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SUMMARY

Lakhneko O.RDevelopment of biotechnological approaches for wheat evaluation
in terms of quaty and adaptability.

Thesis for the degree of Doctor of Philosophy in the field of knowledge 16
Chemical and bioengineering in the specialty 162 Biotechnology and bioengineering.
Nati onal Techni cal Uni versity ofnsUkrtaiit
Kyiv, 2021.
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The work was performed at the Department of Environmental Biotechnology and
BioenergyaNat i onal Techni cal Uni versity of
l nstitutee

The current climate change trend in the direction of deacrggrecipitation and
rising temperatures challenges modern agriculture and affects the productivity of crops
in particular wheat. Modern selection have to respond quickly to this challenge anc
originate new varieties to changing growing conditions. Tise ofbiotechnological
approachedased onmolecular markers can significantly accelerate the process of
selection of germplasm for further use in breeding programs.

In 2012 and 2018, groups of scientists paid attention to the transcription factor of
wheat TaWRKY?2, but its diversity has not been sufficiently described. In addition, the
stomatal biogenesis gen&dF1l, EPF2 and MUTE are important determinants for
efficient water conservation and use. The development of biotechnological methods base
on PCRanalysis of genes of interest with the participation of functional DNA markers
will provide a unique opportunity to screen large collections of germplasm to verify
diversity in a short period of time and high accuracy.

On the other hand, water deficiencywheat cultivation affects the technological
properties of grain due to diversified protein expres$ioncreasing the proportion of
proteins that can cause food intolerance or allergies in susceptible people. Today, tt
growing demand of mankind is practs with reduced allergenicity/toxicity. Proteomics
allows to realistically estimate the amount of specific grain storage proteins, overcoming
the limitations of moleculamethodsof genomics and transcriptomicBhe study of the
diversity of expressed latgic/toxic wheat grain proteins among the samples of modern
and historical varieties will reveal molecular markers for further effective selection of
germplasm donors in order to create new less allergenic/toxic varieties.

Thus, the development of biotewlogicalapproachedor wheat assessmeirt

terms of grain protein quality and adaptability to water scarsity promising task of
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modern biotechnology in the current realities of climate change and the growing issues c
reducing allergenicity/toxicitypf wheat.

It wasestablished that under the conditions of soil drought the varieties of winter
wheat Astarta, Odeska 267 and Poalaka were tolerant, because they differed in their
ability to adapt to adverse conditions. It was found that grain prodyceirnder the action
of soil drought depends on the regulation of the aperture of the stomata on the abaxial si
of the leaf.

It was found that the nucleotide sequences of homologjaUsRKY 2Zyenes from
six contrasting wheat varieties are characterizedifigrent levels of polymorphism: 7
SNP for TaWRKY?2A1, 12 SNP and 1 insertion fofaWRKYZ2B1, 1 deletion for
TaWRKY2D1 of which 11 polypeptides; and 3 insertions, 3 deletions, and 20 SNPs for
the TaWRKYZ2D1 promoter region, of which 3 SNPs potentiallyfeat regulatory
elements of expressiorhe functional dependence of the change in the level of
expression oTaWRKY2jenes on the water regime of plant cultivation was revealed. Two
droughtresistant varieties Poliska 90 and Natalka showed a rapid @amgdj sticrease in
the expression ofaWRKY Zyenes during the simulation of drought conditions in the flag
leaf. Among droughtesistant varieties, only the Odeska 267 variety showed increased
expression offaWRKY?2genesandonly the variety Podolianka showeah increase in
relative expressiom the ear among droughdsistant varieties.

36 SNPs, 3 insertions and 1 deletion in the sequences of wheat stomatal biogene:
genesEPF1, EPF2andMUTE from three subgenomes of six contrasting varieties were
shown andcharacterized. However, only 15 polymorphisms cause changes in the
polypeptide chain. It has been studied that the gé&itesl, EPF2 and MUTE are
expressed at a high level only in the young leaves that are formed.

The biotechnological approacfor wheat ewaluation based on a modified PCR
methodusing 9 reproducible primer systems for drougiediated transcription factor
genesTaWRKY2A1 (PA1), TaWRKY2B1(PB1, PB2 and PB3) arkhWRKY2D1 (PD1,

PD2, PD5, PD4) and 7 systems to the stomatal biogenesiskfRgA 1l (E1AL), EPF1-



12

Bl (E1B1 and E1B2)EPF1-D1 (E1D1 and E1D2)EPF2A1 (E2A1) andMUTE-D1
(MD1). For each of the systems, rational chemical conditions, temperature and PCF
modes for enzymatic replication were selected in order to obtain products orrtheff
amplified DNA. It is shown for the samples of varieties, wild wheat and hybrids that the
developed technology can be effectively used for genotyping of varieties, for phylogeneti
studies of wheat, characteristics of germplasm donors for crossiisgamination of
genetic material derived from wheat subger D.

The biotechnological approactor estimatmation the proteomic composition of
wheat grain based on singgeage protein extraction and complementary 2[I0EMS and
GFLC/MS was developed, wth in the complex produced 20.4% more protein
identifications than the use of 2BEIEC/MS. Rationalized enzymatic cleavage of
differentially expressed proteins by three enzymes in the 2D/EIS approactncreased
the number of identifications from 57.6%%4.2%.

It is shown that the majority of differentially expressed grain proteins belong to the
group of metabolic proteiris27 proteins, 44%; then gliadir&0 proteins, 33%; and the
least glutening 14 proteins, 23%. In contrast, among allergenic/tpxateins, glutenins
with 14 proteins showed the greatest diversity, 48%; gliadins included 13 proteins, 45%
and the nofgluten group consisted of only two proteins, 7%. The highest coefficient of
accumulation of allergenic/toxic proteins in the traditionariety Ukrainka (48.7% of
detected proteins) was revealed, which is explained by genetic heterogeneity. The mode
variety Sotnytsia was characterized by 4 of 39 allergenic/toxic proteins (10.3%) and wa:
identified as a suitable germplasm donor for ihesg toxic varieties.

The pocedural schemes for wheat aseesst ofgrain protein quality and drought
adaptability have been developed. Biotechnological approdochegeatassesmenn
terms of quality and adaptability involve obtaining DNA fragmentsl gmotein

identifications.
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Purpose and tasks of the study.The purposeof the work is to develop
biotechnological approaches for whaasesmenh terms of grairstorage proteiquality
andpolymorphism of genes afrought adaptability.

To achieve this gal it was necessary to solve the followtagks

1. To determine the physiological and biochemical properties of six contrasting
varieties of wheat under drought conditions.

2. To investigate the structure of nucleotide sequences of the dioedrdtedyene
of the transcription factor TaWRKY2 for six wheat varieties and to characterize the
expressiorpatternaunder conditions of limited water regime.

3. To investigate the structure and functional characterization of nucleotide
sequences of stomatal biogsis geneEPF1, EPF2andMUTE for six wheat varieties.

4. To develop biotechnological approachies polymorphism assessmenof
drought adaptability gene$dWRKY2EPF1, EPF2andMUTE) of wheat on the basis of
a modified PCR method and to conduct testsample.

5. To develop biotechnological approdoh evaluation of differentially expressed
wheat grain proteins on the basis of modified LC/MS methods.

6. To establish differentially expressed allergenic/toxic proteins in grain of modern
and historicalvarietiesusing an advanced biotechnological approach.

7. To develop procedural schemes for whassessment in terms gifain protein
composition and drought adaptability.

The object of research idiotechnological approachdsr wheat assessment in
terms of grain storageprotein quality angblantsdrought adaptability.

The subject of research ishe rational parameters of biotechnological approaches
of wheat assessment in terms of gistiorageprotein quality and drought adaptability.

Research methodsTo perform the tasks in the study process used: physiological
methods to characterize the contrasting varieties of wheat; bioinfeenagthods for
searching and comparing DNA and protein sequences in databases; molecular gene
methods for isolation a&h analysis of nucleotide sequences (nucleic acid isolation,



14

polymerase chain reaction, sequencing, electrophoresis of nucleic acids and proteins
biophysical methods (microscopy, spectrophotometry to determine the concentration o
DNA and proteins, liquidhromatography, mass spectrometry); biochemical methods for
Isolation of proteins from grain and their enzymatic cleavage; methods of graph theon
(MS Excel) for processing research results.

Scientific novelty of the obtained resultsFor the first timehe following scientific
results werg@resentedhn thethesis

- polymorphism of nucleotide sequences of transcription factor TaWRKY?2 and
genes of stomatal biogeneBBF1, EPF2andMUTEfrom three subgenomes of six wheat
varieties of Ukrainianbreedingwas discovered and the influence of the detected
differences on the amino acid composition of the respective polypeptides was
characterized,;

- the biotechnological approachdésr wheat polymorphisnassessmertty genes
TaWRKY2EPF1, EPF2andMUTE based on a odified PCR method using 16 original
designed specific systems of DNA markees developed that allow to distinguish alleles
of the genes;

- when assessing the genetic diversity of domestic and foreign varieties by
TaWRKY2EPF1, EPF2andMUTE genes, itwas found that Ukrainian wheat varieties
showed more diverse spectra of PCR fragments and the developed approach allows
discriminate genetic materialith wheatsubgenome D

- the biotechnological approador evaluation of differentially expressed pgwts
of wheat grain using advanced 2IDE/MS and GFLC/MS with improved identification
by 204% has been developed;

- identification of differentially expressed proteins in 2DE/MS analysiswas
improved by cleavage by three enzymeahymotrypsin, trypsi, and then thermolysin
which improved the identification of proteins by 16.6%

- the protein composition of grain of two modern varieties (Panna and Sotnytsia)
was compared with the historical variety Ukrainka and the highest accumulation of
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allergenic/oxic proteins was established in traditional variety Ukraiakd the variety
Sotnytsia stood out as the most suitaj@emplasndonor for new food varieties

The practical significance of the obtained resultsThe practical significance of
the dissertatio is to solve the problem of evaluation and selection of donors of wheat
germplasm with genes alroughtadaptability andhutritional quality of grain storage
proteins

The developed biotechnologicapproachegan be used for planning of genetic
selectimn schemes of crossing, genotyping, solution of issues of an origin (falsification) of
varietal material. This allows us to intensify the creation of new specialized varieties of
bread wheat.

The developediotechnological approachegere implemented for e@nacteristics
of the most common and new varietiedoofadwheat of theébreeding of thenstitute of
Plant Physiology and Genetics of NAS of Ukraine for polymorphism of transcription
factor geneTaWRKY2and stomatal biogenesis gerte’F1, EPF2andMUTE and used
for breadwheat lines selection, selection of desired genotypes and condocteding
programsat the IPPG of NAS of Ukraine Act of | mpl e m28ri91.2021). o n

The results of the research were introduced into the educational proaessiog t
specialists in the specialty 162 "Biotechnology and Bioengineering” (Implementation Act
of 01.02.2021).

Grants were received for the presentation of the latest results at the internatione
workshop (ReHOPE; BulgarialaWRKYZ2D1 gene polymorphism) ral conference
(INPPO2016; ltaly; study of grain proteomes of modern and traditional varieties).

Personal contribution of the applicant. The results of the work presented in the
dissertation are obtained by the author personally or with her direct particip&/ork
planning and discussion of the results was carried out jointly with supervisors. The authc
personally performed bioinformation analysis of nucleotide and protein sequences fron
databases, isolation of total wheat DNA; identified biotechnolbgjgaroaches to detect
the polymorphism of target genes; primer systems construction, selection of rational PCI
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conditions and performed PCRs for set of wheat samples; the measurement of relati
gene expression was performed; wheat proteins were extrastgmhrated by
electrophoresis and digested with enzymes; the results presented in the work wel
prepared. The author personally selected and critically analyzed a large amount of mode
foreign and Ukrainian literature on the topic of the research.

On the topic of the dissertation published 13 scientific papers, including: 2 scientific
articles, of which 1 article in the scientific professional publication of Ukraine, which is
part of scientometric databases, 1 article in the periodical scientific poofaks
publication of the state, which is part of the Organization for Economic Cooperation anc
Development and European Union (Switzerland), and assigned to the Quartile 1 (Q1
according to the classification SCimago Journal and Country Remkated to tw
publications, which are credited in accordance with the first paragraph of paragraph 11 c
resolutionoft he Cabinet of Ministers o;flpatehtofai r
Ukraine for a utility model; 10 abstracts at national and international conferences.

Key words: wheat, droughtolerance DNA markers, molecular markers,

transcription factorgyluten.



17

gl RrRe[s luviJwsodoAws TrJfrvvlodyd 17¢ vl .

H4lsOIsls' E WOmtBoadms dzOEZzCBSOodrm 9 dHOdzdzV n

1. Lakhneko O.R. Stepanenko A.l.,, Kuzminskiy Ye.V., Morgun B.V.
Polymorphism of some transcription factor genes related to drought tolerambean//
Biotechnologia Acta. 2018. V. 11 (2). P.-88. ISSN: 24107751(Htcz2 S 59 OO o
ISSN: 2410776X (s dzdzO 2 dz). BQ): KO} 5407/biotech11.02.047 ( A Orts9 j 9
L IjRrdzg ydedes dzOESC. JoBHdI! HEs &' ) ROMKISH da
Goode Scholar, CAS, OAJI, JournalTOCs, GIGA Information Centre, InfoBase Index,
Index Copernicus, SIS, ResearchBib, ASI, WorldCat, ProQuest, Cornell University
Albert R. Mann Library, EBSCO, CABI, NEICON, EuroPub Citefactor, CABI e
LIBRARY. ([ mMtsB d Mis d 2 H dofripigdtdrisdzls € d : ftcso tsHddzO ¢+
gfhijddy ode-BOUYgMHBEOWRYslsO BtcOEO Eyomis!: Ek

2. Lakhneko O., Danchenko M., Mor gun B. , Ko\
Comprehensiveomparison of clinically relevant grain proteins indean and traditional
bread wheat cultivargnternationallournalof Molecular Sciences 202 0. 1 d¢{ .
g . 3183N514220067 DOI: 10.3390/ijms2110344%. wdztsL j dzdzy W Om 59 |
cts CoOpbfga)Ott' WMasHdIs! HE & ) dzOtcts AGRRA, dzO
CAB Abstracts, Chemical Abstracts, Web of Science, DOBitectory of Open Access
Journals, EMBASE, FSTA, Genamics JournalSeek, Global Health, HINARI, Journal
Citation Reports/Science Edition, Julkaisufoorumi Publication Forum, MEDLINE,
Norwegian Register for Scientific Journals, Series and Publishers, RPMGibMed
Central, Polymer Library, PubMed, Scopus, Zeftficls d tc * o dz® ' Is! qfw H s H
wgt L OtcOntso bzt Is! MW 9o HfBB9 Hdzs HES OBL OYk
[ " dg Miste" 9 vSEPL dff 20 3 9 apgsms d MIsl6R7 o dzj MESE ¢
ftesosHddZO HBMdZ HY jdedew Mstels' 8 §hjdedy’ I[ISC



18

1 Olsj dzlsd

3. Orndzj Sfs, [ulsjf Oda dzSC 5] dzff ¢ 3y sdd sl clz,dz
skL! 3 dzth C{Psfy' B 6 J detsisd §f 2o @dzdits dif ' OBARK'Y 2
wdzmilsdIskzls Cdz' Isddzdzts’™ B' Bdzise ' @O sl o jOdgj) lstzsisc
1 Olsjdzls vCtcO dzd dzO 1461862 0n.ddz1l .dAsMH 2 Adf: i) sUsAGAY IS d
o dzd MsSC HdMJ LlsOdzls ¢ d : tc i3IS 8 fze dz®®, M g6 gzak
f ' HG tsIOEsg Wils 2

vsJjLd HBYfB9 " HJ 2

4. Stepanenko A., Kishchenko O., Bi H., Shi J., Okada A., Arndell T., Mazonka I.,
Peterson A., Chen G., Zhou Y., Gajimuradova A., Zhagipar F., Serikbay D., Jataev S.
Shavrukov Y.Lakhneko O., Morgun B., Whitford R., Langridge R4ymova M., Lopato
S., Borisjuk N. Natural variations and genetic interventions for improvement of wheat
agricul tural traits. [ Olsj t6' Odzd C-tscladcg to §
Forum, 2020 ytoal. 20. ([Yrpmnegd M lndg?, Haddnjj fipts O dz
ftod?2 B3OzO EyoOmls! Ek e jHjdedzg jJ St jtedd3j d

5.Lakhneko O.R., Stepanenko A.l., Kuzminskiy Ye.V., Morgun B.V.
Biotechnology for genotyping of drought related sequences of TaWRKWYR Triticum
aesti vum. [ Olsj ' Odzq m w wte O ¢ l9ndj edetdc' © °  dgfifs d
CJ ' Blsjrndtsdzse' v XXI MmMistsdz' Islsw &, ntsB0JIfiPds R o ol
HdMjlsOdzs S d: fted2 BOERZO EyoOmls! E e jH]d

6. Stepanenko A.ll.akhneko O.R., Zborivska O.V., Stasik O.0., Morgun B.V.,
Borisjuk N.V. The key transcription f ai
[ Olsjtc’" Odzd mwV CdeV jtojdzy' =~ B@BsdzsHdrs 9 yd dzd
W'L szt ', 6jdzijlsdSd, B' Blsjndtsdzs®25. &M
20197475 Mssdmisd?2 odzj MsS HIMJ telsOdzlsC d: ]
JSEMyitedd3j dzlslz IO dzOf d MOdedz® IsjL

7.0 Ordzj 5 [s.Qtelf jJdzC 5 5. 1., vilsj f Odzj dzl ts
[ stcezdz 1. 1. 15" daW stedzsOls d ydzj Hitsfpdz' H Y j dac



19
ghjdedy" zaey Oszd. muwdls S sde j e dzy’ = 2 s dztsH d -
sO tsme  sdz2 OMyJjSIsd W' L Bt ', 6Jdiisd<cd
ytsols2524sd 9. 82QlfPssdiplsdB6 odzj MsSC HIMJ to
yOmls: £ fttse jH] deded MPCaplf j 6g d3j dzlslz sO dzOf

8.] Orndzj § 58 [}.jistetsoms €d2 . 1., skL' o3 dz
1" B dgW stedzOy " 2 dzd 2 OdzOdz' L GJdzj Isd ydzts® i sf
TaWRKY2, ftsoovLOdksets L fomMkzatsmis' 2¢° Mmisk
Oz Cifste®C Is ydzs y' Szt § Bdzer dzdzse ™ v X X1 Mmists
. gOtse d Mmisd 2 9 dzy MEsC HdMJ lsOdzls ¢ d : f tco
JSMfJjteddzj dzlslz SO dzOf d MOdedz® IsjL

9. Lakhneko O., Stepanenko A., Borysyuk M., Stasik O., Kuzminskiy Ye.,

Morgun B. Sequence diversity tife gene coding for drought related transcription factor

WRKY in selected Ukraini an wheat cul t
Symposium on EuroAsian Biodiversity (SEABO 1 8 ) . 2 00Le8. dadf’. 9 .0 3:

141.(f MsedMmisd?2 o dzj MsC H i GfislOdzIstE dif: to tf acjdH jdztadd
SO dzOf d MOdedz Isj L

10.Lakhneko O., Stepanenko A., Borysyuk M., Stasik O., Morgun B. Sequence
Polymorphisnof the gene coding for drought related wheat transcriptionfa¢RKY 2.
[Olsjtc' Odzd otsteCh st z peRar eap drought tbléramce (ReHOPB)t s
2018 9 j-Bd mMdd &zBHOH " o, c.4514[dAgtORed fiyls d 2 Oaldj MtsC
fted?2 d30OdzO kyoOMmls: £k ftesojHjdedg J S jteddzj d

11.Lakhneko O., Morgun B., Skultety L., Danchenko M. Comparative protesm
of grain allergens from sever al wheat v
Worl d Congress 2018102840, o>sWiE@EBdniszf@18
HdMJ telsOdzlsCd: fted2 BOzO kyoOmls: Ek ftedeo jH]d

12 Oy [ . f steclzdz 4. 1., skirs &3 defp: €2 |
fsmMizrtsMmis' 2CsMis’ Triticum a3letlCijvcuay L Isj L
[ Oljte’" Odzd mw | fj AT Idgfiny dgtds ™SOS = jtdzy |



20

Mlssd' kslswe. 2017 GCfg. s{Y2sBdmisg’ odzj BOA 7+
fed?2 BOEZO EyOmls! b fsojHjdd jSnfjeddd

13 ORdzj St J[ulgjfOdzj deSts . w., [ tStEclkd
| Oflstsmize OdgReC jrigded 7 Isj R dzsdzts @ ' 2 H dzw
fsdz’ BsteW ' LBz 9 P&d ytzj HEEMsOEE St L o sd
[y OB H dsY o EOZE wsdatls Cdal j o dzy’ s dztsH

c1Ok¢tsea ] LOBJLYJyddedgw ' dedeso Oy' 2 detse s t6fs
Edstso ORF L 3" dz € dz' dgObs.z e dz'20td F42.16R40pi Is . o dzl
HdMjelsOdzlsSd: fted2 BOZO EyOmls! E ftdo jH,jd



21

1 [ we v

YrtrfJws Vi LT U RM L2 d Yol d e 25
B = & T U PSPPI 27

tdrrwf 1 sfrArrAwe fotscrtwl ¢cs 1tuvyr
wy gvtuvfprlruu IrRcIfTr1r1c VYVIJ wl.l.t.aw)f.035) z

1.1 mOwOClsjtedmisd D@ ctfsh jsdep) S SVCS... nas@ppazdss) j dz
1. ltesHESCIsdo dz' MiIs+  §h j.dad.y......L.O... . 2Bs.a..36 3" d
1. [MsB Ao sMls® t° L dzd.m...BOLS. j.tedzd a.....Is.j3T dzts o
1.3.1 IdHd Bsdj S.kz.dv.tedzd.n.. . B068. 4.6 0. ... 37
1.3.2 Azdz€y' G&zOd..dz... BOBE Jote.d e 40

1. 3.3 /CplzCdzl’ wRBE©S jtod o..Mj.dzj.Cys.. ... tlesihddd dz
1.3.4 1 ®©jhidtsdkse'’ bk o' HBBt' fhjddy' d
dzj HsMIsOls dz' B.......o.s.dzs.c8Ms. e 43

2
3
3
3
3
3
H
.4 - PpdeddHOId Hdzv LB S (d..15.j.adtsdziscdd’
4.1 vtweOdmCdf y'..2.dz....N0OC bsk.d...WRK.Y..44

4

4

5

5

5

1

1.

1. 4. 2 Ofzj @@\NRKY2H dzv  § Fdzdzf .0 4. dad. e, 47
1.4.3 ) jdd B' 56 ] dGPFREPF2s®WTE-.....0.....1.N..J.dzd49

1. [OwCjtcd B dzZ¢soats’ f(todtosEilsz Isj & dEBdstc
1.5.1 10fO0fmMdzg B' & d.. 0. vl . . Msi.. L. jted®Bfhj
1.5.2 (sd LOfOMdeds B" dz¢ ' ® L j B.02O...0."5] dzd u
1.5.3 [ibsHd sl ¢d HAv Mlse stej dzdz B
L S LS ¢ T8 SRR 53

Il didese € d HE...teis.L.H....dzlz. ...l 54
tdrrwf 2 [fovrtwd¢fr vo [fruvlrrR [psud iR
............................................................................................................................. 55

2. 1 {smdzdddzed?2 ®&EOIs.j.16....0.dz...z....H.55.).dz...H. ). j..dzdB5



22
2.1.1 tiddddd?2 ®&Ojt' Od HdA&v HIARKHREZs Od
EPFL EPF2IS @IUTE. ..o eeeee oo eeeme e ee e ee e 55
2.1.2 (iddddd?2 ®&Ojt' Oz Hd&Y § o j H5H dzdz”
2.1.3 mO©OCljtedmisdC O tsmddddsss &0kt C

sy ¢ d B' dz€ B9 se.s. . MC. ZOH.E.. L. j.6.d2Q..... 56
2.2 [ BHJOzs 9 Odzdz"W ‘zggfsle.lz.0. 5 H ZSEB....H.Jooooeeeeee 58
2.3 [ JjlssHdBO BRI BditscG s - OtcOC Isj tedMisd s d Mt
B0 d N B e e e 60
2.4 [ ilstsHd HtsMdz" Hijjdddgy. .6 .. dedzts.c ... .. 2. dzlz62
2.4. 1 I dH'" dzj dedz?" L Oc Odzdz@atyd f \0..g..dad.yL..}. 16220 s
2.4.2 wf jCltosWitslstsdiyj Isted ydzj odgtdy ey asﬂq’dmlslsﬁ
2.4.3 16d &3 tOL d&z0O....dzO.dzy 5..6.50.Q...16. .05 4. ..

2. 4.4 {(tSLH' dzj dedgv dzzC dzj B dzse d-m € d fydzts 66 d3j Is
2. 4.5 [ ilkbtsHdCO HBMA HY Jdda" G Jj desdgdedn dzlz €
CAEIS J B e 6.7

2. 4.6 [JilsHdSCO odL dzOyd dedz....o.. . Hdzisfydzis. .71 j € fr
2. 4.7 1" B8 dWsed30y" 2 dd.2..0d0d.. L. .chd.74 59 d
2.5 [JilssHdSO sl cdBdse.5....0dz20.d...L.z....L. j 76 dzO
t Lo wf 3 11 R Jtuvrufl [y 1 o UMR
ANfuv[egRLTULURY L [ v 0 YidrrmfT L1 o1 ot
ltJruvssvsrlIlyweuv? ot uvwl. . bZRAW. 81

3.1 Jfidzde ~“twckzdzstso W sbtsmfizd j LOylfes€ 6L G © tf
HsMdz" Hy ko Odzd s Mtstels...a...sL.d.d&s. ... 0.0 .j.dedy. 81
3.1.1 ItsHdd?2 HJW' ydlb .L.Q.d@sse. . lekdlstb8d s’
3.1.2 & d2dd Osdqnoddydin Odzlsdzd = W j tod3j dals8le L
3.1.3 1B dd o3 Msk ~dztstesW ' dzz o O steyy
fhjddy LO Edte.. . tizdbssat. ... . .fsikz;.d...... 84



23

3.1.4 1 ded ' dzsj demdo desfls' WisksfddidsitLlz Is

sLdBts’™ §hjddy' ..LO. . 2&@gsa. . f.shizod ... 36
3.2 Jidzde ~twckzdzlstse s’ f iz rod HR@ Us' digyls® * filf Idc'
h' dzddzd dzO OHOC M Odzt dz' 2 SO OB OS M....Odz .88 2

l dimdetso € d HB.. . tGS.LH. .AZEZ...3 e 95
tdrrwf vtdvsesuvt u AL sAwl1rof P rdef
TAWRKY 2.t et 97
4.1 1 tsMmdz' HY j dedgy dzs ¢ O dBAWRBRYR..........Is. Q... Is.tlc.ZV Is Iz t
4.2 wud¢o ] dses@dzdgidzda-ts df SaydRKWAS o ldAts s d 2 M.BB ¢ J
4.3 1 tsMmdz' HY j dzgdZlFaWRKYR) f.tc.j..M..........6.J..d&...0............ 102

4.4 (tSLEtsBC O B tHHjR dEsylztigS dy dFasvERK YE@s feds:’ a  dta(
shdetse ' dsHIY ' € 500066 5. .. .Bi.ks6H 2. .1 . [.....104

4.5 -Odz@pdz' . odB ' t6&d §hjdedy’ L TatygKyR.j. B d3d

l dimdzeseo € d HBG..GB.LH. ..AZZ. ... 4 i 120
tdrrwf 5 wvtuvsvotlr vé¢ AvisAwlfr1of 11
Jwl L4101V 1 ERFLEBPRAUSIOIUTE.......oooviieeee e 123

5.1 1 tfMmdz HY j dedgv dzts ¢ O &ZPRL GRF2Is GIUSTE.... M Is.tc k2B Is [z tc
5.2 uwdCojdzzo Odzdz" ¢ s BSEPBIGEPRPMYTE L sldfel’ s o d

Y B G § 2S5 sBereereeeeeeeseeeeeeeeeeeeeeeee e e e eeemeeeseeeeeeeeeeeseeeeeeeseeeees e s eeseeens 123
5.3 liescdsL Lo Odedz ' ade" jCMitjfm' ° «jdz o
............................................................................................................................ 128

5.4 1l dL dzOyg dzdzv ' adzg' o J CMfwjm.. . ....6.4.409 B
5.5 (1 BLISBSO B BlIsj ndesdzsc ™ YdERPELEPRRIS @O~ SH 2
MUTEG j dz' © dz0 sfdzse ' BsHIW... C.50.0dks65....48Bls 5H
5.6 -0dz@dz’ L. odB .l d. .. .0 j.dad. Yyl iieeeiiiinne, 145

Il didese € d HE...tes.L.H...dzlZz...5 e 148

tdrrwf 6 t {1t fa4s8¢ rwfovrmi L wyr 1L &1 ]
Twf swl 0110020l RA W 150



24

6.1 [y dgCO vwissmls' Hdthiskz ' dyOmls.s....150¢ Mis
6. 2. [ 88Md HYJddzav L Of QAf/dH..~.....B....dzG.....0.....BJIE B H (s
6.2.1 IdLdzOyj &z Mgy pHicg Gopd 2 dats’ dz¢ " 9 &3] Ists
d 0Z) SISt W BIG. JlecfZ e 151

6. 2.2 WHJdsdW "' ¢joyfhttc HiJt g @dediZly ' 2 daikl ' Hod ded@s
nlctsBOISSG e | CIsb s dRgREG.......b 154
6.3 [ BMdz HY Jdedz?" o HA dzdzsMisy 2 Hteslsj sz L
BOMY J € IS5 IS 6.0 e 157
6.4 ¢dzitecj dedz Mis! / ¢ Mdydz Misi........H.J..dzls. 460 ° € s
l dimdetso € d HB. teLH...dZZ. . .6 163
tdrrwf 7 tf1tdr1sd Mt gduv oYy PRI RIT1ILC
)zl RAW 7¢ 1 [sdJ 1RSSOI R Ccs{uuvuw.u.d. .. .0.06p) UR
7.1 (sLEsBCO sy MzOdz degs™ Mo j B Htetso J H
OH Of Is d bBalgRKYRBEPFL, EPF2IS WIUTE .......covviiiiiiiiiiiiiieeecreeeeeeee e 165
7.2 1LesBCO foddydfsests’ ftesyj mMzod das’
fsCOLddCOd3d wCtshmis' ...L.0f.QMdzd.o.....B.....dzC.....0..169 | tc d
l dMmdzese € d HBG..GB.LH. .AZZ. .7 e 177

J R B 1 S R ———————————— 178

4l R[S JRSJITRHBUPL RM ..l doloo o 181

Fd T O U L S e e —————————— 205
S T 3 218

Fd T O U S e e ————————————— 229
O O S 2 (S PP PPPRPPPP 238
O O S 2 (T PP PPPPRPPPP 250
O 0 T I (T PP 252



2DE-LC/MS

BBCH

CIMMYT

ddH0
[ }-gdH0
GFLC/MS

MAS
QTL
SD
SNP

or
r s
H1 U A
wn
Srais

1oy
) |

25
drtrfws vfflirm YY1y ?

(two-dimensional gel electrophoresis coupled with lig
chromatography/mas spectrometry) -t
J &zl SstetsW tstej L f5° HdzOdzd 2 L te
mMfJSlstesdzj ste” * &

(Biologische Bundesanstalt, Bundessortenamt und CHem
|l ndustrie) AJHJOd dzj 06 J dzls
fdtej Hsoadh O * =" d§ ydets® ¢ tetsd3d
(Global Wheat Program of the International Maize and W
| mpr ovement Center) d3' ) dzOte =
CeCktezHL d SO fh jddy’

fsHo 2dzs H]  "GBdz LsoaOdzO 9 tsHO
fsHe "  2dzs HJ  BGeACGEHEEOEO ©EHIO] A&
(gel free ultra high performance liquid chromatograjaimgem mas:
spectrometry) Fdz' stceQoadmMsC st to
f5°HAOMMP] jL¢ sROEndz] Iste® * & BJL 9

(markerassi sted selection) MmJ dzj ¢

(guantitative trait | ocus) d
(standard deviatiorfj)ls O dzH Otclsdzj o ' H =~ d dzj dzd
(singl e nucl eoti de pol ymor |

dzz € dzj sIsdH " o

OdW " Hd 1 dzts’ H
HijLBSCMdtedetdzzS dzj  detsoa O C dMdztsls
HjL G fddEs djcs % sM¥ Ols
"HyjdzlsdW:® €Oy 2ded?2 desdz te

Cli3f dzj d3j dels Ot dzO® 11 s

 OBW ' Hdf dzs” Hdzed?2 ¢ BtdH § N jdedy

{50 20 s BdsE ' ddz fls:



100 4
1] 1
f dz

O Hd Y s’ Hdzd2 @

BOES j &

BtcdH

26

ghg dedy

T fsdz’ d3j tOL dzO wOdzyet G590 t6j OC Y’
I f Ot dzzC dzj sIsdH ' o
i Wk dzC @ ozts dzd 2



27

l suvul

6 ClszOdz! dz' frplsh j digfijysd dz0 L thdzseodzdrs L J todz
oditstcdmMssolz’ Is! Mw © fJtesSHBSO sdz! Mise’ IsO Hd
ftesHEZSISd o dz' Mis+ T72§0"2j0dzdeus € dL G w200l 6 B 508 vdgdsdd
i 26, 3 Isdidzdz. 1 smdz' H Y J dedets B O dz'dzipte &z s dz@ ts & 15 6 ¥zO 2zd
gfhjddy o 1" edz ydz' 2 ¢ B3J 6@ Q1l5IsafizslE 6 dx®a i tzts
f " Hodh jdzO Isj i3 j tOlskztcO dzj ¢ Ols & 'daig’ ' tf fode ‘o Ot
sBtsn C SdBddzj dzls® o

[ OS¢ jtod dZO0 tMhdztso ' v s sy 2z 1s L dzOyd
L OcsHSC S f dz2OL BB Hdzvw ftsHOM "tsets [B8if]S o
1 jteh® Mftcsed ¢ jdeslsdflzo Odadz" §h jdedy' - B Lz
BOtS jto' 9 dzO tsmdzetse ' dzi € tsH B, BIRE/], SRS G ,
"dz. 1 JHOo dZ Htsfdz' Hy jdadgw ' HCtej Mdzd dzd o ©
tej OCy' ‘¥ dO Mbtejfm E twtshddd vO0Sdd yddss
m" dgysd®P2/ EREBP, bzl P, LEA, DREB, MYB/ MY
o0y dzde lz tetsdz H stjztE i ditdiiyidydizsf figds °

I 2012ty &yj ke Bkds §COL Okt &O
dzOH j C Ml joTaYRKNYH tcd L o j dzO Hts ° Ho dh j dats [15]ls ts dz,
1" Lde My Tdeh 2 etk eyjdedr oHOMsMm! lstcd
GJ GAWRKY2 L Istsdzj tOdzlsdz’” Milss HE [6]B d3d ¥ 4 dzsG 5 L

[ MisOdzdz’ Mo ' Istse' HtsMdz HY jdedz?" 9COL 25 Is!
o0y dzdod?2 ydddzd Cp whdztzg y W EkdzH Od3j dzls Odz! dzd -
LBjtojyjdedzgy IsO odStstcdMmlsOdzdzy otsHd L O ff sl
Hylsd tod3' dzOdzls Od3d L Dalab dzdzlzd §36 ts 10 HPRL tet@BF2 ¢ § €24
CsHEE ! MjStejbbtstecde ftsdz §jIsdHd[17, 28 ¢ tsdzls

it BLictsBC O B ' B m sk wsiddrEipf-" ¢ 59 Odzis GLEO d3J
ZyOofmils Wz dzC y' @@ 6z azd 8 [ TdBOH O8 Is zdz® € Oc



28
ftetso j H dedzv MC tod dz' dzctdD usds) dads® d 7 j Qotg dzj G § 'd2 to°
LO CttesbbuydPibfdies s sesydOdsfted HiSL tosB dzv &
fsdz' Bstddb@fd slsdrdzd 2 s fgdzdaskd dzts i 1©3 2zd o d &3d
hts otsded BOsIs! L HOId Mis: W' ¢k aBistedd dzp tzic
ftesnsHdls! B'd'h bydsts ' SCodstesd 5o Odzts.
90d HOY' ' "HJMlsdydesils® Mtk

rd%w" agdlefded odtsh zeo Odeds ghddady’ mfwd
ZOf so dzs 9 Odzesfls® L jtedz®, L gjdzh jdedzv €' oz €65
Ctosmn BBOdzte SO L dedy J dedev oloBHp O d@zsfds " j dzGedizj o
LsCtojcd®Isj dz dzso da BOStetsBisdzj € btz g dzO@ s dod
Cdzj 2Ctsodded IsO 1 dz B[RI2BIC OkmizOg s BC i, 2 W
odL dzOYOe Is! yYkHtse ' 17 d BY {pE @Eskyts  oipfQdifls
nOtyUtsekz dzj § j tej dztsfyd 30O fipls HddzPR[ED]. O qzOte cfj! s G s +
B' dz' h 58 o ddisEtss dzf Hdgdsp jOdzts ¥ f BedsjH iz jsdfdz'L fiyls

I fe‘ls' * MmfiZzy sy BeLdz' Yy S sl Mstels’ o
BOs 5! dzgj HsdZ' S SO 5B dijtosilagdeds’ £ Oo diSsE to dsfighy
sy' ded € D A B s W ydedm L Of Ofpdedn B ' ¢ ' 9
Bisdzj C &z ddyjtésdscfinhas o W o dzv 8 Is!  [B5] dzd /teldstdsC) dsfig t€ oy
B tess Mftedw dzO L zZd' dedztr Odzj teag * IsO da {
wWC fndgz SO MbtkClsktedze R OtOS s tod {2 Hz dasdz
HSO jHjas Cto' &8 Gzt Isj g, Bj lsOB A ydz'© B 8
v OCdd3 ud dats o, tcsL tetsB C O B ' tIss j d2tixits ortisssds Ouprs
jSMftcj Mso Odzdr Odzj ted " yYdad n / Ists L@ yded & s tad fig
FHsMS sdzOdzj dzd & o3 HstistHe B dzdfflstd ts Isaj sy hlsfd  d3ts dzj §
fsHOdZ hsets jWjijSlsdodesets o  HBiStelz HEsdetste' o
dzsodnr d3j dz" Odzj teGc j dzdzd m/ StsS Mdyded n MBtels’ o .

s 0¢Cddz yd dztsd3, totsL totsB § OH ABS HES [9] - tztg dztiz€ §
f 5C OL dzd ¢ Gz’ s @LIsjOte 2 is 1§ o Hzfs s Y d Istlzj t©fitsHjdS Is «



29

L O9 H Odzdz" d3 BO tSflpig G @pddzfsc "6 ] Odz' W R L a3 dz € dz' of3
L ded 3 j dedz? Odzj tec j dzdesils® / IssC dmdydesmls® fhjd

[ IO tctsB sl ‘ L OH Q1 tisy toittsfiyslis die 35 dzdze
B' SIsjrndesdzce " muzd®S of " thihjsded ' L OL @O Bdzdzd ¢ &
L j o dz' d3tste W ' Qg Issdjleddzstfnts iz = d .

