ᐨ  ᢥ
 ᧄᐕႎߪᐔᚑ 20 ᐕᐲߦ߅ߌࠆ㒝ዻേ‛ㆮવ⎇ⓥᚲߩ⎇ⓥߩⷐߥߤࠍਛᔃߦޔ
⎇ⓥᚲߩ⻉ᵴേߦߟߡߣࠅ߹ߣߚ߽ߩߢߔޕ
 ߎࠇ߹ߢᒰ⎇ⓥᚲߪ⸃ࡓࡁࠥࠪ࠙ޔᨆ࠷࡞ߩ㐿⊒ࠍ⁛⥄ߦᜂߟߟޔ㤥Ძ
⒳ࠍਥߚࠆ⎇ⓥኻ⽎ߣߒߡޔDNA ⢒⒳ᚻᴺታ↪ൻࠍ⋡⊛ߣߒߚ⎇ⓥࠍㅴߡ
߈߹ߒߚߩߘޕᚑᨐߩ৻ߟߣߒߡޔਇ⦟࿃ሶߢࠆࠢࡠ࠺ࠖࡦ-16 ᰳ៊∝ߩ
DNA ⸻ᢿᴺࠍ㐿⊒ߒࠍ࡞ࡠ࠻ࡦࠦߩࠕࡖࠠޔน⢻ߦߒߡ߈߹ߒߚߒ߆ߒޕ
ߥ߇ࠄଐὼߣߒߡᢙߩޘਇ⦟࿃ሶ߇㤥Ძ⒳㓸࿅ߦᱷሽߒߡࠆߎߣ߆ࠄޔ
ᓟߣ߽⢒⒳႐ߣߩㅪ៤ࠍኒߦߒߡኻಣߒߡ߆ߥߊߡߪߥࠅ߹ߖࠎޕ
 ᐔᚑ 20 ᐕᐲߩᄢ߈ߥേ߈ߪޔᒰ⎇ⓥᚲߣ࿖㓙ࠦࡦ࠰ࠪࠕࡓߩദജߦࠃߞߡ
࠙ࠪࠥࡁࡓߩ⸃⺒ࠍ߶߷ቢᚑߐߖ⺰ޔᢥ⊒ߩᲑ㓏ߦ⥋ߞߚߎߣߢߔ㧔ᐔᚑ 21
ᐕ 4 ߩ Science ߦឝタ㧕ߩߎޕᚑᨐࠍࡌࠬߦޔ5 ਁ㧔50K㧕ߣ߁ᄙᢙ
ߩ DNA ࡑࠞࠍタߒߚ 50K SNP㧔৻Ⴎၮᄙဳ㧕࠴࠶ࡊ߇㐿⊒ߐࠇ߹ߒߚޕ
ߎߩ࠴࠶ࡊߩߢޔએ೨߆ࠄឭ᩺ߐࠇߡߚࠥࡁࡓㆬᛮᴺ߇ታߩ߽ߩߣߥ
ࠅߩ‐ޔ⢒⒳႐ߢᔕ↪ߐࠇࠆേ߈ߣߥࠅ߹ߒߚޕQTL ⽿છㆮવሶࠍหቯߔ
ࠆߎߣߪଐὼߣߒߡ࿎㔍ߢࠅ߹ߔ߇ޔSNP ᖱႎࠍ߁ࠥࡁࡓㆬᛮᴺߦࠃࠅ
QTL ⽿છㆮવሶߪࠊ߆ࠄߥߊߣ߽Ფߩ⢒⒳ଔࠍᱜ⏕ߦ੍᷹ߢ߈ࠆ߆߽ߒࠇ
߹ߖࠎޕᓟޔ50K SNP ߆ࠄ 700K SNP ߳ߣࡄࡢࠕ࠶ࡊߔࠆߎߣߢ⚦ߥ
SNP ᖱႎ߇ᓧࠄࠇࠆࠃ߁ߦߥࠅ ߩߘޔSNP ᖱႎࠍ‐ߛߌߢߥߊ⡺‐ߢ߽߆
ߦᵴ↪ߔࠆ߆߇㊀ⷐߣߥߞߡߊࠆߣᕁ߹ߔޕ
╬ࡓࡁࠥ↪‐ޟត⚝⍮⊛⽷↥
ൻᬺ㧔H18-20㧕ߩߎߦߐ߹ߪޠầᵹߩవ㚟ߌߩᬺߢࠅߩߘޔᚑᨐࠍᧄᐕ
ႎߢႎ๔ߒߡ߹ߔޕ
 ᦨᓟߦ⚳ޔᆎߏᜰዉߚߛߚㄘᨋ᳓↥⋭ߏޔℂ⸃ߣߏᡰេࠍ㗂ߚᣣᧄਛ
ᄩ┹㚍ળޔ
㧔⽷㧕ో࿖┹㚍⇓↥ᝄ⥝ળޔ߮ࠃ߅ޔห⎇ⓥࠍㅴߡ߈ߚ㑐ଥᯏ
㑐ߩฦߦෘߊ߅␞↳ߒߍ߹ߔޕ
 ᐔᚑ 21 ᐕ 3 
␠࿅ᴺੱ⇓↥ᛛⴚදળ 㒝ዻേ‛ㆮવ⎇ⓥᚲ
ᚲ㐳  ᧖ᧄ ༑ᙗ
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╙ 1 ▵ ⸳┙ߩ⚻✲ߣᴪ㕟
 ኅ⇓⢒⒳ߩၮᧄߪޔߩ⢻ജࠍᱜ⏕ߦ᷹ቯߒޔㆮવ⊛⢻ജߦၮߠߚㆬᛮ
ࠍⴕޔㆬᛮߐࠇߚ㑆ߩ㈩߆ࠄᰴઍࠍ↢↥ߔࠆߣ߁৻ޔㅪߩᬺࠍ
ᓳߔࠆߎߣߦࠃࠅߒ߹ᦸޔㆮવሶဳࠍౝߦ㓸Ⓧߔࠆߎߣߦࠆߩߘޕ
ߚ⛔ⴊޔᖱႎߣဳߦၮߠߡ⛔⸘ㆮવቇ⊛ᚻᴺߦࠃࠅ⒳⇓ߩㆮવ⊛⢻ജ
ࠍផቯߒㆬᛮ߇ⴕࠊࠇߡ߈ߚ৻ޕᣇ⎇ࡓࡁࠥޔⓥߩㅴዷߦޔኅ⇓ߦ߅ߡ
߽ㆮવ࿑ߩᚑ߇ᕆㅦߦㅴߺޔDNA ࡑࠞߣ⚻ᷣᒻ⾰ߦ㑐ਈߔࠆㆮવ㗔ၞ
ࠆߪㆮવሶᐳ㧔QTL㧕ߣߩㅪ㎮⸃ᨆ߇น⢻ߦߥߞߚޕㅪ㎮⸃ᨆ߇ㅴ߫ޔ
DNA ࡑࠞࠍᜰᮡߣߒߡޔ⢒⒳⋡ᮡߦㆡวߒߚㆮવሶဳࠍㆬᛮߔࠆᣂߒ⢒
⒳ᴺߩ㐿⊒߇ᦼᓙߢ߈ࠆޔߚ߹ޕDNA ࡑࠞࠍᜰᮡߣߒߚㆮવᕈ∔∛ේ࿃ㆮ
વሶߩࠠࡖࠕߩࠬࠢ࠾ࡦ߽ࠣน⢻ߦߥࠆޕ
 ᚒ߇࿖ߩ⇓↥ߪޔᄖ࿖ߩߘࠇߦᲧߒߡ࿖⾗Ḯߩ⚂ޔ㜞᳓Ḱߩੱઙ⾌ߥߤ
߈ࠊߡ෩ߒ᧦ઙਅߢૐࠦࠬ࠻ൻ㜞ຠ⾰ൻࠍߪ߆ࠄߥߌࠇ߫ߥࠄߥ⁁ᴫ
ߦࠆ↥⇓ߪߦߚߩߘޕᛛⴚߩၮᧄߢࠆఝ⦟ኅ⇓߳ߩ⢒⒳ࠍല₸⊛ߦⴕ߁
ߎߣ߇ᔅ㗇ߢࠅޔㅀߩᣂߒ⢒⒳ᛛⴚߩ㐿⊒ߦᣧᕆߦ⌕ᚻߔࠆᔅⷐ߇ߞ
ߚ⁁ߥ߁ࠃߩߎޕᴫ߆ࠄޔㄘᨋ᳓↥⋭ߩߏᜰዉߩ߽ߣߦޔᣣᧄਛᄩ┹㚍ળ߮
㧔⽷㧕ో࿖┹㚍⇓↥ᝄ⥝ળߩߏℂ⸃ࠍᓧߡޔᣣᧄਛᄩ┹㚍ળߩ⇓↥ᝄ⥝⾗㊄
ߩഥᚑߦࠃࠅޔ
㧔␠㧕⇓↥ᛛⴚදળ㒝ዻേ‛ㆮવ⎇ⓥᚲ߇⸳┙ߐࠇࠆߎߣߣߥߞ
ߚޕ
 ᐔᚑ 4 ᐕᐲ߆ࠄ㐿ᆎߐࠇߚ⎇ⓥߩࡊࡠࠫࠚࠢ࠻ߪࠪ࠙ޔ⼂ࠪࠬ࠹ࡓߩ
㐿⊒߆ࠄᆎ߹ࠅޔㆮવᕈ∔∛ߩ DNA ⸻ᢿᴺߩ⏕┙߿⡺⾰╬⚻ᷣᒻ⾰ߩࠥࡁࡓ⸃
ᨆ߳ߣ㗅ᰴᄢߐࠇߡ߈ߚޕ⼂ࠪࠬ࠹ࡓߩ㐿⊒ߢߪᄙᢙߩ DNA ࡑࠞ
ߩ㐿⊒ㆮવ࿑߳ߩ⟎ઃߌࠍⴕࠍࠞࡑߩࠄࠇߎޔㆡቱㆬᛯߔࠆߎ
ߣߦࠃࠅޔ⼂߿ⷫሶ㐓ቯ߇ታ↪ᡰ㓚ߥߊߢ߈ࠆߎߣࠍࠄ߆ߦߒߚޕ
⼂ߩᚻᴺߪ‐ޔ⡺ߩ࠻ࠨࡆ࠹ࠖࠍ⸽ߔࠆၮᧄ⊛ߥᛛⴚߣ߽ߥߞ
ߡࠆޕㆮવᕈ∔∛ߢߪޔ㤥Ძ⒳ⶊޔᲫ⒳ޔ߮ࡦࠗ࠲ࠬ࡞ࡎޔ⒳ߦࠄ
ࠇߚ⸘ 5 ⒳ߩㆮવ⊛∔∛ߩㆮવሶࠍ․ቯߒߡࠠࡖࠕߩ DNA ⸻ᢿᴺࠍ㐿⊒ߒߚޕ
ᐔᚑ 6 ᐕᐲ߆ࠄ⚻ᷣᒻ⾰ߩ⸃ᨆ߇ᆎ߹ߞߚ߇ߩߎޔㆊ⒟ߢㇺᐭ⋵ߩ⇓↥⎇ⓥ
ᯏ㑐ߣᆎ߹ߞߚห⎇ⓥߪޔߦ⥋ࠆ߹ߢ⛮⛯ߐࠇޔᒰ⎇ⓥᚲߩ⎇ⓥㅴዷߦ
ߣߞߡਇนᰳߥਛᩭߣߥߞߡࠆ⚻ޕᷣᒻ⾰ߩ⸃ᨆߢߪޔ⢽⢌㔀߿ᨑ⡺㊀㊂
ߦ㑐ਈߔࠆ 60 એߩ QTL ࠍ⟎ߠߌ㧔P < 0.01㧕ޔฦ QTL ߩലᨐߩផቯࠍ⹜
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ߺޔQTL ߩㆮવሶߘߩ߽ߩࠍหቯߔߴߊദജࠍ⛯ߌߡࠆޕ
 ᐔᚑ 13 ᐕᐲ߆ࠄᣂߚߦࡓࡁࠥߩࠪ࠙ޔ࿑ߥߤߩၮ⋚ᛛⴚߩ㐿⊒߿ㆮવᕈ∔
∛ߩࠠࡖࠕ⸻ᢿᛛⴚߩ㐿⊒ߥߤࠍㅴ⚻ޔᷣᒻ⾰ QTL ߩ․ቯߣߎࠇࠍᵴ↪ߒ
ߚ⢒⒳ᚻᴺߩ㐿⊒ࠍ⋡ᮡߣߒߡ⎇ⓥࠍㅴߡ߈ߚ‐ޕ⡺ߩຠ⒳㐓ቯߢߪޔᚒ߇
࿖ߩ⡺↪‐ߣߒߡ㘺㙃ߐࠇߡࠆ㤥Ძ⒳ࡎ࡞ࠬ࠲ࠗࡦ⒳㤥Ძ⒳ߣࡎ࡞
ࠬ࠲ࠗࡦ⒳㑆ߩ㔀⒳ߩ㧟⠪㑆ࠍ DNA ᖱႎߢ㐓ߔࠆᛛⴚࠍ⏕┙ߔࠆߎߣߦᚑ
ഞߒߚޕ
 ᐔᚑ 18 ᐕᐲ߆ࠄߪᣂߚߦ࠙ࠪ DNA ⢒⒳ߦ㑐ߔࠆࡓࡁࠥࠪ࠙ޟലᵴ↪ଦㅴ
ᬺ㧔⡺↪‐ DNA ⢒⒳ታ⸽ᬺ㧕╬ࡓࡁࠥ↪‐ޟ߮ࠃ߅ޠត⚝⍮⊛⽷↥ൻ
ᬺ߇ޠᆎ߹ࠅ⎇ࡓࡁࠥࠪ࠙ޔⓥߩᦝߥࠆㅴዷߣࡈࠖ࡞࠼ߢߩലᨐᬌ⸽ߦട
߃ޔ㊀ⷐߥㆮવሶᖱႎߩ․⸵ൻࠍㅴࠆߎߣߢᚒ߇࿖ߩ⇓↥ᬺࠍ㕙߆ࠄᡰេ
ߔࠆߣ߁⽿છ߇⺖ߖࠄࠇߚ⸃ࡓࡁࠥࠪ࠙ޕᨆߪోࠥࡁࡓߩ⸃⺒ߦ߁࠷࡞
ߩᢛߦࠃߞߡ⸃ᨆᚻᴺߘߩ߽ߩ߽ኅ♽⸃ᨆ߆ࠄࠥࡁࡓࡢࠗ࠼⋧㑐⸃ᨆ߳⊒
ዷߒߡࠆޕᐔᚑ 20 ᐕᐲߦ߅ߡߩߎޔầᵹߦߤߩࠃ߁ߦኻᔕߒߚ߆ߦߟ
ߡߪએਅㅀߒߡࠆޕ
 ⡯ຬߪᐔᚑ 4 ᐕᐲ▤ℂㇱ㐷 2 ฬ⎇ޔⓥຬ 2 ฬߩ⸘ 4 ฬ߆ࠄ⊒⿷ߒ⎇ޔⓥߩㅴ
ዷᄢߣߣ߽ߦ㗅ᰴჇຬߒޔᐔᚑ 20 ᐕᐲᧃߦߪᚲ㐳ࠍ▤ℂㇱ㐷 3 ฬ⎇ޔ
ⓥㇱ㐷 13 ฬ㧔⎇ⓥຬ 7 ฬ⎇ޔⓥഥຬ 7 ฬ㧕ߣߥߞߚޕ
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╙ 2 ▵ ᐔᚑ 20 ᐕᐲߩേ߈
1. ⎇ⓥផㅴߩ⁁ᴫ
1) ࠙ࠪࠥࡁࡓ⸃ᨆ↪࠷࡞ߩ㐿⊒
(1) ࠙ࠪోࠥࡁࡓ㈩ߩ⸃⺒ߣ SNP 㐿⊒
(1) -1. ᶏᄖߩ⁁ᴫ㧔☨࿖ࠨࡦ࠺ࠖࠛࠧޔ2009 ᐕ 1 㧕
 ᰴઍဳ DNA ࠪࠤࡦࠨߩ⊓႐ߢߢ߹ࠇߎޔએߦ᭽ߥޘ⒳ߪࠆޔຠ
⒳ߩࠥࡁࡓ㈩߇⺒߹ࠇߟߟࠆߦࠪ࠙ޕ㑐ߒߡߪ☨ޔ࿖࠹ࠠࠨࠬߦࠆ Baylor
ක⑼ᄢߩࡅ࠻ࠥࡁࡓࠪࠤࡦࠪࡦࠣࡦ࠲ߦࠃࠅߦߢߔޔᓥ᧪ဳ DNA ࠪࠤ
ࡦࠨࠍ↪ߡ WGS㧔Whole Genome Shotgun㧦ోࠥࡁࡓࠍኻ⽎ߦࡦ࠳ࡓߦ
㈩ࠍቯߒߚ߽ߩ㧕ߣ BAC skim㧔ࡈࠖࡦࠟࡊࡦ࠻ߢᢛൻߒߚ BAC ࠢ
ࡠࡦࠍޔන৻ߛࠎ⺒ߡߒ࡞ࡊޔߪߊߒ߽ޔ㈩㧕ߢࠥࡁࡓߩ 7.1 㐳ߩ㈩
߇⺒߹ࠇߡ߅ࠅޔ2007 ᐕ 10 ߦ Btau_4.0㧔4 ࿁⋡ߩᦝᣂ㧕ߩࠥࡁࡓ㈩߇
㐿ߐࠇߡࠆޕBtau_4.0 ߪޔEST㧔GZRTGUUGFUGSWGPEGVCI ߩ⇛ߡߒ⊒ޕ
ࠆㆮવሶߩ㈩ߩ৻ㇱޕ㧕ߩࠞࡃ₸߆ࠄޔ95%ߩࠥࡁࡓࠍࠞࡃߒߡࠆ
ߣផቯߐࠇࠆ߇ޔ㈩ਛߦߪዊߐߥࠡࡖ࠶ࡊ߿ᄙዋߩߟߥ߉㑆㆑㧔ࠕࡦࡉ
࡞ࠛ㧕߇ᱷߐࠇߡࠆࡓࡁࠥޕ㈩ਛߦࠕࡦࡉ࡞ߐࠇߥ߆ߞߚ㈩ߪޔ
ᨴ⦡ਇ㧔Chr_unknown㧕ߣߒߡಽߐࠇߡࠆޕ
 ☨࿖ࡔࡦ࠼ᄢߢߪޔ⒳ ߣࠕࠚ࠙࠻ࡈ࠰ࡉࡦࠕߩޘComposite
map㧔ᵈ 1㧕ࠍ↪ߡ⁛⥄ߦ㈩ࠍߟߥ߉ޔUMD_Freeze_2.0 ࠍ 2008 ᐕ 11 
ߦ㐿ߒߚޔߪࠇߎޕBtau_4.0 ߦᲧߴߡ ⚂ޔ7%ᄙߊߩ㈩ࠍࠎߢࠆ․ޕ
ߦޔX ᨴ⦡ߢ Btau_4.0 ࠃࠅᄙߊߩ㈩ࠍࠎߢ߅ࠅޔߚ߹ޔ26 ⇟ߣ 27 ⇟ᨴ
⦡ߢߪޔBtau_4.0 ߣ㈩߇ㅒߦߥߞߡࠆ▎ᚲ߇ሽߒߡࠆޕComposite
map ߦ ߪ  ߹ ࠇ ߡ  ߥ  UMC ㅪ ㎮  ࿑ ߦ ߅ ߌ ࠆ ࡑ  ࠞ   ⟎ ߪ
UMD_Freeze_2.0 ߣ৻⥌ߒߡࠆߎߣ߆ࠄޔUMD_Freeze_2.0 ߪᤨޔὐߢᦨ
߽⾰ߩ⦟ࠥࡁࡓ㈩ߣ߃ࠆޕ
 ࠥࡁࡓ㈩ࠍࠃࠅቢᚑᐲߩ㜞߽ߩߦߔࠆߚߦޔBaylor ක⑼ᄢߩࡅ࠻ࠥࡁ
ࡓࠪࠤࡦࠪࡦࠣࡦ࠲ߢߪޔᰴઍဳ DNA ࠪࠤࡦࠨࠍ↪ߡ⚂ 13 Gb
ߩ㈩ࠍ⺒੍ቯߢࠆޕޔᰴઍဳ DNA ࠪࠤࡦࠨࠍ↪ߡ☨ޔ࿖ㄘ
ോ⋭ㄘᬺ⎇ⓥዪ㧔USDA-ARS㧕߇ࡎ࡞ࠬ࠲ࠗࡦ⒳ߩࠥࡁࡓ㈩ࠍ☨ޔ࿖ࡒ࠭
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ᄢ߇ࠕࡦࠟࠬ⒳ߩ cDNA ߩ㈩ࠍ⺒ࠎߢ߅ࠅ߽ࠄࠇߎޔട߃ߡࠥࡁࡓ㈩ߩ
ᦝᣂࠍⴕ߁੍ቯߛߣ߁ޕ
㧔ᵈ 1㧕Composite map ߪޔᒰ⎇ⓥᚲ߇⊒ߒߚ Shirakawa-USDA ㅪ㎮࿑㧔4,881
ࡑࠞ㧕
ޔSUN-RH ࿑㧔5,513 ᐳ㧕
ޔ߮ࠃ߅ޔAlberta-Missouri (UAMU)ㅪ㎮࿑㧔2,564
ࡑࠞ㧕ޔBovGen RH ࿑㧔9,190 ᐳ㧕
ޔIllinois-Texas㧔ILTX-2005㧕RH ࿑㧔3,484
ᐳ㧕ࠍ☨࿖ㄘോ⋭⡺⇓⎇ⓥᚲ㧔USDA-MARC㧕߇⛔วߒߚ߽ߩߢࠆޕBtau_3.0 ߢߪ
Composite map ߇ࠊࠇߡߚ߇ޔBtau_4.0 ߢߪޔILTX RH ࿑ߣ BAC FPC ࿑ޔ
ࡅ࠻߿ࠗࠥࡁࡓߣߩࠪࡦ࠹࠾ᖱႎߥߤ߇ࠊࠇߡࠆޕ

 ৻ᣇࡓࡁࠥࠪ࠙ޔ㈩ Btau_4.0 ߩࠕࡁ࠹࡚ࠪࡦ㧔ᵈ㉼ઃߌ㧕ߪ⎇ⓥ⠪ߩ⥄
⊒ෳടߢⴕࠊࠇࡓࡁࠥࠪ࠙ࠆࠃߦࡓࠕࠪ࠰ࡦࠦޔ㈩⸃⺒ߩ⺰ᢥ߇ᛩⓂ
ਛߢࠆ㧔ᒰ⎇ⓥᚲߣߩห⎇ⓥ㧕ߩࠪ࠙ޔߣࠆࠃߦࠇߘޕᨴ⦡ߢߪ߿࠻ࡅޔ
ࡑ࠙ࠬߥߤߩઁߩ⒳ߦᲧߴߡ segmental duplication ߇ᄙߊߎߞߡ߅ࠅߎߘޔ
ߦ߹ࠇߡߚㆮવሶ߇㊀ⶄߐࠇࠆߎߣߦࠃߞߡㆮવሶࡈࠔࡒߣߥߞߡ
ࠆߩߘޕᄙߊߪ⥄ὼ∉ߦ㑐ਈߔࠆ߽ߩߢ⚿ޔᨐߣߒߡࠬ࠙ࡑ߿࠻ࡅߪࠪ࠙ޔ
ࠃࠅ⥄ὼ∉ߦ㑐ਈߔࠆㆮવሶࠍᄙ⒳㘃ᜬߞߡࠆ߇ࠪ࠙ޔߪࠄࠇߘޕ⧖⢗
േ‛ߣߒߡㅴൻߔࠆㆊ⒟ߢޔ⧖⢗ߩᓸ↢‛⊒㉂ߦㆡᔕߒߡઍ⻢߿∉ࠍᄌൻ
ߐߖࠆߩߦᔅⷐߢߞߚߣ⠨߃ࠄࠇࠆޕ
 SNP ࠴࠶ࡊߦߟߡߪޔᰴઍဳ DNA ࠪࠤࡦࠨߦࠃࠆࡎ࡞ࠬ࠲ࠗࡦ⒳ޔ
ࠕࡦࠟࠬ⒳ઁߩߘޔ㔀⡺‐ຠ⒳ߩࠪࠤࡦࠪࡦࠣߦࠃࠆ SNP 㐿⊒ࠍ⚻ߡޔ
2007 ᐕ 12 ߦࠗ࡞ࡒ࠽␠߆ࠄᏒ⽼ߐࠇࠆࠃ߁ߦߥߞߚࡔࠕޔߡ↪ࠍࠇߎޕ
ࠞߢߪࡦࠗ࠲ࠬ࡞ࡎޔ⒳ߩ⒳㓶‐ㆬᛮࠍޔᓥ᧪ߩ⢒⒳ଔߦࠃࠆㆬᛮᴺ߆ࠄࠥ
ࡁࡓㆬᛮᴺߦ⒖ⴕߒࠃ߁ߣߒߡࠆࡓࡁࠥޕㆬᛮߣ߁ߩߪޔ⒳㓶‐ᢙජ㗡ߦ
ߟߡߩฦ SNP ߩㆮવሶဳߣ⢒⒳ଔߣߩ⋧㑐߆ࠄ⒳㓶‐‐ߩ⢻ജࠍ⹏ଔߒޔ
ㆬᛮߔࠆߣ߁߽ߩߢࠆࠆޕ⒟ᐲߩᱜ⏕ᐲ߇ߚࠇࠇ߫ޔ⢒⒳ଔㆬᛮߦᲧ
ߴߡޔᓟઍߩᚑ❣ࠍᓧࠆ߹ߢߩᤨ㑆߿ࠦࠬ࠻ࠍᷫߢ߈ࠆߩߢࡔ࠶࠻ߪᄢ߈
ޕㆮવሶဳᬌᩏߦ߆߆ࠆ⾌↪ࠍᷫࠄߔߚߦޔലᨐߩᄢ߈ᣇ߆ࠄ 384 ߩ
SNP ࠍ↪ߡ⒳㓶‐ߩ⢻ജࠍផቯߔࠆߣ߁ޕ
 ⡺‐ߢߪߤ߶‐ޔᄙߊߩ㗡ᢙ߇㘺㙃ߐࠇߡߥߚࡓࡁࠥޔㆬᛮߪⴕࠊ
ࠇߡߥ߇ޔTaylor ࠄ㧔ࡒ࠭ᄢ㧕ߪࠬࠟࡦࠕޔ⒳ߩ⒳㓶‐⚂ 2,000 㗡ߩ࠲
ࠗࡇࡦࠣࠍⴕޔ⢽⢌㔀ߦߟߡߪ 129 ߩ SNP ߢ 59%ߩㆮવಽᢔ߇⺑
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ߢ߈ࠆߣߒߡࠆޕ

(1)-2. ᓟߩㅴᣇ
 ࡎ࡞ࠬ࠲ࠗࡦ⒳ࠬࠟࡦࠕޔ⒳ߩ⸃ᨆߪޔ50K SNP ࠴࠶ࡊߢචಽߛ߇ޔຠ⒳㑆
ࡑ࠶ࡇࡦࠣߦߪ 300K SNP ߇ᔅⷐߣߩ⹜▚߽ࠆ㧔de Roos ࠄޔGenetics, 179:
1503-1512, 2008㧕ޕ㤥Ძ⒳ߦߟߡߪޔ50K SNP ߩᄙဳᕈߪઁຠ⒳ߣ߶߷ห
╬ߢޔᨑ⡺㊀㊂ QTL ߩࠃ߁ߦઁຠ⒳ߦ߽ሽߒߡࠆ QTL ߩ⸃ᨆߦߪലߢ
ࠆ߇ޔ⢽⢌㔀ߩࠃ߁ߦ㤥Ძ⒳ߦ․ߩᒻ⾰ߩࡑ࠶ࡇࡦࠣߦߟߡߪߩߘޔ
↪ᕈࠍᣧᦼߦᬌ⸽ߔࠆᔅⷐ߇ࠆޔߚ߹ޕ㤥Ძ⒳ߢߪߩߦⴊ✼㑐
ଥ߇ࠆߚߦ㓸࿅ߩ᭴ㅧൻ߇ߎࠅ߿ߔߊ⸃ޔᨆߩㆬᛯߦᎿᄦ߇ᔅⷐߢ
ࠆߎߣ߇ࠊ߆ߞߡ߈ߡࠆޕ⒳⸃ߩޘᨆᣇᴺࠍ⹜ߺ⸃ޔᨆᴺࠍ⏕┙ߔࠆᔅⷐ
߇ࠆޕ
(2) ࠙ࠪㆮવሶߩ⊒ࡊࡠࡈࠔࠗ࡞
(2)-1. SAGE ߦࠃࠆ࠙ࠪ⢽⢌⚦⢩ಽൻㆮવሶࡊࡠࡈࠔࠗ࡞
 㤥Ძ⒳ߦ߅ߌࠆ⢽⢌㔀ߩᒻᚑߪ߈ࠊߡ㊀ⷐߢ╭ޔ㑆⚵❱ߦ߅ߌࠆ⢽⢌
⚦⢩ಽൻ߇ᔅ㗇ߩࡊࡠࠬߣផቯߐࠇߡࠆޕ⢽⢌⚦⢩ಽൻߩಽሶ↢‛ቇ⊛⎇
ⓥߪࡑ࠙ࠬ 3T3-L1 ⚦⢩ߢ⚦ߦⴕࠊࠇ▵⺞߿〝⚻ߩߘޔᯏ᭴ߥߤࠄ߆ߦߐࠇ
ߡࠆޔࠄ߇ߥߒ߆ߒޕ3T3-L1 ⚦⢩ಽൻ♽ߪౝ⤳⊕⦡⢽⢌ࡕ࠺࡞ߢࠅࠪ࠙ޔ
ߩ⢽⢌㔀ࡕ࠺࡞ߣߪ⠨߃ߦߊޕ㤗↢ࠄ㧔Biochem. Biophys. Res. Comm.,
213: 369-375, 1995㧕ߪ㤥Ძ⒳‐╭㑆⚵❱↱᧪ߩ⢽⢌೨㚟⚦⢩㧔BIP ⚦⢩㧕
ࠍ⏕┙ߒ ࠬ࠙ࡑޔ3T3-L1 ߣߩ㆑ࠍႎ๔ߒߡ߈ߚ ߪࠇࠊࠇࠊޕBIP ߩ⢽⢌⚦⢩
ಽൻࠍ⢽⢌㔀ߩࡕ࠺࡞ߣ⟎ઃߌޔಽൻߦߞߡ⊒ߩᄌൻߔࠆㆮવሶߩ✂
⟜⊛ߥࡊࡠࡈࠔࠗࡦࠣࠍⴕ߁ߎߣߢ⢽⢌㔀ߩಽሶᯏ᭴⸃ࠍ⋡ᜰߒߚޕ
 ࡊࡠࡈࠔࠗࡦࠣߪ SAGE㧔Serial Analysis of Gene Expression㧕ᴺࠍ↪ߡ
ⴕߞߚޕSAGE ᴺߪࠅࠃߦࠣࡦࠪࡦࠛࠢࠪޔㆮવሶォ౮↥‛ߦ࡙࠾ࠢߥ࠲
ࠣ㧔3’-UTR ߩ 14 Ⴎၮ㧕ߩᢙࠍࠞ࠙ࡦ࠻ߔࠆߎߣߢㆮવሶ⊒㊂ࠍ⸘᷹ߔࠆᣇ
ᴺߢࠆޕછᗧߩ࠲ࠣ߇↱᧪ߔࠆㆮવሶࠍ․ቯߔࠆߦߪో mRNA ㈩߇ᣢ⍮ߢ
ࠆᔅⷐ߇ࠆ߇ޔㄭᐕߩ࠙ࠪࠥࡁࡓ⸃⺒ߩㅴዷߣߦ RefSeq ࠗࡉ߇
లታߒ․ߩࠣ࠲ޔቯߩࠣ࠲ߪߦࠄߐޔᨴ⦡߳ߩࡑ࠶ࡇࡦࠣ߇น⢻ߣߥߞߡ߈
ߚޕ
 BIP ⚦⢩ಽൻ೨㧔C2㧕ߣಽൻᓟ㧔S4㧕߆ࠄᚑߒߚ SAGE ࠗࡉ߆ࠄ
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ว⸘ 157,161 ࠲ࠣ㧔C2: 75,283 ޔS4: 81,878 㧕ࠍᓧޔ30,989 ⒳ߩ࡙࠾ࠢ
ߥ࠲ࠣࠍᬌߒߚޕಽൻߦߞߡ 401 ࠲ࠣ㧔1.4%㧕ߩ⊒߇Ⴧടߒޔ477 ࠲ࠣ
㧔1.2%㧕ߪᷫዋߒߚ㧔P < 0.05㧕ޕ
 ࠨࡉ࠻࡚ࠢࠪࡦᴺߦࠃࠅጊࠄ㧔Differentiation, 65: 281-285, 2000㧕ޔጊ፸
ࠄ㧔Animal Science Journal, 76: 479-489, 2005; Doctoral Thesis, Gifu University,
Japan, 2006㧕ߪ BIP ⚦⢩ಽൻᓟߦ⊒߇Ⴧടߒߚㆮવሶࠍߊߟ߆ႎ๔ߒߚ߇ޔ
ߎࠇࠄߩㆮવሶߩ߁ߜޔCEBPDޔCOL18A1ޔSCD ߥߤߩ⊒Ⴧട߇ౣ⏕ߐ
ࠇߚޕBurton ࠄ㧔Gene, 329: 167-185, 2004㧕ߪࡑ࠙ࠬ cDNA ࡑࠗࠢࡠࠕࠗ
ࠍ↪ 3T3-L1 ⚦⢩ಽൻߦ߅ߌࠆㆮવሶ⊒ߩჇട㧛ᷫዋࠍ✂⟜⊛ߦ⺞ߴߚ߇ޔ
BIP ⚦⢩ಽൻߦ߅ߡߪ 3T3-L1 ߩ⚿ᨐߣ৻⥌ߒߥㆮવሶ߇ᄙߊࠄࠇߚߎޕ
ࠇࠄߩ⚿ᨐߪ࠙ࠪ╭㑆⚵❱ߦ߅ߌࠆ⢽⢌ಽൻ⎇ⓥߦ㊀ⷐߥᖱႎߣ⠨߃ࠄࠇࠆޕ
 㜞㗇⾐ࠄ㧔Mammalian Genome, 18: 125-136, 2007㧕ߪ࠙ࠪ 4 ⇟ᨴ⦡㧔BTA
4㧕ޔBTA 6ޔBTA 10 ߦ߅ߡ⢽⢌㔀 QTL ߩሽ߇ⶄᢙߩ㤥Ძ⒳ኅ♽⸃ᨆ
ߦࠃࠅᡰᜬߐࠇࠆߎߣࠍႎ๔ߒߚޕSAGE ᴺߦࠃࠅ⊒Ⴧട㧛ᷫዋ߇ࠄࠇߚ
ㆮવሶߩ߁ߜޔ15 ߇⸥ߩ⢽⢌㔀 QTL 㗔ၞౝߦࡑ࠶ࡊߐࠇߚߩࠄࠇߎޕㆮ
વሶߪ⢽⢌㔀 QTL ߩㆮવሶߦߥࠅ߁ࠆޕ
(2)-2. ᓟߩㅴᣇ
 ᓟߪޔᰴઍဳߩࠗ࡞ࡒ࠽␠ࠪࠤࡦࠨࠍ↪ߡᄢ㊂ߩ࠲ࠣࠍ⺒ߎߣ
ߢࠃࠅᄙߊߩォ౮↥‛ࠍࠥࡁࡓߦ⟎ߠߌޔ⢽⢌ಽൻ㑐ㅪㆮવሶࡑ࠶ࡊࠍ
ߔࠆ੍ቯߢࠆޕ
2) ࠙ࠪㆮવᕈ∔∛ߩ DNA ⸻ᢿᴺߩ㐿⊒
(1) ⎇ⓥᐕᰴ㧦ᐔᚑ 9 ᐕ—ᐔᚑ 20 ᐕ
(2) ⎇ⓥ⋡⊛ߣᦼᓙߐࠇࠆᚑᨐ
 ࠙ࠪߩㆮવᕈ∔∛ߩᄙߊߪᏱᨴ⦡ᕈන⚐ഠᕈㆮવ∛ߢࠆ ߦߢ߹ࠇߎޕ5
⒳ߩ∔∛ߩේ࿃ㆮવሶหቯߦᚑഞߒߡ߅ࠅߡߒ߆↢ࠍ࠙ࡂ࠙ࡁߩߘޔᒁ߈⛯߈
ㆮવᕈ∔∛ߩࠠࡖࠕ㧔ᒰㆮવሶࠍࡋ࠹ࡠߦߔࠆ㧕ࠍ DNA ⸻ᢿߔࠆ
ᚻᴺࠍ㐿⊒ߒࠍ∝⊒ޔ㒐ᱛߔࠆޕ
 ᧄᬺߢߪߦ∛∔ޔߪࠆޔ∛∔ߩࠄࠇߎޔኻߔࠆᗵฃᕈ㧔ᛶ᛫ᕈ㧕ߦߟ
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ߡޔDNA ࠍᜰᮡߣߒߚࠬࠢ࠾ࡦࠣᚻᴺࠍ㐿⊒ߔࠆߣหᤨߦߦࠄߐޔㅴࠎ
ߢㆮવᕈ∔∛ේ࿃ㆮવሶߩන㔌․ቯࠍⴕ߁߇⊛⋡ߥ߁ࠃߩߎޕ㆐ᚑߐࠇࠇ߫ޔ
ㆮવሶߩᄌ⇣ࠍᬌߔࠆ DNA ⸻ᢿߦࠃߞߡࠠࡖࠕߩࠬࠢ࠾ࡦࠣ߇ߢ߈ࠆ
ߚޔㆮવᕈ∔∛ߩ⊒∝ࠍᓮߒߟߟࠠࡖࠕ‐ߩㆮવ⊛⢻ജࠍ⢒⒳ߦ↢߆ߔ
ߎߣ߇ߢ߈ࠆޕ
(3) ⎇ⓥ㐿⊒ߩ⋡ᮡߣᚑᨐ
(3)-1 ࠙ࠪㆮવᕈ∔∛⸃ᨆߩᐔᚑ 19 ᐕᐲ߹ߢߩ⚻✲
 ᧄ⺖㗴ߪᐔᚑ 9 ᐕᐲ߆ࠄታᣉߒߡ߅ࠅޔᒰ⎇ⓥᚲ߇∔∛ߩේ࿃ㆮવሶࠍหቯ
ߒޔDNA ⸻ᢿᚻᴺࠍ㐿⊒ߒޔኅ⇓ᡷ⦟ᬺ࿅߇ᬌᩏᬺോࠍⴕ߁ߎߣߦߥߞߡ
ࠆޕᐔᚑ 19 ᐕᐲ߹ߢߩᚑᨐࠍ 1 ߦ␜ߒߚޕ
 1. ㆮવᕈ∔∛ߩㆮવሶ⸃ᨆߩ߹ߣ
ഠᕈㆮવ∛ฬ

