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I ! "# 
 
$%&'#()* 0+15,-./0*123456789:6;<=>?@

ABCADEFGHIJK6L8MNOP8QRS12345TL$%?:6;

<=>*B$UVW1-XRY/Z:&[\G]^_`0&abcDdef= 
1994a, b06ghijklGmn&iopIq05rsOPtuSvPY-wx

y<6B$%5T/<12Gz{|}G~�*aÄÅDdGÇÉp;ÑÖÜ-

áà<F)HI;âä-ãå6çéOP<S 
èê6ëí&198305tPìBî2Gï`6%ñ6Góòô*B|Ööõú

ùû6%ñ6G2oüEp;JK6B3 -}¡/<¢£ûGJK5¤¥OP

<6¦uS/;ò§B$%Gî2 5T/<¨©6*B3 ª«¬G­®%ñ¯

YG°±²¢³`ÜG_ü5´q/<3 }¡µ¶GW·5¸-¹LBºPY

?»¼;3op½z²¾:-¿Q´v/v6)À<SÁ p5*B$%5tô¢

£û?ÂÃÄ¯YÅÄÆÇÈ<6B¢GÉÊÜGËlBÌûGÌÍBÎÏÐÑÒ

õÓñGÔÕGÖ×BATP GØÙ$ÚBÛÜû³`ÝÞB¢ßàª«GïÜü

áâãäåGËæBÀ<¦*2ûrçGWÔÕ5´q/<9:2ûGèé-¿

Q´v/6¦u&èê6ëíB19830SvuLRê^p5¹3/<ëì?íîç

ïðA6î2 5¾:-ñy<6òyYP8¦<Síó5Bôõ;¾:)ÀPì

ì%5ö/v6)÷ø?ùúxP<?B$%ûüÜGý¦î2)* 5,)òÈ¯

2+3 þïG$%ÿo)XWÑ!p;¾:6;<&èê6ëíB19830S 
$%"#ÚGî2 5óL8*$¼G%&'?ÀôBºPY*(ÚG 3 å5

l))QtuS*¼5å¦8¦Aå¯G%&-'+/<S 
&,0Ü-EVÎÏEp_ü 
  ./çGÑâ- 12,) 4 0ïÿo/<6B1Ï¶çG253¦8Bö4å5

ÎÏG6l²78B1Ï¶G¹9G:P;Gëì?MàYP<&Satake and 
Hayase 1970; Nishiyama 19760S6lLRö4å5ÎÏ53¦8*B<5=õ

> ? @ ; G Î Ï Ð 1 A B G Ü - ë ì * M à Y P ; ¦ ? B C * Ë l / <

&Nishiyama 19840SíÄB$%ûüÜî2 Cornus stlonifera DEFãG- 0,

)ÿo/<6B12 þïHÊIBJ>1Ï GK>ü?MàYP<S24 þïHÊ

I5*ÎÏ¢²<5=õ>?@¢G785LML85NOPG5?78/<

&èê6ëí 19830S 
&Q03oV3üEp_ü 
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¦Aå¯Gî2$)*BRS<5=õ>?@G=TùUUüª«ïÜ?$%

5V¦$Ú/<v6?�Y¯5OP8¦<SxRBC. stlonifera )*$%"#Ú

)GW@õXÜYZH[GïÜü6W5ù\å]^YZH[GïÜ$Ú?Mà

YP<6¦uSÒã_âP¢G³`Ü5óL8*5NOPG5GÄÇ`%ñ?

13+14,B<5=õ>?@5å¦8* 9+10,)À<&èê6ëí 19830S 
&a0µ¶32Ep_ü 

î2 -$%"#Ú53QB¹b?_`/<cd¶G%&?ef5MòPB

W\ÑghihjÑù\@kÑ-l¦R~m)*$%5tô 514 nGcd¶?

¹boG_ü-+LR6pqOP8¦<&Vogel et al. 20050Sr5stu)*

34 nG$%vwÜcd¶?RSOPBºGu§ 20 n?xyGcd¶)À7R

6¦u&Nogueira et al. 20030SvPx)5pqOPR$%vwÜcd¶5*

DREB1 ;Gz{;Ç|q¶G}BAOX Gtu;<5=õ>?@cd¶?~x

P8¦<&Yamaguchi-Shinozaki and Shinozaki 2005; Ito et al. 1997; Takumi 
et al. 2002; Li et al. 20070S 

(FGtu5B$%5T/<î2 G½z*�ì5ÄÅ)ÀôB3 }¡µ¶

GW·?@Ç5É<ëì-¿Q´v/v6-+ÑL8¦<SíÄB<5=õ>?

