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Nadica Kole Sandeva Atanasova
CHARACTERIZATION AND ASSESSMENT OF GENETIC VARIA BILITY
AMONG MACEDONIAN EMBROIDERED PEPPER LOCAL LANDRACE S

-Abstract

The primary objective of this study was to assesdtiliersity of 189 genotypes Macedonian
embroidered peppelC@apsicunspp.) through integrated phenotypic and genotypicacherization, to
guantify the effect of the environment on the variability of morphological descriptors, to identify
potential duplicates, and to define priority genotypes for-tengn conservation and incorporation into
future breeding programs, as walt to recommend genotypes suitable for cultivation. Phenological,
morphological, and yieldelated traits were evaluated during the growing season in three different
environments and, after harvest, under laboratory conditions, using standardized amairnati
Capsicundescriptors.

Phenotypic characterization revealed high diversity in both qualitative and quantitative traits
across the collection. Analysis of quantitative traits showed statistically significant effects of genotype,
environment, and genotgp< environment interaction (p < 0.05). Days to emergence were identified as
a relatively stable descriptor, whereas days to flowering and fruiting showed greater variability and
greater potential for selecting earyaturing genotypes. Fruit traits (lehgwidth, weight, and pericarp
thickness), together with pedicel length, were the most informative for morphotype discrimination,
while the number of locules was largely genotgependent and comparatively stable. Fruit number
and yield per plant were simgly affected by environmental conditions, indicating that selection and
production recommendations should emphasize yield stability across environments.

Correlation analysis demonstrated that yield per plant was most strongly and positively
associated wh fruit weight, followed by fruit width, fruit length, and fruit number, highlighting a trade
off between fruit number and fruit size/fleshiness. Principal component analysis (PCA) showed that the
first four components accounted for 68.94% of the totahplypic variation, with major contributions
from fruit sizerelated traits and yieldhenological characteristics. The first principal component (PC1;
33.5%) represented a morphological fruit size axis, whereas the second component (PC2; 14.72%)
reflecteda yieldphenological axis. UPGMA clustering based on phenotypic distances identified ten
phenotypic clusters with differing levels of internal homogeneity, providing a framework for
conservatiororiented selection and breeding strategy development.

Genotyic characterization using ten SSR markers confirmed substantial genetic diversity and
enabled the identification of closely related genotypes and potential duplicates, as well as a broad
structuring of the collection. Genetic distance analysis and paihcipordinate analysis (PCoA)
revealed a moderate population substructure, characterized by the coexistence of highly similar and
highly divergent genotypes. The Mantel test indicated no significant correlation between the phenotypic
and genotypic distangeatrices, underscoring the complementary nature of phenotypic and molecular
approaches for accurately defining conservation priorities and effectively valorizing this autochthonous
germplasm.

Keywords: Capsicum spp., embroidered pepper, genetic resourcesphenotypic
characterization, SSR markers, genetic distance.
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BOC jHEdMS dls] tOMmisdlsj dzdd cjdjlsmnSd twjmztemnd ¢
COLBjdz LONIsdlkO &0 tOfsdls dzdaslsts ¢ j dzgj sMS s dzO

S @
O o
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2Ytrrfrv R AR 1¢6 Ruvstdruvl odng

RBO >d et ftjHodH daR@ B g0 gdeks® dinEpdbiatds j TOks
o tc] i j dgj IsS & OF jsin kedos ste ] &2 © L 20 (lskp® dfodsdaL jytg e
500 Qpifsetdd j j MW Old0 Bt tsdksh o, Wjdsksdyf
%O dsC Odzdzdlsj § 5§ dzOydd dzOapsROBSHH@HIEN ST o jj LY jdaY
flsjfjdtsls dzO ¢ jdaj smMCdls HdojteLdlsjls, HO fMmj klis:
ptoL o@EESPEO &0 GBSl sdsh O disj J ePOECY Fis ) d * Oc
HEY dzdd O@ M  dHj dElydW ROl dpflsdfsod L O Hisdet
C(sd JWdeOomdes > disygsHPH gl didsd dfe 6 PPECd §tetse

| 200 dzOIO yYyjdz o 9O diMseHiszO®ky O] P Oipd) H tzq
T AjdslsdfMEO COLOCIsjtedL Oyd 0 d tyJ dzO dO ¢
fsfz2dzOydd BOCjHBdMEO ojLjidO fdfjts O;
7 1tesyd dzg€ O dz0O odzd " Odzed § Ists dzO dzOH o tstcj h dzO s
o Otcd " OB d dzdesls O dz0@ BsteW sdzsld jC;dlsj Mot Mlse O
1 1JdejlsMC O COLOCIsjtedL Oyd O dO dLBtOded ¢ j dats
BOteC j tod, Ms yYyidz sfsdBdLdteO’ | d&O ftosltst
9jLjdOBO fdfjtwctO d klottHkZzoa O] dzO HdJojtoL
COoOwOCIsjtedMmMlsdSd dzO G j deslsdftsodlsy ;
T [HEBaHO® j] dO 6 jdzj sMEC OO HdMsOdZyd k" k& d
Cef O ] ottL GMdsesO® dO WJjdslsdfmSdlsi d ¢
iy Slsduo’ j dzO ftslsj dyd Odzded HEZY§ d&zd S Olsd o ts
RLBEStc dzO G jdeslsdftsod Mts sy jdzded BEgGgdzsh € d
Bty § dzj HO dd3 BdHOI ftojtfsteOyUOded dzO0 L j d
BHGEGdzZj HZ9 OOl Oolssrnlstsded MBtelsd ojL jdzO0 fd44ts
1 1O ddzdzs d HBdketSsydsts L Oykzoalzo ¢ j dzO o d
f sdzOlsOBsh dgts otso jHEZO O j] ot ftesctcO®RPlHj] L O
M jtedstedzd Mtstelsd d BBjLBjHEZOOS j dad o dzO tsH

= =4

LzdzsOlsdlsy HtsBdJjdzd tSH B 0O dhMlsteOy3 ko O § >j 59
jdeslsdf sod Mts My JjydWw duyuded Octesdtsdsmcd ¢ OtOCIsjt
tGJerSSd ¢ o Odipfflsifidtizd, d&Cs ddzsh§jO dffctef Isj EkMdztse d  dzO
d- otcL LGEBdz Bz O] dO ftsHEzCIsdo dshls O, f
j a3 BHJdZLICfISJ JH HttEeO MlstcOdZO, L OyYykzoko O jlIsts
Mzt ot dzOh OO LY 28O, YPIC OISs>] §JEdHBSA]
tcsBdtsHdo jteL dIsjIstsls, BjLBjHAMISO dO ~ttOdOIlsO
dzlslztsdzq’tsls gHjdzlsdlsjls ftej Sk IstcOHdYydsdOdzdsls s
g’lzlsdusq’ Qo jIsMEd scOBRBYdIsEOYy EE®Olkzo O ¢ dztsB OdzdzO
L&ZOdzd " O LO fdfjttsOlsO, hilsdgOEyud®@H A9, * P B
fMistc O kzp Onuddedi ¢ yd tsdzj tedisd .
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3Ytr4Jrr 19 JrRurtouvut o
3.1. ) dOyj Capsicde® tetsHBIs

Hjdz BH "kzdO0dzOI0OC Kir ts® dz@ OB i & t§ @zdztlzO {f 15 16 [
s f sists’ Olso dfHspaPdyls d dsafi B OMIO Odedf > j(>Fr usbHe r6,
tcOMmisdlsj dzdzgd o dHtsead Mj Czdzsdoa dteOOIs L O =&
J Mzo O0Is L O ¢ dztsB OdzdesIs 5 fdEGs dfu. toetgjHM fidspotds iz
E dzed o, (QapsitymeP PP ddBO dMS dzkzydlsj dzdets L dzO
kOf jdedlsj) CcwLOHdA&OEMSd Skdkskzted ot JMotec
ddz0 BH Mo jlMC OO { t5Mfi zOmaj 1O WB adRB=Z ,a
B3
d

RE OO0 @
UTQ—.
7 &

o

5o OO0 ¢ Ik padpGe@ (A @ MmoQ Mgz "Cjtsdg) M) BGHed

O sH 3,8 &Bddzdsdzd ~JSlsOted, Mt oCk{ dzts
5,8 d@ddzdtsded Istsded Mikzeo O §dfjwéO (FAO,
dzj BOO ftsBOttzoa OYSO L O Mmojxd, Mmkhjdd d
BOWGO® OlIsO d&O fOLOtesls d ®Bj B@Bsls d&O {tc
OteMC O SCSkdzskztcO® ot ( jiEkBdZzdC O wjojtdd |
sslsts o] fisimislzj dislagdsdzed (r1d4, 20240). uwftste
sdySdesls etsHdh dzgd S dzO 1 ey Qo dzgdtsls L OatsH L C
ofs ON OO Ljdk O ot 2023 9¢ t6BHA | 1§ s Ottgj
sdtcOdzts Mts24fites4Ld skl O ctsdzjd o
oHMsoats dzO fdf jtwwtc O My Mlso OkzoO® ot mkac
jedtsdz. wjJfOC, LOGtedykZzoOYysd jJ WOCIkls HjCO ofs
iN0O0 fdf jtCO B jWjHd) BQOH2 B4 dzOH 30

ﬁjtjistGJHBO Ms dLBddzOIsdIlsj HJyJ dedd, Me j skMC s
GrdreOd lstej dzhn O §swOfls (FAO, 2024). s«
B &ZOIsO ¢ izsB OdzdzO® ff sB Otclzo OYS ©, ftotsh qtclzo O
BBy EHastcOL 0  j dzdds § OF &5 dets Az dzj d5j dzls Oyd © Ols €

L

NI T GT

Qe "0 RIFqXFaror-"—zI
-
H_O

§ 20880 F0

Fg=OFO0 = AI®

©

s d
dazg
!

o &

sksedd LO ftojydLdss L jd SHJ &ziiso s, §teo j dzfyls
ksted) .

e = i
g a@dd

IFPOIFG mngmg

dz
f
ddzOdzlsj dz ftesdL otsHdIsj dz dzO  df Potc S sotf Lzft) alzjsls
B Odzdzts ¢ tdiejLHojtiBCIS®HS , R dZ2ZHd " O, [ JS¢MdEts, w1
sls d fOLOttdzOIsO Btedj dzZsOyd°  © (FAO, 2023; 21
dzlz y d lf jededits ofgjHzo © yddzd df jtweC O, dzOdzj dzjlsO L C
dLotsHMIse tsls s¢C @ O H el fa®Ols fef@Riltctcd, HBHJjC O o :
90O IsdfO fdf jtetO.

oo 0
FIogd

fMdzd Hdzd Is § dzj S sdzC &2 6 tsH d dzd , smtse | dzts-1 9,0 ficj d3
Bjdzjylzo OOl L dzOYyO  ded ftotsdzjded ot Mmisddzsls  da
fzdzOyd O C&Bt@ Mpo sy @d] Yo j>j Mojyd fts
jded, dzjtojlsCts SH BteOdMits flsjCds. It Mt djlsts
cQod dz0oadSd Hdfjtwé OO dzOts" 0 MmMdektedss o3 fls
ssq¢dgzo OO0k ©OMsls & HOdRmizls O s deif O
d
f
dz
H
J

SAFIT-TFOG

HsBdoeCdlsj tsH dMrtcOdzO €8 © MsHteyxd Hd§ Jtel C
oJd ftojrtcOdzB jded ftesdLotsHd d sedzj d&sd B O
s dzO § OL OtedzOIsO 9 t6j H dzts lds W& HAodQ JHtdsCtaBtldids dis@s
gh dz0 MlsOfC O d&O ttdOmls H 8,0 % BSH 2023 HTf
Hdzsfils tsSH 138,69 &ddzd OtcHd OdRjtedS OdzMC d H S

© Q@SS G =
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&zZzO B j @3ls O fttsdL otsHMlso tBIss, Mjls O EICE HpGCD tdfCHrdsC
7,2 % tsH 2023 HBs 2030 eBHd®&O d dMmisdtsls HO HE
(Grand View Research, 2023) . djlts SO EC 0Oy
fdf jteC OO COCB G tcOddHEHZOB MC Plc € & Arls fz s df twze@ Do ity d
LJdzg dzykz¢, ots tOLdzd ftejtcOBBISECd d COCts LOyddz 1L

) 8C©0° jCtdsdhtsksts LdOuj‘ji, §dfjesoso | fMk!
Cbdzsztodzdsls qHjdzasdlsjls d Wodt dotsls o0 dhdsck d
50 00 € bz dzls baits Oty jo jeSts@rgj, MdzjHj >d ¢t ©OLot' s
T0dz0, bbSEELEskdEOLS s SO HohBStsHAdsks d

dzj LJddeslss f§ tslsj § dzts. Il s soadj LOjJHM]VYCJ, fdfJtes
MisOls zm, hilsts Gt L jBldsdztOdstizied @dzddyis du dSdss(daldsj ¢ Mls . s O¢
SttOHd Y sdzOdzdzOIs©O G OMistesdzs Bz *~ O, SO0 J MmMddBdz ¢
COHY hIts My BHEdz]jHEZ O. (Pickersgill, 2007) .

RMMssted M¢ d, fdf jtcC OO ftojlsmMsOoko©O® JjHJjd BH  da
OterBjstis Odzd yS d dzOtsH-P tOH Of tejtsH d6dzd0 fOslso tcH zo OOIs H §
LOyddz € yYytseajStlk et CtedMmlsidz oats dMrtOdzOO ¢
et al ., 2 Oapsicam)j . ytiHabwOdzZj dz 98 cOMstetsdzsdzd * Ol O
oS EMsBtc@OIsO ot [ Olsddaig d2i * ¢ndgjddsdsst O}, s difrjtdsmistcts o ,
Il sdzEsmsotzg M dsls RMIstsS d meesdmssydzd ¢ d” 0 (C
al., 2019; Silvar et al., 2022).

] 8lsts®Isj EtsH HOddzj M ded otej &3¢ O Y(Capsiftkysppy 5 H § dzj
SHEdZj HEO O d COCt HEkSEEOIsdoydodldgzsHtitedB iz® ¢ OC
f stcOHd t©OL dzd ydets B dzd ¢ z 4dBOstaddstjVotavg, 20D0s Gidean&l dzd H j d
Bosland 2007; Bosland & Votava, 2012; Zhang et al., 20E6rtunado et al., 20190
Nascimento etal. 2025. [ot’ {ftlsjdzyd Odz jJ GMmtsBj dzs o Oy j dz
GtcOH d dzgOteMlsoe s BJjdzjyd Mt jdz § steOMmisRudngge EZtcB O
Ivashchenkeet al., 2021; Francini et al., 2022).

] dzsH ts9 Cdpgicurdzppn dLogteOdz C, [ d T twseadgOdzd dz
Mts Btets dzgd BIdtsOCIsdoded MtsjHJdzj ded * O, COoCts fdc
Bd dzj 6 Odzd, W dzOo tsdab-§ O sheq t@Hefslsty VAp@dzls/d dz, dplzlsj d dz
CofmMOodyddesdHd (¢ Off i Odzls d diPabtpvitéh @ CriaksriclBIS;Adniod tsdz
et al., 2018; Baenas et al., 20Mphd Hassan et al., 2019; Batiha et al., 20Eghave et al.,
2020;Villa-Riveraetal.,2020. Oeoadj MjHddzjdzed " O Z oL @3Gsy zo C
COCts Wts>j dz Odzlsd tsCdnd @ @ldzf9 ts fiffisO draddsCj @zd@dze d O dzls d o
(Duranova et al., 202RomerecLuna et al ., 2023). 16fMmlsts’ Ol ¢t
HEC O ko OO fYtsLdlsdodzdtsls jJWJiCls tH §tedd3d dzOIsO «
fdf JtcC OO ot BBtBOISO sl seb®HBdMmdi &t ©F
Btsdzj Misd dlsdR ®r(eHze rent8 nadle.z, 2020). [ klsddzOIsO €O
Mt ftdmMikmlsoslsts dz0 OdzE OdzsdHtsls COf MOdyddz ot
Mtej HiMlsets L O tjckdzOyd O dzR0O1B;Jzdtash APPSO ds | yYd=ipe) >
ZOkzyded dMistcOy ko O O 6 flsoatcHzo OOIs dzj ctso dtslis
C dzj Is ¢ d -Ofivern&aMeja-Teniente, 2016Clark & Lee, 2016;Lujan-Méndez et al.,

2023 . RMisdtsls dzOts”" © fteddsy dz0 d € PEtstsi ey s d y d
Gudeveet al., 2013; Li et al., 2019; Tamilselvi et al., 2022).
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32r do jteL dIsj IsCapg@umic S H 5 Is

{ SH®apsicumo sH tslsj SCdzs BH mEydO d Aj dsttOddd ¢ &
dbdzHndlsi M MBIlO L O Ctsdzj o CtasHdz@ HYfdiedddisQite J ala] HUSjo
Hdo J toL d W(Bdslany & Vdtava, 2012 Da Veiga et al ., d2022).
C s i3 Jedstsj i OFOO" © dz20 W Ok dzd ° OISO Sol anaceae,

odHtsed (Jarret et al., 2019k PdE@®HiEOYdEHOIX
(SO LOjH Mt cdzj i3 Bt Hteczed btesfmSd ¢k
Cosdelsddzj dzls ots 1 stelszeOdzd © d z{fOded  © ftej Sk j¢C
s sdzkz 3B ts.

Jos BEEBEA>0 hdtese cjdzjlsmed d W J dzls dftichyfCdz dzczffeo | te
dMmlstcOy 2o Oydlsj , O MistijH dO° dssdlsjy ML dOdzd  C
(Barboza et al., 2022). [H OcttsdsdnNctd d ¢, j dzj

i J I€: annuum C. Baccatum,C. chinensgC . frutescens d&igE. sddzhes
SHEBRBO>ddzj s ot dzO" R3O E f j s Noscfrog@tatzq2007y J dzls tc d
Aguilar-Meléndez et al., 2009; Kraft et al., 2014; Tripodi et al., 2021; Silvar et al., 2022).

Kedzsdo dtcOdzd Isj o dCapsieunf, d fiplsits tols@ G, g hdes€ds o O
GJ dzslO] fdin W j desisd f ME O  dz2® i dzt® alap wipgeSHAEE Otss ddgO® | o 5 dzlz
tSH G dzj Hsd® G tejf tetsH dzOISO fj dzj CSyd O ot teOL dzd yded ©OCG t
d MmMjSkdn OtcdzdIsy yJ dzlsted dzO H d o j Capdidsim ennuMli c ol a
HdSif e deOdz dzO° e sz 3O HdMf jter " © d My Mtej >0 0 .
dzj Gs9 OO S dzsB OdzdzO HdMlstedBEZYyd O, bt J | ¢ sdtsd
ots Mjdzj Sydmedlsj ftoscteOBBd L O (CopzdlegREfezetalatso d Gt
2014)

3.2.1. rdojterdljl &O fdfjtcéO0O ot d&Oh OO L jd

) SseOHd Y dscOdkdz0l0 o sdEqy &0 daPt daso o0 &z § d &
bjtodsttzd QST ELe &zdS O uj odpdediC ld@Egijsifpist@fo o O ZO o
CsdHBE LO Bt Chd IS tazswd] dsL @irdsdp, i calsinad @ zjo OF j
2O BdHdo jtoLdlsjlstsls dzO tsa O fwsHdzgjB j. 10 It

fslsjCdzko OO0 tH ¢&BjtedSO, oLd O d dWEedCO dOh dzj
ksC Bz ot d&Oh OO Ljd O. sOCt BEsREBOY 0 § dzd
@O Stdsddzj delsOdzdzdlsj d BjHdljwOdmMSdlsj ¢ ddBolsfh¢
e dz' jU, Ctsdsfdzj CMkOLO fjHERENCO COLBO d HEMSC
WsehdeOd] MfJydWdudd oGqSess dddolsntd susj ¢ d s da

2019) . Jodd o0Ottd Odzsd By HO dABOOLk

tcOMmisdlsjdzjdz Hdo jteL dIsjIs dz@ dzgO"M OO L j &3 O.

df JtcC OO ftejlsMisOColkzoaO® dO" HsSBOt fteddzgjte L O dL ¢
Qo dMmdetsls tsH dzOd3j dzOIls O, ots dZOh OO L Jjd&B O MmyJ

Isj dz2S sCstedi L O MOdzZOKO d 1Oz tigdcidiC@tcd § oif § &
fsd3j MdzOIsdi L O Mmikh j¢j, bkthd Ot d, O‘aOtqu’,

FtcOdzdzd sy MtejHddzed d Hjdzi ) BHE)y ko OOl Btes  dzd
J

t

J

te

|
©dCOEyf, dts jHdO COwLOClkjtdhsds 0S| Apsdds Of o
dmkMmise s o O Yy dets d dzd dzd dzed d dzO jddi "Of, Olo@s.  dfdhto

'-'="~.*‘=§CD&8>()>('_ ha

&3
0
"k Ctd fsmyoOts 5HPtdi Dedzs iz iz0] GPEHPY § LazOk Ol o
a .,
d
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O]
g Sy
NI
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S
£ 0

dzd ttOL B, cbOsmjlsfficdzi HEa O d ot f ts6tcOdzd
od stmtse s, ddzBOdzd " © d wteBd O, COHJ h s s
dzjdedj. wjf0O0C, YtstOHd ItsO hists UBBOtE[IzaOuC(
CtecOdzd yj dzgd 20  sdBOdzd tjcecdtsded, HJdoJjtLdIsjIsts
OCjHEBded O CBB8° MiSB Hdzjodes My LBBGEOISkZO O.

© g T
F-0O08d
S &

o]
0}
d
s
[

lJjLjdzOsO fdf jtCO, dzj Lddzdtsls dLotsdetej HJjdz Hdo jt
s dh Odzd ©H Jarkwll®eyskaftset] aflslsg @yqe@isd Mjte
dzj HsMIsOIstsC dzgO ddeW sted3OYdd L O ¢ jdzj sMC OO tOL dz
S5O fjlsnitsHds di BdkO ftskyzoOdd d COLOC
stekn j MisOo jdz oteL € Ote Osldsiste(d Lo Q u JCEEDIErdRE RS O d
ts HigdDAdDs Ols j HIcOISO L O c e dh OC Hdzlyj bz € ygo oL j &3° s
ntcOaa® wlCtsf j. 1 OCoatlbt ftwoskzykzoO® j | Cdzyds L
Ohisdlsd d > My fYtletcHd otcjHAEMISO dO e OO0 MY

AOCIstsls HjJCO ojL jdetsmisO € O 't {ffigfalftp tf§ld® Is @O Nk @ 3 | flzdk
Btots  dzd ¢ jdzj eOydd, Mj HBCO)yEZoaO ftoj Sk Btos  datsfls
sSH 250 ©OLM&dqydd cjdslsdised). 10" esdzjd3 HJ dz ts
ttzteOdzdzed Isj B dZOMIsd Mmjc jdadjnte) wid dlzdS s df ds flpjOdzjd9sly d
ftsoej>j] BH 60 cetHddd. 1 jLjdeOO fdfjteCO fmj tsH
Ljd3" O, BJjL BedzjH dO Myddsh Cdlsjy d ¢ ddiz0lsmned
k¢t Mmj it Jlyddds®. o j L j dz@ ¢ dzjdH 7 ac@ &6 o it $ dzO
qLatstr]lsatg'Ldz@zismt@ch@z.O‘JtGOLdzc[udzq’ BsteW slsdtf so
O &@ylzl * © dozd Hwkzed dzjIsdfdqyded CtcO dzd (tets
J Yydzesls © dz0 tseo OO ffg s tts p fipdzdf ¢ GoftsIsercy d JBRUBIEN dB IS 1]
dzd §OLOtwdd Mmjcdd abBdjdiaqddd]dldi df s,
s Mo, j ddzlsj dzL dlsjIstsls dzO o jL j desls O, s
sy dzd 90ted Odzsd BH MdzOBO Hdzd dzdzs O ) B M
j dzsls©, Bt OlO dzO f dzsHtsls |j toj ydfmd dzj ots
dyddpd § OV g HlzsO COCts tjWdzd SfMd © dzO dL ¢ dzj H
te

-

w FIFIFERITSE
=020 oFe g

w
c

OHdUdsdOdkdO kfslstejBO dO ojL jdOO §dij

1 2Oyy ¢ jIsts ddz® dalj OdagQls@® f df jtcC O ots GWstedizeo OF
otojHdesMIsd sy HO M OdzZOdzdL OOl tsH s j>] C

