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MEHTOP:

Ap T'opaana Illypaarn Momuposwuh, peaosan mpodecop,
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YAAHOBM KOMMCHJE:

Ap Caasen ITpoaanosuh, peaoBHu npodecop,

Vuusepsurer y beorpaay, [Torsonpuspeann daxyarer

Ap Arxunia Kosanh IInmka, Buinm HaydHd CapaAHHK,

WMucruryr 32 parapcrso n nosprapcrso, Hosm Caa

Ap Tomucaas ZKusanosuh, peaosau npodecop,

Vausepsurer y beorpaay, [losonpuspeann dakyarer

Ap Aaexcaapa Hacracuh, pumm mayann capaAHUK,
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Aatym oAGpane:



Uempancusarea obyxeahena osom doxmopckom oucepmayujom cnposedera ¢y y Mucmumymy 3a
pamapemeo u nospmapemeo y Hosom Cady. Pesyamanu ose doxmopexe ducepayuje deo ¢y pesyamana
Hayuonannoz npojexma Munucmapemea npocseme, nayke u mexmonomko: passgja (I'P-31073) u

bunamepantoe npozpama ,,Ilasae Casuh* usmehy Cpéuje u Oparnyycxe (DIVERZEATY).

O0 cpya ce saxsamyjem ceojoj mermopru us Vrnemumyma sa pamapemeo u nopmapemeo, op
Anxuyu Konouh LLnuxu, na pasymesary, nodpuyu u Kopucnum cagemuma y c6um paama uspade
dokmaopee ducepmayuye.

Hexperno ce saxeamyjem cegjoj menmopru ca Ilomonpuspednoe gparyamema y emyny, npogp. op
L'opoanu ILlypaan Momuposuh, na sesuxoj nomohu u npedycem.wugocmu, e camo npusuKoM nucarba

pada, seeh u moxom wumasux cmyouja.

Beauxy saxeannocm oweaum oa ynmymum npog. op Cuaaserny Ilpodarnosuly, Ilomonpuspedroe
Garyamema y 3emyiy, Ha crederHoM sHarwy U nOOCIIpexy MOKOM ciyouja u uspade oucepmayuge.

Saxeanrocm oyeyem npogp. 0p Munemy Hearnosuhy, op Munucasy Cmojaxosuhy, op 1oparny
Bexasyy u op ‘Bophy Joyxosuhy na busmiom mamepujany u nomohu npusuxom ussoherwa ozaeda.

Keaum  da ce  saxeanum csojum  Opacum  Kosecama sbumanu  bpbaxauh u  Aywarny
Crmanucas.wesuhy Ha Hecebuuroj nomohu xada je buia Hajnompebruja.

I ocebry saxeantocn dyeyjem céom cynpyzy, podumesntuma u Gpanty Ha nooputyu u /ybasu.



MoaekyaapHa u peHoTUIICKAa KapakTepu3anuja HC naGpea aAnHMja Kykypy3a

Pesume: Kykypys je OmmHAa BpcTa KOja HCIOAABA BEAUKY (DEHOTHIICKY M TEHETHYKY
BapHjaOMAHOCT. Y OBOM PaAy H3BpIIEHA je (DEHOTHIICKA M MOAEKYAApPHA KapaKTepU3aIluja
AMBEPIEHTHHX HHOPEA AHHH]A KYKYPy3a KOje C€ KOPUCTE y OITACMECEbHBAYKIAM IIPOrPAMUMA
1 KOje IIPEACTABA>A)y MOTYhH H3BOP aA€Aa €A ITIO3UTHBHHUM YTHIIAjeM Ha arPOMOHCKI BaiKHE
ocobuue. Takohe, HAeHTH(UKOBAHH Cy aACAH KAPAKTEPHUCTUYHU 3a OApebheHe
XeTEpOTHYHE TIPyle U YyIBpheHe cy MOTEHIMjaAHO 3HadajHe Bede m3Mmehy mapkepa u
arPOHOMCKH BaKHHUX CBOjCTaBa IPHMEHOM aCOIIMjaTHBHE aHAAU3E, €A IIHAEM  AAsCE
IIPUMEHE § MapKep aCHCTUPAHO] CEACKIM|H. AHAAUMSHPAHN MATEPHjaA CACTOjao ce OA 96
MHOPEA AHHHja H3 9YETHPH XCTCPOTHYHE IpyIe. TpHAeCeT IIeCT MHKPOCATEANTCKUX
Mapkepa KOpHIIhEeHO je 32 HM3padyHaBalbe IIapaMeTapa AMBEP3UTETA IE€HCKHUX AOKYCa.
[IpumerseHe Ccy TpH KAACTEp aHAAM3E HA IOAALIIMA AOOHJEHIM MOACKYAAPHOM aHAAH3OM.
[Tomcku OTAEAR CY ITOCTAaBASEHH Y TOKY ABE TOAMHE, ITO IIOTIIYHO CAYYajHOM OAOK CHCTEMY
Ca TPH IIOHABAArba. \eCKPUITTUBHA CTATHCTHKA, AHAAN32 BAPUjaHCE, AHMHEAPHE KOPEAAITH)je
U aHAAHM34 IAABHHUX KOMIIOHEHTH H3padyHaTe cy 3a 13 ocoOmmua. Bese mamehy mapkepa n
ocobuHa yrBpheHe Cy IPHUMEHOM OIIIITEr M MEIIOBUTOI AHMHEAPHOI MoAeAa. IIpocedan
Opoj aneAa u3HOCHO je 8,3, mpocedHa HOAUMOP(MHOCT IOJEANHAYHUX AOKyCa U3HOCHAA je
0,64, a mporenar perkux asera 8,5% 1o Aokycy. YoueH je Behn reHeTHIKH AMBEP3UTET
koA BSSS mero xoa Lancaster auanja. Burme oa tpehnne aseaa 6HAO je KapaKTEpUCTIIHO
3a CaMo jeAHY rpyiry. PesyAraty kaacTep aHAaAM3a Cy V¥ BEAHKO] Mepu OuAn y MehycoOHOj
CArAaCHOCTH. AHAAM3a BAPHjaHCE YKa3aAa j€ Ha IIOCTOjalbe CTATUCTHYKH 3HAYAJHHX
pasauka ocobnna mehy HHOpeA AMHMjaMa, TOAHAMA U AOKaAWTeTHMA. PesyATaTn Kaactep
aHAAN3e (DEHOTHIICKUX IIOAATAKA OMAM Cy Y MaH0j MEPH CATAACHU Ca IICAUTPEHMA AHHHJA,
HEIO pe3yAaTd aHAAU3E MOACKYAAPHUX ITOAQTaKa. AHAAM3a TAABHUX KOMIIOHECHTH
H3ABOJHA2 J€ AHMHHjE IIpEMa XETEPOTHYHHM IpyIlaMa M HMCTAKAd FbHUXOBE OIIIIITE
kapakrepuctuke. Beaukn Opoj yrBpheHmx aseaa mapkepa ca CTAOMAHHM ITO3HMTHBHUM
edpexTMa Ha IIPUHOC yKa3yje Ha MOryhu 3Ha4Yaj OBUX MapKepa y OIIACMEEbHBAIbY KYKypys3a.
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Molecular and phenotypic characterisation of NS maize inbred lines

Summary: Maize has great phenotypic and genotypic variability. In this study a diverse set
of maize inbred lines used in breeding programmes as a potential source of alleles with
positive effects on important agronomic traits, was characterised at phenotypic and
molecular level. Furthermore, alleles specific to heterotic groups were identified and
potentially significant associations between markers and important agronomic traits which
could be employed in marker assisted selection were determined. Ninety eight inbred lines
from four heterotic groups were analysed. Thirty six microsatellite markers were used to
obtain parameters for genetic diversity and three claster analyses were employed based on
molecular data. The field trials were set in randomised block design with three replications
during two years to acquire phenotypic data. Descriptive statistics, analysis of variance,
linear correlations and principal component analysis were performed for 13 traits. The
associations between markers and traits were identified by the application of general and
mixed linear model. The average number of alleles was 8,3, the average value of
polymorphism information content was 0,64, whereas the percentage of rare alleles was
8,5%. Greater genetic diversity of BSSS inbred lines compared to the lines from Lancaster
group were observed. More than one third of alleles were specific to only one of these two
groups. The results of cluster analyses were to a large extent in agreement with each other.
Analysis of variance indicated statistically significant differences in traits among inbred
lines, years and locations. Cluster analysis based on phenotypic data was in less consistent
with pedigrees of the inbred lines than the cluster analysis based on molecular data.
Principal component analysis grouped inbreds into heterotic groups and indicated their
general characteristics. A large number of identified marker alleles with stable positive
effects on grain yield suggested the potential importance of these markers in maize
breeding.
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1. YBOA

1.1 3maugaj kykypysa

3axBasryjyhu cBOjoj Beoma INHPOKO] YIOTPEOH Y HCXpaHH ASYAH U Aomahwmx
KUBOTHUIbA, KYKypy3 (Zea mays L.) je, nopea muenwurie (Triticum aestivum 1.) um numpumdga
(Oryza sativa 1..), Haj3sHAYAJHU]A 1 HAj3ACTYIL/SEHU]A KUTApHIA Y cBeTy. Kykypys mma BeAnkn
3HAYA] H KA0 CHUPOBHHA y IpexpaMOeHO], mpepahuBadkoj, hapMarieyTckoj HHAYCTPHjU U 32
AOOHjarbe BEAHKOr OpOja IIPOU3BOAA IOIYT: OMOETAHOAR, IIAACTHKE, ACIIKA, 0Oja, AAXE3HBA,
IIECTHITNAL, EKCIIAO3UBA, CKpOOa, yada, aAKOXOAHHX Imha, 3acAabmBada, TEKCTHAHHX
BAAKAHA, CAIlyHA H APyrux. AOAAaTHA BPEAHOCT OBe OHAHE BPCTE OTACAA CE H Y
OAATOTBOPHUM 3APABCTBEHUM CBOjCTBHMAa OHOAKTHBHHUX JEAHIbEIbA KOja CE AOOHjajy H3
KYKypy3a.

CBercka IIPOH3BOAIbA KYKYPY3a H3HOCH OKO 1 MHAHjapA€ TOHA 3pHA TOAHMIIIHE U
oaBHja ce Ha OkO 184 MHAMOHA XeKTapa, ca IPOCeUHHM IPUHOCOM OA 5,5 t/ha. V Cpbuju,
KyKypy3 ce raju Ha oko 1,19 mmamona xexrapa, ca mpoceannm npuHocoM oA 4,9 t/ha n
VKYIIHOM IIPOM3BOAEOM OA IIpEKO 5,9 MHAMOHA TOHA MEPKAHTHAHOT M OKO 30 Xmaasa

ToHa cemeHckor kKykypysa (FAOSTAT 2013).

1.2 CucremaTnka KyKypy3a

Kykypys je jeAHOrOAHIIIEbA, CTPAHOOIIAOAHA U MOHOEIIH|CKA OMAKA Ca Pa3ABOJEHIM
MYIIKAM M KEHCKHM IBacTHMa Ha Ommnn. Hammomaann nenTap 3a OHMOTEXHOAOIIIKE
unadopmanje (National Center for Biotechnology Information, NCBI) n Vndopmarmona mpexa
reneruakux pecypca (Germuplasm  Resources  Information Network, USDA, ARS, GRIN)
pearaxy caeachy kaacudukarmjy Kykypysa:

Haamapcrso: Eukaryota

[apcrBo: Plantae - Gumke
[Toamapcrso: Tracheobionta - BackyaapHe Onoke
Haapasaeo: Spermatophyta — cemenmuie
Pazaeo: Magnoliophyta — 1BetHuIIe
Kaaca: Liliopsida — moHOKOTHAE

TTorkaaca: Commelinidae



Pea: Poales/Cyperales
®ammanja: Poaceae - Tpase
[Tordamuamja: Panicoideae
[Taeme: Andropogoneae
Poa: Zea
Bpcra: Zea mays L. - kykypys

Poa Zea mva nier spera: Z. diploperennis H. H. 1ltis et al. (BurreroaunIema AMITAOMAHA
teosunra), Z. perennis (Hitchc.) Reeves & Mangelsd. (BuimeroAuiimsma TeTparmaOnAHA
tTeosunta), Z. nicaraguensis H. H. Iltis & B. F. Benz (jeaHoroawuttssa Teo3unra), Z. luxurians
(Durieu & Asch.) R. M. Bird (jeamoroammsma teosunta) u Z. 7ays L. (jeAHOroAmImma
AUITAOMAHA BPCTA KOja OOyXBaTa KYKypy3 M Apyre TeosumHTe). Y OKBUpPY Bpcte Z. mays L.,
omHCaHe Cy d4eTHpu IHOoABpcre: Z. mays L. subsp. mays (xykypys), Z. mays L. subsp.
huehnetenangensis (H. H. Iltis & Doebley) Doebley, Z. mays L. subsp. mexicana (Schrad.) H. H.
ltis u Z. mays L. subsp. parviglumis H. H. 1ltis & Doebley.

Pannja moaesa Kykypysa Ha BEAUKH OpOj IIOABPCTA yKa3yje Ha BEAUKY Pa3HOAHUKOCT
dopmu oBe OmmHe Bpcre. A\ATHHCKH HA3HBH OBHX IIOABPCTa OIIHCY)y ©OOjy, XEMHjCKH
CacTaB CeMEHa, OOAMK 3pHA HAW IIPUCYCTBO IAeBuua: Z. curagna Molina, Z. indentata
Sturtev., Z. indurata Sturtev., Z. japonica Van Houtte, Z. mays var. alba Alef., Z. mays var.
Slavorubra Korn., Z. mays var. indentata (Sturtev.) L. H. Bailey, Z. mays var. indurata (Sturtev.)
L. H. Bailey, Z. mays var. japonica (Van Houtte) Alph. Wood, Z. mays var. leucodon Alef., Z.
mays var. saccharata (Sturtev.) L. H. Bailey, Z. mays var. tunicata Larrafiaga ex A. St.-Hil,, Z.
mays var. vulgata Korn. & H. Werner u Z. saccharata Sturtev. Aanac ce oBH Ha3HBU CMaTpajy

CUHOHNMHAMA HA3UBA /. mays subsp. mays.

1.3 TTopexao u eBoAyIHja KyKypy3a

Cmarpa ce Aa je Kykypys Iopekaom m3 Mekcnka u Aa je Hactao oAomahmBarbem
jeAHOrOAMIIIEbE TeO3UHTE (Z. mays ssp. parviglmis) npe 7 Ao 10 xmmasa roamna (van
Heerwaarden et al. 2011). Ilpe 5-12 mMmAmoHa TOAMHA, AOIIAO je AO TETPALIAOHAH)C,
OAHOCHO VABOCTPyYaBama T€HOMAa, M CTBAparba ABA ITOATEHOMA AAOTETPAIIAOHMAH|OM.

AaromM eBOAYLIIJOM KYKYpPy3a AOIIIAO j€ AO HEJEAHAKOr I'YONTKA HEKUX YABOCTPYYCHHX I'€HA

(Schnable et al. 2009, 2011). Ha oBy mnojaBy ykasyje IpPHCYCTBO BEAHKOI Opoja



VABOCTPYYCHHUX TI'€HAa M TICHCKHX CEIMCHATa Ca KOAHMHCAPHUM PEAOCACAOM Yy TICHOMY

kykypysa (Wang et al. 1999, Matsuoka et al. 2002).

1.4 IlTupewe KyKypy3a u3 neHTpa nopexaa y Espony u baakan

Kyxypys mma mupok apeaa rajema, oa 58° ceepre reorpadeke mmupuae Ao 40°
jyxue reorpadcke mupune u A0 upexo 4000 m HaamMopcke BucHHe. Y IPETKOAYMOOBCKOM
IIEPHOAY, KYKYpy3 ce M3 IeHTpa mnopekAa, Mekcuka, npomupruo Ha CeBepHy H JyimKHYy
Amepuky. Yopszo mHakoH npsor KoaymMOOBOr AoAacka Ha aMEpPHYKH KOHTHHEHT, 1492.
roauHe, Kykypys je ca Kapuba mnpemer y Espony mnpeko Illmanumje m parmmpen y
MEAUTEPAHCKE 3eMAde. HakoH mpBe HHTPOAYKIHjE, YCAGAHAO je€ APYIO IIPEHOIIEH-E
KYKypy3a TBPAYHIIA M3 YMEPEHOI KAMMATA CEBEpPOMCTOYHE AMmepuke y ceBepHy Epporry
mo4eB oA mpse morouHe 16. m Tokom 17. Beka (Rebourg et al. 2003). Kyxypys je Ha
baakar aomer mpexo Typceke, I'puke n Mrasnje (Berennje) y 16. Bexy (Trifunovi¢ 1978).
Ty 1pBH TBPAYHIIM KAPHIICKOT IIOPEKAA Cy CE Ha HAIIMM IIPOCTOPHMA YKPINTAAH Ca
KACHHU]¢ HNHTPOAYKOBAaHHM TBpPAyHInMa n3 Mekcuka m Anaa, a 3atum n n3 CesepHe
Amepuke, 1 OHAU Cy IPHAArOhHEHHU Tajersy y OPACKHM KpajeBHMa. YHOIIEHEM KyKypy3a
3ybana u3 T13B. KykypysHor mojaca CAA, xpajem 19. Bexa, n ykpimramem ca mocrojehmm
TBPAYHIIIMA CTBOPEHE CYy BHCOKOIIPOAYKTHBHE COPTE T3B. €BPOIICKOI KYKYPY3HOT IIOjaca.
OsBe oaomahene copre rajuae €y ce CBe AOK HHCY OHAE IOTHCHYTE W3 IIPOU3BOAIBE

yBohemem xubpuaa, messecerux roanna 20. sexka (Parosuh u Jeaosar 1995).

1.5 AuBep3urer KyKypy3a

Kykypys, 6yayhu crpanoornroana 6uasHaA BPCTa, HCHOAABA BEAUKY (DEHOTHIICKY U
IEHETUYKY BapUjaOHMAHOCT. BeAnka pasHOAHMKOCT yCAOBa rajerba KyKypy3a AOIPHUHEAR je
CTBapa}by AI/IBepFCHTHHX HOHyAaHI/Ija HpI/IAaI‘ObeHI/IX p3,3 AMYHUTHUM 3CM/>HUIITHUM,
KAIMATCKUM ¢ OHOAOINKAM YHHHOIMMA. AAalTanuje Ha CHEIMHMUYIHE AOKAAHE
arPOEKOAOIIIKE YCAOBE Iajerba AOBEAE CY AO CTBapamba PasAnduTUX (POPMH KYKypysa, Koje
ce pa3AHKyjy He camo 1o Mopdoaomkum (060ja, BUCHHA, OOAUK U XaOUTYC, Pa3BHjEHOCT
KOPEHOBOI' cHCTeMa), Beh 1 110 PU3HOAOIIKUM (PAHOCTACHOCT, OTIIOPHOCT Ha OOAECTH U
IIETOYNHE), OHOXEMUjCKHM (CaApiKaj yada, AMHHOKHCEAWHA, IIPOTEHHA, CKpoOa),
ATPOHOMCKHM (ITPOAYKTHBHOCT, CAAP:Kaj BAATe, YBPCTHHA CTA0AQ) M TEHETHIKIM OAAHKAMA

(pasauxke Ha Husoy AHK).



2. TN/ NCTPAKMIBAIHA

OCHOBHH IIHA>EBU UCTPAKUBAIHA CY:
- (peHOTHIICKA OIICHA ATPOHOMCKH 3HAYAJHHUX OCOOMHA M IIOJEAMHHX OCOOMHA HHOPEA
AuHHja Kykypysa npema UPOL” aeckpurnrropy,
- MOACKYAApPHA aHAAN32 MHOPEA AMHUIja IIPUMEHOM MHKPOCATEAHTCKAX MapKepa KOju Cy,
IIpeMa AHTEPATYPHUM IIOAAIIMMA, IIOBE3aHM C IIPUHOCOM, KOMITOHEHTAMA IIPHHOCA U
APYTHM Ba)KHHM arpOHOMCKIM OCOOMHAMa KyKypy3a,
- KAaacuUKanpja IEHOTHIIOBA KyKypy3a IpeMa pe3yATaTuMa (PEHOTHIICKE OIEHE H
MOACKYAQPHE aHAAHS3E,
- IIPOLIEHA TEHETHYKE CAUYHOCTH U OAHOCA MHOPEA AMHHIja KyKypy3a Ha OCHOBY yTBpheHe
aAE€AHE AMBEPIEHTHOCTH M HACHTH(HKAIIM]ja AA€Ad KAPAKTEPHCTHYHHUX 3a OApehene
ICHOTHUIIOBE UAH XETCPOTUIHE IPYIIE,
- IIpoIleHa U VIBphuBarbe CarAaCHOCTH I€HETHYKE CTPYKTYPE Ca ITOAAITIMA O IEAHTPEHMA
AMHHjA KAACTEP aHAAU30M U
- yrBphuBame MOTCHIIMjaAHO 3HAYAJHUX Be3a H3MEhHy Mapkepa M arpOHOMCKH BaXKHHX
OCOOHHA IIPUMEHOM aCOIM]aTHBHE aHAAU3E, CA IIH/SEM Ad/oE IIPHMEHE CEACKIU)H IToMohy

MapKepa.



3. IIPETAEA AUTEPATYPE

3.1 3nayaj u npuMeHa BApUjaOHMAHOCTU KyKypy3a

Kykypys ce OAAHKyje BEAHKHM aACAHHM AHBEP3UTETOM U (PEHOTHUIICKOM
Bapujabuanonthy. OA merose Aomectukanuje, upe 10 xumvasa roanna (van Heerwaarden
et al. 2011), aAuBep3uTeT TEHA U aA€Ad KYKypYy3a ce ITOoBehaBao IOA yTHIIajeM BEAHKOr Opoja
upHpAara. [Iporox rema msmehy TeosmHTE M IOmyAanmja KyKypysa, CTPAaHOOIIAOAHA
IIPUPOAA KYKYpy3a, IIPHPOAHA M BEINTAYKA CEACKIIHja, AAAITAIIMja HA HOBE Iajerba,
peKOMOMHAIIH]je TEeHa, I€HETHYKH APUPT (IIOMAK), MyTalldje, TPAHCIIO30HH MU APYIH
YMHHUOLH AOIIPHHEAU Cy HACTAHKY CBe Beher amBepanureTa rmocrojehe repMmiiaasme Kykypysa
(Walbot 2009).

V pamum daszama rajema KyKypysa, OBa PasHOAHMKOCT KyKypy3a IIPBOOHTHO je
CAY/KHAQ KaO HU3BOP BapHUjaOMAHOCTH 3EM/ASOPAAHHUIIIMA IIPHAUKOM OAabHMpa OO0mHX
OmAaKa M3 AOKAAHHX IIONIYAQIlMja, 4 AAHAC je& OA BEAHKOI 3HAYaja 32 OIIACMCIbUBAIbE
IIPHAMKOM CTBaparba XHOPHAA U TCHETHKY IIPH AHAAN3H 3HAYAJHUX OCOOMHA.

CaBpeMEHO OIIAEMEIUBAILE KYKYPY3a ITOAPA3yMEBA HCTOBPEMEHY CEACKIIH)Y BHUIIIE
0COOMHa, TeCcTHUpama y pasAmduTuM (azama pasBuha Omdmaka M IITHKAYCA CEACKIHjE U
€BAAYALIH]Y BEAUKOT OpPOja IIOTOMCTBA U3 VKpIITamba. [{nreBu omaemMemnBama KyKypysa Cy:
BUCOK M CTaOMAAH IIPHHOC 3pPHA, IIPHAATOASHBOCT HA PA3AHYNTE EKOAOIIKE YCAOBE
(pasAmdgmTe AYKHHE BErETALIM]e, THII 3EM/AHINTA, AOHOTHYKM CTPeC), MoryhaocT
MeXaHH30BaHe OepOe (4BPCTO CTAOAO H KOpPEH, Op30 OTHYINTAEE BAAre), IIOMKE/oaH
XEMUJCKA CACTaB 3PpHA HAM CHAQKE M OTIOPHOCT Ha upeoBAabyjyhe Ooasectn u
IIITETOYNHE.

Jeana oA caBpeMEHHX IEHETHYKHX METOAA 3a yIBphuBame rema koju oapehyjy
CAOKEHE M arpOHOMCKM 3Ha4ajHe OcoOHMHe je aconmjaruBHa aHaAsmsa (Yan et al. 2011).
[IpeaycaoB 32 m3HaA@KEEE Be3a H3Mehy TIeHETHYKMX YHHHAAA U (PEHOTHIICKE
BApUjaOMAHOCTH aCOIIMjaATHBHOM aHAAM3OM j€ CTBAPAbE ITAHEAA IEPMIIAA3ME KOjH
00yXBaTa BEAHKH ACO VKYIIHE BapHjaODMAHOCTH HWCIHMTHBAHE OCOOHHE, OAHOCHO
I€HOTHUIIOBE C4 MHOTOOPOJHHM KOMOHHAIjaMa aseAaa Beher Opoja AOKyca, ITO3HATUX U KAO

xanaoTtunosu (Zhu et al. 2008).



3.2 T'enoMm KyKypy3a

Kykypys mma #=10 XaITAOMAHHX XpPOMO30Ma, 32 PA3AHUKY OA BehmHe IpHIIaAHUKA
maemena Andropogoneae KOA KOJHX je OCHOBHH OpOj XpOMO3OMa #=5, IITO yKasyje Ha
AYIIAHKAITH]y TEHOMa U TETPAIIAOMAHO ITOPEKAO Kykypysa. Oxo 72% remoma Kykypysa je
VABOCTPYYEHO y ABa ITOAreHoma. Mehyrnm, 300r AeANMHYHE AYIAHKAIIHjE M 3HAYAJHHX
CTPYKTYPHHX IIPOMEHA Y TOKY E€BOAVIIHjE€ T€HOMa, KYKypy3 HEMa XOMEOAOTHE XPOMO3OME
(Schnable et al. 2009, 2011). VcaeA OpojHHX TpaHCKAOKAIIHja, HHCEPIIHjA, ACACIIH]a,
MHBEP3Hja M AYIAHKAIIHjA, AOIIAO j& AO HApyIIaBamba MHKPOKOAMHEAPHOCTH, OAHOCHO
peaocaeaa yaBocTpydeHux reHa Kykypysa (Fu and Dooner 2002, Song and Messing 2003).
AyIIAUpaHN TeHH, aPaAO3H, KOjH ce MehHyCOOHO MOIy 3HATHO PA3AHKOBATH HAU OHTH
CKOPO HMAGHTHYHH, OMOTyhyjy eKclpecHjy BHIIIE OA ABa aAeAa jeAHor rema. Opa 11ojaBa
aompuHOCcH Behoj CTaOHMAHOCTH IEHOTHIIA y PA3AHYHUTHM YCAOBHMA CpeAmuHe, Behoj
deHoTHIICKO] BapHjaOMAHOCTH M MOIYHHOCTH ITO3UTHBHE CEAEKIIHjE€ M IIPEHOIICHbE Ha
ITOTOMCTBO HEKOI' PETKOI aA€AA €A HO3HTUBHUM edeKToM Ha IoxesHy ocoouny (Emrich
et al. 2007).

[Ipomemyje ce Aa ce ykyman Opoj (PYHKIIMOHAAHHX KOAHMPAjyhHX reHa Kykypysa
kpehe oa 32000 (Schnable et al. 2009) a0 59000 (Messing et al. 2004). Cmerrrresn y 30ujeHe
ICHCKE KAACTEPE, PA3ABOJCHH AYTHM HMHTEPICHCKUM PETHOHHMA, TCHI KYKypPy3a YHHE CaMO
oko 5%-7,5% renoma kykypysa (Meyers et al. 2001, Messing et al. 2004), aox Behmmy
reHomMa 4ymHe noHaBaajyhe cexsenre. Haberer et al. (2005) cy mspauyHasu Aa je mpocedax
reH Kykypysa Beamdnne 4 kb m Aa ce cacroju OA IeT ersoHa, AOK HajAy/KH yIBpheHH reH
nma 59 kb u 31 erson. ¥V ucrom HCTpaKUBAY U3PAYYHATA j€ H YIECTAAOCT II0jaBE I'€HA OA
0,5 a0 10,7 rera ma cBakux 100 kb u BeAamumua remoma kykypysa oA 2,4 Gb ca 66%
monaBsdajyhux  eaemenara. Kacumja mcrpakmBama YIBPAHAA Cy HEINTO Behwm caApikaj
rmoHaBdajyhe cekBeHile y reHomy Kykypysa, oA 85% (Zhou et al. 2009). Ilporounom
LIITOMETPHJOM YIBPhHEHO je BapUparbe BEAHYNHE TEHOMA PASAHMYUTUX AHHHjA KYKYPy3a OA
2,3 Gb a0 2,5 Gb (Bennetzen et al. 2005). Kaaa Ou AOIIIAO AO €KCIIpecHje CBUX I€Ha KOjU
YHHE XaIIAOMAHU TEHOM KYKyPy3a, BEAWYHHA YKYITHOT TPAHCKPHUIITA, OAHOCHO ¢(DEKTHBHA
BeAMYHHA reHoMa, usnocuaa 6u 97 Mb (Hansey et al. 2012). Caap:xaj GC 6a3a usHOCH OKO
50% (Hake and Walbot 1980) u npucyrauju je y ersormma Hero y uarponuma (Haberer et

al. 2005).



Hajsehu Aeo remoma Kykypysa UmHE PETPOEAEMEHTH HAW TPAHCIO30HH. 1o cy
dparmerrn AHK xoju mmajy cmocobHOCT kperama 1o rexomy mocpeactsom PHK ys3
romoh pesepsne TpaHckpunrase. [IokperHn eaeMeHTH MMajy 3HA4YajHY YAOIY y CTBAparby
aAACAHOT AMBep3HTEeTa, Tako mto ucenajy Aeo AHK, koju moxe oOyxBaTHTH 11€O T€H HAN
meros dparmeHT u yrpahyjy ra y Apyru Aeo reHoma, decto y Apyru res (Brunner et al.
2005). Ilomekaa ce MOXKE AECHUTH TPAHCKPHUIIINjA ACAOBA IIPEMEIITEHHUX ICHA IIPEKO
XEAHTPOHA, BPCTE ITOKPETHUX €AEMEHATA, IIPH YEMy CE CTBApa XUMEPHHU TPAHCKPHIIT OA
A€A2 TIPEMEIIITCHOr I'€Ha U I'€HA Y KOJU Ce APyr: Aco reHa yrpaauo (Barbaglia et al. 2012).
[IporemeHo je Aa Cy OA YKYIIHOT OpOja TPAHCKPHUIITA Y TEHOMY KYKypys3a, 9ak 25% HOBH U
HACTAAHM aKTHUBHOIIThY XeAHTpPOHa, Koju camu gyuHe 2% renoma kykypysa (Du et al. 2009,
Yang and Bennetzen 2009).

Bucoxk crenen BapujabuaHOCTH aAeAa KyKypysa yIBpheH je rmopehermem cexBeHIM y
okpupy Bpcre. Ilponemyje ce Aa ma cBakmx 100 0OasHmX mapoBa IOCTOJH jeAaH
roanMopdusam usmehy ABe Hacymmano msadbpane undOpea ananje (Tenaillon et al. 2001,
Ching et al. 2002). Taxko ce, ma nupumep, uaaes (MHceprmje - AEAernje) moanmopdusmu
m3mehy awmamja B73 u Mol7 nojaBmyjy mHa cBakux 309 bp, AOK €y jeAHOHYKACOTHAHI
rioanmopdusmu (Single Nucleotide Polymorphism; SNP) youenn ma cakux 79 bp (Vroh Bi et
al. 2005).

VrBpheHo je Aa pasamke y caAp:Kajy IIPOM3BOAA TPAHCKPHUIIIHje M3Mehy AmHmja
B73 u Mo17 me mopajy OUTH IIOCAEAHIIA CAMO Pa3AHKa y TeHnMa usMehy oBe ABe AnHM]je,
Beh M excrpecuje reHa, Koja HAacTaje YCACA ¢s UAM frans AeAyjyhux BapujabuanHOCTH Y
PEryAATOPHUM CEKBEHIIAMA HAM TpaHCKpunnumoHuMm dakropuma. VIssopu amsepsmrera
MOTy OUTH U BAPUjAOHAHOCT Y Sense-antisense TPAHCKPUIIIU]H, AACAHA BAPUjAOMAHOCT KOA
pasamuanTux obopasama AHK mernaanmja u areana BapujabmanocT xpomaruna (Springer
and Stupar 2007).

Cmatpa ce Aa Marbe IIPOyYEHE CIINIEHETHYKE I10jaBe KOJU MEHbajy EKCIIPECH]y IeHa
0es mnpomena AHK cekBeHIM, IIOIyT TIEHETHYKOr MMIIPUHTHHIA, IIAPAMyTaIlH]a,
yIHImaBame reHa (EHTA. gene-Silencing), MOTY HMATH BayKHY VAOIY Y €BOAYIHJH, PAa3BOjHHM
dazama n denorunckoj Bapujadbusnoctu kykypysa (Li et al. 2010a, Eichten et al. 2013,
Lauria et al. 2014).



3.3 AomecTUKanHja U CEAEKIIHja KyKypy3a

AoMecTHKannja KyKypysa M3 TEO3HHTE HACTAAd j€ BEIITAYKOM CEACKIIHjOM I
duKCcHpareM aAeAad OHHUX T'eHA KOJU Cy OMOIYNHAM Tajerbe KyKypysa, IT0jaBy KAHIIA 1 TOAOT
cemerna Oe3 maeBa (Dorweiler et al. 1993, Gallavotti et al. 2004, Wang et al. 2005) u
VIHIIAAC Ha ITOOO/SIAFbe arPOHOMCKUX ocoOmHa ycesa. Ilocaeana aoomectukarnmje Omaa
je IIojaBa T3B. YCKOTI TPAA, OAHOCHO, CMameHOT AnBepsutera oko 1200 rema koju cy OmAn
ITIOA HemocpeAHnM ceAeknnonnM npuruckoM (Tenaillon et al. 2004, Wright et al. 2005).
AacOM CEAGKIIHJOM T3B. IOKE/HOHH AACAH KOJH KOHTPOAHINY MOP(OAOIIKE OCOOHMHE K
KBAAUTET 3pHA Cy ce Hajpanuje puxcupasn y nonyaarmju (Jaenicke-Despres et al. 2003).
Hermrro xacHmje, BEIIITAYKOM CEACKIIMJOM CTBAapaHE Cy HHOPEA AHHH]je IIOTOAHE 32
IIPOU3BOAIGY BHCOKOIIPUHOCHHX U KBAAHTETHHX XHOPHAA y AATHM YCAOBHMA CpeAHHE. Y
TOKY CEAEKIIH]e, AOAA3HAO je AO IyOHTaKa jeAHHX M (PHKCHpAmba APYIHX aA€Ad KOJH CY
omoryhuam OOAY aAalTAIH]y HA AATE EKOAOIIKE ycAOBe. I'eHOTHIIOBH y Mamoj Mepu
rpuAaroheHn oApeheHIM arpOEKOAOIIKUM YCAOBHUMA y OAHOCY Ha AOKAAHE IIOIyAAIldje
CMATPajy €€ Cr30THYHOM IE€PMIIAA3MOM Y CMHCAY ESHUXOBE ICHETHYKE KOHCTHTYIH]C H
HMHTEPAKIIN]je TEHOTHUIIA U CIIOAAIITEbE CPEATHE (Zivanovié et al. 2007).

Ilpeaasak ca rajema IIOIyAAIlMja Ha TIajelbe XHOPHAA KYKYpy3a OAPEAHAO je
orkpuhe xereposuca mouerkom 20. Beka (Shull 1908, East 1908). Mubpea aummje ce Ha
OCHOBY KOMOMHAITHOHUX CITOCOOHOCTH CBPCTaBajy Y XETEPOTHYHE IPYIIE, a IPU YKPIITAY
AI/IHI/Ija 3 pa3AI/I‘II/ITI/IX XCTCPOTI/I‘-IHI/IX rpyna TCKH CE HOCTI/I3any XI/I6pI/IAHOF BI/Iropa A
XeTepo3uca.  XETePOTHYHU  IMAOAOHH  IIPEACTAaBAA)y  KOMOHMHAIM|E — YKPINTarba
XETEPOTUIHHX IPyIa 3a KOje ce IpeABuDa ITOCTH3arbe BHCOKOI HUBOA XeTeposuca. 1pu
Haj3HaYajHUje XereporudHe rpyne uune lowa Stff Stalk Synthetic (BSSS), Lancaster ni Iodent.
CBu KOMEpIIHjaAHH XHOPHAH KPajeéM OCAMAECETHX T'OAMHA IIPOIIAOT BEKA IIOTUIIAAU CY OA
CaMo IIeCT MHOPeA AnHH|a, OA uera Tpu Lancaster tuma, C103, Mol17 u Oh43, u 1pu BSSS
annnje, B37, B73 n A632 (Goodman 1990). KomOnHarmja aAeAHHX BapHjaOHAHOCTH H

HMHTEPAKIIHje KOje CTBAPAjy XHOPUAHN (DEHOTHII U A€ CY HEIIO3HAHMUIIA.
3.4 3Hauaj kapakTepusamuje repMIAa3Me KyKypy3a

Kapaxrepusaruja mHOpeA AMHHja KYKypy3a KOje Ce KOPHCTE Y OIAEMEHbHBAYKIM

nporpaMHMa Kao MOTth/I I/ISBOp aA€Aa Ca ITO3UTHBHHUM YTI/H_I?leM Ha anOMOHCKI/I BaKHC



ocoOHmHE, OA BEAHKOr je 3Havaja. VAeHTndukanmja HOBHX HMAM PETKHX aA€Aa ca
ITO3UTHBHEM €(DEKTOM Ha EKCIIpecHtjy oapeheHe ocoOmHe, YHOIIEHE TAKBHX aACAd IIPBO Y
HHOpPEA AHHHjE, 2 3aTHM Y XHOPHAE, 3aXTeBa IPETXOAHU OIINC, KaPAKTCPU3AIH]y H
KAACH(DUKAIINA]y TEHETHYKOI MaTepHjara M yIBphHBame ICHETHYKHX OAHOca usMehy
HHOpEA AMHH]ja HEeKOI onAememubadkor nporpama (Liu et al. 2003). 3a TaxkBy eBaAyanujy
I'€HOTHIIOBA MOI'Y C€ KOPHCTUTH MOP(OAOIIKH, ONOXEMHU]CKH M MOAEKYAAPHU MapKEPH.

Mopdoaorkn Mapkepu ce yrBphyjy BU3yeAHO, O€3 IIPUMEHE MOACKYAAPHHUX HAW
buoxemujckux TexHuKa. Hajaerrhu mopdoaorku mapkepu cy 60ja HAM OOAHK HEKOT A€A2
Oourke. broxemmjckm mapkepu ce  yrBphyjy aHAaAHM30M OHOXEMHjCKHX IIPOHM3BOAQ
oApeheHor TeHCKOr AOKyCa, Kao IITO Cy M303UMH, aAO3UMH, TEPIICHH HAU ITOAU(EHOAH.
Moaekyrapun maprepu cy cexserrie AHK yryrap rema mam y merosoj OAHSHHHE KOje
yKa3yjy Ha aAGAHH OOAMK I€Ha KOJH KOHTPOAHMIIIE eKcupecHjy Heke ocoomne. OHH cy
BEOMa IOAMMOP(HU, JEAHOCTABHU 32 IIPUMEHY M HE3aBHCHH OA YHHHAAIA CIIOAAIIEbE
cpeanne u dase pacrta u passuha Onvaxa.

3a Kapakrepusalujy HHOPEA AHHH]ja KyKypy3a KOPHCTE C€ AECKPHUIITOPHU
Mebynapoare yuwmje 3a samrruty HOBuX OmmHuX coptu (The International Union for the
Protection of New Varieties of Plants, UPOI’), Mebhymapoanor ienrpa 3a yHaupebeme
mmrenunie u Kykypysa (International Maize and Wheat Improvement Center, CIMMY'T) n
uacruryra Bioversity International, 1oa mokposurescrsom OpraHusanmje 3a XpaHy o
nosoupuspesy  (Food — and — Agriculture  Organization, FAO) Vjeaumenux Harmja,
Nudopmannone Mpexe reHeTHIKHX pecypca Muancrapersa mosompuspese CAA
(USDA, ARS-GRIN) u base nmoaaraka Esponicke Vanje o monyaarmjama kykypysa (1he
European Union Maize Landrace Database, EUMIDB) xoju o0yxBatajy MOPEOAOIIKE
(KBaAMTATHBHE U KBAHTHTATHBHE OCOOMHE) M OMOXEMH|CKE MapKepe.

Kapakrepusarmja wHOpeA AMHHja MOXKE C€ H3BPIIUTH KAACH(PUKAITHJOM Y
XEeTEepOTHYHE IPyIle Ha OCHOBY IbUXOBUX KOMOHHAIIMOHHUX criocoOHocTu. [lpn ykproramy
HHOpPEA AMHH]ja H3 PA3SAHYUTHX XETEPOTHYIHHX IPyHa AOAA3H AO IIOjaBe XETEPO3HCa
mpuHoca. Aa 61 ce YIBPAHAO KOjOj XETEPOTUYIHO] IPYIIH HEKA AHMHHjA IIPHIIAAA, CIIPOBOAC
ce VKpIITama Te AHHHjE Ca AMHHjaMa ITO3HATHX XETEPOTUYIHHUX IPYyIa, AHAAUSHPA CE HbEH
IIEAUTPE UAH CE€ KOPHUCTE PE3YATATH MOAEKYAAPHE aHAAHS3E.

Omnmc u kapaxkrepusaruja HHOPEA AMHHjA IIPEAYCAOB j€ 32 IIAAHUPAbE YKPINTAHA,
IPUAPYAKIBAEE HHOPEA AMHH]A XETEPOTHIHUM IPYIIaMa, MACHTH(HUKAIIN]Y T€HETHYIKOT

Marepujasa, H300p TecTepa KOjUM he ce MCHHTATH KOMOHHAIIMOHE CIIOCOOHOCTH HHOPEA



AMHHjE HEITO3HATOI' IIOPEKAA UAU AOOHjEHE M3 BHINIE AHHHjA PASAMYUTHX XETEPOTHIHUX
IpyIa, 3aIITUTY OIAEMEEUBAYKUX IIpaBa U ceaeknnjy momohy mapkepa (Reif at al. 2003a,
Reif at al. 2003b). C 063upom HA TO Ad je TEHETHYKI AUBEP3UTET CAUTHUX HHOPEA AHHEjA
MambH y mopeberby ca AUBEP3UTETOM KyKypys3a kao Bpcre, Tarter (2004) mcrmde BaHOCT
er30TUYHE IEPMITAA3ME KAO0 HOCHOLA aACAd OACYTHUX § CAHTHOM MATEPUJaAY U, HAPOUUTO,

KaO HU3BOP OTIHOPHOCTH HA OMOTHYKA 1 A0MOTHYKHA cTpec.

3.5 ®eHOTHIICKA KAPAKTEPU3AITHja KYKypy3a

MebynapoAHa yHHja 3a 3aIITUTy HOBHX OH/AHHX COPTH YIBPAHMAQ j€ KPHUTEPYjyMme
3a crpoBobheme TecTa 3a pasAnduToCT, yHudopMuOCT U crabusnoct (Distinctness, Uniformity
and Stability, DUS) n asedpunrcara peHOTHUIICKE AECKPHIITOPE, OAHOCHO, MOP(OAOIIIKE
0COOHHE, KOjH Ce KOPHCTE 34 OIIUC M KapaKTEPU3ALH|y AUHHjA, XUOPHAA U IIOIYAAIH]a
kykypysa (UPOV 2009).

[Mpupyununm  3a  kapakrepusanmjy kKykypysa UPOL,  CIMMY'T, Bioversity
International, ARS-GRIN n EUMI.DB aAajy oric OUTHHX KapaKTEPHCTHKA KOje CE OLECIbY]Y,
Ca IPEIOPYIEHHUM IIPOIIEAYPAMA 32 ITOCTAB/ASAFbE OTACAA U CTATUCTUYKY aHAAN3Y. Y FbHMa
je, Takohe, oapehbeHO KOje ocoOHHE ce OIemYjy BH3YEAHO, 2 KOje MEpE, Y 3aBUCHOCTH OA
TOra A4 AN Cy KBAAUTATHBHE HAW KBAaHTHTATHBHE IpupoAe. Mako ce mcrmdae Aa je
IIPEAHOCT (DEHOTHIICKUX MapKepa IbUXOBa jEAHOCTABHOCT 3a OIICHY M EKOHOMHYHOCT,
9ecTo je OpOj OBHX MapKepa HEAOBO/NSHO BEAHKH 32 KAPAKTEPH3ALM|y CBHX I€HOTHIIOBA.
Meby ApyraM HeAOCTanmMa, UCTHYE CE HEIIOY3AAHOCT II0AATaka 300r yrumaja dpaxropa
CIOMNAIIESE  CPEAMHE HA  FbUXOBY  EKCIPECH]Y, CYOJeKTHBHOCT BH3yEAHE OIlCHE U
HEIIOTOAHOCT ~ ANCKOHTHHYHPAHHX  IIOAQTAKA 32  CTATHCTHYKy  aHaAmsy. Moh
AMICKPHMUHAITH]E€ T€HOTHIIOBA BAPUPA Y 3aBHCHOCTU OA KAPAKTEPUCTHKA KOj€ CE& KOPHUCTE
Kao Aeckpurrropu. Bucmua OmmKe, AyKHMHA KOPEHA, MHTCH3HTET 3€ACHE 0Oje ANCTOBA,
IIOAOKA] AUCTOBA Ha OM/SIU Cy OcOOHHE Koje mMajy MaAy moh auckpumunarmje (Lootens
et al. 2013).

bes o0063upa mHa oOBe HeaocTaTKe, MOPQOAOIIKE OCOOHMHE CE y BEAHKO] MepHu
KOPHUCTE KaO0 KOHBEHITHOHAAHU ACCKPHIITOPH U HMajy BEAUKH 3HAY4] Y IIO/ASOIPUBPEAHIM
ncrpakuBamuma  (Babi¢ et al. 2011). Babi¢ et al. (2011) cy Busyeanom oreHOM
deHOTUIICKUX OCOOHHA CBPCTAAHM HMHOPEA AHHHUje y TIPylle XOMOIEHE II0 CPOAHOCTH,

VIBPAHUBIIIH CArAACHOCT KAacHuKanuja mpemMa (OEHOTUIICKUIM OCOOMHAMA €A ITOAAIIIMA O
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ITIOPEKAY HHOpeA AmHHja. Pesdyatatn muXoBOr wucrpaxubama yuoyhyjy mHa MoryhvOCT
oAabHpa AOOPHX TeCcTepa Ha OCHOBY IIPOCEYHE MOP(OAOIIKE YAAACHOCTH HHOPEA
amnpja. Ortiz et al. (2008) cy rpynmcaanm ocam II€PyaHCKHX IIOIyAAIHja KyKypy3a
npumemnjuhn  kaacudpuxarmonn  metoA  Ward-Modified  1ocation n xopucrehn recr
MOP(@OAOIIKIX OCOOHMHA: BHUCHHY OH/MKE, BHCHHY OHAKE AO IPHMAPHOI KAHUIIA, OpPOj
AHCTOBA, OPOj AHCTOBA H3HAA IPUMAPHOI KAHIIA, AVKUHY W IHpUHY Ancta. OBH ayropu
cMaTpajy Aa je ynorpeba BEereTaTHBHUX OCOOHMHA 33 KAACH(DUKAIIH]Y FEPMIIAA3ME KYKypy3a
Moryha yKOAMKO Ce IpPHMEHE OAroBapajyhn CTATHCTHYKH METOAM H YKOAHKO OCOOMHE
1IMajy AOBOASHO BEAHKY TEHETUYKY BAPHJAOMAHOCT U XEPUTAOHAHOCT.

Kao pesyATtar HHTCHSHBHHX MOAEKYAAPHUX WCTPAKUBAEA ICHOMA KYKypysa,
pasBoja HOBHX METOAA M IIPOrpamMa 3a aHAAH3Yy AOOHMjEHHX IIOAQTaKa, HACTAAd je
Hecpazmepa u3Mehy OrpoMHe KOAMYHHE TEHOTHIICKHUX ITOAATAKA AOOMjEHHX IIPHMEHOM
MOAeKyAapHHUX Mapkepa u aHaamsama AHK cekBenmm, ¢ jeAHe, M KOAHMYMHE U KBAAHTETA
ITOAQTaKa AOOHMjEHHX KAAQCHYHOM MOP(OAOIIKOM KapaKTEPH3aIHjoM, (PEHOTHIICKOM
OIICHOM H MEPEHEM KBAAHTATUBHUX M KBAaHTUTATUBHUX OCOOHMHA, C APyIe CTpaHe.
[Torpeba 3a mpermsHuM (HEHOTHIICKUM ITOAAIIIMAa BEAHMKOT Opoja Omaaka Koju Ou
AOIIPHHEAN OOAEM pasdyMeBamy OAHOCA m3Mehy peHOTHIIA 1 TeHOTHIIA, AOBEAA j€ AO
HOBHX TEXHOAOIIKHX PEIICHA U Pa3BOja HOBE OHOAOIIKE ODAACTH KOja CE OAHOCH Ha
Mepeme MOP(OAOIIKUX B OMOXeMH|CKUX ocobnHa, benomuke. CTBOpeHE maaTdopme 3a
denoTunmsanyjy, poOOTH30BAHM M  AYTOMATH30BAHUM CHCTEMH KOPHCTE C€ 32
dororpaducame, Mepeme U AHAAH3Y BEAHKOI Opoja MOP(QOAOIIKHX, OHMOXEMHU|CKAX MU
dusmoromkux  ocobuHa  OMMdAKA ~ HEACCTPYKIHBHUM — METOAAMa, Kao CIO  CY
dorocunrernakn npornecu (Chaerle et al. 2007), mopact u denoaorike dase (Sozzani et
al. 2014), ocobune kopena (Grift et al. 2011, Clark et al. 2013), ornoproct Ha cymy (Berger
et al. 2010), apxurexrypa 6uske (Winterhalter et al. 2013), remrreparypuu crpec (Araus and
Cairns 2014) u pexxum ycBajarba XpaHAUBHUX eAeMeHarta (Simons et al. 2014).

Beanka BapmjaOMAHOCT M KOMITACKCHA IEHETHYKA OCHOBA IIPUHOCA H APYIHX
KBAHTHTATUBHUX OCOOHHA OTEKaBa Pa3yMeBarbe CHEIMH(MUIHUX METAOOAHYKHX ITyTEBa,
KOJU A€XE Y OCHOBH EKCIIPECHje€ OBHUX CBOjCTaBa, 4 THME M CEACKIH]y IOMOhy Mapkepa
(Collins et al. 2008). ITporeHa reHOTHUIICKHX KOpEAAIHja AWHHjA per S¢ U IIOTOMCTBA
VKPIITAmba je OA BEAHKOT 3HaYaja 3a IIpeABuDarbe yIHHKA XHOPHUAA HA OCHOBY IIPETXOAHO
yIBpheHHX BPEAHOCTH POAHUTEASCKHX —HMHOpeA AmHmja. Kop  ocobmua — Beamke

XCPI/IT’A6I/IAHOCTI/I " Ca MAaAIM XCTCPOSI/ICOM, IIOIIYyT AYKHIHC KAHIIA, BpCMa IIBCTAaHbA, BUCHUHC
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OH/AKe MAM CaApiKaja BAAre 3pHA, KOPEAAIMje AMHUjA per §¢ U XUOPHAA CYy CPEAIbE HAU
BEAHKE, AOK Cy KOA OCOOMHA MaA€ XEPUTAOMAHOCTH B Behum xetepoTnaHuM eeKToM, Kao
IIITO je IpHUHOC, oBe KopeAarmje Mase (Smith 1986, Hallauer and Miranda 1988, Austin et
al. 2000, Bekavac et al. 2008). Cmarpa ce aa je pasaor tome Mmackupajyhm edekar
ITO’KE/oHUX AOMHHAHTHHUX aA€AQ TECTepa HAA aA€AMMA AMHHja Koje ce Tectupajy (Smith
1986), emmcraza u mHeratMBHH e(DEKTH PEIECHBHUX I€HA Yy XOMO3HUTOTHHM AHHH|aMa
(Mihaljevic 2005). Crora je ceAekuja 3aCHOBaHA Ha BPEAHOCTHMA AMHH|A per se Moryha
CaMO KOA OCOOHMHA Ca BEAHKOM XEepHTAOHAHOIINY, AOK Ce CEACKIIMja AHMHH]A KOje he Aatu
IIPUHOCHE XHOPHAE 3aCHHBA HA FBUXOBUM OIIITHM M KOMOHHAIIMOHHM CITOCOOHOCTHMA
yIBphEHNM y OrA€ANMa HAKOH YKpPIITama ca OAroBapajyhum tecrepuma. Mebyrnm, maxo je
IIPUHOC HHOPEA AHHHjA per §¢ § MAAO] KOPEAAMjI Ca IIPHHOCOM IIOTOMCTaBa Y
VKPINTAIIMA M HE MOKE CE KOPHCTHTH 3a IIOY3AaHO IIpeABHDarbe IPHHOCA XHOPHAA,
BPEAHOCT IIPHHOCA HMHOPEA AHHH]A per S¢ MMa BEAUKH 3HA49a] y CEMCHAPCTBY KYKypy3a.
Maan mpuHOC HHOPEA AMHH]a KOj€ CAYKE KAO POAUTEAHSCKE KOMIIOHEHTE MOKE OHTH Y3POK
MaA€ IIPOAYKTUBHOCTH M HEHCIIAATUBOCTH CEMEHCKE IIPOUBOAISE. XHUOPUAH KOJH Cy CKYIIH
32 IIPOM3BOAY HMajy OIPAHMYCHH KOMEPIIH]jaAHH IIOTCHIMjaA Oe3 0O3Mpa Ha EUXOBY
poanoct. C Tora je oreHa IPHHOCA ¥ KOMIIOHEHTH IIPHHOCA MHOPEA AUHU]A per se HAYHMH

IIPOIIEHE HCIIAATUBOCTH CEMEHCKE IPOU3BOAIe XmOpuAHOr kykypysa (Pinnisch et al.

2012).

3.6 MoaeKkyAapHa KapaKTepHu3anuja KyKypy3a

Mosnexynraprnu maprepu

Moaexkyaapan mapkepu omoryhyjy HAeHTH(UKAIIN]y AOKyca KOJU yTHYy Ha
I€HETUYKY BapHUjaOMAHOCT KBAAUTATHBHUX M KBAaHTUTATUBHUX OCOOHMHA M CEAEKITH]Y
CYIIEPHOPHUX TCHOTHIIOBE 33 AQT€ AOKyce. Y OAHOCY Ha (PEHOTHIICKE MapKepe,
MOAEKYAAPHH MapKEPH CE MOTY ACTEKTOBATH Y CBUM OMAHIM TKHBHMA HE3ABHCHO OA pase
pacra 1 pasBoja, yrumaja pakropa CHOAAINEE CPEAUHE, ITACJOTPOIHHUX U EIHCTATHIKIX
edexara. 3a aHAAM3y OHMDHOI IE€HOMA Pa3BHjEH j€ M IIPUMEIbYje CE€ BEAUKH OpoOj
PASAMYMHTHX THIIOBA MOAEKYAAPHUX MapKepa. MOAEGKyAapHH MapKepu ce MOTIy
KAACH(DUKOBATH IIPEMa: METOAY Koju ce kopuctu 3a yrephusame AHK moammopdusma
(xuOpuAn3aInHja, AAHIAHA PEAKIHja IIOAUMEPA3e), BPCTU HOAUMOPGHU3MA KOJU AETEKTY]Y

(Taguxacre MyTaIlmje, MHCEPIHjE, ACACIIU]e, NHBEP3HjE, AYIAUKAIIM]E), TUITy HacAchuBarba
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(AOMHIHAHTHO, KOAOMHHAHTHO) M hEeAHMjCKOj OpraHeAHM y KOjoj ce HaAase (HYKACApHH,
MHTOXOHAPHjAAHH, XAOPOIIAA3MATHYHM). Bpcre Mapkepa, BBUXOBE OCOOEHOCTH U Pa3AHKE
ACTa/cHH]E Cy ommcaHe y Buire mperAeAHnx paposa (Gupta and Rustgi 2004, Schulman

2007, Agarwal et al. 2008, Poczai et al. 2013, Khan et al. 2014).

