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OTMeueHO IIIMPOKOE BapbUpOBaHUE MO IMIPU3HAKY “colep:KaHre MUKPO- U MAaKPO3JIEMEHTOB” KaK MEXIY
MOABUAAMM, TaK U BHYTPU BUIOB U COPTOB prca. MarHuit Kak KodakTop ydyactByet 6osee yeM B 300 dep-
MEHTATHBHBIX PEAKIIMSIX U HY>KEH JIJISI POCTa Y pa3BUTHSI KaK PacTeHUI, Tak 1 yesioBeKa. OH BIMsIET Ha 00-
MEH YIJIEBOIOB 1 GETKOBBIX BellecTB. OT ero KOHIIEHTPALIMU 3aBUCSIT IMTPOU3BOACTBO aleHO3MHTpUGocha-
Ta (AT®), cCHTEe3 HYKJICOTUIOB 1 IJIIOKO3bI, PETYJISLIMs OKUCIeHUs TunuaoB. Kanbluuii Takke HE06X0aum
I1sT POPMUPOBAHUS CTPYKTYPHI KJIETOYHBIX CTEHOK U UX JeJIeHUsI. BhICOKMEe KOHIIEHTpAaIlUK KaJIbIUsI U3~
MEHSIIOT COCTaB M COCTOSIHME MEMOpPaH 3pUTPOLIMTOB, MOPGOJIOTUYECKUE XapaKTePUCTUKU KIETKU. B TO
JKe BpeMsT BapruabeTbHOCTh 1O MPU3HAKaM OTeYeCTBEHHBIX COPTOB PHCa IO CHX MOP He u3ydasiach. Takke
He ObUIO MCCJeNOBaHUI O JIOKAJU3aIMM XPOMOCOMHBIX PETMOHOB, OTBETCTBEHHBIX 3a (hOPMUPOBaHNUE
MIPU3HAKOB “comepiKaHre MarHusI U KaJbLUsI” Y pOCCUMCKUX 00pa3IoB prca. YCTaHOBJIEHO IIMPOKOE Ba-
pbupoBaHue comepxkaHus Kaiabius (0.07—2.33%) u maraus (2—14%) y oTedecTBEeHHBIX 00pa3liOB puca.
JanHble 10 GeHOTUTTMPOBAHUIO OTEUYECTBEHHBIX COPTOB prca IT0 MPU3HAKaM KayeCTBa UCIIOIb30BaJIN It
BBIIEICHUST KOHTPACTHBIX IO 9TUM MPU3HAKaM T'PYIII COPTOB U UCTOYHUKOB. [IpoBeneH MorcK XxpoMOCOM-
HBIX PETHOHOB, OTPEIEeISTIONINX KaueCTBO OTEYECTBEHHBIX 00pa3IIoB, C UCITOIb30BaHUEM 58 pacmipenesieH-
HBIX 110 TEHOMY prica MOJIEKY/ISIpHBIX MapkepoB (SSR) Kak clienaeHHBbIX ¢ IIPU3HAKOM, TaK U HeUTpaib-
HBIX. BBIIeIEHBI TTSITh IOKYCOB, ONIPEACIISIONINX COAePXKaHe MAaTHUS 1 KaJIbILIUs Y OTeYeCTBEHHBIX COPTOB
puca. JIOKyChblI, OnpeeIolne ConepKaHne MarHus, pacIoIoXeHbI Ha XpoMocoMax 5, 6, 7, 8. CBA3aHHBIX
C colmepkKaHreM KaJbIIKs ObLIO BhIIEIEHO YeThIpe JOKYCa: OAWH Ha BTOPOit XxpoMocoMe (TTpH YpPOBHE 3Ha-
yumoctu 0.05) 1 mo omHOMY Ha BTOpOit, BOCbMOIi U nisAToi (1pu ypoBHe 3HauuMocTu 0.09). Ha nisitoii xpo-
MocoMe oH pacriojioxkeH (RM 13; 28.6 ¢cM) B HeImOCpeaCTBEHHOI GJIM30CTU K PETMOHY PACIIOJIOXEHUS
mapkepa RM 405 (28 cM), KOTOpBbIii CBsI3aH C cCoOAep>KaHMEeM MarHusl.

Karouesbie cro6a: reHeTHKA, pUC, BApUAOETbHOCTD, IOKYCHI KOJIMY€CTBEHHBIX IPU3HAKOB, KA4eCTBO, MOJIe-
KyJISIpPHOE MapKUpOBaHUe, KAIbLINii, MATHUIA.
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st GyHKIIMOHUPOBAHUS KaK XUBOTHBIX, TaK U
paCTUTENILHBIX OPTaHU3MOB HYXXHbI MUHEpaJibl. J1Jis1
yesloBeKa Haubosiee BaXHbIe U3 HUX XKeJe30, LIMHK,
MarHauit [1, 2]. Ha cogepxaHue MuHepajoB B pacTe-
HUU BIUSIIOT KaK TeHETUYECKHUE XapaKTepUCTUKU 00-
pasua, Tak ¥ BHellIHUEe (DaKTOphI: B IEPBYIO OYEPEb
MMOYBBI, HA KOTOPBIX OHO Mpou3spacrtaet [3—5]. Puc
MOXET ObITh ICTOYHUKOM KaJIbIIWST, Maruus, ocdopa,
cejleHa, IIMHKAa, MapraHiia, xesne3a, kaaus. OTMeueHo
IIMPOKOE BapbUPOBAHME MO MPU3HAKY “colep>KaHUe
MUKPO- U MaKpOd3JEeMEHTOB” KaK MeXIy TOoaBuaa-
MU, TaK U BHYTpU BUOOB [6].