ຠ⒳

ේ࿃ㆮવሶ ᄌ⇣ߩ⒳㘃

ࠢ ࡠ  ࠺ ࠖ ࡦ -16 㤥Ძ⒳ Claudin-16 37 kb ߩᰳ៊
ᰳ៊∝

⸻ᢿᚻᴺ

․⸵

ࠅ

ฃℂ

ࠅ

ฃℂ

ࠅ

ฃℂ

ࠅ

ฃℂ

ࠅ

ฃℂ

ࠅ

ฃℂ

㧔ᣂⷙ㧕

ࡕࡉ࠺ࡦ㉂⚛ 㤥Ძ⒳
ᰳ៊∝
Chediak-Higashi

ㆮવሶ

3 Ⴎၮᰳ៊

MCSU
㧔ᣂⷙ㧕

㤥Ძ⒳

1 Ⴎၮ⟎឵

CHS-1

∝⟲
ࠢ ࡠ  ࠺ ࠖ ࡦ -16 㤥Ძ⒳ Claudin-16 56 kb ߩᰳ៊
ᰳ៊∝࠲ࠗࡊ 2
エ㛽⇣ᒻᚑᕈ⍵ዊ ⶊᲫ⒳
ゎ∝

LIMBIN

1 Ⴎၮ⟎឵

㧔ᣂⷙ㧕 1 Ⴎၮߩ 2 Ⴎ
ၮ⟎឵

ᮮ㓒⤑╭∝

ࡎ࡞ࠬ࠲

HSP70

11 kb ߩᰳ៊

ࠗࡦ⒳
㤥Ძ⒳ߢߪ᳓㗡⣲ߩ╬⋡⋤ޔㆮવᕈ∔∛ߦขࠅ⚵ࠎߢ߈ߚߦࠄߐޕᐢߊ∔
∛ߩኅ♽ࠍ㓸ߔࠆߚޔ⋵ߣߩห⎇ⓥࠍㅴࠆߣߦޔᄢቇߩኅ⇓∛㒮
߿ᷣ⚵วߥߤߣߩㅪ៤ᒝൻࠍㅴߡ߈ߚޕ
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(3)-2 ࠙ࠪㆮવᕈ∔ᖚߩ⸃ᨆߦ㑐ࠊࠆᐔᚑ 20 ᐕᐲߩᚑᨐ
(3)-2-1. 㗡ᰳ៊∝㧔⋵ߣߩห⎇ⓥ㧕
 㗡ᰳ៊∝ (ATPP: Abnormal Teat Patterning Phenotype) ߪޔ2 ኻࠆ㗡ߩ
1 ኻ 2 ᧄ߹ߚߪ 1 ᧄࠍᰳ៊ߔࠆਇ⦟ᒻ⾰ߢࠆ․ޕቯߩ㤥Ძ⒳⒳㓶‐ A ߩ↥
ሶߢ⊒↢ߒߩߘޔ㗫ᐲߦᕈᏅ߇ߥߎߣ߆ࠄޔᏱᨴ⦡ᕈߩㆮવ⊛ਇ⦟ᒻ⾰ߣ
⠨߃ࠄࠇߚޕ⒳㓶‐߿❥ᱺ㓽‐ࠍㆬᛮߔࠆ㓙ߩ DNA ⸻ᢿࠍน⢻ߦߔࠆߚߦࠥ
ࡁࡓࠬࠢ࠾ࡦࠣࠍⴕ ߦߢ߹ࠇߎޔBTA 17 ࡦ࠻ࡠࡔࠕ㧔ATPP-1㧕ޔBTA1
ࡦ࠻ࡠࡔࠕ㧔ATPP-3㧕ߣ࠹ࡠࡔࠕ㧔ATPP-2㧕ߦ㑐ㅪ㗔ၞࠍࡑ࠶ࡊߒߚ㧔ේ
ࠄޔAnimal Genetics, 38: 15–19, 2006㧕ߩࠄࠇߎޔߚ߹ޕ㗔ၞߪ⊒∝‐ߢࡎࡕߦ
ߥߞߡߥ߆ߞߚߎߣ߆ࠄޔන৻ഠᕈㆮવᒻ⾰ߢߪߥߎߣ߇ࠊ߆ߞߚ⸃ޕᨆ
ߦ↪ߚోߡߩ 2 ᧄᰳ៊㧔47 㧕ߪῳ‐ A ߆ࠄ ATPP-1 ࠬࠢࡂࡊࡠ࠲
ࠗࡊࠍฃߌ⛮ߢ߅ࠅޔ3 ᐳߩਛߢ㗡ᰳ៊ߦᦨ߽ᄢ߈ߊነਈߒߡߚߎߘޕ
ߢޔᚒޔߪޘATPP-1 ߩࡈࠔࠗࡦࡑ࠶ࡇࡦࠣࠍ⹜ߺߚޕ
 2 ᧄᰳ៊ߦ߅ߌࠆ⚵ߺ឵߃ᖱႎࠍ↪ߒߡޔATPP-1 㗔ၞߩࡈࠔࠗࡦࡑ࠶
ࡇࡦࠣࠍⴕ߁ߚߦޔ2 ᧄᰳ៊ 137 㗡ߩࡂࡊࡠ࠲ࠗࡊࠍౣ᭴ᚑߒޔ⒳㓶‐ A
↱᧪ࡂࡊࡠ࠲ࠗࡊࠍᲧセߒߚ⚿ߩߘޕᨐޔATPP-1 㗔ၞࠍ 3.15 Mb ߦ߹ߢ⁜ߚޕ
ߎߩ㗔ၞߪࡅ࠻ 4 ⇟ᨴ⦡ߦ⋧ᒰߒޔ7 ߩㆮવሶ߇ሽߔࠆߣ⠨߃ࠄࠇߚ߹ޕ
ߚޔ⒳㓶‐ߩῳ㧔ATPP-1 ࠬࠢࡂࡊࡠ࠲ࠗࡊࠍᜬߟ㧕ࠍῳߣߔࠆߩ⒳㓶‐
B ߩ↥ሶ߆ࠄ 2 ᧄᰳ៊߇⊒↢ߒߚߎߣ߆ࠄ ߩߎޔ2 ᧄᰳ៊߅ࠃ߮ߎߩ
⒳㓶‐ B ߩࡂࡊࡠ࠲ࠗࡊࠍ⺞ߴࠆߎߣߦࠃߞߡ ߦࠄߐޔ2.04 Mb 㗔ၞߦ߹ߢ⁜
ߚޕATPP-1 㗔ၞߦ⟎ߔࠆㆮવሶߪ 6 ߣߥߞߚࠄࠇߎޕㆮવሶߩ߁ߜޔ⒳
㓶‐ A ߢࠕࡒࡁ㉄⟎឵ࠍ߁ SNP ߇ᬌߐࠇߚㆮવሶߪ Gene_1 ߣ Gene_2
ߩ 2 ߢߞߚޕ⒳㓶‐ A ↥ሶࠍ↪ߡߎࠇࠄㆮવሶߩ SNP ࠕ࡞㗫ᐲࠍ⺞ߴ
ߚޕGene_1 ߩࠕࡒࡁ㉄⟎឵ࠍ߁ SNP ߪޔ2.04 Mb 㗔ၞߩࠬࠢࡂࡊࡠ࠲ࠗ
ࡊߣห᭽ߩ㗫ᐲࠍ␜ߒ⋧ߣဳޔ㑐ߔࠆߣᕁࠊࠇߚ߇ޔGene_2 ߩ SNP ߿
ㄝߩઁߩ SNP ߪޔᱜᏱߥဳࠍ␜ߔߦ߽㜞㗫ᐲߢሽߒߡߚޕ
Gene_1 ߇ജߥㆮવሶߣ⠨߃ࠄࠇߚޕ
(3)-2-2. ೨⢇Ꮺ╭⇣Ᏹ∝㧔ጟጊᄢቇߣߩห⎇ⓥ㧕
 㤥Ძ⒳ߦࠄࠇࠆ೨⢇Ꮺ╭⇣Ᏹ∝㧔Forelimb-girdle Muscular Anomaly㧕ߩ
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⸃ᨆࠍⴕߞߚޕห৻ၞߩ㓸࿅ߦ߅ߡߎࠇ߹ߢߦ 2 ࿁⊒∝߇㗫⊒ߒߚ߇ޔ
㈩ߩ⺞▵ߢኻಣߒߡ߈ߚᦨޔࠄ߇ߥߒ߆ߒޕㄭޔ3 ᐲ⋡ߩ㗫⊒߇➅ࠅߐࠇߚޕ
ῳᣇඨ߈ࠂ߁ߛኅ♽㧔3 㗡ߩ⒳㓶‐ࠍ㧕ߦዻߔࠆ 26 㗡ߩ⊒∝‐ࠍ㓸ޔ
DNA ࠍ⺞ߒߚోޕᨴ⦡ߦ㈩⟎ߒߚ 258 ߩࡑࠗࠢࡠࠨ࠹ࠗ࠻ࡑࠞ
ࠍ↪ߡ⊒∝ߣߩ㑐ㅪࠍ⺞ߴߚߣߎࠈޔBTA 26 ߩ࠹ࡠࡔࠕߦࠆࡑࠞ⟲
߇⊒∝ߣᗧߦㅪ㎮ߒߡࠆߎߣ߇ࠊ߆ߞߚߩߎޔߢߎߘޕ㗔ၞߦߐࠄߦࡑ
ࠞࠍㅊടߒࡂࡊࡠ࠲ࠗࡊࠍᬌ⸛ߒߚ⚿ᨐޔᐔᚑ 19 ᐕᐲ߹ߢߦ㗔ၞࠍ 3 Mb
߹ߢ⛉ߞߚ߇ޔଐὼߣߒߡᄙᢙߩㆮવሶ߇ሽߔࠆ㧔ႎ๔ᷣߺ㧦Masoudi
ࠄޔAnimal Genetics, 39: 46-50, 2008㧕ޔߢߎߘޕᐔᚑ 20 ᐕᐲߦᰴઍࠪࠤ
ࡦࠨࠍ↪ߡߩߎޔ㗔ၞߩ DNA ㈩ࠍ⸃⺒ߔࠆߎߣࠍᆎߚޕ
(3)-3. ᓟߩㅴᣇ
 ᐕᐲ߹ߢߦ㤥Ძ⒳ߩ㗡ᰳ៊⊒∝ߩࠬࠢߣߥࠆജߥㆮવሶ
Gene_1 ࠍߒߚޕᓟߪ ဳࠢࠬޔSNP ߦࠃࠆࠕࡒࡁ㉄⟎឵߇ Gene_1 ࠲
ࡦࡄࠢ⾰ߩᯏ⢻ߦ߷ߔᓇ㗀ࠍ⺞ߴࠆ੍ቯߢࠆࠪ࠙ޕᣂ↢ఽ߆ࠄߩ⚵❱ࠍᄙ
ᢙᚻߔࠆߎߣ߇⎇ⓥߩㅴዷߦ㊀ⷐߣᕁࠊࠇࠆޕ೨⢇Ꮺ╭⇣Ᏹ∝ߦߟߡޔᰴ
ઍࠪࠤࡦࠨߢ㗔ၞߩో㈩ࠍ⸃⺒ߒޔේ࿃ㆮવሶߩหቯࠍ⋡ᜰߔޕ
 ࿖ౝߢ⊒↢ߒߡࠆሶ‐ߩ៊⠻ኻ╷߇ᧄᬺߩⓥᭂߢࠆ߽ߦߚߩߘޕ൮
⊛ߥࠨࡦࡊࡦࠣࠍⴕ߁ᔅⷐ߇ࠆޕᰴᐕᐲ߆ࠄ㤥Ძ⒳߅ࠃ߮ࡎ࡞ࠬ࠲ࠗ
ࡦ⒳ߩ↢ᓟ 20 ᣣߊࠄߢᱫߒߚሶ‐ᱫࠨࡦࡊ࡞ߩ㓸ࠍⴕޔഠᕈㆮવ∛
ߩሽ∉⢻ߩૐਅߥߤߩน⢻ᕈࠍ⺞ߴࠆޕ
(4) ࿖ౝ߅ࠃ߮ᶏᄖߩ⁁ᴫ
 2006 ᐕએ㒠ߩ࠙ࠪㆮવᕈ∔∛ߩ⁁ᴫࠍ␜ߔ⸃ࡓࡁࠥޕᨆ↪ߩ࠷࡞߇లታߒޔ
߹ߚߩߢߤߥ࠻ࡅޔㆮવ∛ߩ⸃ᨆ߇⫾Ⓧߒߡࠆߎߣ߆ࠄ⎇ޔⓥߩㅴዷ߇ᦼᓙ
ߐࠇࠆ৻ޕᣇޔଐὼߣߒߡ∔∛ߩ⸻ᢿߪ㔍ߒߊޔ㘃ૃߩ᭽⋧ࠍ␜ߔⶄᢙߩ∔∛ޔ
ේ࿃ㆮવሶߩ⇣ߥࠆ∔∛ࠍ⸃ᨆߩኻ⽎ߦߒ߆ߨߥߣ߁㗴߇ᱷࠆޕ
1. วᜰ∝㧔Syndactyly㧕㧦ࡎ࡞ࠬ࠲ࠗࡦ⒳߿ࠕࡦࠟࠬ⒳ߦࠄࠇࠆᜰߩ≹วߢޔ
Ᏹᨴ⦡ᕈഠᕈㆮવ∛ߣߒߡ⍮ࠄࠇߡࠆࡦ࠲ࠬࠚ࠙ࠬࠨࠠ࠹ޕක⑼ᄢߩ
Johnson ࠄ㧔Genomics, 88: 600-609, 2006㧕ߪࠕࡦࠟࠬ⒳ߢ Lrp4 ߩࠬࡊࠗࠪ
ࡦࠣㇱᄌ⇣ࠍߒ৻ޔᣇ ࠬࡦࡈޔINRA ߩ Duchesne ࠄ㧔Genomics, 88:

-13㧙㧙

610-621, 2006㧕ߪࡎ࡞ࠬ࠲ࠗࡦ⒳ߦ߅ߡหߓㆮવሶ Lrp4 ߩ N1621K ߣ
G1622C ߩㅪ⛯ߒߚ 2 ߟߩࠕࡒࡁ㉄ᄌ⇣ࠍߘࠇߙࠇวᜰ∝ߩේ࿃ߣߒߡหቯߒ
ߚޕLrp4 ߪૐኒᐲ⢽⾰࠲ࡦࡄࠢ⾰ࡊ࠲ߩࡔࡦࡃߢߡ߅ߦࠬ࠙ࡑޔᄙ
ᜰ∝㧔Polydactyly㧕ߩේ࿃ㆮવሶߣߒߡ⍮ࠄࠇߡࠆູޕേ‛ߩ྾⢇ߩᒻᚑ
ߦ㊀ⷐߥᓎഀࠍᜬߟࠄߒޕ
2. ㋦ᰳਲ∝㧔Zinc Deficiency㧦ㆮવᕈⷺൻਇో∝ޔHereditary Parakeratosis㧕
㧦
ࡈࠫࠕࡦ⒳ޔBlack Pied ⒳ࡦࡎ࠻࡚ࠪޔ⒳ߥߤߦࠄࠇߩ࠻ࡅޔ㋦
ᰳਲ∝ߩ 1 ߟߢࠆ Adema Disease ߣ∝⁁߇ૃߡࠆߎߣ߆ࠄޔ㋦ャㅍߣ
ߒߡߊߘߩේ࿃ㆮવሶ SLC39A4 ࠍߣߒߡ⸃ᨆߒߚߣߎࠈࡦࠪࠗࡊࠬޔ
ࠣㇱᄌ⇣ࠍߒߚ㧔Yuzbasivan-Gurkan & Bartlett, Genomics, 88: 521-526,
2006㧕ޕ
3. エ㛽⇣ᒻᚑ⍵ዊゎ∝㧔Chondrodysplasia Dwarfism㧕
㧦ⶊᲫ⒳ߢߪᧄ∝ߩ
ේ࿃ㆮવሶߣߒߡ LIMBIN ߇หቯߐࠇߚ㧔┻↰ࠄޔProc. Natl. Acad. Sci. USA, 99:
49-54, 2002㧕߇⧷ޔ࿖ߩ࠺ࠠࠬ࠲⒳ߦࠄࠇࠆห᭽ߥ∔∛ߢࠆࡉ࡞࠼࠶ࠣ
ሶ‐ߩේ࿃ㆮવሶߪエ㛽ߩ㊀ⷐߥᚑಽߢࠆ Aggrecan ࠲ࡦࡄࠢ⾰ࠍࠦ࠼ߒ
ߡߚ㧔Raadsma ࠄޔMammalian Genome, 18: 808-814, 2007㧕
ޕAggrecan ߩ
╙ 11 ࠛࠢ࠰ࡦߦ߅ߌࠆ 4 Ⴎၮᝌߩߚᯏ⢻⊛ߥ࠲ࡦࡄࠢ⾰߇ᒻᚑߐࠇߥߊߥ
ࠅޔエ㛽ᒻᚑ߇ߢ߈ߥߊߥߞߡࠆߣ੍ᗐߐࠇߚ㧔ᐔᚑ 19 ᐕᐲᐕႎߦ⸥タ㧕ޕ
4. ⣄㜑ᕈ╭⪜❗∝㧔Spinal Muscle Atrophy㧕
㧦ࡉ࠙ࡦࠬࠗࠬ⒳ߦࠄࠇࠆ⣄㜑
ᕈ╭⪜❗∝ߪᏱᨴ⦡ᕈഠᕈㆮવ∛ߢࠆޕኅ♽⸃ᨆߦࠃࠅ 3 ߟߩㆮવሶ
߹ ߢ ⛉ ࠅ  ޔFVT1 㧔 3-Ketodihydrosphingosine Reductase 㧕 ߩ ࠕ ࡒ ࡁ ㉄ ᄌ ⇣
Ala175Thr ࠍߒߚ ߩߎޕreductase ߪࠬࡈࠖࡦࠧࠪࡦ♧⢽⾰วᚑߦਇนᰳߥ
㉂⚛ߢ㉄ࡁࡒࠕߩߎޔᄌ⇣ߦࠃࠅᵴᕈ߇ᶖᄬߒߚ㧔Krebs ࠄޔProc. Natl. Acad. Sci.
USA, 104: 6746-6751, 2007㧕ޕ
㧦1999 ᐕ㗃߆ࠄࡈࡦࠬߩ
5. ࡗࠡ᭽ᒻᚑਇో∝⟲㧔Caprine-like Hypoplasia㧕
Montbeliarde ⒳ߢࡗࠡߩࠃ߁ߥ㗡ࠍ․ᓽߣߔࠆ⊒⢒ਇో∝߇ᄙ⊒ߒߚޕ150 㗡
એߩ⊒∝‐ࠍኅ♽⸃ᨆࠍⴕޔBTA 13 ߩ 6 cM 㗔ၞߦࡑ࠶ࡊߒߚ
㧔Duchesne ࠄޔAnimal Genetics, 39: 112-120, 2008㧕ޕ
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6. వᄤᕈ╭✕ᒛ⇣Ᏹ∝㧔Congenital Muscular Dystony㧕㧦Georges ࠄߪ SNP ࠴
࠶ࡊ㧔ࠗ࡞ࡒ࠽ 60K SNP ࠴࠶ࡊ߮ࠕࡈࠖࡔ࠻࠶ࠢࠬ 25K ࠴࠶ࡊ㧕ࠍ↪ߡ
Ᏹᨴ⦡ᕈഠᕈㆮવ∛ߩࡑ࠶ࡇࡦࠣࠍⴕޔේ࿃ㆮવሶߩหቯߦᚑഞߒߚ
㧔Nature Genetics, 40: 449-454, 2008㧕ޕBelgian Blue ⒳ߦࠄࠇࠆవᄤᕈ╭✕
ᒛ⇣Ᏹ∝ 1 ဳ㧔CMD1㧕ߢߪ⊒∝ 12 ࠍ↪ޔ2 ဳߩ CMD2 ߢߪ⊒∝
7 ࠍ↪ߚޕCMD1 ߢߪ Ca2+ࡐࡦࡊߢࠆ ATP2A1 ߩᵴᕈࠍήߊߔࠕࡒࡁ㉄
ᄌ⇣ Arg559Cys ࠍߒߚޔߚ߹ޕCMD2 ߢߪߢ࠲ࡐࠬࡦ࠻ࡦࠪࠣޔ
ࠆ SLC6A5 ߩࠣࠪࡦャㅍᵴᕈࠍήߊߔࠕࡒࡁ㉄ᄌ⇣ Leu270Pro ࠍߒߚޕ
7. ⢝ఽᕈ㝼㠦⊈㧔Ichthyosis Fetalis㧕
㧧⸥ߣหߓ⺰ᢥߢ Georges ࠄߪ࠲ࠗޔ
ࠕߩࠠࠕ࠾࠽⒳ߢࠄࠇࠆ⢝ఽᕈ㝼㠦⊈ߩ⊒∝ 3 ࠍ↪ߡ SNP ࠴࠶ࡊ
ߢࡑ࠶ࡇࡦࠣߒ⚦ࡦ࠴ࠤޔ⢩ߢ⢽⾰ャㅍࠍⴕ߁ ABCA12 ߩࠕࡒࡁ㉄ᄌ⇣
His1935Arg ࠍߒߚߩߎޕ㗔ၞߪ ATP ⚿วߦ㑐ࠊࠅޔ1935-His ߪ↢‛⒳ߢ
ሽߐࠇߡࠆߩߢේ࿃ߩᄌ⇣ߣ⠨߃ࠄࠇߚޕ
৻ᣇޔDrogemuller ࠄ㧔Genomics, 92: 474-477, 2008㧕ߪ࠾ࠕࠠߩࠬࠗࠬޔ
࠽⒳ߢࠄࠇࠆ⢝ఽᕈ㝼㠦⊈ߩේ࿃ߣߒߡޔหߓㆮવሶߢࠆ ABCA12 ߦߩ
ࠕࡒࡁ㉄ᄌ⇣ Arg164His ࠍߒߚ ߩߎޕ164-Arg ߽ᐢߊሽߐࠇߡࠆޕ
8. ࠢࡕ⢇∝㧔Arachnomelia㧕㧦ࡉ࠙ࡦࠬࠗࠬ⒳ߦࠄࠇࠆᏱᨴ⦡ᕈഠᕈㆮ
વ∛ࠢࡕ⢇∝ߩ⊒∝ 15 ࠍ↪ߚኅ♽⸃ᨆߢ BTA 5 ߩ 7.19 Mb 㗔ၞߦࡑ࠶
ࡊߒߚ㧔Drogemuller ࠄޔMammalian Genome, 20: 53-59, 2009㧕
ޕ
㧦ήⷺࡋ
9. ᔃ╭∝㧔Cardiomyopathy and Woolly Haircoat Syndrome, CWH㧕
ࡈࠜ࠼⒳ߢࠄࠇࠆᔃ╭∝ߪᲫ߇⟠Ძߦ߃ࠆ․ᓽ߇ࠆޕ13 ⊒∝ࠍ
↪ߩ࠻ࡅޔᔃ╭∝ߩේ࿃ㆮવሶߣ⍮ࠄࠇߡࠆ 7 ߟߩㆮવሶᐳㄝߩࡎࡕࠩ
ࠗࠧࠪ࠹ࠖࡑ࠶ࡇࡦࠣߢ BTA 18 ߩ PPP1R13L ࠍᬌߒߚߩߎޕㆮવሶߩࠛ
ࠢ࠰ࡦ 6 ߩ 7 bp ߩ㊀ⶄ߇ේ࿃ߣ⠨߃ࠄࠇߚޕPPP1R13L ߪ NFNB interacting
protein 1 ߢࠅޔἻ∝߿∉ᔕ╵ߥߤߦ㑐ਈߔࠆߎߣ߇⍮ࠄࠇߡࠆ㧔Simpson
ࠄޔAnimal Genetics, 40: 42-46, 2009㧕ޕ
10. ᒛဳᔃ╭∝㧔Dilated Cardiomyopathy㧕
㧦ࡎ࡞ࠬ࠲ࠗࡦ⒳ߩ⪺ฬߥ⒳㓶‐
ߢࠆ ABC Reflection Sovereign ࠍᆎߣߔࠆᏱᨴ⦡ᕈഠᕈㆮવ∛ߩᒛဳ
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ᔃ╭∝߇ࡑ࠶ࡇࡦࠣߐࠇߚ∝⊒ޕ 304 ߩࡄࡈࠖࡦ࿕ቯᔃ⤳⚵❱߆ࠄߩ
DNA ߇↪ࠄࠇߚޕBTA 18 ߩ 1.0 Mb ߹ߢ⁜ࠄࠇߚ㧔Owczarek-Lipska ࠄޔ
Mammalian Genome, 20: 187-192, 2009㧕ޕ
3) ⡺↪‐⚻ᷣᒻ⾰ߩ DNA ⢒⒳ᚻᴺߩ㐿⊒
(1) ⎇ⓥᐕᰴ㧦ᐔᚑ 6 ᐕ—ᐔᚑ 20 ᐕ
(2) ⎇ⓥ⋡⊛ߣᦼᓙߐࠇࠆᚑᨐ
 ㄭᐕߩࠥࡁࡓ⸃ᨆ⎇ⓥߩㅴዷߪޔㅪ㎮࿑ࠍ↪ߡ⚻ᷣᒻ⾰ߦ㑐ਈߔࠆᨴ⦡
ߩㆮવ㗔ၞߪࠆޔㆮવሶࠍ․ቯߔࠆߎߣࠍน⢻ߦߒߡ߈ߚ⚻ޕᷣᒻ⾰
ߦ㑐ਈߔࠆ㗔ၞ߿ㆮવሶᐳࠍหቯߔࠆߎߣߢ DNA ᖱႎࠍᵴ↪ߒߚ⢒⒳ࠍታ↪ൻ
ߔࠆޕ
(3) ⚻ᷣᒻ⾰⸃ᨆߩߚߩ DNA ࠨࡦࡊ࡞ߩ㓸
ᐔᚑ 6 ᐕᐲ߆ࠄ⋵㧔19 ⋵ޔᐔᚑ 20 ᐕᐲ㧕
ኅ⇓ᡷ⦟ᬺ࿅ኅ⇓ᡷ⦟
ࡦ࠲ߣห⎇ⓥࠍታᣉߒߡࠆ․ޕቯ⒳㓶‐ࠍῳߣߔࠆᄢⷙᮨߥῳᣇඨ߈ࠂ
߁ߛኅ♽ࠍᚑߔࠆߎߣߪޔ⋵ߦ߅ߡߪᒰ⒳㓶‐ߩㆮવ⊛⢻ജߩ⊛⏕
ߥᛠីߣᓟ⛮⒳㓶‐ߩᚑߦ㊀ⷐߢࠅޔߟ߆ޔᄙ⒳ᄙ᭽ߥ⸃ᨆ↪ኅ♽ߩᚑ
ߪ⚻ᷣᒻ⾰ߦᓇ㗀ߔࠆㆮવሶ㧔QTL㧕ࠍหቯߔࠆߚߦ↪ߢࠆޔߢߎߘޕ
ᨑ⡺ബળ߿ᨑ⡺ㅴળ╬ߦ߅ߡⴊ⛔ᖱႎߩࠄ߆ߥ⢈⢒‐ߩ DNA ࠨࡦࡊ࡞
ࠍ㓸ߒߡࠆޕᐔᚑ 20 ᐕᐲ߹ߢߩ㓸ߩ⁁ᴫߪ 2 ߩㅢࠅߢࠆߩࠄࠇߎޕ
㓸ߒߚ㤥Ძ⒳ߩ DNA ࠨࡦࡊ࡞ᢙߩ⚥⸘ߪ 3 ਁ 8 ජߣߥߞߚޕ
 2. ᐔᚑ 20 ᐕᐲ߹ߢߩ㤥Ძ⒳ DNA ࠨࡦࡊ࡞㓸⁁ᴫ
ᐕᐲ

㓸ᢙ

13-19 ⚥⸘

31,657

20

6,559

ว⸘

38,216

(4) ࠙ࠪ⚻ᷣᒻ⾰⸃ᨆ
 ⚻ᷣᒻ⾰㧔QTL㧕ߩ⸃ᨆߦ߅ߡޔᨴ⦡Ფ㧔ᨴ⦡ࡢࠗ࠭ޔchromosome-wise㧕
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߿ࠥࡁࡓᲤ㧔ࠥࡁࡓࡢࠗ࠭ޔexperiment-wise ߹ߚߪ genome-wise㧕ߦᗧ᳓Ḱ
ࠍᬌቯߒޔᄙ㊀ᬌቯࠍᱜߔࠆࠗࡦ࠲ࡃ࡞ࡑ࠶ࡇࡦࠣᴺߢࠆ QTL Express
㧔Haley ࠄޔGenetics, 136: 1195-1207, 1994㧕߇ఝࠇߡࠆޕ⡺‐ߩ⚻ᷣᒻ⾰
ߩ QTL ⸃ᨆࠍⴕ߁㓙ߪⶄ߫ߒ߫ߒޔᢙᒻ⾰ࠍหᤨߦ⸃ᨆߔࠆ߇ߥ߁ࠃߩߎޔ႐
ว false discovery rate (FDR) ߦࠃࠅன㓁ᕈ₸ࠍᛠីߔࠆᔅⷐ߇ࠆޕᚒߪޘ
QTL Express ߇ᜬߟᯏ⢻ߦട߃ ޔFDR ▚ᯏ⢻ޔLOD ࠬࠦࠕ▚ᯏ⢻ޔ㗅
ᬌቯᯏ⢻ޔpleiotropic QTL ᬌᯏ⢻╬ࠍታⵝߒ⚿ߦࠄߐޔᨐߩ PDF ࡈࠔࠗ࡞
ജߥߤޔ↪⠪ߩଢᕈࠍะߐߖߚߒߚࡊࡠࠣࡓߢࠆ Glissado ࠍ㐿⊒
ߒߚޕ
(4)-1. ῳᣇඨ߈ࠂ߁ߛኅ♽ࠍ↪ࠆ⚻ᷣᒻ⾰ QTL ࡑ࠶ࡊߩᦝᣂ
 ⋵╬ߩห⎇ⓥᯏ㑐ߣⴕߞߡ߈ߚῳᣇඨ߈ࠂ߁ߛኅ♽ࠍ↪ߚ⚻ᷣᒻ⾰
QTL ߩࡑ࠶ࡇࡦࠣߩᚑᨐࠍ 2006 ᐕߦ߹ߣޔ
⚻ᷣᒻ⾰ QTL ࡑ࠶ࡊࠍᚑߒߚޕ
ߎߩ㑆ⶄޔᢙኅ♽ߢᬌߐࠇߚ㧔Replicate ߐࠇߚ㧕QTL ߪޔఝ⦟ࡂࡊࡠ࠲ࠗࡊ
ߩᲧセߣ⋧㑐⸃ᨆߦࠃߞߡ⽿છ㗔ၞࠍ⁜ࠄࠇࠆߎߣ߇ޔᨑ⡺㊀㊂ QTL CW-1
ߣ CW-2ޔ⢽⢌㔀 QTL Marbling-3 ߢ␜ߐࠇߚޕQTL ࡑ࠶ࡊᚑએ㒠߽ࠄߐޔ
ߦᄙߊߩ⒳㓶‐ߦߟߡඨ߈ࠂ߁ߛኅ♽⸃ᨆ߇ⴕࠊࠇޔᣂⷙ QTL ߩᬌ߽ߒ
ߊߪᣢߦᬌߒߚ QTL ߩ⏕߇ߥߐࠇߡࠆࠍ࠲࠺ߩࠄࠇߎޕㅊടߒߡ QTL
ࡑ࠶ࡊࠍᦝᣂߔࠆߎߣߢࡓࡁࠥ↪ޔ㗔ၞߦ㑐ߔࠆᖱႎࠍห⎇ⓥᯏ㑐ౝߢ
ߒޔߚ߹ޔᰴᦼߩ⽿છㆮવሶត⚝ߩ࠲ࠥ࠶࠻ࠍតߔߎߣࠍ⋡⊛ߣߒߡࠆޕ
 ᐕᐲߦ߅ߡޔ㤥Ძ⒳ 9 ኅ♽ߩࠥࡁࡓࠬࠠࡖࡦߩ⚿ᨐߣ㤥Ძ⒳ 3 ኅ♽
߅ࠃ߮ⶊᲫ⒳ 2 ኅ♽ߩᨴ⦡ࠬࠢ࠾ࡦࠣߩ⚿ᨐࠍㅊടߒߚ⚿ߩߘޕᨐޔ
ᦝᣂ QTL ࡑ࠶ࡊߪޔ24 ኅ♽ߩࠥࡁࡓࠬࠠࡖࡦߣ 6 ኅ♽ߩᨴ⦡ࠬࠢ࠾ࡦࠣ
ߩ⚿ᨐ߆ࠄᚑࠅ↥ߚ↪ޔሶᢙߪ✚ᢙ 12,960 㗡ߣߥߞߚ㧔࿑ 1㧕ޕ
 ᬌߐࠇߚ QTL ࠍޔLander & Kruglyak㧔Nature Genetics, 11: 241-247, 1995㧕
ߩၮḰߦᴪߞߡ߹ߣࠆߣޟޔᗧߥㅪ㎮ ࡞ࡌࡓࡁࠥޔߪޠ5%ᗧࠍ߃ߚ
߽ߩߢࠅޔ79 ߣߥߞߚ㧔ㇺวޔ2 ᰴࠬࠢ࠾ࡦࠣߢᨴ⦡ࡌ࡞ 0.01%
ᗧࠍ߃ߚ߽ߩ߽ߚ㧕ࠇߎޕએᄖߦޔᗧߥㅪ㎮ߣߪ⸒߃ߥ߇ޔᨴ⦡
ࡌ࡞ 5%ᗧࠍ߃ߚ߽ߩ߇ 129 ߞߚ㧔ߕࠇ߽ False Discovery Rate
㧔FDR㧕< 0.1㧕ޕ
 ᣂߚߦⶄᢙኅ♽ߢᬌߐࠇߚ߽ߩߪޔBTA 8 ߣ BTA 12 ߩᨑ⡺㊀㊂ QTLޔBTA
19 ߣ BTA 20 ߩ⢽⢌㔀 QTL ߢࠅ ߩࠄࠇߎޔQTL 㗔ၞߦߟߡ⒳㓶‐㑆ߩ
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ࡂࡊࡠ࠲ࠗࡊᲧセࠍⴕߞߚ⚿ߩߘޕᨐޔBTA 8 ߣ BTA 12 ߩᨑ⡺㊀㊂ QTL ߢߪޔ
ߘࠇߙࠇㅢߩఝ⦟ဳࡂࡊࡠ࠲ࠗࡊ߇ߐࠇ㧔BTA 12 ߪ 2 㗔ၞ㧕ޔฦ⒳㓶‐
ߩ 1—4 ઍߦߪㅢవ߇ሽߔࠆߎߣ߆ࠄߩࠄࠇߎޔㅢఝ⦟ဳࡂࡊࡠ࠲
ࠗࡊߪหߢࠆߣᕁࠊࠇߚޕ