Muxpocamenuniu

Muxkpocareaurn uau SSR (Simple Sequence Repeats) cy xpaTke HyKACOTHAHE
CEKBEHIIE KOje ce cactoje OA 1 A0 O HYKACOTHAHHX OA3HHX ITAPOBA KOJU CE€ Y TAHAEMY
ITOHaB/XSAJy Y AaTO] cexBeHIm. [Toamvopdusam aMITAMUKOBAHNX I€HOMCKHX CEKBEHITH
HACTaje YCACA Pa3AHKa y OpOjy TAHAEMCKHX IIOHOBAaKa KOjH Ce HaAase m3Mehy mpajmepa.
Beanxn Opoj asera, OAHOCHO pasAHKa y OpOjy IIOHOBAaKa, KOJUMa CE OAAHKY]y OBH
MapKepy CMaTpajy Ce ITOCACAHIIOM HEJEAHAKOI KPOCHHIOBEPA Yy IIPOIECY Mejo3e,
AKTUBHOCTH PETPOTPAHCIIO30HA HAHM rpermaka y Toky permamkanmje AHK xoja caapiku
IToHaB/xcajyhe eAeMeHTE IpU YeMy IOAMMEPa3a IPECKOYH HAM yMHOXkH Behnm Opoj
TAHAGMCKUX ITOHOBaKa OA Opoja Ha ussopuoj AHK marprmnn (Kalia et al. 2011).

MuxkpocareAuTH Cy HIPUCYTHH y jEAAPHO], MHTOXOHAPHJAAHO] B XAOPOIIAACTHO]
AHK, kao m m3BaH m yHyTap I€HA: y HMHTPOHHMA, E€I30HHMAa H HETPAHCAATOPHHM
zaprauM cexseruama (5 u 3" UTR, untranslated regions). Muxpocareantn yHyTap reHa Cy
Mare ITOANMOP(HH y OAHOCY Ha MHKPOCATEAHTE H3BaH TeHa, jep cy koaupajyhm AHK
PErHOHN MHOIO KOH3EPBATHBHUJU U Marbe IIOAAOKHI MyTanujama. Mnak, c 063upom Ha TO
Aa Ce HaAa3e YHyTap CaMOr TIC€HA, OBH MHKPOCATCAHTH uMajy Behu 3Hawaj vy
HCTpaKUBambUMa (DYHKIIMjAa IeHa U yIBphuBamby Bese m3Mmehy Mapkepa u aHAAH3UpPaHEe
ocobmuHe (MAIHParby), KAO0 U Y VIOPEAHHM, KOMIIAPATHBHUM HCTPAKUBAFBIMA CPOAHHX
Bpcra (Guichoux et al. 2011). basa remeTHYKHX M FEHOMHYKUX IIOAATAKA O KyKypy3y, Maize
Genetics and Genomics Database (http:/ | www.maizegdb.org/ ), caapxu 2584 mammpannx SSR oa
Kojux cy 184 yayrap rena.

Mako yaora SSR y renomy OncHEX BpeTa HHje IOTIIVHO pasjalliibeHa, yrBpheHo je
A2 TAaHAEMCKH IIOHOBIIH HMajy VAOIY Yy CTBapamy (DEHOTHIICKOI AHBEP3UTETA BPCTE U
YTHIIA] HA TPAHCKPHUIIIIN]Y, TPAHCAAIIN]Y M €KCIIPECH]y TeHa (MHAKTUBAIIN]Y W YTHIIIABAHEC
rena) (Li et al. 2004a). Dresselhaus et al. (1999) cy orkpuam aa je MHKPOCATEAUTCKU
norosak CCG y 5' HEeTPaHCAATOPHOj 3aBPIIIHOj CECKBEHIIN PUOO30OMAAHOT TCHA YKAYVUCH Y
IpoIlece OITAOAIbE KyKypysa. Besa mamehy BeAamkor Gpoja TPHHYKACOTHAHHX IIOHOBAKA Y

€Ir3OHUMA I'€Ha 1M HEKOAHKO ACFCHCPQTI/IBHI/IX HCypOAOH_IKI/IX boaectn AO6PO jC HpOY‘ICHa

13



KOA /YA, aAML AO CaAa HHje yIBpheHa y OumHOM cBety. Varshney et al. (2005) cmatpajy Aa
IITETAH YTNI] BapUpama Opoja IIOHOBAaKA KOA rajeHHMxX Ommaxa Huje mpumehen 36or
0OADALIMBAaEbA JEAUHKH Ca HEIIOKEH>HIM MYTAIH]aMa § IIPOIIECY CEACKITHjE, AOK CE IITETHE
MyTaIlHje § AYACKO] IONYAAIIUJH AYAKE OAPKABAJy M TEKE HCKOPEmyjy. Y Koampajyhnm
ACAOBHMA TEHOMA TAABHUX T'aj€HUX BPCTa, HAj3ACTYII/SCHHUJU CY TPUHYKACOTHAHI ITOHOBIIH,
a 3aTUM AHU- 1 TeTpaHykKAeoTHAHN rtoHoBrm (Morgante et al. 2002, Gao et al. 2003). Oso je
PeE3yATaT OAOPAMOEHOT MEXaHH3MA - HEIATHBHE CEACKIIHje IIPeMa MyTaIhjaMa KOje MOTY Ad
IIPOMEHE PEAOCAEA HYKACOTHAA Y KOAHPA)yhoj CEKBEHITH, IIITO MOMKE AOBECTH AO IIPOMEHA
Y TPAHCAAIIUJH U CTBAPAFba ACTCHEPATHBHOI IIPOTENHA HAM H30CTAHAK H-ETOBOI CTBAPAIba
(Metzgar et al. 2000). ®pekBeHTIHja MyTATIHjE MHKPOCATEAHTA KOA KyKypysa msuocu 107 -
10 ® 3aBHCH OA TPOCEYHE AY/KHHE AACAL, AYKUHE MTOHOBKA M HYKACOTHAA KOJH UHHE
ITOHOBAK. AAGAH €4 BEAHKHM OpOjeM IIOHOBAKa M AHMHYKACOTHAHH ITOHOBIIM HMajy Behy
cromry myrarmje (Vigouroux et al. 2002).

IIpeanoct SSR mapkepa y OAHOCY Ha APyIe MOAEKyAapHE MapKepe je y EbHXOBO]
3HAYAJHO] 3aCTyII/GCHOCTH Y TEHOMY, BEAUKOM aACAHOM AHBEP3UTETY, KOAOMHUHAHTHOM
HacAehuBamy, BeAHKO] HH(MOPMATHBHOCTH, IIOHOBASHBOCTH —AOOHJEHHX — PE3YATATAR,
IIPUCTYIIAYHO] IIEHH, jeAHOCTaBHOCTH 32 paA (Agarwal et al. 2008). VcapprmaBamem MeToaa
ncToBpeMeHOr yMHO)aBaba pasanauntux AHK cermenara ca Bumre mmpajmepa y jearoj PCR
peaxknmju (Burectpyka, myAtunAekc PCR) u obeaexaBarbe areAa dHje ce BEAUYHHE HE
IIOKAAIIAjy Ca HCTHM (DAyOpecIeHTHM 00jaMa, a aA€Ad Ca CAHMYHUM HAH HCTUM
BCAMYMHAMA C4 PAZAHYUTHM 0OjaMa IIPHANKOM aHAAM3EC YMHOMKCHHX IIPOAYKATa
KaITMAAPHOM eAeKTpodopesom omoryhena je oOpasa BeAHKOr Opoja y3opaka u moseham
norennujaa mukpocareanta (Guichoux et al. 2011).

MukpocateAUTH HMajy IITHPOKY IPHUMEHY Yy HHTEp M HHTPACIEIINEC AHAAU3HN
AMBEP3UTETa, KAPAKTEPU3AIMjH KOAEKIHja TIE€PMIIAA3Me, VIBphHBamy TI'EHETHYKUX
AMCTAHIIN u3Mehy Pa3sAMYMTHX T€HOTHUIIOBA, AHAAUSHN IICAUTPEA, MAITMPAY I€HA U AOKyCa
3a kBaHTHTATHBHE OcoOuue (Quantitative Trait Loci, OTL), ceaeknmjm momohy mapkepa,
TAKCOHHMUJH,  KOMIIAPATHBHOj  IEHETHIIM,  CTYAHjaMa  €BOAYTUBHHX  IIPOIIECa,
DYHKIIMOHAAHO] T€HOMHIIH, IIOIYAAIIMOHO] TIEHETHIM, UACHTU(MHKAIUUL COPTH
(puHrepIPUHTHHT), 3AIITUTH ONACMEHUBAYKUX IIPaBa M aHAAU3M 4YHUCTOhE CEMEHCKOTr

martepujasa (Warburton and Hoisington 2001).
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3.7 Ceaexnuja momohy mapkepa

Ceaexnmja momohy mapxepa wmAam  mapkep acucrtupana ceaekimja  (MAC)
ITOAPAa3yMeBa IIPUMEHY MOAEKYAAPHUX MapKepa y OIACMEIbHBAIbY OHAAKA y IIH/AY
roehama epUKACHOCTH CEAEKITHje Ha CBOjCTBA OA AIPOHOMCKOT U €KOHOMCKOI HHTEpeca,
HAPOYHUTO KBAHTUTATUBHUX OCOOMHA KOj€ CY ITOA yTHIlajeM Beher Opoja reHa M 4nmHMAAIIL
cro/xanime cpeanHe. Kopucrn ce IpHAMKOM IIPEHOINEHha I€HA U3 JEAHOI HAHM BHIIE
TeHOTHIIOBA Y APYIH, H300pa poOAHTEAA 32 XHOpPHAHE KOMOMHAnWje y panuM daszama
ceAekngje, yrsphubama KopeAarnuje u3mMehy cBojcTBa M MapKepa U IIPOHAAKEH>A TEHA KOJU
KOHTPOAHIITY HEKY arPOHOMCKY OCOOHHY.

CeaAeknimja momohy Mmapkepa je KOMIIAGMEHTAPHA KAACHYHO], (DEHOTHIICKO]
CEACKIIMJH M OA BEAHKOT je 3Hadaja KOA aHAAM3E OHUX arpOHOMCKHX OCOOMHA 4Hja Cy
Meperba U OLICHE KOMIIAMKOBAHE (HIIP. KBAAHTET, OMOXEMHJCKE KAPAKTEPUCTHUKE) HAN CKyIIe
(HIIp. MYATHAOKAITJCKI OIACAH 32 oreHy upunoca). [Ipuvmerom MAC Moixke ce ckpaTaTn
IIIKAYC CEAEKIIHje KOA OHUX OCOOMHA KOjeé 3aXTeBajy (DEHOTHIICKY OIICHY Y (DH3UOAOIIIKO]
3peAoCTH yceBa (HPIL OTHOPHOCT Ha CYIIy, KBAAUTET, IIPHHOC), jep je omoryhen paxuju
oAabup Ommaka Beh y dasu kanjanara Ha ocHoBy pesyrata AHK aranmse (Bouchez et al.
2002). VmorpeboM Mapkepa, OAAKIIAHO je U yOp3aHO IIPEHOIICHE AACAd H3 TI'€HOMA
AOHOPA y PEKYPEHTHN ICHOTHII IIOBPATHUM VKPINTABUMA U CMAIBCHA HAH YKAOHHCHA
I10jaBa CErMEHaTa T€HOMa AOHOPA KOjU HOCE HEIIOKEHHE AAEAE, 4 HAAA3E €€ Y OAM3MHU
Ie€HA KOJH Ce IPEHOCH (CHTA. /Jnkage drag). BEcpnkacrocr MAC 3aBrcH OA XEpUTAOHAHOCTH
CBOjCTBa, BeAmduHe Marmpajyhe morryaarmje, reHETCKE OCHOBE CBOjCTBA, PEAATHBHHX
tporkoBa MAC y oAHOCY Ha (DEHOTHIICKY CEAEKITH]Y.

Dekkers and Hospital (2002) HaBoae ABa IIPHCTYIIA IIPHANKOM IIPUMEHE CCACKIIH]E
rromMohy Mapkepa y IpoIlecy onAeMemuBama. [1pBu moapasymesa kopurrherme Mapkepa 3a
CTBApArbe T3B. HACAAHOT T€HOTHIIA Ha T4] HAYMH IITO ce Behu Opoj moxkesHUX reHa odba
POAHTENAA KOPHCTE 32 KOHCTPYKIIH]Yy HOBOT TeHoTHIIA. OBaj MPHUCTYII KaPaKTEPUCTHIAH je
32 YHOIIIEEbE JEAHOI MAH BHIIIE T€HA ITOBPaTHUM yKpInTamuMa. [locae uetnpu renepariuje
IIOBPATHOTI yKpIITama y3 momoh makpepa, Ribaut and Ragot (2007) cy mpeneam mer
XPOMO3OMCKUX CEIMEHATA U3 AHHH]E OTIIOPHE Ha CYIIy Y OCETAUBY EAHTHY AHHU]Y,
3aAp:kaBI 86% TreHOMa pEeKypeHTHOI poautTesa. Ilpumepn ycrmermme ceaexrmje
IIPUMEHOM MapKepa IIPEACTABASCHH CY Y HCTPAKMBAEBGMMA: HAa  OTIIOPHOCT — ITpeMa

nucexruma (Willcox et al. 2002), 6oaectuma (Abalo et al. 2009, Asea et al. 2012), cymu
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(Tuberosa and Salvi 2006) ma panocracroct (Bouchez et al. 2002) n xBaanTer (Yang et al.
2013, Sureshkumar et al. 2014). Apyra mpucrymr mocMarpa Mapkepe Kao CEKyHAApHE
OCOOHHE HA KOje Ce IIPUMEIbYje CEACKIIM)a, IIPU YEMy CE€ 32 CBAKH MapKep HM3padyHaBajy
CEAEKIIMOHI HHACKCH, ITOHAEPH KOJU C€ KOPHUCTE Y PEKYPEHTHO] CEACKIIM|U 1 34 CTBAPAIE
naOpeA Amnpja. Eathington et al. (2007) cy xopucrehn ceaekimone mHAEKCE Mapkepa 3a
BHUIIIE OCOOMHA YTBPAHUAHM ABOCTPYKy Behy edprkacHOCT ceAekiiuje IIPHMEHOM MapKepa y
OAHOCY Ha (DEHOTHIICKY CEAEKIIH]Y.

Aa Om mpumena ceaexknmje momohm mapkepa Omaa edHKaCHA M E€KOHOMCKH
OlIpaBAAHA IIOTPEOHO je YIBPAHTH IIOCTOjaibeé I€HETHYKE Bese H3Mehy MOAEKyAapHHX
mapkepa u reHa uau T 1IOA 9ujoM je KOHTPOAOM OCOOHMHA OA MHTEpeca U 00e30eAnTH
PYTHHCKY ayTOMATH30BaHy aHAAH3Y BeAHKOT Opoja ysopaxa (Collard et al. 2005). Mapkep
ACHCHTHPAHA CEACKIIH]a j€ 3alPpaBO ITOCACAIGH KOPAK y IPOIECY OIIAEMEIbHBAIbA KOJU
oOyxBaTa  HEKOAMKO  aza:  (PEHOTHIICKY U MOAEKYAAPHY  KapaKTepHU3AIH]y
OIAEMEIbUBAYKOl MATEpPUjaAd U APYIHX TIE€HETHYKHX PECcypca y IHAY IPOHAAAKCHHA
ITOKEASHUX aA€Ad (IIPEAOIIAEMEIbUBAILE), OAADHP ITOAMMOP(MHUX MapKepa, yIBphuambe
KopeAartuja u3mehy BaprjabMAHOCTH aA€Ad MAPKEPA U JKE/HCHE OCOOMHE, HACHTU(DHKALIH]Y
u oapebusama edexara QT (marmparme), nposepy cradbuanocru (TI. y Bure
arPOEKOAOITIKAX CPEAMHA M Ha PA3AMYNTOM TEHETHYKOM MATEPH|AAY (BAAMAAIIH]A HAHT

IIOTBPAQ) U IIPUMEHY Mapkepa Be3anux 3a J11.y onaeMemuBamy.

3.8 Manupame

Manmpame je mocrymak kojuMm ce oapehyje xopeaanmja msmehy denormckmx
BapHjaODMAHOCTH HEKE OCOOHMHE U TICHOTHIICKHX BapPHjaOMAHOCTH, aA€Ad, KOJHI
KOHTPOAHIIy Ty OCOOHMHY y HEKO] €KCIEPUMEHTAHO] nonyAanuju. Penorumcke
BapHjaOHMAHOCTH aHAAU3HPAHE OCOOMHE ce OApehyjy AHPEKTHO, BU3YEAHOM OLIEHOM HAH
MepermeM, AOK ce 00Ank aseAa rera uau JT1 oapebyje mocpeaHo, ToMohy MOAEKyAApHUX
Mapkepa. AKO Cy aA€AM MapKepa KOjU CE€ HAAa3€ y JEAMHKAMA EKCIIEPHMEHTAAHE
nonyAanje oapebenor denoruma (Hup. Buime Onadke) demrhu HEro y jeAMHKaMa ca
cynpoTHUM (PEHOTUIIOM (HIIpP. HIDKE OM/AbKE) M aKO CE OBAa KOPEAAITHja CTATUCTHYKH
IIOTBPAH, OHAA je reH maum (JT]., Kojer Mapkep IPEACTaB/oa, TCHETHYKU YHHHAALL KOJU

KOHTPOAHIIIE BapHpame Aare ocobuHe (BucuHe OmMdKE). Aa Om aseam Mapkepa OuAn

IIOy3AaHH ITOKasatesu aseaa reHa man QJT1., morpeOHO je Aa ce MapKep U I€H HaAa3e
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OAH3Y JEAHO APYTOT HAM Ad MapKep OyAe yHyTap rexa. Mapkep u reH Koju ¢y OAN3Y JeAHO
apyror (<1cM) ce 3ajeano Hacaehyjy u cmarpajy ce remerudxn BesanuM. I1ITo cy mapkep n
reH ypaasmennju, Beha je BepoBatHOha pexomOnHarmje umsmehy BUX y MejO3H U IyOHTKA
Bese, ynHehy Manmpame HEIPEU3HUM 1 Henoy3AaHuM. i Marmparsa je mpoHasaKeme
MapKepa KOjH Cy reHeTHIKH Be3daru ca reHoM uan (T koju KOHTPOAHIIIE HEKYy OCOOHHY.

Marnmmpame 00OyxBata HEKOAHKO KOpaKa: CTBapambe, (PEHOTHIICKY OIEHy U
I€HETUYKY AHAAM3Y EKCIIEPHMEHTAAHE IIOIYAAIlHje, IPYIHCAIbe TEHOTHIIOBA Ca HCTHAM
AACAMIMA, TECTHUPAIbE 3HAYA/HOCTH pPa3sAMKa (DEHOTHIICKHX CPEAMHA 332 AATy OCOOHHY
usmebhy rpyma remorumnosa u yrsphusasme Besa usmehy Q71 u ocodunne.

V mocaeame ABe AcreHnmje 00jaBaoCH je BeAHKH Opoj paaosa o QT manmparmsy
PasSAMYMHTHX OCOOHHA KyKypy3a AOOH]jEHHX aHAAN30M MOACKYAAPHHM MapKEPHMA.
Mebyrum, mocroju 3HadajHa Hecpasmepa y Opojy papoBa o orkpusenum QTI. 3a
arPOMOHCKH ~ Ba)KHE OCOOMHE M pPaAOBa O IBUXOBOj IIPAKTUYHO] HPHUMEHH Y
onAememuBasy. Pasaor tora je mrro cy marmpanu Q11 gecto HEIOCTOjaHN, OAHOCHO HE
MOIy €€ MACHTHU(UKOBATH, UAH HMAjy PasAUIHTE eEeKTe y PasSAHIUTHM CPEAMHAMA U
excrrepuMeHTaAHIM rionyAarmjama (Almeida et al. 2013). Aoxycm 3a kBaHTHTATHBHA
CBOjCTBA KOJU Cy CTA0MAHM Y BHIIE MAIMPajyhux IIONyAaIHja, HA PA3AHIHTAM
AOKAAUTETHMA H TOAMHAMA OTLACA2, MOIY HMATH BCAUKH IIPAKTHYHN 3HAYAj, HAKOH
IIpOBEpe  BE3a  MapKep-OCOOMHA  Ha  OIAEMEHHUBAYKOM  Matepujaay.  [lperaea
MHKPOCATEAUTCKUX Mapkepa kopurrhennx 3a marmpamse (11 3a mpumOc, KOMIIOHEHTE
IIPUHOCA, CAAPiKaj BAAre, BUCHHY OH/oKE, BPEME I[BETAEbA, KBAAUTET M APYIE OCOOHHE M
KOjU €y HAEHTH(HUKOBAHH U IIOCTOjaHH y Behem Opojy mCrpaxuBarba, Ha Pa3SAHYUTOM
IEHETUIKOM MATEPHjaAy H CPEArHAMA AaT je y mpuaory 10 (tab. 50).

V 3aBHCHOCTH OA TOTa AQ A CE EKCHEPUMEHTAAHA IOIYAAIIH]a KOja C€ KOPHUCHTH
32 MAITHPAFbe CACTOJH OA CPOAHUX HMAHM HECPOAHUX JEAMHKH, Mamupambe ce aean Ha Q1L
marmpame (KAACHYHO MaIUparbe, aHAAU3a BE3€, CHTA. /nkage mapping) M ACOLH]jATHBHY
aHaAM3y (aCOLMJaTUBHO MAIIHparbe, MAIIUParbe TI'AMETCKE HEPABHOTEKE, CHIA. /inkage
diseqilibrium mapping). QTL. mammparse KOPUCTH IIONyAAIlHje HACTAAC YKPIITAEEM ABa
deHOTHIICKH pasAanynTa  poAMTeda (HHOp. I, momyaarmje, IIOIyAalpje CTBOpEHE
IIOBPATHUM VKPIITAIBHMA, AUXAIIAOMAHE IIOIYAAINje, PEKOMOHMHAHTHE HHOPEA AMHU]E),
AOK ACOLMJaTHBHO MAIIMPAIbE KOPUCTU IIOIYAAIldje KOjeé CE CacToje OA BEAHKOI Opoja
AMBEPIEHTHHX I'€HOTHIIOBA (HIIP. NHOPEA AHMHH]a) PA3AMYNTE TCHETHYIKE OCHOBE. 3a yCIIex

aCOHI/IjaTI/IBHC AHAAM3EC U HpaBI/IAHy I/IHTCPHPCTQHI/ij pesyATaTa OA BEAHKOT 3Haqaja cy
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ITOAQITH O TAMETCKO] HEPaBHOTEKU M3Mehy AOKyca reHOMa U CTPYKTYPH IIOIIyAAIIHje Koja ce

AHAAM3HPA.

3.9 I'amercka HepaBHoTexxa (Linkage disequilibrium)

I'ameTcka HepaBHOTEkA je II0jaBa BE3AHOCTH AAE€AA HEKOAMKO I'€HCKHX AOKyCa
YCAEA CMarbCHE PEKOMOMHAIIMjE IIPH YEMy CE AACAM AOKyCa y I'AMETCKO] HEPABHOTEKHU
gerthe HacAehyjy 3ajeaHo. Pesyarar Tora je gerrha 1ojaBa HEKUX aACAHHX KOMOMHAIIH]A Y
ITOIYAQITHjH OA OYEKHBaHE Ha OCHOBY (ppeksenImja aseAa (Jannink and Walsh 2002).

Ha ramercky HepaBHOTEKY yTHYe CTEIIEH PEKOMOMHAIIM]E H YAAAEHOCT u3Mehy ABa
AOKyca. ['amercka HepaBHOTEKa OIaAa Opie KOA CTPAHOOIIAOAHHX OM/AbaKa y OAHOCY Ha
CAMOOIIAOAHE U KOA IIOIIyAAIlHja IIHUPE F€HETHYKE OCHOBE § OAHOCY HA IIOIYAAIIH)E yiKe
IEHETUYKE OCHOBE 300T CMAmEEba pekoMOnHarmje ca mosehamem xomosuroraocru. Vs tor
pasAora, raMeTCKa HEpaBHOTEkKA KOA IIOIyAaldja Kykypysa omaaa Beh y oksupy 1 kb
(Remington et al. 2001, Tenaillon et al. 2001, Gore et al. 2009), 2 kb koA pasHOBpcHHX
naopes Amapja (Yan et al. 2009), AOK KOA KOMEPIIMjaAHHX EAHTHHX HHOPEA AMHUjA
rameTcka HepaBHOTE)a MozKe 3axBatuta u 500 kb (Rafalski 2002, Jung 2004). Omna, Takobe,
3aBHCH H OA ICHA M TCHCKHX PEIHOHA, KOJH HCIIOMABAJY PASAHMYHUTH CTCIICH CMAEbCHHA
raMETCKC HEPABHOTEKE TOKOM ICHEpAIHja PEKOMOHMHAIIHjE YCACA  PASAHYHTOL
ceaexnmonor npurucka (Yu and Buckler 2006). Beanauna AHK cermenra y xojem mocroju
raMeTcKa HepaBHOTEKa OApehyje Opoj Mapkepa Koju je moTpedaH 3a aCOLUjaTUBHY aHAAU3Y
U PE3OAYIH]Y OTKPUBEHHX BE3a MAPKEP-CBOjCTBO. YKOAHUKO I'AMETCKA HEPABHOTEKA OIAAd
Op30 ca IopacToM (PU3HYKOr pacTojarba Ay IeHOMa, HoTpedan je Behu Opoj mapkepa 3a
acormjatusHy aHaansy (Thornsberry et al. 2001). Beanxn pacmon ramercke HepaBHOTEKE
yIH4Ye Ha MAmby PE30AVIH]Y, OAHOCHO CTATHCTHYKU 3HAYajHA BE32a MAPKEP-CBOJCTBO MOIKE
Ce YIBPAUTH M KaAd je MapKEp 3HATHO YAAMSEH OA TEHCKOI AOKYCa KOJH KOHTPOAMIIIC
CBOjCTBO. TakBKM MapKepH HMajy MAAHM OIIAEMEIbHBAYKHI 3HAYA], jep HE MOIY Ad IIOCAYIKE 3a
yIBphuBarbe Be3a ca HCIMTHBAHIM OCOOMHAMA Ha APYIOM IE€HETUYKOM MATEPHjAAY TAE
raMeTCKa HEpaBHOTEKA HIJje ITOCTOjaHa.

ViInraj ceAeknmje Ha CTBapambe TAMETCKE HEPABHOTEKE Y TOKY OIIAEMEEbHBAHA
oraeaa ce y nosehamy (ppekBeHIMja ITOMKE/SOHUX AA€AA U CTBAPAIbY KOBAapHjaHCE H3Mehy
aAeAd PAZAMYNATHX AOKyCa, INTO OTEXKaBa OIEHY (DEHOTHIICKOT edeKTa IIOjeAMHAYHOT

Arokyca (Myles et al. 2009). Emmcrasa, Takohe, moxe aoBectu A0 Iobehama ramercke
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HEPaBHOTEKE YKOAMKO OoApeheHe komOmmHarmje aseaa mmajy Behm durHec m ceAekimja
daBopu3yje TakBe KOMOMHAITH]E, 2 NHBEP3Uje U TPAHCAOKAIIM]jE YHYTap KOJUX j€ CMarbeHa

dpexBenmnja pekomMOuHanHje OAp:kaBajy Te komOuHarmje (Gupta et al. 2005).

3.10 Crpykrypa momyaanuje

Ayr 1epHoA rajerba, PasAHMYUNTH IIYICBH IIMHPCIbA, AAANTANNjd HA PA3AUIHTE
ArPOEKOAOIIIKE YCAOBE M MHTCH3UBHI IIPOLIECH CEACKIIH]E ¥ TOKY OIIACMCIbUBAA KYKYPy3a
VINLAAH CY HA CTBAPambe AMBEPIEHTHUX IIONYAAIMjd CAd HEJCAHAKOM PACIIOACAOM U
0CODEHUM KOMOHMHAITH]jaMa aA€Ad U OIPAHHYEHHUM IIPOTOKOM I€Ha, OAHOCHO OIpaHHYCHE
moryhaoctn mebycobuor ykprrrama (Camus-Kulandaivelu et al. 2006). CrBopena
crparudHKaIgja IIOIyAAIlUja KYKypy3a, T3B. CIPYKIYpa ITOIYAAITHje, MOXKE YTHIIATH HA
OTKpPHBAaFEC AXKHO IIO3UTHBHHX Be3a m3Mehy Mapkepa H OCOOMHA IIPHAHKOM
ACOIIM]ATHBHOI Maluparba. AaKHO IIO3UTHUBHE BE3e HACTAjy 300I TaMETCKE HEPABHOTEKE
n3Mehy Mapkepa M AOKyCa KOJH KOHTPOAHIIE (DEHOTHIICKY BapHjaOHAHOCT, T€ CE OHHU
3ajeaHO HacAehyjy mako Hucy (QHU3HYKH BE3aHM, HIIP. HAAA3e CE€ HAa PA3AUIHTHM
xpomosomuma (Pritchard and Rosenberg 1999, Andersen et al. 2005). YrBpheno je aa ce
gak 33 Ao 35% denoTHIICKE BAPHjAOMAHOCTH BpEMEHA IIBETAIbA MOMKE OOJaCHHTH
IIOCTOjaEbEM CTPYKIYPE IIOIyAAIlfje § AMBEPICHTHO] ITOIYAALMjH TCHOTHIIOBA KYKypy3a
(Flint-Garcia et al. 2005).

Pritchard et al. (2000) cy pasBmAE METOA KOJUM C€ IIPOLEHIbYje CIPYKTypa
ITIOIYAAITHje M CPOAHOCTH u3Mehy HHAMBHAya M YIPaAHAM Ta Y CTATUCTHYKE TECTOBE
codreepckor makera STRUCTURE cmamyjyhu mojaBy AaxHO mosurtuBHEX Beza A0 80%.
HMudopmanuje 0 IpUIAAHOCTH I'€HOTHIIOBA ITOTIIOIYAAIljaMa M CPOAHOCTH AODHja ce

MOACKyAapHOM AHAAMI30OM.

3.11 AcotmjaTuBHA aHAAM3A

AcormjatuBHa aHaAM3a  yrBphyje  kopeaanwjy um3mehy denormmckux u
IEHOTHUIICKHX ITOAaTaka Beher Opoja AMBEPIEHTHHX HECPOAHHUX HHAHMBHAYa, HA OCHOBY
ramercke HepapHOTexKe. OHA KOPHCTH BEAUKH OpPOj reHepaliija PeKOMOMHAIIHjA KOje Cy ce
OABHAE Y TOKY AYTOT IIEPHOAA €BOAVIIHjE, AOMECTHKAIIH]e M CEACKIIH]e TajeHe BpCTe.

Pexombumanuje tokom Beher Opoja remeparmja yrudy Ha ryomraxk Besde m3mehy rema u
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Mapkepa KOju HHCY y ¢usndkoj OAmsmHH (AaKHE Be3e) M omoryhaBajy OTKpHBarba
aconpjalgja caMO OHHX IeHa M Mapkepa koju cy mehycoOmo Beoma OAm3sy, umme ce
rosehaBa pesoaynmja mMamupama. CaMO MapKepH KOJU Cy TECHO BE3aHH 332 MCIUTHBAHU
AOKYC M/HAHM KOJU C€ HaAa3e YVHyTap IAMETCKE HEPABHOTEKE IIOKA3Yjy 3HAYAJHE Be3e
(Zondervan and Cardon 2004).

[IpeaHoCT aconmjaTUBHE AaHAAU3E OTAEAA CE Y MOIYhHOCTH aHAAHM3€E BHIIIE OCOOMHA
OAJEAHOM M OTKPHBAIby BEAHUKOI Opoja aAeAa y Manupajyhoj rmomyaarmju, 3a pasAHKy OA
QTL wmanmpama KOA Kojer je Moryhe yTBpAHTH 3aCTYIIAGEHOCT CaMO ABa aA€Ad U
AHAAMBHPATH jeAHY ocoOmHy. Takobe, 32 aCOIMjaTHBHY aHAAU3Y HHUje IIOTPEOHO CTBAPAHE
EKCIIEpUMEHTAAHE IIOIYAAITHje KOje H3UCKYje AOCTA BpeMEHa U 3Ha4ajHe TPOIIKOBe, Beh ce
MOJKE IIPUMEHHUTH HEIIOCPEAHO HA OIIAEMEIbHBAYKOM MATEPHjaAy, INTO j€ OA BEAHKOTL
IIPAKTHYHOT 3Ha4aja. \OK je Ae0 PEHOTUIICKE BAPHjaOMAHOCTH ODJaIlIIbeH MOACKYAAPHIM
mMapkepuMa AaAeko Behu Hero koA (T manmparsa, craTHCTHYKa MOh OTKpHBarba PETKUX
aAeAd y aCOITHjaTHBHO] aHAAM3HU j€ MaAa, YaK M KOA OHHX aA€Ad Ca BEAHKHM edEeKTOM
(Visscher 2008).

Jeaam OA IIPBHX METOAA OTKPHBAIbA ITOKEHSHHX AAEAA IIOA UHjOM CYy KOHTPOAOM
CAOKEHE, KBAAHTATUBHE OCOOMHE je AaCONMjaTUBHO MalHupara KaHAHAAT reHa. Ono
obyxBara amaamsy camo cermeHta AHK mammm Opojem Mapkepa Be3saHHX 3a I€H HAHU
CEKBEHILIMPAbe ICHA 32 KOJU C€ IPETIOCTaBAda Ad j€ OArOBOPaH 3a (PEHOTHIICKY
BapUjaOMAHOCT UCHUTHBAHE OCOOMHE HAa OCHOBY PE3yATaTa PaHHUjUX HCTpaxkuBarba. I1pBa
ACOLIMjaTHBHA aHAAM3A KAHAMAAT I€HA IIOTBPAMAA je Be3y m3mehy BpemeHa IiBeTarba
KYKypy3a M dwarf§ reHa, ykasasa Ha YTHIIA] CEAEKIHje OBOI AOKyCa Ha CTBApambe
PAHOCTACHUJUX ICHOTHIIOBA H IIPOIICHHAA eDeKaT AEACIHja ABE AMHHO KHCEAHHE Ha
parmje meeratbe (Thornsberry et al. 2001). 3ammmmmBo je mcrahm aa ayropm Hucy
IIPOHAIIAK Be3y u3Mehy BpeMmeHa ILiBeTarba KyKypy3a U feosinte branched 1 rema, xoju je
yaameH camo 1 cM oA dwarf§ ykasyjyhy Ha Op3o omapame raMeTcKe HEPAaBHOTEKE AYK
reHOMa KYKypy3a. ACOIMjaTHBHOM aHAAM30M KAaHAHAAT reHa, Takobe je oapebena yaora
sugaryl (sul) TeHa y cTBapamy caxapo3e KyKypys3a M OTKPHBEHA MyTaIluja JEAHOT HYKACOTHAA
su1 rena oaroBopHa 3a denoruricky Bapujaduanoctu (Whitt et al. 2002).

[Tocaeare AclieHHjE, TEXHOAOIIKH pPa3sBOj OMOIVMHO je HCINTHBAIE YHTABOT
reHoMa ca orpomHuM Opojem mapkepa Ha AHK mukpouniy 6e3 mperxoAHOr 3Hama O
ITIOAOKAJy IPETIOCTAB/SEHOI I'€HA HAa MAlld HAM  EbErOBOj BE3H ca  (DEHOTHIICKOM

Bapujabuanorthy (Ziegler et al. 2008). AcorujaTuBHOM aHAAM30M YUTABOT TEHOMA MOLY CE
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IIpOIeHNTH ePEKTH BEAHKOT OpOja MapKepa y /oY HPEABHDAMba U CEACKIIN]e HHAUBHAYA
ca Hajpehom onaememuBaukomM Bpeanorthy (Meuwissen 2001).

HoBujm npucrynm  aconmjaTMBHOM — MAIMPArby  KYKYpy3a, T3B  YTEEHKACHO
acorujaTHBHO Marupawbe (eHrA. Nested Association Mapping), objeAnIbyje acOIUjaTHBHY
AHAAM3Y M MAaIHparme 3aCHOBAHO HAa IIO3HATHM IICAUTpPEnMa Y IuAy IoBehama
cratucTuydke Mohu 1 pezoayruje Manupama Besa udmehy mapkepa u cojcraa (McMullen
et al. 2009). Ilomyaanmja crBOopeHa yKpImamseM 25 TIEHETHYKH PASAUIHTHX HHOPEA
AuHHjaMa ca pedepeHTHOM AHHHjOM B73 mocAyxkmAa je 3a IpennsHo MAITHparbe IBETarba
(Buckler et al. 2009), apxurexrype amcra (Tian et al. 2010), ormoprocTa Ha GoAecTH
(Kump et al. 2011) u cacrasa 3pna (Cook et al. 2012).

3apyxeno QTL. n acormjatuBHO Manmparme kopuctu pesyarate (11 manmpama
Ka0O IIPEANMHHAPHE IIOAATKE 32 ACOIIMjaTHBHO MaIIHPAarbe y KOjOj Ce TpaKe BE3e CaMoO
YHYTap OHHX AOKyca rae cy Beh yrsphene Bese mapkep - cojctBo (11 marmpamem. Ha T3j
HAYMH C€ CMarmbyjy TPOIIKOBH ICHOTHIICKE aHAAHM3E, OpOj Mapkepa M JEAHHKH 32
renorunmsanujy u rosehaBa BepoBaTHOha IpoHaAaxema Besa, Hapounto 3a (JTL. ca
marum edextuma. Chardon et al. (2004) cy nmpmmemyjyhu mera aHaAmsy o0jeANHHAH
pesyatate Beher 6poja T maruparsa u otkpuan mrect (JT1. 3a rBeTarse Kykypysa Koju cy
crabuanu y Behem 0pojy pasamdntux manumpajyhux nonyaanuja. Ha ocHoBy muxoBmx
pesyarara sapyxenum 11, i acOIUjaTUBHOM aHAAM30M HYETHUPH IIOIYAAIHjE yMEpeHe X
Tporicke remermuke ocuobe, Coles et al. (2010) cy wu3ABOjuUAM HA HCTHM TI'€HCKHM
pernonnma yetupu Q11 ca Behum edpexrom Ha HOTOIIEPHOA.

C 0031poM HAa KOMIIAEKCHY IPUPOAY arpOHOMCKH 3HAYajHUX OCOOMHA, PE3YATATH
MaIliparba, HE3aBUCHO OA H3a0PaHOI METOAA, MOIY CE€ IPHMEHHTH CAMO aKO C€ VIBPAU
ITOAOOHOCT MapKepa 3a ceAekiujy, Tj. morspae edpexra JTL ca xojuma cy MapkepH y Be3n

Yy paSAI/I"II/ITI/IM CpCAI/IHaMa 1 OITIAEMEIHBUBAYKOM MaTeij aAy.
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4. PAAHA XHUTTIOTE3A

V 0BOj AOKTOPCKO] AHUCEPTAIIH]H CE IOAA3H OA IPETIOCTABKE Ad je M3aDpaHH CET
HHOPEA AMHH]A KYKYpPy3a AOBO/SHO AMBEPIEHTAH Ad OOYXBATH BEAHKH Opoj aAeAa Ha Behem
6pojy Aokyca. Takohe ce mpernocraBra Aa €y PEHOTHIICKH U MHKPOCATEAUTCKH MapKepH
AOBO/SHO ITOAUMOP(HH 32 AUCKPUMUHALIN]Y AUHHOja IO U3a0paHuM ocoOnHama. Odekyje
Ce BHCOK HHBO IOAUMOP(HOCTH Yy aHAAMBHPAHHM AOKYCHMA, KAO M CAIAACHOCT
IPYIHCaEba NCIUTUBAHUX TCHOTHIIOBA KYKYPy3a KAACTEP aHAAU30M Ca FBHXOBUM IIOPEKAOM
n ueaurpenma. Owuexyje ce Aa he ce IpUMEHOM acONMjaTUBHE aHAAN3E YIBPAUTH
CTATHCTHYKI 3HAYAJHE Be3e M3MEHy MHKPOCATEAHTCKUX AOKyCa M M3a0PAHUX arPOHOMCKHX

0COOMHA IIPOYYaBAHOI MATEPHjaAa.
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5. MATEPUJAA 1 METOAE PAAA

5.1 BusHu matepujaa

brurnn mMatepujaa Koju ce KOPHUCTHO 3a HCTPAaAKHBAIGE CACTOjao ce OA 96 mHOpeA
AMHHja CBPCTAHMX y YeTUpH Xerepormune rpyme (1a0. 1). Ilearokyrmnn Ommum Marepmjan
Aco je koAeknnje MucTuTyTa 32 patapcrso u nopprapctso y Hosom Caay u motmae us tpu
omrememuBauke rpyne (HC wuuOpes Amnmje). AHaAM3HpPaHH TCHOTHIIOBH KyKypy3a
1320PaHU Cy TaKO Aa OYAy IIPHAAroheHm yMepeHOM KAMMATY M I€HETHYKH AUBEPIEHTH, a
YMHE X AUHHOJE KOje IIOTHYY OA HCTOPHJCKH 3HAYAJHUX MHOPEA AMHH|A, EAUTHUX AHMHU]A
KOje Ce KOPHCTE § KOMEPIIHjaAHE CBPXE M HOBOCTBOPEHUX MHOPEA AHHH]A KOje CE HAAA3C Y
IIpoIiecy ceAekimje u Tectupama. Beha sacrynmenoct Lancaster (41) m BSSS uubpea
ausmja (41) y oanocy Ha lodent (7) AnHmje 1 HHOPEA AMHHjE KOj€ IPUITAAA]Y HE3ABHCHOM
reHeTudkoM Matepujaay (7) IOcAeAmIa je muxoBe Behe ymorpebe m 3Hadaja y

OIIAEMECIHbHUBAYKIIM HpOFpaMI/IMa I/IHCTI/ITyTa 3a pﬂTapCTBO n HOBpTapCTBO.

TabGeaa 1. MuOpea aummmje Kykypysa kopuinhene 3a (PEHOTHIICKY U MOAEKYAAPHY

Kap aKTCpI/IS anmn)y

Omna.  AuHnja U3BEACHA U3 UAH Y

Awnnja XerepoTudHa rpymna rpyna e —
Gl1 Lancaster Sure Crop 1 Mo17
G2 Lancaster Sure Crop 1 Mo17
G3 Iowa Stiff Stalk Synthetic (BSSS) 1 B73
G4 Lancaster Sure Crop 1 Mo17
G5 Lancaster Sure Crop 1 Mo17
Go6 Lancaster Sure Crop 1 Mo17
G7 Lancaster Sure Crop 1 Mo17
G38 Lancaster Sure Crop 1 Mo17
G9 Lancaster Sure Crop 1 Mo17
G10 Lancaster Sure Crop 1 Mo17
Gl11 Lancaster Sure Crop 1 Mo17
G12 Lancaster Sure Crop 1 Mo17
G13 Lancaster Sure Crop 1 Mo17
G14 Lancaster Sure Crop 1 Mo17
G15 Lancaster Sure Crop 1 Mo17
G16 Iowa Stiff Stalk Synthetic (BSSS) 1 B73
G17 Iowa Stiff Stalk Synthetic (BSSS) 1 B73
G18 Iowa Stiff Stalk Synthetic (BSSS) 1 B73
G19 Iowa Stiff Stalk Synthetic (BSSS) 1 B73
G20 Iowa Stiff Stalk Synthetic (BSSS) 1 B73
G21 Iowa Stiff Stalk Synthetic (BSSS) 1 B73
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G22
G23
G24
G25
G26
G27
G28
G29
G30
G31
G32
G33
G34
G35
G36
G37
G38
G39
G40
G41
G42
G43
G44
G45
G46
G47
G48
G49
G50
G51
G52
G53
G54
G55
G56
G57
G58
G59
G60
Gol
Go62
G63
Go4
G065
G066
G67
G68
G69
G70

Iowa Stiff Stalk Synthetic (BSSS)
Iowa Stiff Stalk Synthetic (BSSS)
Towa Stiff Stalk Synthetic (BSSS)
Towa Stiff Stalk Synthetic (BSSS)
Iowa Stiff Stalk Synthetic (BSSS)
Iowa Stiff Stalk Synthetic (BSSS)
Towa Stiff Stalk Synthetic (BSSS)
Towa Stiff Stalk Synthetic (BSSS)
Iowa Stiff Stalk Synthetic (BSSS)
Iowa Stiff Stalk Synthetic (BSSS)
Towa Stiff Stalk Synthetic (BSSS)
Lancaster Sure Crop
Lancaster Sure Crop
Lancaster Sure Crop
Iowa Stiff Stalk Synthetic (BSSS)
Iowa Stiff Stalk Synthetic (BSSS)
Iowa Stiff Stalk Synthetic (BSSS)
Towa Stiff Stalk Synthetic (BSSS)
Lancaster Sure Crop
Lancaster Sure Crop
Towa Stiff Stalk Synthetic (BSSS)
Todent
Lancaster Sure Crop
Lancaster Sure Crop
Todent
Lancaster Sure Crop
Lancaster Sure Crop
Lancaster Sure Crop
Iowa Stiff Stalk Synthetic (BSSS)
Iowa Stiff Stalk Synthetic (BSSS)
Lancaster Sure Crop
Iowa Stiff Stalk Synthetic (BSSS)
Iowa Stiff Stalk Synthetic (BSSS)
Iowa Stiff Stalk Synthetic (BSSS)
Hesasucaa rpyna
Hesasucaa rpyna
Lancaster Sure Crop
Hesasucha rpyma
Lancaster Sure Crop
Iowa Stiff Stalk Synthetic (BSSS)
Towa Stiff Stalk Synthetic (BSSS)
Towa Stiff Stalk Synthetic (BSSS)
Lancaster Sure Crop
Iowa Stiff Stalk Synthetic (BSSS)
Towa Stiff Stalk Synthetic (BSSS)
Lancaster Sure Crop

Hesasrcha rpyira, €BpOIICKH TBPAYHITH

Jodent

HeszaBucna rpyna, CBpOHCKI/I TBpAyHI_[I/I

DO DD DN WLOLWNDDNOWLOLOWLWOWNDNDOWOWNDNDNOLOWWNNNDNWOLWOLWLWWWLWOLWWNDNINDRP, P, P, PP, PP, P, PR, PR

B73
B73
B73
B73
B73
B73
B73
B73
B73
B73
B73
Mo17
Mo17, Oh43
Mo17
B14, B73
B73
B73
B14, B73
Mo17, C103
Mo17, C103
B14, B37
Todent
Mo17
Mo17
PH207
Mo17
Mo17
Mo17
BSSS Synthetic
BSSS Synthetic
Mo17, Iodent
B14
B73
B73
er30TUYHE IEPMITAA3ME
er30TUYHE IEPMITAA3ME
Cr30THYHE IEPMIIAA3ZME
CI30THYHE IEPMIIAA3ZME
Oh43
BSSS Synthetic
B73
B84
Iowa Corn Borer Synthetic
BSSS Synthetic
BSSS Synthetic
C103
F7
Todent
F2
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G71 Lancaster Sure Crop 3 C103
G72 Lancaster Sure Crop 2 Mo17
G73 Lancaster Sure Crop 2 Mo17
G74 Todent 2 Todent
G75 Hesasucha rpyma 2 HEIIO3HATO
G76 Lancaster - HezaBucua rpyma 2 HEIIO3HATO
G77 Lancaster Sure Crop 2 Mo17
G78 Lancaster Sure Crop 2 Mo17
G79 Lancaster Sure Crop 2 Mo17
G80 Lancaster Sure Crop 2 Mo17
G81 Lancaster Sure Crop 2 Mo17
G82 Iowa Stiff Stalk Synthetic (BSSS) 3 B14
G383 Hesapucaa rpyma 2 ND250
G384 Lancaster Sure Crop 2 HEIO3HATO
G85 Iowa Stiff Stalk Synthetic (BSSS) 3 B73
G86 Iowa Stiff Stalk Synthetic (BSSS) 3 B73
G87 Lancaster Sure Crop 3 Mo17
G838 Iowa Stiff Stalk Synthetic (BSSS) 3 B73
G89 Iowa Stiff Stalk Synthetic (BSSS) 3 B37
G90 Iowa Stiff Stalk Synthetic (BSSS) 3 B73
GI1 Iowa Stiff Stalk Synthetic (BSSS) 3 B73
G92 Lancaster Sure Crop 3 Mo17
G93 Todent 3 Todent
G94 Iodent -Lancaster 3 Todent - Oh43
G95 Iowa Stiff Stalk Synthetic (BSSS) 3 B73
G96 Todent 2 Todent

5.2 ITaaH oraeaa

Oraea je mocraBreH y TOKy ABe roamne, 2011, m 2012, mo mortnyHO caygajHOM
OAOK CHCTEMy Ca TPHU IIOHABAarba. |IpBe rOAMHE OrA€A je ITOCEjaH Ha TPU AOKAAUTETA:
Pumvckn [lanueBu, CpbooOparn n ComMOOp, AOK je Apyre TOAHMHE OIAEA IOCTaB/ASEH Ha
Pumcknm [langeBuma u y Cpoobpany (ca. 1). Caku reHOTHII je ITOCEjaH y ABa peaa, 4
MeTapa AY/KHHE, ca pacrojarbeM OA 75 c¢cm m3meby peaosa m ca 22 cm msmehy Onmaxa.
I'ycruna cerBe m3uocuaa je 60 600 Ommaxa 1o xekrapy, a AyomHa 5 cm. Oraeam cy
nocejaun 21. anpuaa y Combopy, 26. anpusa Ha Pumvckum IllamgeBuma u 7. maja y
Cpb6o06pany 2011. roanne, Aok je 2012. roanne cerBa oOaBameHa 27. anpuaa Ha Pumckum
ITamgeBuma u 1. maja y CpboOpany. OKO Oraeaa IocejaH je 3aIlTHTHU I10jaC HHOPEA
AmHHje B73 Aa OM IpBH M IIOCACAIBH PYOHH PEAOBH OHAM y HCTHM YCAOBHMA
KOMIICTHIINjE KAO M PEAOBH YHYTap OrAcAa. ¥ TOKy 0O TOAMHE CIPOBOACHE CY PEAOBHE

arporexHmdke Mmepe. bepba y usmoasomkoj 3peroctu 0OaBHAA €€ PYYHO, HA CBAKO|
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IIapOCAH Ha CBUM AOKAAHUTCTHMA, HAKOH Y€ra Cy KAHUIIOBH CYIICHH AO caApmaja BAAre OA

14%.

» " 28N > I "
7 PN
; X "
v ¥ x5\
| oy ~ - ~ N D

1y Pumcku [langeBn 2012. roAnre

5.3 ArpoeKOAOIIKY YCAOBH HA MCIIUTUBAHUM AOKAAUTETHMA

[Toaarm Xuapomereopoaomkor 3aBoaa Cpouje 3a aokasurere Pumcku [langesn
(45° 20" N, 19° 51'E, 84 m), Combop (19°09'E, 45°46'N, 88 m) u Cpbobpan (45° 33' N, 19°
48" E, 79 m) y toxy 2011. u 2012. roaune ykasaam cy Ha mojaBy cymre. Ha Pumckum
[ITapgeBrMa y TOKY BErETAI[HOHOI IIEPHOAA OA AllPHAA AO OKTOOpa IPOCEYHE MECEUHE
TEMIIEPATYPE Ba3AyXa OMAE CY BHIIIE OA BHIIIETOAMIIIELET IIPOCEKA, U3Y3EB ¥ Majy U OKTOOPY
2011. roamne, u 1O y mpoceky 3a 5% tokom 2011. m 3a 11% rtokom 2012. roanme. V
Cpbo0Opany cy mpocedHe MeCeYHE TEMIIEPATYPE Ba3AyXa 3a AATH IIEPHOA OHAE BHIIIE OA
BHIIIETOAMIIIESET ITpoceka 3a 9% y 2011, m 14% y 2012, a y ComOopy 3a 10% y 2011.
roaunn. Tokom 2011. roaune y mepuoAy oA arnpuaa A0 okrodpa Ha Pumcknm [IlamngeBuma
n 'y Combopy 3abeackeHO je 44 AaHa ca IIPOCEYHOM AHEBHOM Temieparypom nsHaA 30°C,
mTo je 32 13 AaHa BUIIIE OA BHIIIETOAHIIIESET ITPOCEKA, AOK je TokoM 2012. roanHe y ncrom

mepuopy Ha Pumvckuv IllamgeBuma 3a0eaexern 71 AaH ca IIPOCEYHOM AHEBHOM
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temrreparypom usHaA 30°C, oaHOcHO 3a 40 AaHA BHINE OA BHIIETOAMIIISET IIPOCEKA.
Camane BpeaHOCTH yTBpheHe cy u 3a Aokaauter CpOodpan, ca 13 AaHa ca Temrepatypama
mpeko 30°C Burrre oA Bumeroantsser mpoceka y 2011, u 41 aam y 2012, roausn. Vkyraa
KOAMYHHA ITAAABUHA 32 HaBeAeHU nepruoA nsmepena 2011, u 2012, ma cBum AokaAnTeTHMA
OHMA2 je 3HATHO Marba § OAHOCY Ha BHIIIETOAMIIIBU ITpocek 3a uire oA 50%. IIpoceuna
peAaTHBHA BAQKHOCT Ba3AyXa y jVHY, JYAY H aBIYCTy OHAQ j€ HEKA OA BHIIETOAHUIITELET
IIpoceka TOKOM 00e roamHe. HajHeroBomsHHE METEOPOAOIIKH yCAOBH 3a popMupame
IIPUHOCA OMAM Cy y IEPHOAY (POPMHUPAFba MYIIKHX U KEHCKUX IIBACTH, OIIPAITUBAIba,

OIIAOAKbE, HAAMBAHA 1 CA3PEBarba 3pHA KYKypy3a Y jyHY, jyAy u aBrycty (rpad. 1, 2 u 3).
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I'padpuron 1. ITpoceuHe BpeAHOCTH MeECEYHHUX TeMIEpatypa, Opoj Aana ca Temmeparypama mpeko 30°C, KOANYHHA ITAAABHHA B PEAATHBHA
BAQKHOCT BazAyxa OA ampuaa A0 okroopa Tokom 2011., 2012. roaune u 3a Bummeroaurssu mpocek 1981-2011 ma rokaaurery Pumckn Hlangesn
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I'pacdpuron 2. ITpoceuHe BpeAHOCTH MECEYHHUX TeMIIEpaTypa, Opoj Aana ca Temmeparypama mpeko 30°C, KOANYHHA ITAAABHHA B PEAATHBHA
BAQKHOCT BazAyXa OA arpuAa A0 okroopa Tokom 2011.; 2012. roaune u 3a Bummeroautmsy mpocek 1981-2011 na rokaanrery CpoboOpan
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I'pacuron 3. IlpocedHe BpeAHOCTH MECEYHHX TEMIIEpaTypa, Opoj AaHa ca Temreparypama mpeko 30°C, KOAMYHHA ITaAQBUHA M PEAATHBHA
BAQKHOCT Ba3AyXa OA ampuAa A0 okroopa Tokom 2011.; 2012. roaune u 3a Bumeroanmmsu rpocek 1981-2011 ma rokaanrery Combop
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5.4 ®enoTuiicka orieHa HHOpPEA AMHUjA KyKypy3a

Penorumcka ormeHa HHOpPEA AnHHI]a KyKypysa ypahena je mpema UPOV u CIMMY'T
/ICPGR Aeckpurrropuma 32 caeache  ocoOmme: BpeMe IBETarba MYIIKE IIBACTH
(MeTAmYCeSE), BPEME IIBETAFbA JKCHCKE IBACTU (CBHAAIbE), BUCHHA OM/doKE, AYKIHA KAMIIA,
IIPEYHHUK KAMIIA, OPOj peAOBa 3pHA, KAO M 32 ArPOHOMCKM 3HAYAjHE OCODHHE: IIEPUOA
n3Mehy IBeTama MyIIKe U KEHCKE IBACTH, BUCHHY OHM/AKE AO KAHIIA, OPOj AMCTOBA H3HAA
IIPUMAPHOT KAMIIA, YKyIIaH Opoj AnctoBa, macy 1000 3pHa u nmpuHOC 110 On/oIim.

Bpeme  ysemamwa myumixe ysacmu je oapeheHo OpojeM AaHA OA CETBE AO IIOjaBe
nparmranrka Ha MeTAuiaMa 50% ouvaxa (UPOV 2009).

Bpeme ysemamwa ncencxe ysacmu je oppeherHo Opojem AaHa OA CETBE AO IIOjaBe TydUKa
(cBuAE AyuHE OKO 2 cm) Ha 50% Oumaxa (UPOV 2009) (ca.2).

Iepuod usmehy yeemarea mymixe u scerce ysacmu (Anthesis Silk Interval, AST) mzpaxen je

Yy AAHHMA OA Tojase rmoAeHa Ha 50% meraniia A0 mojase cBuAe AyxuHe oko 2 cm Ha 50%

KAWIIOBA.

.

Camnxa 2. [1ojaBa MeTAnIIa ca aHTEpPaMa M CBUAE HA KAHITY KYKypy3a
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Bucuna 6umxe ce Mmepuaa oa HHBOA 3eMMd>E AO OCHOBE METAHIIE HA ACCET OM/daka,
nckpyayjyhu OHvKe Ha IOYETKY B KPajy peAd, HAKOH IIPECTAHKA pacTa Omaaxa, oA dase
maeune 3peaoctu (UPOV 2009).

Bucuna xauna ce mepuaa oA HHBOA 3eMAd€ AO KOACHIIA KOJH HOCH HAjBHINN KAMIT
(T3B. IPHMApPHH KAHUII) HA ACCET OHAAKA, UCKAoYUyjyhu OnadKke Ha ITOYETKY U KPajy PeAa,
HAKOH IIPECTaHKa pacta Ommaka, oA ¢aze maeune spesoctn (IBPGR 1991, CIMMYT
2009).

Bpoj aucmosa usnao npumapro: xauna yrryayjyhu m AUCT KOA KAUIIA H30pOjaH je Ha
Aecer perpesenTatuBHux onsdaka (IBPGR 1991, CIMMY'T 2009).

Viynan Gpoj sucmosa Ha psecer Onmmaka HAKOH IBETarba, HCKAYYyjyhm Onmwke Ha
IIOYETKYy M KPajy peAa H30pOjaH je Ha AeceT pempeseHTaTHBHHX Ommaka (IBPGR 1991,
CIMMY'T 2009).

Bpoj pedosa spra na xauny, 6poj spna y pedy, dyscura kauna u npeurux yemmpanioz desa
kauna oapehen je HakoH OepOe Ha AeceT IPUMAPHUX KAHITOBa Onmaka (UPOV 2009).

Maca 1000 3pra 3a cBaku TEHOTHII je MEPEHA HAKOH cyrrema A0 14% Baare (IBPGR
1991, CIMMYT 2009).

ITpunoc no Gumyn mamepen je Ha AECET PEUPE3EHTATHBHUX OM/MDdAKA U U3PAKEH

cpeAOoM BpeaHorhy y g (cA.3).

Camnxa 3. bep6a 10 penpesenTatnBHUX OMA-aKa CBAKOT TEHOTHIIA KYKypy3a
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5.5 MoaekyAapHa KapaKTepU3alllja HHOPEA AMHHja KyKypy3a

5.5.1 Excrpaknuja u oapebuBame xonnenrpanuje AHK kykypysa

I'eromcka AHK ekcrpaxosana je mpema CTAB mpoTokoAy, MOAHMHKOBAHO]
metoau Doyle and Doyle (1990). Oa cBakor remoruma yser je rpymHu y3opak oA 10
KAnjaHara, 7 A0 10 AaHa HAKOH IOCTaB/AdARba HA BAAKHY (PUATEP XapTHjy M HAKAUjaBamba Y
Mpaky. Oko 2 g TKHBA KAHjaHAIla j€ MAIlEPHPAHO Y TEIHOM a30Ty AO (PHMHOT IIPaxa, a 3aTHUM
je y enpysere ca OumuIM Matepujasom AoAaTo 500 pl CTAB excrpanmonor nydepa (2%
CTAB, 1.4 M NaCl, DTT 0.2%, 20 mM EDTA, 100 »M Tris-HC/, pH=8.0) nperxoano
3arpejaHor y BOACHOM KymmatuAy Ha 65°C. Vsoprm cy HHKyOHMpaHN y BOACHOM KYITATHAY Ha
ncroj temueparypu 30 MHHYTA y3 IIOBPEMEHO OAAro MeIame HHBEp3HjoM cBakux 10
munyTa. Hakon muxyOammje, cmermm je aoaato 500 ul XAOpOodOPM:H30aMHAAAKOXOA Y
oanocy 24:1 u yzopru cy nenrpudyrupanu 10 munyra ra 11000 06praja y munyty. ['opma
BOoAeHA (pasa IIpeHeTa je y HOBe enpysere u AOAATO je 350 pl AeaeHOr M3OIIPOITAHOAA.
Emnpysere cy memrame AaraHum OkperameM A0 mojaBe komdactux mHuta AHK m sartmm
nenrpudyrupane 5 muayra Ha 10000 06praja y munyty. Hakon oaamBama cyrepHaTanTa,
aoaato je 200 pl mydepa 3a mcrmmpabe (76% eranoa, 10 mM NaOA¢), y enpysere ca AHK
KOja je OCTaAa Ha AHY. Y3opuwu cy craBmenn v nertpudyry za 10000 obpraja y munyTy
Tpajarby OA 3 MuHyTa, ropma ¢asa je ykaomena, a eupusere ca AHK cy craBmene y
TepMOOAOK Ha cymemse. [Tocae 1 cara, aoaaro je 50 ul 0.1xTE nydepa (Tris-HC/ mM
EDTA) n pacrBopena AHK je ocraBmena nexoamko pama Ha 4 °C A0 oapehusamsa
xournenTparmje. ¥Ysopruu AHK ce ayropodno Ao yrorpebe ayBajy Ha -20°C.

Konmerrpanmja u kBaamrer msoroane AHK oapeber je cmexkrpomerpujckom
meroaoMm Ha MBA 2000 (Perkin-Elmer) cuexrpodoTroMeTpy MepemeM ancopbaHInja Ha
taracHum AyxkuHama 230, 260 n 280 nm. Kounenrpannja AHK ce uspadynasa Ha OCHOBY
BPEAHOCTH aIICOpOaHIje Ha TaAaCHO] AyxuHHE 260 nm mpema popmyAn:

X (ng/pL) = A,xRx50/1000)
TAC je:
A, - Hajpeha Bpeanoct ancopbimje Ul cBeraoctu aBoctpykor Aanma AHK Ha tasacHoj
AyxKuHI 0A 260 nmy;
R - daxrop paszdaaxema ysopka AHK mpu ounrapamy arrcopbaniie;

50 - xoruerpanmja 50 pg/pl ancopbanma 1.
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UYucroha yzopka ce oapebyje Ha ocHOBY oAHOCA A, 1A 1 Ay :A,;. Ha tasacHoj
AayxmaE oA 280 nm majpeha je amcopOnmja mpotenmna, Aok je Ha 230 nm Hajpeha
arrcopOunja deroaa u coan, oyt EDTA. Bpearnoctu oaroca A, A, Behu oa 1,8 u
AugiAys, Behm oA 1,9 osmauasajy aa je msorosana AHK caoboana oa mporenna u aAa ce y
Y30pPKy HE HaAa3e ApPyra jCAMEbEHbA IMONYT (PEHOAA, JIMSEHUX XHAPATA U APYTHX

KOHTAMMHEHATA.

5.5.2 MukpocaTeAuTCKA MapKepHu KyKypy3a

OA mouernunx 40 MHKPOCATEAHTCKHX MapKepa KOJU Cy HCHHUTAHH, 32 Adloy
MOACKYAAPHY aHAAU3y u3abpaHo je 36 moammopdHHX Mapkepa. Uermpm mapkepa cy
H3y3€TH U3 Aade aHaAmse 300r momomopduocru u noternkoha y omrmmusarnuju PCR
peaxnmje. M3abpanu cer oA 36 MUKPOCATEANTCKHX MapKepa KOJH Cy IIpeMa AHTEPATYPHHUM
ropartuma (puaor 10, tad. 50) AoBeAeHH y Be3y ca BAKHHUJUM arpOHOMCKHIM OCOOHMHAMA
KopuItheH je 32 MOAEKyAapHY Kapakrepusanujy. [TapoBu mpajmepa 36 MEHKPOCATEAHTCKIX

MapKepa AATH Cy y TabeAH 2.

Tabeaa 2. SSR mapkepu KyKypys3a, XpOMO3OMHU Ha KOjUMa CE HAAa3€, CEKBEHIIEC FbUXOBHUX
IIpajMepa, TeMIIpaTypa BesnBamba mpajmepa 3a AHK u morOBIINM Mapxkepa

Mapxep Xp. CexBeHIIa AEBOT U ACCHOT TIpajMepa TBee“gL IMonosak
dupssr26 1 GTCGGAGCACTCCAAGAC 53 °C (GA)23
CTTCTCGCTCATCAGCTTAAA
bnlg1556 1 ACCGACCTAAGCTATGGGCT 53°C AG(18)
CCGGTTATAAACACAGCCGT
umc1035 1 CTGGCATGATCACGCTATGTATG 58 °C (CT)19
TAACATCAGCAGGTTTGCTCATTC
umc1122 1 CACAACTCCATCAGAGGACAGAGA 58 °C (CGT)7
CTGCTACGACATACGCAAGGC
bnlg1520 2 TCCTCTTGCTCTCCATGTCC 53 °C AG(22)
ACAGCTGCGTAGCTTCTTCC
phi083 2 CAAACATCAGCCAGAGACAAGGAC 56 °C AGCT
ATTCATCGACGCGTCACAGTCTACT
bnlg125 2 GGGACAAAAGAAGAAGCAGAG 53 °C -
GAAATGGGACAGAGACAGACAAT
umc1025 3 GCTCCACTTCCACCCTGATATG 56 °C cnn

CGCTAATGTCCCCATTGATGAT
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bnlg1523

dupsst23

phi053

umc2176

bnlg2291

umc1109

umc1022

phi093

dupssr10

umc1792

bnlg1237

umc1221

bnlg238

umc1083

umcl1014

phi034

umc1944

bnlg1792

umc1075

bnlg162

GAGCACAGCTAGGCAAAAGG
CTCGCACGCTCTCTCTTCTT
TGATCATCATAAGCACACCG
CCAATGTGAAGCAAGAGAGAA
CTGCCTCTCAGATTCAGAGATTGAC
AACCCAACGTACTCCGGCAG
ATAGATCTTTGTCGCGTGTTCTGC
CTCAAGAACACCACCAGACGAGTT
CCTCTCGATGTTCTGAAGCC
GTCATAACCTTGCCTCCCAA
GCAACACAGGACCAAATCATCTICT
GTTCGGTCCGTAGAAGAACTCTCA
AACAAGTTTTGTTTGACAAGCCG
ATGATCACCCCGTCAGCG
AGTGCGTCAGCTTCATCGCCTACAAG
AGGCCATGCATGCTTGCAACAATGG
AGAAAATGGTGAGGCAGG
TATGAAATCTGCATCTAGAAATTG
CATGGGACAGCAAGAGACACAG
ACCTTCATCACCTGCAACTACGAC

TGGCGCGATTTTCTTCATAT
AAAGAGCAACCTTCAACGGA
GCAACAGCAACTGGCAACAG

AAACAGGCACAAAGCATGGATAG

CTTATTGCTTTCGTCATACACACACATTCA
GAGCATGAGCTTGCATATTTCTTGTGG

CTTTCCTCTCTGGAGCGTGTATTG
ATATGTTGCAGAACCATCCAGGTC
GAAAGTCGATCGAGAGACCCTG
CCCTCTCTTCACCCCTTCCTT
TAGCGACAGGATGGCCTCTTICT
GGGGAGCACGCCTTCGTTICT
GAAGAAGGATCGCACACATGG
AGACTGTCGCGCTGTACTATACCC
GGGAATGAATAAGCCAAGA
GCGCTCCTTCACCTTCTTTA
GAGAGATGACAGACACATCCTTGG
ACATTTATGATACCGGGAGTTGGA

ACTAGCAGCAGTAAAACCTAATAAAGGGA
CAAGTAGCTAGCAGTCATTTGCAGTGT

53 °C

56 °C

53 °C

58 °C

53 °C

56 °C

53 °C

58 °C

53 °C

58 °C

58 °C

56 °C

58 °C

56 °C

58 °C

58 °C

56 °C

58 °C

56 °C

56 °C

AG(17)

(GA)2TA(GA)19

ATAC

(TGC)4

AG(17)

(ACG)4

(CA)9

AG

(AC)22

(CGG)5

AG(29)

(CT)7

(GA)16

(GA)12

CCT

AG(16)

(ATTGC)5
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bnlg666 8 AAAAGGCAAGTAGCTAGCATGCATTTGCA — 58°C -
GGCTCACGTCCGTATCCAAACCAACA
umcl360 8 GCTAGTTGAGTTCGACACCAGGTT 56 °C (ACA)4
TGACTGTGACTGTGACTATGACCG
bnlg430 9 CTTACTGAGCATCTTCCTTCTCTCC 58 °C .
TCCGGTGATGCTCCAGCGAC
bnlg1525 9 AGGAATTGCGAGTCTTCCAA 56 °C AG(25)
CAACCCCCAAAATGAACAAA
bnlgl209 9 GTCCCGGGCAGAATAATACC 53°C AG(12)
TTCCTCCTTGAAGTGCTCGT
phi027 9 CACAGCACGTTGCGGATTTCTCT 58 °C GCGCT
GCGTACGTACGACGAAGACAC
umc2003 10 CTCATCGGTTAGCAGCAGCAG 58 °C -
GTTCTTAATCGGCACTCCTCGTC
phi059 10 AAGCTAATTAAGGCCGGTCATCCC 58 °C ACC
TCCGTGTACTCGGCGGACTC

5.5.3 Aamuana peakimja moaumepase

AaHIaHOM peakumjoM IOANMEpas’e aMIAN(HUKOBAHE Cy MHKPOCATEAHTCKE
cekBeHIle IOMOhy AyopeciieHTHO obeAexKeHHX IipajMepa. YkymHa cmerma 3a PCR
peakiajy oA 10 ul cacrojasa ce oa 2,5 pl 25 ng remomcke AHK, 1 ul 0,2 mM dNTP, 1 ul 1x
Tag pufera sa KC/, 0,8 wl 2 mM MgCl,, 0,2 ul 1U Tag noaumepase, po 0,5 ul 0,5 pmol oba
mpajmepa u 3,5 pl crepuane Boae.

PCR nporpam cacrojao ce u3 caeaehmx nukayca:

1. mouerna AeHatyparuja aBoctpykor Aania AHK ma 94 °C y tpajamy oa 5 muHyTa

2. aenarypanmja Ha 94°C y Tpajamy oA 30 cexynan

3. BesmBambe IpajMepa 3a KomrmAaemeHTapHe mumHe cexserie AHK Ha temmeparypama
creruUYHIM 32 CBAKU I1ap IIPajMepa y Tpajarby OA 45 cekyHAN

4. eaonranmja, Be3UMBAIE HYKAGOTHAA 33 KpajeBe 00a IpajMepa Ha  OCHOBY
KoMIrAeMeHTapHOCTH ca cexkBeHroMm reaomcke AHK koja cayxnm kao obpasar mHa 72 °C y
Tpajamby OA 45 cekyHAN

5. 3aBprrHa pasa excrensuje 72 °C y Tpajamby 0A 7 MuHyTA

0. xaaheme peakimone cmerrre Ha 4°C

Kopamu 2.- 4. cy moHoBA>eHN v 38 1IMKAyCa.
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5.5.4 KanuaapHa eaekTpodopesa

Amnasmsa mpoaykata PCR ypabena je xammaapaOM eaekrpodopesom momohy
ayroMatckor cexsenyepa Applied Biosystems - ABI Prism 3130 (ca. 4). 3anpemMuna y3opka
nsuocuAa je ykymHo 10 pl m caapikasa je cmerny oA mo 2 ul wermpu PCR mpoussoaa
obeaexeHa pasamanTaM aoypecrieHTHUM O0jama, 7,8 wl Hi-Di Formamide (Applied
Biosystems), 0,2 wl Size Standard 500 LIZ (Applied Biosystens). Hemocpeano npe karmmaapae
amaAmse, y3opiu cy AcHarypucanu Ha 94 °C y Tpajamy oA 5 MuHyTa. 32 00paAy ImoAaTaka
xopurthen je uporpam Data Collection  Software Version 3.0 (Applied Biosystems), a 3a
oapebuBame ayxnbe ammandukoBannx AHK  cexsenmum xopumrher je mporpam

GeneMapper Software Version 4.0 (Applied Biosystems).

Canxa 4. Karmmaapaa eaexrpodopesa Ha ayTOMATCKOM CeKBeHIepy Applied Biosystems - ABI
Prism 3130

5.6 Crarucruuka oOpasa MOAEKYAAPHHX IIOAATAKA KyKypy3a
Cratucruka 3a AI/IBCPSI/ITCT TEHCKHUX AOKYyCa HspavfyHaTa jC HOMOhy HpOI‘paMCKI/IX

maxera PowerMarker (Liu 2002), Genalex (Peakall and Smouse 2012) u Arkquin (Excoffier

and Lischer 2010) u ormcana momohy caeachux moxasaresa AuBepsnrera:
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Ausepsumen anesa ce n3paxapa Kao IIPOCEUHU OPOj AAEAA IO AOKYCY.

Edpexmusnu Gpoj anrena (Ne) je teopujcku Opoj arera ca jeAHAKHM (DPEKBEHIIHjaMa
KOJjI OH A0 HCTY BPEAHOCT OYEKHBAHE XETEPO3UTOTHOCTH KOja j€ M3PadyHATA HA OCHOBY
n3MepeHnX (PPEKBEHIN]A aACAA 32 AATH AOKYC. EdekTuBHI Opoj areAa ce padyHa ITpema
dopmyan (Kimura and Crow 1964):

Ne = 1/3p/’
1 MOXe OMTH JEAHAK HAM Ma/sH OA yTIBpheHor Opoja aseAa. YKOAUKO cy edeKTUBHI Opoj
aAeAa ¥ yIBpheHn Opoj aAeAa HCTH, CBH aA€AH AATOT AOKyCa NMajy HCTe (PPEKBEHIIH]E.

bpoj pemrux anesa ce oamocn Ha aseAe dmja je pekBeHIHja Mamba OA 5%
(Hirschhorn and Daly 2005).

[eroros umndexc ce KOPUCUTH 3a H3PAKABAEBE AMBEP3UTETA AACAA JEAHOI AOKYCA.
Muaekc y3uma y 0063up He caMoO Opoj aseAa, Beh U IbHXOBY IPOIIEHTYAAHY 3aCTYIIACHOCT Y
Aokycy. Oapehyje ce 3a cBaku AOKyC rmpema POPMYAH:

H = ->plnp,(i=1 o Na)
TA€ je pi ppekBeHIMja ~TOT areAa, a Na ykymaH Opoj aaeaa Aator Aokyca (Shannon and
Weaver 1949).

Ausepsumen zera IAM OU4EKHBAaHA XETEPO3UTOTHOCT ce AedpuHHUIIIE Ka0o BepoBaTHOha
Aa Cy ABa HACYMHYHO H3a0paHA aA€Ad HEKOT TCHA PA3AHYNTH, OAHOCHO Ad j€ MHAHMBHAYA
XETEPO3UTOTHA 33 AATH AOKyC. O3HAYaBa YACO XETEPOSUTOTHUX JEAHHKH KOJU CE OYEKYyje 3
AATH AOKYC y IIONYAAITHjU M OLEIbYje C€ 32 CBaKU AOKyC IpemMa (POPMYAU jalIaHCKOT
nonyAarosor reaeragapa Hern Macarormja (Nei and Roychoudhury 1974):

He = n(1 -Yp/)/ (n-1)
IA€ je # BEAMYHHA Y30pKa, a p, dopekBeHnmja i-ror aseaa. C oO3MpoM Aa OUeKuBaHA
XETEPO3UTOTHOCT IIOKa3yje YACO XETEPO3UIOTa ITOA IIPETIIOCTaBKOM XapAu-BajuOeprose
paBHOTEKE, 32 IIOIYAAIHja KOje C€ HE HAAA3€ ¥ CAODOAHO] OIIAOAIBH, KO IITO Cy HHOPEA
AWHHje KOPHCTH Ce IbeH HenpucrpacHu ouenumrtesr #He (Weir 1989) koje ce Aobmja
Aenemem He ca 1-(1+F/n), tae je I xoedpnmjent nnOpuannra, a 7 6poj jeAMHKH.

Sanancena xemeposuzomocn aokyca (Ho) oapehyje ce aemermem Opoja xeTepo3urora 3a
AATH AOKYC Ca YKYIIHIM OpPOjeM XE€TEPO3UTIOTa I XOMO3HUIOTA.

onumopgprocm nojedunaunusx: aoxyca (Polymorphism Information Content; PIC) moxasyje
MON HEKOr Mapkepa Aa ACTEKTyje IOAUMOpPQH3aM y MONyAanuju. 3aBUCH OA Opoja
yIBpheHUX aAeAa U AUCTPHOyIHje IUXOBUX (DPEKBEHIIN]a, 4 padyHa ce Ipema HPOpMyAn

(Botstein et al. 1980):
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PICi=1-Yp]
TA€ Cy p, OpEKBEHIIN]E /~TOT AA€AA /-TOI MAPKEPa; M Y3UMa BPEAHOCTH OA 1 A0 yKyIIHOT
6poja areaa (Na), a j ysuma BpeAHOCT OA 1 0A yKymmHOT Opoja Mapkepa (7).

Koegpuyujerm unbpuournea man nupexc dpukcanuje I uspaxasa sepoBaTHOhy A2 Cy ABa
aA€Ad JEAHOT AOKYCa MAEHAMYHHU ITO cBOM ItopekAy. Kaaa je I Bpeanoct jeanaka 1, anean
JEAHOI' AOKyCa Cy MACHTHYHH, OAHOCHO HACAEhHEHHU Cy OA 3ajeAHHYKOr IIperka. Bpeanocr
koedurmjenTa HHOpumAnHTa ( yKasdyje Ha XETEPO3UIOTHOCT AOKyCa M HEIOCTOjame
MHOPUAMHTA.

Koedunujenr Fs7 mokasyje yA€O VKyIIHE TEHETHYKE BapHjaHCE KOja je CaApKaHa y
motnonyAaruju - (rpyr) o uMa  BpeaHoctn oA O Ao 1. Beamke BpeaHocTH TOT
koedunmjeHTa yKasyjy Ha 3HadajHy Audepenmmjannjy u3mehy moTmoryaarnmja.
Koedunujenr Fis mokasyje mporopimjy BapujaHce IOTIIONYAAITH]E KOJy CAAP/KE JEAMHKE
Te IOTIOIYAAIHje, 4 FIbeTOBE BEAHKE BPEAHOCTH YKA3Y]y HA BEAHKH IIPOIICHAT HHOPHUAMHIA

(Wright 1978).

Kaacmep ananusa cernomunosa xyxypysa
Tpu He3aBHCHE KAACTEP AHAAM3E Cy UPHUMEEEHE HA IE€HOTHIICKHM ITOAAIIIMA
KYKypy3a AOOHjEHE IIPIMEHOM MOACKYAAPHHX MapKepa: KAACTep aHAAM3a 3aCHOBAHA Ha

mmapameTpujckoM MoaeAy, UPGMN.A MOAeA B aHAAM3a TAQBHUX KOOPAUHATA.

Cmpyxmypa nonyaayuje unped auruja KyKypysa npumMeHom napamenipujexoz mooesa

3a yrBphuBame IMOIYAAIIMOHE CTPYKIYpPE OAAOPaHUX TEHOTHIIOBA KopuIimheH je
nporpam STRUCTURE 2.3.4 (Pritchard et al. 2000) koju ce 3acHuBa Ha IapaMeTPH)jCKOM
MOAEAY AHCTpHOyIIHje (peKBEHIINja HEIIO3HATOr Opoja momyAarmja. OBaj mporpam
npumemsyje bajecos aaropuram 3a oapehuBarse Opoja KAaCTEpa HAU IPYIIA, IPHAPYKUBAELE
I€HOTHIIOBA I'PYyIIaMa M YTBPHHUBAIe OHUX T€HOTHUIIOBA KOJU CE€ MOTY PACIIOPEAHTH Y BHIIIE
rpyma. Aaroputam (Markov Chain Monte Carlo; MCMC) ntpuApyxyje HHOpeA AHHHjE
IpylamMa KOju NMajy KapaKTEPUCTUIHH CKYIl (DPEKBEHITH]a AA€AA 324 CBAKU AOKYC, IIPU YEMY
AokycH Texe XapAu-BajHOeproBoj m ramerckoj paBHOTEKH. I'pymmcame reHOTHIIOBA je
ypaheHO Ha OCHOBY He3aBUCHHUX (PpeKBeHIIH]ja areAa 30 HEBE3AHUX MUKPOCATEANTCKUX
Mapkepa. [lpumMerseH je MEIIOBHTH MOAEA KOJH ITIOAPa3yMEBa Ad JEAAH ICHOTHII MOKE
IIPUIIAAATH JEAHO] I'PYIIH HAM BHINE HHX, YKOAMKO AEAOBH I'€HOMA ITOTHYY M3 BHIIE

n3popuux nonyAanuja (Falush et al. 2003). ITocraBseHu mapaMeTpu AyKUHE aHAAU3E U
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Opoj IOHABASAKBA ITPOIIECA 32 TAYHY HpoIleHy mapamerapa usuocuan cy 100.000 x 100.000
IIOHaBXSAma.  AaMOAa, mapamerap AHpPHXAEOBE AMCTpHOyLHje (DPEKBEHIIHjA aACAa,
IIOCTAaB/oCH j€ Ha ITOYETHY BPEAHOCT 1, 03HAa9aBajyhy Aa I€HOTHIIOBHM MOTIY IIOTHIIATH H3
Bure nonyaanuja. OuexuBaHm OpOj Ipylra 3aAar je y pacroHy oA 1 Ao 6 m 3a cBaky
OYEKMBaHY IPyIy ypaheHO je IleT He3aBUCHUX aHaAM3a, IIOHaBMbdama. bpoj rpyma je
IIPOIICH-EH Ha OCHOBY BPEAHOCTH AOTAPHTMa BepoBaTHOhE IoAaTaka (PpeKBEHITH]E aACAQ)
LK) 3a cBaxy rpymy. L(K) mpeacraBsda CPEABY BPEAHOCT AOrapHTMa BepoBaTHOhe
rmoaataka 3a caku kopak MCMC aaroputma ymarseHa 32 IIOAOBHHY CBOje BapHjaHce. bpoj
rpyma oapeben je momohy aa meroaa. IIpBu MeTOA 3axTeBa yHOIIEHE Y KOOPAMHATHH
cucTeM ouekumBaHH Opoj rpyma K Ha anmmcu m AorapurtaM BepoBaTHOhe HAa OPAHMHATH.
bpoj rpyma oarosapa 6pojy K mpu kojem je BpeAHOCT AOTapHUTMa BEpOBaTHOhe AOCTHIAA
IIAATO MAHM C€ He3HATHO moBehaaa. Apyru metoA oapebuBama Opoja rpyma ypaben je
npema Evanno et al. (2005) ma ocmoBy mpomene BepoBatHohe apyror peaa (AK) ca
rpomenama y3actonaux K, rae je AK:
AK= | avg [LK+1)] - 2 x avg [LK)] + avg [LE-1)] | / sd [LEK)]

avg O3HAYaBA CPEABY BPEAHOCT, sd craHAapAHY AeBwjarmjy, K Opoj rpyma. bpoj rpyma
jeAHAK je oHOM Opojy ouekmBanux rpyna K 3a xoju je Bpeanoctu K majpeha. Pesyarar
aHAAHU3€e je IIPeACTaBd>eH () MaTpuIoM 3a oApebenn Opoj rpyma (majsehy Bpeanoct AK),
KOja C€ CACTOJU OA IPOLEHEHUX KoedHIIMjeHaTa IIPUIIATHOCTHA CBAaKe HHOpPEA AHHHjE
cakoj rpynu. Aobujera () MaTpuIla je IOCAYKHAA 3a yIBphuBame Be3a arpOHOMCKHX
CBOjCTaBa M MHKPOCATEAHTCKHX AOKyca y mporpamy T ASSEL (Thornsberry et al. 2001,

Bradbury et al. 2007).

UPGM.A moden ananuse zeromunosa Kyxypysa

Apyru mpucTyIl 32 OApehuBarbe IIOIyAAIMOHE CTPYKIYpPE 3aCHOBAH je Ha
EykamaoBum oacrtojambuma u ypahen je y mporpamy PowerMarker v3.25 npumenom
HEIIOHACPHCAHOT METOAA IPYIIHCAEba ITapoBa ca apurMeTudakom cpeansom (Unweighted Pair-
Group Method with Arithmetic mean; UPGMA, Sokal and Michener 1958). UPGM.A
AATOPHTAM IIPOHAAA3N HajMAFbe OACTOjarbe n3Mehy ABa 00jeKTa U IPYIIHINE UX Y KAACTED, 4
32THM padyHa OACTOjalbeé HOBOI KAACTEPa § OAHOCY Ha OCTaAe, mosesyjyhm mx y sehu

KAACTEp W Tako Aasde dopmupajyhu 13B. Kaaporpam. EyKAHACKO OAcTOjarbe padyHa ce

pema popmyAn:
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R )
Dgy =—> 220, — 4,
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TA€ Cy p; U g; dpeKBeHImje -TOT AAeAd /-TOT AOKYCa, AOK je @/ Bpoj areaa j~Tor
AOKyCa, a 7 je Opoj aHaAM3HpaHHX AOKyca. OBaj XHjepapXHjCKH METOA H3PaYyHaBa
oAcTOjarbe m3Mehy objekaTa IpH dYeMy CBH ITAPOBH HMajy JEAHAK AOIPHUHOC - HHCY
roHAepucanu, opMupa Ipyre Koje ce cacToje OA CaMO ABa ODjEKTa, a OACTOjame u3mehy
OMAO KOja ABa KAACTE€pa IIPEACTaBAA APUTMETHYKY CPEAHMHY OACTOjarba M3Mehy cBux
mapoBa oOjekarta m3 ABa kaactepa. OAcTojarba €y 3aCHOBaHA Ha (PPEKBEHIH]jaMa AACA2
nsMehy HHOpeA AMHHja KyKypy3a IIPEACTaBAd>EHA CY KAGAOIPAMOM KOJH je AODHjeH Y

nporpamy Dendoscope 2.7.4 (Huson et al. 2007).

Ananusa enasnux xoopourama eeromunosa Kyypysa

Amnaamsza raasaux koopupusata (Principal Coordinate Analysis; PCoA) je mpumersena
y uporpamy XILSTAT 2010 (Addinsof, New York, USA; http:/ | www.xlstat.com) xaxo 6u ce
IIPOHAIIIAH U IIPEACTABHAN OAHOCH u3Mehy HHOpeA AMHH]a, OAHOCHO €ACMEHATA MATPHIIC
OACTOjarba, Ha OCHOBY TAQBHHX KOOPAHHATA.

[Togerna wmarpuma pasamgurocTH  u3Mehy cBakor Imapa uHOpeA AHHH)A
AHAAMSHPAHA j€ TAKO Ad CE CBAKO] N HMHOPEA AHMHHJI AOACAU 7-1 KOOPAHMHATA KOje ra
IIPEACTaB/oA]Y Y BHIIEAMMEH3HOHAAHOM 7-1 mpoctopy (Gower 19606). Koopaunare cy
eigen BEKTOPH MATHIIE OACTOjarba, a ¢/ge/ BPEAHOCTH IIporiopiiuja oOyxsaheHne BapujaHce.

[Toaowka) mHOpEA AMHHja Y ABOAUMEH3HOHAAHOM IIPOCTOPY OApeheH je Tako Aa ce
IIITO Marbe M3IyOru M3BOPHUX HH(OpPMAIIHja U Ad TEOMETPH]CKA pacTojarba u3Mehy AnHumja

OYAY €KBUBAACHTHA I€HETHYKIM PACTOJAEbUMA.

5.7 Crarucruuka oO0pasa PEHOTUIICKUX IIOAATAKA KyKypy3a

Aucrpubymje dpekBeHnmja (PEHOTUIICKUX OCOOMHA MHOPEA AHMHH)ja KyKypy3a
ropehene cy ca HOpMaAHOM AUCTPHOYIIHjOM Y CTATUCTHYKOM Iiporpamy SzatSoft, Inc. (2013)
STATISTICA ». 12. Koa auctpubynuja ppekBeHIIH]ja KOje Cy OACTYIIAA€ OA HOPMaAHE
arctpubyrmje ypabere cy oarosapajyhe tpancdopmanmje (/g x5, \/x) Y 3aBHCHOCTH OA
THIIA IIOAATaKa, KAKO OH CAGAMAC HOPMAaAHY AHCTPHOYLH]y, M HAKOH aHAAU3E
TpaHCOPMUCAHUX  IIOAATAKA, AOOHJEHH PE3yATaTH Cy IIOBPATHOM, OOPHYTOM

TpaHC(bOpMaHI/IjOM HpI/IKa?)aHI/I Yy I/ISBOpHOM O6AI/IKY.
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Aeckpunmustia cmamucmuxa A3padyHaTa je 32 CBa aHAAH3HPaHa (DEHOTHIICKA CBOjCTBA
n 0DOyxBarara je: CPEABmY, MHHHMAAHY H MAKCHMAAHY BPEAHOCT, pasAuky wusmehy
MHHHMAAHE U MAaKCHMAaAHE BPEAHOCTH (OIICEr), CTPAHAAPAHY IPEINKYy APHTMETHYKE
CpeArHe, BApUjaHCY U KOeHITHjEHT BapHjarimje.

Amnanusa  eapujance je TpUMEEHA Aa HCINTA 3HAYAJHOCT Pa3AMKA BapUjaHCH
HMCIUTHBAHUX OCOOMHA M3Mehy IeHOTHIIOBA, AOKAAUTETa M TOAMHA IIPUMEHOM IIpOrpama
XLSTAT 2010 (Addinsof, New York, USA; bttp:/ [ wwmw.xlstat.con)

Auneapne  xopesayuje m3mehy MepeHHX KBAaHTHTATUBHUX ocoOmHa yrBphene cy
romohy Ilupconosor koedunujerra kopeaarmje (Snedecor and Cochran 1967). Vcsojena
je Epancopa moaeaa xopeaanuje uamehy ocoOMHa ITO MHTEH3YTETy HA OCHOBY BPEAHOCTH
[MupconoBor koedutmjeHTa 7 P ¥emy je:

"= 0,00-0,19 - Beoma craba,

"= 0,20-0,39 — craba,

"= 0,40-0,59 — CpeAba jaKa,

"= 0,60-0,79 — jaka u

*= 0,80-1,00 Beoma jaxa xopeaaruja (Evans 1996).

Koacmep ananusa renoruniopa Kykypysa Ha OCHOBY (DEHOTHIICKHX ITOAATaka ypahena
je y nporpamy STATISTICA 12 nmpumMeHOM HEIOHAEPHCAHOI METOAQ TPYIIHCAIba IIAPOBA
Ca APUTMETHYKOM CPEAMHOM U 32CHOBaHA je Ha EyKAMACKOM pacTojamy.

MyAaTuBapujariiona arnasusa eaasHux KoMnonery IPAMEHEHA je Y IU/AoY CMAIbHBAHA
Beher Opoja IOYeTHHX IHPOMEHMAHBHX, Hajuemrhe y  KOpeAalldju, Ha MamH  Opoj
HEKOPEANCAHUX ITPOMEIbAUBHUX T3B. TAABHUX KOMIIOHEHTH, 3aApKaBajyhu majsehy moryhy
Bapujabuanoct. Cmamyjyhn Opoj IpoMermasHBHX Ha TAQBHE KOMITOHEHTE OAAKIIAH je
BU3YCAHU IIPHKA3 U TyMAa4CHE MMOAATAKa. [loAamm cy IIpeACTaBoCHH ABOAMMEH30HAAHO
ABEMA TAABHUM KOMIIOHEHTAMa KOje Cy CaAp:kasa HajBehu AcO BapHjaHCE IIOYETHOI CKyIIa
IIpOMEHAUBUX. 300T pa3AHKa y BapHjaHCaMa IIPOMEEHBHUX U OCETAHUBOCTH METOAA Ha
PasSAMYHUTY AHCIEP3Hjy, MEPHE CKAAC U JEAHHHIIC IIPOMCH/ASHBHUX, AHAAN3A TIAABHUX
KOMITOHEHATA IIPUMEIbEeHA je Ha (DEHOTHIICKY KOPEAAITHOHy MaTputy y nporpamy GeneAlex

(Peakall and Smouse 2012).
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5.8 AconujaruBHa aHAAM3a HHOPEA AMHHja KYKypy3a

AmaAmsa ramMeTcke HepaBHOTEKe ypahena je y nporpamy T ASSEL 2.7. npumenom
®urriepoBOr €r3aKkTHOT TECTA U IPEACTAB/d>EHA ITPeKko caeAchnx mapamerapa:

D’ — cranpapAn3soBanHn KoeHUITH]EHT HEPABHOTEKE KOJU MEPH HECAYYAjHE BE3E Tj.,
HacAehuBambe aneAa PASAMIHTHX AOKYCa, U HE 3aBUCH OA (DPEKBEHIIN]a AACAQ,

7 —KBaApaT BpeAHOCTH Koedbmimjenta kopeAarmje uamehy areannx dbpeksentmja
AB2 AOKyCa

}p - BpeAHOCT BepoBaTHOha ramercke HepapHOTexke 32 PuIrepos ersakTHH TECT 32
cBakn MUKpocaTeAuTcky map oapehena ca 1000 epmyrarmja (Weir 1996).

Bese mamehy mapxepa m ocobmma yrBpheHe €y HPHMEHOM OIIIITEr AHHEAPHOT
moaena (General Linear Model; GLLM) 1 mermouror anaeapHor moaeaa (Mixed Linear Model;
MIM) y nporpamy TASSEL 2.7 (Bradbury et al. 2007).

Omrrum AMHEApHUM MOAEAOM oApebene cy Besde mamehy mMapkepa M CpPeAEbHX
PEHOTHUIICKUX ~ BPEAHOCTH  IPHUMEHOM  IPOIEEHECHUX  BPEAHOCTH  IIPUIIAAHOCTH
ronyAanujama ((J) ka0 KOBapHjaOAHM KOjHMa CE€ KOHTPOAHIIE CTPYKTypa IIOIyAaIluje, He
ysumajyhu y o03up cpoactso kao moryhm y3pok Beza mamehy remornira n dpenoruma. 3a
CBAaKy KOMOHMHAIIH]Y MapKepP-OCOOMHA y OIIIITEM AHHEAPHOM MOAEAA KOpHIIThEH je METOA
HajMambUX CyMa KBaApata pema Searle (1987).

MermoButi  AMHEAPHHM MOAEA Y ACONMjaTUBHY aHAAU3y IIOPEA CIPYKIype
IIOIIyAALIAj€ VKAYIyje M CPOACTBO, cMmamyjyhum Tmme rpermky mpBor peaa. Marpuia
cpoanoctu  (K) AoOwmjeHa je Ha OCHOBY MOAEKYAAPHHUX IIOAATaKa O IIPOIIOPIIH)H
32JEAHIYKHX aA€Ad HACYMUYIHO H3a0PaHUX MapKepa AYK IIEAOT TEHOMA KOJH ACAM CBAKH
map reHoTunosa. KoA MemoBuTor AMHEpaHOT MOAEAA, MATPHIIA CPOAHOCTH AOOHjeHA je Y
nporpamy T ASSELL u xopuinhena je ca MaTpUIIOM IIPOIEHEHUX KOeHUIIjeHaTa
npurapsocTa nonyAanuju us nporpama STRUCTURE 3a nomnpasky crpykrype dbamMuAunja
u nomyaanuje. Moaea je TpeTupao Mapkepe U CTPYKTypY IIOIyAaLuje kao puKcHe edekre,
AOK cy mosaamacku (1], xoju HuCy OMAHM BE3aHH 3a MapKepe, OHMAM IIOCMATPAHU Ko
caygajuu edpexru. Bese msmehy mapxepa m ocobmua koje cy npumenom I tecra mmaae
BpearocT Mamy oA 0,05 u 0,01 6uae cy craTucTaYky 3HAYajHE HA HUBOY 3HaYajHOCTH 95%0
u 99%. Tect mepmyranmje je IPUMEHEH Ad T€HEPHIIE p BPEAHOCTH KOje HE 3aBHCE OA
AUCTPHOYIIHje ¢ OO3HUPOM A TECT 3HAYAJHOCTH 32 ' AUCTPyOyIIHjy ITOAPa3yMeBa Ad IPEIIIKA

OCTaTKa MMa HOPMAaAHY AUCTpuOynHjy. AodujeHn edekTH MapKepa HUCY PAITYAAEHH Ha
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aAuTHBHE 1 AoMuHaHTHE edpexre Beh cy TecTHpanu Ha ykyuHy 3HadajHocT (Bradbury et al
2007). Koedwurmjent aetepmmmarmje R’ je padymat aa mokake yaeo deHOTHIICKE
BApUjaOMAHOCTH KOjH OOjallmbaBajy MoAeKkyAapHu Mapkepu. Edexar aseaa Ha denoTHI je
orerbeH rnopehemem mpocedre HEHOTUIICKE BPEAHOCTH TEHOTUIIOBA KOjH HOCe oapehern
aAeA U mpocedHe (DEHOTHIICKE BPEAHOCTH CBUX I€HOTHIIOBA!
ai=y xij/ni-y Ni/nk

TA€ je: a; - eHOTHIICKH edeKaT TOT aAeAd; Xj - (PEHOTHIICKA BPEAHOCT /-TOT
IECHOTHUIIA €4 I—~TUM AAEAOM; 77; - OpOj reHOTHIIOBA ca i—TuM areAoMm; Ng - deHOTHIICKA
BPEAHOCT CBHX I€HOTHIIOBA; /% - Opoj renorumosa. Kaaa je Bpeamoct >0, arer mma
103U THBAH epeKaT Ha ITOCMATPAHO CBOjCTBO, AOK €y BpeAHocTH <0 yka3yjy Ha HeraTuBaH

edpexat aneaa (Breseghello and Sorrells 2006, Zhang et al. 2013).
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6. PEBYATATH 11 AICKYCHJA

6.1 I'eneTnuka BapujabMAHOCT MUKPOCATEAUTCKIX MapKepa KyKypy3a

OA movernux 40 HCIUTAHUX MHKPOCATEAUTCKHX MapKepa, YeTHPH MapKepa Cy
HM3y3€TH U3 Aab€ aHAAM3e 300r MOHOMOpdHOCTH u morerkoha y omrmmusanumju PCR
peaxknmje. Mapkep #mc1019 je KOA CBHX TEHOTHIIOBA KYKypPy3a YMHOKHO IIPOH3BOAE
Ayxube 93 Oasmumx maposa, Aok cy  wnl1019, nc005, bnlgl451 wu bnlgl1067 pann
HecreruUIHE TPOU3BOAE IpH pasamguTuM mapamerpuma PCR peakimje y Buime
IIOHAB/ASARA. 32 AAdY MOACKYAAPHY aHAAU3Y U3a0paHO je 36 oAuMOpdHUX MapKepa.

OCHOBHH IOKa3aTe/oH IE€HETHYKE BapUjaOMAHOCTH MUKPOCATEAUTCKHX MapKepa
KYKypy3a ITIpEACTaBbeHH ¢y y  T1abeam 3. Tpmaecer m 1mect mapoBa Ipajmepa
amMAnuKoBaAO je ykymHO 297 aaeAa, IPOCEYHO oOcaM aAeAa 1o Aokycy. Hakon
H3ABajarba aAcAa ca PPEKBEHIIHJOM MarbOM OA 5%0, CBAKH AOKYC j€ y IIPOCEKY UMAO YeTHPU
anena. 3a 0,4% ysopaka Hucy oapeheHn areAr 300T HEITOCTOjaHOCTH AYAKHHE IIPOU3BOAA K
HEIIPaBUAHUX IHKOBa. Takobe je yrepheno 0,2% HyATHX areAa KOA KOJUX HHje AOIIAO AO
BesuBarba mpajmepa 3a AHK aamar. ITpoceurn 6poj edextrux aseaa omo je 3,6. Hajpehu
Opoj asera umao je mapkep #mcl035, pox cy mapkepu phi083, umecl109, umcl075, phi093,
phi027, phi059 w1 umec1360 umasn Hajmamu Opoj aseAa. Perkm aseAam ca ppexBeHIIHjOM
MamoM OA 5% OuAn cy 3actymmeny y upoceky 8,5% 1o aokycy. Hajpehn mporienar perkmx
arera uMao je mapkep #mel035, tpehuny cBojux aseaa, AOK mapkepu phi083, phi093 n
ume1360 Hucy umasn petke areae. Behnna aneaa je mmasa mane ppexsennnmje (rpad. 4).

Behnna mapkepa ce mokaszasa kao Beoma moaumopdHa. Tpehwmua mcnmrmBaHmx
AOKyCa HMMaAa je OCaM M BHIIE AACAQ, BHUIIE OA YETHPH €(PEKTUBHUX aA€Ad, OYCKUBAHY
xereposurotHoct upeko 0,75 u PIC Bpeanoct msnap 0,72. Ilect mapkepa je umano PIC
BpeanocT ucrroA 0,5. Mapkepu ca AHHYKACOTHAHHM ITOHOBIIMMA CY y IPOCEKy uMaAn Behy
moaumopduoct (PIC 0,67), oA Mapkepa ca TpH-, YETBOPO-, H IIE€TOHYKACOTHAHHM
ronosnnMa (PIC 0,57, 0,58 u 0,53, peaom). [Ipoceurna BpeAHOCT HEIPUCTPACHE OYCKUBAHE
xereposurorHoctu usHocuaa je 0,69, Aok je yodena xereposurornoct Owaa 0,0009.
Yerupu AOKyca HHCY OMA2 XOMO3HIOTHA KOA CBUX HCIHTHBAHHX AHHHjA KyKypy3a, Te

IIPOCEYHH KOe(DUIIN]jeHT HHOPUANHTA 32 CBe AOKyce ouno je 0,998.
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I'padpuxon 4. Auctpudyruja dppexBeHIje areAa HHOPEA AMHH|A KYKypy3a

Amsepsnrer Aokyca uspaxeH [IIleHOHOBIM HHACKCOM H3HOCHO je y mpoceky 1,5, a
kperao ce oA 0,899 ao 2,457. Bpeanocru Illenonos muAekc u3Haa 2 OuAe ¢y ocoOeHe 3a
AOKyCE BEAHKE IIOAUMOP(HOCTH ca Opojem asera = 12, AOK Cy BPEAHOCTH HMHAEKCA ICIIOA
1 yxaszare Ha mpucyctBo mamer Opoja aseaa mam Beher Opoja perkux aseaa. Tako je, Ha
pumep, mapkep #zcl1022, koA xojer je yrBpheHo mmect aseaa, umao Bpeanoct Illenonosor
MHACKCA Mamby OA MapKepa Ca MambHM OpOjeM aAcAd, 300T HEYjeAHAYCHE PACIIOACAE
dpexsennuja aseaa. Camo 3 arera oBor mapkepa umasu cy ppexsenrmje sehe oa 5%, oa
kojux jeaan 4gak 70%. Mapxepu #mcl1360, phi093 u phiO83, ca paBHOMEPHO 3aCTyII>EHA
uetupu aneAra, nmarn cy Behu [lleHoHOB MHAEKC OA Mapkepa ca HCTHM OpojeM aAeAa
Phi027 u phi059), anu nejeanakum peksennmjama. detupu mapkepa (umecl035, bnlg66o,
dupssr10 u bnlgl 62) mmana cy asese KOju ¢y OMAM jeAnHCTBEHH 3a Buime oA 10% muOpea

AMHI]A.
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Tabeaa 3. [Iapamerpn reHeTHYIKOr AUBEp3UTETa 30 MHKPOCATEAHTCKAX AOKYCa KYKYpy3a

Locus N Na Ne H Ho He uHe F PIC Nra %ra
dupsst26 96 6 2281 1,049 0,000 0,562 0,565 1,000 0,51 3 3,0
bnlg1520 96 7 2,862 1,296 0,000 0,651 0,654 1,000 0,59 3 10,4
phi083 96 4 2,593 1,129 0,000 0,614 0,618 1,000 0,56 4 0,0
bnlg1556 96 11 5,143 1,877 0,000 0,806 0,810 1,000 0,78 6 7,3
dupsst10 96 18 6,024 2271 0,000 0,834 0,838 1,000 0,83 6 25,8
bnlg1209 96 10 3,434 1,610 0,000 0,709 0,712 1,000 0,68 3 18,7
bnlg2291 96 10 4,014 1,706 0,000 0,751 0,755 1,000 0,72 5 11,5
bnlg162 96 11 5333 1,921 0,000 0,813 0,817 1,000 0,79 5 15,6
umcl1109 96 4 2463 1,028 0,000 0,594 0,597 1,000 0,53 3 1,0
umcl075 96 4 2,966 1,129 0,010 0,663 0,666 0984 0,59 3 1,0
umcl025 96 8 4571 1,711 0,000 0,781 0,785 1,000 0,75 5 8,3
bnlgl1523 96 9 1,923 1,117 0,000 0,480 0,483 1,000 046 3 12,5
dupsst23 96 10 3,640 1,605 0,000 0,725 0,729 1,000 0,68 4 10,6
bnlg1525 96 13 5,278 2,007 0,000 0,811 0,815 1,000 0,79 6 14,6
umc2176 96 7 2,704 1,242 0,000 0,630 0,634 1,000 0,58 3 7,2
umcl1014 96 8 4805 1,727 0,000 0,792 0,796 1,000 0,76 5 7,3
umcl792 96 5 2,517 1,109 0,000 0,603 0,606 1,000 0,54 3 5,2
umcl1035 96 21 7,481 2457 0,000 0,866 0,871 1,000 0,85 4 344
bnlg1792 96 8 3,169 1,382 0,000 0,684 0,688 1,000 0,63 3 9,4
umc2003 94 6 3,060 1,240 0,000 0,673 0,677 1,000 0,61 3 43
bnlg430 96 5 2,321 1,099 0,000 0,569 0,572 1,000 0,53 4 1,0
phi093 95 4 2974 1,198 0,000 0,664 0,667 1,000 0,60 4 0,0
bnlg1237 96 7 2,297 1,012 0,000 0,565 0,568 1,000 047 2 7,3
phi053 96 6 3,122 1,304 0,000 0,680 0,683 1,000 0,62 3 6,2
phi034 96 5 2,326 0,990 0,010 0,570 0,573 0982 048 3 3,1
umcl122 94 9 5954 1953 0,021 0,832 0,837 0,974 0,81 5 12,0
phi027 92 4 2,257 0,926 0,000 0,557 0,560 1,000 0,46 2 6,5
phi059 93 4 2,216 0,899 0,000 0,549 0,552 1,000 0,45 2 5,4
bnlg666 96 15 4504 1,968 0,000 0,778 0,782 1,000 0,76 6 13,5
bnlg238 96 12 5961 2,042 0,000 0,832 0,837 1,000 0,81 8 5,2
bnlg125 96 11 3,018 1,558 0,000 0,669 0,672 1,000 0,63 3 19,1
umcl1221 96 8 4107 1,641 0,000 0,757 0,760 1,000 0,73 5 5,2
umcl1360 96 4 2,771 1,158 0,000 0,639 0,642 1,000 0,58 4 0,0
umcl944 93 6 3,393 1,390 0,000 0,705 0,709 1,000 0,65 3 11,0
umcl022 96 6 1,892 0974 0,010 0472 0474 0,978 040 3 4.4
umcl083 89 10 3,866 1,602 0,000 0,741 0,746 1,000 0,71 4 10,5

N-peanunna yszopxa, Na-6poj asera, Ne-6poj

AOKyCY

ecdpexruBaux asera, H-Illemonos wuaekc, Ho-
3aIaKEHA XETEPO3UTOTHOCT, He-odekuBaHa XeTepO3HUTroTHOCT, #He- HempucrpacHa oOdYeKuBaHa
xereposurotHoct, F- muaekc duxcanuje, PIC- nokasares nosumopduocta, Nr7z-Opoj perkux
aneAaa umje cy dpeksernuje sehe man jeanaxe 5%, %ra - cyma (PpeKBEHIIH]ja PETKUX aA€Ad IIO
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PeaaTuBHO BeAMKH OpOj ACTEKTOBAHIX aA€AA Ca MAFBHM OpPOjeM MapKepa ykasyje Ha
BEAHKY ITOAHRMOpPgHOCT u3abpannx SSR mapkepa m HAa BEAHKH AMBEP3UTET HCITHTAHUX
nHOpeA auaHja. [Ipocewan 6poj aseaa oapeben ca 36 mukpocareanta y 96 nHOpeA AHHHja
nsuocuo je 8,3. Dubreuil et al. (1999) cy y y3opky oA 116 nHOpea AMHHIja IPOHAIIIAM MaFbH
Opoj aneaa mo Aokycy (5,9 asena), Aok cy Rebourg et al. (1999) yrBpanan 6,6 arera 1o
AOKYCY V Y30PKy OA 65 momyaaruja npuvenom 34 RFLP mapkepa. Mamu Opoj OTKpUBEHHX
arera y Behem y30pKy MHOpeA AMHHOja M IIOIyAAIlMjaMa KyKypy3a MOMKE OHTH PE3yATAT
Marbe AHMBEPIEHTHOCTH H3a0pAaHMX TE€HOTHIIOBA HAM Mame noinmopduoctn RFLP
Mapkepa y oaHocy Ha SSR mapkepe. 3Ha4aj BEAHUHMHE M AMBEPIEHTOCTH Y30PKa KaO H
O6poja u moAumMopdHOCTH Mapkepa IOTBphyjy mcrpaxkusama Liu et al. (2003), koju cy
aHaamzoM 260 wnHOpeA AMHHja H3 TPOIICKOT, CYIITPOIICKOI M YMEPEHOI KAHMATa
ycraHoBuAH Ipocedno 21,7 aseaa momohy 96 SSR mapkepa, Yang et al. (2011) koju cy
yIBpAnAH mpocevHo 8,2 arera y 154 nuOpea aunamje u van Inghelandt et al. (2010), koju cy
AerektoBaAn mpocedHo 14,6 aseaa mehy 1537 uaOpea Annumja kykypysa. IIpocedan 6poj
oA 0,3 aneaa 1o Aokycy yrepauan cy Li et al. (2006) mehy 46 uubOpea Annunja ca 64 SSK
mapkepa. Lu and Bernardo (2001) cy ca 83 mukpocateanTa mpoHammau mpocedHo 4,9 arera
y 40 mHOpeA AmHMja, oOjarmmapajyhy mMaAnm Opoj asesa YCKOM IE€HETHYIKOM OCHOBOM
AHAAM3UPAHNX T€HOTUIIOBA KOJU IOTHYY OA CBEra OCaM POAHTEACKHX AHMHHU]A U § Mamboj
MepH MAAOM BEAHMYHNHOM y30pKa. C 003MpOM Ha TO Aa je Y OBOM PaAy yIBpheH peAaTHBHO
BEAUKH Opoj aseaa y mnopehemy ca OpojeM aHAAMSHPAHUX I€HOTHIIOBA, MOKEMO
32KAYIHTH AQ CY KopuITheHe HHOPEA AHHEjE 3HAYajaH H3BOP TEHETHYOT AUBEP3UTETA.

Beauku 6poj aseaa pesyATaT je M BEAUKOT YACAA AMHYKACOTHAHHX MapKepa, OKO
ABe Tpehune m3aOpanux Mapkepa. AMHYKACOTHAHE Mapkepu nMmajy Hajsehy dppexseniujy
MyTallje M CaMHM THM Cy HOAUMOP(HHJH OA TPO-, YE€TBOPO- M TETOHYKACOTHAHHIX
mapkepa (Vigouroux et al. 2005). V oBoMm mcrpaskuBamby, MapKepHu €a AHUHYKACOTHAHUM
ITOHOBIMMA CYy Y UCIUTHBAHUM AMHH]aMa KyKypysa nmpoceuno umain sehy PIC BpearOCTH
OA MapKepa ca TPH-, YETBOPO-, U IIETOHYKACOTHAHIM IIOHOBITUMA IIITO j€ ¥ CATAACHOCTH Ca
pesyatatuma Li et al. (2006) u Enoki et al. (2002). O6jarmseme 3a OBy II0jaBy AaAH CY
Chambers and MacAvoy (2000) koju cy yrspanau aa mpusnkom PCR peakmmje moke Aohu
AO ckAmsaBama moammepase Hu3 AHK Aamarr m mpeckaxama pelAHKaImje jEAHOI HAHU
BHUIIIE IIOHOBaka AOBoAchum A0 ammaumdukarmje kpahux IpomsBoAa OA HOPMAAHO
ymuoxeHor AHK cermenra. OBaxse rpemke, mpema Edwards et al. (1991), gemthe cy xoa

SSR mapkepa ca ABa IIOHOBKA U 9ECTO OTEKaBajy IPABUAHY HACHTUDHKAIN]Y aresd. Aa Ou
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ce M30€rA0 IperemuBame Opoja aseaa, OAHOCHO yrBphubama Beher Opoja aseaa oA
rocrojehux 300r rpermraka y pernankaruju, PCR peakimje ¢y mOHaBbS>AHE, HAPOIHTO KOA
y30paKa TA€ Cy YIBpheHH PETKH aAeAn.

Ha Tauny nporneny pexBeHIIN]a aAeAd, MOKE Ad YIWYE U I10jaBa HYATHUX aA€Ad U
Behu mporenar Heycrieanx PCR peakiinja 300r Uera IOAAIM O AAGAMMA 32 TaKBE AOKYyCE
mepocrtajy (Dubreuil et al. 20006). Msyse mapxepa #zc1083 koA xojer je yrBpheno 11%
HYATHX 2ACAA M AA€AA KOJH CE HUCY MOTAHM ACTEKTOBATH, (PPEKBEHIIN]A HYATHX aACAd KOA
ocraaux mect mapkepa (ume2003, phi093, umcl 122, phi027, phi059 wu umcl 944) kperasa ce oA
1 r0 4% wm HEje OMAA AOBOASHO BEAHMKA Ad YIHYE Ha KOHAYHY PACHOACAY (DpeKBeHITH|a
anera. Beanxkn Opoj AerexroBaHmx aseaa je, Takobe, pesyarar Behe pesoayimje m mohu
AeTekimje KopuimheHe KalMAapHE eAeKTpodope3e Yy OAHOCY Ha arapo3HH HAU
ITOAMAKPUAAMUAHI TEA, IIITO j€ HABHUIIE U3PAKEHO KOA AACAA KOJU CE PA3AHKY]Y Y MAAOM
Opojy HykAeoTHAR (2-5).