@5óÖ/<ëì-.Ü/<%&á'?@¦GXáà)BvGµâG%&Gä

ã?l¦5çéOP<SL¯L;?YBLåGtu;ÎÏEpÀ<¦*3oEp

;%&BÀ<¦*çéN]=å>G<5=õ>?@cd¶G¹b~m?ef5

äàYP8¦<½>B<5=õ>?@éN]=å>Gcd¶¹b5óL8*%

&'?è6fêë¦S 
í <5=õ>?@*ìîO\ïÒñùï?@-ó6/<?B<5=õ>?@|Ö

-òucd¶Glôµ&íö5* 2,000+3,000 n0*çéN]5Bõô?úù

GéN]5=å>OP<&Binder and Brennicke 2003; Millar et al. 20050Sû

ü5;78B>Ñ B0'À<¦*¡¢G£ãåO?Ä^¦)¤¶î2<5=õ

>?@éN]G·¥¦§¨-¹sLBcd©pG·ª?�Y¯5;7R&Unseld 
et al. 1997; Kubo et al. 2000; Notsu et al. 2002; Handa 2003; Clifton et al. 
2004; Sugiyama et al. 20050SºP5tPìBéN]rÑi* 221,853bp&hö

â0+569,630bp&5s«\=W0B=å>OP<cd¶C* 50+60 n)éN]

G 10¬­ñ-®à<SÑõ5\õ* 20+24 n)B·8£ãåO II ¯)À<S

<5=õ>?@cd¶G¹bm°5±I;öõúùûÜq¶*,å-²Q·8

çéN]5=å>OP8¦<S 
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í bÉB<5=õ>?@cd¶*³´(ÚGtu;O\µG-H8¹b/<6

òyYP8¦<S/;ò§BçéN]5=å>OP< RNA ¶?·På¸?C$

¹GO\«åöå§¨¯YGÇ|-ò¦Bí^Ç|42¯YCº»G RNA O\

µWõ£-ü¼R¡½mRNA?¾¿5ØOP<&Binder and Brennicke 20030S 
í ¤¶î2<5=õ>?@cd¶G¹b*ÀY T7/T3 ÁÂåÃ¯ RNA ¶?·

På¸?M¦BvP*Ro )|Ö/< RNA ¶?·På¸)À<SÄÅ )*

ÁÂåÃ¯6Ûç32¯G RNA ¶?·På¸-Æl/<Rà5W£jq¶?

WÑÇ)À<?B<5=õ>?@5*ÈYP8¦;¦&Gray and Lang 1998; í

É 20050S 
í RNAO\µWõ£5*ÊËp;GïÌO?¦Aå¯~xP8¦<Síå*

RNAÍÎ&RNAáÏÐïÐõ£0)À<&Maier et al. 19960S¤¶î2GRNA
ÍÎ*Ç|I5RNAFGÊîGW5Wõõ¦-sPWãõ¦5ÑÒLB¾¿Ó

Ô=>õ²ÕÞ=>õGÖÍÀ<¦*.î/<@<NUõ¦G_×;BéN]

DNAF6*ë;<cd©p-1ôÍ/O\µG)À<S3üEp5*W5Wõ

¥¦G±@<Nü½z)BÍÎôØGF³C¥¦-.Ù5ôØÊëÜ?Úx<

v6-+/Ïåö?ÛYPååÀ<&Kubo and Kadowaki 1997; Williams et al. 
1998; Farré et al. 2001; Takenaka et al. 20040SÜê5GOPÑWõ£?ÝÞ

YP<?B¤¶î2<5=õ>?@éN]GÑõ5\õ5*WGîGOPÑWõ

£¯6B5PõGîGOPÑWõ£¯G2$¹?ùå¯78¦<&Chapdelaine 
and Bonen 1991; !"#"$#%&'"&()*+%&",&%-.&/00/1&Morawala-Patell et al. 1998!"
5PõGîGOPÑWõ£¯Ñõ5\õ*WGîGOPÑWõ£¯Ñõ5\õ?