JOCiHBAdMNEOIO IttOHdyYdtsdzOdzdzO Gk 20 ftoj IsMisOakzo
ZO' yj mMsts ftesdL dzj eslzo OOIs tH 9 dzd &3O Is jindrdzts tsts HOBo tOADdRC
ftcd fsHESIoa O ] dO ~tcOdZOIO. 1 df jE OO j JjHJ
otoL oS kMmtsls ZzO FftOdzOlO. lted BHESISCO d&zO
My dud Oddisjlsd, uimbts §OIsd dd3U4tGOLSd9 J kst
o dOIs oteL HJWddzdtcO® jIss dzO oS EkMmts OtesdizZOISO (
‘aOtGISls SteOHdydtsdzOdzdzts M Htedets Isslzao SH Ytco j
ZOIstsMIs©O® dz20 § dzsHBIls (HJjBJ d2ddZ2ZOISO d&O  jted ¢ O
dmisHec s Osd SO d O Htekzed IOHJyYdtsdz@dided dtfitctsH |
d dzv Iz tc. I s dzgj S t6j ¢ dsdad, LO HtsBdoa O]
Cslstsoa COO dz0O O 90t fMj HBHO9 OO GV Ofz0 Y dizd |
Is dzd , iz s d s afd Wi didl tetfsdzd . I8 Isjandzsdztsh CO L tej
Jtesd Mmj Moot jd LBt L O Qdfpindidddo (dls & wsmyd
d {h@amoifska et al., 2020; lvanovska et al., 2021).
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I'dLjdzO0O fdfjté0O j otHj ysHts Migdgtseslz C QY vy dzs@drdsly
hiss fj: ®BOCOds BH 90tjd St®Rfdte d dzkEdOstfyg@L Ot
fsHeo OtetsC (S dMjdzO L jd&zEO Mts ttedL)  dBdsck HEk
Ck" d20. uB ISOHJydsdzOdzdzd Isj tdzjj izh IOdzi BSEd 6 dedia] tc:
Gjdzj eOyd O, fttOmMdOdz WdGhktsckz Mjdj Mlse O, O dzdo
IseOHdyd OO, tjddedtL ddls] [BBHrOd 0 Bj &j d@d K §
fsHeBIsozo OO dzO° tOL dzd yded L Oydlam(S Costsl tdnj y JEYdts Is
StceOHdydsdzOdzdzed cetslsoa jdzd “"OHJ T O, COCB o90Otdo O, |
s Mj Cttedmlsd ot dON OO LjB O j BESBOjy. RC
LOyddz Mj fttOoad BH MsOLLOO OolstsTIOF d@ siy®Otcly O Hitp
sj dz¢ O, MmMts ddzlsj dzL do dzO yYteo j 2O B O d daj J 9d 1L
Mo O HitsB d20 gLz BHY 9L PdzO 1 df jtC O (4§ dzisH
sl Cs6O" Bddz S OwOCIsjtedmMisdui dz S H@ipd lzp KHOtc!
zz ¢, StwoddH d Iskzls @dy d ssoED dzdeddsslsO [ es Qlinyits idisfgia@iH - O d3B
et al., 2019; lvanovska et al., 2021

RBO >d ftejHodH HJECO o9jLjdOBO fdfjtttO J MmMikhisc
HO MJ LOSdEyd HjCOdsnOs @& K 6ENE diddsipustd i dzis
StcOHdyYydsdzOdzdets tsBjdziy  J. vtz L OGO, dzj s - 51
dZzOoMmdzj HMseats ¢85 dBstcO HO My LOYykea® d HO dd3 MmJ

3.4. 1d&0OYJT ) &O BdsdshSOkO iqQLddEsoitHadsonly oss ds

ldsHdo jteL dlsjIstsls (Bdtsdztsh COO tcOL detsoa d H datsfiyls) i
f zZOdzj sOsO d 'O SfWO>0 yj dzsCkzf dZOISO ttOL detso d H dats
Csd jJeLdMsdeOOls HjdjMm, HiwjSlkz c¢jdjlsMiPps@stOL
COL &dydedlsj jCmMdmsjdkd ot Stsd Mj ©wOLaddj, 6§
csHddzd (Renna et al ., 2019) . [ CSdzsh Cslsts L
ftesdLdzj ko ® ®©H djctsotslss odzd O0dd] ot sy
OH G pzdztefipls @ C sy Misj B Isj. | tsdzj &3 Btets® fMmlszHdd H
fsodmMsCts ddots dO BddshCO t©OLdsodHdshis &
ZOtekzh 2o O O d2O0 Y dotldzOlsO MmMtcj H d @ HhpEREizQ y df ldciddzd:
ftesdgj 20 dz0 bkfmdztse dlsj fdipzO @ so < @ B d@H R OB d &
EdzC yd sdzOdzdzs s © dz0 j S smdMmisj dB3dlsji. [HBoaH] ftesd
OckzB OISO dO odHBodlsj dEyded HAR] ctOts o dlade i tOMm dzj t
dlsOdzdzts s @ d MmisOB d dzdets fyls © dz@ Ishel sy ROAS)] B3dIsj ( Ti

O ==

detecsBdtsHdo jteLdlsjlssls " O SfWO>0 yj dzsClkzf dzOIsO t0
odHtsed hPlss Mj SCtedMmlsOls Hdtcj Slsdes ddzd ddgH dtej S I
AteOdzO ddzd L O Ljd tsHj dzZhCd f to]j tc@etsIsidfdzv df tadiids | a
dmMrtcOdzO, COCB LO dkz" jkts, OCO d LO ydowslsdels
toj Mztemd "l fj CttedMmMlsOl L O "teOdzO d L j &3 tsHJ dz
LONIsdIsOIsO dzO0O Y doslsdzOIsO Mtej HE E@ST ] OO gt Pz o
cORdetsls j y OO dzgO@ j S tsMmMdMmisj BdIlsj d LBBEOIEZO O j dzl
O tOmlsdlsj dzdzd ¢ jdzj smMSd toj Mkztenfd tH Hdodlj Mt
f s zdzOyd d, COCts d tH OSkbkzjddd d MksoOttd Ml
My ddBydls] fJtescteORRd d MSLHOOF | desoad MmMtstelsd
Octetsdes d3MC d ¢ RGOl C& 1 t5;fKhalnsbtdats &2@22). 2 00 6
1 ObtsO, syl Ml dO cttOHj ] “OMdd MistOlsjed O
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0 ls:ORdEEECs jied L Oyd ' O o bkds®usd zOO] gdattids o jeddijle i OkOS j H s
dd ojLjd0 §dfjweCOf. [cSksemMCO HIMBpEBTIYG O, AOCkdksjls

d LBscOEzEB YU EBjfEIRBAZ] Cydd, ¢O0¢B d O Isdyda
sod] tjMmikztemd J tH dMedzkzydlsj dzdzs L dzOyd 4 L O L (
al., 2013;Dulloo, M.E., 2021 Salgotra & Chauhan, 2023).

3.5. Jdzd Odzedj dz0 Mo toj BZPWwPI j s fdzdsod oteL ¢ J

Its i Hddls] dj SsdSk Hjyj dedd0nd dils iRmde d ls®
%O BEZOH] &' Ctd LOfOHMGEjotsimMSdlsy Ljd d d

Mstsf OdzMise sists. 1d B BH]EZNSCdl MjSltste | dastse j d
dzi HsMisde d2O0 CoO0OddWdCkzo Odz € OH Ote, sSH ddzyJ dz to
Hy BsctcOWMEd JjeLtsHEM Ht]j Clsdes 658 L OGcteLZo O s

tclztc Odzdzd Is § Mted H d dzd . bteOHdyYydsdzOdzdetsIsts L j d3° SH j C
ZsC Odzdzd Isj] ¢ Oslkisdlstsdgdls L ORj dzgzo O Mts Ctsd3j teyd  Oc
EddW¥ dydtcOodz i i3 dzemM ¢ d BOIjtced Odz. sOSCB tjL kzdzsOls
gL sy jdd d0 c¢jdilmMéO jtwsLd O, fted hists Mmj digj Ist
‘0O ckBd Mo tsmMdBIS O ' dEspdrdizd slIs o] sMisOdzOls d3j » O
z0 Bwodj wjMmMkttmd M (oetLttOmMddlsy HEBHBERO>ddzMmise
sSHGdz] Hzo O0Is d toj  tcted z dp@dadf Phiptvasiagkg et &. d2620)0 Is

ltesW j M sdzOdzded Isy L 3 5 H dzdzf Ctedfj u f dg¢h d Lypj dztsypdzts g
Ctsdzd eyd  Odzded Mmtstelsd, ddzd ~dBttdHd, Mt EkddW stcd
9Jlszo OO0l cOOdsdcOdz fteddesy d Mdektej dz §f dzOMd300
ftiodtedlsjls O BtecOdtsdzi flsdyue PP pOSTHEO@JIsf OH T
Csd3d eyd " Odzdzd sy Mmistels(d . Il CEmded sy , Ote s d30Is d ydzgd
Htczets otejdsd 4 tJ udmd dzj oL di3sy dets HO Mj dzO° HOIs
By MO M Ehisj BsyOb HO Mmj Mtedisdals 5O tsdilcy fy t
ftesdL 9 jAH @ o §Otsh (IGanavdka &Andonov, 2018).

Il tsLdlsdeo jdz Mtseatej d3d dz Istej dzn § M 56 tstkfhgd b s d dzks
By "2 BEZOHJIS] twsHdIlsj dzd, Csd ot dMrtOdZOISO 8 ¢«
dzs € Odzdzed Mmthislsd SOCO, M e j>] dkz" ] BHiYy ko OO0

BOdzS sdzd Is § , LO hiss dzjtejlsCts SHBJWEOOI MisOted 1t
Mo ts” Mise O.

dtsote] @3 deslsts L j 3" sH j dzMmlse s toj ydmd yJ dzsmdes Mmj
d dLHty) ddwodd , f dEssd cOtcOdlsdtcOOls odmts¢ f tod dets
skkCkfzoOydlsy d f0OLOtsls yYJMmMists HOo OO ftodtsted sy
f tod distfctOtcls, ot f sdzzH OO HtsRJddtcOOl IssC iz tso dj
d Okt®kOldydsd WHBE sozilsOtkzegd BO L O &BddzOlsdlsj ot
dzj otsL sy dets HO My dO° HOI dO ctsdzj Bdlsy §OL Oted
Mtej Hddad, COHj dzsCOddskts dOMmjdjddi M khiksj ¢
ftslstcj @ ffjotsi Ouy if OO, MisHEQPegHa/@ls Istcj dzH dz0 L ¢ 5
stceOdzMC s ftesdLotHMlsats d Oolstsnlstsded Mtelsd, Mt
s, M foj>] &z" jcOedzgzd zo 80OIs o fgetsd d K34 dzd dzd
qLedeO >d c¢d kS Kz Ml s i fghddsfdin. Mts dzj L Od3j dzd
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HOdzH j 6 O ¢ Is:Ohdg@Ne™®Cas jtedL Oyd ' O o kds®tedi 'z® O dedztiifs oY jidijls S OBOS | H s
fsfdzOydd ojLjdO §dfjwesCOf. [68CkstMCO HIMBEBGY G O, AOCkdlsjls
36. ) dz2Oyd ¢ § ZO Oolstsrnlstsdzdls mMstelsd d dzdo dzeslsts ¢
fnd dzj Syd" O

t Ofmisjdzd " OlsO HtojlsMisOoalzo OOl WhkdsH Oz dzgls Odzj dz | dzj
zz" jIsts SOCO d LO ydowslsdadlsy. st € sdzlstef@bplsjtc Ofizd s
f sBOtlzo OyYs OO LO ~ntcOdz0. uwfitsteHBtod L D3I 3 IsdB] dzdsts diap
My Mosyke OO0k Mt % dsH ,MoQ@ IsLifE QdsjOy diffisff BAOyd * © Mg !
ts ¢ to O dad Y JlsdEylsd@rs frHsts fifzO L H B déc@ Js d B flas B B s daf@rist«fH didétc Q dad
LHtIcO9o ydotls. [H HttkeO MttOdkO, §tttOHJ ¢ dzss Odd
LdzZOyo dets fMmj oz dzgzo OOl tsH GetHJdZO ot etHddO,
sflsd 3Odzded EfMdzseo,diL @ j 8+ cid@] whtse @' iIs d ¢ dzOfisj dgo 5° &
fslsjdyd O0dz, Mk e j>] dd3 frlsCdzj Cdzzo OO dzO ¢ d

Il 5 §ffMmdzj Hdzdhls ] ff sty dhdeds, COCts dL o stc @A dedgdizpls LoGs
Midzg Cydmédlsy fteseteOddd Mj o©Cdzzykzeo OOl Oolstsrn Istsd
2020) . CisHSSHsdnstsHe jIsdzO COwLOSCIsjtedL Oyd O dzO &,
ftesyd Mtsls d&O ddodss o9 jHEZO O j o s q’tetsGtGOd3q’ls
RdzW stcdzOyd dlsJ LO dsCodkzddsls 6jdzdlsmMcd HJojteL dlI
9 Otcd " OB d dzdetsMis©, LSO @ uzBIOF jOdz ©Pdag JsL B j H dzts
et al ., 2019). grddgify, ot kEmdtsed dzO ¢ dzd BOIsME ¢
ots Mo jlsts S H mMeh sddmS s L dOyj ° J LO dzOHtsd3d
SOth"OBo[dzdztsfnls J Midzi Sgtsdzj ts PldzfizOH Bts oD 5 zts OO O ¢
COOCIsjtedL Ouc[‘G) dz0 Qolstsnlstsdzd Is § fsf zdzOydd
COLOCIsjtedLOYyd O dzO G Jj dzj sMC OISO tOL detso dH dzd 5l ¢
fsHtsBtoclzo OF § dzO0 L j d&3° tsH jDiak Ced B.j 20]99)zb[dzls§ztsc{l]’ta(tsl3‘qe4rfrp
fsHteOLBdtO BYyj dz0 dzO d3tstewtsdztsh‘;o[154 Mot Mise © dzO
GjdzgjsMC O COtOCIsjtedL Oyd 0 Mts £ 8lsts] 8@ tsdz@3tsfy o t
fsiWdeoOomdes dHjdzZsdW dCkzoa O ] dzO {§tslsjdzyd Odzded H
o CdzEykzeo 0 j ot Mjdzj Sydmeédlsjy ftotscteOdd .

It Bseats’ Ctdzlsj € Mmls, Ldz2Oyd “JIsts dzO Oolstsrlstsdzd s
szCE d JwOSIsdyd dz l]’teq’fr]lsOt]’ ots Moty d3zj d&zZOISO M
COOCIsjtedL Oyd " O, Qis O fWoOo>0 kK% ddzs Oded,dzd B
ficdHtsdz Mo © Isdj JWdEOmMdzs HO M dMEBstedmMisOls L O
Widetssdymedilsy d 6 detsisdymEdlsy fr]ats‘fnlsao tso tsL d3ts Y
fd dzf Sydmcd ftscteOdd Mt ' Ofdas HJ W J daptc Gzl daPsd@d
OH G dzdzetsis ddzd dz2O0 C o Odzdlsj Issls dzO f dzsHtsea dIsj .

3.71 OfMis Off j detsyls dzO 9 j eBjORE dfisdjtf jozs[SL O frpety Isdsjlsdz

ltejH HO M HtedmMsOfd Ctdz BHBJKOS | l;’tgcfd34tgisuq’
ANOCkdzlsjlstsls L O L jd3 sHGEAMCH ,Cangn) B d m ®IO ddD dzts Is d
GJdei sM¢d COLOCIsjtedL dtcOdad, B4 N yJ fr]IItGBSJHJdZ d f
CjJrDOdCd. AjdlsO0 &0 ttoaO® dhmisttOYkZzoOCj Bjhj] HO Mmj
fsHOIEW] 9 jL jdZ20OO fdfjtwcCO ot CtkEhHhgdEsyd &6
fsHOBsYyd fsottL Oded Mts dzdo detslsts fslsj Cdzts, S OwLOC IS

) ©o q’udzOIsO OkZOdkzdL O ¢d GfWOlkd §&OWseddls Ger
f ZOW SteB0 dzO C° O ®sy Ol HO fMj dO° HOl ddz¥ & ts dse
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HOdH j o O ¢ ls:OAdg@iE®Cs e L Oyd O d bkds®todi z@ O] drdztlids  of jidijls' i OBOC j H 15
fsfdzOydd ojLjdz0 fdf jtCOR. [ BChsMCO HIMpEEGUYJ O, AOCkdkjls
sH (1t SGdcof]jcOligi@ai€id 1 sHOLyYydlsy Std Mj HEGT
f ZzOW sted3® ff sftsyko OO o j>j] BH 1700 ftodd3d totsn
Csd Ljd3 O 20 fslsjCdzs j [OCjHtsded O (North Mac
[H dzdo, 120 ttiHtc pd@Stdztshalsd] Isfigjls L O L j &3 SHJj d&ZlMSd dzOkz¢
001) d MifstjH J&jlsts dOo j1H] dets alzs of i s 'Y H d lsizls dHfy tsf
oJLjdO TdfJjtO. 10 MsOdOIsdlsy 53 fteddjtesyd
dzj 9 ZOHJd dzOISO e Odzf SOOIz d A OMEDOY OBEHN CdIsj  SH
dzi HsMIsOMEZe © Issyjdz sfdfm dzO kd§f sl dz2O0 fted B3 ¢ &

[oteBf MCdsls ftcjBOWkzo OYSd S OOdzse L OEumfealds dIs j dzd:
Search Catalogue for Plant Genetic Resolfgas H tepdefl ey d L © 8o j >j BH
fteddsd esyd dzO S kZdzlsdo JqteOdzed tcOMmls | dasksitOs v figlis(te QEFO H
&ZO fsoj>j tH 400 ddzmisdlskzydd. s Ols Qwasipldsdss jedezdd t
GJdel B tcmd dzO0 | sucdsjfdefCd] Is(j N atjiedgpohdfaudiopedn menagbart o

countries) d ftjlsmMsOokzoaO® L dZOYyOjdz d&3j » OdzedL O3
tcOL dzso d H soLBEYEZa O >d ftodMmMisOf Ht ctsdzj d

dzts s,
sodj ddzmisdlskzydd. l1twjChk AOCEdzsj oD € QRO ES:
MitsH]dzjdd sHOISsSYyd LO 2158 ftddkjsylfea sH t6C
[ OCjHBd O, &J" Lk CoHd fddfqQ t€lC2@, fHotdddayjuads j dzdzts d +
ojJLidO fdfjtwt¢cO® (EURI SCO, 2025).

It 19 ctHdda,[] Aiteed . gda MBoL®Odz o CRBPAcS C Is 5
fSHHtYy Odz BSH | ZOHOKO dO w671, ots wORSCdIlsj dzO
LidB3 sHjdzMCd Skdskzted Ctdzj Stuyd Oz s®dzd * ®H Mf J t6 & bztf
USDA( Uni ted States Depart mentylmsfO‘Ajg rei sz ydda Ludedey c
BOd&d stcj H § dzOW sted3OISO GRI N, Cagskdnf f tc iz p ©®13d ot
JHdddyoOlsoO S9 ot 1 sedhsdsdygdls@gtstevod CGsdzj Syddilsy d
Yykzo O0OIs d sHtoy ZBoGdZNSO offs] HOtONPs @Yjddy  toj Aftasnf dzOIs W ts+
Resource Information Network).

Isj € Slsls D] 1OFHJ dzd, Mts -toz J jCldtds (D VO tEits.o , H to

Oyojdz ftesjCls LO ftedBdtcO® j, &BJ"k MHERAEZOIIt
: fSHHtcY Odz fsSH [ddzdmMisj tlsagets (USDAL),| i3 5}
t;s®>1IzaOuCOls@BdItstsﬁtsO@O@Pdlsc; ZO0 Bsodj OCIdo dz
JHBSdd O Mmj MBttOdd 2103 ftoddtesyd BH tOL d
sdzdtcOdzed ot dzOy(d s dSIs dzd Wity d3 ezPusHe jj iz ¢
Sted3dOIsdo dzOIsO© &t ¥ O GRI N (Ger mpl asm Resour
dzd yoso sS9 (Griffin, Georgia) MmjCapszemO0Ols (
BOCjHdNts fljCdas. [O0CjHtdntdls) f§tddjts?
ZzOMmj dzj dzd B MIsO ot dzOM OISO HteY O
SHstcOdzj h 20 dteBd O d Atedzg® | ts5tc®, L O tOLEZJCO t
Cedzskzted, C0O0° Ct5d LjB O dO folksjldas (origin)
59 00 f dzOls tifisdg@ 0 ®o dzj f o yi dz ftedmlsOf d M dzlzy
sHdsm dz20  Omtsh € ( u’tsHOlslsuq’ LO fteddj esydlsj [
Widtslsdf MO COtOCIsjtedLOyYyd © d fEzBdzdScOydd ot
fOomsh Cdlsy ¢YHOsY] J o duidj delsd wiggd] Hitjdzif00 totg o df jds
o5 Matjlts ddj ¢ dhe ftiag GideQ o ideg @HIK, P025)

RsMlsO &0 f§hasHsls | Mot Mot S5j tjlsts
5df MS OO CO©OClkjtedL ONOSOE CRPIED j o § I fsdzt® Is B¢
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Is: CAdg@EE®C@s jtedL Oyd O d kds®tedi 'z@©Od dedztii@s o jtidijls il OBOS j H
pjLjkO fdfjwCOR. [6ChksenCO HIMpEEGYG O, AOSkdlsjls

v o)
=&

<
o
=

ud (tH MejbMCOLO Codjtyd 0 ¢s°0 M
%O o0 Mot Mot g 166 H dzd o-MEzPdP, By J
€k fMmddds dLeoL | dd) d &jh Geo (ndiss iiss dsj
Owdo Qi@ )e. MBSO dL©eOL j detsyls 2O o jL j desilsO
ENA SLATKA) d PI 379211 (VEZENA SR LJ
jHsded° © (GRIN, 2025) .

Y~ T m—u:r,

PNAGTNRGRIRLETTE O<HOIS

Z
4
gz esydlsjy BH KGOS jHESdMNCOO o9$3DA &ZOJ gt 9 & &y 4
dzj Csdz& 2 L dzOYO dzd dMlsteOy zo OF ©O. 5 ts5dek toj Isdets,
dzsMlsO Mj oCdkzkzyj BErssndgmettOxqplko QF (IO 1&D,
OO Cts@fsLdyd 0 ot CEklsd o@D odsi Of dESHH
ftoeddzj otsC sls Pl 379211 j dLdBjtj dO dO°
syd &j"k Mmdlsj 0dOdzdeg d & @¢lzd d 6 pp ditiisd (O oL dQ i ISIO3
COded (C29, C31), ¢C€td M MmMddzdes f sotcL Oded Mmts
HsodIlsy B8C0O0)30Odzf ddmMEO MOFCO dO ckeBJ®j o
CdzOlsddzd. [H HEEZEO MstcOdO, C0O0° fJftodd3j e sls P
desf dzO CElsddzmM¢d dBsdtsdited (JHJJd2 BH d2O° o9 dMisC
o d MtsCO Hstgjdds jastf j desdHd d Misj totsdzd -0 daet® dad j dz®lsd 9
sz Bzo © f jtedzj OB d dzdetsIs©. 1 dzsHtso Is] tH o’
CdzOIsddzd d O 9 dMsC O MSOY SO dz2O ckB,j*j otHO
iz yj dzd 1 28 0dnstc®0 uts IO, Pl 379211 ftjlsmiscC
BOtedjtcO® ftotslsde HjadHEOYd O, HSH] SO PI 35657
dmMf S dzdoa © SEdSEd&ZO, hiIss et ftOod L dOYO  des
Tripodi et al. (2021 L o t6 " dsd@jdzdz©) G j dzs A3 & © O dzO dzdCapsicutr® 1 0. O
sH Mo j &EAdsSjdeo CdzEykzoa ©° >d 50 BOSCjJHBAdMCd ojL j
BdddW sted3OIsdys¢d f sHOIssyd BOLJdOdzd dzO@ J HJdzj yd
d fofmMshCd YsHOLYd L O tf Musdg®y O Y ded d3f deltstsytd 3O wdsdf dz
tcOL dzso JH desls d sfzdzOydms OO MtezSIskztc® dzO
fdfjctO, MdzjHy “">d @6d dzedoedzdlsy JotsdzzIlsd o dzd Ist
Hd Mistcd B £ yQaps@zism@anmafn ¢ 5° G BHtOL Zot®s do dds OO daff
dimststedmMCdlsd d Skdzskzttddlsy WOSCktted. [ O0¢JjHBMENEJ
CdzOMmlsjtc Mts fsdedL ¢ Msjfjdz d&z2O HdoeajtoLdIsjls, hist
Cedzd dz20temSCd d Mjdzj Sydméd bteOHdydd. A0 ¢ tsd
& Stein (2023)o Islipsz0fstd  dfjc@@EzOdzB8 OO s dzs BMET O syd
tcOLod Ols Odestedlsdzsd L O CZzOMdW¥WJEOyYyd  © dO f d{
CefBf dzj CMdz0 I sf EdzZOyYydmMe O MbstckCIskztc® d Jjowsdzkyd C
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387 ) dzslsdiMSO COw©OSCI tedL GoyidL jOlz@0f QIS HAs dzf S Ols O

] SHOIsBYdIsj (GH-BOAE BfOztize B PIls  dzO lstsO Hj GO SJLJdZ@
JOCjHtsded O § HECEd] destcOdz@ d L OfmlsOf j dz 9 ts
5etOdduj &z0 HiMisOf dshls &0 §sHOBY] fSH H@ls(DdzdzO
1 0Codls) ML &zOdzd O o tswOOl { toiufyHs sugj dz Of BHHSY Bl
fmJ dmlstcOY d dzgj "L JdzOIsO o9 Otcd OB d dedstf figbs | dfyd H O dz.fr
ssdzj Cyd OlsO hilsts Mj BHEYEZzoa O dO AOC Zzuwlstgtlstsjs L (
ftoj IsMisOotkw OZPHY dzgOYO dzdlsy dLotsted dzO dzs€ OdzdzO
¢’ 0O, LO tOLddSO BH o j>jlts ] " zdzOtetsH dzd L
HECER] dZsdtcOdzO d HBMOf 2O L O MdMmisy BOIsME O W J dzts
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0 ls:ORdEEECs jied L Oyd ' O o bkds®usd zOO] gdattids o jeddijle i OkOS j H s
dd ojLjd0 §dfjweCOf. [cSksemMCO HIMBpEBTIYG O, AOCkdksjls

OO ¢ OO 'm@L@muws)dzmsqqtsjndm@ts‘mlsac
4 kflsOoko® dzj 5§ RtHAGO OdOlkC

HiWdddwos | dO0 cjdsksdfsadls],

disd @6jdejsm¢d twimkztemd d ded®8delsj J W€

Its fMoejlMed ©ORSd M) OdOddL wOdd Bt  dd C 5
Cjdslsdyfsodlsj dzO° yjfss fMj SEOMdY¥dydeools Nfst
Mot Mo ®, fjddMCdsl fMsmksOs d djoslss dO .