IIpoceuna PIC BpeAHOCT, ITOKa3aTesda IOAUMOPGHOCTH MapKepa, H3HOCHAA je
0,064 1 Huje 3HATHO OACTYIIaAa OA PIC BpeAHOCTH Y APYIHM HCTPAKUBAIBLUMA, yKa3yjyhu na
nuadopmaTuBHOCT u3aOpanux mapkepa. Reid et al. (2011) cy yrspaunan PIC Bpeanoct 0,68
3a 105 muxpocarteanta koA 129 naOpes amnmja, Li et al. (2006) 0,66 3a 64 mapkepa u 46
nHOpeA AunHpja, a Smith et al. (1997) cy koA 62 renoruna anaansupanux ca 131 mapkepom
nspauyHasu PIC Bpeanoct 0,62. Camo 1mect mapkepa je nmaro PIC Bpeanoct ucroa 0,5
BPEAHOCTH KOja CE€ CMaTpa IPAHHYHOM Aa OH MapKep OHO AOBOMSHO HH(OpPMATHBAH 32
reHoTuIicky anaausy (Suteu et al. 2014).

[Moammopdroct kopurrthenux mapkepa oapebena je m 3HATHHM OpOjeM PETKUX
anera (8,5% mo aokycy). Ha mHeyjeamauene pacroaese (ppeKkBeHIH]a aACAd YCACA
IIPHCYCTBA PETKUX AA€AA YKA3Yjy U HIDKe BpeAHOCTH [IIeHOHOBOT MHAEKCA KOA AOKyCa KOjH
cy mmaAu Behm Opoj aseaa OA IPOCEYUHOT, LOWIYT Mapkepa bnlgl 523 w bnlgl25. Ha oy
I10jaBy yKasyje u Opoj eeKTUBHUX aA€Ad KOJU je 32 AOKYCE KOJU MMajy BEAHKH IIPOIIEHAT
PETKIX aAeAd 3HATHO MArbl OA yTBpheHor 6poja aseaa.

IIpocedyna BpeAHOCT yO4YEHE XETEPO3UIOTHOCTH OHMAA je HUCKA, AOK j& IPOCEUHU
KoedpuIIIjeHT HHOPHAMHTIA 32 CBe AOKyce Ouo O0Am3y Hajpehe Teopujcke BpeAHOCTH 1, IIITO
je oOueKHBAaHO, C OO3MPOM Ha XOMO3WUIOTHY IPHUPOAYy HHOpeA AnHuja. Beanka
ITOAMOPAHOCT KOpPHUIIThEeHNX MapKepa yKasyje Ha FbHXOB BEAUKH 3HAYaj 32 yrBphuBame
AMBEP3UTETA ITOYETHOT I€HETHYKOI MAaTEpHjaAd KAO ITOAA3HE OCHOBE 32 OIIACMEHHHBAIHE,

CpI/IHl"CpHpI/IHTI/IHF CAUTHHUX I/IH6pCA AI/IHI/Ija 1 3aIITUTy HNHTCACKTyaAHE CBOjI/IHC, Ha
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ITOTOAHOCT MapKepa 3a AMCKPHUMHHAIIM]Y TE€HOTHIIOBA KYKypy3a M TEHOTHUIIM3AIH]Y, Tj.

MOAEKYAAPHY €BAAyALIH]Y.

6.2 AHaam3a CTpPyKType IIomyAallHje KyKypy3a 3aCHOBaHA HA IIaPaMETPHjCKOM

MOAEAY

Crpykrypa monyaanmje Kykypysa je yrBpbena 3a cer oA 96 mHOpeA AmHmja y
mnporpamy STRUCTURE 3a mpermocraBseHn Opoj kaactepa (rpyma) oA 1 Ao 6 u ca mer
ITOHAB/>ARbA 32 CBAKH KAacTep. [lporemenn koedHIMjeHTH IPHUIIAAHOCTH I'€HOTHIIOBA
CBAKO] TPYIH HM3PAYyHATH Cy 32 CBAKY 3aAaTy IPETIIOCTaBAdeHy Ipymy (oA K=2 a0 K=06).
Cpaxa HHOpEA AMHHja je IIPEACTAaB/o>EHA BEPTHKAAHOM AMHHJOM KOja je ce cactoju oA 1 Ao
K oGojena cermenTa. AyxnHA CBaKOr ODOJEHOI CErMEHTA je IPOIOpIHOHAAHA YAeAy K
Ipylia y TeHOMY AaTe HHOpeA AnHmje (rpad. 5).

C o36mpom Ha 1O A2 iporpam STRUCTURE me oapebyje cam crBapan 6poj rpylia,

Opoj rpyma je oapehen momohy meroaa najsehe BeposatHohe u EpanoBor Mmoaeaa.
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I'pacbuxon 5. Xucrorpamu mporemeHnx KoeduIujeHaTa IPUITAAHOCTH TeHOTUIIOBA KYKYPY3a 32 ABE, TPH, Y€THPH, IIeT U mrecT rpyma K
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Meroa mHajsehe BeposarHohe mnporemyje Opoj Ipyla Ha OCHOBY BPEAHOCTH
Aoraputma BepoBaTHOhe dpexsenmmje asera I(K) 3a cBakm kaacrep. bBpoj kaacrepa
oapeheH je yHOIIEIEM y KOOPAMHATHU CHCTEM OYEKHMBaHHU Opoj kAactepa K Ha ammucu n
Aoraputam  BepoBarHohe Ha opamHatn. Hajsehm mopact aorapmrva BeposartHOhe
AocTurHyT je mpu BpeaHoctH K=2 (1ab. 4), Aok je ca mosehaBamem Opoja Kaacrtepa,
AorapuTam BepoBatHOhe Tek OAAro pacrao IITO yKasyje Ha ITOCTOJaEbe ABE IPYIIE § AATOM

cery regoruriosa (rpad. 6).

Tabeaa 4. CraHAapAHA ACBHjAIH]ja U CPEARbA BPEAHOCT AOrapuTMa BepopaTHOhe KAacTepa

K, L(K)u AK

K SAL(K) L(K) L'(K) LK) || AK
K1 0,264575131  -10333,8 0 0 0 0,00
K2 2,345918441  -89121 14217 9559 9559 407,46
K3 1,858314649  -84463 465,8 -307,3 3073 165,36
K4 15,80833114  -8287,8 158,5 523 523 3,31
K5 54.84389969  -8181,6 106,2 269 269 0,49
K6 16,42142909  -8048,6 133,1 133,01 1331 8,10

L(K) je npoceuna Bpeanoct aorapurma Bepoparuohe K, L'(K) = L(K), — L(K),..,L.”(K) = L(K), —
L(K),..; AK = [LL”(K)]/ Sd

[Ipumenom EBanoBor mMoaeaa 3a oapehuBamse Opoja KaacTepa y CTIPYKTypH
IIOIYAALHje AHAANSHPAHUX HHOPEA AMHHja H3ABOjeHE Cy, Takobe, ABe rpyme. bpoj rpyma
jeAHAK je OHOM OpOjy OueKHMBaHHX KAaacTepa K 3a KOJU je BpEAHOCTH Pa3sAHKe APYIOT peAa
K najseha. Hajseha Bpeanoct 4K aobujena je koA moaeae Ha Ase rpyre K u rpacpuaxn je

IIPEACTaB/S>EHA ITHKOM (Tpadd. 6.)
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OBH pesyATaTH OATOBApajy IIOACAU HHOpPeA AumHHUja Ha BSSS xetepormany rpymy n
ocrane (non-BSSS) rpyme m mpeacraBseHA je IPBHM XHCTOrpaMoM Ha rpadukoHy 5. ca
MOAEAOM KOJU IPETIOCTaBAa ITOCTOjambe ABe rpyme (K=2), rpadpuakn npukazane 3eAeHUM
u npseHuM cryomhuma. C 003MpOM Ha TO Aa Cy Pe3yATatd EBaHOBOI METOAA M METOAA
majpehe BepoBaTtHOhe ykasaanm Ha AudepeHIMjallHjy Ha ABE IpyHe, Y IIporpamy
STRUCTURE wusbpana je () MaTpuIia 3a ABa KAaCTepa Koja CE& CaCTOjaAa OA IIPOLEHEHHX
KoedHIIIjeHaTa IPHUIIAAHOCTH CBAaKe MHOpPEA AMHHje 32 CBaku kaactep. MHOpea Amnmje
KYKypy3a ca KOeHIHjeHTOM HpHuIaAHOCTH BehmM mam jeamakum Bpeanoctu 0,75 cy
IIPHK/ASYIEHE AATOM KAACTEPY, AOK CY AMHHjE KOA KOJHX je BepoBaTHOha ITPHIIAAHOCTH
kAaactepy mama oA 0,75 cBpcrame y MermoButry Ipymy. Tako je IpBOM KAacTepy
npuaApyxeHo 51, Apyrom 37, a mermoutom 8 mHOpeA AnHHMja (0. 5, 6 u 7).

Hajsehu 6poj aunamja ripBor kaacrepa upunaAajy Lancaster xereporanoj rpymu (39
AMHH]a Ca TIEAUTPEHMA § KOjuMa je 3HadajaH Aeo repmiaasme Aunuja C7103, Mol7 u Oh43),
et lodent AMHU)A 1 IIECT AUHMjA Ca HE3ABUCHHUM ITEAUTPENMA, Er30TUIHOT HAU E€BPOIICKOT
IIOPEKAA KOje He IIPHIIAAA]y HABEACHUM XCTEPOTHYHHUM Ipymama. Y APYIH KAacTep
crBpcraso je 37 BSSS unOpea amumja. Tpehu MemmoBuTn KAacTep CacTojao ce OA YCTHPH

BSSS, ae Lancaster, jenne lodent n jeanne HHOpPEA AMHU]e HE3aBHCHE XETEPOTHYIHE IPYIIE.

Tabeaa 5. MuOpea AmHHje KyKypy3a cBpcraHe y rpyny 1 Ha OCHOBY BepoBaTHOhe
IIPUITAAHOCTH 0BOj rpyn 07

Awunnja XerepoTuyHa Ipyna V 1tumy Q1

G1 Lancaster Mo17 0,9975
G2 Lancaster Mo17 0,9598
G5 Lancaster Mo17 0,8689
G6 Lancaster Mo17 0,9963
G7 Lancaster Mo17 0,9973
G8 Lancaster Mo17 0,9952
G9 Lancaster Mo17 0,9956
G10 Lancaster Mo17 0,9796
G12 Lancaster Mo17 0,7689
G13 Lancaster Mo17 0,8884
G14 Lancaster Mo17 0,9843
G15 Lancaster Mo17 0,8835
G33 Lancaster Mo17 0,9974
G34 Lancaster Mo17, Oh43 0,9935
G35 Lancaster Mo17 0,9965
G40 Lancaster Mo17, C103 0,9971
G41 Lancaster Mo17, C103 0,9961
G43 Todent Todent 0,9299
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G44
G45
G47
G48
G49
G52
G56
G57
G58
G59
G60
Go4
G67
G68
G69
G70
G71
G72
G73
G74
G75
G76
G77
G78
G79
G80
G81
G84
G87
G92
G93
GY%4
G96

Lancaster
Lancaster
Lancaster
Lancaster
Lancaster
Lancaster
He3zasucna
Heszasucna
Lancaster
HeszaBucna
Lancaster
Lancaster
Lancaster
He3zasucna
Todent -BSSS
Heszasucna
Lancaster
Lancaster
Lancaster
Todent
He3zasucna
Lancaster - HezaBucna
Lancaster
Lancaster
Lancaster
Lancaster
Lancaster
Lancaster
Lancaster
Lancaster
Todent
Todent - Lancaster
Todent

Mo17

Mo17

Mo17

Mo17

Mo17

Mo17, Iodent
Erzormyna repmmaasma
Erzormyna repmmaasma
Erzormyna repmmaasma

Ersormana repmiinasma

Oh43

Iowa Corn Borer Synthetic

C103

F7
Hemosuaro
F2

C103
Mo17
Mo17
Todent
Hemosuaro
Hemosnmaro
Mo17
Mo17
Mo17
Mo17
Mo17
Hemosnmaro
Mo17
Mo17
Todent
Todent - Oh43
Todent

0,9977
0,9962
0,9972
0,9962
0,8379
0,8366
0,9799
0,7718
0,9606
0,9265
0,9287
0,8244
0,7766
0,9150
0,7557
0,7906
0,996

0,9963
0,9946
0,8687
0,9958
0,7900
0,9964
0,9974
0,9959
0,9907
0,9928
0,9936
0,9966
0,9966
0,9427
0,9885
0,9664

Tabeaa 6. MHOpeA AmHHje KyKypy3a CBpCTaHE y IPyIly 2 Ha OCHOBY BepoBaTHOhe
IIPUITAAHOCTH APYroj rpynu 02

Awnnja XeTepoTuyHa Ipya V oy Q2
G3 BSSS B73 0,9938
G16 BSSS B73 0,9974
G17 BSSS B73 0,9953
G18 BSSS B73 0,9949
G19 BSSS B73 0,9955
G20 BSSS B73 0,9734
G21 BSSS B73 0,9975
G22 BSSS B73 0,9973
G23 BSSS B73 0,9953
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G26 BSSS B73 0,9971

G27 BSSS B73 0,9772
G28 BSSS B73 0,9910
G30 BSSS B73 0,9972
G31 BSSS B73 0,8531
G32 BSSS B73 0,9968
G36 BSSS B14, B73 0,9951
G37 BSSS B73 0,9968
G38 BSSS B73 0,9938
G39 BSSS B14, B73 0,9207
G42 BSSS B14, B37 0,9389
G50 BSSS BSSS Synthetic 0,9890
G51 BSSS BSSS Synthetic 0,9948
G53 BSSS B14 0,9838
G54 BSSS B73 0,9961
G55 BSSS B73 0,9961
Gol BSSS BSSS Synthetic 0,9959
Go62 BSSS B73 0,9953
G63 BSSS B84 0,9781
G66 BSSS BSSS Synthetic 0,8940
G82 BSSS B14 0,9959
G85 BSSS B73 0,9974
G86 BSSS B73 0,9976
G88 BSSS B73 0,9954
G89 BSSS B37 0,8743
G90 BSSS B73 0,9919
GI1 BSSS B73 0,9928
G95 BSSS B73 0,9641

Tabeaa 7. IHOpeA AMHH]e KyKypy3a CBPCTAHE Y MEIIIOBUTY IPYIy Ha OCHOBY BepoBaTHOhe
IIpUITIAAHOCTH reHotunosa rpynama 1 u 2 (07, 02)

Amnmja  XerepoTH4HA IPyIa VY Ty Q1 Q2

G4 Lancaster Mo17 0,4338 0,5662
Gl11 Lancaster Mo17 0,5843 0,4157
G24 BSSS B73 0,4127 0,5873
G25 BSSS B73 0,3548 0,6452
G29 BSSS B73 0,3885 0,6115
G46 Todent PH207 0,3899 0,6101
G65 BSSS BSSS Synthetic 0,3211 0,6789
G83 HesaBucna ND250 0,4895 0,5105

C o03upom Ha TO Aa je EBAaHOB MOAEA A20 HAJBUIIIK HUBO XUjePapPXUjCKE CTPYKTypE
Y AATOM CETy IIOACAUBIIIH IIOIYAAIIH]y KYKyPy3a Ha ABE IPYIIE, Ad OU C€ YIBPAHAO KaKO Ce

TeHOTHUIIOBH I'PYITHINY § OKBHPY CBAKE OA BbHX, aHAAN30M O0€ IpyIie IIOHA0CO0 y IpOorpamy
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STRUCTURE yrBpheno je aame crpykryupame. Ha ocHoBy amctprOymmja dppexseniimja
aAeAa, IIPBa IPyIIa IIOAC/SEHA j€ HA ABE IOATPYIIE Y KOjuUMa ¢y u3 Lancaster XeTepoTHIHE
rpyme (28 mHOpeA AmHHIja) n3ABOjeHe HesaBucHe U lodent amuwmje (16 mHOpeA AmHMIja).
CeaaM MHOpEA AMHHja HHjE VBPIITEHO HHU Y JEAHY IPYIY, jep je& HMAAO BPEAHOCTH
BeposaTHOhe mpHIapAHOCTH 00a KAaactepa Mambe OA 0,75. V' Apyroj rpymm, AmHHje cy ce
rpyrmcase y B73 tum (22 mHOpea ammmja) m ocrase (11 muOpeA AmHmja), AOK UeTHpH

HHOPEA AMHHjE HUCY CBPCTAaHE HU Y JeAHY ITOArpymy (rpad. 7).
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= - o= Jlunwja Y any Q1 Tlwnmja ¥Ymny Q1

2 "= 63 B73 9% | G2 B3 09939
- - = Gi6 B3 0934 G30 B73 09931
= - GIT B73 0.9%4 G31  BT3 03816
= = G18  B73 0995 G2 B73 09512
. =y G19 B73 0995 G37  B73 09367
= = G20 B73 0986 G54 B73 0.9u48
. .7 G21 B73 0.9% G55 B73 0.9942
5 " G22 B73 099 G62 B73 0.9948
W G23 B3 0993 G85 BT3  0.993
g G26 B73 099 G86  B73 0.9946
- I:> G27 B73 0938 G88  B73 0.9701

TNuHnja ¥ many Q2 MuHwja Yy Q2
B73  o0.8218 GB3  B3T  0.9427
B14, B73 0.9937 Go0 B73  0.9934
B14, B3T 0.9604 GH1 B3  0.9893
B14  0.9543 Gs5  B73 09822
B84 0965 G2 B14  0.8238
B14,B73 0.9713

11

= Nuwnja  Mpyna Q2 [lwenja  Tpyna a2

G10 Lancaster 0.8449  (GBY lodent  0.9877
] G14 Lancaster 0.8964  G74 lodent  0.9823
e~ G437 lodent 09964 G755  HesaewcHa 0.9922
L (A6 Hesasucwa 0.9877  G/6  Lancaster 0.8194
- G57 Hesasucha 09904  G9  lodent -Lanc. 0.9860
= GA53 Lancaster 09411 G933 lodent  0.9763
— Bt G50 Heaaucwa 0.9784 G965  lodent  0.9923
g G68 Hesasucha 09656 GV70  HesaewcHa 0.9270

g % &
g e e

§

15

Twnwja  Tpyna a1 INMunnja  Tpyna a1

Lancaster 0.9969 Lancaster 0.9963
Lancaster 0.9963 Lancaster 0.9059
Lancaster 0.9959 Lancaster 0.9172
Lancaster 09911 Lancaster 0.7891
Lancaster 0.9954 Lancaster 0.9968
Lancaster 09151 Lancaster 0.9958
Lancaster 0.9952 Lancaster 0.9970
Lancaster 0.9657 Lancaster 0,994
Lancaster 0.9880 Lancaster 0.9559
Lancaster 0.9616 Lancaster 0.9926
Lancaster 0.9891 Lancaster 0,9923
Lancaster 0.9967 Lancaster 0.9962
Lancaster 0.9967 Lancaster 0.9951
Lancaster 0.9961 Lancaster 0.9966

e =2 =2 =

0
00

s 8 2 =
= 8 = =

I'padpuxon 7. XwmcTorpam IpOIEHEHUX KOeUIHjeHATa IPHUIAAHOCTH ITOIYAAITHjaMa
KyKypy3a. 3eaeHOM je osHaueHa BSSS monyaanmja, koja je moaeseHa Ha rpymy ca AHHHjaMa
HactaAuM u3 B73 (myOmaacra) U rpyIly AMHH|A KOje BOAE IIOPEKAO OA B74, B37, B73 u B84
(maaBa). Apyra momyaanmja (IipBeHa) IoAeseHA je Ha Lancaster aunHmje (HapaHIIacTa) H
rpyiy aunamja Lancaster, lodent n annuje He3aBHCHE XeTEPOTHYHE IpyIie (FKyTa).
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[Tapamerpujcki MOAEA AHCTpHOyIIHje (PPEKBEHIN]A IIPUMEHEH Y IIPOrpamy
STRUCTURE npuapyxno je 96 mHOpeA AMHMja KyKypy3a YHAIIPEA 32AaTOM OpoOjy
KAacTepa (Ipyla) IIpemMa KapaKTePUCTHIHOM CeTy (DPEKBEHIIN]a AACAA 32 CBE AOKYCE, AOK CY
MetoA Hajsehe BepoBaTHOhe M EBaHOB MeTOA yIBpAMAHM IOCTOjame ABe rpyme. Iloaeaa
MHOpPEA AMHHIja HA ABE IPYyIIE Y CATAACHOCTH j€ Ca IIOACAOM HHOpeA AmHHja Ha BSSS
xerepoTudHy rpymy u ocrase (non-BSSS) rpyme (Hallauer and Miranda 1988, Rasmussen
and Hallauer 2000).

AUTEepaTypHI IIOAALIN YKA3Y]y HAa HEIIOCTOJalbe JEAMHCTBEHOI HAYMHA YTBphuBarba
Opoja KAaacTepa M IIPEIIOPy4yjy HpHMEHy MeToAa Hajpehe BepopatHOhe m EBanoBor
MOA€EAQ, Ka0 U A2 Opoj u3aOpaHHX KAacTepa OyA€ OOjaIlmuB ca OMOAOIIKOI CTAHOBHUIIITA
(Pritchard et al. 2000, Pritchard et al. 2007, Coulon et al. 2008). Hajuerthy moaeay Ha ABe
rpyie koja ce Aobmja npuMeHoM EpanoBor Metoaa notephyje ncrpaxkmuBame Vigouroux et
al. (2008) koju cy mpumeHOM OBOT MeTOAa rpymucasn 310 momyaarmja Kykypysa y Kaactep
KOJU je OOyXBAaTHO IIOIyAarldje KyKypy3a ca AHAQ M APYTH KAACTEP KOJH CE€ CACTOja0 OA
ITOIIyAQITHja KyKypy3a Koje HHcy mopekaoMm ca Aaaa. OBy mojaBy Vigouroux et al. (2008)
00jaIlmbaBajy MAAUM BPEAHOCTHMA BepoBaTHOhe Aa BpeaHoct K Oyae 1, oaHOCHO Al je
MaAa BepoBaTHOhA Aa HE ITOCTOJU CTPYKTYHPArbe y MCIHHTUBAHUM I'€HOTHIIOBHMA, YCACA
uera je pasamka BepopatHohe (JK) aa mocroje ABa Kaactepa m BepopaTHOhe Aa mocrToju
jeAnaH KAactep, Beha oA pasAmke BepoBaTHOhA Aa ITOCTOje TPH KAACTEpa M ABA KAACTEpPa,
pasamka BepoBaTHOha dYeTHpPH KAacTepa M TpH KAaactepa, uTA. [lpmmemyjyhu Esanos
mMoaen, Semagn et al. (2012) cy moaeanan 450 mHOpeA AMHHja KYKypy3a Y ABa KAAcCTepa,
aAW Cy HAKOH ITopeherma IleAurpea yIBPAUAU Aa TIOAE€AA HA TPU KAACTEpa BHIIIE OATOBapa
pacroaeAn HHOpPeA AMHHMja 1pema nopekay. Yang et al. (2010) cy npumernanm Aa mmoaesa
ronyAanuje 155 mcnmTuBaHUMX MHOPEA AMHHjAa y ABa KAAacTepa HHUje Y IOTIYHOCTH Y
CArAAHOCTU Ca ITOAAITIMA O IIEAUIPEHMMa, I1a Cy IOACAY HMHOPEA AMHHU]A VHyTap CBAaKOT
KAACTepa H3BPIIHAH yKsy4ayjyhn muxose meamrpee. Suteu et al. (2014) cy amaamsom
ronryAanuje oA 90 mHOpeA AnHHja Kykypysa ca 80 MHKPOCATEAUTCKAX MapKepa YIBPAHAN
ITOAEGAY HMHOPEA AMHHjA § ABa BEAHKa KAACTEpa, KOje Cy aHaAH3upajyhu cBakm kaacrtep
ntoceOno y nporpamy STRUCTURE Aame ITIOAGAHAH Y ABa, OAHOCHO IIET IIOAKAACTEPA.

[Tporpam STRUCTURE Huje usaBojuo y moceOHe kaacrepe lodent aunmje, kao HU
HHOPEA AMHH)a KOje BOAC IIOPEKAO U3 EBPOIICKUX TBPAyHAIlAa mAH u3 Jy:xue Amepuxe. Ha
OBAKBY IIOAEGAY BEPOBATHO je YTHIIAO0 HecpasmMepaH yAeo lodent AvHumja m AuHUDja

HE3aBHCHOI IIOPEKAA Y YKYIIHOM OpPOjy HHOPEA AMHU]a U IbUXOBA cAada AudpepeHnmjanmja,
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TE Cy OHE IPYIICAHE V jeAaH OA ABa HajBeha kaactepa, Lancaster kaactep. Vsumajyhu Apyry
majsehy BpeaHoct pasaumke Apyror peaa AK wm Apyry Hajsehy mnpoceuny BpeaHOCT
AorapuTMa BepoBaTHOhE Kao Iokasatese Opoja rpyma, 96 HHOpPeA AMHHIja je TPYIHCAHO Y
Tpu kaactepa: Lancaster, BSSS xaacrep n tpehm koju ce cactojao oA: lodent nummja, mHOpeA
AMHHja ITIOPEKAOM U3 EBPOIICKHX TBpPAyHaIa u u3 JyxkHe Amepuke, 3ajeaHo. Msbopom
YETHPH U IT€T OYECKUBAHA KAACTEPA, PACIIOACAA TEHOTHIIOBA HH Y JEAHOM CAYYajy HUje OmAa
Y CATAQCHOCTH €4 FbUXOBHM IIEAUTPENMA M XETEPOTHYHUM IPyIIaMa.

UYecra moaeaa reHOTHIIOBA KyKypy3a Ha ABa Kaacrepa (Vigouroux et al. 2008) ce
MOKE OOJACHHUTH IIOCTOJab€M XHjepapXHjCKe CTIPyKType. EBaHOB MeETOA IpOHAAA3N
HAJBUIIIN HUBO CTPYKTYPE Y AATOM CETy IIOAATaKa, IITO je y HCTpaKuBamy 96 mHOpeA
AMHH]a KyKypy3a OOyxBaheHHX OBOM AHCEPTAIIHjOM ITIOTBpHEHO aHAAM30M 00a KAacTepa
ITOHA0COO U VIBphUBAmEM Aa/oEr CTPYKIYHpParba YHyTap CBakor kaactepa. CBaku kaacrep
STRUCTURE je moaeAno Ha ABE IPyIIe, U3ABOJUBIIIN Y BEAUKO] MEPH AuHHje y Tuiy B73
oA ocraaux y okBupy BSSS xaacrepa m mHOpea amnmje Lancaster XerepoTHdIHE IPyIIE OA
AMHHja HE3aBHCHE XeTeporudHe rpyie u lodent amamja. Mamu 6poj aunumja y Ty B73
Huje cBpcran y B73 moakaactep BSSS, xao mrro je m aeo Lancaster nHOpeA AmMHHI)a OCTA0
usBan Lancaster ioakaacrepa non-BSSS kaacrepa. OBo Moike OHMTH ITOCAGAHIIA YTHIIAja
APYTHX T€HOTHIIOBA KOJU Cy YYECTBOBAAH y CTBAparby OBUX MHOPEA AMHH)A, KAO IITO CY
IIpeAaYKe AMHH]E HAHM IIOIYAAIIMje U3 KOJUX Cy HHOpeA AmHmje Hactase. Liu et al. (2003)
Pa3sAMKE y TEHETHYKO] KOHCTUTYIIUJH AUHHU]a CAUYIHOT IIOPEKAA ODJaIlIibaBajy CEACKIINjOM U
TEHETHYKUM APH@PTOM y IIPOIECY HHOPHAMHIA IIPUAHMKOM CTBapamba HHOPEA AMHUjA
AoBoAaehu A0 oAcTyama usmehy BUXOBUX IIEAUTPEa M IEHETHIKUX AUCTaHITH. CBakako Aa
OH AOCTYIHOCT IOTIYHHJUM ITOAAIIUMA O IIEAUIPEHMa KOPHUIMNEHUX HHOPEA AHHHjA
omoryhmao 0Oome caraeaaBarbe IPUXOBHUX MeDyCOOHHX OAHOCA U OICHY IIOAYAAparba

BHUXOBHUX HCAI/IFPCZI ca ME€ToOAaMA KA?ICTCP AHAAM3E.

6.3 Amasmsa cCTpyKType momyAanuje KyKypy3a 3aCHOBaHA HA T€HETHYKUM

pacrojamsuma

Kaacrep amaamsom, npmmenom UPGM.A wmetoaa, CBH I€HOTHIIOBU
KYKypy3a Cy CBpCTaHd y IeT rpyma. l'emermduxa oactojamba m3mehy wmHOpeA AmHHja
BH3YEAHO Cy IIPEACTAaBAS>EHA ACHAPOIPAMOM Ca AUXOTOMUM IPAHAISEM - H3 CBAKE TAYKE

padBarba pa3sABajajy Ce YBEK ABa KAACTEpPa, CBE AO IIOJEAMHAYHUX IeHOTHIOBa (rpad. 8).
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Ape najsehe rpyne unne annanje BSSS u Lancaster xerepormane rpyme. Aunnje G68 u G70,
KOje Yy CBOjUM IeAurpenMa mmajy dpanmycke Amnuje F7 m F2, oAHOCHO motmdy u3
ITOIYAQITHj€ EBPOIICKUX TBPAYHAIIA U YMHE HE3aBUCHY XETCPOTUIHY IPYIY, TPYIHCAHE CY ¥
rroceOan kaactep. Tpu aunnje G56, G57 n G59, ersotudne repMIIAa3Me, IPEKAOM Y JyKHe
Amepuke, TOCEOHE XETEPOTUIHE TPYIIE, YMHE YCTBPTH KAACTEP. Y IIETH KAACTEP U3ABOjEHE
cy ABe mHOpeA Amnumje, G65 u G&3. IlpBa AumHHja je HACTAAA U3 CHHTETHYKE ITOIYAAITHjE
BSSS, Aok je Apyra HesaBHCHOr TIeHETHYKOr Matepujasa. Ha ocHOBY remermakmx
yAamenoctu, UPGMN.A meroa je oBe ABe AMHHje Tpynmcao HajoAmxe AmHHjama BSSS
kAacrepa. Aunnja G66 xoja, kao u anaHja G65, moTHde U3 cHHTETHYKe nonyaanuje BSSS,
Ipylnucana je Ha caMoM Kpajy BSSS kaacrepa, reHeTHdky je HajyAasdseHHja OA ocTtarux BSSS
AMHH]2, 2 HAJOAM/KA AMHIjaMa IIETOT KAACTEPA.

Cse lodent nmmmje (G43, G46, G69, G74, G93, G94 u G96) Harase ce y jeAHOM
KkAactepy y okBupy seher Lancaster kaactepa. Tpu nabpea aunnje, G75, G76 u G84, anju
IIEAUTPEN HHCY IIO3HATH, Ipynucasu cy ce y Lancaster xaacrep. AumHumja TeHEeTHYKH
HajoAmxa Anamju G735, HEmO3HATOr IOpekAa, je AumHuja G60 y tuny Oh43 m Hasasm ce
nmsmehy Mol7 u lodent xancrepa. Aunnja G76 je renermdaku HajcpoAHuja G52 AnHUDjH, KOja
y cBom 1reaurpey uma Mol7 u lodent repmuiaasmy, u cepcerana je y Mol7 kaacrep. Aunnja
G&4 ce rpynucasa oxo aunmja G77, G87 u G82 xoje cy u tuny Ananje Mol7. Aunnje
Lancaster xereporudne rpyne Koje y CBOJHUM IIEAUTpenMa uMajy repmiaasmy Auamaje C703,
IpyHHCaHE Cy jeAHa AO Apyre y okBupy Mol7 kaacrepa, ocum amamje GG67 Koja je
IeHETHYKH HajyAaseHnja oA octasux. G34, koja morumde u3 Mol7 u Ob43, cBpcrana je y
KAactep ca aumaHjama y taiy Mol7, sook cy ananje G64, nacrasa us nomyaarwmje lowa Corn
Borer Synthetic, m aummje G60, xoja je y tuny Ob43, peaatuBHo Oamcke. Mehy ammmjama
BSSS xerepormune rpyme, G39 u G42, xoje cy nacrase u3 aunuja B714 u B73, rpynucane cy
3ajeAHO ca aunujoM G63, B84 ocnoBe, Aok je aununja G306, Koja, Takohe, CAAP/KH F€HETIIKI
matepujan auamja B74 n B73, renermuxku Oamxa G82, B14 ocHose. AnHnje HacTase us
BSSS cunrermuxe monyaanuje, G50, G51, G61, G65 n G66, HuCy ce IPyIIHCAAE 3aj€AHO.
Ase BSSS aunnje, G24 u G29, nanase ce y Lancaster kaacrepy, jeara Lancaster, G4, 1 jeana

Todent anmnnja, G46, narasze ce y BSSS kaacrepy.
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G21 G55 G28 G27 Ga23
Ga1 O 622 g9

G17 G032
G20 G18
G19 G26
G50 G32
GH G51
G890 G62
G37 G85
G53 G16
G38 GB6

G89 G8s

G61 G36
G25 G82

Go4 G65

GO5
Ga3

G39 Gh7
G63 Gh6
G42 G59

G66

G70

G72
G34
G78

G41 Il \ \ G4
576 652 ao9 611 oo GO 08

I'pacdpuxor 8. Aecmaporpam HHOpPeA AHMHH]ja KyKypy3a AOOH]CH KAACTEp AHAAN3OM IIPHMCHOM
HEIIOHAEPHCAHOT METOAA TPYIIHCAIba IIAPOBA €A APUTMETHIKOM CPEAMHOM

[1pBa u3ABOjeHa IpyIia U3 UCIUTUBAHUX T€HOTHIIOBA OMAH Cy €BPOIICKH TBPAYHIIH.
van Inghelandt et al. (2010) cy, Takobe, HM3ABOJMAHM I€HETHYKH HAjyAASCHHU]E CEBEPHE
TBpAyHIIE OA BSSS, Lancaster u lodent rpynie anaausom crpykrype monyaarmje 1537 maoOpea
amapja ca 359 SSR m 8244 SNP mapxepa Ha ocHOBY MoauduxoBaHux PoriepoBux
pacrojama. OBH PE3yATATH Cy OYEKHBAHH C OO3HMPOM HAa HCTOPH]y OIIAECMEIbHBAFbAd U
VHOIIIEEbE KYKYPy3a PA3AHYUTOr IIOPEKAA y PA3AMYHTUM BPEMEHCKAM IIEPUOAUMA Y
EBpomy. EBporicku TBpAyHIIN €y HaCTaAM YKpIITameM TBpAyHana ca Kapuba u tBpAyHara
13 CEBEPOUCTOYHOr AeAa Amepuke AOHeTux y EBpomy y npBoj mosoBunu 16. Bexa, rae cy

pasBIAK CcIocoOHOCT aAaHTaHI/IjC Ha HOBE CHCHI/I(i)I/I‘IHC YCAOBE CIIO/palllIb€ CPCAHHEC
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(Rebourg et al. 2003, Dubreuil et al. 2006). Uetnpu croTnHe TOAMHA BUXOBE aAAITAIH]E U
€BOAyILIMjE KOja je Tpajara AO yBohema amepudukux 3yOaHa KykypysHor mojaca CAA kpajem
XIX u mouerkom XX Bexa (Leng et al. 1962, Trifunovi¢ 1978) yrumasa je Ha BeAHKy
reHeTHIKy yAasmeHocT usmehy osae Ase rpyme. C Tora je m3aBajarbe HHOpPEA AMHHja KOje
BOAE ITOPEKAO OA E€BPOIICKHX TBPAYHAIIA OA OCTaAux mHOpeA AuaHja UPGM.A metoaoM y
CKA2AY €a HCTOpHjoM yBODema Kykypysa y EBporry, BeroBoM aAarrramujoM Ha IIOjEAHHE
EKOAOIIIKE YCAOBE M CTBAPAIHLEM TIEHETHYKHX CIEIU(PUIHOCTH y OAHOCY HA KACHH]E
HHTPOAYKOBaHE 3yOaHe.

Hakon m3aBajama eBPOIICKUX TBPAYHAIIA, IIPEOCTAAN TEHOTHUIIOBH Cy CE ITOACAHAHT
Ha ABe rpyue. IlpBy rpyny umbe aunwuje Lancaster u lodent xetepoTudne Tpyrie ¥ HHOPEA
AHMHHjEe KOje BOAE ITOPeKAO n3 Aprerture. Apyry rpymy uuae BSSS aunmje n ABe AnHpje,
BSSS ocnoe, aAn reHEeTHYIKH YAQEBEHU]E OA OCTAAHX.

V oxBupy Lancaster rpymie mpBo ce usABojuAa rpyma lodent aunumja, a 3aTUM AHHH]E ¥
tauny Oh43 u annwnje y tany Mol7. AoOujenn pesyAratu Koju ykasyjy Aa cy lodent ammuje
oamxe Lancaster AuamjaMa, pasAHKyjy ce OA pesyATaTa ncrpaxupama Troyer (1999) xoju
HABOAU Aa Tpyme Kykypysa lodent w Stff Stalk Synthetic (BSSS) mortmay ns sajeaHmdaxe
ronyaarje Rezd Yellow Dent. van Inghelandt et al. (2010) cy ycramoBuam aa je mpocedno
pacrojame msmeby lodent 1 BSSS rpyme mame mHero mamehy ocraaux rpyma. OBy reHeTHUKy
CAMYHOCT ayTOPH OOjaIlibaBajy IIOPEKAOM aHAAMSHPAHUX lodent anumnmja Hartomusmyhu Aa
cy ucumruBaHe lodent ammmje aoOmjene w3 ykprurama S#ff Stalk u wmsopuux lodent
renoruroba. Mikel and Dudley (2006) HaBoAe Aa ce anunje us moarpyme S#ff Stalk x lodent
KopucTe 32 ykprurama ca 0443 annunjama 3a AoOujara XUOpUAA, Kao u Aa ¢y lodent m BSSS
IpyIe AOBOAHO IEHETHYKH YAA/SECHE Ad Adjy XHOpHAHA moToMcTBa. C 003UpoM Ha TO Aa €y
pasAanke m3Mehy XETepOTHYHHX IpPyIa y MHOIO BehOj MepH MCXOA OIIACMCEbHBAIGA,
OAHOCHO CEAEKIIH]je YCMEPEHE Ka CTBaparby AMHH|a Koje he MehycoOHMM yKpIIITarbeM AATH
XETEpPO3HC, HETO AU(EPEHIIN]ALIN|€ TEHETHYKH PA3SAMYNTHX OCHHBAYKHUX IOMyAar#ja (van
Heerwaarden et al. 2012), BepoBaTHO je ceaeknmja u crBaparse lodent amumja y VacTuTyT 32
paTapcTBO U IOBPTAPCBO OMAO YCMEPEHO Ka CTBapamby AHHHja Koje he AaTH XHOPHAHO
OTOMCTBO Iipe ca BSSS ammwmjama, Hero ca amnmjama Lancaster xerepoTwdHe rpylie,
unnehu lodent renermakn yaasermjum oA BSSS annwja.

I'pynucamse aumuwmja Ob43, Mol7 u C103, poaurers Mol7, y oxsupy Lancaster
KAACTEPA § CKAAAY je ca BUXoBUM Ieaurpenma. Cpe Tpr AmHEjE BOAE ITOpEKAO u3 Lancaster

Surecrop monryaartuje kykypysa (Gerdes and Tracy 1993, Lee and Tracy 2009).
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Vayrap BSSS xaacrepa Huje nmpumeheHo rpynmcame reHOTHUIIOBA ITPEMa AHHHjaMa
OA KOJuX BOAe mopekAo. I'emermduxa camunoct mamehy amasmsmpanux BSSS aunnmja, ma
OCHOBY I'€HETHYIKHX AUCTAHIH, OuAa je Beha y oanoCy Ha AmnHje Lancaster rpyme ykasyjyhu
Ha V/Ky TEHETHYKY OCHOBY BSSS AmHHja Koje ce KOPHCTE Y OIAEMEHHBAYKOM IIPOTPAMY
HAM Ha YKpPINTaka M IPOIIHPUBAKE ICHETHYKOr AuBepsurera Lancaster rpyrme ca
I'ePMITAA3MOM APYTOT TIOPEKAQ.

Ase BSSS ammmje cBpcrane cy y Lancaster kaacrep, Aok cy ce jeana Lancaster m jeana
Todent avanja Hariae y BSSS kaacrepy. HemmoayaaprocT n3mehy MoAekyAapHIX ITOAATaKA U
meAurpea nHOpeA AuHHja npuMehena je u y apyrum ucrpaxusamuma (Gethi et al. 2002, Li
et al. 2002, Labate et al. 2003). ITpumenusrmn UPGANLA MeTOA 32 KAACTEp aHAAU3Y HHOPEA
AMHHja Ha OCHOBY MOACKYAAPHHUX IOAaTaka, Barata and Carena (2000) cy yrBpanam aa ce
HekoAuko BSSS amnmja rpyrmcano y Lancaster kaactep. OBO HecAarame OHH OOjaIllIbaBajy
II0jaBOM AA€AA MACHTHYHUX II0 OOAUKY (CHTA. Zdentical by state), aA KOJH HUCY MACHTIYHI
110 TIOPEKAY (€HTA. Zdentical by decenf), ONHOCHO He BOAE IIOPEKAO OA 32jEAHHIYKOL ITPETKA.
Kako MoAekyAapHE MapKepu HE MOIY Ad Pa3AHKY]Y aA€AE KOJU CY HACHTHYHH IO IOPEKAY
OA aA€Aa KOJH IIOTHYY OA 3aJ€eAHHYKOT IIPETKA, AUHH)jE KOjeé HOCE aA€A€ KOJU HMajy HCTe
OOAMKE, 2AAM PAasSAHYUTO IIOPEKAO MOIY OHTH IIOIPENIHO IPYIHCAHE 33jCAHO.
Hcrpaxusama Warburton et al. (2002) u Yu et al. (2001) moxkasasa cy aa uHOpeA AnHDje
KOje Cy CTBOPEHE U3 HCTE IIOIyAAIHje HE MOPAjy YBEK Ad OYAy '€HETHYKHI OAHMCKE U Ad CE
IPYIHINY 32jEAHO. YCAEA I€HETHYKOI ApudTa, MyTalldja M CEACKIIH]je Yy OKBHPY MAAHX
IIOIyAAIMja, HAPOYHTO OHHUX HACTAAHX VKPIITAEBEM BHIIE POAHTEADA, UECTO Y
OIIAEMEIbUBAYKUM IIPOIPaMHUMa KyKypy3a Moxe Aohm A0 oActymama mamehy mmoaaraxka o
IIEAUTPENMA U MOAEKyAapHHX moaataka (Romero-Severson et al. 2001). Takobe, rpermxe
npuankom excrpakiuje AHK, ramgame peakimje moammepase, O9UTaBAEbad PE3YATATA HAH
obeAekaBarba y30paKa MOIY AOBECTH AO HeouekmBaHHX pesyarata. C Apyre crpase,
MOACKYAAPHHI MapPKEPH MOIY Pa3jaCHUTH IOAHUIPEEe M HOBEhaTH TAYHOCT M IIPEU3HOCT
IIPUAMKOM IIPOLIEHA OAHOCA m3Mehy AMHHja M CTPYKType IIOIyAalgje, HapOYUTO Y
CAy9YajeBUMA KaAd IIOAAIIN O IIEAUTPENMA HUCY YBEK AOCTYIIHH, jacHu 1 rrotnynu (Bernardo

1994).
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6.4 Anaamsa cTpykType HOIlyAanuje KyKypy3a 3aCHOBAaHA Ha aHAAU3M TAAaBHUX

KOOpPAMHATA

AHaAM3a TAABHUX KOOPAHMHATA j€ IIPHUMEIEHA Ad IIPOCTOPHO IPUKAKE PEAATHBHA
ICHETUYKA OACTOjarba m3Mehy 96 mHOpeA AMHHja HAa OCHOBY MOACKYAAPHHX ITOAATAKA H
VIBPAH Aa AH IIOCTOJH CAarAaCHOCT TPYIIHNCAFba TIEHOTHIIOBA OBHM METOAOM Ca
ITAPAMETPH|CKIM MOAEAOM, KAACTEP aHAAN30M 3aCHOBAHOM Ha T€HETHIKUM PACTOjaAlbIMA 1
XETepOTUYHUM rpymama u neaurpeuma (rpad. 9). I1psa koopaunata objacumaa je 17,38%,
Apyra 5,47%, a tpeha 4,48% ykyrue Bapujaduanoctu. IIpBe Tpu KOOpAMHATE 32j€AHO CY
objacumae 27,32% ykymHe remermdke BapujaOmaHOCTH. IIpBa KOOAHHATA PasABOjHAA je
HHOpPEA AMHHje Koje Ipumaaajy lodent n HesaBuCHO] xeTepoTudHO] rpymu oA Lancaster n
BSSS xerepormune rpyre, AOK je Apyra KOOPAHHATA Pa3ABOJHAA IIOCACAILE ABE TIpyIIE:
Lancaster m BSSS xereporuany rpymry. BSSS xereporuana rpyma xomorenuja je oA Lancaster
Ipyme, Ymju cy reHorunoBu y Behoj Mepu pacyrm Ha AdjarpamMy aHaAM3€ TAABHHX
KOOAMHATA. lodent muOpeA AMHMje M AMHU]Ee HE3aBUCHE XETCPOTUYHE IPYIIE IPYIIUCAAE CY
ce Oamxe Lancaster, nero BSSS remorumoBuma. IlpBa kooAmHaTa pasABOjuAa je HHOPEA
Auamje BSSS amnmje ma ome koje koje cy y tuiry B73, y AOIWY IOAOBUHY AHjarpama, U
ocTaAe, y ropmby moAosuny. Msyserak cy unopea auamje G371 u G25, B73 ocHose, Aunnje
G53, G63, koje cy Ha camoj arcuucu, u G889 m G306, xoje cy Beoma OAM3y IIpBe
koopauHare. Ha Amjarpamy AOOMjeHOM aHAAM30M TIAaBHHUX KOOAHMHATA HUje yIBpheHO
rpyrmcame Lancaster AMHIja IpeMa AMHHjaMa U3 KOJUX CY M3BEACHE.

PacriopeA nHOpeA AMHHja KyKypy3a Ha AMjarpamy AOOHjEHOM aHAAM30M TIAABHUX
KOOAMHATA YIAaBHOM ]€ y CArAACHOCTH Ca KAAAOIPAMOM HMHOPEA AHMHH]a AOOHjeHHX
KAACTEp aHAAM3OM IIPHMCHOM HCIIOHACPHCAHOI METOAA IPyIMCama I[apoBa  ca
APUTMETHYKOM CPEAHMHOM, IAPAMETPHJCKUM MOAEAOM IPHUMEEEHUM y  IIPOrpamy
STRUCTURE wu mno3sHatuM IIOAAIIMAa O IIPUIAAHOCTH XETEPOTHYHHM TIpyllamMa U
meanrpenma 3a BehmHy remormmosa. Hemoayaapaoctu cy mpmmehene KOA HEKOAHKO
renorunioBa. Aunuja G4 Lancaster xereporuane rpyie, yspiurena je y BSSS kaacrep
UPGMA meroaom. AHAAM32 TAABHUX KOOPAHHATA IIPOCTOPHO j€ IIPEACTABHAA OBY HHOPEA
AuaH]y 6Am3y BSSS remorumosa, Aok jy je mporpam STRUCTURE ca 57% Beposaruohe
yBpcrao y BSSS rpyny. Aunamje G24 u G29, BSSS xereporuune rpyme, pacuopehene cy

KAACTEp aHAAU3OM ca Lancaster tHOpeA AMHMjaMa.
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I'pacpuror 9. ABOAHMEH3MOHAAHM IIPHKA3 IpyHucarba 96 HHOpPEA AMHHja KyKypy3a IPHMEHOM aHAAN3E TIAABHUX
KOOAHMHATa ca 36 MuKpocaTeAnTckux Mapkepa. [1aasa- BSSS xereporudna rpya; npsena- Lancaster xeTepOTHYHA IpyIIa;
3eA€HA- HE3aBUCHA XCTCPOTHYHA IPyIIa U KyTa: lodent xereporudna rpyra



AHAAM30M TAQBHHX KOOPAHMHATA OBE AHMHHje Cy rpymmcane ca BSSS awmmmjama,
HeAAAEKO OA Lancaster rpyire, aok ux je nporpam STRUCTURE cBpctao y MEIIOBUTY IPYILY
ca BepoatHohama mpumaanoctr BSSS rpymu 59% u 61%, peaom. lodent ammmja G46,
npuapyxena je BSSS rpynn npumenom UPGMA meToAa, MEIIOBUTO] IPYIH IIPHMEHOM
STRUCTURE ca 61% BepoBataohe npumasnoctu BSSS, Aok je amaamsom raaBHUOX
KOOPAMHATA IPyIHCcaHa ca lodent AmHIjaMa, AAHM 32 PA3AMKY OA OCTAAMX HAAA3U CE €A ACBE
crpaHe Apyre koopamHate, Oamxe BSSS ammmjama. Awmmmja G77 xoja je y mporpamy
STRUCTURE yBpruTeHa y MEIIOBUTY IPYITy, Ha IpadPUKOHY aHAAU3E€ I'AABHUX KOOAMHATA
npukaszaHa je Ha camoj rpaununu usmeby BSSS wu Lancaster rpyme, AOK je Ha OCHOBY
reaurpea u UPGM.A metopa rpynucana mehy Lancaster aunnje.

PesyAraty aHaAm3e rAaBHHX KOOPAHHATA CY ¥ BEAHKO] MEPH OHMAH y CArAaCHOCTH
ca pesyararuma AobmjenuMm y mporpamy STRUCTURE, UPGMA wmeroaom u
xerepornyHuM rpymama. CBI METOAH jacHO Cy m3ABOjuAM BSSS u non-BSSS rpyme. lodent
AMHHjE IPYIHCaHE Cy y 3aceOaH Kaactep y OkBUPY Lancaster rpylie M aHAAM30M I'AaBHUX
koopauHata u UPGMA meTtoAOM, AOK Cy HMHOPEA AHHHjE KOje Cy IPHUITAAE MEITIOBHTO]
rpynu npumenoMm STRUCTURE, pacnopebene ©An3y npBe KOOPAMHATE AHAAH3OM
I'AABHUX KOOPAMHATA YKa3yjyhu Ha EHXOBO MEIIOBUTO HOpeKAO. MITak, aHaAn3a rAaBHUX
KOOPAHMHATA HUJ€ U3ABOJHAA EBPOIICKE TBPAYHIIE y HocebHy rpymy, kao uu STRUCTURE,
3a pa3auky oA UPGMN.A mertoaa, mto yuyhyje Ha 3aKkAy9Iak Aa KOMOMHAITH]A BHIIIE METOAR
KAACTEp aHAAHM3a MOMKE AATU IIOY3AAHH]Y CAHMKY CTPYKIypE IIOIyAAIlHja HHOPEA AMHU]A,
OAHOCHO IHPUXOBHX MehycoOHHX oAHOca. CarAacHOCT IpPYIIHMCAEba AHUHHOjA y IIPOrpamy
STRUCTURE, amaAum3oM TIAaBHUX KOOPAMHATA M IIPEMa XETEPOTHYHUM IpyliaMa
motBpauan cy van Inghelandt et al. (2010) m Maurer et al. (2006) saxmyuayjyhu aAa
XETEPOTUYHE IPYyIIE MOIY €4 BEAHKOM IIOY3AAHOIINY YKAa3aTH HA CTPYKIYPY HCIIHTHBAHE
IIONYAAITHjE€ M CAYKUTH KO OCHOBA 33 HCTPAKHUBarba AMBEp3HTeTa KyKypys3a. MImax,
[IPUAPYKHBAEGA TCHOTHIIOBA HEIIO3HATOI HAM MEIIOBUTOT IIOPEKAA XCTCPOTHIHHIM
IpymamMa, Ha OCHOBY MOACKYAAPHHX IIOAATAKa, TPEOAAO OM MOTBPAUTH IIO/SCKAM
OTAEAUMa, YTBphHHBAIEM KOMOHHAIIMOHUX CIOCOOHOCTH Ca TECTEPUMA Pa3AHMYUTHX

xerepormunux rpyma (Melchinger 1999, Barata and Carena 2000).

67



6.5 ITopeheme ppexBeHIUja aseAa ABE TPyIIe HHOPEA AMHUjA KyKypy3a

Tectupamem pasanka (PEKBEHIM]a YIBPheHNX aseaa HHOpeA AuHHja (3-fest,
XLSTAT software) xoje npumnasajy ABeMa HajBehnM XeTEpOTHYHHM rpylama, a YjeAHO U
rpyllamMa H3ABOJEHHX KAACTep aHaAm3oM, yrBpbeno je 17 aaeaa 12 mapkepa dmje ce
dpexBeHIINje CTATUCTHYKN 3HAYAJHO PA3AMKY])y Ha HHBOY 3HadajHOCTH OA 5Y%0: bnlg2291
(anea 154 bp), bnlg162 (anean 238 bp u 248 bp), umc1025 (anea 117 bp), bnlg1 523 (anea 189
bp), umc1035 (anea 140 bp), dupssr23 (anea 103 bp), phi093 (anean 280 bp, 282 bp u 286
bp), phi027 (aneam 146 bp u 156 bp), bnig238 (anen 149 bp), umc1 221 (anea 77 bp), umcl 083
(anen 104 bp) u umc1022 (anean 91 bp u 95 bp) (rpac. 10-15). Obux 17 arera gune 5,7%
VKyIHOT Opoja yrBpheHHMX aseAra u npuirapajy Tpehumum xopumrheHux Mapxepa.
CratucTudkn 3HAa4YajHA pPasAMKAa Ha HHUBOY 3HAYAJHOCTH OA 1% wm3padyHata je 3a
dpexsenmnje arera rokyca 189 bp - bulg1523 u 77 bp - wmel1221 anHnja xoje mpuasajy
BSSS u Lancaster nonyaanmjama. Aoxycu dupssr23 (anea 103 bp), bnlg162 (anea 248 bp),
phi093 (anen 282 bp), bnig238 (anen 149 bp) u umcl221 (anea 77 bp) mmasu cy Hajmarse
ABocTpyko Behy dpexBeninjy aseaa KOA Lancaster monyaanmje y oanocy Ha BSSS, Aok cy
Aokycu bnlgl 523 (anea 189 bp), phi027 (anean 146) m umec1083 (anea 104 bp) nmanm 3a
30%, 22% wu 23% Behy dpeksennmjy areaa y Lancaster amamjama. BSSS amnwmje cy y
Aokycnma bnlgl 62 (anen 238 bp), umcl1025 (anea 117 bp), umc1035 (aneau 140 bp), phi027
(aneam 156 bp) u umc1022 (anean 91 bp) mmase Hajmarse ABOCTpyko Behy dppexsenImjy
anera Hero Lancaster amumje m 3a 25% n 20% sehy dpexsernmjy y aoxycuma bnlg2291

(anea 154 bp) u phi093 (anea 280 bp).
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pasAnke y opeKkBeHIIjaMa Ha HUBOY 3Ha49ajHOCTH OA 5% 1 1%
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pasAnke y opeKkBeHII]jaMa Ha HUBOY 3Ha49ajHOCTH OA 5% 1 1%
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OAa yxymmaO 297 aneaa, 38% yrBpheno je camo koA jeaHe rpyme. BSSS rpyma je
HMaAa ABOCTPYKO BHIIIE aA€Ad KOjU Cy OHAM cBojcTBeHH camo BSSS rpymm (24%) mero
Lancaster (14%). Behnma aseaa CBOJCTBEHHX CaMO jEAHO] IPYIH HMaAH Cy HHCKE
dpexsenrmje. Camo 2,5% aseaa kapakrepuctudkux 3a Lancaster rpyny m 3% aaeaa
HIPHUCYTHHX caMO KOA BSSS rpyrre mmaan cy dppexsentujy nzmaa 5%.

Oxo 76% mHOpeA AMHHI]ja HMAAO j€ HAjMAaEbE JEAAH aACA JEAMHCTBCH 32 Ty AHHH]Y,
IIPOCEYHO 2,5 JEAMHCTBEHUX aA€AA ITO AHHH)H. TPHAECET CeAaM AMHHI)a KOje€ Cy CBPCTaHE y
Lancaster monyaanmjy (72,5%) mmaso je oA 1 A0 6 jeAmHCTBEHHX aAeAa, mrpocedHo 1,97
aneAa Io AMHH)H, AOK je 36 amnumja BSSS rpyme (97,3%) mmano oA 1 ao 11 jeamncrennx
aaeAa, mpocevno 3,08 aaeAa To AMHH|H

[Torryaarmja BSSS nmvana je Behu mpocedan O6poj aseaa, Opoj eeKTUBHUX aACAA,
[ITenoHOB MHAEKC, 3aIaKeHy M OYEKHBAHY XETEPO3UTOTHOCT yKasyjyhum ma Behy
AMBEPIEHTHOCT HCIUTHBAHUX HMHOpeA AmaHje BSSS rpyrre y oanocy ma muOpes AuHbpje

Lancaster xereporuane rpyne (1ab. 8).

Tabeaa 8. [Tpoceuan Opoj areaa (Na), Opoj epexrusuux aresa (INe), [llemonos unaexc (I),
sanmaskena (Ho), ouexmsana (He) m mempucTpacHa OdYeKHBaHA XeTepo3urotHoct (#He),
koedunnjenT nHOpuAnHra (F) ABe rpynie HHOpPEA AHHH|a KYKypy3a

[Tomyaarnmja Na Ne 1 Ho He uHe F
Lancaster 6,278 3,252 1,315 0,001 0,652 0,659 0,999
BSSS 7,167 3,755 1,473 0,002 0,697 0,705 0,996

Pesyatatm  amaAmse = MOAEKyAapHE  BapHjaHCE  ITOKa3aAHm  Cy  Ad  Je
YHYTapIIOIyAALIMOHA BapujabuAHOCT MHOTO Beha oA BapujabuanocTu uamehy romnyaarnmuja.
Camo 1% yxymme BapujaHce OOjaIlEbeHO je BapujaduAnoInhy nsmehy HHOpeA AHHHja KOje
IIPUITAAQ])y ABeMa Ipymama, AOK je 99% BapujaHce pesyATaT BapHjaHCE Y OKBHPY CBaKe
ronyAangje moHaocod6 (1a0. 9). I'ermermyko pacrojame nsmeby aAse momyaanuje mpema Hen

nsHocnAo je 0,59.

Tabeaa 9. Moaexkyaapue anaausa sapujaace (AMOLA)

Cremrer  Cyma Cpeanna  Ilpomemena % objarmene
Hssop Bapmjanmje cAODOAE  KBaApaTa  KBaApara BapHjaHCa BapHjaHCe
Wsmehy momyaartuja 1 33,259 33,259 0,087 1%
Wsmeby jeannkn 94 2340,653 24,901 12,437 99%
Vayrap jeAuHKH 96 2,500 0,026 0,026 0%
VkynHo 191 2376,411 12,442 12,550 100%
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Bpeanoctu xoedurmjenra nHOpuanara (Fis) jeAMHKE y OAHOCY HA ITOTHOIYAQITH]Y
(rpymry) 0,998 u dukcanmonor muaekca (Fs?) 0,07, o00mjeHn 13 IPOLEHEHUX BaPHjaHCH
n3mehy mornyaanuja, yHyTap HHAHBHAYA, n3Mehy MHAMBHAya M YKYIIHE BapHjaHCe, YKa3yjy
Aa je audpepennmjanmja uamehy rpyma Masa, OAHOCHO A j€ BapHjaOUAHOCT n3Mehy nHOpeA
Ama#je MHOTO Beha Hero uamebhy rpyma koje one dopmupajy.

Behn yxymam Opoj AETEKTOBaHHX aA€Aa H IIPOCEYAH OPOj aAeAd IIO AOKYCY,
ouekuBaHa xeTeposurotHoct, PIC Bpeanoct, Behu 0poj crermuduyanmx aseaa kop BSSS
AMHU]a § OAHOCY Ha Lancaster rpyIy ykasyjy Ha BeAUKH AuBepsuteT oBe BSSS rpyrre, kao u
IbIXOB 3HA4a] Y OIAEMEbHBAYKUM IporpamnMa. Beankn ausepsurer BSSS xerepormune
rpyre, oAHOCHO Reid Yellow Dent onyaannje u3s koje je BSSS rpyma macrasa, onmcas je
parmje (Smith at al. 1985). Lu and Bernardo (2001) cy mcrmrusajyhu 32 ncropujcku
Haj3HaYajHUje HHOpeA AmHHje ca 83 SSR mapkepa yrBpanam Aa je amsepsurter BSSS
aunamja (B74, B37, B73 u B84) mamu Hero koA Amnuja koje mucy BSSS ocmose (Mol7,
C103, Oh43 u H99).

Bumme oA Ttpehmune yrBpheHux aseaa OHAO je KapaKTEPUCTHYHO 32 CAMO jEAHY
rpynty, BSSS wman Lancaster. Cmatpa ce Aa €y ce y IPOIECY CEAEKIHje Ha IIPHHOC
dpekBenIIje areAa BEAUKOT OpOja AOKyCa ABE Haj3HAYajHUje XETEPOTHYHE IPYIIE MEIbAAC
y CyIPOTHOM CMepy, Ipu deMy ce roBehaBasa remerudka aucranna usmebhy mux (Cooper
et al. 2009). Yang et al. (2010) cy yrBpamam 30% asera camMO KOA jEAHE OA ABE Ipylre
amamja Aobujennx npumenom STRUCTURE, aok je 4wak 21% aaeaa yrBpheHO KOA
IIOjEAMHAYHHIX AHHHjA. AYTOPH CMATPAjy A2 AACAH CHENUMUIHH 32 AMHHU|E HACTA]Y YCACA
BEIIITAYKE CEACKIHje M TECHETHYKOI ApU@dTa H MOry OHTH H3BOpP IIOKEHSHHX TI€HA U
ICHETUYKE BAPHjaOHMAHOCTH IIOTPEOHE 34 Aa/dC OIACMCIPHBAIGE KYKyPy3a H AHAAU3Y
KBaHTHTATHBHUX ocoOmHa. CAarmvan 3akmydax HaBoAe u Feng et al. (2006) cmarpajyhu aa cy
XETEpOTHYHE TIpPyIle Ca JEAMHCTBEHHM KOoMOMHanmjama aseAa Behe dpekseniiuje
rocAaeAmtia ceaeknmje. Emrich et al. (2007) cy yrBpAnAn BeAHKH OPOj TAHAEM AYIIAMKAILT]A
y I€HOMY KYKypy3a VKbYUyjyhm M HeEKe KOje Cy IPHCYTHE CaMO Y ITOjJCAMHHM HHOPEA
AWHHjaMa, AOK Cy PE3YATATH APYIOI HCTpaKUBama ITOKaszaAn Aa je 11% cBux remckumx
dparmenara jeAHMHCTBEHO 3a cBaky mHOpeA AumHH)y (Morgante et al. 2005). Buckler et al.
(2006) HaBOAE Aa je gak BHIIIE OA jeaHe TpehuHe reHa nAn pparmMeHaTa reHa CenuuyaHO
32 IIOJEAMHAYHY HHOPEA AUHU]Y.

3armMmuBO je uctahn Aa je BehumHa aHaAM3HPaHUX aAeAa KOja je OHAa CBOjCTBEHA

CaMo JEAHO] IPYIIH MMaAa HUCKe (ppekBeHIHje. 3HAYa] PETKUX AA€AQA CA BEAHKHM e(DEKTOM
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y IPOLIECY CEACKIINje KYKyPy3a HCTAKHYT j€ Y HEAABHOM HCTpakuBamy (van Haarwaarden et
al. 2012).

Beha Bapujabuanoct msmehy cammx mHOpeA AnHHja Hero mamehy rpyma koje oHe
dopmupajy ykasyje Aa je T€HETHYKH AMBEp3WTeT Behum Ha HHBOY reHa, HErO Ha HHUBOY
ITOIyAAIIHj€ HCIINTHBAHUX HHOPEA AHHHM]a, KA0 U A4 je TEHETHYKN AuBep3uTeT Behn yayTap
XeTepOTHYHHUX Ipyna, Hero mamehy mux. Ha oBakBy pacmoaeAy BapujaHce yTHIIAO je
VCIUTUBAHHU TCHETHYKH MATEPHjaA, KOJH je H3a0paH Tako Aa oOyxBatu mto Behm Opoj
IEHETUIKH AUBEPIEHTHUX AMHHI]a U3 Pa3SANYUTHX OIIAEMEIbHBAYKHX IIporpama. Pesyararn
Cy Y CarAacHOCTH ca ucTpaxuBamem Yang et al. (2010), koju cy yIBpAHAHT Aa je Y OKBHPY
marmpajyher maneaa oA 155 heHOTHIICKHX ¥ T€HOTHIICKUX AMBEPIEHTHUX HHOPEA AMHHjA

camo 6% yKyITHe TeHETHYKE BapHjaHCe OOjaImbeHo Bapujadbuanorthy usmehy rpyra.

6.6 'ameTcka HepaBHOTE>Kka n3mely SSR mapkepa KyKypy3a

[Tocrojame rameTcke HepaBHOTEKE H3MEhy ITapoBa MUKPOCATEAUTHCKIX MapKepa je
ucnuTano mehy cBuMm AnHmjamMa u ABema rpyrmama. CTaTHCTHYKH 3HAYajHA PA3AHKA Ha
nuBoy 0,01 yrBphena je mameby 60,3% cux maposa mapkepa. OA yKyIHOr Opoja CBHX
I1apoBa MapKepa Ha HCTOM Xpomo3omy IrpocedHo 70,2% OHAO je y raMeTCKO] HEPABHOTEKU
(126. 10). V oxBupy Lancaster rpyne yrspbeno je 120 maposa mapxepa (19%) xoju cy 6man y
raMEeTCKOj HEPABHOTEXKM, A OA VKYIHOr Opoja CBHX IIapoBa MapKepa Ha HCTHM
xpomozomuma pocedno 39,2% je 6uao y ramerckoj HepaBHOTERU. Y OAHOCY Ha Lancaster
rpymy, koA BSSS rpyne je ycranoBsen mamum 6poj (56) mapoBa mapkepa Koju €y OHAHM y
ramerTckoj HepaBHOTexkH Ha HuBOY 3HadajHOCTH 0,01, 0OKO 9% CBHX aHAAM3HpAHHUX ITAPOBA.
ITpoceuno 22% maposa SSR mapkepa Ha mcrum xpomosomuma y BSSS rpymu je 6uno y
raMeTCcKOj HepaBHOTEKHU. [IporieHaT Be3aHIX ImapoBa Mapkepa y TaMETCKO] HEPABHOTEKH Y
OAHOCY Ha YKyIIaH OpOj Be3aHHUX I'eHa, BApupao je Mehy XpoMO3oMIMa 11 IpyliaMa KyKypys3a.
V' Lancaster rpynu Behu mporieHaT Be3aHUX I'€Ha j€ YTUIIA0 HA TAMETCKY HEPABHOTEKY, HETO

y BSSS rpymm.
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Tabeaa 10. [TporeHat Be3aHHX MUKPOCATEANTCKUAX IIAPOBA Y FAMETCKO] HEPABHOTEKI
(<0.01) y yKyIIHOM y30pKy M rpyliamMa KyKypysa

Xpomoszom VkyrHo Lancaster BSSS
1 83,3 60,7 16,7
2 100,0 00,7 33,3
3 75,0 75,0 50,0
4 60,0 0,0 20,0
5 83,3 33,3 16,7
6 66,7 33,3 33,3
7 33,3 33,3 33,3
8 66,7 00,7 16,7
9 33,3 16,7 0,0
10 100,0 0,0 0,0
ITpocex 70,2 39,2 22,0

[TapameTpu ramerTcke HepaBHOTEHkKE, KOEMUIIMJEHT TIaMeTcKe HepaBHOTexke D)
koedpuImjeHT KOpeaarmje 7 W BEpoBaTHORA raMeTcke HEPABHOTEKE p TIPEACTABASCHU CY
TOIIAOTHHM KapTama 3a cBux 36 mapkepa, rpad 16. n.17.

Koedurmjentn xopeaaruje nsamehy maposa areAa MOAUMOP@HUX AOKyCa CY MaAN
koA Behnme mapkepa (r220,0—0,4). Hajsehu xoedunmjentu xopeaanmje yrepheHu cy KoA
mraposa: bnlg1 209 w bnlgl 25, bnlgl 729 w bnlg1 237, bnlgl 792 w phi034, bnlg1 237 n phi034, ca
BpeanoctuMa OA 0,3 ao 0,4 (rpad. 16) Oa oBux mmaposa, camo ce mapkepu bnlgl 792 u
phi034 Hanaze Ha HCTOM XPOMO3OMY, yKasyjyhu Ha yTHIlaj €IHCTa3e M CEACKIHje Ha
32JCAHHYKO IIPEHOIIEebe OApeheHnx KOMOHMHAITH]ja aA€Ad AOKyCa HA Pa3AUIHTHM

XpOMOSOMI/IMa y HapﬁAHC FCHCpaL{I/I]C, OAHOCHO CTBapaH)e TaMCTCKE HCpaBHOTCH{C.
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I'paduxon 16. TormaorHa kapra KOpeaaruja areAHuX pekBeHInja usamehy ABa Aokyca - 72 (M3HaA
AHM]aTOHAAE) ¥ 3HAY2JHOCTH Be3a OBHUX KOPEAAIIH]a - p BPEAHOCT (MCIIOA AHjaTOHAAE)

Koedurmjent ramercke nHepaBHOTE:kKe wn3Mehy mapoBa HOAMMOP(MHHX AOKyca
kperao ce oA 0,18 ao 0,89. Bume oA mosoBmHe mapoBa Mapkepa HMMaAO je BPEAHOCT
koepunmjenta mpeko 0,5, 1). 50% oA mHajsehe Teopmjcke BpPEAHOCTH TraMeTCKe
HepasHoTeike. Hajpehu koedurmjertn ramercke HepaBHOTEKE YIBpHEHH €y KOA maposa:
bnlg1 792 w phi034, bnlg1 209 u bnlgl 25, u bnlg666 n bnlgl62, ca npexko 80% oa Teopujcku
Hajpehe BpeaHoctn ramercke HepasHotexe (rpadp. 17). Mapkepu bnlg1 792 u phi034 cy
BE3AHH U HAAA3€ CE 33jCAHO Ha XPOMO3OMYy 7, bnlg666 u bnlgl 62 ma xpomosomy 8, AOK ce

bnlg1 209 u bnlgl 25 Hara3e HA PA3AHYNTH XPOMO3OMHUMA, 9 1 2, peAOM.
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I'paduxon 17. TomaorHa KapTa CTAaHAAPAM3OBAHHUX KOeUIIMjeHATA

AH]arOHAAe)

V rtabeam 11 . msaBojer je 31 map SSR mapkepa koju ce HaAaze Ha HCTOM
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AOKyCa - HNU3HAA AI/I'arOHaAC p%4 - BPEAHOCTHU BEPOBATHONA T'aMETCKE HEPABHOTCEIKE (HMCIIOA
yca - D' j p p h p

XpOMO3OMY M y TaMETCKO] HepaBHOTe)M 3a Huso 3HaudajHoctu p<0,01. Bpeanocrm

CTAaHAAPAM30BaHUX KoedwuIimjeHata HepaBHOTExke Kperase cy ce oA 0,40 ao 0,89, Aok je
kopeaarmja usmehy pexBenmja aseaa koA Behune maposa Mapkepa Omaa Mamsa oA 0,1,
ocHM KOA mapoBa Mmapkepa: bnlgl25 w bnlg1 520, umcl1221 u bnlgl 237, phi034 n bnlgl 792,
bnlg666 w bnlgl62, phi059 n umc2003 xoa xojux je yrBphen Hemrro Behum HHBO ramercke

uepasHoTeke. Koedumujent kopeaaruje nsamehy dppexseriimja mapoBa areAa KPeTao ce OA

0,0185 a0 0,355.
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Tabeaa 11. TTaposu SSR mapkepa Ha HCTHM XpOMO3OMUMA Y FAMETCKO] HEPABHOTEIKI

Mapxkep1 Mapxkep?2 Xpomozom 12 D' p-Diseq
umc1122 umc1035 1 0,0343 0,6538 0,000
umc1122 bnlg1556 1 0,0406 0,5505 0,000
umc1035 dupssr26 1 0,0446 0,6088 0,000
umc1035 bnlg1556 1 0,0447 0,6870 0,000
bnlg1556 dupssr26 1 0,0626 0,5567 0,000
bnlg125 phi083 2 0,0680 0,4644 0,001
bnlg125 bnlg1520 2 0,1177 0,5489 0.000
phi083 bnlg1520 2 0,0941 0,4834 0.000
phi053 umc1025 3 0,0404 0,4261 0,000
phi053 dupssr23 3 0,0770 0,4858 0,000
bnlg1523 umc1025 3 0,0908 0,6795 0,000
umc1022 bnlg2291 4 0,0185 0,4040 0,002
umc2176 bnlg2291 4 0,0440 0,4366 0,000
phi093 bnlg2291 4 0,0589 0,4796 0,000
phi093 umc1109 4 0,0698 0,4123 0,000
umc1109 bnlg2291 4 0,0790 0,5469 0,000
umc2176 umc1109 4 0,0938 0,5315 0,000
umc1221 dupssr10 5 0,0545 0,6625 0,000
umc1221 umc1792 5 0,0681 0,4971 0.000
umc1221 bnlg1237 5 0,1928 0,6672 0,000
bnlg1237 umc1792 5 0,0981 0,4366 0,003
bnlg1237 dupssr10 5 0,0677 0,6258 0,000
bnlg238 umc1014 6 0,0342 0,5268 0,000
phi034 bnlg1792 7 0,3533 0,8046 0,000
bnlg666 umc1075 8 0,0228 0,4317 0,000
bnlg666 bnlg162 8 0,1147 0,8046 0,000
umc1360 bnlg162 8 0,0350 0,4405 0,000
umc1075 bnlg162 8 0,0488 0,4782 0,000
phi027 bnlg1209 9 0,0560 0,4744 0,000
bnlg1525 bnlg1209 9 0,0648 0,6143 0,000
phi059 umc2003 10 0,1155 0,5377 0,000

PeaatuBHO MaAe BpPEAHOCTH Mepa TIaMETCKE HEPAaBHOTEXKE, KOEHIIHjeHT
kopeaarmje m3mehy Behmme maposa Aokyca <0,1 m cramAapAM30BaHH KOeUIIHjEHT
uepasHoTeke <0,5 koA 45% maposa pu3HUKH BE3aHUX AOKyCa, YKa3yjy HCTOBPEMEHO AQ je
pexoMOmHaITHja u3Mehy Mapkepa Mama OA OYCKHBAHE M A4 TAMETCKA HEPABHOTEkKA HUje

BCAHKOI HHTC3HUTECTA, HAKO jC CTATUCTHUYKH 3H21"IajHa.
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I'amercka HepaBHOTEXKA je yrBphena Ha HuBoy 3Havyajaoctu 0,01 koA 60,3% maposa
MHKPOCATEAUTCKUX Mapkepa, upu uemy je v Lancaster rpyrm ouao 19% maposa y rameTckoj
HepasHOTEXRH, a § BSSS rpymm camo 9%. Wang et al. (2008) cy yrBpanan 63,9% maposa
MHKPOCATEAUTCKAX MapKepa Y TaMETCKO] HEPAaBHOTEKHM 32 HCTH HHBO 3HAYAJHOCTH
ncnntyjyhu 95 wnaOpeA Amamja ca 145 SSR  mapkepa, m 1mporeHaT maposa
MHKPOCATEAUTHCKAX MapKepa y TAMETCKO] HEPABHOTEKH YHyTap 4eTHpHu rpyme, oA 18,7%
A0 40,3%. Camane pesyarate aodomam cy Liu et al. (2003) amaamsupajyhu 260 maOpeA
AmHHja ca 94 MuKpocaTeAnTa, IIPU YEMY j€ Y IaMETCKO] HEpaBHOTEKH OnAo 66% 1apopa
MHKPOCATEAUTHCKAX MapKepa y IEAOKyITHO|] monyAarumju u  14,5-28,9% maposa y
3aBHCHOCTH OA TIpyire. 3HaTHO Mamu nporeHar oA 10% SSR maposa y ramerckoj
HEPAaBHOTEKHU y YKymHOM y30pky u 0,6%-2,4% mapoBa Mapkepa y HEPaBHOTEKH YVHyTap
rpyna aobujen je amaamsom 102 muOpea amuwmje ca 47 SSR mapxepa (Remington et al.
2001).

CarAacHOCT pe3yATaTa TaMETCKE HEPABHOTEKE Ca IIPETXOAHHM HCTPAKHUBAFHHMA
(Wang et al. 2008, Lui et al. 2003) 1 Hemrro BUIIM IPOIEHTH APOBA MapKepa y FaMETCKO]
HEPAaBHOTEKH y OAHOCY Ha pesyarate Remington et al. (2001), moxe Omrtm objarmmeno
pasaukama y Opojy M HOAEMOpgHOCTH KOpHUIThEHHUX MapKepa H AHUBEPIEHTHOCTH
kopurnhene repmiaasme. HuBo ramercke mepaBHOTEkKE je Behm KOA ITomyAarmja yiKe
reHEeTUYIKE OCHOBE Hero KoA AmBeprentHe repmiaase (Ching et al. 2002; Liu et al. 2003).
Takohe, mambu Opoj Marbe HOAMMOP(HUX MapKepa HMMa Mamy MOh AETEKIHje raMeTcke
HepasHoTexKe. Mako je y 0BOM ncTpaKuBamy KOpHuITheH Mamu Opoj Mapkepa y OAHOCY Ha
HABEACHA HCTPAKUBAIba, FbUXOBA BEAHKA IIOAUMOP(HOCT H AUBEPIEHTHOCT aHAAU3HPAHNX
MHOPEA AMHHjA 3Ha4YajHO Cy Hosehaan Moh oTKpHBama AOKyCa y TAMETCKO] HEPABHOTEKH.

Maspu 1porieHaT yrBphEHHX IIapoBa y 3HAYAJHO] FAMETCKO] HEPABHOTEKU YHYTap
Ipyma CMaTpa Ce ITOCAEGAHIIOM CMaEbCHE MOhHM OTKpHBAaEa TAMETCKE HEPaBHOTEXE, 300T
Mamer y30pKa, OAHOCHO Mamer Opoja mcrmrammx Awmuuja (Remington et al. 2001),
HAPOYHTO KOA BEAHMKHX pacrojaba m3mehy mapkepa (Yan et al. 2009) u pasawmka y
dpeKBeHITH|H PEKOMOMHAIIM]jA I'€HA Y IIOYETHHM IIOIyAALlMjaMa H3 KOJUX Cy H3BEACHE
AMHH]Ee TPyIHCaHe y pasamdnte rpyme. Maanm HuBO ramercke HepaBHOTexke (9% maposa
Mmapkepa) mehy amnmjama BSSS rpyme moxxe OmTH pesyATaT cAOOOAHE OmAOAREe Mehy 16
OCHHBAYKUX POAUTE/NSCKUX AuHUja u3 Reid Yellow Dent monyaannje 1 3Ha9ajHOT IIPOLIEHTA

pexoMOuHaIIHje y AadHuM IHKAycuMa pekypenTtHe ceaeknmje (Labate et al. 2000).
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Pasamke y Ay/KHHE HHTEPBAaAad Ca TIAMETCKOM HEPABHOTEKOM HA Pa3AHYUTHM
XPOMO30OMHMA ODjalllbaBajy Ce PasSAWMIUTHM CTOIAMa PEKOMOMHAITHjE, AKTHBHOCTHMA
perporpancnosona (Dooner and He 2008), yruriajem ceaekinoHor 6pucara - puKcuparbe
ITO3UTUBHUX MYTAIlHja IIPUPOAHOM CEAEKIIHJOM (€HTA. selective sweep) (Jung et al. 2004).

I'ameTcka HEpaBHOTEKA KOja je TIOCACAMIIA BE3AHHX I'€HA, KOJU CY (DU3MIKH OAM3Y
I HAAa3€ Ce Ha HCTOM XPOMO3OMY, OA BEAMKOI 3HA4aja je 3a ACOIHMJaTHBHY aHAAN3Y U
CEAEKITH]y ITOMOhy Mapkepa, AOK Ce HEpaBHOTEKAa HACTaAd YCAEA CTPYKType IIOIyAaIldje,
CPOAHOCTH U T€HETHYKOr APH@TA MOpPa KOHTPOAHCATH U Y3€TH Y OO3HUP IPHUAHKOM
aHAAM3€ BE3a MapKep-OCOOMHA KaKO OH ce CTpednAo crBaparbe AaxHuX Besa (Wang et al.
2008). Ceaexrmja Ha oapehere ocoOnHe 1 enmcTasa KOA OApeheHnX reHOTHIIOBA, Takohe,
MOKE YTHIIATH Ha CTBaparbe IaMETCKE HEPAaBHOTEKE Ha BEhHM CerMeHTHMa XpOMO30Ma
(13B. OAOKOBHMA) KOja ce 300r TOra MOKE YTBPAUTH M Ca MamHUM OpojeM (pu3mdakn
yaasmenmjux mapkepa (Yan et al. 2011). C o63upom Ha TO Aa je BE3aHOCT IEHA HMMaAl
3HAYAjaH YAEO Y CTBaparmby ramercke HepapHoTexe (70% Be3aHHX reHa OHMAO je y TAMETCKO]
HEPABHOTEIKH) U Ad Cy CTPYKTypa IIOIyAALHje U CPOAHOCT HHOPEA AHHHja KOHTPOAUCAHE
IIPEMEHOM MEIIOBUTOI AMHEAPHOI MOAEAQ, Y BEAHMKO] MEPH je CMarbeHa BepoBaTHOha

ACTEKITH]e AQKHHUX ACOIU]aIIHja.

6.7 AecKpunTUBHA CTATUCTUKA (PEHOTUIICKUX IIOAATAKA KyKypy3a

CpeAme BPEAHOCTH 32 CBaKy OCOOHMHY yKa3yjy Ha IIPHAUYHY AHBEPIEHTHOCT
ncruTaHor cera nHOpeA Anumja (120.12). [Ipocedne BpeaAHOCTH 32 OPOj AaHA OA CETBE AO
METAMYEHbA KpeTao ce OA 66 aaHa, koA AmHHja G688 m G70 Koje mOTHYY U3 IIOIyAaLHje
EBPOIICKUX TBPAYHAIa, AO 88 AaHa KOA kacHOcTacHe BSSS aunmje G32, AOK je IPUOAIKHO
CpeAba BPEAHOCTH 32 OBy ocobOuHy m3nocuaa 81 aam. Mako je pasamka mamehy Amamje
KOja je HajpaHHje M HajKacHHOje I[Berasa 22 AaHA, OBa OCOOMHA HHUje MHOIO BapHpasa y
nopehemy ca ApyruM ocobmHama, y3umajyhu y 003up BpeAHOCT KoedUIInjeHTa BapHjarije
ka0 Mepe aucrepsuje. IIpocedan 6poj AaHA OA CETBE AO CBHAAEsA KPETAO ce OA 63 AaHa
koA AnHHja G68 1 G70 po 84 aama xop amamje G32 ca cpeamoM Bpeanornhy 77 aAaHa 1
peaatuBHO MaAmM koedpunmjeHTOM Bapmjanmje oA 4,7%. bpoj aama oA MeTAmuema A0
cBHAAba OHO je HajMamu KOA BSSS annmje G68 Hactase M3 CHHTETHYKE IIOIyAAIHje, a
majsuiia Lancaster aununje G871 xoa turra Mol7. Bapupame oBe ocoOuHE HAa HUBOY CBUX

I€HOTHIIOBA OMAO je Behe OA CBHX OCTAaAMX OCOOMHA ca KOe(OUIIMJEHTOM BAaPHJaIIHje OA
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36,8%. Ilpoceune BpeaHOCTH BHCHHE OmMmKe m3MepeHe cy y omcery oA 131 cm (G70) ao
223 cm (G24), Aok je BucuHA OM/d>KE AO KAMIIA BUIIe BapupaAa, oA 42 cm (G36) o 101 cm
(G23). bpoj amucroBa m3HaA Kamuma Bapupao je oko 11% m xperao ce oA 3,9 amcroBa KOA
HajHIKE U HajpaHoctacHuje Auauje G70 a0 7,4 anctoBa koA G271, BSSS aunnje tuira B73.
Hajmamu ykynam 0poj aucroBa mmase ¢y anaugje G70 u G96, a majpehn amnnja G27.
Ayxuna kAnma usmepena je y pacmony oA 11,2 cm a0 19,9 cm, a mpeunnk xauma oa 3,3
cm A0 4,6 cm. Bbpoj peaosa 3pHa y kAmmy y mpoceky je msHocuo 14 y3 xoedwuimjeHT
Bapujanuje n3mehy csux remorturosa oA 11,6%. Ilpoceune BpeanocTH Opoja 3pHA y PEAY
KAmma OmAa je y omcery oA 16,6 Ao 35,2 3pHa, ca mpocedHuM OpojeM OA 24 3pHA y peAy
kAnma. Maca 1000 3pra mmaaa je mpocedny BpeAHOCT 254,4 g 1 KoedpuIjeHT BapHjarimje
13,4%. Bpeanoct npunoca 3pHa 1o omusim kperasa ce oA 51,7 g ao 140,3 g ca cpeamsHOM

Bpeanorithy oa 100,9 g u koedpurmjenrom Bapujaruje 17,3%.

84



Tabeaa 12. AeckpurrrusHa craTHCTHKA 32 13 0cobnna kykypysa msadpanux o UPOT AecKpuIITOPY M IO arpOHOMCKOM 3HA4ajy

Ocobuna Cpeara Muaumym Makcumym Omcer Cranaapana rpemka  Bapwmjanca Koe(?ﬂmfl] EI;)IT
BPEAHOCT Bapujarmje (%o)

DPOLL 81,1 65,8 88,4 22,5 0,413 16,363 5,0

DSILK 77,2 63,5 83,6 20,1 0,370 13,135 4,7

ASI 4,0 0,9 7,3 0,4 0,152 2,211 36,8

PH 178,2 130,8 223,5 92,8 2,038 398,703 11,2

EH 71,6 42,3 101,5 59,2 1,388 185,089 19,0

LNAE 6,0 3,9 7,4 3,4 0,069 0,457 11,3

TLN 12,3 8,9 15,3 0,4 0,114 1,245 9,1

EL 14,7 11,2 19,9 8,7 0,183 3,204 12,2

ED 3,9 3,3 4,6 1,4 0,030 0,085 7,4

RN 14,3 10,8 18,9 8,1 0,169 2,758 11,6

KN 244 16,6 35,2 18,6 0,386 14,328 15,5

1000KW 2544 166,0 311,2 145,2 3,487 1167,590 13,4

YPP 100,9 51,7 140,3 88,6 1,777 0,303 17,3

DPOLL - 6poj aaHa oA Humama A0 MeTAndera, DSIIK - 6poj aaHa OA HHIAma AO CBHAAmA, AST - Opoj AaHA 0A MeTAMYEHA AO CBHAamka, PH - BucuHa
6unke (cm), EH - Bucuna dumke Ao Buiier kania (cm), LNAE - 6poj aucrosa usnaa kauma, TN - ykyman 6poj aucrosa, EL - ayxuna kauna (cm), ED -
npeunnk kauna (cm), RN - 6poj peaosa 3pHa Ha kaurry, KIN - 6poj 3pHa y peay kauma, 000K - maca 1000 3pra (g), YPP - npuxoc 110 Onvnu (g)
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Pesyararn amasmse (DEHOTHIICKAX ITOAATAKA YKA3yjy Ha BEAHKY BapHjaOHAHOCT
HMCIUTHBAHUX TEHOTHIIOBA 32 BEAHKH Opoj ocodbmna. Hajmama Bapujabuanoct oapehena je
3a Opoj AaHA OA CeTBE AO CBHAAKA M 32 OpPOj AaHA OA CETBE AO METAHMYCHbA Ca
koedurmjenTuma Bapujannje 4,7% u 5%. Hajseha Bapmjabuanoct 3abeseikeHa je KOA
Opoja AaHA OA METAMYEHa AO CBHAAba, ca koedwuimjeHToM Bapmjanuje 30,8%. Obako
BCAMKA BAPUjaOHMAHOCT MOKE OHTH IOCAEAMIIA Beoma cyrnHux ycaosa 2011., a mapouuro
2012. roanHe, KOJI Cy YCIIOPHAH IOPACT CBUAE KOA HHOPEA AHMHH|a OCeT/oUBHX Ha cyrry. C
003MPOM Ha TO Ad IIOAEHOBA 3pHA § OAHOCY Ha CBHAY (Ty4ak IIBETa) MHOIO Opike ryoe
BUTAAHOCT U AQ Cy OCET/AoHBHUja Ha BHCOKE TEMIIEpPAaType, AMHHJE Ca BEAHKHM BPEMEHCKHM
IIEPHOAOM OA OCAODahamba ITOA€HA M3 aHTEpPa AO II0jaBE CBHAE Ha KAHMIIY HMAajy CAAOHjy
OIIAOAIBY, Marbu Opoj dpopmupanux 3pHa u npuHoc (Fonseca et al. 2004). Bpeme mojase
aHTEpa N CBUAC, IPHXOB JKHBOTHH BCK, YCKAAhEHOCT OBHX IIOjaBa BAKHHU CYy KAKO IIPH
VKPIITAY PAa3AHYNTHX MHOPEA AMHH)a IIPH CTBAPAIbY XUOPHAA, TAKO U IIPU OAPKABAIBY
AMHHIJa CAMOOIIAOAHOM.

Beankn dhenoTHIICKH AMBEP3HTET I€HOTHIIOBA 3a0EAEKEH j€ M 32 APYyI€ OCOOHHE:
BHCHHA OH/KE AO KAHIIA, IIPUHOC 3pHA, Opoj 3pHA y peay, maca 1000 spHa m AyxmHA
kAnma. Beanky BapujabuaHOCTY OBHX OCcOOMHA ITOTBPhYjy pe3yAraTn aHaAuse 242 mHOpeA
AMHHjEe OCHOBHE 30HMpPKE KHHECKE HAaI[MOHAAHE OaHKe TreHa Yy Kojoj je Hajseha
BApUjaOMAHOCT yIBpheHa 3a BUCHHY OM/oKe AO KAHIIA €2 KOeDHITH]EHTOM BapHjaOHMAHOCTH
36,6%, 3atum 3a macy 1000 3pna (27,1%), ayxuny kanma (18,4%), sucuny ousxe (17,3%)
u npeunuk kanma (14,3%) (Li et al. 2004b). 3uagaj dpenoTnIIcKEe BApUjaOUAHOCTH AABHO j&
IIPEIIO3HAT M PaA Ha IPOIINPHUBAKY ICHETHYKE OCHOBE KOMEPIIHMjaAHHX HHOPEA AHMHM)A
KYKYPY3HOT I10jaca OTAEAA CE Y YHOIIEHY AOHOP IT€Ha U3 AOKAAHUX ITOIYAAIIHje KyKypy3a
Aaruncke Amepuke (Goodman 2005, Balint-Kurti 2006, Salhuana and Pollak 2000).
Takohe ce mcruue 3HAYaj AUBEp3WUTETA CTAPUX HMHOPEA AHHH]A 32 KOje je HCTEKAO POK

3aIITUTE AYTOPCKHUX IIpaBa y olaeMemuBadkum rporpamuma (Nelson 2008).
6.8 Kaacrep aHaan3a (peHOTUIICKHUX MOAATAKA KyKypy3a npumenom UPGMA
Kaacrep amaamsa (peHOTHIICKHX ITOAATaKAa IPHMEHOM HEITOHAEPHCAHOI METOAA

IPYIIHCARA ITAPOBA €A APUTMETHIKOM CPEAHMHOM, PACIIOACAMAA j€ TEHOTUIIOBE KYKypy3a Ha

ocuoBy Eykanackor pacrojama (rpad.18).
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Maxko ce HA AGHAPOTPAMY MOJKE YOUNTH IPYIINCAEE HHOPEA AUHHU]E KOje IPUITAAQ]Y
TpuMa XeteporuaHuM rpynama: BSSS, Lancaster m me3aBucHO] Tpymm, yO4YeHO je BHIIIE
OACTyIIalba U HEIPABHUAHOCTH y rpynucamy. Y oxsupy BSSS kaacrepa, Hasasu ce
gerpHaect Lancaster nuanja u getupu lodent auanje. Meby Lancaster anvunjama, rpymcasa
ce jeana BSSS u jeana AmHMja Koja ITOTHYE OA MTAAHjaHCKOT TBpAyHIA. lodent ammmje ce
HICY IPYIHCAAE 33jEAHO, AOK Cy AMHH]E HE3aBHCHE XETCPOTHUYHE IpyIe cy hopMHpase
rmoceban kaactep. VHOpeA AmHHje Koje Cy IIpeMa CBOJUM IIEAUTPEHMAa CPOAHE, IIOIYT
anarja G40 u G471, HECY ce IPYIHCaAE 33j€AHO, HACYIIPOT PE3YATATHMA KAACTEP aHAAH3E
MOAEKYAAPHHUX IToAaTaka (rpadp. 8). Mmak, ammamje koje mmajy oapehenn mporenar
3ajeAHIYKE TepMIIAa3Me, Kao 1mro cy lodent anmmmje G96 n G43, u tpu Lancaster anmamje
G79, G80 u G817 rpyrmcane cy 3ajeAHO OBUM METOAOM, Oe3 003upa Ha ThIl KopHuITheHux
ITOAQTAKA, MOACKYAAPHHUX HAN (PEHOTHUIICKHX.

I'enermaxu HajyAasHUjE AMHE]E, KOJE CY CE IIPBE M3ABOJHAE Y IOCEOHE KAACTEPE CY:
Todent ammmja G69, 3atum HesaBucHe xerepormuse rpyme G453, 3atum TpH AHHH|C
er3OTUYHE IrepMIIAa3Me, ImpekaoM us3 Jykae Amepuxe (G56, G57 nu G59), u ABe AuHHjE
dpanrmyckor mopekaa. MsyseB amnmje G6Y, HaBeA€HE AHHHjE HE3aBHCHOI I€HETHYKOT

MaTepujasa CAHIHO Cy I'PYIIHCAHC M AaHAA30M MOACKYAAPHHUX ITOAATAKA.
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Dissimilarity
I'pacpuxon 18. Aemaporpam HHOpeEA AHHH]ja KyKypy3a AOOH]EH KAACTep aHAAH3OM
denorunckux moparaka npumenom UPGMA (uaasa-BSSS, npsewna-Lancaster, 3esena-
ITodent, xyra- He3aBUCHA XETEPOTUYIHA IPYIIA)

88



Pesyaratn kaacrep anaanze UPGNLA meToAoOM Ha OCHOBY (PEHOTHIICKHX IIOAATAKA
OMAHM Cy y MarbOj MEPH CATAACHU Ca IEAUTPEHMA AMHHjA, HETO IITO Cy OMAM PE3yATATH
HCTE€ AHAAN3E 3aCHOBAHHM Ha MOACKYAAPHHM IHoAanmma. Kaacrepum wHHOpeA AmHHIja
AOOHjEHI aHAAM30M MOAEKYAAPHUX 1 (DEHOTHIICKUX IIOAATAKA HHCY OHAH y IIOTIIYHO]
caraacHOCTH. AO cAmIHEX HaAasa Aoman cy Gunjaca et al. (2008) youasajyhu pasauxe u y
oaHocnma u3mehy (pacropeAy) KAactepa H y cacTaBy MHOPEA AHHEjA KOjE€ YHMHE KAACTEpe
AoOmjene amaamzom 32 mopdoaomrke ocobumHe n 28 MHKPOCATEAHTCKHX MapKepa.
Ayropwm, Takohe, HMCTHYy IIPEAHOCT MOAEKYAAPHHX MapKepa HaA MOPEMOAOIIKAM Y
ITOrA€Ay MOhH AMCKpHUMHHAITH]E U CATAACHOCTH Ca IIEAUTpenMa. Y APYrOM HCTPaKHBAIbLY,
MOP(OAOIIIKA PACTOjarba AOOHjEHA aHAAU3OM 25 OCOOHMHA M BPEAHOCTH XeTeposuca 3a 12
OCOOHMHA IIOKa3aAa Cy C€ KaO Mambe IIOy3AaHa 3a HAeHTHHKAIm)y 58 mHOpeA AMHHja
KYKypy3a y OAHOCYy Ha IIOAaTKe AoOmjeHe renorurmsarnujom ca 100 SSR mapxepa
(Heckenberger et al. 2005).

OBu pesyatatn ce AOHEKAE Koce ca pesdyAaratmma Babi¢ et al. (2012) koju cy,
opehemeM MOP(OAOIIKHX M IEHETUYKHX CAMYHOCTH, 3aKASYIHAH Ad MOPQOAOIIKH
IIOAAITE MOTY OHTH ITOY3aAaHU IIOKA3aTE/dbH TEHETHYKE YAAASDEHOCTH HHOpEA AumHuja. OHEI
Cy YTBPAHAH IIPOCEYHY BPEAHOCT KOeHITHjeHTa KopeAannje 3a ce HHOpeA Aunnje 0,64 u
CArAACHOCTH MOPMOAOIIKAX M IE€HETUYKHX IIOAATAKa ca IeAurpemma. Pasaor mame
ITO3YAAHOCTH (DEHOTHIICKU ITOAATAKA YIBPHEHE y OBOM HCTPAKUBAGEY MOKE OUTH MAFbH
6poj denoTHIICKHX OCOOMHA KOpHUIThEHHX 32 IPYIIHCaIbe HHOPEA AMHHja Y OAHOCY Ha
OpOj MHKPOCATEAHTCKHX Mapkepa. Takobe, dpakropu cosHe CpeAHHE, HAPOIUTO YCAOBH
BAa3AYIIIHE U 3E€M/AHUIINHE CYIIEe KOju Cy OmAm Beoma m3paxkenu Tokom 2011. m mapoumro
2012. roamune, yrumaau cy Ha Beha deHornricka Bapuparma nusmehy AOKaAHTETa U TOAMHA.
MoaekyAapHI MapKepH, ITaK, YKa3yjy Ha IPUCYCTBO OApeheHOr 0OAMKA aA€Ad AATOT AOKyCa
HE3aBHCHO OA BAPHPama CKOAOIIKHAX YCAOBA M CAMHM THM OOME OCAHMKABAjy OAHOCE
n3mehy mHOpeA AHHHja y IIOTAEAY FBPHXOBHX IIEAUIPEA U IIOY3AAHHjE WX TIPYIHIIY Y
xereporuune rpyme. Ha ocHOBy Tora ce Moie IPETHOCTABUTH A2 CY KOMOHMHAIIHOHE
CIOCOOHOCTH MHOpeA AmHHja y Behoj KopeAamuju ca AOKyCHMa KOPHIINhEHHX MapKepa,
Hero ca (PEHOTHIICKUM OCOOMHAMA.

Babic¢ et al. (2008) cy yrBpanan aa cy UPOL” Aeckpumrropu IIOrOAHH U ITOY3AAHU
3a KAacHHUKALIM]y HMHOPEA AHHHjA IIpeMa CPOAHOCTH y XomoreHe rpyre. [Ipmmenom
Ward's meroA kaacrep amasuse Ha 30 HCINTHBAHHUX OCOOHHA, IPyIHCAAU Cy 45 HHOpPeA

AVHHJa Y YE€THPH KAACTEPA Y CATAACHOCTH Ca IIEAHTPEHMA UCITUTHBAHIX HHOPEA AUHHU|A 1
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Ca AHCKPHMHHAIIMOHOM aHAAM3OM. AYTOPH yKasyjy Ha 3Ha4a] XU MOIYWHOCT IIpHMEHE
METOAA IPHUAMKOM H300pa TecTepa M IPHAPYAKHBAIE AHMHHja HEITO3HATOI ITOPEKAA
XETEPOTUIHHIM I'PYyITaMa.

Smith and Smith (1989) cy cymporsor mummerma mcrmayhn aa KBaHTHTATHBHE
denoTnIIcKE OCOOMHE, ITOA CAOKEHUM I€HETHYKHM MEXAaHH3aM KOHTPOAE, HHCY TOAHKO
ITIOy3AaHE 32 KAACH(PUKAIIN]y TEHOTHIIOBA, HAPOYHTO YKOAHUKO CE HAAa3€ Y KOPEAAIIHjH, KO
1 300r BEAHMKOT yrumaja (pakTopa CIO/MSAIIE CPEANHE Ha IPHUXOBO HCIIOMSABAEGE. Y CACA
OBHX HeAocTaTaka dpeHoTHIICKe KAacupukanmje, Babi¢ et al. (2008) mpeasaxy mpumeny
MOAEKYAQPHHX METOAA 32 AMCKPUMHHAITH]Y HMHOPEA AMHH]ja KOJ€ Cy CAHMYHE HAHM HCTE
peMa MOP(OAOIIKAM OCOOMHAMA M 32 OIIEHY arpOHOMCKH 3HAYajHUX KOMITACKCHHX
OCOOHMHA § HEKOAUKO ITOHAB/Sarba § Iy AOOHjarha TIOY3AAHIX ITOAATAKA.

[IpearocT MOAeKyAapHHX Mapkepa y yrBphusamy mehycoOHHX OAHOCA HHOpEA
AMHHjA, Y OAHOCY Ha IIOAQTKE O IIEAHTPEHMA, j€ Y TOME IITO IIOAAIIM O IEAUIPEY YECTO
HUCY IOTHYHH U HE IIPYXKajy YBHA O OAHOCY aA€Ad POAUTEAA KOJU CY IIPEHETH Ha
IIOTOMCTBO H IIPETIIOCTABAA]y JEAHAKY AHCTPHOVIIH]Y aAeAa 00a POAHTEdSA IPUAHKOM
IIPOIICIbUBAIbA CPOAHOCTH AHMHHjA, Ha OCHOBY IbUXOBHX IICAHIPEA Tj. 32jeAHHYKUX

IIpeAaKa.

6.9 AnaAn3a raaBHUX KOMIIOHEHTH (PEHOTHIICKUX II0AATAKA KyKypy3a

AHaAM32 TAQBHUX KOMITOHEHTH CMAbHAA je 13 ITOYeTHHX IPOMEH/SUBHX KOJUMA CY
00jaIlIbeHH TIOAAITM Ha IIeT HeKopeAnucaHux ¢akropa ca egen BpeAHocTHMa Behmv oA 1.
OBu dakropu TpaHcOpPMUCAHI Cy U3 KOPEAAIMOHE y (DAKTOPCKYy MATPHUILy BAPHUMAKC
porarmjom. IIpBux meT rAaBHHX KOMIIOHEHTH Cy 30upHO objacHmae 83% ykyirme
BapHjaOHMAHOCTH H3BOPHHX IIOAATAKA (T3B. KOMYHAAHTET). Y IIH/ASY AAKIIEI BH3YEAHOT
IIPEACTAB/oAIbA  OAHOCA HCIUTAHOX TI€HOTHIIOBA, H3ABOjEHE Cy IIPBE ABE TIAaBHE
KOMIIOHEHTE Koje cy obOjacumae Hajsehm mnponenar Bapmjance, 52%  ykymme

BapHjaOHMAHOCTH IIOYETHHX IT0AaTaKa (Tpad. 19).
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I'pacdbmkon  19. T'raBHe KOMIIOHEHTE Ca KYMYAAQTHBHHM BPEAHOCTHMA
oOjarmene PEHOTHIICKE BapUjaOUAHOCTH U ¢/ge/ BPEAHOCTHMA

IIpBa raaBma xkommonenrta (F;) oGjacmmaa je 32,13% ykymne BapumjabuanoCTH
noaaraka. Ha ocnoBy dakropckux omrrepehemsa (eHra. factor loading) ca Bpeanoctnma >0,60
HAKOH BapHMAKC POTALMjE€ H3ABOjEHE Cy IIPOMEH/SHBE KOje Cy HajBHINE AOIIPHHEAE,
OAHOCHO Ae(PUHHCAAE IIPBY IAaBHY KOMIIOHEHTY: Opoj AaHa A0 Meramderba (0,759), 6poj
aaxa A0 cBuaama (0,760), Bucuna oumke (0,613), Bucuna 6mmke Ao kanma (0,754), ykyman
opoj ancrosa (0,821) 1 6poj ancroBa usHaa kanma (0,711). Apyra raaBaa kommonenra (F)
objacuuaa je 19,88% ykymre BapujaOHAHOCTH U Y CY OA OCOOMHA HajBHIIE ACPHHIICAAE
ayxuHa kanma (0,862), 6poj peaoBa 3pHa Ha KAmmy (-0,723) u Opoj 3pHA Y PeAy KAHIA
(0,694). Tpeha raaBHa KOMIIOHEHTAa HHje OOjeAMHHAA BuIre MehycoOOHO 3aBHCHHX
IIPOMEH/AUBUX, OA CBUX OCOOHMHA by j€ HajBHINE AC(UHUCAO CAMO IIPUHOC 3pHA ITO
ourrm (0,680).

[Ipojekiuje M3BOPHUX MPOMEH/ASUBHX (OCOOMHA) M F€HOTHITOBA M3Mehy IpBe ABe
rAaBHE KOMITOHEHTe oMOryhyjy caraesaBarbe OApeheHHX KapakTepHUCTHKA aHAAMSHPAHUX
nuOpeA Amamja (rpad. 20). Ilpa raaBma koopamuarta pasaBojusa je Behwuny Lancaster
AMHHjA, U3HAA I'AaBHE oce, oA Behune BSSS umuOpea Amnmja, ncmoa raasue oce. Behmma
aunmja Lancaster rpylie TpylmcaAa ce Ay BEKTOPa KOJU OArOBapajy OCOOMHAMA AY/KHHA
KAHUIIA B OpOj 3pHA Y PeAy KAHIA, AOK cy ce BSSS Amnwmje rpymmcasne Ayx BekTOopa Koju

OAIOBapajy OCOOHHAMA: IPEYHHK KAHIIA, OPOj PEAOBa 3pHA, YKYIIAaH OpOj AUCTOBA U OPO]
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AMCTOBA H3HAA KAMIIA. TakaB pacmopeA ykasyje Ha ocoOeHocT Lancaster aumHHja Ad Y
IIPOCEKy MMajy AyKe M yiKe KAmiobe, a BSSS anmnnmja mmape m xpahe, kao m Behu Opoj
HHTEPHOAH]A, Tj. AHCTOBA. AHHHje HE3aBHCHE XETCPOTUYHE TIPyIE, KOje ITOTHYY OA
EBPOIICKUX TBPAYHAIIA, IPOJEKTOBAHE CY Y CYIIPOTHOM CMEPY OA CMEpa IIPyiKarba BEKTOPa
Aecpnuncannx Bpemenom 1seratba (DPOLIL, DSIIK), Bucunom Oumaxka (EH, PH) u
IIPUHOCOM 3pHa 110 Ommmm (YPP) mITo je y carAacHOCTH €a FbUXOBOM PaHOCTACHOIIThy,
HIICKHM XaOHTyCOM 1 MaAOM poaHornhy. Anasmsupane lodent annnje Omae cy y mpocexy
paHOCcTacHUje U HIDKE Yy OAHOCY Ha Lancaster m BSSS aumnmje, rpynmmyhun ce yraaBHOM
HACYIIPOT BEKTOpHMa 3a BpeMme IBerarba 1 ucuny. Hu Lancaster m mm BSSS anmmje mucy
ITOKA32A€ CKAOHOCT IPYIIHCAIby Ay BEKTOpPa KOJH C& OAHOCH Ha BPEME IIBETArba, BUCHHY
HAM IIPUHOC, HEUCIIOA>aBajyhi 0COOEHOCT y ITOTAEAY OBHX OCOOMHA.

Biplot aABe raaBue komronente omoryhno je m oapehuBarse HEKHX T€HOTHIIOBA Ca
excrpeMHNM BpeaHoctuMa. Aununje G70 u G68 cy HajpaHHje IBETAAE, OHAE Cy HAJHIIKE U
Hajmamse mpuHocHe. G217 u G716 cy mmaae Hajpehn Opoj AmCTOBAa M OpOj AHCTOBA M3HAA
KAMITa. 32 OCTaAe OCOOMHE ICHOTHIIOBH Ca CKCTPEMHHM BPEAHOCTHMA HICY YOYCHI.
[Ipojekimjom ocobmuna u renortuiroBa msmeby mpse u Tpehe, u Apyre u Tpehe raasme
KOMITOHEHTE M3IYOMDSEHO je AoCTa mH(OopManmja 0 OAHOCY m3Mehy reHoTHIIOBa, OCOOMHA,
U T€HOTHIIOBA M OCOOMHA YCAEA 3HAYAjHOI CMarberba BapujaHce (OBU IPaddpHKOHU HUCY

IIPEACTAB/SCHH).
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AHaAM3a TAABHUX KOMIIOHEHTH H3ABOJHAQ e AHHHjE TIPyIHCaHE IIpema
XETEPOTUYHHUM IPyIIaMa U UCTAKAA OIIIIITE KAPAKTCPUCTHKE AHMHH]A 3APY/KEHUX Y KAACTEPE
y IOrACAY BPEMEHA I[BETarba, BHCHHE OM/dKe M 0coOmHa Kammma. Ha ABOAMMEH3HOHAAHOM
IIPHKA3y PE3YATaTa aHAAHU3E IIPBE ABE TAABHE KOMIIOHEHTE AAKO CY CE YOUYHAE AHHH)E KOje
cy mebycobno camunme 1o Behem Opojy HCHHTHBAHHX OCOOHMHA y OKBHPY HMCTHX
XETEPOTUYHHUX IPYyIIa, AMHH]E KOje IIpeMa CBOJUM OCOOMHAMA MMajy IIPEAA3HU OOAUK, Tj.
CAMYHE Cy AMHH]jaMA APYIUX XETEPOTUYHHUX IPyIa, KAO M AHHH|EC KOje CE M3ABAjajy OA
OCTaAUX IIPEMa EKCTPEMHHM BpeAHOCTHMa OApeheHmx ocobmua. Bexrop koju oarosapa
IIPHHOCY 3PHA 110 OM/oITH, OYHIACAHO HHjE MMAO BEAHKH AOIIPHHOC HHJEAHO] OA IIPBE ABE
KOMITIOHEHTE, T€ Cy HMHOpEA AHHHje Koje mMajy Behe BpeAHOCTH IIpHHOCA 3pHA HHCY
Pa3sABOJEHE AYK OBOT BEKTOPA.

3a AOIbY IpaHHYHY BPEAHOCT pakTOpckux onrrepeherpa, Koja yKasyje Ha peAaTHBHY
BAXKHOCT OcoOuHe y Aepurmcamy dakropa, ysera je speanoct 0,6 (Field 2005, Tabachnick
and Fidell 2007). OBaj kpurTepyjym H3ABOJHO j€ y IIPBOj TAABHO] KOMIIOHEHTH OCOOHMHE KOje
cy 6mae u y MehycOOHO] YTAaBHOM CPEAIbE jaKO] M jaKOj IIO3MTHUBHO] KOPEAAIHju: Opoj
AaHA AO METAHYCHbA, OPOj AdHA AO CBHAAHA, BICHHA OM/oKE, BUCHHA OM/AdKE AO KAHIIA,
VKyITaH OpOj AHCTOBa H OpOj AHCTOBA H3HAA KAHHIA. Apyra rAaBHa KOMITOHEHTA
AepHHICAHA je OCOOHMHAMA KOje ce OAHOCE Ha rpahy KAmma: AyKuHaA KAUIa, OPOj peaoBa
3pHA Ha KAHUIIY ¥ OpOj 3pHA Y PEAY KAHIIA.

I'AaBHE KOMIIOHEHTE MOIY CE€ ITOCMATpPAaTH Kao 3aceOHE OCOOHMHE IIOrOAHE 32
nponarakeme JT1., pu gemy ce mosehasa moh orkpusama (1L u cmamyje BepoBaTHOha
OTKpPHBAIba AQKHO IIO3UTHBHHX Be3a 300r objeAnmaBarba MehycOOHO —3aBHCHHX
IIPOMEH/SHUBUX Y TAABHE KOMIIOHEHTE KOje HUCY y Kopeaannju. CXOAHO TOMe, CEAEKITHja Ha
oapehenn QT koju je y CTATHCTUYKI 3HAYAJHO] BE3U €4 TAABHOM KOMIIOHEHTOM, OM OMAa
VJEAHO H CEAEKIIHja HA BHIIE OCOOMHA OAJEAHOM KOje AC(DUHUIIY Ty IAABHY KOMIIOHEHTY
(Upadyayula et al. 2006, Choe and Rocheford 2012).

Tako Om ceAeknHja Ha IIPBY TAaBHY KOMOHEHTY y OBOM HCTPaKHBarby, OHAA
yCMepeHa Ka OAAOMPY PAHOCTACHHJUX, HIDKHX OH/dvaKa ca MAbUX OPOjeM AHCTOBA, HAU ITAK
KACHOCTACHUJUX M BHIIHX ca BehoM (POTOCHHTETHYKOM IIOBPIIIMHOM, Y 3aBHCHOCTH OA
nusca onseMemsuBarba. C 003upoM Ha yTBphHEHE CTATHCTHYKMA 3HAYAJHE CPEAIbE jaKe
HeratuBHe Kopeaarmje maMehy AyKuHE KAMIa M OpOj pPeAOBa 3pHA, jake IIO3UTHBHE
KopeAaruje n3mehy Ay:KuHe KAUITa 1 Opoja 3pHA Y PEAY KAWIIA, CEACKIIMja HA APYTY I'AABHY

KOMIIOHEHTY OH IIOApa3yMeBaAa OAA0Hp Onavaxa ca AyKHUM KAnItoM, Behum Opojem 3pHa y
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PEAY B MarbHM OpOjeM peAoBa 3pHA HAHM ca 0OpHyTOM rpahom kamma. Ceaekiuja Ha Tpehy
IAABHY KOMIIOHEHTY, y3umajyhm y oO3up Aa AedmHHCaHA CaMO jEAHOM OCOOHHOM,
IIPHHOCOM 3pHa, He OM MMaAa IIPEAHOCT HaA CAMOM CEAEKIIMjOM Ha IIPUHOC 3pHA, Te OH ce

CMICA0 OBE MYATHBAPH]AIIHOHE AaHAAU3E I'YOHO.

6.10 Anasn3a BapujaHce (p€HOTHIICKHX IIOAATAKA KYKypy3a

AHaAm3a BapHjaHCE yKa3aAa j€ HA IIOCTOJab€ CTATHCTUYKH 3HAYAJHHX PA3AHKA Y
HCIINTUBAHUM OCOOMHama u3Mehy mpoydaBaHux HHOpeA AMHH]A. AHAAU3OM BapHjaHCE
Opoja AaHA OA CETBE AO METAHYEHA YIBPHEHO je IOCTOjarbe CTATUCTHYKH 3HAYAjHUX
pasamka m3meby reHOTHIIOBA, AOKAAMTETA, TOAMHA, HHTCPAKIIH]jd TIC€HOTHUII-TOAMHA U

AOKaAUTET-TOAMHA Ha HuUBOY 3HadajHocTH 1% (1. 13).

Tabeaa 13. Amaamsa BapujaHce 32 BpEMe OA CETBE AO METAHYEHHA KYKyPy3a

" . ) Cremenu Cyma Cpeamna
3BOP BAPHjaOUAHOCTH p
cAoboae KBaApaTa KBAaApATa

Moaea 289 13464,093 46,589 20,045 < 0,0007**
lemoTum 95 5924,338 62,361 26,832 < 0,0007**
Aoxaawmrer 2 2748,055 1374,027 591,193 < 0,0001**
lNoanma 1 3613,760 3613,760 1554,868 < 0,0001**
lemorum* Aokasmrer 95 233,384 2,457 1,057 0.394
[emotuir*roanna 95 471,962 4,968 2,138 < 0,0007**
AoxaamTer*roamma 1 472,594 472,594 203,340 < 0,0001**

I'perrrka 95 220,795 2,324

Vkymao 384

3a pa3AMKy OA OCTAAHX OCOOHHAMa, OPOj AaHA OA CETBE AO METAHYEHHA, OPOj AaHA
OA CETBE AO CBHAAA U OpPOj AaHA OA METAHYEHA AO CBHAAAa MEPEHH Cy Ha ABa
rokaanTera. AmHnje Kykypysa Ha Pumvcknm [IangeBuma TOKOM ABE TOAMHE ITPOCEYHO CY
MeTAamdanAe 1et Aana kacumje (83,6 £ 0,1) y oanocy Ha Annunje Ha Aokasmrtery CpboOpan
(78,3 £ 0,1). Toxom 2011. roamHe IeHOTHIIOBH Cy CTATUCTUYKH 3HAYAjHO paHHje

metamanan (77,9 £ 0,1) y oarocy Ha 2012. roauny (84,0 £ 0,1) (1ab. 14).

Tabeaa 14. Qurnepos tect HajMarbe 3HauajHuX pasdamka (H3P) apmrmermaxkux cpeanna
Opoja AaHa AO METAHYCIbA KYKYpy3a n3Mehy AOKaAMTeTa M TOANHA

Aoxaanrer/ ['opanHa Paszanka Cramaapa. Kpurirara
pasAuka BPEAHOCT
P. [Tangesu - Cpb6obpan 5,340 6,627 1,985 < 0,00071%**
2011 - 2012 26,135 7,613 1,985 < 0,0001%*
H3P: 1,600
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McnnTuBaHN I€HOTUIIOBH HUMAAH Cy CTATUCTUYKH 3HAYAJHE PA3AHKE Y ITOTACAY
BpEMEHA CBHAAIba 32 HUBO 3Ha4YajHOCTH OA 1%. Taxobe je yrBpheHo mocrojame 3HaYajHHIX
pasAmka m3mehy AOKaAMTeTa, TOANHA, HHTEPAKIINjA I€HOTHII-AOKAAUTET, T€HOTHII-TOAIHA

1 AOKAAHTET-TOAMHA OBe ocobuHe (1ab. 15).

Tabeaa 15. Amaamsa BapmjaHce 32 BpeMe OA CETBE AO CBHAAIba KYKypy3a

" . Crenenu Cyma Cpeanna
3BOP BAPHjaOUAHOCTH p
caoboae KBaApaTa KBaApaTa

Moaea 289 9644,460 33,372 29,548 < 0,0001**
lemornm 95 5035,402 53,004 46,930 < 0,0001**
Aoxaaurer 2 2283,138 1141,569 1010,754 < 0,0001**
T'oauna 1 1363,157 1363,157 1206,950 < 0,0001%*
T'enotum* Aokaamrer 95 174,375 1,836 1,625 0,009**
lemorum*roanna 95 324,628 3,417 3,026 < 0,0001**
Aoxaaurer*roanna 1 463,760 463,760 410,617 < 0,0001**

I'permxa 95 107,295 1,129

VkyruO 384 9751,755

Ha aokaawmrery Pumcku [1langeBn TOKOM ABE TOAMHE 32 AHHHjE KyKypy3a Opoj
AaHQ OA CETBE AO CBHAama m3HOCHO je oko 80 aama (79,6 + 0,1), mrro je cratucTHdakm
3HAYAJHO KACHHU]E § OAHOCY Ha Bpeme cBuAama AuHHja y Cpoodpany (74,7 £ 0,1). Toxom

2011. roAuHe TEHOTHIIOBH Cy OKO 4eTHpH AaHa paHnmje csuaasu (75,3 = 0,1) y oarocy Ha

2012. roanny (79,0 = 0,1) (tab. 106).

Tabeaa 16. H3P Tect apurmeTnyakux cpeArHa Opoja AaHA OA CETBE AO CBHAARA KYKYPy3a

ANoxaanrer/ ['oanma Pazauka Cranaapa. Kpuriara
pasAmKa BPEAHOCT
P. [Tlaguesu - Cpbobpan 4,874 6,573 1,985 < 0,0001**
2011 - 2012 -3,768 -5,082 1,985 < 0,0001**
H3P: 1,472

Pesyararn amaamsa BapujaHce 3a BPEME OA METAHYEHbA AO CBHAAma yiyhyjy Ha
IIOCTOjabe CTATUCTUYKH 3HAYAJHE PA3AHKE BAPHjaHCH y OPOjy AaHA OA METAHYCH>A AO
cBHAAma H3Mehy IeHOTHIIOBA, AOKAAMTETa M TOAMHA. PasAmka 3a cBa Tpu H3BOpa
BApUjaOMAHOCTH OHAA j€ CTATUCTUYKH 3HA4YajHA HAa HHUBOY OA 1%, AOK je pasamxa

nHTepakinja pakropa reHOTUII-TOAUHA YTBpheHa Ha HUBOY 3HAa4ajHOCTH OA 5%0 (Tad. 17).
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Tabeaa 17. Amaamsa Bapujarce 32 OpPOj AaHA OA METAMYEEhA AO CBHAAKbA KYKYPYy32a

WsBop BapujabuaHOCTH Crenenn Cyma Cpeamia F p
caoboae KBaApaTa KBaApaTa

Moaea 289 1543,012 5,339 4,745 < 0,0001**
lemoTum 95 722,600 7,606 6,759 < 0,0007**
Aokaamrer 2 23,549 11,774 10,463 < 0,0007**
loanma 1 537,943 537,943 478,048 < 0,0001%*
lemorum* Aokasmrer 95 104,730 1,102 0,980 0,540
Tl'enotum*roanna 95 154,147 1,623 1,442 0,038*
Aoxaaurer*roanna 1 0,042 0,042 0,037 0,848

I'perrka 95 106,903 1,125

VkymHO 384 1649,914

Pazauxa msmehy nmpocedHnx BPEAHOCTH 32 OpPOj AaHA OA ITOjaBe MYIIKE AO IIOjaBe
’KEHCKE IIBACTH KyKypy3a Owmaa je Beha ma Pumckum [lamgeBnmma mero y CpOoOpany.
[Ipoceuan O6poj aaHa OA MeTAHYEa AO cBUAama Ha Prumckum [llamgesnma Owmo je 3,5
AaHa, AOK je y CpOobpany 6mo oko 4 aana. MehytnMm, pasanka apuTMETHYKIX CPEAMHA OBE
OCOOHHE HAa ABA AOKAANTETA HCIIMTAHA TECTOM HAjMarbe 3HAYAJHHUX Pa3AHKA HHje OHAA
CTATUCTUYKN 3HAYajHA HA HHBOY 3HAYaJHOCTH OA 5%, YIPKOC 3HAYAJHO|] Pa3AHIT
BapujaHcH yTBphHEHOj aHAAM30M BapujaHCe, KOja je Kao TecT ocersuBuja. Hacympor Tome,
OpoOj AaHA OA METAHYEHa AO cBHAama y 2012, roamHE OMO je CTaTHCTUYKU 3Ha4ajHO Behn
y nopehemy ca 2011. roannom. V 2011, roausan oBaj nepuoa 6uo je 3navajuo kpahu (2,6 =

0,1) mero roauny xacuuje (5 + 0,1) (Tab. 18).

Tabeaa 18. H3P rtect apurmernmdkux cpeAnHa Opoja AaHA OA METAHYCHA AO CBHAAIbA
KyKypy3a u3Mehy MCIMTHBAHNIX AOKAAUTETA U TOAMHA
CranaapA. Kpuraana

Aoxaanrer/ ['oanma Paszanka p
pasAnka BPEAHOCT
P. [Tlaguesu - Cpbobpan 0,466 1,655 1,985 0,101
2011 - 2012 -2,367 -8,406 1,985 < 0,0001**
H3P: 0,559

AmHaAm3a BapHjaHCE yKa3aAa je Ha ITIOCTOjalbe CTATHCTUYKMA 3HAYAJHHX Pa3AHKA
nsmehy BHCHHA HCHUTHBAHUX HHOPEA AHMHH]a, KAa0 M Ha 3Ha4YajHEe pasAnke wusmehy
I€HOTHIIOBA y 3aBHCHOCTH OA AOKAAUTETa, TOAMHE aHAAM3€ M IbUXOBHUX HMHTEPAKIIH]a Ha

HuBOy 3HavajHOCTH 1% (120. 19).

97



Tabeaa 19. Amaamsa BapujarHce 32 BUCHHY HHOPEA AHHH]jA KYKypy3a

WsBop BapujabuaHOCTH Crenenn Cyma Cpeamia F p
cA0bope KBaApaTa KBaApaTa

Moaea 384 362033,970 942,797 37,128 < 0,0007**
lenorum 95 198552,140  2090,023 82,306 < 0,0007**
Aokaamrer 2 50760,577 25380,288 999,492 < 0,0007**
Foamma 1 86878,805 86878,805 3421,342 < 0,0007%*
lemorum* Aokasmrer 190 16149,665 84,998 3,347 < 0,0001**
lenorurr*roamaa 95 9300,169 97,897 3,855 < 0,0007**
Aokaamrer*roanna 1 392,614 392,614 15,461 < 0,0007**

I'perrka 95 2412,354 25,393

Vkymuo 479 364446,324

[Ipoceuna Bucmua rexorunoBa OmaAa je Hajseha ma Aokaamrery Combop

nsuocuAa je 185,1 + 0,7 cm. V CpboOpany, mpocedHa BUCHHA CBUX HHOPEA AHMHH]a OHA2

je sHagajuo Hmwxa (176,1 £ 0,4 cm), Aok cy Ha Pumcknm [llandeBrmMa HCIIMTHBAHE AMHE)jE

omae majammke (173,1 £ 0,4 cm). CrarucTuyaky 3HaYajHE Pa3AUKE aPHTMETHYKAX CPEAMHA

BHCHMHA OH/MbaKa Ha HUBOY 3HadajHOCTH 1% wM3padyHate Cy 3a CBe KOMOHHAIIHje

AOKAAHMTETA. HpoceqHa BHICHHA AI/IHI/Ija HA CBUM AOKAAUTETHMMA OHMAA jC CTACTUCTHYIKH

saagajuo Hmxka 2012, roamne (163,1 = 0,5 cm) y oanocy ma pannjy roauny (193,2 + 0,3

cm) (tab. 20), 32 gax 30 cm.

Tabeaa 20. H3P Tect apurMeTHYKUX CpeAMHA BUCHHE HHOPEA AMHH]a KYKypy3a

Aoxaamret/ 'oanra Pasauxa Cranapa. Kpurirana H3P
pasAmKa BPEAHOCT

P. [Taruesu - Combop -11,940 -15,426 1,962 < 0,0001*¢ 1,257

P. [anrvesu - CpGobpan -2,979 -5,092 1,962 < 0,0001**

Cpbobpan - Combop -8,961 -11,576 1,962 < 0,0001%**

2011 - 2012 30,083 51,412 1,962 < 0,0001* 1,027

PesyaataTn amaAmse BapHjaHCE 32 BHCHHY OHAAKA OA IOBPIIHHE 3EMAE AO

IIPUMAPHOr KAWIIA OHAM Cy HCTH KAaO H 3a VKyIIHYy BHCHHY OW/daka, Iokasyjyhu

CTATUCTHYKI 3H8.‘-IajH€ Ppa3AunKe I/ISMCI;)Y BapI/IjaHCI/I oBe 0OcoOHmHE IIOCMATpaHo IIO

I€HOTHIIOBHMA, AOKAAUTETHMA, TOAMHAMA U IbUXOBUM HHTEpakKinjama (1ad. 21).
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Tabeaa 21. Amaamsa BapujaHce 32 BUCHHY AO IPUMAPHOT KAUIIA HHOPEA AHHH]A KYKypy3a

WsBop BapujabuaHOCTH Crenenn Cyma Cpeamia F p
cA0bope KBaApaTa KBaApaTa

Moaea 384 107505,153 279,961 30,109 < 0,0007**
lenorum 95 90907,624 956,922 102,914 < 0,0001**
Aokaamrer 2 939,045 469,523 50,496 < 0,0007**
T'oanmna 1 8196,413 8196,413 881,498 < 0,0001**
lemorum* Aokasmrer 190 4490,681 23,635 2,542 < 0,0001**
[enorurr*roamua 95 2816,136 29,644 3,188 < 0,0007**
Aokaamrer*roanna 1 155,253 155,253 16,697 < 0,0007**

I'perrka 95 883,337 9,298

VkymHO 479 108388,489

[Ipoceuna Bucuna kauma 6usaka y Combopy (68,6 + 0,3 cm) OGmaa je CTaTHCTHYIKE

3HAYAJHO Marba Y OAHOCY Ha IIPOCEYHE BUCHHE KAUIIA n3Mepene Ha Pumcknm [lamgesnma

(70,4 £ 0,2 cm) u y Cpbobpany (73,3 + 0,2 cm). Takobe, mpocedne BpeAHOCTH OBe

ocobmne Ha Pumvckmv [llamueBuma m y CpOoOpaHy cy OHMAE CTATHCTHYKU 3HAYAJHO

pasamunre. [Ipoceuna Bucnna kAuma OHAA je CTACTHCTHYKH 3Ha4dajHO Hinka 2012. roanne

(66,2 £ 0,3 cm) y oanocy Ha 2011. roanny (75,4 = 0,2 cm) (126. 22).

Tabeaa 22. H3P Tect apuUTMETHYKHX CPEAMHA BHCHHE AO IPHUMAPHOI KAHIIA HHOPEA

AMHHIJA KYKYpy32

Aoxaaurern Paszanka Cranaapa. Kpurirara H3P
pasAmKa BPEAHOCT

P. [Ilaruesu - ComGop 4,693 11,335 1,962 < 0,0001*F 0,673

P. [llaguesn - Cpbobpan 2,879 9,198 1,962 < 0,0001**

Cp60o6pamn - Combop 1,814 4,382 1,962 < 0,0001**

2011 - 2012 9,240 29,522 1,962 < 0,0001* 0,549

CratucTudxky 3HAYajHE Pa3sAUKE BapHjaHCH OpOja AHCTOBA H3HAA IIPUMAapHOTL

KApIa 'y OKBI/Ipy TCHOTHUIIOBA, AOKAAUTECTA, TOATHA, 1 IbUXOBHUX I/IHTCpaKHI/Ija yTpreHe cy

Ha HHBOY 3Ha4ajHOCTH OA 1% (120. 23).
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Tabeaa 23. Amaamsa Bapujarce Opoja AUCTOBA M3HAA IPUMAPHOT KAUIIA KYKyPy3a

WsBop BapujabuaHOCTH Crenenn Cyma Cpeamia F p
cA0bope KBaApaTa KBaApaTa

Moaea 384 303,838 0,791 15,687 < 0,0007**
lenorum 95 186,161 1,960 38,851 < 0,0007**
Aokaamrer 2 14,105 7,053 139,829 < 0,0001**
loanma 1 27,906 27,906 553,265 < 0,0001**
lemorum* Aokasmrer 190 20,243 0,107 2,112 < 0,0001**
lenorurr*roamaa 95 52,552 0,553 10,967 < 0,0007**
Aoxaaurer*roanna 1 2,872 2,872 56,941 < 0,0001**

I'perrka 95 4,792 0,050

VkymHO 479 308,630

[Ipocewan 6poj AMCTOBA M3HAA IIPUMAPHOI KAHIIA 3HAYAJHO CE PA3AHKOBAO HA
Aokaaurery Pumcknx [lamgesa (6,93 + 0,02), Cpbobpana (6,85 £ 0,02) u Combopa (6,74
1 0,03), xao u musmehy 2011. (6,57 + 0,02) u 2012. roanne (7,11 £ 0,02) (1ab. 24).

Tabeaa 24. H3P tect apurmMeTHyakux cpeArHa Opoja AMCTOBA M3HAA IIPUMAPHOI KAHIIA

Cranpapa. Kpuruuna

Aoxkaautern Pasamxka H3P
pasAMKa BPEAHOCT

P. [Tlarguesu - Combop 0,188 4,781 1,962 < 0,0001%** 0,064

P. [llaruesn - Cpbobpan 0,073 2,461 1,962 0,014*

Cpb6o6pan - Combop 0,115 2,921 1,962 0,004+

2011 - 2012 -0,539 -18,174 1,962 < 0,0001** 0,052

Vkyman Opoj AHCTOBA HCINTHUBAHUX HHOPEA AMHHjA CTATHCTHYKH j€ 3HAYAJHO
BApUPAO y 3aBHCHOCTU OA I€HOTHIIA, AOKAAHTETA, TOAMHE U HHTEPaKIuja oBU (pakropa
(Tab). Ilpoceune BpeaHOCTH OBe OcoOmue m3mepene y CpbodOpanmy (12,59 * 0,02),
Combopy (11,55 £ 0,04) u ma Pumckum [Hlamgesuma (12,46 £ 0,02) mehycobno cy ce
CTATUCTUYKHU 3HAYAJHO PA3AMKOBAAE Ha HOBOY 3Ha4ajHOCTH OA 1%. Pazamke y mpoceunom
opojy amcrosa y 2011. (12,27 £ 0,02) u 2012. roaumnn (12,14 + 0,027) Guae cy, Takobe,

CTATUCTHYKU BeoMa 3Hadajue (120. 25 u 20).

Tabeaa 25. AnaAmsa BapujaHce yKYIIHOT OPOja AHCTOBA KYKypy3a

" . Crenenn Cyma Cpeamnna
3BOP BapHjabHAHOCTH p
caoboae KBaApaTa KBaApAaTa

Moaea 384 708,534 1,845 17,418 < 0,0001**
I'erorun 95 588,375 6,193 58,466 < 0,0001%*
Aoxaanrer 2 66,208 33,104 312,500 < 0,0001**
l'oanna 1 1,562 1,562 14,748 0,000%**
TI'enotum* AokasmreT 190 29,387 0,155 1,460 0,020*
TI'enorum*roanna 95 18,651 0,196 1,853 0,001**
Aoxaanrer*roanna 1 4,351 4,351 41,075 < 0,0001**

I'perrika 95 10,004 0,106

VkynHo 479 718,598
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Tabeaa 26. H3P TecT apuTMeTHUYKIX CPEAHHA YKYITHOT OPOja AHCTOBA KYKypy3a
Cramaapa.  Kpurmama

Aoxaamrern Pasauka H3P
pasAuka BPEAHOCT

P. [Ilaruesu - ComGop 1,046 24,017 1,962 < 0,0001** 0,071

P. I[llaguesn - Cpbobpan -0,132 -4,000 1,962 < 0,0001**

Cp6obpan - Combop 0,915 20,994 1,962 < 0,0001**

2011 - 2012 0,128 3,873 1,962 0,0001** 0,058

[Ipoceuna AyKuHA KAHMIIA AHMHHjA IIOKa3aAa j€ 3HAYAjHY BaPHjaOMAHOCT Ha HUBOY
T€HOTHIIOBA, AOKAAUTETa, TOAUHA M HHTECPAKIUja TEHOTHII-TOAMHA U AOKAAUTET-TOAMHA.

Pazanke y AyKHHI KAWIIA OWAE CY CTATHCTHYKM 3HAYajHE Ha HUBOY OA 1% (Tab. 27).

Tabeaa 27. AnaAmsa BapujaHCe AVIKHHE KAHIIA KYKypy3a

" . Cremenu Cyma Cpeamna
3BOP BAPHjaOUAHOCTH F p
cAoboae KBaApaTa KBAaApAaTa

Moaea 384 2091,950 5,448 12,172 < 0,0001**
lemoTum 95 1498,042 15,769 35,232 < 0,0007**
Aoxaawmrer 2 159,989 79,995 178,730 < 0,0001**
loanma 1 235,200 235,200 525,503 < 0,0001**
lemorum* Aokasmrer 190 106,112 0,558 1,248 0,114
TI'enotum*roanna 95 82,093 0,864 1,931 0,001**
AoxaamTer*roamma 1 10,513 10,513 23,490 < 0,0001**

I'perrrka 95 42,519 0,448

VkymHO 479 2134,469

Pazamke y mnpocedHHM AyKHMHAMAa KAHIA OHAE Cy 3HadyajHe wusMmehy cBux
Aokaanrera. Y ComMOOpy je mpocedHa BPEAHOCT AYKHHE KAHIIA MHOPEA AHHHja OHAA
majseha (15,02 £ 0,06 cm), satum y Cpbobpany (14,4 £ 0,04 cm) m mHa Prmvckum
Tamgesuma (14,3 £ 0,04 cm). Muoro Beha pasamka, Takohe CTATHCTHYKMA 3HAadYajHA
n3Mehy MepeHnx BPEAHOCTH AYKHHE KAUIA, ucnosuaa ce usmehy 2011, (15,37 £ 0,03 cm)

n 2012. roanne (13,803 £ 0,05 cm) (tab. 28).

Tabeaa 28. H3P TecT apuTMETHYKIX CPEAMHA AYKIHE KAUIIA KYKypy3a

Crampapa.  Kpurnuna

AokaamreTn Pasanxa H3P
pasAuka BPEAHOCT

P. [Mlaggesu - Combop -0,726 -9,533 1,962 < 0,0001%** 0,124

P. Hangesu - Cpbobpan -0,151 -2,624 1,962 0,009%*

Cp6obpas - Combop -0,575 -7,550 1,962 < 0,0001%**

2011 - 2012 1,565 27177 1,962 < 0,0001** 0,101

AHaAM3a BapUjaHCE YTBPAHAA j€ IIOCTOjarbe CTATUCTUYKU 3HAYAJHUX PA3ANKA Y
IIPEYHUKY KAWITA n3Mehy MHOpEA AMHMja, AOKAANTETa, TOAUHE U HHTEPAKIIU]E€ I€HOTHII-

rOAMHA Ha HEUBOY 3Ha4ajHoctu 1% (120. 29).
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Tabeaa 29. Amaamsa BapHjaHce IPEYHUKA KAUIIA KYKypy3a

WsBop BapujabuaHOCTH Crenenn Cyma Cpeamia p
cA0bope KBaApaTa KBaApaTa

Moaea 384 57,471 0,150 11,040 < 0,0007**
lenorum 95 38,920 0,410 30,221 < 0,0007**
Aokaamrer 2 4,772 2,386 176,012 < 0,0001**
Foamma 1 8,385 8,385 618,574 < 0,0001**
lemorum* Aokasmrer 190 3,043 0,016 1,181 0,182
lenorurr*roamaa 95 2,350 0,025 1,825 0,002%*
Aokaamrer*roanna 1 0,001 0,001 0,038 0,845

I'perrka 95 1,288 0,014

VkymHO 479 58,759

TectuparmeM HAjMAUX 3HAYAJHOX Pa3sAHKa yTBpheHE €y CTATHCTHYKH 3HA4YajHE
pasAMke Ha HHBOY 3HAYajHOCTH OA 1% y IPOCEYHHM BPEAHOCTHMA IIPCYHHUKA KAHIIA
m3mehy aokaamrera Pumcku [Mamgesn (3,86 + 0,01 cm) u Combop (3,96 + 0,01 cm), u
Cp6o6pan (3,86 £ 0,01 cm) u Combop. Pasanke msmehy mpocednnx BpeAHOCTH AyKHHA
KAHIIA TeHOTHITOBA orermbennx y Cpoobpany m ma Pumckum IllamdgeBmmva nucy Omae
3HAYajHE. YTHIIA] TOAMHE HA BapHUparbe OBE OCOOHMHE OHO je M3PaKEH y CTATHCTUIKH
sHagajuoj pasannn usmehy 2011, (4,04 £ 0,01 cm) u 2012. (3,75 £ 0,01 cm) roanne (rad.
30).

Ta6 30. H3P Tect apuTMeTHYKIX CPEANHA IPEIHHKA KAUIIA KYKYPy3a
Cranmpapa.  Kpurmana

Aoxaaurern Paszamnka H3P
pasAmKa BPEAHOCT

P. [anr4esu - ComGop -0,103 -7,807 1,962 < 0,0001** 0,021

P. [lTamgesu - Cpbobpam -0,003 -0,305 1,962 0,760

Cpbobpan - Combop -0,100 -7,576 1,962 < 0,0001°%*

2011 - 2012 0,296 29,635 1,962 < 0,0001°** 0,017

[Ipoceyan Opoj peAOBa 3pHA y KAHIIy IIOKa3aoO je€ 3HA4YajHy BapHjaOMAHOCT Ha
HHUBOY TI€HOTHIIOBA, 'OAMHA W HHTEPAKIIH]ja TE€HOTUII-TOAWHA H AOKAAHTET-TOAHMHA Ha

HUBOY CTATHCTHYKE 3Ha4ajHOCTH OA 1% (126. 31).

Tabeaa 31. Amaamsa Bapujarce Opoja peAOBa 3pHA V¥ KAHITY KYKypy3a

" . Cremenu Cyma Cpeamnna
3BOP BAPHjaOUAHOCTH F p
caoboae KBaApaTa KBaApaTa

Moaea 384 1461,391 3,806 18,609 < 0,0001**
lemorun 95 1305,070 13,738 67,174 < 0,0001**
Aoxaaurer 2 7,952 3,976 19,442 < 0,0001**
Toauna 1 34,886 34,886 170,583 < 0,0001**
I'enotumr* Aokasmrer 190 52,379 0,276 1,348 0,052
lemorumr*roanua 95 59,595 0,627 3,067 < 0,0001**
Aoxaaurer*roanna 1 1,509 1,509 7,380 0,008**

I'perrika 95 19,428 0,205

VkynHO 479 1480,820
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Pazamke cpeAmHX BPEAHOCTH OpoOja PeAOBa 3pHA HMHOPEA AMHH]ja MEPEHHX Y
Combopy (14,32 £ 0,05), Cpoobpany (14,27 + 0,03) n Ha Pumckum [Hamngesuma (14,34 +
0,03) mHucy OmAE CTATHCTUYKM 3HAYAjHE, HACYIPOT PA3AHLH IIPOCEYHHX BPEAHOCTH

yrphermx 2011. (14,61 £ 0,02) i 2012. roamme (14,01 % 0,03) (ra6. 32).

Tab6eaa 32. H3P Tect apurmMeTHYIKHX CpeArHA OpOja PEAOBA 3pHA Y KAUITY KYKypy3a

Crampapa.  Kpurrmana

Aoxaaurern Paszauka H3P
pasAnKa BPCAHOCT

P. [Ilaruesu - ComGop 0,024 0,412 1,962 0,680 0,093

P. [llaguesu - Cpbobpan 0,069 1,598 1,962 0,110

Cp6obpan - Combop -0,046 -0,796 1,962 0,426

2011 - 2012 0,603 13,943 1,962 < 0,0001** 0,076

CratucTHdky 3HAYajHE pa3sAMKE BapHjaHCH OpoOja AMCTOBA H3HAA IIPUMAapPHOT

KAapIa |y OKBI/Ipy TCHOTHIIOBA, AOKAaAHUTCTA, TOAHMHA, I/IHTCPQ.KL[I/I)ZL TCHOTHUII-TOAMTHA M

AOKaAHTET-TOAMHA yTBpheHe cy Ha HUBOY 3Ha4YajHOCTH OA 1% (1ad. 33).

Tabeaa 33. Anaamsa Bapujarce Opoja 3pHA Y PEAY KAHIIA KYKypy3a

" . Crenenn Cyma Cpeamnna
3BOP BAPHjAOUAHOCTH P
cAobope KBaApaTa KBAaApATa

Moaea 384 11273,094 29,357 11,260 < 0,0007**
I'enoru 95 6605,270 69,529 26,668 < 0,0007**
Aokaawmrer 2 920,717 460,359 176,568 < 0,0001**
Foammaa 1 2455,403 2455,403 941,757 < 0,0001%**
lemotum* Aokasurer 190 536,272 2,822 1,083 0,336
TI'enorum*roanna 95 599,496 6,310 2,420 < 0,0001**
Aoxkaaurer*roamna 1 155,936 155,936 59,808 < 0,0001**

I'permixa 95 247,690 2,607

VymHO 479 11520,784

Hajsehn mpocewan Opoj 3pHa y peAy KAHIA YIBphHeH je KOA TEHOTHIIOBA Ha
Arokaanrery Combop m msuocmo je 24,78 = 0,16. OBa BpeAHOCT ce Huje 3HAYAjHO
PasAMKOBaAa OA IPOCEYHOT Opoja 3pHA HHOpeA auHHja y Cpbobpany (24,21 + 0,10), aan
je je Obmaa 3HauajHo Beha OA mpoceunor 6poja 3pHa yrBphenor Ha Pumckum [llamaesuma
(23,52 * 0,10). 3mauajuo Behu Opoj 3pHa y peay OPMHPAH je HAa KAHIIOBUMA HHOPEA
ananja y 2011. roansn (26,87 * 0,08) y mopebemy ca 6pojem spra y 2012. (21,81 + 0,11)
(120. 34).

103



Tabeaa 34. H3P Tect apurMeTHYKIX CpeAnHa Opoja 3pHA y PEAY KAHIIA KYKyPy3a

Aoxaaurern Paszanka Cramaapa. Kpuriraia H3P
pasAmKa BPCAHOCT

P. [Targesu - Combop -1,260 -6,864 1,962 < 0,0001°%* 0,298

P. [[Taxuesu - Cpbobpan -1,197 -8,620 1,962 < 0,0001°%

Cp60o6pan - Combop -0,064 -0,348 1,962 0,728

2011 - 2012 5,059 36,444 1,962 < 0,0001°% 0,244

Amnasmsom Bapujaace mace 1000 3pmHa yrBpheHO je IOCTOjarse CTATHCTHYKA

3HAYAJHUX Pa3AMKa H3MeDy IeHOTHITOBA, AOKAAMTETa, TOAMHA M HHTEPAKIIM]ja I'€HOTHII-

TOAMHA U AOKAAHTET-TOANHA Ha HUBOY 3HadajHocTH 1% (Ta0. 35).

Tabeaa 35. Anaamsza Bapujarce mace 1000 3pHa kykypysa

WsBop BapujabuaHOCTH Crenen Cyma ] Cpeamiia F p
cA0boAe KBaApaTa KBaApaTa

Moaea 384 829725,777 2160,744 9,197 < 0,0007**
I'enorun 95 576187,633 6065,133 25,815 < 0,0007%**
Aoxaawmrer 2 38672,659 19336,329 82,301 < 0,0001**
loamma 1 114823,324 114823,324 488,723 < 0,0007%*
Ienoturr*Aokasmurer 190 47135,936 248,084 1,056 0,388
I'enoturr*ropmmna 95 38013,606 400,143 1,703 0,005%**
Aoxaamrer*ropmnaa 1 14892,620 14892,620 63,388 < 0,0007**

I'perrka 95 22319,810 234,945

VYkymmO 479 852045,588

Pazauxe npoceunux Bpeanoctu mace 1000 3pra msmebhy renorumosa Ha PumMckim

[Tamgesnma (258,17 + 0,82 ¢) u y Combopy (258,58 * 1,31 g) mucy Omae 3HauajHe.

IIpoceuna Bpeanoct mace 1000 spua ammmja y CpooOpany (251,36 £ 0,82 g) Gmaa je

3HAYAJHO HIKA OA OCTaAa ABa Aokaamtera. Y 2012. roaman npoceuna speanoct mace 1000

3pHa (238,75 £ 0,95 g) 6uaa je 3a oko 35 g Himmka y oarocy Ha 2011. roanny (273,33 + 0,67

@) IIITO je CTATUCTHYKU 3HAYajHO Ha HUBOY OA 1% (1ab. 30).

Tabeaa 36. H3P rect apurmernmukux cpeanna mace 1000 3pHa kykypysa

CranaapA.

Kpunriana

Aokaaurern Pasauxa H3P
pasAmKa BPEAHOCT

P. [Haxuesu - ComOop -0,409 -0,265 1,962 0,791 2,509

P. [Harxuesu - Cpbobpan 6,812 5,836 1,962 < 0,0001%**

Cp6obpan - Combop -7,222 -4,677 1,962 < 0,0001**

2011 - 2012 34,584 29,628 1,962 < 0,0001%** 2,048
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CraTHCTHYKN 3HAYajHE PAa3AMKE BapHjaHCH IIPUHOCA 3pHA IIO OMamIH H3Mehy
I€HOTHIIOBA, AOKAAUTETA, TOANHA U WHTEPAKIINja TeHOTUII-TOAMHA yTBpheHe cy Ha HHUBOY

sHagajaocTH OA 1% (1ad. 37).

Tabeaa 37. AHaAn3a BapHjaHCEe IPHHOCA 3PHA II0 OH/AIIN KYKypy3a

. Crerrenn Cyma Cpeanna
HsBop Bapujabuaroctu p
cAobope KBaApara KBAaApATa
Moaea 384 383617,806 999,005 6,544 < 0,0007**
I'enorum 95 131415,189 1383,318 9,061 < 0,0007**
Aokaamrer 2 59429,025 29714,513 194,646 < 0,0001**
lNoamma 1 132496,843 132496,843 867,925 < 0,0001**
T'enotum* Aokasmrer 190 33780,123 177,790 1,165 0,204
I'enoturr*ropmuna 95 26289,543 276,732 1,813 0,002%**
AoxaamTer*roamma 1 207,084 207,084 1,357 0,247
I'perrrka 95 14502,640 152,659
VkymHO 479 398120,446

Amnmnje cy y mpoceky 6uae 3Hauajuo npuxocauje y Comdbopy (107,96 £ 1,09 g) vy
oanocy Ha Cpbobpan (99,61 £ 0,09 g) u Pumcke Ilamgese (97,95 £ 0,69 g), Aok ce
IIpOCEYaH HPUHOC 3pHa 110 bumkn y Cpoodpany u CoMOOpy HHje CTATHCTHYKU 3HAYAJHO
pasaukoBao. ['oamna 2012. 6uaa je HermoBosHHjA 32 POPMUPAIbE IIPUHOCA OA IIPETXOAHE.
IIpocewan npunoc 3pHa 110 6mmnm n3uocuo je 120,42 £ 0,56 g 2011. roanne, Aok je 2012,

puHOC 610 3Ha4ajHO Hixn, 83,27 + 0,79 g (1ab. 38.).

Tabeaa 38. H3P Tect apuTMeTHYKIX CPEAMHA IIPUHOCA 3PHA 110 OU/SIM KYKypy3a
Crampaps.  Kpuruana

Aoxaaurern Pazanka H3P
pasAHKa BPEAHOCT

P. [Tlaruesu - ComOop -10.011 -7.785 1,962 < 0,0001** 2.089

P. [llaguesn - Cpbobpan -1.663 -1.710 1,962 0.087

Cp60o6pamn - Combop -8.349 -6.492 1,962 < 0,0001*F*

2011 - 2012 37.151 38.216 1,962 < 0,0001*F* 1.706

AHaAm3a BapHjaHCE YKA3aAd je HA ITOCTOjaEbe CTATHCTHYKU 3HAYAJHUX PA3AUKA Y
HUCIINTUBAHUM OcoOMHaMa wu3mehy mIpoy4daBaHHX HHOpEA AMHHja. 3HA4ajaH H3BOP
BapUjaOMAHOCTH OCOOHMHA OHMAHM Cy M TOAHMHE, AOKAAUTETH M HHTEpaKimje nsMehy oBux
dakropa, IITO yKa3yje HA BEAMKH YTHUI] CKOAOIIKAX YHHHAAA HA CTAOMAHOCT OCOOHMHA.
Koa Behmre ocoOumHa, ITOCA€ TE€HOTHIIOBA, F'OAMHE Cy OMAE H3BOP BApHjaOHMAHOCTH Ca
majpehom cymom kBappara. CraTUCTUYKH 3HA4YajHE pasuke u3Mehy IOAMHA Mepera
yrBpheHe cy KOA CBHX 0coOHHa, AOK cy u3mehy AokaamTera pazauke yrBphene koa sehune,

aAM He CBUX ocobmma. Ha HCpI/IOA I/ISMCBY METAMYCHhA B CBHAAHA M 6p0] pCAOBa 3pH21
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AOKAAMITET HHj€ VTHUIAO Yy IIOTAEAY 3HAYAJHUX Bapupama. BeAamkm yrmmaj roamHe Ha
Bapupame ocobuHa Mehy rexmorumomma yrBpauAn cy D’Andrea et al. (2006) y umjem
HCTPaKUBAIGY j€ OBAa] UMHMAAIl OHeMOTyhmo kaacmdukyjy HHOPEA AMHHje Ha OCHOBY
IbUXOBOI YYHHKA y YCAOBHMA cMambeHe KoAmdnHe azora. Bello et al. (2012) cy yrBpauan
CTATUCTHYKN 3HaYajHe pasauke mamehy roamna 3a 10 arpoHOMCKEIX OCOOMHA KyKypys3a U
3HAYAjHE NHTEPAKIINjE TEHOTUIIA H TOAUHE 32 TEKHHY KAHIIA H IIPUHOC.

Mcnmrupane mHOpeA AHHEjE, ACO KOAeKIHje repmiraasme MHctuTyTa 32 paTtapcrso
1 TIOBPTAPCTBO, OOYXBATHUAC Cy BEAHKH ACO YKYIIHE BAPHjAOHMAHOCTH arPOHOMCKI BAKHUX

0CODMHA M IOKa3aAe Cy C€ IIOTOAHHMM I'CHCTUYIKHUM MaTCpI/Ij aAOM 3a ﬁ,COL[I/Ij ATUBHY aHAAM3Y.

6.11 Kopeaanuje nusmeby mepennx ocobuna Kykypysa

Koedummjentu kopeaanuje usmehy mpoygaBaHnx ocoOMHA yKa3yjy Ha HEKOAHKO
CTATUCTUYKN 3Ha4yajHuX Be3a (120. 39). Crarucrud¥ky 3HA4YajHA IIO3UTHBHA BPEAHOCT
KeOPHIIHjeHTa KOPEAAlMje YCTaHOBAS>EHA je m3Mehy BpeMeHa METAHYEra U BPEeMEHa
ceurama  (r=0,937), ABa dusnoromxn yckaabena mnporeca. IlosutuBHE BpeaHOCTH
KoeHIIIjeHTa KOpeAaIje OApehene cy 3a BUCHHY OH/AKE M BUCHHY OM/doKE AO IIPUMAPHOT
kamra (r=0,788), ykymmor Opoja AmCTOBa M OpOja AMCTOBA HM3HAA IIPHUMAPHOI KAHIIA
(r=0,693), mmpune kauma u Opoja peaosa 3pHa Ha KAmmy (r=0,7206), u AyKHHE KAHIIA U
Opoja 3pHa y peay kamma (r=0,700). CpeAme IIO3UTHBHE BPEAHOCTH KOEUIIMjEHTA
KOpEAaIlHje H3padyHaTe Cy 3a OpOj AaHA OA CETBE AO METAHYECHa U OpOj AaHA OA
MeTAmdera A0 cBruAama (1=0,415), ykasyjyhu Aa je KOA KaCHOCTACHHX I€HOTHIIOBA I10jaBa
CBHAE KACHHAA YCACA IIOAYAAPARba €A IIEPHOAOM €a BehHM TeMIiepaTypaMa H HEAOCTATKOM
3EM/oHIITHE U Ba3AyIIHE BAare. PAaHOCTACHH]M TEHOTUIIOBH OMAHM Cy HIDKH, IIITO ITOTBPHYjy
CpeAlbe ITO3UTHBHE BPEAHOCTH KoeduimjeHata kopeaanuje msmehy BucmHe OHAKE AO
KAmma u  BpeMeHa Iseramba (r=0,469; 0,462) m 3HAYajHE ITO3UTHBHE BPEAHOCTH
koedunjeHara Kopeaaruje n3mehy Bucune On/vKe U BpeMeHa LIBETAA MYIIIKE U JKEHCKe
msactr (7=0,269; 0,264). Ocum 1110 Cy HIUKE, PAHOCTACHHU]E AMHHU]E HMAA€ Cy U MambU
VKYIIHE OPOj AHCTOBA (CpPEAEbE IIO3UTHBHE BPEAHOCTH KoedurmjeHTa kopeaaruja, 7=0,533;
0,538) m mamu Opoj AMCTOBa H3HAA KAHIA (HO3UTHBHE BPEAHOCTH KOedHIIMjeHATA
kopeaarmje, 7=0,320; 0,376). CpeAre MO3UTUBHE BPEAHOCTH KOe(PUIIMjeHATA KOPEAAITH]je
oapehene cy 1 m3mehy ykymaoOr Opoja Ancra u Bucune ounke Ao kanuma (7=0,591), ykyraor

Opoja Amcra um npeunumka kamma (r=0,443), AOK je CpeAma HEraruBHA4 BPEAHOCT
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koedurmjeHTa Kopeaarnuje yrsphena mamehy Opoja peaoBa 3pHAa M AyKHHE KAuma (1=-
0,412). MaAe CTaTUCTHYKM 3HA4YajHE IIO3UTHUBHE BPEAHOCTH KoedujeHTa KopeAariuje
yrBpbene cy mamehy BucHHe OHAGKE B OpOja AMCTOBA, AYAKHHE KAMIIA M BPEMEHA IIBETAIb,
mace 1000 spra u Bucune 6mmke, mace 1000 3spHa m Opoja AMCTOBA, a cAade HEraTUBHE
kopeaaruje oapebene cy usmehy 6poj 3pHa y peay u ykymHOr Opoja AnctoBa, u mace 1000
3pHa 1 Opoja peAOBa 3pHA Ha KAHIIY, 2 HETATUBHE U3Mehy AykuHe u mupuHe kauma. Mase
ITO3UTUBHE BPEAHOCTH KoedHjeHTa Kopeaanuje yrBphene cy mamehy nprHOCa ¥ BUCHHE
oumke (7=0,222), Bucune dumke Ao mpumapaor kauma (r=0,211), ykymmaor Opoja Amcrosa
(=0,207), 6poja ancrosa msHaa kauma (r=0,261), npeanuka kanma (7=0,291) u 6poja 3pHa

y peay kauma (r=0,296).
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Tabeaa 39. ITupconos koedHUITHjEHT U CTATHCTHYKN 3HaYajHe PEHOTHIICKE KopeAanuje n3Mehy ocoOnna HHOpEA AMHH]a KYKypy3a

DPOLL
DSILK
ASI
PH

EH
LNAE
TLN
EL

ED
RN
KN
KW
YPP

DPOLL
1

< 0,0001
< 0,0001
0,008

< 0,0001
0,002

< 0,0001
0,039
0,102
0,748
0,096
0,038
0,236

DSILK
0,937

1

0,460
0,009

< 0,0001
0,000

< 0,0001
0,025
0,076
0,332
0,032
0,076
0,130

ASI
0,415
0,076
1

0,353
0,099
0,417
0,242
0,986
0,952
0,118
0,438
0,256
0,601

PH
0,269
0,264
0,096

1

< 0,0001
0,007

< 0,0001
0,008
0,177
0,868
0,050
0,001
0,052

EH
0,469
0,462
0,169
0,788

1

0,058

< 0,0001
0,139
0,032
0,511
0,351
0,000
0,039

LNAE
0,320
0,376
20,084
0,274
0,194

1

< 0,0001
0,794
0,001
0,004
0,383
0,017
0,010

TLN
0,533
0,538
0,121
0,389
0,591
0,693

1

0,054

< 0,0001
0,000
0,041
0,001
0,043

EL
0,211
0,229
0,002
0,269
0,152
0,027
0,197

1

< 0,0001
< 0,0001
< 0,0001
0,284
0,161

ED
0,168
0,182
0,006
0,139
0,219
0,331
0,443
-0,397

1

< 0,0001
0,237
0,125
0,004

RN
0,033
0,100
0,161
0,017
0,068
0,293
0,369
-0,412
0,726
1
0,064
0,001
0,067

KN
0,171
0,219
-0,080
0,201
0,096
-0,090
-0,209
0,706
0,122
0,190
1
0,170
0,003

KW
0,212
0,182
0,117
0,334
0,367
0,244
0,321
0,110
0,158
-0,341
-0,141
1
0,137

YPP
0,122
0,156
-0,054
0,222
0,211
0,261
0,207
0,144
0,291
0,187
0,296
0,153
1

DPOLL - 6poj Aana oA Humama A0 MeTandera, DSTLK - Opoj aaHa OA Humama A0 cBHAama, 1IN - ykymas Opoj aucrosa, LNAFE - Opoj AucroBa M3HaA
kanra, EL - ayxunaa kauna, KN - 6poj 3pra y peay kamma, KIW - maca 1000 spra, YPP - npunoc o 6umnn, AST - Opoj AaHa OA METAHYEHHA AO CBHAADA,

PH - Bucuna 6unke, ED - npeunnk kauma, EH - Bucusa 6uske A0 Burrrer kantra, RN - 6poj peAoBa 3pHa Ha KAHITY
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Ha ocnoBy 3mHauajHOCTH KOpeAannoHuX koedurpjeHata nsMehy aHaAM3ZHpaHHX
ocobmua u mopehemeM AOOHjeHHX BPEAHOCTH €4 PAHHUJUM PE3YATATHIMA MOXKE CE
3AKAVIHTH AA CY METAMYCESE U CBHAAGE (DH3HOAOIIKI M BPEMEHCKH ycKAaheHH mpoiiecy,
Ad je TTOAOKaj mpumMapHOr KAmma oApehen Bucumuom Ommke (Li et al. 2007a), aa mmpn
KAHIIOBH mMajy Buire peaosa 3pHa (Frova et al. 1999, Guo et al. 2011), a Ayxu Behu 6poj
spHa y peay (Li et al. 2007b, Yu et al. 2014) u aa je Opoj AHCTOBA H3HAA IPUMAPHOT KAWIIA
Y KOpEeAAIHMju ca YKyIIHIM OpojeM AncTtoBa (Zhang et al. 2010).

KoA KkacHOCTACHUX TEHOTHIIOBA IIOjaBa CBHAE j€ KACHHAA Y OAHOCY Ha IIOjaBy
aHTepa M IIOAMHAITH]y HajBEPOBATHHjE YCACA ITOAYAAparba ca IIEpHOAOM ca Behmm
TEMIIEpATypaMa B HEAOCTATKOM 3EM/SHIIHE M BA3AYIIHE BAare. PAHOCTACHU]H TeHOTHIIOBI
OMAHM Cy HIKM M MMAaAH Mambi OpOj AMCTOBa M Kpahn KAHMII, IIITO je y CArAaCHOCTH Ca
panujum Harasuma (Enoki et al. 2000).

IIpema mopdoaoruju KAUIIA TEHOTUIIOBU CY CE MOTAH AU(EPEHIINPATH HA AUHH|E
Ca VKHM U AVKHM KAUIIOBHMAa M AHHHjE Ca IMUPUM 1 Kpahwmm kammosuma. Heratmsoe
CTATUCTHYKU 3HAYAjHE KOpeAarje usMehy AyKIHe KAUIIA U IIPEYHHIKA KAUIIA AOOUAH CY B
Quijada et al. (2009), Aok cy Yu et al. (2014) yrBpaumAn mosutuBHe KopeAaruje uamehy
OBHX OCOOHMHA.

Beha dorocmuTernyka moBprinHa MMaAa je IIO3UTHBAH YTHI] Ha OpOj 3pHA Y
peAy kAmma, npednuk kaunira, macy 1000 3pra u npunoc 1o 6ummu. Maca 1000 3pra Omaa
je y IO3UTUBHO] 3HAYAJHO] KOPEAAIIU]JH €4 OPOjEM AMCTOBA U BUCUHOM OH/oKE, HETATHBHO]
U 3HAYajHO] KOPEAALHjU ca OpOjeM pEeAOBa 3pHA M Y HEIATHBHO|, aAM HE WM 3HAYAjHO]
KOpeAaIuju ca OpOjeM 3pHa Y PEAy, IITO je Y CarAACHOCTH Ca PaHHUjUM PE3yATaTHMA
(Uribelarrea et al. 2008, Trachsel et al. 2009, Choe and Rocheford 2012). Borras and Otegui
(2001) cy aomam AO 3aKAyIKAa A j€ CMAISEEbE MACE 3PHA ITOCACAHIIA CMAbEEba CTOIIE
HAAMBarba 3pHA, 2 He CKpahnBarba IIeproAd HAAMBAEbA 3PHA.

[IpuHOCHMjM T€HOTUIIOBH OMAM CYy BHIIIH, CA BUIIIE IIOCTABAEHUM KAHIIOM, Behowm
dOTOCHHTETHYIKOM IIOBPIIIHOM, OpOjeM AHCTOBA H3HAA IIPHUMAPHOI KAmIra, Behmm
IIPEYHUKOM KAHUIIA, BehuM OpojeM 3pHa y PEAY KAHIA M MAAUM IIEPUOAOM OA METAHYCIHA
A0 cBuAama. [losurusHe KOpeaannje m3mehy mpmHOCA ca jeAHe CTpaHe M BUCHHE OM/oKe
(Messmer et al. 2009, Lima et al. 2006), Bucune kamma (Lima et al. 2006), Opoja aucrosa,
npeunnka kauna (Zheng et al. 2009) mMaauM IeproAOM OA METAHYEHA AO CBHAAA €2

apyre (Messmer et al. 2009), motBphyjy pesyAratu APYyIUX HCTPAKUBAIbA.
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V moraeay mpucyctBa Kopeaanuja msmeby IpmHOCA 3pHA IO OH/ASIM UM APYTHX
0coOHHA, YIBpheHE Cy U HEKEe HECATAACHOCTH Ca PE3yATaThMa Apyrux ayropa. Rafiq et al.
(2010) cy mpoHaIIAm BHCOKO 3HAYajHE ITO3UTHBHE KOpeAaruje uamehy AymmHe KAMITA I
IIprHOCA 3pHA 110 OmsIH, kKao u mace 1000 3pHAa U IpUHOCA IO OH/SITHM HHOPEA AWHU)A.
Ross et al. (2000) cy mcrmrasn deHOTHIICKE KOpeAalnuje n3Mehy KOMIIOHEHAaTa IIPHHOCA
cunrternuke nonyaauuje lowa Long-Ear Synthetic yrBpAUBIIH Ad Cy IPHUHOC IO OH/AIH U
Maca 3pHa y HO3UTHUBHO] KopeAanuju. Ibuxosn pesyararn mmokasyjy aa ce Q11 3a Ayxuny
kamma u 11, 3a mpuHOC 3pHA Ha XpOMO30OMy 5 Harase y pasu pasABajarba, UUME Ce
ACAMIMIYHO MOKE OOJaCHHUTH 3aIllTO CE CEACKIIMjOM Ha Ayradak KAHI HE ITOCTHKE
3aA0BOMdaBajyhu pact npunoca. Pinnisch et al. (2012) cy yrBpAnAM Aa AyKMHA KAHIIA BUIIIE
asorpuHocu popMupary IpuHoca 3pHa, Hero Maca 1000 3pHa. ¥V 0BOM HcTpaKuBamby, Bese
n3Mehy AyKHHEe KAHIIA 1 IpHHOCA 3pHA 110 Onsmiy, u Mace 1000 3pua u npunoca usmehy
HCIINTUBAHUX HMHOpPEA AMHHja OHMAE Cy IIO3UTHBHE, AAM HE CTATHCTHYKH 3HadJajHE
(r=0,144). OAcycTBO 3HAYAJHHX KOpEAAIHja MOKE CE€ ODJaCHUTH BEOMa HEIIOBO/SHHIM
BPEMEHCKUM YCAOBHMA Y TOKY OIIPAIIHBAIbA, OIIAOAE M HAAUBAaIba 3PHA y TOKy 00e
TOAMHE HCIINTHBAGA, IITO j¢ AOBEAO AO MAIEr Opoja (POPMHUPAHHUX 3PHA y PEAY KAHIIA I
II0jaBH AAKIIIEr HMAHM INTYPOI 3pHA y OAHOCY Ha IIOTEHIIMjaAHO MOryh Opoj 3pHa y
OIITHMAAHHM YCAOBHMa cHOMaIIme cpeanHe. OBy mpermocraBky morsphyje yrspbena
IIO3UTUBHA CTATHCTUYKU 3HA4YajHAa KopeAanuja u3mehy Opoja 3pHA y peAy KAHIA U
mpunoca 3pHa (r=0,296) u Mame Bapupame AYKHHE KAUIIA ¥ OAHOCY Ha OpOj 3pHA y PEAy.
KanmoBn Ha KojuMma Cy ce 3pHa pa3sBHAA HEYjeAHAYEHO, OCTaBaajyhm mpasHa mecta y
pPEAOBHMA KAMIIA, YTHIIAAH Cy Ha H30CTaHAK KopeAarmje m3Mehy IpuHOCa M AyKHHE
KAMITA, KOja Om OmAa IpUCyTHA Y HOBOMSHHUJUM ycaoBuMa. MerpammBama Otegui and
Bonhomme (1998) morBphyjy A2 €KOAOIIKH yCAOBH KOJU IIPETXOAE CBHAAIY OApehyjy
Moryhu ©Opoj 3pHA KOjU CE€ MOMKE PasBHTH Ha KAHIY, aAl U Aa edeKTuBHH OpOj
dopMupaHHX 3pHA 3aBUCH OA YCAOBA HAKOH IIBETAIbA M OIIAOAIBE, KAO U OA BEAHYHHE

KAWIIA ¥ KAPAKTEPUCTHUKA TCHOTHUIIA.
6.12 AcormjaTnBHA aHAAM3a F€HOTHUIIOBA KYKypy3a
Xwumoresza o HOCTOjaH)y CTATHUCTHYIKH 3H21‘I21jHI/IX BE3a I/ISMCBY MI/IKpOCZlTCAI/ITCKI/IX

AOKyCa WM HCIUTAHHX arPOHOMCKHX OCOOMHA IIPOBEPEHA j€ ACOIMjaTUBHOM aHAAH30M

IIPUMEHOM OIIIITEr M MEIIOBUTOI AMHEAPHOI MOA€Aa y3uMmajyhm y o0sup mocrojame
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CTpyKType monyaanyje. IIpuMeHoM OIIIITer 1 MEIoBUTOr AMHEPAHOT MOAEAA YIBpheHe cy
Bese n3mehy ceaam Mapkepa M TPH OCOOMHE KOje Ce OAHOCE Ha IIBETAarbe KYKypysa: 3a Opoj
AaHa u3MeDhy IBeTarba MYIIIKE I JKEHCKE IIBACTH, OPOj AAHA OA CETBE AO METAHYCEHA H OPOj
AaHa OA ceTBe AO cBHAama (120. 40). MemoBuTi AMHEApAaHU MOAEA YTBPAHO je Mamu Opoj
CTATHCTHYKN 3HAYAJHOX Be3a m3Mehy OBHX OCOOHMHA H MapKepa 3a CBAKy HCIHTHBAHY
CPEAHHY Y OAHOCY Ha OIIITH MOAeA. Mapkep #mc1025 Ono je y CTATUCTUYKH 3HAYAjHO]
BE3U Ca CBE TPHU OCOOMHE KOA 00a MOAEAQ, U3Y3€B 32 Opoj AaHa u3mehy IBeTarba MyIIKE U
KEHCKE IIBACTH KYKyPy3a KOA MEIIOBHTOI AHMHEPAHOT MoOAeAd. Koa mer mapkepa je
oApebeHo 1mocTojarbe Bese ca OpojeM AaHA OA CETBE AO METAHYEHhA U OPOjeM AaHA OA CETBE
AO CBHAQFba Ha ABA AOKAAHTETA M § TOKY ABE TOAHMHE KOA 00a MoAeAa. 3a mapkepe bnlg238
u bnlgl525 OTKpUBEHE Cy CTATHCTHYKH 3HAYAjHE BE3€ CAMO ca OpojeM AaHa wm3mehy
LIBETarba MYIIKE U keHCke IacTy. IIporenar dpeHoTHIICKE BAPHUjaOUAHOCTH OOjaIlIbeHE
MOAEKYAAPHHM MapKepuMa KpeTao ce oA 9% Ao 15% 3a O6poj aama mamehy nBeTama Myrmke
1 AKEHCKE IBACTH KYKypy3a, oA 8% Ao 15% 3a Opoj AaHa OA cetBe AO MeTAMYEHA U OA 6%
Ao 17% 3a 6poj AaHa OA ceTBe AO CBHAamba. Bese m3mehy mapkepa u ocobuna yrephene cy
y HajMame ABe cpeamHe, a Hajuerthe (60% caygajeBa) y cBe dermpu cpeanne. Mapkepu
bnlg1237 w bnlg162 cy ca OpojeM AaHA OA CETBE AO METAMYCHbA U OPOjeM AaHA OA CETBE AO
CBHAAIbA HUMAAH CTAOMAHE aconmjanyje 3a Hajsehm Opoj cpeAnHa KOA 00a IpHUMEbeHA

MOACAAQ.

