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� LDř"AB:ČLDĒ ¯�/Ş!ġē��.�æ4@4�,%æ�4@4 ��

���!³�x{�ŝ«¸�!Śĩ
�ī��/����śòÿ�&!ŇÀÁ
ŝ��

�	-ċ3 śò�0��/šHeemstra & Randall 1993; Pierre et al. 2008Ţ	þ�śò�0

��/LDř!h�ĕ����49SEYLDšEpinephelus fuscoguttatusŢ�>Y>LD

šCromileptes altivelisŢ�A@4YšPlectropomus leopardusŢ�DS96šE. lanceolatusŢ�

FV6]S[LDšE. coioidesŢ�,%W6JLDšE. malabaricusŢ
Ì�-0/šPomeroy 

2002; Rahimnejad et al. 2015Ţ	�	��
-�LDř"ģò
Ŗ���lŞá �
/Ā

¤ý
s���	-k±Ċ Āā�0�ĔŞ!¦§Ċ�ďy
Ŗ���� ���ÅŎ

�/! ÚŐ
		/�) �ŚĩÚ 76[AÁđĞ�ñĈ��!Ćć ,/Ĳ©2

�
/ZA;
ŝ����śò�/ ������!�Ř2É���/šKohno et al. 

1997; Marte 2003; Harikrishnan et al. 2011; Petersen et al. 2013Ţ	Ø�ÅŎ�/ĕĮ2ŏĉ�

/��"�Ćć ,/Ĳ©2�
�/áŐ+ŚÔ�ĺ|Ě!śò 		/ŀĂ2�ù�

/�� ��
/�) �LDř!ĩĕĸĄ2êĹ�/����tŎ+tŋĚ!ÅŎő

ń»Ł!ÑĬ"ŋĵ�Ëí! 1 ����Ħ�-0��/	ü �×ã�";8šE. 

bruneusŢ�D6��"49SEYLD
hĵ�śòLDř! 1 ĕ��/�)��0(�

 �ĕ ¬�/ĎĖ!aÿ����ÅŎőń»Ł!ÑĬ2ČË���£ŉq¥ĊĎĖ


į10��/šLiu 2013; Kessuwan 2015Ţ	 

� ¾å�tŎ+tŋĚ!ÅŎőń»Ł"�!ıþ�2� zt2ňÈ��jŊ�/ňÈ

ĩĕ ,/ÑĬ
į10���
�ĕŐjŕ ,/ŕĕº�2�Ă���ŝÅŎ+ħć

Á����à(��»Ł2yß�/jŕĕ2u��/ĩĕÕö*Şř ���"µ�

Ă�-0��/šBartley et al. 2001; Epifanio & Nielsen 2001Ţ	LDř�"49SEYL

D�SEYLDšE. polyphekadionŢ!ŕĕLD �����!ĔŞ
ĶŞĕ!ĔŞ,.

*Ø�ÅŎ2Đ����
���0��/šJames et al. 1999Ţ	(��2008´ "S\
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`?4!ĎĖF`T
49SEYLDŔ�DS96œ2jŊ��jŕĕ2u��/�

� Å����/šCh’ng & SenooŢ	�!jŕĕ!ĶŞĕ��/49SEYLD"m!

LDř,.ółĊØ�ÅŎ��śòÿ�&!ŇÀÁ*ŝ���
���0��/

šRachmansyah et al. 2009; Shapawi et al. 2014Ţ	(��DS96" 2ĕř�/Ý* �!

LDř!��! 1ĕ��.�Āĩÿ� ,��" 1´� 3 kg Ņ�/w*�.��!Å

Ŏ"��*Ø�šHeemstra & Randall 1993; Sadovy et al, 2003Ţ	�! 2ĕř!LD	-u

��0�ŕĕLD"�!ÅŎ!Ø���¢Á!Ĭ�	-4@4�ü Ŝú �����

÷ŀ�0��/šSenoo 2010Ţ	�!�)�ãŕĕLD ���"�ÝŇ�Āĩÿ�äp

!êĹ�ŚÔŏĉ!'	�ŝÅŎ2Đ�ŉqĊ�U9KBT2Í/�)!ÅŎőńŉq

£!ĉþķç
į10/��Ĝ�Ċ ĎĖ�0��/šOthman et al. 2015; Rahimnejad et 

al. 2015; Sun et al. 2016Ţ	D6�!Ò·ïő��/D6ôā®;YOõ°ûëĎĖŏĉC

^D`�"�ãŕĕLD!œĶ��/DS96!â�Ĝ�2¿/Æİ
ďė�����

�)�DS96!ĕĮĀā"¨Ö�0����
�ãŕĕLD!u� "Å����.�

��49SEYLDŔĶzt2Ă���× u���49SEYLD�ŕĕLD�"

�!ÅŎ
 ��ą�/��
ď	)-0��/šFigure 1Ţ	(��ãŕĕLD�Ľ)

-0/ŕĕº� ,/ŝÅŎ" F1en�ďĽ��/
���DS96œĶzt�ĴÓ!

49SEYLDŔĶzt2Ă���× u���ŕĕLD2�a!ÿ�c�Śĩ��

Œ �ªĝŐ�,%ªĝ~!ztŐ��!ÅŎ ²
Ľ)-0/��*ďĽ�0��/

šFigures 2 and 3Ţ	�!��	-�ŕĕLD2u��/Œ vĂ��ĶŞ
ŕĕLD!

ÅŎ ¼ŗ2d���.�ŕĕLD!u� }Ĭ�ĶŞ2vĂ�/���,.Ø�ÅŎ

�/ŕĕLDĕĮ
u���/*!�iÃ�0/	 

� ÅŎ+ĨŁ�Ćć&!ÊÇÁ!,��śò �
/ßĂ»Ł!��"ńĠĊ���2

Đ�ŌĊ»ŁšQuantitative Traits, QTŢ��.�ĴÓ!ą�/ŉq£¹šŌĊ»Łŉq£

¹ĥ�Quantitative Trait Loci, QTLsŢ ,.ÐŊ�0��/šMassault et al. 2008Ţ	�!

Ĵŕ�»Ł��2ÐŊ�/ QTL !éĭtb!rĤ+�è2Ï§�/ķçšQTL ķçŢ
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"ċ3 į10��.�śò¬ĿŞĕ ���*ßĂ»Ł őd�/ QTL
���0�

�/šKoral et al. 2007; Presti et al. 2009; Tong & Sun; 2015Ţ	QTLķç ,.ĩĕ ßĂ

�»Ł�º�ńō�/ DNA S`9`¹
Ù-	 �0#��!S`9`¹!ŉq£�

2*�zt2ňÈ�/S`9`4?AJňÈšMarker Assisted Selection, MASŢĩĕ
�

ī��/	DNAS`9`2Ă�/����ßĂ»Ł őd�/ŉq£!ìŃ+ïī��


1	-���*�QTLŉq£�2ŐÎĊ ňÈ�/��
���ŉqÂ�2ĦÄ��

,.Ĝ¸!ŝ�ňÈĩĕ2į���
�ī��/šşŚ 2002; Presti et al. 2009Ţ	NYU

 ���76[Ać ÊÇÁ2Đ�¬ėŉq£š4\[Ţ ńō�� DNA S`9`2

Ă��ňÈ ,.�čáŐ�!ÊÇÁĝğ!u�
���0�����ôāśòŞ�*

MASĩĕ!ßĂÁ
¨Ļ�0��/šFuji et al. 2007Ţ	�0(� �ÅŎőń»Ł ő

d�/ QTL ő��"�><ĒŞřšMoghadam et al. 2007; Wringe et al. 2010Ţ�=6

šWang et al. 2012Ţ�AB:šWang et al. 2015Ţ�D`RGJšWang et al. 2015Ţ�H5Y

P4šLiu et al. 2014Ţ�NYUšSong et al. 2012Ţ�X`]GMQE6šLoukovitis et al. 2012Ţ

 ������0��/'	�LDř�";8šKessuwan et al. 2016Ţ�,%FV6]

S[LDšYu et al. 2016Ţ ������0��/	(��ŕĕLD!ĶŞĕ��/4

9SEYLD�"�ÅŎőń»Ł őd�/ 2�! QTL
ê��0��/
šKessuwan 

2015Ţ�DS96�,%ŕĕLD ���"â����0����	 

ob!,��ĪÛ!c�ãĎĖ�"49SEYLDŔ�DS96œ	-u��0/ŕ

ĕLD ����MAS ĩĕ2�Ă���,.Ø�ÅŎ�/ F1ŕĕLD2ŏĉ�/��

2Čí����!ęað���fĶŞĕăå!ÅŎ»Ł őń�/ŉqS`9`!ŏĉ

2į��	ę 1Ę�"�fĶŞĕ!ńō��2uĳ��	ę 2Ę�"��ĶŞĕ ��

�ÅŎőń»Ł őd�/ QTL�,%ŉqS`9`2ü§��	ę 3Ę�"�ê���

QTL�ÿ�ĵ��!őńÁ2ļx��	Ý½ �ãĎĖ�¿-0�ÅŎ»Ł őń�/

ŉqS`9`2Ă���Ø�ÅŎ�/ F1ŕĕLD2u��/ĩĕÕö2êĹ��	 
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Figure 1 �× u���ŕĕLD�49SEYLD!ÅŎÜĢš5ţ19_Þ

ŠŢ  

ŕĕLD�49SEYLD!u� "�a!49SEYLDŔĶ 1 ­!â�Ĝ

�2vĂ��	 
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Figure 2 �× u���ŕĕLD 4ªĝ! 19_ÞŠÚ!tŋ2Đ��ě$��  

ªĝ 1	- 4"�0�0ą�/49SEYLDŔĶzt!â�Ĝ�2�a!DS9

6œĶzt 1 ­!Ĝ£�ø��/���u�����ÿ�c�Śĩ��	ě~!îĢ

"�ªĝ �
/tŋI`D!g¡{2Đ�	 
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Figure 3 �aªĝ~�ÅŎý ņ�
Ľ)-0�ŕĕLD!ÅŎÜĢš5ţ19

_ÞŠŢ  

ŕĕLD"49SEYLDŔĶ 1­!â�Ĝ�2DS96œĶzt 1­!Ĝ£�ø

��/���u�����ÿ�c�Śĩ��	 
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į 1Į 

6<]KdSJƃŵƄ J]<8ƃųƄ#Ţū®¬#�ŉ 

 

� AR_m"è­�1¢ī#�łÏś"ůn�1 QTL5Ėº�1�*"$�DNA¶°

5û��1¶
# DNA ]k<k �25ĝ���ŉ�21Ţū®¬�Öŋ��1	Ţ

ū®¬ $�DNA]k<k#úŃ�m�#Ĥ¼ģ~ĺ5ĩ��®¬��0�]k<kŮ

#ķæ�ŽË"²���ŉ�21	Ţū®¬5ýÝ�1 DNA ]k<k"$ RFLP

ƃ Restriction Fragment Length PolymorphismƄ� AFLPƃ Amplified Fragment Length 

PolymorphismƄ�SSRƃSimple Sequence RepeatƄ�SNPƃSingle Nucleotide PolymorphismƄ

]k<k��0��2'�" 40 ī{m#ſă¼ŚƁī"	���2/#]k<k5ĝ

��Ţū®¬��ŉ�2��1ƃYue 2014Ƅ	SJž"	��$�[i8O@fkUkƃE. 

aeneusƄ�?;	.%6<]KdSJ"	�� SSR ]k<k5�Lb8h]fSJ"	

�� SNP ]k<k5ĝ���ŉ�2�Ţū®¬�³¨�2��1ƃDor et al. 2014; 

Kessuwan et al. 2016; Kessuwan 2015; You et al. 2013Ƅ	DNA]k<k#q�+�AR_m

#r"ŹļŒż±"É
�¶
è­�1�Ĵ�ÕŨ�5¼Ś �� SSR]k<k$ƀ�

¶°Ù5ò�1��Ù]k<k��0�şĹīƃġīƄ�+�ĝ��1�đ��1�*

ƃLiu & Cordes 2004; Barbará et al. 2007Ƅ�õħĬ�ÝŬůŢÏś# QTLŏø"�ŕ�1

6<]KdSJŵ J]<8ų
/���� F1 ŶīSJ#ŏø"Ť���1 Ľ�/

21	'���2'�"r"?;#AR_Ũ�Ú³
/ 1,500�{m# SSR]k<k�

ŭĢ�2�	0��2/5ĝ��?;	.%6<]KdSJ#Ţū®¬��ŉ�2��

1� 
/ƃLiu 2013; Kubota et al.2014; Kessuwan 2015Ƅ�¤� SSR]k<k5�ĝ�1

� ".0�Ţū®¬#ƁīŮ�#ĄŞ� ľ !1	���õĮ�$��2'�"ŭ

Ģ�2� SSR]k<k5ĝ���6<]KdSJƃŵƄ J]<8ƃųƄ#Ţū®¬#

�ŉ5ŕ(�	 
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ŢūŏøĝAR_ DNA#Řê 

� J8ĆĜÁ?dWĈÃďüħĬŭĢGjJk"� 2013È 3ñ" F0 ��6<]Kd

SJŵ 1¿ J]<8ų 1¿5xĒwŨ������ F1ŶīSJ 178¿5Ţūŏø"�

ĝ��	xĒwŨ$úŃ�ç�5ņ4��pŎƁ
/â���ô�Ĳ� Ĳ¸5�Ĵ"

Č£�1� �ņ��	AR_ DNA$Ƃ#lŧ.0 Coimbra et al.ƃ2003Ƅ#íĉ"Ó

�á���	á��� DNA$ NanoDrop 2000cƃThermo Fisher Scientific, Waltham, MA, 

USAƄ5ĝ��ĴËƃĐËƄ5Ďº��	 

 

Ŧ|¸°#ŏø 

� Ŧ|¸°$ Kubota et al.ƃ2014Ƅ#íĉ5²"��Ĵ�ÕŨ�ż±5 PCRĉ"�´Å

��Ò�µÙ\e6?ef6^PAfŸąĊ�ĉ"� DNA ìĔ#B8F��ŷ�1�

 ��º��	PCR$Ņ�Ńĵ TET�ÿř�� 0.05 pmol µl-1 forward primer�0.5 pmol µl-1 

reverse primer�2.0 mM MgCl25§) 1× Ex Taq buffer�0.2 mM dNTP�1% bovine serum 

albumin�0.025 U TaKaRa Ex TaqƃTakara Bio Inc., Otsu, Shiga, JapanƄ	.% 50 ng#Nj

ZgkO DNA5§) 10 µl#�×ċq��Mastercycler pro SƃEppendorf, Barkhauseweg, 

Hamburg, GermanyƄ"�ņ��	PCR�×$ 95°C 5�Ů#ēµÙÒ�95°C 30Ī�56°C 

1��72°C 1�#B8?f5 36B8?fņ��72°C� 10�Ů}Ŭ�×��Ò�4°C'

�Ø���	Ô/2� PCRĜĕ$�İŪ# Loading dyeƃ98% formamide, 10 mM EDTA (pH 

8.0), 0.05% bromophenol blueƄ5���95°C� 15�ŮµÙ���Ò�8 MÀĵ5§) 6%

\e6?ef6^PµÙAf5ĝ���1800 V�ĳ 2îŮ#ŸąĊ�5ņ��	ŸąĊ

�ĶtÒ�Typhoon FLA 9500 biomolecular imagerƃGE Healthcare Life Sciences, Little 

Chalfont, Buckinghamshire, UKƄ5ĝ�� PCRĜĕ5 ō��1� �Ŧ|¸°5���

�	 
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DNA]k<kÌ#Ţūŏø Ţū®¬#�ŉ 

� Ţūŏø"ĝ�1 DNA ]k<k$��2'�"³¨�2�?;	.%6<]KdS

J#Ţū®¬"Ũĺ�2� SSR]k<k
/�mŠ��6<]KdSJŵ'�$J]<

8ų# F0"	���¶°Ù�Ĩŗ���+#5ťà��	�#ű�āĮ�ņ� QTL ŏ

ø�Öŋ!ð�Ű#û��5Ô1�*"�¢ŢūĻ"	��ťà��]k<kŮ#Ŧ|

ģŝŷ� 20 GjLaf=jƃcMƄ{� !1.�" SSR]k<k5ť���ƃMassault 

et al. 2008Ƅ	Ţūŏø"$ťà�� SSR]k<k# F0	.% F1ŶīSJ 178¿5ŏø

��Ô/2�Ŧ|¸°Ú³5ĝ��	¢]k<kŮ#Ţūûº ķæ��#äº$

LINKMFEX software package version 2.3ƃDanzmann 2006Ƅ5ĝ��ņ��	õŏøIX

O9:6$�¢]k<kÌ"	���ŷoz�pŎ
/���16gf5ŵŎ'�$ų

ŎĞ÷�"ŏø�1�*�ŵų��#Ţū®¬5�ŉ�1� � ľ !1	Ţūŏø

$Ô/2�Ŧ|¸°Ú³5Þ�wŨÏÍ"µæ��ņ��	ŢūĻ$ logarithm of odds

ƃLODƄ� 4.0 {m�Ţū�1]k<k5¤�ŢūĻ"Â�1 (!��	¢ŢūĻ�

#]k<k#ŻÊ	.%vũķæ�$Map Manager QTXIXO9:6ƃManly et al. 2001Ƅ

5ĝ��Ĩŗ��]k<kŮ#vũķæ��ð+¾!
!1.�"]k<k#ŻÊ5µ

ï��	¢]k<k"	�1Ŧ|¸°#óÑ�ŷĄ"¼�1Ť£Ë$<8vsûº".