B3z dzls d © Oteffls @lstasfgds[d US d OdO&zdL d L O HO M HJWddzd
Hdo jteLdlsjls dz0 twOMmMf sdzsy dzdodtsls ¢ jdzgj sMSd dBOIsj toc
etal., 2013; Sokona et al., 201\an Zonneveld et al., 2015; Naegele et al., 2016; Tsonev et

al., 2017; anojevi & MRap 20L8Pessoa et al., 2018; Tripodi & Greco, 2018; Ridzuan

et al., 2019; Santos et a2019 Lee et al., 2020; Peretldias et al., 2020Chhapekar et al.,

2020; Brilhante et al., 2021l Almeida et al., 202&aisupriya et al., 202Martinezlspizua

et al., 2022; Terefe et al., 2022; Ml adenovi
dzdlsz jHdzs tSH Bodd BYMiyxdd dMistcOy ko O O dzj MmJ

It dzgj Ssdz€ 2 dMmlstcO 29 OF O o ts dzOy djtHda@dada Hdj StaQHEQ], ts
M GBtdzzo O L dZOyYO dets o dzgd ZOdedj IssSC BBz dzO 9 jL J

O ZOEdL OO | o0td OB dddshnsO &O SoOdsdlkolds
fdf jSO ftsH odzd Odzdj O cjeslsditsls d dzOHo tStEyh
) sl fdBBH o St N dzOSO Misj Hd O L dzOYO‘ dzes o dzd * OOk

At anasova et al ., 2021a) . ltoL BiMdses O dO ot
CGjdtslsdfsoed ojLijdO0 §dfjtt O, dLoeth jdo | sYJ
dHj dzlsdW¥ d¢ o Odz SLddzOrudDg) jdds Ledjlsdgjlsls f sd3j " &2 dzede ( San
2021b). It HitkZeO OdOzdL O dzO 21 dzZsC OdzdzO Mstels
fdfjwsd d §dfjtecéd LO ddxj®j), oteL tidese O da
Mo ts” Milse O, ZlsotcH j dzO J( DrediHbBad@owdtcdt Omdf dzdzets iRl 2
dMmlstcOYzo O j dzO oCEkfdzs 168 cjdeslsdftsoad §d§jtelc
14 cjdssdfsod ©H [OCjHtdd] O, &i"k Stsd 4 f
COteOCIsjtedL Oyd " O, mMts § tcdd§i dECtsdz® &OJT congfafiftsct s A B3 Ny
Wjidetslsdf mMC O OdzgOzdL O) d MmYf stcj H-B ddst oty ddzs{htsdsd IsHj d
Mo ts® Mise O, BOszOdzfr]QOlsO Cdzj Cyd " 06 sH HdfjteCd J
LO fMjdzj Syd © d tOLeat" dgO Mmstelsd COBY. MmJj dztsC Odzd

[ sMi e OMdedIsj d frplsitad@)yldArpCaf I8 OGEpisitumes iy d . sfWO>00Is

sSctcOded Yj dz Btots’ HsCEd3] desJtcOdzed ftoed d3d esyd dzO
tcj OdzdzOls O tcOL dzso dH detsMiIs fcdMikzlsdzO ot wjojtedzO [ O
‘0 dzO0asi ¥ tzls & | ipdOEIO] dgils M C O deztslsq’g'fr]QO C Ode@C Isj tcd
Ctcdzj Cyd OO fted A1 m. J]90O0O0 EddSOldd ¢Ctdj Sy
Gjdagj sMSCd HdejtLdljls d MdzdHdkO thdssaO® L O dHA
LOykze zo ©° j d ksl tejfpflzjoy@fWid wig@lz sdf §d¢jtsO0.

3.9. soOddsdlsOlsdoded d CoOddkOlsdodsd HJMStd]lstt
CdzjH 2O ksO hlss WjdskdfmMioko CO®OCI]®dL

tcd mMiskze OF j dzO ¢ jfe@digjide s yxfHs | M ehds d dzlm & s L dzO Y |
aaises J ftod d3dd dzz o ©OOIs flsOdzH OteH d L d te O dzd HJ

I o ¢
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HOdH j 8 O ¢ Is:OhdgCi®Cas j1tedL Oyd O d kds®ted 2@ O ddztlids cYjidijls it OBOS § H 1S
fsfdzOydd ojLjdO §dfjtCOi. 6O HdMpEE@yd O, AOSCkds]ls
COOCIsjtedL Oydmeé&dilsy ftsHOsYyd > BJdHOIs M tstcj Hd
SOCO d d3d "k tOLddydsd dmMlscOyzo O 0 d ddmisdIskz
[ steW sdztsh € dIs J HyMCtedfIlststed (me s ChlOagIRP Is dHg

(HdMC tsdzls d dzlz d tc © dzd odLbzjdzdzs HjIsj CIlsdBddzdzed Mo s
slsfmMikmMlse s dzO0 BHtc] H | dzO € fgl©Otdds Y lis (O 6 dzleaffaifz df tdsO ddp Oz t
f OtcOzj sted COCts HEd ddzO, h dted dzO, o d md dzO, B3O fr
so0dzd s Qs frpadied IdNIso © Mj 6 dzOo dzts § sH Md dzdzO G J dzj Is ¢

Is ©

zO dzOHo tstcj h dzO fMted H d dzO, HEHJCO CoOdzsdIlsOIlsd
fsdzdej dzgmMC O tojelkdzOyd O d MddzdzO dqdzlsj tOCyd O Mt
et al., 2015; Tripodet al., 2018).

3.9.1. soOdksdlOldodd HjMStedilststed d dzdo dz® ¢ d

3.9.1.1. ANjdtdshed Mot Mise O

ANj dzsdzsh € dlsj Mets Mlsoa® €O dfjtté OISO Mj foteL O
hiss Mj Bts' tsls HAQH j dettso dyon tls Odeq € d¢d H 5d REAB I tsUatzln))
o dzd ° Odzd J oL OHOf IsOYyd OO &0 CkdlskzttOlO ¢t
f ZzOdzd tc O jIsts dz0 OcttlsjmdzdyusS dilsy d3j o€ Boskfndsy toj H J
& Votava, 2012 Tripodi & Kumar, 2019. 1 sCtcO° Ists O, Isd 4 md Is J
ftoss® dzsMisO, HBd OO dO0 ojcjlOoydmedsls 4ted
Mots" Mo ©® Mj CtdzstesdzdtcOded BH MdzsyJ 20 dicd Y O
dzOH 9 st j N dzO IBIOmMeletq. RO LBzEB atfield & Prueger, 20afer et al., 2016

I s @ lsH jdEzts o ok oHYE Sdzd Tgzls s Oo o O § jedsHBl H fMjd
qLHOGESYY. ROCK o000 W, jdsdshtO COwOCljwdmlsd
WOClksted (lsj & jcOlskt®, o dOydshls d&d fsys Ok0O, ¢
HiSO GHt] HijoRd ] dFENDIs HO o dd PG 6 @L § 6f § tdE
&ts dmisdlsj HBMjcO dj Mj mMesHe jlsds f§tskzuj dd (B

ltes  sIs dzO Hjdzso d H¢Edzyd S OOEBHE Q@ sBGE@BHEBO] ¢ | Ists
YoLoO d J o0y jdz § Otcl@@ @tdzd L O)stiplsdizj € Yde'j @BJ Ists
Ctodzlstetsdzd teQdets tsH jdzHtsejded d JjeLtsEjded fdc dzO
sj B j tcOlskztcOIsO d twOMmIsdlsj dzdzd Isj = tstcd3B dzd) d € E2Oidzk] &g
SH dz2OHetstej " dzOISO Mtej H d dzO, ZOyy s B¢ OB X MY P M
tcOL dzdyd dz (Cho et al .ROSZA0 167j;dzdDsijn g. Ge tyoagills.0° j2 Oh
B "2 ttOLdzdydzd odHBed, ddodzdlsjy WEdSydd d&Gty Ols
fsjHddzj i dz2 o d BHORT VEGHTATIV&E PHASES VP) ot C@&A@BE dzO0y
FLOWERING LOCUS C F L C)AralfidopsisH | dzzo © S OCts e dzQo jdz toj ff toj
(Li et al., 2008), HBHJ ¢ CaJRNELESS] IO ydts dgtztxecdzA
OCIsdoOlsste dgO Yo jIsO® jlss (Cohen et alWAS-2012) .
OQdzOdzd L O (Genome Wi de Asociati on Studi es,
dHjdzsdW¥W S zo OO0 detse dzsCkzfp O cEjded L O yo jlor
COdzH @] sotL Odzd APETALAD (ARIO WUSBAHELRELATED
HOMEOBOX4 (WOX4, FLOWERING LOC T (FT) @IGANTEA (GI). 1 stcOH
HilsjCIlsdteOdzdIlsjy tOL dzd €, fslstejBded My GJdgjIsmSd
[ S sdzded Is§ dzdzts, dzj s mtsHdes §J HO Mj OdzOdzdL JOOIs
Yyo jlso° j ots CdzstetsdzdtcOdzd EMmdzsoe ff 5 di3EH cCOR@II OH & |
dHjdelsdW¥WdS o O0OIs WOCItstcdlsy LO MCtcOkzoa O] dO o
fNd dzj Sspepdbeeding € O° Mmj ¢ @oiGtalf2B2®Is Ztc O (
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HJ dzts o @ s Htfste jf lsiftpls aldsdn@ ¢ g tcj d3j delm € d sls  d d
Wstedzdtc O jIsts dzO fftcodlsy Ltej dzd ff dzsH 59
| s dztsh € ddzH S Olstste St Mmddzdes S ttej zJe® Mt
Odets o9 dzj ckzoa O0OIs oats WOLO dO Yo jlsO®j ottsBdYyC
4) . [ H OHtEIRO0 Higlistg @ds dzts o dzd * Odzdj oteL f tod detsfy
Zzsfmls, OSSO hists fHtsydtsmisOmdzdlsy Mtstelsd yd M
sdzj 30 OCERRrEZOYd " © O BItsBOMO (Bekele et a
G
O]

0,
')
£
I
7]

t6
2
d

5

Bdzj BO &J PR PBEHHtcdEd s khdsed, fted "iss
ko OO0 IoQ ¥ BLOALd dzs sy Ols dzj cOlsdodes HO o
CoOdelsdlsOlsdodzdlsj Mot Mlso O dzO § &esHsoadlsjy (Oh &
Cj &MS O to) ¢ kO YdssO,c sf @Sty tudflajailsy d L daangh j % d dzq
et al. (2025) Gt 0 KdSfQogilotdfjydMADSls W OC |
INHIBITOR (MADS-R1 N) € O° @afstymatn@inOls §ic j Is i) 14Dk tsos@® € &
€ jekddieO BISnjBdMSdels fesyjm dd Lisjjc j.

JFoar vasg
PEESoOF

&

39.1. 2. s90msdisOlsdoadzd Mot Mlse © dzO Mmilsj B dzSIsts
dbterndlsj ClsztcOISO &0 wWOMIsjddilsts, HJWJddteOdzO H f
cOMlsjddilksts d hdteddzOsO dO ttoOfmlsdlsj zdzOlsO § ¢
OCtedtd@Mi OO otej HdsMIs dz2O0 ¢ jldasdz@lf ®o dd®j . MOHH ©
fdf jtcC OO, HGBMOYf dsMisO d&O Mo jlsdzd OO, ftetse j
Bsdzj Mls (.

1l dimd dz0Is © dz® Ofis jeOM@s s zdCapslsn O YBBEIso OtcdtcO® C O
dmfdlskzeo Oded ¢ j deslsdf tsod. FNorersp fietslic. O 2 02 3 s s d OO
Hodyd ots tORBSd tSH 34 HEtS 174 cm. RMIsdl]y Ooalstste
l ocus, dtstkzi d&O ¢ pBdls JEOb{Hto@z dED tr thsEto) s i ils
ftecdpdzdy dets 17 % BSH 90Otd OBddzdgfilf@s @B 0O0s dMd d@sE
i Omsyduod Mt §sSwOlCd t©Omkjdd 0, HBHJjSO ¢
Cstej d&ZOyd " 0 Ms fsodmMsSd otcj Hdesls dz d O de@ i@ dz2® ©
tcOfMmisdls j dzdzOc tof tst€ldcfiffdzcfOz o © R tstoed L tsdzls O dzagPts s dAO@Q § 5 °
LO f dz0dzdte O | dzO d3j " Iz tec jMDts eetmlonts et Ofrpld ts° @ d2d0j2.3 ) L oLy
590 Mots’ Misets JphitSastcr Qdzsiztshyts @A dz0 R tetsdisL sd3tsls
ftcdBdzdydzs 27 % tSH 9 0td OdzMOIO L O tsaff teiPds’ Mls

cOLCtOdzj SO d dLHBdJ 2O WBttdzO dzO tOMmls, HiSH J
fsCBRYf OCIsjdz eOMmls. ROCEB cjdedlsj hilsts “ O HJlsj tode
Ehilsjy dzgfj Mj HjlOdzdts COwLOClkjtodL dteOded, §tsfMmistsd
OzeMmMdddydistsS ddeddzd d BOOI L dZ2OYO  dets o dzd * Oded J ot
tcOMisj ded § Ists.

9.1.3. 590dsdlsOlsdoadzed Mot Misoa © dzO f dzsH SIS
Hisls dzO fdfJjtcé OO ftojlsmisOokzo O d S BdesdZ3M ¢
OCljtedmMisdCdlsy dzO § dzsHEsls, SCHOISO.N S Js®@] dz@l:
geotef sls d Mdz. fMmj HJtej Sldes f sotcL Oded Mts dzO
Jd, LO ftejtcOBBICO). AjasChkzfddsls tfdf doO
BO 2O f dzsHdzZO Hteh CO, tOBBI dO ta@h&dubsdd WAL
zsfls, dBO Cdzydts L 2Oy *Jji LO ftojftsL dOo O jis
Otcdz® f tocdW Olsdzd o sfiyls.

o mosE S 0 < W
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O O IHdafftfrysiss € o OdzlsIsOlsdo dzts Mo ts' Mise ts
90 L dOYyo dz0 o Oted * © k& dzlizdzss f ts O dpdslszj] " ¥ ts tel ¢
20 QTL (Ma et al., 2022) fmj dHjdzs
O 20 f dztsH tslsf|2.1, F3NEY 6. 1 Isitts yfy jio Oz S AP IS jie ts d3t
fMtstsH e j Isdzts) . 1Qsahnudgy Clyalapagtenss o B st ls Lz ¢
ftesdzO"  Hjdzd QTL L O H madfipddg@auilzizd § dztsH
2O RtesdBsL sdBsls 2 ( Aj ridfis ¢ tzls dzets fyls © 2 @0 €
ots G jdzi sMC OO toj 6 zdzOyY ¢ OB OdzO 1 HstE dyOd dz@ lis@
2O ftsoj>] cjdd, BlCtedjded Mj d ¢ dzOe dzd

ddzOlsO dzO f dztsH tsls. [fEGREPDZE tof Bsd @S dzlit D O
ZOYO dz0 Wkdz2Syd © ftod HJ s j(taxfddscysls Ofs®d3jd
Jdz0lsO d hdeddOks0). RrRiMsdsl B OMdkze O {to
j sl 20 W sttdzOlsO dzO0 {§ ddEll.Nls.d Hlj=iziste@& X< dzlo JO datz(
20 (Capsicum annuun©vate Family Protein 20, Cs° ftej sMisOa zo O

sd 8l GERR2 0 € O [HECHDISABAHOFPROHH] jfz® © ¢ OCts MmEf
JLHBSdY o OF jIss dz0O f dzsHtsls BdHj  >d MmMilsdedzlze O
Zsdtc® Mt L dOyo dets f sHsdzed f dzsHtsed (Borov
dqdd @l o j SO d dz20 RtetsditsL sditsls 3 | dsydteOc
s, ®BlgchEfGsle stcjdz L O dqLHBAd EZo O] d2O f dzts
oydd (Hill et al., 2017). [ot' QTL dzj o
d ShHssH dag Misls Hsdzy d dzOCapsitfazpOum dn J s fif osi¢d? % OG
Msjdesjdz d SO (@apdfcenf Chdimocdt sl tcisH®RIOO0 3)
2O dz2O0 f dzsH CO° Hd§f jtwC OO | € tdzlstetsdzd tc O dzts
O MYJjydydadd c@sddd By sH tOLots dedlsy §OIsj S
sStedzOIS O dzO  dzsH tsls, € O Dwateh Isdsts 3j O I G dzff dz GEABIO
Sl ottL jSMftejMmd OO dz2O o 0O Mot GAPSAE. Lee
.1.6.scaffold517.20 dasQydd dzO0 r @l sd@sls 4, Cts° j Mmd dzdzets
ZsH B, HEBHJCO fMiCAPGAVL P EAfEWGH7IED @ OnjjCdd toj ¢ £ &zOls
90 Mot Miso ts.
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rd” Odsd sOtetslis( "dzPtc B HdE® § dzsH ) J Mo s "Hiddey dgCdsiO j
fted GHGjjlsitzo @O W Jd dzOdzdzOlsO W stcd3O® d coyddggefigGs da
BOY JteO® j d OdzOdzdL O dzO@ dzsSiiHddu Pz ¢ DOdSs I s Odzd o
Ydlsdted QTL L O hdtCdamuntzOo ¢ dasy isdsO ‘C>@ifl.1 &1l dzs € & iy
fd4.1dfd11.2 dsydec@dediL sdi3dlsy 1, 2, 4 d 11, MmMtssHe9
COoCs d €0O0° HBd OO dO f dEZsHtsls, e j>jlsts fsH
Widtslsdt sls, ftod hists Odzj dzdIs j S H Ho OO tetsH(d
ftcdHBdz] Mzo OO € tsdz IgeCtdtc j iqdj Osdd @IOL o @ * 'Md tc d dzC
sdzdJ LO tsBdzd¢ d HJBJEEldO0 &O@tsfHscE @B Bls( CHOL &
[ sBdjdedlsj tjLEzdzsOlsd tsH ftoejlsntsHdedls] dMistcOy zo C
Csd e Ctsdzlstesdzd e OOIs tsdetOrdanl® | (e PeafizfE@GldsO )tc Odysy @O
odzd OOl d otL Httkzecd dBsWsdkshd Mot Misea O®. Le
Bdzd Mets fsotecL Oded Mts jSMitcjmd OO dzO s O Mmeats' M
9, O Ho O dO rttdtL sdtEldsj 1 X.cd1 wfdsfdzddddlds] dodis, o
Wistgd3®lsO ZzO CdFR28H dzH § ®§ Slsdzs o dzd * O0OIs d eoteL h
Hi Mkets CO0CB MEftej Mste dz2O dL Hdzy £2eCAOFPOS L dzO-
ftcdHBdzj Mzo O { dzsH sodd Idfjts "H{BormSHHeak20R)s € Iz fn d
[ O
} te

NolkO ddd Isjx ddgosiOd g Isiiaists Hjtss 6L OdzO Mts  f tod dz
jlsflsOoko O StdfdjSMmds Mos Msots S5 Bdds § F
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Hsd®B] Misd S Oyd  OlsO dz0 1 dfiflgzaLdods, 0.0 @ =€ Bds &) jJdzdC ts €T
HtsBddj S OCB tjLEzdzkOls dzO o dzOlstcj o dHBa O d d3j " zo dt
CGdzOodzd dzsClkMmMd LO o ® Mot Mlsets dzO dzgj S5z & =~
oL Shagdl)ls, 2- s B3R d@B.B ,3 ficsiBsL sd3dlsy 4, 7 d

2001; Racet al . , 2003; Zygier et al ., 2 0fvdl; Ki m
&ZO FrttihtsL sB@sls 2 dBO ez jdz JWJCIs ot JCMY te]
dzd dzd dC. thinensed C. frutescens ¢ dzj dzdwg.] ts BS'HO fry dzd df2 YtisCHts dzliz

o 0tcd Oyg SOl ) ddzOISO dzO  dztsH (Guan et al .,
CGdzOo jdz 6 jdz qdzd ctekzf O 6 jdzd o s’ tjed&dz. 1 tod
annuumd HdJdod od mresgnstsiRao et a (2003) dHJ dzlsd ¥
s§ Y ddzO dzO ff dzsH SIS

sls
s
.

uts ROfjHECEl d2O ¢j dzsdBdS OO d Lk fdsdsds j @ OGWA S0
fslsotrnjdd Mj fjlsitHds HjljSlkdieOddlsd  dedi.c d & d;
J6jCk OWORHJLO dO 350 cjdskdisad Mj skSted] dd
RO f ©OKktsls . H Y sddd @ | By HdzEsy t®dzd ot B dzd L ¢
Ctsd j 9j>) HEBSCOYOds HJjCO 'O tjebdzdwOOl Isjydc
[j"k ddeo, klsotH,jds BELLLKECHOMEDBAMABPRETEIN @0
(BLH2) BWePXATISC O@Pk &z0° Md dzdz® OMmsyd  Oyd O § sdj " L
hlsts dsSyj HO odzd  Oj MeLeod etdyOAZB)s © 2O  detsH sls  (

It smMdzjHdedls dzj SsdzCkz etsHdded jJ ftsfMmisdcec dzOls L daC
QTL LO ®OMO dz0 { dzts EVIER2.1( ¢z0 OC BgBWRj1BdzO QThr 03) B
HilsOdzdzs RO JtcOdzd ot RndBtodHslts § slstsdiMisets Hs
CedzsdodteOdzO® dzdded “ © d MmdIls GEW2dkEH jidsise s j dzj detsls
dzj L OoadMmded fsfzdzOydd d B OMmMdzze O { tcdmyhiddelsizts 1
sB OMdEMB.® Guan et al ., 2024). RrRMisdls] dhMistcOy Iz
BOTJeO® | (wgfizdQO@BRINA LO todd Ho @O dsC kMO dL
COdHEH @Y. |5 tgFW2ltdetSlsddz6 4 58Mbp d&z@ Chr 02) dzO
COdzH dR PIs d jCapfirin(2g002938 Capana02g003021 H tsH RAMI.1(LEE ts dziz
14.5 Mbp dO Chr03 ot tedl¥ ] ted dzBazydsds B dzitatf k0
Capana03g000903 | [Cap®na02g002938ts C tsH O Istc OdzSCEBavhyd M < d s
Regulating Factor 2ike (GRF) C&pana02g00302e¢ sH d tc © Jj dzL d d3 Geetchett O d3d dzd
Hagen 3 (GH3) so tcL Odz Mts i) sOBdZd L Esls dzO@ Ok S$ Md dzsls .
COdzHegH@MY L O Ctsd M fGtojlstf tsMmls Ootzda@® JHREEHOSIS® C C
fdf jCOIO. R CtcOttdsO] sOftcBZ3OEdtcds] sts ¢ dzO
dMmlsOC dzzo OOl HJj SO fsedz Bl Btes® QTL L O BOMC
GJ desdsm ¢ d dzls § teo Odzd f stcOH(J setOdzd yd dzOIsO  t6j
Bsdzj S EdzOtcdzd slIs toj G EdzOIststej dz d3) 4 Galzchi s@eplicfdts o toL O dz
hilsjy dzaj 4 t©OL° Ofdzi Is. 1 Ol s 0O, dHdzdIsj dhlstcOy z¢
dLtscjded dzddzdd d Mj sV Olsded OMtsyd Olsdoded BOY dte
ZO0 CtdeStejIsded ¢ dzd. gts IssO > mJ HJWdded OO
(Sdzlstetsdzd e OOIs Isj y ddzOIsO O § dzsHEsls COCts CoOdelsdls
al., 2024).

[ 4 Bd dzd dzOIs O dzO (s g HBGFHisls Hj &z tSH f dzsHtsls) J
COteOSIsjtedMmMisdSd St © ¢ BHtejHEZO O CoOdzdljlstsls
Mot MiedEzlsIsOIsdodes d yYJMmsts O30 Ctej dzOYyd
hilsts fsCtolztf dzde®B ] yf dpB@ls olefj dzgH j dz2yd " © HO tOL-9d "  Ols
BOY JtcO® OO fslsotcHddzy HJSCO HJjdz SH dtsSkzmdlj L C
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o
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O HHA@RjfdaztHdidds). v OC O, BXEPME 6RO @isls T |
s d "dtddzOlsO, L dOyo dts eodzd ©0j d oteL HJ
ks ki M "  Ookoa O ot tOL dzd yded ¢ j dets¥W tsdzH |
dzj sMSd @ 0OL Jstistis', Ols dats stcOdzmStedf ydms d tej 6 dzO
tcOHd  Odzdzd tsls tOMls dz2O0 § dzsHtEsls (5. § . Btets  tsls ¢
[ B sdzdzed s j dzdets, QTL L O HjBjdzddzO dzO f jted C Otcf tsls
dmistcOy zo OF jilsts dzO B adWednhSilzee@dz ajl . Q M L2 0d2® )r, to fdRity) LdiEse
2O fjtedS O] Petsd dzOfljedz § BB Odzj dzdlsj tSH HJoadtsls te
BOded W j MisOyd " 0 dzO Y slsjdetsS fjted SOy, O Odzjdzdls
fjtedCOtctf. IQlodf jMmicg i tzditc @@ls cHzO® @zddzic{tHatf, o jtots’ Ol
SHicj HEZO OF jIss dO Gctsdzj B dzOISO 2O BHtej HJ dzad BSeE (
sfisBdded @O § dksHsls. |10Mjc0O, daj §wmissd ¢ disdg
fjtedCOtef sls CO° Hd§f jtcCOLO. ujfjochdiSlORAs ¢rOxiERE]da
2O Gjded SO HsdBOIstsls, Ct5d o dSRENE3(CGelicSize f j tod & ¢
Regul ator) ¢CO° HEAROIstSIS, Cts° ¢ FWB.Z (Kiddj)&@slso O G 5 ¢
G Letdzj Bzo O Bt Bl dO Mdsjod. [ipdlsds HjeR Otz
fjtedC Otetf .

