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Genome Wide Meta-QTL Analysis to Identify Stable Genomic Regions

Associated with Important Quantitative Traits (QTLs) in Various Peach
(Prunus persica L.) Populations

T o0 ol 9 391 (xS

ouS>

EE 4

5 S (Prunus persica L) slo e o5 sl S35 J5S 5 30 5 5ol onsih 3blie lolit jslice &
S35 At 4 by e slaaiadls (sl ool oSl Sy jslaie cnl (sl 28 pdy plml QTL (503113 g5 00 528
&6 @l o @z e (S A Sy Qe D LSS gla i glaceraz ;5 DNA JsSlse (slo SiLis 4y 5
OGSy a po (Sils Al g9, adgl QTL 0ae VYWY oslaws aslllas (ol 5 Jol> loazdly ulul 5ol slom! ool gS aiis
>l 0 09290 GQTL o Sepe Slsly8 a0 elwl 53 .00 MQTL slass (s yiies slyls (LGA) ¥ o leds  Stwgm
L sszse GLQTL Ll j lSend o i syl o Slopd 18V L lsS lay s oy glulis sMQTL
039 9 BN oy 0atiS 1S Slon) pm wad S b g (95 5ely lajl oS ols lis laazl 09 0gae 039 (S
P QTL sae V- 5 VF s gy ol ;0 LMQTL.LG4.2 § MQTL.LG4.3 sLMQTL 5,ls 555 sla oLS 15 050
D (Byee sla )0 lie (oS Sla Sy 0aiiS J5S GLMQTL (5 55l 5 oo olesel BB plsisas 955 (cogi) 4>l
(Prunus persica L.) ola «p535 MQTL ¢ oS slo g b5 Sy aids 1 guudS” grojlg

.

400

o 3dgi b gla csolamBl olfaus el Tl 5 0,05 5l 5 0gae L0 slodisS 5| o (Prunus persica L.) sla
e 3 (F S Ll (nl 50 (77) Sl Gle mhaw )3 a5 Bl 51 5 0900 03 52 ¢ Jlu 10 0900 (5 (el V-
Coo p b Gyt s sl il a5 8 ogee CoiS 5 5 Shes b lai e sla Sy wiilen ola oS (sl Sy
5 5 ol e wile ogme A sla T 4 b RSB ol sla Bl (1F) Cad g cal &l 5
4 Caglie o Slas wiile (ol Sy 4 sle (lig oo 3y onas S0 o Conl b 50 a0l (Siy o ol

() )l (g e a8l Cebls 5l e g JUE) iz er g Lubld 090 (5 Lo
(F9) il oo Tibeds ygdin ~265 0gif o5lail b S g8 iz 9 20 = 2X = 16) oole Camuias pgif llo glo
e Srtigs 31 (S 1y sl &5 loogs (35 e 5 (Jloo T 5 Y) o5 iy i 0,59 o100 4 n s o

QAIYIA 1y gl AAIAUD sl o gl -

Ol led Gl oRzsls (63,5l caslaily ( ol LS5 g adei (s (2LS (JeSdge (gl g Sy oliwl 5 (g 258 (ggmaily b ey =Y
(bheidari@shirazu.ac.ir) : sy xS Cuny ¢ Jgtome odinms g #

Self-compatible -& Base pair (bp) -f Rosaceae -v


https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.3.9.7
https://journal-irshs.ir/article-1-413-fa.html

[ Downloaded from journal-irshs.ir on 2026-06-10 ]

[ DOR: 20.1001.1.16807154.1399.21.3.9.7 ]

S 55 (SR

3505 oo saie¥ & yxlas g i ol e jo Gl (6,8 5lusgs 0929 (FY V) Canl 00,5 Jiaus blws g 0,05 40
2 sl 511 (s (S g5 iy (golsiar P 53 9790 LSS olyen 4 L)l 0F 4 ez o LT g5
P e e am j0 g sgume |y g0l Cd iy o S cpl (FF T YY) calools 13 LS 0l5a e tes
E955 095 4 dlunlg jaid (ol ladal p yiion ST 0529 b (YF) sl 00505 ladn 1) ol dguge b o o sl JSCiie
oS L ol el )l a4y (6,8 5k (5 5low 4 Ceoglie (5 JWES! jslaie 4y (golay il oo Sgame ojlal jo >
AA ‘\(b) S )L))P)) LgOL)) wn.bl )‘ 91.% raL?- JL?- Lg)LZ.) Lg[zw.s) LS} 9J.b u‘d.:eL.oP L5~'> L.:‘ 9 (0% LgLﬁboO}: )‘ 090
VY

Jebo5 5 4525 OV A7) 5 (GBSt ploj 5 (2le)S 5L i aloym 5li o (&S sla Sy (o5 by 4 4z b
Lwly ol 5o sl Jlo 595 1 sl (sol5as sloasl  ,o (53l Cuwal 51 (QTL) oS sla S5 g 00isS S (o955 sloSe
Sl 55 b)) st 5 BOTL b ofe jslaiosy wiaily 3l 5o o (slo S5y sl "oalbatdi 51 oolic
9 V;ﬁu)ﬁ.&)w AW M‘)S QTL @L{M o 9J.§ O O¢> g0 6‘9SJ9'° 6u)§:m L: ;.)9le Lgl.ﬁ‘;)aﬁ OAMSJ;LAS
QY XY YD) conl (o5 o Sho b bas o s0835 3ble olulid jshaie 4 QTL & 500 plx!

oolatuwl «(YA A F oY) conloals 335 (P. persica) la 1o Galises sla Sy sl ,Slad gob; olaws 4yl 0929 b
LS oS (sla Thg 008 J S slaplSe (5055 Iy 5 I35 3 (sl bl jelaie 4 sla (soliar slaasy o a5l
lahg) 50 95 9 L Sy 0aiiS JS slag) Candge g lass 5l 338 bl pas (F1) o)l )13 adsl 5 (ol =1 5e 5o
ol GLQTL Si55 3l iz md 05d o0 gmimo glo ;0 hgy ol 5l eoliiul jo Cusgamwe ppe LYo 3l obaiss
SLQTL &8l ;0 05d o (yg0;] cilides slalame g calidee Sty sloaiw; ;0 QTL sbass asdlls o jo ool
or S Sy olass ol o e5dl el s ol ame byl )l g (SUSh die ) 4 Sgasme dslllas S 0 0ad astine
(\) ML)‘SQ 9o w‘).ﬁ Le) QTL GL{M aslllao s_ii ) 03

g ol jo gy ol el 00 S 1oy j5el QTL baiis slacosgame &8, jekaie 4 "QTL (yg05l-18 151 ams o
5 Lools sQTLQ}A).T—‘)é 30 .28l ogue (FY) o) Ken ¢ Veyrieras lawgs aslsl jo 4 Qe a8y (YY) Gerber 4 Goffinet
MQTL o g 43525 (VE) 05 o pled 2MQTL olulids jglaie 4 QTL Sbaiis aslllas poie 4 bgy e slaarusls
1) Gl 0l |zl calizea slo Jlo g o) So jo a5 Sglaie sloojlail b calidre slacaans 5l QTL otz lojes job 4
(F0) S o pleol ¢ dne Loyl i 130 a0y plas do g allas oS (slo Shg oaisS S Sl sMQTL 8L (ol
slealols o )‘Jf).».:l) SLQTL (4156) suis sleiel B GlQTL” bl ogo> il cel LQTL (03115 s jo
weyat 0 Srgalz g 580 slaatuls g (gdior (lulid (Siwgn sloog S L g mhaw 0 i o b g S SsS
() 020 oo S]] K ghy 4 el (Son axly andllas 1o 0 )] 4 Cas QTL K6 G gy ooy J 78 slo Sg
Sl SeS 4 ol slp ) diedan cegiy >y Wl o LMQTL luliis g QTL yge31-1,3 5l ool Cowsds (slaazs
Qes s ol Selsa Lasl s (MASY)

(V9) Yz (V) A G gl T aloz 51 Calises ylalS ;5 LQTL fyge31-1,3 b alaly jo (goumie slaaalllas jg,0l 4 b
LgLﬁ;;:,a.o.? o QTLQ}a)‘]—L.é s).bb- axllas )1 Buad Sl oais solaul 9]& o LgoLd;.é‘ 9 o 605 6“;}&5 axllas
55 3 55 SBaiails & s 5 in 58 (Sl s oS LS oty 3blin i polite 4 sl il
25 0LS by JeSdse (soliiay slaasl y yo colaiwl gly sl o555 ;0 LQTL

Meta -0 Meta QTL Analysis (MQTLA) -  Linkage map -¥  Mapping -¥  Quantitative Trait Loci (QTL) -\
Triticum -+ Oryza sativa -3 Arabidopsis thaliana -» Marker Assisted Selection -V Confidence Interval -#  QTLs
Solanum tuberosum -\Y Hordeum vulgare -\Y Zea mays -)\ aestivum

Y§-


https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.3.9.7
https://journal-irshs.ir/article-1-413-fa.html

[ Downloaded from journal-irshs.ir on 2026-06-10 ]

[ DOR: 20.1001.1.16807154.1399.21.3.9.7 ]

ol j3hize & o 550 OTL 30iT 15

Wigs g 3lge
oS S SS9 ouiS S w09 S cold oL fSis
SLQTL laosls ol ool oluly G sl )0 e (05 SlaS iy 03T J5uS (o058 slaolilr alubiss jslas o
VeordaWees lagls )y anlllas aw slhosel cossay (le) 5l 5 (ale s 5L JS 2BsSS (o) togee CoinS slo T
W&‘s&.ﬁﬁ‘})tw&‘}quum&l)ooMoo&lduw.mM#Pdo)@aY'V 5

oo oolazw! LSLQW LY .1093}0 LSLQM‘Q .»)93 L)lfolf YO B YO Oy L&suT Cozo> o}‘..b" as ..\3»)9.3 F2 oo 9») 9 F]
wb)b M ‘L_';i“"“?"" 6[.&:09; S9) QTL g.,u.:ﬁ}a Lo o)b;‘ ey »))9,4 LSLQW 69; JALw u"“a’ﬁj" u.)‘ )é
] 00 oo)ﬁ—l \ J5A> L Go.s 6u§fj slass 9 65: 9 LODV )‘J.M “5..\)9&

QTL (903511, ;0 oo ooliiwl gla slacares sloaiusls -V Jgo

Table 1. Information of peach populations used for meta-QTL analysis.

Comez g5 Comezojll  Kliigy

e oner 2ol Type of  Population  Type of 39 e
Population Population parent yPe 9 Py P Trait Reference
population size marker
Jsl BT, RT, IL,
9 IF7310828 x (IF7310828 BC 75 RFLD, PH, ExC, (40)
Population xP. ferganesis) RAPD  FpH, SuC,
1 Pmr
“ Selfing F1 hybrid CR (0-
P99 o> ‘ 5 72C, 72C,
i BY01p6245 F2 378 SSR, LoC, Ut (17)
Population (g1, <Contender’ x “Fla.92- AFLP > ob
2 2C5) Dy)’ HR’
BT
. BT, RT,
P Coroz
Population ‘Bolero’ x ‘OroA’ F1 129 SSR Fs\;vc E;‘/S (16)
3 FpH
Selfing F1 MD, FW,
‘”L"‘f (F1: ‘Contender’ x F2 169 SSR ExC, SSC, (16)
Population ‘Ambra’) FA, FpH
4

BC, BT, RT, IL, PH, ExC, FpH, SuC, Pmr, CR, 0-7.2C, 7.2C, LoC, Ut, Dy, HR, SSC, FW and FA represents
Backcross, blooming time, ripening time, internode length, plant height, external color, fruit pH, sugar content,
powdery mildew resistance, chilling requirement, 0-7.2 Celsius degree, 7.2 Celsius degree, low chilling, chilling
requirement based on Utah model, chilling requirement based on Dynamic model, heat requirement, soluble solid
content, fruit weight and fruit acidity, respectively.
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Table 2. The number of QTLs and identified M-QTLs information for the quantitative traits.

s QTL slass MQTL slass
Trait Number of individual QTLs } Number of MQTLs
0-7.2C 12 10

7.2C 12 10

BT 27 14

Dy 12 9

ExC 8 8

FA 5 2

FpH 5 3

FW 11 9

HR 2

IL 1 2
LoC 10 8

PH 1 1

Pmr 2 3

RT 14 5

SSC 8 5

SuC 2 1

Ut 11 9

1 Number of related individual QTLs in each class of traits assessed in meta-QTL analysis,

9 Number of discovered M-QTLs containing each class of traits.

BT, RT, IL, PH, ExC, FpH, SuC, Pmr, 0-7.2C, 7.2C, LoC, Ut, Dy, HR, SSC, FW and FA represent
blooming time, ripening time, internode length, plant height, external color, fruit pH, sugar content,
powdery mildew resistance, 0-7.2 Celsius degree, 7.2 Celsius degree, low chilling, chilling requirement
based on Utah model, chilling requirement based on Dynamic model, heat requirement, soluble solid
content, fruit weight and fruit acidity, respectively.
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Fig. 1. Distribution of different quantitative trait loci (QTL) and meta QTLs across the peach linkage groups. The
pink, green and blue bars represent number of initial QTLs, Meta QTLs and QTLs used in meta QTL
analysis. The numbers inside each bar represent frequency of QTLs and MQTLs in each linkage group.
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Fig. 2. Position of the detected MQTLs on peach genome associated with different quantitative traits with 95%
confidence interval. Each color in different linkage group indicates the number of initial QTLs involved in
each MQTL. The flanking markers for each MQTL are presented on the left side of linkage groups.
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Fig. 3. Circos plot showing distribution of QTLs and MQTLs on linkage group of peach. The outermost circle
indicates the length of each linkage map on the consensus genetic map in ¢cM. The second circle shows
molecular markers distribution. The third and fourth circles indicate the initial QTLs density with 95%
confidence intervals and the position of the detected MQTL for the assessed traits based on heatmap
illustration. The protruding lines from each heatmap indicate the QTLs and MQTLs position on the linkage

groups.
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Table 3. Description of the detected meta-quantitative trait loci (MQTL) in peach genome.

.. B L Sg> Al ,o 0 95>g0 GWQTL osloss
MQTL et < ’1: N b sl Siles P“"?" el MQTL
MQTL name Hrlozge Flanking markers (()ziv};m CI Individual QTL present in
group (cM) MQTL
MQTL.LG1.1 LGl CPPCT026 — CC122a 0.41 0.93  0-7.2C, 7.2C, BT, Dy, RT, Ut
MQTL.LG1.2 LGI CPPCT027 - EACMCAC (91)  35.31 12.58 BT, FW
MQTL.LG1.3 LGI EACMCAC (91) — B8A3 49.42  13.09 BT, FW
MQTL.LG1.4 LGl pchgms40 — pchmgs29 87 0.02 0-7.2C, 7'50CC’ BI};’ Dy, HR,
MQTL.LG2.1 LG2 MAO024a — EPPISF031 3.02 3.36 FW, SSC
MQTL.LG2.2 LG2 OPP15 — OPH3b 25.32 498 BT, SSC
MQTL.LG2.3 LG2 AGS8f—Fg201b 44.2 0.23 FW
MQTL.LG2.4 LG2 FG18a— EGAMCTG (305) 60.72 0.11 ExC, PH, RT, SuC
MQTL.LG3.1 LG3 CPSCT035 — EMPaS02b 3.31 2.42 ExC, FA, FpH, SSC
ECAMCCG (350) —
MQTL.LG3.2 LG3 ETGMCAT (262) 9.09 0.37 ExC, SSC
MQTL.LG4.1 LG4 MD205a — FG31a 7.13 476 0726 7'2%]?1 Dy, LoC,
0-7.2C, 7.2C, BT, Dy, ExC,
MQTL.LG4.2 LG4 FG3 — Ampal03 47.08 2.29 FpH. FW. IL, LoC. Ut
0-7.2C, 7.2C, BT, Dy, ExC,
MQTL.LG4.3 LG4 OPH7a — UDP97-402 50.74 0.67  FA, FpH, FW, IL, LoC, RT,
SSC, Ut
MQTL.LG4.4 LG4 A2 - Agl2 67.67 1.9 BT, FW
MQTL.LG4.5 LG4 EndoPG — B4C10 8222  14.66 BT
ETGMCAG (80) — 0-7.2C, 7.2C, BT, Dy, LoC,
MQTL.LG5.1 LG5 ssrPaCITA21 32.68 1.09 Ut
MQTL.LG6.1 LG6 UDP98'02(11g21§GTMCCC 0.01 0.61 ExC, FW,RT
MQTL.LG6.2 LG6 OPJ13 — UDP-412 34.73 0.67  0-7.2C, 7.2C, BT, ExC, FW
MQTL.LG7.1 LG7 A5a—BPPCT029 36.48 1.75 BT, ExC, Pmr
MQTL.LG7.2 LG7 Sf— pchgms46 43.61 174 0-7:2C,72C, BT, Dy, LoC,
Pmr, Ut
MQTL.LG7.3 LG7 pchgms46 — UDAp-460 a7 om 9726 7‘2C’U]?y’ LoC, Pmr,
MQTL.LGS.1 LGS Ag8d — CPDCT023 51.17 178 0726 7'2%]? y, HR, LoC,

BT, RT, IL, PH, ExC, FpH, SuC, Pmr, 0-7.2C, 7.2C, LoC, Ut, Dy, HR, SSC, FW and FA represent blooming time,
ripening time, internode length, plant height, external color, fruit pH, sugar content, powdery mildew resistance, 0-
7.2 Celsius degree, 7.2 Celsius degree, low chilling, chilling requirement based on Utah model, chilling requirement
based on Dynamic model, heat requirement, soluble solid content, fruit weight and fruit acidity, respectively.
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Table 4. Co-localization frequency analysis between QTLs of the tested traits and QTLs associated with fruit
weight in the detected MQTLs region in peach genome.
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with FW with FW
702-C 0.33 2.55 0.11 ExC 0.44 3.40 0.07
LoC 0.22 1.70 0.19 IL 0.22 1.70 0.19
BT 0.67 5.09 0.02 7.2C 0.33 2.55 0.11
Dy 0.22 1.70 0.19 RT 0.22 1.70 0.19
FpH 0.22 1.70 0.19 SSC 0.11 0.85 0.36
FA 0.11 0.85 0.36 SuC 0.22 1.70 0.19

BT, RT, IL, ExC, FpH, SuC, 0-7.2C, 7.2C, LoC, Dy, SSC and FA represent blooming time, ripening time,
internode length, external color, fruit pH, sugar content, 0-7.2 Celsius degree, 7.2 Celsius degree, low chilling,
chilling requirement based on Dynamic model, soluble solid content and fruit acidity, respectively
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Genome Wide Meta-QTL Analysis to Identify Stable Genomic Regions
Associated with Important Quantitative Traits (QTLs) in Various Peach
(Prunus persica L.) Populations

N. Shariatipour and B. Heidari*!

The meta-QTL analysis was performed to identify the most effective and stable QTLs
related to quantitative traits in peach (Prunus persica). In the present study, a QTL database
containing information of molecular markers in different peach populations was constructed.
Then, a new genetic consensus map based on the Kosambi map function was created. A number
of 137 QTLs from the initial pool were projected in the constructed genetic consensus map and
eventually 22 meta-QTLs (MQTLs) on different linkage groups of the peach genome was
detected. The linkage group 4 (LG4) had the highest number of MQTLs for the assessed traits.
According to co-localization frequency analysis between existing QTLs in the detected MQTLs
regions, blooming time had the highest co-localization (67%) with the QTLs of fruit weight.
Pleiotropy or strong linkage between genes controlling blooming time and fruit weight could
be explained for the co-localization of the tested traits. The MQTL.LG4.3 and MQTL.LG4.2
containing 14 and 10 QTLs in original genomic regions were identified as the most stable and
reliable MQTLs controlling most of the traits tested in peach.
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mapping (QTL).
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