Tabeaa 40. Bese namehy mapxepa u 6poja Aana uamehy rBerarsa MyIIIKe U KEHCKE IIBACTH
kykypysa (ASI), Opoja aaHa 0A cetBe A0 MeTAmuema (DPOLL) 1 Opoja AaHA OA CETBE AO
csuaama (DSTLK)

GLM MLM

Mapxkep Aoxaanrer I'oa. Xp. F-M p-adi-M  R? F-M p-M

ASI

bnlg238 P. amgesn 2011 6 3,8021 1,6x104* 134 22212 0,0205*
P. lllamgesn 2012 6 4,0346  14x105* 142 2,6844  0,0067**
Cpb60obpan 2011 6 47133 3,1x10°%F 15,2 1,6865  0,0907
Cpbobpan 2012 6 4,0784  9,7x10°*F 144 2,2286  0,0206*

bnlg1525  P. llamgesn 2011 9 2,534 0,0472% 10,7 1,4685  0,1531
Cpb606pan 2011 9 3,1512  0,0071** 12,5 2,5252  0,007**

umcl025  P.[lamgesn 2012 3 3,5236  0,0352* 8,8 1,2590  0,2803
Cpb606pan 2011 3 3,7943  0,0111* 9,3 1,7655  0,1045

DPOLL

bnlg1237  P. llamgesn 2011 5 48801  2,4x10-+¢ 10,0 3,1569  0,0075%*
P. amgesn 2012 5 4,6377  8,5x10+* 9.2 27212 0,018*
Cpb6obpan 2011 5 4,2397  3,9x10%* 9.0 2,9616  0,0112*
Cpb606pan 2012 5 4,4183 0,0013*F 82 2,5664  0,0327*

bnlg162 P. [llaggesn 2011 8 50876  8,9x10-¢* 15,1 2,2762  0,0206*
P. argesn 2012 8 4,4189  3,5x104+%F 13,2 2,858 0,0042%*
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CpBobpanr 2011 8 3,739  55x105% 123 2,5849  0,0088%*
CpBobpan 2012 8 44037 1,1x104 13,0 1,823 0,0764
bnlgl523  P.Ilamaesn 2011 3 43831 1,0x10#% 127 2,2273  0,0277*
P.llarwesn 2012 3 48052 35x105% 129 3,0329  0,0035%*
Cpbobpan 2012 3 35364 9,7x104% 112 1,6498  0,1151
dupssr23  P.[lamaesn 2011 3 41239 0,0049% 132 23772 0,0156*
P.llarwesn 2012 33,1387 0,02% 10,5 2,1867  0,0264*
CpBobpanr 2011 3 41239 0,0022% 10,9 1,5032  0,1526
CpBobpan 2012 3 40769 0,0013% 123 1,5706  0,1307
umcl025  P.Iamaesn 2011 3 43012 0,00090%% 103 3,1691  0,0049%*
P.llarwesn 2012 3 49586 0,0045% 10,9 2,3415  0,0308*
Cpbobpanr 2011 3 38388 0,015+ 9,4 2,6635  0,0153*
CpboBpan 2012 3 7,123 0,0009% 149 46774 1,9x104+
DSILK
bnlgl237  P.Iamaesn 2011 5 48395 0,0000%< 99 2,8609  0,0136*
P. [larwesn 2012 53,6892  0,044% 7.8 2,2582  0,0449%
Cpbobpan 2011 5 37539  0,042* 8,2 22072 0,0496*
CpBobpan 2012 5 4614  0,0011% 85 3,2907  0,0092%
bnlgl62  P.IMamwesn 2011 8 57962 34x10+* 163 2,2947  0,0196*
P.Ilamaesnr 2012 8 49123 14x104% 144 2,5064  0,011*
CpBobpan 2011 8 63542 14x104% 172 3,0238  0,0026%*
CpBobpanr 2012 8 37584 55x104% 118 2,5105  0,0137*
bnlgl523  P.IMamwesn 2011 3 5427  74x104* 146 2,6309  0,0098%*
P.lMamaesn 2012 3 49735 23x104* 134 2,8781  0,0051%*
CpBobpan 2011 3 54451 35x105 14,6 2,6161  0,0102%
CpBobpan 2012 3 39297 21x104 121 2,9128  0,0049%*
dupssr23  P.I[lamaesn 2011 3 3,6993 0,0009% 122 2,0472  0,0382*
CpBobpan 2011 3 40605 14x104% 13,0 1,706 0,1407
umcl025  P.Iamuesn 2011 3 2,8324 02847 8,5 2,1195  0,0497*
P. [larwesn 2012 3 2,6385 0,3986 5,8 2,3939  0,0275*
CpBoBpan 2011 3 10249 0,0001% 63 8,6119  6,6x10+++

I'oa. -roamna, Xp. - xpomosom, F-M - F tect, p-adi-M - xopurosana BpeAHOCT BepoBaTHOhe KOja
KOHTPOAOIIIC II0jaBy A@KHO IIO3HTHBHHX Besa, p-M - BeposatHOha Aa je HyATA XMUITOTE3a TAdHA,
GLM - ommrrn AnHeapHH MOAeA, MIM - MEIIOBUTH AHMHEAPHH MOAEA, * H ** - CTaTHCTHYKA
3HAYAjHE pa3AUKe y PpeKBEHIIHjaMa HA HUBOY 3Ha4ajHOCTH 0A 5% 1 1%

Tpu mapkepa cy OHAa y CTATUCTHYKA 3HAYAJHO] BE3U Ca BUCHHOM Omnke 3a Behuny
CpeAuHa KOA 002 MOAEAQ, AOK Cy YeTHPU MapKepa OMAA Y CTATUCTUYKU 3HAYAJHO] BE3U Ca
BUCHHOM OH/>KE AO HajBHIIET KAHIIA 32 CKOPO CBE CPEAMHE KOA AMHEAPHOT U 32 ITOjEANHE
CpeAHHE KOA MeroBUTOr MoAeAa (1ab. 41). Crarucrumdxu 3HadajHe Besde yIBpheHe cy
nsmehy BucmHEe OMM™KE AO HAjBHINEr KAHIA H Mapkepa #mcl022 y cBUM cpeAMHaMA.
3uauajue Bese usmehy oBe ocoOumue u ABa Mapkepa, #7cl1075 u umel221, oppehene cy y
CBHM CPEAMHAMA CAMO KOA OIIIIITET AMHEAPHOI MOAEAR, AOK je Mapkep bnlg238 dopmupao
3HAYAjHE BE3€ Ca BUCHHOM OH/oKE AO HAJjBHUIIEr KAHIIA CAMO Y JEAHO] CPEAMHH IIPUMEHOM
OIIIIITEr MOAEAA U § JEAHO] CPEAMHH IIPHIMEHOM MEIIIOBHTOI MOAeAa. CaMmo je jeAaH MapKep
(ume1022) OGMO y CTATHCTHYKH 3HAYAJHO] M CTAOMAHO] Be3nm ca obe ocobune. Bese osor

MapKepa Ca BUCHHOM OHMAKe AO HajBI/IH_ICF KAMIIA OCTBapCHC Cy y CBHM CPCAI/IHaMa

112



IIPUMEHOM 002 MOAEAR, AOK CYy Bede Mapkepa #¢c1022 ca BUCHHOM OH/SKE YCTAHOB/DSCHE Y
BeAHKOM Opojy cpeamna. [Ilpomenar enoTHIICKE BapujaOMAHOCTH — OOjaImeHe
MOAEKYAAPHUM Mapkepuma Kpetao ce oA 7% Ao 10% 3a Bucuny ounke u oA 8% Ao 11%

32 BUCHHY OH/oKE AO HaJBHIIIET KAUIIA.

Tabeaa 41. Bese namehy mapkepa u sucuna ouske (PH) u Bucnne kanna (EH) kykypysa

GLM MLM
Mapxkep AoxkaanTer TI'on. Xp. F-M p-adi-M  R? F-M p-M
PH
umcl1022  P.[amgesn 2011 4 3,6115  0,015* 7,8 2,7696  0,0163*
Cpb60o6pan 2011 4 3,2941 0,089 7,1 2,5863  0,0235*
Combop 2011 4 3,5268  0,037* 7,9 2,7409  0,0176*
bnlg1520  P. [lamgesn 2011 2 5,0821  0,001** 10,2 4,4029  6,2x10-4%*
P. apgesn 2012 2 2,8604 10,3187 8,9 2,4799  0,0291*
Cpb60obpan 2011 2 5,1915  0,001** 10,4 4,2134  9x10-4++*
Cpb6o6pan 2012 2 3,8125  0,001** 8,6 2,8855  0,0133*
Combop 2011 2 4,8924  0,001** 10,2 3,3689  0,005%*
bnlgl1792  P. llamgesn 2011 7 3,0047  0,004+* 8,5 2,366 0,0292*
P. apgesn 2012 7 2,8359  0,003** 8,9 2,3338  0,0314*
Cp6o6pan 2011 7 3,1608  0,003** 10,1 2,4455  0,0245*
Combop 2011 7 2,5531  0,014* 8,3 2,124 0,0498*
EH
umc1022  P.Ilasgesn 2011 4 4,7409  0,001** 9,8 3,1744  0,0072%*
P. Mamgesn 2012 4 4,3609  0,001** 9,3 2,3798  0,0356*
Cp6o6pan 2011 4 49723 0,001%* 10,1 3,484 0,0039**
Cpb0o6pan 2012 4 3,4478  0,045* 7,9 2,7663  0,0168*
Combop 2011 4 3,8078 0,021* 8,5 2,4844  0,0292*
umcl1075  P.Iamgesn 2011 8 7,4155  0,0011% 144 1,6192  0,1763
P. Hapgesn 2012 8 4,0275  0,0047+F 15,1 1,2183  0,3089
Cpbobpan 2011 8 4,0174 0,0048** 15,0 1,9223  0,1135
Cpb0o6pan 2012 8 5,159 0,0076** 10,6 2,4918  0,0886
Combop 2011 8 3,0585 0,0207* 12,1 3,7328  0,0278*
umcl1221  P.[lamuesn 2011 5 2,7521  0,0125* 9,2 1,34 0,2414
P. lllaggesn 2012 5 44581 0,0003** 10,7 1,8927  0,0806
Cpb60obpan 2011 5 2,4234  0,0257* 8,4 1,365 0,2304
Cpb0o6pan 2012 5 3,8162  0,0012%F 9.8 2,4957  0,0224*
Combop 2011 5 2,20609  0,0417* 9,6 1,1101  0,3647
bnlg238 P. amgesn 2011 6 2,7895  0,028* 10,8 1,7608  0,0744
Combop 2011 6 2,7671  0,0529 9,4 2,0076  0,0384*

I'oa. -roamna, Xp. - xpomosom, F-M - F tecr, p-adji-M - xopuroBana BpeAHOCT BepoBaTHOhe Koja
KOHTPOAOILIE II0jaBy A@KHO IIO3UTHBHUX Be3da, p-M - BepoBarHOhA A2 je HYATA XWUITOTE32 TAYHA,
GLM - ommrru AnHeapHu MoAeA, MIM - MEIIOBUTH AHMHEAPHU MOAEA, * H ** - CTaTHCTHYKU
3HAYAJHE Pa3AHKe Y (PpeKBeHIINjaMa Ha HUBOY 3Ha4uajHOCTH OA 5% 1 1%

CratucTudxky 3HaYajHE Be3e OCTBapeHe cy u3Mmehy yKymHOr Opoja AHMCTOBA H
getupu Mapkepa. Bese ca aa mapkepa (dupssr23 m umc1025) cy yrepbheHe y ABe W BHIIIE
CpeAnHA KOA 002 MOAEAA, AOK CY IIPEOCTaAd ABA MapKepa OMAH y BE3HM Ca OBOM OCOOHHOM

Yy CaMO JEAHO] HCINTHBAHO] CpeAnHH. 3a caMo jeaan mapkep (bnlg1520) cy yrepbene
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crabuAHe Bese ca OPOjeM AMCTOBA M3HAA KAWIIA Y CBUM CPEAMHAMA IIPUMEHOM OIILIITEr
AMHEAPHOI MOAEAA H y ABE CPEAHHE IIPHMEHOM MEIIOBHTOI MOA€Aa. [lpomenar
deHOTHIICKE BapHjaOHAHOCTH YKYIIHOI OpOja AHCTOBA B OpOja AMCTOBA M3HAA KAHUIIA KOJH

je objarmmen MapkepruMa Kperao ce oA 6% Ao 11% (1ab. 42).

Tabeaa 42. Bese msmehy mapxepa u ykymsor 6poja auctosa (I1.N) u Opoja AucToBa H3HAA
kamira (LNAE) xykypysa

GLM MLM
Mapxep Aoxaanrer I'on. Xp. F-M p-adji-M  R2? F-M p-M
TILN
dupssr23 P. Mapgesn 2011 3 4,1549 0,001*F 11,0 2,5773 0,009%*
P. langesn 2012 3 3,3593 0,012* 8,8 1,7359 0,0859
Cp60o6pan 2012 3 3,2643 0,003*¢ 94 2,3666 0,0164*
umc1025 P. [Mapgesn 2012 3 3,2288 0,036* 6,3 2,1466 0,0469*
Cp60o6pan 2011 3 3,8217 0,006 9,0 3,2728 0,0039**
umc1221 P. Mlapgesn 2012 5 3,4791 0,017* 6,7 1,9344 0,0736
bnlg162 Cp606pan 2012 8 3,6727 0,001*¢ 94 2,4233 0,0171*
LNAE
bnlg1520  P.IIlamgesn 2011 2 3,7733 0,011+ 7,2 2,0278 0,0702
P. langesn 2012 2 3,2103 0,049 6,4 2,3788 0,0357*
Cpbobpan 2011 2 3,7576 0,009*¢ 7,3 2,6143 0,0222%
Cp60o6pan 2012 2 3,1677 0,043* 6,8 2,0826 0,0637
Combop 2011 2 3,8192 0,007*¢ 6,8 1,9963 0,0752
bnlgl1556  P.IIMamgesn 2011 1 2,7318 0,036* 8,6 1,4332 0,1801
bnlg162 Cpbobpan 2012 8 3,7775 0,001%* 10,9 2,8554 0,0057**
umc1022 Cpbobpan 2012 4 3,4340 0,009*¢ 7.3 0,8964 0,5133

I'oa. -roauna, Xp. - xpomosom, F-M - F recr, p-adji-M - xopurosana BpeAHOCT BepoBaTHOhe Koja
KOHTPOAOILIIE II0jaBy A@KHO ITO3HTHBHUX Besa, p-M - BepoBaTHOha Aa je HyATA XWITOTE32 TAYHA,
GLM - omurru AnmeapHu MoAeA, MILM - MeIoBUTH AHMHEAPHU MOAEA, * m ** - craTHCTHYKU
3HAYajHE pa3AUKe y PpeKBEHIIHjaMa Ha HUBOY 3Ha4ajHOCTH 0A 5% 1 1%

Cratucruaxkn 3Hadajue Bese yrBphene cy m3mehy NpedHHMKa KAWIIA M YETUPH
mapkepa. Bese m3mebhy mpeunmka kamma m ABa Mapkepa cy OnAe CTaOHAHE y BHIIIE
CpeArHa, AOK Cy Be3e Ca IIPEoCTaAa ABa Mapkepa yIBpheHe camMo y ABE, OAHOCHO jEAHO]
cpeArHH. MEmoBATH AMHEAPHN MOAEA YTBPAHO je BHIIIE CPEAMHA § KOJUMa Cy IOCTOjaAe
3HauajHe Bese maMehy Mapkepa M IIpEYHMKA KAHMIIA HErO OININTH AMHEAPHH MOAEA.
®enoruicka BapujaOHAHOCT OBe OcobHHE oObjarmena je edpexrom mapkepa ca 3-7,5%.
3mauajHe Bese ocTBapeHe cy m3Mehy Opoja peAoBa 3pHA M ABa MapKepa, aAM j€ €a CaMoO
jeAHHM MapKepoM yTBpheHa cTabHAHA Be3a y TPH CPEAHHE IIPUMEHOM 00a MOACAA. Y THIIA]
MapKepa Ha Bapupambe (PEHOTUIICKHX BPEAHOCTH Opoja peAOBa 3pHA KpeTao ce 0A 5% Ao
8%. Oa mer mapkepa koju cy POPMHPAAU ACOIH]ALIIjE CA AYKHHOM KAHIIA, TPU MapKepa
Cy €a HCIUTUBAHHM CBOjCTBOM OCTBAPHUAH BE3€ y HajMame TPH cpeamHe oapehene Gap

jeaHumM MoAeAoM. [lporenar deHOTHIICKE BapHjaOMAHOCTH AYKHHE KAHUIIA OOjaIllEbeH
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mapkepuma msHocuo je 7-10%. Ilocrojame cTaTHCTHYKH 3HAYajHUX Be3a yIBpheHO je
nsmehy Opoja 3pHa y peAy KAHIIA M IIET MapKepa, aAH OBE Be3e HHUCY OHMAE ITOCTOjaHE y
BUIIIE OA ABE CpeAmMHe, m3y3eB 3a mapkep wmcl025. Edekar mapkepa Ha (PeHOTHIICKY
BapHjaOMAHOCT Opoja 3pHA Y peAy HMao je BpeaHOCTH OA 5% Ao 8%. Crarmcrmaku
3HaYajHe U cTabuAHe Bese yrBphene cy uamehy mace 1000 3pHa 1 yetnpu Mapkepa y Tpu 1
Bume cpeanHa. [Iponenar denoruiicke BapHjaOMAHOCTH OBOT' CBOJCTBA OOjaIlIEbEH

Mapkepuma uzHocuo je 11-22% (ra®. 43).

Tabeaa 43. Bese msmehy mapxepa m npeunuka xamia (ED), Opoja peaosa spua (RIN),
ayxnne kauma (EL), 6poja spaa y peay (KN) u mace 1000 spua (7000KIW) kykypysa

GLM MLM
Mapxkep AoxkaanTer T'on. Xp. F-M p-adj-M R2? F-M p-M
ED
umc1025 P. angyesn 2011 3 3,0319 0,0769 5,6 2,3527  0,0301*
Cpb0obpan 2011 3 4,0351 0,001%F 58 3,0210  0,0069**
Cpb6o6pan 2012 3 3,1962 0,024 7,1 2,6889  0,0146*
Combop 2011 3 4,6654 0,001%F 7,5 2,7502  0,0128*
phi083 P. Hlaggesn 2011 2 2,2709 0,0857 3,0 2,8827  0,0402*
Cpb6o6pan 2011 2 4,1255 0,0799 28 3,2041  0,0269*
Cpb0obpan 2012 2 4,5123 0,035% 45 3,2012  0,0272*
Combop 2011 2 4,9606 0,01 39 3,6887  0,0149*
umc1221 P. [lamgesn 2012 5 3,6284 0,012% 6,5 2,8092  0,0164*
Cpbobpan 2012 5 2,7478 0,1588 6,3 24784  0,0232*
bnlg1237  Cpbobpan 2012 5 3,7507 0,036* 6,1 3,6887  0,0149*
RN
umcl122  P.Ilamgesn 2011 1 4,0070 0,001** 79 2,5541  0,0005**
Cpb606pan 2011 1 4,1889 0,001%¢ 7,7 2,8362  0,0027**
Combop 2011 1 3,5488 0,001** 8,5 2,1604  0,0219*
bnlg2291 Cpb60obpan 2011 4 2,9266 0,027 54 1,5894  0,1314
Combop 2011 4 3,2511 0,01 64 1,9477 0,057
EL
bnlg1237  P.Ilamgesn 2011 5 5,3518 0,001*¢ 8,0 5,7480  4,5x10-5%*
P. lllamgesn 2012 5 3,5714 0,0659 84 29641  0,0172*
Cpb0o6pan 2011 5 4,7365 0,001%¢ 7,5 4,7429  3,1x10-4*
Cpbobpan 2012 5 3,3309 0,1229 8,0 3,3310  0,0085**
Combop 2011 5 4,3284 0,009** 6,8 5,0497  42x10-4+*
phi034  P.IHamgesn 2011 7 3,4364 0,101 10,1 2,6084  0,0301*
Cpb6obpan 2011 7 2,7363 0,569 7,4 2,3546  0,0468*
P. aggesn 2012 7 5,3382 0,001*¢ 79 4,0706  0,0049**
bnlg162 P. [llaggesn 2011 8 3,7215 0,001%* 9.4 3,0071  0,0027**
Cpb606pan 2011 8 2,4666 0,2288 7,5 2,1768  0,027*
Combop 2011 8 3,1348 0,019* 8,6 2,0503  0,0439*
phi027 P. [llaggesn 2012 9 4,8697 0,006** 7.4 2,7601  0,0338*
umc2003  P.Iamgesn 2012 10  4,0109 0,027 6,6 1,5296  0,1912
Combop 2011 10 24872 0,578 7,0 2,3794  0,0358*
KN
phi034 P. lllamggesn 2011 7 42522 0,004+ 72 3,1876  0,0108*
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P.lMamuesn 2012 7 32647 0240 54 3,0532  0,022%
bnlgl62  P.Ilamuesm 2012 8 28562  0,043* 6,0 24651 0,017+
Cpbobpan 2011 8 28055 0,045 86 1,8395  0,0659
phi027 P. llarwesn 2011 9 47701 0,006 6,6 3,5471  0,0099%
P.[Mamuesn 2012 9 3,848 0,054 64 41250 0,0045%*
umcl025  P.Ilamwesn 2012 3 26369 02977 125 2,1801  0,0463*
CpBobpan 2012 3 23335 0571 14,0 2,3334  0,0318*
Combop 2011 3 48332  0001% 102 3,3239  0,0036**
umcl035  Cpbobpam 2012 1 1,7929 0,680 154 1,8468  0,0307*
Combop 2011 1 24408  0,009% 14,0 1,8054  0,0359%
1000KW
umcl122  P.Iamwesn 2011 1 29992  0,007% 22,1 2,1942  0,0194%
Cpbobpanr 2011 1 30352  0,01% 214 2,6026  0,0055%*
Combop 2011 1 31203  0,006% 19,4 2,4494  0,0092%*
umcl014  P.Ilamwesn 2011 6 3,6945  0,004% 144 1,8624  0,0857
P. [lamwesn 2012 64,1542 0,001%% 19,0 2,1416  0,05*
CpBobpanr 2012 6 55804  0,001% 152 2,4499  0,0312%
ConmBop 2011 6 38747 0016 114 2,1666 0,05
bnlgl792  P.Ilamuesm 2011 7 34747  0015% 140 2,8038  0,0112%
CpBobpanr 2011 7 33459  0,0519 14,5 25132 0,0211%
Combop 2011 7 31662 00859 14,1 2,3768  0,0289%
bnlgl62  P.llamuesm 2011 8 31170  0,021% 151 1,8251  0,0686
P.llarwesn 2012 8 28570  0,0819 12,4 3,0909  0,0036**
Combop 2011 8 26483 01588 182 2,0669  0,0421%

I'oa. -roamnna, Xp. - xpomosom, F-M - F recr, p-adji-M - xopurosana BpeAHOCT BepoBaTHOhe Koja
KOHTPOAOIIIC II0jaBy A@KHO IIO3UTHBHHX Besa, p-M - BepoBatHOha Aa je HyATA XMIIOTE3a TAYHA,
GLM - ommrrn AnHeapHH MOAeA, MIM - MEIIOBUTH AHMHEAPDHU MOAEA, * H ** - CTaTHCTHYKK

3HAYajHE pa3AUKe y PpeKBEHIIHjaMa Ha HUBOY 3Ha4ajHOCTH 0A 5% 1 1%

Crarucrudkn 3HaYajHEe Bese yrBpheHe cy mamehy npmHOca o OHAIH M ceAaM

MapKepa, aAH Cy caMO ABe Bese, u3mehy oBor cBojctBa 1 Mapkepa bnlgl 62 w umel025, Gune

crabuane (1ad. 44). MemoBuTH AMHEAPHU MOAEA YTBPAHO j€ BHIIIE CPEAHMHA Y KOJUMA CY

IIOCTOjaA€ 3HA4YajHE Be3e M3Mehy Mapkepa M IIPHHOCA II0 OM/SIIN OA OIIITEr AMHEAPHU

mMoaeaa. Ilporenar dpenoruricke BapujaOHMAHOCTH OOjaIlEbeH KOpUITheHHM MapKeprma

usHocuo je 5-11%.
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Tabeaa 44. Bese m3mehy mapkepa n npurOca 1o oumim (YPP) kykypysa

YPP GLM MLM
Mapxkep Aoxaanurer I'oa. Xp. F-M p-adi-M  R2? F-M p-M
bnlg162 P. [[larmgeBn 2011 8 2,7737  0,025* 9,9 2,4582  0,0126*
P. [[larmgeBn 2012 8 2,8819  0,016* 10,9 2,3191  0,0241*
Cp6obpan 2011 8 2,302 0,1439 8,0 2,1004  0,0331*
Combop 2011 8 2,8599  0,035* 93 1,5213  0,1544
umcl025  P. [IlamgeBn 2011 3 24917  0,2368 6,5 2,2020  0,0418*
Cpbobpan 2012 3 2,3582  0,4515 6,4 2,3582  0,0301*
Combop 2011 3 3,1501  0,04* 8,1 2,7472  0,0129*
umc1221  Cpbobpan 2012 5 24736  0,3227 6,0 24736 0,0234*
Combop 2011 5 3,1984  0,025* 8,2 1,5420  0,1646
bnlg238 P. [[larmgeBn 2011 6 2,8046  0,0013* 10,8 2,2889  0,017*
phi027 P. [[larmgeBn 2012 9 41332 0,009+ 73 3,3932  0,0133*
phi034 P. [lamgyeBu 2012 7 51794 0,001 87 4,0844  0,0048**
bnlg1237  Combop 2011 5 3,1579  0,1109 4,7 2,3446  0,0481*

I'oa.-roamna, Xp.- xpomosom, F-M - F rtecr, p-adi-M-xopurosana BpeaHOCT BepoBatHOhe Koja
KOHTPOAOLLIE II0jaBy AXKHO IIO3UTHUBHUX Be3a, p-M-BepoBarHoha Aa je HyATa XuIroresa TadHa,
GLM-- oniirru AuseapHu MOAeA, MIM- MEITIOBUTH AUHEAPHH MOACA

OA yxynuo 36 aHaAn3HpaHHX Mapkepa, 3a 21 je yrBpheHo OCTOjame CTaTUCTIHIKI
3HA4YajHUX Be3a ca 13 peHOTHIICKHX OCOOHMHA IPHUMEHOM 00a MoAeAa. Mapkep bnlgl62
1Mao je 3HadajHe Bese ca ocam ocobmHa, #zc1025 ca cepam, a bnlgl 237 ca mer ocobuma.
Koa jeanor mapxepa je yrBpheHO ITOCTOjarbe 3HAYAJHUX B€3a Ca IO YETHPU OCOOMHA, KOA
IIeT MapKepa Ca II0 TPH OCOOHMHE, KOA YETHPH MapKepa ca II0 ABE OCOOHHE, AOK je OCaMm
MapKepa OMAO y CTATHCTHYKU 3HAYAJHO] BE3U C€a I10 JEAHOM 0COOHHOM. OIIIITH AMHEAPHHI
MOAEA YTBPAHO j€ VKyITHO Behu OpOj CTATHCTHYKH 3HAYAjHHUX Be3a M3Mehy MCIIMTHBaHUX
OCOOHHA M MapKepa OA MEIIOBUTOI AMHEapHOr MoAeAa. Ha ocHOBY ykymmor 6poja Besa
MapKep-CBOjCTBO AOOMjEHHX IIPUMEHOM 00a MOAEAA, H3ABOjEHA Cy Tpu Mapkepa (bnlgl62,
ume1025 u bnlg1 237) xoju cy umaau Hajsehu 6poj crabuanux Besa (15, 14 u 12, peaom) ca

Behum Opojem cBojcrasa (120. 45).
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Tabeaa 45. bpoj crarucrudku 3HA4YajHHX Be3a M3Mehy OCOOMHA KyKypy3a M Mapkepa
IIPIMEHOM OIIIIITET M MEIITOBUTOI AMHEAPHOT MOACAQ

Mapxkep bpoj bpoj cpeanna ca 3sHavajHnM Besama
(Bin) Ocobuna CpeAnHA GLM MLM GLM N MLM
bnlg162 DPOLL 4 4 3 3
(8.05) DSILK 4 4 4 4
TLN 5 1 1 1
LNAE 5 1 1 1
EL 5 2 3 2
KN 5 2 1 1
1000KW 5 1 2 1
YPP 5 3 3 2
umc1025 ASI 4 2 0 0
(3.04) DPOLL 4 4 4 4
DSILK 4 3 3 3
TLN 5 2 2 2
ED 5 3 4 3
KN 5 1 3 1
YPP 5 1 3 1
bnlg1237 DPOLL 4 4 4 4
(5.05-5.06) DSILK 4 4 4 4
ED 5 1 1 1
EL 5 3 5 3
YPP 5 0 1 0
umc1221 EH 5 5 1 1
(5.04) TLN 5 1 0 0
ED 5 1 2 1
YPP 5 1 1 0
dupsst23 DPOLL 4 4 2 2
(3.006) DSILK 4 2 1 1
TLN 5 3 2 2
umc1022 PH 5 3 3 3
(4.01) EH 5 5 5 5
LNAE 5 1 0 0
bnlg238 ASI 4 4 3 3
(6.00) EH 5 1 1 0
YPP 5 1 1 1
phi027 EL 5 1 1 1
(9.03) KN 5 1 2 1
YPP 5 1 1 1
phi034 EL 5 1 3 1
(7.02) KN 5 1 2 1
YPP 5 1 1 1
umc1122 RN 5 3 3 3
(1.06-1.07) 1000KW 5 3 3 3
bnlg1520 PH 5 4 5 4
(2.09) LNAE 5 5 2 2
bnlg1523 DPOLL 4 3 2 2
(3.02-3.03) DSILK 4 4 4 4
bnlg1792 PH 5 4 4 4
(7.02) 1000KW 5 1 3 1
bnlg1525 (9.07) ASI 4 2 1 1
bnlg1556 (1.07) LNAE 5 1 0 0
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bnlg2291 (4.06) RN 5 2 0 0
phi083 (2.04) ED 5 2 4 2
umc1014 (6.04) 1000KW 5 4 3 3
umc1035 (1.006) KN 5 1 2 1
umc1075 (8.01) EH 5 5 1 1
umc2003 (10.04) EL 5 1 1 0

DPOLL - 6poj Aara oA HuIama A0 MeTAmdciba, DSIIK - 6poj AaHa OA Humama A0 cBuAama, 11N
- ykymaH 6poj aucrosa, L.NAFE - 6poj aucrosa usHaa kauma, EL - ayxxuna kanma, KN - 6poj 3pHa
y peay kamma, 7000KW - maca 1000 spua, YPP - npuuoc mo Gmmnm, AST - Opoj aaHa oA
METAHYEa AO CBHAamba, PH - Bucuua Ommvke, ED - npeunux xauma, EH - BucnHa OHMASKE AO
Burter kanira, RN - 6poj peaoBa 3pHa Ha KAHILY

Edpekar anera ma cBojcrBa ca kojuma cy mapkepu bnlgl62, umcl025 wu bnlgl 237
MMAaAM CTATUCTUYKH 3HAYAjHE BE3e IIPHMEHOM MEIIOBUTOI AHHEPAHOI MOAEAQ, OApeheHn
cy y uporpamy TASSEL 3a cBe ncrmruBaHe CpeAUMHE U IIPEACTABASEHH €Y Y Tabeaama 40,
47 m 48. IlosuruBan edekar Ha IPUHOC IO OHaAIK UMaAn cy asean 214 bp m 256 bp
mapkepa bnlgl62. Anea 214 bp je mmao mosurtuBan edekar Ha OPOj AaHA OA HHUIAFbA AO
METANYCHA, YKYIIAH OPOj AUCTOBA, OPOj ANCTOBA M3HAA KAHIIA, AYKUHY KAnma u Macy 1000
3pHa, AOK je Ha OpOj AaHa OA HHIAFa AO CBHAAEbA M OPOj 3pHA Y PEAy KAUIIA § HEKUM
CpeArHaMa HMAO HO3UTHBaH edekar, a y ApyrmMm HeratuBaH. Aaea 256 bp je mmao
mosutuBaH edekar Ha OpPOj AaHA OA HHIAEA AO METAHMYCH:A, OPOj AdHA OA HHIIAEA AO
CBHAAmba U OPOj 3pHA Y PEAY KAHIIA, HEraTHBaH edeKaT Ha yKyIlaH OpOj AHCTOBa, AOK je
edexar oBor aseaa Ha AyxkuHy Kamma, macy 1000 3pHa m Opoj AHCTOBA M3HAA KAHWIIA

BAPUPAO Y 3aBUCHOCTH OA TOAHHE U AOKaAHTETA (Ta0. 40).

Tabena 46. Edpexru anera mapkepa brnlgl 62 Ha deHOTUIICKE OCOOHHE KYKypy3a
bnlg162 DPOLL DSILK INAE TLN EL KN 1000KW  YPP

[214, 214] + +/- + + + +/- + +
[220, 220] - - - + - + +/- -
[236, 230] - - + + +/- +/- + +/-
[238, 238] +/- +/- - +/-  +/- - + )
[240, 240] + +/- + + + +/- + +/-
[242, 242] +/- +/- +/- - + + +/- B}
2406, 240] - - +/- A+ 0+ + +/- +/-
[248, 248] +/- + +/- + +/-  +/- +/- +/-
[250, 250] + + + + +/-  +/- + +/-
[256, 256] + + +/- - +/- + +/- +
[260, 260] + + +/- - + +/- - -

DPOLL - 6poj AaHa oA Humama A0 MeTamdera, DSILK - 6poj AaHA OA HHIIAEma AO CBHAAMA,
I.NAE - 6poj aucrosa usHaa kauna, TLIN - ykynan Opoj aucrosa, EL - ayxuna kaurma, KIN - 6poj
3pHa y peAy kauma, 1000KIW - maca 1000 spra, YPP - npuHOC 110 OH/ASITH
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Anean 107 bp, 111 bp u 113 bp mapkepa uzc1025 nmasn cy mosntusan edpekar Ha
mpusHoc 1o oumsnn. [losntusan edpexar anera 107 bp yrephe je i Ha AyKHHY KAHITA, AOK
ce edpexaT OBOI aAeAa HA OPOj AdHA OA HHIIAEA AO METAHYCHHA, OPOj AaHA OA HHIIAEHA AO
CBHAAIbA, YKYIIAH OPOj AUCTOBA U OPOj 3pHA ¥ PEAY KAHIIA PA3AUKOBAO KOA CPEAHHA. AAEA
111 bp je, ocrm Ha TpHUHOC, MAO ITO3UTHBAH YTHIIA] M HA AY/KHHY KAHIIA H U OpOj 3pHA ¥
peay kamma. OBaj aAeA yTHIIAO je Ha CMamebe Opoja AaHA AO METAMYCH:A, HMAO je
HeratubBaH edpekar Ha OpOj AaHA OA HHIIAFa AO CBHAAKbA, AOK j€ Ha YKYIIaH OpOj AHCTOBA Yy

HEKHM CPEAMHAMA UMAO ITO3UTHBAH, 2 § APYTHM HeratuBaH edexar (tad. 47).

Tabeaa 47. Edpexru aneaa mapkepa #cl1025 Ha dpeHOTHIICKE OCOOMHE KYKypy3a

umc1025 DPOLL  DSILK TLN EL KN YPP
[101, 101] + +/- +/- - +/- -
[105, 105] + + + +/- +/- +/-
[107,107] +/- +/- +/- + +/- +
[109, 109] + + +/- - - -
[111, 111] - +/- +/- + + +
[113, 113] + + +/- +/- + +
[115, 115] +/- +/- +/- + +/- +/-
(117, 117] - - - +/- -

DPOLI-6poj aaHa oA Humama A0 MetAandera, DSTIK -Opoj AaHa OA Humama A0 cBruAamba, 1IN -
yKyI1aH Opoj AuctoBa, EL -aAyxuna kauua, KIN -0poj 3pHa y peay kauna, Y PP - npunoc 1o oumnu

[TosuruBan edpexar Ha IpUHOC IO OHALIK UMAAK €y asean 152 bp, 154 bp n 172
bp mapkepa bnlg1 237. Anea 152 bp je mmao nmosurusan edekar 1 Ha OPOj AaHA OA HHIIAIHA
AO CBHAAIbA, a €(EKTH Ha OCTaA€ OCOOMHE 3aBHCHAM CY OA AOKAAHTETA U TOAHMHE
ncomruBamba. AreA 154 bp je mcrmosuo mosuTuBaH edekaT Ha CBe OCOOHHE Koje Cy ca
MapkepoM bnlgl237 mmase CTATHCTHYKM 3HA4YajHE BE3€ IIPUMEHOM MEIIIOBUTOI MOAEAQ,
n3yseB AyskuHe kauma. Aaea 172 bp je mmao mosmTuBaH edpexat Ha CBe OCOOMHE, OCHM Ha

VKyIIaH OpOj AHCTOBA, TAE je edpeKaT OBOT BAPHPAO Y 3aBUCHOCTU OA CpeAuHe (120. 48).

Tabena 48. Edexru anera mapkepa brlgl 237 na peHOTHIICKE OCOOMHE KYKypy3a

bnlg1237 DPOLL DSILK TLN EL YPP
[152, 152] +/- + +/- +/- +
[154, 154] + + + +/- +
[168, 168] + + - + -
[170, 170] +/- +/- + - +/-
172, 172] + + +/- + +
[180, 180] +/- +/- - - -
[184, 184] - - - +/- -

DPOLL - 6poj aana oA Humama A0 MetTAndera, DSILK - 6poj AaHa OA HUIAEA AO CBHAAA,
TLN - ykymau 6poj aucrtosa, EL - Ayxuna kauma, YPP - npusoc 1o 6umsim
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Vkyrran Opoj IO3UTHBHUX aA€Aa Ha IIPHHOC 3pHA IT0 OMAIIH YIBpheH je 3a cBUX
36 mapkepa, 3a cBaku remotur. CeaaMm Mapkepa HHje HMAAO aA€Ae UHMjU €y edeKTH Ha
IIPUHOC OHAM IIO3UTHBHH Y CBUM AOKAANTETHMA U TOAMHAMA HCIIHTUBAIA. Y THI
VKyITHOI OpOja ITO3UTHBHHX aAeAa y 29 AOKyca Ha paHIHparbe TI€HOTHIIOBA IIpeMa
BPEAHOCTH IIPUHOCA 3pHA YITBPHEHO je IPHMEHOM HEeIapaMeTpHjcKor Tecta. I'enoTnmosn
KOJU Cy BHIIE PAaHIMPAHH 110 IPHHOCY HMaAu cy Behm Opoj aseaa ca IO3UTHBHUM
epexrom, mpm dgemy je CrmpmaHOBOr KOeHIHJEHT KOpPEAaIuje OHO CTaTUCTHYIKH
sHavajaH (32 BpeAHOCT ABOcTpanor Ttecta p=0,000) m msmocmo je -0,67 (rpadp 21.).
Heratusna Bpeanoct CrmpmaHOBOr KOeUIIMJEHT KOPEAAIMje PEe3yATaT je HadnHa
obDeAeKaBabd PAHIMPAHUX I'€HOTHUIIOBA (OA HajOOAE PAHTHPAHOL €A HAJMAEIM PEAHHIM

OpojeM A0 Hajrope paHrupaHor ca Hajpehum peaHum Opojem).

100 Crmpmanos koedunujerT kopeaaruje = - 0.67
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Bpoj anena ca nosUTMBHWUM edheKTOoM Ha NPUHOC 3pHa

I'pacpuxon 21. Vrumaj 6poja MO3ZUTUBHUX aA€AQ CA IIO3UTHBHOM e(DEKTOM Ha IIPUHOC HA
parrupame 96 reHOTUIIOBA KYKypy3a IO IIPHHOCY

AHaAH30M 0O0€ XETEepOTHYHE Ipyle 3aCeOHO HMACHTHU(MUKOBAHH Cy aACAH Ca
ro3uTuBHUM edekToM Ha npuHOC crrenndudnux 3a oapeheny rpymy. Koa Lancaster rpyme
yiBpheno je 47 aaeaa 26 Mapkepa ca IIO3UTHBHUM €(EKTOM Ha IPUHOC y CBHUM
AOKaAUTETHMA U TOAHMHAMA, AOK je KOA BSSS rpyme mponabeno 17 aaeaa 14 mapkepa (1a0.

49). Yernpu asesa ca mO3HTUBHUM €(PEKTOM Ha IIPHHOC IIPHCYTHA Cy y OO€ IpyIe: aseA
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214 bp mapkepa bnlgl62, anea 127 bp mapkepa phi083, anea 184 bp mapxepa wmecl1035 n

aneA 104 bp wmc1083 mapkepa. UerBpruHa aAeAa ca IO3UTHBHHM €(DEKTOM HA IIPHHOC

npucytHux y Lancaster rpyrn n oxko 30% aseAa ca MO3UTHBHEM €(PEKTOM Ha IIPUHOC KOA

BSSS rpymie cy perkn aseAm.

Tabeaa 49. Aaean ca mosutuBHEM edbekroM Ha puHoC AuaHja Lancaster u BSSS rpyne

Mapxep AAeAr ca TTO3UTHBHUM e(PEKTOM Ha IIPHHOC ¥ CBUM CPEANHAMA
Lancaster BSSS
bnlg1209 [164, 164], [174, 174] -
bnlg1237 [152, 152], [154, 154], [172, 172] -
bnlg125 [164, 164], [174, 174] -
bnlg1520 - [179, 179]
bnlg1523 [187, 187], [189, 189] [229, 229]
bnlg1525 [164, 164], [174, 174], [176, 176] -
bnlg1556 [150, 1501, [180, 180], [184, 184] -
bnlg162 [214, 214], [236, 2306], [246, 246], [250, 250] 214, 214], [256, 256]
bnlg1792 - [139, 139]
bnlg2291 [172, 172], [194, 194] [154, 154]
bnlg238 [135, 135] -
bnlg666 [128, 128], [138, 138] [126, 126]
dupssr10 [170, 170] [164, 164]
dupssr23 [75, 75] -
dupssr26 [112, 112], [114, 114] -
phi059 - [151, 151]
phi027 [1406, 1406] -
phi034 [136, 1306] -
phi083 [127, 127] [127,127]
umcl1014 [118, 118] [114, 114], [140, 140]
umc1025 [107,107], [111, 111], [113, 113] -
umc1035 [1206, 1206], [146, 1406], 184, 184] [184, 184]
umc1075 [1406, 1406] -
umc1083 [104, 104], [108, 108] [104, 104], [122, 122]
umc1122 [151, 151] -
umc1221 [77,77] [75, 75]
umc1360 [143, 143] [140, 140]
umc1792 [116, 1106], [125, 125] -
umc2003 [79, 79] -

Hajsehu 6poj crabmuanux Besa ca Behum Opojem ocoOmHa UMao je Mapkep bnlgl62.

OBaj mapkep AOBODEH je y Be3y ca HEKOAUKO arpOHOMCKH 3HAYajHHX OCOOHMHA U y APYTUM

ncrpaxuBabuma. (11, ManupameM H YKPIITAEEeM PEKOMOMHAHTHHX HHOPEA AHHH|A €2

TPHU TecTepa yrBpheHe €y CTaTUCTHYKU 3Ha4dajHe Bede mamehy mapxepa bnlgl62 m OTL 3a
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Bucuny oumke (Frascaroli et al. 2007, 2009). Behn nmosurnBan edpexar Ha BHCHHY On/oke
nMao je anea auamje B73, a 9% denornmicke BapujabMAHOCTH OOJaIIEBbEHO j€ IIPHCYCTBOM
QOTL y 6amsuan mapkepa bnlgl62 maxkoH ykprorama ca tectepom H99, oanocHo 26%
deHOTHIICKE BAPHjAOUAHOCTH HAKOH YKpITamba ca tecrepom Mol7 (Frascaroli et al. 2009).
Zhu et al. (2013) cy yrBpanan Heratupan aautuban edexat Q11 usmehy mapkepa bnlgl 62
u bnlg 2181 na Opoj HHTEPHOAH]A Y ABE CpEeAHHE. Pe3yATaTH OBHX HCTPAKHBAIbA § CKAAAY
Cy ca AOOMjEHHM PE3YATATHMA y OBOj AHCEPTAIIMJU TA€ CY yIBphHEeHE CTATUCTUYKH 3HAYAjHE
Bese mamehy bn/g162 u ykymHOr Opoja AmMCTOBa B OpOja AMCTOBa H3HAA KAmia. OBe ABe
OCOOHMHE aHAAOTHE Cy YKYITHOM OPOjy HHTEPHOAH]ja U OPOjy HHTEPHOAN]A N3HAA KAHIIA U Y
KopeAaruju cy ca BucuHoMm Omnke (Robertson 1994). Vrisphene Bese msmeby bnlgl62 n
Opoja AaHa OA METAMYCEA 1 OPOja AaHA AO CBHAAEGA Y CKAAAY je ca pesyATaTuma Frascaroli
et al. (2007) xoju cy yrBpamAn Aa bnlgl62 yrudue ma ckpahuBame Iepropa usmeby
METANYCEA W CBHAAFA, OCOOMHE KOja yKa3yje Ha aAalTAOMAHOCT TGHOTHITA Ha CYIIHE
ycaoBe. OBaj mapkep je mMao AOMHHAHTHH edexaT um objacHmo je 6,7% denorumcke
BApUjaOMAHOCTH PEKOMOMHAHTHUX HMHOPEA AMHHU]ja HAKOH YKpINTama ca TectepoMm [H99.
Tuberosa et al. (2002) cy yrBpanan Aa je mapkep bnlgl62 majoamxn QJT1. ca HO3UTHBHOM
AOMHHAHTHUM e(PEKTOM Ha AYKHHY IpuMapHOr KopeHa. IlosmrmBHa Besza msmeby osor
MapKepa U AY/KHHE, CyBe Mace M Opoja KOpPEHOBa y ycAoBHMa cymie yrspheHa je y
uctpaxuBay Feng et al. (2013). Hcrospemenom (QTI. amaamzom KoOHIIEHTpaIuje
mporenHa u ckpoOa, Li et al. (2009) cy yrBpanau Q711 koju KOHTPOAHIIIE OBE OCOOHHE Y
oamsunn bnlgl62, rox cy Wassom et al. (2008) yrBpaman aa QTI. okpyxeH Mapkepuma
bnlg162 w bnlg1599 wmmva mosuruBaH edeKaT HA CaAp:Kaj yada UM HEraTHBAH Ha CaApiKaj
ckpoba. VcraHoBMsdeHE Cy, Takobhe, 3Hadajue Bese mamehy mapkepa bn/g162 n oTopHOCTH
mpema maroreHnma, oyt Bipolaris maydis (Balint-Kurti et al. 2008) m Bupyca xparase
Kpa-aBocTh Kykypysa (Tao et al. 2013a).

Crarucruukn 3HadajHe Be3de yIBphene cy mamehy mapxepa wzc1025 m ceaam
0COOHMHA y BHIIIE CPEANHA: OPOj AdHA OA HHITAA AO METAHYCHA, OPOj AaHA OA HHUIIAEHA AO
CBHAAmA, OPOj AaHA OA METAUYCHA AO CBHAAMA, YKyIIAaH OpPOj AHCTOBA, OPOj 3pHA § PEAy
KAHIIA, IIPEYHUK KAHUIA U IpHHOC 10 Ommmu. [losmrusan aamrusau edexar JT1. mHa
IIPUHOC 3pHA y OAmsuHu Mmapkepa #mcl025 yrepheH je y Tpu CpeAHMHE y HCTPAKUBAELY
Lima et al. (2006) m aomumamaran edexar ca 10% oOjammene denoTHIICKe
BapujabmanOocTH y mcrpaxmBamby Li et al. (2010b). V reHCKOM permoHy OKpyKCHHM

mapkepuma #7c1025 w umel 742 perexrosan je JTL. ca Behum edexrom Ha oTHOpHOCT
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mnpemMa (y3apHO3HO] TPYACKH KAMIIA KYKypy3a KOjUM ce Moxe oOjacamtm 13-22%
denorurcke Bapujabuanoctu (Ding et al. 2008). Ilocrojame Bese oOBOr Mapkepa u
OTHOPHOCTH IpemMa (PaKTOPUMa OMOTHYKOT cTpeca IoTBpheHo je marmpamem umcl025 ma
XPOMO30MYy 3 Y HEITOCPEAHO] OAM3HHM reHa Sezzv2 3a OTIIOPHOCT IIPEMa BUPYCY MO3aHKa
mehepae Tpeke (Tao et al. 2013b).

Mapxep bnlg1237 3a xoju cy yIBpheHe CTATHCTHYKM 3HAYajHE Be3e ca OpojeM AaHa
OA HHIIAFbA AO METAMYCHA, OPOjeM AaHA OA HHIIAEba AO CBHAAFbA, AYKHHOM KAHIIA,
IIPEYHUKOM KAHIIA U IPHHOCOM IO OH/ASIH, Y APYTHM HCTPAKUBAEBIMA AOBEACH j€ V BE3Y
ca Q11 3a macy 1000 3pra (Lu et al. 2006), QT 3a ayxuny kauma (Ma et al. 2007), 0TI 3a
Bucuny ommke (Tang et al 2007) u QTL. 3a kBaaurer 3pHa (Gutierrez-Rojas et al. 2010,
Zhang et al. 2008, Chander 2008).

Behwn 6poj yrephenux Besa nsmehy pasamdnTux 0COOMHA U JEAHOT MapKepa MOKE
OouTH pesyarar rocrojama jeaHor (JTI. ca maejorponHnM edEKTOM KOJH Ce HaAasu y
6Amsuan Tor mapkepa (Breseghello and Sorrells 2006) man Beher 6poja T ocobenux 3a
oApeheHO CBOjCTBO KOjU €y BeoMa OAHM3y jEAHH APYTHX, OAHOCHO Y TIaMETCKO]
HepaBHOTE:KU. Mapxepu bnlgl 523 u ume1025 3a xoje je moHaocoO yrBpheHo Aa ce HaAase y
raMETCKO] HEPAaBHOTEKI HA XPOMO30OMY 3 OHMAM Cy y CTATHCTHYKU 3Ha4dajHO] Besu ca QT
KOJU je yTHUIIA0 Ha Bpeme LBeTame. lakohe, mapkepu umcl221 w bnlgl237 y ramerckoj
HEPABHOTEKU HA XPOMO3OMY 5 AOBEAEHU CY y CTATUCTHYKU 3Ha4ajHY Bedy ca JTL. koju je
YTHIIA0 HA TPUHOC 3pHA. Vako cy oBu mapoBm Mapkepa y cAaboj kopeaarmiju (#=0,09 u
0,19), ramercka HepaBHOTEKA je cratucTryaky 3HadajHa (p<0.01) u ykasyje Aa je ceaekiuja
Ha PaHOCTACHOCT U POAHOCT MOTAQ Ad YTHYE HA CTBAPAIbE CTPYKTYPE IIOIYAAIMje § OBOM
reackom peruony. Oy npernocrasky norsphyje Mueller (2004) maBoachu Aa Ha crBapame
TaMETCKE HEPABHOTEKE ABA HAW BHIIEC HEBE3AHHUX AOKyCAd YTHYY ITO3UTHBHA CCACKIIH)A,
TEHETUIKH APU(T HAHM MEIIAFbe IOIyAAllja €A PASAUIHTUM IAMETCKUM (DPEKBEHIIHjaMa.
Remington et al. (2001) cy yIBpAHAK A2 je CTPYKTYpa IIOIIYAALIHj€ OAPA3 YTUIIAja CEACKIITje
Ha 2AATHOMAHE OCOOHMHE, KaO INTO je BpPEME IBETama. Y HHXOBOM HCTPAKUBARY
MHKPOCATEAUTCKH MapKEPH, 32 KOje je yIBpHEHO Aa Cy y CTATUCTHYKU 3HAYAJHO] BE3H Ca
LIBETAILEM, AAAH Cy IIOy3AaHY AndEepeHIUjalHjy IIOTIONyAAIHja, VKasyjyhu aa je
ajarTanyja  KykKypysa Ha coemuduYHEe permoHe rajema (oOApeheHe AyKHHE AaHa,
HAAMOPCKE BHUCHHE, CyME TEMIIEPATypa) YINUIIAAA Ha CTBAPAbE AOKAAHE BAPUjAOHMAHOCTH Y

IePMITAA3MH KYKYPY3a.
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Oapehenn 0poj yrBpheHHX ITOjEAMHAYHHUX CTATUCTHYKMA 3HAYAJHHX Be3a KOje Cy
HEIIOCTOJaHE y PAasSAHYUTAM CPEAHMHAMA U Mamupajyhum IomyaannjamMa MOIy OWTH
IIOCACGAMIIA EITHCTa3e, yIuIaja (pakTopa CHOMHE CPEAMHE M IbUXOBE HMHTEPAKIIHja ca
reorurioM. OBH  YMHHOIIM CTA0OMAHOCTH B€3a Mapkepa M I€Ha CBOjCTBEHH CY
KBAHTHTATUBHUM OCOOMHAMA, KOHTPOAHCAHHX BEAHKHM Opojem rema. Maxo cy aaeam
MapKepa y KOPEAAIlHjH ca aA€AMA I€Ha, IIPU YeMY je KopeAaruja Beha yKOAUKO cy Mapkep
1 reH MehycoOHO OAMIKH, aA€AH MapKepa HE MOTY YBEK IIOTIIYHO Ad IIPEABHAE IIPEHOIIICHE
aAeAa TEHA y IEHepaIfje IIOTOMAKA Y IIPOLECY OIAeMemuBama. VI3 Tor pasaora moTspaa
BE3€ MapPKEP-CBOjCTBO j€ HEOIIXOAHA HA HE3aBUCHOM I€HETHYKOM MAaTEpPUjaAy IIpe IIPUMEHE
ceaexnnje momohy mapkepa (Breseghello and Sorrells 2006).