Marnuii Kak KoakTop ydacTByeT Oojiee 4yeM B
300 ¢pepMeHTAaTUBHEIX peakiusx. OT ero KOHIIEHTpa-
LIMM 3aBUCAT KaK MPOU3BOACTBO aaeHO3UHTpUdOC-

data (ATD), Tak U CUHTE3 HYKJIEOTUAOB U INIIOKO3HI,
peryiasanusi okuciaeHus aunuaos [7—10]. KatuoHsr
Mg?" aBisatoTCs HauMboJee BaKHBIMU 3JIEMEHTAMU,
o0ecrneuynBamIIIMIA COKpPAIEeHUE MBIIIIL, IIPOBEIe-
HU€ HEPBHBIX UMIYJIBCOB U IIpoLecC (hOpMUPOBAHUSI
KOCTEli y ITO3BOHOYHEBIX. BaxkHa pojib MarHus Takske
B pErysiuy CepaeYHO-COCYIMCTHIX IIPOLECCOB,
rnojJiepkaHu roMeocTasa opraHnusMa. Takxke MOHBI
MarHust Mg2t crmocoOHbl KOPPEKTUPOBATH BOCIIAIM -
TeJIbHbIC Y OKUCIUTEbHBIC TTPOLIECCHI, IPUBOISIIINE
K cepaeYHO-cocyaucThiM 3aboneBanusaM (CC3) [11].
IToBBIIEHHBII PUCK Pa3BUTUS caxapHOIO Auadera
2-ro TUIa W HapylIeHUsI CepAeYHOIro pUTMa TaKKe
CBsI3aHBI ¢ TUITOMarHuemueii. KaTuoHbl OByXBajeHT-
HOTO MarHUsI peryaupyroT 3¢p@dEeKTUBHOCTh PadOTHI
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MOHHBIX KAHAJIOB, OIIPEACS/ISIONINX MTOCTYIICHUE Ha-
TPUsL, KAJIMS ¥ KaIbIUS Yepe3 KIETOUHbIE MEMOpPAHbBI
[12, 13]. Haanmume moHOB MarHusI BaXkKHO B OOMeHe
nonoB K*, Na*. Ero HemoCcTaTOK IMPUBOIUT K U30bI-
TOYHOMY BBIJICICHUIO KalIbLUSI, YBEIUYCHUIO KOH-
ueHTpauuu noHos K*, Na* Buyrpu kierok [14—16].
Bricokuie KOHIIEHTpaluy KaJIblM U3MEHSIIOT COCTaB
M COCTOSTHME MeMOpaH 3pUTPOIUTOB, MOP(POIOTH-
YeCKMe XapaKTepUCTUKM KJIETKM U IIPUBOISIT K pa3-
PYIIEHMIO SApa, a TAKXKe KOJIMIECTBEHHO U3MEHSIOT
coctaB (pochoIMnuIoB MeMOpaH 3SPUTPOIMNTOB;
MPEeTSITCTBUE TUM MpolleccaM MOTYT oKa3aTh ¢hjia-
BoHouns! [17]. Uimemudgeckast 60JIe3Hb cepalia Co-
MIPOBOXIAETCS IIEPEerpy3KOil KJIETOK KaJblIUEM.
MarHuii Kak aHTarOHUCT KaJblIMsI CHIKAST KaJIbII-
€BYIO Harpy3kKy Ipu UIIeMUHd MUOKapaa, YeM orpa-
HUYMBaeT pa3mep uH¢apKTa, CIa3Mbl apTepHid,
YMEHBIIIAeT ITOCTMH(MAapKTHBIE MNoBpexneHus [18].
3ammTHBIE (PYHKIINU MarHusl BKIIOYAIOT TAKKE CTH -
MYJISILIAIO IIPOIIECCOB MeTaboJiM3Ma B MUOKapIe, pe-
TYJISIOUIO COIPOTUBJIEHUSI COCYIOB M arperamnuu
TpoMOoLuTOB [19]. dedunuT Maruus cBsI3aH C U3Me-
HeHueM akTuBHoOcTU Na-K-AT®a3bl, YTO NIPpUBOIUT
K CHIDKEHUIO ITOTJIOIICHUS KaJIMs Y €T0 BBIICICHUIO
n3 opranusma [20]. Koppekums neduimira Maraus
BO MHOTHX CJIy4asX CIIOCOOCTBYeT HOpMaIu3alluu
coIeprkaHMsI KaJIns B KJIETKE, YCTPaHEHMIO PUCKa IT'-
nepkanuemun. CoaepkaHHE MarHus B CBIBOPOTKE
KpoBu MeHee 0.65 MMOIb/1 — oouH U3 (HAKTOPOB
p¥ICKa BHe3ammHoli cepaegHoit cmeptn [18—20]. Taxk,
rnokasaHo 1pu usydeHuu 86000 KeHIIMH, YTO PUCK
JIETAJILHOIO McXxona IoBbilaeTcd Ha 37% [20, 21].
Orpannmyennoe Ha 50% (100—120 MT) mocTyIuieHHue
WOHOB MAarHusl C TUIIEH WHAYLIUPYET HAPYLICHUS
pUTMa 1 IPOBOAMMOCTH CEPAlla, COCYIMCTOTO TOHY-
ca M yIJIeBOOAHOIO OOMEHA ¥ MOBBILIAET PUCK MHCYIb-
ta [10, 22, 23]. dnsa cHMKeHUsI pUcKa OCIIOXKHEHM
MNBC moka3ano exemHeBHoe motpebdneHue 250 mr
MarHusl.

