONAacTH (DM3UOIOTHH PACTCHUI, OCHOBHOM
UHTEpec yrenseTcs crnocodam skerpakuuu TotansHoit PHK ¢ ncnonezoBanuem
9KCTPAKIIMOHHOTO Oydepa ¢ CHIEHBIM OKHACIUTENIEM — I'yaHHTMHTHOIIOHATOM H
(enonom (Hampumep, pearentoB TRIzol™ u Tri Reagent® (Invitrogen, CILIA))
[11, 12], LiCl u/wimm NaCl [13, 14], a Takxke JHOKCH]IA KPEMHHUSI, BKITFOUask KOJIOH-
KM A7 HeHTpudyrupoBanus (fanee cnuH-KooHKH) pupm Qiagen (I'epmanus),
Norgen Biotek (Kanana) n Invitrogen (CILA)) [15-17]. B ocHOBHOM mipu 3Kc-
TPaKIHH KOPOTKUX MOCTENOBATEILHOCTEN U3 TKaHEH pa3iuyHOro MPOUCXOXKIe-
HUS OLICHUBAIOT 3()(HEKTUBHOCTH METOIOB, B KOTOPHIX MMPUMEHSIOTCS WK (HEeHOT
B cocTaBe Oydepa ¢ kuciabiM pH, WM CIUH-KOMOHKH, WM MUX COBMECTHOE HC-
mons3oBanme [18-23].

CrnoxnocTh 3kcTpakiun HK onpenensercs XUMHUYECKUM COCTaBOM PACTCHUH,
B CBA3M C YEM YHUBEPCAJIbHBIX METOAOJIOTHYECKUX PEKOMEHIAIMI Ul KaXK10T0
BUJA pacTeHuil He cymiecTByeT. HeoOxoauMo IpoOBOAUTE CpaBHEHHE METOJOB
9KCTPAKIHHU AJISI OOBEKTOB-HHTEPECAHTOB ¥ IIPH HEOOXOAMMOCTH OCYIECTBIAT
MOIU(UKAIMU 3TANIOB, HANIPABJICHHBIE HA YITyUYIIEHHE KaueCTBA SIKCTPArupyeMbIX
npenaparoB HK; cTeneHnp 4MCTOTHI OCIEIHUX ONpEAeseT KOPPEKTHOCTb U A0-
CTOBEPHOCTb PE3yJbTaTOB MOJEKYIAPHBIX HMCCIEJOBAHUN M MX MPAaKTUYECKUX
npuioxenuit [6, 17, 24-28].

OTHOCUTENBHO pacTeHHil KapTodess Ha JaHHBIH MOMEHT HE CYyIIECTBYET
CTaHJIaPTHOTO METO/a HKCTPAKLUU HYKJIECHMHOBBIX KUCIOT. B TO ke Bpems kap-
To(penb, SBISAACH OMJHUM M3 BaXKHBIX OOBEKTOB MCCIEIOBAHUA, OTIIMYAETCS BbI-
COKHMM COZEp>KaHUEM IOJUCaXapuoB, B CBA3U C YEM YCIOKHAETCS SKCTPAKLUA
PHK BbIcOKOTO KadecTBa U3 ero TkaHeil. Hamu BriepBbie BBIIIOJHEHO CPAaBHEHNE
a¢ddexTHBHOCTH TPEX MeTonoB 3kcrpakimu PHK u3 nuctheB pacreHmii kapTo-
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(ens B coorBercTBUH ¢ pekoMeHaanusamMu MIQE [9] u ¢ menpio ganpHe#ero
nposeznenus 1P PB.

MaTepnam,I U METOAUKH HCCTICT0BAHUSA

B ocHoBe nccneoBaHus Jexalu Hanbosee pacnpocTpaHEHHbIE METOJIBI IKC-
tpakiuu PHK u3 nmucteeB pacrenwuii: ¢ ucrnonb3oBanueM (1) momenuicynbdara
narpus (SDS) u xmopuna nutus [13, 29], (2) kommepueckoro Habopa RNeasy®
Plant Mini Kit [30] u (3) ¢eHONA C TYaHHTUHTHOIIMOHATOM B COCTaBE pearcHTa
TRIzol™ [11, 12].

Mertonst skcrpakimu PHK onenenbl ¢ Touku 3peHHs] KOMMYECTBEHHOTO BBI-
X0Jia Tpernapara, KadecTBa MOoJIyJyaeMbIX HyKIEHHOBBIX KHCIOT U IPUCYTCTBUS B
obpasnax uaruouropos [1L[P. Briseienne kauectBa PHK 1 ee konmuecTBEHHOTO
BBIX0Ja IPOBEACHO C IIOMOIIBIO CIIEKTPO(OTOMETPUIECKUX KPUTEPUEB, INEKTPO-
(opeTtrueckoro ananusa u [1L[P B peanbHOM BpeMeHHU.

Hccnenosanust IpoBeIEHBI HA IBYXHEENBHBIX pacTeHUsIX Solanum tuberosum L.
cpeanectesnoro copra Jlyroscko (uneHtudurarop 8301891). Tkanp nucra us-
MeJIBIAIIH B XKUJKOM a30Te, Iocie yero ToranbHyo PHK skerparupoBanu tpems
METOIIaMH.