Cratuctimyxkn 3HavajHe Bese m3mehy mapkepa u ocobmmHa, craOMAHE y BHIIE
CpeAHHA H ITOCTOjaHE KOA PA3AHMYHUTUX I€HOTHIIOBHMA, a KOje cy, Takobe, morBphene y
APYIIM HCTPaKHBAIbHMA YKa3yjy Ha IIOCTOjalbe I€HETHYKUX (DAKTOPA KOJU KOHTPOAHUIIY
CAOKEHE OMOXEMHjCKe, METAOOAMYKE M (PU3HOAOIIIKE ITPOIIECE KOJU IO3UTUBHO YTHYY Ha
durHEC M IIOCPEAHO HA IIOKE/HdHE arpOHOMCKE OCOOHMHE, a2 MapKEPH HMajy BEAHKY
moryhHoCT nmpumene u 3Hadaj y ceaekunju rmomohy mapkepa (Hao et al. 2010) Vrsphena
Besa u3Mehy mapkepa el 221 n BucuHe OM/ASKE AO KAUIIA HOTBpheHa je y ucrpaxubamby Li
et al. (2007a) Ha F,; ekcllepUMEHTaAHO] HOIYAALTH|H § ABE CpeArHe, objarmaBajyhu 13,2%
denoruricke Bapujabuanoctu edexrom yrephenor (T, a edexar reHa IapIujaAHOM
AomuHanmjoM. Besa mapxepa dupssr23 u BpeMeHa HBeTarba U OPOj AaHA OA METAHYCHHA AO
cBHAAba AOOHWjeHa je m y mcrpaxmBambuma Mu et al. (2009) m Huang et al. (2010).
McrpakuBama yKasyjy Aa je Mapkep dupssr?3 OHMO IIOA JaKOM CEACKIIHjOM Y YCAOBHMA
HEAOCTAaTKa a30Ta U HAAa3H C€ y OAM3HMHHU CH3HMAa AMIIOKCHUICHA3€, KOJU CE aKTHUBHPA Y
ycaroBuma crpeca  (Coque and Gallais 2000). Pesyaratm Apyrux wHCTpaKuBama y
CAarAaCHOCTH Cy ca yIBpheHumM Besama m3Mehy Mapkepa M aHAAU3UPAHUX arPOHOMCKH
3HavajHuX ocoomuna: bnlg238 nu QJTL. 3a npunoc 3pua (Liu et al. 2008), phi027 u QTL. 3a
ayxuay kanma (Ma et al. 2007), phi027 n QT1. 3a npunoc 3pua (Hao et al. 2008), phi034 u
QOTL 3a npunoc (Lima et al. 2000, Frascaroli et al. 2009), wmc1122 u JTL. 3a 6poj peaosa
3pua Ha kAumy (Yan et al. 2006b, Ma et al. 2007), w1122 u QT1. 3a macy 1000 3pra (Xiao
et al. 2005, Tang et al. 2010), bnlg1 523 u OTL 3a Bpeme nBerama (Hao et al. 2008), bnlg1 792
u QT 3a macy 1000 3pra (Yan et al. 2006a, 2000b), bnlg1525 u QTL 3a Bpeme nBeTarsa
(Zhang et al. 2011), bnlg2291 u QT 3a 6poj peaosa 3pua Ha Kaumy (Yan et al. 2006a),
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ume1305 1 QT 3a 6poj 3pHa y peay kamma (Coque and Gallais 2006, Frascaroli et al. 2009)
u w1075 u QTL 3a Bucuny Onmke A0 kauma (Frascaroli et al. 2007).

Mera anaanszom Beher 6poja ncrpakuBarba ca (11 mamuparsem, oapehenn cy T3B.
koHceHsyc (JTI. pernoHu KOJjU Cy HAa OCHOBY PE3YATATa BHINIE MCTPAKUBAEA AOBEACHHU Y
Be3y ca ekcrupecnjom oapehene ocoonne. Bese mamehy MukpocareAnTa 1 KAHAUAAT TEHA 32
TOAEPAHTHOCT Ha CyIny yrBphene cy koA: dupssr10 w rewa mipl (Major intrinsic membrane
protein) 'y xpomoszomckoMm peruony 5.04, phi034 wu rvema op6 (Cytochrome P450) 'y
xpomosomckoMm peruony 7.02, m mapkepa phi027 wu rema wxl1 (Granule bound starch
synthase/ waxy1) y xpomozomckom peruony 9.03 (Hao et al. 2010). Takobe, phi083, umel122,
Pphi093 vt umcl 014 cy pyHKIMOHAAHE MapKepH, HaAase ce yHyTap reHa prp2, bx1, ssul u pl1
(Maize Genetics and Genomics Database, www.maizegdb.org), Te cy ca BHMa y IIOTIIYHO] BE3H, KOja
HE MOKE OMTH ITPEKHHYTAa PEKOMOMHAIIH|OM.

KoaA xopumrheHHX MHKPOCATEAHMTHCKHX Mapkepa yrBpheHm cy aaeam ca
ITO3UTUBHHUM U HETATUBHHUM YTHII2jeM Ha CBOJCTBO Y CBHM CPEAMHAMA, KAO M AACAH KOJH CY
Yy HEKUM CPEAMHAMA MMaAW IIO3UTUBAH, 2 y APYIMM HeratuBaH edekaT Ha (DEeHOTHIICKE
BpeAHOCTH. Pasamauru edpekTn areAa HA IPHHOC, KOMIIOHEHTE IIPUHOCA U BPEME IBETAHA
cy ymBphernn u y Apyram ucrpaxubamuma (Buckler et al. 2009, Coles et al. 2010).
Bapupama edekara arera mapkepa Ha (DEHOTHIICKY BPEAHOCT HCIMTHBAHUX OCOOMHA Y
PaSAMYMHTHM CPEAMHAMA VKa3yje HE CAMO HA BCAMKH VIHIA] YHHHAANA CIOAAIIEE
CpeArHE Ha BApUPAm-e KBAHTHTATUBHE OCOOMHE M MHTEPAKIIN]je TEHOTHII - CPEANHA, Beh 1
Ha 3HadajHe enmcrase uaMmehy aseaa QTI. Koju KOHTPOAHINY AATy KBAHTHTATHBHY
OCODHHY, KA0 U IbUXOBE HHTEPAKIIH]E €4 TEHETHIKOM OCHOBOM OApeheHor reHoruia, Tj. ca
areAnMa Apyrux Aokyca. IlosmruBan edpexar Beher Opoja aseaa Ha mpuHOC yTBpheH y
BHUIIIE CPEAMHA yKa3yje Ha 3Had4aj Beher Opoja OT]. ca MaAuM HoOjeANHAYHUM ePEKTUMA Y
KOHTPOAH KBAHTHTATHBHHUX ocobmHa. To, Takohe, ykasyje Ha HEOIIXOAHOCT IIPUMEHE
BEAHKOT Opoja Mapkepa Bezanux 3a (11 3a Baxua arporomcka csojctBa y MAC (Combs
and Bernardo 2013, Bernardo 2013a, Bernardo 2013b, Albrecht et al. 2014).

Vaunak HHOpPEA AUHU]A per se HE MOKE IIOCAY/KHTH KaO IIOY3AQH ITOKA3aTE A YINHKA
IPUXOBUX XHOPHAZ, 300I MaAUX TEHOTHIICKHX KopeAanuja. 300r TOra ce IOAOKAjU U
edpexrn QT mamupaHuX Ha AMHOjaMa per se MOPaAjy IIOTBPAUTH TECTUPAEM OIIITHX U
ITOCEOHUX KOMOHMHAIIMOHHX CIIOCOOHOCTH AHHH]a, 300r MOryhumx AOMHHAHTHHUX HAH
EIUCTATHYKUX HHTepakinja udmehy aunnmja u recrepa (Mihaljevic et al. 2005). Mmajyhu To

Y BHAY, IPHUAHKOM I/1360p21 Map}(epa nus3 AHTepaType BOAHAO C€ paqua Ad Behmaa
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deHOTHIICKHX OCOOMHA OyA€ OIleEEeHA, OAHOCHO Aa 3ajeaHmukn (JTI. 3a cBaku mapkep
OYAY IIPETXOAHO MACHTU(HUKOBAHU, U per se My yKpinTambuMa ca tecrepuma (IIpuaor, tabd
50.). Ilpe mpumene mapkepa y CEACKIMjH HHOPEA AMHOja 3a XHOPHAHE KOMOUHAIIH]E,
yiBphene Bese m3mehy mapkepa m OCOOHMHA aCOITMjATHBHOM aHAAHM30M HEOIIXOAHO je
IIOTBPAUTH HAa MATEPHjaAy H3 YKPINTamka HHOPEA AMHMjA Ca TECTEPUMA PASAHMIHTUX
XETEPOTHIHHUX IPYIIA.

[Ipenopyxka je Aa ce KOA AHHHja Y IIPOIECY HHOPUAMHIA CIIPOBOAM CEACKIIM)ja HA
IIOJKE/>HE OCODOMHE per se, a HAKOH ITOCTU3AEbd XOMO3HUIOTHOI CTamba, Ad CE OAPCAC
KOMOMHAIIHOHE CIIOCOOHOCTH MHOPEA AUHH]jA, OAHOCHO IUXOBA BPEAHOCT Y XHOPHAHUM
xomOnHanjama (Smith 1986). Pesyaratm oBor mcrpauBara MOIy OHTH OA BEAHKE
KOPHCTH Yy CEACKIHM/U HHOpPEA AHHH]ja KOje Hoce reHermdke (aKTope, aAeAe, ca
ITO3UTUBHUM €(PeKTOM Ha (PHTHEC, IIPHHOC U APYTe ITOKEAHHE OCOOMHA, 2 HAKOH IIOTBPAC
BE3a MapKEp-CBOJCTBO TECTUPAbeM KOMOHWHAIIMOHUX CIIOCOOHOCTH AHHH]jA U IIPH

CTBaparby XUOPHAA.
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7. BAKAYUYAK

Beanka moammopdrOCT KOpmmmheHnx mMuKpocaTeAUTCKHX Mapkepa (297 aaeaa,
Na=8, PIC=0,40-0,85) ymuyhyje ma MmoryhHOCT MBHXOBE NIpPHMEHE Y KapaKTepH3aIluju
TEHETUYIKOI MATEPHjaAd § OIACMEIbHBAYKHM IIPOrPaMUMa B (DUHICPIPUHTHHIY HHOPEA
AMHHjA ¥ XHOPHAA KYKypY3a.

KomOnnarmja mapamMeTpHjcKOr MOAEAA KAACTEP aHAAM3E, HEITOHAEPHCAHOTI METOAQ
IPYIIHCAaba IAPOBA Ca APUTMETHYKOM CPEAHMHOM M aHAAU3E€ TAABHUX KOOPAMHATA
32CHOBAHUX HAa MOAEKYAAPHHM ITOAAIIMMA A3je JACHHJU YBHA Y CTPYKIYPY IIOIyAaIldje
HHOPEA AMHH]A OA IIPUMEHE TIOJEAMHAYHIX METOAA.

Beha BapujabuanocT yHYTAp XeTepornunaux rpyma (99% objamrmene MOAECKyAapHE
Bapujance) Hero usmehy mux (1% objarmmene MOAEKyAapHE BapHjaHCe) yKasyje Ha Behwm
IEHETHYKHA AUBEP3UTET HAa HUBOY I'€HA HETO HA HUBOY ITOIYAAIIH]je.

3HadvajaH U3BOP BapUjaOMAHOCTH (DEHOTHIICKUX OCOOMHA OMAE Cy TOAHHE, KA0 U
AOKaAnTeTH M mHTepakimje msmehy oBux dakropa (p<0,0001), mrro ykasyje Ha BeAHKH
VTHIIA] €KOAOIIKIX YHHHUAAIIA HA CTAOMAHOCT OCOOHMHA KYKypy3a.

PesyAratn KaacTep aHAAM3€ MOAEGKYAAPHHX IIOAaTaka OmAm cy y Behoj mepwm
CArAaCHH Ca IIEAUTPEUMA AMHH]A H OO/de Cy TPYIHCAAU HMHOPEA AMHH]E Y XETEPOTHIHE
IpyIIe, HErO Pe3yAaTH 3aCHOBAHU Ha (DEHOTHIICKUM ITOAAIIMA.

Pesyararn  amaamse MoaekyAapHux (76% umHOpeA AMHHja ca  aAGAHMA
JEAMHCTBEHUM aACAMMA M IIPOCEYHO 2,5 JEAMHCTBEHUX aA€AA 334 CBAKY MHOPEA AHUHU]Y) K
denorurickux moaaraxa (C17=4.7-36.8%) ykasyjy Ha BeAUKy BapHjaOHAHOCT UCIIHTUBAHIX
I€HOTHUIIOBA, IITO UX YHHHU IIOTOAHUM 32 ACOIIU]jaATHBHY AHAAHS3Y.

Mapkepu KOju Cy UMaAHd CTATUCTUYKU 3HAYAjHE BE3€ Ca IOMKEAHUM arPOHOMCKUM
ocobunama (bnlg162, umecl025 n bnlgl237), craOuAHEM y BHIIIE CPEAMHA MOTAM OM HMAaTH
BEAMKH 3HAYAj ¥ CEACKITH}I ITOMOhy Mapkepa.

Beanxu Opoj yrBpheHnx aseaa ca CTAOMAHHM ITO3UTUBHUM €(DEKTHMA HA IIPHHOC
(42 anena 26 mapkepa y Lancaster rpyrin m 17 aneaa 14 mapxepa y BSSS rpynm) yxasyje na
yaory Beher 6poja Q1. ca MmaAuM 110jeAMHAYHIM e(DEKTUMA § KOHTPOAU KBAHTUTATUBHIX
OCOOHHA U Ha BAXKHOCT IIpuUMeHe Beher Opoja Mapkepa y CeAEKITHjU ITOMOhy MapKepa.

PesyArartu 0OBOI HCTPaKHBAEba MOTY OHTH OA KOPHCTH Y CEACKIIU)U HHOPEA AMHUIjA

KOje HOCE aAeAe Ca ITO3UTHBHHM edeKkToM Ha (PUTHEC, IIPHHOC U APYIEe ITOXKEAHE
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OCOOHMHE, a HAKOH IIOTBPAE BE3a MapKEP-CBOJCTBO TECTUPAEM KOMOMHAITMOHHX

CIOCOOHOCTH AMHHjA U IIPU CTBAPAY XUOPHAA.
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9. ITPHAOT

Tabeaa 50. ITperaea MukpocaTeAUTCKHX Mapkepa kopuitheHux 3a Marmparbe (JT1. 32 BaskHE arpOHOMCKE OCOOHHE

Marnmpajyha

Edexar

Mapxep Ocobuna Honyarma ®enorumcka omera LOD R2? (%o)? rerab Xepurabuanoct — AureparypHH H3BOP
bnlg1209  ASI 234 Fa3 per se 5.4 11.5 A - Hao et al. 2008
Bpoj spra o 6umrm 142 RIL ca TecTepuMa 4.2 5.0 A - Frascaroli et al. 2007
Bpoj spra y peay 266 Fas per se 3.2 9.5 A 0.75 Yan et al. 2006a
Bpoj peaosa 3pHa 294 RIL per se 9.7 2.9 A 0.88 Ma et al. 2007
AyxuHa 3pH2 270 Fao3 per se 8.3 12.0 A 0.88 Liu et al. 2014
AyKuHa HHTEPHOAU]A 294 RIL per se 4.5 6.0 A 0.93 Tang et al. 2007
Ayrkuma KAnITa 342 F, per se 4.5 7.2 AA - Yu et al. 2014
OrmopHOCT Ha CyIITy 294 RIL per se 4.6 9.5 A 0.01 Liu et al. 2011
[puroc 142 RIL ca TecTepuMa 6.3 16.6 A 0.46-0.84 Frascaroli et al. 2009
ITpuroc 142 RIL ca TecTepuMa 4.2 10.5 CA - Frascaroli et al. 2007
Caapixaj cyBe mMaTepuje 163 RIL ca TecTepoM 4.0 10.6 A 0.85 Barriere et al. 2012
bnlg1237  Bucuna 6unke 294 RIL per se 3.9 8.6 A 0.93 Tang et al. 2007
AyxuHa KAnIIa 294 RIL per se 2.5 0.7 A 0.85 Ma et al. 2007
Maca 1000 3paa 294 RIL per se 3.9 6.0 A - Lu et al. 2006
Caapikaj yma 450 Fas per se 5.6 4.0 A A 0.57-0.63 Song et al. 2004
bnlg125 Bpoj Aama A0 cBHAaEGA 142 RIL ca TecTepuMa 4.2 7.7 CA - Frascaroli et al. 2007
Bpoj kanmosa mo Onsmsiru 256 Fa3 per se - 2.3 CA 0.59 Lima et al. 2006
Bpoj peaosa 3pma 284 1 265 Fa; per se 3.7 8.0 A A 0.58 Li et al. 2009
Bucnna 6umke 142 RIL ca TecrepuMa 6.0 3.4 A 0.63-0.92 Frascaroli et al. 2009
Bucuna 6umske A0 kAnIIA 256 Fa3 per se - 6.1 CA 0.79 Lima et al. 2006
Maca 1000 spua 142 RIL ca TecrepuMa 4.8 4.0 A - Frascaroli et al. 2007
ITpuroc 256 Fas per se - 4.7 CA 0.75 Lima et al. 2006
bnlg1520  ASI 142 RIL ca TecrepuMa 4.0 7.6 A A - Frascaroli et al. 2007
Bpoj spra y peay 231 Fa3 per se 3.3 5.4 A 0.81-0.87 Guo et al. 2011
Maca 1000 spua 142 RIL ca TecrepuMa 7.4 20.1 A 0.70-0.82 Frascaroli et al. 2009
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Maca 3pHa 110 KAHITY 142 RIL per se 2.0 5.0 A - Marino et al. 2009
ITpeunuk Kanma 210 Fz3 per se 3.4 8.7 A A 0.86-0.89 Li et al. 2010b
Texmma KAmITA 142 RIL per se 2.0 5.2 A - Marino et al. 2009
Texmma KAmITA 239 RIL per se 2.7 7.5 A - Liu et al. 2010
Texuna KAnIIA 239 RIL per se 3.7 6.8 A - Zheng et al. 2013
bnlg1523  ASI 234 Fas per se 2.7 53 CA - Hao et al. 2008
Bpoj 3pHa 110 KAUITY 234 F, per se 3.0 5.5 A A 0.64-0.71 Xiao et al. 2005
Burop cemena 203 RIL per se 3.0 9.0 A - Yan et al. 2011
AyxuHa KAnIIa 441 IF, per se 3.5 0.6 - 0.88 Tang et al. 2010
Maca 1000 3pra 266 Fa3 per se 3.0 4.5 A 0.67 Yan et al. 2006a
INpeunux kanma 282 u 263 RIL per se 3.3 6.0 A 0.73-0.87 Yang et al. 2012
bnlg1525  Bpoj Aama A0 MeTAHUCEA 232 Fas per se 6.7 13.1 A 0.57-0.69 Zhang et al. 2011
bpoj aama A0 cBHAAA 232 Fos per se 53 10.6 A 0.52-0.75 Zhang et al. 2011
Bucnma 6umxe 142 RIL per se 2.0 1.5 A - Marino et al. 2009
Bucuna 6nmke 259 Fa3 per se 5.0 6.2 AA 0.80 Li et al. 2007
AyxuHa KAnIIa 264 Fos per se 2.9 4.9 - 0.64 Choe and Rocheford 2012
Maca 1000 spra 167 u 195 RIL per se, ca tecrepuma 3.6 10.2 A 0.68-0.85 Willmot et al. 2006
Maca 3pHa 1o KAUITY 231 Fas per se 33 4.0 CA 0.89 Guo et al. 2011
OTopHOCT Ha CyIIy 294 RIL per se 3.2 6.2 A 0.01 Liu et al. 2011
[Mpuroc 266 Fa3 per se 4.0 13.8 AA 0.62-0.68 Xiao et al. 2005
Caapikaj BAare y 3pHY 142 RIL ca TecTepuMa 4.2 3.4 A - Frascaroli et al. 2007
bnlg1556  Stay green 189 F» per se 4.0 9.3 A A - Wang et al. 2012a
Bpoj aama A0 MeTATgema 232 Fa3 per se 5.5 8.0 A 0.57-0.69 Zhang et al. 2011
bpoj aama A0 cBuaama 232 Fa3 per se 5.3 6.5 A 0.52-0.75 Zhang et al. 2011
Bpoj spra mo bumrm 142 RIL ca TecTepuMa 4.2 9.7 CA - Frascaroli et al. 2007
bpoj 3pHa y peay 266 Fas3 per se 4.9 11.8 CA 0.75 Yan et al. 2006a
bpoj peaosa 3pHa 266 Fas3 per se 7.5 9.7 CA 0.91 Yan et al. 2006a
Bucnna 6umke 294 RIL per se 33 24.5 A 0.93 Tang et al. 2007
Maca 1000 spra 441 1F, per se 52 1.8 - 0.87 Tang et al. 2010
IMprroC 266 Fa3 per se 2.8 7.2 CA 0.75 Yan et al. 2006a
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Ipunoc 142 RIL ca TecTepuMa 4.2 8.1 CA - Frascaroli et al. 2007
Caapikaj BAare y 3pHY 142 RIL ca TecTepumMa 7.4 19.1 A 0.70-0.82 Frascaroli et al. 2009
Caapixaj AUTHIHA 242 RIL per se 33 6.2 A 0.88 Barriere et al. 2008
bnlg162 ASI 142 RIL ca TecrepumMa 4.2 6.7 CA - Frascaroli et al. 2007
OrTrIopHOCT Ha CyIITy 124 BCoFs per se 3.2 - - - Feng et al. 2013
Bucuna oumxe 142 RIL ca TecTepuMa 4.0 8.9 A 0.63-0.92 Frascaroli et al. 2009
Bucuna 6unke 142 RIL ca Tecrepuma 4.2 7.4-15.3 A A - Frascaroli et al. 2007
Caapikaj BAare y 3pHY 142 RIL ca TecTepuMa 4.2 1.1 A A - Frascaroli et al. 2007
Caapikaj mporenHa, ckpoba 284 m 265 Fas per se 5.1 6.7-13.4 - 0.46/0.54 Li et al. 2009
bnlg1792  bBpoj urrepHOoAmnja 294 RIL per se 3.1 9.9 A 0.93 Tang et al. 2007
AyxuHa KAnIa 284 u 265 Fas per se 2.6 5.3 CA 0.30-0.56 Lietal. 2009
AyxuHa KAnIa 294 RIL per se 3.3 1.1 - 0.85 Ma et al. 2007
Maca 1000 3pua 266 Fa3 per se 5.3 8.9 AA 0.67 Yan et al. 2006a
[Mosprmuaa kaumaOr Aucta 239 RIL per se 4.2 14.8 A 0.96 Zheng and Liu 2013
bnlg2291  bpoj peaosa 3pHa 266 Ias3 per se 4.0 4.9 A 0.91 Yan et al. 2006a
Bucuna 6unke 236 RIL per se 3.7 1.7-3.7 A 0.51-0.87 Messmer et al. 2009
Aykuma KAnIIa 294 RIL per se 7.4 8.7 A - Lu et al. 2006
Ipunoc 213 Fas3 per se 35 8.3 A 0.42-0.59 Liu et al. 2008
bnlg238 Bpoj kanmosa 1o dusnn 256 Fa3 per se 3.0 3.0 A 0.60 Lima et al. 2006
[Mpuroc 213 Fo3 per se 3.6 10 AA 0.42-0.59 Liu et al. 2008
bnlg430 Bpoj aama A0 MeTATgEmA 142 RIL per se 4.4 3.6 - - Marino et al. 2009
bpoj 3pHa 110 GusIH 142 RIL ca TecrepuMa 4.2 5.1 CA - Frascaroli et al. 2007
Bucnra 6uvke A0 KamTa 400 Fas per se 3.0 - CA 0.67 Sibov et al. 2003
Maca 3pHa O KAMITY 142 RIL per se 2.9 2.3 - - Marino et al. 2009
IMosprmmaa AmcTa 218 RIL per se 5.0 10.6 A 0.35 Cai et al. 2012b
[Mpuroc 142 RIL ca TecrepuMa 6.3 16.6 CA 0.46-0.84 Frascaroli et al. 2009
Caapikaj BAAre y 3pHY 142 RIL ca TecrepuMa 4.2 4.4 A A - Frascaroli et al. 2007
CyBa Maca KopeHa 187 BC4Fs per se 2.9 5.9 A 0.37 Cai et al. 2012a
bnlg666 ASI 142 RIL ca TecrepuMa 4.2 6.7 CA - Frascaroli et al. 2007
Bpoj aama Ao meTamgema 142 RIL ca TecTepumMa 11.1-15.2  22.7-255 A 0.62-0.78 Frascaroli et al. 2009

156



bpoj aama A0 MeTAIUEEHA 142 RIL ca TecTepuMa 4.2 6.9-16.5 A A - Frascaroli et al. 2007
bpoj spma y peay 282 u 263 RIL per se 32 4.4 - 0.65-0.67 Yang et al. 2012
bpoj peaosa 3pra 282 u 263 RIL per se 4.8 3.8 - 0.56-0.67 Yang et al. 2012
Bucnna 6unke 142 RIL ca TecTepuma 4.0-6.6 8.9-26.0 A 0.63-0.92 Frascaroli et al. 2009
Bucuna dbunxe 142 RIL ca TecTepuMa 4.2 5.0-10.3 A A - Frascaroli et al. 2007
AyxuHa KAnIa 294 RIL per se 14.9 4.5 A 0.85 Ma et al. 2007
Maca 1000 3pma 142 RIL ca TecTepuMa 4.2 6.6-8.1 A - Frascaroli et al. 2007
[Mpuroc 142 RIL ca TecTepuMa 2.3-8.9 3.6-8.3 A 0.46-0.84 Frascaroli et al. 2009
[MpuroC 142 RIL ca TecTepuMa 4.2 3.8-19.6 AA - Frascaroli et al. 2007
IMpuroc 282 u 263 RIL per se 3.0 4.6 - 0.31-0.33 Yang et al. 2012
Caapikaj BAare y 3pHy 142 RIL ca TecTepuMa 5.0 2.9 A 0.70-0.81 Frascaroli et al. 2009
Caapikaj BAare y 3pHY 142 RIL ca Tecrepuma 4.2 1.1 A A - Frascaroli et al. 2007
dupssr10  Bpoj 3pHa 1m0 buoIm 142 RIL ca TecTepuMa 5.2 6.7 A 0.37-0.81 Frascaroli et al. 2009
Hckopumhasame dpocdopa 180 Fa; per se 4.4 6.8-7.9 CA 0.62 Qiu et al. 2014
[Mpuroc 256 Fas per se 3.0 2.3 CA 0.75 Lima et al. 2006
[Mpuroc 142 RIL ca Tecrepuma 6.0-7.9 7.8-10.5 A 0.46-0.84 Frascaroli et al. 2009
IMpunoc 142 RIL ca TecTepuMa 4.2 11.2 A - Frascaroli et al. 2007
Caapixaj Tokodpepora 200 Fa3; 185 TC  per se; ca tecrepuma 7.3; 3.7 10.9;64 A 0.89;0.76 Wong et al. 2003
Caapixaj yrmoa 250 Fa3 per se 3.5 3.2 A 0.89 Moro et al. 2012
TexxuHa KAUIA 264 Fos per se 3.3 5.7 - 0.70 Choe and Rocheford 2012
TexuHa KOYaHKe 264 Fos per se 4.3 7.5 - 0.72 Choe and Rocheford 2012
dupssr23 ASI 296 Fa3 per se 6.6 13.5 A A - Mu et al. 2009
Bpos 3pra o 6uvrm 142 RIL ca TecTepuMa 4.2 12.7 CA - Frascaroli et al. 2007
Bpoj aama A0 cBrAama 300 F3, 322 TC per se; ca TecTepuMa 3.4 3.4 A 0.84; 0.86 Huang et al. 2010
Bucnma 6unke 142 RIL ca TecTepuma 6.4 5.7 A 0.63-0.92 Frascaroli et al. 2009
Bucnnua 6umke 142 RIL ca TecrepuMa 2.8 3.5-5.6 A - Frascaroli et al. 2007
Aybuna 3pra 264 Fas per se 4.4 7.4 - 0.38 Choe and Rocheford 2012
[Mpuroc 142 RIL ca TecrepuMa 4.2 3.4-9.8 CA - Frascaroli et al. 2007
Caapixaj yra 245 RIL per se - 13.2 A 0.92 Yang et al. 2010
dupsst26  Bucunza bumke 142 RIL ca TecTepuMa 6.4 11.8 A 0.63-0.92 Frascaroli et al. 2009

157



Bucuna oumxe 142 RIL ca TecTepuMa 4.2 5.7 A - Frascaroli et al. 2007
Maca 1000 spra 142 RIL ca TecTepuma 5.2 13.7 A 0.70-0.85 Frascaroli et al. 2009
IMpurOC 142 RIL ca TecTepumMa 5.5 6.4 A 0.46-0.84 Frascaroli et al. 2009
IMpurOC 142 RIL ca TecTepuma 4.2 2.7 CA - Frascaroli et al. 2007
IIpunoc 351 F.Syn3 per se 4.7 4.1 CA 0.89 Lu et al. 2003
Caapxaj ABA 322 Fsy per se 4.5 13.1 A - Capelle et al. 2010
Caapixaj Tokodepoaa 200 Fa3; 185 TC  per se; ca tecrepuma  3.2-3.9 2.8-5.4 A 0.89;0.76 Wong et al. 2003
phi027 Bpoj aama Ao cBHAAA 300 Fs, 322 TC per se; ca tectepuma 6.5 6.3 - 0.82-083 Huang et al. 2010
Bpoj kanmma o Gumnm 234 F, per se 3.6 6.6 CA 0.49 Xiao et al. 2005
Ayrkuma KAnITa 294 RIL per se 6.1 1.7 A 0.85 Ma et al. 2007
OTropHOCT Ha CyIITy 294 RIL per se 3.6 9.0 A 0.01 Liu et al. 2011
Ipunoc 234 Fos per se 3.6 7.5 CA - Hao et al. 2008
Caaprxaj amnaose 158 F, per se 62.6 19.3 A A - Park et al. 2013
Caapkaj BAaare y 3pHY 300 I, 322 TC per se; ca tectepuma 6.6 52 - 0.84; 0.86 Huang et al. 2010
phi034 Bucuma 6unke 183 Fa3 per se 2.7 11.2 AA 0.70 Fu et al. 2008
Bucuna 6nmke A0 KATIIA 256 Fa3 per se 3.4 1.0 CA 0.79 Lima et al. 2006
Maca 1000 3pma 266 Fa3 per se 5.3 8.9 AA 0.67 Yan et al. 2006a
Maca 1000 3pma 266 Fa3 per se 2.8 7.2 AA 0.67 Yan et al. 2006b
Maca xopena 183 Fy3 per se 4.3 11.5 AA 0.35 Fu et al. 2008
[Mpuroc 256 Fas per se 3.0 1.8 AA 0.75 Lima et al. 2006
[Mpuroc 142 RIL ca TecTepuMa 4.9 1.5 A 0.46-0.84 Frascaroli et al. 2009
Caaprkaj KADOTEHOMAA 103 u 227 Fa; per se 8.2 24.6 A 0.59 Kandianis et al. 2013
Caapixaj Tokopepora 200 Fa3; 185 TC  per se; ca tecrepuma 3.3 5.1 A 0.89; 0.76 Wong et al. 2003
phi053 bBpsuna ormyrrrama Baare 280 RIL per se 4.4 8.9 - 0.77 Wang et al. 2012b
Bpoj aama Ao meTamgema 236 RIL per se 3.6 6.3 - 0.87 Messmer et al. 2009
bBpoj Aama A0 MeTAHUCE>A 232 Fas per se 8.2 7.8 A 0.88 Zhang et al. 2011
Bucnna 6umke 351 F>Syn3 per se 4.8 5.2 A 0.76 Lu et al. 2003
[Mpuroc 351 F>Syn3 per se 6.1 3.7 CA 0.89 Lu et al. 2003
Caaprkaj BAare y 3pHY 351 F2Syn3 per se 6.5 8.0 A A 0.91 Lu et al. 2003
Caapixaj yma 245 RIL per se - 13.2 A 0.92 Yang et al. 2010
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phi059 ASI 232 Fa3 per se 3.1 2.3 - 0.74 Zhang et al. 2011
bpoj spua y peay 210 Fas per se 3.6 10.1 A A 0.32-0.37 Li et al. 2010b
Bpoj aucrosa mcmoa kamma 232 Fas per se 2.6 8.7 - 0.83 Zhang et al. 2011
AyKrHa KAHIIA 284 u 265 Fa3 per se 4.2 9.0 A 0.30-0.56 Li et al. 2009
IIpunoc 351 F.Syn3 per se 3.4 3.1 CA 0.89 Lu et al. 2003
Tspaoha 3pHa 270 Fas per se 4.5 1.4 A 0.92 Liu et al. 2014
phi083 Bpoj aana Ao meTAmgema 232 Fas per se 3.2 0.7 Zhang et al. 2011
Bpoj spra o 6umrm 142 RIL ca TecTepuMa 3.6 1.3 A 0.37-0.81 Frascaroli et al. 2007
Bucuna 6nmke 142 RIL ca TecTepuMa 4.0 9.7 AA 0.63-0.92 Frascaroli et al. 2009
Bpewme mBerama 218 RIL per se 3.7 7.6 A 0.91-0.94 Cai et al. 2012b
AyxuHa ancra 218 RIL per se 9.6 20.9 A 0.39 Cai et al. 2012b
Maca 3pHa o Gurrnu 221 RIL per se 3.2 6.1 A - Lu et al. 2006
Maca kanma 142 RIL per se 3.0 52 - 0.88 Frova et al. 1999
[Mpuroc 142 RIL ca TecTepuMa 4.3 2.8 A 0.46-0.84 Frascaroli et al. 2007
[Mpuroc 194 F23; 186 RIL  ca tectepuma - - - 0.61-0.84 Austin et al. 2000
Caapikaj xAopodrAa 218 RIL per se 4.4 8.9 A 0.36-0.57 Cai et al. 2012b
phi093 bBpoj Aama A0 MeTATUCEbA 142 RIL ca TecTepuMa 4.2 3.1 CA - Frascaroli et al. 2007
Bpoj 3pua y peay 142 RIL per se 3.0 6.1-12.5 - 0.89 Frova et al. 1999
Bpoj peaosa 3pHa 221 RIL per se 4.9 7.2 A - Lu et al. 2006
bBpoj peaosa 3pHa 294 RIL per se 5.9 1.9 A 0.88 Ma et al. 2007
Maca 1000 3pua 142 RIL ca TecTepuMa 3.4-7.2 7.8-14.7 A 0.70-0.85 Frascaroli et al. 2009
Maca 1000 spua 142 RIL ca TecrepuMa 4.2 7.3-8.8 A - Frascaroli et al. 2007
Maca xamma 142 RIL per se 3.0 6.5-7.0 0.88 Frova et al. 1999
Caapixaj AUTHITHA 242 RIL per se 3.2 5.8 A 0.88 Barriere et al. 2008
umc1014  bBpoj spra 110 dumrm 142 RIL ca TecTepuMa 4.2 5.5 A 0.37-0.81 Frascaroli et al. 2007
bpoj 3pHa y peay 266 Fas3 per se 3.9 5.7 A 0.75 Yan et al. 2006b
bpoj peaosa 3pHa 266 Fas3 per se 5.8 8.1 A A 0.91 Yan et al. 2006a
bpoj peaosa 3pHa 266 Fas3 per se 43 9.0 A A 0.91 Yan et al. 2006b
Caapixaj yra 282 u 263 RIL per se 29 6.2 A 0.63-0.76 Yang et al. 2012
umcl025  Ornoproct Ha Fusarinm 187 RIL per se 7.3-10.3 15.0-220 A 0.085-0.94 Ding et al. 2009
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Ipunoc 256 Fos per se 3.0 3.0 A 0.75 Lima et al. 2006
IMpurOC 210 Fa3 per se 3.6 10.4 A 0.60-0.66 Lietal. 2010b
Caapikaj KApOTEHOMAA 103 u 227 Fas per se 5.0 18.7 - 0.82 Kandianis et al. 2013
umc1035  bBpoj 3spua 1m0 dumm 142 RIL ca TecTepuMa 4.1 6.2 A 0.37-0.81 Frascaroli et al. 2009
bpoj spra 1o dumu 99RIL ca TecTepuMa 4.6 19.5 - - Coque and Gallais 2006
bpoj 3pua 1o dumu 142 RIL ca TecTepuMa 4.2 7.4-9.7 CA 0.37-0.81 Frascaroli et al. 2007
bpoj uareprOAHja 294 RIL per se 3.6 7.4 - 0.93 Tang et al. 2007
Bpoj aucrosa 294 RIL per se 3.9 7.4 - 0.94 Tang et al. 2007
Maca 1000 spra 234 T per se 2.5 5.8 A A 0.63 Xiao et al. 2005
Maca 1000 spra 294 RIL per se 2.2 2.5 - 0.85 Ma et al. 2007
Maca 1000 3pma 99RIL ca TecTepuMa 3.2 14.0 - - Coque and Gallais 2006
Ipunoc 142 RIL ca TecTepuMa 3.5 5.0 A 0.46-0.84 Frascaroli et al. 2009
Ipunoc 142 RIL ca TecTepuMa 4.2 3.1 CA 0.46-0.84 Frascaroli et al. 2007
umc1075 Tspaoha spua 270 Fas per se 5.5 5.5 AA 0.92 Liu et al. 2014
ASI 296 Fa3 per se 3.9-5.6 5.7-6.9 AA - Mu et al. 2009
Stay green 166 Fas per se 2.9 7.4 A - Zheng et al. 2009
Bucuma oumxe 142 RIL ca TecTepuMa 3.2-6.0 6.0-9.7 - 0.63-0.92 Frascaroli et al. 2009
Bucuna oumke 142 RIL ca TecTepuMa 4.2 9.4 AA - Frascaroli et al. 2007
Maca 1000 3pma 142 RIL ca TecTepumMa 2.0-5.5 6.0-13.5 - 0.70-0.85 Frascaroli et al. 2009
Maca 1000 3pua 167 Fas per se 3.5 7.7 A - Zheng et al. 2009
[Mpuroc 142 RIL ca TecTepuMa 53 9.8 - 0.46-0.84 Frascaroli et al. 2009
umcl1083  Stay green 189 F» per se 4.0 3.6 CA - Wang et al. 2012a
Bpoj aama A0 MeTATgema 232 Fa3 per se 3.7 6.4 - 0.88 Zhang et al. 2011
Maca 3pHa 110 6umII 284 1 265 Fa; per se 3.0 6.3 A 0.27-0.33 Li et al. 2009
Ormopuocr xHa Fusarium 144 RIL per se 3.0 20.0 A - Ali et al. 2005
Caaprkaj KADOTEHOMAA 103 u 227 Fa; per se 9.1 16.7 - 0.68 Kandianis et al. 2013
umc1109  Bucnma Gmaske A0 KAnIa 256 Fas per se 3.0 1.5 A 0.79 Lima et al. 2006
Maca 1000 spua 294 RIL per se 3.1-3.4 5.9-6.5 A - Lu et al. 2006
IToaerame 256 Fa3 per se 3.0 5.0 CA 0.50 Lima et al. 2006
[Tpunoc 256 Fa3 per se 3.0 1.0 A 0.75 Lima et al. 2006
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umcl122  ASI 236 RIL per se 5 3.5 A 0.66-0.69 Messmer et al. 2009
Bpoj spra y peay 266 Fas per se 3.5 12.9 CA 0.75 Yan et al. 2006b
Bpoj nrreproanja 294 RIL per se 5.1 10.8 A 0.93 Tang et al. 2007
Bpoj aucrosa 294 RIL per se 4.6 8.1 - 0.94 Tang et al. 2007
Bpoj peaosa 3pHa 294 RIL per se 9.1 2.7 A 0.88 Ma et al. 2007
Bpoj peaosa 3pHa 266 Fa; per se 4.7 9.4 A 0.91 Yan et al. 2006b
Bucuna oa xautma 259 Fas per se 4.0 4.5 A 0.84 Li et al. 2007
Ayrkuma KAnITa 210 Fa3 per se 2.8 11.5 AA 0.64-0.66 Lietal 2010b
Maca 1000 spra 234 T per se 3.8 4.4 A A 0.63 Xiao et al. 2005
Maca 1000 3pra 441 IF, per se 5.2 1.8 - 0.87 Tang et al. 2010
Maca 1000 3pma 236 RIL per se 3.8-5.0 3.5-49 A 0.67-0.76 Messmer et al. 2009
Ipuroc 266 Fa3 per se 3.9 9.2 CA 0.75 Yan et al. 2006b
Caapixaj mpoTenHa 213 Fas3 per se 53 13.0 A 0.42-0.54 Liu et al. 2008
Caapixaj ckpoba 213 Fas per se 5.2 13.6 A A 0.51-0.58 Liu et al. 2008
Caapikaj yma 450 Fas per se 18.5 15.9 A 0.57-0.63 Song et al. 2004
Caapikaj xAopodrAa 236 RIL per se 2.7 7.9 A 0.82 Trachsel et al. 2010
umc1221 Bucuna 6nmke 259 Fa3 per se 53 7.6 AA 0.80 Li et al. 2007
Bucuna bunxke A0 KAanIa 259 Fas per se 9.0 13.2 AA 0.70 Li et al. 2007
Ornoproct Ha Fusarium 144 RIL per se 4.6 20.0 A - Ali et al. 2005
Caapxaj ABA 322 Fay per se 2.1 6.4 A - Capelle et al. 2010
Caapikaj Tokodepora 200 F23; 185 TC  perse; ca tecrepuma 3.7 6.4 A 0.89; 0.76 Wong et al. 2003
umc1360  Bpoj 3pHa o Groirm 142 RIL ca TecTepuma 3.6 2.8 A 0.37-0.81 Frascaroli et al. 2009
Bpoj spra y peay 210 Fas per se 3.6 10.5 CA 0.32-0.37 Li et al. 2010b
Bucuna onmke 259 Fo3 per se 6.8 8.3 A A 0.80 Li et al. 2007
INpeunux KAna 210 Fas per se 3.0 10.6-13.0 CA 0.86-0.89 Li et al. 2010b
Caapikaj mporenHa, ckpoba 284 u 265 Fas per se 6.6 6.7-13.4 - 0.46/0.54 Li et al. 2009
Caapikaj yma 298 Fa;3 per se 6.8 7.3 CA 0.82 Zhang et al. 2008
umcl792  Bpoj 3pHa y peay 210 Fa3 per se 3.6 10.5 CA 0.32-0.37 Li et al. 2010b
Bpoj kanmosa o 6umnm 256 Fas per se 3.0 6.0 A 0.59 Lima et al. 2006
AyxuHa KAna 441 IF, per se 3.5 0.6 - 0.88 Tang et al. 2010
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Maca 1000 3pma 142 RIL ca TecTepuMa 6.5 2.5 - 0.70-0.85 Frascaroli et al. 2009
Maca 1000 spra 210 Fas per se 3.5 10.5 CA 0.75 Li et al. 2010b
IMpurOC 256 Fas per se 3.0 3.9 A 0.75 Lima et al. 2006
IMpurOC 210 Fas per se 4.8 10.2 CA 0.60-0.66 Li et al. 2010b
Caapikaj BAare y 3pHy 142 RIL ca TecTepuMa 4.2 4.7 A - Frascaroli et al. 2007
umc1944  Bucuna 6urke 142 RIL ca TecTepumMa 5.6 33 - 0.63-0.92 Frascaroli et al. 2009
Maca koganke 234 F, per se 2.6 4.1 A 0.64-0.71 Xiao et al. 2005
Ormoproct Ha Fusarium 144 RIL per se 2.6 8.8 A - Ali et al. 2005
Caapikaj KApOTEHOMAA 103 u 227 Fa; per se 43 9.1 A 0.68 Kandianis et al. 2013
umc2003  ASI 142 RIL per se 1.7 2.8 - - Marino et al. 2009
Bpoj spua o Ousmiu 142 RIL ca TecTepuMa 6.4 11.4 A 0.37-0.81 Frascaroli et al. 2009
Bpoj spra o Ousmiu 142 RIL ca TecTepuMa 4.2 17.1 A 0.37-0.81 Frascaroli et al. 2007
Bucuma oumxe 142 RIL ca TecTepuMa 4.2 3.3-6.7 A - Frascaroli et al. 2007
[Mpuroc 142 RIL ca TecTepuMa 6.2 8.0 - 0.46-0.84 Frascaroli et al. 2009
[Mpuroc 142 RIL ca TecTepuMa 4.2 4.6-7.0 CA 0.46-0.84 Frascaroli et al. 2007
TexuHa KAUIIA 142 RIL per se 2.0 6.5 A - Marino et al. 2009
umc2176  Bpoj 3pHa 110 6o 142 RIL ca TecTepuMa 9.3 12 A 0.37-0.81 Frascaroli et al. 2009
Bpoj 3pra o 6usoru 142 RIL ca TecTepuMa 4.2 15.1 A - Frascaroli et al. 2007
Bucuma oumxe 142 RIL ca TecTepumMa 4.2 4.9 CA - Frascaroli et al. 2007
[Mpuroc 142 RIL ca TecTepuMa 4.8 5.0 - 0.46-0.84 Frascaroli et al. 2009
Ipuroc 294 RIL per se 5.7 1.8 - 0.77 Ma et al. 2007
[Tpunoc 142 RIL ca Tecrepuma 4.2 13.1 CA - Frascaroli et al. 2007

aR2-porenar doeHOTHIICKE BapujaduAHOCTH objarrmene OT1., 6A-aamrrusaoct; AA-Aeanvuana AoMuHAHTHOCT; A-AoMuHaHTHOCT, C/A-CYIIEDAOMIHAHTHOCT
) > > > Y
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Buorpadmuja kamauaara

Cama Muxkuh (poh. Tpeckuh) je pohena 18.02.1979. y Hosom Caay. I'mvnasujy ,,Jcuaopa
Cexyanh® 3aspmmaa je 1998. roanne y Hosom Caay. Aunaommpana je 2004. roanse Ha
[Toronpuspeanom dakyarery y Hosom Caay ma Aemaprmany 3a samrrurty Omma u
’KHBOTHE CPEAMHE Ca IIPOCEYHOM oreHOM 9,64, V TOKy cTyAnja OmAa je AOOUTHHK HArpase
CTYAEHTA reHeparmje cmepa samrure ouma (2001.) u crumenancra Xymanurapaor ooHAQ
"IlpuBpeannx”, Baraae Kpamesune Hopsemke (2001.) u  Kpamesckor Aoma
Kapahophesuh (2002/3.). Oa mapta A0 cenremMOpa 2006. BOAOHTHpaAA je y HEBAAAUHO]
opraumsaruju Pesticide Action Network UK y Aompony. V toxy 2006. m 2007. roamue
roxahaaa je CIEeIMjaAuCTHYKI KypPC M3 OAP/KHUBE ITO/GOIPHUBPEAE M PYPAAHOT Pa3Boja Ha
MeauTepaHCKOM ITO/ASOIPHUBPEAHOM HMHCTHTYTY Vv bapnjy, Frasuju, xoju je 3apprmaa ca
HATPaAOM CTYACHTA reHeparnje. Y IepHOAy OA cerrreMOpa A0 AerieMOpa 2007. 1 0A jyHA AO
cerrremOpa  2008.  BoAoHTHpasa je Ha Aemaprmany 3a  (QUTOIATOAOIHjy U
MHKPOOHOAOAOTH]Y UCTpakuBadkor rienrpa Rothamsted Research y Xapnenaeny, Enraeckoj.
OAa cenrembpa 2008. roAuHe 3aI10CA€HA je Kao HCTpakubad npurpaBHuK y Oaememy 3a
KyKypys, MHcTaTyTa 32 patapcrso u nosprapctso y Hosom Caay. Oa jyHa Ao HOBeMOpa
2010. paamaa je y Oraeanoj cranumu Cpoobpan, a 3atum y Oaesemy 3a crpHa Kuta. OA
anpura 2012. paau y Oaememy 3a OHOTEXHOAOTH])y Ha IIOCAOBHMA HCTPaKUBAYA
capaAHHKA. \OKTOPCKE aKAAEMCKE CTYAH]je, IIporpam ParapcTBo u IOBPTapCTBO, YIIHCAAA je
2008. roanse Ha [Tosmonpuspeanom dakyarery, Yausepsurera y beorpaay. IToaoxnaa je
CBE HCIHTE IpPeABHhEHE IIAAHOM H IIPOIPaMOM AOKTOPCKHX CIyAHMja €4 IIPOCEYHOM
orterom 10. Bmaa je amraxosana Ha mpojekty MuHMCTapCTBa 32 HAyKy M TEXHOAOIIKH
pasBoj Pemnyoamke Cpbuje mop mHasuBoMm ,,CrBaparbe XHOPHAQ KYKypy3a TOAEPAHTHHX
mnpema OnormukuMm u admortmydkuM dakropuma crpeca”’ (TP 20101) oa 2008. ao 2010.
TOAMHE. YYCeCHUK je Ipojekra Omaarepaste capaawbe '[lasae Casuh" y oxBupy Hayune u
TexHOAOIIKe capaatbe u3amehy Penryoanke Cpbuje m PeryOamke @paniycke 3a meproA

2014-2015. I'oBopu eHrAecKH je3uk. AyTOp je 1 KoayTop 34 HaydHA paa.



IMpumor 1.

U3jaBa o ayTopcTBY

[Hotnucann-a Cama Mukuh (pol). Tpeckuh)

Bpoj unaeKca WK npujaBe ToKTopeke auceprauuje 08/50

H3sjagbyjem
/1a je JOKTOPCKa JTMCEepTaLH)a 10/ HACI0BOM:!

Mostekyiapna ¥ eHorurcka kapakrepusaunja HC unOpel amHunja KyKypysa

® pe3yinTart COTICTBCHOT HCTPAXKHUBAYKOT paJia,

®  Ja npeuwloKeHa JOKTOPCKA AMCEpTallfja y LeJHHH HH Y JCTOBHMA Huje Ouia
NpeUlokeHa 3a Jo0ujame GUII0 Koje THMIOME [peMa CTYAH|CKHM MporpaMuMa
JAPYIHX BHCOKOUIKOJICKHX yCTaHOBa,

®  ja cy pe3yaTaTH KOPEKTHO HaBe/IeHU H

® la HHCAM KpLIMO/IA ayTOpCKA MpaBa M KOPHCTHO/JIA MHTENCKTYAlHY CBOJHHY
JPYTHX JIHIIA.

IMoTnuc foKkTOpanjia

Y Beorpany, 15. 9. 2014. (oms S do




IMpujor 2.

WU3jaBa 0 MICTOBETHOCTU LUTAMMaHe U eNeKTPoHCke
Bep3uje AOKTOPCKe aucepTamnmje

Wwme u nipesmve ayropa _Cama Mukuh (poh). Tpeckuh)

Bpoj MHACKCA WM TPHjaBE A0KTOpCKe auceprauuje 08/50

Cryaujcku nporpaM  TToJbONIPUBPEIHE HAYKe — PaTaPCTBO M IOBPTAPCTBO

Haciios gokTopcke auceptaiuje MonekyrmapHa u denoTuncka kapakrepusarmja HC

UHOPE/L IMHH]a KYKYPY3a

Menrtop mpod. ap lopaana llypnan Momupogih

Hormucann/a Cama Muknh

M3jaBibyjeM Ja e IITaMItaHa Bep3Mja Moje JIOKTOpCKe JMCepTalMje HCTOBETHA
eNEKTPOHCKO] BEP3Uji KOjy cam npeaao/na 3a o6jas/buBatbe Ha noprany JururaaHor
peno3uTopujyma Yuugepsuteray beorpany.

Jlo3BosbaBam J1a c¢ 06jaBe MOJH JIMYHH TIONAlM BE3aHU 33 JOOHJambe aKkajleMCKOT 3Barba
JIOKTOpa HayKd, Kao IITO Cy UME H IPEe3HMe, TOIMHA B MECTO pohema u garym ojgdpaHe
paza.

OB¥Y JMYHM TTOJALM MOTY ce 00JaBUTH Ha MPEKHUM CTPaHHUAMA JAHTHTAITHE OudIMoTeKE,
y CIEKTPOHCKOM KaTalory 1y nybnaukaiyjama Yuusepsurera y beorpany.

[MoTnuc qfokTOpaHjia

=

Y Beorpany, 15.9.2014. Cape Ml




Ipunor 3.

Usjasa o kopuwhemy

Ognawhyjem YHHBEp3UTETCKY Oubnnorexy »CBeTo3ap Mapkosuh* na y Huraranuu
PEHO3HTOPHjYM YHHBep3HTETa v beorpany ynece mojy AOKTOPCKY AMCEPTALH]y 110/
HACTIOBOM:

Mosekynapua u peHoTHICKA Kapaxtepusannja HC unbpes nnnmja KYKypys3a

KOJa j& MOje ayTopeKo A€o,

Hucepraumjy ca ceum npunosnma Npeao/fa caM y elnekTpoHCKOM (bopMaty norogHom
32 TPAJHO apXHBHPAbE.

Mojy nokropcky AMCEpTAlN]y noxpaweny y Jururannu PenosuTopujym YHusepsutera
y beorpany mory na xopucre cBu koju NowITyjy oapende capiane y onabpaHoM THmy
mnenne Kpeatushe sajeanuue (Creative Commons) 3a kojy cam ce OJUTYy4HO/1a.

1. Ayroperso

2. AYTOPCTBO - HEKOMEPIHjaTHO

@iAyTOpCTBO — HeKOMepLHjanno — 6e3 npepase

4. AYTOpCTBO — HEKOMEPLHjATHO — JETHTH IO HCTUM YCIOBHMA
5. AyropctBo — 6e3 npepaje

6. AYTOPCTBO — [eIHTH 01 HCTUM YCIOBHMA

(Monumo na 3aokpyxute camo jesHy oa mect MOHYhEHNX JIHUCHUM, KpaTak ormuc
JHULEHIH J1aT j€ Ha Kpajy).

[Tornuc noxropanaa

ho el
Y beorpany, 15.9.2014. Cond. sl




1. AyTopcTBO - J[03BOJBABATE YMHOXKABaHke, TUCTPUOYIIM]Y M jaBHO CAOMINTaBamkE Jeia, U
mpepajie, ako ce HaBeAe MME ayTopa Ha HauuH ojpeleH o]l CTpaHe ayTropa WM JaBaola
JIMIEHIIE, YaK U y KoMepiujaiae cBpxe. OBO je HajcI000/1HUja OJ] CBHUX JIUICHIIH.

2. AyrtopcTBO — HekoMeprujaimHo. Jl03BoJbaBaTe yMHOKaBambe, JUCTPUOYIHU]Y U jaBHO
caolmiTaBame Jela, W Mpepaje, ako ce HaBele MMe ayTopa Ha Ha4dWH ojapeheH on cTpaHe
ayTopa Wiu JaBaolia JuneHue. OBa JIMIEHIa He 103B0JbaBa KOMEPLUjaIHy yHoTpeOy aena.

3. AyTOpCcTBO - HEKOMEpIHjaJlHO — Oe3 mpepajie. Jlo3BosbaBaTe yMHOKABAKkE, JUCTPUOYIIN]Y
M jaBHO CaoIllITaBame Jenia, 0e3 MpoMeHa, MPeoOJIMKOBamba WM YIOTpeOe Jena y CBOM
Jielly, aKO ce HaBeJie MMe ayTopa Ha HaYMH oJjpeljeH 01 cTpaHe ayTopa WM JaBaolia JHIICHIIC.
Osa nuIeHIIa HE [103BOJbaBa KOMEpLHMjaJHy ymoTpeOy paena. Y OJHOCY Ha CBE OCTaie
JIUIICHIIC, OBOM JIMIICHIIOM C€ OrpaHnYaBa HajBehu oOuM mpaBa Kopuiihema Jaena.

4. AyTOopcTBO - HEKOMEpPLHWjaIHO — JICNIWTH TOJI HCTHM YycioBuma. Jlo3BosbaBate
YMHOXaBambe, TUCTPUOYIM]Y W jaBHO CAOIIITaBame Jella, U Mpepajie, ako ce HaBele UMe
ayropa Ha HadWH ozxpeheH ox cTpaHe ayTopa WIM JaBaola JIMIEHIE M aKo ce Ipepajaa
IUCTpuOyHpa TMOJ HCTOM WJIM CIMYHOM JuneHnoM. OBa JMIEHIA HE J03BOJbaBa
KOMepIIFjaiHy ynotpely Jemna u npepaja.

5. AyropctBo — 0e3 mpepame. Jlo3BospaBaTe yMHOXKaBame, IUCTPUOYIH)Y W jaBHO
CaoIIITaBamwke Jieia, 0e3 mpoMeHa, peo0IMKOBaka WM yHoTpede Jiena y CBOM Jely, ako ce
HaBeJle MME ayTopa Ha HauWH ofpeheH ox cTpaHe ayropa WM JnaBaona iuneHine. Osa
JIUIEHIIA JI03BOJbaBa KOMEPITHjallHy yIIOTpeOy aena.

6. AyTOpCcTBO - JeIUTH TIOJ HUCTHM ycloBUMa. Jlo3BoJpaBaTe yMHOXKABambe,
JUCTPUOYIIM]Y U jaBHO CAOIINTaBamke Jeia, U Mpepajie, ako ce HaBeJe UMEe ayTopa Ha Ha4MH
onpehen oj1 cTpaHe ayTopa WM JIaBaolia JIMICHIIC U aKO Ce Ipepajia JUCTPUOyHpa 1o HCTOM
WM CITUYHOM JutieHrioM. OBa JUIeHIIa J03B0JbaBa KOMEPIIMjaIHy ynoTpeOy Jieia u nmpepaja.
CrnudHa je coTBEpCKHUM JIMIIEHIIaMa, OJTHOCHO JTUIEHIIaMa OTBOPEHOT KO/1a.