Copep:kaHUe METAJLJIOB BIIUSIET HE TOJBKO Ha -
TaTeJIbHYIO LIEHHOCTb PACTEHUIM, HO ¥ HA UX YCTOM-
YUBOCTh K cTpeccaMm. Tak, BBISIBJIEHO, YTO KATHOH-
HBIIf cOCTaB U3MEHSIET OBOAHEHHOCTD LIUTOILJIA3MBI.
I'mapataums LUATOMIA3MbI TTOJIOXKUTEIBHO KOPPEIH-
poBalia ¢ coliepXaHMeM IIeJTOYHbIX METAJLIOB, IPeI-
CTaBUTEJIEM KOTOPBIX SIBJISICTCS KalWii, U OTpUIIA-
TETBHO C KOJIMYECTBOM ILEJIOUHO3EMEJTBHBIX (KaJTbLIVIA,
marnuii) [11—13]. KommonaHbie yacTUIIbI OeiKa, He-
Cylllie OTpULATENIbHBINA 3apsii, KakK W KaTUOHBI,
OKPY>KEeHBI TUAPATHOM 000JIOUKOI. 3apsKeHHBIE Ya-
CTULEI ¢ 6osbleii Maccoit Mg?t, Cat cuiibHee Ipu-
TSTUBAIOTCS K OTPULIATEIIBHO 3apSKEHHBIM GEJIKOBBIM
MOJIEKYJIaM, HENTpalu3ys WX 3apsif, 4TO BbI3bIBAET
YMEHbIIIEHHE KOJTMYECTBA MOJIEKYJT BOJIbI, OKPYKal0-
mux 6eok. OTHOBAJIEHTHO 3apsiKEHHbIE YaCTUIIBI
ciabee BIIMSIIOT HAa TUAPATALIUIO, OBBIIIAS OBOTHEH-
HOCTh TKaHeil [14—16]. CoorHomenue Ca?t/Mg?*
nMeeT OOJIbIIIoe 3HAYCHUE TSI XKU3HENEeATeIbHOCTU

T'OHYAPOBA u np.

pacTeHuii M peryaupyeT MHOTHE IIPOLieCChl 0OMeHa
BemiecTB [17—19]. I1pu aHanu3e ceJeKIMOHHOTO Ma-
Tepuaja Hago YYUTHIBATh, YTO KOHIEHTpALIUSI MUK-
posnemMeHTOB 10 10 pa3 BEIIIIE B 3apOABIIIIE, OTPYOSX,
LIETYIIIEHHOM pHuCE, YEM B ITOJMPOBAaHHOM OeJioM
puce, KOTOPBII OOBIYHO YIIOTPEOJISIIOT B MUIy. Tak,
MarHusl B OTpyOsix 6bLI0 5.12%, a B ITOJTMPOBAaHHOM
puce 0.51% [20—22].

JaHHBIX MO0 JIOKAJIU3aLUU XPOMOCOMHBIX PEruo-
HOB OIpeIeIsTIONINX CoAepKaHe MUKPO- U MaKpO-
2JIEMEHTOB B COpPTaX puca, II0Ka HEMHOTO ¥ OHM IIPO-
TUBOPEYMBBI, TaK KaK MCHOJb3YIOTCS pa3IMuHbIe
MapKephl ¥ NONYJISIIUA IJIsI MOJIEKYJISIPHOTO MapKi-
poBanus [23—25]. Tak, Tpu JIoOKyca, OTIpeaeIsTioNnInX
comepxkaHue xkeJesa, rpymmoil K. Anuradha ¢ coasr.
JIOKaJIM30BaHbI Ha XxpoMocomax 1, 5, 12, C. James ¢
COAaBT. BRISIBJICHBI Ha XpoMocoMax 2 1 8, L. Kaiyang c
COaBT. MX YCTAHOBWJIM Ha xpomocomax 1 u 11 [25—
27]. ConepxxaHue Kaiblivs B padote [23] onpenensi-
JIOCh JIOKYCaMMU IMEPBOI, TPETHEN U MATON XPOMOCOM,
MarHusl — TpeThbeit. B padorte [27] aBTOpHI BEISIBUIIN
JIOKYCHI, OIpeIesTIoNIne coacp:KaHue Kalablus, Ha
TpeTheil xpomocoMme. M. Zhang ¢ coaBT. TOKa3aiu,
YTO coAep>KaHWE€ MarHusi KOHTPOJIMPOBAIU XPOMO-
COMHBIE peTHOHBI Ha XpoMocoMmax 6, 10, 11 [28]. ITo-
Ka3zaHo, 4To nukue Buabl Oryza rufipogon, O. meridio-
nalis, O. nivara u O. longistaminata SIBJISIFOTCSI UCTOY-
Hukamu QTLs, moBplIAOIINX COAep:KaHUE TaKUX
2JIEMEHTOB KakK KeJe30, IIMHK, MapraHell, MarHWuii,
Menb, Kaneluii, pocdop [28—30]. Hanbomnee momHast
KapTa pacIoJIOXeHUs JIOKYCOB, ONpPeIe/IsSTIONINX Ka-
YeCTBO pHca, C 3TOM TOYKM 3peHMs HaHa B paboTax
[23, 24]. B HeckolbKuX paboTax TakxKe IMOKa3aHa
poJib TpaHcrioptepoB OsZIP1 u OsHMA3 B nomuep-
XKaHUM TOMeOocCTa3a MHUKPO3JIEMEHTOB y 00pa3loB
puca [31—33]. PaccmotpeHsl MeToabl 0nodopTrudu-
KaIlliX CeJIEKIIMOHHOTO MaTtepuaia [34—36].