[ sdzy d dzOIs © dzO, ff &2@dpts Metk® Is®Oisdzy d dz0Is© dzO0 vy j dzls tc O dzdzts
&ZzO f dzsHBls dzO0 ¢t | ftedtOyjdts mMjiiks CO0° dd474
f OtcOd3j sOts. 10" ydimlsts § dzOyJ dzsOls©O CO° ddgd H tsdzy |
fdf jteCdlsy) My GteslksjcO ttjydmd HB ot tsls dzO ¢ d
sHsod (COCB dzgO fte. BOBRERtKd) § dZOyj dzlsOISO L OW C
jHEZo O d&O ftojlsftsMIsOaC OISO HJCO HEBd ddz
oL OdzO fMts cjdzdlsjy hIss O BHtjHEZO OOIs
tcs” Olsdets s © Mot Mlsets | YH f sdzdcj dzf
tcjedtsdzd Nlsts odzd® OOl dzO ¢Etsdzj &3 dzOIs O
2§ ¢ Mmhtg jdin o 'j Qs @ tedg® dj o d & EGRQFPI0M drdh dze to b elzds H -
O dJLHBAdYEZOOY ] (Borovsky et al ., 2022)
Is
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© BdHj >d bkSdotkt dO fd&Oyjdsoko >j
90¢ jIss dzO ff dzsH SIS
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2@ sCde@fgsdgid dets s © dzO f desH slIs, ot Ctsd My
"0 oL WHsKtBOKO d&O § dztHBls dd otL dzi G5
fJjteld dEEOYjifpisEd fddgH tHsy | EBRBEGT € k2 dzls d
fidweScd Qg Mbed g hBRrpREE sMT OO sMhdsoe
fsCOykzoa O fOtcOdzj dzd Mts Httkzed odHBe
dzd € Otc OC ICapsidquimlis d) Ctafj HdzO fAFBROE®ISO CO0° f dH
dWdSzo Odzd dzj C sdeicz " Il © @gO(ted), f s tc 1€ &dkqd
Y0, tnljlde@rtsT ks sdstsls 1 ( Ma et al ., 2022
d tc Oelz | CBAANa0DhgO0428% dzsC OdzdL JtcOdz dz©O Chr 01) ,
EEERADIX BRX) . 1 dzd * Odzed § Ists jdiB GasB Rz dgS ytff tslst
O ftoj S-izndvd GeSd (vémeasssi | enci ng, Misd o dzlkz o
dlsdodzzo OF jIss d&zO ot CGJdz tjLEzdzlsdtOd
f dzsHtseo dlIsj , ftodlstsO ftojHdL oSz odd) StefdzCiAc (s
GJdzd oS dzEyjdzd ots twOLots tsls dzO yo jlilstsls
d medlidjs foig 1 REBRF(Gapaha019004288 ts° ¢ Grewthic O
Regulating Factor) dzts dzj ctso slsts Misdo dzzo OF | dzj Wi®sitdsd L dzO y
( Ma al ., 2022), CaBRX] z¢azph ag sizO WiEnEBtstE j ¢ Dt
dHjdsdWdSzoOded Mmj d Hickzc € sifsts@s@didet aQ T2009)L © B tc
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LOBjdzjyOdzfj MjSkdmOtedzd QTL 20 RtetBsSL Bl 2
CodsStedefo dzdsls j% jCls j§dflsOlsfddad.0od®igj dad, ¢ddk
sH Isdj B0k dsSkmd dj § §cdosoBk Jhnstoy j d
ROMf c@EEBBedn) ¢jdzjlsMCd CtdstoddwOdd sH &Od
CjLEzdlsOld EOONEa)Qlydh PlsO L Ot dfsidids 9% o @EHAGE © S

fesHiBidzd fasHtsed) dBsyd HO Mi foMmisdedd Mt Mmdzj
LOYOjdz jWiSl, dzOdkjMmists HO fj (skfded® MOdGs daC

[ Bdzy d dzZOIs O dzO f dztsH dzOs OB &O( fpHdupdzici i d L C
Jdzi Sydesdzjtedlsy BdHJ  >d odzd O oteL dLCGdzj HiSIs ¢
d Bj©BO (RBIrOddyc¢O ddzd Oydd). sO0° Hdodlsj
Gts chHo[Gdzlzao f dzsH BBl dH jdzd &P j dz)(,ud Mk
sdeo dteOdzd Is j Wstedsd Hth COISO j fsCkmMO d f d
dzZls d s Ols d © dzO QOtGOQlSJtGCffI]ISC{QO Hisdzy d dzZ0Is© dzO0 t
d301jcfts®u§icfls,; fsfzdzOydd SO0y ko O RBOO)dMCGE tcj M
otehddzy oCteMmMlskzo O] dO tsHdljdzd Std di3Odzj Mmd
CO" fobtsimMsotslsts j LOBjdzj Y OdzgO L dzgOYyO ' dzO® IsteC
fsHsdked HEB"NSCd. It OO fsfkdoyd O &O toj ke dd
ZOBOEIE QOLHBA ddO dO {§ dzsH dO Pal.1PPe21tPel3.] L dz0 .
Pel4.1dPell2.] MittjH MosHe jlsddils Skt i dZO0 (-
toj ZOlsdo des BOdz ddzHdo dHEZOdzj dz jWjCIls (ftetsyy dzls dz0
%),hIsts MEcjtcdtc® OHdIsdodets HJ  "Mlsets dzO 6 j dedlsy
tcOL dzdayfdedff ZRzOYydd HtsBdjded Htej Sk 9Ctemiskzo ©OF §J MM
dzj des tsSHots" o OF j] dz2O0 Hth COISO BH fdsHtsls (Is. da

goomrnrnao=sg
lﬁ"l?f@N' &

@ .

L

ftsoj>] o@LLOAYts Ms HEsdzy d OO dzZO f dzsH dzOISO Hteh € O,
(50 Mj HEYd S fsdaswelyj QTL, dsydtodd o0 - tst
Ms QTL LO hdqddO dO §dsHtsls d HjBj dzddO dO f{.
Bdzd MC d ¢ j ded Yddegdd tsjlsHejtsdg j difnlss j dz o dzd * O oteL J C MY t

mMots" Mlse ® (Ortega et al ., 2024).

s90dzlsdIlsOIsd o dzd Is j Mets Mise O d 5001 Y J dzls to O dzdzts
SHEdZjHEZo OF jIsts d Mjdzi Syd OO dgO tOL dzd yded fyts
Gjdzj IsMC @ OSfipdztefo @,0 o dzd  Oded j Ists dzO@ Ekfmdzsea dlsjy dzO ¢
iSMmftejmd 0, Mmj MmMEhilsddmMSd LO ftsHsBtekzo OF j dzO
2O dsteW sdzsh Cdlsj fsHObtyd Mt c¢jdjlsmMed dda¥ tsteds
Msotcj i3 ded s M iz E g PRBO 20 tOMIsj dzd * Ols O.

392) dzd " Oded§ dzO dOHoOo St "N dzZOISO Miej HddzO o tcL 98 Otcd
hMots” Mise O

Zso dlsj dzO dzOHo stejh dzZOISO Mtej HJ O d BOOI L dzOyY
Odzls dIsOIsdo dzdlsj Mot Misa ©® ¢ O OL jds SO gdahls d Istf s
d J o tdzlzd tdOdzysffipife O Y J yd ¥ d yded Octetsj ¢ sdzsh Cc
Cts hlss M ftoddshtsls, dBsteW sdzsecd GFlks@ Odg@ o P@tsH
dzj &30 Otrsc{ OB d dzdzsmils §f sH o dzd® Oded j AOdzCEsjiz] Is f
sjtcOCyd 0. wjlts" O MstelsO O M j ydW dyded W Jjd

¢

o
O]
O]
()

otoL dzj §C sdedz@li@zstwmg B ydzOO » ¢ s SaAaDS O ftc
ddtsimsls (Pirasteh & Wel sh, 1980) . RGO >d {1
lQICtleyd * © M WOCkstdlsjy dzO dzOHotstej " dzOISO Mtej H d ¢
hisddeiSC s Ldz2OyYj 4y LO Mjdzj Sydodejtedlsj ( Sayekt

o ooannnc
NGgSERFFAOTCS
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HOdH j o O ¢ ls:OAdg@iE®Cs e L Oyd O d bkds®todi z@ O] drdztlids  of jidijls' i OBOC j H 15
fsfdzOydd ojLjdz0 fdf jtCOR. [ BChsMCO HIMpEEGUYJ O, AOCkdkjls
Mddzj Syd 0 Mmj dOMsyjdd Ccdz SBjLBjHEDOOY | MisOB(
EmMizseo g Misdizdzs d MlsOBddzj dz fteddzesip ( Corte et a
dzi BfarsHdes j HO fMj ftesyj Ol cjdzilsmMEdisy f OtcOd3yd
HO WRIMY ©l§ H i e€z@®0 dzd Y j dzdobhje t te jaffztemd2 0(1 8) . 4 4 daj s ¢
WOCksted HdsteldiwdgfOdzj S tsH Efmdzsced Ctd odzd OO0l o te
Cts BdZdSC ko OOl dzj "L ddedsls fteddesfi dz § tslsjdzyd O
Mstej Mseo d ( S| hubye&rShasvt2008) ., 2015;

lts MlskzHd OO dz2O0 Tripodi e&fdshtsls(d0I&Hkyhist®
BdBOCIsdoded MsjHddzjdzd © CO° Mtelsdlsy dzkzlsO d4 4
LO BHGEdzZj HEZO OF j, mMs hlsts My dMsOCdzzo O 9o Oy datsml
ftcjHBSHte] Hj desfyls d dzOH o tstcj M dzOls GD yfilpt® JOHODSAdz@izO 11 tésBsig,
sH dMfdskzea O] d2O cjdslsdftsoadlsy ot t©WOL ddydsd J ¢
sdzdj cjdessdiftsod Ctsdhlsts ftsCOykzo OOl MisOBddzj dz
dMmistcOy o O OIsO &G Ri vera et al. 22p1f) ,dABa@d i
odzd Oded j sts O BICtetsC dzd BOBME sy bEfmdzsed otL o
BsteW sdzsh Cdlsj Mot Mo ® CO° Hdf jtcl OlO.

g dlsj sodJ MskHndd " OMmdes O HlsjdydcdOOls i
ddzls j «OCyd OO §d3j" k& dBHsaftftisjsh dzOs® fjtc jsHd dg@z h ds «
fted otso jHEZOOT ] dO dsCOdddls tsflkzdzOoOydd fdiJtcs
Csdz MlsOBddzj dz fted detsfy, G oHBSBE] ZO Sl stedshls dzO
CoOdzdlsjIls. stdzj Syd OO dzO wapo jftedf jj del€ dad dats s @dsde
CjdeilsdCO d MjdzjSyd O fted AOCkdzlsjile€lsf L 4 Jc
Csdzj SyYydqosdzdtcOdzO@ tsH t©OL dzd yded toj 6 d 15 aEdO SdgOH iz ‘O C
g0 BOZO ffsothddd, kOO | dMmftcj f dzj tsj dePts fipts gzt
M J ydWdyded ¢ dzd 50IsmCd, ~rdHtetsdzsh Cd d jHBAs"C
Hsdze otojd3j dzMCd HjtedsH L dz2OyoO dets odzd  Oj dzj o tol
fsfzdzOydydbhnted HOEQdd W Jj detasldifvbke ef al.fipd)ts " Miso O (

ltedtesHg@IO yd)y © ot w©OL dduddlsy MYfjydwdudd ¢
stcOHdydsdzOdzdzd sy ftcOCIsdeéd O BHEdZjHEZO O | d ¢t
BOIsj tod ° Odz, Hise j d) dast€ O fizptets H @eH @Y jis (lda@almdka & j dzts Is
Andonov, 2018)¢ 5o to § d3d dzd Is ji JdggdISyed Ol@Gts" dzO0 ddzj ¢ 2 dzOts
SoBL BBy Zo OO HO My dHjdksd¥W JSEzo OOl 6 dzgj sMEdlsyg
Mots Mo ®, COCB BBdJS, Bt O d 9CkfMm dzO  dztsH tsls
Ef slstej BdzO o tcj Hdetsfls dzO CCotxfdisCjte j fiptslad dz@dgddatsds dfif jts o af O
gHj dZlsdW¥WdSOyd 0 dz0 ¢ jdeslsditsod Mts §lsjdzyd” O0dz L
LO dzdodes 9 C dzkykzeo O° §j ot dOftejHdzd MmJdzy Sydmscd

3.9.3. s90dzdsOlsdoadzed HjMCtcdfIssted d dadoe dzO ¢ j dzj

1. ¢ deldpsusth dO decflatsda@ ddzdf Mls § B dzts

dzd fmd WJjdesdzdzd MsjHddzjdzed O S5 d BOOIs

Hjdzceod dzgO tOMmisjded OlO: f jtedS Otelf 5ls ¢
Lemos et al ., 2019) . dasy Hazlkdz@aPd * oCk

i d &wBjLoWddddlsjy SCdjlksSd d/ ddd Is¢d:
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[od] MjHddjded O, COCt fMJj S kzdzH Oteded GyiingeB sdzd Is d
al., 2029 d Odzelsdf Olstsejdzd Mo ts® Milse O, hFPO)s S ek ida@d
stsdzj cOdgls dzsfls© dz@ MlstcjMm CO0° 4§ jtcl OlsO A& Wang
sftcOh o Oyd d t©OLdgj Mo Oyd d&&O MjdkBi (Sheehan
zd mMstseodlsjy fMmj dzOMdzj Hkzo O Hsdd dz0 dzls dztsdztf lisd 3©6 d i 20
Csd 665 dOMdzj Hddzj OO Mot Mseats fBECOYEZo OO L dzO
d mizsesWddz, ¢CO0¢(t d fsHtBt] dO WslssmddsjsMc O |

sisd330[dz0[tc50dztslsls ftiodmMkmlsots dzO R dzstesW ddz d Odzstsy(d
tcj cdzOYyd O jEROCHssddgs j 05, Gtcd hIss Odzlstsyd ™ Odz
MojlsdzddzO d " O dOBOkEkzO OO WtslstsddemdBdyd OkO.
nzstotsW d dztsls C 5° J Wielssmddzls j IsmMSd §dcd3j dzls € dzk
I sOBsdzd L B3sls dzéhdi ®t @fiPBLH; ddegnzi€sIst@l., 2016; Mattila et al., 2023

[od}j MtsL d&z20Odzd " © Btsy | LdZOYyO des HO @6d kdzOf tej
qdzsj ctedteO® j d&O odLlzjdzdzd d WL dtsdtsh Cd B3Ot jteod
dzd mistseo dIs § CO° tcOMisj dzd OOk O 5 dzO "daj jIAMdLRE Az ks S ¥ § dzj
fded3j dzlsdlsj. uvisotcHkzo OF jlsts dzO ftedmlkzMmlso slsts d tsH
Hijyjdedd ftejlsimisOoakoaO® ftojHdLoadS ot dzOkzydedlsj € to
dzd mMssa dlis g , COCB Mo jlsdzsL j dzj @amer &PNaacgm,t1P30o d e t a
acfisdz;lﬁ/:mgeﬁal(ZO])? Cheng d MmMtste. (2018) HBSEC O Odzj
20 f§dcd3j dalsd o dzef d3jdpldcjizdz § BZO dzO dzfy dz@ § " Iff jslindedizL d bzl g &
sfteslsdodzs dzO 9 O, CO’ GJdetslsdtf solgfjsjd Mifsts e af stz
LONIsdIsdzOIs©O d ®BHBtOMdB J &ZOISO W ikZzdSyd O dzO0 Odzlstsy«
Csdz ssdzdm " IsKasrdal, QOR( o j dzj S yd OlsO dzCapsicdH tso d Is §
ftojlsdydes My WBsCEMJEO d&O Octtsdsdnéd oy dd
otcj HdzsMIs (Zonneveld et al ., 2015) , HBHJ] GO Bt
Bjdzjce, vyjmbts | L Odzj d30tcj dzO.

14 dzj IsMC OISO tjebkzdzOyd © dqdiz0 L d&zO0yo dz0 ¢ tsdzls tets dzC
(rdzstesWddz d Odzistsyd Odzed), Ofmfetsdgndatflsy so 6L dza dz
dZzO @O EOMISG alanf1j dsys € t al ., 2015) . 1 totsW d dzts Is
OHOf Isdo dzd 5 Is CoOfOydlsj s dz0 tcOMmMisd ded J Is t5, st
OdzsdtsSC MdHOIsd o dzd slset &.d BpK2j Espldy Ke Jaakdi&023 |, HOsH § €
sMjlsdzdo sMmisO dzO0 tOMIsjded jIss dzO Mlstejm J toj L zdzlsC
mMd OCIsdodtcOOls oats tcOBECdIsy dzO0O BHBtOMB j dzd sy d3J =
Il dmMstcOy ko O OIsO dzO Cheng et al. (2018), ¢6Jd

TtV iz o MBS PO G OdzdEgfls dzO € Gito) dats:
OlsdsCMdHOIde 20 OCIsdodetsiis (dedMSd otej Hdesfisd o
%O hlsjlsd ftejndLodSOdd tH Bj G® JhHEOd §©OC 6 i3 b
¢ ) SIRdil9EcOy o OF jIss fslotcHkzo® HJjCO odtdjlssse OF
CjLEdkOl dO Letdj dj 0 jChmftjmd Otiddh Iokstsdy d
WS yd O, kkSk fijlkmsOskzo ddzHn C Olssts L O B

lif s

o

0O d
Wang et al. (2018), dH} dzrls'd&ﬂznﬂg Odzj OHZR| Mdzlz g dkd
d jckdzOoyd OO dO jCMitjMmd OO dO Oddstsyd  Odzd
sodid cfifijdz zsyd-lePedd WO BBL sd3, "Nilss ftojlsmisOoalzo O
BOf dqeO® j dzO BOwSjted d cjded fmoteL Oded M 5o OO
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39321 5°0 &0 dzdMmis

I 00O 0 ddmlssadlsj €O0° §dfjtéOO® (Capsicum
L j dzj dzOls Of g ds0 O tRRO fgte) Is j to@sfHdzdSasidz j dzlsteOyd * Ol O
nizste W jddfs@®S, CO0° tHtjHjdd MfjydW¥duydd c¢Jdslsdtf
Odzstsy§ f@dzafzj delsd tcOMmMlsotstcdzdod ots oaHO, Ctsd ftoj |
Ytedzs BB ko Ojzsiz® drddf dz@EOO dzj oo O ktcOlO. [0 00
GjdzgiIsmMed oL OdzgO Mts ftedmMkzmlso slss dzO Odagssyd ® O
flsjBdslss d vyojltls, hists fojlsflsOokoa® o0yjd &
Oolsshlssdd Mtlsd. dLOPS ditshdSdMIgE Offptesids 8“8 & d  dzlz s te
wOMisj ded jlsts, O O g datsH dpdeg tsBOO W dsjj dejsls g @ j dzts i
1 slsjdgded sy L jdzj dgd dzdfmlssed tsBdydes S Oy ko OO0 dz0
OL &k, hists M) footL o O dijtsj f20d izl d & Jdzdas Bgls
k0O, sk gels ded d-czgf dzj dedzls e Mistso d dBsy Ol HO EC Oy
nteOdzzdo d RBOLjtedd ddzd dO fomistsi i MmfJjydwdydsd
Odzstsyd‘ Oded S O° daj St5d Mtlsd daikz SO dess s ls 1 Qf ds@  HY
bsdj tOdsdsnis0 Std ksfEanlid, NwPGgss @eg ddj oo
WEzdétyd O 20 tsedj fded3j dzsd ( Meng et al ., 2022

s 0O 2O  etsdzj &3 HJ dz sG. fGonjHsEUsGhe@zd dgd Is fzd Ot o  Is §
Mo jlsdzsL §j dzj ddf) deCs 19 jisdglss " jOIs d o Oted " Odzlsd Mmts Md ot
&ZzO0 ftedmizmlsoslss dz2O o zOC dzj dzyO dz0 CkIsd§¢ E2Z2dzOISO ¢
dzd * Odzlm©, bhilsts My LOBjdZIiYEZaO CO° cjdtssdfsodls]
yo jssodlsj. udwtffdsicg e Patr ealles A2020), 82,8 % ftsH
dzd o ZOIsO SCtsdzj $yd 0 dqd3Odzy dzdMmlssed MmMts Mtcj Hdzts L J
ddzd f§tsilsj dsdzd ded Odzind.

Rdzlsj dzL dIsjIstsls dz0O Bt OO dzO dzdfMmktsls CO° fdi j te
C sdzls to ts dagftacHOKIsy dff * Ols O dzg@ R dzstesW ddz d Hftedfmkzmlso sists
al. (2018), HdeojtoLdlsjlssls dzO Bts' OO dzgO dzd flsso
nzstesWddz, fted hlss dO° yi mMsts BzlsOyddlsy ot SHte]
fded3j dzlsd sy o) OtefgjMde jdz cjdz "Ists odzd O oteL
HO ftejHdLoadS O f4cd i itddo tzd @3B 59  dzls ts

[ sd3d zOdzls dzd tsls dzsC 2fp A " O tjekdzdtecO® JC¢Mftd Md O
M Yl 3dzO® ddzd o dtsdzj Istseo O 280t0°3Q .dzCG =zdfffdxftdeiddis) di&C
VIGS (virusi nduced gene silencing) J klsoGaMyBdts HJ ¢
Eyjmsekzo O ots tejokdzdtcO® jIss dzO Mddzlsj L OO dzO Od
ye jbtsodlsy d daiLted dzdlsj f dzsCasiecuhn(\Wdeg ettal® 2pR2).dzd * Ols
Fil yushin et al . (2023) G dHJ dzlsd-WMYB: zo Odzj
(CamMYB113 fsotL Odz MB Isj d3dzO (o9 dtsdzj Istse O) tsB tsj dat
~todsL sdiisls 10. RMisdtsls dzsC kM O to] caz, PRH.O d B S
] 4 dzd@&WMYB1L d CaMYB2 ff toj Isfls Oo & eMY@Is ISRORIBNC tcd f ydm<cd W
CaMYB2 j GdzO9 jdz tWj GzdzOIstste dz2O JSMftej M OO dzO
BdtsmMddzlsj L © dzO Odzstsyd Odzd. | jeBotslsts Mmisdoedzize O
d ¢y tcj md d®& £HBa CHIg PFER, ANS F3GT, hists tjLEzdazkdtc® Mt
OC @R dzOyd " © d&O Odzstsyd Odzd ot WO | thelldls j . [ &
Vsted3dtcOGAssdgBdj] ¢ fnp, C¢t5° O twjekzdzdte® je¢Mftel Md O
IIBlHZ%lMQC)ﬂHSJ woLd. wdbj @4 ddgOc] uad By sdfffeDd, 6
etal., :
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39331 8° 0 dzO f dztsH

1 5° 00O dzO  dztsH tClapsidur@s p pff. d) f jtfict€ jOdsfips Qo o © o dL kj dz
Gjdzgj s d Ctdfdzj CMdzO sMmtse d dzO, Cs" Ohsts ftojlstetf
tcOL ot I tslszk0 WHzsHiz] csotslsts WistodgddtcO® j His W OL
stcOdmMW stedzOyd * OO dzO@ Bts OO | Isj Mmdets ff tseo tcL OdzO

% OL GdsjCh datzg@sh C O ff tefsezsigls | 0 § OL Otedzs bk Slstsj B
©OCjtedLdEeO® Mt Ljdj kO B Ot @GO HE dfddEE @
CdBjdzasd. | O sz B OBO OMF &zOME OL © &0 Y j dfsh
Lo dz® Mmjkjlsts, ftd hiss HESO" O HE ddzsj dzL d o d;
BdoO Mot OO Ctsdzj ydz®, odL kzj dzdets o] § 5L dzOls dzg

I § 0 —

B dzj SMdesMIs© dz2O G J dzj sMEC OISO §soteL Odesmils Mmts |
d dzils @ j dzO  1CapsicangsHptpe.d,Isj szC &z LOBjdzj ¥ OdzO (
e dzsztedzgd odHtsed (Tong et al ., 2022). )
tetslsj desd HAf MO @B dz, ¢ C B ftojlsMisQakzoa © o0y  dz
Odzls d s ¢ ) dvankedehdet 4., 2023) r sdzsdlsy d kst Okt dlsj
fsddzO0C s COtelsjdsdHjdz ftosWddz (dkzlsjddz, odtdzO¢
d dkzHOls Btts' dzgd L H tc O oAfipkgenigMdzd ef wddH R doOo Sad . (D200
B OO dO fdtsHtls CO0° {fdfjtesOlO Mmj yfcshckL 9o O dz
(HurtadeHernandez & Smith, 1985).

OFTH HOLXOW

N 11%- W

s ftodetsots otcj 3y My HBSCOYOds HJjCO tOL dtso dH detsf
e PO BH Ctdojterd O dzO - dzstetsf zOMisdlsjy ot =
tej % d. Mtes s dzOMmisd Is j d 300l Letsdzj ki dz SO Oy
Otetslsj desdHd, hlsts tejLiEzdzkdteO® fMts fts° OO0 dgO h dJtot
fdf jtcC OO I(Kapd®22)et Jlas dhMstcOykzo OF jlsts dzO Ou
fmJ Ho O Cdzzyded cjdza Ctsd 0O twjekzdzdieOOIls B (
pan04g025380 dzsyqdtcOdz dzZO0 r B L sBsls 4, 6t CSHJ©LO J
g0 Cdzzydz0 W EkdC QO O0kz0sC Ogtsfdasdud, ¢ dzOe dzdlsj
gdzlsj dzL dIsjIstsls dzO BB OO dO Ltejdzdlsj § dzsHtse d.
ftedmMkzmlseotslss dzO0 ytwweojded d ftolssCOdztsoaod  dacd3d d
Bdzj HS)y sdzs© Bts® O.