µßOPRÜà)BQåGRNA?)n5Ç|OPRI5GOPÑWõ£½z5

ØOP<S5PõGîGOPÑWõ£¯Ñõ5\õ*¥EWGîGOPÑWõ£

¯Ñõ5\õ)À7RXG?äüGÊ­)éN]áÍ¡5tôµßOPRv6B

OY5WGâ5PõG¯ÆGäü?¦Aå¯G¤¶î2$)ãä53åRÑÖ

Ü?.ÜOP8¦<&Knoop 2004; æç 20050S¤¶î2<5=õ>?@Ñõ

5\õ*}32$)pqOP8¦<úèéêÖ-×78¦<YLABçéN]

5=å>OP8¦<ëY¯Gìíq¶?±î6òyYP8¦<&Bonen and 
Vogel 20010S(FGtu;GïÌOG}BÛç32)XùYP<tu;Ç|4

2ï¸G5?<õ£²¶?A-ðLRÇ|42GñîÜ_×&Kuhn et al. 2001; 
Gagliardi et al. 20040BÀ<¦*ÄÅ éN])MòP8¦<tu;¶?WG

5\òÌù;Ç|42Góô-H8B¡½mRNA?õ¡/<S(F5æyB<5
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=õ>?@cd¶G¹bö÷*<5=õ>?@C²cd¶=øåCGËùB¾

¿úûG_×BÀ<¦*¾¿Im°5tôMòP8¦<XG6üýOP<S 
í <5=õ>?@cd¶G¹bö÷5óL8*Bþ;A6XABÊëp5Mò

P8¦<G*ïÿ¦;¦tu)À<S'yìBRS<5=õ>?@-l¦Röõ

úùûà¡àf)*BAB5t78*Å9G¶?4O!>?"ÍOP<6¦u

&Lind et al. 1991; De Paepe et al. 19930Söñ=)*B#AB53¼<<5=

õ>?@CGËl?ÎÏ 1 nÀRôG<5=õ>?@Ç|42GËæGIqY

L¦&Huang et al. 19940S)G')*B<5=õ>?@éN]¯?ë;<¦A

å¯GÑõéõj·^$Gcd¶=øåC6Ç|42èéo-ö%R6v&B

'(5Äó?MàYPÈBÇ|k)ãÀ<¦*Ç|Ik)ã) RNA oGö÷-

M78¦<v6?+ÑOP8¦<&Woloszynska et al. 20060S 
í $%5TL8<5=õ>?@cd¶G¹b?_ü/<G¯*¯5å¦8ö+

LRá'*vPx)5;¦?B,åGtu;ÎÏEpÀ<¦*3oV3üEp;

Ïåö-ò-/PìëY¯G_ü?3å8XW./)*;¦SXLB%ñ015

TL8<5=õ>?@cd¶¹b?_ü/<;YB$%6<5=õ>?@Gó

25ó/<3H;á'6;<G*X§&fGv6B<5=õ>?@cd¶¹b

m°%&-äà<F)4¦àf^6;<v6?çé)Q<S 
í '%&*(FGtu;56¯Yä7LRXG)À<S%&896L8*:;

Û4G$%ûüÜî2Ñâ6<=>i;Û4)$%?üÖ-ãåî2=]ä-

l¦B*¼5å¦8$%5T/<<5=õ>?@cd¶¹bG_ü-ö%Bíó

Ü-@<v66LRSÜ II !)*B<5=õ>?@cd¶ cox2 G¹b-«Ïã

AåG6L8$%²*$GG5kG5T/<½z-ö%RSÜ III !)*BÑõ

5\õBãcd¶·8-ö+TC6LBD»Gàf-M7RSÜ IV !)*GO

PÑWõ£5óò<6.òP<çéN]=å>cd¶5å¦8$%5T/<z

{Ü-ö+LRSÛYPRÏåö-X65B$%6<5=õ>?@cd¶¹b6

Góòô-ÉE5òF-æy8Ü V !5x6àRS 
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II ! $%"#ÚG cox2 cd¶G¹b 
 
í cox2 cd¶*BW5ù\å] c Uüª«rGHòÌ5 2 -=å>/<cd¶

)ÀôBíôG'I&Nugent and Palmer 19910-²Q¤¶î2<5=õ>?

@éN]5JA=å>OP8¦<Scd¶}K?LJ¦î2$)ö%YP83

ôBb3¤¶î2G cox2 *WGîGOPÑWõ£¯Ñõ5\õ-êåãåóL

¯¯YêåGÑõ5\õG¦ÈP¯BXLA*'Ä-×7RM3¯6òyYP

<5­7R&Bonen et al. 1984; Notsu et al. 2002; Kubo et al. 2000; Unseld et 
al. 1997; Kudla et al. 2002; Lippok et al. 1992; Handa 20030Scd¶¹bö÷

5å¦85s«\=W²=]ä-N7R~m'?@CÀô&Lupold et al. 1999; 
Ikeda and Gray 19990Bcox2 *¤¶î2<5=õ>?@cd¶~mG«ÏãW

Gï]6¦78t¦S 
í '!)*B$%"#53¼<<5=õ>?@cd¶¹bG«ÏãAåG6L

8B=]ä3tOÑâ cox2 cd¶GