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OnyuieHue amcTa y Kaprodesst Solanum tuberosum:
MOP@osIorns, PYHKIIMOHAJIbHAs POJIb

N MeTOoAdbl NCCiieJOBaHIA

A.B. Aopoukosl 2, A.A. Aponnukos! 2@

1 DepepanbHbIit NcCnefoBaTeNbCKIIN LEHTP UHCTUTYT LMTONOTUM 1 reHeTnKN CUBMPCKOro OTAeneHns POCChitckol akaaeminn Hayk, HoBocubupck, Poccus
2 HoBocnbrpcKmin HaLmMoHabHbIN NCCnefoBaTeNbCKMIA FOCYAaPCTBEHHDIN yHUBepcuTeT, HoBocnbrpck, Poccnsa

OnyLeHre — OOUH 13 BaXKHbIX OMOTNYECKMX HaKTOPOB 3alLuTbl pac-
TeHWI OT noBpexaatoLyx GbakTopos cpefpbl. IHTepec K n3yyeHuio
onyLeHna Kaptodpena cBA3aH NPenmyLLeCTBEHHO C TeM, YTO OHO mrpa-
€T 3aMeTHYI0 POJib B 3aLiMTe PacTEHU OT HAaCEKOMbIX-BpeauTenen.
0630p nocasLeH GyHKLMOHANIbHOW POV U FeHEeTUYECKOMY KOHTPOJIO
onyLIeHNA NNCTbeB Y KapTodena. PaccmaTpusatoTcsa Mopdonornye-
CKre 0CO6eHHOCTU onyLLeHVA KapTodesis, KOTOPoe COCTOUT 13 Hece-
KPETUPYIOLNX 1 CEKPETUPYIOLNX TPUXOM HECKONbKUX TUMOB. COOTHO-
LeHne TPUXOM Pa3HbIX TUMOB Y pPa3HbIX BUAOB KapTodena otTimyaerca
60nblINM pa3HoObpasmeM, xapakTePHbIM B NepByto ouepeab Ans
AnKopacTyLwmx Buaos. OnyLueHre MOXeT CYXUTb Knaccupuumpy-
IOLWMM Npu3HakoM. OnrcaHa posib TPUXOM Kak «dabpurk» BTOPUYUHbBIX
MeTabonnToB KapTodens, Cpean KOTOPbIX CIOXKHbIE SPMPbI caxapo3bl
1 TepreHoBble MPOU3BOAHbIE, ClyXKaLume penenneHTamm HaceKoMblX.
Tpuxombl Tak>Ke CUHTE3UPYIOT NonndeHoNoKcnaasy, Kotopas 3a cyer
oKMcneHna GeHoNnoB NPUBOAUT K CUHTE3Y MeTaboNIMTOB, BPeaHbIX ANA
HaceKkoMblIx. MpefcTaBneHa nHGopmMaLsa 06 N3BECTHbIX B HacTosALLee
BpEeMs reHaX, OTBETCTBEHHbIX 338 KOHTPOJb OMyLUEHNA. ITO reHbl, yya-
cTBylowme B GopmmpoBaHny Komnnekca MYB-bHLH-WD40, koTopbiii
KOHTpONMpyeT npouecchbl AudpdepeHUnpPOoBKM N Pa3BUTUA TPUXOM Y
pacTeHuii. Y kKapTodens 6efikin 3TOro KOMMIEKCa U3yyatoTca npexae
BCEro B CBA3Y C perynauneit BuocuHTesa aHToumaHoB. OyHAaameHTasnb-
HOW OCHOBOW ANA nAeHTUdMKaLMM FreHOB, KOHTPOJIMPYIOLLMX OnyLue-
Hue KapTodens, B HacToALlee BpeMsA ABNAIOTCA faHHble O Nocnefo-
BaTeNbHOCTM NOMIHOIO reHoMa KapTodensa. 3To NO3BOJIAET Ha OCHOBe
aHanm3a roMosorMm ¢ reHaMn MOAESbHbIX OPraHU3MOB UAEHTUN-
LUMpoBaTb reHbl-kaHAnAaTbl, KOHTPONNPYIOLINE BaXKHble MPU3HAKN Y
KapTodens. PaboTbl B 5TOM HanpasieHUN y»Ke BeAYTCA, OO4HAKO OHU
HaxoAATCA Ha HayanbHOM 3Tare. B 3akniountenbHom pasgene o63opa
onucaHbl MeToAbl PeHOTUMMPOBaAHNA TPUXOM, OCHOBaHHbIE Ha BM3Y-
alIbHOM aHanv3e MMKPOCKOMMYECKMX N3006paxKeHni (MoTyYeHHbIX C
NMOMOLLbIO KaK OMTUYECKNX, TaK 1 SNeKTPOHHbIX MUKPOCKoMoB). Mo-
Ka3aHa aKTyanbHOCTb Pa3paboTKN HOBbIX BbICOKOMPOV3BOANTESNIbHbIX
NMOAXOAOB K N3yyeHnto MOpdONOrnm SToro NpmnsHaka y kaptodens.

KnioueBble cnoBa: KapTodesb; onylleHre NMCcTa; TPUXOMbI; 3alLuTa OT
BpeaunTenen; peHoTUNMpoBaHMe.
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Leaf hairiness in potato Solanum
tuberosum: morphology, function
and methods of analysis

A V. Doroshkov! 2, D.A. Afonnikov! 2@

TInstitute of Cytology and Genetics SB RAS, Novosibirsk, Russia
2 Novosibirsk State University, Novosibirsk, Russia

Pubescence is one of the important biotic factors in
plants related to protection from stressful environ-
mental factors. In potato, the interest in the study of
pubescence is associated primarily with the fact that it
plays a significant role in the protection of plants from
insect pests. The review focuses on the functional role
and genetic control of leaf pubescence in potato. The
review describes morphological features of pubes-
cence of potatoes, which consists of simple and glan-
dular trichomes of several types. The ratio of trichomes
of different types in potato species potato is diverse,
especially for wild species. Therefore, the pubescence
may serve as a classifying trait. The role of trichomes
as “factories” of secondary metabolites of potatoes,
among which are the esters of sucrose and terpene
derivatives that serve as insect repellents. Trichomes
also synthesize polyphenol oxidases, which lead to the
biosynthesis of compounds which are harmful to the
insects. The review presents information about the cur-
rently known genes responsible for pubescence. These
are genes involved in the formation of a complex of
MYB-bHLH-WDA40, which controls the differentiation
and development of trichomes in plants. The proteins
of this complex in potatoes are primarily studied in
connection with the regulation of the biosynthesis of
anthocyanins. The fundamental basis for identification
of genes controlling pubescence in potato is currently
sequence data from complete genome sequencing.

By analysis of homology with the genes of model orga-
nisms, it allows candidate genes that control important
traits in potato to be identified. Work in this direction
is already underway, but at the initial stage. In the

final section, the review describes the methods of
phenotyping trichomes, based on the visual analysis
of microscopic images (obtained both with optical
and electron microscopes). The urgency of developing
new high-performance approaches to the study of the
morphology of the trait in potatoes has been demon-
strated.

Key words: potato; leaf hairiness; trichomes; protection
from pests; phenotyping.



MyIIEHHEe JUCTOBOM IIACTUHKH PacTeHUil popmMupy-

eTcs 3a CUET TOBEPXHOCTHBIX 00pa30BaHUN — TPUXOM.

OTO OIMH M3 aAANTHBHBIX IPU3HAKOB PACTEHUH, OTBE-
Yaronuii 3a B3aMMOJICHCTBHE CO BHEIIHEH cpenoii. OH ckiia-
JIBIBAETCSI U3 HECKOJIBKUX XapaKTEPUCTHK — Mopdosornu
TPUXOM, X Pa3MEPOB, INIOTHOCTH (YHCIIO TPUXOM Ha €TUHUILY
MOBEPXHOCTH JIUCTA). TPUXOMBI OBIBAIOT HECEKPETHPYIOIIUE
Y CEKPETHPYIOIIHE (ISTTOHUPYIOIIHE 1/HUIN BBIAEIAIOMINE Ce-
kper). [IepBbie yuacTBYIOT B (hOPMUPOBAHIH MUKPOKJINMATA
y MOBEPXHOCTH JIKCTA, B 3AIUTE OT HEOJIArOMPHUSITHBIX OHUO-
THYECKHUX U aOMOTHYeCcKUX (pakTOpoB cpensl. B wacTHOCTH,
OIyIICHNE PACCENBACT M30BITOUHYIO COJIHEUHYIO SHEPTHIO
u yBenuuuBaeT 3ddexruBHOCTh poTtocunTe3a (Morales et
al., 2002; Liakopoulos et al., 2006). B xomogusIif epuos
OITyIIICHUE PETYIIUPYET TEMIIEPATY Py JIHUCTA, MPUOIIIKas ee K
ontumanbHo# (Ehleringer, Mooney, 1978). Takxe TpuXoMbl
MOTYT (PM3UYECKH MPENSITCTBOBATh ABHKEHHUSIM PACTHTEIb-
HOSITHBIX YICHHCTOHOTUX M ITTOEIAaHUIO TKAaHEH pacTeHHs
(Cardoso, 2008; Pott et al., 2012).

OcoOBIif HHTEPEC MPEACTABISIOT CEKPETUPYIOMHE (MITH
JKEJIE3UCTHIC) TPUXOMBI, Hali/ICHHbIEC HA IOBEPXHOCTH JINCTO-
BOH MJIACTMHKU MHOTHX BHUJIOB pacTeHui (mpumepHo y 30 %
BCEX COCYIMCTBIX pacTeHHid). Takue TPUXOMBI CIIOCOOHBI
CHUHTE3UPOBATh, XPAHUTh U BBIICISATH OOJIBIIOC KOJIHMYECTBO
CrienuaJlInu3upOBaHHBIX MeTa60J’lMTOB, MHOI'M€ U3 KOTOPBIX
B&)KHBI JJISI IPUTOTOBJICHUSI JIEKAPCTBEHHBIX CPEZCTB, apo-
MaTH3aToOpOB, MUIIEBBIX 100aBOK U IPHUPOAHBIX MECTHIINIOB
(Wagner, 1991; Duke et al., 2000; Wagner et al., 2004). XKene-
3HUCTBIE TPIXOMBI Pa3BUBAIICH INIABHBIM 00Pa30M KaK Opy»KHe
JUISL 3aIUTHI OT MATOT€HHBIX HACEKOMBIX 1 MUKPOOPTaHU3MOB
(Glas et al., 2012).

VY macneHoBbIX (Solaneae), K KOTOPBIM OTHOCHTCS KapTo-
(ens Solanum tuberosum L., omynieHue nucTa npecTaBIeHO
IIUPOKUM CIICKTPOM MHOT'OKJIETOYHBIX, 06I)ILIHO HE BETBUCTHIX
TpuxoM pasHoro pazmepa (Luckwill, 1943; Tingey et al., 1982).

B cepeanne mponutoro Beka ObUI0 Oy OJIMKOBAHO MOAPO0-
HOC MOp(bOJ'IOFl/I'-IeCKOC OIMMCAaHUEC PA3HBIX TUIIOB TPUXOM JJIA
tomara (Solanum lycopersicon, coBpeM. CHH.: Lycopersicum
esculentum) (Luckwill, 1943), pacreHust KOTOpOro naxke Ha
(hoHe ocTanbHBIX MpeacTaBuTeeil ceM. [lacieHoBbIC Xapak-
TEPU3YIOTCS OYCHB OONBIITIM Pa3sHOOOPa3NEM THITOB TPHXOM.
TpuxoMBbI TOMaTa pa3IMYaroTCs 10 pasMepy, Mopdonoruu u
XUMHYCCKOMY COCTaBy CCKPETHPYEMbIX BEIICCTB, YTO CBUEC-
TEJILCTBYET O pa3Hoil MX (PyHKIIMOHAIBHONW HArPy)KEHHOCTH:
— tun | — cexpeTHpylonmue TPUXOMbI ¢ MHOTOKJIETOYHBIM

OCHOBAaHMEM, JJIMHHOI (~2 MM) MHOTOKJIETOYHOM HOJKKON

1 HEOOJBIIUM KEJIE€3UCTHIM KOHUHUKOM;

— run II - kopotkue (0.2—1.0 MM) HECEeKpETHUPYIOIINE TPHXO-

MbI, XapaKTCPU3YIOIUCC S MHOTOKJICTOYHBIM OCHOBAHUEM
— 1o III — kopotkue (0.2—1.0 MM) HeCeKpeTHPYIOIIHE TPH-

XOMBI, XapaKTePHU3YIOLIHNECs OAHOKIETOYHBIM OCHOBAaHHUEM;
— tun IV — 6onee kopotkue (~0.3 MM) TPUXOMBI, KOTOPbIC

HMEIOT OTHOKJIETOYHOE OCHOBAaHHE, MHOTOKJIETOUHBIII CTe-

Oerek, Kopoue, 4eM y Tuma [, 1 HeOOIbIIoi JKeIe3UCThINA

KOHYUK;

— tun V — xopotkue (0.1-0.3 MM) HecekpeTHupyronme Tpu-

XOMBI C OJTHOKJICTOYHBIM OCHOBAHHEM;

— tun VI — TpuxoMmsl, XapakTepU3yIOIIMECs YEThIPEXKIle-

TOYHOW JKEJIEe3NCTOW TOMOBKOW Ha KOPOTKOH (~0.1 mMm)

MHOTOKJICTOYHOH HOXKE;
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— tun VII — kopotkue Tpuxomsl (<0.05 Mm), cocrosiye U3
OIHOKJICTOYHOM HOXKKH U 7KeJIe3bl HEMPAaBUILHOH (OPMBI,
BKJTIOHaromiet ot 4 1o 8 cekperupyromux kierok (Luck-
will, 1943).

OCHOBHBIE KIIaCChl BTOPUYHBIX METa0OIUTOB, KOTOPBIE
CTIIOCOOHBI PON3BOJUTH JKEJIE3UCTHIC TPUXOMBI, — ITO Tep-
nerounsl (Gershenzon, Dudareva, 2007), ¢enunponeHs
(Gang et al., 2001), ¢pmaBonounnsr! (Treutter, 2006), meTnKe-
tousl (Fridman et al., 2005), anmsable caxapa (Kroumova,
Wagner, 2003).

C HUCII0Ip30BaHUEM METOIOB IEKTPOHHON MUKPOCKOTIHU
OBUTH OTIMCAHBI IeTaIbHBIC pa3nuuus B popMe U ITOBEPXHO-
CTH TPUXOM Pa3HbIX BUI0B pojaa Solanum (Edmonds, 1982).
ABTOpaMH OTMEUYEHO OOJBIOE Pa3HOOOpa3We M3YUCHHBIX
BHUJIOB TI0 3TOMY TPHU3HAKY, PA3JIMYMsI B COOTHOIICHUU TPHU-
XOM Pa3HBIX THIIOB M OTCYTCTBHE CEKPETUPYIOLIMX TPUXOM
y HEKOTOPBIX BHI0B. KpoMe TOro, BEISIBIIEHO MEK- I BHYTPH-
BHJIOBOE Pa3HOOOPa3Ne HE TOJIBKO 10 COOTHOIICHNIO TPUXOM
pasHoOro THIA, HO M 110 XMMHUYECKOMY COCTaBY HMX COJEp-
sxkumoro (Schilmiller et al., 2008). Hanpumep, ams aukoro
BU1a Tomata S. pennellii XapakTepHO NPUCYTCTBHE allCTUIIN-
pOBaHHBIX ()OPM CaxapoB B KEJIE3UCTHIX TprxoMax Tuma IV,
TOTJ]a KaK B TPUXOMax KyIbTYypHBIX (pOpM TOMara momoo-
Hble coequHeHus orcyTcTByioT (Luckwill, 1943; Antonius,
2001).

IToMHMO BTOPHUYHBIX METa0OINTOB, TPUXOMbBI MHOTHX BH-
JIOB TACJICHOBBIX CIIOCOOHBI MPOM3BOIUTH Pa3HOOOpA3HBIC
0eJKM ¢ 3aIIUTHBIMU (YHKLHUSIMH, TAKHE KaK MHTHOUTOPEI
npoteas (Liu et al., 2006), momdenonokcumassl (Yu et al.,
1992) u punnonanuus! (Shepherd et al., 2005). Uarn6urtopsr
poTeas, BEpOsITHO, CHUKAIOT A3 (PEKTHBHOCT NMUILIEBAPEHHS
BpEANTEIICH, TNTAIOMINXCS JIUCTHSIMU, 3aMEJUISIs X PA3BUTHE
(Glas et al., 2012). CunTe3 HHTHOUTOPOB MPOTEa3 M JPYTUX
3alIUTHBIX BEIIECTB MOXET OBbITh KaK IOCTOSHHBIM, TaK U
WHIyIMpOBaThCA B oTBET Ha mopanenue (Tian et al., 2012).
[Monudenonokcnaasel NpeacTaBIsAIOT cob0i kiace dep-
MEHTOB, KOTOpBIE KCIIPECCUPYIOTCSI B OTBET HA Pa3iIMyuHbIe
noBpexaaromue Gpaxropsl pacrenuit (Jukanti, 2017). B gact-
HOCTH, OHI 00ECIIEUNBAIOT OKHUCIICHNE MOHO- 1 O-1ndeHonos
70 O-IUTruAPOOKCUXUHOHOB, KOTOPbIE MOTYT CBSI3bIBATHCS
C AMHUHOKHCIIOTAMHU B KHMIIEYHUKE HACEKOMBIX, TEM CaMbIM
CHIKAs MX ITUTATEIbHYIO IICHHOCTh. B HOpMe pa3Hble npen-
CTaBUTEIH 3TOTO (PEPMEHTATHUBHOTO KJIacCa XPAHSTCS B JIEH-
korractax TpuxoM I, IV u VI tuma y Tomarta, Toraa xax ¢e-
HOJIbHBIE CyOCTpaThl MPUCYTCTBYIOT B BAKyOJISIX COOTBETCT-
BYIOIINX KJIETOK TPUXOM. [IpH NOBPEKICHUU TPUXOM KOM-
MapTMEHTHI Pa3pyIIAIOTCs M COOTBETCTBYIOIINE (DEHONIBHBIE
MPON3BO/IHBIE (DEPMEHTATHBHO OKUCIISAIOTCS 10 XHHOHOB. DTH
XMHOHBI 00JIaJat0T BBICOKON PEAKIIMOHHOM CIIOCOOHOCTHIO
u casbiBatorca ¢ -NH, u -SH rpynnamu Ouonoruyeckux
monekyi (Thipyapong et al., 1997). Hanmuaue takoii cuctemMbl
MOBBILIAET YCTOWYNBOCTH HE TOJILKO K HACEKOMBIM, HO TaKKe
K TIOPaKEHUIO OaKTepHadbHBIME (Hampumep, Pseudomonas
syringae (Li, Steffens, 2002)) u rpuOHBIMHU naToreHaMu (Ha-
npumep, Peronospora tabacina) 3a c4eT MHTHOUPOBAHUS
pa3BuTHi cniop y nocnenaux (Shepherd et al., 2005).

Bruto nmokaszano, uto myrtanus tomara hairless (hl), BbI3b1-
Barolast 00pasoBaHue Ae()eKTHBIX (MCKPUBJICHHBIX UIIH yBe-
JMYEHHBIX) TPUXOM, YMEHBIIIAET COACPKaHNE TTOMU(EHOIb-
HBIX M TEPIEHOBHIX coeanHeHuit B Hux (Kang et al., 2010).
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DTH COCTUHCHUS UIPAIOT BXKHYIO POJIb B 3aIUTE OT HACE-
KOMBIX-TTapa3nuToB (Hanpumep, Manduca sexta Ha ctaguu ry-
CEHUIIBI U 0a00UKH).

Mopd¢onorusa onyweHus nucrta Kaptodens
TpuxoMmsl, hopMHUpyIOIIKE OITyIIEHUE JIHCTa Y KapToders,
10 CBOEI MOP(OJIOTHH CXOIHBI C TPUXOMAMH, OTIMCAHHBIMH
y JPYTHX BU/IOB MACJICHOBBIX, OAHAKO KOHKPETHBIE XapaKTe-
PHUCTHKH OIYIICHHS y Pa3sHbIX BHJIOB MOTYT CYIECTBEHHO
pasnuuarscst. M.A. Cuzosa (1965) npoena cucteMaTriueckui
aHaym3 ocobeHHOCTel omymeHus y kaprodens 102 BuaoB.
ABTOp XapaKTepU3yeT OMYIICHUE YSTHIPbMS THITAMHU TPHXOM.
IlepBelii TUII — 3TO MPOCTBIE BOJOCKHU, Pa3IMYArOIIUECS 110
JUTMHE U ToImuHe. Ha nX cTeHKax nMeeTcs OTI0KEHNE Ky TH-
KyJIbI, KOTOPOE ONPE/IEIISIET )KECTKOCTh TPUXOMBI. OcTanbHbIe
TPH TUIA TPUXOM NPECTABIECHBI CEKPETUPYIOIIMHU BOJIOCKA-
M. [IepBBIil THIT CEKPETHPYIOLIUX TPUXOM ITOXO0XK Ha ITPOCTHIE
TPHUXOMBI; Pa3INUMe 3aKIIOYAETCs B TOM, YTO OHH COZIEPXKAT
Ha BEPIUMHE OJHOKJIETOYHYIO K€JIe3Ky. Takol TUIl TPUXOM
BCTpPEUAETCsl OYEHb PEAKO, JHIIb Y OZHOTO U3 M3YUECHHBIX
BUIOB — S. berthaultii. BTopoii THIT CEKPETHPYIOIIUX TPUXOM
XapaKTePU3yeTCs JKEJIC3KOM OKPYIIOH (hOPMBI, COCTOSIICH U3
YETBIPEX CEKPETHPYIOMHNX KieToK. Hirkenekamas KieTka
SIBIISIETCSI HOOKKOH TPUXOMBI. Y HEKOTOPBIX BHJIOB TAKOW TUII
TpUXOM Mpeobnanaet. TpeTuil TUI CeKPETUPYIOIIUX TPUXOM
BKJIFOYAET TOJIOBKY U3 HIECTH KJIETOK, PACTIOJIOKEHHBIX B TPH
psina. Hoxkka Takoi TpUXOMbI C()OpMHUPOBaHA OTHOH KIIETKOM,
KOTOpast IIOUTH BCera U30THYTa. ABTOp OTMEUAeT, YyTo pas-
JMYHBIM BHAAM CBOIMCTBEHHO OIYIICHHE C ONPEICICHHBIM
THUITIOM TPUXOM, TaK 4TO 3Ta XapPAKTEPHCTHKA MOXKET CITyKHTh
CHUCTEMaTHYeCKUM Mpu3HaKoM. CTeneHb ONMyIIeHHUs! CHIIBHO
BapbUPYET B 3aBUCHMOCTHU OT YCJIOBHH NPOU3PACTAHUS, HO
COOTHOIIICHHE THIIOB BOJIOCKOB MOYKHO CYMTATh TIOCTOSHHBIM
MIPU3HAKOM.