[epssiit MeTon omucan Manickavelu et al. [13] u npeacraenen B moaudu-
kanuu Zlobin et al. [29] (nanee metox Manickavelu et al.). Tkans mucra (0,2 1)
MepeHoCcun B IpoOupky u nobasisutu 800 MK 3kcTpakimonHoro oydepa (0,1 M
Tris-HCI (pH 9,0), 0,1 M LiCl, 1 MM 3TA (pH 8,0), 1% SDS), nepemenmBanu
Ha neHtpudyre-soprekce Mukpocnun («BioSany, JlarBus) B TeueHue 1 MuH, a
3aTeM MHKyOmpoBanu 10 MHH IIpH KOMHATHOW TeMIIepaType, IepHOIUIECKH Te-
pememuBasi. 3areM nodasisinu 600 MK cMecH (HeHONI-XI0POoPOPM-U30aMUITOBBII
crupt (OXM) B cooTHONIeHNH 25:24:1, mepeMenIBaid 1 HHKYOHPOBAIH HEIPO-
JOJDKUTENIBHOE BpeMs IIpH KOMHATHOU Temmneparype. [IpoOs! neHTpudyruposamu
10 mun mpu 15 000 g (4 °C) («Eppendorfy, 'epmanus). Hagocanounyro xum-
KocTh (450 MKJI) IEpPEHOCHIIN B HOBYIO IPOOHPKY U JOOABISUIH PABHBIA 00BEM
O XU, mocre dero cMech nepeMenuBainy u neHTpudyruposamu 15 000 g (4 °C).
CynepHarant (450 MKJI) NEpEHOCHIN B YUCTYIO IPOOUPKY U J00aBISIIH 45 MK
3M NaOAc u 1 350 mxn 100% 3Tanosna, mocse 4ero nojgy4eHHbIH pacTBOp BbI-
nepxxuBanu 3 u npu —20 °C.

O6pasnel neaTpudyruposamu 20 mud npu 15 000 g (4 °C), k ocaaky jao-
6aBmsmn 1 ma 75% sTtaHona u uHKyOupoBanu B TeueHue 20 muH mpu —20 °C.
[Tocie atoro nieatpudyruposaim 5 muH 7 000 g (4 °C). Ocanok, coaepxamuit
PHK, noxcymuBanu Ha Jpdy. 3aTeM OCaJOK pacTBOPSUIU B 45 MKI BOJBI, LI€H-
tpudyrupoBanu 15 mun 15 000 g (4 °C), oroupanu 40 MKII CyliepHaTaHTa U Tie-
PEHOCHIIM €r0 B HOBYIO NPOOUPKY, B KoTopyto fo6asmsiau 11 mxn 3 M NaOAc
u 100 mxir 80% sTaHONa, MHKYOHpOBa K 45 MHUH M HEHTPU(PYTHPOBaIH 15 MUH
15 000 g (4 °C). IlpomeiBanu ocagok 1 mi 80% sTaHONA, LEHTPUPYTUPOBATIH
5 mun 7 000 g (4 °C). INoacymmBanu ocanok npu 4 °C U pacTBOPSUIN €T0 B BOJIE.
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Monmudukanuu Metona [29] 3akirodainuch B (1) mocieaoBaTeIbHOCTH J00aBICHUS
(heHon-x0podopma 1 IKCTPaKIUOHHOTO Oydepa K pacTUTETbHOMY 00pasiyy (B Me-
tome Manickavelu et al., pacTeHus HaPSAMYIO ITOIBEPTAIHCH JIN3UPYIOIIEMY JeH-
cTBUIO (peHon-xIopodopma); (2) U3MEHEHUH TeMIIepaTypHOTro peKMMa Ha dTare
ocaxxaernst PHK, ¢ —80 °C na —20 °C u yBenu4eHUH TIPOIOIHKUTEIHHOCTH 3Tara
¢ omHoro yaca 7o Tpéx; (3) uckiroueHuu craauu nodasnenus LiCl k ocaxnéHHoi
PHK; (4) no6aBnen stan nonomauTenbHOM ourictkd PHK mocne e€ sxcrpakimy,
MO3BOJISIONINI CHU3UTD COJICPIKAHUE HEPACTBOPUMBIX IpuMecei. [IpomomKuTesb-
HOCTB 3KCTPAKIMH JaHHBIM METOJIOM COCTAaBJISIET OKOJIO 6 1 iyist 1—-6 1po0.

Bropoii aHanu3upyeMelii METOJI OCHOBAaH Ha MPUMEHEHHU KOMMEPYECKOTO
Habopa RNeasy® Plant Mini Kit [30] ¢upmsr Qiagen (I'epmanus). K pactep-
Toii pacturenbHOi Tkanu (0,1 ) mobasmsu 450 MK 3KCTpakIMOHHOTO Oydepa
(RLT mmu RLC) u TmarenpHo nepeMeniuBaini. [IpoOy nepeHocHn Ha KOJIOHKY
QIAshredder spin, uenrpudyruposanu 2 muH 15 000 g (4 °C). Hanocapounyro
KHUIKOCTH TIEPEHOCHITN B HOBYIO MPOOUPKY U N00aBIsuIH 96% 3TaHona 00seMoM
B JIBa pa3a MCHBIINM, YeM 00beM CylepHATaHTa, U 3aTeM munetupoBanu. [1po-
Oy aKkKypaTHO rmomemaiy B kojJoHky RNeasy Mini spin, neaTpudyruposamu 15
¢ 8 000 g. Kononky cHauana npomsiBanu 700 mxi 6ydepa RW1, motom aBax st
500 Mk 6ydepa RPE; B X071 Kask710r0 IPOMBIBaHUS KOJIOHKY IIEHTPU(YTHPOBAIH
15 ¢, 15 ¢ u 2 mun coorBercTBeHHO IIpH § 000 g. KoOHKY EpeHOCHIIH B YHCTYIO
poOupKy Ha 2 Mt u nieHTpudyruposaiu 1 mun 15 000 g (4 °C). Cesa3aHHy!O C
MemOpanHoit PHK amronposanu 1 mus 8 000 g. JlaHHBII MeTO/ TO3BOJISET HOMTY-
yath ToToBbIN poaykT PHK 3a 30 MuH, BO3MOXXKHA OAHOBpEMEHHAsT SKCTPAKIIUS
OOJIBIIIOTO KOMUYECTBA POO, OTPAHMYCHHOTO BMECTUMOCTRIO IIEHTPU(YTH.

Tpetuit meton (nanee — TRIzol™) ocHOBaH Ha peakuu QeHOJA C TyaHUINH-
THOIIMOHATOM, cocTaB Oydepa mpeanoxeH Chomczynski u Sacchi [17], meto-
JIUYEeCKre PEKOMEH AU TIPUBEICHBI B cienyromen cepuike [18]. [ms axcrpak-
nun PHK ¢ ucnons3oBanuem pearenta TRIzol™ HaBecky pacTUTENbHON TKaHU
(0,2 1), mepenocunu B podupky u godasmsmm 0,5 mi Oydepa (38% ¢enom, Bo-
nabIi 0,8 M ryaHuauHTHOLMOHAT, BoAHBIN 0,4 M aMMOHUHTHOIIMOHAT, BOAHBII
0,1 M anerar Harpus (pH 5), 5% rmunepun). [lepemermiBainy Ha HeHTPUPYTE-BO-
prekce MukpocnuH («BioSany, Jlarsus) 1 no6asisiiu nosTopHo 0,5 Mi1 peareHra.
NukyOuposanu npu koMHaTHOU Temneparype 10 mun. Jlo6asnsumm 0,2 M1 cMecH
xsopodopMa ¥ M30aMUIIOBOTO CIHPTA B COOTHOIICHUH 24:1, TepeMeIInBaig 1
nHaKyOupoBaym 2-3 muH. llentpudyruposamu 15 munr 12 000 g (4 °C). Ilocne
pasaenenus ¢pakuuii BEpXHIOW Tpo3padnyio ¢azy (~500 M) nmepeHocHIn B
YUCTYH0 MPoOupKy, mobarismu 50 M 3 M NaOAc u 500 MK OXJTaXXJISHHOTO
n3onponanona. Muky6uposanu 20 mun npu —20 °C. Ilocne 3T0ro conepxumoe
MPOOUPKH aKKypaTHO IepeMemuBaid 1 neHTpudyruposamy 10 mua 12 000 g
(4 °C). Ocagnok (PHK) mpomsbiBaiu 75% stanonom. Lentpudyruposanu 5 Mun
7 500 g (4 °C). lannyro mpoueaypy HOBTOpsuTd aABakabl. [loxcymmBamu PHK
npu 4 °C. Ocanok pactBopsutu Bofoil. [l oqHoBpemenHoi sketpakuuu PHK (1o
12 1ipo0) maHHBIM MeToJI0M TpedyeTcs He MeHee 1,5 .
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Konnenpanuio PHK n npumeceit (6enkoB, morcaxapuaoB) ONEHUBAIN TIPH
nomonu crekrpodoromerpa («Impleny», I'epmanust) npu aaunax BonH 230, 260
u 280 HM.

OnexTpoopeTHIecKoe pas3siesieHHe SKCTPArHPYEMbIX HYKICHHOBBIX KHCIOT
npoBomwn B 1,5% araposznom rene Ha ocHoBe TBE Oydepa (Tris base, GopHas
kucnora, IITA, pH 8,0) ¢ nobasnenuem 2,5 Mk 6pomuctoro stuaus (10 mr/mo).
B nyHkm BHOCWIM pa3zbaBiieHHBIH B 5 pa3 pactBop PHK (cymmapHo 10 M) u
2 Mk1 okpamuBaroniero oygepa (6X DNA Loading dye «Fermentas», JlaTBus).

Jliis mpenoTBparienus koaramMmuHarmu oopasinoB PHK remomuoit JIHK mpo0Ost
obOpaboransl DNase I, RNase-free («Thermo Fisher Scientific», CILIA). Peakmus
MPOBE/ICHA COTIACHO TPOTOKONY Tpou3BomuTess: 2 Mka mpoosl PHK (2 mkr),
2 mxa JAHKa3sl, 2 Mxn Oydepa, cmech poBoawiau A0 ob6bema 20 MKIJI BOIOH H
nakyOoupoBaim 30 MuH ipu 37 °C, mocne gero gobasmsuim 2 Mk 25 MM DJITA u
unKyoupoBanu 10 mun npu 65 °C. Cuntes k/IHK mpoBeaeH ¢ HCHoONb30BaHUEM
HabopoB peaktuBoB MMLYV RT kit («kEBporen», Poccust) mpu moMoinu npaiimMepa
Oligo(dT),,. B mpobupky Brocumu 5,5 mxn PHK, panee ounmennoi IHKa3oi,
1 mxn npaiimepa Oligo(dT),, B konnenTparuu 20 MKM, HepeMENHBAIIA B OCAK-
Jlany Ha neHTpudyre-soprekce Muxpocnut («BioSany, Jlareus). MHKyOupoBa-
mu 2 muH nipu 70 °C, oxnaxxaanu B TepMocrare («Biosany, JIaTBus) n ocaxxaanu
koHaeHcar. obasmsumm 11 Mk cMecu, coctosieit u3 4 Mk 5x Oydepa st 00-
parHoit TparckpunTassl, 2 Mkl ANTP (10 MM kaxmaoro), 2 Mk DTT (20 MM), u
2 MKn o6partHo#t TpaHckpuntassl MMLV (100 en./mkir). CMech epeMenIuBaiy 1
nHKyOupoBasm 60 MuH rpu 42 °C; peaklliy CHHTE3a OCTaHABIIMBAIN HarpeBaHU-
em ripu 70 °C B Teuenue 10 MuH.

s nposenenus [P B peasibHOM BpeMEHU UCIIOIB30BAIH IPAMEpPHI IJIs FeHA
MPOIMHAETUIPOTEHA3b], XapaKTEPU3YIOLIETOCSI OTHOCUTEIBHO BBICOKMM YPOBHEM
9KCIIPECCUH B CTAHAAPTHHIX YCIOBHAX. TPpaHCKPHUIT JaHHOTO T€HA MIMEET CPaBHU-
TeNIbHO HeOonbIoi pazmep — 2 000 m.H. HykineoTHHyt0 0CIeA0BaTeNbHOCT F'eHa
nerpananuu nporraa PDH momyyanu u3 6a3e1 qanasix NCBI (The National Center
for Biotechnology Information, USA). Cneunduueckue npaiimepst (F (5°-37) —
ATAACTGCAATTTGTACACCA; R (5-3") — GGCGAAAAGTGGAAGCG)
koHCTpyupoBainu B iporpamme Vector NT1 11 (Invitrogen, CILIA), cnenudgpuaHOCTb
oleHnBaM Ha BeO-1argopme Primer-BLAST [31].