[ dzv HtsMw edzj dedz?  sMisOodzj des® d3j Isd dzj 5B

1.1 dL dzOydilsd -BW i " wSBRizeeds " g d@&kfddgsotashiids’ dzd -
fhjddQ Zgtse §sshizad

2.1 sfdz' Hdlsd MstczClskztckz dzlz € dzj tsls d H dzf ~
SfsMjtej HC o OdzsEts SteOdMCtedy y' 2desets ¥ OC st
SO tsrOtOCIsjtcdL zo Olsd MmMtsBdzde sfis’ J <M o] fr

B.r smdz’ HdIlsd MiswWdXdSEpeAs dzZ® dz! dzs B~ Ot OC Is |
fsfdz Hise detsMls® ¢ j dz' oEPFE 'ERR2 jISIBMUTE H izt ts Wi o I
C tsdzls tc Offfstelix{' "o f h j ded y* .

4.1 sLtetsB dIsd B' SIsj mdzsdzse ' ydz f* " HatSH(]
OH O Isd o daets fyls ' TaAWRKY2 EREI) EFFZIs GMUTE) f h j dad Yy dz0
BsHdW ' CsoOdesets BjlstsHlz 1 [t IO ftetso jMmlsd C

5.t sLtetsBdlsd B' tslsj mndesdztse ' ydzad 2j S Herj ‘MHs o ¢
LOY Odzdzs " © L jtedzO §h jdedy' dzO tMmdese® EHBT

6.3 od o d¢ Gtsdhlo@tediy SIsj -~ dztdzse ' ydese s
HAdW J tod e MY detg Mso Odz Odzj t6G j dzdz' / IstsC fd ydz
" ssted ydztf & g ddgytsIs * o

7.1 L tetspetsyj Mg Odds o j sy dzdpl d Y jsde®y ‘ded C1C
wWesfls' B dzS sotse s MBMPHEZzteshizde@® s OPHBHESJ

[BO' Clssdz H MR tHiyj taets dztsc ' ydz' f'"HaBH(J
f 5COL dzd ¢ OdRf @sdgls o L j toc dz0O toclis@) dxdsdY tdshipfordets iy

1t Hdi3d Istsd3  H 15 fiiedd W HojsjodP@ts @ak gsisyte dzC d M j dac
fs5COL dadOPEF &ztbE)I€dao] tcdzO SO OHOf Isdo dzetsfls’® H



30

[ilsHd HEMddry ol sdz0dzdzy § sfls Oo dzj dzd ;
Hisfdz HyY j dedzv W 'JC Sweditsds'Odals: &) ssHd Hd& 50
Mstels' o §h Bl BiekOYy' 2d2 &BjlssHd HdEY fshiz¢
[1s O B' &z¢' o E BOL-OF dzHlOfafdR'; dijslsiag H dz dzi
OdzOdz' L & dzz € dzj tsls d HiEa] G " jfoialigwits j H tstasdts(ffls jC2 fdzts |
TOdzys cs9 O t6j OCy' W, MmdCo,jdzo Odedzy, jdzjCls
¢z B BY' L d udds C tcush) Byt € Vs, s WS B ez Isdsd L dzO v

Codzyj dzlstcOy' ° 11 s IO B dz€ “fref,j Stds' toHsqigipde@s ' Avig 15
B ssHd HA&Y o dH ' iz dadlzZ® 180 dz¥ r e jtafdylz ddisniadsidsdH o o
sj st GtOW' &8 (MS Excelsihddidey jeEBtctsB Cd 1o

1 OkCts00 dzsodL dz0 s to ohdsOHardif dettfs jOmm iz tisyOsdz
5O0C' dOkCts' jLbkd SOLJ:

co ' HS e BsEY ' LB dzz § dzj s ls d I8 tdad & S thets(fif dg
" OCkste TaWRKY2 kO ¢ j &F ERF2 ls@IYTELL s tof st
Mkecj dgsffisd Mstcls' 9 §h jdzd ysBEOCOL efjic so f
odwodz dzgdt o' HB dedzsMls j 2 dz0 O dzs§ o fdzts bs dzg

‘oSl tetsBdzj des B tSlsj R dzsdztse "’ ydz' f° HAUS@ (
¢ j dzTayRKY2EPFL EPF2Is ®IUTEdzO tshdab® “ C ths@detsc s L | Is
o ¢ sted fbsBddd s e ZOd ddr M sdistelz? o 0dzd
BOLC jto' o9, hits HsLoBdwsls! tisLtg Ldwlsd Odzj d

-ftcd ftoso jHjdedg tsy' dz€d G jdgjIsdydes’ tof
L OtekzB ‘' ¥ dzd ° ¢ fndz@BYRKY2 EFFL EPF2 Is MUTE o d ¥ o dzj dzts,
£SO dzff! C° stelsd 0 jdedy’  ftetsH j fpthdflstst
W tcOc d3j dzlds'Oe olfifis{O dzttlr jtatstss, dzjhdix 2  fH S tdedpod tsif o
GJj dzj sz € s@dzd 2 d3' Mmlsd Is’ D fiplz siipe jfstizipiglizd 'S dZzOH

‘oL tetsB dzj dets B' Slsj N dztsdztse ' ydzed-2 S ffff tel 51 thio C
LOf OMmMdzd~ B dz¢ ' & L jtedzO f " j dzd y DE-LCOVSE GF s tc d
LC/IMS, UtCtOhddts "HjdlsdW ¢Oy's& dz0 20, 4%



31

-EHBMEsdzOdzy dets " Hj dzisdY CH@ t5] B s & @ &z@PE9 dzg
LCIMSOdzOdz" L tetsL M j § dzj dzdzvidd ' Isigts'Isttcdf @ MW pasdlgj dzlds
fsls' d3 Isj tgdztdhds LifffisifadoOn j dzlsdWw " SOy e B dz€ " 9 ¢

-fstc’ odgvdes BT dz€§ s’ MEC d&ZOHd L jtedzO Ho SR
" MMsstedydzd a3 Mstels®d3 o s © Aetsmlz@zP et JdZOC s d YJ d
Odzj G j dzgdzgd n/ ssSMdydedr B dZ2¢€ " 9 , & Ols hBHedsY ' &2
odtc' Ldvemw w¢ dO2B ' dzh " HABHWHNJd2 HBdAS
~n Oysosets. dzOff oW o3¢ Iz

[MsBdMmMisd 2 o dzj Ms§ j Hixfdry j l4clOfZIE @& .5 BosCdzO H
HdMJ lsOy" SHj toy Odg' OQolsstesdz Mse dMmists
] zOdzlz o Odzdz? ttsBtslsd IsO tsBEtoatstej dedgW toj L 2z
CJt’ oded C O] .

bolststcsdy tsMtsBdMmists L H' 2Mdzj dets B ' t5° daW st
O3 dets Waf{ffdztfflas dz' Hise desfilsj2 L BOL HOdd-, 8
odL dzOyj des B ' ffs'lsH mEasdzs g dzy dzo d W o dzj dzdzgv ff tsdz'
MCsdMmistcz2 so Odes MdMisj B ftcO2Bjtc" 8, §°  H' B
1 [t Hdv odB' tld LE®QLHS) dats fohdjdgzdiap! o; O dafday o
GJ dz o; ftotso j Hj dats J SMistcOG Iz 9 Odadz™ B ' dzC * ¢
d dzj Clstotsl Ly f dzjlsdgzy W j tiotsly teldlsEOdBdzts §f tetsyd M
fteso jHjdadgw sy defd §hjdedy’ LO totL totsB dzj
W st ftojHMlsOodzj dz2 E tesBls’ tojLlzd Is
Ctedlsdydets ftosOdOdz' L tso Odets o J dzd € d 2 sB MW @
dz' sjtcOlskzted L O Isj By ftoso jHjdesEets dzOkZC ts9 ts

AY L BBhzEGRS 3 ydzO R Ot OCIsj tod MO O® H § isdfs

M " otetsB ' Isdzd ¢ " © wdzmisdlsklslkz W' L' sdzsc' ’ tc ts
B' sdzsg' ydzdms dzOEz<C 1 B-Stetcpfipf €asj dzldO 11 ¢ 1ls Ouv Qy
B' sdzs¢ ' ydzd n zOkz ¢ glsOmMdc o [. [. g dCoj d

ZzOB st OIststeYdzs ¢  HIDdzSE ] emdIsd sz d5. mEzO2wWdz (



32
CORHJHOI B ' Bdtsc' yddn dzOkS wlsjfOdzj deSts ¢.
[ ..

r dzv o dS sdzOdadz?y HBsfMdz' HY J dedzv  RDE] LCO BB “Iso
GRLC/IMS, "t o d®BOcOds o dS tsisd 0 dz@zdzl dz' & @ dz
MlsOY o Odzdz? dz0 98 @z'Mts dztizERg i lf ldds e s H 8Mdz" HC
ddzso Oy’ C8° OCOHj & °~ dOkSC LO §' HteddiSd
{imfeed Cd. -sjDH qizRd &s Ctdhkzd sOy' 2 dk
L H ' Qdn@zizd dz@AfC taefsB " Isdzd ¢, ¢ OdzH ¢ ©@4sj b 5 dzth

Cjt' adzdS 4§ Otclsdzj teff! S t5° ZOBGKOIEBE' ~ HESCISHE
dbf B ®YyLEd O o1 Hifdzcl®lyd * HEsMd HYJj d
HdfMmjtelsoy' ftj HilsOo dzv dzcpfifyj kz SO’ digh) Y WO

CodelV j tod dey' W r: w H to@ECsafsuHddis0 dgOad@titsiotds] dzy ©
Mfjy Odz Mls' @ ¢c1 0SS LOBjLYjyd ddzw ° dad
CdBf dzj Sz o EkdRse OF L-236 dds © @b dg@ b 2 7S el Yckad

ROk Cste®C s g ydz2 StdgW jtojdzy' ~ ¢J ' Slsjndsdkse"
. mwl 1 MjkCtO digOxad d daR® ¢ astwzy j t6j dzy' W
Mssd skwe (sd o, 20 Co'lsdw 2018 t.): u

EuroAsian Biodiversity (EAB 2018) é6 (&dfdy 28018 t. )
Ctsda jtej dzy" W Pl ant Bi ol ogy-18@&@t & (2 Gk |
Ifpife sdz' 2 Ctsdzgetejfy | NPPO-120d8fej MdOH B
[ ") dzOtetsHdzd?2 otsteCh sf Res ur r ehttdlerance (ReHORE) t s
(1 dzSop HI BDAZG-BDEBE' ¥ jte2dy 2018); mwV SCda § 6] ¢
fted ¢ dzOH dz' sO tMme ' Isds Oomy j CIsd WLt sdzk
B Ctostce Odz' L B 59 0y toslsdqdzve,, 220419 tc. ) ; M W wl
f e @iz GCBde Jtojdzgy' W ¢J4 ' Slsjradzsdzseg’ W XXI
oteCh s Pl ant and Ani mal Conference Asi
tc. ) ; [ ' ) dzOtetsH ded 2 W Itdsriatignal2Ags @ i ¥angl iIFrog un
sdks02, 20 yteolsdw 2020 t. ) .



33

dlstczClskztce® HdMjtelsOyYy' [ PO ¢ M irPtc B
7 tetsL H' dz' o, o d fdzte af © ‘tset,d M Is OdRM S &z H Y J to
B3 Mis gU8dzO 2 d3j dzlz © O dzdzv . [Objt' Odzd HdMJjlsOY"
LOCOdz dedrn Miststc’ disSABRdzd @ f) dafdstBO 56y H 2HEO IS € * o .

196w L € tctsB sIsd L ZOzZCsoaoddid fossBOdd
HdMJ telsOyY' 2dets’ tesBBBIsd o' Hftseo " HO' dzOf toW d3C
ftocdtesH S stod Mislzo Odadz" & sO@ MlsteOIsj ¢’ yYyded dz 1
H' Wdz' dztsfhls’' O 2i2MERAD dHe ts Cdf 0O MmMody] : ¢cl HE
Isj n dsdztse ' 2, dzts © ° BOIs j o' Odzd , tesL o dlstsC B
dzs Hddzed SO dzOeo S sdzdh dzt ses MjtejHBsOadh Oe. 7 d
JCtsB' Blsjrdesdzsce' ° IsO B ' 5] dgjdatsas jsls gz o1 @y dt
csd eofp! €d2 f sdz' Isd =~ dz' ydzd ? " demisd skzls "o
d Sy Jted d3j dzls Odz! dats” telts B tsts dgj HadduSoiEsdattze O dzfd izl to
OCOHj B 20k ¢ , 1 tOIlsd mdzOe O, g dzso Oyyd dzo,
Hdzco Oy' CBESSARE®BYH { sBilsk odCtsdzOdes L O Is§
Gjdzgj IsdSd wdzmls'dels dsdzts ¢ ¢ dz' Idaf@izdzis j dzj Is  y dzts
cr sfpdz Wy jdedaw Yy dededr G jdaj sdydedr HjlIsjtod3
ftsdz' fhjdedgw Rz Bdedr L dzOftzdo B &ditse O8z daf & (
L d3' dzé , HipleYy B @' 2 dzd 2 -Hdzthdly te dztzO 2z Qetsstis Is d
(20162020 tets. ), odStdOejy'; ¢4 jdzjldydaj
ftocsHdr @8 N jddy’ E Loe'wLCE L ftsdz fhjdadgv
fsmMzrde, HJjtYy OQoded?2 toj  -Misfgryh dzted 2 tc tzis Rl 6
(20182019 . ), odCtdOojy’ .

1 6eOC Isd ydzj L dzOyJ dzdz¥ SH] GOt ydigj L Iz d
HdMjtelsOy' 2des’ tsBtslsd fsdzv e O k2 odte’ M j dac
LOtesHE &OBSHBI " jddy L O HEg dfosEglz -oH O & d o @A
L Of Ofmdzd - B. ldzfW eodzj iz @ dzOlIs© 5~ OtOCIsjtedL 59 (
OH Of Isd o dats s ' TaWRKR, HPElN ERFZ Is GMUTE * f * H 7 to ddyw d3



34

Wz dzH O d3j dzlssOdte ggdddg < Is d o dzts M lsd O didkvdz$ yts tswidizC Is *
Odzj dz# . I MlsOdeso dzj dz7 Oy sdzOdzr dz' f OOl Ist
OHOf Isdo dzetsmls* HES ftmMkzad HEtSLOtSdZVE IS J W
Htsffdz' Hdzed R L ©OLSC 9. [ tSLisSBAzZj dagts B ' tslsj n dats
BZOF $gyj dedzy L OfOMdedr B dz¢ ' o L jtodzO M jdaedy
HiSL 8 tsdzW f BHBRZOId ®GBM®RJ Y Jddz?y digdIssH' & G
sy dzdilsd o' HB dedesfmls® © B sMddzlsjL’ ©Odzj e j
it sLtetsB dzj dz7 B ©isJdfaytfrdsEc 8@ stcd Mis Odz® H
Cildimdas cy 2ddr Mrid Mrteih o Odedgw, G j detsls
ftsatsHY jdadgw (WOdzt mMdW'" COy" ') MmMtelssaets &
Mlseo stej dzgdz detsodr M Jjy Odz LsoOdzgdrn L O 9dC K
i BLictBizSlE| - dsdzscBigdzd §fweBs0dy j dz H dzW
zZ02B' dz2 h fsshdejdadr SO detsoadr Mttels' 8 N joc
tesmMdzddz * G jdzjlsdS&d 1 ¢1 vVStO dzd dzO dzOVW 9 dz'
WOCIsBaMRKY2 5O ¢ j dscej dzg L &z EPRLEPERNS GMUTE s O
odS sted Mis Odg’ WAt 4 161 LvStO dzd Hdzw 0OdzOdz
9 HBtstclz BOYOdzedr cjdetslsdf " © IsO fftotso j Hj dzdav
106/ 27 o' Ht RBz@1s@IOQ@ 1y sdz' H PpdpOdz fladB o @
f" "  Hetlssa ¢ d WOR ay' o mMfJy" Odz' desls” 162
1 Oy’ tsdzOdz! dzts dzlz Is§ ~ dz' ydats d3lz Fdz o jtcmdlsjls’
" defmisdiskzls C di3j dz woskttsaObpjaGRisdire 20RAB
1 H BB Izss@yzisds ts s te@fddigddztsdz@ teff t6j H Mis Oo dzj dzdzv  dz
B Y dZOtetsHdzdr otteCh s ( ReHOPE; 1 tdzeOt' W)



35

tdrrwfsfr1 Ay Awe fTotsrtwl ¢cs 1tuv
lwlormy 1wy 1] wewvstuvfrruovu I'rRcl [ 1
1 Zr1 RAW

1ImOtOCIsjtedmMis OOy tfiddpdrgts sBO  CIsO HEsMd

1hjdediywn dz0 L thdsedzdr L jtoedzsodr ¢ 2 dz
ftcsHso sdz' flse SO HddzvW G-8HRazOdzdg® ' SO BJ dk.k
fhjddy' -20Q020ks6Ed MWeO° 758 &iRH Is3 [HdzdzS
1 hjddyy ' iidsodzdd®d fosHEZSIssd3 n Otc §lso Gdada
zOMmj dzj dzdzv 1 J BBdets®™ Clkdz'. 1 dstsBO 9 0Oc0O §hjd
T "ot j2M €dmr (O dZzOr ot5d2O LOBJ LY Jykz"
dzfj B' dzo hj 20 %. J ~nOtcytse " 2 ftotsd3d mMdzso sl
Btstotsh dzO CH@Egdzve drfdz® B O, o dcetslstso dzj dzdzg? B3OS Ots:
1 LijtedzO fhjdedy' bOCBY odcetslstsodzw e Is! tsfdzt
My dtels, tomddddlz td' s " [2838 dz' y Isj - dz' ydzd n

[6wCO f h Jriizfing Waestijum 2n=6x=42, G J dzts O3
Odsc j SMOf dzs” Hdzgd A3 o dHEd, WwWCd2 ME ZzOBO' Is D!
Cyjdz L wedr 9oCdzs yo ' &3[29, Gk 4 tsBtsdaty g ‘da
jJotsdzs y' v g jdesd3' 9 ftjHE & G CMOY dzs' H dzts’
d3' 4§31 35]. vOC0O CGJe¢MmMOof dzs” HdzO N jdzdyw ZzIs o 1
Isj IstcOf dzts® H dZBsiticumtitirgjddee dj ] dz& B B )H duf dzts ™ H dzd d3 ¢

(Aegilops tauschii 2n=2x=14, GJjdztsds DD) . v J IstcOf dzi
hdzw atsd3 6" BtedHdL Oy* H 9 s ~lritieud) hrelrts (2A=BaFTH4, { S
Gjdetsds AA) ' dzj " HIse j toH Y j dzts ¢ AegdogsspeltoieB B

2n=2x =14, ¢[I0petsdz S S)

1hjddyY o' HMlsOa OdZzO o' H ' dz" ddt o ffalzte Odifl
Gj detsufgizteq 23 J & JeLCd3” 6 G fiApEPdiiiMissds fsolsts
J dzj &34 dalS0% WY pdz’ f dzts® H' T . [T Y dzGfEBY detf @ Oz



36

Gtz fhjddy" (I WGSC; www. wheat genome.
zOdz' yez* 2100 \3Ej dzf gL zoz? BOSEWHO™ & ttsB BIs(
mMstelsz Chi Bse Spring
[Mdesodzed iz f jtejh SSHORB HdzW ttsLtesBSd W
9 J dzd ¢ tesL d&3' tod G J dzts Bz, dzOwW 9 dz' Mmlis! Is to
L Ud § dzj dzf88]. 6 j dz' o

12 esHEGCIsdodz Mis+ fhidzdy LO kdise L d3° d

dbdzstesf scjdedz ©dSdHd § Oteded Sislo'd 7 € dz'OBO|
1ikdz . | jLbkd kO, O & Myj ¢ dssOd o
ZO0 0, 85Awtslilz 11t8'8dBd 6 dash @dize dzts ¢ s dz@ s B fp b Hz0 @zd
fso0wWL Odd?2 L L &3 detss yOfilstslsd kO kwy¢:' fiy
wC, MYfEMEzR 0O Is@IMy il dEscHssL'E st v, hts ot
Ckdz skte BEHj L dzdcsidzeeOsadtifizt ¢y utigdavh § & ¢  &3d
fne " stso dn HesfydksH Y FuOo MY [G2 23] N BlsQdztho df) Hets
¢ dztsB Pz tzls j f fribfa® ototsy O dzf glsH st dzzd§ s S b
' LddsdR2B & h dzj cOlsdodets o |otesy ', 1 ot
LOCOd dets L dlsdo dets [48]. [ P d zip' & OR d ditg & dulpt
f5COL ¥ Wys, Isbtes®y 02 dz' fls:  § h jd@2B%..+7L, d9 %izd & o
fj ted Hdz' sBEZ L B 'OdRENeH dzd2Oz@j4BHAHE S50% (ted LB
Isj B3 jeOlszted dz0O 2, 0 Au f sSte2 ® HA disE & tiso tg O dsdr
L dzd © dzsCOdz dzf 2 Isj B jteObkte', HBhsod
Ols d3ts ) ¥ feitgets O daj o3’ dEgd d3j dzj H ¥ d3fs tielstf N @Bty ‘Lz dz! Is ©
ftots ¢ dAsQ &®YE OL Eez® ' B ' dz' M  §° Hootdcd]jodzts s j By |
ototsy O2dz Mlso Hf ghefgdbr L Tod3 todes o dMmMtsC dc
M J ¢ slsdzd tc] 6 B5dzOr [44]. dzd us'idx B j 2O H Q@ dDE
5j B j cOktedetsets @] od Bz z ds Of WLH@AHY * , h 5 d
f' Hodh jddn Isj B jtcOlskte HEY odsh o Odede™



37

dz0 dzfsyodis dzts ¢ ' tddalgls 2. u tseB sisdzO 5P @HdE] i3 W OC RB 6 s
' sted yudz §tetsHEC @0 df B HOD jj didis e s ted §
CdzsBOd st z® s feogOday s wiets® fh jdzdy"
| otcOL '’ (oBGE!Ecsl98lodveadds, s ' Hodh
dzdf dz7 dzj ¢ OlsdO dafstc o Hf A ls Pala@’ fdds* o B ' dz' h &sMIs
vydteo jdz@ odwWoedoMmw dZ@Yp thdzh v C wEsd yded zdadky
WitjL MmMddz dz dzj cOlsdodzz Ctjdzvy' ¥ oty O
5O ftLdlsdodats® SCtstoj[@vy 't i k2 lsefis@his® dfiadia
f tsisd ¢ df ' dedayndzdzis dzts viztej yydded s 0OL Odzd,
sj s jcOlkztcd L dsjdz" dls! otetsy ©2 fh j dz@G', 8SHUO ¢
¢' day’ fildds dz' plsEOzs ¢ * Y dzts g j dets@I0fde' ddrts2c s alaf§dixos:
ftesH S Isd o dz dnisdzts § & fij letal dals @ oA B8l "WieaD dz' | * dsB O
[50], 1 OF¢ il Odz

I bds §BC0OLOds, Nt ' Hodh jdedz Isj dstf j te
ftedLojMmlsd dagj dzdhj HB L dedy j deda? o totsy O2 dat
ltcj HMIsOo dzj dedz? G j detslsdtf " o, fHtdMmlstsmtso Oded n
PicODtrdzY 5 LEORSEOH 0), &syj Le' d hdlsd ot
odR'H B' &CO dzO 2%, Odzj Ctdayj desteOy' v B' ¢
Cd' Ok, hts Mftedw' oty 02 datsils’ L j todzO,
L 4 edzO, Mlotstct SYHSH B0 Wiss Oz dzj o tetsB dzd
BsHj & s @dedgd b L &5 dz S &z ROk dz@ | hstiB Gk Y &
OHOfOY' " HB L& dd Sdz BOE, "t Mfedw' o
Hdzw of)' & OMY jSIs' & wCshisdB2L jtedz® Hd&zY & Oy

1.3 [MtsBdzdotfmis® t' Lddn KOS jteddn Isjn
131l dHd dwsdzj Czdavteddn BOwS jte' o
[ sdzj C HfEAdets jj  sdz' Bt dzO 7 MERS lskjsts FAPs & I G
O t' adz HROLBBdOz) JEERicdBlstso zo Olsd H W ot



sMmse dds dOwLS  §d dAf g8 RsMisAR H ds'e wiztS ) lsisd sy s W
[-& & dzf B3 daiz’s 2z dg® s Uzfstc d ) ‘
([B0;58,04] 3" ydz'© BOWLS jted)
¢ dzOMmd W
(S BHBW OB sdHER it
o d ¢ tsted [80 854zdz" d

MtsB 5%

so¢" wg

[ sdzj € bsdzy Wegzlsdf@tds j to d

fteswekz

o dzOMmdzj

9

B' S d

" Hd3' dedetsmyls”

f sfdz H g jdEsHSE , Hjlsj Sy

t 'L detsd3Odz Is dz'

H dzw
DAIT-d30Otc € j

fdtedoOcd SO dgjHtsdz' §d SOCdn

e d

(L

sdfd ®wsdj Sk dviteddn
OROd L k& totsRALR, ®RARPDAFEP), BBRHSSR; SRAR, SNR,
5O &BOw©Cjted d&zO [RAy&AHE] [ fejEotes

BOts ¢

Clzs Is

38

Is ©

9

BOwEEC j ' o

4 todzd A

UOBdHNY J ) o0Ocd SO daf Hds@AC Gegiife’ tai AL[RGIHZP

[ OtC j tc 1 jtod 9 Ocd 1dHtsdz €d 1 sfd dz(
RFLP SHE®R dOdidsdzl) 02 BO' B OGOIsts vy [56, 63, 64]
sdz BIsteW|[ sC k2 M jydi jsBR HdO o j dzd ¢
Htso ) d dz l dMmMsC O sydh jdts™ 118
WtcOedi3j dzls |z O ®dzoafmis! | sStos@
tod Mstgd S y|1l sh dej dz' Mis! |[vsCMdydz / tOH' SO

IsfjtejHdz HOdMZ

HdzWw Tflse tstej dadz™ L

1dL €' R dz f sdz' g
RAPD [jeC" E odCi{r sd3' dzOdzls dz [65, 66]
(fBdz d@3ste| jtsBR ' HAZO &) O2BO° BOCOILE Yy
9dfOHSEB |[C" dz €' MIsy 11 L €O 9" HIsatstes
ORf dz' W' C|) sdz' Bstel dz' 1 iB8BR" HADJdH d t@®C
rvs) 14 amfigmdy " yde
AFLP 1 OH " 2 dg' [ sd3' dzO dzls dz' [67i 69]
(fsd i3ste|]  MBSCO 9" HIs{1 jtsBR '  HAZO 9o j dzd ¢
Hiso ) d dz 1 dzr b dW ste(sydh jdest r1 s
O dz' W ' ¢ 1dtB8BRr"  HAZO oadMmts¢
WtcOc d3j dzls




39

SSR scHEHR ZOdsd[l dMsS’ odlktkOlsd |[68 7072
(fesfls’ |1 jBBR' HdAO o
fsolststes 9 |C " dzr € Milss 17
fsmdz Hise |l MBS Blso Btok
ISSR I dMBCO fod |} 8Mjted Hd" o HlIse | [73(75]
(festRieY ' L[} tsmls" dzj
fesmisd®kd|o dS sted fls Odzdz
fsoltstes 9|1 J 1 tslstc’ p dz@
fsmd Hise | d2¥ StedzOy' W

f smdz' Hiso dats
SRAP l esfls® [ B dzO dzls dz' [76i 78]
(f sdz' BBste|l OH 2 dz 1dL €O fMSC dzO L H (
s’ WL OW jgCt ' L dz
fsmdz HEe

O %' Cso Odz'

WO &3 dzls g
(i 1 esmlis dj {1 5B dzO dzls dz' [79, 80]
ktOdnYf sL [0 dC sted Mis Odzedz

1Ji fslst' B dzO

CdW stedzOy "t W

f sfpdz’ Htso dats

1 dMBCO o' His
SNP [CBdsd ydes |J dmMsC' odlswOlsd |[20 66, 67]
(fsdz' BBste|zdtetsSts  tsh
tsHJded yded | 6 § dzts o3’
B C d&zj slsd|1j §lste’ B d&zO

RN JO RV

f sfdz HEo dzs

ldmMsC O o' HIs

S tsH Qitdzddy 2
DAIT [ Csdetsdz’ wets {1 53" dz0 dzls dz' [68, 81]
sj ndzsdzscll MBSO sy |] dMsS’ odkkOlsd
o' L dzgsd3Odz L HOIsdz" Mmls!
GOfMdo ' o |l dMECO §sd




40

IdmMsS 0O o Hlis
1i (st BdO
"W SOy W

f sd HEe dats

Iz h Ml ydE BOEC j 50w S| cOMmHOH ¢ tso o dp
By kls: olteOldlsdmn:' bk odfOHSE toj SSEIEBH ddaG
o' Hsd] 2 B3OS jrig s( W 2 dzS ' GAZOYZ dpfR | BO®E d tots 5
Bj 3y OFR fohd @G® sG] wayddjdfd o tjLlzd s
o dCtedmisOded d&3 Hdzv ' dz 58] ¢ My Hs@REm* ¢ d =
fjtcjo0c0O sOCdT EOwLSjt' o.

1320 2 dz€ y' sdzgOdz! d2' BOteC j tod

ANzdzC y' sdzOdz! dz (H' OcdetsMisdydgj) dststsiy Sz
BOteC jJtod, wWGC° HSLotsdwE Is! eodwedwisd o' HA d
Is' fdets L dzj ¥ L 900 WROO dz'W 3 .detsus@Y @ oLddR' detetsw o, W
nfo "t ndedjdg'd Wy dzd d3.

ANf dzOH OF s Edz" COdzr dzz By dzd e ' fMmls H dzw
Cdzj QL WPWRs H Y sl20s 'd3d L BB s fjtejo & d O
CoteslsC B YPigh dHtsC s loth W olztiz i) etz v GEL' 20O te &
totsL totsB dzV ¥ Is 'dzOz® dzt§ My dzis 0 ‘¢ | detstg] ¢ ff il SRl e & ded &z
o0t Oy ¢ Widzslsdf§ftso dr L d@ECdS yl' Glzds dafd
sj, Mt otded By kls! BRI od¢ t§lPli)ls @ds dzdH dsv
L Ud § dzj dz2' L] o Gatlzis &z v OC Wviz@zC W detzO d3 Ot W] dgsts|
L ud § dzyj detiz’ e Jadg@c3d ° e S s 2Oy v &Y G
~ndBdzd?2 9 HdW BtcBOY SdEOHFEDONsYO B tso O dls o J figlgt dz jIs@
B3]l A 2de€ y' s5dzOdz! ddOs IO telC H @lsfdz' MiIs: W' CMkzo Olsd
JWiSlhdadztts, HisSte fftotsn SHJIs! B' dz! hy OIS sy dlats o 't



41

Bsy kzls! BEklsd odSttedmlsOd HbW Ctdistekzs 9 O
9 Odz' HOlyd v dzts fglg2dd. Mstels iz

| L toWBEMS ' sdz0dz dzdh B BOFOBES j h'fg teh 2 OH § ¢
‘desjtej Mk, Nt off dzd o O dited § daztsd dp st zdSEdz oz6x
5O W%k dz 5@ Isds tt @i d § flichigyj egds Oy “ SOy
Bsyj Bkl HEMY chkislsG OddsEaly GO  Rotffidstoidzda’
Syt * , &3 ¢ s O o @ dzdzts Bis ¢ S QTL,
Is te O dzfifsfdis 31 1O@) s L@ s te BOY ' v tetsfydzd dz H dzv  da
OdzOdz' L & dzj 5B A" H dzCh QS ISV | eiFOREE detoruie jslstd 8 ¢
oCdzs YyO' o doyjoi@m ORI ded fe j detslsdf O] dzj T
fiifC o j dzz © Odzdz  Odzj oy Pj2 4 5 tkB RsdedfW a &3, dish 5 H B
Widtssdfsodn, d G Kptc¥j BLizds JRESB £ dsts o dzj dzd o5 o
Hjdzjy wddd (I nDel ), SNP, t' Ldetss C " dzt € Ml
YOMmlsCsotss OBt fsodtsé olsteOlstss ¢ j zPtots J tsopk
H™ Of OL sdz” Isq ¥ 'ug f§ Gztp daboltjitsts HAlRE OUED, 82]1 \ s

. AHanis anenbHUX
DyHKIIOHATTEHA N Po3pobdka
BapiaHTIB

eTEKITis TeH XapaKTCpHCTHKa : - KI[iOHATTEHOTO
I[ 1 y P P IIOCIIA0BHOCT1 q)YH -

TEeHY R MapKepy

t Mz de§ sOf &ff L tesBSd WizdS y' tsdz0dz

133AzdzS y' tsdzOdz! dz BOwLS jted o MjdzjSy' ' 6
l JlstcOlsdk o gElzz O dzdzy ¢ J desdB 0o G tesHSO Y 28 Is+
esLodlsClkz Afl. [MS"  dz ¢ Af] Hjtojojtehlkzels! &k



42

o MmJ Yot shc g Mioshpwz o -sfiBMIJ jectgH S so Odz' 2 B &
(markerassisted backcross breediMjA B B) HHsdgdz® H Y j dzdd ' dz/j Sc'j Jatzd
w e fpdzed RA[55,88,24¢ v M dzj S y' A o EHEsQlsizD o dfC s
L OtesHSC s s’ ff dzOL dzd, GNAZD IsdMABE S S mdizis@z@ d
His sdi3sc ¢ megkeiasSsistezi@ecyrent selectidl AR S ) s©® G J dzts d3d
(genomic selectiorlGS) Hdzv § sdz'  "sjL dEEBC85086]y dzd o d ~

t 5L tZde] Hdzv ftesHBo sdz' qud R d tSakfldastsle DO y g O
MJ dz¥ Gous'mdzd dz, A [fHoRMPH " 9 dzd ydr SO Ctstodise dn
dz L ds@ Bdgcdz’ " H Y [ifigk " dz’ € d A¢ tdxisdcdpdzdd “LigeCoatsdl ¢ Uts®
oMt H@d ycj BOws jtod ROFdeB j LY sl Hisizf asle
Widetslsdf so o[ IsoCdsQ ¢ da3ts ) Iz G ) Is tB figr tikeif] @ dz ') dz'lz 10 Otelzdzn
d&3' 3 o d Higjetafjrdzy S dz' dI3sy s+ o dCtstedMmisso zo Olsd !
HsMiskzy dz' tBd3j 4 de GJ descdsds’ ) mMiztemd.

 dzv kM hdesets offtctso OHY J dedz?y OC Is ts
fjtcjHsodnr GJjdsdgdedrn ' demistelzd3j dzls® o dz.L L' ade
stsets, tBLisBCO JOCtdtsdy ydzes ode' Hwdzdma A
stsydets™ Mjdzj Sy . Af dBsykls: BERIsdc j dp ¥, tsdze
OdzOdz" L' o' L desdBBOdz' Isdztsfls’ , € Otels ts 6 tecQjvdz 0O dist
W' dzslsddazd = Hisfdz' H Y J dadzy = . U ydrs HEBMdz HY,
ssydz Mis! IsO jWiSlsdoeads Mis! o' HBBttlkz tctsmaozdd
VL BO2BEId i3z, MEFUHdHEBE Y@d Ddzphflz2 Hdzv * H j dal
o0y dzdodd3 Hdzw L OBJ L Hfjcyktzdzts pW EEKsErizise s,
G J dzts dzdz' s@ Mmjdzj € y' 2 dz getfomewrts asdociatida Gtiidies, W §
fcodetse j degsdzded 2 ff sh Igle n@imis ' Bwe'l 22)c tls MG S d4jj «
odCtstcdMmistso zs Is! Wzw o §  te§ '], el i3y dzO0 o M
L OMmstsMtsozoa Olsd wW¢ E dsHjd ddes, kOS * o
Cdzt Iskte. 14 LOOYOs ydg odz0 dzOW o dz' G4 detsdide’ e
odwWwodzj dadasL SO "5 oftetso OHY jdedgv © MAS



43

fosHopEsSd'B L JSdals@sss 2 Csinplsy . o S sted MiIs O
HdzittsL cwasCodf -~ d3 SsH ' 9, hts odCidhistwErHl§H

tc ts i) dzd dz
[ 8200 BC MYy hdts L Ofssmsozo Odzd M+  H dzv

BdzdL! €t 25 Af ' hpo@es, chteb BtsB RIS PErsHY
Af[38. 1 2012 A OH&KSEBd&js@IskLaz®o 97 Af, ht
o 30 dBEWRGOFdRIY' . wr $' d ¢ fl! H B ipsd)dzodz
Cjdesdg Sd fhjdedy' . Jj ® 2019 wsy' BLEds
'y 100 dksSkm' o, Mt &OsIs! IsesH dsh Jgazdy Y
bPietsy 02 detsfyls® L jtedz®, fls' 26 sfyls b d CHidsts d Ryds@® tiztd

stsdzj tOdzls detsfls ' H S[36088,88jIs d ydzd & flstej iy’ o

1341 " tlsjndasameef'n’j dify' 20 Y sCtcOh jdaz OH
dzj HsfMisOlsdz' 5° oBdzsEtsMis'

[OtC j tod dZO0 tmhdzse ['1 S sy 2z 1Is! L dzO yd
L OtctsH S tso to dzvlf df@BHADfz! h se s o dC stcd Mils OdiBES]. o
1 jteh® My ctsB Gjdetslsdtf zo Odadaw f smkznhtshmis'

oS sted Mis OdgRMe® j o] ® &O shdse ' dzj S sH 6] -
ISSR [7], SSR[8i10] s © ' zm Oy gz Htsfydz HY jdzdz?v ° H S
Cdzs ysodn cGjdz 9, o' wWLOdedr "L tj OCy' ‘¥
hts WOCIktted IstsO dgfis@RRUERERP, bZIR, LER, ' D&GBY MYB/MYC,
NAC 5O WRKY o' H' GtOsls! o Oy didsdntz - t§lisidelts g
10 f)' tsdzsh dzh judie 620 I Chgtiplr &g dzj Is d ydzts o5 H (!
tesfmdzddz, LB8CtJdBBO * ghijdzdy' , L dzOHJCMY tc]
fsmMkoicktd tOdsdshns' kO §smMkzitshls' 2Cshs"’ .
"t ° HBMdls! -BHg Yz of Izidg' disdiiic d o d BBOG O IS
ftetso j Hj dgda™ dzj 5B R ' Hd2dR0 Hdsddz' Hisedz. (& gz L -
Ckdz skted), bktkkz Ctsdjtey' Od L Oy v &y dde



44
Csdf Odg wdsd ' dzdhj Hdzw IsdR L O, [90]C°
I dSstedilstso o Olsd & dzj sdudzlz * dzy § dzj to HC @R 1o
Csdzd L &RZOSO, d2O WSk o jHjl! v [9f.f djOS s
EfC dzOH dzs © §tOSlsdyudzj o dStstedmisOdzdzy s te O dzfc
ssBlsts tfddd0 &sXjsde tzt gk fndBdiis gy st
©ZOo ' s ftod dzOwW e dzsfls’ Mddz dedln, Cdalsdlsizls

14] j RO dzH dH Olsd HISEYE dedsztests 8’C disy - dz¢ d  § h § d
stOdNSttdlf vy Bl c OB BsEdMY wC¢ ¢ dsyd
stsdzj tc O dglisdgErifszMistc j ' @ YjtejL 'R L HOIM fMmis!
" Hfts9 " H' tcj elkzdzt ¥ yd btOdhStedy y' ¥ Yy ' dz'
steOdzfH S y' ° , ©&zddOddaySipyd § y* 2 d2'L O WdErEHS t#tdg]
My dudW " aseafdsdf o dzd dyigls Ojistfj dsd JlesBEISBLOR 64 ¢
"dgHESCE st MW Mt jfsd. Aj § HedhEk' CodiB
Mlstc 98] ov AL OdEMS ted  y' Big & &V O ColsiAddafd & j dzj Is d y dz
Hdzw '  Hedh jdedzw Mistej Mso ts'tc Ozl fzis @ @ agls,ztizh) s W
Bjtokzls: EyOMmls: o ¢ j tcko OdARR/ERRK AP, NAOMYB, o

C2H2Znf Odzj,y SBP ' ) BMREKY®]. di3j 2 lse O

14lstcOdzM S tedf y' 2 dz27 WOCIkssted WRKY

WRKY IstceOdzlmCtedtf y' 2dz’ WOSCIkstedz sisdaflz’ ety i
BOKO®IE rrLnesdOWLlzoOdO5Hdz [ B s dfiut at or -f ©®B 5B dddl
IstcOdzmyf sL OB j dz' dzd - J dzj d3d dzls * o ( MUL E) HOdz
Flso tstct ¢ s Yy d dz9 SWRKY2GCN10[9d,) 96} ] 4 dzgd WRKY
fshdqejdddd & wshdzdd ~tsyod " ditsedoOy' v,
Yy' G6jdzd E MmMeats' n Gj desdzO~ . | OVRK'Y R\dalsdomas o °
B'dzhj 100 cjd o ki@ 1,041 %7 isfige’'lz, 6
Physcomitrellgpatens  3Selaginellamoellendorffi  8Rnusz o d W o dzj dzts B



45
GJ dz' & W yd3j dRcinuscoromugig dd 19 ke j dz2' © k& ' dzBtcj H dz
55 ¢ jCdEunaissdivus 1 2 0 Gespygaunsaimbndiils © 5 9-C @ dzieiz o @ls |
Vitis vinifera[94, 97 102].

 sd3dd dz WRKY di30° C-biziggitcdzOtzd dzbizzif sdz' H 59
O LOCBY d&islsd oflstictizi 'IsBtfdidff gz C SktcO® WL tsEts
s d O dBXss"C-KooozH-X-H  ( C2 H;2H jUsid @ 3" dets € d i dzts Is dzd 2
ydfmisj T@H das ¢ d mdzsis dzd 2 L Ota{ 2 #s'C Ol figassch: Hf ficladas;
LOdzd h ¢, dzd ) tlz' f2tc 5 IS vdaH gz € filpls dzi o ‘frHistS d3ts 'H j WHS
Od3' dets € d Mdzts Is fzd B XEBCHEHIXEC o( C2 HC Isdi) . 1 tsd3d
Blzlsd HBoyddzts® © 60 OB dtsSCdmdztsisdzdrs L Odzd
WRKYGQK distsykzls! BlRlsd L dz02Hj dz' yb tsdsts Ofiph 6l
WRKY HB®ijdz o L sbhdzishk delsdslgy  1-b ojxdzy d¥j tsizls @ 'd3figf Is "
TTGAC(C/T), OW dzOdzS 28 yO ftshmdz' Hise dz' Mish o x , M SH JfEt
fmd dzd ¢ Is d 6vdz'izfig 1O d484y 4035 104]

10 Mets' 8 MmMlstekzCIskztess WRKY ftotslsj dzd Bt
ctozf d.uwcks'zdYd dzO Is! HOo O ttsL H' drwdzles @/ RIKUEE O t
sHddz WRKY Htd3d dz; fttslsj, §Jjth O ditklz ok Isigfdd
Znf Odzd yw, i @ tz€E] OHLdy' dzefCAC2IE2 BsIsd-f Odg' Ywn.
" HMIsOo " dzOW ondetisfigdd)’ | tcio ©OHsEle YA & M Is tddf ¢ Is lutmudzd |
fsH' dzj dz7 de¥ctri Oz YyO' B W FOE[HNAQL] BB Y &
YyB' &z¢d 990 0¢Is! MW dzgj Whkds§ y' sdzOdz! dzd d3g 2 9 |
(Bathycoccusprasinog SO HJWCdnr totsmdzd s vinifels. OC o @C
MtezSC skted, W ¢ Md e dadadeamorajizatidztsignaldztslL S gz, L @zy 2
Bdzd mMC Oo@ly", 1B ' @y e Sdefs d3/ s te J Hs'daizvdatz g dziz s @cl® @its d
ftetsdz, degBBd3J dzd ¢ ° dzO L-NBSIRA (Tellsnteledkiftlikd redeptori
nucleotide binding sité C-terminal leucinaich repeat, Tol dzls j tcdzj 2 ¢ * dz |
toj yd §f Bzz & dzj ts5ls HLdgfF2y dijeXls dzyJ a dddz B Oc Olsd 2
fseo' WL Odg L f OlstsGc § dzJ L t5d3, Is OC 5 Bkdzd o



46

o' L dzats 30 dz' Isdelz tetsdz ,  twCoRd) ¢ ¢ dzO dzitc®d B4, 97@ADT, @1
106].

1 dztste 3O dz¢ d¥YRKYezjdgimo Qe Gz dze 8 Is! 9 Oy dzdoeo * W
ftesy MO tisL 9 PH.C 21 G Gdsthdzd MIRKY v A By Lk
"dzc ' B9 OIlsd IsteOdzmC ted f y* 107, W08 [ fislskBtfztzdyddzd - O
sfdmize s hts WRKY B' dz€ d tlotsdndaf @zdds['~ [ Q fn
e O Yy Wa 9 HYBSO HWAL d2O BOCISjte' Odz' dg Is C
f sh CtsH Y J dzllgvy | Is jififdend 22 Misteds,dz’ ddehts C lizdzOls tc O
Mdec dZOdzyyBmzCtc’ o, ¢’ BJ o] dz' dflsm 97, 1M 16 oA 16p s

1 d dz' Hdzw  fhjdzdy’ sf dMOodzes SO WEdCy' s
csHddzed WRKY. 1td §jflsdnd TaWRKY49 O T:
f 5° H dzO dzdz’ L Mmist 2C° Mmiss to Pwdpidasstfiformisf. sp.tc d B
tritici 2 Mtstelskz  §h j @&flip] X iCaaly acrdzO@ | TaWRKerjLInO w
TaWRKY33L OB j L §f J yddzO Istsdzj tcOdzlsdz fyls Hts f sy
Arabidopsis[117]. Wu I[sO ' dz (2008) f tcsH J d3s dzM s to
f h j dzdT@WRKY10 TaWRKY1%, TaWRKY5d, TaWRKYZ, TaWRKY7 Is ©
TaWRKY74) B Iz dzd dzZOH j S M tcj Mseo Odz' f'H Y O
MOHY Odzy' o h j dafVBKY1Ils @a@/RKEYY dzdf “ 6o dh ddzd J € fi
Yyofm etetsB S d o dMisiTRWRKEL)SETgWMRKMES o O6 ¢ Is
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fiotso Swd®RdG ' VT d@sdl fted WS 2 o folsslol a0 dzd
sj B j tOlskEtc® &0 MsOH'°® ¢ ' BtedHdLOyY' = §©O2

1 totslswy dz’Ols fflezs dze Oy * odL d&zOyo dzom!
COC®R] dZsO 5O ofOdglsdfjptt AusF. [ stesB IS’ odS s
HOIsdzd?2 MddzesjLkzoaOlsd 1000 fdz LO 1 R"Re. [t
Bzdzs: Hdzw WkOGcd3j dzls' oW HHtc®O BjALE Bt O, 1H(
WicOc d3j dzbs0 @7 R0z 1f; H dzv WEcOMEid3[jabzldn . o | IS0 o dzts
dzj oLWIsd LOdOHIt L OBOdZd2 yoOfy jdasdeoOy' '’
ftesHkzCIskz) OBts L OdZOHIsts Htso ¢ BB dzQde & oGy] 2w
f OttOdj stez dzj odBOCO' tLELOREdSE HE MjS b

] " HYftso ' Hdzs HB s jtoj Hdz Pdadts fis dzyulz jndzv
V[ ta7s], htsB fdeteOlsd dzj MY J ydW  -fiezd? d3jntd @alsty
dzj sBR' Hdz Mis¥ BRdzs odL dzOyj dets| @z® y H {p 820 dzh dzin
Ld3j dz" dIsd ot dzde daj M j ydWwitt yalzese zdzts sicPmlf s
dedL =" HdzS™ 1 [ .

rdazv odgfd ¥ COoy" " L MmdMmisj BOBRd { b @Uaf] 1
f ot todddfln ' GTasichdown) 1[t. 2zt Ld&jddls
¢ BdHdLOY' = §t02 &) o' dad LESPIddizta’ OIff Istisjfntizhe O

==

-

JIsOf " ¢ BtcdHdLOY" ' IsjBfjtcOkztc® o9adh O L O
Ld3gj dzgh 2 Ist Mw  dz®@ 1ABd " YyED& of. tcs)IsO® sk di
¢ " BtedHdLOY' ' fHttO2dhijte' 9 "  HIstcddBlzr s+ ttOY"

1 502 &3j tod

d O J ydw® ydz'  (fsteO Bdsgdaz dzj sisdH ) B Iz dzd
L Oiitso dzj dadz? W' tedstss Met abi on (1" &3 yyd dz0) .
b sdedvh' L ydds o Stsdzyj dzlsteOy’ ' “HQAIO, ok o
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trovg, ty 8,0) BEWit@O0A#Htcd diifsiDdio] ge® s y j c
s OB dzdh Yy o 7

24, 4 { SLH' dzj dgdgv dgzC dzj  desedr S dMmdztsls
G j dzvw A

I Slszo Odzd OcOtesL dd?2 ¢j dz@ ¢ tsdaus] dzb tc Oay ' (
L Odzj ) det¥ifidO G dpj'des * o, N t5) Idote jlIBBO BtdztdLj HeoBDH [SHD o
85)L 0,1 &Cc/ dddz [/ .d HI dzv BUip'tstslys 6 ZL 0 OY 29 Odzd
OcOtesL . Jdsmddzd OcOtesLEZz o IjtedsMmis' 2Ck
BEW jlddlz totsL IstdAf dalg'o Otdagm o d dz' s " 2§ y' . [ Odz'
Mstczdgj dzgj @3 oeHd Htod GYsmis' 2dsdiz §jtej d3' M i
My j2MjtcOdidd SO MlsOoaddzd ctejB' deSd dzO dzj 5B
HOo Odzd OcOtesL ' L 4DM I of calpieds df * i tp EHAE MO ERE s 1 j
9 dlsv e Odzd lsOtc jiBts LAEAFOO & L ¢ j'dgjOR, 9 h &EO d3jotds
fsodz M §sCtedlsO BEW jtsd. [Bjtejyds o ¢
ftesHEZSIS' 89 §Bdz d3j eOL dats’ dzOdzy® ctsoats’ t6j OC
6BEY jtckzOp @zlsOY j dzdz? (6 Q% j i) BABHGHR2 O, 1 i

r dzv o dL dzOyj dedzv totsL a3 oz ftesHEZCIS" @ o d!
BOMd Ge™ BNAuULhdear Mix (ThermoFisherSci ent i fi c) (ttsL
i dz: 10000, 8000, 6000, 5000, 4000, 3500
700, 600, 50, 400, 300,200,100) " Cd2 HBSHOo Odzd o ©C 6] Bk

Il MlsOdztso dz¥ 9 Odzd O tckzelz dzO jdzj SIstetsH OnR
jdzj SstcsWistcj Lz BZo o' H 30 "eddzddz His 2 @6t

z2tsB LOHBCEZ®B) dzszo Olsd tmjjLidity lo@RdzCdzd €
ftoesd3ddo Odzd HdMIsddz so OdzS el totisth ' sdz! Hig€L HZ! &
o' LEzOd Lzoa Oafmw L O wisfs izksdls s C sk coSdatf) @l @lxiey
¢ a n oB®S 600D [ st ds@ds O FfiAd®y' tsa e PUdzgtcd iis Od



67

CGOW ' YdztsG s tc MR © (AblB tc kmage G IManipulation  Progrgm
https://www.gimp.org[177].

245 [ j s sHHEMPdz" Ho j dadaisdzed = dzlz € dzj sisdHded =
Cdzls g e Mz

Il dH" dzj dgdzv Is©O tydh jdedzw ftetsHEzCIs" 0 1 [t

t BLH" dzj dgdlz?" HsHESCIS' @8 OR@Fdz' W' COyY"' ° ]
OcOtsLdsdikz (0, 8%) 6jd L od¢ stdhls Oy &
syYytso OO dmMdgFils[it7Blu¢) " L O L Oy ¥ twjL kzd IsO
Mo ' sz . z®BOLBYSd cjdz¢ L WtecOc d3jmflsGasdy jdaizj
fjtojdetsimMddzd £k ftese' teCkz Isd B2 E fspeOrdal o r W tc C
odH dvd&zd L OcOtBLdses c¢jdz¢ IsO tsydh Odzd
Gel Extraction Kit (Thermo Fisher Scientific).

s dizsdzz o Odzgdzy f tetsHEZCHEZEER/M [t E o j Clstste

{ udh j dadz' L G J dzv W dz©dzidyy Gazd MdENZH J RE &t
o d ¢ dsdaRsdzj oy dZP ezt ehis TAcl oneE PCR Cl oni ng
Scientificy. 10 &¢dz tj OCy' 2dets’™ Mmkdz' ' 9o Cdz¥ yodz
C  dzy’ o) , 2 ®Cdz 51 d&z' ¢ k¥ Ytz s @usdzW j 8 H 36 @k
ftotsH BCdBL 0 (6552 [ SO dzyydzo feke o " H dzz § 2P Oy " 9 ¢
Mzds' M fjtejds hizo Add Flis@ 4dkEkzB Iz9o Odzq

[ sted d&3O0dzdzy SCtsBf jIsjdalsdedn S dz' sddz SO Iste
XL1-Blue

] ssHddetsC Iz BOCIsj o' QOdz diak & tsdats ddwyy dstE@dzd
OcOtedL s Odztisdets f UsBsjdf, BB C IsH Y " 9, 10 @6/ dz Na
7,58,0[179)) fMjteiu®pd) ©c'h 5 { tsfdgStdzjpHinz-Ord ¢ 56
37Au. 1 jtojdesmddzd Stsdztsdz ¥ o 100 dgdz to' HES &
1 dz. wdSkzBlzoOdzd Ckdz siztald 39 dtisHe dfiitsdd dRA Al
h i 2 C Bpme@®dorf/New Brunswick Scientific-@5. sty dz2@ 20 =~ oydzlg tc]
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¢ kzMmlsd dzkz Riz®hotbrimetpdxCLi85 (Eppendoff)ted 6 00 dzdz f € d
MweOdzts 0, 35. 1 j toj dztsd dets otBsA S ldgj jth dDdbis iz | iz
z' sHE (od (tosifddd] B AIRd] tatself Wdifdz' Hiz¥ ygdiz
ftotslsw ¢ sdgts dzQ) | cklo €y Gsddcflzd y J dzls dzpW [Ceing © dzdzud
(Eppendorfif ted 2 0010 rRnAu ftydzdo Odzd dOHSMOHB Iz
ftocsB teCd fjtejojtodzzlsddzsd dzO § Of jtetseo s My
tc'" HEBE B M Jltd jHHeoIsOs 0@ . Eschdlicie ol dzls O dxz1-B| u e s
stcOdzmW stcdzgOY " ¢ f tetso SH d dzffl781 (O] g e § tfs ke dfHnlis OEatiaf
Bz tetsL YR@ECLMYT | o3[ ., MGCI 3], Tasdljtej Hdz & A
2O s jfiidas] &3° h 2k ydsC o] d3dzs 9 Odzd € dz' Is d dzd
Centrifuge 5427R [(Eplple radoo riffte)d thtédds .2 7 0 o C
sO kttd®kOdzd ftotsB o€ d f jtojojtodzzlsddzd dzO {1 (
LOdzd M ¢ d tefshinf izl din@p Oazd2 tsd3dz totsp(d delgdz 0dz@
50 BBz adr  Hdets® SCbkdzt skzted BOSIjte" 2), 6]
otstelsj € MMz® Yydy' ik JsOf " sistc d &30 dz' C sl j
Istc OdzmW stedBOY "' °

[ BtotsB dzj B'sdfq @lj dzls dz' ¢ dz' dsCdddzd jotc jtsdrtHf) cdglzd
L thatdtsHY jddd dOStsdz ydedSsds His SAtdtsHY j &
h 5o y §i3° Misyq 'daR tsdz@L d3' H dilzB jriqdPiddssi d3° " 2o Odzd IO
‘'d2C B zo Old dizP OdzdEHAB BIB &Y d6.C d s tc BRNA M2 Cd
The momi xer comfort (Eppendor f), 90 Mm, |
dz' sl Btslswie2s d3- o . 1" mdzw y! 56 5, HSH Q9 Odzd
MitcjHtso ("2 S fIstsdz, 0, 5% jJSCMistcOCIs Hic'
10 &f MgZ0 3 O[BapsIsCOsL’ dz€ B ko Odzd ftetsB ' t6¢
HsLotsdzwes yd BOSCIjte' wWd3 o' Hdzsodlsdmw IsO { ¢
teJ L dMis] dzlsdatsmls * hts LOCtSHtsSo Odzd?2 o ff dzOL O
Cdz' Isdidg" © Odzd dzO Ise j tcH j LB 5> dso dd3' Mmfip g, =200
Odzsde ' sIsd&¢d ‘SsQudsstgiOdy \fdodz'delz 2 ¢ " dzyJ o' BSOC B
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OBfMteetso Odzd B 20 § o j tc-aitss tf tsdstdddis Ttistizer shaz0 dzc
D¢ OkOC s s " tc AROL disf) L PGl ds ¢ O &zOC s 's ts @
' HddzO L' ‘fpz iYdp'ds d dz OB MistcB zo Odzd ! Mjtej H s
yohcd 1 jlte' fjtcjojtelsOdd Isdl78 dflleeko Odzd

I s jtejHd 2 MCteddz dze SCtdzsdz 2 ftetsotsH(
C sy dzj 3j dzlg BE'dgoli XL1-Bl ueL osElzy©° ftososHdlsd
L OB Oteo dzj dzdz" S 5 dztsfdE 8 czep ts ) ifits P FHPB B BB 'dd R T G
& Oy ' v bk ojChktt {EANKRYAL] ) fElsOdt, vdai d N

Csdsde ¥ BOCkjte' ' LOddh OdkOMm! B' dzspy sCEH IS
oMlsOo¢d, Ist KOs kiRENG) dZyeygh ) U ¢sdsd v
¢ s Al 78 182]

o ¢ tod dz'L dzaiz’ SosmEfda 2 W[ SSHEA

vicOdzmW Stediso OdB8 ' AfididHd] dets S ff j toj © " oW dzd L C
]l ssHddesS 2 B dzz S tszsdg’ ¢ f jtod desmddzd E § tets
tc'" HEBE Mjtej HBBadMN O fisBes QCUO % tds tojdHtpls dz, 150% G
te1 -80@79)L G OteBjdz ydqdz' dzesdz Isj stceOyd ¢ dz' de
B¢ ¢ /sdgalz Is d 9 ZeoGEXUEifEts 8 st dzd 37 Au  ff tots 4 ed@d3 2
sB/Lr® o d¢C tsted Mls O dzvz) 3¢ §pmzbdarENevs Byun€vick Scientific-G
25 [Hddz BEC &z Ckdz skzifftcdyddzs igls @dzts as@'ls teld fyti ¢ |
tcj OCIsdeo "9 O Edise, hts ° Hdzw OBy dz W' CkeoC
LOcOdz! des’ 1 s tetsfydzd dzd .

I'dH' dzj dzdg” f dzOL 3" Hdzs™ 1 s

) B Csftes’ 6 d L mMemy j da * ° & BOGCIs] te
fJdtoj dtsmddzd O WRBES Bdz 2dzQ@zdz 6" HEBEBB 8 doc
Isted §f Is 5 dz, 5% JSIttOCIls Ht" YHY' o, -8010Dr9) ¢/ iz
COteB J dz' yqddz' datsaz IsjlstcOydCdz' desas k2 &' dzyd
Ckdz skztelz b BFHAuOCIAJ o dzts ff jtoj o3 M zs yd. 1
Bz Memtf jdoo ©° £k & CtotsftesB ' tcC iz Isdf'tf ztc tEy jo dzlm
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Centrifuge 5418(Eppendorf),12000tsB /, - 83 @ OmMsMOH SO z to' H d dzk
dzd 2 stcOdB T Bo@Eadyd dzsdz dzOB YV ¢ * 20§ S &z®OG 5 Iz H
1 0CIsjte’ Odzt dgd?2 MOH tj MMt (bdH HFPVO ddizs &£ 1 ®(
Tris-C | pH 8.0, )10 ff tsWpte jsHde'dzsH Y | des 3z dzO0 ¢«
fjtej &3 hdze® yp stelsj €' Bi o2 0 .Mi q rscHOmiOmizd |
Mo Y Bfftcdcetslstso dzj dgtle, =2 {1BL N @RH,sQu% j 8PE) " |
5B jtelsOdzdz" 5. | 5H O OdzizO1 B M 0RIFHz: t 1610 gz 5w W
RBdz v dats’ syltse ts° Cdmdzsisd, 25, psfdgdzj H
SatsdzbH Yy J dzse s dzO dz sHEZ, LB "kZeoOdzd BB j tlsC
ZO53 r9. AjdsttdWzeclkzoOdzd BOCIjtc' Odz dzgd 2 dz
(Eppendorf)1 2000, sB/ fF ptcdz@kOdzls f jtoj desd dzd & dat
Eppendorf . dzPdz1, 5 ey dzj dedzg? HBR h ¢, |, ftot
HSHO® yd ' aded?2 tBO' i3 MEzd' " nzstotsW sted3:
fJtej &3 h ¥ yd Bidman \3Rtsls j50)° BH - deYy dzdts & 6 O dzth U
WOoLd &BjlstsHid yj dstcedW zclzo Odedz?y Ek &' Cttsyy
12000 tsB/ ~9®, 5 "ne. ' ' HBdteOdzd eoMms o j tcn dzb
SO HBSHO9 Odzd 2 BO6O' &3d 96 % JjlsOdzasdzlz H dzw
CF Ggdzdz’ 2 Isj BB J Ozt f o3 y & Y. tsSfstE® wfpizff dzdzr Y
Centrifuge 5418 (Eppendor f), 12000 tsB
tslstcd d30 dzd 2 sMOH dzlz ¢ dzj = dztse d n Cdmdzsls { tot
fitej &3 hzo Odedz &3 dzO otstels j ¥-H)4 0 0B i oLf Emte O didd
Y destedWzezo Odzgdeg" @3 E &3 Stetsyj delstcdW zr ™ Cent
n 9, L s HiEs ydd3 L dzdo Odedzv s Mkt j tcdzOIls Od
Is j te d3ts b jTReCnjommiker comfort (Eppendorff e 55 Awu, Stc’ ' dzls
f s dassOdzjy dzdzv My dqelskz, tesL yddzv dzd 1 iCepHE 2
8,0, 1 a&f Er TAPBHU daeft5H O Qez@radpdz’ v iz & yewd - «
37Au, B 7o
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udC o j dzlz 9 O dzdz

udC o J dzgz o O dddzis 9 5 [1s ftososHdzsRh! Istt! t9;
fcolststcOn L o d¢C ted Mis Odzdz d3 f Otcd f tcO2
GTAAAACGACGGCCAGT; tjojtefjdzd2: CAGGAAAC/
dz@C o j dARYJOEL (Sangon Biotech (Shanghai) Co., Ltfll83, 184]

246 JIsBHdSC O odL dzOyd dedz? o " Hdesmdaets™ J S MY

] " HEtslss9a C O BOIj o' Odzz H dzv Ta8WBKY&Az0 y j dzdzW

] " HEtslsts9a C O dgOIsj o' Odzz H dzwTaVeRKY 2820 o j) &dz®
f.2.3

] " Hetslss9aC O dBOIjto' Oz Hdzv o dL dzOyj dada”
MUTE

r i mwis: L jtededde Ctsy dese s Mstelskz (Isted § tsf
] BHdzV dz§ O ;-2 B0 L Ay fg i § @ntsbtedzts(/C 1 sH ' dzdzw , 1 OIs G
tesL 3 PzoOdzd dzO W' dz' stclzo Odz! degsge ff Off j te°
"tz EBRzoOdzd L O C'dRADE dsStsH s Wi3EH B OIls Zidd 9 O dzd
ftostesh zo Olsdm! dz20 otsdztsetsdBz W' dz' Istclzeo Odz' dats
Sy jteddsj deslz oadStstedmlssokzo Odzd wBsdSHT2 ]
M sd3d?2 SO HiMwisd?2 HJjd MOk ¢ icudf)adpd dzd 1 (
sLh dtej dgs¥ h COdzs¥6 BBCH) .

Il dH"' dzj dgdzv {1 s

o' YtsL ' BtOds 200 B¢ tohdzdddsets &OIs,
HSH Q9 Odzdz dglzj 1tk Odfdsdes | B Odetsdzz Is© 1000 i3S dz |
TrissCI pH 8.0, 5 & r(rve¢ DHE)8. Q,] e ,dds M dad e
Mszd ¢ E s llkz Isdfkz Eppendor f dzO
Tkt sted: | LsO®R dsesd?2 mMfdels (24: 1)
OCIsdodets f jtojd&3 Nz yd L Biogaht#®d fmls G dedey dsBd 8
i SL wZddzve tsicdz® dz' ydzz W OLd dBjIstsHtsdy yj dalstcd W
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Centrifuge 5418 (EppenflosB)tEcEEppPpOEncdcer £
L 480 BCdkz "LsftesfOdtsdz SO 60 &BECdz 3f] dzOlIs
600 &BSdz otsHOAMG &3 W @wddzds O Sftg) jtmisddeddlr @gZj W dats «
CdMmztsls Hftoso EOPOM ' tosfstsdf sds 15 ne. 1tojydy
YyJ dzstcdWzclzo Odzdzy £ o3 Stesyj dzstcdWlzL ™ Centr
1 &zd Isd mMizy J tcdzOIs O dzls, tej MMt J @zH 2% OIg ds O dzthd
' HYyJ dzstedW zckoOlsd &k Centrifuge 5418 (E
ftiocsd3ddo Odgdz? tsMOHEZ JlOdtsdztEd Hoa O w©WOLd. 1 d
Isj B J OIskzte® SO tgLivefid [ & 100 3¢ dz

[BteBBEC O 1 s50L 58

1 jtedH tjojtmdetse IsteOdzm€ ted iz §° zIs dif tdsts sotxfHi
v s. t4dOCy" & 11 s0L dzts’ sBtesBCd ftetso BH Jd dz
o Cdz¢t yodzd 3 d@3¢ e ftoj f OcOlslz {1 s, 20 BH. ‘C
2 tsH. 1\ &ROkE, " H t1s0L (Thermo Fi J1oer ),
&Bf THCIs pH 7.5, 5,251 dgl,) MPa@Bl-ddHO HEB 20
JtesotsHddzd tj OCy' ¥ o Isjtd3syd s dz(Eppenddviyf s e r
37Aw, 30 ne. 1 dv Qdzff ddzScfS dic j2GBS W[ [ Hf RHOO als (
ftcd 65Au

[btcd &30dzdz? Cr1s BjbsBHESHR Losteslsdats’ IstcO

tJOC Yy 2dz0 Mz’ " Hdzw YsmMlsOdtseotd Lottt
ftosHEZCIS' @ t6j OC Y~ 11 s0L dzs’ 5B tcEBiCAL Y ~26d2
BLkW j@3%0 d&FHCIripsH 8. 3, 375 &g KOBlIdd' H tcdsf
20 BatstotdddsznCtcdtflsOoLd ( Ther mo Fisher),
(Solis BioDyne), 2 B¢ dz 10 3 H1 Ul ( 3d
VU000 u0dhbwyjuppp®ddHO HE 20 jBC dz.’ 2 dzO 1
odltcd B3z o O dzO M E Ijtdiityd ¢ dzj to' (Eppansidrigf ey c
55A4y, wdpOCAsaf.o Oy v W jtedzj dzlskz f tetso tsH kdz® fig!
LB jtc' ¢ @AJAut. tcd
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11 o 3@ dats
tdOCS Yy 2dz0 MEfOh 50 W&z YyOdR®Bo OtcH detsG s
( Met abi on), fEvaGie@fgPER NBEPRIS (ho ROX]Solis BioDyne),

2 BCdz silsted ds@pigs) -gdie@ 1 8t 20 '3 tzj O j delsd L d
LOo OQdzlsOy o Odzd E Isj tc ddseypFighgete Quant St udi o
t HaOrkdetsC o' Hdesdes®™ JSMftejMm' ™ 64 dz' o

tSMfteifm' ¥ cjdz ©o odd3 tot o Odzdp! ¥CMld "It O
y' dz' soBts | W tiz] dzigidictsy sfjtcj HEC S0 Odets f st o
H 1. CP (crossing point) dz&dqyj de@y O idesdidaay ¢
Wazkjigtg j dzy ' v to' LK IR M@ ] Mgszaytt Oz dzs ¢ ff to
LO MY "' o9 " HAMEIBG: dgdzw a3 Pf af f |

-

HP O i L dzOYj dedz? Y d S czit dipldstds okEUsides © B3datts ¢ s
ftoO2 BjteOd3d HES QWOd sdBE®yYpdedyr ydg< dzz Mmls
Wiz stej Mygigar" Hdzese s L OL Sk L Qg e@dzd
L dzO Y j dedzy Yy d C czb diplists'jdgSinsdzs te s diis e 5 L 6 OL § Iz
tojWjtej dzs@Badts ¢ jLddzOyj dzdzy yd ¢ dziz W fipls 5 to g5ty j
Hisfpdz' Hdzsets L©OLSE L 602080 tO®Rg ¥ i &ls dogj de'
ftosAatsHY jdadzd 11 L fts@BdQdcOdig j W C lyd sdzlz't
ftesntsHY jdgdz" 3 [t L 02 BPteORd HEs toj W jtoj d
(Wi Slsdoadz Mis:  OsdcdPyudGdsd 1 Of W istcdizz dztss
O pm
Hy a€EnNQdzOyd dedev dzOnddzz Ctedo ts° f sBIzH ts9 Odzts
fils tots ‘RS L Watzdag to j fipy jHlzyS " o' S tsfls' o dzj M des’ 11
LOBJ LY Jyd dzdgv Hts  [@&8EOHE Quant Studi o 5
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2471 ' B daW stedZO Y 2 dzed?2 OdOdz' L f tsfMdz' Htso dats

1 sh € ftsH' Bdesls® o Cdzt yoOs yd ¢t o dzgv d
" deflstclzdzj delssds BLAST (basic |l ocal ali gnme
ZsC Odz! detsects o dtc’ ode® 9 Odade” ) , W Cd2 rotsfek dptsldipls |
hzC O yd B dZOMIS' Iz 87OLE8] tlzts W C 45 55 | B flztizlf titsdizi
odStstedmlssolzo Odzd f ©OC jIs HOdzd = Ref Seq v1.
L G J dztscdisig o | dzlve iOdgdeizdInférnational Wheat Genome Sequencing
Consortium (https://wheaturgi.versailles.inra.jr [187]. | dzv sy’ dz€ d i t
fsmdz Hse dzsMmisj 2 o d ¢ st dvigiefpdidrpddzd WiCQite Otslyfj dsfi
tcOL ' 9 dBsedzd B BBY CEkZoOlsd 9adfOHSCBOoaBGEES LB
L dzOyJ dedg¥ u g, Isd dz L 320 B&enf dgentity(y i &'dzds., ipzC |,
ZOMSE " dz € fMmMdz Hiseadz MiIs! LOfdlskz Matsy O daC
Coydz 2 ftsmdz HisedesMmis® " HJjdasdydets; yddz odh
L B)[189, 190]

i sBtSISO fts LB 'ty SO OdzOz' L 2 dzz € dzj tsls
BkdzO oo g udazsdes j L § Chg dztai n Wor kbench
Qiagen).

SstsHiz® Yy’ fsmdz" Hiso dztsis” sB tetsB dzv dzd |
(http://bioinf.untgreifswald.de/augustys/ H dzw ftctse dztsL Iz 9 O dzdg? ¢
fsdz HsEIFsMIs | 2

wdzls j-tedzfplstcz d3j dzls B ' t8° detv §102kOlsal Cafd N twd B Ik ¢
ftotse dzgtsLclss P dzlize ststedzd n J dzf dzd dzls® @8 Bk f tets Ad3ts s

Yy OfmMstslsd fodz ddsteW dzdr dtsC kM’ o plysktdl A St
ktsC k' 9 BHdEes oadHEZ dZO L OcOd dzz [@93]dz: € fr
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25 jsBHdSC O sl sdidesets OdzOdz' L 2 L § tedzO

[ SMstcOC Yy w B dZ€C ' 8 L j tcdzO

1€ d LijtdzO jCMlstcOclkzo Odzd o' HPEp ' k dzfy dz
f SHtc' B dzjLdgdimsielzOlic’ & C s gz OL sIs 2 fMmlskzqfy" H St
BEW jtc® (2% SDS [HBHjyddahkd %Ok dOlst' s ]
50 & -HTri ste1 6, 8) . o kdE " dz3dsCisShms bj ab@dsdy t
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todey BOdzd HEtSMAZ' HYERZOoOdzz Hjdzjy' v, BY ko
fdz. uwttls I sd M CO 90, M @O HjdAdzjy' v E
Cdgstetsdzj &3 toj OCy' ', bz o tjLkzd O’ toj
L d3 tetsdz 414 Hdz dzai GJjtejHBOYOdzsm! . v O¢
MlsOdzsoade 414 fdzg, It fteslswyd Mis! MISOH
C'dzt €' M 2BMg O tj OCy ¥. vjiMmskzeo @ded®PHtc] @A
11 fted Istc! BODBIR) BAMOISIB , 2Ay IsO 65, 0Ay.
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slstcd BOdets * dalsj demdodz ORI dz' W' Ctso Ode' WicO@
Csdzlstetsdz’ o ‘ 9 HMEklsdz Mis! ftoesHizC sk Hdzw
ZOMis  fjdstOify Oy sdzOdz' L Oyl Bz IsijlateiHj 6 O Isdz ' torttts
Bzdzs L Ofmlstsmiso Odes ff ste’ o dgW dzgdzg" L o d yO2 dzts’
4.81). 1kdts oflsOdesodzj dets, Nts L O fOLOR]Is
B'dzh Yy ¢d?2 ftsHESI.

2 3 K- 1 23

120+158 mu

'/ 103+158 nu

46,0°C 48.0°C

120+158 nu

103+158 nH

200 mH — | s
100 mu — |

t dimzdzBE [ dej ClstesW St Gt OBO e 'sH Bldsjiedzl | tdc@DUs'
tcjyddzz MSOH" " @¢'BtedHdL Oy’ °~ MNcftgOHL" 1ifigshyliss)id
i1/t L ¢ Btod#Miu @byt stz@dz’ L 59 OdzO dzd L 7 H dz
267 ; 2 : Metels 1 tsdz" i €O 90; 3: fn s to Is1/Aé. s dz'
squarrosa( 224)/ 3/ 2*Bor | 95; 5: G' BtdH Ni ng
/5/Cndo/R143//Ente/Mexi_2/Bk. squarrosa(Taus)/4/We av er ; 6 : Mstels
G"BtcdH -ANoB@®128/ 3/ Chen/ Ae. d&zg 6 0B Odzd R a ;¢ s
o dzj Mj dzadzv BOWE j etMBsdzj Sz todets™ dBOMd GeneRuU

ddfmilsj 30 ftcO2dBjtc’ 9 P IO tcH OB g ezl firdsty a. dis
&3 1 On +1567¢é+ThWRKY2D1G6 j dg@y ' tsdzOdz' L 9 Odzd E
odSCtstedMmlsOdzdz” d3 ftoj f OtcOIs' 8 L Oc QB dgso FQ s ¢
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vOC wWC LA tt Y SkoOdset WiktOed®j diso i
odL dzOyddd 15 M. JIdCstdhlstsobks Odf s 0 dzy O
vjMlsko Odzd toj OC WO HL O fipksEidets dsties s 07 518, dyfAjut
59u47AsO 61, 9Au. 10 Isj&kfjtOlked 61, 9Awu
OB dz W' Ctso Oz WwOcedjdelsd Hdw ofp' & Istg! 57
dMisOLkO kO 1 BocSqd ofM' SO slstod BOd] daj f e ¢
199 fdzg wC' @ Hiwkyp wdvadkd HdY%ikgstlsd o' H
Oy SdOd dts® Isj Bf jtcOlkbtetss ¢ BodHdL OY'

M1234K1234K-1234K-

) |
‘ l | & | B i 414 nu
500 e — a ﬁ H e § -
200 mH — '
ITH — ' - - o o o
)L ]
62,0°C 63,2°C 65,0°C
M 5 6 7 8 v os 6 7 s
’ B = -
- | . 414
[ ; o 414 nn - / -
| - } / 500 m 18 Vo
500 mH — | : i S
- 200 ITH —| - g
200 TH — | - 200
00 mH — | - A | i

tdmMzd®BE [ dej ClstecsWistcj cteOBO ' HBBEGE tCOY'
tcjyddizz MSOH' ' 6" BtedHdLOyYy" 1 dtgOH" ¥hdfdndaq d
T Y[ L ¢' BtedHHMAAYT WOy fwdpOdz' L 59 Odz® dzd L =
JHiM CO 267, 2. Ml 1 s M O 90; 3: Mt
¢ BtedH Chi bi &€ 4qudrrgsa(/2/2Cr)dc3 /12/* Bor | 95; 6 :
20/3/Myna/Vul/Jun/6/Filin/lrena /5/Cndo/R143//Ente/Mexi_2A&. squarros&Taus)/4/
Weaver,; 7 mMstels ValAdoBC1788/ 3¢ Chtedhd A&OS
dzf GOIsdodzd?2 Ctsdzlstesdzr BJjL odzgiMmjdedzy 11s; M
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58,1°C 59,7°C 61,9°C

{ dMzd®BE [ dj Sl Sioj ¢ W@BRE sfZ0ke BasE s  Isj
eidiz MisOH" ° ¢ BtedHdLOY" ~ 1[t L MmdMmisj d
dMsOLlsO; 3: Ml qjso@®Eds ddf)2 ¢ Otsdlstetsdz? B
BOwLS jto Bsdzj Cdzwtcdets® BOMd GeneRull er E C

g dMilsj BOj tdf tO2RPS5 HBL o&sEAE"” O m fdsdglipidsd dzts
BjyOF +11406+TAWRKYDI1E j @Y’ t5dzOd' L o Odzd &
oS BtedMlsOdzdz" d3 ftoj f OtcOIs' @9 L OcOdz! des’ 71 s
5OC WG L& 8 Y Sko Odscds Wist® e thi tizls ©y dp
odL dzOyddzd 20 f. I dSstedmlstso zs Odzff O dzy Of
ujMmiskzeo Odzd toj OC W'tc* O HL' O flastfifdoidts dstics' 5 Ri 518, BYAjut
59, 2Au kO 62, 1Au. 10 Isj®&fjtcOkzted 68 OdzA
WieOe d&zd dzlsd  HdzW  oufiplzC) digdmiiitstd y dtdVO Lkdzded3d( tedtdno G
4.10 . l1ted yYtsdilz, HdzZ" LtOLS 9 ¢MisOtelsO® sl
WteOedsj delsd B  dz# M dzg"y 293 fdg, wWEd?2 HBLOT
1 s Msels'™ 9 O JIHQdF & Ols 26 7 . 1 OH Odz' cOyY"
¢ BtedHdLOY' ' fted2dvlsts 9903 0Isd 62, 1Au.
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1 23K 123K1 23KM
: ]
2934327 , & -
293 . - — 500
\>—\ . ol L . * :
... .- - - d —300 nu

L ) ) L )

58,0°C 59,2°C 62,1°C

{ M da9d [ ) el btej CeOBO §  HBSKE ©OY'
i ddz MIsOH® ° ¢  BtedHdLOY" ~ 1 [t L MmdMmisd d
dMlsOtels Ols Brj Mctd @HTOlEs dzd?2 SCtdisttsd B
BOws jto Bsdzj Czdzvedts® oBOMd GeneRull er E C

g syoOl¢ bz tofsLtdd®Bddigaic datf @@ dedsj oy 2 dzdr E¢
Mtstels OR, 1" SEHO O, | dtsltst ks, (fiflidisls O,
i3 dz’ W' SOy W " n LOGOdtdgsl, rflsl.f QelCd (it
ftotsH zCtzrododdeOy dzd 2 WicOed3j dzls L sy’ Clkzo Odets® H
hs © HJjwCdrn o9adfOHCOR df MitsmMisjte’ ¢ Odzsmw
fjodad 2Bt L &3 §f sMdz' H 59 dEDH)RD4 .PDIcQ telz] toiizte @izt
OB dz' W' Ctso Odz WicOG d&3j dplsOddf. @ @2 dyfj jtde "OEaBDRa ¢ { d
BO2YJ HAzv Cwyds’ s3Iz @btz 910245 " dp telis@ H S H
Migzckz 1E&cztz s @dz[?2 C O30 dzd?2 WteOcd3j dzls 199
Hsf sodzt 9 Qo fqw WicOE i3] delssds @ d fhls jf 3 JzfsPHej Oy Cd
ftesHEZS BO&@Ro Odzd?2 WH@BpARY dzlsi j 29§~ LtcOL C° ¢
HSHOLS(tsaE Md3afecdz 255 OB 327
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M1 2 3 4 56 M1 2 3 4 5 6
— TR o o T — b

| ra1 |8 500 @ PBI
| —
500 mH — . »& =
300 s — ’ 200 1 — «
- < Sem® @e 6m
100 g — ) 100 ma —
ML 2 3 4 5 6 M1 234 56 M1 23 456
500 s A PDI1
|- 500 e —
200 H | 300 1H — - psd
100 a ‘. ' 200 MTH — -— - -
ol — 108 u
100 mH — -

M1 2 3 4 56
M1 2 3 4 5 6 = e %
500 PD3 500 nH— -
400IIII: o - am — 414 mu 400 1H — == ‘—’——-32711]{
o ; 300 m — —--Q---‘_Z%rm
: 200 IH —
300 mH — N ) 55 mH
= o - «21lm 100 mm— :
100 mH — *» 200 mH — 199 mH

{ dMEzdBE i [y &S O wECtoshos §02 dBjte’ o
fsd Bt ' L Bk ¥ i0c daWRKY24L (PAY), TaAWRKYEB] (RBL1s O
PB3 TeWRKY2D1(PD1,PD2,PD3PD4ls® PDE h jflsd Mtk On t
1 dzjw; 2 Ml 1 SEHOMO; 3: et d siRzsdsas ¢
6: Mkl | jMdydo. M: &OLSjt &sdjdkdvitsdt

I dweodzj dz¢ dzj fletscdasL 50 Odg WieOcd3j dzglsd 15
PD4d , 255 fdz O 327 fdz (fMdmlsj kG of Difs)e Omizz
ftstc' o dzv dz' o a3cf 1§ fiy R catstetataizfs fpts W35 Mtstelskz Chi ne:
LiesLbEds s fedesrl 5 Wicoksk pgsdzdes.8 1 dm fdiie
CEBEdse' ' HE §shd Hssdshisj2 WRKY, HBfl
NCBI. J]'dz o' Hfits9' HO' € siigtizd dg® © B s B o d disf
402974585 HE-dtO®9AQeBEB 9( + /418G M. shmdz' HEo dz
i OC d3) dflsdBO2 10 dzOydzlz  fzts ST SVRKYEIEL b1 Hetls dsts f) 5 d3 dzt
fsdsy jdd o' H 5338@&A&3Ewusles 9} 7 RS . ( +/
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A PD2 7 i ki T
copT Chinese Spring [AGCACCA AA ATTATGTG&A ITTTGGCCTTA TCAGAAAGTT TAGGTCAAGA GCTTCGCTTT GCAAAAAGAA TCAACTCAAA CGGAGTTACG 89
copT CMyrnaHKa I R S R S T R R S S S S R A S T AT S A IS T STy a0
Kokicep \IIHI\InHIImIIH OO OO O OO O DO O D O O O T T
120 MO

copt Chinese Spring GAACTTAAGT TATGAACAAA AGAAGTTTGA ATATGAATTT GAACAAAAGP ATCAACTCAA AAGCT---|154

COPTCMYIAAHHGE =« =+ s s stsa 5 essssosas wotussosns soesssvvsh sasoroscsn ansasuaess AAC 158
Kowcepearwenicrs [T T T T T O T T N R
B PD4 . 40 @ 80
copt Chinese Spring [CCACCTACGA GGGTAAGCAC| AGCCACGACG TGCCGGTCGG CCGGGG---- -------- CC GCGCGCTGCC GGCGACATCT TCCTCCGACA 78
copTKpMHKa . . .. . .. ... ... . A....... A e e e TGCC GGTGCCAG. Gl AT o o G.... 9
coptXifeng20 . . . . . .. ... Lo A....... A ccissinnie vasmas TGCC GGTGCCAG. Gl AL T e e G. 20
Koucepsatmenicrs [T TTTTTT H l [T T T o T ln [T T o000 oononnoa II HO TTTTTTT MoMaTTTTT T I| ] I\ \
mn |5c

copr Chinese Spring GCTCGGGCGT CATCTGGCCT GCCGCCGTGC CGGCCCCGTA CACCCTCGAG ATGCTCACCA ACCCTGCCGC CGGACACCGA GGCTACGCGG 168

copT KpusuHKa ., . . . . . T. Ll e e C.....v .. T..A. 180
copt Xifeng20 . ... .. T... A.C ................. A st ic5 SiiEierais snsEEEiweE smemaEaneE wan C...... ..... T..A. 180
KoHcepBaTHBHICTB ml [ullliwl 0l | 0 nl il Him!
i
copt Chinese SPring ¢ ¢ GcGGCGC TTCCAGCGC ACCAAGGACG A] 199
coprRpwwunka - T . 21

copr Xifeng 20 .21

KoHcepsaTtuBHicTL D

B PD5 . o IHTpOH 3 i g
copT Chinese Spring ‘CGGGTTGCAG CTCAGTGAﬂG GCGCTGAGCC CGTGACCAAG CGCCGGTAAG TAATTGATCA TTGCTTGCCA AATACTAACT CTGTAAAGTA 90
COPTCMYIAAHKE - « « « =« o oo e eeene e e G..... .. P < Gttt e c. AL e 85
COPTKPHMHHKE + ot o o e aa e e N ittt e e c.. A C.. 90
KoHcepeatueHicTh ] | | [ ]
100 120 140 1rl>o m‘o
I 1 ]
copr Chinese Spring |CTCC -+« == =cccecaaa. ATACGTGTTC CGCTGCGGTT TGC-=-=-=-=== «ccccccnas === TTTCTCA TACGTGTTGT TAGATTAATT 144
COpTCMYINAHKE e« e e ocsssss ssssssssss ssssssssss ssssssssss SssssEsssss Ssssssssss ssssssssss =8 TAGA. .C. ... ....... 103
copT KpuwMHKka A . A. TCTTAT TAGGGGCAGA G..... AA.T T.TGCTAA.. .C.ACGGTAG ATTTTATGTC AAA..ATAA. C.TAGA..C. .......... 180
KoucepsatusHicts ) ) I o R R On Do im0 0 B
200 220 240 2?0
L ] |
copt Chinese Spring  TGAAGATTGT GTGTTTGATT GGTTGTCAGG AAGGAGCATG CCGACAAC-- -GAGGGCAGT TCAGGTGGCA CCGGCGGC- -TGCGGGAAG 228
COpTCMYMIAHKA . . . ¢ & v v v v e v v v wnw s L GT...... . e e e 180
COPTHDHMMHKE  « « <« o == = == ===ttt ot ie it e GT...... AA C.otiti it e e e GG C. ..o 262
Koncepsarmericre [T T0On0n onl TOAT T T el T ine e e T T e ST
280 300 320
| 1 1
copr Chinese Spring CCCGTGCGCG AGCCGAGGCT TGTGGTGCAG ACGCTGAGCG ATATAbACAT ACTCGACGAC GGCTT| 293
CoptCMmymAaHKa G . .. ... ... .... ot e e e e e e e e e e e e e e e e e e e e e e 255
copT KpusMHKa . . . . . .. L L. L. Bttt it il e et se s e es s e ee e sees e er e e 327
KoHcepBaTHBHICTB I [ I

t dMEz4d®iG " L detsdz3Odzg’ Isdz’ Mis! § sMmMdz' Hise daetsMmlis§ 2
ECteO dzm! Cddisd MbtelsOdRRd, o MlsOdatseo dzj dzgd sd L O
1 OtcO ftcORPRRIc Do s5COLE' Moty Mis! tm
fdz o' H Mtstols zf weBzocdddigRtD HISSdzlstetsdz! degsets Mt
171 PD4, hts 9C0OLE’ dZzO f tsH"® Bdz fMls! f sdz'
stedyddz¢ © Hts G jdeslsdifz Xi feng 20 SO o' HA
lTPD5, s st adzt’ By SkoOdzd?2 WiEOE ] C
"HA3 dedzgd d3d 255 fHdz 9" H fitelskz uwd@gze dzv dz€ O Is

ANcOed3j dzlsd 255 fdz O 327 f dz o dtc' o dz
TaWRKY2Z B' dz' h 55 ff SaWRKYED1fgls & stk s Bdzs Bz &
53380620 Hts-dbEBdpsOcBI288B  +I18702 ,1eo " HYf s ' H dzs)
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O ZOd' L f s dD dptftle’ gt FfkiipOodgjndzls ' o Y [t ,
f OtOdkd PD4 ' PD5, §8COLOs, hts y' fsd d¢
G s Bs dzts ¢ AWRKYZRD dzj Odztslstso Odz' 30 WD g datf apl
(IWGSC RefSeq v1.0).

451 [ 10dzOdz' L. o dB 'Ligg dilsf P @Y dzj tc 'OdaWRKY2 ¢ | dz

[ dzw Of B OBEB dzj dets G t5 B' tSlsj n detsdzts ¢ ydat
BsHdW ' ¢ Hy Gdzle das 1dfjidsdse o dzj dzdzv  fzds faFalg#RKEW2A1L O3
TaWRKYZ2B1 Is @aWRKYZ2D1 B 2 dzts ff tets o j H jLdztse difkSrdaiddildsdasdzd
mMdMmisj d3 fipoR i3 ted s " tcC d Ly*'1:9 97 2L ta@a &L Cod {fiptgjte
My dzg Sy' ° , 37 ¥ dzO tc®m dZFCIMMYT (Global Wheat Program of the
International Maize and Wheat Improvement Centerls© o dB "  6C O L 5
fhjddy: 1O & YodHtednl " HY jsded udabs  dslsactd dixd
1[i0dz0dz’ L2 B oadedzvH' L Odetslstso Odgdr tesL a3 tof
z sOBddd yw2 ISOr dzw sy dz¢d ' deW sted3OIlsd o dgtsmls
tctsL cOn ts8 Z0 Odzd ftsC OL dzd € Yyomilstsis LEMmiste’ y
LiMmlste” yOdadz? Cty degse s OB dz' W' Cso Odzsegts W icQ
odqedvH' H' Oc&lBdB3 &zO td Mk dz$ &z

1 OC O dzts o3, ¢t dzip! € mMtstelsd ¢hjddy' ]
fOlsjtcded WtOed3j dzls' @ 1 [t fste’ odgVvdzts L mt
gff smisj tod ¥y 4 dzdzV HiB te] FLoHY f Wi®CIRgY S © & i
fhjddy' &BO' HEY] HBocGk ' fMistste' ¥ by ted e Odzd
[201]; 2) dzOW 9 dz' Mis! 3 Cdz' B3OIsduydzdr LBdz o9 dtetsf
1 sdz' ff292]) B fwtseo ' HdZO d3" Y Ot H dZO L dy
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)

o

PA1 PB1 PB2
1 1
0 0,8 0,8
0 0,6 0,6
0,4 0,4 0,4
0,2 0,2 0,2
0 0 0

BitunsHAHa  Konekuia Ayl BiTumaHAHa  Konekuis [uki BitTumsHaHa  Konekuia Auki
KonekLi CIMMYT  nweHuuiTa Konekuja CIMMYT nieHuyi Ta KoNeKLuia CIMMYT nweHuLj Ta
ribpuan ribpuau ri6puan
W406 nH M BigcyTHin dparmeHT m166 NH  ® BiacyTHi dparmenHT W514nH M BigcyTHIK dparmenHT

PB3 PDI1 PD2
1 1 1
0,8 0,8 0,8
0,6 0,6 0,6
0,4 0,4 0,4
0,2 0,2 0,2
0 0 0
BitumaHAaHa  Konekuia Juki BitunaHAaHa  Konekuis Juki BitTumsHAHa  Konekuia Aunki
Konekuia CIMMYT niweHunyji Ta Konekuia CIMMYT nweHuyi Ta KONeKwujisa CIMMYT nweHuyj Ta
ribpnan ri6puan ri6puan
- M BiacyTHi dparmeHtn W 113 nH
W108 nH M BiacyTHil dparmeHT W248nH MW BigcyTHIN dparmeHT ACYTHI &P
W 120+158 nH W 103+158 nH
. PD5
PD3 PD4
0,8
1 1
0,8 0,8 0,6
0,6
06 0,4
0,4 0,4
0,2
0,2 0,2
0 0 0
BituMsHAaHa  Konekuja AOuki BitumaHAHa  Konekuia Lunki BitTumsHAaHa  Konekuia  [uki nwennui
KoNeKLia CIMMYT  nweHwWuiTa KosleKuis CIMMYT  nweHwWui Ta KONeKLiA CIMMYT Ta ribpnan
ribpnam ribpuau W 293 nH W 293+255 nH
. ' 2934327 bp W 293+400 nH
W4l4nH W BigcyTHIR dparmenT " BigcyTHi dparmenTi M 1994211 Ny W 199 nH =284 =307 nH

{  MEZABEl ' OCc AR, 5COL k¥ 5! tosLfsH' &z Oy
MjtejH CtdjSy' 2 kSO df' S5, CIMMYT, Gt
€' BtodHisal Hedg™ te9sB dzj dzd & B3O8 & CTRERKYI(PAL) o5 |
TaWRKY2B1( PB1, P B2 T&BKYZRSPDL, RI2,PB, PD4 kO P
sdieseddylse' kO jChmystls' Ljtdd §hjddy'
feslsWdsds BOCOIS! B7 -1OE ' o jact ®H gyf] lsHs® slousy
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| HddzO totsL totsB dzj dzO O TRYVRKYRABOP AL ts | B daz C L
Ol dz' W " €Oy °’ Hdzw ofm' n LBGOLS &8 L GCtsdzj €y
B YodHBodr E8BEBdH290 2C®@SHznN' Cdr ¢ h j dzd y-
Hsf sdise s YA t& Oc dgfidglis jj dzds.0 O dzdPD526Rd fHds jods i3’ da
Hdzw ECtO dzfn! € dr 6 Jj dztsls PP5 (265 O By 3 H3AREL ttsods LW t
foz HisBte] CBtej dzt ¢ Is11f ‘da axflsis@ detis® @3 BRA Ric O

) “dzgh se s dCBotgiCdiAz o @ dfgEr® Is ¢ tHNotdsezj FR. [z dzj
fiotsH j BsdzMistclzo Odzs Y BHdes’ CEBsdzse’ ~  PD2¢ j o
By dzO0 jWjSCIsdodzs L OMssmMtsolzo Olsd HAzVW ¢ j dzts|
‘odzls § dzj € ldOOpdztdiEids t ), O SOC Y Hdzw W' odztse j dad

1 Ofmistsmizeo Odzdzy PP kic' PDE icOR KB e P O dzO OL |
fhjdedy" Is © B yodHBa dn G BtedH" ' 9 HESL 8
fshdz' Hise des s j 2 GJ dedzsets dzsC iz " pded yf sal
ftots' dzt Misie®® @daty'| $¢ .fistcls Iso jteHts™ Hh jdedy' 2
Cdzj €Sy ° Cl MMYT IsO¢tsy day HtesHEZSEZOS OdzO W
vsBlIss! 51 Otc ff tc 022 GBJadWRKWY2DH 5 ts LGy txigzw & s ! Hd MG
dzOw o dz' Mls’ ¢ = jddg) dsjdtadsdzlz, M5 BO° § 5ASHY j dadz

[ 9 Q tcOLLS dMEkzB G ] dets s d3  GT. KiharBy 2KM 159 sl dzd
o' Hilso stct oWOEKY R d3yladistil d Blztkd L 40Qtsds OL sd5 "L L OGO
PD5W tc O G d3j dzly slalz s2c9 K. kibasawdsj, dzj tclz o O© O QP'df dxZ® tc € |
PD3 . PD4 L zdf QB 5 dedzw GJ dzsd3 o AB / (
(T. dicoccum/Aetriuncialis) dzJ HOo dz' ysets M jydWw ' ydzatsc
L OGOdz! dztsG s OB d' ¥ ° ¢ 59 Odetdzs(BDH .W tc OfG 'dxy tealsHO
Ae.ventricosa/Tdicoccum( ¢ | iz &B M dg@te ¢ s oPO2ALH13 Y ozt d Mils | d3C
PD5 f totsHHzeC Gz oWOEBDE o3 dzBff detil®. 2B 3 hex 8RB @Ozg n b 51
Oftsy’ O6y" L f sl1pdPDY) ¥ tc & Biydpls B azs KH § B &
ghgdady’ .
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v OCdd3 yd dzts ds, i RDE © d W scdDR @) Wl 820 2 dzW st d3C
CedzB " dzOy*' ‘'8¢ ftcO2d3j o' 9 H zZTaWBKY®Dd.dz] giadakss ‘todz(
PD2, PDARtEsQ] PeDBIsd jWjiSlsdodes L OfMmistsMtse OdzC
B JodwBedcdBr®rHAEZY o' Hfisj y jdedaw f jtej HOY" ¢
f'HtyOfpdze ' dzOy' 2 ded i §sH"' 2.

1 [ 10dz0dz'dB ' tetsC MdMmlsj 3O dzjPtBzleo Ol © SBEB 3 dz
tejLizdz sOIsd L yOfmlsslss® L EMmlste’ yOdzadzw ORY dz

l dmMdzsea € d UGB ttsL H' dzkz

1.0 MisOdzis o dzj dets TaWRKY25k TRWRKYEB1 Is OTawWRKY2D1
f ) Hiso detsfyls j 2 Hdzw h jiisd SCtdsteOMmisded n Mt
{f sk 2 siffpsi) LA O, [HjM! CO 267 O ItcHOs dgdeS
[ Otz detsC 1 tsH' dzdzw, | OlO&S O, Itd ! O 90.

2.1 sL tetsB dzfste ~ dats dzts cdzOy dfiRdzEfaf WH'~ ¢ wg G dzi & ts
L odSttedmisOdzdzy 9 f 602 Bj tefezd F dzlp of @ tizgets 26 ) &
TaWRKY2A1, TaWRKY2B1 s @aWRKY2D1.

31 5C OLMOERE isj 7 dzts dzts ¢ 4z dzth Mteiod W S ‘CHs o O dzts 6 ¢
] [ty dz@ jW iCldodets L OfMstsMtsokzEObd Oy dzf o 8¢
fdlsOde " dzlsjdzj SlszOdz dzgs’ o d&zOfMdesfls' ), O
ghdddy .

4.0 dw o dzj Bt ,tsishj B dats dzts & dz@ dztf MiFtetisf W R CHs o O dzts G t
) [ ttej L zZdz s @ 66 tedstigdly’ Hojiglamrs e * yded o f shdz' W
fhjdZdrusdste @ M 25 sHB MEfktctE sHEE do '.HH Odzj

lesdz" COYy' " LO twjLbkzdz sOsO3d tesBBIsd tots

Lakhneko O.R., Stepanenko A.l,, Kuzminskiy Ye.V., Morgun B.V.
Polymorphism of some transcription factor genes related to drought toleranceah/ivh
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sO totsL d3' M O8 Is fdzOh Sk L G6jdzjd3 © jdzj CSlstet
fsodz Misr fsCttdlsO BEWJ tosd.

l Sty dgz dzz A6 dz Czdzts i O LS. 1) [sfHdzz L o ' dzt
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flste' WCADRS. o slsd B' &ZCO HWSIsHE 0B 4 O5C ARk s & 5§
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1 " fdzw f  HetslstsaCd "Lisjdzj ShtesWisCEzMmtse O
Mste' YS Orn HtosotsHYISBZz tosd e tz) dzdz® Rts elzfo & & e
g syoeLtko sHWIs! ftedctslskzo Odzdz” 12% ftd O
fsmskzf sots L@, 8166 ,dfz BXH3I 0% OCtcd zZOB' HEz: B
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ftcd 50 0f totisds/V B as dg dBih Grelzaizf W | toj € § MA detg Mtso Odz'
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Hsd3" " sCf wed tetslasd G dzj o ° N 304 6N de j i sio @) 3
ftoesd3d o O Is! o 300 &Cdz 50 B' C OB ts5dzO L
Mistclzh o Odzdz 500 tsee/tBo Wi tdawliy Wdaisty B ) BEtta Sn@rhodizy
Gjdzjoad?2 WBOl sidMls@MORSYSd ¢jdz' @ L B dzf
300 @3S dz Oyjlssdg steddz fted §jtcj B M ko Odadz

rdwd ted dgf iipfdidsj fipts odB G j df -9 BOISBAESL " j § dzv ©
HisH O®R2Qd dEVdz dzeW jdd€dggzdz © 10 dBf ' HietsC OteB sk
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L OMmissmMSoHzjsddsd W ic @ QY ‘dzj dedzw d3 ' di3slsted § fiyd dzts d3.
Gjdzjodr fdzvd3 sBtesBdVEIS! ItediMmMddesdz SO Isj
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- tots 30 Is Hscet@] Bdzsh §f | Cds@difs d3j WS/ MS) (LC o d S sted |
o' Hddzdzed 2 rFrtoscdEObbBd Ol s  stOs HIPHIS ddodz TfHMsy| tc
[ Odz' E Y dfiglg ¥ d &3 MSE (§0OtOdzj dz' dz mMdz' Hd
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¢ Otcls toPepPakCl8 Light (Waters) Iso jteHO WOLO wCdnm dzO
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stdzyd deste Oy ¥ frjld ls thdeQ 6 Is B § W36 eisd fSism s OF -
0, 1% tesLyddze B' dz¢ ' 9 &BO*' jECMlsddzy' ¢ 1, 0 H
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tc' Hddzdzd 2 rFrctd@OBEdRROY st { ®IOF § dz¥ 5 @O OUds @ d
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L dzj Misdzj dgda™ / € tsdzyj dzlstclz 9 O dzdz™ 1% O0Oyjlstsdz Iste
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ZOC tsdzd ydzd ¢ © 10 BE B) § Is (O Qfftc @rvitajdzO dzQ@ipe friefizte
CoOHtokz SdfdgdRIstalfod) ste L Sffy' ‘¢ ' datlets & d3ts
tcj Y dBISE. | dzv ¢ tswlpStap d2' hdgd i MmldsapeptiddB. G| |

v J St dvFdf'tc M 2 dzedd3 IsO Oten " odzdd3 °
and Archival Tool 1.0 (Waters) Hdzv L d3d
dzd y yd 15. [ g tctse SEPYHsOglafresi s QI 4.0 ( Wat
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Jdgjtec'w 40 tSHdddy' . 1 tctipedHHHERY$ESOGJ 5da
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Yyofmd bElsteddzo Odzdzistf 6 § Md - o o eils s tc O BOR .
dstc 3O dz' HLtz B figj to j Hdz! SE 8 teSLfBH dz o fMm' 7 ' s
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COBOMR" HBM®RJ sddzydmisy " dz, d3gdIs' sdz'" dz "L L o3
[Hdz dzj  w@ajdfddrjddgdzy HESL OotsdzW s Is! Hd2. Istodf My

t sy dzj detieyls teid § f) o detfdls Wold 15 1z @ Wtttz &t dzy®
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Wi dg dzOdzOdz' dzlz, dz] R gdzgzR yd dglg Is* tsdz” dzgz Is© o Odz
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sy deS s o9dhj 95% fstsetse sdt€/ WIS das  ¥dzOHO
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ldimdese € HEtS ttsLH' d&zz 7

1.1 sL etsB etk j Mz Odz! dz' mn joBy dz¥ de s otfj "Hij ddzf
fs5C OL dzgd ¢ O d3d O A tfcldsel dasisHBA] Is. © o dz] dzts o df fiffls - i tc
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21 tod tsiOdEEsssE'dIlsd o o d Btzdsdzdevic OF s o d2UES
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HO® Is! L d&isclkz LtetsBdlsd dzOmMiskzy dz o dMmdese € d.
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1 [flsy mdzsdzse * 2
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5 OB dzd e fdf. ¢ Mstels' © SO ¢ BtedH' o §Nh j d
f d&zOL &3 ¢ hJjdedy' Cl MMYT s VOitttsms@Gqzd L ©Eakmt
Isj m dzsdztsG * 2

s tsdzls d d dtstels/ ¢ BtedH wn ste@ dzO@ f A SH
Chapei Kilashika Cwi14417 sdls02
Citr 4901 BwW44438 wdgH * W
Gray JD1032 BW44400 bW eOds MisOdz
Gray JD1447 BW44404 V¥ cOdz MisOdz
IskamishK-2-Light BW30149 bW cOdz MisOdz
Ke Feng 2 BW44545 sdls02

oLt W
King-Hing-1 BW44475 sdls02
Safed Lerma BW44590 wdgH ‘W
Talimka CWI13349 sdieedL MisOdz
TselinnayaY ubileinaya BW44543 s OL OrMilsOdz
W-67 BW44414 1 0C dMisOdz
Zerdakia BW44478 wte O ¢
Sakha 69 BwW44591 ledfdls

dWitcd S C
Zambesi BW44384 1 " BBRiOB 9
AC Vista BW44549 s OdzOH O
Anza BW44690 [1E€MdC O
Bjy/Coc//Prl/Bow/3/Milan/Kauz/4/Bav92 BW44540 [1E€MdC O

1" 9dz" o :