B s70i1 xe pabote (Cusosa, 1965) mns nByx BUmoB S. tari-
Jjense u S. pinnatisectum Accie0BaIach N3MEHIYUBOCTD OITy-
IIEHHs B IPOLIECCE Pa3BUTHS JIUCThEB. B pe3ynbrare HaOIo-
JICHUH 0Ka3alloCh, 4TO TPOPOCTKH S. tarijense B TEpUOL
TIOSIBJICHHS CEMS1/10JIel IMEIOT OIyIICHHE, HE CBOWCTBEHHOE
B3pOCIOMYy pacTeHHio. OTINYMs KacaloTcs MPEeUMYIIecT-
BEHHO COOTHOIIEHHS TPUXOM PA3HOTO THIA, a CXOJCTBO C
OIIYIICHHEM Yy B3POCJIOr0 PacTeHMs HACTYyNaeT JINIIb Ha
10-ii nenp nocie BcxonoB. Takum oOpa3om, pasHbIe THIIBI
TpuxoM (GOpPMHUPYIOTCS B pazHoe Bpems. Hampumep, xeme-
3UCTBIE TPUXOMBI, COJICPIKAIIINE TOJIOBKY M3 YETHIPEX KIICTOK,
TOSIBIISIFOTCSI TOJIBKO B MOMEHT (hOPMUPOBAHUS yCTHHII JINCTA,
TOT/Ia KaK TPUXOMBI JPYTHUX TUIOB (POPMUPYIOTCS Ha Oosee
pPaHHUX CTaJUSAX PAa3BUTHUS JINCTA. AHAIM3 PACIOJIOXKCHUSI
TPUXOM Ha Ha4aJIbHOM cTaanu GOpMUPOBAHUSI JIUCTA TIOKA3AJI,
YTO BOJOCKM MHUIUHUPYIOTCS B OCHOBHOM BONM3M MPOBO-
JUIIIUX TKaHEH, Orke K (POpMUPYIOIIEHCS TIIaBHOH KHJIKE.

B padore (McCauley, Evert, 1988) y copra Russet Burbank
OBUIO OTMEUEHO HAIWIHE CEKPETUPYIOMNX TPUXOM C CEKpe-
TUPYIOLIEH TOJOBKOM M3 YEThIPEX KIETOK, a Takxke Oosee
KPYITHBIX HECEKPETUPYIOIINX MHOTOKJIETOYHBIX TPHUXOM.

[Tpu u3ydeHnn yasTpacTpyKTypbl TPUXOM COpTa KapToderns
Bintje ycTaHOBIEHO HaNM4YME ABYX THIIOB CEKPETUPYIOLIUX
TpuxoM, paznuyaronmxcst o crpykrype (Lyshede, 1980).
ITepBbIii TUTT NIMEET BOCBMHUKIIETOUHYO IIAPOBUIHYTO TOJIOBKY
Ha OTHOKJICTOYHOH HOXKE. JKeJie3ucThIe KIIETKH, COCTaBIISIO-
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1K€ TOJIOBKY, COZIEpKaT MHOKECTBO BaKyoJIeH, KpyITHOE sI1pO,
MHOTOUYHUCIICHHbIE PUOOCOMBI 1 MUTOXOHAPHH, HECKOIBKO
Tester [01b/ kN 1 moTeMHeBIIHe XJtoporutacTel. [Tnactuast B
OCHOBHOM PAaCIIOJIOKEHBI BOJIM3HM OCEBOW CTEHKH KIIETKH, Ipa-
HHUYAIIEeH ¢ IEHTPAIbHBIM MEXKIIETOYHBIM IIPOCTPAHCTBOM,
3alOJIHEHHBIM ceKpeToM. [Ipenmonaraercs, 4To IIaCTHUIbI
y4acTBYIOT B (pOpMHpOBaHHM cekpera. HapyHas creHka
mokpeITa ToHKOH KyTHKynmon (Lyshede, 1980). Bropoit tun
nMeeT OyJIaBOBH/IHBIC MHOTOKJIETOUHBIC TOJIOBKH, TAKXKe Ha
OJIHOKJIETOYHOM HOXKKe. KileTouHble 0COOEHHOCTH TTOI00HBI
OTIMCAHHBIM ISl TPUXOM IIPEABIIYIIETO THIIA, 33 HCKIIoYe-
HHEM TOTO, YTO XKEJIE3HUCTHIC KIETKH HECYT OJIHY OOJBIIYIO
LIEHTPAJIbHYIO BaKyOJIb U IUIACTU/IbI, PACIIPE/ICIIEHHBIE 110 BCEH
kieTke. O0beMHOE MEKKIIETOYHOE TIPOCTPAHCTBO 3aIIOTHEHO
cekpetoM (Lyshede, 1980).

yCTaHOBJ'leHO, YTO TPUXOMBI 3TUX JIBYX THIIOB pa3jInvdaroTcCs
M0 COCTaBy copepykamuxcs B HUX coenuHeHui (Lyshede,
1980). KopoTkwue »xene3ucTbie TPHXOMBI ¢ KPYIJIOH TOJIOBKOM
(B aHINIOA3BIYHOM JTUTEpaType UX YacTO HA3bIBAIOT «THI Ay
(Gibson, 1971)) conmepxar ¢geHONbHBIE coeanHEHUs (AVE,
Tingey, 1986). bonee nnuHHBIE Kene3UCThIC TPUXOMBI ¢ Oy-
JIaBOBH/IHOI TroJioBKO# (THI B) coneprkar cioxHble d(HpbI
caxapossl (Neal et al., 1990). Cirenyer OTMETUTH, YTO IS
OOJBIIMHCTBA KYJIBTYPHBIX (hOpM KapToderns, B OTIHIHE
OT JUKUX BHUJIOB, XapaKTE€PHbI TPUXOMBI TUIIA A U KpYyTIHBIE
TPUXOMBI Oe3 OyTaBOBHIHOHN TOJOBKH M HE COAEpIKaIne
XapaKTepHOTo JuIs TpUXoM Tuna B cekpera (CM. pHCYHOK)
(Tingey, Laubengayer, 1981; Tingey et al., 1982; McCauley,
Evert, 1988; Kowalski et al., 1992).

3a|.|.||/lTHaﬂ poinb onyweHnA NNCTOBOW NIaCTUHKN

y KynbTypHbIX $popm KapTodens

M UX BUKNX COpoaunYein

VY Bo3nenbiBaeMbIX (opM KapTodens OlmymeHne — OJMH M3
BA)XXHBIX (PaKTOPOB COIPOTHUBIICHUS PACTCHHS HACEKOMBIM
(Gregory et al., 1986; Flanders et al., 1992), B wactHoCcTH
KapTodeabHOI 010xe, KapTo(eIbHOM IUKAIKE, KOJIOPAJICKOMY
xyKy (Maharijaya, Vosman, 2015), a Taxxe Tisim (Pamgenko,
2017). 3BecTHO, 4TO TeHETHUYECKOE Pa3HO00pa3ue BO3/IEIbI-
BAEMBIX KYJIBTYP C TEUEHHEM BPEMEHHU CHUIKACTCS U MOXKET
OBITH MOBBIIIEHO 32 CUET UCTIOIB30BAHNS JUKUX COPOANYIEH
KaK MCTOYHHKA CEJICKIIMOHHO 3HAYNMBIX aJuIesei.