OneHka ypoBHEH TPaHCKPHUITOB F€HOB NPOBEIEHA METOIOM MOJIMMEpa3HOil
[IEMTHOM peakIluy B peajbHOM BPEMEHH 1ociie 00paTHOH Tpanckpuniyu Ha [TL[P-
ammudukarope LightCycler'96 («Rochey, llBeitnapus). PeakunonHas cmech
o6bémom 20 Mk conepxana 4 Mk qPCRmix HS SYBR («EBporen», Poccus),
matpuny kIHK (4 M) npeanonoxutenbHoit koHuentpanuu 1, 10 u 100 Hr B
pacuére Ha onHy peakiuio; 0,3 MKM mpsMoro u oOparHoTO paiiMepa. B xade-
CTBE OTPHUIATENBHOTO KOHTpoJd BMecTo Marpulel k/IHK ucnons3zoBanu Boxy,
monoxureasaoro — JJHK.

Okctparuposanue PHK kaxapiM U3 3 aHaIU3UpyEMBbIX METOAOB IPOBEICHO B
2—4 TIOBTOPHOCTSX HAa ABYX IPYIIIaX PaCTCHUH KapTOQes, COCTOSIINX He MEHee,
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yeMm u3 3 nmctheB cpenHero sipyca. [II[P-PB npoBeneno B TpexkpaTHOi aHaH-
TUYECKOW MOBTOPHOCTH ISl KXKJIOTO U3 Pa3BEACHUN: HCXOIHAs KOHIICHTpAIUs
kJIHK (100 ur), pa3sBenenHas B ecATh U CTO Pa3 COOTBETCTBEHHO.

CpaBHeHHE METOIOB OCHOBBIBAJIM Ha MOKA3aTENIAX KayecTBa Mpenapara u Ko-
nudecTBa dkctparupyemoit PHK; TILP B peastbHOM BpeMeHu (METO/ IECATUKPAT-
HBIX pa3BelleHHiT) NCIIOIb30BaJM 1J1s BhIsABNIeHU B npenaparax PHK nnruduro-
POB peaKLyy, B KaueCTBE KOTOPhIX MOT'YT BBICTYIIAaTh Pa3IMYHbIE [TOJUCaXapubl,
metaiuisl 1 PHKa3b1

PesysabTarsl Hccaeq0BaHuS U 00CYKIeHTE

Hamu onenens! Tpu Metona skerpakuun PHK, nepsblif ocHOBaH Ha crioco0-
HOoCcTH SDS M Xjopuna auTrus HHruOupoBarh akTuBHOCTh PHKas3el, Bropoii — Ha
B3aumoneicteun HK ¢ nuokcumaom KpeMHuUs: B KOMMepUecKrX KojoHKax (Qiagen,
Iepmanus), Tpetnit — ¢ npuMeHneHueM peareHta TRIzol™ (Invitrogen, CIIIA),
B KOTOPOM CHJIbHBIN OKHCIHUTEIbh TYaHUJUTHOIMOHAT COBMECTHO C (JEHOJIOM B
coctaBe Oy(epa BBICTYINAIOT KaK JIM3UPYOMUi areHT u uaruountop PHKa3. Us-
BECTHO, YTO (DEHON JOMOTHUTEIHHO HHTHOUPYET HyKJIea3bl U YIPOIIAeT ACMpo-
TEHMHU3AIMIO0 HYKJICMHOBEIX KHCIIOT, HO BMecTe ¢ TeM co3naet ¢ HK ycroitunBeie
(heHON-XUHOHOBBIE KOMILIEKCHI, KOTOPBIC BBINAJAIOT B 0CAJ0K Ha 3Tare 0cax/e-
uus PHK [32, 33] 1 TeM caMbIM CHIDKAIOT €€ OOIIHIl BBIXOI.

AHanu3upyemble HaMH METOJIbI, IPEXK/IEe BCETr0, OTINYAIOTCS MPOJOTKUTENb-
HocThI0 3kcTpaknnu PHK n npumensiembimu peareatamu. Hanpumep, B mepBoM
METOJI€ U3-3a TIOBTOPEHHUS TAIIOB OTMBIBAHUS 00pasIia OT CoNel XJIOpuaa JIUTUS
STAHOJIOM ¥ M30TPOIIAHOJIOM 3HAYUTENHHO YBEIMYNBACTCS IPOIOIDKUTEIHHOCTD
SKCTPAKLUU; IS yAaJIeHHs OSJIKOB HCIIONb3yeTcsl (heHOTI-XJI0pOPOpPMHAs CMECH.
Bo Bropom metone as sxctpaknuu PHK ncnons3obanu komonku (QIAshredder
spin, RNeasy Mini spin, Qiagen, ['epmanus). JlaHHBII METON SABJISIETCA CaMbIM
MaJI03aTPaTHBIM 110 BPEMEHHU U UCKITIOYAET CAMOCTOSATENFHOE IPUTOTOBICHHE pe-
AKTUBOB, YTO CHM)KAeT PUCK 3arpsi3HEHUS MaTepuaia puOOHyKIea3aMu.

Tperuii meron skcrpakimu PHK ¢ pearentrom TRIzol™ ocHoBEIBacTcs Ha
npuMeHeHnH (eHoNa, cpelrd KOMIIOHEHTOB Oydepa mpUCYTCTBYIOT Takxke rya-
HUIWHTAOIMOHAT U AMMOHHMUTHOIIMOHAT, KOTOPHIE SBISIOTCS CHUIBHBIME OKHC-
JTUTENSIMU 1 UHTHOUPYIOT BHYTPUKIIETOUHbIe U BHeKieTounble PHKa3p1. JlanHas
METOIMKA XapaKTePU3YyeTCs CPEIHEH IPOIOIDKUTENFHOCTHIO SKCTPAKIIHH.

