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1- Quantitative Trait Loci (QTL)      2- Mapping       3- Linkage map      4- Meta QTL Analysis (MQTLA)     5- Meta 

QTLs     6- Confidence Interval  ٧- Marker Assisted Selection ٨- Arabidopsis thaliana  ٩- Oryza sativa ١٠- Triticum 

aestivum ١١- Zea mays ١٢- Hordeum vulgare ١٣- Solanum tuberosum 
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Table 1. Information of peach populations used for meta-QTL analysis. 

GKL�� 

Population 

GKL�� E��-�� 

Population parent 

GKL�� p�
 

Type of 
population 

GKL�� �A��
� 

Population 
size 

�D
�*
 p�
 

Type of 
marker 

	:+�� 

Trait 

R��� 

Reference 

/�� GKL�� 

Population 
1 

IF7310828 × (IF7310828 
×P. ferganesis) 

BC 75 
RFLD, 
RAPD 

BT, RT, IL, 
PH, ExC, 
FpH, SuC, 

Pmr 

(40) 

��2 GKL�� 

Population 
2 

Selfing F1 hybrid 
‘BY01p6245’ 

(F1: ‘Contender’ × ‘Fla.92-
2C’) 

F2 378 
SSR, 
AFLP 

CR (0-
7.2C, 7.2C, 

LoC, Ut, 
Dy), HR, 

BT 

(17) 

��8 GKL�� 

Population 
3 

‘Bolero’ × ‘OroA’ F1 129 SSR 

BT, RT, 
FW, ExC, 
SSC, FA, 

FpH 

(16) 

 GKL��

���<g 

Population 
4 

Selfing F1  
(F1: ‘Contender’ × 

‘Ambra’) 
F2 169 SSR 

MD, FW, 
ExC, SSC, 
FA, FpH 

(16) 

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. 

BC XBT XRT XIL XPH XExC XFpH XSuC XPmr XCR X0-7.2C X7.2C XLoC XUt XDy XHR XSSC XFW  �FA h& d�L� \K&�& �� X	0*:�� 	_

 X	���^ ��s f
� X��K: p� &�� X��D
�K� ��!�� X	:�K8� �& A�� X	����J� j���&pH X"�2�, z�K 8 �� G���.� X��_ ��=K� X��K� 	����8 A�K
  X2/7 – 0 

 ���2S�K?�8 X2/7  ���2S�K?�8 /�� S�8� �� 	����8 A�K
 X;1 	����8 A�K
 XUtah 	����8 A�K
 X /�� S�8� ��Dynamic��: A�K
 X ���� 2��� X	��

	� ��K� �0��K8� � ��K� �A� X/���� .�����  

 

 ������ ,$-� ./�01!
(3 2'�

� � QTL�"
" �� 	�� �" "�!�( ���  

   �?��.� ��9�� ��QTLGKL�� A� ��� 	��8��� "�# �K<& R��� 	JK0
5 �*.
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 A� �2� 08� ��Biomercator V4.2  6K �&���
 )2 X45 .(

 �L-�T� �� I���� 	D08�K, �*.
Dettori ) ����J�# �13 �2� 08� R��� 	JK0
5 �*.
 ����� �� (�� �� 	JK0
5 �*.
 R��& .

 

1- Backcross (BC)                                           2- Log of Odds                                     3- Consensus Genetic Map 
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)Akaike information criterion  ��AIC X(AIC ) ��� VK�`&AICc/�� X( ���
�1 "�#AIC3 )AIC 3 candidate models X(

 ��KL�c��h7� ) "=K�Bayesian information criterion  ��BIC�#�*� b8�0� �A� ��KL� � (��# )Average Weight of 

Evidence  ��AWE �
�� �� ��:A�8 ���.� E��&�� "���2 /�� .G��: ���_ ���AB 2��� (��#�*� �# G<� /�� E��0<� ����� ��

��� ���
�-���ABQTL �9
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  	�L� I��&�� 2��L& EK� ��2QTL��� �2 ��� �2� 08� "�#-���ABQTL  2��L& �MQTL A� �2� 08� �� ��� 	��8��� "�#