࿑ 1 㤥Ძ⒳ QTL ࡑ࠶ࡊ
(4)-2. ᓟߩㅴᣇ
 ⋵╬ߩⴕߞߡࠆῳᣇඨ߈ࠂ߁ߛኅ♽ࠍ↪ߚ⚻ᷣᒻ⾰ QTL ߩࡑ࠶ࡇࡦ
ࠣߪޔᓟ⛮⒳㓶‐ߩㆬᛮߦᵴ↪ߢ߈ࠆߣ߁ὐ߇ࠆޕᓟ߽ߐࠄߦ⸃ᨆኅ
♽ࠍჇ߿ߒߡߊ ߚࠇߐࠣࡦࡇ࠶ࡑޕQTL ߇ⶄᢙኅ♽ߢᬌߐࠇߚ႐วޔㅢ
ߩ QTL ߥࠄޔ㗔ၞࠍ⛉ࠅㄟࠎߢ⽿ޔછㆮવሶߩหቯ߿ㆬᛮߩߚߩ SNP ߩ․
ቯࠍⴕ߃ࠆน⢻ᕈ߇ࠆޕᐕᐲߒߚ BTA 8 ߩᨑ⡺㊀㊂ QTL ߦߟߡߪޔ
㗔ၞߩ⛉ࠅㄟߺߣㆬᛮ↪ࡑࠞߩ㐿⊒ࠍⴕ߁ޕ
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(5) ࠙ࠪ⚻ᷣᒻ⾰ㆮવሶᐳߩࡐ࡚ࠫࠪ࠽࡞ࠢࡠ࠾ࡦࠣ
(5)-1. CW-1㧔ᨑ⡺㊀㊂-1㧕ߩ⸃ᨆ㧔㣮ఽፉ⋵ߣߩห⎇ⓥ㧕
 㤥Ძ⒳ BTA 14 ߩ CW-1 ߪޔఝ⦟ဳࠕ࡞㧔Q㧕1 ߟߢ 23.6 kg㧔࠙ࠪ㊀ߩ
⚂ 5%㧕ޔ2 ߟߢߐࠄߦ 15.2 kg ߩ⋧ട⊛ߥᨑ⡺㊀㊂Ⴧടലᨐࠍ߽ߟ㧔Ḵਅࠄޔ
Mammalian Genome, 16: 532-537, 2005㧕⋧ޔߦߢ߹ࠇߎޕ㑐⸃ᨆߣࡂࡊࡠ࠲ࠗ
ࡊᲧセߢ⛉ࠅㄟࠎߛ CW-1 㗔ၞ 1 Mb ߦߪ 3 ㆮવሶ㧔Gene_1, Gene_2, Gene_3㧕㧕
߇ሽߔࠆ㉄ࡁࡒࠕߦࠄࠇߎޕᄌ⇣ߪߥߊޔߚ߹ޔQ ߣ non-Q ߩㆮવ
ሶ⊒㊂߆ࠄ⽿છㆮવሶߦ⋥⚿ߔࠆജߥ⸽ߪᓧࠄࠇߥ߆ߞߚ⋧ޕട⊛ߥ㊀
㊂Ⴧടലᨐࠍ߽ߟ CW-1 ߩ⽿છㆮવሶߩࡑ࠙ࠬ߳ߩዉߪߦဳޔᓇ㗀ࠍ
߷ߔലᨐࠍᜬߟߣ੍ᗐߐࠇߚߚ⽿ޔછㆮવሶࠍหቯߔࠆߚߦޔฦㆮવሶࠍ
ዉߒߚㆮવሶᡷᄌࡑ࠙ࠬࠍߒޔ㊀Ⴧടߣߩ㑐ଥࠍ⺞ߴߚޕ
 ฦㆮવሶࠍࠞࡃߔࠆ BAC ࠢࡠࡦࠍዉߒߚ BAC-࠻ࡦࠬࠫࠚ࠾࠶ࠢ
㧔Tg㧕ࡑ࠙ࠬࠍߒ↥ߩߘޔሶߩᚑ㐳ᦛ✢ࠍឬߚޕቯ㊂⊛ PCR ߩ⚿ᨐޔTg
ࡑ࠙ࠬߦ߅ߌࠆዉㆮવሶߣࡑ࠙ࠬౝᕈㆮવሶߩ✚⊒㊂ߪ Gene_1 ߢ
1.1-1.9 ޔGene_3 ߢ 1.8-3.1 Ⴧടߒߡߚ߇ޔTg ࡑ࠙ࠬߣ Wt ห⣻㑆ߩᚑ
㐳ᦛ✢ߦᏅߪߥ߆ߞߚ㧔P > 0.05, n = 18㧕৻ޕᣇޔGene_2 ߪ࠙ࠪޔTg ࡑ࠙ࠬߩ
⣖ߢᒝߊ⊒ߒ߽ࡦ࠲ࡄ⊒ߩߢ❱⚵ߩઁޔ㉃ૃߒߚޕGene_2 ߩ㓶 Tg ࡑ࠙
ࠬߩ㊀ߪหㅳ㦂ߩ Wt ห⣻ࠃࠅ߽ᗧߦዊߐ߆ߞߚ㧔20 ㅳ㦂, 㓶ߩᐔဋ㊀
ߩᏅ㧦2.92 g㧔95% ା㗬㑆 Confidential Interval㧔CI㧕, 1.32-4.53 g㧕, P < 0.001,
n = 18㧕ޕᓥߞߡޔCW-1 ߩ⽿છㆮવሶߪ Gene_2 ߢࠆน⢻ᕈ߇㜞ߊߩߘޔ
↪ߪ㊀Ⴧടߦᛥ⊛ߦߊߣ⠨߃ࠄࠇߚߺߩߢࠪ࠙ޕォ౮↥‛߇ႎ๔ߐࠇߡ
ࠆ Gene_2 ߪ⚂ 1.6 kb ߩࠪࡦࠣ࡞ࠛࠢ࠰ࡦߩㆮવሶߢᦨޔᄢ ORF ߦࠦ࠼ߐ
ࠇࠆࠕࡒࡁ㉄ᱷၮᢙ߇ 69 ߣޔnon-coding RNA ᭽ߩ․ᓽ߇ࠆ ࠪ࠙ޕGene_2
ߣࡅ࠻ࡑ࠙ࠬߩࠥࡁࡓ㈩ߩ⋧หᕈߪ ߢࠬ࠙ࡑޔ54.2% ߢ࠻ࡅޔ64.2%ߢ
ࠅ ߪߢ࠻ࡅޔGene_2 ߦ⋧ᒰߔࠆႮၮ㈩߇ሽߒߚޕਔ⒳㑆ߢ੍᷹ߐࠇߚᦨ
ᄢ ORF ߩႮၮ㈩⋧หᕈߪ 67.5%ߢߞߚ߇㉄ࡁࡒࠕࠆࠇߐ࠼ࠦߦࠄࠇߘޔ
ᱷၮߢߪਔ⒳㑆ߦ⋧หᕈߪߥޕGene_2 ߩᵹ 3 kb ౝߦߪ CW-1 ࠍࡑ࠶ࡊߒ
ߚ⒳㓶‐ߢㅢߩ 10 ߩᄙဳ㧔SNP, del㧕߇ሽߒߚߩࠄࠇߎޕᄙဳ⟎ߢߪޔ
Sp1 ߥߤߩォ౮࿃ሶߩ⚿วࡕ࠴ࡈ߇੍᷹ߐࠇ㧔࠰ࡈ࠻࠙ࠚࠕߩ TFSEARCH ߢ
ផ᷹㧕ޔQޔq ࠕ࡞ߩ㆑ߢࡕ࠴ࡈߩή߿⋧หᕈ߇ᄌࠊࠆᄙဳ߇ߞߚޕ
ߎߩ㗔ၞߩࡐ࠲ࠕ࠶ࠗߢߪ⚦ޔ⢩⒳ߦࠃߞߡ 1.2-1.3  Q ࠕ࡞߇ᒝߊ
⊒ߔࠆߎߣ߇⏕ߐࠇ㧔P < 0.05-0.005㧕
ޔQ-q ࠕ࡞㑆ߢォ౮ࡌ࡞߇⇣ߥ
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ࠆߣ੍᷹ߐࠇߚޕ
(5)-2. CW-2㧔ᨑ⡺㊀㊂-2㧕ߩ⸃ᨆ㧔㣮ఽፉ⋵ᾢᧄ⋵㠽ข⋵ችፒ⋵ߣߩ
ห⎇ⓥ㧕
 㤥Ძ⒳ 3 ኅ♽ߣⶊᲫ⒳ 2 ኅ♽ߩඨ߈ࠂ߁ߛኅ♽ QTL ⸃ᨆߦ߅ߡޔBTA
6 ߩ㊀ⶄߔࠆ㗔ၞߦᨑ⡺㊀㊂߹ߚߪ㊀ QTL ߇ᬌߐࠇߡࠆ㧔⒳㓶‐ A ߦ
߅ߌࠆነਈ₸ 6.9%⟎࡞ࠕޔ឵ലᨐ 26 kg㧕 ࠄࠇߎޕ5 ⒳㓶‐ߩఝ⦟ဳ㧔Q㧕ࡂ
ࡊࡠ࠲ࠗࡊߩᲧセߣㅪ㎮ਇᐔⴧ㧔LD㧕ࡑ࠶ࡇࡦࠣߦࠃࠅ ߩߎޔQTL㧔CW-2㧕
ߩ⽿છ㗔ၞࠍ⚂ 600 kb ߦ⁜ߚޕ600 kb ౝߦሽߔࠆ 4 ߟߩㆮવሶߩ߁ߜޔ
NCAPG㧔Chromosome Condensation Protein G㧕ߩࠕࡒࡁ㉄⟎឵ࠍ߁ SNP
㧔SNP-9㧕ߪᨑ⡺㊀㊂ߣߩ⋧㑐ᕈ߇㜞ߊ㧔P = 1.2 x 10-11㧕ޔఝ⦟ဳࡂࡊࡠ࠲ࠗࡊ
ࠍಽߌࠆ⦟ࡑࠞߢࠅ⽿ޔછߣ⠨߃ࠄࠇߚޕ
 ᐕᐲߪ CW-2 ߦࠃࠆઁߩᨑ⡺ᒻ⾰߳ߩലᨐࠍ⺞ߴߚޕ⒳㓶‐ A ߩ QTL ⸃ᨆ
ߢߪޔCW-2 ߣห㗔ၞߦࡠࠬ⧌㕙Ⓧߣ⊹ਅ⢽⢌ෘߦߟߡ߽ᨴ⦡ࡌ࡞ 5%
એਅߩᗧᕈߢ QTL ߇ᬌߐࠇߡࠆ ߩઁޔߢߎߘޕ4 ኅ♽ߦߟߡ߽ SNP-9
ߩㆮવሶဳߣࡠࠬ⧌㕙Ⓧ⊹ޔਅ⢽⢌ෘߣߩ㑐ㅪࠍߺࠆߣߩࠇߕޔኅ♽ߦ߅
ߡ߽ޔSNP-9 ߩఝ⦟ဳࠕ࡞ࠍᜬߟߣࡠࠬ⧌㕙Ⓧ߇ᄢ߈ߊޔߚ߹ޔ‐
ߦߟߡߪ⊹ਅ⢽⢌ෘ߇⭯ߎߣ߇ࠊ߆ߞߚޔߡߞ߇ߚߒޕCW-2 ߪᄙ㕙⊛ߥല
ᨐࠍᜬߟ QTL ߢޔఝ⦟ဳࠕ࡞ߪ⡺↪‐ߩᒻ⾰ߣߒߡᅢ߹ߒലᨐࠍ૬ߖᜬߞ
ߡࠆߣ⠨߃ࠄࠇߚ⚿ߩࠄࠇߎޕᨐࠍၮߦ࿖ౝ․⸵ࠍ㗿ߒߚޕ
 ᰴߦޔCW-2 ࡋ࠹ࡠ⒳㓶‐ߩ↥ሶ 6 㗡ߦߟߡ⩄ᤨߩ⣛⤳ߩᄢ߈ߐࠍᲧ
セߒߚߣߎࠈޔCW-2 ఝ⦟ဳࠕ࡞‐ߪ⣛⤳ߩᄢ߈ะ߇ࠄࠇߚ⚦ޕ⢩
ᦼߩ⽶ߩᓮ࿃ሶߢࠆ p27Kip1 ߩࡁ࠶ࠢࠕ࠙࠻ࡑ࠙ࠬߢߪ⚦ޔ⢩Ⴧᱺ߇⋓ࠎ
ߦߥࠆߚ㊀Ⴧടߣߣ߽ߦ⣛⤳߿⢷⣼߇⢈ᄢߔࠆߎߣ߇ႎ๔ߐࠇߡ߅ࠅ
㧔Fero ࠄޔCell, 31: 783-744,1996㧕ޔCW-2 ఝ⦟ဳߦ߅ߡ߽⚦⢩Ⴧᱺ߇⋓ࠎߦ
ߥߞߡࠆน⢻ᕈ߇ࠆޕNCAPG ߩ SNP-9 ߦࠃࠆࠕࡒࡁ㉄⟎឵߇⚦⢩Ⴧᱺߦ
ᓇ㗀ࠍਈ߃ࠆ߆ุ߆ࠍ⺞ߴࠆ⋡⊛ߢ⚦⧘⛽❫ࠬ࠙ࡑޔ⢩↱᧪ Flp-In3T3 ᩣࠍ↪
ߡ NCAPG ߩ Q ဳߣ q ဳߩቯ⊒ᩣࠍߘࠇߙࠇขᓧߒ⚦ޔ⢩ჇᱺㅦᐲࠍᲧセ
ߒߚ߇ޔᗧߥ⚿ᨐߪᓧࠄࠇߥ߆ߞߚޕNCAPG ߪ⒳㑆ߢࠃߊሽߐࠇߡࠆ߇ޔ
SNP-9 ߦኻᔕߔࠆࠕࡒࡁ㉄ᱷၮߪޔQ ဳߪ Metޔq ဳߪ Ile ߢࠆߩߦኻߒߡޔ
ࡑ࠙ࠬ㧔ߣࡅ࠻㧕ߪ Val ߢࠅޔዉ࠙ࠪ NCAPG ㆮવሶߩ⊒㊂߇ࡑ࠙ࠬ
NCAPG ㆮવሶ⊒㊂ߣห⒟ᐲߢߒ߆ߥ߆ߞߚߚߦ Q ဳߣ q ဳߩ⚦⢩Ⴧᱺߩ
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Ꮕࠍᬌߢ߈ߥ߆ߞߚߩ߆߽ߒࠇߥޕ
(5)-3. Marbling-2㧔⢽⢌㔀-2㧕ߩ⸃ᨆ㧔ችፒ⋵ጘ㒂⋵ߣߩห⎇ⓥ㧕
 ᤓᐕᐲ߹ߢߦޔ⒳㓶‐ A ኅ♽ࠍ↪ߡ BTA 7 ࡦ࠻ࡠࡔࠕ㗔ၞ 18.6 cM ߦ⢽
⢌㔀㗔ၞ㧔Marbling-2㧕ࠍ․ቯߒޔA ߩඨఱᒉߩ⒳㓶‐ B ߇ߎߩ QTL 㗔ၞౝ
ߢ⚵ߺ឵߃ࠍ߅ߎߒߡࠆߎߣࠍ↪ߒߡޔ2.9 cM ߦ߹ߢ⁜ߚ㧔ᐔ㊁ࠄޔ
Animal Genetics, 39: 79-83, 2008㧕ޔߒ߆ߒޕ㤥Ძ⒳৻⥸㓸࿅ߢߩఝ⦟ㆮવሶ
ဳ Q ߩ㗫ᐲ߇ૐߚ⋧ޔ㑐⸃ᨆߢ㗔ၞࠍ⁜ࠆߎߣߪߢ߈ߥ߆ߞߚޕㅪ㎮ߔ
ࠆ SNP ࠕ࡞ࠍߔߚޔ⒳㓶‐ A ߅ࠃ߮ B ߩ 2.9 cM 㗔ၞ㧔4.2 Mb㧕ߩႮ
ၮ㈩ࠍ⸃⺒ߔࠆߎߣࠍ㐿ᆎߒߚޕᰴઍဳ DNA ࠪࠤࡦࠨࠍ↪ߡޔ⒳㓶‐
A ߩ 5.5 ࠥࡁࡓಽߩ㈩㧔SNP ᬌ⚝ߦᔅⷐߥ࠺࠲㊂ߩ⚂ 1/5㧕ࠍജߒߚ࠺ޕ
࠲⸃ᨆࠍᄖᵈߒߡ⸃ޔᨆᣇᴺߩ⦟ุࠍᬌ⸛ߔࠆߣߣ߽ߦㅜਛ⚻ㆊࠍᛠីߒߚޕ
 ߹ߚޔ೨ᬺ߆ࠄߩ⛮⛯ߢࠆޔ⒳㓶‐ A ߩ Q ↥ሶߣ q ↥ሶฦ 3 㗡ߩࡃࠗࠝ
ࡊࠪࠨࡦࡊ࡞ߩ㓸㧔8—30 ࡩ㦂㧕ࠍᐔᚑ 20 ᐕ 10 ߦ⚳ੌߒߚޕ
(5)-4. Marbling-3㧔⢽⢌㔀-3㧕ߩ⸃ᨆ㧔ᐶ⋵ߣߩห⎇ⓥ㧕
 ߎࠇ߹ߢߦޔBTA 4 ߦ⢽⢌㔀 QTL ߇ᬌߐࠇߚ 2 㗡ߩ⒳㓶‐㧔AޔB㧕ߩࡂ
ࡊࡠ࠲ࠗࡊᲧセߣ⋧㑐⸃ᨆߦࠃߞߡ QTL ߩ㗔ၞࠍ 46 cM ઃㄭߩ⚂ 0.7 Mb
߹ߢ⛉ࠅㄟࠎߛޔߦࠄߐޕ㗔ၞౝߩ 4 ߟߩᣢ⍮ㆮવሶߦߟߡᄌ⇣ត⚝ߣ
⊒⸃ᨆࠍⴕޔQTL ߩ⽿છㆮવሶߣߥࠅ߁ࠆ߆ᬌ⸛ߒߚޕᐕᐲ߽ᒁ߈⛯߈
QTL ߩ⽿છㆮવሶߣ⽿છ SNP ߩหቯࠍ⹜ߺߚޕ
 ห৻⋵ౝᏒ႐ߦ⩄ߐࠇߚ⢈⢒‐ࠃࠅޔ⩄㗡ᢙߩᄙ⒳㓶‐ 6 㗡ߩ↥ሶࠍ
⸃ᨆߦ↪ߚޕBTA 4 ߦ㈩⟎ߒߚࡑࠗࠢࡠࠨ࠹ࠗ࠻ߩဳ್ቯࠍⴕޔῳᣇ↱
᧪ߣᲣᣇ↱᧪ࠕ࡞ࠍផቯߒߚޕ㓞ធߔࠆฦࡑࠞࡍࠕߦ߅ߡޔఝ⦟ဳ㧔Q㧕
ࠕ࡞ᢙ㧔0ޔ1ޔ2㧕ߣ BMS ߣߩ✢ᒻ࿁Ꮻࠍⴕߞߚޕ࿁Ꮻಽᨆߦࠃߞߡߎ
ࠇ߹ߢߩ⋧㑐⸃ᨆߩ⚿ᨐࠍౣᬌ⸛ߒߚߣߎࠈޔ⒳㓶‐ A ߣ B ߩߕࠇߩ Q ࠕ
࡞ߦ߅ߡ߽ 46 cM ઃㄭߩ㗔ၞߢᗧߥ P ୯߇ᓧࠄࠇߩߎޔ㗔ၞ߇ BMS
ߣᒝߊ⋧㑐ߒߡࠆߎߣ߇⏕ߐࠇߚޕ
 ᦨ⚳⊛ߦ⛉ࠅㄟ߹ࠇߚ⚂ 0.7 Mb ߩ㗔ၞߦߪ 4 ߟߩᣢ⍮ㆮવሶ 㧔Gene_1ޔ
Gene_2ޔGene_3ޔGene_4㧕߇ሽߒߡߚࡦ࠰ࠢࠛޕౝߩ SNP ᬌ⚝ߣࠕ
࡞㑆ߩ⊒㊂Ყセ߆ࠄޔGene_2 ߣ Gene_4 ߇⽿છㆮવሶߢࠆน⢻ᕈߪૐ
߇ޔGene_3 ߪജߥㆮવሶߢࠆߣ⠨߃ࠄࠇߚޕGene_1 ߩ╭㑆⢽⢌߅ࠃ
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߮╭⚵❱ߢߩ⊒ߪ⏕ߐࠇߚ߇ޔQQ 㧔2 㗡㧕ߣ qq 㧔3 㗡㧕ߩ㑆ߩ
⍎ߥ⊒Ꮕߪⷰኤߐࠇߥ߆ߞߚ⟎㉄ࡁࡒࠕޔߚ߹ޕ឵ SNP ߇ᬌߐࠇߕ߹ޔ
ߚ⢽⢌⚦⢩ಽൻߣߩ㑐ㅪࠍ␜ໂߔࠆႎ๔߽ߥߎߣ߆ࠄ⽿ޔછㆮવሶߢࠆน
⢻ᕈߪૐߣ⠨߃ࠄࠇߚޕ
 ߘߎߢޔGene_3 ࠍᦨ߽ജߥㆮવሶߣ⠨߃╭ޔ㑆⢽⢌ߣ╭⚵❱ߦ߅ߡޔ
ఝ⦟ဳ㧔Q㧕ߣ㕖ఝ⦟ဳ㧔q㧕㑆ߩ⊒㊂ߩ㆑ࠍቯ㊂⊛ PCR ߦࠃࠅ
ᲧセߒߚޕGene_3 ߪ QQ ဳߩ╭㑆⢽⢌⚵❱ߦ߅ߡ qq ဳߦᲧߴߡ⚂ 4.5 ⊒
㊂߇㜞⊒ޕᏅߩේ࿃ߣߥࠆᄌ⇣ߩᬌࠍ⋡⊛ߣߒߡ 5'ᵹ 3.2 kb ࠍ⺞ߴޔ
6 ߩ SNP ࠍᬌߒߚޕ㤥Ძ⒳৻⥸㓸࿅ߩဳ್ቯ⚿ᨐࠍ߽ߣߦ BMS ޔ
ਅ㓸࿅ߢߩ࠺ࠖࡊࡠ࠲ࠗࡊ㧔Diplotype㧕ౣ᭴ᚑࠍⴕࡊࠗ࠲ࡠࡊࡂޔ㗫ᐲផ
ቯࠍⴕ߁ߣޔ2 ߟߩ SNP㧔SNP-6 ߣ SNP-9㧕ߩ Q ࠕ࡞ߪ BMS 㓸࿅ߦᄙ
ࡂࡊࡠ࠲ࠗࡊߩߺߢࠄࠇߚޔߡߞ߇ߚߒޕේ࿃ߣߥࠆᄌ⇣ߪ SNP-6 ߆ SNP-9
ߢࠆߣ੍ᗐߐࠇߚޕ
 Gene_3 ߩ 5'  ᵹ ၞ ࠍ PCR ᴺ ߦ ࠃ ࠅ Ⴧ  ߒ  ޔpGL3-basic  ࠆ  ߪ
pGL3-promoter vector ߦㅪ⚿ߒࠬ࠙ࡑޕߚߞⴕࠍࠗ࠶ࠕ࠲ࡐޔ⢽⢌⚦
⢩೨㚟⚦⢩ᩣߩ 3T3L1 ࠍ⢽⢌⚦⢩ಽൻၭߦ⒖ߒޔ8 ᣣ㑆ၭ㙃ߔࠆߎߣߢ⢽
⢌⚦⢩ߦಽൻߐߖޔㆮવሶዉߒߚޕㆮવሶዉ 24 ᤨ㑆ᓟࠚࡈࠪ࡞ޔᵴ
ᕈࠍ᷹ቯߒߚ ߩࠇߙࠇߘޕSNP ࠍ 5'ᵹၞࠍࡐ࠲ㆮવሶߦㅪ⚿ߒޔ
ࠕ࡞ߣォ౮ᵴᕈߩ㑐ଥߦߟߡᬌ⸛ߒߚߣߎࠈޔSNP-6 ࠍ construct ߢߪ
Q ဳ߇ q ဳࠃࠅ߽ォ౮ᵴᕈ߇㜞ะ߇ࠄࠇߚޕ
(5)-5. ᓟߩㅴᣇ
 CW-1 ߦߟߡߪޔ Gene_2-Tg ࡑ࠙ࠬߩ߽߁৻♽⛔ߩ㊀ࠍ⺞ߴߡࠆޕ
వߩ Tg ♽⛔ߣห᭽ߦޔ㊀Ⴧടߦᛥ⊛ߦ↪ߒߚ႐วޔQޔq ࠕ࡞㑆ߩ⊒
ࡌ࡞ߦᓇ㗀ߔࠆᯏ⢻⊛ߥᄌ⇣ࠍߟߌࠆ৻ޕᣇߢోޔㄘߣหߢᚑߒߡ
ࠆ Gene_2-KO ࠙ࠪߩჇ߇ఝࠇߡߚ႐ว⽿ޔછㆮવሶߣߒߡߩ⋥ធ⊛⸽
ߣ⠨߃ࠄࠇࠆޕᰴߦޔnon-coding RNA ᭽ߩ․ᓽࠍߔࠆ Gene_2 ߩᯏ⢻ࠍࠄ
߆ߦߔࠆ ࠬ࠙ࡑޕcDNA ࡑࠗࠢࡠࠕࠗߢޔჇ߇ᄌൻߒߚ Gene_2-Tg ࡑ࠙ࠬ
ߩㆮવሶ⊒ࡊࡠࡈࠔࠗ࡞ࠍ⺞ߴࠆߎߣ߆ࠄᮡ⊛ㆮવሶߩ⸃ᨆࠍᆎࠆޔߚ߹ޕ
CW-2 ߩ Q ဳߪ Metޔq ဳߪ Ile ߢࠆ߇㉄ࡁࡒࠕߩߎޔᄌ⇣ߩᓇ㗀ࠍ⚦⢩ࡌ
࡞ߢ⺞ߴࠆޕ
 Marbling-1㧔⢽⢌㔀-1㧕ߩജߥㆮવሶ Gene_1 ߪ 600 bp ߩ non-coding
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RNA ߢࠅࠪ࠙ޔ⢽⢌⚦⢩ಽൻ♽ߢ⊒߇Ⴧടߒ㉄ࡦࠗࡁ࠴ޔᷝടߢߐࠄߦ
ଦㅴߐࠇࠆޕᐕᐲߩㅴዷߪή߆ߞߚޕMarbling-2㧔⢽⢌㔀-2㧕ߦߟߡߪޔ
․ቯߒߚ BTA 7 ࡦ࠻ࡠࡔࠕ㗔ၞ 2.9 cM (4.1 Mb) ߩ⸃⺒ࠍᰴᐕᐲߦߪ⚳߃⽿ޔ
છ SNP ߩหቯࠍⴕ߁ޕMarbling-3 ߦߟߡߪޔޔSNP-6 ߅ࠃ߮ SNP-9 ߩࡊࡠࡕ
࠲ᵴᕈߦ߷ߔᓇ㗀ࠍߐࠄߦߒߊ⺞ߴࠆߣߣ߽ߦޔᄢⷙᮨ㤥Ძ⒳㓸࿅
ࠍ↪ߚലᨐᬌ⸽ࠍⴕߚޔߦࠄߐޕGene_3 ߩ⢽⢌㔀ߣߩ㑐ㅪࠍ⺞ߴࠆ⋡
⊛ߢ⚦ޔ⢩♽ࠍ↪ߚ⸃ᨆࠍㅴⴕਛߢࠆޕ
4) ࠙ࠪ᛫∛ᕈㆮવሶᐳߩ⸃ᨆ
(1) ⎇ⓥᐕᰴ㧦ᐔᚑ 7 ᐕ—ᐔᚑ 20 ᐕ
(2) ⎇ⓥ⋡⊛ߣᦼᓙߐࠇࠆᚑᨐ
 ዊဳࡇࡠޔ⢽⢌უᱫ∝ޔᚱἻ╬ߩ∔∛ߦኻߔࠆᗵฃᕈ㧔ᛶ᛫ᕈ㧕ߪޔන⚐
ഠᕈㆮવߢߪߥ߽ߩߩޔㆮવ⊛Ꮕ⇣ߩࠆߎߣߪࠄ߆ߢࠅ∔ߩࠄࠇߎޔ
∛ߦኻߔࠆᗵฃᕈ㧔ᛶ᛫ᕈ㧕ߦߟߡ DNA ⸻ᢿߢࠬࠢ࠾ࡦࠣߢ߈ࠇ߫⚻ᷣ
⊛ߦ㊀ⷐߥᗧ⟵ࠍᜬߟߎߣߣߥࠆߩࠄࠇߎޕౝޔᐔᚑ 20 ᐕᐲߦߪᚱἻߦߟ
ߡㅴዷ߇ߞߚޕ
(3) ࠙ࠪ᛫∛ᕈㆮવሶᐳߩ⸃ᨆߦ㑐ࠊࠆᐕᐲߩᚑᨐ
(3)–1. ᚱἻᛶ᛫ᕈߩ⸃ᨆ㧔ኅ⇓ᡷ⦟ࡦ࠲ߣߩห⎇ⓥ㧕
 ‐⟲ᬌቯߦෳടߒߚ៦‐ߩೋ↥ᰴ⚦⢩ᢙࠍᚱἻᛶ᛫ᕈߩᜰᮡߣߒߚޕ
․ቯၞߢ㘺㙃ߐࠇޔㅢߩῳ‐↱᧪ߩ㓸࿅߆ࠄޔ⚦⢩ᢙ߇ૐ㓸࿅㧔<
25,000; 297 㗡㧕ߣ㜞㓸࿅㧔> 100,000; 181 㗡㧕ࠍ㓸ߒޔㅪ㎮⸃ᨆߒߚ⚿ᨐޔ
BTA 21 ߣ BTA 22 ߦᗧߥㅪ㎮ࠍߛߒߚޕBTA 22 ߩ QTL ߦߟߡࠣޔ
ࠪ ࡦ ᱷ ၮ 1  ߩ ᝌ ᄌ ⇣ ߩ   ࠄࠇߚ FEZL 㧔 Forebrain embryonic zinc
finger-like㧕ࠍ⽿છㆮવሶߣߒߚޕᝌᄌ⇣ߩࠆ FEZL ㆮવሶߪᗵฃဳ㧔S㧕ߢޔ
ߘ߁ߢߥᣇߪᛶ᛫ဳ㧔R㧕ߢߞߚޔߚ߹ޕBTA 21 ߩ QTL ߦߟߡޔㆮ
વሶ IGF1R ߩࡊࡠࡕ࠲ᵴᕈࠍᡰ㈩ߔࠆ SNP ࠍߛߒߚޕၭ㙃⚦⢩♽ࠍ
↪ߚታ㛎߆ࠄޔIGF1R ߩ FEZL ߦࠃࠆ⊒⺞▵ࠍࠄ߆ߦߒߚ࠲ࡕࡠࡊޕ
ㇱߩ SNP ߪᛶ᛫ᕈߣㅪ㎮ߒߡ߅ࠅޔၭ㙃⚦⢩♽ࠍ↪ߚታ㛎ߢ⚦⩶ߩ㘩
ᕈߦᓇ㗀ߔࠆߎߣ߇ࠊ߆ߞߚޕၭ㙃⚦⢩♽ࠍ↪ߚታ㛎ߢޔIGF1R ߩ⊒ߩ
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߇ߩ⩶⚦ޔ㘩ᕈࠍ㒖ኂߔࠆߎߣࠍ␜ߒߚ㧔․⸵↳⺧ਛ㧕ޕ
 ᐕᐲߪ FEZL ߩᚱἻ⊒∝₸ߦኻߔࠆലᨐࠍ⺞ߴࠆߚޔචൎㄘᬺᷣ⚵
วߣࡎ࡞ࠬ࠲ࠗࡦ⊓㍳දળർᶏᡰዪߩදജࠍᓧߡޔ2003 ᐕᐲ߆ࠄ 2006 ᐕᐲ
߹ߢߩචൎᣇߦ߅ߌࠆ⊒∝₸ߣ㓽‐ߩῳⷫ 170 㗡ߩ FEZL ߩㆮવሶဳߣߩ㑐
ଥࠍ⺞ߴߚ ߩߎޕ4 ᐕ㑆ߦචൎᣇߦ߅ߡ⊓㍳ߐࠇߡ߅ࠅޔߟ߆ޔῳⷫߩ FEZL
ߩㆮવሶဳ߇್ߒߚᆷ‐ߪޔᑧߴ 107,280 㗡ߢߞߚ ߜ߁ߩߎޕ12G/13G
FEZL ࠍᜬߟ⒳㓶‐߆ࠄ↢߹ࠇߚᆷ‐ߪ 17,280 㗡ߢࠅޔ13G/13G FEZL ࠍᜬ
ߟ⒳㓶‐߆ࠄ↢߹ࠇߚᆷ‐ߪ 90,350 㗡ߢߞߚޕ3 ᱦ㦂એ㒠ߦ߅ߌࠆ⊒∝₸ߪ
12G/13G FEZL ࠍᜬߟ⒳㓶‐߆ࠄ↢߹ࠇߚᆷ‐ߩᣇ߇⊒∝₸ߪᗧߦૐ߆ߞߚޕ
(4) ᓟߩㅴᣇ
 ᣣᧄࡎ࡞ࠬ࠲ࠗࡦ⊓㍳දળߥߤߣหߢࡎ࡞ࠬ࠲ࠗࡦ⒳⒳㓶‐ߩㆮવሶဳߣ
៦‐ߩᚱἻ⊒∝₸ߦߟߡߩ⋧㑐ᕈࠍ⛮⛯ߒߡ⺞ߴࠆޔߚ߹ޕ⒳㓶‐ߩ SCS
⢒⒳ଔߣߩ㑐ଥ߽⺞ߴࠆޕ
(5) ࿖ౝ߅ࠃ߮ᶏᄖߩ⁁ᴫ
 ߎࠇ߹ߢ☨ޔ࿖ㄘോ⋭☨ޔ࿖ࠗࡁࠗᄢቇࠚ࠙࡞ࡁޔㄘᬺᄢቇߥߤ߆ࠄޔ
⚦⢩ᢙࠍᜰᮡߣߒߚᚱἻᛶ᛫ᕈߩࡑ࠶ࡇࡦࠣ߇ႎ๔ߐࠇߡࠆޕ
5) ࠙ࠪోࠥࡁࡓࠍኻ⽎ߣߔࠆ⋧㑐⸃ᨆ
(1) ⎇ⓥᐕᰴ㧦ᐔᚑ 18 ᐕ—ᐔᚑ 20 ᐕ
(2) ⎇ⓥ⋡⊛ߣᦼᓙߐࠇࠆᚑᨐ
 ߎࠇ߹ߢ࠙ࠪ⚻ᷣᒻ⾰ߩࠥࡁࡓ⸃ᨆߢߪޔῳᣇඨ߈ࠂ߁ߛኅ♽ࠍᚑߒޔ
ࡑࠗࠢࡠࠨ࠹ࠗ࠻ߩࠃ߁ߥᄙဳᕈߩ㜞 DNA ࡑࠞߩဳ್ቯ⚿ᨐߦၮߠ
ߚ QTL ⸃ᨆࠍⴕߞߡ߈ߚ߇ޔᒰ⎇ⓥᚲߣ࿖㓙ࠦࡦ࠰ࠪࠕࡓߦࠃࠆ࠙ࠪࠥ
ࡁࡓ⸃⺒ߩㅴዷߦࠃࠅޔᣂߒ⸃ᨆᚻᴺ߇⏕┙ߒߟߟࠆޔߜࠊߥߔޕᄙᢙߩ
SNP ࠍ↪ߚࠥࡁࡓࡢࠗ࠼⋧㑐⸃ᨆߢࠆߡ߅ߦࠪ࠙ޕᢙ 10K ߩ SNP ⸃ᨆ
ࠪࠬ࠹ࡓ߇ታ↪ൻߐࠇޔኅ♽ߦࠃࠄߥ৻⥸㓸࿅ࠍኻ⽎ߣߒߚࠥࡁࡓࡢࠗ࠼⋧
㑐⸃ᨆ߇น⢻ߦߥࠅߟߟࠆ╬ࡓࡁࠥ↪‐ޕត⚝⍮⊛⽷↥ൻᬺߩ㐿ᆎߦ
ޔᣂᚻᴺࠍᵴ↪ߒߟߟ⸃ߢ߹ࠇߎޔᨆߩ࿎㔍ߢߞߚᒻ⾰߽⸃ᨆߩኻ⽎ߦ
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ട߃ ߥ↪ޔDNA ᖱႎࠍត⚝ߒߡߊޕ
(3) ࠙ࠪ 50K SNP ࠴࠶ࡊࠍ↪ߚࠥࡁࡓࡢࠗ࠼⋧㑐⸃ᨆ
(3)-1. ⢽⢌უᱫᛶ᛫ᕈ
 ⸃ᨆࠨࡦࡊ࡞ߪޔ⢽⢌უᱫ߇ਥ࿃ߩᱫᑄ‐ࠆߪ㊀◊ߥ∝⁁ߩࠍ Case
ߣߒޔ⢽⢌უᱫߩ∝⁁߇⏕ߐࠇߥஜᏱ‐ࠍ Control ߣߒߚߩ⛔ⴊޕࠅࠍዋ
ߥߊߔࠆߚߦ Case ߣ Control ߢῳⷫࠆߪᲣᣇῳ߇ㅢߣߥࠆࠃ߁ߦߒ
ߚ⋧ޕ㑐⸃ᨆߦ↪ߔࠆࠨࡦࡊ࡞ᢙߪ Case ߇ 142 㗡ޔControl ߇ 167 㗡ߢว⸘
309 㗡ߣߥߞߚ ߡߟߦ࡞ࡊࡦࠨߩࠄࠇߎޕ50K SNP ࠴࠶ࡊߩ࠲ࠗࡇࡦࠣࠍⴕ
ߞߚ⚿ᨐޔ㤥Ძ⒳ߢᄙဳᕈࠍᜬߜ⸃ᨆߦ߃ࠆ SNP ᢙߪ 54,001 ߩ߁ߜ⚂
40,000 ߢߞߚޕPLINK ࡊࡠࠣࡓࠍ↪ߡㆮવሶဳߩหᕈ㧔ⴊ⛔㧕ߦၮ
ߠߊࠢࠬ࠲ࡦࠣࠍⴕ㧔᭴ㅧൻߩᓇ㗀ࠍ࿁ㆱߔࠆߚ㧕࡞ࠕޔ㗫ᐲߩࠅ
ߦߟߡᬌቯߒߚ⚿ᨐޔBTA 3 ߩ 2 ߟߩ SNP ߇ߘࠇߙࠇ P = 5.110-6ޔP = 7.5
10-6 ߢᏫή⺑߆ࠄߩਵ㔌߇ࠄࠇߚޕ2 ߟߩ SNP ߪቢోㅪ㎮ਇᐔⴧ⁁ᘒߦ
ࠅ ⚂ޔ76 kb ߩ LD ࡉࡠ࠶ࠢࠍ᭴ᚑߒߡߚࠢ࠶ࡠࡉߩߎޕౝߩㆮવሶߦߟ
ߡߪߩ࠻ࡅޔౝ⤳⢽⢌ߦ߅ߌࠆ⊒㊂߇ BMI㧔Body Mass Index㧕ߣ⽶ߩ⋧㑐߇
ࠆߣႎ๔ߐࠇߡࠆޕ
(3)-2. ⢽⢌㔀
 ዼ႐߆ࠄ㓸ߒߚ⢈⢒‐ߦߟߡޔBMS No.ߩߣਅ 10㧑ߕߟ߆ࠄ
ࠨࡦࡊ࡞ࠍㆬᛮߒߚޕᏒ႐ߦޔBMS No.ߣਅߢඨ߈ࠂ߁ߛࠍࡑ࠶࠴
ߐߖࠆࠃ߁ߦࠍㆬ߮ޔߣਅߢ 303 㗡ߕߟޔว⸘ 606 㗡ࠍ⸃ᨆߦ↪
ߚ ߕ߹ޕPLINK ߢ⸥ߩ⢽⢌უᱫᛶ᛫ᕈߩ㓸࿅ߣห᭽ߦ⛔⸘⸃ᨆࠍⴕߞߚ߇᭴
ㅧൻࠍ࿁ㆱߢ߈ߥ߆ߞߚ ߢߎߘޕEIGENSTRAT ࡊࡠࠣࡓࠍ↪ߡਥᚑಽಽᨆ
ߦࠃࠆᱜࠍⴕޔㆮવሶဳ㗫ᐲߩࠅߦߟߡᬌቯߒߚ⚿ᨐޔBTA 4ޔBTA 19ޔ
BTA 23 ߢ㑐ㅪߩࠆ SNP ࠍᬌߒߚ ߦ․ޕBTA 4 ߩ SNP ߪ P = 6.1  10-7
ߢࡏࡦࡈࠚࡠ࠾ߩᱜࠍ⠨ᘦߒߡ߽ǩ = 0.05 ߢᗧߢߞߚޕBTA 4 ߩ SNP
ߪㄭறߩ SNP ߣ⚂ 500 kb ߩ▸࿐ߦ LD ࡉࡠ࠶ࠢࠍ᭴ᚑߒߡ߅ࠅߩߎޔ㗔ၞߪኅ
♽⸃ᨆߢᬌߐࠇߚ⢽⢌㔀 QTL ߩㄭߊߦሽߒߡߚޕ
(4) ࡑࠗࠢࡠࠨ࠹ࠗ࠻ࠍ↪ߚࠥࡁࡓࡢࠗ࠼⋧㑐⸃ᨆ
(4)-1. ណෆᕈ㧔ኅ⇓ᡷ⦟ࡦ࠲ޔᣂẟᄢቇోㄘ ET ࡦ࠲ߣߩห⎇ⓥ㧕

-25㧙㧙

 ࠙ࠪߩ⢒⒳ࠍㅴࠆߦߪޔఝ⑲ߥߩሶቊࠍᄙߊᱷߔߎߣ߇㊀ⷐߢࠆޕ
ߘߩߚߦㆊឃෆಣℂߢᄙᢙߩ⢦ࠍណ㓸ߔࠆᚻᴺ߇ߣࠄࠇࠆ߇ޔ1 ࿁ߚࠅߦᓧ
ࠄࠇࠆ࿁ෆᢙߪ 0 ߆ࠄ 50 ߣᏅߪᄢ߈ޕߩෆሶ↢↥⢻ജߪㆮવ
⊛ߥ㕙߇ዋߥߊߥߩߢޔㅪ㎮⸃ᨆࠍ↪ߚㆊឃෆᔕᕈㆮવሶߩหቯࠍ⹜
ߺߚޕ
 1999 ᐕ߆ࠄ 2005 ᐕߦ߆ߌߡోޔㄘ ET ࡦ࠲ߢߪޔ639 㗡ߩ࠙ࠪࠍ↪ߡޔ
6,128 ࿁ FSH ẋᷫᛩਈᴺߦࠃࠅㆊឃෆಣℂࠍⴕߞߚޕ
ߎࠇࠄߩ࠺࠲ࠍ↪ߡޔ
ᐔဋ࿁ෆᢙ߇ዋߥ 67 㗡㧔7.8 એਅ㧕߮ᄙ 67 㗡㧔16.6 એ
㧕ࠍㆬᛮߒߚޕㆬᛮߒߚߩⴊᶧࠃࠅ DNA ࠍߒࡃࠞࠍࡓࡁࠥోࠪ࠙ޔ
ߔࠆ 1,157 ߩࡑࠗࠢࡠࠨ࠹ࠗ࠻ߦߟߡဳ್ቯࠍⴕޔㅪ㎮⸃ᨆߒߚߣ
ߎࠈޔBTA 7 ߦᗧߥㅪ㎮߇ࠄࠇߚޕBTA 7 ߦߐࠄߦ 89 ߩ DNA ࡑࠞ
ࠍട߃ߡㅪ㎮⸃ᨆࠍⴕߞߚߣߎࠈޔ80-82 cM 㗔ၞ߇㗔ၞߢࠆߎߣ߇್
ߒߚߩߎޕ㗔ၞߦሽߔࠆࠗࠝࡦ࠴ࡖࡀ࡞ဳࠣ࡞࠲ࡒࡦ㉄ฃኈ GRIA1
ㆮવሶߦߟߡႮၮ㈩ࠍ⸃ᨆߒߚߣߎࠈޔ㜞ឃෆဳߣૐឃෆဳߣߩ㑆ߦࠕࡒ
ࡁ㉄ᄌ⇣ࠍߎߔ SNP ࠍߛߒߚ㧔17r9  vs. 11r7 ޔP = 3.3E-05㧕ޕ
ߎߩࠕࡒࡁᱷၮߩ⋧㆑߇ࠣ࡞࠲ࡒࡦ㉄ฃኈᯏ⢻ߦ߷ߔᓇ㗀ࠍᬌ⸛ߔࠆߚ
ߦߩࠇߙࠇߘޔ㈩ࠍᜬߟ࠙ࠪ GRIA1 cRNA ࠍࠕࡈࠞ࠷ࡔࠟࠛ࡞ෆᲣ⚦⢩ߦ
⊒ߐߖޔ㔚᳇↢ℂቇ⊛ߦ᷹ቯߒߚ⚿ߩߘޕᨐޔ㜞ឃෆဳ㈩ࠍᜬߟ GRIA1 ߪ
ૐឃෆဳ㈩ࠍᜬߟ߽ߩࠃࠅ߽ࠣ࡞࠲ࡒࡦ㉄ߦኻߔࠆⷫᕈ߇㜞ߎߣ߇ࠄ
߆ߦߥߞߚ㧔4.45 ǴM vs. 10.68 ǴM㧕⥝ޕᅗᕈ⚻વ㆐ߩਛᔃࠍ᭴ᚑߔࠆ AMPA
ဳࠣ࡞࠲ࡒࡦ㉄ฃኈ GRIA1 ߪޔᕈ⣼ೝỗࡎ࡞ࡕࡦࡎ࡞ࡕࡦߩ⺞▵ߦ߽㑐
ਈߔࠆߎߣ߇ႎ๔ߐࠇߡ߅ࠅ ߩߎޔ2 ߟߩᄙဳߦࠃࠆฃኈߩᯏ⢻⊛ߥ⋧㆑߇
ෆ⢩⊒⢒ߩ㆑ࠍ߽ߚࠄߔߎߣ߇␜ໂߐࠇߚޕ
(4)-2. ↢ᤨ㊀㧔ಽᇂ㔍ᤃᐲ㧕ߩ⸃ᨆ㧔ኅ⇓ᡷ⦟ࡦ࠲ߣߩห⎇ⓥ㧕
 ⚂ 1,800 㗡ߩࡎ࡞ࠬ࠲ࠗࡦ⒳ሶ‐㓸࿅ࠍኻ⽎ߣߒߚ⋧㑐⸃ᨆࠍⴕߞߡࠆޕ
ਅ 15%ߦᒰߚࠆ 86 㗡ߕߟߩࠣ࡞ࡊ㧔high, 51-65 kg vs. low, 22-35 kg㧕ߦߟ
ߡ 1,151 ߩࡑࠗࠢࡠࠨ࠹ࠗ࠻ࠍ↪ߚ৻ᰴࠬࠢ࠾ࡦࠣࠍⴕޔᗧ
ߥ⋧㑐ᕈߩࠄࠇߚ 12 ߩᨴ⦡ߦߟߡࡑࠞࠍჇ߿ߒߚੑᰴࠬࠢ࠾
ࡦࠣࠍⴕߞߚޕᗧߥ⋧㑐߇ࠄࠇߚ 9 ߩᨴ⦡ߦߟߡਃᰴࠬࠢ࠾ࡦ
ࠣਛߢࠆޕ
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(5) ᓟߩㅴᣇ
 50K SNP ࠴࠶ࡊࠍ↪ߚࠥࡁࡓࡢࠗ࠼⋧㑐⸃ᨆߦࠃࠅޔ⢽⢌უᱫ∝߅ࠃ߮⢽
⢌㔀ߣ㑐ㅪߩࠆ SNP ߇ߊߟ߆ᬌߐࠇߚࠍ⛔ⴊޕ⠨ᘦߒߚࠨࡦࡊࡦࠣ
߿ࡊࡠࠣࡓࠍ↪ߚᱜߦࠃࠅޔ㓸࿅ߩ᭴ㅧൻߩᓇ㗀ࠍૐᷫߔࠆߎߣ߇ߢ߈ޔ
㤥Ძ⒳৻⥸㓸࿅ࠍኻ⽎ߣߒߚ⋧㑐⸃ᨆ߇ലߥᚻᴺߢࠆߣ⠨߃ࠄࠇࠆޕ
 ߎࠇ߹ߢޔSNP ߣࡑࠗࠢࡠࠨ࠹ࠗ࠻ߩᲧセࠍⴕߞߡ߈ߚ߇ޔSNP ߩᣇߦ
ὐ߇ᄙࠞࡑޕᢙ߇ᄙߊߥࠇ߫ߥࠆ߶ߤ SNP ߩဳ್ቯᚻᴺߘߩ߽ߩߩኈᤃ
ߐ߇㓙┙ߞߡߊࠆᤨޕὐߢߩ SNP ࠴࠶ࡊߦߪᄙဳᕈߩ㜞 SNP ߇ዋߥߣ
߁㗴߇ࠆ߇ࡓࡁࠥޔߦሽߔࠆ SNP ᢙߪࡑࠗࠢࡠࠨ࠹ࠗ࠻ߣᲧߴᩴ
㆑ߦᄙߩߢޔᓟߩ SNP 㐿⊒ߢ⸃ߐࠇࠆߛࠈ߁ޕ㤥Ძ⒳ߢ↪ᕈࠍ㜞
ࠆߦߪޔ㤥Ძ⒳↱᧪ߩᄙဳᕈߩ㜞 SNP ࠍᄙᢙタߔࠆߎߣ߇ᦸ߹ߒߊޔ
ߎߩὐࠍᰴᐕᐲߩ⺖㗴ߣߒߥߌࠇ߫ߥࠄߥޕ
 ⋧㑐⸃ᨆߩߚߩࠨࡦࡊ࡞㓸ࠍᒁ߈⛯ߡⴕ߁ޕ㤥Ძ⒳ߢߪޔᨑ⡺ᒻ⾰ޔ
❥ᱺᕈޔ㘩ޔ⢽⢌უᱫޔ㘺ᢱല₸ߥߤߩ࠺࠲ઃ߈ߩ DNA ࠍ㓸ߒߡ߈ߚ
ࡦࠗ࠲ࠬ࡞ࡎޕ⒳ߢߪޔ៦‐ߩ⻉ᒻ⾰㧔ࡒ࡞ࠢ↢↥ᕈ❥ᱺᕈಽᇂ㔍ᤃ
ᐲဳ᳇⾰ᚱἻᛶ᛫ᕈߥߤ㧕ࠍ⸃ᨆߩኻ⽎ߣߒߚޕ
(6) ࿖ౝ߅ࠃ߮ᶏᄖߩ⁁ᴫ
 ㅪ㎮ਇᐔⴧࡑ࠶ࡇࡦࠣߪ⚻ߢ࡞ࠛࠬࠗ߿ࠡ࡞ࡌޔߢ߹ࠇߎޔᷣᒻ⾰ߩࡈ
ࠔࠗࡦࡑ࠶ࡇࡦࠣߩᚻᴺߣߒߡࠊࠇߡ߈ߚޕKirkpatrick ࠄ㧔Wisconsin ᄢ㧕ߪޔ
Ꮢ⽼ߐࠇߡࠆ 10 K SNP ࠕࠗ㧔ࠕࡈࠖࡔ࠻࠶ࠢࠬ␠㧕ࠍ↪ߡ‐ޔ
ߩሶ↥₸ࠍ 9 ኅ♽ߩῳᣇඨ߈ࠂ߁ߛኅ♽ߢㅪ㎮-ㅪ㎮ਇᐔⴧࡑ࠶ࡇࡦࠣࠍⴕ
ޔએ೨ߦඨ߈ࠂ߁ߛኅ♽ߢࡑ࠶ࡇࡦࠣߒߚ 5 ⇟ᨴ⦡ߩหߓ㗔ၞߦ QTL ࠍ
ߒߚޕ
 ☨࿖ࠞ࠽࠳ޔEUࡦࠗ࠲ࠬ࡞ࡎߪߤߥ࠼ࡦࠫࡘ࠾ޔࠕ࠻ࠬࠝޔ
⒳⒳㓶‐ߩㆬᛮߦޔ50K SNP ࠴࠶ࡊߩဳ್ቯߦၮߠߚࠥࡁࡓㆬᛮᴺ㧔ෳ⠨⾗
ᢱ㧦ንᮯ⎇ᴦ (2009) ࡓࡁࠥޟㆬᛮᴺታ↪ൻ߳ߩേ߈↥⇓ޔޠᛛⴚޔ648 ภޔ16-21
ࡍࠫ㧕ߣ߁ᣂᚻᴺࠍㆡ↪ߔࠆ⹜ߺࠍⴕߞߡࠆࡓࡁࠥޕㆬᛮᴺߢߪ QTL ߦ
ߟߡߩߩޘㆮવሶᐳࠍ㗴ߦߖߕޔᄙᢙߩࡑࠞᖱႎࠍ⸘▚ߒߡ⢒⒳ଔ
ࠍ᳞ࠆޔߡ߇߿ޕ⡺‐ߢ߽↪น⢻ߥࠥࡁࡒ࠶ࠢ⹏ଔᴺ߇㐿⊒ߐࠇࠆ߆߽ߒ
ࠇߥޕ
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2. ᐔᚑ 20 ᐕᐲ⎇ⓥ⊒
1) ⺰ᢥ⊒
1.

Watanabe, T., Hirano, T., Takano, A., Mizoguchi, Y., Sugimoto, Y.,

Takasuga, A. (2008) Linkage disequilibrium structures in cattle and their
application to breed identification testing. Animal Genetics, 39: 374-382.
2.

Abe, T., Saburi, J., Hasebe, H., Nakagawa, T., Kawamura, T., Saito, K.,

Nade, T., Misumi, S., Okumura, T., Kuchida, K., Hayashi, T., Nakane, S.,
Mitsuhasi, T., Nirasawa, K., Sugimoto, Y., Kobayashi, E. (2008) Bovine
quantitative trait loci analysis for growth, carcass, and meat quality traits in an F2
population from a cross between Japanese Black and Limousin. Journal of
Animal Science. 86: 2821-2832.
3.

Taniguchi, Y., Doronbekov, K., Yamada, T., Sasaki, Y., Takano, A.,

Sugimoto, Y., (2008) Genomic organization and promoter analysis of the bovine
ADAM12 gene. Animal Biotechnology, 19: 178-189.
4.

Yamada, K., Nakatsu, Y., Onogi, A., Takasuga, A., Sugimoto, Y., Ueda,

J., Watanabe, T. (2009) Structural and functional analysis of the bovine Mx1
promoter. Journal of Interferon & Cytokine Research, .
5.

ᷰㆻᢅᄦ (2008) ࠙ࠪㅪ㎮ᐔⴧࡉࡠ࠶ࠢߩಽᨆߣߘߩ↪ޕേ‛ㆮવ⢒

⒳⎇ⓥޔ36: 13-21㧔ࡒ࠾ࡆࡘ㧕ޕ
2) ቇળ⊒
1.

Takasuga, A., Setoguchi, K., Furuta, M., Hirano, T., Watanabe, T.,

Sugimoto, Y. : The Ile-442-Met substitution in NCAPG as a positional candidate
for bovine carcass weight QTL (CW-2) on chromosome 6. 30th International
Conference on Animal Genetics㧔╙ 31 ࿁࿖㓙േ‛ㆮવቇળᄢળ㧕ޔ2008 ᐕ 7 ޔ
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ࠕࡓࠬ࠹࡞࠳ࡓޕ࠳ࡦࠝޔ
2.

Miyazaki, Y., Kurogi, K., Kozono, Y., Shimanuki, S., Shimizu, K.,

Nishimura, S., Takasuga, A., Morita, M. : The validity of SNP markers for Bovine
Parentage Test in Japan. 30th International Conference on Animal Genetics㧔╙
31 ࿁࿖㓙േ‛ㆮવቇળᄢળ㧕ޔ2008 ᐕ 7 ޕ࠳ࡦࠝޔࡓ࠳࡞࠹ࠬࡓࠕޔ
3.

ᐔ㊁ ⾆ޔ⮮ᵗ৻ޔᷰㆻᢅᄦᧄ᧖ޔ༑ᙗ㧦㤥Ძ⒳㗡ᰳ៊ߩࡈࠔ

ࠗࡦࡑ࠶ࡇࡦࠣߣㆮવሶត⚝ޕ30th International Conference on Animal
Genetics㧔╙ 31 ࿁࿖㓙േ‛ㆮવቇળᄢળ㧕ޔ2008 ᐕ 7 ࠝޔࡓ࠳࡞࠹ࠬࡓࠕޔ
ࡦ࠳ޕ
4.

Watanabe, T., Sekiya, M., Sato, Y., Nakajima, H., Maruta, S., Itoh, T.,

Takasuga, A., Sugimoto, Y.: QTL mapping of Japanese Black cattle using a
family structure combining seven paternal half-sib families. 30th International
Conference on Animal Genetics㧔╙ 31 ࿁࿖㓙േ‛ㆮવቇળᄢળ㧕ޔ2008 ᐕ 7 ޔ
ࠕࡓࠬ࠹࡞࠳ࡓޕ࠳ࡦࠝޔ
5.

ᷰㆻᢅᄦޔ㑐ደਁ㉿↢ޔ⮮ᵗ৻ޔਛ᎑ብޔਣ↰ବᴦޔદ⮮ᥓੳޔ

㜞㗇⾐᥏ሶᧄ᧖ޔ༑ᙗ㧦ห৻⒳㓶‐ࠍᆎߣߔࠆⶄᢙඨ߈ࠂ߁ߛኅ♽ߩ QTL
⸃ᨆ ╙ޕ9 ࿁ᣣᧄേ‛ㆮવ⢒⒳ቇળᄢળޔ2008 ᐕ 11 ޔጟጊޕ
6.

᧖ᧄ༑ᙗޔḴญᐽޔᐔ㊁⾆ޔદ⮮ᥓੳޔ㤗↢ਭޔ㜞㗇⾐᥏ሶޔᷰㆻᢅ

ᄦ㧦SAGE ᴺߦࠃࠆ࠙ࠪ╭㑆⢽⢌ಽൻߩㆮવሶ⊒ࡊࡠࡈࠔࠗࡦࠣ ╙ޕ9 ࿁
ᣣᧄേ‛ㆮવ⢒⒳ቇળᄢળޔ2008 ᐕ 11 ޔጟጊޕ
7.

⠍ᄥޔ㜞㗇⾐᥏ሶᧄ᧖ޔ༑ᙗ㧦50K SNP ࠴࠶ࡊࠍ↪ߚ࠙ࠪ⢽⢌

უᱫ∝ߩࠥࡁࡓࡢࠗ࠼⋧㑐⸃ᨆޕᣣᧄേ‛ㆮવ⢒⒳ቇળ╙ 9 ࿁ᄢળޔ2008 ᐕ 11
ޔጟጊޕ
8.

ᐔ㊁ ⾆ޔ⮮ᵗ৻ޔᷰㆻᢅᄦᧄ᧖ޔ༑ᙗޔ㜞㗇⾐᥏ሶ㧦ࡑ࠙ࠬࠍ↪

ߚ㤥Ძ⒳㗡ᰳ៊∝ㆮવሶߩត⚝ ╙ޕ9 ࿁ᣣᧄേ‛ㆮવ⢒⒳ቇળޔ2008
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ᐕ 11 ޔጟጊޕ
9.

㜞㊁ ᷕᧄ᧖ޔ༑ᙗޔ㜞㗇⾐᥏ሶ㧦ㆮવሶᡷᄌࡑ࠙ࠬࠍ↪ߚ㤥Ძ

⒳ᨑ⡺㊀㊂ QTL㧔CW-1㧕ߩ⽿છㆮવሶหቯ ╙ޕ31 ࿁ᣣᧄಽሶ↢‛ቇળᐕળ㨯
╙ 81 ࿁ᣣᧄ↢ൻቇળᄢળ วหᄢળޔ2008 ᐕ 12 ޔᚭޕ
10.

᧖ᧄ⌀↱⟤ޔ↰◊มޔጊፒ⌀ᒎޔ㦮ᑪมޔ㕍ᩉᢘੱᧄ᧖ޔ༑ᙗ㧦

ㅪ㎮⸃ᨆߦࠃࠆ࠙ࠪណෆᕈᓮㆮવሶߩหቯ ╙ޕ31 ࿁ᣣᧄಽሶ↢‛ቇળᐕળ㨯
╙ 81 ࿁ᣣᧄ↢ൻቇળᄢળ วหᄢળޔ2008 ᐕ 12 ޔᚭޕ
11.

Watanabe, T., Mizoguchi, Y., Hirano, T., Itoh, T., Aso, H., Takasuga, A.,

Sugimoto, Y.: Differentially expressed genes during bovine intramuscular
adipocyte differentiation profiled by using serial analysis of gene expression
(SAGE). Plant & Animal Genome XVII. ࿖㓙ᬀ‛േ‛ࠥࡁࡓቇળ╙ 17 ࿁ᄢળޔ
2009 ᐕ 1 ☨ޔࠧࠛࠖ࠺ࡦࠨޔ࿖ޕ

3) ቇળ⊒ⷐᣦ
[ቇળ⊒ߩᰴߩᢙሼߪޔቇળ⊒ߩ⇟ภߦ⋧ᒰߔࠆ]
ቇળ⊒ 1.
㗴⋡㧦NCAPG ㆮવሶߩ Ile-442-Met ⟎឵߇ ࠪ࠙ޔ6 ⇟ᨴ⦡ߩᨑ⡺㊀㊂ QTL
㧔CW-2㧕ߩ⽿છߢࠆޕ
⊒⠪㧦㜞㗇⾐᥏ሶ 1ޔἑᚭญᶈੑ 2ޔฎ↰㓷ሶ 3ޔᐔ㊁ ⾆ 1ޔᷰㆻᢅᄦ 1᧖ޔ
ᧄ༑ᙗ 1
ᚲዻ㧦1 ⇓ᛛදേ‛ㆮવ⎇ޔ2 㣮ఽፉ⋵⡺ᡷ⎇ޔ3 ᾢᧄ⋵ㄘ⎇
ⷐᣦ㧦
ޤ⊛⋡ޣ㤥Ძ⒳⒳㓶‐ A ߩῳᣇඨ߈ࠂ߁ߛኅ♽ߢߐࠇߚ BTA 6 
ߩᨑ⡺㊀㊂ QTL㧔CW-2㧦ἑᚭญࠄޔᣣᧄേ‛ㆮવ⢒⒳ቇળ╙ 7 ࿁ᄢળޔ2006㧕
ߪޔ㤥Ძ⒳⒳㓶‐ B ߣ C ߅ࠃ߮ⶊᲫ⒳⒳㓶‐ D ߣ E ߩኅ♽ߦ߅ߡ߽
ߐࠇߚ ࠄࠇߎޕ5 ኅ♽ߢߐࠇߚ QTL ߇ห৻ߢࠆߣቯߒࡊࠗ࠲ࡠࡊࡂޔ
Ყセߣㅪ㎮ਇᐔⴧࡑ࠶ࡇࡦࠣߦࠃߞߡ⽿છ㗔ၞߩหቯࠍ⹜ߺߚޕ
ޣᣇᴺߣ⚿ᨐޤCW-2 㗔ၞ㧔38-55 cM㧕ࠍᄙဳᕈࡑࠗࠢࡠࠨ࠹ࠗ࠻ 39 㧔< 860
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kb 㑆㓒㧕ߢࡂࡊࡠ࠲ࠗࡊౣ᭴ᚑࠍⴕޔ⒳㓶‐㑆ߩࡂࡊࡠ࠲ࠗࡊࠍᲧセߒߚޕ
߹ߚޔ㤥Ძ⒳⒳㓶‐ C ߣⶊᲫ⒳⒳㓶‐ D ߩ↥ሶߦߟߡᲣᣇ↱᧪ࡂࡊࡠ࠲
ࠗࡊࠍ↪ߡㅪ㎮ਇᐔⴧࡑ࠶ࡇࡦࠣࠍⴕߞߚ⚿ߩߘޕᨐޔ5 ⒳㓶‐ߢㅢߩఝ⦟
ဳ㧔Q㧕ࡂࡊࡠ࠲ࠗࡊ⚂ 810 kb 㗔ၞ߇㊀㨯ᨑ⡺㊀㊂ߣᗧߦ㑐ㅪߒߡࠆߎߣ
ࠍߒߚߩߎޕ㗔ၞߦ 42 ߩ SNP ࠍㅊടߔࠆߎߣߢޔㅢ Q ࡂࡊࡠ࠲ࠗࡊ
㗔ၞࠍ 660 kb ߦ⁜ࠆߎߣ߇ߢ߈ߚߩߎޕ㗔ၞߦሽߔࠆ 4 ㆮવሶߦߟߡޔ
࠲ࡦࡄࠢ⾰ࠦ࠼㗔ၞߩ SNP ࠍᬌ⚝ߒߚߣߎࠈޔNCAPG ㆮવሶߩ Ile-442-Met
⟎឵ࠍߎߔ SNP ߩߺ߇ޔ5 ⒳㓶‐ߪࡋ࠹ࡠߢޔߟ߆ޔ㤥Ძ⒳‐㓸࿅
㧔7,990 㗡ߩᨑ⡺㊀㊂㨯ਅ 4.7%߆ࠄㆬᛯߒߚ⸘ 187 㗡㧕ߢᨑ⡺㊀㊂ߣᒝ
ߊ⋧㑐ߒߡߚ㧔P = 1.2 x 10-11㧕 ߩߎޔߡߞ߇ߚߒޕSNP ߪ CW-2 ߩ⽿છ
SNP ߣ⠨߃ࠄࠇߚޕ
㧔╙ 31 ࿁࿖㓙േ‛ㆮવቇળᄢળޔ2008 ᐕ 7 ࠳ࡦࠝޔ㧕
ቇળ⊒ 2.
㗴⋡㧦SNP ࠍ↪ߚᣣᧄߦ߅ߌࠆ࠙ࠪⷫሶ್ቯߩࡑࠞ⹏ଔ
⊒⠪㧦ችፒ⟵ਯ 1ޔ㤥ᧁ৻ੳ 1ޔዊാテ 1ޔፉ⽾િ৻ 1ޔᷡ᳓৻ᐢ 1ޔ⠍
ᄥ 2ޔ㜞㗇⾐ሶ 2ޔ↰శᄦ 1
ᚲዻ㧦1 ኅ⇓ᡷ⦟ᬺ࿅ኅ⇓ᡷ⦟ᛛⴚ⎇ޔ2 ⇓ᛛදേ‛ㆮવ⎇
ⷐᣦ㧦ޤ⊛⋡ޣኅ⇓ᡷ⦟ᬺ࿅ߢߪޔ ISAG ផᅑ 9 ࡑࠞࠍ⸘ 17 
ߩࡑࠗࠢࡠࠨ࠹ࠗ࠻ࠍ↪ߡ PE1㧔ਔⷫߣሶࠍ࠲ࠗࡇࡦࠣߒߚ႐วߩⷫሶ㑐
ଥߩุቯ₸㧕> 0.99998 એߩ♖ᐲߢⷫሶ್ቯࠍⴕߞߡࠆޕㄭᐕޔSNP ࠲ࠗ
ࡇࡦࠣߩᛛⴚ߇⏕┙ߒޔૐࠦࠬ࠻ൻ߽࿑ࠄࠇߡࠆߎߣ߆ࠄޔᚒⷫޔߪޘሶ್
ቯ↪ߦ SNP ࠍㆬቯߒ♖ߩߘޔᐲࠍᓥ᧪ᴺߣᲧセߒߚޕ
ޣᣇᴺ ߩ␠ࠬࠢ࠶࠻ࡔࠖࡈࠕޤBovine Mapping 10K SNP Kit ࠍ↪ߡ㤥Ძ
⒳ 87 㗡ࡦࠗ࠲ࠬ࡞ࡎޔ⒳ 84 㗡ࠍ࠲ࠗࡇࡦࠣߒߚ⚿ᨐ߆ࠄ(ޔ1) ࡋ࠹ࡠ₸ ҈ 0.4 ޔ
(2) ࠥࡁࡓߩ⟎߇․ቯߐࠇߡࠆߎߣ(ޔ3) ฦᨴ⦡ߚࠅ 2㨪4 ߢޔ
ߦ 5.7 Mb એ㔌ࠇߡ⟎ߔࠆߎߣ᧦ࠍޔઙߣߒߡޔ91 ߩ SNP ࠍㆬߒߚޕ
ߎࠇࠄߦߟߡ ߩ␠࠽ࡒ࡞ࠗޔBeadExpress GoldenGate Assay ᴺࠍ↪ߡޔ
ᣣᧄߦ߅ߌࠆਥⷐߥ⒳㓶‐㧔㤥Ძ⒳ 104 㗡ࡦࠗ࠲ࠬ࡞ࡎޔ⒳ 71 㗡㧕ߩ࠲ࠗࡇ
ࡦࠣࠍⴕߞߚ⸃ޕᨆߦߪห␠ߩឭଏߔࠆ BeadStudio3 ࠰ࡈ࠻࠙ࠚࠕࠍ↪ߚޕ
⚿ޣᨐޤ91 ߩ SNP ߦࠃࠆⷫሶ㑐ଥߩุቯ₸ߪޔPE1 > 0.99999997 ߣߥߞߚޕ
17 ߩࡑࠗࠢࡠࠨ࠹ࠗ࠻ߣห╬ߩุቯ₸ߪޔ60㨪65 ߩ SNP ߢ⏕ߢ߈ࠆ
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ߣ੍ᗐߐࠇޔSNP ࠍ↪ߡࠃࠅ♖ᐲߩ㜞ⷫሶ್ቯ߇ߢ߈ࠆߎߣࠍ␜ߒߚޕ
㧔╙ 31 ࿁࿖㓙േ‛ㆮવቇળᄢળޔ2008 ᐕ 7 ࠳ࡦࠝޔ㧕
ቇળ⊒ 3.
㗴⋡㧦㤥Ძ⒳㗡ᰳ៊ߩࡈࠔࠗࡦࡑ࠶ࡇࡦࠣߣㆮવሶត⚝
⊒⠪㧦ᐔ㊁ ⾆ 1ޔ⮮ᵗ৻ 2ޔᷰㆻᢅᄦ 1ᧄ᧖ޔ༑ᙗ 1
ᚲዻ㧦1 ⇓ᛛදേ‛ㆮવ⎇ޔ2 ጤᚻ⋵ㄘ⎇⇓⎇
ⷐᣦ㧦
ޤ⊛⋡ޣ㗡ᰳ៊∝ (ATPP: Abnormal Teat Patterning Phenotype) ߪޔ
㗡ߩ 2 ᧄᰳ៊߹ߚߪ 1 ᧄᰳ៊ࠍ␜ߔਇ⦟ᒻ⾰ߢࠆޕ㗡ᰳ៊ߩ⬧ᑧࠍ㒐ߋߚ
ߩㆬᛮᚻᴺࠍ㐿⊒ߔࠆߚߦޔᚒߪޘ⒳㓶‐ A ߩ⊒∝↥ሶ 152 㗡ޔᱜᏱ↥ሶ
454 㗡ࠍ↪ߡޔBTA 17 ࡦ࠻ࡠࡔࠕ㧔ATPP-1㧕ޔBTA 1 ࡦ࠻ࡠࡔࠕ㧔ATPP-3㧕
ߣ࠹ࡠࡔࠕ㧔ATPP-2㧕㗔ၞߦࡑ࠶ࡊߒߚ㧔ේࠄޔAnimal Genetics, 38: 15–19,
2006㧕ޕ࿁ߩ߽ࠢࠬᦨޔᄢ߈ ATPP-1 㗔ၞߩࡈࠔࠗࡦࡑ࠶ࡇࡦࠣߣㆮ
વሶߩត⚝ࠍ⹜ߺߚޕ
ޣᣇᴺ⚿ᨐޤ2 ᧄᰳ៊ߪޔ⒳㓶‐ A ↱᧪ ATPP-1 ࠬࠢࡂࡊࡠ࠲ࠗࡊࠍ
ߒߡߚߚޔᚒ ߪޘATPP-1 㗔ၞࠍ 136 㗡ߩ 2 ᧄᰳ៊߇ㅢߒߡࠬࠢ
ဳࠍ␜ߔ 3.15 Mb ߦ߹ߢ⁜ߚޕ㗡ᒻᚑߦ㑐ࠊࠆㆮવሶࠍត⚝ߔࠆߚߦޔ
㗡߇⏕ߢ߈ߚ↢ᓟ 3 ᣣ⋡ߩࡑ࠙ࠬߩ㗡ߣ⢷ㇱ⊹⤏ࠍ↪ߡ cDNA ࡑࠗࠢ
ࡠࠕࠗ⸃ᨆࠍⴕߞߚޕATPP-1 㗔ၞߦኻᔕߔࠆ㗔ၞߢ⊒㊂ߩ㆑߇ᬌߐࠇ
ߚㆮવሶߪ 2 ߢߞߚߩࠄࠇߎޕㆮવሶߪ㗡ᰳ៊ߩㆮવሶ߆߽ߒࠇߥ
ޕ
㧔╙ 31 ࿁࿖㓙േ‛ㆮવቇળޔ2008 ᐕ 7 ࠳ࡦࠝޔ㧕
ቇળ⊒ 4.
㗴⋡㧦7 ߟߩඨ߈ࠂ߁ߛኅ♽ࠍ⛔วߒߚኅ♽ߦࠃࠆ㤥Ძ⒳ߩ QTL ࡑ࠶ࡇࡦ
ࠣ
⊒⠪㧦ᷰㆻᢅᄦ 1ޔ㑐ደਁ㉿↢ 2ޔ⮮ᵗ৻ 3ޔਛ᎑ብ 4ޔਣ↰ବᴦ 5ޔદ⮮
ᥓੳ 6ޔ㜞㗇⾐᥏ሶ 1ᧄ᧖ޔ༑ᙗ 1
ᚲዻ㧦1 ⇓ᛛදേ‛ㆮવ⎇ޔ2 ⑺↰⋵ㄘᛛ⇓⹜ޔ3 ጤᚻ⋵ㄘᬺ⎇ⓥޔ4 ጊᒻ
⋵ㄘᬺ✚ว⎇ⓥޔ5 㐳ፒ⋵⡺↪‐ᡷ⦟ޔ6 ኅ⇓ᡷ⦟ᬺ࿅ኅ⇓ᡷ⦟ᛛⴚ⎇
ⷐᣦ㧦ߦ⥸৻ޤ⊛⋡ޣᨑ⡺ᒻ⾰ QTL ߪലᨐ߇ዊߐ߽ߩ߇ᄙߩߢޔQTL ࡑ࠶
ࡇࡦࠣࠍⴕ߁ߩߦᬌജ߇චಽߥᄢኅ♽ࠍ᭴ᚑߔࠆߩߪ࿎㔍ߢࠆޕ߇ඨ
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߈ࠂ߁ߛߢࠆⶄᢙߩ⒳㓶‐ኅ♽ߣߘࠇࠄߩῳ㧔એਅޔῳ‐㧕߆ࠄߥࠆ 3
ઍኅ♽ࠍ↪ޔῳߦ↱᧪ߔࠆ QTL ࠍ⸃ᨆߒ↪ߩߘޔᕈࠍᬌ⸽ߒߚޕ
᧚ޣᢱߣᣇᴺޤῳ‐ Aޔ⒳㓶‐ 7 㗡ޔ߮ฦ⒳㓶‐ߩ↥ሶඨ߈ࠂ߁ߛ
ว⸘ 521 㗡߆ࠄߥࠆ 3 ઍኅ♽ࠍ᭴ᚑߒޔ1 ᰴ⸃ᨆߦ↪ߚޕኻ⽎ᒻ⾰ߪ BMS
No.ޔᨑ⡺㊀㊂⧌ࠬࡠޔ㕙ⓍࡃޔෘߣߒߚోޕᏱᨴ⦡ࠍኻ⽎ߣߒޔ⒳㓶‐
ߏߣߦ 185-436 ߩࡑࠗࠢࡠࠨ࠹ࠗ࠻ࠍ㈩⟎ߒߚޕῳߩࡂࡊࡠ࠲ࠗࡊ߇ 3
ઍ⋡↥ሶ߳વ㆐ߐࠇߚ⏕₸ࠍဳ୯߳✢ᒻ࿁ᏫߒޔF ୯ࠍ▚ߔࠆߎߣߢ
QTL ߩήࠍᬌቯߒߚޕᨴ⦡ࡢࠗ࠭ᗧ᳓Ḱߪࡄࡒࡘ࠹࡚ࠪࡦ࠹ࠬ࠻ߦ
ࠃࠅ▚ߒߚޕQTL ߇ῳߩ╙ 1 ࡂࡊࡠ࠲ࠗࡊߦࠆࡕ࠺࡞ ╙ޔ2 ࡂࡊࡠ࠲ࠗ
ࡊߦࠆࡕ࠺࡞ޔਔࡂࡊࡠ࠲ࠗࡊߦࠆࡕ࠺࡞ࠍᗐቯߒߚޕ1 ᰴ⸃ᨆߢᗧߥᨴ
⦡㧛ᒻ⾰ߦߟߡ 3 ઍ⋡↥ሶࠍว⸘ 629 㗡ߦ߰߿ߒޔ2 ᰴ⸃ᨆࠍⴕߞߚޕ
ᦝߦ 2 ᰴ⸃ᨆߢᗧߥ QTL ߇ᬌߐࠇߚᨴ⦡㧛ᒻ⾰ߦߟߡޔῳ A ߩ
↥ሶඨ߈ࠂ߁ߛኅ♽ 402 㗡ࠍ↪ QTL ߩሽࠍ⏕ߒߚޕ
⚿ޣᨐޤ1 ᰴ⸃ᨆߢᨴ⦡ࡢࠗ࠭ 5%ᗧߦ㆐ߒߚ QTL ߪ 4 ᒻ⾰ߢว⸘ 17 ߢ
ߞߚޕ1 ᰴ⸃ᨆߢᗧߛߞߚᨴ⦡ߩ߁ߜ 13 ᧄࠍኻ⽎ߣߒ 2 ᰴ⸃ᨆࠍⴕߞߚ
⚿ᨐޔᨴ⦡ࡢࠗ࠭ 5%ᗧ᳓Ḱߦ㆐ߒߚ QTL ߪ 4 ᒻ⾰ว⸘ߢ 9 ߢߞߚޕ2
ᰴ⸃ᨆߦ߅ߡ QTL ߇ᬌߐࠇߚ 9 ᧄߩᨴ⦡ߦߟߡῳ A ↥ሶඨ߈ࠂ߁ߛ
ኅ♽ࠍ↪ߡ⸃ᨆࠍⴕߞߚ⚿ᨐޔ2 ᒻ⾰ߢว⸘ 4 ▎ᚲߩ QTL ߇ඨ߈ࠂ߁ߛ
↥ሶߦ߅ߡಽ㔌ߔࠆߎߣࠍ⏕ߒߚޕ2 ᰴ⸃ᨆߣῳ A ↥ሶኅ♽⸃ᨆߩ⚿ᨐ
߆ࠄޔBTA 1 ߩࡠࠬ⧌㕙Ⓧ QTL ߪῳ A ߦ߅ߡࡎࡕࠩࠗࠟࠬߢࠆน⢻ᕈ
߇␜ໂߐࠇߚޕએߩ⚿ᨐ߆ࠄࠆߩ✼ⴊޔඨ߈ࠂ߁ߛኅ♽ࠍ⛔วߒᄢኅ♽
ࠍ᭴ᚑߔࠆߎߣߪᣂⷙߩ QTL ࡑ࠶ࡇࡦࠣߦ⽸₂ߔࠆޕ
㧔࿖㓙േ‛ㆮવቇળ╙ 31 ࿁ᄢળޔ2008 ᐕ 7 ࠳ࡦࠝޔࡓ࠳࡞࠹ࠬࡓࠕޔ㧕
ቇળ⊒ 5.
㗴⋡㧦ห৻⒳㓶‐ࠍᆎߣߔࠆⶄᢙඨ߈ࠂ߁ߛኅ♽ߩ QTL ⸃ᨆ
⊒⠪㧦ᷰㆻᢅᄦ 1ޔ㑐ደਁ㉿↢ 2ޔ⮮ᵗ৻ 3ޔਛ᎑ብ 4ޔਣ↰ବᴦ 5ޔદ⮮
ᥓੳ 6ޔ㜞㗇⾐᥏ሶ 1ᧄ᧖ޔ༑ᙗ 1
ᚲዻ㧦1 ⇓ᛛදേ‛ㆮવ⎇ޔ2 ⑺↰⋵ㄘᛛ⇓⹜ޔ3 ጤᚻ⋵ㄘᬺ⎇ⓥޔ4 ጊᒻ
⋵ㄘᬺ✚ว⎇ⓥޔ5 㐳ፒ⋵⡺↪‐ᡷ⦟ޔ6 ኅ⇓ᡷ⦟ᬺ࿅ኅ⇓ᡷ⦟ᛛⴚ⎇
ⷐᣦ㧦
ߦߢ߹ࠇߎߪࠇࠊࠇࠊޤ⊛⋡ޣῳᣇඨ߈ࠂ߁ߛኅ♽ࠍ↪ߡ‐ߩᨑ⡺
ᒻ⾰ QTL ࡑ࠶ࡇࡦࠣࠍⴕߞߡ߈ߚ߇ߦ⥸৻ޔᨑ⡺ᒻ⾰ QTL ߪലᨐ߇ዊߐ߽ߩ
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߇ᄙߊޔᬌജ߇චಽߥᄢኅ♽ࠍ᭴ᚑߔࠆߩߪ࿎㔍ߢࠆޕ߇ඨ߈ࠂ߁ߛ
ߢࠆⶄᢙߩ⒳㓶‐ኅ♽ߣߘࠇࠄߩῳ㧔એਅޔῳ‐㧕߆ࠄߥࠆ 3 ઍኅ♽
ࠍ↪ޔῳߦ↱᧪ߔࠆ QTL ࠍ⸃ᨆߒ↪ߩߘޔᕈࠍᬌ⸽ߒߚޕ
᧚ޣᢱߣᣇᴺޤῳ‐ Aޔ⒳㓶‐ 7 㗡ޔ߮ฦ⒳㓶‐ߩ↥ሶඨ߈ࠂ߁ߛ
ว⸘ 521 㗡߆ࠄߥࠆ 3 ઍኅ♽ࠍ᭴ᚑߒޔ1 ᰴ⸃ᨆߦ↪ߚޕኻ⽎ᒻ⾰ߪ BMS
Noޔᨑ⡺㊀㊂⧌ࠬࡠޔ㕙Ⓧࡃޔෘ⊹ޔਅ⢽⢌ෘߣߒߚోޕᏱᨴ⦡ࠍኻ⽎
ߣߒޔ⒳㓶‐ߏߣߦ 185ޯ436 ߩࡑࠗࠢࡠࠨ࠹ࠗ࠻ࠍ㈩⟎ߒߚޕῳߩࡂࡊ
ࡠ࠲ࠗࡊ߇ 3 ઍ⋡↥ሶ߳વ㆐ߐࠇߚ⏕₸ࠍဳ୯߳✢ᒻ࿁ᏫߒޔF ୯ࠍ▚
ߔࠆߎߣߢ QTL ߩήࠍᬌቯߒߚޕᨴ⦡ࡢࠗ࠭ᗧ᳓Ḱߪࡄࡒࡘ࠹࡚ࠪ
ࡦ࠹ࠬ࠻ߦࠃࠅ▚ߒߚޕQTL ߇ῳߩ╙ 1 ࡂࡊࡠ࠲ࠗࡊߦࠆࡕ࠺࡞ ╙ޔ2
ࡂࡊࡠ࠲ࠗࡊߦࠆࡕ࠺࡞ޔਔࡂࡊࡠ࠲ࠗࡊߦࠆࡕ࠺࡞ࠍᗐቯߒߚޕ1 ᰴ⸃ᨆ
ߢᗧߥᨴ⦡㧛ᒻ⾰ߦߟߡ 3 ઍ⋡↥ሶࠍว⸘ 629 㗡ߦ߰߿ߒޔ2 ᰴ⸃ᨆ
ࠍⴕߞߚ ߦᦝޕ2 ᰴ⸃ᨆߢᗧߥ QTL ߇ᬌߐࠇߚᨴ⦡㧛ᒻ⾰ߦߟߡޔ
ῳ A ߩ↥ሶඨ߈ࠂ߁ߛኅ♽ 402 㗡ࠍ↪ QTL ߩሽࠍ⏕ߒߚޕ
⚿ޣᨐޤ1 ᰴ⸃ᨆߢᨴ⦡ࡢࠗ࠭ 5%ᗧߦ㆐ߒߚ QTL ߪ 5 ᒻ⾰ߢว⸘ 25 ߢ
ߞߚޕ1 ᰴ⸃ᨆߢᗧߛߞߚᨴ⦡ߩ߁ߜ 13 ᧄࠍኻ⽎ߣߒ 2 ᰴ⸃ᨆࠍⴕߞߚ
⚿ᨐޔᨴ⦡ࡢࠗ࠭ 5%ᗧ᳓Ḱߦ㆐ߒߚ QTL ߪ 5 ᒻ⾰ߢว⸘ 14 ߞߚ߁ޕ
ߜ 9 ▎ᚲߪߎࠇ߹ߢߦ‐ߦ߅ߡႎ๔ߐࠇߡߥᣂⷙ QTL ߢߞߚޕ2 ᰴ
⸃ᨆߦ߅ߡ QTL ߇ᬌߐࠇߚ 9 ᧄߩᨴ⦡ߦߟߡῳ A ↥ሶඨ߈ࠂ߁ߛ
ኅ♽ࠍ↪ߡ⸃ᨆࠍⴕߞߚ⚿ᨐޔ3 ᒻ⾰ߢว⸘ 5 ▎ᚲߩ QTL ߇ඨ߈ࠂ߁ߛ↥
ሶߦ߅ߡಽ㔌ߔࠆߎߣࠍ⏕ߒߚޕ2 ᰴ⸃ᨆߣῳ A ↥ሶኅ♽⸃ᨆߩ⚿ᨐ߆
ࠄޔBTA 1 ߩࡠࠬ⧌㕙Ⓧ QTL ߪῳ A ߦ߅ߡࡎࡕࠩࠗࠟࠬߢࠆน⢻ᕈ߇
␜ໂߐࠇߚޕએߩ⚿ᨐ߆ࠄࠆߩ✼ⴊޔඨ߈ࠂ߁ߛኅ♽ࠍ⛔วߒᄢኅ♽ࠍ
᭴ᚑߔࠆߎߣߪᣂⷙߩ QTL ࡑ࠶ࡇࡦࠣߦ⽸₂ߔࠆޕ
㧔╙ 9 ࿁ᣣᧄേ‛ㆮવ⢒⒳ቇળᄢળޔ2008 ᐕ 11 ޔጟጊ㧕
ቇળ⊒ 6.
㗴⋡㧦SAGE ᴺߦࠃࠆ࠙ࠪ╭㑆⢽⢌ಽൻߩㆮવሶ⊒ࡊࡠࡈࠔࠗࡦࠣ
⊒⠪㧦᧖ᧄ༑ᙗ 1ޔḴญ ᐽ 2ޔᐔ㊁ ⾆ 1ޔદ⮮ᥓੳ 3ޔ㤗↢ ਭ 4ޔ㜞㗇⾐
᥏ሶ 1ޔᷰㆻᢅᄦ 1
ᚲዻ㧦1 ⇓ᛛදേ‛ㆮવ⎇ޔ2 ᴦᄢㄘޔ3 ኅ⇓ᡷ⦟ᬺ࿅ኅ⇓ᡷ⦟ᛛⴚ⎇ޔ
4