]
q
L
C

anthin/c rubin synthase (CCS), ¢ .
drnd ot MiELOGdEH dwpdedn Ovasal dalzdff Lo
tcd Clsdzo EZyjMmlsokzp O &6 W|t¢dz@dzdz@js®lja’
j dz2 sismizlsj dz ddzd dzgj W zdzS yd tsdzOdzj
sSCOzso © Bt O OB Miss Isj dGgdzsyteo J dzO. ]Olslso
| Cyd O dzO Mmstelsd Mts ddzlsj dzr d 9 dzO yYtebh dzedfizOo B 5° C
tej Md OO dzZO BB OISO SO fhtsHtsodlsy H §d4J
e d Osslky&tParan,(2808hattaraiet al., 2024Wang et al., 2025

j dzteN069005570 dHj dzlsd WzPC 23 Ozdsts L s d3s Is 6, G ts ¢ s
s u
H

O KW X O~
N—F@HoF-

I adgo

§S-—H 0O "GO

5 BdsMdddsjL OO dzO C Okl dsdHd | hiczPlsdo dz
Bjdzlsg, COCHE Odlstsyd Oddlsj, rndstsyddksks d W

‘0 ChdstsdzdOOl ddeo ZOkO jSMitwjmd O, "
3). Idodjlsso OO B O 0 § &sHtsadl] tH dj ¢t
EdzlsOls dz0 ftedimizimlso slsts Odzstsyd  Oded ot  dzsH s
ZdLO &0 ¢ jdskdifsad Mt osdsdzjlsso® B O dO t
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WO j 8 O ¢ Is:OAdgCEe®C@s jted L Oyd O d kds®tsdi z® ] drdztlids clf jtoijls' ik OBOC j H 1S
fsfzdzOydd ojLjd@ fdfjtCOf. [6CtsteMCO HdMpEEGYd O, AOCkds]ls
fslsotchddzi HJSCO cjdzslsdisadlsy Mt oddzjlssead f dz
J Yfej md " O dzBAL,6C4Ij(dEIJ BFRBIJANGUFGT) ots M tstcj HB O Mt 6§
Mts L jdzj dz0O Bt O, MWK dFSIdglzinststi ndzCe te jadksls (202 0)

f dzcHtsod fGH u;lscftsc{ tc OL dzd ydzd fr]lstelsq’ l;’c{l]’; cCO ofs
@ cdmMizmMseo slsts d Hddshtls §sdgj" ndzstetsW d dzis Is

shdstso dzd fded3d dzelsd. wuvlise teH d dzj HJC.O ljtfscffnlzfr]lsa silsts

fdzsHtsls | Htej Clsdes ff so tcL CREEIPSMELCYEAICCS s j REHPIE @ o
MH ) d dzZOKZB s dap” Odzd ot dzkzh f OO CO° dzj L toj dzd Is §
fsLdlsdodets Ctstoj dzdtc OO Mts Mmis JOHG BAs.Is', W@Alﬁlsqmljtegfr]q

UFGT. | s dofifds tgAQSkilz ettad(2023) Mts f sdstsh dzO Btsdzj € & dzO te dzd
fteiHdSyd O Odzd dzisB sBIs@ Odz ~dBtcdH(. [H HEkzcO M
fslsotcHkzo OOl HJjCO o O Mot Misets | fHabcs OFdeltctsd
fsoteL Odzd Mt 9 0Oted Oyddlsjy dzO BB OO d&O § dzsHtse d

39341 8° O dzO Mlilsj B dzts

15 00O dzO0 MilsjBdzslsts BE®Y sl § BC Fs@ i JsdEpzOoO0 ¢
UO&IDOtGC{t@]@JHSl—dZISLJdZszO HEtS Isj d3dztsL § dzj dzO, O Mk HTE
fs° OkcPL EdzsOl dO slsmikzMmMlsetslsts ddzd ftedmikzMmilse sists
WdLdsdzsh OO LOMNIsdlsO tsH, opkdstsO sfst@tEdesig oz o Otc O
HjSCtteOlsdo dzOO otejHdsMls CO° dzj Ssd Mtelsd. I dt
Odelsd s MdHOIsde dzO OSCIsdodetsmis d Gils§ scSdatowska dzO 9 0
Bartosz et al., 2024)

[ do Ols © Cagsicudg@nnuunvar. glabriusculumddiz® Mmilsj B dzs M ¢ OtOC IS
odtsdzjlstsoa® B0, ¢80 €O ot odH Mj dOMdzj HE
Ctsdz jSMistej d3ded sy EMmMdzse d ot € t5d (HustadoHeraafidez s Mis s
& Smith, 1985; LopeaMoreno et al., 2023) s O° d3z® jasdgiH Mtso teigCd3j dzd Is j
9 d H@&sicumannuum sd3d dzgd tc© L j dzj dz2O BB O dzZO Milsj B dzisIs 5,
Mistsd o Otcd * OB dedxiatlh Isfr) ootts s Gte ) | GBCodeERNIs * O
dZJleI‘]QOISO ndIsjtetscj dztsfls ZzO Oo9lsks@fsis@ddsj O ¢ dzt
dWduyded OcGtets jS®Oiztholsd Mikdsads. dMf dlskzes Odzj d
fslsotchddzy HJSCO cGjdzslsdisoadlsy Mts adtsdzi stse C
Yqb @pRo als § s6 sdzj B3O Is sltids ts Odds dAfs iy juzdjzlds talg @i,
sMsBddzO® COCB W jdtslsdimMed . 30w jte ftod My dzj

3935 Bdzd ¢ dO MiIsj B dztsls s

ANStedBOIO dz0 flsjBdZzclkts ¢0O0° fdfjté OISO Mj HIWC
MlsjBdzs ZzO° yj mMsts dBsy 4 HO BdH]J Y d dzd dzH to
COteOSIsjtedMmMisdC O ftojlsMmMisOoakzoO® L dZOYo " dz0 dsteW
MtczCskztedzOIsO Mls OB d dzdets s dzO@ tcOMisj dad j Ists d dzj ¢t
ftoed dzj f sotsdzdzad G dzd 3OIMSd odzd Oded " © COCts Mmddzj

OCts o0 Mot Mot dzj 5@ dEzflnfs®ls dzzj @ ted 6z j dz®tqy
sl dz0 Wjdsksdfneo ¢ OUSIEjsilsedispgess®. s 06
mity, Stability), Wsk@0ko &0 Mmisjs wskts
jdeyd Oyd O d dH ] dimiVed @ORMPY O g® Mmifsteds s,
JeOdzd ¥ G.tamkdumissidspddias® yd dzd dzH e d ydesls s d dzg
, HBHJSO Mid NdOs0ko Wstedkd §stkjlsSs fj
&d MY jydWqudd dzsC Odzdzd U tste ] .
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HOdzH j 0 O ¢ 5:0MB@RIMEDCAs jiled L Oyd O d kds®tsd O BO] ddatsdifs o jtiddjls' ik OBOS j H s
fsfdzOydd ojLjdz0 §dfjwCOn. [6StseMSO HdMpEs®yd O, AOCkdsjls
Il s dmistcOy z8abif ¢ 8. %202k tctso jHjdes oL 29 ¢ j deslsdd
yd dzd dzgH ted ydzOls 0 W stedgO BddzO L OMlsOf j dzZO CO° 20 ¢
Wstedgd Bddzfj L OBjdzj yOded CO° L dz2Oydlsj dzdets f sdz30Odz
fslsotcHkzeo OOIs HJj C O G @nnugrts tdnjlsda@ds dCo@izts offpflsHOBle] dzdzts ,
o Otcd " OB ddzdztsmis. RMIsdlsjy Oolststcd dzOE dzOMkzo OOIs H j &
fsH ftsdzdej &ZMSO0 CodsttsdzO d yifmMbts | ot CBtj d
oCkfdzdtsls nOBdlskzfm dzO tOMiIsj dzd j Ists.

3.9.3.6m 0B ( 20 te Ofls j dzd j

mOBdlskMmtsls dzO twOMIsjdedjilsts ets sfdhkze O yj dzsmdad sl
tcOMmiIsj ded § Ist5, SHdsMds dj s OO0 W stedO, Cif OC &
s d 0 dd&BO ftOCIsdydes L dz2Oyj *j fted BSHtcjHEZO O
BJB® d G stedtsMisO dO t©OmMisjdd OO dO dOHo tstej
SotsL BB O YSHESBLO L dzsy j desfyls dzO Mo j sdzd &zO©
ftcd Mftcse jHEZOOT ] dzO Octtslsjrndd CHIfsls BE OB Is I

COtcOSIsjtcdMmisddzgidzi L Oysigsgtc fdsyd JotsdzEdcOdz ot ¢
sdftsod. 1 ORttclstdzs®d®ddtsls (ftotsistcOdz) ddzd ¢ tsdzlz
Hdo dIsy W Ceagmuunva@@labriusculum SCt5d §tsde Jj ysdssls B dzd €
Md sBjLBjHOL skt f ©® S¥ HEcOuwash dzd tOMmisj dzd * O
2O HddejtLdIlsjls. 1 sC. anGulgfififfils j M talgO> O Protsls Isd §f so d f
CsBf OCIsjdz d ftesh dMgrdze R®Betskzdyl (LoDdD@23). L Jdails
CodzZstesdzO dz0O H9 O G dzpo dzddidsts dz09 dzck 'OQ js & s  Wnts te d3¢
Hijlbjtedsd dzOdals j dz sdf (SR OCIsdzO® ctediszh CO) Mts yo
Mssf Jic® OMIstsls dz2O0 ¢ zOo deslsts Misj B dzs, Tfotfetssis d o dz
tcj cdzdtc® Misjf j dztsls dzO0O t©OL ¢ tis @ dzlzfoteds fij ldstdsQ dzts € Sal§Y L GG
tc Oflis j(Mkahg & Bosland, 2006) | s tsdzdzd Is j dzdittseno dt oap e(2023)
CfHJdZISCf c[QIzdzEGI:dﬁlﬂleXTLdzO oL sd3tsls 1 St tsB ¢ Ofndal
o 0td Oyd OO ot mOBdkEkMmtl.

Il f©0¢Mmo, Gjdeslsdf so dlsj cfz o @B tc Teasjecds dzg GO ( lokx
fMisj B iz Is ts, hists jJ L dlsdoe dzO QOtGOQIthGqﬁszqQO L
oL Bsy 2o O >( q’lsdzjfndz@ BOdJf 2dzOyd " © d HoeadxJ*
odmMsCdlsj tOMlsjdd O BsyOls HO BJHOI  satesy dzd
fjtcdtsHtsls dz20 ddzlsj dzL Jo des  dztsHtsdatsj ¢ jJ §StcOHd [k
nOBdlsizm c[d3® sflsdBZzZOdzdzO ctcOHBO C8° 0 oL @Yk
o jdzlsddzOyd 0, ftodmlsOf d HBotsdkdd osdmMddd L O {§ dt
o s Qtsfdzﬂs@@ﬂsua@lso. 10 tOLd&ZdJSO BH ftojlsna ISHdZ.CfISJ H
:OBqls fn, disfrsHdkO | ftlCtijfO dO ttOfilsj dd  OlsO
ZO f dzsHtsedlsj, Mt jdts ot §f jtedtHBl dO Ltej j  J,
d f Oltsie j flafys Ols O.

39371 OLGtcOdzz® OF j dzO Mlsj B dzfs

it OLCtcOdzlzo OF jIsts dz2O0 MmilsjBdztclsts ddzd ckfilsd dzOls © dzC
cOMftcj H] ZBOSO dzZO GOl dlsj. [0 OO0 tsMsBddO HJtGJ
ZzO tOMmlsjdedjIsts, ftosHEZSYBdds MsOmld, | dif flsts.C ddd HzOts @
ZO tOLEctOdizo O | &ty j HO tjLEzdkzlkdteO Mt ¢ tsdzj
i tod dzts fn, dets dimstsetcjdgjdes d HO 688 Letsdzj &3 todL
Bisdzj iisd . [ H Hicze O flstcOdzO, mMdzPe o QAL ¢ O HzE B
fteso jlstej desils d sdzj midz ftedmlsOf HEts f dzsHtsa dIsd
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dd ojLjd0 §dfjweCOf. [cSksemMCO HIMBpEBTIYG O, AOCkdksjls

s O oCQf amelsMZsy § HO Jdqdi3O toOfmisjdzd " © MmMts MdzOB O, fr
(International Board for Plant Genetic Resources, 19959. 00 Mt d dzO@ | f sd
ts dzls to ts dzd tc Olz@ o tgjL Asig@ndpts m BN O ttjekzdzOyd ™ ©
dodlsy WQOoapsdyge €408 d yOJj dzts My COLOCIjtedL JqteOOI Mmts
f stej H Paredes Andeoc s ddQlsOaldz® (t@L2c0t90Odzlz 9 O
O HdMC ted d3d dzO dzls dzd Isq § IsstEd sdizjs™ £ Chpsicynt§dhdaletjal. dzO

2022) dmMfdlskzeOdzy bkttt d Mtelsd d EklsetHddzj Mmls
OLGteOdzj ssMmlis, ftcd hIlss Hjdz tSH G jdslsdftsadlsj B
dimistcOy o OF jIsts dzO J o sjhdzj ) OtdztsalIHsjdEz@ 2H002j1 ) Istgj Isid @
OdzOdzdL e Odzd sy G jdzslsdisod ftedf O" Odzj dzO ctelzf Ols
Cdi3f OCIsj dz lsudefj HAED WOME.cOdZEo O J | HJIsj tedzd dzd tcO
GJdzslsdisoadlsj, HBHJCO fsBO®RS OB tDdplsfj sy dzd

¢
r
"
dz
(
tc

3.938) OL Oczdes ©OL CteOdzglz o OF

1 OL Odzdets tcOL ctcOdzzo O j (till ering) ftjlsMmlsOoakze C
ZO toOfmlsjddjlbts d &0 MmMezhsddmSts Ldoyj ‘) ot Wit
otcL LGetsdzj Bzo OF jIsts dzO pt€ AdisizOjs O B JtistedOdOs EH ddstoly
tcOMmisj ded J Ists. [0 Mot Mlsets M YetLkzoO® d Mt

tcOMmisj dzdj, GHddtMds tBdtokzeo O] dO twOMIsjddilsts
ZOHo stej N dzOISO Mtej H d dzO.

sO° Ckdzlsdo dtcOded I€janrtustlz@&Bd YfshHlsB RS ISY stedsdtc©® j H
HBH]J] GO CO° Hdodlsj] Wtteddd MmMj ~ Ooako OOIs 1]’1594>'
TCP ftojlsmMsOQokoO IstcOdMStdf ydgméd WOSCktste ¢t d
Btots ' dzgd t©OL ot dzgd  tetsy Omafizsls g "cOL € 58P dzting O°dj , B G t
yejbseod d dzdmlstse d. Dong et al. (2024) mts G J
fdi j tc Taplsicdm annuuni . ) dHjdzsdW¥W dSzo O®RITCP2(7T CRdzjCdEs o d
apS|cum) ftsHjdzjdd ots Ho | UKROYOISDODSQY €[ WB ¥ IS
tcd f © ats ot OIsO CEOMO d fsCOykzaO® odmMtst O
QO>|IzaO ZO IO HJSCO | HtjSldes oCdzzyj dzO o ts
OL OdzdztsIsts t©OL GteOdzlzo OF j .CaTCR iy t jofj d d O@ABO dABtd tc1j
fdydWdyded sCSdoe O d WOLJd dzCaTERAE é&st5° | w @y @& dz® §
I dgddizOdz L dz2OYyoO des odMms¢ O jC¢MfteimMd O o8& yoj
WOClktstedlsy Md JSMfted MdteOdzi L dzOy0O' dets o dffilpgC s o
CGteOdzSC d, tMelf dadsifs dEYjC/STHB 1.5 [ st sdzded Is j dzdzts, dH
mi RNA &tsdzj Cdzd ¢ t5GaT0ROpdzdlsd €@@ls Hl Iz o OOl € O
By ~nO0dzdL O3 a8 fetsyj Msls dzO tOLCOdzzo O §] dO {5

T3 RSO

S
5
d
¢
fr

39394 Mmisd dz0 dzO dzd Mistse

lEMlsd 20O d&20 ddMmistsodls]y ftojlsMmMisOokzo O 90y &zO 0OGts
HEeMOf dzsIs© dzO Mo j Isdzd dzO, Mmisj f j dzsls dzO IstcOdzmy d
d BdStesC dzd BOIsME sy Efmdzsed € tdzkz MdOEmpisd)ldzd jdstsy j
HO tBjLBjJH toHtsBtOf EFEbthd g pPL ©,0MgeteyHo Q] |,

o ZBAO HOctsHz] B todL S BBIs SH 5 OO0 dzO cOBdzd L OB
ftoesdL ©o sHMIse ts. Csa@nuune dcH sy le(dsdeO lds® dzO  dzdkfitsls tieg) dsI€ jO , M),
M HdZO dd&zd ckMmisO. |[Cdaandiusnjar. atrivsdzdum =ffiptosOjlsdzts] L ts O L
CkMmMsO ddmdzd HBOMO, (' 0 di3 BotsL By ko O f tsctsdzj
(IbarraLegarda et al., 2025).
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3.9.3.10A Ste 5O dzO dzd fls

ABedBO0 &0 Gf ERslkEsiEY cazsh €O COwLOSkjdmisdS O
COMdW S OYdE NS sdHBE&®OC j &0 Mo jlsdd kOO d O
ZOHo Btejh &zOISO Micj Hddz®. 1 slsj fijded s jf) § dedfflstsdnd ©a0s L
ssfd&d d Mked EkMmdsed, HsHELCHEs ks QQdss Sydtse s dddds t
Wslssmddds j sMC O OCIsdodesils  Of Msefyd: © dzO Mo jls

et al . (2022), ftcd OdzZOdzdL © dzO IskzteMmC
Bdtsls Hidz SH cJj dslsdi se dIsljegafaz 8.1$2025) H ts dzy
o Odzj LdZOyoO dz0 tOL dZdC O ot WstediOIsO dzC
sots 6 jdzgilsMC O o00Otd OBddzdesfls ENhIlsj BGH {§ sy

EI @
0 owa T
SEG
N&g >

. 3.11. ] &zOS dzOQeatsfmils dzgO ~"disitslsddz d Mmlsj B dzts
o[aarjuumtstzo[fnlstssdls,j dz0° yJd M s 9 dpgQ ¢ daBO usdygdf
yd® 0) . rdedilsj W S.topigubsceds] dge) Elss d L da@hu@s oc
sd ddmistse (. | EMmisdIlsj stcdrtsdzd ( & &zOE
2O hilsjlddydlsy d ftsBOcO0OIs ot L OHWY Lz
d - [900 MsBddd | C(tdstotcdzdtcOdzO s
COcOCIs] to. Paredes Andr ade et al .
Gjodtslsdf sod ofts dzd o dzOIls®egdndsletH d ° O ¢
MEOS ks OOWIsh J §dz dzO o dzOS dzOo tsMyls  d3ts
Is

)

o
T
7]

e

2O MmMbkh OF H{dzL f dzfdzj s dzQ IfildyIstpitdedaitAIO O
dlsj dzdmistse d UBQO>|I290®IS L 2Oy 0O dats
Odzd Wd s@ sl IstOo & ko 5° Miso 5.

"CIFOOFITIISE~V W SO ()

IFFASER O-F "ICEEESO
CRIERT ISR

§08—=

ggovo-ge
c9°—5r- )

N g ng%@mm'
OB NE+ L G-+

J

o
s
j

ZOo sMlsO® dz0 ~dfsStlsddisls ftojlsMisOalzoa® o O
Cdzzo O] d fsyjbddsls wOLoats® dzO tOMmisjdzdj Ists
Emlseo slsts dzO o dzOSC dzj dzy© dzOdzd & dzO dftisadlzOGctoOts 4 Is
LOHtY o OF jlsts dzO0 o dzOG O, dOBOdZEZze OF j dO L OcLk
jlsMlisGoakzo ®© d WdLduyusO BOttdjttd® LO fyeddlsy

G tcOd3d , 90 Mot Mlsots Mzkyd CO0CB BotoW tsdzs!
J dzls ¥ 'd@ Odgd Mtstelsd, e jdats ots ftsyjlsdedlsjy WOL
C. pubescend C. annuumvar. glabriusculumd &30 0OIs dL tcOL j dz2O o dzOSC dzOo 51
fsoj>ilkts CEdzsdo d cOdethuuthtst€dsdf dgQ dfdeHitisly » des Mts A3
(Barbozaet al,202) . uwfftstcjH Paredes Andrade et al . (2
Md T8CO0dZO COCB L dZOYO dz0 HdMCted B dzdtcOYS O s
SH tcBapsickm [90 Mot Mleats, MsBjds CO° HJodlj W
Mts L ¢ sdy s B20dk®mls dzO0 Mmkzh O-Ldgandsdasddtydall |l baeoa
GjJdslsdftseadilsy Mts dqLOL j dzO 9 &zOC dzOoa sfMils dzO ~dff ¢
Gjdzgj smSd toj Miztef Casts fRstygtc @] inij Q@ dlipjydfj ¢ yd  ©

slsf stocdatsflfy. dz0 Mmiste

Q—.ﬁ-@
F8 0

WQ—

]

ﬁ
]

)
q
]
d

zO¢ dz0e 5MisO dzO0 Misj B dZBSIS 5, gddzd ftedmkzmlse slsts dzO
g0 WEdSyd O dO0 MLHOOY ] WdLdy¢ O BOtd |
sdls© tH ddzMmJ CIsd ( Is-tcidf Etdl., 20179 limrHeghrda eflBo b ad i |
5). JH Hteze O MOdO, WtsttdRdtcO’ jlsts dO Mds"’

0j o toL BISCtetsS dzd BOO BECdzz t©WOMIsjddjlsts
lsdaq’tsOdzq’@oannh‘x’umtgdga;p ®Q Mss My “Oeakzo O MAzOBt {t
mis, HSH SO Hdoeadlsy Wstedzd My dL tcOL j dzs ¢

%
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ot Msotslsts oS dzzykzo © dzj StsdS bk & dzOo dzod etsS bfmd d
i H 020 (htsabd. @021)

39312s sdzmlsted S yd O dz® € Odzd §

stsdzmistcd C yd " OO dzOs Shiplslidfi§ dpsalsO ¢ j ts HYfdadsdn dzts i dzts @ Ols ©
WidslsdfmMSO COLOClkjtdmMisdSO St5° 0 dagj oded O otelL
Gjdtslsdf tsls, des dBtsyjJ HO et fftoesdj dd dOyddzsls dzO
Mot  Mlsots j stsB j dets L dzOdz@fdidtsd SLOQ) B tec Wits das ®© €
dHj dsd¥dSOoOyd © diapseuH so d H tHBHEBIS

Agapie & Barcanu (2024) O 0dzOdzdL dteOdzy € 5dzj
tctsH @dpsicumE s° © M BGHteykzoO® ots Vegetable Resear:
Buzau, [ tiQdgdz OHO Mmj djmMdd HdMddS yd OO {t
BsteW sdzsh € d) g skHBo B L OB j dzj ) z9o OOG. chingnSe® tc O Ml
d 300 SCtdhistedtyd © dz0 sfMdse Ols © dz@. friiit&dedsS Mtsls,
dzj BOOI ¢ EAiptECe SO S Mtsls .

s O f s j >] Emannipumizs GO s¢gL OL § 20 Ctsdzhmisted S yd O
f zsHtso dIsd d 300l fshdtesC O tthdtssO d MJ Hdte] ¢
ledmMiemseo slsts ddzd BlsMkzmlse slsts dz0O 9 OO MisB d dzO
CaddMmlsy dzelsdzO o5 tOBE sy dz2O J HJ dL. dnpuipty sk Oy o O ts C
Misd Mdzzo O | dzO o tcOIBBIs dZO BMdtso OO, IssO By J |
BOIs j tc dC. @ienswHdzd 2O ftedmikzfmisets dzO M j ydw duj dz Odzj
5900 sMtsB ddzO dzj M HylsOdzdzs COteOSCIsjtedL dteOdzd,
tcOL dzd ydzd ICapsieutfH g d f toj S sMisOoakzoa © HJCO My o ¢ dzlzn
Mts dwstWtsdZzted OO dO0 COdzd ¢ Mtsls ddzd W sted3OlsO dzC
JotsdkzEyd sOK@sice@ tgH MjdzjiSCydmMmeo fjtemMfjClsde O,
ftcd tOLots" dzO0 Mtstclsd fsetsHdd L O d3j - Oded L  tc ©dzO
Htch COISO L O € Odzdfi§dndedsls Oo dffds IXg j Balza®L L O slsC d dzlzo O
detachment forcgParedeg\ndrade et al., 2020).