0Ŕ���	ŢūĻĠ¡	.%ŢūĻ�#]k<kŻÊ$�"³¨�2�?;Ţū®¬

"²���ćº��	'��Ĕí#ŎƁī#Ţū®¬�$?;Ţū®¬ ¤�ŢūĻ"

~ĺ���� SSR]k<k��+�Ĕí#ŎƁī#Ţū®¬�$ġ!1ŢūĻ"Ũĺ�

2�ű$�ŖÎ�1ŢūĻ5ŢūĻ¥+2  Ňő��	Ţū®¬$ MapChart version 2.1

IXO9:6ƃVoorrips 2002Ƅ5ĝ��åğ��	F1ŶīSJ#ŎƁī��16<]K

dSJ	.%J]<8#AR_B8F$Ô/2�Ţū®¬.0 Song et al.ƃ2012Ƅ#í

ĉ"Ó�äº��	 
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ĸù 

 

SSR]k<k#Ŕ� 

869�# SSR]k<k5ŏø��ĸù�804�# SSR]k<k"	����#Ŧ|¸

°5���1� ����	�#���457�ƃ56.8%Ƅ�ŵŎ#AR_"	���'�

289 �ƃ35.9%Ƅ�ųŎ#AR_"	��¶°Ù5ĩ��	�/" 189 �# SSR ]k<

k"	��$ŵŎ�ųŎ +"¶°Ù�ŗ*/2�	Ŧ|¸°5����� SSR]k<

k#���416�# SSR]k<k5 F1ŶīSJ 178¿#ŏø"�ĝ��	 

 

Ţū®¬#�ŉ 

� 416�# SSR]k<k5ĝ���24ŢūĻ
/!16<]KdSJƃŵƄ	.%J]

<8ƃųƄ#Ţū®¬5�ŉ��ƃFigure 4Ƅ	6<]KdSJƃŵƄ#Ţū®¬$ 347

�# SSR]k<k�Ũĺ�2��#Ŧ|ģŝŷ#£Ő$ 1,201.8 cM����	¢ŢūĻ

"	�1£ŐŦ|ŝŷ$ð½� 41.2 cMƃŢūĻ 20Ƅ�ð·� 59.0 cMƃŢūĻ 14Ƅ��

��	J]<8ƃųƄ#Ţū®¬$ 235�# SSR]k<k�Ũĺ�2��#Ŧ|ģŝŷ

#£Ő$ 953.7 cM����	¢ŢūĻ"	�1£ŐŦ|ŝŷ$ð½� 2.8 cMƃŢūĻ

13Ƅ�ð·� 61.4 cMƃŢūĻ 14Ƅ����	¤�]k<kÌ"Ŋé# SSR]k<k�

Ũĺ�2��*��2/5 1 �#]k<kÌ (!�� �3�6<]KdSJƃŵƄ

#Ţū®¬�$ 263��J]<8ƃųƄ#Ţū®¬$ 171�#ėĭ��]k<kÌ�Ō

���2�	�25²"��Ųã�1 2�#]k<kÌŮ#Ç¯Ŧ|ŝŷ$6<]Kd

SJƃŵƄ�J]<8ƃųƄ��2�2 4.6 cM	.% 5.6 cM ı��2�	'��ėĭ

��]k<kÌ#���6<]KdSJƃŵƄ#Ţū®¬�$ 10ŢūĻ"Â�1 37�

ƃ14.6%Ƅ�J]<8ƃųƄ#Ţū®¬�$ 9ŢūĻ"Â�1 23�ƃ13.6%Ƅ#]k<k

"	����#Ŧ|¸°�óÑ�21�ŷĄ
/òÜ"ţĿ����ƃP < 0.05, Figure 4Ƅ	

�2/Ŧ|¸°#óÑ�21�ŷĄ
/#ţĿ�ŗ*/2�]k<k#¶
$ŢūĻ
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#lŧ"Ŵq��Ũĺ�2�����4 ŢūĻƃ6<]KdSJƃŵƄŢūĻ 5�J]

<8ƃųƄŢūĻ 1�2 	.% 13Ƅ"	��$�ŢūĻ�±"4���Ũĺ�2�]k

<k"	����#Ŧ|¸°�óÑ�21�ŷĄ
/ţĿ����	Ô/2�Ţū®¬

#Ŧ|ģŝŷ
/6<]KdSJ�J]<8#AR_B8F$ 1,445.3 cM	.% 1,294.0 

cM äº�2�õŢū®¬".1äºAR_<TkĘ$�2�2 83.2%�73.7% ı�

�2�ƃTables 1 and 2Ƅ	 

 

ŵ ų#čé�ň"	�1ķæ�Ę 

� Ţū®¬"Ũĺ�2� SSR]k<k#q
/�ŵŎ ųŎ#pŎ�¶°5ĩ�]k<

k$ 166�����	166�# SSR]k<k"	��Ųã�1 2�#]k<kÌŮ#Ŧ

|ŝŷ#£Ő$6<]KdSJƃŵƄ� 1,111.8 cM�J]<8ƃųƄ� 870.2 cMƃŵų

Ą 1.28:1Ƅ��0�ŵ"Ą&ų"	��ķæ�Ę����¦�ŗ*/2�ƃTable 3Ƅ	 
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Ľ» 

 

6<]KdSJ	.%J]<8#SZh8PúŃ�é$ 24 õ��1 ³¨�2��

1ƃGuo et al. 2014Ƅ	õĮ� 416�# SSR]k<k5ĝ���ŉ�2�pƁī#Ţū®

¬$ 24 ŢūĻ
/!0SZh8PúŃ�é lŀ���1	�
�!�/�J]<8

ƃųƄ#Ţū®¬#Ŧ|ģŝŷ#£Őƃ953.7 cMƄ$6<]KdSJƃŵƄƃ1201.8 cMƄ

 Ą&1 Ħ
�2�#ŢūĻƃEla_LG9	.% 13Ƅ$Ħ� 2�#ŢūĻ�ýÝ�2�

�1	�2$ųŎ#AR_"	��¶°Ù5ĩ�� SSR]k<k�¾!
��� �	

.%ŵųŮ#ķæ�Ę#Ä�Ðź���*"�J]<8ƃųƄ#Ţū®¬�$ġ!1Ţ

ūĻ ��(!�2�+# Ľ�/21	Ɓž"	�1ų#ķæ�Ę$ŵ#�2"Ą&

�Łģ"��� �ĥ/2�	0��2-�"³¨�2��1Ţū®¬�+ŵ#Ţū®

¬#Ŧ|ģŝŷ$ų#+#.0+Ŭ�	SJž"	�1ŵƅų#ķæ�Ę$?;ƃ1.12:1Ƅ�

Lb8h]fSJƃ1.03:1Ƅ�[i8O@fkUkƃ1.19:1Ƅ"	��³¨�2�	0�

ńÆ�$�1�ų#ķæ�Ę�ŵ#�2"Ą&���¦"�1ƃKessuwan et al. 2016; 

You et al. 2013; Dor et al. 2014Ƅ	ŵųŮ�ķæ�Ę"Ä�Ō/21ĚĞ ���QD]E

#GjOh`6ż±"	��ų"	�1ķæ�Ę�ß��2��1� �ĩ©�2�

	0ƃSakamoto et al. 2000Ƅ�HYdX7MCc�$�ų#GjOh`6ż± ¤þ�ŵ

�$Nh`6ż±"	��ķæ�Ę�ß��21� �³¨�2��1ƃSinger et al. 

2002Ƅ	õĮ�$¢]k<kÌ"	�� F1ŶīSJ�pŎ
/���16gf5ŵŎ�

ųŎĞ÷�"ŏø���ŉ��6<]KdSJƃŵƄ	.%J]<8ƃųƄ#Ţū®¬

"Ũĺ�2�pŎƁī��š�1 SSR]k<k
/ŵƅų#ķæ�Ę5 1.28:1 ı��

�	yÒ�pŎƁī��#ŵų#ķæ�Ę5Ĩŗ�1Öŋ��1��õĮ�6<]Kd

SJƃŵƄ.0+Ŧ|ģŝŷ#Ħ�Ţū®¬�J]<8ƃųƄ�Ô/2�#$SJž#

Ũ�¸ÏÝî#čé�ňĀý"Ŝª�1ų#��ķæ�Ę�Ðź���1 uÛ�2

1	 
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AR_ŏø"	���Ŧ|]k<k#Ŧ|¸°�óÑ�21�ŷĄ
/ţĿ�1� 

$lŁģ"Ō��/21ęŚ��1	�ŷĄ#Ă(�ě�1ż±ƃSegregation Distortion 

Loci, SDLƄ$Ũ�¸ťà,ã£�ťà#¼Ś��1 uÛ�2��#ĸù ���Ŧ|

]k<k#Ŧ|¸°�óÑ�21�ŷĄ
/ţĿ�1+# Ľ�/2��1ƃXu 2008Ƅ	

'��SDL ůŢ�1ż±�$Ŧ|ģVMLS8>j@".0Ůãģ"�ŷĄ"Ă(�

ě�1ƃXu et al. 1997Ƅ	Ųã�1Ŧ|]k<k#�ŷĄ#Ă(5ûº�1� ��Ė"

4ŢūĻƃ6<]KdSJƃŵƄŢūĻ 5�J]<8ƃųƄŢūĻ 1�2	.% 13Ƅ"	

���SDL#¹­�ŗ*/2�	�
�!�/��2/# SDL� F1ŶīSJ"�š�

1+#��1
$�yÒġ!1Ŵ«5ĝ��ŏø".1ûœ�Öŋ��1	
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Figure 4 ��!�# �LO6P
�!��KO/P�EH10  

��!�# �L�EH10��Efu_LG	��!��K�EH10��Ela_LG	�:
�EH>�+I��&�"%�&OcMP
.*�:
�(N;J�,D	�G)!'�'�5=�<��C4�:	��G)32�87���-M9���F?�B����

G)!'�'����$���@A	�O*P < 0.05, **P < 0.01P� 
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Table 1 �������ECF<?'&
$<?8)���� � /���=!

:D  

<?8�
>7��	

� � / 

35�	� � �

� � -


/�

� � A=!:D 
 

.*�������

"@�

(cM)�

,(�

(cM)�

1)�

(cM)�  

02 1 

(cM) 

02 2 

(cM) 

,( 

(cM) 

�� 4

(%) 

Efu_LG1 16 11 47.7 4.3 12.0 

 

56.8 57.2 57.0 83.6 

Efu_LG2 14 11 48.4 4.4 14.4 

 

57.5 58.1 57.8 83.7 

Efu_LG3 20 14 49.9 3.6 12.6 

 

59.0 57.6 58.3 85.6 

Efu_LG4 9 8 53.3 6.7 22.1 

 

62.4 68.5 65.5 81.4 

Efu_LG5 10 8 50.2 6.3 24.2 

 

59.3 64.5 61.9 81.0 

Efu_LG6 11 8 53.3 6.7 16.3 

 

62.4 68.5 65.5 81.4 

Efu_LG7 12 10 53.5 5.4 13.8 

 

62.6 65.4 64.0 83.6 

Efu_LG8 18 12 49.9 4.2 12.0 

 

59.0 59.0 59.0 84.6 

Efu_LG9 13 11 46.4 4.2 9.7 

 

55.5 55.7 55.6 83.4 

Efu_LG10 25 18 50.4 2.8 12.0 

 

59.5 56.3 57.9 87.0 

Efu_LG11 14 7 49.3 7.0 24.9 

 

58.4 65.7 62.1 79.4 

Efu_LG12 15 13 52.4 4.0 13.8 

 

61.5 61.1 61.3 85.4 

Efu_LG13 24 18 48.8 2.7 14.4 

 

57.9 54.5 56.2 86.8 

Efu_LG14 16 13 59.0 4.5 14.4 

 

68.1 68.8 68.5 86.1 

Efu_LG15 10 9 45.7 5.1 14.5 

 

54.8 57.1 56.0 81.6 

Efu_LG16 12 11 54.1 4.9 15.0 

 

63.2 64.9 64.1 84.4 

Efu_LG17 18 11 48.1 4.4 10.3 

 

57.2 57.7 57.5 83.7 

Efu_LG18 11 9 53.5 5.9 14.4 

 

62.6 66.9 64.8 82.6 

Efu_LG19 21 14 49.2 3.5 11.4 

 

58.3 56.8 57.6 85.5 

Efu_LG20 6 5 41.2 8.2 14.4 

 

50.3 61.8 56.1 73.5 

Efu_LG21 15 13 52.9 4.1 15.0 

 

62.0 61.7 61.9 85.5 

Efu_LG22 15 14 50.8 3.6 16.9 

 

59.9 58.6 59.3 85.7 

Efu_LG23 12 8 47.7 6.0 10.8 

 

56.8 61.3 59.1 80.7 

Efu_LG24 10 7 46.1 6.6 28.6 

 

55.2 61.5 58.4 79.0 

%9� 347 263 1201.8 4.6 �  �  1421.1  1469.4  1445.3 83.2 

 

 



 

27 
 

  

 

 

Table 2 ����EBF<?'&
$<?8)���� � /���=!:D  

<?8�
>7��	

� � / 

35�	� � �

� � -


/�

� � A=!:D 
 

.*�������

"@�

(cM)�

,(�

(cM)�

1)�

(cM)�  

02 1 

(cM) 

02 2 

(cM) 

,( 

(cM) 

�� 4

(%) 