᧲ർᄢㄘ
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ⷐᣦ㧦
ޤ⊛⋡ޣ⡺‐↥ᬺߦ߅ߡ㊀ⷐߥ⚻ᷣᒻ⾰ߩ 1 ߟߢࠆ⢽⢌㔀ߢߪ╭ޔ
㑆⚵❱ߦ߅ߌࠆ⢽⢌⚦⢩ಽൻ߇ᔅ㗇ߩࡊࡠࠬߣផቯߐࠇߡࠆޕ⢽⢌⚦⢩ಽ
ൻߩಽሶ↢‛ቇ⊛⎇ⓥߪࡑ࠙ࠬ 3T3- L1 ⚦⢩ߢ⚦ߦⴕࠊࠇ▵⺞߿〝⚻ߩߘޔ
ᯏ᭴ߥߤࠄ߆ߦߐࠇߡࠆޔࠄ߇ߥߒ߆ߒޕ3T3-L1 ⚦⢩ಽൻ♽ߪౝ⤳⊕⦡⢽
⢌ࡕ࠺࡞ߢࠅߩࠪ࠙ޔ⢽⢌㔀ࡕ࠺࡞ߣߪ⠨߃ߦߊޕ㤗↢ࠄߪ㤥Ძ⒳‐
╭㑆⚵❱↱᧪ߩ⢽⢌೨㚟⚦⢩㧔BIP ⚦⢩㧕♽ࠍ⏕┙ߒ ࠬ࠙ࡑޔ3T3- L1 ♽ߣߩ
㆑ࠍႎ๔ߒߡ߈ߚޔߪߜߚ⑳ޕBIP ߩ⢽⢌⚦⢩ಽൻࠍ⢽⢌㔀ߩࡕ࠺࡞ߣ⟎
ઃߌޔಽൻߦߞߡ⊒ߩᄌൻߔࠆㆮવሶߩ✂⟜⊛ߥࡊࡠࡈࠔࠗࡦࠣࠍⴕ߁
ߎߣߢ⢽⢌㔀ߩಽሶᯏ᭴⸃ࠍ⋡ᜰߒߚޕ
ޣᣇᴺ ߪࠣࡦࠗࠔࡈࡠࡊޤSAGE ᴺࠍ↪ߡⴕߞߚޕSAGE ᴺߪޔㆮવሶォ
౮‛ߦ․ߥ tag ᢙࠍ⺞ߴߩ⊒ޔᄌൻࠍࠄ߆ߦߔࠆᣇᴺߢࠅᧂޔ⍮ߩォ౮
‛ߦߟߡ߽⺞ߴࠆߎߣ߇ߢ߈ࠆޕછᗧߩ tag ߦᒰߔࠆㆮવሶࠍ․ቯߔࠆߦߪ
ోࠥࡁࡓ㈩ߩ⸃⺒߇ᔅⷐߢࠆ߇ޔㄭᐕߩ࠙ࠪࠥࡁࡓ⸃⺒ߩㅴዷߣߦ tag
ߩ․ቯ߇น⢻ߣߥߞߡ߈ߚޕ
⚿ޣᨐޤBIP ⚦⢩ಽൻ೨㧔C2㧕ߣಽൻᓟ㧔S4㧕߆ࠄᚑߒߚ SAGE ࠗࡉ
߆ࠄว⸘ 157,161 tags㧔C2: 75,283 ޔS4: 81,878 㧕ࠍᓧޔ30,989 ⒳ߩ tag
ࠍᬌߒߚޕಽൻߦߞߡ 401 tags㧔1.4%㧕ߩ⊒߇Ⴧടߒޔ477 tags㧔1.2%㧕
ߪᷫዋߒߚ㧔P < 0.05㧕ޕBIP ⚦⢩ࠨࡉ࠻࡚ࠢࠪࡦᴺ㧔ጊࠄޔ2004㧕ߢ⊒
Ⴧടߩႎ๔ߐࠇߡࠆㆮવሶߩౝޔCEBPD, COL18A1, SCD ߥߤߩ⊒Ⴧട߇
ౣ⏕ߐࠇߚޕBIP ⚦⢩♽ߢᓧࠄࠇߚ⚿ᨐߪޔ3T3-L1 ⚦⢩♽ߩㆮવሶ⊒ߩ᭽
⋧㧔Burton ࠄޔ2004㧕ߣ⇣ߥߞߡߚ⚿ߩࠄࠇߎޕᨐߪ࠙ࠪ╭㑆⚵❱ߦ߅ߌࠆ
⢽⢌ಽൻ⎇ⓥߦ㊀ⷐߥᖱႎߣ⠨߃ࠄࠇࠆޕ
㧔╙ 9 ࿁ᣣᧄേ‛ㆮવ⢒⒳ቇળᄢળޔ2008 ᐕ 11 ޔጟጊ㧕
ቇળ⊒ 7.
㗴⋡㧦50K SNP ࠴࠶ࡊࠍ↪ߚ࠙ࠪ⢽⢌უᱫ∝ߩࠥࡁࡓࡢࠗ࠼⋧㑐⸃ᨆ
⊒⠪㧦⠍ᄥޔ㜞㗇⾐᥏ሶᧄ᧖ޔ༑ᙗ
ᚲዻ㧦⇓ᛛදേ‛ㆮવ⎇
ⷐᣦ㧦
ߩࠪ࠙ޤ⊛⋡ޣ⢽⢌უᱫ∝㑐ㅪᐳࠍࡑ࠶ࡇࡦࠣߔࠆߚߦޔIllumina 50K
Bovine SNP chip ࠍ↪ߚࠥࡁࡓࡢࠗ࠼⋧㑐⸃ᨆࠍⴕߞߚޕ
ޣᣇᴺޤCase ߣߒߡ⢽⢌უᱫ߇ਥ࿃ߩᱫᑄ‐ࠆߪੱ㗡ᄢએߩ⢽⢌უᱫ႙
ࠍᜬߟ∔∛‐ࠍ❥ᱺ⟲ߢ 95 㗡ޔ⢈⢒⟲ߢ 85 㗡ߩว⸘ 180 㗡ޔControl ߣߒߡ⇣
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Ᏹߩߥ❥ᱺ㓽‐ 139 㗡ߣᨑ⡺Ꮢ႐ߢ⢽⢌უᱫ႙߇ߛߐࠇߥ߆ߞߚ⢈⢒⋥
⣺ᬌᩏ‐ 86 㗡ߢว⸘ 225 㗡ోޔߢ 405 㗡ߩ࠲ࠗࡇࡦࠣࠍⴕߞߚޕCall rate㧔>
95%㧕߿ࡑࠗ࠽ࠕ࡞㗫ᐲ㧔> 0.01㧕ࠣࡃࡦࠗࡢࠖ࠺ࡂޔᐔⴧᬌቯ㧔P >
0.001㧕ߩ᧦ઙࠍḩߚߔ⚂ 40,000 ߩ SNP ࠍ⸃ᨆߦ↪ߚޕ᭴ㅧൻߩᱜࠍⴕ
߁ߚߦޔPlink ࡊࡠࠣࡓࠍ↪ߡ Cochran-Mantel-Haenszel ᬌቯࠍⴕߞߚޕ
⚿ޣᨐ❥ޤᱺ⟲ߩߺߩ⸃ᨆߢߪ BTA 3 ߩ 2 ߟߩ SNP ߇ᦨ߽ૐ P ୯㧔4.910-5㧕
ࠍ␜ߒߡ߅ߦ࠻ࡅߪࠄࠇߎޔౝ⤳⢽⢌ߢߩ⊒㊂ߣ BMI㧔Body Mass Index㧕
ߣߩ⽶ߩ⋧㑐߇ႎ๔ߐࠇߡࠆㆮવሶߩ╙ 1 ࠛࠠ࠰ࡦࠍ⚂ 76 kb ߩ LD ࡉࡠ
࠶ࠢࠍ᭴ᚑߒߡߚޕ⢈⢒⟲ߢߪ BTA 4 ߩ SNP ߇ᦨ߽ૐ P ୯㧔5.110-5㧕
ࠍ␜ߒߚ߇ ߩߎޔSNP ߩㄭறߦߪᣢ⍮ㆮવሶߪሽߒߥ߆ߞߚ❥ޕᱺ⟲ߣ⢈⢒
⟲ߘࠇߙࠇߩ⸃ᨆߢߪᏫή⺑߆ࠄߩߕࠇ߇ࠄࠇߕ⸃ޔᨆ㗡ᢙ߇ዋߥ
ߚߦචಽߥᬌജ߇ᓧࠄࠇߡߥߣ⠨߃ࠄࠇߚޕ2 ⟲ࠍ⛔วߒߡ⸃ᨆߔࠆߣޔ
⢈⢒⟲ߢᬌߐࠇߚ BTA 4 ߩ SNP ߢߩߺᏫή⺑߆ࠄߩߕࠇ߇ࠄࠇߚ㧔P =
3.910-6㧕❥ޕᱺ⟲ߢᬌߐࠇߚ BTA 3 ߩ SNP ߪߩߘޔᰴߦ P ୯߇ૐߊ㧔5.3
10-5㧕ޔ⸥ߩ⍮߆ࠄ SNP ߦߥࠆߣ⠨߃ࠄࠇߚ⚿ߩࡦ࡚ࠪࡘࡒࠪޕ
ᨐ ߩߎޔSNP ࠍ⛔⸘⊛ߦᗧߦᬌߔࠆߦߪ⸃ޔᨆ㗡ᢙࠍ Case ߣ Control ߢ
100ޯ200 㗡ߕߟჇ߿ߒߡ⸃ᨆߔࠆᔅⷐ߇ࠆߣ⠨߃ࠄࠇߚޕ
㧔ᣣᧄേ‛ㆮવ⢒⒳ቇળ╙ 9 ࿁ᄢળޔ2008 ᐕ 11 ޔጟጊ㧕
ቇળ⊒ 8.
㗴⋡㧦ࡑ࠙ࠬࠍ↪ߚ㤥Ძ⒳㗡ᰳ៊∝ㆮવሶߩត⚝
⊒⠪㧦ᐔ㊁ ⾆ 1ޔ⮮ᵗ৻ 2ޔᷰㆻᢅᄦ 1ᧄ᧖ޔ༑ᙗ 1ޔ㜞㗇⾐᥏ሶ 1
ᚲዻ㧦1 ⇓ᛛදേ‛ㆮવ⎇ޔ2 ጤᚻㄘ⎇⇓⎇
ⷐᣦ㧦
ޤ⊛⋡ޣ㗡ᰳ៊∝㧔ATPP: Abnormal Teat Patterning Phenotype㧕ߪޔ
㗡ߩ 2 ᧄᰳ៊߹ߚߪ 1 ᧄᰳ៊ࠍ␜ߔਇ⦟ᒻ⾰ߢࠆޕᚒߦߢ߹ࠇߎޔߪޘ㗡
ᰳ៊㑐ㅪ㗔ၞࠍ BTA 17 ࡦ࠻ࡠࡔࠕ㧔ATPP-1㧕ޔBTA 1 ࡦ࠻ࡠࡔࠕ㧔ATPP-3㧕
ߣ࠹ࡠࡔࠕ㧔ATPP-2㧕㗔ၞߦࡑ࠶ࡊߒߚ㧔ේࠄޔAnimal Genetics, 38: 15–19,
2006㧕ޔߒ߆ߒޕ㗡ᒻᚑߦ㑐ࠊࠆㆮવሶߩᖱႎߪዋߥߊޔㆮવሶߩត⚝ߪ
࿎㔍ߢߞߚޔߢߎߘޕᚒߩ࡞ࡊࡦࠨޔߪޘᚻ߇ኈᤃߢࠥࡁࡓᖱႎ߇లታߒ
ߡࠆࡑ࠙ࠬࠍ↪ߡޔฦ ATPP 㑐ㅪ㗔ၞߢ㗡ᒻᚑߦ㑐ࠊࠆߣ⠨߃ࠄࠇࠆㆮ
વሶߩត⚝ࠍ⹜ߺߚޕ
ޣᣇᴺޤ㗡߇⏕ߢ߈ߚ↢ᓟ 3 ᣣ⋡ߩࡑ࠙ࠬ߆ࠄ㗡ߣߒߣ࡞ࡠ࠻ࡦࠦޔ
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ߡ⢷ㇱߩ⊹⤏ࠍណขߒߚࠄ߆ࠄࠇߎޕߒߚ RNA ߣ Mouse Genome 430 2.0
Array㧔ࠕࡈࠖࡔ࠻࠶ࠢࠬ㧕ࠍ↪ߡޔਔ⚵❱㑆ߩㆮવሶ⊒㊂ࠍᲧセߒߚޕ
߹ߚ⊒ޔ㊂ߦᏅ߇ࠄࠇߚㆮવሶߦߟߡޔቯ㊂⊛ PCR ⸃ᨆࠍⴕߞߚޕ
⚿ޣᨐޤATPP-1, -2, -3 㗔ၞߪ ࠇߙࠇߘޔMMU 3 ߣ 8ޔMMU10 ߣ 16ޔMMU16
ߦ⋧ᒰߒޔ101ޔ111ޔ112 ߩォ౮න߇ሽߔࠆߣ⠨߃ࠄࠇߚࠄࠇߎޕォ౮
නߩౝޔ19ޔ21ޔ21 ߪ cDNA ࡑࠗࠢࡠࠕࠗ߅ࠃ߮ቯ㊂⊛ PCR ߢ⊒㊂
ߩ㆑߇⏕ߐࠇߩࠬ࠙ࡑޔ㗡ᒻᚑߦ㑐ࠊࠆน⢻ᕈ߇␜ߐࠇߚࠪ࠙ޕ㗡ᰳ
៊∝⊒∝߿ᱜᏱߦ߅ߌࠆࠄࠇߎޔォ౮නߩ⊒㊂߿ SNP ߥߤߩᖱႎ
ࠍ↪ߒߡ⽿ޔછㆮવሶߩ⛉ࠅㄟߺࠍⴕߞߡߊ੍ቯߢࠆޕ
㧔╙ 9 ࿁ᣣᧄേ‛ㆮવ⢒⒳ቇળޔ2008 ᐕ 11 ޔጟጊ㧕
ቇળ⊒ 9.
㗴⋡㧦ㆮવሶᡷᄌࡑ࠙ࠬࠍ↪ߚ㤥Ძ⒳ᨑ⡺㊀㊂ QTL㧔CW-1㧕ߩ⽿છㆮવሶ
หቯ
⊒⠪㧦㜞㊁ ᷕᧄ᧖ޔ༑ᙗޔ㜞㗇⾐᥏ሶ
ᚲዻ㧦⇓ᛛදേ‛ㆮવ⎇
ⷐᣦ㧦ޤ⊛⋡ޣ㤥Ძ⒳ߢߛߐࠇߚ࠙ࠪ BTA 14 ߩ CW-1 ߪޔఝ⦟ဳࠕ࡞
㧔Q㧕1 ߟߢ 23.6 kgޔ2 ߟߢߐࠄߦ 15.2 kg ߩ⋧ട⊛ߥᨑ⡺㊀㊂Ⴧടലᨐࠍ߽ߜޔ
Q 1 ߟߢ࠙ࠪ㊀ߩ⚂ 5%ߦ⋧ᒰߔࠆᄢ߈ߥലᨐࠍ߽ߟ㧔ḴਅࠄޔMammalian
Genome, 16: 532-537, 2005㧕⋧ޔߦߢ߹ࠇߎޕ㑐⸃ᨆ߅ࠃ߮ࡂࡊࡠ࠲ࠗࡊᲧセ
ߢ⛉ࠅㄟࠎߛ CW-1 㗔ၞ⚂ 1 Mb ߦߪ 3 ㆮવሶ㧔Gene_1, Gene_2, Gene_3㧕߇
ሽߔࠆ㉄ࡁࡒࠕߦࠄࠇߎޕᄌ⇣ߪߥߊޔߚ߹ޔQ ࠍᜬߟߣߘ߁ߢߥ
ߩㆮવሶ⊒㊂߆ࠄ⽿છㆮવሶߩหቯߦ⚿߮ߟߊജߥ⸽ߪᓧࠄࠇߥ߆ߞ
ߚ㧔╩⠪ࠄ ╙ޔ28 ࿁ಽሶ↢‛ቇળ㧕⋧ޕട⊛ߥ㊀㊂Ⴧടലᨐࠍ߽ߟ CW-1 ߩ⽿
છㆮવሶߩࡑ࠙ࠬ߳ߩዉߪޔචಽߦဳߦᓇ㗀ࠍ߷ߔലᨐࠍᜬߟߣ੍ᗐ
ߐࠇߚߚ⽿ޔછㆮવሶࠍหቯߔࠆߚߦޔฦㆮવሶࠍዉߒߚㆮવሶᡷᄌࡑ
࠙ࠬࠍߒޔ㊀Ⴧടߣߩ㑐ଥࠍ⺞ߴߚޕ
ޣᣇᴺ⚿ᨐޤฦㆮવሶࠍࠞࡃߔࠆ BAC ࠢࡠࡦࠍฦޘዉߒߚ BAC-Tg ࡑ
࠙ࠬࠍߒޔዉㆮવሶߩ⊒ࡌ࡞߇㜞ฦ 1 ♽⛔ߩ Tg ࡑ࠙ࠬߦߟߡޔ
ߘߩ↥ሶߩ㊀ࠍㅳ㦂Ფߦ᷹ቯߒᚑ㐳ᦛ✢ࠍឬߚޕቯ㊂⊛ PCR ߩ⚿ᨐޔTg
ࡑ࠙ࠬߦ߅ߌࠆዉㆮવሶߣࡑ࠙ࠬౝᕈㆮવሶߩ✚⊒㊂ߪ Gene_1 ߢ
1.1-1.9 ޔGene_3 ߢ 1.8-3.1 Ⴧടߒߡߚ߇ޔTg ࡑ࠙ࠬߣ Wt ห⣻㑆ߩᚑ
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㐳ᦛ✢ߦᏅߪߥ߆ߞߚ㧔P > 0.05, n = 18㧕
৻ޕᣇߥ⊛⇣․ࠪ࠙ޔㆮવሶߢࠆ
Gene_2 ߪ࠙ࠪޔTg ࡑ࠙ࠬߣ߽ߦ⣖ߢᒝߊ⊒ߒ࠲ࡄ⊒ࠆߌ߅ߦ❱⚵ߩઁޔ
ࡦ߽㉃ૃߒߡߚޕGene_2 ߩ Tg ࡑ࠙ࠬߩ㊀ߪหㅳ㦂ߩ Wt ห⣻ࠃࠅ߽
ᗧߦዊߐ߆ߞߚ㧔male; 10-weeks, P = 0.00028, n = 18, 20-weeks, P = 0.0067,
n = 13-18㧕ޕᓥߞߡޔCW-1 ߩ⽿છㆮવሶߪ Gene_2 ߢߩߘޔ↪ߪ㊀Ⴧടߦ
ᛥ⊛ߦߊߣ⠨߃ࠄࠇߚޕ
㧔╙ 31 ࿁ᣣᧄಽሶ↢‛ቇળᐕળ㨯╙ 81 ࿁ᣣᧄ↢ൻቇળᄢળ วหᄢળޔ2008 ᐕ
12 ޔᚭ㧕
ቇળ⊒ 10.
㗴⋡㧦ㅪ㎮⸃ᨆߦࠃࠆ࠙ࠪណෆᕈᓮㆮવሶߩหቯ
⊒⠪㧦᧖ᧄ⌀↱⟤ 1ޔ↰◊ม 2ޔጊፒ⌀ᒎ 3ޔ㦮ᑪม 3ޔ㕍ᩉᢘੱ 2ᧄ᧖ޔ
༑ᙗ 4
ᚲዻ㧦1 ኅ⇓ᡷ⦟ޔ2 ోㄘ ET ޔ3 ᣂẟᄢቇ⣖⎇ޔ4 ⇓ᛛදേ‛ㆮવ⎇
ⷐᣦ㧦
ߩࠪ࠙ޤ⊛⋡ޣ⢒⒳ࠍㅴࠆߦߪޔఝ⑲ߥߩሶቊࠍᄙߊᱷߔߎߣ߇㊀
ⷐߢࠆߦߚߩߘޕㆊឃෆಣℂߢᄙᢙߩ⢦ࠍណ㓸ߔࠆᚻᴺ߇ߣࠄࠇࠆ߇ޔ1 ࿁
ߚࠅߦᓧࠄࠇࠆ࿁ෆᢙߪ 0 ߆ࠄ 50 ߣᏅߪᄢ߈ޕߩෆሶ↢↥
⢻ജߪㆮવ⊛ߥ㕙߇ዋߥߊߥߩߢޔㅪ㎮⸃ᨆࠍ↪ߚㆊឃෆᔕᕈㆮવሶ
ߩหቯࠍ⹜ߺߚޕ
ޣᣇᴺߣ⚿ᨐޤ1999 ᐕ߆ࠄ 2005 ᐕߦ߆ߌߡోޔㄘ ET ࡦ࠲ߢߪޔ639 㗡ߩ
࠙ࠪࠍ↪ߡޔ6,128 ࿁ FSH ẋᷫᛩਈᴺߦࠃࠅㆊឃෆಣℂࠍⴕߞߚߩࠄࠇߎޕ
࠺࠲ࠍ↪ߡޔᐔဋ࿁ෆᢙ߇ዋߥ 67 㗡㧔7.8 એਅ㧕߮ᄙ
67 㗡㧔16.6 એ㧕ࠍㆬᛮߒߚޕㆬᛮߒߚߩⴊᶧࠃࠅ DNA ࠍߒ࠙ޔ
ࠪోࠥࡁࡓࠍࠞࡃߔࠆ 1,157 ߩ DNA ࡑࠞࠍ↪ߡㅪ㎮⸃ᨆߒߚߣߎࠈޔ
BTA 7 ߦᗧߥㅪ㎮߇ࠄࠇߚޕBTA 7 ߦߐࠄߦ 89 ߩ DNA ࡑࠞࠍട
߃ߡㅪ㎮⸃ᨆࠍⴕߞߚߣߎࠈޔ80-82 cM 㗔ၞ߇㗔ၞߢࠆߎߣ߇್ߒߚޕ
ߎߩ㗔ၞߦሽߔࠆࠗࠝࡦ࠴ࡖࡀ࡞ဳࠣ࡞࠲ࡒࡦ㉄ฃኈ GRIA1 ㆮવሶߦ
ߟߡႮၮ㈩ࠍ⸃ᨆߒߚߣߎࠈޔ㜞ឃෆဳߣૐឃෆဳߣߩ㑆ߦࠕࡒࡁ㉄ᄌ⇣
ࠍߎߔ 1 Ⴎၮߩ⋧㆑ࠍߛߒߚ㧔17r9  vs. 11r7 ޔP = 3.3E-05㧕ߎޕ
ߩᱷၮߩ⋧㆑߇ࠣ࡞࠲ࡒࡦ㉄ฃኈᯏ⢻ߦ߷ߔᓇ㗀ࠍᬌ⸛ߔࠆߚߦࠇߘޔ
ߙࠇߩ㈩ࠍᜬߟ࠙ࠪ GRIA1 cRNA ࠍࠕࡈࠞ࠷ࡔࠟࠛ࡞ෆᲣ⚦⢩ߦ⊒ߐߖޔ
㔚᳇↢ℂቇ⊛ߦ᷹ቯߒߚ⚿ߩߘޕᨐޔ㜞ឃෆဳ㈩ࠍᜬߟ GRIA1 ߪૐឃෆဳ㈩
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ࠍᜬߟ߽ߩࠃࠅ߽ࠣ࡞࠲ࡒࡦ㉄ߦኻߔࠆⷫᕈ߇㜞ߎߣ߇ࠄ߆ߦߥߞߚ
㧔4.45ǴM vs. 10.68ǴM㧕⥝ޕᅗᕈ⚻વ㆐ߩਛᔃࠍ᭴ᚑߔࠆ AMPA ဳࠣ࡞࠲ࡒ
ࡦ㉄ฃኈ GRIA1 ߪޔᕈ⣼ೝỗࡎ࡞ࡕࡦࡎ࡞ࡕࡦߩ⺞▵ߦ߽㑐ਈߔࠆߎߣ
߇ႎ๔ߐࠇߡ߅ࠅ ߩߎޔ2 ߟߩᄙဳߦࠃࠆฃኈߩᯏ⢻⊛ߥ⋧㆑߇ෆ⢩⊒⢒ߩ
㆑ࠍ߽ߚࠄߔߎߣ߇␜ໂߐࠇߚޕ
㧔╙ 30 ࿁ᣣᧄಽሶ↢‛ቇળᐕળ㨯╙ 80 ࿁ᣣᧄ↢ൻቇળᄢળ วหᄢળޔ2007 ᐕ
12 ޔᮮᵿ㧕
ቇળ⊒ 11.
㗴⋡㧦࠙ࠪ╭㑆⢽⢌⚦⢩ಽൻߦ߅ߡ⊒ߩ⇣ߥࠆㆮવሶ⟲ߩ SAGE ᴺߦࠃࠆ
ࡊࡠࡈࠔࠗ࡞
⊒⠪㧦ᷰㆻᢅᄦ 1ޔḴญ ᐽ 2ޔᐔ㊁ ⾆ 1ޔદ⮮ᥓੳ 3ޔ㤗↢ਭ 4ޔ㜞㗇⾐᥏
ሶ 1ᧄ᧖ޔ༑ᙗ 1
ᚲዻ㧦1 ⇓ᛛදേ‛ㆮવ⎇ޔ2 ᴦᄢㄘޔ3 ኅ⇓ᡷ⦟ᬺ࿅ኅ⇓ᡷ⦟ᛛⴚ⎇ޔ
4

᧲ർᄢㄘ

ⷐᣦ㧦
ޤ⊛⋡ޣ⡺‐↥ᬺߦ߅ߡ㊀ⷐߥ⚻ᷣᒻ⾰ߩ 1 ߟߢࠆ⢽⢌㔀ߢߪ╭ޔ
㑆⚵❱ߦ߅ߌࠆ⢽⢌⚦⢩ಽൻ߇ᔅ㗇ߩࡊࡠࠬߣផቯߐࠇߡࠆޕ㤗↢ࠄߪ㤥
Ძ⒳‐╭㑆⚵❱↱᧪ߩ⢽⢌೨㚟⚦⢩㧔BIP ⚦⢩㧕♽ࠍ⏕┙ߒߚޕᚒޔߪޘ
BIP ߩ⢽⢌⚦⢩ಽൻࠍ⢽⢌㔀ߩࡕ࠺࡞ߣ⟎ઃߌޔಽൻߦߞߡ⊒ߩᄌൻߔ
ࠆㆮવሶߩ✂⟜⊛ߥࡊࡠࡈࠔࠗࡦࠣࠍⴕ߁ߎߣߢ⢽⢌㔀ߩಽሶᯏ᭴⸃ࠍ
⋡ᜰߒߚޕ
ޣᣇᴺ ߪࠣࡦࠗࠔࡈࡠࡊޤSAGE ᴺࠍ↪ߡⴕߞߚޕSAGE ᴺߪޔㆮવሶォ
౮‛ߦ․ߥ tag ᢙࠍ⺞ߴߩ⊒ޔᄌൻࠍࠄ߆ߦߔࠆᣇᴺߢࠅᧂޔ⍮ߩォ౮
‛ߦߟߡ߽⺞ߴࠆߎߣ߇ߢ߈ࠆޕછᗧߩ tag ߦᒰߔࠆㆮવሶࠍ․ቯߔࠆߦߪ
ోࠥࡁࡓ㈩ߩ⸃⺒߇ᔅⷐߢࠆ߇ޔㄭᐕߩ࠙ࠪࠥࡁࡓ⸃⺒ߩㅴዷߣߦ tag
ߩ․ቯ߇น⢻ߣߥߞߡ߈ߚޕ
⚿ޣᨐޤBIP ⚦⢩ಽൻ೨㧔C2㧕ߣಽൻᓟ㧔S4㧕߆ࠄᚑߒߚ SAGE ࠗࡉ
߆ࠄว⸘ 157,161 tags㧔C2: 75,283 ޔS4: 81,878 㧕ࠍᓧޔ30,989 ⒳ߩ tag
ࠍᬌߒߚޕಽൻߦߞߡ 401 tags㧔1.4%㧕ߩ⊒߇Ⴧടߒޔ477 tags㧔1.2%㧕
ߪᷫዋߒߚ㧔P < 0.05㧕ޕBIP ⚦⢩ࠨࡉ࠻࡚ࠢࠪࡦᴺ㧔ጊࠄޔ2004㧕ߢ⊒
Ⴧടߩႎ๔ߐࠇߡࠆㆮવሶߩౝޔCEBPD, COL18A1, SCD, FN1, SAA3, GPX3,
A2M, ߅ࠃ߮ ADFP ߥߤߩ⊒Ⴧട߇ౣ⏕ߐࠇߚ߇⊒ޕᗧߦᄌൻߒߚ
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878 ਛ 356 ߪ࠙ࠪࠥࡁࡓߦࡑ࠶ࡊߐࠇߚޕ㜞㗇⾐ࠄ㧔2007㧕ߪ BTA 4, BTA
6, ߅ࠃ߮ BTA 10 ߦ⢽⢌㔀 QTL 㗔ၞ߇ࠆߎߣࠍ␜ߒߚ߇ߩࠄࠇߎޔ㗔ၞౝ
ߩ 15 ߩㆮવሶߩ⊒߇ᄌൻߒߡࠆߎߣࠍ⓭߈ᱛߚߪࠄࠇߎޕ⢽⢌㔀
QTL ㆮવሶߦߥࠅ߁ࠆޕ
㧔࿖㓙ᬀ‛േ‛ࠥࡁࡓቇળ╙ 17 ࿁ᄢળޔ2009 ᐕ 1 ☨ޔࠧࠛࠖ࠺ࡦࠨޔ࿖㧕
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3. ⎇ⓥߩ⸃⺑

⋧࠼ࠗࡢࡓࡁࠥޟ㑐⸃ᨆߦߟߡޠ
 ⠍ᄥ
ߪߓߦ
 2007 ᐕ 12 ߦࠗ࡞ࡒ࠽␠ࠃࠅ࠙ࠪ 50K SNP ࠴࠶ࡊ߇⊒ᄁߐࠇߚࠃߦࠇߎޕ
ࠅ࠙ࠪࠥࡁࡓߩ㕖Ᏹߦ㜞ኒᐲߦ㈩⟎ߐࠇߚ SNP ࡑࠞࠍ⍴ᤨ㑆ߦ࠲ࠗࡇࡦ
ࠣߔࠆߎߣ߇น⢻ߣߥࠅ⋧࠼ࠗࡢࡓࡁࠥߡ߅ߦࠪ࠙ޔ㑐⸃ᨆ߇ㅴዷߔࠆߎߣ
߇੍ᗐߐࠇࠆޕᓥ᧪ߩኅ♽⸃ᨆߣᲧセߒߡࠥࡁࡓࡢࠗ࠼⋧㑐⸃ᨆߩὐߣߒߡޔ
(1) ኅ♽ߦࠄߥ৻⥸㓸࿅ࠍ↪ߚ⸃ᨆ߇ߢ߈ࠆ(ޔ2) ലᨐߩᲧセ⊛ዊߐ
QTL ߽ᬌߢ߈ࠆ(ޔ3) ኅ♽⸃ᨆࠃࠅ߽⁜㗔ၞߦࡑ࠶ࡇࡦࠣ߇ߢ߈ࠆ߇╬ޔ
ߍࠄࠇࠆޕ
 േ‛ㆮવ⎇ⓥᚲߢߪޔ㤥Ძ⒳‐ߢᄙ⊒ߒ⚻ᷣ⊛៊ᄬߩᄢ߈⢽⢌უᱫ
∝ߣޔ㊀ⷐߥ⚻ᷣᒻ⾰ߢࠆ⢽⢌㔀ࠍኻ⽎ߣߒߚࠥࡁࡓࡢࠗ࠼⋧㑐⸃ᨆࠍㅴ
ߡࠆᧄޕ㗄ߢߪ⢽⢌㔀ࠍኻ⽎ߣߒߚ⸃ᨆࠍߦ⋧࠼ࠗࡢࡓࡁࠥޔ㑐⸃ᨆ
ߩේℂ߿⸃ᨆߩㅴⴕ⁁ᴫߦߟߡ⸃⺑ߒߡߊߎߣߦߔࠆޕ
ࠥࡁࡓࡢࠗ࠼⋧㑐⸃ᨆߩ⎇ⓥ࠺ࠩࠗࡦ
 ࠥࡁࡓࡢࠗ࠼⋧㑐⸃ᨆߦߪ∝㨯ኻᾖ⎇ⓥ⎇࠻ࡎࠦޔⓥ⎇ޔⓥߥߤޔ⒳ޘ
ߩ⎇ⓥ࠺ࠩࠗࡦ߇ࠅ⸃ޔᨆኻ⽎ߪ⾰⊛ᒻ⾰ߣ㊂⊛ᒻ⾰߇ࠆ߽ᦨޕ㗫❥ߦⴕ
ࠊࠇࠆ∝㨯ኻᾖ⎇ⓥߪߣ∝ޔኻᾖࠍߦޘ㓸ޔ2 ߟߩ⟲ߩ㑆ߩࠕ࡞㗫ᐲޔ
߹ߚߪㆮવሶဳ㗫ᐲߩࠅࠍᬌቯߔࠆᣇᴺߢࠅ⎇ᧄޔⓥߢ߽ߎߩᣇᴺࠍណ↪
ߒߡࠆޕ⢽⢌㔀ߪ㊂⊛ᒻ⾰ߢࠆ߇ޔBMS No.ࠍၮḰߦࠨࡦࡊ࡞ࠍ⟲
ߣਅ⟲ߦಽ㘃ߒ⊛⾰ޔᒻ⾰ߣߒߡ⟲㨯ਅ⟲ࠍ∝⟲㨯ኻᾖ⟲ߣߺߥߒߡ
∝㨯ኻᾖ⎇ⓥࠍⴕ߁ߎߣߣߒߚޕ
ࠨࡦࡊ࡞㓸
 ৻⥸㓸࿅߆ࠄߩࠨࡦࡊࡦࠣߪ᧲ޔ੩⦼ᶆᏒ႐ߣᄢ㒋ධ᷼Ꮢ႐߆ࠄ 2000ޯ
2008 ᐕߩ㑆ߦ㓸ߒߚ 24,512 㗡ߩ⢈⢒‐ࠍኻ⽎ߣߒߡޔBMS No.ߩ
⟲ߣਅ⟲ࠍߒߚ㧔BMS No.ߩߣਅߘࠇߙࠇ 10㧑એౝ㧕
ޕᓟㅀߩ㓸࿅
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ߩ᭴ㅧൻߩ㗴ࠍ⠨ᘦߒޔ⟲ߣਅ⟲ߢඨ߈ࠂ߁ߛࠍࡑ࠶࠴ࡦࠣߐߖߚޕ
߃߫ࠆޔ⒳㓶‐ߩ↥ሶࠍߔࠆ႐วޔ⟲ߣਅ⟲ߢඨ߈ࠂ߁ߛᢙ
߇ߘࠈ߁ࠃ߁ߦߒߚ․ޕቯߩ⒳㓶‐ߦࠄߥࠃ߁ߦޔඨ߈ࠂ߁ߛᢙߪ
ฦ⒳㓶‐ߢਅ 4 㗡ߕߟ 8 㗡એౝߦߥࠆࠃ߁ߦߒߚޕ103 㗡ߩ⒳㓶‐ߩ↥
ሶࠍ⟲ߣਅ⟲ߢ 303 㗡ߕߟߒޔว⸘ 606 㗡ߩࠨࡦࡊ࡞㧔 3㧕ࠍࠥ
ࡁࡓࡢࠗ࠼⋧㑐⸃ᨆߦ↪ߚޕ
 3㧚⸃ᨆࠨࡦࡊ࡞ߩౝ⸶
 㩷

⦼ᶆ

ධ᷼

ว⸘

⟲

184

119

303

ਅ⟲

180

123

303

ว⸘

364

242

606

50K SNP ࠴࠶ࡊ
 ⋧㑐⸃ᨆߦ↪ࠆ SNP㧔৻Ⴎၮᄙဳ㧕ߪᔅߕߒ߽⋥ធဳߦᓇ㗀ࠍ߷ߔ
SNP㧔⽿છ SNP㧕ߢࠆᔅⷐߪߥߊ⽿ޔછ SNP ߣㅪ㎮ਇᐔⴧ⁁ᘒߦࠇ߫ࠃޕ
ㅪ㎮ਇᐔⴧߣߪ․ޔቯߩ㓸࿅ߦ߅ߡⶄޔᢙߩᐳߦ߅ߌࠆࠕ࡞ߩ㈩ሶౝ
ߢߩሽ߇㕖⁛┙㧔ㅪ㎮㧕ߩ⁁ᘒࠍ␜ߔޕㅪ㎮ਇᐔⴧ߇ᒝ㗔ၞࠍࡂࡊࡠ࠲ࠗ
ࡊࡉࡠ࠶ࠢ㧔ㅪ㎮ਇᐔⴧࡉࡠ࠶ࠢ㧕ߣޔKhatkar ࠄ㧔Genetics, 176: 763-772,
2007㧕ߦࠃࠆߣߩࠢ࠶ࡠࡉࡊࠗ࠲ࡠࡊࡂߩࠪ࠙ޔᐔဋߩ㐳ߐߪ⚂ 70 kb ߢࠆ
ߣ▚ቯߐࠇߡࠆޔߜࠊߥߔޕℂ⺰⊛ߦߪࠥࡁࡓߦ 70 kb ߦ৻ߩ㑆㓒ߢ SNP
ࠍ㈩⟎ߔࠇ߫ోࠥࡁࡓࠍࠞࡃߒߚ⋧㑐⸃ᨆ߇ߢ߈ࠆߎߣߦߥࠆࡂޔߒߛߚޕ
ࡊࡠ࠲ࠗࡊࡉࡠ࠶ࠢߩ㐳ߐߪ߫ࠄߟ߈߇ᄢ߈ߊޔᢙ kb ߆ࠄᢙ 100 kb ߦ߽߅ࠃ
߮৻ቯߢߪߥߎߣߦᵈᗧ߇ᔅⷐߢࠆޕ
 ࠗ࡞ࡒ࠽␠߆ࠄ⊒ᄁߐࠇߚ࠙ࠪ 50K SNP ࠴࠶ࡊߪ 54,001 ߩ SNP ࠍ࠲ࠗࡇ
ࡦࠣߔࠆߎߣ߇ߢ߈ࠆ⋧ޔߒ߆ߒޕ㑐⸃ᨆߦ߁ࡑࠞߪ㤥Ძ⒳㓸࿅ౝߢ
ᄙဳᕈߩࠆࡑࠞߢߥߌࠇ߫ߥࠄߥ࡞ࠕ࠽ࠗࡑޕ㗫ᐲ߇ 0.01 એࠍ
ၮḰߣߒߡࡑࠞࠍㆬᛮߔࠆߣ 50K SNP ߩ߁ߜޔ㤥Ძ⒳㓸࿅ߢ⸃ᨆߦ߃
ࠆ SNP ᢙߪ⚂ 40,000 ߢߞߚޕ40,000 SNP ߩࡑࠞ㑆㓒ߪᄢඨ߇ 20ޯ200
kb ߩ▸࿐ౝߦࠅޔᐔဋࡑࠞ㑆㓒ߪ⚂ 63 kb ߢ߶߷ࠥࡁࡓోࠍࠞࡃߒ
ߡࠆߣ⠨߃ࠄࠇࠆ㧔࿑ 2㧕ޕᓥ᧪ߩඨ߈ࠂ߁ߛኅ♽⸃ᨆߢ․ቯߢ߈ࠆ QTL 㗔
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ၞߩ㐳ߐߪ 10ޯ20 cM ߢࠆ߇⋧࠼ࠗࡢࡓࡁࠥޔ㑐⸃ᨆߢߪߘࠇࠃࠅ߽ᄢߦ
⁜▸࿐ߩᢙ 10—ᢙ 100 kb ߦ QTL 㗔ၞࠍ․ቯߢ߈ࠆߎߣ߇ᦼᓙߐࠇࠆޕ

࿑ 2㧚50K SNP ߩࡑࠞ㑆㓒
 ታ㓙ߩ࠲ࠗࡇࡦࠣߢߪⴊޔᶧࠆߪ⢽⢌ࠨࡦࡊ࡞߆ࠄߒߚࠥࡁࡓ DNA
ࠍߞߡޔ3 ᣣ㑆ߢ 1 ᐲߦ 96 ࠨࡦࡊ࡞ࠍ࠲ࠗࡇࡦࠣߔࠆߎߣ߇ߢ߈ࠆޕᓥ᧪ߩ
ࠪࠤࡦࠪࡦࠣߦࠃࠆ SNP ߩဳ್ቯߣᲧセߒߡޔታ㛎ߦᔅⷐߥഭജ߿ᤨ㑆߇ᄢ
ߦᷫߢ߈ࠆޕ
⛔⸘⸃ᨆ
 ∝㨯ኻᾖ⎇ⓥߢߪޔSNP Ფߦ 2 ⟲㑆ߩࠕ࡞㗫ᐲ㧔A,a㧕ߪࠆޔㆮવሶဳ
㗫ᐲ㧔AA, Aa, aa㧕ߩࠅࠍᬌቯߔࠆ࡞ࠕޕ㗫ᐲߩ႐วߪ 22 ߩಽഀߦߟ
ߡޔㆮવሶဳ㗫ᐲߩ႐วߪ 23 ߩಽഀߦߟߡǿ2 ਸ਼ᬌቯ߿ Fisher ߩᱜ⏕
ᬌቯޔArmitage ะᬌቯߥߤࠍⴕ߁ޕ
 ᄙᢙߩ SNP ߦߟߡᬌቯࠍⴕ߁႐วޔᄙ㊀ᬌቯߩ㗴߇↢ߓࠆޔߜࠊߥߔޕ
1 ߟߩ SNP ߦߟߡߩᬌቯߦ߅ߌࠆᗧ᳓Ḱߪ 0.05 ߢ⦟߇ޔหߓၮḰߢ
40,000 ߩᬌቯࠍⴕ߃߫ޔ2,000 ߩன㓁ᕈ߇ᬌߐࠇࠆߎߣߦߥࠆࠍࠇߎޕ
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⸃ߔࠆߚߩᦨ߽⊛ߥᣇᴺߣߒߡ Bonferroni ߩᱜ߇⍮ࠄࠇߡࠆߎޕ
ࠇߪන৻ߩᬌቯߦ߅ߌࠆᗧ᳓Ḱࠍ SNP ᢙߢ㒰ߒߚ୯ࠍᄙ㊀ᬌቯߩᗧ᳓Ḱߣ
ߔࠆ߽ߩߢࠆޕ40,000 SNP ߩᬌቯߢߪ 0.05/40,000 = 1.25  10-6 ߇ᗧ᳓
Ḱߣߥࠆޔߒߛߚޕฦ SNP ߇ቢోߦ⁛┙ߒߡߥ႐ว㧔߃߫ⶄᢙߩ SNP
߇ㅪ㎮ਇᐔⴧ⁁ᘒߦࠆ႐ว㧕ޔㆊߦ⊛ߥᬌቯߣߥߞߡߒ߹߁ޕ
 ᄙ㊀ᬌቯߩ㗴ࠍ⸃ᶖߔࠆ߽߁߭ߣߟߩᣇᴺߣߒߡޔታ㓙ߦⷰኤߐࠇߚ⛔⸘
㊂ߩޔᏫή⺑ߦ߅ߡᦼᓙߐࠇࠆᬌቯ⛔⸘㊂߆ࠄߩਵ㔌ࠍนⷞ⊛ߦ␜ߔᣇᴺ
߇ࠆ ߩߡߴߔޕSNP ߦᒻ⾰ߣ⋧㑐߇ߥߌࠇ߫⛔⸘㊂ߩಽᏓߪᏫή⺑ߦ߅ߌ
ࠆಽᏓߦᓥޔᐔဋ୯ߪᐔမಽᏓߣߥࠆޕᏫή⺑ߩ߽ߣߢᦼᓙߐࠇࠆ P ୯ࠍ
ᮮゲߦޔታ㓙ߦⷰኤߐࠇߚ P ୯ࠍ❑ゲߦߣߞߚ QгQ㧔quantile-quantile㧕ࡊࡠ࠶
࠻㧔࿑ 5ޔᓟߦឝタ㧕ߢߪޔᒻ⾰ߣ⋧㑐ߩߥ SNP ߪ y = x ߩࠣࡈߦಽᏓ
ߔࠆߣᦼᓙߐࠇࠆ߇⋧ޔ㑐ߩࠆ SNP ߪ y = 㨤ߩ⋥✢߆ࠄߕࠇࠆߪߕߢࠆޕ
㓸࿅ߩ᭴ㅧൻ
 ࠥࡁࡓࡢࠗ࠼⋧㑐⸃ᨆߩ⸃ᨆኻ⽎㓸࿅߇ㆮવ⊛ࡃ࠶ࠢࠣ࠙ࡦ࠼ߩ⇣ߥࠆ
ߊߟ߆ߩಽ㓸࿅߆ࠄ᭴ᚑߐࠇߡࠆ⁁ᘒࠍ㓸࿅ߩ᭴ㅧൻߣ߱ޕ᭴ㅧൻߩᓇ㗀
߇ᄢ߈ߣ߈∝߫߃ޔ㨯ኻᾖ⎇ⓥߢ∝㨯ኻᾖ㑆ߩಽ㓸࿅ߩᲧ₸߇ဋ৻ߢߥ
㧔ⴊ⛔ߦࠅ߇ࠆ㧕႐วޔಽ㓸࿅㑆ߢࠕ࡞㗫ᐲߦᏅ߇ࠆᐳ߇⸃ᨆኻ
⽎ߩᒻ⾰ߣߪ⋧㑐߇ߥߦ߽㑐ࠊࠄߕன㓁ᕈߣߒߡᬌߐࠇࠆ㧔࿑ 3㧕ޕ

࿑ 3㧚㓸࿅ߩ᭴ㅧൻ
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 ኅ⇓ߣߒߡߩ࠙ࠪߪຠ⒳ࠍ⏕┙ߔࠆㆊ⒟ߢ㓸࿅ߩࡦ࠳ࡓߐࠍឃ㒰ߒ․ޔቯ
ߩᒻ⾰ࠍ࿕ቯߔࠆߎߣ߇ᱧผ⊛ߦⴕࠊࠇߡ߈ߚޕ⡺↪‐ߣߒߡᡷ⦟߇ㅴࠄࠇ
ߡ߈ߚ㤥Ძ⒳㓸࿅ߪޔ⒳㓶‐ߩ♽⛔㧔߃߫↰ዥ♽ޔ᳇㜞♽ߥߤ㧕ߦࠃߞߡ
ߊߟ߆ߩಽ㓸࿅ߦࠊ߆ࠇߡࠆߎߣ߇੍ᗐߐࠇࠆޔߚߩߘޕ⢽⢌㔀ߩ⋧
㑐⸃ᨆߦ߅ߡⴊ⛔߇ࠄߥࠃ߁ߦޔ೨ㅀߩㅢࠅ⟲ߣਅ⟲ߢඨ߈ࠂ߁
ߛߩᢙࠍߘࠈ߃ߡࠨࡦࡊ࡞ࠍߒߚޕ
 ⛔⸘ࡊࡠࠣࡓࠍ↪ߡ᭴ㅧൻߩ⒟ᐲࠍᛠីߒᱜߔࠆߎߣ߽ߢ߈ࠆޕ᭴ㅧ
ൻߩ⒟ᐲࠍផ᷹ߒㆊᄢ⹏ଔߐࠇߚ⛔⸘㊂ࠍᱜߔࠆ Genomic Control ᴺ߿ޔਥ
ᚑಽಽᨆࠍ↪ߒߡ᭴ㅧൻࠍᱜߔࠆ EIGENSTRAT ߥߤ߇ࠆޕGenomic
Control ߪⷰኤߐࠇߚᬌቯ⛔⸘㊂ߩ߰ߊࠄߺࠍᏫή⺑ߦ߅ߌࠆǿ2 ⛔⸘㊂ߩಽ
ᏓߣᲧセߔࠆߎߣߢ᭴ㅧൻߩ⒟ᐲࠍផ᷹ߔࠆᚻᴺߢࠆޕEIGENSTRAT ߪࠨࡦ
ࡊ࡞ᢙSNP ᢙߩ⤘ᄢߥㆮવሶဳᖱႎ߆ࠄߩߘޔ㓸࿅ߩ㑆ߩㆮવ⊛ߥ߫ࠄ
ߟ߈ࠍᦨᄢߦߔࠆᚑಽ߆ࠄ╙ 1 ᚑಽ ╙ޔ2 ᚑಽ ╙ޔ3 ᚑಽ̖ߣ㗅ᰴቯߒߡ
ߊޕᲤߦฦᚑಽߩ࿕୯߇ਈ߃ࠄࠇ ╙ޔ1 ᚑಽ ╙ޔ2 ᚑಽߦߟߡᐔ㕙
ߦࡊࡠ࠶࠻ߔࠆߣޔ㑆ߩㆮવ⊛〒㔌ࠍⷞⷡൻߢ߈ࠆޕ㤥Ძ⒳㓸࿅ࠍኻ⽎
ߦߎߩ⸃ᨆࠍⴕߞߚ႐วޔ᳇㜞♽↰ޔዥ♽ ߩ♽⦟⮮ޔ3 ♽⛔ߦᄢ߹߆ߦಽ㘃ߐ
ࠇࠆะ߇ࠄࠇࠆ㧔࿑ 4㧕∝ޕኻᾖ㑆ߢᗧᏅߩࠆᚑಽߢฦߩㆮવ
ሶဳ୯ߣဳ୯ࠍᱜߔࠆߎߣߢ᭴ㅧൻߩᓇ㗀ࠍૐᷫߔࠆߎߣ߇ߢ߈ࠆޕ

࿑ 4㧚ਥᚑಽಽᨆߩ╙ 1╙ 2 ᚑಽߩࡊࡠ࠶࠻
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ߎࠇ߹ߢߩᚑᨐ
 ⢈⢒‐ 606 㗡ࠍ↪ߡ⢽⢌㔀ࠍኻ⽎ߣߒߚࠥࡁࡓࡢࠗ࠼⋧㑐⸃ᨆࠍⴕ
ߞߚޕEIGENSTRAT ࡊࡠࠣࡓࠍ↪ߡਥᚑಽಽᨆߦࠃࠆ᭴ㅧൻߩᱜࠍⴕߞ
ߚޕArmitage ะᬌቯߢㆮવሶဳ㗫ᐲߩࠅࠍᬌቯߒ⋧ޔട⊛ࡕ࠺࡞ఝᕈࡕ
࠺࡞ഠᕈࡕ࠺࡞ࠍᲧセߒޔSNP ߏߣߦᦨ߽ p ୯߇ዊߐߊߥࠆࡕ࠺࡞ࠍㆬᛯߒ
ߚޕ᭴ㅧൻߩ⒟ᐲࠍ␜ߔᜰᮡߣߥࠆ Genomic Control ߩǳ㧔1 ߦㄭ߶ߤ᭴ㅧൻ
ߩ⒟ᐲ߇ዊߐ㧕ߪᧂᱜߢߪ 1.39-1.53 ߢߞߚ߇ޔਥᚑಽಽᨆߦࠃࠆᱜᓟ
ߪ 1.06-1.14 ߣߥߞߚޕ
 ⋧㑐⸃ᨆߩ⚿ᨐޔBTA 4ޔBTA 19ޔBTA 23 ߢ⢽⢌㔀ߣ⋧㑐ߩࠆ SNP ࠍᬌ
ߒߚ ߩࠄࠇߎޕSNP ߪ Q-Q plot ߢᏫή⺑߆ࠄߩਵ㔌߇ࠄࠇߚ ߦ․ޕBTA
4 ߩ SNP ߪ P = 6.110-7 ߢ Bonferroni ߩᱜࠍ⠨ᘦߒߡ߽ᗧߢߞߚ㧔࿑ 5㧕ޕ
BTA 4 ߩ SNP ߪㄭறߩ SNP ߣ⚂ 500 kb ߩ▸࿐ߦࡂࡊࡠ࠲ࠗࡊࡉࡠ࠶ࠢࠍ᭴ᚑ
ߒߡ߅ࠅߩߎޔ㗔ၞߪኅ♽⸃ᨆߢᬌߐࠇߚ⢽⢌㔀 QTL ߩㄭߊߦሽߒߡ
ߚ㧔࿑ 6㧕ޕ

࿑ 5㧚⢽⢌㔀ߩ Q-Q plot
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࿑ 6㧚ኅ♽⸃ᨆߦࠃࠆ⢽⢌㔀 QTL 㗔ၞߣ⋧㑐⸃ᨆߩࡂࡊࡠ࠲ࠗࡊࡉࡠ࠶ࠢ

߅ࠊࠅߦ
 ኅ♽⸃ᨆߢ߽ᬌߐࠇߡࠆᐳߦ⢽⢌㔀ߣ⋧㑐ߩࠆ QTL 㗔ၞࠍᬌߔ
ࠆߎߣ߇ߢ߈⋧࠼ࠗࡢࡓࡁࠥޔ㑐⸃ᨆߪലߥᚻᴺߢࠆߣ⠨߃ࠄࠇߚޕ
 ߒ߆ߒ⥸৻ޔ㓸࿅ߣߪ⸒ߞߡ߽ඨ߈ࠂ߁ߛᢙ߇ᄙߊㄭᐲߩᒝ㤥Ძ⒳
㓸࿅ߢߪ㓸࿅ߩ᭴ㅧൻߩᓇ㗀߇ㆱߌࠄࠇߕࠣࡦࡊࡦࠨޔᣇᴺ߇㕖Ᏹߦ㊀ⷐߦ
ߥߞߡߊࠆޕᓟ❥ޔᱺᕈ߿㘺ᢱല₸ߥߤߩᒻ⾰ߦߟߡ߽ࠥࡁࡓࡢࠗ࠼⋧㑐
⸃ᨆࠍㅴࠆߚߦࠣࡦࡊࡦࠨߥ⊛❱⚵ޔࠍᢛ߃ࠆߎߣ߇ᔅⷐਇนᰳߢ
ࠆߣ⠨߃ࠄࠇࠆޕ
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4㧚ᆔຬળળ⼏╬ߩ㐿
1) ⢒⒳ផㅴᬌ⸛ᆔຬળ
 ߎߩᆔຬળߪޔᒰ⎇ⓥᚲ߇ⴕ߁⡺↪‐ߩࠥࡁࡓ⎇ⓥޔ㐿⊒ᬺߩࠆߴ߈ᣇ
ะਗ߮ߦ⎇ⓥ㐿⊒ᚑᨐߩᔕ↪ᣇะߥߤߦߟߡክ⼏ߒޔᔅⷐߥഥ⸒ࠍⴕ߁ߚ
ߦ㐿ߐࠇߡࠆޕ
 ᐔᚑ 20 ᐕᐲ߆ࠄߩᣂⷙᬺߩ┙ߜߍߦ ╙ޔ1 ࿁⋡ߩᆔຬળߪᐔᚑ 20
ᐕ 8  22 ᣣ᧲੩ߢ㐿ߐࠇߚ⼏ޕౝኈߪᰴߩㅢࠅߢߞߚޕ
Ԙᬺౝኈ߮㆐ᚑ⋡ᮡߦߟߡ
ԙᐔᚑ 20 ᐕᐲ⸘↹ߦߟߡ
Ԛ ‐⍮⊛⽷↥ᮭขᓧᵴ↪ផㅴද⼏ળߦߟߡ
ԛ 㗴ឭଏ㧦ㄘᬺಽ㊁ߦ߅ߌࠆᦨᣂࠥࡁࡓ⸃ᨆᛛⴚߩᔕ↪
Ԝ ߘߩઁ
 ߎࠇࠄߩ⼏ߩਛߢޔേ‛ㆮવ⎇ⓥᚲߩ⎇ⓥᵴേߩⷐ߇⾗ᢱߦၮߠߡ⚫
ߐࠇߚ⎇ޕⓥᚑᨐਗ߮ߦᵴേᣇะߦߟߡ⺬ߣߐࠇߚޕ
ޣ⢒⒳ផㅴᬌ⸛ᆔຬળᆔຬޤ
 ዊ⇌ ᄥ㇢    㧔␠㧕ㄘᨋ᳓↥వ┵ᛛⴚ↥ᬺᝄ⥝ࡦ࠲STAFF ⎇ⓥᚲ
⎇ⓥ㐿⊒╙ 2 ㇱ㐳
 㣮ᔒ ဋ     ో࿖⇓↥㑐ଥ႐ᚲ㐳ળળ㐳㧔⨙ၔ⋵⇓↥ࡦ࠲㐳㧕
࿖ᨑ ືᄦ     ጟጊᄢቇㄘቇㇱ ✚วㄘᬺ⑼ቇ⑼ᢎ
 ᱞ     㧔⁛㧕ㄘᬺ㘩ຠ↥ᬺᛛⴚ✚ว⎇ⓥᯏ᭴ℂ㧔⇓↥⨲
⎇ⓥᚲ㐳㧕
 ᣂጊ ᱜ㓉    㧔␠㧕ኅ⇓ᡷ⦟ᬺ࿅ኾോℂ
 ⪉ᴧ Პ     㧔␠㧕ਛᄩ⇓↥ળળ㐳
 ⮮ጊ ⑺ᄦ    ᖱႎࠪࠬ࠹ࡓ⎇ⓥᯏ᭴࿖┙ᖱႎቇ⎇ⓥᚲᢎ
 ะ ᢥ㓶    㧔␠㧕ో࿖‐⊓㍳දળળ㐳
 ⍫㊁ ⑲㓶    㧔⁛㧕ኅ⇓ᡷ⦟ࡦ࠲ℂ㐳
  㗴ឭଏ㧔⡜⻠Ꮷ㧕
 ⊓ౝ ᧂ✜    ࠗ࡞ࡒ࠽ᩣᑼળ␠ࡑࠤ࠶࠹ࠖࡦࠣ
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2) ᛛⴚផㅴᆔຬળ
 ߎߩᆔຬળߪޔᒰ⎇ⓥᚲ߇ⴕ߁⎇ⓥ㐿⊒ߦߟߡ⎇ޔⓥᚻᴺߥߤᛛⴚ⊛㕙
߆ࠄክ⼏ߒޔഥ⸒ߔࠆߣߣ߽ߦ⎇ޔⓥ㐿⊒ᚑᨐߩቇⴚ⊛⹏ଔߔࠆߚᐔᚑ 13 ᐕ
ᐲࠃࠅ㐿ߐࠇߡࠆޕᐔᚑ 20 ᐕᐲᆔຬળߪޔᐔᚑ 21 ᐕ 2  3 ᣣേ‛ㆮવ⎇
ⓥᚲߢ㐿ߐࠇߚ⼏ޕߪᰴߩㅢࠅߢߞߚޕ
Ԙᐔᚑ 20 ᐕᐲߩ⎇ⓥᚑᨐ⊒
(a) వᄤᕈ㗡ᰳ៊∝⽿છ㗔ၞ-1㧔ATPP-1㧕ߩࡈࠔࠗࡦࡑ࠶ࡇࡦࠣ
(b) SAGE ߦࠃࠆ࠙ࠪ⢽⢌⚦⢩ಽൻㆮવሶࡊࡠࡈࠔࠗ࡞
(c) 㤥Ძ⒳⢽⢌㔀 QTL㧔Marbling-3㧕ߩ⽿છㆮવሶߩหቯߦะߌߡ
(d) ࠙ࠪ 50K SNP ࠴࠶ࡊࠍ↪ߚࠥࡁࡓࡢࠗ࠼⋧㑐⸃ᨆ
(e) 㤥Ძ⒳ᨑ⡺㊀㊂ QTL㧔CW-1㧕ߩ⽿છㆮવሶߩหቯߦะߌߡ
(f) ⚻ᷣᒻ⾰ QTL ࡑ࠶ࡊߣᨑ⡺㊀㊂ QTL㧔CW-2㧕ߩ⸃ᨆ
ԙ ᐔᚑ 20 ᐕᐲߩߘߩઁߩ⎇ⓥᚑᨐߣᐔᚑ 21 ᐕᐲߩ⎇ⓥ⸘↹ߦߟߡ
Ԛ ⻠⹏
ޣᛛⴚផㅴᆔຬળᆔຬޤ
  ዬኅ ⟵ᤘ    ጤᚻᄢቇㄘቇㇱකቇ⑼ᢎ
  ⁿሶ ⧷ବ     ᧲ᶏᄢቇකቇㇱಽሶ↢ቇ⑼ᢎ
  ⩲㊁ ⚐ᄦ     ᧲੩ᄢቇᄢቇ㒮ᣂ㗔ၞഃᚑ⑼ቇ⎇ⓥ⑼ᢎ
  ㊁ ື㇢     ੩ㇺ↥ᬺᄢቇᎿቇㇱ↢‛Ꮏቇ⑼ᢎ
  ᑝᎹ ᴦ     㧔⁛㧕ኅ⇓ᡷ⦟ࡦ࠲ℂ
  ⟤Ớㇱ ଆਃ   㧔ᩣ㧕ᬀ‛ࠥࡁࡓࡦ࠲ઍข✦ᓎ␠㐳
3) ‐↪ࠥࡁࡓ╬ត⚝⍮⊛⽷↥ൻᬺߦଥࠆᛛⴚផㅴᆔຬળ╬
 ߎߩᆔຬળߪޔᐔᚑ 18 ᐕᐲ߆ࠄᒰ⎇ⓥᚲ߇ⴕ߁╬ࡓࡁࠥ↪‐ޟត⚝⍮
⊛⽷↥ൻᬺ߈ߴࠆߩޠᣇะਗ߮ߦ⎇ⓥ㐿⊒ᚑᨐߩᔕ↪ᣇะߥߤߦߟߡክ
⼏ߒᔅⷐߥഥ⸒ࠍߔࠆߣߣ߽ߦޔᬺߩታᣉ⚿ᨐߩ⏕߮㆐ᚑ⋡ᮡߩ⹏ଔࠍ
ⴕ߁߽ߩߣߒߡ㐿ߐࠇߡࠆޕ
 ᐔᚑ 20 ᐕᐲߦ߅ߡޔᬌ⸛ળ߇ᐔᚑ 20 ᐕ 4  14 ᣣߦ᧲੩ߢ㐿ߐࠇޔᛛ
ⴚផㅴᆔຬળ߇ᐔᚑ 21 ᐕ 3  3 ᣣߦ᧲੩ߢ㐿ߐࠇߚ⼏ߩࠇߙࠇߘޕߪᰴ
ߩㅢࠅߢߞߚޕ
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(1) ᬌ⸛ળ
Ԙᓟߩ‐ࠥࡁࡓ⎇ⓥߩዷ㐿ᣇะߦߟߡ
ԙ㒝ዻേ‛ㆮવ⎇ⓥᚲߩ↪ㆮવሶត⚝ߦߟߡ
Ԛ⸛⼏
ޣᬌ⸛ᆔຬޤ
  ㄞ  ⨿৻    ‐⍮⊛⽷↥ᮭขᓧᵴ↪ଦㅴද⼏ળળ㐳
  ᣂጊ ᱜ㓉   㧔␠㧕ኅ⇓ᡷ⦟ᬺ࿅ኾോℂ
  ᧻᳗ ⋥ⴕ    ㄘᬺ⚵วᴺੱ᧻᳗’႐ ’႐㐳
  ศ ⼾ା   㧔␠㧕ో࿖‐⊓㍳දળኾോℂ
(2) ᛛⴚផㅴᆔຬળ
Ԙ ‐↪ࠥࡁࡓ╬ត⚝⍮⊛⽷↥ൻᬺߩฦᐕᐲᚑᨐߦߟߡ
㧔࠙ࠪߩ❥ᱺᕈ㑐ㅪㆮવሶޔ⢽⢌ઍ⻢㧔⢽⢌უᱫ㧕㑐ㅪㆮવሶߩត⚝ߦߟ
ߡ㧕
ԙ ᒰᬺߩᚑᨐߩ✚ߣ⹏ଔߦߟߡ
Ԛ ⸛⼏
ޣᛛⴚផㅴᆔຬળᆔຬޤ
  ዬኅ ⟵ᤘ   ጤᚻᄢቇㄘቇㇱᢎ
  ᴡේ ቁศ   㧔␠㧕ᣣᧄࡎ࡞ࠬ࠲ࠗࡦ⊓㍳දળർᶏᡰዪᖱႎಽᨆ⺖㐳
  ⩲㊁ ⚐ᄦ    ᧲੩ᄢቇᄢቇ㒮ᣂ㗔ၞഃᚑ⑼ቇ⎇ⓥ⑼ᢎ
  ⇥  િ๋    ධ NOSAI ർㇱᡰᚲኅ⇓⸻≮ࡦ࠲ᡰᚲ㐳
  ንᮯ ⎇ᴦ   㧔⁛㧕ㄘᬺ㘩ຠ↥ᬺᛛⴚ✚ว⎇ⓥᯏ᭴ർᶏㄘᬺ⎇ⓥ
ࡦ࠲⎇ⓥ▤ℂቭ
  ᣂጊ ᱜ㓉   㧔␠㧕ኅ⇓ᡷ⦟ᬺ࿅ኾോℂ
  ᳯ ඳ    㧔⁛㧕ㄘᬺ↢‛⾗Ḯ⎇ⓥᚲࠥࡁࡓ⎇ⓥ࡙࠾࠶࠻Ꮸ⎇ⓥቭ
4) ో࿖ DNA ⢒⒳ផㅴળ⼏
 ߎߩળ⼏ߪ⇓↥ᣂᛛⴚታ↪ൻኻ╷ផㅴᬺ㧔࿖㧕ߩ৻ⅣߢࠆޟDNA ⢒⒳
ၮ⋚ߩ⏕┙ߦޠ㑐ࠊࠆో࿖ផㅴળ⼏ߢࠆޕᐔᚑ 13 ᐕᐲ߆ࠄᒰ⎇ⓥᚲߣ⋵ߩ
⎇ⓥᯏ㑐ߣߩห⎇ⓥߪߩߎޔᬺߩᨒ⚵ߺߩਛߢታᣉߐࠇࠆߎߣߦߥߞߚ߽
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ߩߢޔᐔᚑ 12 ᐕᐲ߹ߢߩㅪ⛊⺞ᢛળ⼏ߦ⋧ᒰߔࠆޕᐔᚑ 20 ᐕᐲߦ߅ߌࠆห
⎇ⓥෳ↹ᯏ㑐ߪ 19 ⋵㧔ർᶏޔ㕍ޔጤᚻޔችၔޔ↰⑺ޔጊᒻޔፉޔጘ㒂ޔ
ᐶޔ㠽ขޔፉᩮޔጟጊޔᐢፉޔ⾐ޔ㐳ፒޔᾢᧄޔᄢಽޔችፒޔ㣮ఽፉ㧕ߢ
ࠅᧄޔᬺߩᨒ⚵ߺᄖߢᒰ⎇ⓥᚲߣห⎇ⓥࠍⴕߞߡࠆ㧔⁛㧕ኅ⇓ᡷ⦟
ࡦ࠲ޔ㧔␠㧕ኅ⇓ᡷ⦟ᬺ࿅߽ᧄផㅴળ⼏ߦෳടߒߚޕ
 ╙ 1 ࿁ߩᐔᚑ 20 ᐕᐲో࿖ DNA ⢒⒳ផㅴળ⼏ߪᐔᚑ 20 ᐕ 10  10 ᣣേ‛ㆮ
વ⎇ⓥᚲߢ㐿ߐࠇߚޕਥⷐ⼏㗴ߪᰴߩㅢࠅߢߞߚޕ
Ԙേ‛ㆮવ⎇ⓥᚲߩᐔᚑ 20 ᐕᐲᬺߦߟߡ
ԙߎࠇ߹ߢߩਥⷐᚑᨐߣᐔᚑ 20 ᐕᐲ⸘↹ߦߟߡ
(a) QTL ࡑ࠶ࡊᦝᣂ߅ࠃ߮ലᨐᬌ⸽㧔ችၔޔᾢᧄޔᄢಽޔኅ⇓ᡷ⦟ᬺ࿅ޔ
േ‛ㆮવ⎇ⓥᚲ㧕
(b) ❥ᱺᕈߦߟߡ㧔ጘ㒂㧕
Ԛᐔᚑ 20 ᐕᐲᬺߩታᣉ⸘↹ߣㅴ⁁ᴫߦߟߡ
(a) ห⎇ⓥෳട⋵⹜㛎⎇ⓥᯏ㑐
(b) 㧔⁛㧕ኅ⇓ᡷ⦟ࡦ࠲
(c) 㧔␠㧕ኅ⇓ᡷ⦟ᬺ࿅
ԛേ‛ㆮવ⎇ⓥᚲ߆ࠄߩ㗴ឭଏ
(a) ห৻⒳㓶‐ࠍᆎߣߔࠆⶄᢙඨ߈ࠂ߁ߛኅ♽ߩ QTL ⸃ᨆ
(b) ࠗ࡞ࡒ࠽ SNP ࠴࠶ࡊࠍ↪ߚ⢽⢌უᱫߩࠥࡁࡓࡢࠗ࠼⋧㑐⸃ᨆ
Ԝ‐⍮⊛⽷↥ᮭขᓧᵴ↪ផㅴද⼏ળߦߟߡ
 ╙ 2 ࿁ߩᐔᚑ 20 ᐕᐲో࿖ DNA ⢒⒳ផㅴળ⼏ߪᐔᚑ 21 ᐕ 2  25 ᣣ᧲੩ߢ㐿
ߐࠇߚޕਥⷐ⼏㗴ߪᰴߩㅢࠅߢߞߚޕ
Ԙห⎇ⓥෳട⋵⹜㛎⎇ⓥᯏ㑐ߦࠃࠆᐔᚑ 20 ᐕᐲߩᬺᚑᨐߩႎ๔㧔ർᶏ
ޔ㕍ޔጤᚻޔችၔޔፉᩮޔ㐳ፒޔ㣮ఽፉ㧕
ԙᐔᚑ 20 ᐕᐲߩേ‛ㆮવ⎇ⓥᚲߩ⎇ⓥㅴ⁁ᴫ
(a) ᄙᯏ⢻ᕈ QTL㧔Pleiotropic QTL㧕ߩᬌቯߦߟߡ
(b) ࠗ࡞ࡒ࠽ SNP ࠴࠶ࡊࠍ↪ߚࠥࡁࡓࡢࠗ࠼⋧㑐⸃ᨆ
Ԛᐔᚑ 20 ᐕᐲᬺᚑᨐߩ߹ߣߣᓟߩㅴᣇߦߟߡ
(a) ⶄᢙኅ♽ߢᬌߐࠇߚ⚻ᷣᒻ⾰ QTL ߩࡂࡊࡠ࠲ࠗࡊᲧセ⚿ᨐ
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(b) ᤓᐕᐲឭ᩺ߒߚ❥ᱺᕈ㘺ᢱല₸ࠥࡁࡓ⸃ᨆߩᴫ
ԛ⸛⼏
5) ⎇ⓥળ╬ߩ㐿
Ԙ ╙ 3 ࿁ኅ⇓ DNA ㇹࠪࡦࡐࠫ࠙ࡓߩ㐿
 ‐ࠥࡁࡓ⸃ᨆߩㅴዷߦ ࠆߌ߅ߦ࠼࡞ࠖࡈޔDNA ⢒⒳ലᨐ⽿ޔછㆮવሶ
ߩᯏ⢻⸃ߦะߌߚขࠅ⚵ߺ߇㊀ⷐߥ⺖㗴ߣߥߞߡ߈ߚߚߩߘޕౝᄖߩ㑐ଥ
ߔࠆኾ㐷ኅࠍᓙߒޔ㧔⁛㧕ኅ⇓ᡷ⦟ࡦ࠲ߣหߢޔኅ⇓ DNA ㇹࠪࡦࡐ
ࠫ࠙ࡓࠍᐔᚑ 20 ᐕ 10  9 ᣣߦ㐿ߒߚޕ
㐿႐ᚲ㧦㧔⁛㧕ኅ⇓ᡷ⦟ࡦ࠲⻠ၴ
ਥ㧦㧔⁛㧕ኅ⇓ᡷ⦟ࡦ࠲ޔ㧔␠㧕⇓↥ᛛⴚදળ
╙1ㇱ
(1)

ኅ⇓㘺㙃ߣㆮવሶ⊒
ޟઍ⻢⺞▵ߦࠃࠆ࿖ౝ⨲⾗Ḯ㜞ᐲᵴ↪ဳߩ㕟ᣂ⊛‐㘺㙃ࠪࠬ࠹ࡓߩ㐿

⊒ޠ
㧔ᓟ⮮ ⾆ᢥޔᎺᄢቇᄢቇ㒮ㄘቇ⎇ⓥ⑼㧕
╙2ㇱ

ࡅ࠻ࡑ࠙ࠬߩࠥࡁࡓ⸃ᨆᦨ೨✢ߣᓟߩዷᦸ

(1) ࠬ࠙ࡑޟ⒳㑆ࠦࡦ࠰ࡒ࠶ࠢ♽⛔ߦࠃࠆࠥࡁࡓᯏ⢻⸃ᨆޠ
㧔ၔ⍹ ବᒾޔ
࿖┙ㆮવ⎇ⓥᚲ♽⛔↢‛⎇ⓥࡦ࠲㧕
(2) ♧ޟዩ∛ߩㆮવ⚛࿃ߣ࠹ࡔࠗ࠼ක≮ޠ㧔ᤐᣣ 㓷ੱޔ࿖┙࿖㓙ක
≮ࡦ࠲⎇ⓥᚲ㧕
ԙ ᓙ⻠Ṷ
 ᒰ⎇ⓥᚲߢߪ⎇ࡓࡁࠥࠪ࠙ޔⓥߩㅴዷࠍ࿑ࠆߚޔᐔᚑ 20 ᐕᐲߦ߅ߡޔᰴ
ߩࠃ߁ߥ⎇ⓥ⠪ࠍᓙߒޔേ‛ㆮવ⎇ⓥᚲߦ߅ߡࡒ࠽ࠍ㐿ߒߚޕ
(1)ޟᄢ⣖ᣂ⊹⾰ߩᒻᚑࡔࠞ࠾࠭ࡓߩ⸃ࠍ⋡ᜰߒߡޔޠ ᧁޘᘕੑ㧔ᘮᔕ
⟵Ⴖᄢቇකቇㇱ⸃೬ቇᢎቶഥᢎ㧕ޔᐔᚑ 21 ᐕ 2  9 ᣣ
(2)⚦ޟ⢩㆐ߦࠃࠆᒻࠅߩ⚵ߺޔޠખ᎑ ৻▸㧔ᘮᔕ⟵Ⴖᄢቇකቇ
ㇱ⸃೬ቇᢎቶᢎ㧕ޔᐔᚑ 21 ᐕ 3  18 ᣣ
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Ԛ േ‛ㆮવ⢒⒳ࠪࡦࡐࠫ࠙ࡓ⚵❱ᆔຬળߦࠃࠆ╙ 14 ࿁ࠪࡦࡐࠫ࠙ࡓޟേ‛ࠥ
ࡁࡓ⸃ᨆߣᣂߚߥ⢒⒳ᚢ⇛㧦േ‛ߦ߅ߌࠆ∔ᖚߩㆮવ⊛ࠦࡦ࠻ࡠ࡞ޔࠍޠേ
‛ㆮવ⢒⒳ቇળߣߒߚޕ
 㐿ᣣ㧦ᐔᚑ 20 ᐕ 11  30 ᣣ
 㐿႐ᚲ㧦ጟጊᄢቇ㧔ᵤፉࠠࡖࡦࡄࠬ㧕⥄ὼ⑼ቇ⎇ⓥ㧔ጟጊᏒ㧕
 ౝኈ㧦
 (1) ޟᚱἻᛶ᛫ᕈㆮવሶߩหቯޠ
᧖ᧄ ⌀↱⟤㧔㧔⁛㧕ኅ⇓ᡷ⦟ࡦ࠲ᛛⴚㇱ㧕
 (2) ޟMHC ࠍࡑࠞߦߒߚ‐⊕ⴊ∛ᛶ᛫ᕈ‐ߦะߌߚ⢒⒳ᚢ⇛ޠ
㑆 㓁ሶ㧔㧔⁛㧕ℂൻቇ⎇ⓥᚲ㧕
 (3)  ߩ࠲ࡉޟMHC ࡂࡊࡠ࠲ࠗࡊߣ᛫↥↢ޠ
⮮ 㤗ሶ㧔᧲ᶏᄢቇ㧕
ᨑ ♿㧔ጘ㒂⋵⇓↥⎇ⓥᚲ㧕
ർᎹ ဋ
㧔ጘ㒂ᄢቇᔕ↪↢‛⑼ቇㇱ㧕
 (4)  ࠻ࡢ࠾ޟMHC 㗔ၞߩᄙဳ࠺࠲ࡌࠬߩ᭴▽ߣᗵᨴ∝⎇ⓥ߳ߩᔕ↪ޠ
⚦ ৻⟵ᬁฬ 㓉㧔᧲ᶏᄢቇකቇㇱ㧕
 (5) ޟ᳓↥ಽ㊁ߦ߅ߌࠆ⠴∛ᕈᒻ⾰ߩࡑࠞㆬᛮ⢒⒳⎇ⓥޠ
ဈᧄ ፏጟᧄ ା㧔᧲੩ᶏᵗᄢቇᶏᵗ⑼ቇㇱ㧕
5. ᆔ⸤⎇ⓥ
 ᒰ⎇ⓥᚲߩ⎇ⓥߣᷓߊ㑐ࠊࠅࠍᜬߟ࠹ࡑߦߟߡޔᐔᚑ 20 ᐕᐲߪᰴߩ㧣⺖
㗴ࠍ⎇ⓥ߮ᬺᆔ⸤ߒߚޕ
1㧕࠙ࠪ╭⡺ౝ⢽⢌⚦⢩ᩣࠍ↪ߚ⢽⢌㔀㑐ㅪㆮવሶ⊒ᯏ᭴ߩ⸃㧔ᐔᚑ 13
ᐕᐲࠃࠅ⛮⛯㧕
 Ԙ ᆔ⸤వ㧦᧲ർᄢቇᄢቇ㒮ㄘቇ⎇ⓥ⑼
 ԙ ᆔ⸤⎇ⓥ⠪㧦㤗↢ ਭ
2) ⢽⢌㔀ߦᓇ㗀ࠍ߷ߔㆮવሶߩන㔌ߣߘߩᯏ⢻⸃ᨆ㧔ᣂⷙ㧕
 Ԙ ᆔ⸤వ㧦ᴦᄢቇㄘቇㇱ
 ԙ ᆔ⸤⎇ⓥ⠪㧦Ḵญ ᐽ
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3㧕ሶ‐ߩ⊒⢒ਇో∝ߦଥࠆㆮવ⊛⎇ⓥ㧔ᐔᚑ 17 ᐕᐲࠃࠅ⛮⛯㧕
 Ԙ ᆔ⸤వ㧦ർ㉿ᄢቇක⇓↥ቇㇱ
 ԙ ᆔ⸤⎇ⓥ⠪㧦ᷰㄝ ᄢ
4) ࡕ࠺࡞േ‛ࠍ↪ߒߚ⢽⢌㔀ᒻᚑㆮવሶࡀ࠶࠻ࡢࠢߩ⸃㧔ᐔᚑ 19 ᐕ
ᐲࠃࠅ⛮⛯㧕
 Ԙ ᆔ⸤వ㧦੩ㇺᄢቇㄘቇㇱ
 ԙ ᆔ⸤⎇ⓥ⠪㧦ጊ↰ ት᳗
5) ࠙ࠪ⚻ᷣᒻ⾰⎇ⓥߩߚߩࡕ࠺࡞ࡑ࠙ࠬ♽᮸┙ߣߘߩಽሶ⋧㑐ߩ⸃㧔ᣂⷙ㧕
 Ԙ ᆔ⸤వ㧦ᣂẟᄢቇකቇㇱ
 ԙ ᆔ⸤⎇ⓥ⠪㧦ፒ ஜม
6) ‐ߩ❥ᱺᕈߩಽሶㆮવቇ⊛⸃㧔ᣂⷙ㧕
 Ԙᆔ⸤వ㧦㣮ఽፉ⋵⡺↪‐ᡷ⦟⎇ⓥᚲ
ԙᆔ⸤⎇ⓥ⠪㧦Ḵਅ ೣ
7) 㘧㛗‐ߦ߅ߌࠆ❥ᱺᕈߩಽሶㆮવቇ⊛⎇ⓥ㧔ᣂⷙ㧕
 Ԙ ᆔ⸤వ㧦ጘ㒂⋵⇓↥⎇ⓥᚲ
 ԙ ᆔ⸤⎇ⓥ⠪㧦ዊᨋ ⋥ᒾ
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6㧚⎇ୃຬߩฃߌࠇ
ᚲ ዻ ᯏ 㑐 ฬ

᳁ ฬ

ฃ  ᦼ 㑆

ᄢಽ⋵ㄘᨋ᳓↥⎇ⓥࡦ࠲⇓↥⹜㛎႐

⮮↰ ㆐↵

ᐔ 20.05.26ޯ06.06㩷

㕍⋵ㄘᨋ✚ว⎇ⓥࡦ࠲⇓↥⹜㛎႐

㋈ᧁ ᥏ᄦ

ᐔ 20.07.07㨪07.18㩷

㕍⋵ㄘᨋ✚ว⎇ⓥࡦ࠲⇓↥⹜㛎႐

ዊ㊁ ඳਯ

ᐔ 20.07.10ޯ07.18㩷

ᾢᧄ⋵ㄘᬺ⎇ⓥࡦ࠲⇓↥⎇ⓥᚲ

ฎ↰ 㓷ሶ

ᐔ 20.07.14ޯ08.08㩷

⾐⋵⇓↥⹜㛎႐

ᄢဝ ⽕

ᐔ 20.07.31ޯ08.08㩷

ጊᒻ⋵ㄘᬺ✚ว⎇ⓥࡦ࠲⇓↥⹜㛎႐

ਛ᎑ ብ

ᐔ 20.08.15ޯ08.22㩷

ጟጊ⋵✚ว⇓↥ࡦ࠲

ਛ⮮ ↱♿

ᐔ 20.09.24ޯ10.08㩷

ፉᩮ⋵⇓↥ᛛⴚࡦ࠲

ਛ ੫৻

ᐔ 20.09.22ޯ10.17㩷

ጘ㒂⋵⇓↥⎇ⓥᚲ

᧻ᯅ ⃨ሶ

ᐔ 20.10.06ޯ10.23㩷

㐳ፒ⋵⡺↪‐ᡷ⦟ࡦ࠲

ਣ↰ ବᴦ

ᐔ 20.11.04ޯ11.26㩷

ᄢಽ⋵ㄘᨋ᳓↥⎇ⓥࡦ࠲⇓↥⹜㛎႐

ᷰㆺ ⋥ੱ

ᐔ 21.01.19ޯ01.23㩷

⑺ጊ ᢘቁ

ᐔ 21.01.19ޯ01.30㩷

ጘ㒂⋵⇓↥⎇ⓥᚲ

᧻ᯅ ⃨ሶ

ᐔ 21.01.19ޯ02.06㩷

㕍⋵ㄘᨋ✚ว⎇ⓥࡦ࠲⇓↥⹜㛎႐

㋈ᧁ ᥏ᄦ

ᐔ 21.01.26ޯ02.06㩷

㕍⋵ㄘᨋ✚ว⎇ⓥࡦ࠲⇓↥⹜㛎႐

ዊ㊁ ඳਯ

ᐔ 21.01.26ޯ02.06㩷

ችၔ⋵⇓↥⹜㛎႐

㥱⮮ 㓁

ᐔ 21.01.26ޯ02.06㩷

ἑᚭญ ᶈੑ

ᐔ 21.02.09ޯ02.24㩷

ፉᩮ⋵⇓↥ᛛⴚࡦ࠲

ਛ ੫৻

ᐔ 21.02.26ޯ03.13㩷

ᄢಽ⋵ㄘᨋ᳓↥⎇ⓥࡦ࠲⇓↥⹜㛎႐

ᷰㆺ ⋥ੱ

ᐔ 21.02.26ޯ03.13㩷

⾐⋵⇓↥⹜㛎႐

ᄢဝ ⽕

ᐔ 21.03.10ޯ03.19㩷

ችፒ⋵⇓↥⹜㛎႐

⍹ᯅ ᄢテ

ᐔ 21.03.10ޯ03.19㩷

ጘ㒂⋵⇓↥⎇ⓥᚲ

ዊᨋ ⋥ᒾ

ᐔ 21.03.13ޯ03.19㩷

ᐶ⋵┙ㄘᨋ᳓↥ᛛⴚ✚วࡦ࠲
 ർㇱㄘᬺᛛⴚࡦ࠲

㣮ఽፉ⋵⡺↪‐ᡷ⦟⎇ⓥᚲ

-55㧙㧙

╙ 3 ▵ ✚ോ
1. ⡯ຬฬ★㧔ᐔᚑ 21 ᐕ 3  31 ᣣ㧕
ᚲ  ዻ

⡯  ฬ

᳁  ฬ

ᚲ 㐳

ᚲ 㐳

᧖ᧄ ༑ᙗ

▤ℂㇱ

ㇱ 㐳

㊁ ᄢ᮸

ഥຬ

ᵻᲧ ♿ሶ

ㇱ 㐳

㜞㗇⾐ ᥏ሶ

ਥછ⎇ⓥຬ

ᷰㆻ ᢅᄦ

⎇ⓥຬ

ᐔ㊁  ⾆

⎇ⓥຬ

 ᧁޘᘕੑ

⎇ⓥຬ
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Linkage disequilibrium structures in cattle and their application to
breed identiﬁcation testing
T. Watanabe, T. Hirano, A. Takano, Y. Mizoguchi, Y. Sugimoto and A. Takasuga
Shirakawa Institute of Animal Genetics, Odakura, Nishigo, Nishi-shirakawa, Fukushima 961-8061, Japan

Summary

We examined the extent of linkage disequilibrium (LD) block lengths in four breed populations: Japanese Black, Angus, Hereford and Holstein. Three chromosomal regions in
which QTL were previously mapped in Japanese Black populations were scanned with 84
microsatellite markers. The estimated LD lengths in these four purebred populations varied
from 535 to 683 kb, which is much shorter than the values reported previously. Our
ﬁndings suggest that QTL can be mapped in sub-centimorgan regions in these populations
using an LD-mapping method. We also developed breed identiﬁcation methods to distinguish Japanese Black from Angus, Hereford, Holstein and F1 animals (Japanese
Black · Holstein) respectively using the haplotypic frequencies of a pair of markers in the
breed populations. After assessing the distributions of posterior probabilities to be Japanese
Black, we obtained several pairs of markers that completely distinguished Japanese Black
from the other breeds. We also obtained several combinations of six markers that completely
distinguished Japanese Black animals from F1 animals.
Keywords breed identiﬁcation, cattle, haplotypic frequency, linkage disequilibrium.

Introduction
The degree of linkage disequilibrium (LD) in livestock
populations has attracted much attention because it
provides useful information regarding the plausibility of
ﬁne-mapping QTL and the potential for employing markerassisted selection. In cattle, previous reports using a low
density of microsatellite markers (10-cM interval on
average) showed that LD extends over several tens of centimorgans (Farnir et al. 2000; Odani et al. 2006). On the
other hand, we previously ﬁne-mapped a carcass weight
QTL on BTA14 to a 1.1-Mb region using a high density of
microsatellite markers (0.17-cM interval on average) (Mizoshita et al. 2005). Recently, Khatkar et al. (2007) reported
that the average LD length was 69.7 kb using 15036 SNP
markers (251.8 kb mean interval), although the median
length was 2.9 kb and the largest was 2.3 Mb. These results
indicate that LD length varies by chromosomal region and
by population, and that a dense marker set is required to
examine LD structures.
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Here, we examined LD structures of three QTL regions
using a high density of microsatellite markers (intervals of
0.32–0.63 cM on average). Although SNPs might be more
suitable for examining LD structures because they are more
abundant in the genome, the numbers of SNPs available
from the Bovine Genome Sequencing Project (http://
www.hgsc.bcm.tmc.edu/projects/bovine/) in these regions
were relatively low; thus we used microsatellite markers
developed for ﬁne-mapping. These QTL were for beef marbling (BTA14, Mizoshita et al. 2004; BTA21, Mizoguchi
et al. 2006; and BTA7, Hirano et al. 2008) and carcass
weight (BTA14, Mizoshita et al. 2004, 2005) and had been
mapped in a Japanese Black population. In addition, a
carcass weight QTL in the BTA14 region has been mapped
in another breed population (Kim et al. 2003). Therefore,
we compared LD structures in four breed populations:
Japanese Black, Angus, Hereford and Holstein. Because
selection within a livestock population increases the extent
of LD around a QTL region (Schnabel et al. 2005; de Koning
et al. 2006), a higher or a longer LD might be observed in
the Japanese Black population.
The distribution of allelic/haplotypic frequencies of polymorphic markers in livestock varies depending on the population selection history. Haplotypic frequencies of the
DGAT1 locus (Winter et al. 2002) and the myostatin locus
(Dunner et al. 2003), for example, are different among
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cattle breeds. Differences in LD structures or haplotypic
frequencies might be utilized to distinguish breed populations. We proposed a method to identify the breed of a DNA
sample using the posterior probability calculated from
observed genotypes, which will be useful to suppress beef
breed falsiﬁcation.

Materials and methods
Populations and DNA samples
Adipose tissues or white blood cells were collected from 103,
96, 51, 45 and 96 cattle from domestic Japanese Black,
Holstein, Angus, Hereford and F1 (Japanese Black · Holstein) populations respectively. The Japanese Black and F1
samples were collected at Tokyo Metropolitan Central
Wholesale Market. Angus and Hereford samples were collected in the Hokkaido prefecture. Holstein samples were
collected from dairy farms from a variety of regions in
Japan. Japanese Black and Hereford samples included up to
two paternal half-sibs. Holstein, Angus and F1 samples included no half-sibs. The DNA was prepared from adipose
tissue or white blood cells using standard protocols.

Markers and genotyping
We used 35, 23 and 26 microsatellites as polymorphic DNA
markers on chromosomes 7, 14 and 21 respectively; these
covered 10, 8 and 7 cM (8.0, 6.8 and 8.1 Mb) respectively. Of
the 84 microsatellite markers, 18 were newly developed from
BAC DNA as described previously (Mizoshita et al. 2005).
These included DIK3100 (AB297942), DIK3101
(AB297943),
DIK3102
(AB297944),
DIK3103
(AB297945),
DIK3104
(AB297946),
DIK3105
(AB297947),
DIK3106
(AB297948),
DIK3107
(AB297949),
DIK3108
(AB297950),
DIK3109
(AB297951),
DIK3110
(AB297952),
DIK3111
(AB297953),
DIK3112
(AB297954),
DIK3113
(AB297955),
DIK3114
(AB297956),
DIK8060
(AB297957), DIK8061 (AB297958) and DIK8065
(AB297959). Brieﬂy, DNA fragments (0.5–1.0 kb) were
subcloned into pUC118. Microsatellite-containing bacterial
clones were identiﬁed using poly(dA-dC)poly(dG-dT) (Amersham Pharmacia Biotech) as a probe. PCR primers were designed for microsatellites with more than nine repeats using
PRIMER3 (http://primer3.sourceforge.net/). The map positions
of these markers are shown in Table S1. The genetic map
locations of the newly developed markers were calculated
using data from a Japanese Black paternal half-sib family
(872 offspring) with CRIMAP software (Green et al. 1990).
PCR conditions were described previously (Mizoshita et al.
2004). PCR products were resolved by electrophoresis using
an ABI 3700 DNA analyser (Applied Biosystems). Genotype

data were captured using GENESCAN and GENOTYPER software
(Applied Biosystems).
To compute population-pairwise estimates of Reynolds
et al.Õs (1983) coefﬁcient of ancestry FST and SlatkinÕs
(1995) genetic distance RST, we used the program ARLEQUIN
3.1.1 (http://cmpg.unibe.ch/software/arlequin3/). The signiﬁcance levels of FST and RST were calculated by a permutation test. Brieﬂy, genotypic data from both populations
were shufﬂed and resampled 10 000 times with the same
size as the tested samples. The FST and RST values provided
by the permutation distribute according to the null
hypothesis that the two populations are the same.

Estimation of haplotypic frequencies
Because Hardy–Weinberg (HW) equilibrium is assumed for
the estimation of haplotypic frequencies of a pair of markers
in a population, we tested HW proportions of all markers
using a Monte-Carlo approximation of FisherÕs exact test
(Weir 1996). The repeat number of Monte-Carlo simulations was 1 000 000. Markers that were not in HW equilibrium (P < 0.01) were excluded and were not subjected to
subsequent estimation of haplotypic frequencies.
Haplotypic frequencies of marker pairs were estimated
using an expectation-maximization (EM) algorithm
(Dempster et al. 1977) in each population. Seeding of an
initial value was performed 50 times to avoid local maximization of likelihood and to choose the estimate with the
highest likelihood.

Calculation of LD coefﬁcient and degree of LD
The v2¢ value was computed following Hedrick (1987) for
all syntenic marker pairs in each population. To determine
the threshold for LD, v2¢ values were calculated using permuted genotypic data (1000 times) for each pair of syntenic
markers and the 99th and 95th percentiles from the bottom
of the v2¢ distribution were regarded as the thresholds for
P = 0.01 and P = 0.05 respectively.
To observe the decline of LD along a map distance, a
scatter of v2¢ and a ﬁtted curve were drawn. The curve was
based on the equation of Sved (1971):
LDi ¼

1
þ ei ;
1 þ 4bdi

where LDi is the observed LD for marker pair i, di is the distance
in morgans for marker pair i, b is a coefﬁcient that describes
the decline of LD with distance and ei is a random residual.
To compare the degree of cross-chromosomal LD among
breed populations, the 99th and 95th percentiles were
determined by calculating v2¢ values of all the non-syntenic
marker pairs in each breed population.
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considering two pairs of markers, such as {A, B} and {C, D},
a posterior probability to be Japanese Black (PABCD) is:

Posterior probability to be Japanese Black
To distinguish Japanese Black from the other purebred
populations, we calculated a posterior probability for the
sampled specimen to be Japanese Black as follows.
Assuming the possibility that a beef specimen is either
Japanese Black or ÔotherÕ, prior probabilities to be Japanese Black and to be ÔotherÕ were equally set to 0.5.
When obtaining the genotypic data of a pair of syntenic
markers (e.g. markers A and B), such as A1A2 and B1B2,
a posterior probability that the specimen is Japanese Black
(PAB) is:
PAB ¼

P1AB
;
P1AB þ P2AB

PABCD ¼

P1AB  P1CD
;
P1AB  P1CD þ P2AB  P2CD

where P1AB is the probability to be Japanese Black with
marker A and B calculated as above. Markers were chosen
so that A and C, A and D, B and C, and B and D were not in
LD (P > 0.001). Likewise, the number of combinations of
marker pairs was increased to three.

Results and discussion

where P1AB and P2AB are the probabilities to be Japanese
Black and to be ÔotherÕ respectively. If A1 = A2 or B1 = B2
(the phases are determined), P1AB and P2AB are:
P1AB ¼ 0:5f1A1 B1 f1A2 B2
P2AB ¼ 0:5f2A1 B1 f2A2 B2
and if A1 „ A2 and B1 „ B2 (the phases are not determined),
P1AB ¼ 0:5ðf1A1 B1 f1A2 B2 þ f1A1 B2 f1A2 B1 Þ
P2AB ¼ 0:5ðf2A1 B1 f2A2 B2 þ f2A1 B2 f2A2 B1 Þ;
where f1A1 B1 and f2A1 B1 are the haplotypic frequencies of
A1B1 observed in the Japanese Black population and in the
ÔotherÕ breed population respectively. The prior probability
value was arbitrarily chosen because the assumption of
prior probability values does not change ranks of posterior
probability values observed with samples. A threshold value
to distinguish two breeds was deﬁned as the highest
observed posterior probability value in the ÔotherÕ
(non-Japanese Black) breed.
When assuming the specimen to be either Japanese Black
or F1, a posterior probability to be Japanese Black was calculated in the same way. Because one of the parents of an F1
individual is always Japanese Black and the other is Holstein, the probability to be Japanese Black (P1AB) and to be
F1 (P2AB) is as follows.
If A1 = A2 or B1 = B2,
P1AB ¼ 0:5  2  f1A1 B1 f1A2 B2
P2AB ¼ 0:5ðf1A1 B1 f2A2 B2 þ f1A2 B2 f2A1 B1 Þ
and if A1 „ A2 and B1 „ B2,
P1AB ¼ 0:5  2  ðf1A1 B1 f1A2 B2 þ f1A1 B2 f1A2 B1 Þ
P2AB ¼ 0:5ðf1A1 B1 f2A2 B2 þ f1A1 B2 f2A2 B1
þ f1A2 B1 f2A1 B2 þ f1A2 B2 f2A1 B1 Þ:
A posterior probability to be Japanese Black considering
multiple pair of markers was also calculated. When

Genetic variability and LD structures in four breed
populations
We genotyped 84 microsatellites from three chromosomal
regions (BTA7, 14 and 21) in Japanese Black, Angus,
Hereford and Holstein populations (103, 51, 45 and 96
samples respectively). The mean marker interval was 0.45,
0.32 and 0.63 cM on BTA7, 14 and 21 respectively. There
was <5% missing genotype data for each marker in each
population. The average heterozygosity of the markers was
0.61, 0.55, 0.56 and 0.55, and the average number of alleles
was 6.4, 4.6, 5.1 and 5.8 in the Japanese Black, Angus,
Hereford and Holstein populations respectively (Table S1).
A marker was excluded if it deviated from HW equilibrium
(P < 0.01) or was monomorphic in the population
(Table S1) and was not subjected to subsequent calculations
to estimate haplotypic frequencies (two for Japanese Black,
four for Holstein, two for Angus and three for Hereford).
To examine genetic variability among these four populations, population-pairwise estimates of FST (Reynolds et al.
1983) and RST (Slatkin 1995) were calculated. To avoid
bias due to genetic linkage between loci, we chose nine
microsatellites (DIK8036, DIK8000, DIK8061, INRA094,
DIK4730, DIK7010, DIK3106, IDVGA39 and DIK3113),
three from each chromosomal region, which were shown to
be unlinked by the LD analysis described in the next section.
Estimates of FST and RST are shown in Table 1. All of these
values were highly signiﬁcant (P < 0.001). The obtained
FST values were similar to those observed in European
breeds (Brown Swiss, Jersey and Holstein; 0.079–0.190)
using 15 microsatellites (Hansen et al. 2002). The FST values between Japanese Black and the three other breeds were
similar to those among the three breeds, which are originally from Europe. These results indicated that each population is genetically distinct, and that LD structures and
haplotypic frequencies would therefore be different among
the four breed populations.
To measure LD in the chromosomal regions, we used the
standardized v2, v2¢ (Yamazaki 1977; Hedrick 1987).
Simulation studies by Zhao et al. (2005) demonstrated that
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Table 1 Population-pairwise estimates of FST and RST.
Japanese
Black
Japanese
Black
Holstein
Hereford
Angus

0.312
0.356
0.357

Holstein

Hereford

Angus

0.211

0.152

0.121

0.172

0.165
0.085

0.054
0.052

0.081

FST estimates (above diagonal) and RST estimates (below diagonal).
All values were highly signiﬁcant (P < 0.001, by 10 000 permutations
using ARLEQUIN).

v2¢ is the preferred measure of LD for multiallelic markers for
purposes of QTL mapping. D¢ values calculated in nonsyntenic marker pairs were much higher than the v2¢ values
and did not appear to correspond to the reality of linkage
equilibrium across chromosomes (Heifetz et al. 2005).
Figure 1 illustrates the decline of v2¢ along the map distance
between markers on BTA7, 14 and 21 in the Japanese
Black, Angus, Hereford and Holstein populations. Rapid
decays of LD in shorter distances (2 cM) were observed in
all regions and in all breed populations.
Using permuted genotypic data, the threshold values of v2¢
for each pair of syntenic markers were determined. The 99th
and 95th percentiles from the bottom of the collected v2¢
values were regarded as the threshold values to reject the
null hypothesis of LD at the 1% and 5% levels respectively.
Figure 2 shows two-dimensional diagrams of LD in Japanese
Black, Angus, Hereford and Holstein populations in the
BTA7, 14 and 21 regions. An LD block length was determined as a side length of a square where v2¢ values exceeded
the 5% critical value. The average LD length was 566, 535,
683 and 567 kb in the Japanese Black, Angus, Hereford and
Holstein populations respectively (Table 2). The average
lengths were not greatly different. The LD block size ranges
were 22–2568 kb (Japanese Black), 0.2–3123 kb (Angus),
0.2–3303 kb (Hereford) and 16–1991 kb (Holstein). Selection in a livestock population increases the extent of LD
around a QTL region on a chromosome. In commercial
chicken broilers, higher LD was observed around the QTL
region on chicken chromosome 4 (de Koning et al. 2006).
Therefore, it is presumed that a superior haplotype (harbouring an allele more favourable for the trait of interest, Q)
has been more strongly selected around a QTL region.
Unexpectedly, the Q frequencies of BTA7 and 21, where
marbling QTL mapped, were relatively low (< 5%) in the
Japanese Black samples (data not shown), indicating that
these QTL have not yet been strongly selected. In the case of
BTA14, the Q haplotype for carcass weight (composed of
DIK7019 and DIK7015), where carcass weight QTL have
been mapped (Mizoshita et al. 2005), was 46% in the Japanese Black samples. This haplotype exists in an LD block of
2253 kb in Japanese Black, which is much larger than the

average block length. This may be caused by a strong
selection on the carcass weight trait. In other breed samples,
this Q haplotype was observed at 38% (Angus), 4% (Hereford) and 36% (Holstein). Though these Q haplotypes may
not be identical-by-descent to each other across breeds, long
LD blocks including this haplotype were also observed
(Angus, 3123 kb; Hereford, 3303 kb; Holstein, 2253 kb),
possibly indicating a similar strength of selection on the
carcass weight trait.
In previous studies, LD lengths in the cattle genome were
estimated to be several tens of centimorgans, in both Holstein (Farnir et al. 2000) and Japanese Black populations
(Odani et al. 2006). The LD lengths of the four populations in
the present study were estimated to be much shorter. One of
the reasons that previously reported LD lengths were large is
probably because the densities of the microsatellite markers
(10-cM interval on average) were lower than the densities
of those used in the present study (mean interval 0.3 cM).
The LD length of Holstein in this study was several times
longer than the mean length (69.7 kb) recently reported by
Khatkar et al. (2007), which was determined using 15036
SNP markers in the Australian Holstein population.
Our ﬁndings suggest that it is possible to map QTL in a
sub-centimorgan region using LD mapping in these populations. Indeed, Mizoshita et al. (2005) narrowed down a
carcass weight QTL in a 1.1-Mb region by LD mapping. We
examined only 1% of the total length of the cattle genome.
Further studies are needed to reveal the genome-wide extent
of LD in cattle.
Next, to examine cross-chromosomal LD, the 99th and
95th percentiles of non-syntenic v2¢ values were calculated
and compared among the four breeds. Values were larger in
Angus and Hereford than in Japanese Black and Holstein
(Table 2). One of the reasons for these observations might
be a difference in the degree of inbreeding. Angus and
Hereford populations in Japan have been isolated and closed
from European populations for about 40 years. The Japanese Black population has been isolated from other breeds
for more than 60 years, while the Holstein population in
Japan has not been closed. The number of Angus, Hereford,
Japanese Black and Holstein cows available for calf production were 1845, 151, 620 300 and 1 058 000 respectively (The Ministry of Agriculture, Forestry and Fishery of
Japan 2004). In Japan, the degree of inbreeding in Angus
and Hereford may be more than in Japanese Black and
Holstein. Indeed, the median P-value of cross-chromosomal
LD, which is expected to be 0.5 with no cross-chromosomal
LD, was 0.404 in Hereford samples and 0.458 in Holstein,
indicating that the degree of cross-chromosomal LD in
Hereford samples was greater than that of Holstein.

Development of marker sets for breed identiﬁcation
Using the obtained genotypes, we aimed to develop a
method to distinguish Japanese Black from the other breeds.
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Figure 1 Scatter of v2¢ and decline of LD along a map distance in the BTA7, 14 and 21 regions of Japanese Black, Angus, Hereford and Holstein
populations. The ﬁtted curve is drawn based on the equation of Sved (1971).

For all possible pairs of syntenic markers, posterior probabilities to be Japanese Black were calculated for all samples
in the Japanese Black population and in the other three
purebred populations (see Materials and methods). We dealt
with the posterior probability value not as a true posterior
probability to be Japanese Black but as a kind of statistic.
The numbers of syntenic marker pairs examined for the
tests of Japanese Black/Angus, Japanese Black/Hereford and
Japanese Black/Holstein were 1114, 1067 and 1018
respectively. If the lowest observed posterior probability
value given by a pair of markers among Japanese Black
samples was greater than the highest observed value among
the other population samples, the pair of markers could be
used to distinguish Japanese Black samples from the other
breeds. The assumption of prior probability to be Japanese

Black did not inﬂuence our ability to distinguish breeds.
Changing the prior probability between 0.1 and 0.9 caused
the distributions of posterior probabilities of individuals
to change; however, the proportions of individuals that
exceeded a threshold value of each marker pair did not
change where the highest observed posterior probability in
the other breed value was deﬁned as a threshold (data not
shown). This is because a rank of a sampleÕs posterior
probability in tested samples depended only on the observed
haplotypic frequencies in two populations and not on a
prior probability.
We obtained 13, 9 and 6 pairs of syntenic markers that
distinguished Japanese Black/Angus, Japanese Black/Hereford and Japanese Black/Holstein respectively (Table 3). The
haplotypes of these perfect marker pairs tended to be present
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Figure 2 Two-dimensional diagrams of LD in the BTA7, 14 and 21 regions of Japanese Black, Angus, Hereford and Holstein populations.
Degrees of LD are indicated by light grey (P ‡ 0.05), dark grey (0.01 £ P < 0.05) and black (P < 0.01). White gaps are the locations of excluded
markers that are either monomorphic or not in HW equilibrium.

exclusively in the Japanese Black breed or in the other breed
(Table S2).
Next, we applied the method to distinguish the Japanese
Black animals from the F1 animals (Japanese Black · Holstein), which comprise 23% of the domestic beef production

(Japanese Black: 39%; Holstein: 37%) (The Ministry of
Agriculture, Forestry and Fishery of Japan 2005). Testing
three pairs of markers (166 650 combinations), we
obtained ﬁve combinations of six markers that distinguished
Japanese Black from F1 (Table 4).
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Table 2 Averages of LD block length and cross-chromosomal distributions of v2¢.
Percentiles of crosschromosomal v2¢ values

Estimated LD block length in kb (no. of blocks)

Japanese Black
Angus
Hereford
Holstein

BTA 7

BTA 14

BTA 21

All

401
385
469
733

521
785
1803
352

957
502
477
623

566
535
683
567

(12)
(8)
(8)
(8)

(8)
(6)
(3)
(8)

(6)
(9)
(8)
(7)

(26)
(23)
(19)
(23)

99th

95th

0.260
0.385
0.489
0.268

0.171
0.210
0.296
0.143

An LD block length was determined as a side length of a square where v2¢ values exceeded a 5% critical value by a permutation test.

Table 3 Marker pairs to distinguish Japanese Black/Angus, Japanese Black/Hereford and Japanese Black/Holstein.

Japanese Black/Angus

Japanese Black/Hereford

Japanese Black/Holstein

1
2

First
marker

Second
marker

BTA

Minimal posterior
probability value1

Maximal posterior
probability value2

Missing data
rate (%)

DIK8031
DIK8006
DIK8033
DIK8033
DIK4421
DIK8025
DIK8025
DIK8033
DIK519
DIK7040
DIK3000
DIK3113
NLBCMK1
DIK4421
DIK8033
DIK8025
DIK8049
RM011
RM011
DIK7015
DIK519
DIK3110
BMS1116
DIK8045
DIK8003
DIK8033
DIK8060
DIK8025

DIK8049
DIK8025
DIK4421
DIK8049
DIK8025
DIK8047
DIK8049
DIK8031
DIK2570
DIK519
MULGE4
MULGE4
MULGE4
DIK8032
DIK4421
DIK8049
DIK8060
INRA094
NRKM040
DIK519
DIK2570
DIK3000
DIK8045
DIK8061
DIK8061
DIK8061
DIK8061
DIK8045

7
7
7
7
7
7
7
7
14
14
21
21
21
7
7
7
7
14
14
14
14
21
7
7
7
7
7
7

0.485
0.557
0.420
0.463
0.489
0.435
0.745
0.290
0.367
0.278
0.322
0.334
0.088
0.743
0.564
0.420
0.083
0.323
0.295
0.446
0.543
0.290
0.378
0.150
0.478
0.506
0.669
0.093

0.073
0.205
0.099
0.374
0.175
0.357
0.132
0.208
0.153
0.107
0.156
0.037
0.045
0.648
0.456
0.405
0.069
0.257
0.223
0.087
0.339
0.045
0.261
0.074
0.404
0.467
0.036
0.085

2.9
4.1
4.5
4.5
4.5
4.5
4.5
4.9
3.7
4.9
4.5
4.5
4.9
3.0
3.4
4.6
4.6
2.1
2.5
3.8
4.2
3.0
2.8
3.1
3.5
3.5
3.8
4.5

Posterior probability value observed in Japanese Black.
Posterior probability value observed in the other breed.

We developed Japanese Black breed identiﬁcation methods that are suitable for breed label falsiﬁcation tests in retail
beef. Because haplotypic frequencies in livestock populations can change due to breeding and selection, a periodic
survey in populations of interest is necessary to ensure the
reliability of this test.
In summary, we showed differences in LD structures
among four breed populations. LD block lengths were

shorter than those previously reported; this suggests that
narrowing down QTL to sub-centimorgan regions using LD
approaches is possible. Based on the differences in haplotypic frequencies between the populations, we developed
breed identiﬁcation testing methods to distinguish Japanese
Black from the other three purebred and F1 (Japanese
Black · Holstein) populations, which can be utilized for
breed label falsiﬁcation tests in retail beef.
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Table 4 Combinations of six markers to distinguish Japanese Black from F1.
Marker pair 1

Marker pair 2

Marker pair 3

Marker 1

Marker 2

Marker 3

Marker 4

Marker 5

Marker 6

Minimal posterior
probability value1

Maximal posterior
probability value2

Rate successfully
identiﬁed (%)

Missing data
rate (%)

DIK5394
DIK8031
DIK8036
DIK5394
DIK8031
DIK8036
DIK5394
DIK5394

DIK8052
DIK8038
DIK8038
DIK8052
DIK8038
DIK8038
DIK8036
DIK8052

DIK8036
DIK8052
DIK8007
DIK8036
DIK8052
DIK8052
DIK8052
DIK8036

DIK8007
DIK8001
DIK8061
DIK8038
DIK8001
DIK8001
DIK8001
DIK8001

DIK3114
DIK3100
DIK8052
DIK8007
DIK3114
DIK3114
DIK3100
DIK3100

IDVGA30
IDVGA39
DIK8001
DIK8001
IDVGA30
IDVGA30
IDVGA30
IDVGA30

0.146
0.234
0.386
0.127
0.159
0.042
0.237
0.154

0.132
0.192
0.364
0.056
0.122
0.075
0.250
0.168

100.0
100.0
100.0
100.0
100.0
99.2
99.2
99.2

11.5
11.8
12.2
12.5
12.5
11.8
14.2
14.2

1

Posterior probability value observed in Japanese Black.
Posterior probability value observed in the other breed.
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ABSTRACT: A genome-wide scan for QTL affecting
economically important traits in beef production was
performed using an F2 resource family from a Japanese
Black × Limousin cross, where 186 F2 animals were
measured for growth, carcass, and meat-quality traits.
All family members were genotyped for 313 informative microsatellite markers that spanned 2,382 cM of
bovine autosomes. The centromeric region of BTA2
contained significant QTL (i.e., exceeding the genomewide 5% threshold) for 5 carcass grading traits [LM
area, beef marbling standards (BMS) number, luster,
quality grade, and firmness), 8 computer image analysis (CIA) traits [LM lean area, ratio of fat area (RFA)
to LM area, LM area, RFA to musculus (M.) trapezius
area, M. trapezius lean area, M. semispinalis lean area,
RFA to M. semispinalis area, and RFA to M. semispinalis capitis area], and 5 meat quality traits (contents

of CP, crude fat, moisture, C16:1, and C18:2 of LM).
A significant QTL for withers height was detected at
80.3 cM on BTA5. We detected significant QTL for the
C14:0 content in backfat and C14:0 and C14:1 content
in intermuscular fat around the 62.3 to 71.0 cM region
on BTA19 and for C14:0, C14:1, C18:1, and C16:0 content and ratio of total unsaturated fatty acid content
to total SFA content in intramuscular fat at 2 different regions on BTA19 (41.1 cM for C14:1 and 62.3 cM
for the other 4 traits). Overall, we identified 9 significant QTL regions controlling 27 traits with genomewide significance of 5%; of these, 22 traits exceeded the
1% genome-wide threshold. Some of the QTL affecting
meat quality traits detected in this study might be the
same QTL as previously reported. The QTL we identified need to be validated in commercial Japanese Black
cattle populations.

Key words: bovine, F2 family, meat quality, quantitative trait loci
©2008 American Society of Animal Science. All rights reserved.
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Many studies have successfully detected QTL for
economically important traits of beef cattle such as
growth, carcass, and meat quality traits by using
crossbred experimental populations (Keele et al., 1999;
Stone et al., 1999; Casas et al., 2000, 2003; MacNeil
and Grosz, 2002; Kim et al., 2003). Alexander et al.
(2007a,b) recently reported the results of QTL analysis
of a population for which Japanese Black and Limousin cattle were the parents.
Since 1994, we have generated an F2 resource population derived from crosses between Japanese Black
sires and Limousin dams to map loci affecting economically important traits. A unique characteristic of
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Table 1. Composition of the recipient dams of the F2 population
Age (yr)
Breed
Angus
F11
Hereford
Japanese Black
Japanese Shorthorn
Limousin
Total
1

2

52
10
62

3

4

5

6

7

8

9

12

13

Total

2

1

6

3

1

2
1

4

1

1

2

2

2
42

3
43

8

46

47

14

5

3

3

4

1

1

21
1
4
5
145
10
186

Derived from the cross of Japanese Black × Murray Gray.

the Japanese Black breed is the high fat content in the
meat (so-called highly marbled beef), which is an important criterion for beef quality in the present Japanese market. May et al. (1993) described the difference
in fatty acid compositions of the intramuscular fat of
Wagyu crossbred and Angus steers, and Kuber et al.
(2004) reported that Wagyu steaks had lower WarnerBratzler shear force values than did Limousin steaks
(note that most cattle known as Wagyu are Japanese
Black breeds). Given those findings, Japanese Black
cattle may have other economically favorable traits, in
addition to marbling, compared with other breeds. In
contrast to Japanese Black cattle, Limousin cattle produce leaner meat and have a larger body size. We chose
these 2 breeds, the phenotypes of which differ dramatically, to construct an experimental F2 resource family
for bovine QTL analysis.
In this report, we describe QTL underlying the difference in growth, carcass, and meat quality traits between Japanese Black and Limousin cattle. We incorporated physicochemical property traits of the F2 beef,
including the fatty acid composition of backfat, intermuscular fat, and LM i.m. fat. We also identified QTL
for computer image analysis (CIA) traits.

MATERIALS AND METHODS
Animal care and use was according to the protocol
approved by the National Livestock Breeding Center
Animal Care and Use Committee.

Generation and Feeding of F2 Population
F2 Population. An F2 resource population was generated at the Tokachi and Ohu branches of the National Livestock Breeding Center in Japan. The animals
used as parents were 2 Japanese Black (JB) sires (JBA and JB-B) and 2 Limousin (L) dams (L-A and L-B).
The F1 animals were obtained by crossing JB-A with
L-A (family A) and JB-B with L-B (family B). Family A
consisted of 2 F1 males and 17 F1 females, and family
B consisted of 2 F1 males and 15 F1 females. To avoid
obtaining progeny homozygous for latent recessive hereditary disease loci that may be present in the 2 JB
sires, F2 animals were obtained by crossing F1 males

and their nonsibling F1 females (between family A and
B) using embryo transfer techniques. Both F1 families
were produced and raised at the Tokachi branch, and
fertilized eggs were collected in a frozen state. The
majority of the frozen eggs were then sent to the Ohu
branch and used to produce F2 animals. We produced
37 F2 animals at the Tokachi branch from July 1999
to January 2000. The remaining 149 F2 animals were
produced at the Ohu branch during 4 periods: October
to December 1999 (18 cattle); April to June 2000 (44
cattle); January to March 2001 (52 cattle); and July to
October 2001 (35 cattle). The recipient dams of the F2
population consisted of 6 breeds, and ages were distributed from 2 to 13 yr (Table 1).
Feeding Conditions. A total of 186 F2 animals
were weaned at 56 d of age. Calves were raised by
artificial suckling. In the period from weaning to immediately before the fattening stage (rearing period),
animals were fed with mixed feed (Snow Brand Seed
Co. Ltd., Sapporo, Japan), with free intake of hay,
water, and mineral salts. At 8 mo of age, F2 animals
were moved to fattening stalls and began to receive the
mixed feed for the fattening stage. The mixed feed comprised 30.2% barley corn, 39.4% dent corn, 15.1% wheat
bran, 3.4% rice bran, 4.0% wheat flour, 5.7% soybean
waste, 1.0% NaCl, and 1.0% monocalcium phosphate.
The digestible CP of this diet was 11.4% and the total digestible nutrients were 83.1%. All of these percentages were calculated on a DM basis. The amount
of mixed feed provided during the fattening stage was
calculated considering the energy requirement given in
the Japanese Feeding Standard for beef cattle (JLIA,
1995). To accurately control feed intake, every F2 animal was tagged with individual recognition equipment
for an automatic feeding system. The allowed proportions of hay and mixed feed for the fattening stage were
25:75 for animals <14 mo old, 15:85 for animals 15 to
20 mo old, and 10:90 for animals 21 to 24 mo old. Hay,
water, and mineral salts were fed without restriction.

Phenotype Measurements
Growth and Carcass Traits. The F2 animals
were weighed at birth, 4 wk of age, and on the first and
last day of the fattening period. Withers height (from
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the ground to the peak between shoulder blades), hip
cross height (from the ground to the intersecting point
of hip points line and the median line), body length
(from lower edge of the scapula to the end of the ischial
tuberosity), chest girth and width (close behind the
fore foot), hip length (from the hip cross to back end of
the ischial bone), hip point width (between the points
of the hip), rump width, and pin bone (back end of the
ischial bone) width were measured 1 d before slaughter. The F2 animals were slaughtered at the age of 24
mo (731.62 ± 5.01 d of age). At the meat plant, HCW of
the F2 animals were obtained, and carcass quality was
evaluated about 48 h after slaughter by certified graders belonging to the Japan Meat Grading Association
(Tokyo, Japan). Graded traits were LM area, rib thickness (the length from the abdominal lining to the external side of latissimus dorsi at around the midpoint of
entire rib bone of the cross section), backfat thickness
(the length from the external side of latissimus dorsi to
carcass surface on the vertical line from the lower end
of iliocostalis to carcass surface), beef marbling standards (BMS; No. 1 to 12), beef color standards (No. 1 to
7), beef fat standards (No. 1 to 7), luster, firmness, and
texture. All graded traits were measured at the sixth
rib bone side of the cross section between the sixth and
seventh rib bones.
Meat Quality Traits. Physicochemical property traits of the F2 beef were measured. The rib roast
blocks of the seventh to eighth rib bone were sampled
in all F2 animals. The LM was excised from the block
and minced for analysis of moisture, crude fat, and CP
content as described by Okumura et al. (2007), where
approximately 50 g of LM was excised and put in a
plastic bag, and then incubated for 1 h in a constanttemperature bath at 70°C, and reweighed to calculate
the cooking loss value. This incubated muscle was then
cut thinly to yield pieces that were 1 cm × 1 cm × 5
cm cuboids) and used to measure the Warner-Bratzler
shear force (Salter, Kent, UK). Meat color was measured as described by Sato et al. (2003). In addition, we
determined the fatty acid content of 3 parts of the rib
loin block: backfat (on M. trapezius), intermuscular fat
(between M. rhomboideus and LM), and intramuscular fat (of LM). Fat extractions were done as described
by Folch et al. (1957), and extracted fat was saponified
with potassium hydrate-ethanol solution and methylesterified with boron trifluoride-methanol complex.
Processed fat was analyzed by gas chromatography
(6890A, Agilent Technologies Japan Ltd., Tokyo, Japan) under the following conditions: the temperature
of the inlet was 150°C, the oven was warmed from 150
to 220°C, and the temperature of the detector sensor
was 220°C. We used helium gas as a carrier, a capillary column (TC-70, 0.25 mm i.d. × 60 m, df (the phase
thickness of the inside of the capillary column) = 0.25
ǍP */ 6FLHQFH 7RN\R -DSDQ  DQG IODPHLRQL]DWLRQ
detector for detection.
Computer Image Analysis Traits. Digital images of the carcass cross section were taken between
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the sixth and seventh ribs using photographic equipment developed by Kuchida et al. (2001a). This equipment comprised 2 parts: a dome with 570 white lightemitting diodes and a digital camera (2 megapixels,
FinePix2900Z, Fuji Film, Tokyo, Japan) with a wide
conversion lens (WL-FX29, Fuji Film). The distance
between the camera and the surface of the carcass
was fixed, and the lens was always parallel to the carcass cross section. As a result, area and length could
be measured with high accuracy using the equipment.
Obtained digital images were then analyzed using
software developed by Kuchida et al. (2000). The total
muscle area, lean area, and fat area of LM, M. trapezius, M. semispinalis, and M. semispinalis capitus were
calculated by this software. Here, the total muscle area
represents the internal area of the muscle outline form.
Therefore, the lean and fat areas are summed to give
total muscle area. The ratio of the length of minor and
major axes of LM was also calculated.

Genotyping
We extracted DNA from blood using automatic extraction equipment (NA1000, Kurabo, Osaka, Japan),
and the final DNA concentration was adjusted to 20 ng/
Ǎ/$JHQRPHVFUHHQZDVFRQGXFWHGZLWKPLFURVDWHOOLWH
markers (Kappes et al., 1997; Ihara et al., 2004). Polymerase chain reaction amplification was performed in
DYROXPHRIǍ/FRQWDLQLQJQJRIJHQRPLF'1$
1.67 mM MgCl2, 6.25 pmol of each primer, 0.2 mM deoxynucleotides, and 0.375 U of Taq DNA polymerase
(ABgene, Epsom, UK). The annealing temperatures of
each marker in thermocycling steps were optimized by
referencing those recommended by Ihara et al. (2004).
Amplifications were performed under the following
conditions: 5 min at 94°C, 30 cycles of 30 s at 94°C, 30 s
at annealing temperature, 30 s at 72°C, and a final extension of 7 min at 72°C. After PCR amplification, reaction products were fractionated on an ABI377 DNA
sequencer (Applied Biosystems, Foster City, CA), and
fragment analysis was performed with GeneScan and
Genotyper software (Applied Biosystems).

Linkage Analysis
Linkage maps for the 29 bovine autosomes were constructed by using CRI-MAP (Green et al., 1990), and
the constructed map was used for the whole-genome
QTL scan. The information content of markers was
calculated by the method described by Knott et al.
(1998).
A QTL analysis for each trait was performed by the
method developed by Haley et al. (1994). The statistical model is based on linear regression of phenotypes
on the probabilities of QTL genotypes at a given location. We assumed that the grandparental breeds, Limousin and Japanese Black, were fixed for alternative
alleles at a QTL. Two alleles at a putative QTL at a
given location were denoted by Q and q. There are 3
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possible genotypes, QQ, Qq, and qq, for a QTL at the
given location on an autosome. The probabilities of the
QTL genotypes [denoted as Prob(QQ), Prob(Qq), and
Prob(qq)] were calculated from the observed genotypes
of markers linked to the QTL. The calculation was
done as described by Haley et al. (1994). In analyses
of actual data, some fixed effects other than QTL effects including sex-associated differences, breeds, and
ages of the recipient cows, seasons, and locations were
taken into account.
Let the effects of genotypes QQ, Qq, and qq be denoted by a, d, and –a, respectively. We assumed that
the phenotypic value of a trait is written for the ith
individual in F2 as follows:
yi 

 xijbj
j

caia

cdid

ei ,

where bj is the jth element of the vector of fixed effects,
which includes overall mean, sex effect, breeds of the
recipients (6 breeds), ages of the recipients (10 levels),
and combinations of seasons and locations (5 levels); xij
is the (i,j)th element of the design matrix associating
bj to yi; cai is the coefficient for the additive component
for individual i at the given location that is calculated
from the probabilities of QTL genotypes and equal to
Prob(QQ) – Prob(qq); cdi is the coefficient for the dominance component for individual i at the given location,
which is equal to Prob(Qq); and ei is the residual error. Model parameters Ǎ, h, a, and d are estimated by
a least squares method. That is, estimators of the parameters are obtained such that the sum of squares,
¬2


S   yi   xijbj  caia  cdid  ,

®
i 1 
j
n

is minimized, where n is the number of individuals of
F2. Denoting least squares estimators of bj, a, and d by


the terms bˆj , a , and d , the minimal sum of squares is
obtained as
2

 ¬


ˆ

S1   yi   x ijbj  caia  cdid  .

®
i 1 
j
n

Under the null model corresponding to no QTL, where
a = d = 0 is assumed, the minimal sum of squares is denoted by S0. Detection of a significant QTL is declared
based on the ratio involving S1 and S0. In this report,
we used the F-ratio, [(S0 – S1)/2]/[S1/(n – 20)], as a statistic for detecting QTL, where it should be noted that
degrees of freedom of 20 is assigned to the fixed effects.
Significance thresholds were obtained by a permutation test with 1,000 repetitions for each trait.

Correlation coefficients among the 27 F2 phenotypes
for which significant QTL were detected were calculated by PROC CORR (SAS Inst. Inc., Cary, NC).

RESULTS AND DISCUSSION
Phenotype Measurement
and Marker Selection
The 76 traits measured are summarized in Table 2.
One trait of particular interest was the BMS number,
because in the Japanese market, the value of a beef
carcass is heavily dependent on this grading score. Although BMS numbers are categorized as 1 to 12 in Japanese grading systems, the highest number in our F2
population was 7. Furthermore, the distribution of the
BMS numbers was extremely biased and was skewed
toward lower scores (Figure 1).
The 4 parents of our F2 family were genotyped with
bovine autosomal microsatellite markers (Kappes et
al., 1997; Ihara et al., 2004) to select informative markers. Contrary to our expectations, the allele types were
quite similar between the 2 parental breeds for many
markers, so we could not help eliminating a large part
of them (data not shown). Overall, we genotyped these
4 parents for a total of 1,755 markers. We selected
the markers in consideration of the marker distances
based on the published bovine linkage map (Kappes et
al., 1997; Ihara et al., 2004) and the number of characteristic alleles that could distinguish the origin among
4 parental animals or 2 parental breeds.

Linkage Analysis and QTL Mapping
From the marker linkage analysis, 313 markers were
mapped to 29 bovine autosomal chromosomes over
2,382 cM, and the average distance between markers
was 8.4 cM. With this linkage map, we detected QTL
on BTA2, 5, and 19 (Table 3). We identified 9 QTL for
27 traits at the 5% genome-wide threshold level; QTL
for 22 traits were significant at the 1% genome-wide
level. Details of the significant QTL are presented in
Figures 2, 3, and 4. In the QTL analysis, we took into
account the fact that our F2 population was produced
at 2 different stations over different time periods. We
also took into account the effects of recipient dams of
the F2 population, including their breed and age, as
they might have an effect on the performance of the
offspring (Table 1).
We mapped significant QTL for 5 carcass grading
traits (Figure 2, panel A), 8 CIA traits (Figure 2, panels C to E), and 5 meat quality traits (Figure 2, panel
B) to the same centromeric region of BTA2. Among the
CIA traits, LM lean area showed the greatest F-ratio
of all QTL identified in this study (Figure 2, panel C;
Table 3). In addition, QTL for M. semispinalis and M.
trapezius lean area were detected at 4.7 and 2.0 cM, respectively, on BTA2 (Figure 2, panel C). Animals that
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Table 2. Performance, growth, traits of carcass grade, meat quality, computer image analysis (CIA), and fatty acid
composition of F2 animals from an intercross of F1 animals derived from 2 Japanese Black sires and 2 Limousin
dams
Trait

n

Mean

SD

Minimum

Maximum

186
186
186
186
186
186
186
186
186
186
186
186
186
186

34.4
48.1
0.9
227.4
678.0
138.7
141.4
136.2
219.5
74.0
54.6
53.0
51.3
30.2

5.1
5.8
0.1
26.7
62.6
5.8
5.9
5.9
7.8
2.9
3.4
2.5
3.1
3.1

20.0
28.5
0.7
157.0
536.0
125.0
127.0
122.5
198.0
67.4
46.0
47.0
41.0
23.0

47.0
63.0
1.2
291.7
842.0
154.0
157.2
154.0
243.0
81.4
63.0
59.0
60.0
41.0

186
186
186
186
186
186
186
186
186
186
186

424.8
2.4
52.3
6.7
3.1
3.0
4.2
2.9
2.5
3.0
3.0

40.1
0.6
6.5
0.7
1.0
1.0
0.5
0.5
0.6
0.3
0.1

332.5
2.0
39.0
5.4
0.3
2
2
2
2
2
2

534.0
4.0
80.0
9.7
5.7
7
5
4
4
4
4

186
186
186
186
186
186
186
186

62.7
17.7
19.0
27.3
5.6
16.2
9.3
47.1

4.4
5.9
1.4
2.2
1.5
1.8
1.9
3.8

49.2
6.2
15.2
19.6
1.9
10.6
4.3
36.8

71.1
35.4
21.9
32.8
10.7
20.7
13.6
58.0

186
186
186
186
186
186
186
186
186
186
186
186
186
186
186
186
186
186
186

47.3
37.0
10.3
21.9
580.5
415.8
0.7
8.7
6.6
2.0
23.2
31.8
22.7
9.1
28.5
35.0
26.8
8.2
23.1

6.5
6.3
3.2
6.3
57.6
46.2
0.1
2.9
2.3
0.8
5.0
3.9
3.1
2.3
5.7
5.1
4.0
3.1
6.9

33.7
23.2
4.4
7.9
53.0
21.4
0.4
1.2
0.9
0.3
9.3
21.5
15.5
3.4
12.1
20.7
17.1
2.9
9.4

76.4
64.0
22.4
40.1
762.8
507.1
0.9
16.1
12.8
4.2
36.1
42.0
31.1
15.2
45.6
55.2
39.2
24.1
43.6

178
178
178
178

3.1
1.4
23.7
6.0

0.5
0.5
1.6
1.0

2.1
0.5
19.2
3.8

5.1
5.7
30.5
12.6

1

Growth
Birth BW, kg
BW at 4 wk of age
BW daily gain in fattening period
BW on first day of fattening
BW on last day of fattening
Withers height, cm
Hip cross height, cm
Body length, cm
Chest girth,2 cm
Chest width,2 cm
Hip length, cm
Hip point width, cm
Rump width, cm
Pinbone width, cm
Carcass grade
Carcass weight, kg
Carcass grade (1 to 5)
LM area, cm2
Rib thickness, cm
Back fat thickness, cm
Beef marbling standards (1 to 12)
Beef color score (1 to 7)
Luster (1 to 5)
Firmness (1 to 5)
Texture (1 to 5)
Beef fat score (1 to 7)
Meat quality
Moisture, %
Crude fat content, %
CP content, %
Cooking loss, %
Warner-Bratzler shear force, kg/cm2
Redness (a* value)
Yellowness (b* value)
Lightness (L* value)
Computer image analysis
LM area, cm2
LM lean area, cm2
LM fat area, cm2
RFA3 to LM area, %
LM major axis, pixels
LM minor axis, pixels
Ratio of minor and major axes of LM
M. semispinalis capitus area, cm2
M. semispinalis capitus lean area, cm2
M. semispinalis capitus fat area, cm2
RFA to M. semispinalis capitus area, %
M. semispinalis area, cm2
M. semispinalis lean area, cm2
M. semispinalis fat area, cm2
RFA to M. semispinalis area, %
M. trapezius area, cm2
M. trapezius lean area, cm2
M. trapezius fat area, cm2
RFA to M. trapezius area, %
Fatty acid composition
Backfat
C14:0 content, %
C14:1 content, %
C16:0 content, %
C16:1 content, %

Continued
Downloaded from jas.fass.org at Tohoku University on October 29, 2008.

㧙㧙

2826

Abe et al.