O d3jtad S Chen/Ae.sq//2*Opata/3/Finsi BW44620 [1E€MdC O
Chibia/4/Pgo//Croc_Be.squarrosa .
(224)/3/2*Borl95 BW44564 1 [ J¢MmdL O
Comanche BW4905 42 ¢
Falcin/Ae.squarrosg312)/3/Thb/Cep7780//Shad/Li .
al4lFret2 Bwa44628 fdsmdso
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Glenlea BW44668 s OdzOH O
HG094.9.2.29 BW44649 CIMMYT,INT.
HXL7573/2*BAU BW44528 [i¢MdCO
Inia-F-66 BW44580 [ iS€mMdc O
Jenkin BW44440 42 ¢
Munia/3/Ruff/Fgo//Yav79/4/Past BW44499 [d1S¢MdE O
Ning Chun
20/3/Myna/Vul//Jun/6/Filin/lrena/5/Cndo/R143//Enl BW44634 [d1S¢MdE O
IMexi_2/3/Aegilops squarrosélaus)/4/\Weaver
NL90.15.2.11 BW44639 [i¢mMdeo
Norm.2A Bc178/3/Chere.s(/2*Opata BW44635 [1S¢€MdC O
Pl 610750/Sasia BW44553 [iSmMdsc O
Richmond BW44681 s OdzOH O
Tobarito M 97 BW44596 [i¢mMdeo
V-17 BW44597 [i¢mMdeo
D-12 BW44390 1 itk
Voo Hd A o deDelMonte BW44458 |1 j dzgj Mk j O
o d3j ted &
Klein Favorito BW44447 dtcc J dgls d dzO
] Millaleau Inia BW44585 y d dz'
1" 9Hj o
j ted €
b ted Rupert J CaB82 (26882) CWI16194 y d dz'
Admiral BwW49048 1Y o34 wud dzO
Albis CWI25556 Z9j2yOte’ w
Arendany CWI21907 Il sdze Ot W
| atetst C
B-262 CWI12261 Z9j2yOte' w
BlancPrecoce BW44359 Z9j2yOte’ w
Boleslavska Belka CwiI38451 Yjn'tw
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ot

Bruneta BW44360 Yinm' W

Caribo BW6467 1 dduud dz0
Carol BW49037 Il jdz gt w
Cenad512 BW44362 { zdszdz w
Godolloi 15 BW49041 Ve tsteh ddzO
Holdfast CWI79116 1l jd2zd¢ o 1 tdlsOds
Kimmo BW44670 Finland

Lammas BW44369 l jdzd €O 1 tedlsOdz
Manital BW44673 wls ©dz' w
Muras BW44372 [ dlse O
Otofte-56 CWI142853 [ Odg' W
PrinceLeopold BW44376 I jdzt gt w
Recital CWwi42454 AteOdzy" W

Red Schlanstedter Rimpau CWI113488 1" B4 wud dzo
Roi-Albert BW44377 1" B wud dzo
Rokycanska sametka CWI151023 YJjnr' W

Rufus BW44378 1 jdz gt w
RumskaCervenka CWI110035 djteB " W
Sparta CWI127638 YJjnr' W

Svenno BW44686 zZojy w

Val BW49059 ljdzt g'w
Valdor BW49046 AtcOday ' W
Vierny CWI13535 i dt

Zemunka BW44382 SetsmMdzOe ' W
Zirka BW44383 VLEtO dzO




210

0o flstC

Excalibur BW44513 poMmMstcOdz’ w
Janz BW44567 dpoMstcOdz" w
Kulin BW44568 poMstcOdz" w
WWwW425 BW44519 bofg®dz" w.
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G BtedH -9,

5jndzsdztsid 'HY dalsaify - COY 2z 2 desBjte ® Stsdzj Sy 1 Oy 5dz0dz! dzls @
whzhisdlskzlsk totsfydzd tedzd 5O P d13. LE t6©. dzd )

I dw 1 HodH wy ”;fﬁdg" SO dzO § o GH
T. sinskajae var. sinskajae UA0300224 A s’ 2M SO A
T. dicocaim Schuebl. n.a. UA0300087 AB sOL O MisOdz
T. dicoccumSchuebl. Polba Kokchetavska UA0300021 AB sOL O MisOdz
T. dicoccumSchuebl. var. aeruginosum UA0300008 AB s 2M €O AjHJ
T. dicoccumSchuebl. var. aeruginosunRuno UA0300327 AB t s’ 2 My COYA Y
T. dicoccumSchuebl. var. atratum UA0300081 AB 1 sdzr h O
T. dicoccumSchuebl. var. dicoccum UAQ0300002 AB LSO dzO
T. dicoccumSchuebl. var. nigroajar UA0300208 AB (W s w
T. dicoccumSchuebl. var. rufum UAQ0300001 AB LSO’ dzO
T. dicoccumSchuebl. var. rufum UA0300087 AB wihtf Odz" w
T. dicoccumSchuebl. var. semicanum IR 00293 AB 1" d3d wud dzO
T. dicoccumSchuebl. var. serbicumPolba 3 UA0300183 AB s 2M! €SO AJHJ
T. dicoccuntSchuebl. var. vasconicum Crjunella UA0300129 AB wimy Odzg" w
T. dicocam Schuebl. var. aeruginosum UA0300006 AB dLJjtBO2HY OC
T. dicoccumSchuebl. var. aeruginosum UA0300040 AB 1" tedgy dz' W
T. dicoccumSchuebl. var. aeruginosunmikRuno UDS00084 AB t s 2M? €O A
T. dicoccumSchuebl. var. dicoccum UA0300002 AB LSO dzO
T. dicoccumSchuebl. var. haussknachtianum UAO0300072 AB sOL OrMisOdz
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T. dicoccumSchuebl. var. haussknachtianum UAQ0300044 AB oL jteBO2HY OC
T. dicoccumSchuebl. var. haussknachtianurBolshaia holova UA0300056 AB wdgH ' W

T. dicoccuntSchuebl. var. rufum UAQ0300004 AB zZojy' v

T. dicoccumSchuebl. var. serbicum UDS00003 AB 1l sdzg Ote" W

T. dicoccumSchuebl. var. serbicum UA0300009 AB t s w

T. dicoccumSchuebl. var. serbicumChervona krasa UAQ0300053 AB 1l Sdzg Ote" W

T. dicoccumSchuebl. var. volgense UA0300012 AB t s 2 M€Y AW
T. dicoccumSchuebl. var. volgensePolba Kokchetavska UDS00038 AB T

T. dicoccumSchuebl. var. volgensevernal UA0300026 AB gz 0

T. ispahanicum var. ispahanicum UA0300070 AB wte O dz
T.macha var. palaeoimereticum UA0300250 ABD JtelzL "W

T. spelta var. album UA0300111 ABD s OdzOH O

T. spelta var. album UA0300111 ABD s OdzOH O

T. spelta var. caeruleum UAO0300074 ABD oL jteBO2HY OC
T. spelta var. caeruleunCDC Zobra UA0300392 ABD s OdzOH O

T. spelta var. duhamelianum UA0300071 ABD 1 sdz h O

T. spelta var. duhamelianunBaulaender UA0300101 ABD 1Y d3d wud dzO
T. spelta var. duhamelianunirankenkorn UA0300103 ABD 1Y d3d wud dzO
T. spelta var. griseoturanorecens UAQ0300075 ABD COHYdE dmls O
T. vavilovii var. vavilovii IR 00364 ABD l " ted3d dg' W

T. kiharae Tti mopheevii I UA0500014 AGD ctsdz v

T.1T hexapolonicum Il " HsBtsdBMis® o' HiMkls da UA0500048 n.a. 1 ted3j dz' v
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L BtedHd

1 OL 8 O gntejh zo Odzdgw w {J;f,ﬁdgf St dzO f tsh BH Y
or Ae.ventricosa/Tdicoccum UA0500021 M/ AB t s w
ori T. dicoccum/Aespeltoides UAO0500012 AB/S dL jteBO2HY OC
or2 T. durum/Aecomosa UAO0500057 AB /M s 2Mr €O A
or7 T.ispahanicum/Aecylindrica UA0500030 AB/DC L BEPOAz
or8 T. dicoccum/Aetriuncialis UA0500022 AB/UC dL JjtBO2HYOC
¢ r217 T. timopheevii/Aeumbellulata UA0300017 AG/U Cytsds w
¢ r221-4 T. persicum/Ae. tauschii UAO0500029 AB /D c sdz” w
Aegilotricumcylindroaestivum Ae. cylindrica/T aestivum UA0500028 DC/ABD I ed3y dz' W
Haynatricum T. dicoccum/Dasypyrum villosum UA0500018 AB/V s 2M! CO A
1 ¢ 431 T. dicoccum/T. monococcum UA0500008 AB /AP s 2M! €SO A j
109y T. dicoccum/Aetauschii UA0500010 AB/D t s 2! €SO A j
T. T peal mova T. boeoticum/Ae. tauschii UA0500054 A/D t s 2! €SO A j
Tritordeum 1199/09 T. durum/Hordeum chilense n.a. AB / Heh wimy Odzg" w
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v OB dzd ywl jote jddz' ¢ IsO R~ OOCIsjtedMmlsdC O O
Hdzv Odf dz' W' C Oy G jdesdsdzd = ff sfdz' Hiso desMls §
1 OL 9 | 1 2C€dzi sIsdH d&zO0 {f 51 t BL A l etsecteO
_ o A*' dz! 89 (
f QAR (57>3) fde| OBy dz' W
PO4F AACTCCCTGCTCCTCCCGTC 94 iBO®
TaWRKY2p 1| 1198 | AG30 fy;
PrAR1 GCGCTTGGTCTCGGGCTTGT
i90 m; 3
PrAF1 GACGATGAGGCCGACAAGCC 94 iBO®
TaWRKY2p 1| 791 | AG30 fy;
PrAR2 GTAAACGCCACAGGGGGAAC
i60 Mm; 3
PrBF1 CAATCACACCACCCCTCTCC 94 iB@® M
TaWRKY2B1 | 1649 | AG30 fy;
PrBR3 CAGCGTTACTACTACCTCCGTC . 2
| n 9,
PrBF3 GAGACCAAGCGCCGGTAGTA 94 IBO®
TaWRKY2B1 | 1215 | AG30 fy;
PrBR1 AAACGGGTACGAGACGTTGT
ir90 fm; 3
PromDF | TTGGCCGATTAAAAAGCGACA 94 iBO®
TaWRKY2D1 ]
ACGGAAGGAGCAGGGAGATTA 1795 | AC30 f;
PromDR (f etsd3ts g
T2 "9 3
P26F TCTCCCTGCTCCTTCCGTC 94 iBO®
TawRKY2D1 | 1894 | AG3 0 fy;
P26R GGTGGACGCACATGTAAACG , - 2
I no;
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f Ot

tc' 9dz o j C MHWRKWREPF], EPF2 ®GUTE

LG 1 0L 90 fr] 1 2¢C defjrsds® f sfydz' | BEEEOGO Od

f tcO22 d&3d 3i>50

TaWRKY?2
(TaWRKY2A1+ |  WRKY2qF CCACCTACGAGGGTAAGCAC | 94 iR® ;i 263
TaWRKY2B1+ | WRKY2qR GAGCATCTCGAGGGTGTACG | fy; 7i2 0Ad; 4
TaWRKY2D1)
EPELAL EPF1AQF2 GCGCTCATCCCCTTCTTCTG | 94 iR® ,fn; i 26 1
EPF1AqR2 | AGGAACCCCGACACATCCTT |f; 7i2 0A@®); 4
CPELEL EPF1BqF2 GCCGTCTTGCTGCTCGCT | 94 iR® ’fn; i 26 3
EPF1AQR3 CGTCCCGTACACCTCCTCCT | fp; 7i2 0A@d); 4
PELDL TaEPF1DF1lq | TGACCATGCACGGCCGGG | 94 iR® ,fn; i 264
TaEPF1_R1q| ACATGCAGCGGTAGACCA |f); 7i20Ad; 4
CPE2AL EPF2AqQF4 AGGCGGCATCCCCGTCAA | 94 i1R® ’fn; i 26 1
EPF2AqR4 CTGACCATGACCCGCTTG |fy; 7i20A@); 4
CPEoB1 TaEPF2_U Fl1g| ACGGAGGGCAGGCGGCATCA| 94 RO 6,ft3; iRC
EPF2AqR4 CTGACCATGACCCGCTTG |fy; 7i20A@); 4
CPE2D1 EPF2DgF3 CTGGCCATGGCATCGGCA | 94 iR® ,fn; i 26 3
EPF2DgR3 TGCCCTCCGTCGTCGTCGT | fy; 7i2 0A@d); 4
MUTEAL MUTEAQF3 CGGCAGCTGCATTGTGGT | 94 iR® ,fr]; i 26 3
MUTEAQR3 GTTGGCGCCGGAGATCCT | fy; 7i2 0Ad; 4
VUTEBL MUTEBQF3 CGGCAGCTACGCTATAAC 94 IR® ,fn; i 287
MUTEAQR3 GTTGGCGCCGGAGATCCT | f); 7i2 0Ad; 4
GCCGTGAAGGAGCTCGCG )

MUTE-D1 MUTEDqR4 ATGGTGCTGATGTTGACGTGG 04 1RO ’fn; 1209
MUTEDgR4 A f; 7iI20A0; 4
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TOEOCljttdMsdCO L

" Cl
o q)dsl]’dz‘W‘Ctslu'
1 OL 9
1 sfmdz' H B3 Mis jdz|tcj 6" sdz2 ' Hd ] ccGtcOAiZO
s | f ( m L4 J Y E0c d B
Istc OdzfM S to d 1
qd, 4
GGATGAGCTCGGCCTCTC  [TaWRKY2 ) 94 RO fm; i8®,
PA1 +4746+879 406 ]
CTTCTGCCCGTACTTCCTCC |Al 72 iBO m; 34
PB1 IAACAAGAGCAGCAGCGGCGA [TaWRKY2+8 44 é +1009 166 94 RO fy;, iIBD,
CGTCTGCAAGAGAGCGTTCC [B1 (1BL. 1RS Istg 72 RO f; d&zg 4
B2 AGGAACATCAGCAGCAGCAA +800é6+1313 14 94 iRO f;, i8D,
GATCTTGTACTACCGGCGCT (+816, GCA 72 iBO M, 34
B3 GACGATGAGGCCGACAATGG +1171¢é+127 8108 94 RO fm; 8D,
CAGCGCCATCACCGAGTATT (1BL. 1RS Istg 72 iAG fy; 34
94 RO f; 49,
-9 8 8M1 30 fy;72752 fikC
GACTTTGTATCATAAATATAA
PD1 (-9 6 668,06 U ¢ 248 6 yde¢ dz'ie2;0 9y
GTTAGCTTTTGAGTTGATT ] ’
Hddzi y' w) AC30 ;12702
yde dz' o
94 RO fy; 49,
-8 6 0-#41 30 ;1172 fphC
IAGCATCATAAATTATGTGAA
PD2 (-8 4 2-848, 120/10316 yd $ dz' i92;0 O
GTTAGCTTTTGAGTTGATT ) ] ’
TaWwRKY2AATTATG #J AGC30 fy; 71752 ff
D1 yde dz' o
94 RO fy; -1piBQ
D3 CAGGAGCAGCAGCAGCAGCA +748é+1161 1 m; 7iZ30Ad(d¢ &
GCCATCACTGAGCTGCAACC (+764, GCA 94AGC20 f; 13605
72 iBO® f; 28
CCACCTACGAGGGTAAGCAC ) 94 iRO® f;, 8D,
PD4 +1567é+176 5199 .
TCGTCCTTGGTGCGCTGGAA 72 iA®M; 34 vy
CGGGTTGCAGCTCAGTGAT ) 94 iRO f;, i8D,
PD5 +11406é+14327293 .
AAGCCGTCGTCGAGTATGTC 72 iRO fm; 34
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v OB dzd ™ jite jTz' ¢ O ROLOCkjttdmMisds O L t
di3j s sH O kG dz' L BPFIGEPERIs ®IUTE

. bR dz’ W C| Ly Sk
1 0L9| 1 ESdzj slsdHdzO s . .
fd s (51>3) 14dqd e’ sdz 9 'WicOG d3d ltesdtcOBRO 1
i >
1 MsOwlsk I[stcd i dz
AGCCGCATGATCTCTACGTG [EPFI- 94 RO f;, i1,
E1Al +121é+293 173 .
CCGACACATCCTTCTTCTCC Al 72 TAG 4, yRL d
CGTTCACCCCCTTCTTCTCC  |[EPFI- 94 iRO® f; 8D,
E1B1 +39é+292 254 .
CAGGAACCCCTTCTCCTCCA Bl 72 1RO f; 34
ATGATGCTGATGCGAAACCG i 94 iRO f;, i8D,
E1B2 +204é+291 |88 ;
AGGAACCCCTTCTCCTCCGT 72 TAQ f; 34
TACGCGCGCATTCCTGGTCG [EPFI- 94 RO fm; 8D,
E1D1 -26é+256 281 ;
GGAACCCCTTCTCCTCCGTC D1 72 RO fm; 34
GGAGAAGGAGGATGGGTCGG 94 RO fm; 8D,
E1D2 +273é+455 183 ;
TAGCACTTGCCCTTGCACAT 72 TAG f; 34
GCCGTGCAAGCGGGTCATGA [EPF2 94 IRO f);, i1,
E2A1 +432¢é+534 (140 ;
GGGGTACGTTGCGGAGCACG |Al 72 TAG fn; 34
CTCCACGTCAACATCAGCAC |MUTE- 94 iRO® fy; iBD,
MD1 +490é+671 |[182 ;
CCAATCTGCAATGCAACAGA D1 72 TAG fn; 34
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rdrovis
v OB dzd Y M t sL H' dzz

s OB d&zd. YWl qwo dzj dzd 2 f 5z BETRWRKY2L (PAL)sTaWRKYZBL (PB1, PB2) I§0®
TaWRKY2D1(PD1, PD2, PD)]3, ¢ Fgielsd® PDSsydL dv dzts’ fyj dzj Sy

sstels( PA1 | PBL | PB2 | PB3 PD1 PD2 PD3 PD4 PD5
0 &z’ B OGN C ( 406 | 166 | 514 | 108 248 | 120,158 414 199 293
QdzZssdz oS¢ ( 406 | 166 | 514 | 108 248 | 120,158 | 414 199 293
0 MisOtclsO | 406 - - - 248 | 120,158 | 414 | 199, 211| 293, 327
I SGHOMO | 406 | 166 | 514 | 108 248 | 120,158 | 414 199 293
I ste' w 85| 406 | 166 | 514 | 108 248 | 120,158 | 414 | 199, 211| 255, 293
I Zdzykz € 406 | 166 | 514 | 108 248 | 120,158 | 414 199 293
] Ol Oy 5¢ 406 | 166 | 514 | 108 248 | 120,158 | 414 199 293
I j fydzw dz€ ©| - 166 | 514 | 108 248 | 120,158 | 414 | 199, 211| 255, 293
]  H©eOHO | 406 | 166 | 514 | 108 248 | 120,158 | 414 199 293
| Ottd3sdz v ts| 406 | 166 | 514 | 108 248 | 120,158 | 414 199 293
1 dzj v - 166 | 514 | 108 248 | 120,158 | 414 | 199, 211| 255, 293
I BHEZo Odz' dzgd y| 406 | 166 | 514 | 108 248 | 120,158 | 414 199 293
Lzl 406 | 166 | 514 | 108 248 | 120,158 | 414 199 293
[ Oed dzC O s d| 406 | 166 | 514 | 108 248 | 120,158 | 414 199 293
[ Otz dzsC 1§ 5| 406 | 166 - 108 248 | 120,158 | 414 199 293




[ 58 t&d dzv 406 | 166 - 108 248 | 120,158 | 414 199 293

[ 5MC s dzOdzq 406 | 166 | 514 | 108 248 | 120,158 | 414 199 293

[ 6] o dzw dz€ ¢ 406 | 166 | 514 | 108 - 103,158 - 199 293

| Hdz Mls! 406 | 166 | 514 | 108 248 | 120,158 | 414 199 293

rOHOdO uvs 1 406 | 166 | 514 | 108 - 103,158 - 199 293
r 07 do 406 | 166 | 514 | 108 248 | 120,158 | 414 | 199, 211| 255, 293

(ZOo C O ®©H| 406 | 166 | 514 | 108 248 | 120,158 | 414 199 293

1Btz Yy 406 | 166 | 514 | 108 248 | 120,158 | 414 199 293

1H&BO sd g 406 | 166 | 514 | 108 248 | 120,158 | 414 199 293

1 Bs™ 6 O 406 | 166 - 108 248 | 120,158 | 414 199 293

1 dMmS 406 | 166 | 514 | 108 - 103,158 - 199 293

] dZz S O 406 | 166 - 108 248 | 120,158 | 414 199 293
| B¢ sd| - 166 | 514 | 108 248 | 120,158 | 414 | 199, 211| 255, 293
SOdzOdzy® | 406 - - - - 103 - 199, 211 293, 327

sd oM’ CO ts| 406 | 166 | 514 | 108 248 | 120,158 | 414 199 293

s g W 406 | 166 | 514 | 108 248 | 120,158 | 414 199 293
sdveddw [ q - 166 | 514 | 108 248 | 120,158 | 414 | 199, 211| 255, 293

s . Oz dgv 406 | 166 - 108 - 103,158 - 199 293
stodx dds O 406 - - - 248 | 120,158 | 414 | 199, 211| 293, 327

[ Ondxy qdzC d 406 | 166 | 514 | 108 - 103,158 - 199 293

[ 0.’ ©CJ 406 | 166 | 514 | 108 248 | 120,158 | 414 199 293

[ " ©0O tnjm 406 | 166 | 514 | 108 248 | 120,158 | 414 199 293
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[ Odkzddz o ¢ d 406 | 166 - 108 248 | 120,158 | 414 199 293
[ jdzsH' W tsH| 406 | 166 | 514 | 108 248 | 120,158 | 414 199 293
[quetsd oM’ ¢ 406 | 166 | 514 | 108 248 | 120,158 | 414 199, 211 293, 327
[ "M v tnj| 406 | 166 | 514 | 108 248 | 120,158 | 414 199 293
[EZHt' Mis! | 406 | 166 | 514 | 108 248 | 120,158 | 414 | 199, 211| 293, 327
| OMdzOc © | 406 | 166 | 514 | 108 248 | 120,158 | 414 199 293
| OsOdS O | 406 | 166 - 108 248 | 120,158 - 199 293
1 iBCtKO2 | 406 | 166 | 514 | 108 248 | 120,158 | 414 199 293
1de 0O [njm]| 406 | 166 - 108 248 | 120,158 | 414 199 293
1deO® [njMm]| 406 | 166 | 514 | 108 248 | 120,158 | 414 199 293
| sesCd of| 406 | 166 | 514 | 108 - 103,158 - 199, 211| 293, 327
[HjMm! CO 2| 406 | 166 | 514 | 108 248 | 120,158 | 414 199 293
1 O dzdz0 406 | 166 | 514 | 108 248 | 120,158 | 414 199 293
) joj wmdzse| 406 | 166 - 108 248 | 120,158 | 414 199 293
] SH MW d26 ¢ 406 | 166 - 108 248 | 120,158 | 414 199 293
) sdz' M’ CO | 406 | 166 | 514 | 108 - 103,158 - 199 293
4 ZOo dzO - 166 | 514 | 108 248 | 120,158 | 414 | 199, 211| 255, 293
4 Bze dv dz€ d - 166 | 514 | 108 248 | 120,158 | 414 | 199, 211| 255, 293
wdz ckztC O, 1 406 | 166 | 514 | 108 248 | 120,158 | 414 199 293
o BAsdB W 406 | 166 | 514 | 108 248 | 120,158 | 414 199 293
4 5dz0ls O 406 | 166 | 514 | 108 248 | 120,158 | 414 | 199, 211| 293, 327
s dzOISO tH, 406 | 166 | 514 | 108 248 | 120158 414 199 293
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u s ls dzd YW - 166 | 514 | 108 248 | 120,158 | 414 | 199, 211] 255, 293
e O 2¢O - 166 | 514 | 108 248 | 120,158 | 414 | 199, 211| 255, 293
v d dats § 406 | 166 | 514 | 108 248 | 120,158 | 414 199 293
LCO &S O fts| 406 | 166 | 514 | 108 248 | 120,158 | 414 199 293
ANOotstedlsC d 406 | 166 - 108 248 | 120,158 | 414 | 199, 211| 293, 327
Mmj emsdzm' C ©O| 406 | 166 | 514 | 108 248 | 120,158 | 414 199 293
metlstse d dz§ 406 | 166 - 108 248 | 120,158 | 414 199 293
KOt' o dz® | 406 | 166 | 514 | 108 248 | 120,158 | 414 199 293
yOtetsH' 260 B'| 406 | 166 | 514 | 108 - 103,158 - 199 293
Zjmssy Odz { 406 | 166 | 514 | 108 - 103,158 - 199 293
ZjHK 9CO GC( 406 | 166 | 514 | 108 248 | 120,158 | 414 199 293
59 d&vite Bqets| 406 - - - - 103,158 - 199, 211 293, 327
CstcOde 6( 406 | 166 - 108 248 | 120,158 | 414 199 293
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v OB dzg.yw ]l dw o dzj dzdz® to W ‘tsudalz [ TaWRKY{281d€pAl), TaWRKY2B1 (P B 1 , PB2 IO
TaWRKY2D1 (P D1, PD2, PD3, cHDEZ 9ls® RIOLCOR L 1 0dzSkz 1 OtetsHC 5
CIMMYT). iulHj dzlsdW¥ " COYy' 2 ded 2 detsd3j tc.

d4tstels/ ¢° BtedH PA1 | PB1 | PB2 | PB3 | PD1 PD2 PD3 PD4 PD5
AC Vista 406 | 166 - 108 | 248 | 120,150 | 414 199 293
Admiral 406 - - - - 103,150 | - 199, 220 | 293, 328
Albis 406 | 166 | 514 | 108 - 103,150 - 199 293
Anza 406 | 166 | 514 | 108 | 248 | 120,150 | 414 199 293
Arendany 406 | 166 | - 108 - 103,150 | - 199 293
B-262 406 | 166 - 108 - 103,150 - 199 293
Bjy/Coc//Prl/Bow/3/Milan/Kauz/4/Bav92 406 | 166 | 514 | 108 - 120,150 | 414 199 293
BlancPrecoce 406 | 166 | 514 | 108 - 103,150 | - 199 293
Boleslavska Belka 406 | 166 | 514 | 108 - 103,150 - 199 293
Bruneta 406 | 166 | 514 | 108 - 103,150 | - 199 293
Caribo 406 | 166 | 514 | 108 - 103,150 | - 199 293
Carol 406 | 166 | 514 | 108 - 103,150 - 199 293
Cenad512 406 | 166 | - 108 - 103,150 | - 199 293
Chapei Kilashika 406 | 166 | 514 | 108 - 103,150 | - 199 293
Chen/Ae.sq//2*Opata/3/Finsi 406 | 166 | 514 | 108 | 248 | 120,150 | 414 199 293
Chibia/4/Pgd/Croc_1Ae.squarrosa(224)/3/2*Borl95 406 | 166 | 514 | 108 | 248 | 120,150 | 414 | 199, 220| 293, 328
Citr 4901 406 | 166 | - 108 - 103,150 | - 199 293




223

Comanche 406 | 166 - 108 - 103,150 - 199 293
D-12 406 | 166 - 108 - 103,150 | - 199 293
Excalibur 406 | 166 | 514 | 108 | 248 | 120,1% | 414 199 293
Falcin/Ae.squarros#312)/3/Thb/
Cep7780//ShadlLira//Fret2 406 | 166 - 108 | 248 | 120,150 414 199 293
Glenlea 406 | 166 - 108 | 248 | 120,150 | 414 199 293
Godolloi 15 406 | 166 | 514 | 108 - 103,150 - 199 293
GrandeDel-Monte 406 | 166 - 108 - 103,150 | - 199 293
Gray JD1032 406 | 166 | 514 | 108 | 248 | 120,150 | 414 199 293
Gray JD1447 406 | 166 | 514 | 108 | 248 | 120,150 | 414 199 293
HG094.9.2.29 406 | 166 | 514 | 108 | 248 | 120,150| 414 199 293
Holdfast 406 | 166 - 108 | 248 | 120,150 414 199 293
HxI7573/2*Bau 406 | 166 | 514 | 108 | 248 | 120,150 | 414 199 293
Inia-F-66 406 | 166 - 108 | 248 | 120,150 414 199 293
IskamishK-2-Light 406 | 166 - 108 - 103,150 | - 199 293
Janz 406 | 166 - 108 | 248 | 120,150 | 414 199 293
Jenkin 406 | 166 | 514 | 108 - 103,150 | - 199 293
Ke Feng 2 406 | 166 | 514 | 108 | 248 | 120,150 | 414 199 293
Kimmo 406 | 166 - 108 - 103,150 - 199 293
King-Hing-1 406 | 166 | 514 | 108 - 103,150 | - 199 293
Klein Favorito 406 | 166 - 108 - 103,150 | - 199 293
Kulin 406 | 166 | 514 | 108 - 103,150 - 199 293
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Lammas 406 | 166 | 514 | 108 - 103,150 - 199 293

Manital 406 | 166 - 108 | 248 | 120150 | 414 199 293
Millaleau Inia 406 - - - 248 | 120,150 | 414 | 199, 220| 293, 328
Munia/3/Ruff/Fgo//Yav79/4/Pastor 406 - - - 248 | 120,150 | 414 | 199, 220| 293, 328

Muras 406 | 166 - 108 | 248 | 120,150 414 199 293

Ning Chun 20/3/Myna/Vul//Jun/6/Filin/Irena/
5/Cndo/R143Ente/Mexi_2/3Aegilops squarrosa 406 - - - 248 | 120,150| 414 | 199, 220| 293, 328
(Taus)/4/Weaver

NL90.15.2.11 406 | 166 | 514 | 108 | 248 | 120,150 | 414 199 293

Norm.2A Bc178/3/Chemie.sq/2*Opata 406 | 166 - 108 - 103,150 - 199 293

Otofte-56 406 | 166 | 514 | 108 - 103,19 - 199 293
P1610750/Sasia 406 - - - 248 | 120,150 | 414 | 199, 220| 293, 328

PrinceLeopold 406 | 166 - 108 - 103,150 | - 199 293

Recital 406 | 166 | 514 | 108 | 248 | 120,150 | 414 199 293

Red Schlanstedter Rimpau 406 | 166 | 514 | 108 - 103,150 | - 199 293

Richmond 406 | 166 - 108 - 103,150 | - 199 293

Roi-Albert 406 | 166 | 514 | 108 - 103,150 - 199 293

Rokycanska sametka 406 | 166 | 514 | 108 | 248 | 120,150 | 414 199 293

Rufus 406 | 166 | 514 | 108 | 248 | 120,150 | 414 199 293

RumskaCervenka 406 | 166 | 514 | 108 - 103,150 | - 199 293

Rupert J Car 882 (26882) 406 | 166 | 514 | 108 - 103,150 - 199 293

Safed Lerma 406 | 166 | 514 | 108 | 248 | 120,150| 414 199 293
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Sakha 69 406 | 166 | 514 | 108 | 248 | 120,150 | 414 199 293
Sparta 406 - - - - 103,150 | - 199, 220| 293, 328
Svenno 406 | 166 - 108 | 248 | 120,150 | 414 199 293
Talimka 406 | 166 - 108 - 103,150 - 199 293

Tobarito M 97 406 - - - 248 | 120,150 | 414 | 199, 220| 293, 328
TselinnayaYubileinaya 406 | 166 - 108 - 103,150 | - 199 293
V-17 406 | 166 - 108 - 103,150 - 199 293
Val 406 | 166 | 514 | 108 - 103,150 | - 199 293
Valdor 406 | 166 | 514 | 108 | 248 | 120,150| 414 199 293
Vierny 406 | 166 | 514 | 108 - 103,150 - 199 293
W-67 406 | 166 - 108 - 103,150 | - 199 293

Zambesi 406 | 166 - 108 | 248 | 120,150 | 414 199 293

Zemunka 406 | 166 | 514 | 108 | 248 | 120,150 | 414 199 293

Zerdakia 406 | 166 - 108 - - - - -
Zirka 406 - - - 248 | 120,150 | 414 | 199, 220| 293, 328
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v OB dzd W] dWo dzj ded?2  sd 3ETRWRKY2KL (PAl)s TaWRKYZB1 (PBL PB2Is©® PB& O

TaWRKY2D01 (PD1, PD2, PD3) @pds osOo PDBEOLSOR HdSdnm 0 jugédy!
"HjdasdV¥ ' COY" 2 dzd? dztisdRj tis tsof) dAfEEEEIONS 9 O WwdHnlsdisl . S 90 1 ¢
e
l dH 1 " HodH [208/210, | PA1 | PB1 | PB2 | PB3 | PD1 PD2 PD3 | PD4 PD5
T.. dicoccyvar . aer uBudnm os um ?Als] 406 | 166 - 108 - - - - -
T.. di coc c ( varserbicunrolba3 AB 406 | 166 - 108 - - - - -
T.. dicoccyvar . di coccum AB 406 | 166 - 108 - - - - -
T.. dicoccdvar . nigroajar AB 406 | 166 - 108 - - - - -
T.. dicoccyvar . ruf um AB 406 | 166 - 108 - - - - -
T.. dicoccdvar. aeruginosum AB 406 | 166 - 108 - - - - -
T.. dicoccyvar . semi canum AB 406 | 166 - 108 - - - - -
T.. di coc c | PolbaKokchetavska AB 406 | 166 - 108 - - - - -
T . .oatunc var. vasconicur@rjunella AB 406 | 166 - 108 - - - - -
T.. dicoccyvar . rufum AB 406 | 166 - 108 - - - - -
T.. dicoccyvar . atratum AB 406 | 166 - 108 - - - - -
T.. di coccyna. AB 406 | 166 - 108 - - - - -
T.. di Saheebl.y var. . ser bi cum AB 406 | 166 - 108 - - - - -
T.. di Saheebl.yvar. . di coccum AB 406 | 166 - 108 | 248 | 120,158 - 199 293
T.. di Saheebly var. . s e rChervonokiasa AB 406 | 166 - 108 - - - - -
T.. di Saheebl. var. . h a u s s k Belshdiaholowan AB 406 | 166 - 108 - - - - -
T.. di Saheebl.y var. volgensePolba Kokchetavska AB 406 | 166 - 108 - - - - -
T.. di Saheebly var. . v o IVgman s e AB 406 | 166 - 108 - - - - -
T.. di Sacheebl.y var. . ser bi cum AB 406 | 166 - 108 - - - - -
T.. di Saheebl.yvar. . vol gense AB 406 | 166 - 108 - - - - -




T.. di Sacheebl.y var. . haussknachti an AB 406 | 166 - 108 - - - - -
T.. di Saheebl.yvar. . aerugi nosum AB 406 | 166 - 108 - - - - -
T.. di Sacheebl.y var. . haussknachti an AB 406 | 166 - 108 - - - - -
T.. di Sacwebl.y var. . aer uBun;m 0 s um AB 406 | 166 - 108 - - - - -
T..ispahanvar . i spahanicum AB 406 | 166 - 108 - - - - -
T.. kiharagT.. ti mbp Aauschiii i AGD 406 - - - - - 414 | 199 | 293,400
T.. macha var. . pal aeoi meretic ABD 406 166 | 514 | 108 | 248 | 120,158 | 414 | 199 293
T.. sinskajjvar . sinskajae A 406 - - - - - - - -
T.. spelta|var. al bum ABD 406 166 - 108 248 | 120,158 | 414 199 293
T.. spel ta|var . caec€hClZebam ABD 406 166 - 108 248 | 120,158 | 414 199 293
T.. spelta|var. gri seoturanorec ABD 406 166 | 514 108 - 103, 158 - 199 293
T.. spelta|var. duhamelianum ABD 406 166 - 108 248 | 120,158 | 414 199 293
T.. spelta|var . duh a nBadlaenden u m ABD 406 166 - 108 248 | 120,158 | 414 199 293
T.. spel ta |var . duh a nfdnkekomu m ABD 406 | 166 | 514 | 108 - 103, 158 - 199 293
T.. spelta|var. caerul eum ABD 406 | 166 - 108 | 248 | 120, 158 - 199 293
T.. spel ta |varalbum ABD 406 | 166 - 108 | 248 | 120, 158 - 199 293
T..vaviloyvar . vavilovii ABD 406 166 | 514 108 248 | 120,158 | 414 199 293
T.dicoccumSchuebl. | var. . aer ugi nosum AB 406 | 166 - 108 - - - - -
T.dicoccumSchuebl. | var. . r uf um AB 406 | 166 - 108 - - - - -
1" BtedHd
1 d dats
1 OL 9o O gnted h j dzdgv [208/210, | PA1 | PB1 | PB2 | PB3 | PD1 PD2 PD3 | PD4 PD5
213]
dr Ae.. ventricosal/T.. M/AB 406 | 166 - 108 - 103 - - -
ori T..dicoccum/ Ae.. s| AB/S 406 | 166 | 514 | 108 - 103 - - 316
dr2 T. durum / Ae.. com( AB/M 406 | 166 - 108 - 103 - - 293

227



or7 T..ispahanicum/ Ae| AB/DC 406 - - - - 414 | 199 293
dr8 T.. dicoccum/ Ae.. t | AB/UC | 406 | 166 108 - - - - 293
¢ 1217 Tti mopheeviid Ae.. | AG/U 406 - - - - - - 293, 400
o 12214 T.. per stauschim/ Ae . AB/D 406 | 166 108 - 103,158 - 199 293
Aegilotricum ) )
eylindroaestivum Aecyl indrica/ T.. ael DC/ABD | 406 166 108 - 103,158 - 199 293
Haynatricum T.. dicoccumwillosbmsypy AB/V 406 | 166 108 - 103 - - 284
T.. 1. hexal|na n.a. 406 - - - 103,158 - 199 | 293, 327
1 ¢ T..dicoccum/ Ae.. t{ AB/D 406 | 166 108 | 248 | 120,158 - 199 293
1 ¢ 431 T.. di ¢ ononoaogoumT . AB /AP | 406 | 166 108 - - - - -
T.1 palmovae T.. boeotaischii m/ Ae. A/D 406 - - 248 | 120,158 | 414 | 199 293
Tritordeum 1199/09 | T. . d ur u m/chiledser d e u m| AB/H® 406 | 166 108 - - - 199 307
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rdrouvds

v OB dzd Y b t sL H' d&zz

v OB iAW dW e dzj dzed?2 1 5z’ RERFEAL(ESAL), EPELBL § dz)

(E1B1 Is@PHDIE261,D1 Is@EPRAIN2E)2 A 1NUTHEDA (MD1)

Gjdz @ o MtlsOR o  sydL dwdets' fjdzj Sy’

1 OL 90O Mt E1IA1 | E1B1 E1B2 E1D1 E1D2 E2A1 MD1

Oz’ BOIstetsfy | 173 | 254 - 281 183 - 182
O dzlstsdz’ o € - - 88 281 183 - -

O MlsOtelsO | - - 88 - 183 - 182

Il SGHOA&O | 173 - 88 281 - - 182

I ste" w 895 173 - 88 281 - - 182

I Zdaykz ¢ - 254 - - 183 - 182

] OOy 8¢ - 254 88 - 183 - 182

I j mdew dz€ @ - - 88 281 - - 182

l " HtcOH O - - 88 281 183 - 182
| OteBtsdz’ w ff - 254 - - 183 - -

L dzj w - - 88 - 183 - 182

L BSHEZ9 Odzt dzed | 173 | 254 88 281 - - 182

| Ztsls 173 | 254 - 281 - - 182

[ Ot dz2C © s d - - 88 - 183 - 182

[ Otclzdets S o - - - 281 - - 182

[ 5B tod dzw - 254 88 281 - - 182

[ M sdz0d] - - 88 281 - - 182

[ t6j o dzv dz8 | - - 88 281 - - 182

| Hdz Mls! - 254 - 281 - - 182

r OH Odz0O - 254 88 281 - 140 182

r 029" te - 254 88 281 - - 182
rztcOo €O tsH 173 254 88 281 - - -

1 Bz y - 254 - 281 - - 182
1 HSBO sd°’ - 254 - 281 - - -
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1 dBsw 66 G - - 88 281 - - -

1 dMm¢ - 254 - 281 - - 182

1 &z2 € O - 254 - - 183 - 182

] 5zt O | - - 88 281 - - 182

s OdzOdzy O - - 88 281 - - 182
sd efpr CO f - - 88 281 - - -

s ' w - 254 - 281 - - 182

sdev e ddav [ - 254 - - 183 - 182
s tc OMmiz dgv - - 88 - 183 - -

stedy d dzeS O - - 88 - 183 - 182

] OHd> d dzs - - 88 - 183 - 182

[ BOte" 9 G| - 254 88 281 183 - 182

[ "0 tSHJfl - 254 - 281 - - 182
[ Odzd dz' 9 €| 173 - 88 281 - - -

[ JdzsH ' W s 173 254 - 281 - - 182

[ dietsdz o f! - - 88 281 183 140 182

[ " w tHj| - 254 - 281 - - 182

[EZHt Ml t§ - 254 - 281 183 - 182
1 OfMdz0c 0 | - 254 88 281 - - -

1 Ol Odz¢ O - - 88 - 183 - 182
14BBCKBO2| - - 88 281 - - -
1do90O [HJf - - 88 281 - - -
1do9o0O [HJf - - 88 281 - - -

1 sotsCd’ of 173 - 88 281 - - 182

[HifMmM! SO 7 - 254 88 281 - - 182

1 Odzdz© - 254 88 281 183 - 182

1 jtoj widztsd - 254 - - 183 - 182

1 sy dz6 O 173 - 88 281 - - 182

1 sdz' mr €O - 254 88 281 183 140 182

4 dzO 9 dzO - - 88 281 - - 182
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o Bz e dzv dzC | - - 88 281 - - 182
vdz ezt d 173 - 88 281 - - 182
o BosdR W - 254 88 - 183 - 182
4 BdzOIs O - 254 88 - 183 - 182
H5dz0 0O H| - 254 88 281 - - -
o sls dzd yWw - - 88 281 - - 182
sfOm oa¢d - - 88 281 - - 182
vy d dats € - 254 88 281 183 - -
LSO O § - 254 - - 183 - 182
AOotstedsC| - - 88 281 183 - 182
mj emsdm: ¢ o - 254 - 281 - - 182
mztclstsoe d df - - 88 281 - - -
KO’ o dzO | - - - - 183 - 182
YyOttsH ' 26
s s s o - - 281 183 140 182
ZjmssyfOod | - - 88 281 - - 182
ZjHt' 8C O ¢ - - 88 - 183 - 182
59 d&vte Bt - - 88 281 - - 182
cstcOde 6| - - 88 - 183 - -




232
v OB dztf.2yiwl dw e dzj ded 2 ff sdz' RBERFFAL(EBALY, EPE1-BL {f dz)

(E1B11BR)EPFED1( E1 D1 Is GEPFR-AIN 2E)2, A 1NUTHsDA (MD1)

GJdz 9 9 LBGOLEOA L 10dE (1 OtesHESOE 1 dzOL

1 OL9 0O Mtsilskz/ ¢ ° B|ELIAL| E1B1| E1B2 | E1D1 | E1D2 | E2A1 | MD1

AC Vista - 254 - 281 - - -
Admiral - 254 - 281 - - 182

Albis - - 94 | 281 - - -

Anza - 254 - 281 - 140 -

Arendany - 254 94 - - - -

B-262 - - 94 281 - - -

Bjy/Coc//Prl/bow/3/milan/

Kauz/4/bav92 ) ) > 281 - - -

Blanc-Precoce - - 94 - 183 - -
Boleslavska Belka - 254 - 281 - 140 | 182
Bruneta - 254 - - 183 - 182

Carilo - - 94 281 - 140 -

Carol - - 94 281 - - -
Cenad512 - 254 94 281 - 140 | 182

Chapei Kilashika - - 94 281 - - -

Chen/Ae.sq//2*Opata/3/Finsi - - 94 281 | 183 - -

Chibia/4/pgol/croc_1/

Ae.squarrosa (224)/3/2*borl95 ) 2o4 2 281 ] 140 ) 182
Citr 4901 - - 94 281 - - 182
Comanche - - 94 281 - - 182
D-12 - 254 - 281 - - 182

Excalibur - - 94 281 - 140 -

Falcin/ae.squarrosa (312)/3/thb/

Cep7780//shadliral4/fret2 SR e R R ' '

Glenlea - - 94 - 183 - -

Godolloi 15 - - 94 - 183 | 140 -

Grandedelmonte - - 94 281 - 140 -
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Gray jd1032 - 94 | 281 | - - -
Gray jd1447 254 | 94 | 281 - - -
Hgo94.9.2.29 254 - - 183 - -
Holdfast 254 - 281 - 140 | 182
HxI7573/2*Bau 254 - 281 - - -
Inia-F-66 254 - 281 - - -
Iskamishk-2-Light - 94 281 - - 182
Janz 254 - 281 - - -
Jenkin 254 - 281 - - -
Ke Feng 2 - 94 - 183 - 182
Kimmo 254 - 281 - 140 -
King-Hing-1 254 | - 281 | - - 182
Klein Favorito 254 - 281 - - 182
Kulin - 94 281 - - -
Lammas 254 - 281 - - -
Manital - - - 183 - -
Millaleau Inia - 94 - 183 - 182
Munia/3/ruff/fgol/
Yav79/4/Pastor 2> ) 281 ] . .
Muras - 94 281 - 140 | 182
Ning Chun 20/3/Myna/Vul//Jun/6/Filin/lrena/s
Cndo/r143//Ente/Mexi_2/3/Aegilops squarro - 94 281 - - -
(taus)/4/Weaver
NI90.15.2.11 254 - - 183 - -
Norm.2-A Bc178/3/Chen/Ae.Sq//2*Opata - 94 281 - 140 -
OTOFTES6 - 94 281 - 140 -
Pi 610750/Sasia 254 - 281 - - 182
Princeleopold - 94 281 - - 182
Recital - 94 281 - - -
Red Schlanstetter Rimpau 254 - 281 - - 182
Richmond - 94 281 - 140 -
Roi-Albert 254 94 281 - 140 | 182




Rokycanska Sametka 173 - 94 281 - - -
Rufus 173 - 94 281 - - -

Rumskacervenka - - 94 | 281 - 140 | 182

Rupert J Car 882 (26882) - 254 - - 183 - 182
Safed Lerma - - 94 - 183 - -
Sakha 69 - 254 | - 281 | - ] ;

Sparta - - 94 | 281 | - 140 | 182
Svenno - - 94 281 - - -
Talimka - 254 - 281 - - -
Tobarito M 97 - 254 - - 183 - -
TselinnayaYubileinaya - - 94 - 183 - -
V-17 - - 94 | 281 | - - -

Val - - 94 | 281 | - 140 | 182

Valdor - - 94 | 281 | - - | 182
Vierny - 254 - 281 - - -
W-67 - - 94 | 281 | - - -
Ww425 - 254 | - 281 | - 3 }
Zambesi - 254 - 281 - - -
Zemunka - 254 - 281 - - -
Zerdakia - - 94 - - - -
Zirka - - 94 281 - - -




v OB dzf.3jW d W o dzj dzd 2

f sz BERELAL (EiAl) EPELBY (fEdz)B 1

235

ls GPFEDIR E)1,.D1 s

ghJded

E1D2), EPF2A1 ( E2 A1 MUTEDL ( MD1) c¢jdz @ ©® L®BOLSOF HJCdna
‘Hjdsd¥W SOy 2dzd? desBite o Stsdzj Sy wdzmisd s klsk tetsfydzd dzdzd y s
1 d dzts ¢
1 dH 1 " HoadH [208i 210, | E1IAl1 | E1B1 | E1B2 | E1D1 | E1D2 | E2A1 | MD1
213]

T.. dicoccumj|var . aer uBdnm os um AB 173 - 88 - - - -
T.. di coccum|varserbicumPolba3 AB - - - - 183 - -
T..dicoccumj|var . di coccum AB - - - - 183 - -
T..dicoccum|var . ni groajar AB - - 88 - - - -
T.. dicoccumjfvar . rufum AB - - - - 183 - -
T..dicoccum|var . aerugi nosum AB 173 - 88 - - - -
T.. dicoccum|var. semi canum AB - - 88 - - - -
T.. di coccum| PolbaKokchetavska AB - - - - 183 - -
T.. di ¢coccum]| var.vasconicunCriunella AB - - 88 - - - -
T..dicoccum|var. . rufum AB - - 88 - - - -
T.. dicoccum|fvar. atratum AB - - 88 - - - -
T.. dicoccum|na. AB - - - - 183 - -
T . di cSwlmwebum |var. . ser bi cum AB - - - - - - -
T.. di Sadhweeblu mfvar. . di coccum AB 173 - - 281 - - -
T.. di Sawebl.u m|var. . s e rChdrvonokiasa AB 173 - 88 - - - -
T.. di Sadwebl.u m|var. . haus s k mBashdiaholown AB 173 - 88 - - - -
T.. di Sdhebl.u m| var. volgensePolbaKokchetavska AB - - 88 - - - -
T.. di Sadhweebl.u m|var. . v o IVgmahn s e AB 173 - 88 - - - -
T.. di Sadheeblu m|{var. . ser bi cum AB 173 - 88 - - - -




T.. di Sdheeblu m|{var. . vol gense AB - - 88 - 183 - -
T.. di Sdheeblu m|{var. . haussknachti an AB 173 - 88 - - - -
T.. di Scheeblu m|{var. . aerugi nosum AB 173 - 88 - - - -
T.. di Sdheeblu m|{var. . haussknachti an AB 173 - 88 - - - -
T.. di Scheeblum|var. . aer uBuncm o s um AB - - 88 - - - -
T..ispahanidqvar. i spahanicum AB - - - - 183 - -
T.. ki harae T.. ti mbp AMauschiii i AGD 173 - - - 183 - -
T.. macha var. . pal aeoi meretic ABD - - 88 281 - - 182
T.. sinskajaqvar. sinskajae A - - - - 183 - -
T . spelta var. . al bum ABD 173 - 88 281 - - -
T.. spelta var. . c a e €EDClZebtam ABD - - 88 281 - - -
T.. spelta var. . gri seoturanore ABD - - 88 281 - - -
T.. spelta var, . duhamel i anum ABD 173 - 88 281 - - -
T.. spelta var. . d u h a mBatulaeden u m ABD 173 - 88 281 - - -
T.. spelta var. . d u h a mreankergkorru m ABD 173 - 88 281 - - -
T.. spelta var. . caerul eum ABD - - - 281 - - -
T.. spelta var. album ABD 173 - - 281 - - -
T..vaviloviijvar. vavilovii ABD - 254 - 281 - - -
T. dicoccumSchuebl. var. . aeruginosum AB 173 - 88 - - - -
T. dicoccumSchuebl. var. . ruf um AB 173 - 88 - - - -
L BtdHd
1 J dats g
1 OL 90O gntc]h j dadaw [208 210, | E1A1 | E1B1 | E1B2 | E1D1 | E1D2 | E2A1 | MD1
213]
or Ae..ventricosal/T.. M/AB 173 - 88 - 183 - -
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dri1 T..dicoccum/ Ae.. s| AB/S 173 - 88 - 183 -
dr2 Tdurum / Ae.. comos| AB/M 173 - 88 - 183 -
dr7 T..ispahanicum/ Ae] AB/DC - - 88 - 183 -
dr8 T..dicoccum/ Ae.. t | AB/UC - - 88 - 183 -
o217 T.ti mopheevii/ Ae.. | AG/U 173 - - - 183 -
¢ 12214 T.. per stauschim/ Ae . AB /D 173 - 88 281 - -
Aegilotricum

eylindroaestivum Aecyl indrica/ T.. ael DC/ABD 173 254 - - 183 -
Haynatricum T.. dicoccumllobmsypy AB/V 173 - 88 - - -
T. T hexapolna n.a. - - 88 281 - 140
T . palmovae T. boeot itaoschin/ Ae . A/D - - - 281 183 -
Tritordeum 1199/09 T.. dur umc¢htose d e u m AB / Hen 173 - 88 - 183 -
1oy T..dicoccum/ Ae.. t{ AB/D - - - 281 183 -
1 ¢ 431 T.. di ¢ ononoaogoumT . AB /AP - - - - 183 -
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rdrovfs
v OB dzd Y HOts t tsL H' dzkz

v OB dzfhju f S of' T 810 GBELONBO OddS €

Normalised volume Fold change ¢dO|1 S8 0a | {
# A'(';)‘m ol “:;\: al::':s:;n ::5: CD;:;::'S%/ Panna Sotnytsia. Ukrainka Mean Standard deviation Panna/  Panna/ Sotnytsia/ Panna/  Panna/ Sotnytsia/
RL Rz RS RL Rz R3 RL Rz R3 Pama SomysiaUkainka Panna Sotnytsia Ukrainka Sotnytsia Ukrainka Ukrainka Sotnytsia Ukrainka Ukrainka
3505 0.0000 7.5 15 NA NA  NA 1350 1818 1548 1701 1532 1489 8075 7805 7867 1572 1574 7916 235 141 00 504 503 09000 00010 0.0010
1061 0.0000 4.9 60 NA NA  NA 994 774 883 279 308 276 1118 1113 1010 884 287 1080 110 18 61 307 122 376 00010 00617 0.0010
1608 0.0000 7.5 38 NA NA  NA 8917 7144 7449 5859 6466 6103 27604 36218 29438 7837 6143 31087 948 306 4538 128  -397  -506 00828 0.0010  0.0010
2689 0.0000 7.5 19 AODA3B5YPZ7 564 10/6 13320 13322 11876 2501 2179 1709 12977 16802 14052 12839 2130 14610 834 399 1973 6.03 -1.14 -6.86 0.0010 0.5548 0.0010
2719 0.0000 8.0 19 AOA3BSXV32 1557 27/27 7739 6851 8630 2815 2805 3299 10745 11867 12563 7740 2973 11725 890 283 917 260  -151 -394 00010 0.0045  0.0010
1094 0.0000 4.9 58 NA NA  NA 6760 7236 8979 1762 1791 1812 5952 5952 7750 7658 1788 6554 1168 25 1043 428 117  -366 00010 03344  0.0010
2335 0.0000 6.2 24 AOAIDGRH2L 151 23/11 483 383 455 1905 2518 2501 534 549 427 440 2338 503 52 a7 e 531 114 465 00010 05392 00010
4186 0.0000 7.4 16 NA NA  NA 2739 2614 3166 17204 15829 23607 6816 5609 5443 2840 18910 5956 200 4133 749  -6.66  -210 317 00010 0.3272 00015
4488 0.0000 7.4 19 NA NA  NA 11396 14350 12088 3338 3044 2403 1198 1277 1840 12612 2929 1438 1545 478 350 431 877 204 00010 00010  0.0064
1169 0.0000 5.0 55 AOAIDGS518 943  50/30 542 462 451 856 748 894 1321 1480 1480 485 833 1427 50 76 o1 .72 284  -171 00010 0.0010  0.0010
4491 0.0000 7.2 35 AOALDST3T7 663 27136 9498 9173 7152 5681 8494 7602 36769 33950 40332 8608 7289 37020 1271 1449 3194 118  -430  -508 04294 0.0010  0.0010
390 0.0000 57 120 P0B48Y 550 40/66 4453 4435 7174 54758 63319 5B721 6741 4732 3461 535 58033 4978 1576 4284 1654  -1101 108 1184  0.0010  0.9000  0.0010
3445 0.0000 7.5 15 NA NA  NA 3374 3255 4166 5657 4910 6898 25482 19997 17728 3508 5822 21069 496 1004 3987  -162  -586  -3.62 00277 0.0010  0.0010
2645 0.0000 7.1 20 AOASBSYPZ7 179 1355 6642 7951 7305 1434 2209 1825 6617 7772 6722 7299 1823 7037 655 388 638 400 104  -386 00010  0.9000  0.0010
1025 0.0000 7.2 62 AOAIDGAS27 169 33120 5003 8986 7318 10214 8111 8511 39788 63174 54349 7402 8945 52437 1544 1117 11810 -l21  -7.08  -5.86 04724 0.0010  0.0010
4482 0.0001 7.1 21 AOA3BSYPZ7 796  22/11 12509 13314 13616 3378 2103 3638 13650 15230 14504 13176 3040 14401 523 821 795 433  -110  -477 00010 07813  0.0010
2744 0.0001 7.0 19 NA NA  NA 2354 1477 2021 7281 10721 10834 1186 1218 1561 1951 9612 1322 443 2020 208  -493 148  7.27 00010 0.1446  0.0010
1803 0.0001 7.0 34 P21292 680 32130 8121 7909 8565 1330 1562 1508 1377 2518 1608 8198 1466 1834 335 122 603 550 447 125 00010 0.0010 04729
1669 0.0001 7.4 36 P04T22 198 2124 43230 40232 35464 49298 59632 47503 12985 15066 18308 39645 52145 15453 3920 6546 2683  -132 257 337  0.054 00010  0.0010
2161 0.0001 7.5 27 Q94G92 843 o6 5795 5200 6582 16209 25015 18382 5037 5920 4856 5850 19899 5271 694 4551 569  -3.40 111 378 00010 0.6971  0.0010
1315 0.0001 8.5 48 AOAIDSVMGL 227  15/8 3363 3115 2464 1140 822 840 2847 3072 2798 2981 934 2906 465 179 146 319 103  -311 00010 0.9000  0.0010
4481 0.0001 7.1 22 AOA3BSYPZ7 499 22/11 8408 9045 268 2478 1693 2685 10688 7600 9317 8907 2285 9201 446 523 1547 390  -103  -403 00010 0.9000  0.0010
4008 0.0001 7.0 16 AOA3BGPFQ8 185 116 3988 5320 6690 20542 10019 26219 24822 19958 25213 5333 21926 23331 1351 3795 2928  -4.11  -438  -106 00010 0.0010  0.9000
3866 0.0001 8.4 43  10IT62 316 4422 6069 7502 4665 5015 3747 4202 18903 28140 20787 6079 4352 22610 1419 636 4881 140  -372  -520 02007 0.0010  0.0010
3222 0.0001 7.4 16 NA NA  NA 1345 735 812 8590 6709 10120 2020 1564 2508 964 8473 2031 332 1709 473  -879 211 417 00010 0.0267 00013
3607 0.0002 65 13 Q43691 347 186 7670 5024 6165 2446 2217 2503 2590 2179 2221 6286 2389 2330 1328 151 226 263 270 103 00010 00010  0.9000
4489 0.0002 7.4 18 AOASBGLGLL 245 153 3139 4183 3502 528 870 495 586 612 946 3608 631 714 530 207 201 572 505  -L13 00010 0.0010  0.7837
4055 0.0002 7.3 52 AOA3B6MYZO 279 33/19 14844 12004 12153 46060 90172 51545 11640 12102 9017 13000 62593 10920 1599 24042 1664 -4.81 119 5.73 0.0010 0.6449 0.0010
4179 0.0002 6.9 34 P21202 743 34120 4136 4566 5711 1608 1667 1396 2112 1622 1443 4804 1557 1726 814 142 346 309 278  -111 00010 00010  0.7475
3317 0.0003 7.3 16 NA NA  NA 1696 3189 1777 12604 11138 18310 2009 2971 2150 2221 14047 2377 840 3773 520  -6.32  -107 591 00010 0.9000 0.0010
2950 0.0004 7.3 18 NA NA  NA 12026 13605 11600 1995 1574 1434 1181 1509 3182 12413 1668 1957 1053 292 1073  7.44 634  -L17 00010 0.0010  0.9000
1961 0.0004 7.9 31 ALEME7 6572 46148 15765 17215 10073 20846 21611 17345 44289 67552 62587 14651 19934 58142 3266 2274 12252 -1.36  -397  -2.92 02033 0.0010  0.0016
1656 0.0004 8.3 37  M9TG6O 1909 27138 10469 10483 9479 9634 4268 8351 36607 46690 41027 10144 7418 41441 576 2802 5054 137  -400  -559 02723 00015  0.0010
1082 0.0005 5.7 59 AOA3B6KSH4 235 10/4 1466 1040 1779 625 832 541 1664 1483 1560 1728 666 1569 241 150 91 260 110  -236 00010 0.7488 00011
4175 0.0005 69 64 N, A NA 1309 1009 1143 1342 699 873 3622 4393 3384 1153 971 3800 150 332 58 119  -329  -391 05297 0.0014 00010
4162 0.0005 7.7 73 AOASBGJER7 454 22122 3622 2718 2221 600 586 726 793 489 372 2854 637 551 710 77 217 448 518 116 00018 00010 0.756
1649 0.0006 8.2 37 MOTGE0 920 25021 205 628 366 256 463 319 2054 1886 1730 430 346 1890 175 106 162 124  -440  -5.47  0.6893 0.0015  0.0010
4171 0.0006 7.8 73 AOA3BEJER7 369 2141 8755 6103 5832 1026 2218 1769 2561 1495 1507 6926 1971 1854 1594 228 612 351 374 106 00013 00010 0.8743
2839 0.0007 7.5 18 NA NA  NA 1694 2341 1931 927 637 55 471 673 469 1989 707 538 327 195 117 281 370 131 00024 0.0010 03559
1066 0.0007 8.5 60 P0B488 217 65 1152 1153 1104 2610 2545 2061 726 1157 975 1136 2408 953 28 308 216 212 119 253 00027 03477 0.0010
4114 0.0008 5.0 49  P0B4SS 237 206 97 560 604 1452 1604 1844 2193 1719 1930 690 1633 1048 189 108 237  -2.37  -282  -L19 00023 0.0010  0.4956
4169 0.0010 7.0 20 AOA3BSYPZ7 598  12/10 9660 9240 12164 30184 35142 32767 6104 11958 11086 10354 32698 0716 1581 2480 3158  -3.16 107  3.37 00022 0.8574 0.0014
4403 0.0010 6.8 37 P04722 104 209 2558 2484 1092 1880 2485 2013 939 1103 787 2345 2426 943 308 519 158  -103 249 257 09000 0.0019 00016
4220 0.0016 8.6 37 MOTGEO 505 24125 8142 9185 8270 12490 5151 8954 26267 33655 34083 8532 8865 31335 569 3671 4394  -L04  -367  -353 09000 0.0028  0.0026
4345 0.0016 7.3 123 P10388 129 13120 10310 13260 10255 2093 4940 5782 12967 14010 12066 11275 4572 13314 1719 1431 602 247  -L18  -291 00046 06148  0.0019
4351 0.0017 7.6 121 P10388 104 42 9309 7082 7673 1080 2795 1934 8176 5822 805 8025 1939 7350 1150 853 1324 414 109  -379 00025 0.9000  0.0034
4126 0.0017 9.1 25 B2Y2Q6 710 30119 10352 9541 10011 8869 12107 6908 3383 3890 4656 9968 9294 3076 407 2625 641 107 251 234 07997 0.0023  0.0040
969 0.0018 6.4 65 AOAIDGDIQ3 368  29/19 1844 1406 1672 861 446 812 2297 2170 2102 1641 706 2190 221 227 99 232 1383 -310 00075 0.3183 (0.0017
4332 0.0020 66 117 P10388 457 3771 96164 113034 79907 26653 24790 44819 68198 65652 81964 96368 32088 71938 16564 11065 8776  3.00 134  -224 00020 0.3230  0.0086
3497 00022 7.2 15 NA NA  NA 395 553 531 905 1182 1669 1233 1288 1251 493 1252 1257 86 |7 28 254 255 100 00040 00033  0.9000
3358 0.0023 81 15 AOA3BGINSG 307 303 4100 4681 2841 11008 10607 12753 3939 6370 3936 3907 11456 4748 954 1141 1404 293  -122 241  0.0026 0589  0.0067
950 0.0026 7.3 66 AOA3B5Z536 278 6/6 98 215 168 959 1060 599 164 302 296 160 873 254 59 243 78 -5.44 -1.58 3.44 0.0024 0.2996 0.0119
4009 0.0026 7.5 19 NA NA  NA 1409 2870 2246 4185 5215 4163 1282 1087 1607 2175 4521 1325 733 601 263  -2.08 164  3.41 00214 0.316 00022
4272 0.0027 81 71 AOA3BGILVO 2633 34/31 2262 3068 3100 5033 4791 7860 8571 8080 6387 2810 5895 7679 475 1706 1146  -210  -273  -130 00126 0.0025 02943
1581 0.0028 6.8 39 Q41593 438 1417 602 787 595 274 433 348 1366 910 841 661 352 1039 109 79 285 188 157 295 00274 01105 0.0028
2078 0.0028 7.1 29  Q94G92 480 164 817 1028 780 1447 2703 2669 495 673 780 875 2273 649 134 715 144  -260 135 350 00114 0.3766 0.0028
986 00029 88 64 NA NA  NA 5605 6602 6722 2626 2139 1327 4400 5883 4605 6339 2097 4963 636 750 804 302 128  -237 00030 04742 0.0099
4155 0.0030 80 71  16QQ39 1305 2a/21 1996 2395 1408 7077 4541 6314 4420 3421 5285 1033 5977 4379 497 1301 933  -3.09  -227 137 00028 0.0134 03247
1289 0.0048 7.8 49 AOA3B6GONS 271 1316 2131 2201 1307 4820 4892 5119 2406 3055 1750 1880 4947 2407 497 153 648  -2.63  -128 206 00047 0.4429 00183
4404 0.0049 6.8 37 AOAIDSUS94 187 21/16 663 620 796 1075 1239 1501 568 450 273 696 1302 433 88 264 149 187 161 300  0.0575 01081  0.0040
4045 0.0051 83 65 P10388 79 am 2043 1993 2089 1005 609 1034 1656 2605 2185 2342 883 2140 523 237 476 265 109  -243 00067 0.9000 0.0105
1051 0.0056 7.7 61  16QQ39 143 1712 2188 1251 2085 763 568 748 1161 1657 1286 1841 693 1368 514 108 258 266 135  -197 00052 03581 0.0253
1084 0.0061 6.4 59 AOAIDSYFA7 227 35021 11901 10744 21120 20411 68587 36555 12927 8900 7152 17580 44851 0659 4973 20864 2961  -255 182 464 00484  0.789  0.0051
1896 0.0068 7.2 32 AlEHE7 1347 25114 4714 2829 4022 3640 7828 3797 1678 1487 1264 3855 5088 1476 953 2374 207 -1.32 2.61 3.45 0.6286 0.0202 0.0073
714 00078 4.8 78 NA NA  NA 379 461 318 576 891 410 234 211 202 386 626 216 72 25 17 .62 179 290 01600 0.0721  0.0063
2386 0.0083 4.7 23 AOAIDSZTVO 284 913 1207 1406 1747 2698 5137 2745 1229 866 1501 1483 3527 1199 235 1395 318  -2.38 124 294 00259 0.5985 0.0086
1087 0.0112 6.3 59 19465 26178 20744 7010 10109 16258 10579 6251 8126 25120 11128 8319 5210 4703 2171 226 302 134
975 0.0160 6.8 65 260 205 463 348 194 194 543 1311 888 309 246  Ol4 136 89 38 126 295 372
1530 0.0169 8.1 41 11588 12777 13080 17187 29041 12639 7341 9006 6136 12481 19622 7494 789 8468 1441 -1.57 167 2.62
2413 0.0170 9.1 23 9354 4769 6391 31074 29390 16737 4597 10376 12507 6838 25734 0190 2325 7836 4130  -3.76  -134  2.80
518 00191 8.8 106 39245 68031 128102 25222 21674 31257 84508 69955 73154 78480 26051 75873 45386 4845 7648 301 103 -2.91
1793 0.0205 8.3 34 14563 10011 8071 1689 3834 853 8505 3415 3309 11181 2125 5106 3254 1538 2943 526 219  -2.40
4095 0.0205 6.0 45 13134 12744 15033 3407 1230 5848 6346 3820 4388 13637 3495 4851 1224 2310 1325 390 281  -139
511 0.0206 8.6 107 4449 12747 22546 3515 1867 1488 15480 11915 7482 13247 2290 11626 9059 1078 4007 5.78 114 -5.08
2146 0.0206 8.6 28 1882 1519 2180 1692 1052 1726 3836 5728 2497 1860 1490 4020 331 380 1623 125  -216  -2.70
1155 0.0346 7.1 56 1825 1624 1576 1951 7606 3489 691 1338 1229 1675 4349 1086 132 2924 346 -2.60 154 4.01
4066 0.0355 8.4 32 4649 14853 11674 29753 34280 24793 17464 22200 12517 10392 29600 17394 5221 4745 4842 285  -L67 170
3754 0.0587 4.5 21 1506 1253 1867 1282 3606 1501 789 548 1003 1542 2130 780 308 1283 228  -138 198 273
4432 0.0678 9.4 32 18304 18150 14255 72436 72286 24934 13032 30227 32930 16036 56552 25399 2325 27382 10796 -3.34 150  2.23
3928 0.0695 7.2 119 4756 2558 2344 511 956 2084 2066 1778 3201 3219 1184 2648 1335 811 762 272 122  -2.24
4377 0.2693 95 30 18217 38208 39068 14908 17436 5834 1061 6116 34261 31831 12726 13813 11798 6101 17888 250 230  -1.09
4446 0.2727 93 31 40136 12045 13599 80591 53714 43110 8521 72620 35464 22227 50130 38868 15513 19320 32185 266  -L75 152
1363 0.0000 7.2 47 972 990 907 2420 2394 2252 2401 2248 1802 956 2356 2150 43 o1 311 246 225 110
1028 0.0000 5.2 62 13720 15730 14352 21308 22849 26343 10778 10509 9969 14604 23502 10449 1033 2582 425 L6l 140  2.25
1124 0.0001 8.0 57 37064 40308 34703 56397 63755 62434 35458 34296 32651 37350 60862 34135 2814 3923 1411  -163 109 178
1439 0.0001 7.7 44 18020 15549 14307 10382 11237 9891 23788 26088 24688 16268 10503 24855 2350 681 1150 155 153  -2.37
4133 0.0001 63 37 2066 2610 2728 4994 6063 6397 3110 2616 2813 2768 5818 2846 181 733 248  -210  -103  2.04
1019 0.0001 5.1 63 6476 6658 6374 8110 9309 9382 5037 5338 4516 6503 8934 4963 144 714 416 -1.37 131 1.80
4176 0.0002 7.2 37 4205 4559 4465 6597 7157 7806 6075 5637 5966 4410 7187 5893 184 605 229  -163  -134 122
4158 0.0003 7.4 48 5214 6260 6430 13238 11879 15331 6242 4959 6226 5068 13483 5809 658 1739 736  -226 103  2.32
1660 0.0003 7.1 37 4711 4495 3904 3648 4425 4334 7803 7349 7266 4370 4136 7503 417 425 341 106  -L72  -181
2141 0.0004 5.6 28 3955 4061 4109 4806 5271 5015 5693 5506 6282 4071 5030 5827 122 233 405  -124  -143  -L16
858 0.0004 7.3 70 461 424 441 1000 955 822 602 690 549 442 950 614 18 I 217 139 156
649 0.0004 7.3 87 1123 1222 1022 2100 2614 1788 945 910 794 1122 2170 883 100 416 79 103 127 2.46
1824 0.0006 7.3 34 65205 63527 66127 24370 32406 31193 38304 48628 37970 64983 29323 41634 1328 4332 6059 222 156 142
2432 0.0006 7.2 22 3140 2638 3074 4308 4255 4815 5451 5362 4562 2951 4458 5125 272 311 489 -5l 174  -L15
1836 0.0007 5.5 33 1090 1184 1101 915 942 1095 1462 1525 1434 1125 984 1473 52 o7 a7 114 131 150
4129 0.0007 5.3 61 43103 45499 47107 58535 52589 60055 31164 38608 32243 45236 57060 34005 2015 3945 4023  -126 133 168
1693 0.0008 7.6 36 11489 15223 11044 11706 17422 15750 28989 34543 31804 12886 14962 31808 2037 2940 2778  -116  -247  -2.13
2019 0.0011 7.4 30 11309 12277 13927 6990 8896 7505 5063 6813 5016 12504 7797 5631 1324 986 1024 1.60 2.22 1.38
1434 0.0011 7.5 44 13283 11825 ©378 4858 6064 4359 9599 10034 8875 11495 5094 9503 1073 877 585 226 121  -L87
973 0.0013 8.5 65 1175 1153 1008 1693 1775 1538 767 1029 944 1112 1669 913 91 120 134 -1.50 122 1.83
2043 0.0014 5.1 29 1195 1207 1260 1350 1421 1419 1545 1706 1868 1220 1400 1707 35 35 162 115 40 122
1228 0.0014 6.7 52 1844 1574 ls22 2775 2726 3610 1533 1019 1271 1747 3037 1275 150 497 257  -L74 137  2.38
653 0.0016 7.4 87 818 89 712 873 1179 1088 585 502 488 810 1047 525 94 157 s 129 154 199
3575 0.0017 8.2 14 4941 7628 5691 5837 7197 6266 11763 12024 13041 6087 6433 12276 1387 696 675  -106  -2.02  -181
991 0.0017 7.5 64 1530 1082 1350 994 1179 1180 2457 2078 2964 1321 1118 2499 225 107 445 118  -189  -2.24
4484 0.0017 69 21 23820 22420 24448 26798 31296 30826 20058 17575 20966 23569 29640 19533 1035 2473 1755  -126 121 152
762 0.0018 8.1 74 1389 1507 1257 782 1060 1020 1922 1979 1717 1414 957 1873 172 154 138 148  -132  -196
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-1.89
1.34

-1.24
-1.45
132 -1.32
141 -1.03
1.67 -1.27
-1.52
-1.53
-1.39
1.36

-1.39
-1.46
-1.18
1.26
1.23
-1.84
-1.47
-1.41
-1.59
1.30
1.56
1.10
1.04 -1.60
1.04 -1.28
1.53 1.28
-1.57 -1.43
1.08 1.25
112 -1.18
-1.30 1.36

239



0.0699
0.0707
0.0713

0.1345
0.1386
0.1431
0.1456
0.1461
0.1482
0.1483
0.1487
0.1498
0.1513
0.1518
0.1534
0.1564
0.1566
0.1578
0.1599

8.0
7.3
7.0
6.5
7.8
4.8

8582
645
116722

18160
369
151743

3087

18079
445
111127

2179

240



241

3970 0.1603 5.0 75 4238 4257 4444 5840 4917 5217 5114 2518 3642 4313 5325 3758 114 471 1302 -1.23 1.15 1.42
1253 0.1604 8.5 50 67359 54744 53373 77422 62551 73085 69853 60541 71516 58492 71019 67303 7709 7648 5915 -1.15 1.06
1753 0.1608 7.5 35 66936 63969 60280 65397 66812 66810 51926 52699 66923 63728 66340 57183 3335 816 8444 111 1.16
3920 0.1615 6.6 95 363 150 296 345 396 532 604 415 347 270 425 455 109 97 134 -1.69 -1.07
3759 0.1619 4.8 48 1300 1106 866 992 872 905 1376 1014 1329 1091 923 1240 218 62 197 -1.14 -1.34
3240 0.1622 5.5 16 2367 1993 2140 2427 3038 3618 4396 2858 2404 2166 3028 3219 188 595 1044 -1.49 -1.06
1690 0.1624 7.8 36 13752 15778 13206 12189 15554 12727 14865 20539 16015 14245 13490 17140 1355 1808 3000 -1.20 -1.27
262 0.1627 5.4 128 9991 14782 14721 8867 12664 12754 12121 6184 6679 13165 11428 8328 2749 2219 3294 1.58 137
2149 0.1635 5.0 28 1969 932 1809 1985 3235 2137 2215 2103 2681 1570 2452 2333 558 682 307 -1.49 1.05
4102 0.1672 4.7 49 2196 1635 1843 1326 1690 1461 1834 1570 1432 1891 1493 1612 284 184 204 117 -1.08
1113 0.1680 5.2 57 4108 3109 3223 3903 3871 4945 4343 3862 4385 3480 4240 4197 547 611 201 -1.21 1.01
1935 0.1683 6.4 31 1017 801 800 880 640 758 904 924 1398 873 759 1075 125 120 279 -1.23 -1.42
3870 0.1684 8.6 43 8277 9113 5286 11569 11118 8856 4491 8456 7431 7559 10514 6793 2012 1454 2058 111 155
1148 0.1686 7.5 56 10218 7124 6400 7331 8205 9332 11172 10508 9327 7914 8290 10336 2028 1003 934 -1.31 -1.25
1313 0.1686 7.3 48 27894 25504 20972 26649 26198 29146 23080 20970 24432 24790 27331 22827 3516 1588 1745 1.09 1.20
4003 0.1709 8.3 115 4605 7631 9750 5672 12718 11072 4652 4959 5467 7329 9787 5026 2586 3742 412 1.46 1.95
4027 0.1716 7.1 99 1407 1444 1531 2093 2427 2281 2409 770 1059 1461 2267 1413 64 168 875 1.03 1.60
4420 0.1721 9.0 37 52515 30192 43882 32160 30505 14048 33940 41576 35519 42196 25571 37011 11257 10013 4031 1.14 -1.45
498 01721 8.2 109 660 711 969 669 556 450 575 448 697 780 558 573 165 110 125 1.36 -1.03
731 01726 7.1 76 667 749 409 389 361 533 691 522 674 608 427 629 178 92 93 -1.03 -1.47
861 0.1728 6.6 70 1433 1136 1075 1280 1218 1393 1297 802 808 1215 1297 969 191 89 284 125 134
4466 0.1756 9.0 76 28382 26424 35020 39555 45748 23038 25257 24888 17213 29942 36113 22452 4506 11740 4542 133 161
3571 0.1768 8.0 14 54195 69347 55236 66297 60072 72003 55226 58351 52838 59592 66124 55472 8463 5967 2764 1.07 119
1597 0.1769 7.9 39 43366 41455 27093 42910 44543 45004 48869 52842 43480 37305 44152 48397 8895 1100 4699 -1.30 -1.10
1962 0.1771 7.4 31 2000 2581 2960 3422 2804 2336 1863 1898 2439 2514 2854 2066 484 545 323 1.22 1.38
1177 0.1783 5.9 54 4031 3500 3387 3494 3265 3840 3332 3176 3106 3640 3533 3205 344 289 116 114 110
4046 0.1792 7.6 42 19344 15628 13856 17884 39803 21702 16368 18679 17520 16276 26463 17522 2800 11710 1156 -1.08 151
4294 0.1799 4.7 18 960 1075 1295 939 1083 1148 1642 1060 1587 1110 1057 1430 170 107 321 -1.29 -1.35
1152 0.1817 5.9 56 1563 1555 1567 1107 1405 1768 1749 1670 2053 1562 1427 1824 6 331 202 -1.17 -1.28
2429 0.1826 6.7 23 4074 3738 3768 3415 2945 4348 5136 5036 3753 3860 3569 4642 186 714 772 -1.20 -1.30
1909 0.1842 7.1 32 4565 4365 2678 3647 3634 5268 5030 5042 6615 3869 4183 5562 1037 940 912 -1.44 -1.33
2037 0.1844 4.8 29 3472 1667 2808 2859 4880 3179 3589 3937 5207 2649 3639 4244 913 1086 851 -1.37 -1.60 -1.17
4281 0.1861 85 33 110225 102079 66792 166851 114244 116299 98540 117548 120855 93032 132465 112314 23087 29797 12043 -1.42 -1.21 118
2279 0.1884 55 25 6447 7071 6143 6724 8191 8161 8090 6657 7472 6553 7692 7406 473 838 719 -1.17 -1.13 1.04
2448 0.1904 7.1 22 2263 2602 1330 1442 2179 2619 3623 3050 2606 2065 2080 3093 659 595 510 -1.01 -1.50 -1.49
4298 0.1911 5.9 59 2318 2411 2274 1428 1900 2301 2807 1945 2979 2334 1877 2577 70 437 554 124 -1.10 -1.37
1845 0.1918 7.1 33 10128 7914 7951 6658 6128 8068 7106 8650 8735 8664 6951 8163 1268 1003 917 125 1.06 -1.17
3961 0.1918 7.1 99 2482 2998 2753 3567 3651 3824 3893 1616 2006 2745 3681 2505 258 131 1218 -1.34 110 1.47
1415 0.1919 6.3 45 5078 6915 7415 3941 1569 5489 4600 3456 4387 6469 3667 4148 1230 1974 609 1.76 1.56 -1.13
1709 0.1922 55 36 1063 727 871 729 917 942 1024 992 1354 887 863 1123 168 116 201 1.03 -1.27 -1.30
1123 0.1933 5.7 57 5285 5983 5101 5562 5892 6813 7519 5506 7683 5456 6089 6903 465 648 1212 -1.12 -1.27 -1.13
1134 0.1972 5.9 57 3968 2931 4432 2557 2813 4354 5836 3591 5394 3777 3241 4940 768 972 1189 117 -1.31 -1.52
1463 0.1980 4.8 43 8924 6983 7314 5940 6448 7053 8001 6592 8197 7741 6480 7596 1039 557 876 119 1.02 -1.17
1948 0.1996 6.8 31 1662 1419 1830 1885 1524 2348 2339 2031 1976 1637 1919 2115 206 413 196 -1.17 -1.29 -1.10
1787 0.2027 7.1 34 1642 2064 1129 977 1564 1423 1795 1979 1934 1611 1321 1903 468 306 96 122 -1.18 -1.44
513 0.2028 5.6 106 1115 924 817 605 676 945 958 831 952 952 742 914 151 179 72 1.28 1.04 -1.23
959 0.2031 8.2 66 1649 1019 996 1031 618 944 1680 1096 1143 1221 864 1306 371 218 324 141 -1.07 -1.51
503 0.2035 4.9 109 623 486 544 344 540 400 498 411 314 551 428 408 69 101 92 129 1.35 1.05
575 0.2043 6.5 99 4418 3948 4739 4842 4060 5725 5445 1982 1896 4369 4875 3108 398 833 2025 -1.12 141 157
1801 0.2070 7.9 34 68247 70534 49730 70077 62893 56559 50385 41074 58390 62837 63176 49950 11408 6763 8666 -1.01 1.26 1.26
2502 0.2083 7.5 21 4750 4971 4306 6376 3945 2866 4968 7321 7169 4676 4396 6486 339 1798 1317 1.06 -1.39 -1.48
606 0.2084 6.8 94 577 651 709 526 472 534 654 348 456 646 511 486 66 34 155 1.26 1.33 1.05
4069 0.2117 7.9 51 22222 21177 15921 21193 20087 30754 18171 18155 17419 19773 24011 17915 3377 5865 430 -1.21 110 134
1419 0.2157 5.9 45 30265 30182 30341 21634 23507 31838 29856 29174 29157 30263 25660 29395 80 5432 399 1.03 -1.15
1641 0.2161 55 37 3138 2385 1917 2708 3433 3217 3229 2748 3213 2480 3119 3063 616 373 273 -1.24 1.02
2097 0.2197 8.7 28 16051 17483 12627 21397 18212 15767 12123 15919 15323 15387 18458 14455 2495 2823 2042 . 1.06 1.28
2036 0.2200 5.0 29 1021 1264 1068 840 1146 815 1065 1097 1563 1118 934 1242 129 185 279 1.20 -111 -1.33
4150 0.2202 5.6 49 1224 1382 1598 1411 2862 1438 4245 1495 2806 1401 1904 2848 188 830 1376 -1.36 -2.03 -1.50
1828 0.2215 4.8 33 807 464 936 839 718 997 1095 1331 864 736 851 1097 244 140 233 -1.16 -1.49 -1.29
1120 0.2216 6.8 57 3302 3344 2843 3401 3472 5133 3221 3391 3241 3163 4002 3285 278 980 93 27 -1.04 122
1486 0.2223 5.5 42 4172 2853 3761 3555 3447 3949 5265 3736 4540 3595 3650 4514 675 264 765 02 -1.26 -1.24
1173 0.2227 7.7 55 27605 24076 23331 30131 23981 31313 28298 31656 28101 25004 28475 29352 2283 3937 1998 -1.14 -1.17 -1.03
1500 0.2232 7.3 42 6718 7897 6860 7186 8204 9729 7683 8606 8664 7158 8373 8317 644 1280 551 -1.17 -1.16 1.01
1093 0.2243 6.6 59 1726 877 1200 1338 1212 1498 2095 1396 1880 1268 1350 1790 428 143 358 -1.06 -1.41 -1.33
579 0.2254 6.6 98 2053 2217 2208 1560 1622 2509 2300 950 999 2159 1897 1416 92 531 766 114 1.52 134
1511 0.2269 4.7 41 743 514 649 893 972 648 719 655 772 636 838 716 115 169 58 -1.32 -113 117
2287 0.2270 7.7 25 9582 10399 14307 8909 7809 12185 14382 13989 10961 11429 9634 13111 2526 2276 1872 119 -1.15 -1.36
1721 0.2272 6.8 36 2338 1650 2368 2390 1759 2461 2557 2851 2606 2119 2203 2671 406 387 158 -1.04 -1.26 -1.21
1176 0.2284 5.2 54 2231 1358 1521 1408 1876 1669 1140 1251 1461 1703 1651 1284 464 235 163 1.03 1.33 129
3997 0.2285 6.0 16 1334 1137 1178 1477 1470 1176 1615 1232 1704 1216 1374 1517 104 171 251 -1.13 -1.25 -1.10
3884 0.2308 9.3 42 26944 24351 20865 33516 17539 3636 27971 37202 48317 27053 18230 37830 2759 14952 10188 1.48 -1.40 -2.08
3992 0.2309 7.7 31 65857 69333 55144 70998 76036 61914 49971 59846 63836 63444 69649 57884 7396 7157 7137 110 1.20
1640 0.2335 7.7 37 55298 49443 43479 53020 62027 53244 52348 63117 56210 49406 56097 57225 5910 5137 5456 -1.16 -1.02
1997 0.2365 4.4 30 3091 1450 1821 2614 2792 1849 3053 2636 3676 2121 2419 3122 861 501 523 -1.14 -1.47 -1.29
899 0.2373 6.1 68 918 937 887 892 791 1066 1375 1054 938 914 916 1122 25 139 226 -1.00 -1.23 -1.22
4283 0.2375 7.3 12 36674 66432 74026 36030 47996 59491 38127 34930 39106 59044 47839 37388 19741 11731 2184 1.58 1.28
1204 0.2377 7.8 53 2627 2652 1248 2920 3148 2789 2504 3092 3335 2176 2952 2977 803 182 428 -1.37 -1.01
3900 0.2386 6.8 100 2252 2671 2913 2889 3109 4111 3381 2034 2127 2612 3369 2514 335 651 753 1.04 1.34
1473 0.2416 4.9 43 23678 19683 20906 14529 18089 20184 19263 16408 20920 21422 17601 18864 2047 2859 2282 1.14 -1.07
1317 0.2447 8.3 48 1277 1250 858 1476 1126 881 1489 1458 1439 1128 1161 1462 234 299 26 -1.30 -1.26
1651 0.2472 6.9 37 3849 3774 3951 4807 3872 6102 5402 8105 4001 3858 4927 5836 89 1120 2086 -1.51 -1.18
3909 0.2476 5.1 74 8093 6870 8099 8016 8384 9246 8383 5778 7111 7687 8549 7091 708 631 1303 1.08 121
3958 0.2495 7.2 100 1060 1073 975 1376 1547 1522 1693 642 879 1036 1482 1071 53 93 551 -1.03 1.38
640 0.2499 6.4 89 2533 2647 2807 2602 2311 2776 2989 1644 1409 2662 2563 2014 137 235 853 1.32 1.27
1988 0.2524 4.5 31 6993 7584 6169 6746 13082 9149 8904 7869 10133 6915 9659 8969 711 3199 1133 -1.30 1.08
2000 0.2528 4.7 30 8741 3993 9464 8394 9011 9446 9566 10424 12197 7399 8950 10729 2972 529 1342 -1.21 -1.45 -1.20
3911 0.2537 8.3 39 69941 61056 76121 92533 127111 77419 50335 95564 76669 69039 99021 74189 7573 25474 22716 -1.43 -1.07 133
1026 0.2554 5.8 62 13450 16909 17895 12411 10731 19547 12576 8280 12829 16085 14230 11228 2334 4681 2556 113 1.43 127
1252 0.2554 8.3 50 51961 41481 34955 53358 42943 52547 42246 39580 40145 42799 49616 40657 8579 5793 1405 -1.16 1.05 122
544 0.2561 6.6 101 2891 2255 1889 2693 2420 3239 2806 1416 1668 2345 2784 1964 507 417 740 -1.19 119 1.42
4121 0.2618 9.0 25 23647 16726 22123 26404 19728 15522 12358 16713 17554 20832 20552 15542 3637 5488 2789 1.34 132
3380 0.2627 4.7 15 6862 6029 7546 6298 9740 7619 7306 10081 9141 6813 7886 8843 760 1737 1411 -1.30 -1.12
3200 0.2636 5.4 16 17285 15558 14752 18153 15376 20676 19419 17310 18017 15865 18068 18249 1294 2651 1074 -1.15 -1.01
2895 0.2678 7.8 18 4508 4953 4099 6044 4856 6370 4117 6270 4368 4520 5756 4918 427 797 1177 -1.09 117
4111 0.2686 7.1 45 6742 6326 7412 7435 7486 10515 7788 5217 7103 6827 8479 6703 548 1764 1331 1.02 1.26
753 0.2691 5.7 74 908 1035 818 790 630 869 932 356 607 920 763 632 109 122 289 1.46 121
4402 0.2696 8.4 35 46318 49232 34582 46603 19930 28443 42890 42080 39041 43377 31659 41337 7755 13624 2029 1.05 -1.31
1040 0.2697 6.9 61 998 1696 1524 1098 845 1356 1173 829 964 1406 1100 989 364 255 173 1.42 111
785 0.2703 7.5 73 3161 2449 1920 1919 1806 2460 2295 1693 797 2510 2062 1595 622 350 754 157 129
2359 0.2718 7.6 24 9425 8212 7269 5328 6129 9131 8720 8284 8522 8302 6863 8509 1081 2005 218 -1.02 -1.24
1799 0.2718 5.2 34 2323 3030 2515 1871 1859 2641 2420 2045 2368 2622 2124 2278 366 448 203 115 -1.07
2498 0.2757 9.3 21 7905 4218 5060 9747 7223 4451 1933 4933 5075 5728 7140 3981 1932 2649 1774 1.44 179
1615 0.2809 7.3 38 4490 5230 4759 4160 6184 5582 6634 7028 4927 4826 5308 6196 375 1039 1117 -1.28 -1.17
4442 0.2821 8.3 67 21586 17501 15841 15671 3969 15084 18421 15393 16583 18309 11575 16799 2957 6594 1525 1.09 -1.45
750 0.2839 6.5 74 940 802 1040 1007 662 894 831 708 671 927 854 737 120 176 84 1.26 1.16
3979 0.2856 5.7 46 12257 14258 13993 11796 9909 17106 17446 14719 16183 13503 12937 16116 1087 3732 1365 -1.19 -1.25
3342 0.2869 7.5 16 2851 2615 1840 3332 3065 3480 3455 3757 2104 2435 3292 3106 529 210 880 -1.28 1.06
2238 0.2882 6.8 26 1867 1476 1409 2038 1557 1896 2049 1957 1669 1584 1830 1891 248 247 198 -1.19 -1.03
4437 0.2892 8.4 68 5535 3367 3164 2914 1575 3225 5464 3615 2625 4022 2571 3901 1314 877 1441 1.03 -1.52
793 0.2920 5.2 73 1026 766 891 523 654 947 1089 806 835 894 708 910 130 217 156 -1.02 -1.29
1170 0.2926 7.8 55 18941 15543 12670 18351 16590 21380 14760 15812 16959 15718 18774 15844 3139 2422 1100 -1.01 118
1410 0.2930 5.2 45 3318 3015 2538 3113 3812 3299 3138 3202 3635 2957 3408 3325 393 362 270 -1.12 1.02
1420 0.2959 6.8 45 3839 3104 3957 3331 2975 3644 3478 2433 3051 3633 3317 2988 462 335 525 1.22 111
2080 0.2966 4.5 29 4091 1473 2997 2909 5565 3812 3974 4208 4284 2854 4096 4155 1314 1350 161 -1.46 -1.01
1199 0.2974 6.4 54 3091 2632 3713 4843 3251 3056 2676 2466 3233 3145 3716 2792 543 980 396 113 1.33
2041 0.2981 6.0 29 1354 974 938 815 1252 967 1359 1133 1352 1089 1012 1281 230 222 129 -1.18 -1.27
4370 0.2984 8.7 31 32303 33759 23720 45965 42926 27448 22458 24396 36288 29927 38779 27714 5425 9930 7488 1.08 1.40
1156 0.2995 5.4 55 1421 1100 1091 1132 989 1265 1434 1235 1320 1204 1129 1330 188 138 100 -1.10 -1.18
3976 0.2999 6.6 42 1988 1660 1682 1341 1534 1791 1716 1677 2186 1777 1555 1859 184 226 283 -1.05 -1.20
1981 0.3010 5.0 31 726 426 798 823 758 631 797 810 958 650 738 855 197 98 89 -1.32 -1.16
2443 0.3030 5.4 22 791 929 1065 966 1272 940 971 875 627 928 1059 824 137 184 177 113 129
4339 0.3034 6.7 100 2067 2251 2318 2054 2146 2883 2802 2575 2440 2212 2361 2605 130 454 183 -1.18 -1.10
609 0.3035 5.1 93 1040 857 1175 602 1147 875 788 687 796 1024 875 757 160 272 61 1.35 1.16
4218 0.3054 8.6 31 11970 5763 6283 15903 12646 7406 9571 13685 11223 8006 11985 11493 3443 4287 2070 -1.44 1.04




1509
3923
1646
515

2126
1747
1251
2068
1437
1162
3963
1096
901

3966
847

770

3836
1233
4010
1175
3812
2321
2849
1979
3892
2252
1860
1555

2368
2435
4436
2438
3730
2069
2217

1445

1455
1276
3826
2878
3989
4034
4104
3709
2286
2647
1987
2347
1481
3769
1977
1135
1528

2162
3725
610

1939
2405
2365
3809
827

664

1451
4130
3806
3217
1111
1840

3753
1645
2352
3549
3238
1195
4342
4268
1389
1771

1733

0.3056
0.3058
0.3068
0.3069
0.3080
0.3085
0.3096
0.3108
0.3121
0.3146
0.3150
0.3150
0.3151
0.3176
0.3201
0.3211
0.3215
0.3218
0.3226
0.3229
0.3237
0.3240
0.3295
0.3340
0.3378
0.3393
0.3399
0.3443
0.3455
0.3463
0.3485
0.3511
0.3518
0.3530
0.3534
0.3539
0.3542
0.3562
0.3586
0.3609
0.3639
0.3698
0.3698
0.3699
0.3750
0.3762
0.3763
0.3778
0.3795
0.3802
0.3859
0.3899
0.3906
0.3930
0.3952
0.3987
0.3988
0.4004
0.4009
0.4059
0.4060
0.4086
0.4128
0.4131
0.4136
0.4149
0.4159
0.4173
0.4180
0.4186
0.4215
0.4218
0.4228
0.4273
0.4273
0.4294
0.4314
0.4321
0.4333
0.4367
0.4367
0.4370
0.4386
0.4399
0.4429
0.4432
0.4455
0.4456
0.4471
0.4493
0.4496
0.4551
0.4559
0.4618
0.4651
0.4654
0.4663
0.4681
0.4724
0.4741
0.4742
0.4763
0.4763
0.4786
0.4816
0.4861
0.4863
0.4920
0.4946
0.4950
0.4976
0.5040
0.5115
0.5161
0.5197
0.5209
0.5222
0.5237
0.5249
0.5259
0.5262
0.5275
0.5307
0.5324

78
4.9
5.7
4.6
4.8
4.0
6.0
4.1
7.4
5.6
72
5.3
8.2
7.3
5.4
6.4
5.4
72
6.4
8.5
4.8
78
5.0
4.4
8.7
5.4
5.0
6.0
6.0
5.0
6.5
8.2
7.0
8.4
6.0
72
5.0
5.6
7.1
4.7
8.8
9.1
6.7
5.9
6.6
9.2
4.6
6.1
7.0
6.3
5.8
72
5.6
4.4
4.8
6.9
9.2
4.5
9.2
7.0
73
5.5
6.2
9.2
4.8
6.5
5.2
6.6
6.7
5.1
9.3
5.9
7.8
6.2
9.1
75
6.1
8.3
6.8
6.6
5.7
8.5
6.6
5.3
9.3
8.9
9.5
6.9
4.7
75
5.8
5.2
4.7
6.8
6.3
7.4
7.3
5.2
78
75
5.5
5.4
4.9
72
5.9
7.1
5.3
6.8
9.0
73
6.5
7.9
5.3
71
6.6
8.4
9.3
8.1
6.5
7.4
5.3
5.2
5.7
5.4

8410
1030
3544
1120
1662
1479
1696
1656
5427
4240

5076
10657

3884

25987
3122

1345
41711

13766

1864

19984
6124

2225
3306
62279

25379

35024

12710

13480

1
3653
1253

2995
3856
42542

792
48699
1240
12564
1786

7317

4266

8070
17343
48982
2845
1899

2885
3910
51755

40717

13532

12574

7635
11889
205550
3468
8257
19819
48399
2697
1939

1781

1093
37149
1197
12487
1883
971
1530
5740

12614
27526

1757

2814

1542

1209

2811

110

215

120

296

152
613
633
9934

1109

1862

2404

7931

3354

1140
1070

1150

1415
490
835
360
189
314
535
226
1322

208
768
565

2082

1052

3360

3428

14297

155
2244

-1.18
1.25
-1.16
1.03
1.00
-1.32
-1.28
-1.27
113
1.22
-1.03
-1.07
-1.01
-1.26
113
-1.21
-1.01
-1.26
1.33
-1.01
-1.16
-1.32
-1.30
-1.34
1.31
-1.14
-1.33
-1.43
132
-1.05
-113
-1.02
1.20
-1.14
-1.02
-1.20
-1.38
1.00
-1.19
-1.30
-1.08
-117
-1.37
-1.19
-1.05
-1.24
-1.30
1.16
-1.07
-1.13
-1.10
-1.05
-1.04
-1.31
-1.41
-1.12
-1.32
-1.17
1.70
-1.14
-1.21
129
-1.10
-1.37
110
-1.01
-1.16
-1.14
-1.06
1.48
1.52
-1.22
-1.28
-1.13
1.28
1.04
-1.09
-1.27
-1.06
112
-1.12
-1.21
-1.06
-1.15
-1.60 119
1.06 -1.09
1.05 -1.83
1.09 1.28
1.16 -1.27
1.02 112
-1.19
1.09
1.14
121
-1.07
-1.03
-1.04
-1.16
-1.12
-1.51
-1.04
-1.22
-1.16
-1.09
-111
-1.01
-1.16
-1.12
1.55
-1.07
-1.07
-1.16
117
-1.08
-111
110
1.25
-1.12 -1.08
-1.10 -1.01
1.08 123
118 1.02
-1.08 -1.19
-1.13
-1.09

112
112
1.05
1.20
-1.15
-1.14
-1.39
-1.09
1.01
-1.05
-1.34
-1.32
-1.19
-1.40
1.09
-1.19
-1.32
-1.11
1.44
119
-1.22
-1.15
-1.28
-1.03

1.05
-1.70
-1.56
1.10
-1.33
117
1.20
-1.05
-1.48
-1.20
-1.17
-1.48
-1.28
-1.00
-1.15
-1.32
-1.31
-1.09
-1.27
-1.18
119
-1.05
-1.02
-1.14
-1.20
112
123
113
-1.32
-1.57
-1.50
-1.01
112
1.44
-1.20
1.06
121
-1.17
-1.14
-1.00
-1.16
-1.16
-1.01
119
-1.00
118
-1.09
-1.31
-1.09
1.07
-1.16
-1.19
-1.01
-1.14
112
1.01
-1.18
1.09
-1.02
1.90
-1.15
-1.92
117
-1.47
1.10
-1.17
1.08
118
111
-1.26
-1.17
1.24
-1.00
-1.02
-1.20
-1.13
-1.14
112
-1.11
-1.21
-1.11
-1.08
111
133
1.05
-1.20
1.05
115
113
-1.14
125
1.62
1.03
1.09
114
-1.16
4111
-1.03
-1.04
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1970

1696
1476
1694
1023
3844
1823

4293
4380
3990
3865
3039
1603

1681
1595
876

3968

2053
3832
2114
2320
1192
2357

2436

2122
1063
1621
2224
3827
4134
1720
4470
1529

1079

1780
4077
3546
2020

3965
4197
2268
1053
4324
968

2629
1788
1782
857

0.5343
0.5358
0.5361
0.5383
0.5387
0.5406
0.5445
0.5479
0.5480
0.5484
0.5497
0.5498
0.5538
0.5538
0.5542
0.5581
0.5587
0.5608
0.5608
0.5614
0.5616
0.5627
0.5642
0.5677
0.5677
0.5681
0.5689
0.5690
0.5691
0.5721
0.5722
0.5823
0.5845
0.5854
0.5909
0.5923
0.5928
0.5941
0.5944
0.5948
0.5960
0.5974
0.5983
0.5995
0.6024
0.6041
0.6043
0.6047
0.6129
0.6137
0.6141
0.6155
0.6178
0.6199
0.6216
0.6227
0.6234
0.6275
0.6289
0.6304
0.6361
0.6414
0.6449
0.6463
0.6515
0.6525
0.6552
0.6707
0.6748
0.6816
0.6828
0.6854
0.6868
0.6872
0.6884
0.6915
0.6935
0.6957
0.6989
0.7044
0.7061
0.7096
0.7115
0.7162
0.7171
0.7175
0.7182
0.7188
0.7226
0.7278
0.7291
0.7293
0.7323
0.7328
0.7351
0.7360
0.7378
0.7427
0.7429
0.7438
0.7467
0.7552
0.7556
0.7569
0.7585
0.7610
0.7628
0.7649
0.7679
0.7729
0.7751
0.7789
0.7798
0.7807
0.7852
0.7886
0.7899
0.7917
0.7970
0.8050
0.8064
0.8075
0.8144
0.8160

4.7
7.9
6.7
5.1
8.3
6.8
8.5
5.6
9.2
4.6
9.2
5.8
55
6.4
53
6.2
9.3
4.6
6.3
8.1
5.9
8.2
5.2
6.3
6.7
7.3
8.7
5.4
53
6.2
9.1
5.9
6.6
5.1
6.8
5.8
7.2
4.6
9.3
5.4
6.8
4.4
6.7
5.7
6.3
6.2
6.1
7.7
9.4
5.2
5.1
6.1
5.1
8.9
6.6
4.7
7.8
6.2
8.0
6.6
4.7
8.3
5.9
5.7
9.2
6.1
4.7
7.4
5.9
6.2
8.5
6.3
4.9
6.2
7.3
5.8
6.2
6.7
6.5
7.4
6.9
75
4.8
9.4
5.5
6.4
6.8
6.6
6.8
9.1
8.2
5.0
9.2
6.0
4.2
7.6
5.2
5.1
5.7
5.1
7.0
6.7
8.3
4.9
4.9
6.5
5.6
5.1
6.3
8.2
6.2
4.3
6.6
7.7
7.3
5.5
7.3
6.7
5.3
6.3
7.6
8.1
6.3
6.2

102627
457
1129
1848
649
1258
11451
1771
1739
1149
3962
1955
14049
929
2215
3604
739
1025
2777
634
1335
1393
2081
1659
1508
3147

1230
1057

5247
4351
423

5331

3513
1450
31816
39989
9625
2087
2588
2329
7973

2692
48728

19382
5114
1724
1197
8777
4927
1813
841
1127
26816
865
974
1582
2461
1789
1235
970
27967
3564
702
4183
3216
1608
1064
1371
547
1521
113325
712
2780
12640
2927
110885
894
554
12
49
129648
382
716
2297
407
1467

12.
27.

18735
3178
5161
6330
7247
21103
16169

823
3391
3829
2373
452
878
975
11154
13516
69325
1390
816
67
2256
11256
2536
831
871
23789
365
10116
2528
2164
3171
23
61
10550
740
472

23
18

26!
17

780
1665
2823
2919
1234
956
24885
2904
585
5758
4087
1427

105266

123580

1319

2069
665
5775
1713
10298
83:
2469
4437
1037
976
4081

®

1193
2119
1336
1080
1703
6779
446
331
629
23130
3473
7331
5055
10156
21208
17331
504
1126
4208
5200
3301

3347

1353

1213

3589
28t
14

@
&

312
44113
12465
1973
2813
1708
3479

4927
43432
1121
24777
5480
2457
1152
8207
8717
2479
1430
1561
10625
12

1270
1960
3183
3640
1302
98
12398
2879
782
5012
4011
1943
1308
1939
912
1917
5654
889
2633
19062
3180
51292
868
508
844
4440
102374
388
609
2011

@

1220
6736
2066
1823
1168
4510
1982
16908
1045
1591
2762
963

3452

20608
4316
5119
4632
9608
11982
25694
789
1588
3604
5446
3245
508
1253
1293
14099
17576
70906
949
34632
1570
3118
10683
5228
637
1513
27629
804
16577
3243
2286
4909
3441
2520
15344
930
651

1027
1369

2315
106667

12853
1738
1864
583
7458
1802
14060
833
1651
3473
1304
2303
3399
667
1133
1917
1316
2017
1870
5500
404
420
837
21803
3438
7610
4851
6486
16564
19700

783

4196
4144
3805

1687

20217

10539
2217
1851

132189

2194

68587

121308

2326

1211

6692

1540
1407
5801

1065

2887

324
292
146
416
2116

11704

1661
1440
248
222
355
4635
135
455
159
126
417
258
736
6571
110
125
534
443
372
184
99
114
691
20738
160
62
928
222
9508
124
113
227
703
16362
141
272
420
77
345
3357
100
194
245
977
565
2027
137
237
2513
286
265
350
52
157
520
222
92
386
1605

2520
14967

14204

1446

152
145

1257
3071

1978
71
1114

10694

1822
1905

9692

30684

2836

3102

133
266
102
717
4056

1106

1550

7746

4200

45941

16118

3776

211

1759
145
2907
182
555
463
197
751
27
173
190
286
550
367
298
1693

-1.18
-1.22
-113
1.05
128
117
1.04
113
1.07
-1.09
-1.21
1.09
115
-1.00
1.14
1.03
1.43
1.04
-117
-1.10
121
1.15
-1.05
-1.05
-1.12
110
111
1.04
119
1.10
-1.22
1.04
1.03
1.03
1.05
-1.28
1.30
141
112
-1.05
112
1.02
-1.08
1.08
110
101
119
121
-1.48
1.09
-113
-1.01
-1.03
-1.22
-1.04
1.08
-1.09
124
-1.02
115
-1.02
119
1.09
115
127
112
-1.06
1.10
-1.27
1.16
114
-1.21
1.16
112
-1.13
121
-1.14
-1.21
1.07
-1.07
1.09
1.01
1.14
-1.53
-1.23
-1.15
1.16
-1.04
113
118
-111
-112
-1.09
1.06
1.03
1.04
-1.07
1.02
-111
-1.09
116
-1.07
1.00
111
1.02
-1.17
-1.14
-111
101
-1.13
-1.11
-1.02
1.07
1.00
-1.24
-1.06
-1.04
-1.03
1.05
1.03
1.09
1.07
1.08
1.08

-1.03

-1.13
-1.01
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1411
3802
3847
2138
3872

869

1291
3751
4032
1114
1538
3594
1512

0.8173
0.8183
0.8224
0.8245
0.8292
0.8298
0.8362
0.8389
0.8395
0.8448
0.8449
0.8453
0.8461
0.8473
0.8473
0.8475
0.8502
0.8509
0.8545
0.8562
0.8596
0.8609
0.8630
0.8636
0.8661
0.8664
0.8700
0.8702
0.8715
0.8737
0.8774
0.8783
0.8848
0.8876
0.8912
0.8924
0.8928
0.8933
0.8973
0.8982
0.8987
0.9013
0.9017
0.9087
0.9102
0.9213
0.9220
0.9228
0.9240
0.9245
0.9246
0.9253
0.9284
0.9316
0.9326
0.9369
0.9386
0.9420
0.9463
0.9490
0.9510
0.9566
0.9585
0.9585
0.9606
0.9631
0.9682
0.9757
0.9773
0.9786
0.9803
0.9807
0.9811
0.9818
0.9841
0.9843
0.9853
0.9854
0.9903
0.9914
0.9948

5.5
9.5
8.6
9.2
6.1
6.9
9.4

9.4
5.5
7.9
9.2
7.0
9.4
5.5
5.2

5473

80922
808
168611

62982
773
197320

40338
7108
5315
854
1230
1696
2967
3242
9182

72750

53973
999
5763

31365
814
42722

61805

5489

49167
835
95124

53836
825
135423

4885

43709
848
119464

4864

3563
2006

3928

8011
188
21407
527
1377
68

9386
4792
994
7225
226
397
30065
1590
1137
54
926
3021
444
10626
30

23673
2621
1782
131
17260
18242
4955
207

32635
62
83588

18016

1.04
-1.36
113
1.02
1.10
1.09
111
1.04
112
110

-1.00

-1.09
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1 dz UniProt ¢ azj o : ?dZd } O dzdz HSlS(/jZ
O accession 1 OLo O fteslsj’ dzz ( ¢ ANz dzeC y' w dz/ v s ltekzf O utslsdugtgo LC O
q &z ©
yw )
4126 | B2Y2Q6 LMW-B2 ¢ dz* GIjBE2)dz ( Of OMOdzdz” sy do| 4 L&¥ sj & 107 | 251 234
1066 | P08488 HMW-1 2 & dz* VWSS &Y ( Of OMOdzdz” sy do| 4 L&s sj & 212 | 119 253
4114 | P08488 HMW-1 2 & dz* VWSS &Y ( Of OMOdzdz” § sy do| 4 L zf 5) df 237 | 282 1.19
390 | P08489 HMW-PW2 12 G lsjdz &) Of OmMOdzdz” § &y do| a L & sj & 11.01| 1.08 11.84
4045 | P10388 HMW-DX 5 @ dz* Giypiaximge (| ! gg V??gg:d@zwl . gdzfg ia a Ldzv Isjdd 265 | 1.00 2.43
4332 | P10388 HMW-DX5 & dzs Gijlmime (|| gg v?[nggzdg“o“mg 2 ifs 3 Lo s j dd 300 | 1.34 2.24
4345 | P10388 HMW-DX5 @ dz* Glytasimg (| SOE V?f?ggzdoz";mg 132 if’s A Lzt Isj dd 247 1.18 291
4351 | P10388 HMW-DX5 6 dz* Gyldsime (|| ?g v?[”ggzgz:;mg 152 i?s a Lzt sj o 414 | 1.09 3.79
1896 | ALEHE? oG &z OH Bliz) D3 ( Of OMOdzdz® § Sy de| & L& ond 132 | 261 3.45
1961 | ALEHE? oG &z OHdstz) D3 ( OfMOdd" §&3dodd & L& Ond 136 | 397 2.92
3866 | 10IT62 U/-dbdz' OH d dz Of OMOdzdz  s5X d o F | &z Oud 1.40 3.72 5.20
1649 | M9TG60 6 dz' OH GiE) A1 ( Of OMOdzdzy ¢ sy do a J]d&z OnHd 1.24 4.40 5.47
1656 | MITG60 oG & OH ) AL ( Of @GO sy do dzdn| a L& Ondg 137 4.09 5.59
4220 | M9TG60 oG &z On plig) AL ( Of OMOdedz® § sy de| & L& Ond 104 | 367 353
1669 | P04722 Ulddz Onddz Al I Of OMOdedz® § sy de| & L& Oond 132 | 257 337
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4403 ] P04722 Ul-bdz" OHddz Al | 1 Of O Mosixde's dzd »  to| L& OHd 1.03 2.49 2.57

1803 | P21292 6 dz' OH d dz 1 O OMOdedzy Y sy do ] &z OHd 5.59 4.47 1.25

4179 | P21292 G dz° OHddz 1 0f OMOdedz” § 5y do | & OHd 3.09 2.78 1.11

2078 | Q94G92 > dz° OHdstiz) D4 ( 1 0f OMOdedz” § 5y do | & OHd 260 1.35 3.50

2161 | Q94G92 > dz' OHdstiz) D4 ( 1 0f OMOdedz” § 5y do | & OHd 3.40 1.11 3.78

1 5H' B dzde2dz' HOSH diidzz D .

4491| AOALDST3T7 | _ Oz dzd 2 1 0f OMOdedz” § 5y do | & OHd 1.18 4.30 5.08

2645| AOA3B5YPZ7 |1 tsH' B dzd 2 5B ' @agsdzt | Of OMOdedz § 53 d o L & OHd 4.00 1.04 3.86

2689 | AOA3B5YPZ7 |1 tsH Bdzd2 HB Oo jdz|) Of OMOdzdzy § 53 do | & OHd 6.03 1.14 6.86

4169 | AOA3B5YPZ7 |1 SH Bdzd2 HB Oo jdz'|) Of OMOdzdzy f sy do | a2 Pdz | 3.16 1.07 3.37

4481 | AOA3B5YPZ7 |1 sSH' ' Bdzd?2 Hts Qo jdz'|) Of OMOdedzy sy de J & OHd 3.90 1.03 4.03

4482 AOA3B5YPZ7 |1 tsH Bdzf2 HB Oo jdz'|) Of OMOdedz f 5y o | & Ond 4.33 1.10 4.77

1581 | Q41593 4 j o fZ1ANZCI) wdze ' B stste My ted [ jsOBtsdd 1.88 1.57 2.95

3607 | Q43691 Tr y p sainytaselhhibitor CMX2 | wdze* B ' Istste M te d d [ jsOBtsdd 2.63 2.70 1.03
. " 1 zCHshdsj tsj L Oy 2 [ jsOB 5

4404| AOAIDSUS94 | [ jIsq dzlste O dzl¥ j 8OL O | ¢ o o dz fls 1.87 1.61 3.00
, , 1 HtesW)ruD-qd €L [ js0B 57

1084 | AOAIDSYFA7 |1 5H ' B dad@ds HAEO LB, o | ' o T fsd fo 2.55 1.82 4.64
1] 5H' Bdzd 2 N&2, M tof o . [ jlsOB 5

2386 | AOALDSZTVO | _ dnOdj dad 2 wdzé ' B Istste fj tod dz 2.38 1.24 294

1025 | AOA1D6A827 46 ' Hieddz, o9dHOWZjdultej Msoa©® o' HY B9 [ dilsOBBBd 121 7.08 5.86

- .
969 | AOAIDEDIQ3 | BB BHd ded yw Bl W e oo g fibOss®@ 4 1.33 3.10

6-W ts )W GRFP-b)
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2335 | AOALD6RH21 Lf: ;Zg(gféé)q'” 139 q HHOJde‘ [ sdkj &z ¢ dzusma@lslzfanJ fdbosbd g4 1.14 4.65
1169 | AOALD6S518 Elpgd:ﬁwgfﬁfi”g O BBAG, « shqasjL tozow FabOBB® 05 | o9 1.71
2710 | AOA3B5XV32 | Bd3j dz B ¢k CEky§ ' d) Of OMOdzdz” § &y do [ iBe sz | 260 151 3.94
4272| AOA3BGILVO |1 BH B 22 HB ChksBP) Of OMOdedz® § 5y do [ jsOB&sd 210 | 273 1.30
3358 | AOA3B6INSG |1 BH ' B dzd 2 sl ©Od&Rdzd| uqdasj L B &S o [ jsOstsdd 293 | 122 241
1082 | AOA3BEKSH4 |1 5H ' B dzgReE'HARO b i 8 (”) vtf'f"gz?'ﬁg[)"fjo:d; 'anLo FdbOBE®E S50 | 110 2.36
4055| AOA3B6MYZO |1 5H B dzd2 HB  S-10d) Of OMOdedz® § 5y do [ jsOB&sd 481 | 119 573
1051 | 16QQ39 | dzts B BAAGldz3A) 1 Of OMOdedzy s do [ ilsOBdZg 2.66 1.35 1.97
4155 | 16QQ39 | dzts B BAAGldz3A) 1 Of OMOdedzy s do | ilsOBcdZd 3.09 2.27 1.37
1315 | AOAIDSVMGL | if t:gng SZZ le; LdL e Od i fdbosBd 5.9 | 103 3.11
950 | AOA3B5Z536 || j SR O®OCk, tdL 5o Od i [ jsOB sd'| 544 | 158 3.44
1289 AOA3B6GON3 || j BR O OGS tqL 5o Od i [ jsOstsdd 263 | 128 2.06
4162 | AOA3BGJER7 || J SR OOCk, jtdL 5o Od i [ jsOBdd 448 | 518 1.16
4171| AOA3BGJER7 || j5- OOCk,jtdL 5o Od i | jsOstsdd 351 | 374 1.06
44% | AOA3B6LGLL || | 5- OOCk,jtdL 5o Od i [ jsOstsd 572 | 505 1.13
4008 | AOA3B6PFQ8 || j SR OLOCk,jtdL 5o Od i [ jsOBtsdd 411 | 438 1.06
Il dH" dzj dg' Ydedzddz My " 99" Hdzsh jdzdgw oG OL 28 IsH zO0 L dzOydz'

L dzOy f ety sBY'dzZcs ¢ * B ' dz¢

iS¢t MusOdabd, * dafld @8 d § defn f tedz®)tp p dact
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v OB dzd3jwu f d Mts ¢

Peptide Unique Confidence Anova
peptides

UniProt Accessiol

count

Q6SPZ3 76
AOAID6CGQ8 2

QO0M56 74
D2DII3 49
AOA1D5S346 49
B2Y2Q1 73
B2Y2Q6;A0A1D6/ 88
AOA1D5YUG2;W5 2

P10386 73
AOA1D5S0Z9;A0A 38
AOA1D5Y5R1 22
POCZ10 15
AOAOE3Z7G8 40
AOA1DBA9AS;A0A 6

M9TG60 42

Q2A783;B8YGI7 18
AOA1D5UZW7;A0. 14

P08489 65
P02863 52
P04727 31

AOA1D6D575;P83 15
P01083;A0A1D6B 8

10IT62 13
P04724 44
P18573 53
WS5ECA4;A0A1D5 34
AOA1D5XXC7;A0/ 59
AOA1D5XS09;A0A 28
10IT51 9

J7HT09 40
P10846 7

AOA1D6DLZ4 3

P04726 26
AlEHE7 44
P21292;M9TE79 51
B2BZD1 55
AOA1D5YG88 4

MOTK56 47
BB6UKPO;A0ALDS\ 68

AOA1D5RVA3;P012
AOA1D6D530;Q8L 11
POCZ08;POCZ11 12
AOA1D6DLY4 41
AOA1D5RP45;A0A 6
P10387 55
P08488;A0A1D5S' 48
AOA1D5YGWI1;A0 3
AOA1D5XAR1;A04 7
AOA1D6DLI7 34
AOA1D5SCN9;A0/ 8
P04721 31
B2Y2S6 56
AOA1D6DC72 8
AOAOK2QJY6 15
P06659 40
AOA1D5TQ40;A0A 3
AOA1D6D8Z1;P16 13
POCZ09 11
AOA1D5YXN3 4
AOA1D5XGF3;A04 49
AOA1D5ST37;A0A 15

28
2

16
12
21

score

®)

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0002
0.0002
0.0002
0.0011
0.0027
0.0048
0.0085
0.0000
0.0000
0.0000
0.0001
0.0002
0.0003
0.0008
0.0008
0.0008
0.0020
0.0021
0.0022
0.0024
0.0035
0.0037
0.0052
0.0061
0.0068
0.0069
0.0088
0.0124
0.0168
0.0173
0.0190
0.0206
0.0243
0.0249
0.0266
0.0269
0.0284
0.0304
0.0322
0.0322
0.0331
0.0367
0.0376
0.0389
0.0397
0.0408
0.0419
0.0424
0.0464
0.0488
0.0491
0.0491
0.0515
0.0517
0.0573

om'" n 127

Description Panna

R1 R2 R3 R1
Low molecular weight glutenin OS=Tr297699 286599 335946 60412
Uncharacterized protein OS=Triticum 14637 18409 18680 91596
LMW-GS P-31 OS=Triticum aestivum 130247 157276 173549 68160
Glutenin low molecular weight subunit 175932 222303 238182 60083
Uncharacterized protein OS=Triticum 387114 448634 448717 320817
Low molecular weight glutenin subuni 279345 292912 268709 112343
Low molecular weight glutenin subuni 194153520070462104493318682
Uncharacterized protein OS=Triticum 33306 39225 41305 70846
Glutenin low molecular weight subunit 403608 461204 585876 308831
Uncharacterized protein OS=Triticum 141483 198678 159583 75118
Uncharacterized protein OS=Triticum 64988 41303 37679 155623
Avenin-like a6 OS=Triticum aestivum 1846 829 1367 4267
Alpha-gliadin (Fragment) OS=Triticum1486 1802 3760 3151
Uncharacterized protein OS=Triticum 73492 72670 70046 51562
Gamma-gliadin 1 OS=Triticum aestivi 321848 319592 316466 192053
Avenin-like b1 OS=Triticum aestivum 37799 38022 40061 36651
Elongation factor 1-alpha OS=Triticur 42807 38736 38198 96574
Glutenin high molecular weight subuni 127743 152585 150773 208047
Alpha/beta-gliadin OS=Triticum aestiv 111308 104046 117646 131015
Alpha/beta-gliadin clone PW8142 0S:49155 55528 59246 102686
Uncharacterized protein OS=Triticum 508145 539134 569233 398062
Alpha-amylase inhibitor 0.28 OS=Triti 362308 409045 397576 598417
Alpha/beta-gliadin OS=Triticum aestiv9126 10418 11913 10578
Alpha/beta-gliadin A-1V OS=Triticum ¢132700 149625 176091 158737
Alpha/beta-gliadin MM1 OS=Triticum 363703 428216 528675 274838
Uncharacterized protein OS=Triticum 108175 83299 69769 219213
Beta-amylase OS=Triticum aestivum 201278 182407 188323 154569
Uncharacterized protein OS=Triticum 39000 29459 24504 71211
Alpha/beta-gliadin OS=Triticum aestiv 127856 127193 140807 162564
Alpha-gliadin OS=Triticum aestivum C462620 454281 572334 541239
Alpha-amylase inhibitor WDAI-3 (Frac 10157 9437 5865 17466
Uncharacterized protein OS=Triticum 54387 53994 58074 33776
Alpha/beta-gliadin clone PW1215 0S:68719 67041 74891 63672
Gamma-gliadin OS=Triticum aestivun 385987 444992 437858 425397
Gamma-gliadin OS=Triticum aestivun 571520 625197 654451 823984
LMW-GS OS=Triticum aestivum OX= 458308 529901 600226 391332
Uncharacterized protein OS=Triticum 36690 32951 31125 57107
Gamma-gliadin 5 OS=Triticum aestivi 573727 563243 752420 879127
Gamma-gliadin OS=Triticum aestivun 514567 587350 597527 750739
Uncharacterized protein OS=Triticum 17001 22160 22761 24724
Peroxidase OS=Triticum aestivum O> 198492 164623 153826 241136
Avenin-like a3 OS=Triticum aestivum 5941 3918 4438 13471
Uncharacterized protein OS=Triticum 276589 299957 324412 195373
ATP synthase subunit beta OS=Tritict 78941 79524 85532 37852
Glutenin high molecular weight subuni 668714 682113 687827 681183
Glutenin high molecular weight subuni 362387 369648 372745 369144
Uncharacterized protein OS=Triticum 19015 16775 17336 20681
Uncharacterized protein OS=Triticum 22463 14907 14884 26536
Uncharacterized protein OS=Triticum 346648 374863 456750 363989
Glucose-1-phosphate adenylyltransfe 60081 62212 73010 62370
Alpha/beta-gliadin A-| OS=Triticum a€13935 12519 16165 5537
Low molecular weight glutenin subuni' 142615 164609 182441 186753
Uncharacterized protein OS=Triticum 104716 156953 170093 120596
Alpha/beta-gliadin OS=Triticum aestiv 135130 154178 158216 143723
Gamma-gliadin B OS=Triticum aestivi237142 220567 264630 273342
Uncharacterized protein OS=Triticum 6977 8189 8521 5826
Uncharacterized protein OS=Triticum 394872 450883 489831 452446
Avenin-like a5 OS=Triticum aestivum 14217 17885 17144 16554
Oleosin OS=Triticum aestivum OX=4¢23090 26837 28173 11765
Beta-amylase OS=Triticum aestivum 220982 220087 190089 240826
Malate dehydrogenase OS=Triticum 61775 53541 52351 78896

dzOH * 2 dzd n

Sotnytsia

R2
41393
93828
66639
39764
287661

192562
625525
23452
33416
63935
512830
878985
406926
41571

R3
42174
67101
65073
40950
259995
78571
128858
75372
318635
45353
140857
2717
2932
54066
181898
38286
84174
185221
151616
72111
374794
522066
9107
182543
351672
193950
169410
67149
138370
725507
15676
44347
50938
407053
752641
323865
45913

1157844837835

861264
25414
223523
21110
281371
36712
720471
390435
22154
25243
559471
47267
11033
224526

218357
62035

672676
26419
228388
7224
234748
67789
600919
325648
27738
29927
469176
49275
7474
172723
103347
121980
315112
5513
541261
16148
21235
223400
79483

Normalized abundance
Ukrainka Mean

‘GFLCBMSI W C Oy 2

R1 R2 R3 Panna Sotnytsii UkrainkaPanna

351348 408258 391496 306748 47993
17832 14990 15266 17242 84175
196544 230220 213986 153690 66624
257987 302505 267267 212139 46932
723846 845764 757770 428155 289491
248095 277596 261033 280322 91638
17460952053840118315752017690183252
26685 24914 27437 37945 67397
862466 993803 925478 483563 332955
120675 121039 105103 166581 57309
140053 109168 120785 47990 131600
4896 4025 4744 1347 4120

7055 9827 8322 2350 2529

74213 75145 73854 72069 53172
362684 384709 366639 319302 197387
21841 22839 24844 38628 36703
36042 33561 36515 39913 84483
111323 107863 114883 143700 201332
177237 194221 174230 111000 143186
120021 125560 117622 54643 91847
527585 488097 523695 538837 397355
397384 345454 359302 389643 586064
18418 17550 19362 10486 10726
261926 246258 258645 152805 178108
612622 761290 716626 440198 324352
206345 161646 172889 87081 190765
158198 153371 153608 190669 157842
68585 52532 59611 30988 64228
209278 222536 198083 131952 164498
784814 782687 844590 496411 630757
16916 16631 15607 8486 18865
46014 51381 47868 55485 37180
80792 89519 81324 70217 59515
553111 655029 568675 422946 448427
616457 749785 704932 617056 818537
483320 593346 531148 529479 374041
35310 27565 34252 33589 48197
854965 939885 914744 629797 958269
660365 777767 697536 566482 761560
28966 26282 27514 20641 25519
233850 191727 202744 172314 231016
9752 9397 12298 4765 13935
314491 376460 336366 300319 237164
67305 73002 69169 81332 47451
529880 613118 553955 679551 667524
287151 332259 300198 368260 361742
22502 20913 21520 17709 23524
22991 18290 22714 17418 27236
661949 547590 618454 392754 464212
50187 47502 48407 65101 52971
12574 15667 25872 14206 8015

209066 225187 221259 163222 194668
90505 91355 83955 143921 119840
171781 192664 168781 149175 139406
244296 262831 245992 240780 327224
4119 6825 5365 7896 5335

391487 405297 398929 445196 540057
12040 14827 13155 16415 16919
21270 24191 24123 26034 16729
202346 189456 189546 210386 227528
73526 61250 70493 55889 73471

383701 25888
16029 2260
213583 21872
275920 32346
775793 35543
262241 12131
187717082000
26345 4150
927249 93169
115605 29233
123336 14832
4555 509
8402 1232
74404 1800
371344 2703
23175 1247
35372 2520
111356 13849
181896 6806
121068 5104
513126 30545
367380 24357
18443 1395
255610 21870
696846 83136
180293 19480
155059 9652
60243 7368
209966 7675
804030 65883
16385 2299
48421 2251
83878 4134
592272 32205
690391 42061
535938 70960
32376 2837
903198 106324
711890 45246
27587 3167
209441 23305
10482 1051
342439 23914
69825 3649
565651 9811
306536 5316
21645 1166
21331 4369
609331 57190
48698 6932
18037 1838
218504 19950
88605 34582
177742 12330
251040 22256
5436 813
398571 47734
13340 1939
23194 2635
193783 17584

Fold change Tukey’s HSD (p)
Standard deviation Panna/ Panna/ Sotnytsia/ Panna/ Panna/ Sotnytsia/

Sotnytsii Ukrainka Sotnytsia Ukrainka Ukrainka Sotnytsia Ukrainka Ukrainka
10762 29245 6.39 -1.25 -7.99 0.0010 0.2001 0.0010
14829 1567 -4.88 1.08 5.25 0.0010 0.8162 0.0010
1544 16842 231 -1.39 -3.21 0.0010 0.0130  0.0010
11404 23486 4.52 -1.30 -5.88 0.0010  0.2043  0.0010
30452 62925 1.48 -1.81 -2.68 0.0044  0.0010  0.0010
18136 14788 3.06 1.07 -2.86 0.0010 0.7585 0.0010
118040 158858 11.01 1.07 -10.24  0.0010 0.9000 0.0010
10149 1295 -1.78 1.44 2.56 0.0022  0.0198 0.0010
33652 65686 1.45 -1.92 -2.78 0.0316 0.0019  0.0010
15722 9097 291 1.44 -2.02 0.0010 0.1250 0.0076
29751 15599 -2.74 -2.57 1.07 0.0039 0.0051  0.9000
1336 465 -3.06 -3.38 -1.11 0.0106 0.0062  0.8504
894 1388 -1.08 -3.58 -3.32 0.9000 0.0114 0.0166
1397 666 1.36 -1.03 -1.40

18735 11742 1.62 -1.16 -1.88

1557 1529 1.05 1.67 1.58

11939 1587 -2.12 113 2.39

14017 3510 -1.40 1.29 181

10798 10779 -1.29 -1.64 -1.27

17120 4071 -1.68 -2.22 -1.32

22217 21763 1.36 1.05 -1.29

58803 26891 -1.50 1.06 1.60

1698 906 -1.02 -1.76 -1.72

17579 8263 -1.17 -1.67 -1.44

42957 76282 1.36 -1.58 -2.15

30166 23251 -2.19 -2.07 1.06

10329 2721 121 1.23 1.02

8814 8045 -2.07 -1.94 1.07

27147 12241 -1.25 -1.59 -1.28

92245 35142 -1.27 -1.62 -1.27

4072 688 -2.22 -1.93 1.15

6210 2726  1.49 1.15 -1.30

7429 4892 1.18 -1.19 -1.41

56524 54904 -1.06 -1.40 -1.32

63348 67843 -1.33 -1.12 119

44148 55169 1.42 -1.01 -1.43

8016 4200 -1.43 1.04 1.49

174066 43622 -1.52 -1.43 1.06

94758 60003 -1.34 -1.26 1.07

853 1343 -1.24 -1.34 -1.08

9096 21845 -1.34 -1.22 110

6954 1582 -2.92 -2.20 1.33

43050 31428 1.27 -1.14 -1.44

17623 2905 171 1.16 -1.47

60935 42834 1.02 1.20 1.18

33022 23212 1.02 1.20 1.18

3723 802 -1.33 -1.22 1.09

2419 2638 -1.56 -1.22 1.28

97836 57723 -1.18 -1.55 -1.31

8201 1366 1.23 1.34 1.09

2788 6959 1.77 -1.27 -2.25

26793 8406  -1.19 -1.34 -1.12

16128 4050 1.20 1.62 1.35

15718 13010 1.07 -1.19 -1.27

60849 10247 -1.36 -1.04 1.30

601 1354 1.48 1.45 -1.02

87015 6912 -1.21 112 1.35

1004 1403 -1.03 1.23 1.27

4751 1667  1.56 112 -1.39

11790 7416 -1.08 1.09 117

9908 6394 -1.31 -1.22 1.07

68423 5132
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P16315 35
Q05806 2

AOA1D5S2A6;A0A 11
W5AMI8;A0A1D5112
W5AB71;W4ZUK2 13
AOA1D5WWLS;P0 21
AOA1DGAIQS8;A0A 42
Q8W3V5;P04729 42
AOAQ96UL77;A0A 2

Q41593;A0A1D5Z 33
AOA1D5RYM7;A0,3

'W5G5H3;A0A1D6, 11

D6QZMS 23
P02861 13
P04730 54

AOA1DS5VIX2;A0A: 2
AOA1D6AVFS5 10
Q9ST58 35
AOA1D5XC33 2
P04725 36
AOA1D5YTDO;AQA 2
P16159 20
AOA1D5VE13;A0A 8
P04722;K7XRAL;/55
Q94G92 36
LOGEDS8;A0A1DS5) 3
AOA1D5XDB6;A0/ 17
P08079 28
10IT65;P04723 29
AOA1D6BV11;A0A 10
AOA1D5X6G4;16Q 32
P04728 35
AOALD5SC67;A0A 2
D2KFH1 15
AOA1D5ZG58;A0A 8
AOA1D5Z199 41
AOA1D5YFA6;A0A 59
AOA1DBREHG;A0/ 6
AOA1D5XVS4;A0A 6
AOA1D5ZTVO;H9A 16
AOA1D5X7C3;A0A 18
P08453 32
AOA1DS5YEHO0;A04 40
AOA1D6AIC3 40
AOA1DSW2N3;A0,3
'WSAKY9;A0A1DS 46
AOA1DSRUP2;A0/2
AOA1DS5T3T7 15
MOTGF7 41
AOA1D5ZZT8;A0A 38
AOA1D5Y681,Q93 21

P10388 62
QO0OM61 58
P16851;,A0A1D6C 15
Q2A784 12
AOA1D5XG58;A0A 7

P33432 11
P17314 15

AOA077RWR2;A0, 2
AOA1D5W815 3
Q8W3V4 42
W5I5X1 14
AOA1D5Y5R2;W5I 36
AOA1D5SU51;A0A 7
AOA1D6BRNO;C7(14
W5FZ62;P93693;£ 35

PR o®NN R ®
=

wRoNw

357.06

0.0574
0.0579
0.0628
0.0638
0.0638
0.0664
0.0693
0.0718
0.0734
0.0827
0.0862
0.0895
0.0896
0.0962
0.1105
0.1164
0.1168
0.1190
0.1468
0.1517
0.1532
0.1712
0.1833
0.1998
0.2043
0.2197
0.2292
0.2320
0.2366
0.2432
0.2594
0.2652
0.3527
0.3675
0.4014
0.4130
0.4173
0.4581
0.4604
0.4752
0.4763
0.4822
0.5165
0.5200
0.5580
0.5606
0.5686
0.5730
0.5821
0.5868
0.6083
0.6227
0.6896
0.6935
0.6995
0.7374
0.7418
0.8436
0.8568
0.8770
0.8853
0.9072
0.9416
0.9417
0.9665
0.9714

Glutenin low molecular weight subunit 130637
Type-5 thionin OS=Triticum aestivum 78629
Uncharacterized protein OS=Triticum 60854
Uncharacterized protein OS=Triticum 57824
Uncharacterized protein OS=Triticum 117716
Uncharacterized protein OS=Triticum 346544
Uncharacterized protein OS=Triticum 40505
LMW-glutenin P3-42 OS=Triticum aes 94543
Uncharacterized protein OS=Triticum 109218
Serpin-Z1A OS=Triticum aestivum OX 162967
Uncharacterized protein OS=Triticum 47021
Glyceraldehyde-3-phosphate dehydro 17991
Avenin-like b8 OS=Triticum aestivum 12572
Glutenin high molecular weight subuni 104045
Gamma-gliadin (Fragment) OS=Tritict 82372
Uncharacterized protein OS=Triticum 39565
Uncharacterized protein OS=Triticum 195650
Serpin-Z1C OS=Triticum aestivum O 221839
Uncharacterized protein OS=Triticum 108587
Alpha/beta-gliadin A-V OS=Triticum a 2084
Uncharacterized protein OS=Triticum 26430
Alpha-amylase/trypsin inhibitor CM16 323462
Fructose-bisphosphate aldolase OS= 115646
Alpha/beta-gliadin A-1l OS=Triticum a 426847
Gamma-gliadin OS=Triticum aestivun 96717
14-3-3 protein OS=Triticum aestivum 21304
Elongation factor 1-alpha OS=Triticur 310848
Gamma-gliadin (Fragment) OS=Tritict 51707
Alpha-gliadin OS=Triticum aestivum € 265570
Glucose-1-phosphate adenylyltransfe 70680
Uncharacterized protein OS=Triticum 789174
Alpha/beta-gliadin clone PTO-A10 (Fr 163737
Uncharacterized protein OS=Triticum 63924
Avenin-like a4 OS=Triticum aestivum 70068
Uncharacterized protein OS=Triticum 51475
Uncharacterized protein OS=Triticum 4816
Beta-amylase OS=Triticum aestivum 611746
Uncharacterized protein OS=Triticum 32841
Uncharacterized protein OS=Triticum 19425
Serpin-N3.2 OS=Triticum aestivum O 97218
Protein disulfide-isomerase OS=Tritic 57064
Gamma-gliadin OS=Triticum aestivun 39597
Uncharacterized protein OS=Triticum 259530
Uncharacterized protein OS=Triticum 9814
Uncharacterized protein OS=Triticum 23258
Uncharacterized protein OS=Triticum 132320
Nucleoside diphosphate kinase OS=T60282
Uncharacterized protein OS=Triticum 112033
Gamma-gliadin 2 OS=Triticum aestivi 848820
Uncharacterized protein OS=Triticum 169892
Protein disulfide-isomerase OS=Tritic 188279
Glutenin high molecular weight subuni 638011
LMW-GS OS=Triticum aestivum OX= 378239
Alpha-amylase/trypsin inhibitor CM2 (372084
Avenin-like a1 OS=Triticum aestivum 79788
Uncharacterized protein OS=Triticum 32441
Puroindoline-A OS=Triticum aestivum 209270
Alpha-amylase/trypsin inhibitor CM3 € 193465
Uncharacterized protein OS=Triticum 111627
Uncharacterized protein OS=Triticum 32767
LMW-glutenin P3-6 OS=Triticum aest 169112
Uncharacterized protein OS=Triticum 116921
Uncharacterized protein OS=Triticum 298240
Uncharacterized protein OS=Triticum 22109
Glyceraldehyde-3-phosphate dehydro 119230
Uncharacterized protein OS=Triticum 298967

165772
86539
46849
52601
107083
395188
28413
113962
118584
101996
54973
12148
10765
131994
85650
43026
188107
165685
127488
1760
24640
398431
104088
492683
143424
22666
314238
91360
301985
65130
567108
183703
72759
89522
39533
3131
598902
32686
14113
76398
54459
66439
222192
10136
16212
105976
62168
110473
984202
139206
172429
578425
452902
432808
77310
26817
222492
207212
100462
28412
189671
91694
274800
21147
96203
257490

161526 177273
94363 109148
48884 64444
45247 70088
92112 142683
404082 454580
26439 44899
131053 149952
135210 124954
100998 151189
56479 51024
8869 24754
10354 11023
146739 107272
91386 109868
42977 56587
221758 239611
153644 217835
131205 128335
1758 1498
22925 36949
399816 193581
115049 130436
518351 454436
127034 98166
22917 7469
376984 392142
64234 57656
331858 220991
63042 68332
502119 904454
210916 239927
72845 41962
87212 72316
41321 49168
3312 248
572959 661530
35847 35073
15409 17578
76756 104369
50181 60269
67990 49572
209625 295626
10744 12403
16424 21133
108067 128253
61041 65124

208090
132577
62986
58724
119547
460095
43876
162015
131700
145952
50109
17079
9414
94613
123538
40904
266928
183282
130368
2688
26105
328334
119492
570081
105481
16006
390871
44671
345635
65182
689697
229128
61000
95190
40200
8521
625727
25053
11755
80568
51757
56029
228847
11105
18192
86602
48035

149036
99408
75404
59827
121793
384371
36549
131265
140082
164418
57189
24098
10108
73544
96122
48136
175704
204387
109373
1536
29741
309413
120306
414804
84175
21450
322605
41117
284662
76761
854904
187072
91500
74184
50936
8275
566296
31093
22516
96150
58388
47379
246458
7367
18201
91088
59827

123963 147784 139120 99257
111979510412771251892989223

140369 206460
165136 210687
554037 650341
453417 447393
506498 292131
95300 100959
27564 26684
246739 129070
233020 253813
101535 119919
29096 36961
159217 170200
76913 109732
244539 354716
21905 26608
91454 104973
248264 301026

140401
169396
664533
496766
501533
105841
20096
248906
280445
92371
28018
202714
79444
219168
16149
90536
224856

163290
192314
556469
400432
452797
66768

35385

245234
88547

103747
27271

164806
100580
258472
21194

103735
266080

125476
84906
75817
61691
125588
366439
45493
131526
110070
217153
35000
17849
9862
95330
87278
40680
249050
268273
138618
2603
29220
310102
126975
562455
106426
19054
307733
47024
342208
66430
894419
195068
82203
90174
56819
948
569274
31548
14945
92938
68003
46985
264887
10925
20681
122409
58576
121232
923465
172731
222277
597560
367563
378659
90063
26726
230956
227538
106250
29885
170055
102813
276360
21451
103913
277845

134681
99854
58924
62195
126613
365037
42922
150933
110739
153847
45571
14406
8982
107433
115793
37883
282199
212858
152159
2418
25606
300811
111199
579576
127992
20303
330014
66585
361575
56686
602089
228551
81237
96202
46775
894
598610
30104
11971
77954
52625
48524
227912
12466
18558
103751
54098
133438

126951
80636
68565
64800
131917
345496
41697
134741
114294
182318
46576
18367
9311
103065
97743
39775
271429
231872
134256
2666
28804
299833
118793
543460
108702
20877
316547
46860
343292
63754
755139
212031
84892
89596
49257
1071
575242
32744
13337
80504
58965
43687
241421
11650
24206
107026
56845
132174

152645
86510
52196
51891
105637
381938
31785
113186
121004
121987
52824
13003
11230
127593
86469
41856
201838
180389
122426
1867
24665
373903
111594
479294
122392
22296
334023
69100
299804
66284
619467
186119
69843
82267
44110
3753
594536
33791
16316
83457
53901
58009
230449
10231
18631
115454
61163
115490

11204801029542984272

149324
171471
580296
464233
373804
91520
24520
219737
205107
94373
28488
187387
80943
254867
19574
95653
262982

162769
178178
603410
410944
383587
101202
26147

224700
227213
102513
29028

170467
87796

254058
22035

101722
257668

149822
175281
590158
428186
437130
84133

28941

226167
211232
104542
30092

172667
95176

272527
21720

102296
268240

178133
113711
67611
62879
128008
433015
41775
147744
132246
153853
52774
21977
10182
91810
109842
48542
227414
201834
122692
1907
30932
277109
123411
479774
95941
14975
368539
47815
283763
70092
816352
218709
64821
80564
46768
5681
617851
30407
17283
93696
56805
50993
256977
10291
19175
101981
57662
128721

129036
88465
67769
62895
128040
358991
43371
139066
111701
184439
42382
16874
9385
101943
100271
39446
267559
237667
141678
2562
27877
303582
118989
561830
114373
20078
318098
53490
349025
62290
750549
211883
82777
91990
50950
971
581042
31465
13418
83799
59864
46399
244740
11680
21148
111062
56506
128948

10177
7867
7567
6319
12863
30973
7616
18268
13164
35493
5082
4621
1180
21685
4563
1984
17659
36398
12128
188
1753
43689
6507
47199
23697
868
37244
20270
33198
3048
150520
23682
5126
10628
6441
925
19759
1782
2770
11919
3475
15964
25957
472
4008
14644
949
7380

10941311024496135486

170050
190799
623781
448197
415487
91189
27388
207736
207602
105346
30750
179240
96585
277452
21317
99748
263987

161608
190642
593755
414247
378683
94262

25798

225131
219953
101045
29134

175970
90517

261762
21020

100429
266165

17390
11832
43199
43256
67311
9750
3054
19003
20082
6160
2342
15535
20230
26923
507
14857
27007

29536
17049
6788
6267
12758
42217
4554
15493
7579
9516
3851
4254
807
17038
13708
7849
46819
17417
11579
676
5519
72954
6097
80680
10826
7047
39785
8706
62327
5987
112450
27926
24989
12701
5756
4707
48103
5045
5387
12089
4472
4497
34610
2615
1695
22863
8748
25881
139082
33544
20687
58724
48172
109573

4944
10091
8475
1669
3397
11708
1938
10402
2270
31706
6413
2153
445
6129
14425
1427
16910
28159
9335
129
1977
5668
7890
18066
11849
932
11221
11341
10882
5035
146219
16742
1894
3659
5232
91
15504
1322
1489
8017
7729
2471
18710
771
2853
9962
2258
6712
98604
11747
27601
12017
48420
4801
6054
1144
5622
12858
6073
704
9890

-1.17
-1.31
-1.30
-1.21
-1.21
-1.13
-1.31
-1.31
-1.09
-1.26

-1.69

118

-1.02
-1.30
-1.21
-1.21
1.06

-1.36
-1.23
1.08

-1.51

-1.30

-1.16

-1.00
-1.11
1.25

-1.06
-1.14
-1.14

1.38

-1.00
-1.00
-1.00
121
-1.04
1.06
1.18
-1.20
1.25
1.30
1.08
-1.11
1.10
1.23
-1.18
-1.18
-1.15
-1.34
11
-1.10
1.04
-1.17
-1.19
-1.34
1.16
-1.12
-1.23
113
1.09
1.03
-1.28
-1.14
-1.09

-1.05

249



250

rdrouvdrs
0Cls oftctso OHY j dzdz? toj ClBdzH s @z B ozj Selight@ s O
Isj Rz IctcsBC O B Slsjrndesdzte” ydedr " Ha SH'
wesils' kO eOH @fysdodenly csyj f






252

rdrovfs
DCls oftcso OHY j dzdzd tojElrdzH SO oy § dzfipe@ s O
Isj AesictetsB C O B ' ') midsse ' mdZd &S d § " J dzd
wCtsls' SO e@muhisdfdsdztsfls W ' L sdse' T
LSO dzd



253