MATEPHAJIBI U METOJbI

B Hacrosieit paboTte UCIT0Ib30BaHbI KAK KOJJIEK-
MoHHbIe oopasukl 3 YHY “Kommekums @HILI puca”,
copta cenekunu OO0 “Apataii”, Tak M IEPCIIEKTUB-
HBIC U IOIIYILIEHHbIC K MCIIOJIb30BAHUIO B IIPOU3BOI-
CTBE COpTa prca OTeYECTBEHHOI M 3apyOexKHOI ce-
Jekiuu (48 oopasioB). Cpeau HUX copTa pa3indyHbIe
II0 KAYyeCTBY: KOPOTKO3EPHBIC, CPEIHE3EPHBIC, KPYII-
HO3epHBIe, JIMHHO3EPHBIE, C Pa3IMYHBIMUA KyJIMHaApP-
HBIMM U TEXHOJIOTUYECKUMM CBOMCTBaMU. PacTeHust
BBIPAIIMBAIICH B COCYIaX HA ONTUMaJILHOM (DOHE MU~
HepanbHOoro nutanus (N, PgKe)), B Tpex mosTop-
HOCTSIX, TycToTa cTosTHUs 10 pacTeHnit Ha OMWH COCY/I.
KonTtponem ciyxui copt PaarmMaH ¢ TOM Xe T'yCTOTOM
crostHus. I1pu HemocTaTke pacTeHUI WM UX THOeIn
MOICAaXKMBAJICS MapKep C (prOIETOBBIMHU JIMCThSIMU.

OnpeneneHue coacpKaHUSI KalblUs U MarHus
npoBoauiaock Ha npudope Kamenps 105. s aHanuza
oTorpam Marepuain ot 20 pacTeH1I Kax10ro oopasiia.
Ompenensnan MpoleHT BemlecTBa B mpobe. Ilonro-
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Puc. 1. BapnaGebHOCTh COPTOB pHCa IO CONEPXKAHUIO MarHusl.

TOBKA P00 IS ITOJIyYeHHsI JAHHBIX 10 COACPKaHUIO
KaTUOHOB BKIIIOYAJia OTOOP PACTUTEIIBHOIO MaTepy-
ana 1 r oopasua (ot 20 pacTeHuUii), €ro roMoreHm3a-
uio, ¢pukcauuio 10%-HBIM CITMPTOM, BBIACPXKKY B
XOJIONWJILHUKE OOHU CYTKU, LIeHTpudyrupoBaHue
npu 10—15 Teic. 000POTOB B MUHYTY, OTOOD CyriepHa-
TaHTa B YUCTYIO 2-MJI IIPOOUPKY JI0 IIPOBEACHMS aHa-
Jm3a.

MonekyasspHOe MapKUpOBaHUE COPTOB IJIST JIOKa-
JIN3aIUN XPOMOCOMHBIX PETMOHOB, OMPEACISIONINX
MMUTATEIbHYIO LIEHHOCTh, ITPOBOIMJIM C MCIIOJIb30Ba-
HHEeM MUKpocaTe/IIMTHEIX SSR-MapkepoB. M3yuen
TTOJIMMOPGPU3M 3TUX COPTOB C MCITOIB30BaHUEM 58
MapKepoB, paclpeleJeHHbIX II0 CEMU XPOMOCOMaM
puca: 1,2, 3,5,6,8, 10. B paboTte ncnoab3oBaiu Map-
Kepbl KaK CBSI3aHHBIE C JIOKYCaMM, KOHTPOJIUPYIO-
IIUMU COJepXaHUe MMKPODJIEMEHTOB, TaK U Heii-
TpajbHbIC, pacpencacHHBIC IO TEHOMY pHcCa.

JIHK puca BbIICISIIIA M3 3TUOJMPOBAHHBIX MPO-
POCTKOB U JINCTheB ¢ noMoibio STAB-mMeToma B pa3-
JIMIHBIX MomupuKanysax. ITocTaHOBKY ImomMMepa3Hoit
nenHoit peakuuu (ITLP) 1 Bu3yanuzanumo NpoayK-
TOB aMIUTU(UKALY IIPOBOAWIN 110 METOAMKe MexX-
JIyHAapOIHOIro MHCTUTYTa puca [37—39].