Pacnipoctpanénnsie kputepun kadectBa PHK 3akimodarorcst B olieHKe HyKIIe-
HWHOBBIX KHCJIOT METOIOM dJIeKTpodopesa B arapo3HoM reine. O BEICOKOM Kade-
CTBE Iperapara CBUACTEIbCTBYET MPUCYTCTBHE TPEX BBIPAXKEHHBIX Moioc. J[is
sykapuotndeckoir PHK BepxHss mosoca mpezacrapiser coboi 6obInyr0 puodo-
comanbhayto PHK 28S/25S (pPHK) anuHoi okoio 4,8 T.ILH.; cpedHsis mojoca
sisiercst 18S pPHK (oxorno 2,0 T.mH.) u Tpetbs monoca — 5,8S (154 u.) u 5S
(117 u.) PHK. Tpancnoptasie PHK (73—93 H.) MOT'YT Bu3yanbHO U HE OOHAPYKH-
Barbesl. Hamiaue B reyie HEUETKUX ITOJIOC MITH OTHOIIEHHE HHTCHCHBHOCTH TI0JIOC
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28S:18S mensbmre 2:1 yka3pBalOT Ha HU3KOE KAa4€CTBO BBIJEICHHOTO Mpemnapara
PHK [34].

OTCcyTCTBHE BU3YaJIBHOTO TpeoOiaaHus MoJIOChl prdocoManbHon 25S/28S
PHK nang 18S mns mpenaparos PHK, skcTparupoBaHHBIX HEpBBIM METOAOM
(Manickavelu et al.), a Takxke Js 0OJHOH U3 MPOO, MTOIYIESHHON C IIOMOIIIBIO KO-
noHok RNeasy, cBuaerenscTBytoT 0 Hu3koM kadectse PHK (puc. 1). B To xe
BpeMsI IIEPBEII METO]I MTOCTIE IPOBEACHUS MEKTPodhope3a MO3BOIMI OOHAPYKUTD
Ha rejie OTACIbHBIEC MONIOCH], KOTOPhIE MO CBOEMY pa3Mepy MPEIIOoN0OKHUTENEHO
cootBercTBYIOT TPHK, 4TO, BO3MOXXHO, CBHIETENBCTBYET O MIAMAIIEM BO3JEH-
CTBMU peakTHBOB Ha npenapar PHK umu o nposenennu 6onee MonHON SKCTpak-
uuu. K HegocraTkaM nepBoro Meroaa oTHocuTcs Bbicokoe 3arpssHenue PHK re-
HoMmHoi JIHK, koropas Bnocnenctsuu paspymanacsk Ha 3tane JJHKasuposanus.
Omupasics Ha cooTHOIIeHHE 28S:18S, MOXKXHO MPEATIONOKHATD, YTO TPETHH METOT
croco0OCcTBOBAJ HKCTparupoBanuto Hanbosnee kauectBeHHoit PHK. O6 sTtom cBu-
JIETEIBCTBYET M YETKOE pasTrpaHWueHHe Ha arapo3HoMm rene tpex tunos pPHK
(28S,18S u 5S), uTo XapaKTepHO TAKXKE U JJIs IIperapara, MoJy4eHHOTo HabopoM
RNeasy® Plant Mini Kit.

DNA —

s, — (R —
185 rRNA —> . " .
1 1 8 C we

e
1
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o <
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o

Puc. 1. Dnexrpodopes HyKIENHOBBIX KHCIIOT B 1,5% arapo3HoMm rene:

1 — PHK, sxcrparupoBanHas coriacHo Metogxy Manickavelu et al.; 2 — PHK,
9KCTparupoBaHHas ¢ ucronb3oBanueM RNeasy® Plant Mini Kit
(axcrpaknuonnstii Oypep RLT wim RLC); 3 — PHK, skcrparupoBannas pearentrom TRIzol™
[Fig. 1. Nucleic acid electrophoresis in 1.5 % agarose gel: 1 - RNA extracted
by Manickavelu et al. method; 2 - RNA extracted by RNeasy® Plant Mini Kit
(extraction buffer RLT or RLC); 3 - RNA extracted by TRIzol™ reagent]



130 O.K. Mypzan, A./]. Kazakoea, M.B. E¢humosa

JlomomHUTENBHBIHN (haKTOP, BIUAIONIMIA Ha eocTHOoCcTh PHK, — Hanmmane koH-
TaMuHaluK obpasua pudonykineasamu. PHKa3bl aktuBupyrorcs npu paspyuie-
HUH KJIETOK, UX HHTHONPOBaHNE BO3MOKHO HU3KIMH OTPHLATEIEHBIMH TEMIIEpa-
Typamu [22]. Jlns oGHapyskeHus IpuMeceil OeKoB U MOoNUcaxapuioB B 0Opasie
PHK ucmons3yioT crekTpooToOMETpHUECKUE XapaKTEPUCTHKHA — IOTVIOMICHIE
pactBopa PHK mpu 230, 260 u 280 um [35, 36].

Komnuectso PHK u crenenp e€ 3arpssHeHus (Tabn. 1) olmeHUBAIN C TIOMO-
mibto criekrpodoromerpa Implen 300 (I'epmanus). B kadecTBe KOHTPOJIS HCIIONb-
3oBanu ouynineHnyio or PHKa3 Bomy.

Tabauna 1 [Table 1]

Konuentpauuu npenaparoB PHK u onenka kayecrBa
[Concentration and quality of RNA]

CrnektpodoTomMeTpu-
KonuenTpanus YECKHUE I10Ka3aTe/In OO6uIHi BBIXO
Mertons! PHK, Hr/MKn kayectBa PHK PHK, Mkr
[Methods] [Concentration of [Spectrophotometric qual- | [The total yield
RNA, ng / ul] ity indicators of RNA] of RNA, mcg]
A260/280 A260/230
Manickavelu et al 2076 1,970 2,307 41,52
) 2332 1,950 2,327 46,66
RNeasy® Plant | RLT 1 980 2.089 1,725 49.50
Mini Kit RLC 750 2,083 2,404 18,75
1344 1,931 1,626 80,64
1720 1,955 1,614 103,20
™ L} L)
TRIzol 1482 1.966 1.843 88.92
1436 1,935 1,693 86,16
* — Ouumiennas PHK nmeeT BeuuuHbI: Ao = 172,05 Ay = 2,0-2,2.
[* - Expected values for pure RNAis A, . = 1.7-2; A, . =2.0-2.2].
3Ha4ueHus COOTHOmMEHnH A, M A, OTPaKaroT COCTaB MOJyIEHHOIO 00-

pasua PHK. Coornowenune A, - CBUIETENCTBYET O CTENEHH 3arPA3HEHUSA IPO-
ObI OeslkamMm, COOTHOMIEHHE A, . — TIONMCaxapuaMu. benku u momucaxapuipl,
ces3biBasick ¢ PHK, ocaxxnatot e€, ymensmas o6muii Beixogq PHK u unrubupys
MPOXOXKICHUE ToMepa3Hoit niemHoit peaknuu (IT1P) [32, 33]. Anaim3 coor-
HOIIEHUH A, o M A, . TOKA3bIBAECT, YTO MEHBIIE BCETO OENIKOB M MOJMCAXa-
punoB coaeprxar npenaparsl PHK, akcTparupyemMslie nepBsIM METOOM; BBICOKAs
CTEINEHb 3arps3HEHUs OeNKaMU U MOoNHCaxapuAaMH XapakTepHa A 00pa3loB
PHK, skctparnpoBaHHBIX TPETHUM METOAOM. B CBSI3M C 3TUM MOXHO OTMETHUTH
MPEUMYIIECTBO MEPBOrO METOAA — OTCYTCTBUE HEMOCPEJCTBEHHOTO KOHTAaKTa
(eHoNma ¢ pacTUTEIHHBIM MaTEPHAIIOM, YTO TIO3BOJISIET MOBBICUTH Ka9€CTBEHHBIN
BBIXOJ IpoAykTa. KonndecTBeHHas! OIleHKA IOKa3aua, YTO HauOONBbIINI BBIXOA
PHK monyuen npu ucnosib3oBanuu pearenta TRIzol™,

Crenyromuii cioco6 orenku kauectsa PHK — nposenenne kommuecTBeHHOM
[P ¢ k/IHK B paznuuHbIX KpaTHOCTSAX pazbarieHus [38]. CreneHb HHTHOUPO-
BaHu I11[P nokazana Ha rpadukax (puc. 2), 3Ha4€HHsI HIOPOTOBIX LIUKJIOB MPE-
CTaBJICHHI B Ta0I. 2.
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Puc. 2. Kpusas ¢uyopecuenimn: 4 — merox Manickavelu et al.; B — RNeasy® Plant
Mini Kit (RLT); C — pearent TRIzol™; u€pHoii tuHne o603HaueHa LenbHas
KOHLICHTpaLus; MyHKTUpHOHU — pa3Besnenue B 10 pa3; cepoii — pazsenenue B 100 pa3
[Fig. 2. Fluorescence curve: A - method of Manickavelu et al.; B - RNeasy®
Plant Mini Kit (RLT); C - TRIzol™ reagent; the black line indicates the native
concentration; dashed line is 10-fold dilution; gray line is 100-fold dilution]
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Touka mogséMa KprBOH (DITyOPECIICHIINH OT OCH X SBJISICTCS HAYaJIOM CTa X JKC-
MOHEHIUAIBHOTO POCTa, TAHHOE 3HAYEHHE Ha OCH aOCIICC HA3BIBAIOT MOPOTOBBIM
mukiioM (Cq); och OpIUHAT OTOOpaKaeT YPOBEHB (DIIyOPECIICHIINH, TIPEBBIIIAIOINI
(hOHOBYIO ISl TAaHHOTO TPHOOpa U OTOOPAKAIOLMK HAKOIUIEHHE JIBYXIENOYEUHBIX
crpyktyp (N). HagansHoe komagectso marpuiib (N ) COOTBETCTBOBAJIO LIENBHOM KOH-
LEHTPALIMH, JUIs KOTOPoi onpezienenbl Cq, 3Ha4eHus moporosoro mukia st K HK u
npu paszbasnerun B 10 (Cq,) n 100 (Cq,) pa3 npencTasieHb! Hibke (CM. Ta0iL. 2).

N =N, x2% M

Henenne N Ha 10 COOTBETCTBYET Pa3sBEIECHHUIO KOHIIEHTPALIMH, CIIEI0BATEb-
Ho, N, HeoOXxonuMO yMHOKHUTH Ha 10 niv Ha 2 B crenenu 3,3:

N=2opcaa, )
10
OCHOBBIBasICh Ha TEOPETHIECKUX pacuéTax, pa3BeeHNE HaYaIbHON KOHIICH-
tparuu Matpulls! k/IHK B 10 pa3 npuBoguT K CMEILIEHUIO TOPOrOBOTO IUKJIA B
HOpMe Ha 3,3. Hamm sMmupuyeckue gaHHbIe (pasHuma (A) MEXIy TOPOTOBBIMH
LUKJIaMH) TPOAEMOHCTPUPOBAHBI B Ta0M. 2.

Ta6uuma 2 [Table 2]
Biusinue KpaTHOCTH pa3BeJieHUs] HA BeJIMYUHY ITOPOroBOIo HUKJIA aMIIM(UKALMT
[The effect of multiple dilutions on quantitative cycle value]

Pasnuna (A) Mexay
M HOPOTOBBIMH LIUKIAMU
€TOIbI The difference (A) between
C C C [The A
[Methods] 4 % % quantification cycles]
Aqu-CqZ ACq2-Cq3
Ma“;f‘;fvelu 18,200,05| 22,6140,1 |26,43+0,08 4,32 382
RNeasy® Plant| g 43,0 09(23,2140,03|27,06£0,07 3,78 3,85
Mini Kit
Trizol™ 18,184+0,02(22.58+0,05[26,3440,11 4.4 3,76

Ipumeuanue. TToporoBpI WIN KOJTMYCCTBEHHBIM UK oO0o03Hayaercs Cq wiu Ct. MHmekch
yKa3bIBaloT Ha creneHb pasBenenus kJJHK: (1) — 6e3 passenenus, (2) — 10-xparnoe, (3) —
100-kpatHOE.