Ela_LG1 11 7 42.0 6.0 17.5 
 

53.2 56.0 54.6 77.0 

Ela_LG2 6 5 30.0 6.0 22.1 
 

41.2 45.0 43.1 69.6 

Ela_LG3 11 6 20.3 3.4 16.9 
 

31.5 28.4 29.9 67.8 

Ela_LG4 8 8 40.7 5.1 16.3 
 

51.9 52.3 52.1 78.1 

Ela_LG5 8 6 54.0 9.0 31.8 
 

65.2 75.6 70.4 76.7 

Ela_LG6 9 8 46.9 5.9 17.5 
 

58.1 60.3 59.2 79.3 

Ela_LG7 11 9 45.4 5.0 11.4 
 

56.6 56.8 56.7 80.1 

Ela_LG8 11 9 39.8 4.4 13.2 
 

51.0 49.8 50.4 79.0 

Ela_LG9 10 7 11.8 1.7 3.9 
 

23.0 15.7 19.3 61.0 

Ela_LG9+2 2 2 6.8 3.4 6.8 
 

18.0 20.4 19.2 35.5 

Ela_LG10 17 10 32.2 3.2 8.5 
 

43.4 39.4 41.4 77.9 

Ela_LG11 8 4 50.6 12.7 39.9 
 

61.8 84.3 73.0 69.3 

Ela_LG12 10 6 25.9 4.3 16.3 
 

37.1 36.3 36.7 70.7 

Ela_LG13 12 5 2.8 0.6 1.1 
 

14.0 4.2 9.1 30.8 

Ela_LG13+2 4 3 10.2 3.4 6.2 
 

21.4 20.4 20.9 48.9 

Ela_LG14 13 11 61.4 5.6 13.8 
 

72.6 73.7 73.1 84.0 

Ela_LG15 6 6 27.2 4.5 18.2 
 

38.4 38.1 38.2 71.2 

Ela_LG16 8 7 44.1 6.3 16.3 
 

55.3 58.8 57.0 77.3 

Ela_LG17 13 10 48.2 4.8 17.5 
 

59.4 58.9 59.1 81.5 

Ela_LG18 7 5 33.4 6.7 24.9 
 

44.6 50.1 47.3 70.6 

Ela_LG19 13 8 50.5 6.3 37.0 
 

61.7 64.9 63.3 79.8 

Ela_LG20 6 4 36.3 9.1 27.8 
 

47.5 60.5 54.0 67.3 

Ela_LG21 11 9 52.3 5.8 18.8 
 

63.5 65.4 64.4 81.2 

Ela_LG22 6 5 32.2 6.4 16.9 
 

43.4 48.3 45.8 70.3 

Ela_LG23 9 8 51.2 6.4 23.5 
 

62.4 65.8 64.1 79.9 

Ela_LG24 5 3 57.5 19.2 32.6 
 

68.7 115.0 91.8 62.6 

%9� 235 171 953.7 5.6 
  

1243.7 1344.3 1294.0 73.7 
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Table 3 �������ECF(����EBF
#;�	=!� � 
=!:D  

<?8�(LG) #;�	� � �
=!:D�(cM) 

��������C	� �����B	�

LG1 Ebr01321FRA/EfuSTR0029DB 0.0  3.9  

 
EfuSTR0029DB/Ebr01422FRA 0.0  5.1  

 
Ebr01422FRA/Ebr00236FRA 1.1  1.7  

 
Ebr00236FRA/Ebr00806FRA 20.5  29.6  

 
Ebr00806FRA/Ebr00899FRA 12.0  1.7  

 
+9�(LG1) 33.6  42.0  

LG2 Ebr01006FRA/EseSTR70DB 29.1  28.3  

 
EseSTR70DB/EguSTR129DB 7.9  1.7  

 
EguSTR129DB/Ebr00056FRA 11.4  0.0  

 
+9�(LG2) 48.4  30.0  

LG3 Ebr01353FRA/EfuSTR320DB 29.6  16.9  

 
EfuSTR320DB/EfuSTR0041DB 0.0  0.0  

 
EfuSTR0041DB/EawSTR12DB 0.0  1.1  

 
EawSTR12DB/EfuSTR0040DB 1.1  0.6  

 
EfuSTR0040DB/Ebr00798FRA 2.8  1.1  

 
Ebr00798FRA/EguSTR122DB 7.4  0.0  

 
EguSTR122DB/Ebr01056FRA 3.9  0.6  

 
Ebr01056FRA/Ebr01239FRA 0.6  0.0  

 
Ebr01239FRA/Ebr01433FRA 2.8  0.0  

 
+9�(LG3) 48.2  20.3  

LG4 Ebr00469FRA/Ebr00947FRA 6.8  16.3  

 
Ebr00947FRA/Ebr00812FRA 7.3  2.8  

 
Ebr00812FRA/Ebr00897FRA 5.1  2.8  

 
Ebr00897FRA/Ebr01019FRA 33.5  8.0  

 
+9�(LG4) 52.7  29.9  

LG5 Ebr01339FRA/Ebr00297FRA 5.6  0.0  

 
Ebr00297FRA/Ebr01288FRA 6.2  0.6  

 
Ebr01288FRA/Ebr00685FRA 4.5  0.0  

 
Ebr00685FRA/Ebr00305FRA 32.7  31.7  

 
Ebr00305FRA/MmiSTR266DB 0.0  0.6  

 
+9�(LG5) 49.0  32.9  

LG6 EguSTR130DB/ElaSTR392DB 19.1  0.6  
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ElaSTR392DB/EfuSTR0005DB 13.7  3.9  

    
Table 3 6�  

<?8�(LG) #;�	� � �
=!:D�(cM) 

��������C	� �����B	�

 
EfuSTR0005DB/Ebr00734FRA 5.1  3.4  

 
Ebr00734FRA/Ebr00196FRA 11.4  6.2  

 
Ebr00196FRA/Ebr01157FRA 4.0  9.7  

 
Ebr01157FRA/Ebr00282FRA 0.0  5.6  

 
Ebr00282FRA/Ebr01306FRA 0.0  17.5  

 
+9�(LG6) 53.3  46.9  

LG7 EfuSTR201DB/ElaSTR220DB 0.0  11.4  

 
ElaSTR220DB/ElaSTR412DB 1.1  2.3  

 
ElaSTR412DB/Ebr00628FRA 2.3  10.8  

 
Ebr00628FRA/Ebr00959FRA 3.3  9.7  

 
Ebr00959FRA/Ebr00693FRA 10.3  3.3  

 
Ebr00693FRA/Ebr00762FRA 8.5  2.8  

 
Ebr00762FRA/Ebr00462FRA 15.0  5.1  

 
+9�(LG7) 40.5  45.4  

LG8 Ebr01086FRA/Ebr01201FRA 0.0  4.5  

 
Ebr01201FRA/Ebr00822FRA 0.0  13.2  

 
Ebr00822FRA/Ebr01041FRA 0.0  0.6  

 
Ebr01041FRA/Ebr00204FRA 2.8  8.5  

 
Ebr00204FRA/Ebr01168FRA 7.4  6.2  

 
Ebr01168FRA/ElaSTR402DB 0.5  0.0  

 
ElaSTR402DB/ElaSTR394DB 15.3  5.1  

 
ElaSTR394DB/Ebr00797FRA 5.1  1.7  

 
Ebr00797FRA/EitSTR376DB 0.0  0.0  

 
+9�(LG8) 31.1  39.8  

LG9 Ebr01076FRA/Ebr01459FRA 2.2  0.0  

 
Ebr01459FRA/Ebr01134FRA 12.5  0.5  

 
Ebr01134FRA/Ebr00910FRA 22.7  7.3  

 
Ebr00910FRA/EguSTR157DB 0.0  0.0  

 
EguSTR157DB/Ebr01290FRA 2.2  0.6  

 
Ebr01290FRA/Ebr01120FRA 1.7  2.8  

 
+9�(LG9) 41.3  11.2  

LG10 Ebr01272FRA/Ebr00445FRA 0.0  0.6  

 
Ebr00445FRA/Ebr00984FRA 2.8  13.0  
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Table 3 6�  

<?8�(LG) #;�	� � �
=!:D�(cM) 

��������C	� �����B	�

 
Ebr00984FRA/Ebr01032FRA 3.4  2.2  

 
Ebr01032FRA/Ebr00814FRA 4.5  6.8  

 
Ebr00814FRA/Ebr00974FRA 12.0  2.8  

 
Ebr00974FRA/EseSTR95DB 2.3  0.0  

 
EseSTR95DB/Ebr00317FRA 3.9  2.3  

 
Ebr00317FRA/Ebr00909FRA 13.0  4.5  

 
Ebr00909FRA/EfuSTR339DB 0.6  0.0  

 
EfuSTR339DB/Ebr00774FRA 2.2  0.0  

 
Ebr00774FRA/Ebr01071FRA 5.7  0.0  

 
+9�(LG10) 50.4  32.2  

LG11 Ebr00728FRA/Ebr00894FRA 0.0  39.9  

 
Ebr00894FRA/Ebr00279FRA 25.5  10.7  

 
Ebr00279FRA/Ebr00687FRA 7.3  0.0  

 
Ebr00687FRA/ElaSTR223DB 15.9  0.0  

 
+9�(LG11) 48.7  50.6  

LG12 Ebr00245FRA/Ebr01054FRA 3.4  16.3  

 
Ebr01054FRA/EfuSTR330DB 7.3  6.2  

 
EfuSTR330DB/Ebr00010FRA 13.2  1.7  

 
Ebr00010FRA/Ebr00793FRA 18.9  1.7  

 
Ebr00793FRA/Ebr01325FRA 3.9  0.0  

 
Ebr01325FRA/Ebr00857FRA 1.7  0.0  

 
+9�(LG12) 48.4  25.9  

LG13 Ebr00102FRA/Ebr01291FRA 2.2  0.6  

 
Ebr01291FRA/Ebr01380FRA 7.9  0.0  

 
Ebr01380FRA/Ebr00826FRA 3.9  0.0  

 
Ebr00826FRA/Ebr01101FRA 4.0  0.5  

 
Ebr01101FRA/Ebr01402FRA 3.4  1.1  

 
Ebr01402FRA/EitSTR381DB 26.8  0.0  

 
EitSTR381DB/Ebr01097FRA 0.0  6.2  

 
Ebr01097FRA/Ebr01242FRA 0.0  4.0  

 
+9�(LG13) 48.2  12.4  

LG14 EfuSTR0054DB/Ebr00945FRA 6.2  0.6  

 
Ebr00945FRA/Ebr01426FRA 1.7  0.5  
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Table 3 6�  

<?8�(LG) #;�	� � �
=!:D�(cM) 

��������C	� �����B	�

 
Ebr01426FRA/EfuSTR358DB 4.5  0.0  

 
EfuSTR358DB/Ebr00783FRA 6.8  1.1  

 
Ebr00783FRA/Ebr01174FRA 7.9  8.0  

 
Ebr01174FRA/Ebr00520FRA 17.3  8.5  

 
Ebr00520FRA/Ebr00084FRA 11.2  17.6  

 
Ebr00084FRA/Ebr01254FRA 0.6  2.8  

 
Ebr01254FRA/Ebr00780FRA 0.0  22.3  

 
+9�(LG14) 56.2  61.4  

LG15 Ebr00222FRA/Ebr00131FRA 17.6  18.2  

 
Ebr00131FRA/EfuSTR0076DB 23.6  6.2  

 
+9�(LG15) 41.2  24.4  

LG16 Ebr00184FRA/Ebr01421FRA 40.0  10.8  

 
Ebr01421FRA/Ebr00939FRA 3.3  6.8  

 
Ebr00939FRA/EfuSTR0020DB 10.3  16.2  

 
EfuSTR0020DB/EfuSTR360DB 0.0  9.7  

 
EfuSTR360DB/Ebr01289FRA 0.5  0.6  

 
+9�(LG16) 54.1  44.1  

LG17 Ebr00621FRA/ElaSTR411DB 0.0  1.2  

 
ElaSTR411DB/EfuSTR425DB 0.0  1.7  

 
EfuSTR425DB/Ebr01002FRA 0.0  0.5  

 
Ebr01002FRA/Ebr01210FRA 0.0  17.6  

 
Ebr01210FRA/Ebr01065FRA 1.1  12.6  

 
Ebr01065FRA/Ebr00884FRA 14.2  6.8  

 
Ebr00884FRA/Ebr00896FRA 0.0  1.1  

 
Ebr00896FRA/Ebr01461FRA 5.6  0.0  

 
Ebr01461FRA/EcoSTR261DB 16.5  2.8  

 
+9�(LG17) 37.4  44.3  

LG18 Ebr00217FRA/Ebr00111FRA 14.4  0.6  

 
Ebr00111FRA/ElaSTR405DB 7.4  0.0  

 
ElaSTR405DB/Ebr01099FRA 27.8  6.2  

 
+9�(LG18) 49.6  6.8  

LG19 EguSTR126DB/Ebr01150FRA 0.0  0.6  

 
Ebr01150FRA/Ebr01025FRA 0.6  3.3  
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Table 3 6�  

<?8�(LG) #;�	� � �
=!:D�(cM) 

��������C	� �����B	�

 
Ebr01025FRA/Ebr00724FRA 0.5  2.8  

 
Ebr00724FRA/Ebr01093FRA 0.0  2.3  

 
Ebr01093FRA/PlaSTR269DB 14.1  37.0  

 
PlaSTR269DB/Ebr00856FRA 6.2  3.4  

 
Ebr00856FRA/Ebr01275FRA 21.1  1.1  

 
Ebr01275FRA/EawSTR42DB 6.7  0.0  

 
EawSTR42DB/Ebr00333FRA 0.0  0.0  

 
+9�(LG19) 49.2  50.5  

LG20 EguSTR139DB/Ebr01309FRA 14.4  27.8  

 
Ebr01309FRA/Ebr00666FRA 26.8  8.5  

 
+9�(LG20) 41.2  36.3  

LG21 Ebr00145FRA/EfuSTR341DB 0.0  2.2  

 
EfuSTR341DB/Ebr01448FRA 0.0  18.9  

 
Ebr01448FRA/Ebr01299FRA 1.1  12.6  

 
Ebr01299FRA/Ebr00594FRA 23.8  17.5  

 
Ebr00594FRA/ElaSTR393DB 2.3  1.1  

 
ElaSTR393DB/EguSTR155DB 1.1  0.0  

 
EguSTR155DB/Ebr00999FRA 21.8  0.0  

 
+9�(LG21) 50.1  52.3  

LG22 Ebr00711FRA/EacSTR236DB 2.3  4.5  

 
EacSTR236DB/EfuSTR0061DB 23.6  16.9  

 
EfuSTR0061DB/Ebr01319FRA 2.3  0.5  

 
Ebr01319FRA/Ebr00467FRA 17.0  0.0  

 
+9�(LG22) 45.2  21.9  

LG23 Ebr00624FRA/Ebr01236FRA 0.0  6.8  

 
Ebr01236FRA/Ebr00958FRA 0.0  23.5  

 
Ebr00958FRA/Ebr00975FRA 1.7  6.2  

 
Ebr00975FRA/EguSTR125DB 36.4  14.1  

 
EguSTR125DB/Ebr00817FRA 9.6  0.6  

 
+9�(LG23) 47.7  51.2  

LG24 Ebr01287FRA/Ebr01170FRA 7.9  0.0  

 
Ebr01170FRA/Ebr01077FRA 37.7  32.6  

 
Ebr01077FRA/Ebr01003FRA 0.5  24.9  
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Table 3 6�  

<?8�(LG) #;�	� � �
=!:D�(cM) 

��������C	� �����B	�

 
+9�(LG24) 46.1  57.5  

LG1–24 %9� 1111.8  870.2  

�  ���� 1.28  1 
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ŝ 2Ŝ 

F1ƺŘZP9ŋ��õƭưƟèƔ$ QTLƉĝ 

 

� QTL$ğſ�r$�ŵ ƥ�ªĞ9ĆÒ�5#%ÓǄ~ƧƸÁǋƉĝÔţǌ
ðƅ�

�4�qžŏ# F2ƸÁ-�%ö�~ƧÔţ
ŋ�365	�6%èƔ bpApƥ�Ï

Æ
¡ƻ�5ƸÁ9Ɖĝ#ŋ�5� � QTL9ªņ2�Ģ �5�/��5ǋWang et 

al. 2006; Guimarães et al. 2007ǌ	�$�/�·��$ƥ�ÏÆ
¹q��5 zó�65

F1ƸÁ%ĚĜ QTL Ģ 9Őŏ �5ƉĝÔţ ��ŋ�5#%sº���5 Ÿ�3

6��5ǋDoerge 2002ǌ	�	�"
3�;AbQiZPǋƹǌ PbA=ǋƷǌ	3

� ��ƺŘZP%õŁ�5-�# 6à�r		5�/#ǋLuin et al. 2013ǌ�F2ƸÁ$

� #% 10 à�r$ƭ�ŉźĘƯ
ðƅ "5	�6-�#���	$ǆŘ�% F1Ƹ

Á9ŋ��õƭưƟèƔ#ưt�5 QTL
Ģ �6��4ǋSong et al. 2012; Wang et al. 