B uccnenosanuu (Tingey et al., 1982) BrisiBICHO, UTO OITY-
IeHne TuKoro kaprodens Solanum berthaultii Hawkes., yc-
TOWYMBOTO K MOPAKEHHIO HACCKOMBIMH M PACHPOCTPAHCH-
Horo B fOxHOM AMepuke, OTIINYaeTcs OT OIyIIEHUS] COPTOB
S. tuberosum He TONBKO MO KONMNYECTBEHHBIM XapaKTePUCTH-
KaM, HO U 10 MOP(OJIOTUH TPUXOM (CM. PUCYHOK). MOXHO
3aMETHTh, YTO KOJIMYECTBO TPUXOM JJUKOIO COPOJIYA B pa3bl
Oospllie, 4eM y KyIabTypHOTO copTa. Kak m3BecTHO, TIIOT-
HOCTb PacIIOJIOKEHHUS TPUXOM SIBISIETCSI OTHUM N3 OCHOBHBIX
(haKTOpOB, KOPPEIUPYIOLIHUX C YCTOWYMBOCTHIO K HACEKOMbIM-
BpenutensM (Kennedy, 2003; Simmons, Gurr, 2005). Oxso-
BPEMEHHO C 3THM Y JAMKOTo Bujaa kaprodens HaOmonaercs
JiBa pa3HbIX TuNa (A u B) ronoBuarbix (CEKpEeTHUPYIOIINX)
TPHUXOM (CM. PUCYHOK, 6 ), TOTIa KaK Y KYJIBTypHOH (hopMbI 00-
Hapy>KeH THIT A CEKPETHPYIOIIUX TPUXOM H MHOTOKJICTOUHBIE
TPHUXOMBI O€3 TOJIOBKH (CM. PUCYHOK, ). YCTAHOBIICHO, YTO
CeKpeTHPYIOIINe TPIXOMBI 000uX THIIOB (A 1 B) coBMecTHO
obecrieunBatoT 6oisee 3(h(HEKTUBHYIO 3aIUTY OT TiH Myzus
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persicae (Sulzer), yem onun Tonbko tun A (Tingey, Lauben-
gayer, 1981), a Tak)Ke IPOTUBONEHCTBYIOT IMPOKOMY CIIEKTPY
HAaCEKOMBIX-BPEANTENEH, TAKMX KaK KapTO(eIIbHBIH MOTBIJICK
Phthorimaea operculella Zell., 6060Bast nnkanaka Empoasca
fabae Harris., xxyk-mucroen Epitrix cucumeris Harris. u mp.
(Neal et al., 1991).

CekpeT Tpuxom THna A crioco0eH 00e31BUKUBATh MEITKUX
YIIEHUCTOHOTHX, cTocoOCTBys ux rudenu (Gibson, Turner,
1977). D10 MpOUCXOANT BCIEACTBUE OBICTPOH ITOMMMEpH3a-
LM CEKPeTa TPUXOMBI, COJEPIKAIIETo MOIU(PEHOIOKCHa3Y,
MOCJIE MOBPEXK/ICHNS B PE3yNbTaTe KOHTAKTA C HACEKOMBIMHU
(Kowalski et al., 1992). bputo moka3aHo, 94TO COAEPKUMOE
TpUXoM S. tuberosum He NPOSBISET MOAU(EHOIOKCHIa3HON
aktuBHOCTH (Kowalski et al., 1992).

Bornee nnmHHBIE jKene3UCThIE TPUXOMBI THIA B BbIes-
0T CJIOJKHBIE ()UPBI CaXapo3bl ¥ TEPIICHOBBIE IIPOU3BOIHBIC,
KOTOpBIE SIBIISIFOTCS PEMENICHTAMH U CIIOCOOCTBYIOT THOEITH
HACEKOMBIX, B YACTHOCTH TJIEH M T'YCEHHII, OKA3bIBAIOIIINX-
cs Ha noBepxHoctu jucra (Neal et al., 1990; Kang et al.,
2010). MuTepecHO, 9TO COmEpKAIIUKCA B 3THX TPHUXOMAax
(E)-B-apuesun nporuBoaeiicTByeT Ti1e M. persicae He TONb-
KO HaIpsMyIo, HO M ONIOCPEA0BaHHO, ITPUBIIEKAsl TIEBBIX Ha-
e3qaukoB Diaeretiella rapae (Gibson, Pickett, 1983; Beale
et al., 2006). Kpome Toro, Haimm4ue TycToro >KeIe3nCTOro
OIyLIeHUs TUIIA B IpOTUBONEHCTBYET NOPAKEHUIO PACTEHUI
KoJIopaackuM xykoM (Pacymaru u ap., 2011).

Mertonamu Macc-CeKTPOMETPUH TTPOBEICH CPaBHUTENb-
HBII aHaJIM3 cOCTaBa CeKpeTa JUKHUX BHJIOB Kaprodes, yc-
TOWYMBBIX K KOJOPAJACKOMY KYKY M BOCIIPHMMYHUBBIX K I10-
paxenuto uM (S. tarijense, S. oplocense, S. piurae, S. acro-
glossum, S. chomatophilum, S. paucissectum), a TAK¥Ke KyJib-
TypHBIX (hopMm (Tai et al., 2014). ABTops! onpeaeniIi HabOPHI
METa0O0JINTOB, OTIIMYAIONINE TH TPYIIIBl YCTOWIMBOCTH K
KOJIOPAJICKOMY KYKY, M TIOKa3aJli KIIFOYeBOE BIMSHHE TITIO-
KOQJIKAJIONJI0B, THIPOKCUKYMapHHa 1 (DEHUINPONaHONIOB,
coziepKaluxcsl B TPUXOMax OOJBIIMHCTBA AWKUX BHIOB U
OTCYTCTBYIOIIUX Y S. tuberosum.

FEHETI/IKO-CEHQKLWIOHHbIe nccanenoBaHMA NpU3HaKa
«OnyLeHue NMCTOBON NNIACTUHKNY KapTodens
[TnoTHOE OmyIIeHNE KETE3UCTHIMH TPUXOMAMHU (CM. PHCY-
HOK), 3()()eKTHBHOE B 3alUTEe OT BPEANUTEIEH, pacpocTpa-
HEHO CPe/IM IMKUX BUAOB KapToders u paccMaTpruBaeTcs Kak
MEPCTIEKTUBHBIN MPU3HAK [UIST HHTPOTPECCHH B KYyJIBTypPHBIE
(opwmsl (Pacynarn u 1p., 2011). OcobeHHOCTH OITyIIIEHHS MO-
I'yT OBITB YCIEIIHO NIEPEHECEHBI MEXKY BUAAMHU S. tuberosum
u S. berthaultii v BIOCIEICTBUH HCTIOJIE30BAaHBI IPH CO3TaHUN
COPTOB KapTodelsi, yCTONYNBBIX K HACEKOMBIM-BPEIUTEISIM
(Tingey et al., 1982).