[Note. Threshold or quantification cycle is denoted by Cq or Ct. Indexes indicate the degree of cDNA dilu-
tion: (1) - without dilution, (2) - 10-fold, (3) - 100-fold].

OTKIIOHEHHE B pa3IMuMK MEXy TOPOTOBBIMHU LIUKJIAMH OT 3HaYeHHd 3,3 CBU-
JIETETBCTBYET 0 HapyleHuu npoxoxaeHus 1P u, cienoBarensHO, NpUCYTCTBUU
JIOTIONTHUTENBHBIX COEIMHEHUH, BIMSIOIINX HA IPOTEKaHUE peakuuu. Yem Bbile
rxonneHTpanus kJJHK, ncnone3yemas B [1L[P, Tem Gonbiie HHrHOMTOPA TPUCYT-
CTBYET B PEAKIIMOHHON CMECH, TOATOMY IPH MOCIEAYIOIUX Pa3BEACHUAX MM0/1a-
BJIEHHE IIOJIMMEPa3HOM LIETTHOM peaKkuy CHIKAI0Ch.

Paznuuus mexay nmoporoBsIMu IUkiIamu 11 npenapara PHK, nonydyenHoro
komMepaeckuM Habopom RNeasy® Plant Mini Kit, B MeHbIIIeH CTEIEHN OTKIOHS-
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nuck oT 3HadeHus 3,3 npu passenennu kJ{HK, ciemoBarensHO, sSkcTparupyemas
PHK umena Mmensie npumMeceil B pactsope. O6pasiibl, MOTy4eHHBIE IBYMS Ipy-
THMH METOZAMH, XapaKTCPH30BAIINCh 3HAYHTCIBHEIM OTKIOHCHHEM OT A, .\ ),
YTO CBUAETEILCTBYET O IPUCYTCTBUH B 00pa3liaX OCTATKOB pEarcHToB — (peHoma
HAIU COJIEH.

Takum oOpa3zomM, Metoq Manickavelu et al. mo3BonseT momyduTh Mpenapar
PHK w3 pactenuii xaprodens ¢ caMoil BRICOKOW CTETICHBIO YUCTOTHI (ITO COOT-
HOIIEHUAM A, o U A . . ), HO OTHOCUTEILHO HU3KUM KOJIMYECTBEHHBIM BbI-
xonoM (B cpexreM 220 MKr u3 1 T pacTuTenbHOM TKaHN). [IpuMeHeHue pearenTa
TRIzol™ cnocobcTBOBaIO SKCTpakuuu 6onbiroro konndectsa PHK (B cpenHem,
450 Mkr u3 | T pacTUTENPHON TKaHH ), OTHAKO 3HAYUTEIHFHO YCTYTAJO 1O CTETICHA
OYMCTKH JPYyTrUMU MeTofaMu. KauecTBO M KONMYECTBO HYKJIEHMHOBOM KHCIOTHI,
JKCTparupyemMoir kommepueckuM Habopom RNeasy® Plant Mini Kit, onpenens-
nock ucnonb3yeMbiM Oypepom (RLT nnu RLC), cpeannit Berxon PHK u3 1 r pac-
TUTENbHON TKaHU cocTaBisil 340 MKL.

3akr0uenune

[IpoBeneno cpaBHenue >dpdexTuBHOCTH dKcTpakuuu PHK u3 mucteeB kap-
To(ernss TpeMsi MeTOaMH, OCHOBBIBAsICH Ha KaUe€CTBEHHBIX M KOJIMYECTBEHHBIX
XapaKTepUCTHKaX MmoiaydeHHoro npenapara HK. Metonsl, Tpedytomue caMocTo-
SITEJILHOTO MPUTOTOBJIEHUS PEAKTUBOB, OTIIMYAJIUCH BPEMA3aTPAaTHOCTBIO U 3HA-
YUTEJIHHBIM PUCKOM KOHTAMHUHAIUH, HO SBJISUIMCH SKOHOMUYECKH (P PEKTHBHBI-
Mmu. [TokazaHo, 4T0 MpUMEHEHHE METO/Ia C UCIIONIb30BaHueM peareHta TRIzol™
HY>KJaeTcs B IOMOJIHUTENbHBIX ciocobax ounctku PHK ot npumeceii, koTopbie
U3MEHSIOT COOTHOIEHu A, . U A, . juisa npenapara PHK u nerarusHo Biu-
stoT Ha nporekanue I[P PB. Mcnons3oBaHue KONOHOK KOMMEPUYECKOro Habo-
pa RNeasy® Plant Mini Kit 3HaunTenpHO cokpaimaeT BpeMs skcTpakunu PHK u
croco0cTByeT Hanbojee ONTUMAIFHOMY MPOTEKAHUIO PeaKIUK aMIUTH(UKaIuH,
OJTHAKO HE TOAXOAMT JJisl dKCTpakiuu kopoTtkopazmepubix MPHK. IIpousBonu-
Tenb Qiagen mpemycMoTpen oTAenbHble HaOopsl s akcTpakiuun PHK mimHoi
Menee 200 HykieoTuaoB, HapuMep MiRNeasy Mini Kit. Meroj, onmucaHHBII
Manickavelu et al., ¢ MmogudukanusiMu, HECMOTpPSI HA €r0 MPOAOIKUTEIHHOCTB,
MTO3BOJISICT CHU3UTH CTETIeHb 3arps3Henns npenapara PHK 6enkamu n nmonmcaxa-
puaamMu, a TaKxke BuzyanusupoBarh mansie PHK B arapos3nom rene, uto cBuje-
TEJIBCTBYET O MIA/SAIIEM BO3/IEHCTBUN peakTuBoB Ha mpemapar PHK, mo3Bomsto-
IeM COXpPaHHUThH IETOCTHOCTh MOJIEKYJI, UJH 00 OCYyIIECTBIEHUH Oosiee MONMHOM
sKkcTpaknui. OMHAKO UL JAHHOTO METoa TPeOyeTcsl JOMOIHUTENbHAS OYNCTKA
OT cocTapJstomUX Oydepa u / Wiu APYTHX peareHTOB, yUYaCTBYIOIIUX B DKCTPaK-
WU, YTOOBI HCKITIOUNTE MHrHOupoBanue [1L[P PB.
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Comparison of methods for RNA extraction
from potato plants for real-time PCR