 	D0?��# ��=�& ���AB��8�K,1  EKKL&�� EK� dh0^� EKKL& ��9�� �� .QTL ���: �# �2 2���� "�#	D08�K,2  A�

���AB"�1 "�#-�w�J8�3 eA��� 	w�JK
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 /���2-  2��L&QTL � �#MQTL ��� 	��8��� "�# "���	:+��.	�1 "�#  

Table 2. The number of QTLs and identified M-QTLs information for the quantitative traits. 
	:+�� 

Trait 

 2��L&QTL�#  

Number of individual QTLs ‡ 

 2��L&MQTL�#  

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 3 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 

‡ Number of related individual QTLs in each class of traits assessed in meta-QTL analysis, 
¶ 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. 

‡ 2��L& :QTL �# �� I���� "�#	:+�� ��� �2 �1-���ABQTL : ���_ �2� 08� 2��� .G8� �0��  

¶ 2��L& :MQTL �B �2 �1 	��#QTL �# �� I���� "�#	:+�� .2��2 2��� 	�1  

BT XRT XIL XPH XExC XFpH XSuC XPmrX0-7.2C X7.2C XLoC XUt XDy XHR XSSC XFW  �FA &�& ��K\  d�L�&���j 

���J�	�X 8� �& A��K:�	X � ��!��KX��D
� : p� &��KX�� s f
��� ���^	X pH �KX�� �K��=  8 �� G���.� X��_Kz� ,�2�"X 2/7 – 0  ���2

S�K?�8X 2/7  ���2S�K?�8X 
KA� ���8	� 
 X;1KA� ���8	�  /�� S�8� ��Utah
 XKA� ���8	�  /�� S�8� ��Dynamic
 XKA� ���:	�X 

� �A� X/���� ���� 2���K�� 8� �K���0 �K�� �	�����. 

 
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. 

 OJ�1- ��J� U�1��, "�#/�0�1 ����1	:+��"�# ) 	�1QTLs � (MQTL���: �2 �#��08 .��# M�0N� 	D08�K, "�# 	&��! "�#

��*
 \K&�& �� f
� 	�B � =�8 Xf
� ���#2QTL X	���0�� "�#MQTL � �#QTL��� �2 ��� �2� 08� "�#-���ABQTL 	� .�����

�����
 ��08 �# �2 2���� 	
����� �:QTL � �#MQTL	� 	D08�K, ���: �# �2 �# .����  
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3-��(56QTL  

   p���� A�144 2�� QTL GKL�� A� ��� OKJ*& 2��L& XM�0N� "�#137 2�� QTL  GK.��� ��"��  R��� 	JK0
5 �*.


��� �2 G��<
 �2 � ��0��� U�1��, ��� OKJ*&-���AB QTL ���: 	���& �2 .��0��: ���_ �2� 08� 2��� ����08� �� 	D08�K, "�#

 ����� 	D08�K, ���:4 )LG4 	���& (QTL GK.��� �� �K-�� "�#"��  �1 	-�C �2 X��0��� U�1��, ��# R��� 	JK0
5 �*.


 ����� 5�J�K- ���: �24 )LG4 2��L& A� (43 2�� QTL  �� I���� �K-��	:+��"�#  XM�0N� 	�1 2��L&36 2�� QTL  GK.��� ��

"��  OJ�) ��0��� U�1��, ��# �2 ��� OKJ*& R��� 	JK0
5 �*.
1 S�8� �� .(��K0
"�# ��G82 ��� A� ���B-���ABQTL  �2

 2��L& p����22 MQTL )MQTL 	D08�K, ���: �# �2 � (;J082  >�MQTL  .�� 	��8�����K0
"�# ��G82 ��� A� ���B-

���ABQTL  ����� 	D08�K, ���: �2 �1 2�2 ��*
4 )LG4 2��L& E��0*K� (MQTL )5 ���: �2 � (2�� ����� 	D08�K, "�#

5 )LG5 � (8 )LG8 2��L& E��0�1 (MQTL )1  	��8��� (2���� OJ�) "�#2  �3 .(  

  

 

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. 