2015; Kessuwan et al. 2016ǌ��63$ŔŚ% QTLƉĝ#�
5ƉĝÔţ ��$ F1ƸÁ

$Ėŋñ9Óƌ���5	-��QTL$Ģ §%Őŏ �5èƔ$ƥ�ņ�ŐŏèƔ 

$ưƟ
ĆÒ�6�;lkǋQTL;lkǌ$ªĞ�QTL#ưƟ�5bpAp QTL 

$ƥ�ŏƗƻ�2'ƉĝIo`kČ#éƾ�6ǋMackay 1996ǌ�×ƒ �5ƪŏèƔ$

ƥ�#���$ŒƆ
y��Ê¸%�~Ƨƈ#��5�
Î�"Ýō9Ŗ�¼Ř9Ƥ(

� ��èƔ#ưt�5 QTL w$xƅ"0$
Ģ ��5 Ÿ�36��5ǋǈǂ 

2000ǌ	����ĚŜ�%õƭņ$ō"5;AbQiZP PbA=9~ƺ�� F1ƺŘ

ZP9ŋ�� QTLƉĝ9ƀ�� ��vƈǆŘŌĜ$õƭưƟèƔ#ưt�5 QTL$

Ģ 9ƍ.�	 
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ěĎ�2'Đĵ 

 

ƉĝÔţ õƭưƟèƔUpP$²Ƹ 

� P=ıŊÛCi]ĴÜĽģŔŚƮŎNoPp#� 2013à 3ĕ# F0 ��;AbQi

ZPƹ 2Ú PbA=Ʒ 1Ú9�Ŀ~Ƨ��ō"5ƹƈ	3� �� F1ƺŘZP¯�ä

Ôţ 2Ôţ9ï�	�Ŀ~Ƨ%ğſ�ĉ�9ƀ8��vƈǆ	3ă³��ę´Ţ± Ţ

Ï9°ť#ĸ¸�5� �ƀ��	��� $õƭưƟèƔUpP9²Ƹ�5�/#

PITǋPassive Integrated TransponderǌPD9 5AĕǊēǋßÅ�ƭŤ 15 cmǌ#ā���	

PIT PDā�í�ǆ%¹NoPp�#�5ǃǆĲ$ŉšǋ2 epVk¿Đ�ķ� 5 ep

Vkǌ�#� 2014à 10ĕ-�ŰĀ��	õƭưƟèƔUpP ���Įĕ$�ƭǋcmǌ

 �Ʃǋgǌ9ĹÒ��	 

 

FYd DNA$Ƒč�2'ƥ�ÏÆ$Ɖĝ 

� FYd DNA%ŝ 1Ŝ ¹ĥ#Ǉ$qƦ24 Coimbra et al.ǋ2003ǌ$Đĵ#î�ý 

��	ý �� DNA% NanoDrop 2000cǋThermo Fisher Scientific, Waltham, MA, USAǌ

9ŋ��ťáǋľáǌ9ĹÒ��	ƥ�ÏÆ%ŝ 1Ŝ ¹�øĵ9ŋ�� PCRĵ ;C

jk;cWFkƼİĶ«ĵ#24¢£��	 

 

õƭưƟèƔ$ QTLƉĝ 

� õƭưƟèƔ$ĹÒĔũĕǋ2014 à 10 ĕǌ#�
5�ƭǋTLǌ��ƩǋBWǌ�2'

ŹĺáǋFulton's condition factor, FKǌ9 QTLƉĝ$ƂŇÆUpP ��ŋ��	Źĺá

% Luin et al.ǋ2013ǌ$Đĵ#î��Fultonǋ1902ǌ#24Ÿġ�6�ĩã 100×BW/TL3

9ŋ��Š ��	��� BW%�Ʃǋgǌ�TL%�ƭǋcmǌ9Ŗ�	QTLƉĝ9ƀ�

¥# Shapiro–WilkĢÒ#24·ƂŇÆUpP$ĪƇñ9ĢÒ��ĪƇ¡Þ	3Ơż�5

ƂŇÆUpP#×��% Yang et al.ǋ2006ǌ$Đĵ#î��Box–CoxÌĈ9ŋ��Up



36 
 

P$¡Þ9ĪƇ¡Þ#Ɯ�
�$��QTL Ɖĝ#���	ƟƫƉĝ%ŝ 1 Ŝ ¹ĥ#

LINKMFEX software package version 2.3ǋDanzmann 2006ǌ�2'Map Manager QTXO_

V>?;ǋManly et al. 2001ǌ9ŋ��ƀ��¡ƻu�
vƈ	3´
³5ƹƈ�ƷƈŌ

Ĝ£$ƥ�ÏÆòÉ ·bpApâƯ$ƥ�Ɨƻ9�ø��QTLƉĝ#�ŋ��	QTL

Ɖĝ%��6�6$èƔ#���ƹƈ�ƷƈŌĜ$·ƥ�ÏÆòÉ9 R/qtl O_V>?

;ǋBroman et al. 2003ǌ9ŋ��Ɖĝ�5� ��ƹƈ�ƷƈŌĜ$ QTL$Ģ 9ƍ.

�	QTLƉĝ�%-�­ƯbS^oDĵ#25 single-QTLLBgo9ƀ��	�$Ƶ�

ƊŠĐĵ �� EMǋExpectation-Maximizationǌ;kHjMd9ƣŋ��Ɖĝ�5­Ư%

1 cM�  ��	ĩ#�Ɖĝ­Ư9 2.5 cM#ƋÒ��two-QTLLBgo9ƀ�� �

ő}#�ŋ���5 QTL9Ąŧ��	Ĕí# single-QTLLBgo�2' two-QTLLB

go�Ģ �6� QTL9 multiple QTL model9ŋ��Ɖĝ�5� #24�·èƔ#�


5QTL$�ŵ9ŃÒ��	QTL$ÐÃ9Ŗ��/#�Ɖĝ���Ɵƫŷ#×�� 1,000

À$ permutation testǋChurchill & Doerge 1994ǌ9ƀ�� �Ėôıļ 5%$Ʊ�9Š 

��Ɖĝ#24ï36� LOD �
Ʊ�9Ɩ��Ê¸9Ėô" QTL ��5 ¢ď��	

· QTL$ƂŇÆ)$Õtņ%¹O_V>?;$ drop-one-term¡ĝĨŻ9ŋ��· QTL

$¡ċ9Š ���ƂŇÆ¡ċ#×�5¦ ǋ̧percentage of Phenotypic Variation Explained, 

PVEǌ ��ĆÒ��	-��· QTL#�
5 95%�ǀ­ƯǋConfidence Interval, CIǌ

%a=MĆÒ9ŋ��Š �� 95%�ŋ­Ư ��	ƹƈ�ƷƈŌĜ$�6�6� QTL


Ģ �6�Ê¸#%�Wang et al.ǋ2006ǌ$Đĵ#î��QTL#Ĕ0Ɯ� DNAbp

Ap$ƥ�ÏÆòÉ ƂŇÆ�9ŋ��|�Ƨŵ¡ċ¡ĝ9ƀ��ő}ư�$Ėŀ9ŕ

Ə��	"��QTLƉĝ%� ��¯�äÔţ$�� 1ÔţǋÔţ Aǌ9�Ɵƫŷ#Ƨ

ŵ�6� SSR bpAp9ŋ��ƀ��õƭưƟèƔ#ưt�5 QTL 9ŃÒ��$��

Ĭ4$0� 1ÔţǋÔţ Bǌ9 QTL
ŃÒ�6�Ɵƫŷ#Ƨŵ�6� SSRbpAp$

.9ŋ��¹ĥ#Ɖĝ�5� �ï36� QTL9Ģƌ��	 
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ŬĞ 

 

õƭưƟèƔUpP$²Ƹ ƉĝÔţ$ĳÒ 

� 2014à 10ĕ#�ƭ�2'�Ʃ9ĹÒ�� F1ƺŘZP¯�äÔţ 2Ôţ$·��#×

�� 7 �$ SSR bpApǋEbr00008FRA, Ebr00010FRA, Ebr00184FRA, Ebr00317FRA, 

Ebr00333FRA, EguSTR151FRA, and EacSTR236DBǌ9ŋ��ƈÏƬÒ9ƀ��ŬĞ�Ô

ţ A B��6�6 178Ú�168Ú$õƭưƟèƔUpP9ï�ǋTable 4ǌ	^;Oo

$řņőư�Č9Š ��·èƔƯ$őưư�9Ƒ*�ŬĞ�Ôţ A�B 0#��ƭ

 �Ʃ#���æ�Ī$őư
Ə/36�ǋP < 0.01, Table 5ǌ	Źĺá#���0�ƭ�

2'�Ʃ $Ư#Ī$őư
Ə/36�
��Ʃ į*�ƭ $őưư�%å�0$�

���	QTLƉĝO_V>?;%qžŏ#ƂŇÆUpP
ĪƇ¡Þ#î�ŮƊfUk9

�Ò���5�/�·èƔ$ƂŇÆUpP$\LVDid ĪƇŕņ`mSV9�õ��

ƂŇÆUpP$¡Þ9ŕƏ��ǋFigures 5 and 6ǌ	��Č ƂŇÆUpP$¡Þ24Ô

ţA9�Ɵƫŷ#Ƨŵ�6� SSRbpAp9ŋ��$õƭưƟèƔ$QTLƉĝ#���

Ôţ B9ŃÒ�� QTL$Ģƌ#�ŋ�5�  ��	"��Ôţ A$ 178Ú%ŝ 1Ŝ

�ƟƫÄÂ�ƃ#�ŋ���� ¹�����5	 

 

Ôţ A#�
5õƭưƟèƔ$ QTLƉĝ 

� õƭưƟèƔ ���ƭ��Ʃ�2'Źĺá$ƂŇÆ�9ŋ�� QTLƉĝ9ƀ��Ŭ

Ğ�7�$ QTL
 6�$Ɵƫŷ#���Ģ �6�ǋTable 6ǌ	;AbQiZPƹƈŌ

Ĝ$ƥ�ÏÆòÉ9ŋ��Ɖĝ�%��ƭ#ưt�5 4�$ QTL
;AbQiZPÄÂ

$Ɵƫŷ 8�10�13�2' 19#Ƨŵ�6� SSRbpApEbr01086FRA�Ebr00814FRA�

Ebr01402FRA �2' Ebr01150FRA $Ɯ���6�6Ģ �6�	· QTL $ LOD �%

3.57–6.61��4��ƂŇÆ¡ċ#×�5· QTL$Õtņ% 6.3–12.1%����	�Ʃ9

ƂŇÆUpP ��ŋ��QTLƉĝ�%QTL$�ŵ LOD�
8�	#ō"5
+ 
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:!¹�ŬĞ
ï36�	�ƭ��Ʃ$!�3$Ɖĝ#���0�Ɵƫŷ 8 �2' 10

�Ģ �6� QTL #%ő}ư�
Ə/36�	�63$ QTL $Ɯ�bpAp��5

Ebr01086FRA �2' Ebr00814FRA $ƥ�ÏÆòÉ9ŕƏ�� �7�;lk$Ū¸�

#24Ť 400 g$�Ʃ$Ƣ�
Ə/36�ǋFigure 7ǌ	�	�"
3�Źĺá9ƂŇÆ

UpP ��ŋ�� QTLƉĝ�% QTL%Ģ �6"	��	 

qĐ�PbA=ƷƈŌĜ$ƥ�ÏÆòÉ9ŋ��Ɖĝ�%��Ʃ#ưt�5 2�$QTL


PbA=ÄÂ$Ɵƫŷ 3 �2' 10 #Ƨŵ�6� SSR bpApEawSTR12DB �2'

EfuSTR339DB$Ɯ���6�6Ģ �6�	· QTL$ LOD�%�# 3.00��4��

ƂŇÆ¡ċ#×�5· QTL $Õtņ% 6.9%����	Źĺá9ƂŇÆUpP ��ŋ

�� QTL Ɖĝ�%PbA=ÄÂ$Ɵƫŷ 3 #Ƨŵ�6� SSR bpApEfuSTR0040DB

$Ɯ�� QTL
Ģ �6�	�6%�Ʃ#ưt�5 QTL ��Ģ �6� QTL$ 1�

 +,¹��ŵ��4��$ LOD� Õtņ%�6�6 3.57�2' 8.8%����	�

	�"
3��ƭ9ƂŇÆUpP ��ŋ��QTLƉĝ�%QTL%Ģ �6"	��	 

 

Ôţ A#�
5ƹƈ�ƷƈŌĜ£$�Ʃ#ưt�5 QTL$ő}�ŋ 

� ƹƈŌĜ�ƷƈŌĜ$ƥ�ÏÆòÉ9ŋ�� QTLƉĝ#24��6�6� QTL
Ģ

 �6��Ʃ$ƂŇÆ� QTL#Ĕ0Ɯ� DNAbpAp$ƥ�ÏÆòÉǋ4�$;l

k$Ū¸�ǌ9ŋ��|�Ƨŵ¡ċ¡ĝ9ƀ��ő}ư�$Ėŀ9ŕƏ��ǋTable 7ǌ	

4 �$ QTL $Ū¸���"8� qBW13t:qBW3g�qBW19t:qBW3g�qBW13t:qBW10g �

2' qBW19t:qBW10g #����ƹƈŌĜ�ƷƈŌĜ�6�6$;lk$Ƣ�
�Ʃ$

Ýō#Ėô#éƾ���4�;lk$Ū¸� t1g19�Ė�5��
ǅ�ƂŇÆ�9Ŗ�

�	-���$�� 3�$ QTL$Ū¸�#����ƹƈŌĜ�2'ƷƈŌĜ$ QTLƯ

�ő}�ŋ
Ə/36�	;lk$Ū¸�#25ĔÎ$�ƩÝ% qBW13t:qBW3g$ QTL

$Ū¸�#�
5 t1g1-�% t2g29�Ė�5ǆ�ŕƏ�6��$Ý% 504.6 g����	 
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Ôţ B9ŋ��õƭưƟèƔ$ QTL$Ģƌ 

� Ôţ A�$ QTLƉĝ#24Ģ �6� 7�$ QTL% 6�$Ɵƫŷ#�ŵ����	

�����63 6�$Ɵƫŷ#Ƨŵ�6� 87�$ SSRbpAp9ŋ��Ôţ B�¹ĥ

$Ɖĝ9ƀ��QTL9Ģƌ��ǋTable 8ǌ	;AbQiZPƹƈŌĜ$ƥ�ÏÆòÉ9

ŋ��Ɖĝ�%��Ʃ#ưt�5 QTL 
Ɵƫŷ 8 #Ƨŵ�6� SSR bpAp

Ebr00822FRA$Ɯ�#Ģ �6��$ LOD� Õtņ%�6�6 2.19�2' 5.8%��

��	�	�"
3��ƭ�2'Źĺá9ƂŇÆUpP ��ŋ�� QTLƉĝ�% QTL

%Ģ �6"	��	 

� qĐ�PbA=ƷƈŌĜ$ƥ�ÏÆòÉ9ŋ��Ɖĝ�%��ƭ�2'�Ʃ#ưt�

5 QTL 
PbA=ÄÂ$Ɵƫŷ 10 #Ƨŵ�6� SSR bpApEbr00317FRA �2'

Ebr01032FRA$Ɯ���6�6Ģ �6�	· QTL$ LOD�% 2.34�2' 2.48��

4��ƂŇÆ¡ċ#×�5· QTL$Õtņ%�6�6 6.2%�2' 6.5%����	�	

�"
3�Źĺá9ƂŇÆUpP ��ŋ��QTLƉĝ�%QTL%Ģ �6"	��	

-��ƹƈŌĜ�ƷƈŌĜ$ƥ�ÏÆòÉ9ŋ�� QTLƉĝ$�6�6� QTL
Ģ 

�6��Ʃ$ƂŇÆ� QTL#Ĕ0Ɯ� DNAbpAp$ƥ�ÏÆòÉǋ4�$;lk

$Ū¸�ǌ9ŋ��Ôţ A ¹ĥ#|�Ƨŵ¡ċ¡ĝ9ƀ��ő}ư�$Ėŀ9ŕƏ�

�ŬĞ�ƹƈŌĜ�ƷƈŌĜ�6�6$;lk$Ƣ�
�Ʃ$Ýō#Ėô#éƾ���

�
�ƹƈŌĜ�2'ƷƈŌĜ$ QTLƯ�ő}�ŋ%Ə/36"	��	 
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ŸÖ 