ITapametrprr I1IIP, ncrionb3oBaHHBIE B TAHHOM
BKCIlepuMeHTe: 5 MUuH 1ipu 94°C — HavalibHas JeHa-
Typauusi; cienyrmoinue 35 HMKIOB: 1| MUH — IeHaTypa-
st mpu 94°C, 1 MUH — OTKUT mpaitMepoB nipu 55°C,
2 MUH — cuHTe3 T1pu 72°C; MOCAeTHUNI ero UUKJI —
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7 muH 1ipu 72°C. ITLP-cmech Bimouana 40 ur JIHK
(2 mxun), 1 Mxi (1 MM) ne30KCHMHYKIICOTUATPUPOC-
datos (ANTPs), 3.7 mxin H,O, 1 mxn 6ydepHoro pac-
tBopa 1o 0.5 Mk (5 MkM) Kaxkmoro npaiiMepa, 1 MK
(1.5 en.) Tag-momumMepassl, B o611eM o0beMe 10 MKIT.
IMponykTel aMmInUKAINNA pa3aeisiiivi IeKTpodo-
pe30M B MOJIUAKPUIAMUIHOM Trejie TPU HaNpsKeHU !
100 B. [ craTucTYECKOI 00pabOTKM MOJTyIeHHBIX
JTaHHBIX UCIIOJIL30BaIN IIporpaMmy Statistica [40].

PE3VJIBTATDBI

Bapuabeavnocmo o6pazuyoe no cooepicanuio
KAMUOHO8 KaAbyus U MACHUS

ConepxxaHue Marous B oOpasiax puca BapbHUpo-
BaJjio oT aByX 10 14% (puc. 1). B 40 o6pasuax ero co-
IepxaHue He npeBbimuaio 10%, B mecsatu obpasnax
obL10 BhIIE 10%, HO MeHbIIE 14%, 4TO ITO3BOIAET UX
PEKOMEHIOBaTh KaK UCTOYHUKU MO IPU3HAKY, 3TO
copra: Haramra, Opuon, Ilaptaep, 'amma. Kanbrmit
TaK>Xe OYEHBb BakKeH JJIs OpraHu3Ma, Tak Kak OH CTa-
OMIM3NpyeT KIeTOYHBIE MeMOpaHbI, TP €ro HelIlo-
cTaTke 0COOeHHO cTpagaeT KopHeBast cuctema. Co-
JIepXaHue KaJlbLIMsI BApbUPOBAIO B 00pa3lax puca oT
0.07 mo 2.33% (puc. 2). B 36 o6pasnax ero comepxka-
HHUe He TIpeBbimaio 1%, B cemu ob6pasiiax ObLIO BbI-
me 1.5% (IloneBuk, Kpenbim, MBymka, ®iarmaH,
Kypax, Harama, Cmyriasiaka). Ha ocHoBaHUM Ipo-
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Puc. 2. BapnaGebHOCTh COPTOB pHCa MO COACPKAHUIO KATbIIHS.

BEIICHHBIX MCCIEAOBAaHUI OOpa3lbl pa3aeauiii Ha
KOHTPACTHBIE TPYIIILI MO TPU3HAKAM: COACPKaHUE
MarHusl u cojepxaHue Kaiblus (Taoiu. 1).

ITlouck XPOMOCOMHbIX peecUOHO8, onpedeﬂﬂiowux
coaepgfcaﬂue MACHUA Y omeuecmeeHrHblX cCoOpmoe puca

ITouck XpOMOCOMHBIX PETUOHOB, OMPEIEIISTIONINX
Ka4eCcTBO OTEYECTBEHHBIX OOpAa3lioB, MPOBOIUIU C
WCIIOJIb30BAaHUEM 58 MOJIEKYJISIPHBIX MapKepoB, pac-
MpenesIeHHBIX ITo TeHOMY puca. JlaHHbIe o (DEHOTUTIH -
POBaHUIO OTEUYECTBEHHBIX COPTOB pHcCa MO MPU3HAKY
“comepkaHue MarHus1” MCIIOJb30BaJu IJIs1 pa3acie-
HUSI UX Ha TPYIMIbl ¢ MaKCUMaJIbHBIM 3HAaYeHUEM
npu3Haka (1) u MUHUMAaJIbHBIM ero 3HaueHueM (2). C
MOMOIIBIO JUCTIEPCUOHHOTO aHaau3a yCTaHOBWIU
CBSI3b MeXNy (DEHOTUITUYECKUM MPOSIBJICHUEM TIPU-
3HaKa ¥ TeHOTUIIOM obOpa3siia.

JocToBepHO HAa YPOBHE 3HAYUMOCTU, ITPUHSITOM
IJIsT OMOJIOTUYECKUX MCCIIeNOBaHUI, KOHTPACTHBIC
O COAEPKaHUIO MarHUSI TPYIIILI COPTOB pa3aesisiin
yeTeIpe Mapkepa: RM 542, RM 284, RM 405, RM
136 (Taba. 2). Puc. 3, 4 MiUTIOCTPUPYIOT pasieieHne

TPYIII C VICTIIOJIb30BAHUEM BBIICICHHBIX B MCCIIEIO-
BaHUM MapKepoB. PasMep mpoaykToB aMILTHdUKa-
VY TIPA UCIIOJB30BAaHUU PAa3IMYHBIX MapKepOB BO
MHOTHX TPYyIIIIaX COPTOB BapbupyeT. B mepBoii rpyr-
e MOT OBITh MEHBIIIE, YeM BO BTOPOii, TaKKe HabJII0-
JIajach M oOpaTHast 3aBUCUMOCTb.