JUI KOMITJIEKCHOH yCTOMYMBOCTH KapTO(ens K HaceKo-
MBIM-BPEIUTEISIM OBbLIN BBISIBIICHBI JIOKYChI KOJTMYECTBEHHBIX
npusHakoB (QTL) mpu ncronb30BaHUM KapTHPYIOIIEH MOITy-
nswn S. tuberosum % S. berthaultii (¢ nByMs 6eKkpoccaMn),
TeHOTHNUpoBaHHOH npu rmomoin RFLP-mapkepos (restric-
tion fragments length polymorphism — momumopdu3m IHHBI
pecTpukIoHHBIX (hparmeHToB) (Bonierbale et al., 1994).
[Tpu 3TOM aBTOPBHI HACHTH(UINPOBAIHN JIOKYCBI KOMIUIEKCHOM
YCTOWYMBOCTH K HACEKOMBIM-BPEAUTEISIM, aCCOLMUPOBaH-
HBIE C IUTOTHOCTBIO TPHXOM U MX 3aIIUTHBIMHU XapaKTEePUCTHU-
KaMH: aKTUBHOCTBIO TTOJIU()EHOIOKCH 1351 M CHHTE30M CIIOK-
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OnyLueHne NMCTOBOW NNACTUHKN copTa KapTodensa Hudson (a) n obpasua
nmkoro Buga S. berthaultii (6). SnekTpoHHasa mukpodoTtorpadpua (Tingey
etal, 1982).

HOTO 3¢upa caxapo3sl B TpUXoMax THna A u B, a Takxe pe-
akiued pepMeHTaTHBHOIO NOTEMHEHHUSL.

OpHako Npu epeHoce B CopTa KapTodens TeHETHIECKOTO
Marepuaia JUKUX COPOJNYeii BMECTE C IOJIE3HBIMHU IpH-
3HaKaMH (B TOM YHCIIE 3AIIMTHBIM ONYLIEHUEM JIMCTOBOM
TUTACTUHKH) TIPOUCXOIUT KOCEIEKIUs HEXKEeJIATeIbHBIX MPHU-
3HAKOB, OT KOTOPBIX HEOOXOAMMO N30aBISTHCS ITyTEM JIaJlb-
HEWIIMX CKPEILIMBAHUI W YMEHBILICHHUS IO YYXKEPOIHOTO
XpOMaTHHA B TEHOME KyJIbTYPHBIX (opM KapTodes. s Toro
4YTOOBI HE TPOXOJUTH TOT IyTh KaXK/IBIH pa3, CO3al0TCs UH-
TPOrPECCUBHBIE TMHUHU, HECYIIHE TOIBKO JKeJIaeMble ITPU3Ha-
KH, YHACJIEJOBaHHBIE OT AUKUX COPOIUYEH, KOTOPbIE MOTYT
3aTeM IIUPOKO MPUMEHSTHCS B CeJIEKINH copToB. OnHOM 13
MEPBBIX YIAYHBIX JIMHUI, YHACIIEJOBABIINX OITYIIEHHE OT <1~
Kapsp» S. berthaultii, 6puma muanst NYL 235-4 (Plaisted et al.,
1992).

B pesynbrare cekBeHupoBanus renoma kaprogess (Potato
Genome Sequencing Consortium, 2011) 65111 pactrugposa-
HbI nocsenosarensHocT JJHK ero xpomocom. 310 no3Bonuio
UACHTU(UIMPOBATh I'CHBI-KaHIUAAThI, KOHTPOJIUPYIOLIHE
Ba)KHBIE CEJIEKIIMOHHBIE TPU3HAKH, HA OCHOBE CXOCTBA UX IMO-
CJIC/IOBATEIBHOCTEH C y’Ke U3BECTHBIMH IT'€HAMHU MOJETBHBIX
OpraHu3MOB, TaKuX Kak Arabidopsis thaliana. [1nst A. thaliana
TEeHBI, KOHTPOJIMPYIOIINE NHUILIUALIUIO U POCT TPUXOM, U3yHde-
HBI JIOCTaTO4HO MoApoOHO. OHM (GOPMUPYIOT TEHHYIO CETh,
BKJIFOYAIOLIYIO KaK IyTH I€peladyll CUTHAJIOB OT (UTOrop-
MOHOB (An et al., 2011), Tak u perynaropasie reasl (Hauser,
2014). M3BecTHO, YTO TOJIOKUTENBHAS PETYJSIIHUS POCTa
TpuxoM y A. thaliana oGecriequnBaeTCsl PEryIsaTOPHBIM KOM-
mrekcom MYB-bHLH-WDA40, sxirouaromum 6eroxk WD40
(TTG1), Tpu Tpanckpunuuouusix ¢akropa (TD) MYB,
npuHaanexamux k kaaccy R2R3 (GL1, MYB23, MYBS) u
yetsipe TD, otHOCsIIIXCs K Kimaccy bHLH (GL3, EGL3, TTS,
MYC-1) (Hauser, 2014). Komruiekc MYB-bHLH-WD40 cBsi-
3BIBACTCS C PEryJIATOPHBIM paiionom Oesika GLABRA2 (GL2,
T® kmacca «roMeoZOMEH» ), KOTOPBI aKTUBUPYET MPOIIECCHI
9H/IOPETYTUIMKALINN, BETBICHNS U CO3PEBAHUS KICTOYHOMH
CTEHKH, HeoOXouMbIe Jisi hopMupoBaHus TpuxoM. K duc-
JIy HETaTUBHBIX PETYIATOPOB POCTA TPUXOM OTHOCATCS TP
knacca MYB tuna R3 A. thaliana— CPC, TRY, ETC1, ETC2,
ETC3uTCL1, TCL2. HecMOTps Ha HaJW4Ke TOJTHOTEHOMHBIX
JTAaHHBIX, CEMENCTBA yKa3aHHbIX TPAHCKPHUIIIHOHHBIX (haKTo-
POB y KapTo(ens 0XapaKTepHU30BaHbl HEJAOCTATOUHO TIOJTHO.
Krnaccudukaums no tuny JIHK-cBs3bIBatommx 10MeHOB /115t
nocnenoBarenbHOcTelt TD KapTodens cymecTByeT B Oase
JIAHHBIX TPAHCKPUIIIMOHHBIX (hakTopoB pacteHuii PlantTFBD
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(Jin et al., 2017), ogHako as Goxee TOYHOTO OTPEICITCHHUS
(DYHKIIMOHAJIBHOW POJIM ATUX F'€HOB HEOOXOIMM JETAIbHBIN
aQHAJIN3 ¥ COIIOCTABICHHUE C TOMOJIOTaMH U3 IPYTHUX TAKCOHOB.
Taxoii ananm3 mpoBeneH B padore (Wang et al., 2018) s
TPaHCKPHITLIMOHHBIX (akTopoB KapTodeins kimacca bHLH,
K KOTOPBIM OTHOCSATCS TOJIOKUTENbHBIE perynaropsl GL3
(mmenTnduratop 6a3zer maHHbEIX TAIR AT5G41315), EGL3
(AT1G63650), TT8 (AT4G09820), MYC-1 (AT4G00480).
DUIOreHeTHUECKUil aHaIn3 MOCIE0BaTEIbHOCTEH OEIKOB
bHLH, npencraBineHHbIX y 4. thaliana u S. tuberosum, moxa-
3aJ1, 4YTO BCE YKa3aHHBIC BBIIIE TPAHCKPHITIIMOHHBIE (h)aKTOPbI
bHLH A. thaliana nonanatot B rpymny L, a ux OnvmkaiimmMm
roMonoraMu y kaprodens spistores O6enkn StbtHLHO97 u
StbHLH93 (Wang et al., 2018).