 

� ;AbQiZPƹ PbA=Ʒ9�Ŀ~Ƨ��� ��ƹƈ$ō"5 F1 ƺŘZP¯

�äÔţ9ŋ���õƭưƟèƔ$ QTLƉĝ9ƀ��	�ƭ��Ʃ�2'Źĺá9ƂŇ

ÆUpP ���ŋ��ŝ 1Ŝ�Ɖĝ���� ¹� 178ÚǋÔţ Aǌ9�Ɵƫŷ#Ƨ

ŵ�6� SSRbpAp9ŋ��$õƭưƟèƔ$ QTLƉĝ#���ŃÒ�� QTL9Ô

ţ B$ 168Ú9Ɖĝ�5� �Ģƌ��	®¡"Ģ §$0 � QTLƉĝ9ƀ�#%�

�Ɵƫŷ9űŶ�52�# DNAbpAp9Ƥü�5� #©��Ɖĝ#ŋ�� DNAb

pAp$·Ɵƫŷ��$bpApâƯƗƻ
 20 cM24Ņ�Ưƴ "5� 
ė-��

ǋMassault et al. 2008ǌ	ŝ 1Ŝ��ƃ��;AbQiZPǋƹǌ�2'PbA=ǋƷǌ

$ƟƫÄÂ%bpApâƯ$Ɨƻ
 20 cM�r "5ş÷
�6�6 4�2' 9ş÷ŕ

Ə��5ǋTables 1 and 2ǌ	�	�"
3��63$ė-��"�ş÷%PbA=ƟƫÄ

Â$Ɵƫŷ Ela_LG249Ʋ���·Ɵƫŷ#�� 1ş÷$.��5ǋFigure 4ǌ	24œ

� DNAbpApâƯƗƻ9ï5�/#%�24Í�$ DNAbpAp9Ɖĝ#ŋ�5ð

ƅ
�5
�¥Ŝ��ƃ��;AbQiZPǋƹǌ PbA=ǋƷǌ$ƟƫÄÂ�$ń

ś��bpApâ#25ƶą�5 2�$bpApâƯ$ßÅƥ�Ɨƻ%�6�6 4.6 cM�

5.6 cM��4�ĆÒFYdA[pņ% 83.2%�2' 73.7%����	G=�2'T<i

^;�%�¹ĥ$bpApâƯƗƻ-�%FYdA[pņ#25ƟƫÄÂ9ŋ��Ɖĝ

#24�õƭưƟèƔ#ưt�5 QTL
Ģ �6��5ǋWang et al. 2012; Liu et al. 

2014ǌ	î���ŝ 1Ŝ��ƃ��ƟƫÄÂ9ŋ�� QTLƉĝ9ƀ�� ��õƭưƟ

èƔ$ QTL9Î-	#ĆÒ��5 Ÿ�36�	�	�"
3�Ɯà$ĩu�JpC@

oJoDǋNext-Generation Sequencing, NGSǌùƁ$Ŏơ#24�fUkŉł�ƽfUk

ŉł9¾8���FYd9űŶ�5 SNPbpAp$Ąŧ1ƥ�ÏÆ$¢Ò
œēƯ�µ

Ż "���5ǋDavey et al. 2011ǌ	RADJpC@oLǋRestriction Site Associated DNA 

Sequence, RAD-seqǌ$2�" NGSùƁ9ŋ�5� ��SNPbpAp9Í�Ƨŵ���
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ƶą�5 2�$bpApâƯ$Ɨƻ
œ�ǅƉ�á$ƟƫÄÂ
�ƃ�6�QTL$24

ƎŨ"�ŵ9ŃÒ�5� #õ¨���5	ǅƉ�á$ƟƫÄÂ9ŋ��õƭưƟèƔ

#ưt�5 QTLƉĝ�%�LMB� 0.2–5.6 cMǋWang et al. 2015ǌ�Rg=mbkZP

� 0.2–0.7 cMǋYu et al. 2016ǌ�\ie� 0.7–15.3 cMǋSong et al. 2012ǌ$ƿÇ-� QTL


ŭ4ƛ-6��4�ŝ 1Ŝ��ƃ��ƺŘZP$·ƈǆŘ$ƟƫÄÂ$Ɖ�á%ę�

��� 
8	5	�í�QTL$ƎŨ"�ŵ9ŃÒ��èƔ9¶5Ɠ�ƥ�Ï9¹Ò�

5�/#%�SNPbpAp#È��Ɖ�á$ǅ�ƟƫÄÂ$�ƃ
ðƅ��5	 

� F1ƺŘZPÔţA$Ɖĝ#24õƭưƟèƔ#ưt�5 7�$QTL
 6�$Ɵƫŷ�

�"8�;AbQiZPǋƹǌƟƫÄÂ$Ɵƫŷ 8�10�13�2' 19 PbA=ǋƷǌ

ƟƫÄÂ$Ɵƫŷ 3�2' 10#ŃÒ�6�ǋTable 6ǌ	· QTL$ƂŇÆ#×�5Õtņ

% 6.3–12.1%����	C@�%�Ʃ#ưt�5 8�$ QTL
Ģ �6��4��6�

6$Õtņ% 7.5–18.9%����ǋKessuwan et al. 2016ǌ	-��LMB#���%�õ

ƭưƟèƔ#ưt�5 6 �$ QTL $Õtņ
 10.5–16.0%���� É»�6��4

ǋWang et al. 2015ǌ�ĚŜ�ï36�� ǁ����5	�63$ŬĞ24�ƺŘZP#

�
5õƭưƟèƔ0�C@1LMB ¹ĥ#Ø�"ªĞ9Ā�ƄČ$ QTL#24ĊƧ

�6��50$ ĆĹ�65	;AbQiZPǋƹǌƟƫÄÂ#����ƭ#ưt�5

QTL  ��Ģ �6� 4 �$ QTL %��ƭ �Ʃ#æ�Ī$őưư�
Ə/365$

 ¹ĥ#�+,¹� LOD��Õtņ��Ʃ#ưt�5 QTL ��0Ģ �6��63

$ 95%�ǀ­Ư0ƩƄ����	�	�"
3�PbA=ǋƷǌƟƫÄÂ$Ɵƫŷ 3�

2' 10#����Ʃ#ưt�5 QTL ��Ģ �6� 2�$ QTL%��ƭ#ưt�5

QTL ��%Ģ �6���$��$qĐ%Źĺá#ưt�5QTL ��Ģ �6�	

�63$ŬĞ	3 F1ƺŘZP$õƭ#����;AbQiZPƹƈŌĜ$ 4 �$ QTL

%�ƭ �Ʃ#�PbA=ƷƈŌĜ$ QTL%�Ʃ Źĺá$Ë©#ưt���50$ 

Ÿ�365	 

� �ƭ�2'�Ʃ9ƂŇÆUpP ��ŋ��Ɖĝ�%�;AbQiZPǋƹǌƟƫÄ
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Â$Ɵƫŷ 8�2' 10�Ģ �6� QTL#Ėô"ő}ư�ǋ@^LPJLǌ
ŕƏ�

�ǋTable 6ǌ��63$ QTL$Ɯ�bpAp��5 Ebr01086FRA�2' Ebr00814FRA

$;lk$Ū¸�#24ĔÎŤ 400 g$�Ʃ$Ƣ�
Ə/36�ǋFigure 7ǌ	õƭưƟ

èƔ$2�"Ƅƺ"èƔ%Í�$ƥ�Ï#24ĳÒ�6��5�/�ĚŜ$2�#ưƟ

��� QTL
Ģ �65� 0zó�65	�$2�#ưƟ�¸� QTL%ǉǋCarlborg 

et al. 2003; Ankra-Badu et al. 2010ǌ�2'XKbLǋWringe et al. 2010ǌ#�
5õƭư

ƟèƔ#ưt�5 QTL$ŔŚ#���0É»�6��5	XKbL$ŔŚ�%õƭņ$

ō"5 2Řǁ$ţŮ	3� �6���9Ʒƈ ��ŋ��Ê¸#��$��9Ʒƈ 

��ŋ��Ê¸#į*�Í�$ƟƫŷƯ$ő}�ŋ
Ģ �6��4�ƸÁƯ�$Íĥ

ñ$Ƣ�1èƔ$ƥ�ņ$Ƣ�
@^LPJL9Ģ ���ňŌ ��ĆĹ�6�	Ě

ŔŚ�ƺŘZP$� #ŋ��;AbQiZPƹƈ$ƕĻ%8	3"�
�ĚŜ�@^

LPJLªĞ9Ŗ� QTL 
Ģ �6�$0¹ĥ$ňŌ#250$�%"�	 Ÿ�3

65	ƥ�ÏƯ$ő}�ŋ%qžŏ"0$ ��Ÿ�36��5
�®¡"Ģ §9�

��Ɖĝøĵ
ŕś�6��"��/#�ő}#ưƟ�5 QTL#ư�5É»%Ù"�	

Cui et al.ǋ2015ǌ%a=MfUk#È����©¯Č�\ie9ŋ���Ʃ#ưt�5

ƥ�ŏ"Ĥƞ9Ɖĝ��xªĞ9Ŗ� 42$ QTL @^LPJLªĞ9Ŗ� 59$ QTL

9Ģ ��	�	�"
3�ë3%a=MfUk#È��ï36�ƉĝŬĞ%­ƯbS

^oDĵ#24ï36�ŬĞ %-���ō"���5� 9É»���4��6%ŋ

��ŮƊÑŏøĵ�2'ƉĝƸÁ
Ƣ��/��5 ĆĹ���5	ő}#ư����

5 QTL�#�ŵ�5ƥ�Ï%��Ɲ�5ūƘ#ưt�5ƨŦŞ9GpW���5 zó

�65	ĚŜ�ï36�@^LPJLªĞ9Ŗ� QTL�#�ŵ�5ƥ�Ï9ŃÒ�5�

 %õƭưƟèƔ9Ƒč�5ĨĤ9ňƉ�5� #0�"
5 Ęì�65	 

� �Ʃ$ƂŇÆ� QTL#Ĕ0Ɯ�DNAbpAp$ƥ�ÏÆòÉ9ŋ��|�Ƨŵ¡

ċ¡ĝ9ƀ��ő}ư�$Ėŀ9ŕƏ��ǋTable 7ǌ	ĚƉĝ�%�;AbQiZPǋƹǌ

ƟƫÄÂ$Ɵƫŷ 8�2' 10�Ģ �6� QTL#ư���ƹƈŌĜ$;lkƯ�Ėô
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"Ý%Ģ �6"	��
��6%FYdn=W$ QTL Ɖĝ#���Ģ �6� QTL

$ƟƫŷƯ�$ő}�ŋ
éƾ��0$ ĆĹ�65ǋFigure 7ǌ	-���$ QTL$Ū

¸�#���%�ƹƈŌĜ�2'ƷƈŌĜ$�6�6$;lkƯ�Ėô"ªĞ
ŕƏ�

6�� 	3�F1ƺŘZP#���ƹƈ�2'Ʒƈ	3´
ů
6� QTL ;lk%�

}�9ú¤�5� "��Ʃ$Ë©#ưt���50$ Ÿ�365	3�$ QTL$Ū

¸���"8� qBW13t:qBW3g�qBW19t:qBW3g�2' qBW13t:qBW10g#���%�

;AbQiZPƹƈŌĜ�2'PbA=ƷƈŌĜ$ QTL ;lkƯ�$ő}�ŋ
Ə/

36�	F1u�#���0ŕƏ�65� 
�5ƺŘæ¬$ƥ�ŏeAXMd%Ƅƺ�

�4��6-�#ƺŘæ¬9ƐĒ�5�Ɛ ����ñƐ�Ɩ�ñƐ�2'@^LPJ

LƐ$ 3�
ć½�6��5ǋBirchler et al. 2006; Tang et al. 2010; Shang et al. 2016ǌ	ƺ

Řæ¬%qžŏ#Í�$ƥ�Ï
Ƅ¸ŏ#		8���5 Ÿ�365�/�ƺŘæ¬

9ƐĒ�5�/#%�-�FYd���ƕ���5ő}�ŋ9ĂƲ�"
6&"3"�	

VbV1ƳÄŲ$ŔŚ#���%�=oVmDlSJhoţŮ1ŪĈ�ŽĭţŮ9Ɖĝ

�5� ��ƺŘæ¬#ư�5Í�$ QTL
ŃÒ�6��4�ƳÄŲ$²ƪ#ưt�5

ƺŘæ¬#%�°qâ�$Ʀ¡ŏ"�ñ1@^LPJL
�$ƥ�ŏªĞ24Ʃƅ"ê

¦9þ���5 ĆĹ�6��5ǋSemel et al. 2006; Shang et al. 2016ǌ	-��b>L#

���%�GoK?XSCţŮ9ŋ��ŔŚ#24�Ʃ#ưt��Ɩ�ñ9Ŗ�ƺŘæ

¬ QTL
É»�6��5ǋIshikawa 2009ǌ	;AbQiZPǋƹǌ PbA=ǋƷǌ	

3� ��ƺŘZP%õŁ�5-�#ƭ�ŉźĘƯ9ƅ�5�/#ĚŔŚ�% F1 ƸÁ

9Ɖĝ#�ŋ��	�í�;lkªĞ9ĆÒ��ƺŘæ¬$ƥ�ŏ"Ġÿ9ƉĒ�5�

/#%24ƣ��ÓǄ~ƧƸÁǋF2ƸÁŞǌ9�ŋ���3"5Ɖĝ
ðƅ��5	�

	�"
3�ĚŜ�Ē3	 "�� F1ƺŘZP#�
5ƹƈ�2'Ʒƈ	3´
ů
6

� QTL ;lk
ő}�ŋ9Ė����� %ĚƺŘZP$õƭưƟèƔ$ƥ�ŏĤƞ

9ňƉ�5ŝ 1ī#"50$ Ęì�65	 

Ôţ A %ō"5ƹƈ	3� �� F1ƺŘZP¯�äÔţ B9ŋ���Ôţ A�Ģ
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 �6� 7�$ QTL9Ģƌ��ǋTable 8ǌ	�Ʃ$ƂŇÆ�9ŋ��Ɖĝ�%�;Ab

QiZPǋƹǌƟƫÄÂ$Ɵƫŷ 8#Ƨŵ�6� SSRbpApEbr00822FRA�2'Pb

A=ǋƷǌƟƫÄÂ$Ɵƫŷ 10#Ƨŵ�6� SSRbpApEbr01032FRA$Ɯ�#�6

�6 QTL
Ģ �6�	�63$ SSRbpAp%Ôţ A�$�Ʃ$ƂŇÆ�9ŋ��

Ɖĝ#���Ģ �6� QTL$ 95%�ǀ­Ư�#�ŵ����ǋFigure 4 and Table 6ǌ	

-��|�Ƨŵ¡ċ¡ĝ$ŬĞ�0Ôţ A  ¹ĥ#�ƹƈŌĜ�2'ƷƈŌĜ$ QTL

Ư$ő}�ŋ%ŕƏ�6"	��	�$� 	3�Ôţ A Ôţ B�Ģ �6� 2�$

QTL��"8� qBW8t  qBW10g % F1ƺŘZP��Ɲ$0$��5µŻñ
Ÿ�36

�	�	�"
3�ĚŜ� QTL $Ģƌ#ŋ��Ôţ%ƹƈ$.ō"5 F1ƺŘZP¯�

äÔţ��5$���í%Ʒƈ$.ō"5Ôţ1ƹƈ�Ʒƈ 0#ō"5ƸÁ9ŋ��

Ɖĝ#25 QTL$Ģƌ
ðƅ��5	qĐ�Ôţ A#���įƚŏǅ� LOD�9Ŗ�

�Ģ �6�;AbQiZPǋƹǌƟƫÄÂ$Ɵƫŷ 8�13�2' 19$ QTL PbA

=ǋƷǌ$Ɵƫŷ 3#Ģ �6� QTL%��6$ƂŇÆUpP9ŋ��Ɖĝ#���0

Ôţ B�%Ģ �6"	��	�	�"
3�Kessuwan et al.ǋ2016ǌ%C@ F1Ôţ9

ŋ��ŔŚ#24�C@ƟƫÄÂ$Ɵƫŷ 8�10�13 �2' 19 #�����Ʃ-�%

�ƭ#ưt�5 QTL 9ĆÒ���5	C@ƟƫÄÂ#�
5Ɵƫŷ 8�10�13 �2'

19 %;AbQiZPǋƹǌƟƫÄÂ�2'PbA=ǋƷǌƟƫÄÂ#�
5Ɵƫŷ 8�

10�13�2' 19#�6�6őç�5	IEŗǆǁ�%�QTL
ƜųŘƯ��Ð�6�

�5{�0É»�6��5� 	3ǋReid et al. 2005ǌ��63 4�$Ɵƫŷ%C@ ;

AbQiZP#�Ɲ�5õƭưƟèƔ#ưt�5 QTL 9�Ė���5µŻñ
Ÿ�3

65	Ń#�Ɵƫŷ 10 %C@�;AbQiZP�PbA=$ 3 Ř��Ɲ���Ʃ#ư

t�5 QTL
Ģ �6�� 	3��$FYdƿÇ%�Ð�6��5 ĆĹ�65	�

63 3Ř$ZP$FYd$ǁ�ñ%8	3"�
�ĚŜ�Ģ �6� QTL%ZPǁ$õ

ƭưƟèƔ#ưt�5FYdĤƞ$ňƉ�2'ƤûźŘ9Óđ�5Ƶ#Í�#êś�

0$ Ęì�65	 
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(A) �ƭ (cm) 

 
(B) �Ʃ (g) 

 
(C) Źĺá 

 
Figure 5 F1ƺŘZP 2Ôţ$·õƭèƔ$¡Þ9Ŗ�\LVDid  

Ŵƙ#ÚČ9�ħƙ#�6�6$ƂŇÆ�9Ŗ�	 
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(A) �ƭ (cm) 

 
(B) �Ʃ (g) 

 
(C) Źĺá 

 
Figure 6 F1ƺŘZP 2Ôţ$·õƭèƔ$¡Þ9Ŗ�ĪƇŕņ`mSV
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Figure 7 ;AbQiZPƹƈŌĜ$ QTLs (qBW8t, qBW10t)$~}�ŋ`mSV  

Ŵƙ#�Ʃ$ƂŇÆ� (g)9Ŗ�	· QTL (qBW8t, qBW10t)#���ĔƜ�#�ŵ�
���DNAbpAp��6�6Ebr01086FRA Ebr00814FRA$ƥ�ÏÆ9�ŋ��	
Ebr00814FRA $ƥ�ÏÆ%ħƙ#�Ebr01086FRA $ƥ�ÏÆ%Âw#Ŗ��	

Ebr01086FRA #���ƥ�ÏÆ
“t1”����Ê¸�Ebr00814FRA #�
5ƥ�ÏÆ

“t1”0��%“t2”��6&��$ǆ�Ʃ%�6�6 1,580 g-�% 1,930 g����	
¹ĥ#�Ebr01086FRA #���ƥ�ÏÆ
“t2”����Ê¸�Ebr00814FRA #�
5
ƥ�ÏÆ
“t1”0��%“t2”��6&��$ǆ�Ʃ%�6�6 1,806 g-�% 1,528 g�
���	@ip[p%·ƥ�ÏÆ#�
5Ħļ�Ý± 19Ŗ�	 
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Table 4 F1N>�� 2/@�6LMI4H�D<+�!�  

4H�
/@ A��1781	 � � /@ B��1681	 

"-%� 7,%� 70%� )&#?*� P% � � "-%� 7,%� 70%� )&#?*� P% 

$L�(TL) 44.22  50.70  33.50  3.94  0.0007* 
�

42.86 50.20 32.04 4.57 0.1458 

$K�(BW) 1736.00  2819.00  721.00  565.75  0.4383 
�

1559.00 2745.00 596.00 539.50 0.3504 

B;3�(FK) 2.01  2.37  1.76  0.16  0.0098* 
�

1.97 2.44 1.45 0.18 0.0015* 

$L���$K�)�
� cm�g'#�=(�P%� Shapiro–Wilk9.���(D<+�!��:E5�9.
�A8����
:E&2���JC	G����D<+�!����� ���DF
� (P < 0.05)�  
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Table 5 ��(*&�%)	��(�
��
"� *��  

�%�
�# A��178�	 � � �# B��168�	 

TL BW FK 
�

TL BW FK 

�(�(TL) 
 

0.961 0.286 
� �

0.955 0.292 

�'�(BW) 
  

0.513 
� �  

0.532 

$���(FK) 
   � � � �

���� 1%�
 **�)!��  
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Table 6 F1s\+&I] A��(�NnpjLh� QTLeS^T  

Lh� XR��du\�
QTL�9`������������������

�jma�(cM)	 

Pi?�9`��� �

-6"6�(cM) 
LOD> 

cVGAO

(%) 

95%=tBo

(cM) 
QTLE 

:n�(TL) �"-'0+&� Efu_LG8 (0.0) Ebr01086FRA (0.0) 6.56 12.0 0.0–10.0 qTL8t 

  
Efu_LG10 (10.0v Ebr00814FRA (10.7) 6.61 12.1 2.5–15.0 qTL10t 

  
Efu_LG13 (22.5) Ebr01402FRA (22.0) 6.48 11.9 14.6–35.0 qTL13t 

  
Efu_LG19 (0.0) Ebr01150FRA (0.0) 3.57 6.3 0.0–12.5 qTL19t 

  

Efu_LG8 (0.0) 

:Efu_LG10 (10.0)  
6.48 11.9 

 
qTL8:10t 

        
:l�(BW) �"-'0+&� Efu_LG8 (0.0) Ebr01086FRA (0.0) 6.00 11.2 0.0–10.2 qBW8t 

  
Efu_LG10 (12.5) Ebr00814FRA (10.7) 6.19 11.5 2.5–17.5 qBW10t 

  
Efu_LG13 (25.0) Ebr00509FRA (24.2) 5.95 11.1 12.5–35.0 qBW13t 

  
Efu_LG19 (0.0) Ebr01150FRA (0.0) 3.60 6.5 0.0–12.5 qBW19t 

  

Efu_LG8 (0.0) 

:Efu_LG10 (12.5)  
5.83 10.8 

 
qBW8:10t 

        
 

&-" � Ela_LG3 (17.5) EawSTR12DB (18.0) 3.00 6.9 5.0–20.3 qBW3g 

  
Ela_LG10 (32.2) EfuSTR339DB (32.2) 3.00 6.9 15.0–32.2 qBW10g 

        
bUK�(FK) &-" � Ela_LG3 (18.6) EfuSTR0040DB (18.6) 3.57 8.8 12.5–20.3 qFK3g 

QTLeS�^T�5%$*.4 )�QM����g���� QTL�[��Y7p<
g���� QTL,��“ : ”�W��
QTL:QTL�cf
�� 
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Table 7 F1s\+&I] A��(�du\XR� QTL�Y7;W  

QTL,� 
Dk8HG��(�:l�JF>�(g) 

^T�
t1g1 t1g2 t2g1 t2g2 

qBW8t : qBW3g 1830.77  1662.52  1794.52  1506.57  † 

qBW10t : qBW3g 1792.27  1582.77  1831.69  1610.58  † 

qBW13t : qBW3g 1923.64  1758.69  1675.25  1419.00  ‡†§ 

qBW19t : qBW3g 1968.17  1692.65  1674.92  1520.93  ‡†§ 

qBW8t : qBW10g 1835.85  1635.92  1789.33  1565.58  † 

qBW10t : qBW10g 1758.74  1632.04  1868.42  1554.94  † 

qBW13t : qBW10g 1942.03  1719.58  1624.28  1496.20  ‡†§ 

qBW19t : qBW10g 1915.08  1751.57  1712.08  1501.78  ‡† 

QTL,��“ : ”�W�� QTL���"-'0+&	 :QTL �&-" 	�cf
���"-'0+&rd	�
C(_
���32�“t1” �“t2”�&-" qd	�C(_
���32�“g1”�“g2”�����cf
��
�"-'0+&rd	�C(_
���32@���&-" qd	�C(_
���32@�u:l�

�pj
Zg)�� QTL,������“ ‡ ”�“ † ”�[
��"-'0+&rd�&-" qd	�C(_

���32o�Y7;W
g���� QTL,��“ § ”�[
�� 
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Table 8 F1s\+&I] B��(�NnpjLh� QTLeS^T  

Lh� XR��du\�
QTL�9`������������������

�jma�(cM)	 

Pi?�9`��� �

-6"6�(cM) 
LOD> 

cVGAO

(%) 

95%=tBo

(cM) 

I] A��(�

QTLE 

:n (TL) &-"  Ela_LG10 (35.5) Ebr00317FRA (35.5) 2.34 6.2 10.0–37.5 
 

        
:l�(BW) �"-'0+& Efu_LG8 (1.8) Ebr00822FRA (1.8) 2.19 5.8 0.0–37.5 qBW8t 

        
�  &-"  Ela_LG10 (18.1) Ebr01032FRA (18.1) 2.48 6.5 10.0–37.5 qBW10g 

QTLeS�^T�5%!#%,1/5(4 )�QM����g���� QTL�[�� 
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ĺ 3Ĺ 

F1ƊĴQI"	�2ßſƁŶÐū# QTL�ĥ³Ŝ§�#ƁŶÚ 

 

� eŔī"�ßſƁŶÐū#/�"śê#Ī!2ŹwºÌ"/1èŻ�3��2Ðū�

$�Ã�!�Ā5-�¸
#Źwº�Ɓh��	1�ŹwīŜ§�ĥ³Ŝ§	/&�3

0#ĭm{Ĩ"/1Śģ®�ď¼�32ƙMackay 2001ƚ	ĂĞ�$Ī!2ýv.ĥ³5

ŌÞ���Ž.ĦŎƁŶÐū# QTL şÿ�Ř43�	1�ĥ³#µ��Ŷ��2 QTL

�±¤�3��2ƙPoormohammad Kiani et al. 2009; Souza et al. 2013ƚ	*���Ğ"	

��$Ī!2ÊƘô#Śģ®MdI5Ĩ��ßſƁŶÐū# QTLşÿ�Ř43�	1�

ÊƘ"ğĪī! QTL�±¤�3��2ƙHadjipavlou & Bishop 2008; Ishikawa 2009ƚ	Ɩ

�$Ī!2ÊƘô#Śģ®MdI5Ĩ��ßſƁŶÐū# QTL şÿ5Ř��±¤$�

2�ƙWang et al. 2006; Wang et al. 2015; Kessuwan et al. 2016ƚ��3*�"ĥ³#µ��

QTL#µ�"Ɓ�2±¤$!�	ĺ 2Ĺ�$ßſĢ#Ī!26;XJ]QI�IX;7

5nƊ�� F1ƊĴQI5Ĩ�� QTLşÿ5Ř��ßſƁŶÐū"Ɓh�2 7�# QTL

5Ą���	QTL şÿ"|Ĩ�� F1ƊĴQI$ĝÉ¯"�Ɛ�32I7ª"�{��

ƑŎ�3�	1�ßſƁŶÐūMdI#ƑŎţƔúƀk"�»�¶»�ƌ»#»Ľ5Ł

Ɣ���2	����ûĹ�$ßſƁŶÐūMdI5 3�#Ī!2»Ľ"���şÿ�

2����ßſƁŶÐū"Ɓh�2 QTL#ğ×5ĥ³Ŝ§�#ƁŶÚ
0Ţ~�2��

5ţ+�	 
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üì	/&îđ 

 

şÿ¿Ŀ�ßſƁŶÐūMdI#�ƈ 

� ĺ 2Ĺ�şÿ��6;XJ]QIƉ 2Ä�IX;7Ƈ 1Ä5oěnŻ��Ī!2ƉŞ


0{��� F1ƊĴQI��Î¿Ŀ 2¿Ŀ5şÿ¿Ŀ���	�30 2¿Ŀ#ßſƁŶ

ÐūMdI��� 2013Ê 8ø
0 2014Ê 10ø*�# �z#ċø#zſƙcmƚ�z

żƙgƚ�Ę¼�3��2	�#úƀ# F1ƊĴQI#ÊƘ$ 5;øƘ
0 19;øƘ��

2	 

 

APZ DNA#ŧë	/&Źwº®#şÿ 

� APZ DNA$ĺ 1Ĺ�¢Ć"Ɨ#eź/1 Coimbra et al.ƙ2003ƚ#îđ"Õ�ã�

��	Źwº®$ĺ 1Ĺ�¢�àđ5Ĩ�� PCRđ�6>^_6YOA_ƍčĒ�đ"

/1����	 

 

 »Ľ"	�2ßſƁŶÐū# QTLşÿ 

� zſƙcmƚ	/&zżƙgƚ#´�Ž5ßſƁŶÐū# QTLşÿ#Śģ®MdI��

�Ĩ��	 »Ľ"	�2ßſƁŶÐū#Śģ®�$I7čũÅ#±¤öƙ2015ƚ"°

���ßſƁŶÐūMdI5»Ľ��"��2���Ö�	I7čũÅ#±¤ö�$ 10

økñ
0 2økñ*�5�»�2økñ
0 5økñ*�5¶»�5økñ
0 10ø

kñ*�5ƌ»�¼,��2	ƑŎţƔúƀk#ƊĴQI$ 2013Ê 8ø�10ø�2014

Ê 2ø�5ø	/& 10øô$�3�3 5;ø�7;ø�11;ø�14;ø	/& 19;ø

Ƙ��2	�»"	�2ßſƁŶÐū#Śģ®�$ 11 ;øƘô
0 7 ;øƘô#ßſ

ƁŶÐūMdI5Ėļ��ļ���	¢Ć"�¶»	/&ƌ»"	�2ßſƁŶÐū#

Śģ®�$ 14 ;øƘô
0 11 ;øƘô�7 ;øƘô
0 5 ;øƘôƙ1 ÊĬƚ	/&

19 ;øƘô
0 14 ;øƘôƙ2 ÊĬƚ#ßſƁŶÐūMdI5Ėļ���3�3ļ�



55 
 

��	ƌ»"	��$ 1ÊĬ� 2ÊĬ#ßſƁŶÐūMdI5�ļ���5ƌ»"	�

2ßſƁŶÐū# QTL şÿ"Ĩ�2Śģ®MdI���	Õ����»"	�2zſ

ƙWLeƚ�zżƙWWeƚ�¶»"	�2zſƙSLeƚ�zżƙSWeƚ�ƌ»"	�2zſƙRLeƚ

	/&zżƙRWeƚ#¡Š 6�#Śģ®MdI5 QTLşÿ"|Ĩ��	QTLşÿ$ĺ 2

Ĺ�¢Ć"�3�3#Ðū"	��ƉŞ�ƇŞĩþ# Źwº®Û±5 R/qtl GUN8

96ƙBroman et al. 2003ƚ5Ĩ��şÿ�2����ƉŞ�ƇŞĩþ# QTL#Ą�5ţ

+�	*��QTLşÿ5Ř��"$�Shapiro–WilkĄ¼"/1 Śģ®MdI#ĊŝÚ

5Ą¼��Ċŝ�È
0ŷő�2Śģ®MdI"Â��$ Yang et al.ƙ2006ƚ#îđ"

Õ��Box–Coxµç5Ĩ��MdI#�È5Ċŝ�È"ű���#��QTLşÿ"r�

�	!	�Ŷžşÿ$ĺ 1Ĺ�¢Ć" LINKMFEX software package version 2.3ƙDanzmann 

2006ƚ	/&Map Manager QTXGUN896ƙManly et al. 2001ƚ5Ĩ��Ř���Ƌ

is�jŞ
0���2ƉŞ�ƇŞĩþ�#Źwº®Û±� Xd;dƀ#ŹwŮƋ5

�à��QTLşÿ"|Ĩ��	ĺ 2Ĺ�¢Ć"¿Ŀ A5�Ŷžŋ"Żŉ�3� SSRX

d;d5Ĩ��#ßſƁŶÐū# QTLşÿ"r��¿Ŀ B# QTLşÿ�$¿Ŀ A#ş

ÿ"/1 QTL �Ą��3�Ŷžŋ"Żŉ�3� SSR Xd;d#+5|Ĩ��¢Ć"ş

ÿ�2���Ö03� QTL5Ąš��	*��Ą��� QTL� »Ľ"	��Ī!�

�ƅ"$�QTL6`_#�ùĠĐ5°"Ɩ5��� »Ľ"	�2�3�3#ðƀßſ

ĢƙSpecific Growth Rate, SGRƚ5ļ��ČŰ�2����QTL6`_#ù�Ú5Ąš�

�	 
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łĀ 

 

 »Ľ"	�2ßſƁŶÐūMdI#�ƈ 

� 6;XJ]QIƉ 2Ä�IX;7Ƈ 1Ä5oěnŻ��{��� F1ƊĴQI��Î¿

Ŀ A� B#ƑŎţƔúƀk#ßſõņ5{ß�� »Ľ"	�2ßſƁŶÐūMdI5

Ö�ƙFigure 8 and Table 9ƚ	T6Gc#ĵĢĭƁ�ê5ļ��� Ðūƀ#ĭƁƁ�5

ŧ(�łĀ�¿Ŀ A�B�-"zſ�zż"	��Ï�Ċ#ĭƁ�ť,03�ƙP < 0.01, 

Table 10ƚ	QTLşÿGUN896$eŔī"Śģ®MdI�Ċŝ�È"Õ�ŃŠ\M_

5u¼���2�,�ĺ 2Ĺ�¢Ć" Ðū#Śģ®MdI#SEN?]Z�ĊŝıĢ

VaLN5{ß��Śģ®MdI#�È5ıť��ƙFigures 9 and 10ƚ	!	�ƑŎţƔ

úƀk"ŠĘ��ĥ³Ŝ§$ Table 11"Ĳ��	 

 

¿Ŀ A# »Ľ"	�2ßſƁŶÐū# QTLşÿ 

�  »Ľ"	�2zſ	/&zż5Śģ®MdI���Ĩ�� QTLşÿ#łĀ� »Ľ

�Ī!2 QTL�Ą��3�ƙTable 12ƚ	6;XJ]QIƙƉƚŶž­©"	���Ŷž

ŋ 13"ğ¼�3� QTL$�»Ľ"	��Ą��3�	�# QTL$�»"	��÷-ƕ

� LOD�ƙ8.05ƚ	/&�Śģ®�é"Â�2ÀhĢƙ18.8%ƚ5Ĳ��¶»"	��

÷-y� LOD�ƙ2.78ƚ	/&�Śģ®�é"Â�2ÀhĢƙ6.9%ƚ5Ĳ��	*��

ĺ 2Ĺ�zſ"Ɓh�2 QTL���Ą��3�Ŷžŋ 8�10	/& 19# QTL�Ŷžŋ

8 	/& 10 �Ą��3� QTL ƀ#ĭmƁ�$ƌ»"	��#+Ą��3�	�»Ľ�

zſ"Ɓh�2 QTL���Ŷžŋ 13"ğ¼�3� QTL$�zż5Śģ®MdI"Ĩ�

� QTLşÿ5Ř��ƅ"-�»Ľ"	��Ą��3�	�0"�÷-ƕ� LOD�	/

&÷-y� LOD �-zſ5Śģ®MdI���Ĩ��şÿ�¢Ć"�3�3�»�¶

»����	*��ĺ 2Ĺ�zż"Ɓh�2 QTL���Ą��3�Ŷžŋ 8�10	/&
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19# QTL�Ŷžŋ 8	/& 10�Ą��3� QTLƀ#ĭmƁ�$ƌ»	/&�»"	

��Ą��3�¶»�$Ą��3!
��	�
�!�0�ĺ 2Ĺ�zſ	/&zż"

Ɓh�2QTL���Ą��3�QTLt·" »Ľ�ğĪī"Ɓh�2QTL$Ą��3

!
��	 

eî�IX;7ƙƇƚŶž­©"	���ĺ 2Ĺ�zż"Ɓh�2 QTL���Ŷžŋ

3"ğ¼�3� QTL$�»	/&ƌ»"	��Ą��3��# LOD�$�3�3 2.87

	/& 2.77����	*��¢�
zż"Ɓh�2 QTL���Ŷžŋ 10"ğ¼�3�

QTL$¶»"	��#+Ą��3��# LOD�$ 2.80����	�30IX;7ƙƇƚ

Ŷž­©"	��ğ¼�3� QTL$ 5%APZb7O#Ƃ�54�
"ŭ�2-#��

��	�
�!�0�ĺ 2Ĺ�zż"Ɓh�2 QTL���Ą��3� QTLt·" »

Ľ�ğĪī"Ɓh�2 QTL$Ą��3!
��	 

 

¿Ŀ A# »Ľ"	�2 QTL6`_#�Ā 

�  »Ľ"	�2zż5Śģ®MdI���Ĩ�� QTL şÿ#łĀ� »Ľ�Ī!2

QTL�Ą��3���
0�QTL6`_#�ùĠĐ5°"Ɩ5 2ŋ"��� »Ľ"	

�2ßſĢƙSGRƚ5Ĩ�� QTL6`_#�Ā5Ąš��ƙTable 13ƚ	6;XJ]QI

ƙƉƚŶž­©#Ŷžŋ 13 "ğ¼�3� QTL $�»	/&¶»"	���Ŷžŋ 19

"ğ¼�3� QTL$�»	/&ƌ»ƙ2ÊĬƚ"	���QTL6`_5�ù���2Ɩ

��ù���!�Ɩ"Č(�ùÝ"ƕ�ßſĢ5Ĳ��	*��IX;7ƙƇƚŶž­

©#Ŷžŋ 10"ğ¼�3� QTL$¶»"	���QTL6`_5�ù���2Ɩ��ù

���!�Ɩ"Č(�ùÝ"ƕ�ßſĢ5Ĳ��	�30 3�# QTL6`_#�ùĠĐ

5°"Ɩ5 2 ŋ"���¢Ć#şÿ5Ř��łĀ�ƌ»ƙ2 ÊĬƚ"	�2ßſĢ"ù

Ý!Ç$ť,03!
�����»	/&¶»"	���QTL6`_5 3��(��ù

���2Ɩ�*��
�ù���!�Ɩ"Č(�ùÝ"ƕ�ßſĢ5Ĳ����	 

 



58 
 

¿Ŀ B"	�2ßſƁŶÐū# QTL#Ąš 

� ¿Ŀ A�ıť�3� »Ľ"	�2 QTL#ğ×5ĺ 2Ĺ�¢Ć"¿Ŀ B5Ĩ��ş

ÿ5Ř����Ąš��ƙTable 14ƚ	6;XJ]QIƉŞĩþ#Źwº®Û±5Ĩ��

şÿ�$��»"	��#+zſ"Ɓh�2 QTL�Ŷžŋ 3	/& 8"Żŉ�3� SSR

Xd;dEfuSTR0040DB	/& Ebr00786FRA#ű�"Ą��3��30 QTLƀ"$ĭ

mƁ��ť,03�	¿Ŀ B"	��Ą��3�Ŷžŋ 3# QTL$¿Ŀ A�#şÿ�

$Ą��3��!�íŝ# QTL����	Ŷžŋ 3�#ĭm{Ĩ"/1�»"	�2z

ſ"Ɓh�2 QTL�Ą��3�Ŷžŋ 8�$�zż"Ɓh�2 QTL-Ą��3�	�


�!�0�zż5Śģ®MdI���Ĩ��şÿ"	��Ŷžŋ 8"Ą��3� QTL

$Ŷžŋ 3�#ĭm{Ĩ5Ĳ�!
����"����»"	�2zſ"Ɓh�2 QTL

���Ą��3�xŉ�$Ī!2xŉ"ğ¼�3�	*��¶»	/&ƌ»"	��$

zſ	/&zż"Ɓh�2QTL$Ą��3��¿ĿA�#şÿ�ğ¼�3�Ŷžŋ 10�

13	/& 19# QTL�Ŷžŋ 8	/& 10�Ą��3� QTLƀ#ĭmƁ�-¿Ŀ B5Ĩ

��şÿ�$Ą��3!
��	 

� eî�IX;7ƇŞĩþ#Źwº®Û±5Ĩ��şÿ�$�zſ"Ɓh�2 QTL�Ŷ

žŋ 10"	��Ą��3�ğ"¶»"	��ƕ� LOD�ƙ3.23ƚ	/&�Śģ®�é

"Â�2 QTL#ÀhĢƙ8.4%ƚ5Ĳ��	*��¢ QTL$zż"Ɓh�2 QTL���

-Ą��3�zſ5Śģ®MdI���Ĩ��şÿ�¢Ć" LOD �	/&�Śģ®�

é"Â�2 QTL#ÀhĢ$¶»"	��ƕ��5Ĳ��	�
�!�0��»"	��

$zſ	/&zż"Ɓh�2 QTL$Ą��3��¿Ŀ A�#şÿ�ğ¼�3�Ŷžŋ 3

# QTL$¿Ŀ B5Ĩ��şÿ�$Ą��3!
��	*��QTL6`_#�Ā5Ąš

��łĀ�IX;7ƙƇƚŶž­©#Ŷžŋ 10"ğ¼�3� QTL6`_5�ù�2Ɩ

$�¿Ŀ A�¢Ć��ù���!�Ɩ"Č(�¶»"	��ùÝ"ƕ�ßſĢ5Ĳ��

ƙTable 15ƚ	 
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ŌÁ 

 

� ßſƁŶÐū$ėË.²�ĚË#/�!ĥ³Ŝ§"ÑƎ�32���Į03��2	

ûĹ�$ßſĢ#Ī!26;XJ]QI	/&IX;75nƊ�� F1 ƊĴQI#ßſ

ƁŶÐūMdI5 3�#Ī!2»Ľ��!4��»�¶»�ƌ»"���QTL�ĥ³Ŝ

§�#ƁŶÚ5Ţ~��	¿Ŀ A# »Ľ"	�2zſ	/&zż5Śģ®MdI��

� QTLşÿ5Ř��łĀ�Ö03� QTL$ĺ 2Ĺ�Ą��3�zż"Ɓh�2 QTL#

95%�Ə�ƀ�"xŉ������»Ľƀ�$Ī!2ğ×�ť,03�ƙFigure 4, Tables 

6 and 12ƚ	6;XJ]QIƙƉƚŶž­©#Ŷžŋ 13"ğ¼�3� QTL$�»Ľ5Ŵ

��zſ	/&zż"Ɓh�2 QTL���Ą��3�	*��Ŷžŋ 8�10�19"ğ¼

�3� 3�#QTL	/&Ŷžŋ 8� 10#ĭmƁ�$ƌ»"	�2zſ"Ɓh�2QTL�

	/&�»�ƌ»"	�2zż"Ɓh�2 QTL���Ą��3�	�30#łĀ$Ŷž

ŋ 13"ğ¼�3� QTL$ßſƁŶÐū"Â���ġ�¹�!�Ā5ù��	1�Ŷž

ŋ 8�10	/& 19"ğ¼�3� QTL$zſ*�$zż#´�"Ɓ42�Ŵ#ĉą5�

ù���2-#�Ō�032	 

� œ¥ĕ���"�ĺ 2Ĺ�IX;7ƙƇƚŶž­©"	��zż"Ɓh�2 QTL��

�Ą��3� 2�# QTL$�3�3Ī!2»Ľ�Ą��3�	�3$ĥ³#µ�"Ù�

�Ī!2Źwº�����2��5Ĳ¦���2	�»�¶»#zż´�Ž"$ùÝ!

Ç�ť,03!�"-

40��zż"Ɓh�2QTL���Ą��3�QTL#k��

6;XJ]QIƙƉƚŶž­©#Ŷžŋ 8�10	/& 19"ğ¼�3� QTL�IX;7

ƙƇƚŶž­©#Ŷžŋ 3 "ğ¼�3� QTL $¶»"	��#+Ą��3!
��

ƙTables 9 and 12ƚ	*��6;XJ]QIƙƉƚŶž­©#Ŷžŋ 13"ğ¼�3� QTL

$�»Ľ"	��ùÝ! QTL���Ą��3���¶»"	��$÷-y� LOD�5

Ĳ��	ÂĜī"�IX;7ƙƇƚŶž­©#Ŷžŋ 10"ğ¼�3� QTL$¶»"	

��#+Ą��3�	QTL6`_#�Ā5Ąš��łĀ"	��-�IX;7ƙƇƚŶ
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ž­©#Ŷžŋ 10# QTL6`_5�ù�2Ɩ$��ù���!�Ɩ"Č(�¶»"	

�2ßſĢ�ùÝ"ƕ
��ƙTable 13ƚ	ƑŎţƔúƀk"ŧā��ĥ³Ŝ§#k�$�

²�ĚË#+�q#»Ľ"Č(�¶»"	��ùÝ"ƕ����ıť�3�ƙTable 11ƚ	

²�ĚË$ĎĦĦĞ"	�2sŨ�ēų«#ŧĽ.R7:^FZ#/�!Ć�!ĦĤģ

ũ"ÑƎ5�)����Į03��2ƙVarsamos et al. 2005ƚ	ûįķ"}ţ��6;X

J]QIƉ	/&IX;7Ƈ5nƊ��{��� F1ƊĴQI#ĳƖ"	��-�Ī!2

²�ĚË�ßſ�Ƒƒßň	/&ŗęB_KHd_ĚË"h�2ÑƎ�ŧā�3�	1�

Othman et al. ƙ2005ƚ$²�ĚË 30 g L-1/1- 35 g L-1#ƅ"ùÝ"ƕ�ŗęB_KH

d_ĚË5Ą���j²�ĚË"�ƑŎ��ĳƖ$ßŎ�ŕ
!
����5±¤��

�2	ŗĔk#B_KHd_ĚË#fò$ēų«ŧĽĉŏƆ¾! "/1Í�Ŭ��3�

ĦĤī!EN`E5Ţ~�2ƅ#åć�!2	;bXE�$�ŗęB_KHd_ĚË5

åć����EN`E"ƁŶ�2 2�# QTL�Ī!2Ŷžŋ"ğ¼�3�	1��30

�ßſ"Ɓh�2 QTL�¢�xŉ�������±¤�3��2ƙSauvage et al. 2012ƚ	

*��EN`EƁŶ QTL#÷-ű�"xŉ���� DNAXd;d# 1�$Őă�Ğ"