 OJ�2- GKL_�� MQTL �� b�&�� ��� 	��8��� "�#	:+��"�#  ���K�7� 2��C �� ��# ��
5 �2 M�0N� 	�195 %f
� .���: �2 �# "�#

��*
 	D08�K, 2��L& ���#2QTL �KC�
 �# �2 �K-�� "�#MQTL �D
�*
 .G8� �# EK��7 "�#MQTL ���: �# �g G�?_ �2 

 .G8� ��� �2�2 ��*
 	D08�K,  
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  ��:=��  �# GKL_�� �� �T��� �2 �0*K�MQTL  /��� �2 ��K
 � ���K�7� 2��C X	D08�K, ���: X��# ��
5 VT8 �23  ���B

 .G8���K0
"�# ���-���ABQTL  ����2 �1 2�2 ��*
 �KK~& 2��L&QTL �KC�
 �# �2 �K-�� "�#MQTL  EK�1  �&13  .2�� �K~0�

 �9
 A� �1 	&��! �2	:+��"�# & ��� �L-�T� 	�1 2��LQTL �KC�
 �2 b�&�� "�#MQTL EK� ��� 	��8��� "�#1  �&14 

2�� QTL  .2�� �K~0�  

  
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. 

 OJ�3 ��2��
 .Circos  R�A�& U���
 "���QTL  �MQTL �#"�� ���:	���^ �2 .��# 	D08�K, "�# 	D08�K, ���: �# /�7 ����2 E��&

	0
�8 �C�� S�8� �� R��� 	JK0
5 �*.
 �2) ��:���cM �� 	-�J-�� "�#�D
�*
 R�A�& ��2 ����� ����2 .G8� ��� tN*� (

��*
	�����2 �2 .�#2 ;1��& \K&�& �� ���<g � ��8 "�#QTL ���K�7� 2��C �� �K-�� "�#95  �# GKL_�� � �!�2MQTL 

 �� b�&��	:+��"�# �*.
 S�8� �� M�0N� 	�1 GKL_�� 	&���C �*.
 �# A� ���B�� I�T^ .G8� ��� �2�2 ��*
 	&���C "�#

QTL � �#MQTL���: VT8 �2 �� �#	� ��*
 	D08�K, "�#.�#2 

  

  S�8� �� 	�1 ��7 ����K0
"�# ���B G82 �� ��K� �2 XMQTL 	��8��� "�#���X MQTL  �����3  	D08�K, ���: �2

 �����4 )MQTL.LG4.3 2��L& E��0*K� "���2 (QTL )13 QTL .2�� (;#EK�g MQTL  �����2  ����� 	D08�K, ���: �2
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4 )MQTL.LG4.2 E0��2 �� (10 QTL  .G��: ���_ ��2 ��&� �2MQTL ����� "�#3  ����� 	D08�K, ���: A�2 

)MQTL.LG2.3 ����� � (5  A� ����� 	D08�K, ���:4 )MQTL.LG4.5 >� �<�& �2�� ���2 �� (QTL  2��L& E��0�1QTL  ��

 EK� �2MQTL /���) �
2�2 ��*
 ��� 	��8��� "�#3 S�8� �� p���� �2 .(��K0
"�# ��� A� O!�C-���ABQTL X EKD
�K�

 �2 OK^2 	��
5 	C��
 ���K�7� 2��C	:+��"�#  2��L& .G��� U#�1 ����� �8 �& ��# ��K: �2 ��� 	8���QTL �2 2���� "�#

 2��L& �� 	D08�K, ���: �#MQTL) G��� 	D0?��# ��� 	��8��� "�#83/0 r =	�L� � () "��2010/0 P-value =.G��2 ( 

 

 /���3-  MK!�&MQTL.��# ��
5 �2 ��� 	��8��� "�#  

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

 ��
MQTL 

MQTL name 

	D08�K, ���: 

Linkage 
group 

EK��7 "�#�D
�*
 

Flanking markers 

GKL_�� 

Position 
(cM) 

 2��C

���K�7� 

CI 
(cM) 

 2��L&QTL �KC�
 �# �2 2���� "�#

MQTL 
Individual QTL present in 

MQTL 

MQTL.LG1.1 LG1 CPPCT026 – CC122a 0.41 0.93 0-7.2C, 7.2C, BT, Dy, RT, Ut 

MQTL.LG1.2 LG1 CPPCT027 – EACMCAC (91) 35.31 12.58 BT, FW 

MQTL.LG1.3 LG1 EACMCAC (91) – B8A3 49.42 13.09 BT, FW 

MQTL.LG1.4 LG1 pchgms40 – pchmgs29 87 0.02 
0-7.2C, 7.2C, BT, Dy, HR, 

LoC, Ut 

MQTL.LG2.1 LG2 MA024a – EPPISF031 3.02 3.36 FW, SSC 

MQTL.LG2.2 LG2 OPP15 – OPH3b 25.32 4.98 BT, SSC 

MQTL.LG2.3 LG2 AG8f – 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 

MQTL.LG3.2 LG3 
ECAMCCG (350) – 
ETGMCAT (262) 

9.09 0.37 ExC, SSC 

MQTL.LG4.1 LG4 MD205a – FG31a 7.13 4.76 
0-7.2C, 7.2C, BT, Dy, LoC, 

Ut 

MQTL.LG4.2 LG4 FG3 – Ampa103 47.08 2.29 
0-7.2C, 7.2C, BT, Dy, ExC, 

FpH, FW, IL, LoC, Ut 

MQTL.LG4.3 LG4 OPH7a – UDP97-402 50.74 0.67 
0-7.2C, 7.2C, BT, Dy, ExC, 
FA, FpH, FW, IL, LoC, RT, 

SSC, Ut 

MQTL.LG4.4 LG4 A2 – Ag12 67.67 1.9 BT, FW 

MQTL.LG4.5 LG4 EndoPG – B4C10 82.22 14.66 BT 

MQTL.LG5.1 LG5 
ETGMCAG (80) – 

ssrPaCITA21 
32.68 1.09 

0-7.2C, 7.2C, BT, Dy, LoC, 
Ut 

MQTL.LG6.1 LG6 
UDP98-021 – EGTMCCC 

(152) 
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 1.74 
0-7.2C, 7.2C, BT, Dy, LoC, 

Pmr, Ut 

MQTL.LG7.3 LG7 pchgms46 – UDAp-460 47.71 0.71 
0-7.2C, 7.2C, Dy, LoC, Pmr, 

Ut 

MQTL.LG8.1 LG8 Ag8d – CPDCT023 51.17 1.78 
0-7.2C, 7.2C, Dy, HR, LoC, 

Ut 

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. 

BT XRT XIL XPH XExC XFpH XSuC XPmrX0-7.2C  X7.2C XLoC XUt XDy XHR XSSCXFW� FA &�& ��K\ ��& d�L��j ���J�	�X  �& A��

8�K:�	X � ��!��KX��D
� : p� &��KX�� s f
��� ���^	XpH  �KX�� �K��=  8 �� G���.� X��_Kz� �2�,"X 2/7-0  ���2S�K?�8X 2/7  ���2S�K?�8X 
KA� 

���8	� 
 X;1KA� ���8	� /�� S�8� �� Utah
 XKA� ���8	� /�� S�8� �� Dynamic
 XKA� ���:	�X � �A� X/���� ���� 2���K�� 8� �K���0 �K�� �	����� 
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 ,	78%�)*	���� ,���� 
� �" �+� MQTL  

   ��=�& S�8� ��	:+���#  �KC�
 �# �2MQTL XQTL) 	����J� ���A �� I���� "�#BD �2 (14 MQTL  A�22  2��MQTL 

 .��0��2 ��}C ��� 	��8���QTL 	����8 A�K
 �� I���� "�#2/7-0  ���2S�K?�8  �2/7  ���2S�K?�8  E0��2 ��}C ��

 �210 MQTL  A�22 MQTL .��0��: ���_ ��2 ��&� �2 QTL �� I���� "�#	:+��"�#  ��}C �� =K
 ��_ ���.� � ��K: p� &��
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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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����� �� 	
�J�

��K� �A� 
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7.2C 

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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Research article 
 

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*111 
 

 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. 
Keywords: Genetic map, Genome, Meta-QTL, Peach (Prunus persica L.), Quantitative traits 
mapping (QTL). 
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