Molecular methods allow solving both fundamental and applied problems of biology.
The use of these methods makes it possible to determine not only the systematic position
of the organism, but also to reveal the differential expression of certain groups of genes
in response to the action of regulatory factors. RNA extraction involves the following
main stages: cell lysis (destruction), deproteinization and RNA purification. The main
methods for their implementation were described in 1987, and in 2009 the minimum
requirements for publishing the results of real-time PCR (RT-PCR) - MIQE (Minimum
Information for publication of Quantitative real-time Experiments) were developed.
There are requirements for RNA samples and DNA— allowable presence of protein and
polysaccharide contaminants, concentration and integrity of the nucleic acid sample.

Nucleic acid extraction is a major step in molecular biology. Currently, a large number
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of protocols and guidelines for the extraction of RNA and DNA from different groups
of organisms are described. Among the methodological articles devoted to molecular
research in the field of plant physiology, interest is mainly focused on methods for the
extraction of total RNA using phenol in a buffer with a low pH value (for example, TRIzol
™ and Tri Reagent® reagents (Invitrogen, USA)), chloride lithium and / or sodium
chloride, as well as silicon dioxide (including columns for centrifugation from companies
such as Qiagen (Germany), Norgen Biotek (Canada) and Invitrogen (USA)).

The complexity due to extraction is directly determined by the general chemical
composition of the plant. There are no universal methodological recommendations
for each type of plant; therefore, researchers are forced to carry out comparative
analysis of extraction methods based on their own research objects and, if necessary,
carry out stage modifications aimed at improving the quality of the nucleic acid
preparations released, since their purity depends on the correctness and reliability
of the results of molecular studies and their practical applications. The high content
of polysaccharides in plants complicates the isolation and purification of total RNA.
Their excessive content in RNA disrupts the optimal real-time PCR and can lead to
an erroneous assessment of the level of expression of target genes. There is a need
to assess the quality of the obtained nucleic acid preparation for the test samples
due to the low repeatability of the experiments. Regarding potato plants, there is
currently no standard method for extracting nucleic acids. At the same time, potato,
being one of the important objects of study, is characterized by a high content of
polysaccharides, which complicates the extraction of high-quality RNA from potato
tissues. In this connection, for the first time, we compared the effectiveness of the
three methods of RNA extraction from the leaves of potato plants with the aim of
subsequent real-time PCR in accordance with the recommendations of MIQE. The
first method is based on the use of a surfactant - SDS and a monovalent metal salt
- lithium chloride to inhibit the activity of Rnase. This method was described by
Manickavelu et al. in 2007 and modified by a team of scientists from the Institute of
Plant Physiology of the Russian Academy of Sciences in 2020. The second is based
on the mechanism of binding nucleic acids with silica gel membrane in commercial
columns RNeasy® Plant Mini Kit (Qiagen, Germany) in the presence of chaotropic.
The third is based on using the TRIzol ™ reagent in which phenol with a strong
oxidizing agent - guanidine thiocyanate is included in the extraction buffer and act as
a lysing agent and an RNase inhibitor.

To assess the quality of total RNA, the following was used: (1) agarose gel
electrophoresis, which demonstrates the integrity of RNA; (2) measuring the concentration
of RNA and evaluating the ratios (A, ., and A, ..)) with a spectrophotometer, which
indicates the RNA yield and the degree of purification of the sample from proteins and
polysaccharides; and (3) real-time PCR using the ten-fold dilution method to detect the
presence of additional compounds in RNA samples that affect the functioning of the
enzymes and as a consequence, the efficiency of the reaction.

In the process of choosing the method of RNA extraction, it is important to take into
account not only the chemical composition of the reagents, but also the requirements for
the method, such as the quantitative yield of the obtained RNA, duration of extraction,
throughput, or quality of the final reaction product.

Methods requiring self-preparation of reagents, the first (Manickavelu et al.) and the
third methods (using the TRIzol ™ reagent), were time consuming and had a significant
risk of contamination, but were more cost effective. In addition, they were distinguished
by the need to use phenol, which forms stable complexes with nucleic acids as a result of
the oxidation reaction. These compounds can lead to darkening of the sample, reduce the
total quantitative yield of RNA and inhibit key enzymes for real-time PCR.
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During our research, we demonstrated that the use of the TRIzol™ reagent needs
additional steps for RNA purifying from impurities, which negatively affects the ratios
A noand A, for the RNA (See Tuble 1) and optimal real-time PCR (See Table 2 and
Fig. 2). The use of the commercial RNeasy® Plant Mini Kit spin-columns significantly
reduces the time of RNA extraction and contributes to the most optimal amplification
reaction (See Table 2 and Fig. 2), but is not suitable for the extraction of short-sized
mRNAs. The Manickavelu's method, despite its duration, allows to reduce the degree
of contamination of the RNA with proteins and polysaccharides (See Table 1), as well
as visualizes small RNAs in an agarose gel (See Fig. I), which indicates the sparing
effect of the reagents on the RNA and allows to preserve the integrity of the molecules
or a more complete extraction. However, this method requires additional purification
from the components of the buffer and/or other reagents involved in the extraction in
order to exclude inhibition of real-time PCR.

The paper contains 2 Figures, 2 Tables and 38 References.

Key words: Solanum tuberosum L.; RNA; phenol; electrophoresis;
nanospectrophotometer; Real-time PCR.
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