Jlokanuszayus XxpomMocomMHbIX pecluoH08,
onpedensirouux cooepicanue Kairbyus

HaHHble 110 (PEeHOTUTMPOBAHUIO OTEUECTBEHHbBIX
COPTOB pHuca MO IPU3HAKY “comepkaHue KaJibLus”
TaK>XXe UCMOJAb30BaJIU 1151 pa3ae/eHUsI X Ha TPYMIIbI
C MaKCUMaJIbHBIM 3HaueHueM Tpu3Haka (1) u MuHu-
MaJIbHBIM ero 3HadeHueM (2) (tadu. 1). CBI3b MeXIY
(eHOTUTTMYECKUM MPOSIBJIEHUEM MpHU3HAaKa U TeHO-
TUIIOM 00pa3iia yCTAHOBUJIU C TIOMOIIIbIO TUCTIEPCU -
OHHOTO aHajn3a. B Tabi. 2 nmpencraBieHbl pe3yJibTa-
ThI IUCTIEPCUMOHHOTO aHaIn3a Mo pa3aeIcHUIO TPYMII
COPTOB C KOHTPACTHBIM 3HaYeHUEM MMPHU3HaKa o CO-
JIEeP>KaHUIO KaJTbLIMS.

JocToBepHO HAa YPOBHE 3HAYUMOCTU, IIPUHSITOM
IJIsT OMOJIOTUYECKUX MCCIIeNOBaHU, KOHTPACTHHIC
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Taomuna 1. ConepxxaHue MarHus U KaJjiblUs Y Pa3HbIX TPYIIIT COPTOB

Copr Kanbuwmii, % I'pyrnina coptoB Copt Maruuii, % I'pynna coptoB
MycTtaHr 1.37 1 I'pauus 4.95 1
Hctok 1.51 1 Hcrok 9.57 1
CMyTJsiHKa 1.57 1 CoHeT 10.10 1
Harama 1.69 1 ®narman 10.43 1
3nara 1.99 1 AHaut 10.58 1
®narmaH 2.00 1 lamma 11.06 1
Kpenpbin 2.12 1 SAxoHT 11.54 1
IMoneBuk 2.13 1 ITapTHep 12.37 1
HByiika 2.18 1 OpuoH 13.69 1
Kypax 2.50 1 Harama 14.03 1
JwamaHT 0.24 2 CMyriIssHKa 3.52 2
Mapc 0.25 2 JdwvamaHt 3.72 2
CaeTiiaHa 0.29 2 Ecayn 3.77 2
ABpopa 0.30 2 ITatpuot 3.86 2
CHerupb 0.31 2 Joxnuk 4.04 2
Kuraiickmit 0.35 2 Hosarop 4.06 2
JeHb/HOYb 0.36 2 Kypax 4.47 2
Joxauk 0.40 2 SHTapn 4.66 2
Panaun 0.40 2 HeHb/HOYD 4.69 2
Onumn 0.45 2 Acconb 4.92 2
HCP 0.17 HCP 0.21

Ta6mauma 2. PCBYIH)TaTI)I JUCIICPCUOHHOTO aHa/IM3a I10 pasacJCHUIO I'PYIIIT COPTOB C KOHTPACTHBIM 3HAYCHUEM ITpU3HaAKa

CyMmma . Cymma .
CpenHuii CpenHuii
Mapkep KBaapaToB KBaIpaToB F p
KBajapar KBaapar
BHYTPUTPYITITOBast MEXTPYTITIOBast
I1o comepxaHuIO MarHus
RM 284 1.125 1.125 0.750 0.125 9.000 0.024
RM 405 2.000 2.000 1.500 0.250 8.000 0.030
RM 136 1.125 1.125 0.750 0.125 9.000 0.024
RM 542 1.125 1.125 0.750 0.125 9.000 0.024
ITo conepxaHUIO KATbLUS
RM 154 2.408 2.408 3.467 0.578 4.168 0.087
RM 13 1.875 1.875 2.000 0.333 5.625 0.055
RM 2770 10.800 10.800 7.200 1.200 9.000 0.024
RM 3155 2.408 2.408 3.467 0.578 4.168 0.087

IMpumeuanue. F — kputepuit @uiiiepa.
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Puc. 3. PaznenieHrie KOHTPACTHBIX IO COIEPKAHUIO MarHUsI TPYITI COPTOB C UCITOIb30BaHeM MapkepoB RM 405, RM 136.
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Puc. 4. PazjieneHne KOHTPACTHBIX MO COAEPKaHUIO MarHUsI TPYIIIT COPTOB C MCITOJIb30BaHUEM MapKepoB RM 542, RM 284.

TPYMITBI COPTOB pas3nesisiii Todbko Mapkep RM 2770.
Puc. 5 unmoctpupyeT pasaeseHue TPyl ¢ ero uc-
roJib3oBaHueM. PazMmep NMpoayKToB aMIUIMuKaluu
B [IEPBOM I'pynIie COPTOB BapbUPYET, BO BTOPOU Oy -
HaKOB, HO MEHBIIIE YeM B MepBoOii. JJaHHBIN MapKep
TaKXe ObLJ CLIETIJIEH C JIOKYCOM, OINPEAEISIONINM CO-
JIepXKaHUe KaJIusl.

IMTockonbKy BbIOOpPKa COPTOB B Ipyllnax ObLIa He-
OoJblIIast, TOJIBKO JIOKYCHI, ONPENesIsIoNie 3HaYUTEb-
Hble 3(hEKTh Ha (GOpMHUpPOBAHME TMPU3HAKA, MOTYT
OBITh BhIACACHBI. Takke cCHIDKaeT 3((PEKTUBHOCTDb M-
ToAa HaJUYMEe HECKOJbKUX JIOKYCOB, OIPEHEIISIONIX
MpU3HAK, KOTOPhIE TAaKKe BIMSIIOT Ha (DEeHOTUIT 00Opa3-
na. ITpu cHkeHUM ypoBHS 3HauuMocTH 110 0.9 Bbize-
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Puc. 5. PazneneHrie KOHTPACTHBIX IO COJEPKAHUIO KaJIbIMsI TPYIII COPTOB C MCITOJIb30BaHuEM MapkepoB RM 2770, RM 3155.
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Puc. 6. Pa3neneHne KOHTPACTHBIX MO COMEPXKAHUIO KaJIbIIMsI TPYIIIT COPTOB ¢ UCMHOJb30BaHMeM MapkepoB RM 13, RM 154.