Table 2 (Continued). Performance, growth, traits of carcass grade, meat quality, computer image analysis (CIA),
and fatty acid composition of F2 animals from an intercross of F1 animals derived from 2 Japanese Black sires and
2 Limousin dams
Trait
C18:0 content, %
C18:1 content, %
C18:2 content, %
US/S4
Intermuscular fat
C14:0 content, %
C14:1 content, %
C16:0 content, %
C16:1 content, %
C18:0 content, %
C18:1 content, %
C18:2 content, %
US/S
Intramuscular fat
C14:0 content, %
C14:1 content, %
C16:0 content, %
C16:1 content, %
C18:0 content, %
C18:1 content, %
C18:2 content, %
US/S

n

Mean

SD

Minimum

Maximum

178
178
178
178

8.2
51.9
2.7
1.8

1.6
2.7
0.8
0.2

0.1
42.6
1.5
1.1

13.2
58.8
5.2
2.3

177
177
177
177
177
177
177
177

3.7
1.0
25.1
4.8
12.7
47.2
2.5
1.4

0.7
0.3
2.4
0.8
2.3
3.0
0.8
0.2

2.3
0.4
9.4
3.1
3.2
40.5
1.4
0.9

8.2
2.2
31.2
7.7
20.5
55.7
4.9
2.0

184
184
184
184
184
184
184
184

3.7
0.8
28.4
4.2
12.7
44.7
2.8
1.2

0.6
0.3
2.0
0.7
1.9
2.6
0.8
0.1

2.3
0.3
22.5
2.1
4.9
37.4
0.1
0.8

6.6
2.0
34.6
7.0
18.4
51.8
6.4
1.7

1
Withers height = the length from the ground to the peak between shoulder blades; hip cross height = the length from the ground to the
intersecting point of hip points line and the median line; body length = the length from the lower edge of the scapula to the end of the ischial
tuberosity; hip length = the length from the hip cross to the back end of the ischial bone; hip point width = the length between the points of the
hip; pinbone width = the length between the ischial tuberosities.
2
Measured at close behind the fore foot.
3
RFA = ratio of fat area.
4
The ratio between total unsaturated fatty acid and total SFA.

inherited the Limousin alleles had larger lean area in
those 3 muscles than did those that inherited the Japanese Black alleles. A QTL for LM area was detected at
the same position of 1.0 cM on BTA2 (Figure 2, panel
D); animals that inherited the Limousin allele had a
greater muscle area. Because a positive correlation
between muscle area and lean area in our F2 family
occurred in every muscle measured by CIA (data not
shown), animals that inherited the Limousin alleles at
this QTL had greater muscle area with leaner meat.
In contrast, the QTL for RFA to LM, M. semispinalis,
M. semispinalis capitus, and M. trapezius area were
detected at 4.7 cM on BTA2 (Figure 2, panel E), as was
the QTL for BMS number (Figure 2, panel A). Furthermore, QTL for crude fat content of LM and the C16:1
content of intramuscular fat were detected at 5.7 and
0 cM, respectively, on BTA2 (Figure 2, panel B). In all
these cases, animals that inherited the Japanese Black
alleles had greater values. Kuchida et al. (2000; 2001b)
described significant relationships between crude fat
content and RFA (r = 0.98), and between RFA and BMS
number (r = 0.93), respectively. They suggested that
crude fat content and RFA are useful data for evaluating marbling objectively. This suggestion is consistent
with the results of our study.
All of our F2 animals showed BMS numbers of 2 to
5, except for one animal that had a 6 and one that had
a 7 (Figure 1). This indicates the lower intramuscular

fat content of the F2 population than of purebred Japanese Black cattle. In fact, Okumura et al. (2007) noted
that the crude fat content (%) of Japanese Black cattle
slaughtered at 24 mo of age (identical to the age at
slaughter for our F2 population) was 37.0 ± 4.4, whereas
that in our F2 population was 17.7 ± 5.9 (Table 2). Summarizing these results, we suggest that the Limousin
alleles, which produced larger lean and muscle area,
had a more extreme effect than those of the Japanese
Black alleles, which produced beef with greater BMS,
RFA, crude fat, and C16:1 content. Using a population
that inherited the muscle hypertrophy locus, Casas et
al. (1998) detected a QTL for ribeye area, marbling,
and fat thickness. Their results were similar to ours
not only in the type of phenotypes affected, but also in
the QTL regions reported; the multiple QTL were in
the same chromosomal region. Furthermore, using a
Wagyu × Limousin crossbred F2 population, Alexander
et al. (2007a) detected a QTL for LM area in the centromeric region of BTA2.
Recently, Sellick et al. (2007) reported the effect of
the F94L mutation of the myostatin gene. They treated
this gene as a positional candidate of the QTL for meat
percentage, eye muscle area, and silverside (meat block
composed of M. gluteobiceps and M. semitendinosus)
percentage detected in the 0 to 15 cM region of BTA2.
They analyzed a population derived from a Jersey ×
Limousin cross and explained that the F94L mutation
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Table 3. Summary of QTL location, genome-wide probability, and additive and dominance effects
Genome-wide
probability1
Trait
Growth
Withers height, cm
Carcass grade
Carcass grade (1 to 5)
LM area, cm2
Beef marbling score (1 to 12)
Luster (1 to 5)
Firmness (1 to 5)
Meat quality
Moisture
Crude fat content
CP content
Computer image analysis
LM area, cm2
LM lean area, cm2
RFA4 to LM area, %
RFA to M. semispinalis capitus area, %
M. semispinalis lean area, cm2
RFA to M. semispinalis area, %
M. trapezius lean area, cm2
RFA to M. trapezius area, %
Fatty acid composition
Backfat
C14:0 content, %
Intermuscular fat
C14:0 content, %
C14:1 content, %
Intramuscular fat
C14:0 content, %
C14:1 content, %
C16:0 content, %
C16:1 content, %
C18:1 content, %
C18:2 content, %
US/S5

Location

5%

1%

BTA

cM

F-ratio2

Additive3
effect

Dominance3
effect

Variance
explained

9.06

11.82

5

80.3

10.59*

ï

ï

0.06

9.41
9.29
9.31
9.47
9.47

12.08
11.71
11.22
11.00
11.87

2
2
2
2
2

4.7
1.0
4.7
4.7
4.7

16.27†
26.63†
23.65†
18.47†
14.51†

0.32
ï
0.61
0.25
0.32

0.09
ï
0.19
0.11
0.05

0.16
0.23
0.21
0.16
0.15

9.16
9.12
9.18

10.79
11.29
10.98

2
2
2

5.7
5.7
4.7

24.58†
26.37†
32.57†

ï
3.85
ï

ï
1.94
ï

0.21
0.23
0.27

9.46
9.13
9.47
9.22
8.97
9.49
9.21
9.17

11.78
11.25
12.00
11.59
11.07
11.06
10.9
11.27

2
2
2
2
2
2
2
2

1.0
3.0
4.7
4.7
4.7
4.7
2.0
4.7

20.29†
43.21†
28.55†
11.91†
15.55†
14.45†
28.37†
11.69†

ï
ï
4.18
2.36
ï
2.56
ï
3.27

ï
ï
2.28
0.93
ï
2.26
ï
1.35

0.18
0.33
0.25
0.12
0.15
0.14
0.22
0.12

9.38

11.71

19

62.3

9.65*

ï

ï

0.11

9.49
9.44

12.06
11.40

19
19

62.3
71.0

27.47†
13.59†

ï
ï

ï
0.04

0.18
0.15

9.19
9.19
9.14
9.17
9.28
9.36
8.96

11.01
11.18
11.73
11.14
10.78
12.20
10.66

19
19
19
2
19
2
19

62.3
41.1
62.3
0.0
62.3
2.0
62.3

30.44†
12.50†
10.68*
9.18*
21.12†
19.22†
9.65*

ï
ï
ï
0.23
1.56
ï
0.06

ï
ï
ï
0.23
0.42
ï
0.03

0.28
0.14
0.11
0.09
0.20
0.07
0.09

1

Genome-wide F-statistic thresholds at the 1% and 5% levels as determined by permutation tests.
Asterisk (*) and dagger (†) represent the 5% and 1% genome-wide significance levels, respectively.
3
Additive (a) and dominance (d) QTL effects correspond to the genotype values of +a, d, and –a for animals having inherited 2 Japanese Black
alleles, 1 of each allele, or 2 Limousin alleles, respectively. If the additive effect is positive, the Japanese Black allele increases the phenotypic
value; if it is negative, the Japanese Black allele decreases it (conversely, the Limousin allele increases the phenotypic value). Dominance effects are relative to the mean of the 2 homozygous genotypes.
4
RFA = ratio of fat area.
5
The ratio between total unsaturated fatty acid and total SFA.
2

of the myostatin gene originated from the Limousin
breed and significantly increased these traits. Their results seem applicable to our findings. Myostatin is one
of the strong candidate genes for QTL of BTA2 detected
in our F2 population.
Interestingly, a QTL for C18:2 content of LM was detected at 2 cM on BTA2 (Figure 2, panel B). Animals
that inherited the Limousin alleles had greater content
of C18:2. This fatty acid is a constituent of CLA, which
has recently been studied for its favorable effect on human health, especially for reducing human cancer cell
growth (De La Torre et al., 2006). The C18:2 fatty acid
in beef cannot be synthesized in the bovine body, but
originates from feedstuffs. Therefore, it seems strange
that the genetic effect was observed on this trait. On
the other hand, several studies have reported the dif-

ference in C18:2 content between muscle and adipose
of cattle (Hristov et al., 2005; Noci et al., 2005). According to these studies, C18:2 is more abundant in
muscle than in adipose. In our F2 population, animals
that inherited the Limousin allele had leaner meat, as
described above. Furthermore, there was a weak but
positive correlation between C18:2 content and both
CP content and LM lean area (r = 0.11 and 0.12, respectively). Conversely, there was a negative correlation between C18:2 and both crude fat content and RFA
WR/0DUHD U ïDQGïUHVSHFWLYHO\ 7KHVH
results may relate to the fact that the QTL for C18:2
content was detected at the centromeric end of BTA2.
There are several reports on candidate gene analysis
of BMS and subcutaneous fat depth (SFD) traits using
similar Wagyu × Limousin F2 populations. Jiang et al.
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Figure 1. Bar chart of the beef marbling standards
(BMS) numbers of 186 F2 animals. The x-axis indicates
the BMS numbers (1 to 12), the y-axis indicates the
percentage, and the numeral on each bar represents
the number of F2 animals with that particular BMS.

(2005) detected genetic variation in the mitochondrial
transcription factor A (TFAM) gene and determined its
significant effect on both BMS and SFD. Michal et al.
(2006) analyzed the bovine fatty acid binding protein
4 (FABP4) gene as a candidate, and found a significant relationship between detected SNP and these 2
traits. Wibowo et al. (2007) reported a significant effect of mutations detected in the corticotrophin-releasing hormone (CRH) gene on BMS and SFD. The first
TFAM gene is located on BTA28, and the latter 2 genes
(FABP4 and CRH) are both located on BTA14. We detected no significant (or suggestive) QTL for BMS or
backfat thickness on those chromosomes. One possible
explanation for this observation was the difference in
parental individuals between those 2 F2 populations.
In our F2 population, the mutations detected in these
3 genes might be fixed in the 2 breeds. In addition,
the difference in the measuring procedure of BMS and
SFD between the United States and Japan might have
caused the different results.
We detected a QTL for withers height at 80.3 cM on
BTA5 (Figure 3). Animals that inherited the Limousin alleles were taller than those that inherited the
Japanese Black alleles. Quantitative trait loci for birth
weight were detected in this region (Casas et al., 2003;
Kim et al., 2003) by use of a Bos indicus × Bos taurus crossbred family. Mizoshita et al. (2004) detected a
QTL for carcass yield on BTA5 in a half-sib population
of purebred Japanese Black cattle, but the position was
different from our QTL. Li et al. (2004) detected a QTL
for preweaning ADG and ADG on feed in the 73.5- to
77.6-cM region on BTA5 using a crossbred population
developed from several bovine breeds. Those investigators considered IGF-I to be a positional candidate and
included information regarding IGF-I polymorphisms
in their analysis. Although we measured 14 growthassociated traits in total, including birth weight and

ADG during the fattening period, the genome-wise significant QTL was detected only for withers height.
On BTA19, we detected QTL for fatty acid composition (Figure 4, panels A to C). In addition, QTL for C14:0
content were detected at 62.3 cM for backfat (Figure 4,
panel A); QTL for C14:0 and C14:1 content were detected at 62.3 and 71.0 cM for intermuscular fat (Figure 4,
panel B) and at 62.3 and 41.1 cM for intramuscular fat
(Figure 4, panel C). For each of these 3 loci, animals
that inherited the Limousin alleles showed increased
C14:0 and C14:1 content. We also detected QTL for
C16:0 and C18:1 content and the ratio of total unsaturated fatty acid content to total SFA content of intramuscular fat at 62.3 cM on BTA 19 (Figure 4, panel C).
Individuals that inherited the Japanese Black allele at
this QTL demonstrated reduced C16:0 content, but increased C18:1 content and the ratio of total unsaturated fatty acid content to total SFA content. The degree
of fatty acid composition in the intramuscular fat is an
important factor for the eating quality of beef. Generally, the melting points of unsaturated fatty acids are
less than those of SFAs, so beef with more unsaturated
fatty acid in the intramuscular fat has superior eating quality and good texture. In addition, Mandell et
al. (1998) suggested that C18:1 content has a favorable effect on beef flavor. In contrast, Fernandez and
West (2005) stated that C12:0, C14:0, and C16:0 are
considered to be associated with hypercholesterolemia,
because they increase the concentration of low-density
lipoprotein in human plasma, and Bláha et al. (2000)
suggested that SFA concentrations and coronary atherosclerosis are related. Considering these points, we
suggest that our findings here may facilitate the production of beef that is both pleasant to eat and healthier for human consumption. Furthermore, Viitala et al.
(2003) detected a QTL for milk fat percentage at 67
cM on BTA19. Subsequently, Roy et al. (2006) studied
the bovine fatty acid synthase (FASN) gene as a candidate gene for the QTL and found various SNP that had
significant effects on milk fat percentage. Morris et al.
(2007) detected QTL for fatty acid composition in both
adipose tissue and milk fat in the 60 to 80 cM region on
BTA19; the locations of those QTL overlap those that
we detected. Morris et al. (2007) also analyzed FASN as
a candidate gene for this QTL and found that the SNP
haplotype had a significant effect on fatty acid composition; FASN may also be a strong candidate gene for
controlling fatty acid composition in our F2 family. On
the other hand, Alexander et al. (2007b) analyzed the
fatty acid composition of the LM of their Wagyu × Limousin F2 population, and carried out QTL mapping on
this trait, but did not detect significant QTL on BTA19.
A possible reason for this result is the difference in
parental individuals of the 2 Wagyu × Limousin reference populations. Whereas their F2 population originated from 8 Wagyu bulls and 108 Limousin females,
our family was constructed from only 2 Japanese Black
sires and 2 Limousin females. Our 2 Japanese Black
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Figure 2. Plot of the F-ratios from multilocus least squares analysis (Haley et al., 1994) of carcass grade and
physicochemical property traits on BTA2. The x-axis indicates the relative position on the linkage map; the lefthand y-axis represents the F-ratio; and the right-hand y-axis (dotted curve) indicates information content (IC).
Triangles on the x-axis indicate marker positions. Markers were MNS-2, DIK621, ILSTS026, DIK1081, DIK1140,
BM4440, RM041, TGLA226, DIK1109, MM8D3, INRA135, IDVGA-37, and IDVGA-2. The horizontal lines indicate
genome-wide threshold values for 5% level (dotted line) and 1% level (solid line). (A) QTL profile of carcass grade
WUDLWVŌ /0DUHDʄ EHHIPDUEOLQJVWDQGDUGVʊ OXVWHUɆ = carcass grade; and + = firmness. (B) QTL profile
RISK\VLFRFKHPLFDOSURSHUW\WUDLWVŌ &3FRQWHQWʄ FUXGHIDWFRQWHQWɆ PRLVWXUHFRQWHQWʊ &FRQWHQW
+ &FRQWHQWRILQWUDPXVFXODUIDW & 47/SURILOHRIOHDQDUHDŌ /0ʄ 0WUDSH]LXVʊ 0VHPLVSLQDOLV
' 47/SURILOHRIPXVFOHDUHDŌ /0 ( 47/SURILOHRIUDWLRRIIDWDUHD 5)$ WRPXVFOHDUHDŌ /0ʄ 0
WUDSH]LXVʊ 0VHPLVSLQDOLV capitus; Ɇ = M. semispinalis. There is no public information for marker DIK621.
The primer sequences of marker DIK621 were forward primer = TCATGGCCATCATACATCAAG, reverse primer
= CCCCTTTCCAAACCCATAAT.
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Figure 3. Plot of the F-ratios from multilocus least
squares analysis (Haley et al., 1994) of withers height
Ō  RQ %7$ 7KH [D[LV LQGLFDWHV WKH UHODWLYH SRVLtion on the linkage map; the left-hand y-axis represents the F-ratio; and the right-hand y-axis (dotted
curve) indicates information content (IC). Triangles
on the x-axis indicate marker positions. Markers were
BMS1095, BMS610, BP1, RM103, BMS1898, MS2106,
CA084, ETH10, MNS-44, BMS1248, BM315, DIK2206,
DIK2287, DIK2122, BM733, DIK2035, and BMS597.
The horizontal line indicates threshold values for genome-wide 1% level.
sires were considered excellent individuals in 1995, so
several favorable genes (for meat qualities) might be
fixed in the 2 sires. It could be said that the structure
of our F2 population was more suitable for detecting
effective QTL. Interestingly, Alexander et al. (2007b)
detected significant QTL for fatty acid composition on
the centromeric region of BTA2, where we also detected
the QTL on C16:1 and C18:2. The latent factor with effects on beef fatty acid composition may also be located
in this region.
We observed several pairs of traits that showed highly positive or negative correlations among the 27 QTLdetected traits in this study. For example, BMS number had a strong positive relationship with RFA and
LM muscle area (r = 0.85), but also showed a negative
FRUUHODWLRQZLWK&3FRQWHQW U ï 1RWDEO\47/
of those 3 traits were located at the same position, 4.7
cM on BTA2. This suggests that markers targeted for
one trait may improve performance of the other trait.
The opposite result might occur for other trait combinations. We may have to pay attention to this matter
when consideration is given to marker-assisted selection.
Overall, the findings we report here provide fundamental information on the transmission of bovine
quantitative traits. Because the QTL we detected may
represent only breed-associated differences between
Japanese Black and Limousin cattle, we need to confirm these QTL effects in a purebred Japanese Black
population to obtain information useful in breeding
Wagyu cattle.

Figure 4. Plot of the F-ratios from multilocus least
squares analysis (Haley et al., 1994) for fatty acid
composition traits on BTA19. The x-axis indicates the
relative position on the linkage map; the left-hand yaxis represents the F-ratio; and the right-hand y-axis
(dotted curve) indicates information content (IC). Triangles on the x-axis indicate marker positions. Markers were DIK2452, X82261, INRABERN148, URB044,
CSSME070, BMS2389, BM17132, IOBT34, NLBCMK39, and DIK688. The horizontal lines indicate
threshold values for genome-wide 5% level (dotted line)
and genome-wide 1% level (solid line). (A) QTL profile
RIIDWW\DFLGFRPSRVLWLRQLQEDFNIDWŌ &FRQWHQW
(B) QTL profile of fatty acid composition in intermusFXODUIDWŌ &FRQWHQWʄ &FRQWHQW & 47/
profile on fatty acid composition of LM intramuscular
IDW Ō  & FRQWHQW ʄ  & FRQWHQW ʊ  &
content; Ɇ = C16:0 content; and + = the ratio between
total unsaturated fatty acid and total SFA.
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GENOMIC ORGANIZATION AND PROMOTER ANALYSIS
OF THE BOVINE ADAM12 GENE
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A disintegrin and metalloprotease (ADAM) 12 is a member of the ADAM family
possessing a putative role in a variety of biological processes such as modulation of
proteolytic processing, cell adhesion, cell fusion, and signaling. Recently, it has been suggested that ADAM12 is involved in regulation of adipogenesis as well as myogenesis. In this
study, we have determined the genomic structure of 50 - and 30 -regions in the bovine
ADAM12 gene. We could obtain characteristics of lower homology of its exon 2 with
human counterpart. Human exon S19 encodes for the sequence specific to a shorter secreted
form of ADAM12S. The bovine ADAM12 gene had no canonical 30 -splice acceptor site at
50 -side of the putative exon S19, suggesting that the cattle could not produce a ADAM12S
counterpart. To identify the regulatory elements, a 12 kb 50 -flanking region of the gene was
cloned and luciferase reporter assay was carried out. Reporter plasmids with different
length of proximal promoter region indicated the similar patterns of promoter activities
between 3T3-L1 preadipose and Cos-1 nonadipose cells. However, 2.0 and 0.2 kb fragments
located at 28 and 24.5 kb upstream of the putative transcription start site, respectively,
increased the ADAM12 promoter activity about 1.5- to 2-fold in 3T3-L1, but not in
Cos-1. These results suggested that the two distal regions might contribute to the
preadipocyte-specific expression of ADAM12 gene.
Keywords: ADAM12; Adipogenesis; Cattle; Promoter analysis

INTRODUCTION
An ADAM family, of which the prototype is a membrane-anchored cell surface protein composed of several distinct domains including a prodomain, metalloprotease, disintegrin, cystein-rich, EGF-like and transmembrane domains as well as
a cytoplasmic tail, seems to be implicated in a variety of biological processes, such as
modulation of proteolytic processing, cell adhesion, cell fusion, and signaling (1–3).
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ADAM12 has been isolated as one of the ADAM family genes expressed in
muscle (4). The ADAM12 is expressed predominantly in neonatal muscle as well
as placenta, but slightly in adult muscle (4, 5). Its expression has been reported to
decrease during differentiation of myogenic cell line in vitro or to increase dramatically in response to regeneration of muscle in vivo (6). These studies, together
with immunocytochemical localization and functional expression studies, have
suggested that the ADAM12 is implicated in muscle development and regeneration (4–8).
On the other hand, Kawaguchi and colleagues (9) have developed musclespecifically ADAM12-overexpressing transgenic mice, which exhibit the increased
intramuscular adipogenesis characterized by appearance of cells expressing early
markers of adipogenesis in the perivascular space and of mature, lipid-laden adipocytes, at one to two and three to four weeks of age, respectively. Furthermore, Kurisaki and colleauges (10) have recently demonstrated that ADAM12deficient mice exhibit the reduction of the interscapular brown adipose tissue,
in addition to the impaired formation of the neck and interscapular muscles
in some pups. These observations, together with the recent report that the
ADAM12 is transiently expressed at the cell surface of preadipocyte just before
the onset of adipogenesis (11), have suggested that the ADAM12 may be
involved in regulating adipogenesis and myogenesis through a linked developmental pathway.
It has been reported that, in humans, the ADAM12 exists in two alternatively
spliced forms, a shorter secreted form, ADAM12S, and a longer transmembrane
form, ADAM12L, that diverge at their 30 -ends and specifically make use of exon
S19 and exons L19 to L23, respectively (5). As a consequence, the shorter form,
but not the longer form, lacks the transmembrane and cytoplasmic domains at its
C-terminus. In contrast, only the longer transmembrane form has been detected in
mouse (4).
The expression of ADAM12 mRNA are detected in growing preadipocyte and
transiently up-regulated in early stage during the adipocyte differentiation of 3T3-L1
cells (11), suggesting that the ADAM12 gene expression may be transcriptionally
regulated during adipogenesis. However, little is known about the expressional regulation of the ADAM12 gene. Additionally, it is interesting to focus on the bovine
gene, in that beef marbling (12) phenotypically resembles increased adipogenesis
observed in ADAM12 transgenic mouse muscle. As a step toward understanding
the regulation in the cattle, we thus have cloned and sequenced the promoter, as well
as 50 - and 30 -regions, in the bovine ADAM12 gene, and characterized promoter
activity in transient transfection assays in 3T3-L1 preadipocyte.

MATERIALS AND METHODS
Primers
Primer sequences were Ex1-S1, 50 -GCTCATTTATTGCAACGGTCA; Ex5-A1,
5 -TAATGAGTCCCCTGAGACCA; 30 S1, 50 -ACAGGTTTGGCTTCGGAGGGAG; S-A1, 50 -CGGCCAAGCCACAGATTCAA; and S-A2, 50 -AGAGTTAGTGACTCCATGGGT.
0
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Isolation of Bovine Genomic Clones
We screened a bovine k phage library (13), first by hybridization with a partial
bovine cDNA fragment, and the Roswell Park Cancer Institute-42, Children’s
Hospital Oakland Research Institute-240, and Japanese black cattle fibroblastderived (14) bovine BAC libraries as well as the k phage library, repeatedly for
genomic walking, by PCR using primers designed based on upstream end sequences
of positive clones. DNA from positive clones was isolated and characterized by
restriction mapping and Southern analysis using bovine and human cDNA fragments for exons in 30 region of ADAM12L and for exons 1 to 5, respectively, as
probe. Specific restriction fragments subcloned into pBluescript SK- (Stratagene,
La Jolla, CA) were sequenced using an ABI377 sequencer (ABI, Foster City, CA)
with the DYEnamic ET terminator cycle sequencing kit (Amersham Biosciences,
Piscataway, NJ). A nested-deletion and primer-walk strategies were used for
determination of promoter sequence. Analyses of sequences and alignments were
performed with the GENETYX-WIN ver. 7 sequence analysis software package
(Software Development, Tokyo, Japan). The promoter region was analyzed for
potential transcription binding sites with MOTIF SEARCH program (http://motif.
genome.jp). Primer sequences used for genomic walking are available on request.
RT-PCR
A pregnant cow was slaughtered at day 60 of gestation. The whole embryo and
placenta were collected from the uterine cavity of the slaughtered cow, immediately
dipped into liquid nitrogen and stored at 80 until RNA extraction. RNA was
extracted from the bovine whole embryo or placenta using Trizol reagent (Invitrogen,
Groningen, Netherlands), and used as a template for RT-PCR. Reverse transcription
was performed by First-strand cDNA synthesis kit (Takara, Shiga, Japan) according
to manufacturer’s protocol. PCR was performed in a volume of 50 ml with the following
conditions: 2 ml of cDNA, 50 pmol of primers, and 2.5 units of LATaq polymerase
(Takara) for 35 cycles of 94C 0.5 min, 55C 0.5 min and 72C 1 min. PCR primers
Ex1-S1=Ex5-A1 were used to yield product from the exons 1 to 5 splicing. The PCR products were cloned into pCR2.1 using TOPO TA cloning kit (Invitrogen), and sequenced
as described above. PCR primers 30 S1=S-A1 or S-A2 were used to examine the possibility of splicing acceptance from exon 18 to exon S19.
Plasmid Construction
Luciferase reporter constructs were based on a modified pGL3-basic plasmid
(Promega, Madison, WI), in which the SmaI site was converted to a EcoRI site,
via cleavage with SmaI followed by insertion of a EcoRI linker. A genomic ADAM12
fragment from the EcoRI site at 1147 to the HindIII site at þ205 relative to the
putative transcription start site was inserted into the modified pGL3-basic doubledigested with EcoRI-HindIII to generate bovine ADAM12 promoter=luciferase
fusion plasmid (pbADAM12proEH-Luc). Reporter plasmids with progressive
deletion of proximal promoter were constructed from pbADAM12proEH-Luc using
exonuclease III=mung bean nuclease system. For the analysis of distal promoter
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Figure 1 Genomic organization of 50 and 30 regions in bovine ADAM12 gene. Organization of the bovine
ADAM12 gene (middle) is aligned with protein domains of ADAM12L top). Exons are indicated by solid
boxes and numbered accordingly. S19 represents putative exonic sequences homologous to alternatively
spliced exon S19 specific to a shorter secreted form, ADAM12S, detected in human, and is indicated by
dotted box. The domains of the ADAM12L protein are designated as follows: SS, signal peptide; Pro,
prodomain; MP, metalloprotease; Dis, disintegrin; Cys, cystein-rich; TM, transmembrane; Cyt,
cytoplasmic domains. The promoter is indicated by arrow. The genomic fragments (bottom) obtained
by upstream genomic walking are also aligned with genomic organization of the ADAM12 gene.

region, each restriction fragment (1.5, 2.0, 3.4, 0.2, and 3.3 kb) from 1.15 kb
to 12 kb upstream of the putative transcription start site was inserted into the
EcoRI site of pbADAM12proEH-Luc (Figure 1B). To construct the deletion
mutants of 0.2 kb distal promoter fragment, the corresponding fragments were
amplified by PCR and then cloned into the EcoRI site of pbADAM12proEH-Luc
(Figure 2B). The authenticity of the constructs was confirmed by sequencing.

Transfection and Reporter Assay
Because bovine preadipocyte was not available, we used 3T3-L1 as preadipose
cells, and then Cos-1 as non-adipose cells. The 3T3-L1 and Cos-1 cells were maintained at 37C in 5% CO2, in Dulbecco’s modified Eagle’s medium containing 10%
fetal bovine serum. Both cells were transfected with 0.5 mg per well of the reporter
plasmids in 12-well culture plates by employing LipofectAMINE PLUS Reagent
(Invitrogen). To normalize for the efficiency of transient transfection, 10 ng per well
of phRL-CMV (Promega) was simultaneously cotransfected. Transfectants were
lysed with 0.4 ml reporter lysis buffer (Promega) after 30 h according to manufacturer’s recommendation (Invitrogen). Firefly and Renilla luciferase activities in
75 ml aliquot were measured using a microtiter plate luminometer (L-max, Molecular
Devices, Sunnyvale, CA) with Dual-Glo luciferase assay system (Promega). The
firefly activity adjusted for Renilla activity was represented as relative light units.

GenBank Accession Numbers
Bovine ADAM12 cDNA, AB164682; bovine ADAM12 promoter and exon 1,
AB164436; bovine ADAM12 exon 2, AB164437; bovine ADAM12 exon 3, AB164438;
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Figure 2 Nucleotide sequence of bovine ADAM12 exons 1, 2, 3, 4, and 5, and its alignment with those of
human. The sequences from the ATG translation start codon to the initial 100 p of exon 6 in the bovine
(upper row) and human (lower row) ADAM12 gene are represented. The exon 2 sequence is stippled. The
human sequence is from GenBank accession no. BC060804. The final 9 p in exon 4 from GenBank
accession no. AF023476 is represented beneath lower row. The exon=intron boundaries are indicated by
solid inverted triangles.

bovine ADAM12 exon 4, AB164439; bovine ADAM12 exon 5, AB164440; bovine
ADAM12 exons 18 to L20, AB164441; bovine ADAM12 exon L21, AB164442.

RESULTS AND DISCUSSION
Isolation of Bovine ADAM12 Genomic Clones
Genomic clones containing 50 - and 30 -regions of bovine ADAM12 gene were
isolated by screening k phage and BAC libraries (Figure 3). Clones 4a and 051b were
first isolated using a partial bovine ADAM12L cDNA (GenBank accession no.
AB164682) lacking 50 -region as probe. Iteration of upstream genomic walking
subsequently resulted in isolation of additional clones C9, 200-J-18, 42-L-16,
163-K-8, and 505-P-11. Restriction mapping and Southern analysis using bovine
(for exons in 30 region of ADAM12L) or human cDNA fragments (for exons 1 to
5) as probe have revealed that clones 505-P-11, 163-K-8, C9, 051b, and 4a, respectively, contain exons 1, 3, 4, 5, and 18-L21. It has been reported that, in human
ADAM12 genes, the sizes of introns 1, 2, and 3 are extremely long (Human Genome
Resources, http://www.ncbi.nlm.nih.gov/genome/guide/human/). As to the bovine ADAM12 gene, the 50 -region of exon1 to upstream portion in intron 3 spans
the genomic coverage composed of two BAC clone contig, 505-P-11 and 163-K-8,
while the 30 -region of downstream portion in intron 3 to upstream portion in
intron L21 is enclosed with only one BAC clone, 200-J-18 (Figure 3). This is thus
indicative of extremely long sizes of introns 1, 2, and 3, equivalent to that of the
human gene.
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Figure 3 Exon=intron boundaries for the bovine ADAM12 gene. The exon and intron sequences are
shown in uppercase and lowercase letters, respectively. The sizes of exons are represented in the parentheses. The dinucleotides GC 10 bp downstream of exon 4 are doubly underlined (see Discussion).

Genomic Structure of 50 -region in Bovine ADAM12 Gene
Partial sequence analysis of the two clones, 505-P-11 and 051b, respectively,
revealed putative exonic sequences sharing a homology with human exons 1 and 5.
A 50 -portion of bovine ADAM12 cDNA spanning exons 1 to 5 was thus amplified
with RT-PCR using the primers (Ex1-S1=Ex5-A1) designed from the putative
sequences, and then sequenced. The exon=intron organization of 50 -region covering
exon 1 to intron 5 has been determined by partially sequencing the corresponding
genomic fragments, and then comparing with the bovine cDNA sequence; the organization of exon 2 by genomic sequencing of the fragment from the clone 505-P-11
(identified by Southern analysis using the obtained bovine cDNA as probe), and comparing the genomic sequence with the cDNA sequence (Figures 4 and 5). The splicing
consensus sequences were identified in the exon=intron boundary, and all splicing
donor and acceptor sites conformed to the GT=AG rule (Figure 5). While the
exon=intron organization of the 50 -region was conserved between cattle and human,
exon 2 showed lower homology, which results from 39-bp genomic insertion=deletion
in cattle=human (Figure 4, stippled sequences), consistent with no detection of exon
2-containing clone in Southern analysis using human probe.
The human ADAM12 exon 4 has been shown to be subjected to alternative
splicing due to the variable inclusion (GenBank accession no. AF023476) or
exclusion (GenBank accession no. BC060804) of the final 9 bp. The bovine
ADAM12 exon 4 detected in this study is in accordance with alternatively spliced
form excluding the final 9 bp in GenBank accession no. BC060804. The dinucleotides
immediately downstream of the final 9 bp are GC in cattle, as compared to GT
in human, suggesting elimination of an alternate splice donor site in bovine intron
4 (Figure 5, doubly underlined sequences). However, it remains unclear whether
there is alternatively spliced form including the 9 bp, equivalent to that of the
human gene.
We have further demonstrated characteristics that are lower homology of
bovine exon 2 with human counterpart (Figure 4). The ADAM12 prodomain
encoded by exon 2 to 6, has been reported to show lower homology between human
and mouse than that of the other domains (5). The prodomain plays a pivotal role in
regulating the ADAM12 protease through both mechanisms of latency and of exit
from the endolasmic reticulum (15, 16). Therefore, our present result on exon 2,
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Figure 4 Organization and nucleotide sequence of bovine ADAM12 exons 18 to L19, and alignment with
those of human. (A) The structure of the gene is shown with the positions of primers used in this study.
Exons 18 and L19 are indicated by solid boxes, and putative exon S19 with 30 -untranslated region by open
box. (B) The sequences downstream from exon 18 and upstream from exon L19 in the bovine (upper row)
and human (lower row) ADAM12 gene are represented. The sequences around the putative bovine exon
S19, as well as exon 18, human exon S19 and exon L19 sequences, are shown in uppercase letters, while
the intron sequences in lowercase letters. Poly(A) tail is shown following human exon S19. The coding
regions are underlined, and the primers used in this study are shown in arrows above the sequences.

together with the previous report of lower homology in prodomain, may suggest the
existence of species-specific difference in regulatory mechanism of the ADAM12
protease by the prodomain.
Aside from the fact that the ADAM12 genomic reference sequence (41529303–
41388616 of GenBank accession no. NC007327) obtained by the bovine genome
sequencing project starts with exon 4, genomic structure of the other 50 -region in
bovine ADAM12 gene, including the dinucleotides GC 10 bp downstream of exon
4, in the reference sequence was consistent with our data.
Genomic Structure of 30 -region in Bovine ADAM12 Gene
Partial sequencing of the clone 4a, followed by comparison with the bovine
cDNA sequence (GenBank accession no. AB164682), determined the exon=intron
organization, in which the splicing consensus sequences were identified at the
boundary (Figure 5), of 30 -region spanning exon 18 to intron L21, except for alternatively spliced exon S19 specific to a shorter secreted form, ADAM12S, which is
reported to be located between exons 18 and L19 (5). The exon=intron organization
of the 30 -region, except for the exon S19, was conserved between cattle and human.
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Figure 5 Nucleotide sequences of  2.1-kb EcoRI-BamHI restriction fragment containing exon 1 and
50 -flanking regions. The exon 1 sequences are shown in uppercase letters, and the promoter and intron
sequences in lowercase letters. Nucleotide numbering starts with the putative transcription start site
numbered þ1. The ATG translation initiation codon is doubly underlined.

On the other hand, from completely sequencing the corresponding genomic fragment
between exons 18 and L19 of the clone 4a, putative exonic sequences homologous to
human S-specific exon S19 have been retrieved (Figure 6). However, no canonical
30 -splice acceptor site was detected in the vicinity upstream of the putative sequences,
suggesting that the cattle could not produce an ADAM12S counterpart. This may be
corroborated by the fact that even if using placenta tissue, in which human
ADAM12S is the most abundantly expressed, no product was detected by RT-PCR
using 30 S1 and S-A1 or S-A2 primers designed based on exon 18 and the putative
sequences, respectively (data not shown).
The two splice variants of ADAM12, ADAM12S, and ADAM12L are active
metalloproteases in human. ADAM12S can cleave IGF binding proteins 3 and 5,
as well as the extracellular matrix proteins, gelatin, type IV collagen, and fibronectin,
while ADAM12L has been shown to shed heparin-binding EGF and placental
leucine aminopeptidase from their membrane-anchored forms (17). Further study
will be needed on possible effects of loss of ADAM12S function in animal species
including cattle.
Aside from the fact that the ADAM12 genomic reference sequence (41529303–
41388616 of GenBank accession no. NC007327) obtained by the bovine genome
sequencing project contains exons L22 and L23, genomic structure of the other
30 -region in bovine ADAM12 gene, including absence of exon S19, in the reference
sequence was consistent with our data.
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Figure 6 Transfection assay of the bovine ADAM12 proximal promoter. The 0.5 mg of ADAM12-luciferase reporter plasmids with different length of proximal promoter region were transfected into 3T3-L1 or
Cos-1 cells with 10 ng of phRL-CMV. Firefly and Renilla luciferase activities were measured 30 h after
transfection. Results are firefly activity normalized for transfection efficiency and 53 bp (relative to
the putative transcription start site) ADAM12 promoter activity. Data are the mean  standard deviation
from four independent experiments.

Promoter Analysis
The entire sequence of  2.1-kb EcoRI-BamHI restriction fragment containing
exon 1 and 50 -flanking regions was determined (Figure 7). The putative transcription
start site was predicted as 380 bp upstream of the coding start codon ATG, on the
basis of comparison of the genomic sequences in cattle and human. The start site
was 83 bp longer than that of bovine ADAM12 cDNA reference sequence (GenBank
accession no. NM001001156) derived from our cDNA sequence (GenBank accession
no. AB164682). The expression of ADAM12 gene was detected in 3T3-L1 preadipocyte and transiently up-regulated in the early-stage of the adipocyte differentiation
(11). To identify the regulatory elements, reporter plasmids with the different lengths
of proximal promoter region were constructed and transfected into 3T3-L1 preadipocyte. As shown in Figure 8, 391 and 457 (relative to the putative transcription
start site) promoters showed higher activities, as compared with the longer promoters (604 and 1147). Deletion of nucleotides to 53 resulted in a significant
decrease of promoter activity. These results revealed that the highly GC-rich
sequence from 53 to 391 enhanced the ADAM12 promoter activity. However,
such promoter activity profiles observed in 3T3-L1 were similar to those of Cos-1
cells, suggesting that proximal promoter could not support preadipocyte-specific
expression.
To determine the promoter regions directing preadipocyte-specific expression
of ADAM12 gene, further analysis using distal promoter fragments was performed.
Each restriction fragment (1.5, 2.0, 3.4, 0.2, and 3.3 kb) from 1.15 kb to 12 kb
(relative to the putative transcription start site) was inserted in front of 1147 bp
(relative to the putative transcription start site) proximal promoter within
pbADAM12proEH-Luc and transfected into 3T3-L1 preadipocyte (Figure 1). The
2.0 and 0.2 kb fragments located at 8 and 4.5 kb upstream of the putative
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Figure 7 Transfection assay of the bovine ADAM12 distal promoter. (A) Restriction map of 14 kb genomic fragment containing the bovine ADAM12 exon 1 and 50 -flanking region. (B) Each restriction fragment
(1.5, 2.0, 3.4, 0.2, and 3.3 kb) from 1.15 kb to 12 kb (relative to the putative transcription start site) was
inserted in front of 1147 bp (relative to the putative transcription start site) proximal promoter within
pbADAM12proEH-Luc and transfected into 3T3-L1 or Cos 1 cells. Firefly and Renilla luciferase activities were measured 30 h after transfection. Results are firefly activity normalized for transfection efficiency
and 1147 bp ADAM12 promoter activity. Data are the mean  standard deviation from four independent experiments.

transcription start site, respectively, increased the ADAM12 promoter activity about
1.5- to 2-fold in 3T3-L1, but not in Cos-1 cells (Figure 1). These results suggested
that the two distal regions might contribute to the preadipocyte-specific expression
of ADAM12 gene. It is unclear whether there are the regulatory elements in even
farther upstream or intron regions.
The MOTIF search of the 0.2 kb fragment suggested three putative transcription
factor binding sites (NF-AT, TCF11=AP-1, and Cdx) (Figure 2A). When oligonucleotides corresponding to these binding sites were inserted within pbADAM12proEH-Luc
and transfected into 3T3-L1 preadipocyte, they could not enhance promoter activity
(data not shown). Reporter plasmids harboring 50 and 30 progressive deletions of the
0.2 kb fragment were prepared and transfected into 3T3-L1 preadipocyte. Whereas
the deletion of 50 -end 40 bp sequence completely abolished the enhancer activity
(Figure 2B, 50 -160), its fragment in itself did not activate the promoter as in 0.2 kb
fragment (Figure 2B, 30 -40). This result suggested that the 50 -end 40 bp sequence is
necessary but not sufficient for the enhancer-like activity in 0.2 kb. The progressive
deletion from 30 end of 0.2 kb fragment showed the gradual decrease of promoter activities, supposing that multiple elements might function sufficiently in combination. We
need further analysis to understand the mechanism by which the distal promoter
regions increase the promoter activity in preadipocyte-specific manner.
In conclusion, we have determined the genomic organization of 50 - and 30 -regions
in the bovine ADAM12 gene. Furthermore, we have identified the promoter regions
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Figure 8 Transfection assay of the deletion mutants of 0.2 kb distal promoter fragment. (A) Nucleotide
sequence of 0.2 kb distal promoter fragment. The MOTIF search suggested three putative transcription
factor binding sites (NF-AT, TCF11=AP-1, and Cdx). The oligonucleotide sequences containing these
binding sites and used in transfection (data not shown) are represented by italic letters. The 50 - and
30 -end positions of 50 and 30 deletion mutants used in (B), respectively, are shown in arrow. (B) Reporter
plasmids harboring 50 and 30 progressive deletions of 0.2 kb fragment were prepared and transfected into
3T3-L1 preadipocyte. Firefly and Renilla luciferase activities were measured 30 h after transfection.
Results are firefly activity normalized for transfection efficiency and 1147 bp (relative to the putative
transcription start site) ADAM12 promoter activity. Data are the mean  standard deviation from four
independent experiments.

that might direct preadipocyte-specific expression of ADAM12 gene. These results will
lead to the understanding of the expressional regulation of bovine ADAM12 gene.
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