	�2@NcĦß.a7DcĪ�{Ĩ"Ɓh�2YNBcO^6# 3-SOa<D-3-[

K_?_I^_ CoAƙHMG-CoAƚ�Ɠz�ƁŶr�03���	ŗęB_KHd_Ě

Ë#/�!EN`EƁŶ QTL�ßſ"Ɓh�2 QTL'h�2ÑƎ$gó��2��Q

IƐ"	��-EN`EÙĻ�ßſ#ƀ"Źwī!ĭƁ��1�IX;7ƙƇƚŶž­

©#Ŷžŋ 10"ğ¼�3�zż"Ɓh�2 QTL$ĥ³EN`E"Â�2ōÚ"Ɓh�

2Źwº5�ä���2�ŏÚ�Ō�032	 

� ¿Ŀ A�$Ī!2ƉŞ
0{��� F1ƊĴQI��Î¿Ŀ B5Ĩ���¿Ŀ A�Ą

��3� QTL5Ąš��łĀ�ĺ 2Ĺ"�Ą��3� 2�# QTL�¢� QTL�Ą��

3�ƙTables 8 and 14ƚ	*��6;XJ]QIƙƉƚ#Ŷžŋ 8"Ą��3� QTL$¿

Ŀ A�¢Ć"¶»�$Ą��3��IX;7ƙƇƚ#Ŷžŋ 10"Ą��3� QTL$z

ſ	/&zż#jî#Ðū"	��¶»"ČŰīƕ� LOD �5Ĳ��	�0"�QTL



61 
 

6`_#�Ā5Ąš��łĀ�¿Ŀ B"	��-�IX;7ƙƇƚŶž­©#Ŷžŋ 10

# QTL6`_5�ù�2Ɩ$��ù���!�Ɩ"Č(�¶»"	�2ßſĢ�ùÝ"

ƕ
��ƙTable 15ƚ	�30#łĀ$�ĥ³#µ�"Ù��Ī!2Źwº����	1�

IX;7ƙƇƚŶž­©#Ŷžŋ 10"ğ¼�3�zż"Ɓh�2 QTL$ĥ³EN`E�

ğ"ƕ²�ĚË"Â�2ōÚrh"-ƁŶ���2���fŲ��uŦ�eŒ�2	*

��¿Ŀ B#şÿ�$�¿Ŀ A#-#�$Ī!2ĭƁƁ�5-� QTL��»"	�2

zſ5Śģ®MdI���Ĩ��şÿ"	��Ą��3�	�#��
0-Źwºƀ#

ĭm{Ĩ$eŔī!-#��2���lÜ�32	�
�!�0�QTL#Ąš"Ĩ��

¿Ŀ B $ƉŞ#+Ī!2 F1ƊĴQI��Î¿Ŀ��1�QTL �Ą��3�Ŷžŋ#+

5Ąšşÿ"Ĩ���2#��pÔ$ƇŞ#+Ī!2¿Ŀ.ƉŞ�ƇŞ�-"Ī!2ƈ

¨5Ĩ���Ŷžŋ5ŅŊ�� DNAXd;d"/2şÿ5Ř����Ą��3� QTL

ƀ#ĭm{Ĩ5Ąš�2ØŜ��2	 

� EF<"	���90ðƘ��Ķô��2 289ðƘ#Ī!2ÊƘô#Śģ®MdI5Ĩ

��ßſƁŶÐū# QTLşÿ�Ř43�	1�ÊƘ"Ɓ40�eŪ��zż"Ɓh�2

QTL�±¤�3��2ƙWang et al. 2006ƚ	eî�=cC@.IdWLN�$ÊƘ"ğ

Īī! QTL�±¤�3��2ƙO’Malley et al. 2010; Wang et al. 2015ƚ	ûĹ�$ »Ľ

"	��Ī!2 QTL5Ą���ĥ³Ŝ§�#ƁŶ5Ţ~����ƑŎţƔ#Úūf�ĥ

³Ŝ§�ÊƘ"/2ÑƎ�5���2�����!
��	ģ¬�ƊĴQI$ŞƖĴ�

�26;XJ]QI�IX;7#ħ�	/&æľú�ż!2ƃ03�úƀ�#+{�

�ŏ��2	pÔ�ĴŖĦħář#£f"/1�ƊĴQIĴŖ�ŴÊ�à��2/�"

!3%� »Ľ"ÊƘ#¢��z5Ĩ��¢Ć#ţƔ�şÿ5Ř�����ûĹ�»Ľ

ğĪī"Ą��3� QTL
0ÊƘ"/2ÑƎ5�1Ƅ
�����2�Ō�032	p

Ô#Ťŀ!şÿ�ØŜ�$�2��ûĹ�¶»"	�2ƕ²�ĚË�#ƁŶ�lÜ�3

�IX;7ƙƇƚŶž­©#Ŷžŋ 10"Ą��3� QTL$QIƐ#ßſƁŶÐū"Ɓ

h�2APZąŵ#Ĥş	/&ŸâŎĴ5½ï�2ƅ"Òĸ�-#�úÓ�32	 

�  
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Figure 8 F1ƊĴQI 2¿Ŀ#ßſõņ   

Ňů"zſƙÆ�ƚ�zżƙ��ƚ#Śģ®�5 cm�g�x��3�3½ņ�İņ"

�Ĳ�	 
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(A) �»"	�2zſ#´�Ž (WLe, cm) 

 
(B) ¶»"	�2zſ#´�Ž (SLe, cm) 

 
(C) ƌ»"	�2zſ#´�Ž (RLe, cm) 

 
Figure 9 F1ƊĴQI 2¿Ŀ# ßſÐū#�È5Ĳ�SEN?]Z  

Ňů"Äê5�Ĉů"�3�3#Śģ®�5Ĳ�	 
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(D) �»"	�2zż#´�Ž (WWe, g) 

 
(E) ¶»"	�2zż#´�Ž (SWe, g) 

 
(F) ƌ»"	�2zż#´�Ž (WWe, g) 

 
Figure 9 ń�  
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(A) �»"	�2zſ#´�Ž (WLe, cm) 

 

(B) ¶»"	�2zſ#´�Ž (SLe, cm) 

 

(C) ƌ»"	�2zſ#´�Ž (RLe, cm) 

 

� Figure 10 F1ƊĴQI 2¿Ŀ# ßſÐū#�È5Ĳ�ĊŝıĢVaLN  
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(D) �»"	�2zż#´�Ž (WWe, g) 

 

(E) ¶»"	�2zż#´�Ž (SWe, g) 

 

(F) ƌ»"	�2zż#´�Ž (WWe, g) 

 

Figure 10 ń�
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Table 9 F1QA�� 24C�:OPK8J�F?-%  

8J�
4C A��1786	 � � 4C B��1686	 

"1%� ;0%� ;5%� +'#B,� P% � � "1%� ;0%� ;5%� +'#B,� P% 

$O�.(N�
     �      

&2�(WLe) 9.26  11.32  5.40  1.40  0.0203* 
�

8.88  11.31  4.72  1.57  0.0007* 

/2�(SLe) 6.44  8.44  2.25  2.02  0.0001* 
�

5.85  8.27  2.75  1.45  0.1637  

R2�(RLe) 12.60  16.76  6.43  4.00  0.0034* 
�

12.40  17.20  6.20  2.13  0.1550  

$M�.(N�
     �      

&2�(WWe) 389.16  632.14  164.90  150.75  0.9775  
�

350.65  562.27  174.02  118.99  0.0661  

/2�(SWe) 360.58  721.29  24.83  313.30  0.9047  
�

324.31  678.85  79.19  142.26  0.0121* 

R2�(RWe) 900.35  1654.84  338.24  573.04  0.3466  � � 846.60  1552.61  224.24  345.45  0.2516  

$O���$M�)�
� cm�g)#�@(�P%� Shapiro–Wilk=3���*F?-�!��>G9�=3
�D<����
>G'7���LE	I����F?-�!����� ���FH
� (P < 0.05)� 
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Table 10��+-(�',	��(�
��
%"#-��  

�' 
�& A��178�	 

�
�& B��168�	 

SLe RLe WWe SWe RWe 
�

SLe RLe WWe SWe RWe 

�+
��*   
 

    
 �      

���(WLe) 0.533  0.563  0.866  0.647  0.680  
�

0.599  0.610  0.903  0.653  0.722  

���(SLe) 
 

0.560  0.620  0.905  0.700  
�  

0.641  0.701  0.938  0.752  

.��(RLe) 
  

0.709  0.676  0.874  
�   

0.684  0.676  0.861  

�)
��* 
  

      
�   

      

���(WWe) 
   

0.747  0.798  
�    

0.745  0.813  

���(SWe) 
    

0.779  
�     

0.811  

.��(RWe) �  �  �  �  �  � � �  �  �  �  �  

�� ! 1%�
#--�)$��  
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Table 11 ������	�����  


� ���(°C) �����(g L-1) pH ����� 

2013� 
    

8
 27.9 ± 0.4   28.2 ± 2.2  7.94 ± 0.23  4.10 ± 0.98  
9
 28.4 ± 0.6  27.5 ± 3.3  8.03 ± 0.18  4.13 ± 0.74  
10
 28.0 ± 0.2 29.6 ± 0.5  8.39 ± 0.28  5.28 ± 0.68  
11
 28.4 ± 0.5  28.3 ± 1.7  8.32 ± 0.57  3.73 ± 0.10  
12
 27.3 ± 0.5  30.0 ± 0.0  8.17 ± 0.25  5.20 ± 0.18  
2014� 

    
1
 27.0 ± 0.6  32.6 ± 1.1  8.50 ± 0.09  5.00 ± 0.55  
2
 27.7 ± 0.5  34.5 ± 0.6  8.26 ± 0.08  4.60 ± 0.59  
3
 28.2 ± 0.4  34.5 ± 0.6  8.18 ± 0.07  4.83 ± 0.48  
4
 29.6 ± 0.5  33.0 ± 0.8  8.05 ± 0.11  3.70 ± 0.49  
5
 29.9 ± 0.3  32.7 ± 0.8  7.87 ± 0.08  4.32 ± 0.48  
6
 29.3 ± 0.4  30.3 ± 0.6  8.07 ± 0.02  5.17 ± 1.00  
7
 28.8 ± 0.4  29.8 ± 1.3  8.29 ± 0.13  5.25 ± 0.60  
8
 28.3 ± 0.5  28.5 ± 2.1  8.19 ± 0.59  5.30 ± 0.14  
9
 28.4 ± 0.5  27.0 ± 0.8  7.66 ± 0.13  4.80 ± 0.49  
10
 28.7 ± 0.4  25.8 ± 2.2  7.90 ± 0.41  4.70 ± 1.16  

��

    
�
� 27.9 ± 0.7  30.1 ± 3.1  8.26 ± 0.21  4.75 ± 0.57  
	
� 28.8 ± 1.1  33.7 ± 1.0* 8.09 ± 0.17  4.36 ± 0.49  
�
� 28.6 ± 0.6  28.8 ± 2.0  8.04 ± 0.23  4.78 ± 0.50  
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Table 12 F1u^+&Jb A�DIa��(�NqsmLk� QTLhTcU  

ZS��gw^ QTLE 

LOD=��������(%)	 

9q�GBo� �  9n�GBo�

?I� HI� vI�
 
?I� HI� vI�

�"-'0+& qTL8t, qBW8t / / 
6.26 

(11.8)  

6.19 

(11.0) 
/ 

5.91 

(11.2) 

 
qTL10t, qBW10t / / 

6.69 

(12.7)  

5.73 

(10.1) 
/ 

6.11 

(11.6) 

 
qTL13t, qBW13t 

8.05 

(18.8) 

2.78 

(6.9) 

4.64 

(8.6)  

8.65 

(15.9) 

3.89 

(9.5) 

5.02 

(9.4) 

 
qTL19t, qBW19t / / 

4.71 

(8.7)  

3.39 

(5.8) 
/ 

3.86 

(7.1) 

 
qTL8:10t, qBW8:10t / / 

6.21 

(11.7)  

5.72 

(10.1) 
/ 

5.74 

(10.9) 

�         
&-"  qBW3g / / / 

 

2.87 

(7.1) 
/ 

2.77 

(6.9) 

�  qBW10g / / / 
 

/ 
2.80 

(7.0) 
/ 

QTLhT�cU�5%$*.4 )�RM����j���� QTL�]
�QTL
V@)��	��t��“ / ”
�fi
��\7s;
j���� QTL,��“ : ”�Y�� QTL:QTL�fi
��QTLE�` 2_ Table 6��
i
����:Y
�� 
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Table 13 F1u^+&Jb A��(� QTL�32�NqW��CU  

ZS��gw^ QTLE 
Ql>�8d���

-6"6 

PrNqW�(SGR) 

QTL�32�<R��w� �  QTL�32�<R
��w�

?I� HI�
vI� �

�2K[	�  
?I� HI�

vI� �

�2K[	�

�"-'0+& qBW8t Ebr01086FRA 0.900 0.535 0.378 
 

0.877 0.532 0.375 

 
qBW10t Ebr00814FRA 0.894 0.525 0.376 

 
0.882 0.544 0.377 

 
qBW13t Ebr00509FRA 0.911* 0.545* 0.380 

 
0.863 0.522 0.372 

 
qBW19t Ebr01150FRA 0.902* 0.543 0.386* 

 
0.878 0.526 0.368 

&-"  qBW3g EawSTR12DB 0.898 0.534 0.382 
 

0.877 0.534 0.370 

�  qBW10g EfuSTR339DB 0.893 0.553* 0.379 
 

0.883 0.513 0.374 

  
 

       

�"-'0+&�

&-"  

qBW13t, 

qBW19t, 

qBW10g   

Ebr00509FRA, 

Ebr01150FRA, 

EfuSTR339DB 
0.925* 0.582* 0.386 

 
0.858 0.497 0.361 

QTLE�` 2_ Table 6��i
����:Y
�� 
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Table 14 F1u^+&Jb B�DIa��(�NqsmLk� QTLhTcU  

ZS��gw^ 
QTL�8d�����

�mpe�(cM)	 

Ql>�8d��� �

-6"6�(cM) 

Jb A� � � �

��(��

QTLE 

LOD=��fXFAO�(%)	 

9q�GBo 
 

9n�GBo 

?I� HI� vI� �  ?I� HI� vI�

�"-'0+& Efu_LG3 (30.0) EfuSTR0040DB (31.5) 
 

4.65 

(11.3) 
/ / 

 
/ / / 

 
Efu_LG8 (1.8) Ebr00822FRA (1.8) 

qTL8t,  

qBW8t 
/ / / 

 

2.54 

(6.7) 
/ / 

 
Efu_LG8 (35.0) Ebr00786FRA (32.7) 

 

4.76 

(11.6) 
/ / 

 
/ / / 

 

Efu_LG3 (30.0) 

:Efu_LG8 (35.0)   

2.79 

(6.6) 
/ / 

 
/ / / 

           
&-"  Ela_LG10 (18.1) Ebr01032FRA (18.1) qBW10g / 

3.23 

(8.4) 
/ 

 
/ 

3.61 

(9.4) 

2.16 

(5.7) 

QTLhT�cU�5%!#%,1/5(4 )�RM����j���� QTL�]
�QTL
V@)��	��t��“ / ”�
fi
��\7s;
j���� QTL,��“ : ”�Y�� QTL:QTL�fi
��QTLE�` 2_ Table 6��i
����:Y

�� 
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Table 15 F1u^+&Jb B��(� QTL�32�NqW��CU  

ZS��gw^ 

Jb A�

�(�

QTLE 

Ql>�8d���

-6"6 

PrNqW�(SGR) 

QTL�32�<R��w� �  QTL�32�<R
��w�

?I� HI�
vI� �

�2K[	�  
?I� HI�

vI� �

�2K[	�

�"-'0+& qBW8t Ebr00822FRA 0.862 0.527 0.392 
 

0.845 0.510 0.386 

&-"  qBW10g Ebr01032FRA 0.863 0.545* 0.392 
 

0.846 0.497 0.388 

QTLE�` 2_ Table 6��i
����:Y
�� 
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