JISTIOTCSI €11l€ TPU JIOKYCa, BO3MOXHO OIpPEAe/IsSIONINX
npusHak: RM 154, RM 13, RM 3155 (puc. 6).

B manpHeltemM HeoOXoAUMO OyAET MPOBECTU JO-
MOJHUTEIbHBIE UCCIIEIOBAHUSI C OOJIbIIIeil BEIOOPKOI
COPTOB, UTOOBI IOATBEPAUTH HJOCTOBEPHOCTH BJIMSI-
HMS 3TUX JIOKYCOB.
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OBCYXIEHHWNE

Hamu BbigesieHBI BOCEMb JIOKYCOB, OIIpE€ACJIAIO-
X COOCPKAHHNE MUKPOIJIEMEHTOB Yy OTCUCCTBCH-
HBIX COPTOB pHCa. HWcnonb30BaHHEBI MeTOH, IMTO3BO-
JIACT BBIOCJIUTL TOJIBKO CaMbI€ 3HAYUMBIC JIOKYChI,
TaK KakK IJId aHaJIu3a UCITI0JIb30BaJIMCh KOHTPAaCTHBIC
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Ta6muna 3. JIOKyCHI, oIlpeneIsionie cCoaep:kaHne MarHys ¥ KaJabIINs

Pasmep nponykra
SSR-mapkep Xpomocoma aﬂ%ﬁg}?{?}?ﬁ:ﬁiig:ﬁj Accoumanusi ¢ IpUu3HaKOM
paccrostHre cM
Jlokychl, ompenesiomne conepKaHnue MarHust
RM 136 6 101; 51 Mg?*, nposuH, THPO3UH
RM 542 7 113; 12.7 Mg?*, nponuH
RM 284 8 141; 104 Mg2*
RM 405 5 110; 28 Mg?*, neituuH
JlokycHl, ompenesionmne coaepKaHue KaabIvs
RM 3155 8 174; 119 Ca**, neiiuun
RM 154 2 183; 4.8—13.8 CaZt
RM 2770 2 184; 4.7 Ca®", kanmit
RM 13 5 141; 28.6 Ca?*, nponun

TPYIIILI COPTOB 1o Ipu3HaKy [41—43]. Tpn u3 BoIAe-
JIEHHBIX JIOKYCOB CBSI3aHEBI C COAEpKaHUEeM MPOJINHA.
I[IponuH — aMMHOKHUCIOTA, BO MHOIMX CJIydasix
omnpeAesonias 3acyXoycTomnuynBocTb oopasua. Co-
JIep>XXaHue MarHusl U KaJlbLUsl TakXKe OIpeaeisieT
TUapaTaliio TKaHeil, 4YTO KOCBEHHO IMOATBEPKAAET
pe3ynbTaThl uccienoBaHusi. JIOKYCHI, ONpenessio-
1I1e colepkaHrue MarHus, pacIiooKeHbl HA XpOMO-
coMmax 5, 6, 7, 8, pasMep IIpOAYKTOB aMILTU(UKALIIN
BBIIEJIEHHBIX JIOKYCOB — OT 101 mo 141 mapsl HyKJ1€o-
THAO0B. JIOKyC Ha IIECTO XpoMOocoMe, B paifoHe pac-
rojioxkeHust Mapkepa RM 136 (51 ¢cM) GBI cBsSI3aH C
colepKaHWEM cpa3y ABYX aMUHOKMCJIOT — IIPOJIMHA
u THpo3nHa. Ha 1saToit XxpoMocoMe TOKyC B paifoHe
pacmiosioxenust Mapkepa RM 405 (28 ¢cM) ObLI CBsI-
3aH ¢ cojepkaHueM JeliirHa (Tabiu. 3).

CBsI3aHHBIX C COIEpXKaHUEM KaJIblIUs ObLIO BblIE-
JIEHO 4YeThIpe JIOKyca: OJWH Ha BTOPOM XpoMocome
(mpu ypoBHe 3HaunMocTH 0.05) 1 110 ogHOMY Ha BTO-
poii, BOCbMOU W MSITOU (IIpU YpOBHE 3HAYUMOCTU
0.09). Ha msaroii XxpoMocoMe JOKYC pPacHOJIOXeH
(RM 13, 28.6 cM) B HenmocpeIaCTBEHHOIT OJIM30CTH K
peruoHy pacmnoJjioxeHust Mapkepa RM 405 (28 cM),
KOTOPBIN CBsI3aH ¢ colepkaHueM MarHusi. Boamox-
HO, 3TU MapKephbl (PJIaHKUPYIOT PETUOH, OIIPEAeIsTIO-
LM coiepKaHue MUKpodaieMeHTOB. [ToaTBepkaaer