Heo06xo1muMo 0OTMETHTB, 4TO KoMIitiekec MY B-bHLH-WD40
Y pacTeHHH YIaCTBYET HE TOIBKO B PETYIISAIHN (POPMUPOBAHHS
W pOCTa TPUXOM, HO TaKXKe B IKCIIPECCHH TeHOB OMOCHHTE3a
anTonuanoB (Li, 2014). DTo onHa U3 MPUIHH aKTUBHOTO HC-
CJIEIOBaHUS TPAHCKPHUIIIMOHHBIX (DAKTOPOB, BOBICYCHHBIX
B (hopmupoBaHue naHHOrO Komiuiekca y kaprodens (Ctpsl-
ruHa, Xnectkuna, 2017). B padore (Payyavula et al., 2013)
st romonora 6enka TTG1 y xaprodens, StWD40, Gsuto
00Hapy»KEHO, YTO YPOBEHB €TI0 IKCIIPECCHHU 3HAYMMO MOJIOKHU-
TEJIBHO KOPPEIHUPYET C cofepKaHneM (HEeHMIITPOTIaHOHUIOB B
KITyOHsX KapTodens. Ha ocHOBe prIoreHeTHIeCKOTo aHa3a
MOCJIEI0BATENILHOCTEH OBLIM ONpe/ieIeHbl TOMOJIOTH IS
TPAHCKPUMIIMOHHBIX (akTopoB A. thaliana GL3 n EGL3 —
StbHLH2 u TT8 — StbHLH]1, a Takke mpoeMOHCTpHpOBaHa
UX JKcTpeccust B KiyOoHsx kaprodens (Payyavula et al., 2013).

B uccnenoBannu (Liu et al., 2016) ananu3upoBanucs GyHK-
IIIOHATIHHBIC PA3IHIHS AKTHBATOPOB OMOCHHTE3a aHTOITHAHOB
kaprogenss AN1, MYBA1 n MYBI113. ABTopbl npuBoasT
(hroreHeTHYEeCKUE AePEBbhs TS TOCIeI0BATEIFHOCTEH ce-
meiictBa T® bHLH, cBs3aHHBIX ¢ OOCHHTE30M aHTOIIMAHOB Y
KapTodeIs U Ipyrux BUIOB, Ha KOTOPBIX B KJIACTEP, COzlepiKa-
LIMH [TOC/IeN0BaTENbHOCTE Oenka A. thaliana TT8, monagaer
mocrnenoBarebHoCTh KapTodens StbHLH1, a B kmacrep, ko-
TOPBIH coepKuT nocinenosarensHocTs T A. thaliana GL3,
nonanaet StIAF13. Jluddepennuanbaas skcrpeccusi TeHOB
B KIIYOHAX TPEX COPTOB C pa3HOW OKpPACKOH MSAKOTH (Kpac-
HOM, TEMHO-ITypIIypHOH | 0eIoii) nccienosaiachk B pabore
(Cho et al., 2016) npu momoruu mupokomaciirabaoro PHK-
cexBeHMpoBaHus. Cpey TeHOB, IEMOHCTPUPYIOMNX T de-
PEHIMATIBHYIO KCIIPECCHUIO, B 3THX 00pasiiaX OKa3ainch IeHBI,
xomupytome Oenku StbHLH1 u StWD40. Ananu3 reHos,
ACCOIMHUPOBAHHBIX C OMOCHHTE30M aHTOIIMAHOB y KapToders,
JIEMOHCTPUPYET (PYHKIIMOHAIBHYIO POJIb OEJIKOB KOMILIEKCa
MYB-bHLH-WD40, cBsi3b BX 9KCIIPECCHUU ¢ U3MEHEHHEM
OKpACKH KaK KITyOHEH, Tak 1 TUCTheB KapTodens. OmHaxo mpu
PEKOHCTPYKILUH CHCTEMBI TEHOB, KOHTPOJIMPYIOILIHX OITyIIIe-
HUE, K 3TUM JTaHHBIM HEOOXOMMO OTHOCHUTECS C OCTOPOXKHO-
cThI0. TONBKO MIPOKOMACIIITAOHKIH aHAIH3 TIOJTHOTO Habopa
0EJIKOBBIX ITOCIIe/I0BATEILHOCTEH KapToders n uIeHTU(HKa-
U] OPTOJIOTOB MOTYT OBITh HaJIe)KHOM OCHOBOM JIJIsI TOUCKA
TEeHOB-KaH/IUATOB, BOBICYCHHBIX B KOHTPOIb OIyIICHUS
nucra. Takol aHaNn3 aKkTyasjeH M Uil OCTAJIbHBIX JIEMEH-
TOB PETYIISITOPHON CETH KOHTPOJIS OMyILeHUs1 y Kaprodes,
KOTOPBIC B HACTOSAIIIEE BPEMS OCTAIOTCA CITa00 N3yUCHHBIMH.

[TpumMeHeHHe COBPEMEHHBIX TEHOMHBIX TEXHOJOTHH M03-
BOJIMJIO M3YyYUTHh T€HETHYECKUH KOHTPOJIb OMOCHHTE3a CO-
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eAMHEeHMH, HakarmunBawomuxcs BHyTpu Tpuxom (Tissier,
2012). 3To 1amo BO3MOKHOCTh BHOCUTHh U3MEHEHHSI B COCTAB
CEKpeTa TPUXOM METOJIAaMU CEJICKIIUU U TEHHOM WHIKCHEPUH
(Glas et al., 2012). B cBsi3u ¢ TeM, 4TO TPUXOMbBI YaCTHY-
HO H30JMPOBaHbI OT BCETO OpPraHM3Ma PACTCHUS U MUMEIOT
Creu(pUIECKyI0 CTPYKTYPY PEryJIsITOPHBIX 00IaCTel I'eHOB,
KOHTposupyroumx ux pazsurue (Wang et al., 2002), oHu
CTaHOBSTCS NIEPCIEKTUBHON OCHOBOM 1JIs1 CO3/1aHUS CUCTEM,
MIPOU3BO/ISIIUX PA3HBIA HAOOP BTOPUYHBIX META0OIUTOB, B
TOM YHUCJIC TOKCUYHBIX JI1 CaMOI'0 paCTeHI/Iﬂ. Ha MOICIBHBIX
OopraHu3Max JOCTHTHYTBI YCIIEXU B MOBBIIICHUH 3aIIUTHBIX
CBOMCTB ITyTeM U3MEHEHUS YPOBHsI SKcpeccuu reHoB (Wang
et al., 2001; Glas et al., 2012). [TogoOHbBIC TEXHOJOTHU B
MEePCIIEKTHBE MOTYT CIYXKUTb JUUIsl CO3AaHHsI YCTOHYMBBIX K
OOJIBIIMHCTBY BPEAUTENCH COPTOB KApTO(EIsi, 4TO MO3BOIUT
CBCCTU HA HET HCOGXOHI/IMOCT]) HpI/IMeHeHI/IH HNHCCKTULIUI0B
JUIsl COXpaHEHUsI ypOoKasi.

MeTopbl oLleHKN XapaKTepucTmk

TpUXom Kaptodens

Omny1uieHue JMCTOBOH IITaCTHHKHU KapTo(erst 001aiaeT AByMsI
COCTaBJIAOIIMUMHA, SHAYUMBbIMHU JIJIA HaHpaBﬂeHHOﬁ CCJICKIIMN:
MOP(OTIOTHIECKOH (TUTIBI TPUXOM, UX KOTMYECTBO) U OMOXH-
MHUECKOH (cofeprkaluecs B TPHXOMax BEIIECTBA).