Joshi et al. (2021) W jdtslsdf MCapsicin®pOS Is i tdfL d tsd
CO’ dzdlskz JjHjdz fteddsitetsS dai 4 BklseoteHjdzs ftedmk
GJ od3f &zOL BOSO OROwZdL JteOdZO BH Ga®GnNnYOted®Sla] tod G182
ZOMmdzj HdzZO d MlsOB d dzdzO, c¢ts BHtEOLEZoa O ¢ jdzj sME sIsts
d ftejlsmMsOakzoa © 90 dO OZOKEO ot ISOSC MERERIBMS OISO
AVRDC, & CATIE, 1995; Gurung et al., 2020)

3.9.3.13] tcOls dz@IstCMdAE>® ff dztsH tsls

l cOIstsls dz0 thdtso OO dO f dsHtsls dZO0 fdfjtcé OlsO f
f &zsH dzZOIsO Hth CO, COHJj hlsts dBsyj HO Mj Yt Oad
Mts tOBRdzO0 ddzd M dqes¢ O sMmdzise O. C. arm@n fn g < Oi@s@AZL O
sH Joshi et al. (2021), ftd hists dedlskz jHjdz BH
SMdzso OISO d&zO § dzsH s, d tsH Gurung et al . (20
fsCOy0dzf BlmikmMsots dZ2O0O o O Mot Mseats, LLQIO© 2@
shdetso Ol O. | s sdzded Isj dzdets, ot flskzHd OO dzO Bi an
C.chinensg 9 tcQls d&zO tMdatseo OO dzO § dzt% tstdsH BYdtek| d3 jOR tg iz |
ftcd hlss B0 Mot Misets ftoedHtsdzj dzs L O W W jjtejdaByd "
ctezf O My COtOCIjtedL JqOdZzO Mts ftedmkzmlse 5, O HTk
f dzsHtsls) .
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. 3. 14, ABted3dO dzO0 f dzsHtsls SO ¢ Jjtet OO
BOISO d20 f dzsHtsls ftojlsMlisOoalzoa ® jJHAZO BH dzO° tcOlL
CapaidEls v SOS jSH] HIE® 9 Oy dzdIsjy GC o OdzdIsOIsdoedzed Mo
JteedzucflsJ O ftlstesh zo Oydlsy, sO¢CO d Mmj dzj
Cd dd&zOOIs d&Odd, ISteC Odzj L dzd ddzd Isd Mdzs € 5¢
ts ) Is td ndtbary©& Kabhé@n, 2001;an der Knaap and Ostergaard, 2017).

sisd ISsO, §ftH odzd Odedj O HBAE MsdEOyYyd Ols
HOHJj O hdsCO f0O0dzjlsO dzO@ dzO° ttOL dzd yded W s
d BOBLktyjMisd IsdftsodHOBedzglg § ky | ®BPdcdd Iststcd O
ISJGBthqu’tGOG)Is sBdzd ydlsjy dzO § &zsHBls ot dzj ¢t
df ststed YWddzdteOOIs h jMmls hdqesSCd GCCOIsjetsted
dz
Is
s
)
i

na-@

Bao[Hdzch m@nﬁlmqqﬁgﬁjHobGszudaisdz,m dz@ OU S OnAf fir(IsG R
d MmMiHkd ¢COLjetstedd L O GBSl dO f dzts
odHjdz GCOMBBOdMsodHjdz, GBdzjd3s BOBRZWIGESOdHJ d
OO0l ectdzjd3 Hjdz sH W j deslsdi MS OlsOecBEEAR Oyc
tojsHdzd Wtedsd, hilsts fsdzgj CseOh et tslsjy dalz
OO dz2O0 f dztsH sIs.

SEWFOONIQONE— gRSE NS W SHFPOD
N‘S‘S‘OE{O@-"SHE{

sodHdsMsO dO Wsttdddlsjy J LOBjdiydlkjddadd d

o d @&psidasH IO yYJj Mists tsH €drjnuume Onodsfststs HEHHOY Zzo O
‘Etsdzj BO BstoW s.@EB" C @] €OL ks W HidgsTisd e Oded § dzts
¢, BH yYj dzosfdes IteC Odzj L dzd, fHtoj Sk C¥edalzmtso dH
l ., 2025). s0O° dimisdtls odH Mmj dBjctsdizls @Ol

L0 TESFIFOY2S 008 O0F-

teyd*® O, d &BOdzdlsy HJSCBtOIsdodzd W tstodid, hIsts
dyded dzOdsj d&zd ( Bosl and &Votava, 2000; Par
O>ddzilsd odHtsed diRO FBOEZO o Ottd OB d dzdzts
d udizdtisg d ots Capdictmtetg s Z dzls d e O dz  frps] o1 j de@ Wi IS jSdDdg@ * C
j deLod@ Istf dztsH sIs d fdistcHess JdkGesdsddts Mj Cs° o1
qw duded €COwLOCIywdmisded tsd My IJfdudd L
tcd " © (Liu et al., 2023).

OITIFEAFTSO F20—
(,TQ—&I—wru:t, ﬁ_g_j:l—

IS0 QI 0o~ ®

ANStcd®OIEZO f dzsH SIs Qisd31]’dzJCfndzO CoOdzlsdIlsOlsd o dzO s
(Vilarinho et al., 201k R st odzd OdedjIsts dzO dOHo tstej M d
fsCOyEo0OOIs HYCO szcllsfr]gcftsls WOCIstste ddizO L dzOy O
(Maetal , 2022; Liu et . ,-BRPPRBOC. © 1de j §ze € jdx@imoEdy
Omtsyd O6ydd, dHJ dalsd W cfQIzaOdzq’ mMi Yo j>i ¢ dzOo dzd
dz0 f dzsH sls. | J dzj ICndhnpieng d 30 q 60 2 ©® GARBs164FR. M d Is §
fI3.1, fd1.1, fd2.], fd4.], fd11.2fnts W stcdBOISO dzO § dzsHtsls € O° 4§ J te
Chaim et al., 2003; Rao et al. 2003; Zygier et al., 2005; Barchi et al., 2009; Kim et al., 2014;
Nimmakayala et al., 2016; Hill et al., 2017; Lee et al.; 2020; Borovskly, &022; Ma et al.,

2022; [cLeod et al., 2023; Guan et al., 2024

393.15AtsteBO 2O o tco dzO  dztsH
ANBtedZOISO dz0 ototsls dzO f dzsHtsls o Mmkh desfls Mmj ©Hdz]
f zsHtsls (Yo jldedtsls Cte@ ), Ct° dBtsyj G B dRHajr e doehs
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1qfs101f edHisdzj Mz o OOk Ctdz Bl sdsh § dH ¢ B zadsd
|z O fdsHslk. uwdlsj sSoedj dMktOyko Ot O flsotH
sttt ddteOdd d WjdsksdfimSd Std.dhlsjdsdd shss
tdMmjde HjMSEdflstte LO oW sdsh O HdW, ) dyd: C
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. 3. >{LI169®¢]pHdzO Yyo jlsdzd sMmMisOltsyd dzO otco sls dzO
Mot Mlsoets ¢t tsfdhkze O l]’tc;c{fr]lzfr]lsatslsts ddzd tsls
d® 0, {twddsfsyd)H JdxdHOdzdzdtsls sisj dz) s5° O OO j Is
dz Ld3131$ ZO GftcOh o OC iR @ yH J © jzCziiEgs {fgoragHixf.
j ¢ CO‘annauthy B lglsdzdIs] tMisOktsyd tBdydes Glsmizf
'ﬁbnseq’Cfrutescendsc{J yd mMsts My ftedmbkzlsded. [H ¢cJ
d dzO0 o0td" Guq’o[ ots G j dzd Is fz@ Bldiiy d dintsfsH@bssAE)sclitsts o
ptej d3j deslsts tsHots o OF j dO yYojlstsls 5 S dzsHlzo C

¢
q
o

gTIE"QGR®
OFF A O~
gEITNNO QO
X g0
%

39317 sdzsyB O (fsLdyd ©0) d2O yojls d ¢ dztsH

rdodlsy Wottddd dO0 fdfjwiOBO0O M COLOCIjtedL dqOO
dzj mdzts MmJ SHH ] dzz o OOIs sH ¢ Odzd ¢ jmtesdsf Is(d@ed¢ Ods@dzd
B My dzsdzd dzdmlssed d Mdaozdes dL teOL § d&zO dzkzIs d dzO.
dzOce tstej , hists tsotsL By ko O ftodtesHdes S O" OF j dzO
Md BIB., It IjJCBI dzZO HBRIMdECOyYyd Olsa@H tfusj €
fsystemists fsotL Odz Mis YOh C OO, Mt ftsCtolztf dd 1 dzt
d Mt BOLdd ddmlstsed (BjL Ibtedatsdzdd). 1 8CttO® IstsO
J ftosdi] dzOIsO d&zO szt B OISO dO f dzsHtsls, j sHE tHdgtf tc
odmj y¢ © W st d3oO, ftcd hilsts ff dzsHtsls MmdzsBtsH dzts o d M
Letsdz] dizgz o OF jIsts dzO § dztH tsls, RZOBOdzZEZO OF jIsts dzO H J B
SH Ht] Clsdz0O MBdzyj 90 Mo jlsdzddzO® d Istcj oatsf Omdzed Y
Albrecht et al., 2012; Chunthawodtiporn et al., 2018; Solomon et al., 2021).

s OC. annuumdzO© * yJ mists MmyJ ‘09Izs® odMmj ys © ftsdzsy B O dz
fsdzsyxB O | @ Butpgclns(O YOG dIsy Wstecdsd. Lee et al . (
zO0 MmMtstolsdfd Ypsd tastad j dzls Oyd © dzO § dzsH sIs f s5C Oy Odzj
ted yd Mdoe j dz d e teUcjOelzjdz@ APEiIsts” Odzdjy BH 4.3 cM ¢t
Cheng et al. (2016), Capgsiqundzia@md ¢ &ldaB tcdz@z( tfc @201 Is
Cs° j f Oda yaPs BEdets L sdiZsls 12, HBHJSCO Han et al
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9 Otcd OB d dzdztsfls dzO 5o O Mo ts° fyls oABapUs o IS dsmo i je tf teasllk
SH HOED50 MbhtosHisL sdiisls 12, Emi J Odzy HO] deftsyd to(
fsLdydtsdzdtcOdzed ftsd&3j" k& Ho O HBOLE jttO® Ctd BJddzy Y
stedj dzsOyd O Isdz0O bk RYHIIB,C 2@ tslsj dzyd " Odz L Qe Bsdzj ¢ Iz
cOBRBEd dz2O0 M dzj Sydmeé&dlsy ftetsctcOd] .

39318 EIsddzO € 0O° Hdfjts OlsO

J Esddz0lsO0 C0O° fdfijteSCdlsy M '  OokzaO® COCH tojlL
mMtsj Hd dzj dzd * O, CdzOo dzs OC OzsdH slIs € Of MOJd yd de,
f zOyJ dzlsOIsO dzO f dztsH sIs. HyBSotej d3j dzd Is g Wq &ec j dzj
M smMse dzsMisO L O Mddzlsj L O dz0O tsody MtsjHddzj dzed O |
ots tORBECd dO jotsdzkzldodzdtsls ©OLoats" dzgO ttsHESls, €
dzd dzd d . KO’ dzO0° mEapsicgns | CHftcdgd] dsd ¥ CCaBieUm 9 d H 5 ¢
rhombadeum( ) dCdzciliatum)  Gdipsicum lanceolatury ff tedtf O" OOl dzO IsO¢ O«
AOdzHMCd C dzOMisjtei, SO MOduyddsdHdls] vyj zsimdats sk
Garcia et al., 2016; Spalirk al., 2018

stsote d3j dzd Is § GJ desdzm € d dMmistcOd 2Pk BS Ols®@ b in fatzls
M s dzsMlsO L O MddsjL O &O COfMOdyddesdHd, St°
jdzL dd3d tsH BdtsMmddals j IsMC OO fOIsj O dzO SR Od yd dz
(5L dZOSATE , S A®BE CsHIO® COYMOdydls HGUBOL OF & B
sOdzdL qtc® SO dedtsls yYjStste ots BdssMmddzlsjL OO
zsdo dqtcOdzd Isj B O dndiuurti dptf grassuch, H SIOKCMEIs d e Oded MJ fe
sOdzlsdzd Odzj dzd 2O tot° ¢ jdz, Mt H Jdzsuydqd PlsPdzdzo
f mModyddz ( Stellari et al., 2009; Ou et al .,

n&nn

Hdo dIsj , dzi dzkzls dC. ehgdmbdisdeuin tedRiogids] d MO GE s h Ists  dz
CydtsdzOdzj dz, skzC k& | d MmMbkzClskztedzts f tetsd3d dzd Is
OYEZoOOI HJCHPBSCOdDdHOSISOdzd i BMIO HEYT dzdC Oyd =
EmMtsls Punil, Cs" 0 WjLizdkzlkdted® Mt dzj ¥ z2dz¢ ydsdz
BdtsmMddzsj L © 20 S OfMOduyddesdHd. [ 5§ sdzded s dzdzets,
ots IsCdotilsts dzO f dztsH tsisls tc Grdzgfyg Qete @ fddssd j L @ Istzenjse js Wb
OkzOdzdL qtcOdedIsj odHtsed (Stewart et al., 2007;
al., 2016; Egan et al., 2019).
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1 5 ¢ tdP@n] dHjdelsdW¥W S ko Oded My d Htkzecd ¢ jdzgjlsmCd
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dzz s d Bp@2,5Is C tod j dz2 Mts  tfds@ifsd tc QEQ] ETA' Btsdzd o dMSd f st
s OC.chacoensalzj S sd Hdod twWOMmMisjded © d ¢t Is 50O S
Punl,dzj ftetsdL o moay@@dsde@ @y § tstc OH JCaldid(keacflACP o ts J
reductase), hlsts tojLEzdzkdtic® Mt ftoj ¢ d

et al ., 2014; Koeda et al ., 2019) . Jodj BIs¢
Bsyj HO dOMs@dzj S dz) lc@a dafdgad ¢ § dzj sM¢ d3j ~ Odad L «
BzlsOydd ddzd tlsmizMmlsets dzO 6Jjdzd IsMEO jSMiteimd  O.
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ddz ats Bdtsf
d

) 5CtO° Cjdzj kMC OO Sdse ®, Mlsjfjdsls d&o L] ds
odzd  Odzdj oteL OFS i i3z &zO YAfpad it 6. 2020) % df {Bik@efgyeitdzs d H d
(2009 , dzdotslsts dz@ SOfMOdyuddz Mj LeEtsd] BzoO HE Isj A
MlsOB d dzdzts oz ot  SHBYdeHEIRED] Y OLd HO fj dzO&E
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I'dLjdsimlsO | L OMsOYj do Kxxd,{ siii>E Lgds s f) fand
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s stejH Nishizawa et al . (2017), Bed Y O sMls O
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sMisO fMj ®BOddW jimMsded ¢ O0Ct - il s B idazd dz6
2ZOO. It [je¢Mdet, ojLjdshso | Ijtzo[WOlst
d d&zO0° ROodz { Waapghofle @ S aljsy J dfspls sHB'd o J
o Oydlsy . 1 steOHd MY J ydw d ydzOls Qalapejii j dzd dz
df jteSd Mmj MmMkh Ok Mt YOHJ | dzO Htsa(B)o,sIand)&tjteisc[L
ot ava, 2012) . Jansasithorn et al . (2014) ,
s5COyEoOOI HJCO fESCAOIdddlsy &0 ¢ hdafetdngzOlso ¢
Olodsteftelz o sMmisydets Mo toL dats lquats, dzs ddBBO HJ dztse
H
sls
O]

&3 OTIgd

FEAF-0FF
or-r g
Te "o idad

>— 0O

N2

f dzsHtsls M Otczo © Isted §OIsd oLt Mtstej HJ
Jdzydte® 90y dsmIsO dzO o jL jdzsmMIsO COCts { sy J dzdzr
mizh j ¢ pdafd @) " @dcL BtGchdzOlsO d Co0dzdIlsj Istsls dzO

FE TSSOSO e o

ZOh OO Ljdi O, bdfdyudoso ojLjdd fdfjwso
hfdz® 2O f desHEBl | HB®R]ZOdsdEZO ¥ stdkO L O
dUydsdzOddats, Hteh S dlsjls sdz0 yS st ff dasts sdedL djd dig
s d20 Mj O d fesejo. J[ots® Isdf dz© §d§jss
HiedteOF j, Mt dsdded dsOcdzj dz § tesyj dzs dz@ M Of o O
Yyj OO fmoth ddz® dflstootafjlsdj dats ffos]teififs dodzCis
disd d yetMmisd HEhCd LO ddyd® i d COfOyYdisjl
j6Cd djfmdd LO BjBO, kiOdhfsels d &OddfkdC
qudsdzOdzdz®0 d ddzikflsiedMS O ftoj OBBISE O,

0TS

O=gr 11700

TSI GT e
T @

Cs M eOR@PLVBES BIs O CEdJCEEZOIO J §tsH € tsdzlste
ZOHo tstej N dzOISO Mtej HJ 2O, d fsCttO®" Fsmistsy ® jilsts
CklsdS E2dzOIs © (Isaacson et al ., 20009; Kos ma

&JBMQ@B@OQ&&BSJL sMisO® ¢ O° f dzsH SIs. J 90 i

IstcO) 2o ©° O d dHJ dz deQOud O dz0 My J ydwdydsd

O Mets Mlsoets CO° JdfJjtcC OlsO

OF-FOO0 FLAFTA-NS TG

Taoaazg?
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3100 o d3j 20 2O Motsj i3j dzd BjltsHd L O & jdsksdyfdL On
COfdf j 6§ OlsO

f smdzj HdZOISO Hj yJ ded * O, BtcL dtsls dOftej HSC dzO

YO des et ftesdzided O Cktefmtsls dz0 HoeadxJ ¢4 dzO B
cOY 2o O 0O dz20 B HzO Y E'ozPH it Bzod@ o>xf cd 34 |
EQE j ZO cjdjlmMédls HdojttLdljls GO tcOMls
szucftsdzq’tsoﬁ‘ci RZOftcOoad " O tjotsdzzyddzj teded f to
LdzOdzd " © L O diMstcOy ko @YJsOdz@OHG g eplshHBE Pls €Ot PC
Misdlsj dzded Isd ¢ Rdgj dAgE d ots] BWAA] .¢c sH d dzO, Qi n et
j dzsfydzs ets Mj Coj dzydesdzd e ©O0OIs d QCapsicumoabmu@®POls ¢ J d
74
y

3G
G,vfzﬁo

N

Hd OO BBJLBJHJM&ZO L d&OYyoOjd zoadH ot I§O® sdzlzyc
fsHisBtokzo OF | dzO fifedO G iyl kldslz tc @ tots H tsdnjdzisjold® dzO W
G
d

(ONORZINONT)

0O M odMBEO Misd dzO, -d3@ 16 zg @ P dzls O dzy P Z@ OO o 6zC
ftesyd dzad SO dzO ¢ te dzdy des 3,48 Gb d MmMs8Neyd 34
BOwS L@ POIs IssydzO d HJ dOsAGAD] HizOmaf{a Ots LdgCs jds , w
HJtej ClsdzO dHj dz2sd¥ dSCOyd 0 d CO0OttOCIsjtedL Oyd O dzO
(Taranto et al. 2016).

4 5O s BIs dzZO NGS ( Next Generation Sequencing
Gjdslsdf dL dteO jdR3Q@EX jdodf’, O i Glsids ¢ sdzj d3d J W d ¢ Ofmd
OmMsyd  Olsdeo dzslss B@BOY JO® § d&O MEpcifsazd ( PdHg dasc
2011) . lted 3 Z2OISO dzO NGS Isjndzsdztse d d4 O dzfs eztf L 3t
fsoteL Oded Mt OC tots datChCts{ts o P datflz linc dz0O i Isle Odzj tc O dzy d
BdtslsmMSd Mistey Msoed, sl tstdtsMmils dzO Bsdzy MIsd d d3ts
2016; Manivannan et al., 2018; Du et al., 2019).

lddzj sMEBlsts BOYdqO® j] fHtojlsmMisOokzo O dBs>dz0 0OdzOIs ¢
dlzd @Qdjle dtsdzdIsd fsotL Odzed Mts 90Otd Oyd OO dzO
CoOdzdlsOIsdoded Mot Msoa ® ( Xu et al ., 2017) . ]
(Genotypingby-Sequencing), RAB eq (Restriction site Associ
SLAF-seq (SpecifcLoas Ampl i fi ed Fragment sequencing),

CGJdetslsdidL Oyd 0 Hkzted d €0O0° odHtseod Mts ¢ tsdziy &3] q
utsotej d3j dzdIsj o 0Otd Odzlsd 2O s8¢y, s CHESSC OIBAD)
f sesdzj d3 ts{ flsds ydflztstinisg s drjlsdsO H S S dzdzd Isj dzdzts *~ O L G 5¢
GJjdzi sMEdlsy dmMlstcOy ko OF O.

sOCB tjLizdzsOls dz2O0O o dj sjndesdzsh € d HBMIsdc dzlzoe
CGJdtsdsmMSd BOLJd dzO {CerBankGegBank OVe®regr] ERskntbl Plagts

(https://plants.ensembl.odg/, Ctsd tBdzi B g HEPI@DSIO § His d dgW stcdz®
Cjdzgj smSEdisy MmjCw@dydetsd gl pislszftc dz0 tcOfdIls | dzdad
d300Ils MmMkhilsddméts L dzOyd ¢ J§ LO fteskzykze O¢j dzO J
BdtsHdo jtoL dIs] Istsls d d®izf dzj dzgd dzls Oyd " 0 dzO@ ¢ j dzts d3fr
f csHBBkzO O j] d2O CEkdzlskztedlsj (Benson et al ., 201

dzls £épéidem sad Mo ©d 5 dad IsjjdzBAsidly EH P YJO 06 Bo BL C
d 0 dz0 ¢sdhdO ¢jdjMCO »o0kd OB dddsh
duded MmJjdzj Cydméd Mot Mise©® d ddasjcteOy(
ydtsdzOdddls] fotscteO®Rd LO fjdjSyd Q. [90

42


https://www.ncbi.nlm.nih.gov/genbank/
https://plants.ensembl.org/

Is: CAdg@EE®C@s jtedL Oyd O d kds®tedi 'z@©Od dedztii@s o jtidijls il OBOS j H
pjLjkO fdfjwCOR. [6ChksenCO HIMpEEGYG O, AOSkdlsjls

o
=

stlsd Mts ftsHtsBtej dzgd OcGtsdsdZsME d, sS4 -~ d
LOYykoakzo O j d o90dtsttdL Oyd O dz©O s Od

%O Bsdzj S kdkOtwdd BOwLS jtod ftd syj dzo

OfF O=x
o)

dtsote] d3j dePlslEd G tOsdntg dzy Cyd © 2O fdfjtwccO M f§oj:
@O Sdkzydzdls) OC tosSdaSds S o s tho ) flsptOsH £C Isd o dzsfls

COOCIsjtedmlsdS d 2O fizsHtsoadlsy, slsf stedatsMis @  daC
tcj CdzdtcOf jIss dzO0 MtsH tosedeO s de@ dSj O frfip @ \fisdz. ©  [frgg
d 300 Cdifdzj S MdzO® dzOMdzj Hdz2O tsMdese O, hlsts et tsls
CseO0 fMj CotedMmlsOls MOBts ¢ zOMd yded dbj lsiasHsd| {f tg© O
COOCIsjtedl ®ygo OO0 dzOMtsC O, dBisfdy @ &zlHaOBEI IsRts x3R® C Q
dqHy 2sd¥dcOyd 6 d MmjdzjCyd O dz©0 Mmifdydwduded «
oL By Zo O sjWdsOmMds dOMsykzes O j dO My dzj Cydf
Gjdaj smMCdlsj ©OLddSd f§toteL Oded [ teO & nRBjLHBORZ] Is j
otcjdiBjIsts LO HtsBPBOMY iz o1 OMEisls § sdzo j dzy d ts dzO dzdzd &
( Mi nami yama et al ., 2006) . [ BY Bdzdzd Is § dzdzts, dst

Efidzso dlsj &0 dOHotEjh dzOO MiejHddz®, hists ¢d ftod
HiMmEBEted LO ftesyj SO d2O ¢ jdzjlsMCdtsls HdojteL dls

1j dzj 6Odzdats, dBsdzj SkEdzOtededlsj KROw®S jtod M € dzOmdW d
[ 1 sBOtS Cheghokov, 2018vali, 2022).

IdBR i BdMSdls] &OLSjted, (sHsBGs o GHUdsEOLEDS sd
So L BBy £ @PPUsOWwd L& dz0 o Ottd  Oyddlsj ot OdddesS d
2O jdzj StesWistejLO. AkdSydqosddteOOls CO0Ct CtHBABJC
setcOdzd Yy 20 f stcOHd etOdzdyd dzdsls dL BBt @O H M
fshMslscOdhdoydmMsd BsHd¥dSoydd, Ssdhlkts &y Ol
tojLEzdzlsOIsd d dzd o d&zOIsO OdzOdzd L O Al-Bamdrai & Atkazaa,r o v a ,

2015; Yali, 2022.

1 SL dz2OyO ' defOdki pd sy § stcOHd dzd o dzO IO tf @€ WO tzd tsf
HijlsjCIlsdtcOOIs O & Jdyagfts j 11 O MY sty H 3 IstsH 5
f sdzd dizsteW o L degig@tgiS,j tedissg M4 HJ O ot Hej ctelkzf d:
~dBtedHdLOYd 0 d BOtC jted SCtsd BOLJdKOOIS dzO { tsdz
Chain Reation - PCR) (Kumar, 1999 miteye, 2021; Bidyananda et al., 2024

[ OteC jJtod Isy Ctsd BOLJtOOIs dzRestriGtidns tagmmedtL I€gtl] © ©
pol ymor phi sm ( Bot s t-¢ariable miinbersof tandem tepedtd® (Nandkurd N T R

et al ., 1908 ) S S ls®isd Uy j yd ¥ d udedls jfoatmBsdo di OS
HilkjChdweos j &0 o0td Oydd.

I sesdzj 30 f tod BEREOO L GO Bl BOG S ntg din dzlp dz@ Is dzddzO
My dudi dyddd dimdets tsH Il dO L0 KBjted "Mists Mmj
Mz yO ' iy dklc@y< d di30 tc ¢ RBawddm Apiplified R&lyPDrphi¢ DYNA

(Williams et al.,1990), AHPCR A@rbitrarily Primed PCR (Welsh & McClelland,1990), DAF

(DNA Amplification Fingerprintiny (CaetaneAnollés et al., 1991), ISSRInter-Simple

Sequence RepgdiGupta et al., 1994; Zietkiewicz et al., 1994), AFLA&An(plified Fragment

Length Polymorphism ( Vos et al ., 1995) , HSHJ SO M Jydy
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(Simple Sequence RepedtHearne et al., 1992), CAPEIeaved Amplified Polymorphic
Sequence (Konieczry & Ausubel, 1993; Lyamichev et al., 1993), SCAReQuence
Characterized Amplified Regipr(Paran & Michelmore, 1993), SNF5ifigle Nucleotide
Polymorphism (Wang et al., 1998).

ltcd 3] dzOIsO dzO Boad] ®BOwS jtod BGoaLBsSyEZoaO odMEC
g dzsilsdf s9 d, Mmdzy HY ¢ J zO0 dZOfmMdzj HEZO OF JIsts dzO Mo
BOYf JteO* j d Midj Cyd 0 Mmts- Mag gter dBS sd@zOL e dtcdSe( |
fdf jtct OO, o 0OCoadlsy sjrddSd M  fyd Msts MmJ (
o Otcd " OBddzdes s EkBY zkOQdedz d Mtstddsjde, d AT ditadd gL C
M etz BROBSO d WsttdzOlsO dzO0 § dzsH s5ls, zizIs d dzOIs O
dqdzsj ctcOyd O ots ftesctcOBIsy L O ¢ cozadased:,2@2;j d MM
Na Jinda et al., 2023)

3.102) e d5j 2O -WOLSHFRG L O Y dzdedaPls Fl§ d&g 8 MSHEHJ fi e

CtesmMOIsj dzdIsdlsy ddzd JHdzsMIsOodedlsy Ytsolststelzo OYS
tcdMis] dzfz®cC j ed Htod sy 2O dz2O cjdzilsMEdBsls
dzls zted . wdzjo OPte j IKMEOABC d ISOdzH j d3dets f tsolsstclzo Oy
)y ddzO tsH 1 Hts 6 BOLdd fOteseod, Ctsd MJ BHddS
MftesMistcOdzj ssMis dzdL 6 J desdstsls d MmisOB d dzdzO dzO M
Y OIls BtL 5 d J HJAESHNGSO® @ds fHi©®) S fHigdesd d3j e OL dzts 9 J
fsdssh dz0 Mfjydw dyded § Otesed f§tO di3jted dzOMmBsy

ojJdz LO sy 2¢O dO 6jdzj sMEC OISO tLOL dztse d H dzts L
Cts LdOSd L O f tsisdoys =xpddsdj@®&dYf d dz@ K& 1j alzcfa et a
namiyama et al., 2006; Ince et al., 2009; Zhong efaR]1; Motbaynor et al., 2022, ¢ O¢C s

ftcd dqHjdzZsdWdSOyd © d CO0OttOCIsjtedL Oyd © dzO a3t
dz0 R j d3dffchipldz iplzHSEOW j dzi L Gal ( Ha sza2 4) . Zdtots
SOdzH OtcH L qteOdzOISO dGOB st OIStsted M O f IPdE de® dds jtcd
ftcedHtsded Mzo OO Isdy d sdz2OlsOdkz HO ©BMIsOdZOl d3j " L
dimistcOy o O O d MmJ dzj S-ygH® OIsOdzifIdde I ¢ tdifziztOodyEls @ dzO
Cdzj Cydd, HB 90d&dHOYdS i €z0De 3O & € |Leedittal, A6 MR 8 )

0 THFOWNGTBX

IO TP SGEFIT 0O
O]
o

Bukhari et al., 2024ViafaraVega et al., 208) . ltets' dzd dMmlstcOy 2o OyYs d
cOLod] BOLYEMdzd cjdzj sMEd BOY d Capseumi@drde aelzgl.)y dzd € ts
20009; Mi mura et al ., 2012; Sant hy iesilicoal . , 2

ORzOd&zdL © d&z® 10.232 EST fj o j dzydj, dzjodsyjdassfd ¥ dsHate
fts jHjdz SSR dzO fmjStsd 3,8 kb. Isy 0O fL=idsadlzjodafy
MiSeojdyd (66 %), ftsdjHjdd Mt HJdzC d sldHd
IsjlstcOdezC dzj sIsdHded (7.7 %) . 10 yjfmsd dBslsded B
%O Bodj ®OLSjted Mj GtojydLds &EOfdteOdsd dedL 1o
fdf jteC OO, hists oL BSYEZoO fHjlsOZzAO ddzsj tcf toj |
ZO ftoteL Oded tejcecdtsded Mts M jydWdyded Mmeots® Mlse O.

Kong et al . (2012) tcOL o ddzi ¢ totslstsCds@ie(C jLte@ . f to
lted 3 ZOISO dzO tsoadj BOws jwHecd MHiske d | dzOME Y P dzd B
COOCIsjtedL Oyd O dzO dzs€ OCapzgfuns p g dzsB Oz € Iszj B )
Pacheco Ol vera et al . (2012), Dhal i wal et
dmMstcOy o O O fsottL Oded Mts FuiE) Odashts qzOW izt & { dzj
al., 2013).
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StcOy zo OF jIss dzO0O Dhal i wal et al . (2013)

coO (C. annuum) f &z HoJ -192C8cd ( )iz & d ddel@O
dzdzO) CtstedMmisj ° > d3 05 88 dSfiBsRizd dfptcWeadid f i dz H B € 5
j s SIsdtOded Odzj dzd) .-d3Quafj] el G ONiQIdzj § WhjSSOaN dz8
sdtcO° js fd@0 tBQ@eddiptSdd j dzdIsded ¢ j deslsdf sed, ¢ O
CfSJtGG'JdZISdZCf zddedd ot € tsdzj § WdE]j@EDO ,0 " g dzj @ -
d BHE)ykZzoa0O% ] d&O toHdlj &ZzMSd ddddd. It a0 dmlis
HpmsCaSIG19 (Hpms CaSIG 9 ) d -8C6MMSC sd My SCtstedmisifd® o o
HdMJ telsOyd " 0. -@B30KE § Bffdgki 8 k=SSR yYdlsdtd-065] ¢ tsted
CAMS-647, CAMS864, CAMS8 85) , Haque et al. (2021) dLeth
ZO cjtedisf &ZOL BO tH 40 yddzd f§d4Jtcd d ftsC0y0
MssHe jIsjdz LO BLO ftesyJ dz¢ O dzO cjdzj sMC O tOL
OdzOdzd L d AR jOdz8z Mtstehd i jdek Oydezd 1 Odze dzOH j b d L
Hdoe jteLdlsjstsls C-BOEHEEdz) &9 " BEREHMSHLY,.CAMSAMS

336, CAMS405, CAMS647, CAMS838, CAMS844,CAMS8 6 4 d -&AMS C sted Mis c
ots B9 OO HdMjlsOyd @jHBaOdzpt 94| dzs( Q@d@r@&® ) Mimt lisd
zddedd (oSEkfdets 179 fHtoddzd tetsyd) -dfpes CFidDf dsi ddO odx@
sMdses O dzO0 dsteW sdzsh Cdlsj Mot Mlsea ® d Isdj HEBE Oy (
d 300l ffsodmtafi j Sanm ®n H j(ds i jfipes * fiifdootd IsGdzd )
HiGCO tftsmissd HIljSIdBddzdzd (fkzdzOydmeéo MmMtkz¢
BOS jtodlsy CtstdMmisjded ot tSoe 00O HBCItMEO HJMJt
HpmsCaSIG19.

) od ) ZOISO 2O dzOf toj H dzd B dzj § LrrD@aiES s j 5 @zdES dfts O
Cjdzj sMSC OO fMtekSkkie®, &JcLOyd OO Cipsijumts dzkz Is d o

3103.s 5B  dzf £ O° ] dz0 B sdsh Cd J &sdjkzotsdd
Cjdzaj smMCdels Hdojterdlsjls d fMjdjSyd 00 &O §d{§jte

stsdizB ddzd te OF j Ists dz@Btsaiy € W EHAREAAOO CPteOCIsjtedL Oyd® O
dzO° yJ dzsfmdzd Is § ftedmMlsOfd LO ftosy dzO0 dzgO ¢ J dzgj Is
Gjdsldyftseod. [ stWsdshtdlsy ®HEOwLejtod oL @3s)ykzeo OC
Mot Mo ©® hists Mj H L dOykYiskich B®OH G dzjslg & @° iZ3=dlz
BOtws jtcd HOO OOIs ftsHAEZOBBE EZoadH ot G jdzjlsmC OlsO
YdotslsdzOls© Mmtcj Hd dzO.

o’ (odedddtod {duEsoy] b da@OyiodSiidy o d
oy jdzdzd OcttsdtsddMEd Mo s tdixolsy) Igf BigEsCdzts | Lda@G WA d
dL B stetsHzDIs j dzd o[dzq’ ftoeshdqieckzo O] dzO 6 jdzj sME OO
fdf jteCO. It Btts  dzgd ftojlsantsHdzed dMistcOy ko OF O MmJ
dLoth jdzO ¢ jdsldfdLOyd 0 dO QL dtsds@j dfj tedf c
dHJdZISd KCdizoy@i@ds | twOL dzd S d ftsoteL Odzd Mts OHOY Is O

OBdtslsmMSd mMbstej Msead, §dasHtsead COtOCIsjtedmisdscd d
BsteW sdzsh COO COtOCIsjtedL Oyd 0 j MmMtse j deEzdj W ¢ O
fsHOIsYyd L O {§tlsotcHj 2O G jdzjIsMCO HIWjtej dyd Oy
(Paredes Andrade et al., 2020; Liu et al., 2023; Silvar et al., 2025; V\aégia et al., 2025).

uts qdzsj ctedeOf j delo WisEzsO Sy dH jEE s ssted , § &S d
dMlstcOy ko Oydlsj ®Bsy Ok HO dLELOHOl §6CtdL dilsy del
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hists ftoj IsmMisOokzo © tsf)dzt
BdBHdojteLdIsjIssls d &
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4. JouvrtrméfRrR R JrOULIR

411 Ofisqdlsj dzj dz BOIsjted Oz d HALO dz &0 §s&hSd s{

RMIstcOy o O jIss BJh] MftttseojHjdts ots Hoj §tshmdzj H
tcOL dzd ydzd dzs€ Oydd, Ctsd L dzOydilsj dzdzts fj tcOL dzd ¢
Eidzsed. 1t 2018 ¢ tsHJdzQ dezjorts), fCusyls Crpjj dezOes" Us oot
2O wCBfME OO s lsdddO,f hdz@ dz® j-dsCalrig jeaits .Ols @ | dizOIs t
tc Ogded yOtemME s, dzO@ dOH BsteMEC O o dMddzO® tSH 410 m. |
&ZO Heoj dtsCOydd, ot BdzdL ddoL @O uc@&Bi{ QHEIMI N (@
tls OEpjos O) . 4j dzslsts wlsO° € tsthMylsfd dEOs j | Ot tefd 100 OO dAP)
MdodjtesdMmMistsydzd Sls gisjlsddzd diz® @O fdAPHAMSAME O o d Md dzO
t OHtsadh Mmj dO" O ot ‘" ketsdmistsydedsls H OzBdgEd jf OF
fsmisOo jdz Bfdlstsls fj dzOB" O dzO 4t jkSnD, s Ho 15 tef OsHHIlES
ZO f zOdzed dzOIs O 1 d&ZOySso dyo, dzO@ dzOH BsteME O o d i d da
s dlsdlsj BJO o9oCdzzyjdd dMmisdlsy ¢ dslsdftsed, 18
tcOtge3d L d o Oz BAZSER Mts Ho ] YtsolktstkzoaOC ©O. I My
tcOMisjded " © BH MjE¢Bs" GGjdsksdyf, dO d&j" ktejHBots t©C
30 cm. s kjSCtsls O 9jijc6jlsOyd OO BJO ftod &3 dz
SHEdZ] g Y jtcC O dzO tslso Btcj dzts.

427 j deslsdfMS O CO®OSIjedL Oyd O

1 Oyddztsls dzO d&zOB? EHEZzO OF |, Bjtej*dJ dO Mot Mise O
dLojHEZoOdzd MistejH EfOlMmlsotslsts HOHJjdets ots HJME
Genetic Resources (IPGRI AVRDC CATIE, 9 95) . sOtOCIsjtedL Oyd OO
tcOMmisjdzd " O BsH Mjits] fsoltstekzoO® j, O OdOddJL OO

2O HjMmjl bdfdyded § dzsHtsed tH MjSts’ cjdslsdyf H

gdisd MyfjydWdudd HiMCtedyflssted LOBWRIEEI J Md s ddds
OkOddL qieOded ofs dhMiscOy ko OF jlss fMj §&ds Oy 0Odd ot
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Is:Adg@g™»Cas jisdL Oyd - O

[ 6ChseMCO HJMpEETYG: O,

v0OB j ZO 1.

[cWsds" Cd Mot Mlso O OdzOdd L d tc O dzed
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fnd $oddyo
CAMS-065 ccagtctcatccagcagaca | catatgctgctcctgcattc (ac)12 53
CAMS-117 ttgtggaggaaacaagcaaa | cctcagcccaggagacataa | (tg)21(ta)3 54
CAMS-336 ggtggaaacttgctiggaga | cccagaaccatccacctact (tc)16 54
CAMS-405 ttcttgggtccacactttc aggttgaaaggagggcaata | (tc)18 53
CAMS-647 cggattcggttgagtcgata gtgctttggtttcggtctttc (tat)6tg(ths4
CAMS-838 ccaggatggtgttaagggttt | gtcgcatcaatgagcatagg (aga)19 59
CAMS-844 gcaaagaaaaagaaaagcct| ctgcaactgctgcttcattc (gaa)6 54
CAMS-864 ctgttgtggaagaagaggaca | gcttcttttcaacctcctcct (aga)32 55
CAMS-885 aacgaaaaacaaacccaatcg ttgaaattgctgaaactctgaa | (gaa)28 56
HpmsCaSIG19 | catgaatttcgtcttgaaggtcec| aagggtgtatcgtacgcagccttg (ct)6(at)8(gtat)s 58
* U OAM®BY jtcOEteO 00 Odzd &zd e OF j
10 fj ¢ t5PCRBRORY AW S Oyd OO Bjhj dqLOojHjdO ot o¢
10 el. {jOCydmsé OO Mmdj MO MHiey M| §teds ddy das
Ctsdzyj delsteOyd  © 20 ng eL 1) ,( Wid deOLdzddG0 1€ tsizyej admsTiealo
1 eL dNTP &dSfy (2 mM; 0,2 mM tH fMjCt" HJjBECMo
d 0,5 €L reverse O d3jte (10 eM; WddzOdzdzO ¢ tsc
d 0,2 eL DreamTaq DNA pol ymeragmc;(sﬁj QdOIs dis)s
BNy HBYBADdjls Ms ddH O (5,8 eL) HB oCkfdzo 10
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fsfdzOydd ojLjdz0 fdf jtCOR. [ BChsMCO HIMpEEGUYJ O, AOCkdkjls
1tGiSGtGG)d3€)lsO LO Odf chcfQqu’ O dz20 ftesHEZSIdIs] t
LOf sydzzo ©O° >d Mt ddzd yd OWwdaBd dzlg lsapls e Pdz@ 15 Ot @aPJ
30 Mmj S Ezded ,j SQWEZGtGmJQIZdZHq’ J d2ts dzegcPdglrfls P o 21 GAeCre
sz dzc Oy d-50 dpfazzAs@. [fIsd B3Odzdzd Is j Isj B j tOlskztcd
M CEcC jdg@ My ftojlsMlsOejdzd ots v OBj dZzO 2

B dzZdW dydteOdedlsy HtesHEZzSIsd B O tSHOMSYEfOEEOH 7: %8B

OCted dzOBBdH 19-bdtalfeE B A 1T BE)I s zW j ts, sBtsjdz M |
sftejHjiZEO O ] dO HBd OO dO0 W tcOcHtelkidiqs 4 tH
MeOdzO, Mt L OSSO HBd ddZzO0 dO WitOcd3j dzlsaf sy ( Ge
Scientific)). AtcOc a3 dz@iFdls jdf teCOlfddzd &) ¢5 dzd)ly |  IsHS O@ZT) ¢
(Carestream Gel Logic 112 I maging System) |
Molecular Imaging Software.

sO° Mmdlky OdzOdzdL d tec Odzd Gszislsqu'tsaq Isfedzst @ § H &z @ dzdf
slsmkzmsets (0) dz® Odzjdzed L O fj ¢ BOwLS jte 5 H
f SHOIBYdZO dBOLdyd S° 0 ftojlsMmlis OalzaOhJ shdets e O

44u41s0dMisdus d OdzOdzd L g

10 HO M BkElketHd
&ZzOH o tstej M dzOIs O fr]tGJ
Mo ts® Mise Ols O, HSB

(

Otcd OB dzdzBMAEG® s jfj KBtk dzp
ddzO d dedo dz0OlsO ddzlsj tOC yd "  C

q’isHOlstsucf LO Co0OdzlsdIsOIso
O o Oted " Odzm O. O Mmj ¢ sfi)j tslfitsﬂl@fqlsdiaae;q’dzd
MssHe jIsdzd GctOWd JQBJ CoOdzd IsOIs d o dzts fr]ais
ZzO0 Wity Cojdydd L O fr] Ct° 0 ftsd Hddzj ydzd0 dzsC Oyd - 0.

Q(/TQ
QUT

wlsjfjdsls d dzOMBCOLO &0 j " bfjs 00 fotL Odash

Mot Mise O d { taffdstOiiozaitgls’ k2 OOz L JteOded sy ¢ detslsd
QtstQszOuo[an@ OdzOdzdLO lteL BMdses © dO Mtej HdzdIs |
CsBBd&zOyd O dzO@ Mot Mke® BjNj ftojMmdilsOd } et
(r). 1 dzOyo" detsfyls O Isde® Is Y O fzaR0O qaPd lsidd o BSJON jdz20 o j tots
0,01. 10 CctOWdUSO dqazzmlsteOYyd O dzO0 BH Ml dj "
BjO dqLtwOBIsjdad HdM jteL JteOYSd HJd OO Mts dzc
Jqdzlsj tco Odz dzO Htse j t6B O.

4

dz

O HO mMPl sEEPdsdlsOIsdo dzdIsj Mos Mo ©® Cd dd
Oted " OB d dzdztsfyls © dzO Gszlslsq’tjtsaq’lsJ BJNJ dzOf 0o j dz
O tsB OfMdzzo O ] dO o 0Ottd OdzMOIsO L j d3j ded Mmj f tcj H
genatGJHdzlsfr]ls HEsls. OO Easjsdf sodlsj ot BHdsM dzO
ots Mo O J HfdiOyOdz dzO HotHJM3J dzL d 5dzOdzj dz B d §f d
glsjfjdetsls d wWOMmMftstejHsls dzO W dzslsdf mMSC OISO o Ote(d |
syjdails ftojCk CodmstezdteO’ j ZzO Bl oty fiyd2ts 9100  d2O
Odz0Odzd L dtcOdzed sy CoOdzlsdlsOlsdoaded d SCo0OdzdlsOlsd e dzd
| Bso j g W dydd jSdas soBLBEYROO dhstseotcj d3j dets o € dzkz
Codelsddzz JtcOdzd (RBjtedzdod) d COIljetstedmMed ( datsdid dzc
O Mdzd @ ftidd ydesls oi3j " ¢ deslsdtf so dlsy . AJ desisd
stsf dzslsdzO BOY O (Heat map), O otL thdse O- dzO &O
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OdzOdzdL © d J SCBdmMlstczdtcOdz H] BB fHHsnWsicd ks
group method with arithetic mean).

1 dd2ismMC OISO COtOCIsjtedL Oyd © dO dmifdlskze OdzdIlsd ¢
SSRB3OtS jtod, SCtsd M P dtesit C(stedMmisjded L O ftoetsyg
Bzdzlsd Odzj dzdzOIs©O ftedtesHO d odMsCdtsls Mmisi fii@z dzO t
JodHjdsdttOdd COSCB ftedmikmlsots (1) ddzd lsmkzMmlise t
hlss €O JjHjdz cjdeslsdf Bjh ] HBLOBAdZ] kO HjIlsj Syd"”
SSRf sH Oltsydlsj BJO BttcOdzdL dtcOdzd s BddzOtedzO

)
foj sMBDo ey eslsdisodlsj, O Codsddlsj §6jHJda dzd
ddzj dzdlsj BJjO cokzfdeOdd ft dsCkfd mMistejH dds

GjdzjIsMC O Ho jtej dzZlsdesmis BJ O Mtetseo jHjdad dzO dzad
Odzj dz.

10 M ¢BSC PR sftejHjdzj dz Bles® sIs d2ZO Odzj dzd ( Na) ,
teOL dzd ydzad Odzj dzded HftesHEZSIsd HjlsjCIlsdteOded ots 0dzOd
COCB qdzHdSC Olstste L O Odzj dzdz©O Hdo j oG dzlsdesmils. mj sy
( Ho) d syud Szd @B dztsiisls § tHe ) . Il stsyj dzOlsO =" jls,
thJIsﬁ]IsOalzaOh,j EHjdzsls dzO R jlsjtesL detslsded jHJdeSC d
Blots " OdzOdzd L dtcOdzd J HJdzS d. Jud SEoOdzOIsO =R jlsj t
HdeojtLdlsjls, BJhJ ftoj MGBHs @zgd OOU® By kg IO dz@® sk
ftojlsf sisOo C-IOO “dees j @ tsw @  tc O\tgzatsdsyj equdibrimi BI\WE),y
SHdsMhds CO0Ct o jtots’ OlsdesMls HO O MdzEeyO ' dzgs tSH B tc Odz
(Nei, 1973). [ tsftdddls] tdod s hHitsls dOC i fp dal,
(PIC), €° 0O BH©GGOLEZOO JdW stc3BOIsdo dzsMIsO dzO0O 3
LOodMmMd BH Btets Bl d2O Odzj dzd d wWOMftcjHj dzB OlsO dz
f OtcOdRj Isted, LO fMjSCt” dsCkzMm BjOIigs if3ildddz§ O s
ftoesmj yjdz Btets® dzgO@ Odzj dzd s ¢ jdeslsdf (Ab), dBOS
fsjHddzj yded ¢ jdeslsdtfitsed (Mb) d ftetsyj dzls dzO @& j dzt
2O &S khmsls ( Mis) .

10 ftetsyj dz2¢ O dz0 Mmisj 4 desls dzO " B dzjj Al B o ¢ i § J
dLoteh jdzgO OdzOdzdL © dO ¢ jdzjlsMC O HIdMIsOdZYyO otcL
Mftcseo jH] dZOIsO -B@&BEzGic®d. Mo SSRMdzso O dzO0 B d dzOtc dzO |
(ftedmMkzmlse s/ slsmkzMmlsets dzO® Odzj dzd) B4 M yj Ctsdzmis te Iz
ftoj Md3j sOded MytsteiH SBIWIdydj delstsls dzO Nei d Li (]
o OtcdtcOOIls tH 0 (dHjdzsdyded cj deslsdf tso d) His 1
ftedMsOf BSotLBSYd Co0OdsdlsOlsdo dz0O tsyj dz¢ O dzO ¢G4
Gtglzu’c{tgqngtslsdaf@’maq’lsc; ot LOodMmdesMmils BH § tsdzd d3tstcW dzt
HdMmls Odzy i ftdCOyO0dO dz0O b sksdzd KOO (Hea
qusomuq i dL-OtzOzd0 0 ¢ qOfjls Sus dzfistez e Odz H j dzH tot
UPGMA-d3J IStSH SIS .

10 HO figf s Hj desls dz0 fsoteL OdesMmls sdsj" & Wj dets
fski"k OdOddL JeOddlsj ¢jdssdftsod, Bjhj Mftests
Cstej d&zZOyd " © diBi "k HojIsj dBwOLtedyd dO HIMIsOdzyd.