JIOCTOBEPHOCTbD MOJIYYEHHBIX TaHHBIX BeprudUKaIus
pes3yJibTaTa B OIy0IMKOBaHHBIX ICTOYHUKAX, paHee B
9TOM PErMOHE Ha TSITOM XpOMOCOMe TakKe ObLIIH JIO-
kaymm3oBaHbl QTL, onpenensgronine 3T 1Ba IIpU3Ha-
Ka [23]. JIns MapKupoBaHUS B 3TUX pabOTax UCTOIb-
30BajId MOIMYJISILIUI0 UHTPOTPECCUBHBIX JIMHUM, MO-
JIydeHHy10 TNpu rubpuauzanuu copta Teging u
nukoro Buaa puca Oryza rufipogon. Ha BocbMoii Xpo-
MOCOME, B paiioHe OJIM3KOM K PACHOJOXEHUIO Map-
KepOB, BBISIBJIEHHBIX HAMU, TaKXKe BBISIBUIN JIOKYC,
ONpeAesIonIui conepxxanue MukpoaieMeHToB. Ha
BTOPOif XpOMOCOME Pa3HBIMU aBTOPaMU TaK>Ke ObLIU
BBISIBJIEHBI JIOKYCHI, OTIpEAEIISIIONINE COAEpKaHWE
pa3IUYIHBIX MUKpo3eMeHTOB. B padote A. Garcia-
Oliveira n coaBT. [23] — 3TO Xejae30 W MapraHell;
C. James u coaBT. [25] BBISBUIU JOKYC, ONIpEeAEIIsIO-
muii cogepxxaHue xkeje3a. B paborax [24, 28] aToT
PETMOH TaK>Ke OTpeiesisil COAepXKaHUe MEIN U XKeJle-
3a. To ecTh MolydeHHbIE HAMU TaHHbIE ITOATBEPKIA-
IOTCSl JaHHBIMU JIPYTUX UCCliefoBaTelieil, MmojayyeH-
HBIMU Ha APYrux nomynsuusix. BoaMoxHo, B aTux
perMoHax pacrnojoXeHbl KJIACTEPbl TEHOB, OIpele-
JISTIOIIME KauyeCTBO U coAepKaHUe MUKPORJIEMEHTOB.
IMTonyyeHHbIe faHHbBIE TTO3BOJIAT OoJiee 3¢h(hEeKTUBHO
MEPEHOCUTD T'€HbI, OTIPENEIISIONINE KAYeCTBO 00pa3-
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IOB, KaK M3 IUKWX BUIOB pucCa, TaK U IEPCIICKTUB-
HBbIX CCIICKIIMOHHBIX 06pa31_[0B.

PaGota noanepxxaHa rpaHToM PoHAa COACHCTBUS
nHHOBausIM Ne 46541'C2/48601.

Hacrosmas ctatbs He COIEPKUT KaKMX-JIU00 MC-
cJIEfOBAaHUI C NCIOJIb30BAaHUEM B Ka4eCTBE OOBEKTA
JKUBOTHBIX.

Hacrosimas cratbs He COOCPXKUT KaKMX-JI100 UC-
CJIEIOBAHUMA C yY49aCTUECM B KaA4€CTBE 00BeKTa JIIOIEH.
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Localization of Chromosomal Regions Determining Magnesium
and Calcium Content in Rice Varieties

J. K. Goncharova® ¢ *, V. V. Simonova’, S. V. Goncharov®, and N. A. Ochkas¢

4 Federal Scientific Center of Rice, Krasnodarskiy krai, p. Belozerny, 350921 Russia
bTrubilin Kuban State Agrarian University, Krasnodar, 350044 Russia
““Aratai” LLC, Participant of Skolkovo Innovation Center, Moscow, 143026 Russia
*e-mail: yuliya_goncharova_20@mail.ru

There has been a wide variation in the content of micro and macro elements, both between subspecies and
within rice species and varieties. Magnesium as a cofactor is involved in more than 300 enzymatic reactions
and is necessary for growth and development of both plants and humans. It affects carbohydrate and protein
metabolism. Both adenosine triphosphate (ATP) production, nucleotide and glucose synthesis, and lipid ox-
idation regulation depend on its concentration. Calcium is also essential for the formation of cell wall struc-
ture and cell division. High concentrations of calcium change the composition and condition of red blood cell
membranes and cell morphological characteristics. At the same time the variability in signs of domestic rice
varieties has not yet been studied. There have been no studies on the localization of chromosomal regions re-
sponsible for the formation of traits of magnesium and calcium content in rice samples. Wide variation in cal-
cium content (0.07—2.33%) and magnesium content in rice samples (2—14%) was established. Contrasting
groups of varieties and sources by signs were identified. A search for chromosomal regions determining the
quality of domestic samples was carried out using 58 molecular markers distributed across the rice genome
(SSR). The data on phenotyping of native rice varieties by quality signs were used to divide them into groups
with maximum trait value (1) and minimum trait value (2). The relationship between phenotypic manifesta-
tion of the trait and the genotype of the sample was established: by means of analysis of variance. Eight loci
determining magnesium and calcium content in native rice varieties — were identified. The loci determining
magnesium content are located on chromosomes 5, 6, 7, 8. Four loci associated with calcium content were
identified two on the second chromosome and one each on the eighth and fifth chromosomes. On the fifth
chromosome, it is located (RM 13, 28.6 cM) in close proximity to the RM 405 marker region (28 cM), which
is connected with magnesium content.

Keywords: genetics, rice, variability, quantitative trait loci, molecular marking, quality, calcium, magnesium.
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