I[J'lﬂ OLICHKU COACPIKAaHUA TEX WJIM UHBIX BEIICCTB IMPpUME-
HSIOT XUMHYECKUH aHaN3 WIn Macc-criekrpomerputo (Tai
et al., 2014). Dro TpymoeMKne TpOLEIypPhl, TO3BOJISIOIINE
JIOCTaTOYHO TOYHO OLIEHUTh COCTAB CEKPETUPYIOLINX TPUXOM.
OHAKO MHOXECTBO JIAaHHBIX CBUJIETENIBCTBYET B ITOJIB3Y TOTO,
YTO COCTaB CEKPETa TPUXOM BO MHOTOM OIIPEAECISIETCS MX
mopdoorueit (Tingey et al., 1982; Antonius, 2001; Kang
et al., 2010), mosToMy Ui 1IeNel BBICOKOTIPOU3BOAUTEIH-
HOTO (h)CHOTHUIHMPOBAHUS B MIMPOKOMACIITAOHBIX ITPOEKTAX
BO3MOXHO IMPUMECHATH KPUTECPHUU, OCHOBAHHLIC Ha OLICHKE
MOP(HOIOrHIECKOTO THIIA TPUXOM.

Jst ortrcanmst MOp(OIOTHH TPUXOM HINPOKO MCIIOb3YeTCs
CKaHHpYomIast 3JeKTponHast Mukpockomnus (Edmonds, 1982;
Tingey et al., 1982; McCauley, Evert, 1988). Otot meTon 11o3-
BOJISICT JICTAIIEHO OIHCATh KayK/Ty0 TPUXOMY, OLICHHUTH (hopmy
1 B3aMMHOE PaCIOJIOKEHHE KIIETOK OCHOBAHUSI M TOJIOBKH,
ocobennoctu noepxHocTd (Edmonds,1982). Bmecte ¢ Tem
Y METOJ1a €CTh OTpaHHUYCHUSI, CBSI3aHHBIE CO CKOPOCTBIO 00pa-
00TKHU 00pasIOB, U OH TPEOYET BeChMa JOPOrOCTOSIIIETO 000-
PYZOBaHHMS, HOATOMY HE HOIXOIHT JUI MACCOBOTO aHAIN3A.

TpanuIMOHHBIM SIBIISICTCS IPIMEHEHUE CBETOBOM MUKPO-
ckornu (Luckwill, 1943; Channarayappa et al., 1992). Drot
METOJ IIPOCT U TIO3BOJISIET OTIINYATh OCHOBHBIE TUIIBI TPUXOM
JIpYT OT Jpyra, a TaK)Ke OIEHMBATh WX KOJIMYECTBO M pac-
TIOJIOXKEHUE.

[Ipu mmpokomMacmTabHON CENEeKIIMOHHOH paboTe BO3HU-
KaeT JIOTIOJHUTENbHAS 33/1a4a, CB3aHHAsI C YCKOPEHHEM U
ONTHMU3AIMEN BCEX MMPOIIECCOB aHaIN3a FeHoTUNa U (heHo-
tumna. [Ipu 3ToM a7 TpuxoM KapTodens pa3padoTaHbI CHC-
TEMBI KOMIIEKCHOTO (DeHOTHUIIMPOBAHUS C TIOMOIIBIO CIIEK-
Tpomerpuueckux noaxonos (Cobb et al., 2013). Onxako oHu
HE YYUTBIBAIOT NPU3HAKH TPUXOM JOCTATOYHO ITOAPOOHO.
Haobopot, Mopdoorus TpuXoM MO>KET BHOCHUTD IIIYM B PSJ
n3MepsieMbIX xapakrepucThk (Araus, Cairns, 2014).

Bruta mpeaoxkeHa TEXHOIOTHS OBICTPOI KOTMIECTBEHHOM
OLICHKH XapaKTEPHCTHK OIYIICHUS y KapTodens uis 3a1ad
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TEHETHKH U CEJIEKIIMHU ITOU KyJIBTYPbl, OCHOBaHHAsI Ha [OJTyde-
HHUH 1 KOMITBIOTEPHON 00paboTKe KOHTPACTHBIX H300pakeHUH
cru6a nucrta. [IpeanokeHHast TEXHOIOTUS OITUCAHUS OITyIIIe-
HUSI IOBEPXHOCTH JIUCTA KApTO(DEIs C TOMOIIBIO ITPOrpaMMBI
LHDetect2 (Genaev et al., 2012) mo3BosieT MpoBECTH OLIEHKY
YHcia TPUXOM U uX AiuHbI (JJopommkos u ap., 2016a). B aToit
TEXHOJIOT'MH Ha IAHHBI MOMEHT OTCYTCTBYET Paclio3HaBaHHE
THUITa TPUXOMBI, OIHAKO B CBSI3H C TEM, YTO pa3Mepbl TPUXOM
Pa3HBIX TUTIOB Y KapTO(eJIst 3SHAUMTEIFHO Pa3IndaloTcsl, €CTh
BO3MO)KHOCTb OLIEHUTh UX KOCBEHHO IO Pa3Mepy.

IpennoxKeHHbIH METO/I OLIEHKH KOJIMUECTBEHHBIX XapaKTe-
PHCTHK OIYIICHHUS JINCTOBOW IIACTUHKH KapTO(es ImoKa3ai
BBICOKYIO IIPOU3BOAUTENBHOCTD. C €ro MOMOIIBIO TTOTYy4€eHbI
KOJIMYECTBEHHBIC XaPAKTEPUCTUKHU OIMYIICHHS JHUCTHEB IS
35 copToB KapTOdeIs, BBIICICHBI COPTa, UMEIOIINE Hanbosee
uHTeHCUBHOE onyieHue (Benukan, Tanaii, KemepoBuaHuH,
Tanro) (JopomurkoB u 1p., 20166).

3aknioyeHune

Tpuxomsl KapTodens SBISIOTCS MEeperloBOH JIHHUEH 000-
POHBI ITPOTHB PACTUTEILHOSIHBIX HACEKOMBIX M BO3OYIH-
Tenelt 6onesHed. Ha HacTosiiem atamne pa3BUTHS CEIEKIUU
3TOW KYNBTYPBI B PAMKaX KJIACCHYECKUX CEJEKIIMOHHBIX
MIPOTPaMM, a TAKIKE METO/IOB T€HHOM HHKCHEPUH BO3MOXKHO
Oosee MIMPOKOE BOBJIEUEHUE JAHHOIO MPHU3HAKA C LEIbIO
CO3aHus Han0oJIee MOIXOAAIINX XaPAKTEPUCTHK OITYIIEHHS
JUISl YCUJICHUSI 3aIIUTHI pacTeHU oT Bpeauresneii. [Ipumene-
HHUE COBPEMEHHBIX ITCHOMHBIX METOJ0B IMOPOANUIIO 60ﬂbHJOI>i
MAacCHUB JJAHHBIX O TEHETHUECKUX OCHOBAX PA3BUTHSI TPUXOM
1 OMOCHHTE3a Pa3INUHBIX COSANHEHNH, CONECPKAINXCS B UX
cekpere. B CBsI3M ¢ TEM YTO CyIIECTBYET aCCOIMALIUS MEX-
Iy MOp(hOJIOTHEH TPUXOM U WX 3allIUTHOW POJIBIO, HOIDKHA
MPOBOAMTHCS IIMPOKOMACIITAOHAsI CeJeKIMOHHas paboTa
C HCINOJIb30BAaHUEM METOJOB BBICOKOIPOU3BOAUTEIHBHOIO
(heHOTUTTHPOBAHUSI MOP(HOTIOTHH TPHUXOM.

bnarogapHocTn

Crarbs TOATOTOBIICHA B PaMKax JOTOIHUTEILHON TEMBI T0-
cynapcteennoro 3ananus ULul" CO PAH no 6uopecypcHbM
kosutekiusM (rpoekt Ne 0324-2017-0001 « MTuBeHTapu3anus
1 pa3BHUTHE KOJUTEKINHU [ eHATPOY).

KoH)NuKT nHTEepecos
ABTOPEI 3asBIISIOT 00 OTCYTCTBUH KOH(IMKTAa HHTEPECOB.
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