BOLted yo dzO H d O dftisp | ks M UK Pezlsdzj sME OO  BOIste
HdMIsOdzyd fHtoj Md3j sOdzO® M stcjH SiWdydj delstsls dzO N
sifmls My HtSBdoea O SCtjWwdydddads dzO CBstej dzOydH ©, 1 ,yd o
COHYy ot-lHAOMIEO ¢ @Pzadf) cRB digda ¢ sStcj d&ZOyd O, 9t
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EdzOydd ojLidz0 §dfjitecon. | tClksteMfO HdMBEESGYd O, AOCEdsS, s

g COCo 0 fYtotoL OdetsMils, O otej HdsMISO 1 dgO Md dzdzO
HdflsOdzyd .

ddlsy MOlsdMisduéd O0dzOdzdL d BJ O dLoth jdf3.lms € Sto
(R Core Team, 2021).
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5111 VJwrR) R [T RHSULEBRMOD
5.1. 1 O0Otd’ OB dzdzsfls dzO C o OdzlsdlsOIsdodzd Mmets” Milse C

ZOdzdL OO dz2O0 9 Oted  OdzMO * Ofmdes MJ L OB J dzj ) &z
d 0), CO0¢ts d ddodOsO ddisjwrOtyd 0, ddo
jMmd’ OO O Ciylgepd@Pb) d usEdafslj Ofisd | 1 d dzils o | dats
Bs odzd  Odedj otL ZEFEE st odsds oz p @6 g 6 S H 1 d3e
Misduéts odd Oddj otL tjudmd Mmdlsj dmydlize
GiHodH HJjCO diY dil atsidddeds jistuesd(f tfo ¢ O

d ) OdzCz da@lz@AsMELjQf fOtcd * OB d dzdets s (v OB j dzO 3

5.1.1. 18ddd0 &O f dtH

[ Bdzy d dzZOIs O dzO0 f dzsHisls CO° dMfdlskze Odedlsj ¢ j detslsd
fdf jC OO d dzi "L ddzOIs0O { tcd difizO dz' tizd ) §) § tc Gdi) IsH
COOCIsjtedL JcOOIs o jLjdedlsy fdfjteSd tsH Idftsls
RO  Hsdzed f zsHtsead dd3OO0OIs u’q’UJ Cdlsyj dzOo3j dzj Isd
ftoj cOBBISE O. 15 Is5H gztizipo ta@ Cdzt€ s yRffidsej8pn()ltc Odzd ¢ s dz
1 "Offdes My LOBjdZjyYEZOa O HJCO ftotsj ydzOls©O o tcj H
@O dzdMC O ofts wlsO Ctsoyd (14,43 cm), O dzO" 9 dMms¢
ftetsmd ydzd Is otcjHdzsMIsd L O Mot Miseatslsts HBdz d dzO
CJdflisod (L teOWdEtsdz 2), HjliCls

cm), O d&ZO ' Hsdzcd c¢Jj dzslsdi sls
CO° Gjdtslsdftsls 164 ots wlsO’
HEd) H027 cm ots | dzkoats (] te

Il s dimMstcOy ko O jlss dzO [ tcotsh Odzgso O (2 OFBREsH o 5 €
tef, HBd OO dO0 {fdasHsedlsy Mj HedyJj ZO H 1
et al . (2024) ot OdOCz@nnYun d&Q s @ s dzg) &zU4DdzDE @O Is
l sdzEsisefozO LklsotocH j clz® wtsodrB.f do osH &t al . (202
380 ¢ j dzBlsagrtiumng d € sdzMisOlsJteOdzj HJ S O Htsdzy d dzOIs©
tcOBBCdlsy tsH 1,20 cm HEBs 22, 30 c kY dOL 3O JJ daz®lz6
10,06 cm. 10 OLEZJCO tH tjLEzdzlsOdIlsj tH ftjlsn
Mots Mlsoats, CO° 12 cjdskdlfitgdesiet st tsls (RORBHO
LdzOydlsj dzdets f sdzd MC O o Otcd OB d dzdzsMmisilsL © tsts az@ o fps s
dmMstcOy ko O j My HodYJjd&O ots OB dIsj H 4, 43 cC
Hsdy ddzO0 dzO0 f dzsH IsdfdydzO L O yddzd fdfjweco (<¢0O¢C
JOSt ftod ts§ df, Odds slogdjj ¢ Wdls@ERALz o OO HPC BH OdzOd
Hicze Isdf ddfjtwc0O, COCt hiswshijl atkts fipett yjadets (20D
al. (2024) dimksts ISOCO fsloatcHddz L dzOYyO  dzd tcOL d
20 ftesmj ydzOIsO HBd) ddz0 dzO0 § dzsHBIs. [ BEBOO daBsy
Hsdy d dzOs O d&z0 § desHsls | tojL kdzsOls dz0 € st dzj € fiy dat
Octesj Csdzsh Cdlsjy EfmMdzsed d ftedd3j dzj sOIsO Octetslsj n
WOClktstedlsj dzO@ Mtej HdJdzOISO L OjHdAddySd cts tsHijHEZS
fmoftpls o 5.
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1 jdzeslsdy 188 | 76,7** 2,12% 1230%* 2,78% 2,49% 0,453* | 114,6** 136153+ 2,4869% | 39,7% 470%
[ sCOyd: o 2 1296,9* 38,82  |26098* |76,75* |101,89*  |3,831* |2217,2* |6438906*  |0,0644 1707,3* | 12819%
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COdMS desls 1 sdzktsmisteseo, Todorova et al. (202
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Moon et al . (2023) kleteHddzj cBdzj BO dBW sdztsh €
fzsHtsodlsy €0O0° fd§fJjtf OO, hlsts jJ Bydedzj Hdes H TS
otcj HdzsMIsd e B8O fte®&EK] SfMiec (sH 0,30 g HB 218,

3
CsdemMlsOlIsdtcOdzj Todorova et al . (2024) ¢CO° i ted
LJB d BH 10dz{Odtsls Bddzy seadmstd (tsH 15,5 g
Mot Mlsoats ot dzaQ"BjOROC tHdEjof juge” jAlzls dzts s L © Mo s° fi
HilbjSCldtOdzO d BH Ml adenovil et al. (2024), o
COHJ IbixddzOlsO dzO0 { Bts Hts agd Isi jts s j§ BHsabDp zdz@ ~tOHs ©  dzC
L-kNgue et al . (ab25) 2g2Kth)anfmjet dL d3d ted dzd 1§ s dat
dmf dlszo OdzZOISO ¢ j o3 d&zOL BBO | Lklso toH j dzO 2 godsO dzO 9 (
80gd ®H g HB fMOOHegjlsdets) MistejHjds Mts ftesMmiy
Ctsdzj Syd -  O. KJ dzs€ k21 dzO Isids Mmifstc & i) YLD Cifstdd] HAED o detg HH
ftoi MBI IsOdRZO ot SO dMistcOy ko OF |, J LdOYyo dzts
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L O g’teJtGOBBlsQOIsG 2O fdfjtcCOlO. [MtsBjdts CO° @
WOClste oas ftosyj Msls dzO Mmj dzi Syd O dzO MtssHoO j Isdzd
fijtedCOtef B Bddzy YtsfisecsHdzd LO Mo i 0O kfsslstcj B O
fslsjdtsS §jtedSOtef Bd Bddzj fsytscsHdd L O fMkh joj
Mot Mlsets dqLdgi Mo © 3,42 mm, hists dzgj Mj t©OLdEJCE
otcjHdsMIs (3,92 mm), dqL®BjteidO CO° § dsHtsedIlsj H
ftoesfmj ydz© HjiBjd2zddzO® dzO f jted S Otef (3, 11 mm) dL &3
ftotsmy ydedilsjy otejHdzsMisd dzO dzdots dzO G jdeslsdf, dzO°
Cjdtslsdyftsls 137, MfbGBJodas  ddBj ¢ {5 aztizt Y tf 56 fnis az0
mm (JOWdStsde 11). (jLEdzlsOIdlsj Htods Oy Oded dzO
2ZO  adMsCdlsy d dO ddmédlsy ftsmj ydd oted Hdesfls(
ZsCOyd 0 (tOuseadh), COHJ cjdskdfseodlsj 16 (
Cjdetslsdf gstc2 dzp deO" Gtsdz;d30 HiBJ dzddzO 20O § jted ¢ Ot
Mi ejdtsksdyftseodlsyj 1 d 29 MmMts 7,1 mm d 7 mm, Mt
lted COOCIjtedL Oyd O CedpScumtnpuc® cK hHealgf dedtl dgdl .tsH( 2 (
ftesj Ydzg® H B j dzd dzO® dz0 ned ¢ Ptet] & s 53 =36 dzof oy O izt
HjBjdddzO dLdjMmMkzeOdkO 0,9 mm, O &OSCMdBOdkdolso
fsdedmCd tsH d30£2fr]cfd30dzdzOlsO H § BJdZCdeO dL d3j toj dzO
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5.1.5. 1sdddOd d&O Hth O

[ Sdzy d dzOtfs @S HIHEDISO HiKGh CO 9 O0ttdtc® ot L O dMmdesmls t
| Jdeslsdyfsedlsjy Mt tej dzOIsd o detf 3@@Iezd § t wiAsazase d ff dzs o d
(Bosland & Votava, 2012) | sdzy ddzOIs©O d vyotemlsd dzOlsO dzO { dzts
LdZOYO dzd CBGCO W ddzOedttlzd 56 JftesS@A.L o sBdzgid Isfijz Hteh C C
StcOHdYd sdzOdzdztslsts ded 4 ¢4 dO f dzsHtsodIlsy ot dzdL (
tOYjds) Gesyjm dO fsHeskBa¢O LO MkEhjSj. RrRfk

COteOCIsjtedMmisdSd dzO Hteh C Ol O, jCtaECCds @f dRY Hailz ddin Cfr
LdzOyYj$j LO MjdjSyd O d0 fMtstlsd ftsetsHdd LO &jn
$dzOdzdL dte©O" >d 6d s ydzdlsy otcj HdzsMmIisd L O H tsdzy
13), ftesdLdzjckzoa® HJjCO d&O adMBCOMYP gt jzHsdztelmly d
tOusoadh, €80 j ftej>j] BH 1 cm fsodmMsCO H
dlsO" Csoyd. 10 8900 dts¢OyYyd O | kElsotoHjdz dzO° dzd
Gjdtslsdfsoadlsy dL d3jtej dzOIsO Htsdzy d dzO dEGs iy € "MsUsO IsdEd
Y4 sz dzOlsO O0dz0OdzdL JteOdzO G j e dzOL 3G (3, 91 cm)
Ctsd ¢ jdskdisls 134 Ct° Mj SHHj&Zzo O SOCH tjL kzd
Mot Mlsets tsH 2, 2 , Mfttslsdo dzs dzO o df jmdzts OIS Is

4 cm
HisBqj dz0 ftetsfmj ydzO Hdyddz0 &O HEh¢O (6,26 cm)
[ ddzd BOzdzOIs O ftetsfj ydz© otcjHdesMls (2, 15 cm) j L
EECOyd 0 (kO Csoyd), HBHJSO &OSCMdBOLEZOSO (
Cj detslsddf.sls) j detslsdtftsls 134 M COtOCljtedL dqte® Mmts d
o jHAON 5 daicts fMj c¢jdsksdisodlsj 28 d 96 ([LOW

R SO Httkzed OdzOdzdL qteOdzed Ctsdzj Cydd tH §dfJjteé0O
o 0tcdtcOOIs ot Mzdyded 7@ g5 @9 Ccdhdzf Erispod, et
Hts 5, 05 dinNg(ulLei keetngal ., 2025). 10 fHYdsAbdEdHLBGS O tc
d&ZzO Drvoshanova et al. (2023) isC0O)y3EZzoa0O0OIs HJjCC
CdzOMmMlsjtc dL dzgj Mzo@daOs 3g FStcFEEls ¢ sleitgSlsd sls € dZzOMIs §
cm d 3,08 c¢m, MstsH o j Is dzats . Il s Mdly ftojlsa tsH dzts
otcjHdzsMIsd L O tsoa O Meat Misets Mj L dzOYO' des f tsdad M
s dmlstcOy zo OF | .
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otcjHdetsMils (5,1) LO tsoa0® Mot  Meats fj CtsdmMisOIsdtcC

Todorova et k. (2024) ots BORSOdME OISO Ctdzj Syd 0
LOBJ dzj y Odzj RGN BjoHs] dzdFOte s ¢ tso d H j daf® tsaijsdets(ls d ff
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Khanetal. (20250 Ho dY j dz o 5 tRQd3Uyfesdy] tsdas 2. H s 4
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lCEf ddtsls Btets' dzO f dzsHtsod 5 teOMisjdedj Ytej IsflsC
sftsB jdes 9Oy dzO C OteOCIsjtedMisdSC O CO° IsdHE® dzOf d 1 .
gdzH o dHEzOdzdzdIsj § dizsHtsed J dadMmC O. l stsB YO, dzts
Cstej dzZOyd " © Mts Btots' tsls dzO  dzsHdzd @Raepda®@ ¢ d f to
Umaharan, 2021) | Sk dzdtsls Bt ZO fdztsHtsed J §tH HJ!
f slsj dzy W O qus®® j| vyo jlstsod, COCts d dO Bdskmsd
odzd OOl otcL LOHWYkZzoaO jlsts d Gff dzsHEkze OF jlsts dzO

Cdzj B OO &0 § dsHEsls ofs dsdj GO &jcd® €6 SH

ted
hsts dzO° yj Mists  dniddststdsd ffebHdsio i sttt OOl L dzOyd k
slCsdtlk ¢jdssdfsodls] Mt Swkfdd §dsissd.

10" etsdzj BOLO ftosj ydzd® Mtej HdzO o tcj HdesMIs 12),0 B
O tOLd&ZdSCO tH dwlsO ¢Ctoyd, COH)] ftotsmj Qbizg sls Bt
i yudid Hot dats §dsOdCE, GHoshds 5, 49 (Ol ¢
JHdzsMIsd LO tsa® Mot Mlsets dzO Istedlsj dtsCOydd d
Cltste ddi3O Mse j dets o dzgH ez gets o sicL M O d dzGeis &) tz(
s PO d.dMsC O ftotsmj ydg®@ otejHdzsMls L O Bt  tsls ¢
BdjdzO SO ¢ jdetslsditsls 136 (46,58), HBHJSO fits
HjdZEo O cjdslsdisls 11 (JtO¥WdStsd 20) . 1 0 |t
tcj HdzEMIsd fdBHIBEBY  §®ROG] dsisd J dz@fEESGiysth dO.( 560 7
BOdz 6 jdeslsdftsls 136 ots | dzkots, HBHJCO ots { OHB9
fdzsHsod. [ dJdedd3Odzj dz Btets® dzgO § dzsHtseod 65 tOMmls
cjdsldfsls 3.d1R ikt Ock dzsOydlsj dzdzs § sHEBted to]
fdkzsHtsod 5 tOMisjddj. uvs0O L&OUEOO HJjCO &S
odzd  Odzedj oL §dsHGhdsMi S jsts, 6Mtejds CO° d&sd
fd dzfy Cydmscd.
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Ctsdzj Cyqd O tsH dbikd §dfjteSd CO° C5°'0 oCkyddsls
1267H ©@267, Mt f tisidsdBiome  StcjH fioj cdzj Hsls &0 § ¢
sH tOLddydd c¢jtdif zOL &3, d&syj HO Mmj SCtdhsOlsd
fsesdzjd CO° ¢ jdskdftsodlsj Mt §smdlsdd § dsHssd,
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ftesmj yded tsls ftoddets ©H tcOfMisj dzdj B 2@ O dizi hy ez &
CGjdtslsdfsadlsji. 10 adimst ftosmj yidz fteddesip tH 4
(t OHtsadh) Cts" J LdZOYO dets fsEetsdzj @3 SH HEMisde
(JtcOWdStsdz 22) . [H Mmdlsj OzOdzd L dteOdzed 64 deslsd {
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CGjdtslsdyfsls 44 | dO dzdmMSt fLdydddtceOd M MO
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ZsC Oydie s Opj Odgd dz20 | tcOW S tsdz 24, dzgO S " hilsts dzj f
fsLdyd © dz2O0 GG jdeslsdf sls 98, Mt BOCMHBOdzj] d2 ftod
473,25 g). 10 Htkedly Hoj] d&s¢Oydd tjcdmistedt
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HiczcdIlsy Hej dsCOydd et cjdslkdf B0 §fsedmtsS
ZO0 MmMdlsy cjdsksdfseod dO Isttdlsy dastoOoydd dLd Mk
fsMisdc dzOls dzO° HisB Otclsf totizig§ QUdedf toef e fi) C ®H dd®( dzd M €
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ftcddesh (832,4 g) ot kO  CsOYyd, S° | tCtdz 4
d iuydmd Het des (sl N dztsty & tsMis@w HzOEYY (371, 2
ldzd " Odzed j Ists dzO dzOHo tstej h dzOISO Miej Hd dzO oL ¢ tod dzts
2019) fJtd fteskzykzeo Oty dO 55 cjdskdftssd dkzsO
Gjdssdyftsead fdfJjwtO §toddtsmsIs3 sHOHe 430 dD O=2H, 86t gk
Hstf sdzdzd s j dzdets O ddzEfmlstedtc® o Oted * OB d dzdetsls ©  dzC
OctesC dzd BOIsMS d EMmMdzsed. wddydsts dO ftojilss tsHdes d
(2014) LOBj dzi pBizfnlsap C ® Ot @O MM 4 18 §¢ ®9 EEH H t
dmistcOy o O OlIsO® d&z© Todorova et al. (2024) f{todd
RMC dzzydlsj dzdets o dMmMsC © o9 Otcd OB ddzdzesls L O S O fofs
yd 0 Ctsdzj Syd O ftetsnj ydzd tslsll Of e d deety f) to Q@ffip Itz dpc j© O c
otejHdzsMisdlsy L O Mo ts' BipBdKyls 11,809 kgff Hso deiQfiiijj dasiey . [
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ddzsj cOCyd O ot H @jJHEsGfIsiOs s fids@® B @ W@ASE)sO d
fdf jtcC OO daf® das@10dzd((q , COCts d dddodzdtsls f tslsy
od M sftcsHiZzZSIsd o dzd dzd dzd d .
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Il s tsHdets) dzO s O Mot Mlsets | klsotoH j dzO dagj L dzOyd L
ftesdLotsHMlsoaslsts dzO t©WOMOH L O Mmdhsldd Isq idaztstistefty fitsls s
syjSkzoOdets j] HJCO dzsCOyd OO dzgj 3OF@ dz | BB j 25t
10 JteoOWdetsd 27 My HtodéO)yOdd ftesmMiod@dIsdO o tcj
dmfdlskze OdzedIlsj cjdeslsdftsead 5 dsSOydd, aQdf,j dzO
2O dzZdMC OO otcjHdsMis (10 HJjdO) C0O0° ¢jdslsdftl
Gjdsldyftsls 16. wiitstejH ftsj yddlsj otcjHddsMIsd ©H
fsdedCdzko O j] J LOBjdzijyOdes CO° ¢cjdzslsdf€lis” 97 (1
fsdzd S dzOz Hizted 5 13,83 HjdkO (JLOWdStsd 26). I
(2023) , COHY hIsts BBIGlS oddd dHsPdztdsoHd 8H tsH tsdzd IS &z
HsCtstemMC O HdMjtelsOyd © | Lklisotoh] 4z ¥ tsisj dgQ )z tcwdih i
HJjE ttOMOHBI BH Mdlsy c6¢jdtslsdftsed BJjJhj BHGdz HES
Emdztse d, Bsyd HO M CtdhisOkdtecd® HJjCO MisOdH Ot
LOhIsdlsjdz ftesmMisste " O dzORBOdzZzeo © o Otcd ‘OB dzdzs fIs C
ViseatcH j dzgd Isj teQudasdsddf sdxj'lsly dzO0° o jtets® Olsdets ff tslsj € dz
szt O, OS¢t L dOYyo diz0 kdtscO ot jE¢Mfti mMd OO

71



HWOMH ] 0 O ¢ Is:CAdg@EE™C@s jtedL Oyd O d kds®tod @ O] ddzi@ds oY jtidijls i OBOC j H s
fsfbdOydd ojLjdO §df,jtLCOf. [6CtentO HIMHEEGYY O, AOSkds s
lok B2 + BE 2 B3 3

15

14

13

z

a

12

1"

10 L .

L oW d¢

EE 0 EE oo BN 7 BE ns BE s
BE2 EE o BN e BE 116 BE 154
B EE o EE oo BE 17 BE s
54 B2 B0 BN 118 BE 156
BEc BE o EEo BE 110 BE 7
EEc BE o BN o B 120 BE 158
B8 7 BE s BN es BE 21 BE 150
EE o BE o BN o BN 2 BE 00
BEo BE o BEes BE 12 BE 61
B o BE 4o BE es B 126 BE 2
BE v BE o B o7 B 125 BE 103
BE 2 Bl o BN es B 120 BE 164
52 BE st B oo B 127 B 165
B8 B s2 BN oo B 128 BE 166
B B s BN o B 120 BE 167
8 e BE 5t BN o2 B 120 BE 168
BE 7 BE ss BN o3 EE 191 BE 0
BE s BE oo BN o BE 132 B8 0
B8 o BE 57 BN os BE 1 BE 1
B8 20 B e BN o BE o BE 2
B8 2 BN 5o BN o7 BE 135 BE O
B8 2 Moo BH oo B 136 BE 14
B Mo B oo BE 7 BE s
B8 2« 8 o2 B 100 BE 138 B8 176
LR R RO REN - R
BE 2 BE o B 102 B 190 BE 178
B8 27 Bl o5 B 103 B 101 BE 0
5 2 B oo B 10s B 122 BE 10
S 2 BE o7 B 105 B 143 BE 191
5 20 BE oo BN 100 B 1ac BE 182
B8 o BN oo BE 107 B 145 BE 193
5 2 BE 7o BE 108 B 1a6 BE 104
B2 n B 71 BE 0o BE 147 BE 185
B8 24 BE 72 BE 110 B 1es BE 190
BE 2 BE 73 BE 111 BH 1o BE 17
BE 2 BE 74 BE 112 BE 150 BE 188
BE o7 B 75 BE 113 B 15 BE e
BE s B 7o BN e BE 12

Lok

BdstsAf.yded otcj HdztsfMlsd

WL

3

L B o Gitc 520 de@s dHsjj dztsiBst O

H‘I‘I ’I “|| I n||l' Y "

ity

L 6OV d S tShdis 6. yalds j H degs s L O
Cjdslsdysed

B tels & § dz@zOH jfdgt§ afds ze © d

72



Is: ORg@EMEC@s jied L Oyd O o kds® s zOO] dedatifls o jddijle S OkOS j H s
PjLjdO fdf jwCOR. [BClkstMCO HdMpEEGYY O, AOCEkdlsjls

o,
Qs
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Ko jlOf jlss ot cEtdzj B3O dBitep W OSHMBE].,sHIS@MOD o BisfF
(OBtlsdtcO’ jiIsts) 2O vyYojlstsadlsj 2O yj Msts My f t
tcOMmisjdzd OO dz2O0 o dMmMtsCd Isj B jteOlskztced. Usman et
0 sy ded &z, ZOsIBOBE OG LZO9D Hg E®O] s e digts | HzD dz®
fsetsdzj Bs o dzd "  Odedj otL Btets tslIs dzZO Hjdesead HB Yo

uijtstsJH tcjLEzdzlsOIsdIlsy ftds Oy Oded 2O | OWdEtsdz 28
Mot Mlsets | FlsoteH | dzO ot | dzkeo 58 (YH&AD, 1o teH jHdRS,MIs H

LOBjdzj OO ot { OHtsoadh (80, 35 HjdO) . 1tod My
GJdetslsdisoadlsy LO Mets Mlsotslsts Btts® dzO HJ dzsod H
Gjdeslsdftsls 122 dqadzO 20O dedL s5¢ sy s (70D nPdzO) ,
Yyo il d BMistdkzed Mt dO  oadmMslO ftesMmj ydz® o te
JtecOWdetsdz 30 " Offdes Mj LOBjdzjlzo OO G jdetslsdy ts
o toj HIflzsMO Btets  BIs dzO HJ dzso d stk s BT fazlz 0[O Gl dalz
Ms 92,5 HjdO HB Yo jlO’ ] o wlsO ¢Ctseoyd, O ojHCU
25 ot wlO"  Ctsoyd d 94 ofs t OHADojddzts o df O toyselsjdls Qizc
dJ SBdmMsOlsdtcOdz CO° G6j deslsdfsls 104 ots | dzzo 5.

I8 dhlsQysase dz0 Tri podi et al. (2021), C0° {tec
otcjHdzsMIs L O B O Mot Mlseats dL dzj Mzo OdzO 51 HJ dg,
LOBjd&zj OdzO €O Isted G6Jjdetslsdf O. 1 ttsi ydzOlsO o tcj H
gL dzgj MBLOEB HJdO d OO dgj BlsMsOfkzeo O d&dsclk

dmMstcOy zo OF § .
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it OdesMlsOMdesMIs©® | H odlsOdzdets L dzgOYj 'y L O dLBJC
oL

b jhdets oCcsfoOF ] dzO ¢ jdesksdfsodlsj o OeOL dzd -
fmls tc © dzO, Btots ' tslIs dzg0@ Hjdgsod Hts § dzsHtsdesMj ®j L O
o] B0 jlss dzO® Yo kOt jlss, Ikdfslks dO §d§j
s StjH s ydkdsls Bttt dO Hjdssd HE § dSHSdt
dzO " tcOdets W ttadigfotafO dpjts s O S sOoyd, L O 137.94 HJ daC
fsydzOdzj HO  kEHBdsMOl 5 148. 48 HjdO (46O
fdzsHtsdsmj ) CO° dMfdkkze Odedlsi c¢jdeslsdysoad j da
HEHj SO CO° ¢jdeflybEsly H3 dzj Mdz®@ O 168, 5 HJj dzO ( 4 1
Btets® dO Hjdseod HEt f dzsHdesMmj®j (113) Jj ElseatH,
(177.5) €O cjidskdisls 19 (L0 dCtsd 33).

R ots Hwkzed dhstcOykzeo O O | LOBJ dzj 14 dzO L dzOyc
fzsHsdetsj ¢ j. 1 OLiledeasj st & kefg025) L OB dzj ) Odzj
fdzsHisdetsiyd ©J SO tOL dzd yded 6 j das®OfY) smO] §tsd i tefSH@ ¢
ZO0 MjdBkBjlss, HBHJjSO 50 % tH  dzsHESBIPBH]j] dP fissted
tc OmiPe O j . fodi fYHObBYyd HGfBdddls] dcdts c¢d {6k
hJtesC O Otcd OB ddzdzsfls L O B9 O Mot Mlsets, hiss k¢
GJ detsilsd d ¢td WstedidtcOOl f§ dzsHtseod M dzkzydlsj dz
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f tso
fd dzj Cydme g iL QefcdfcdicC O.
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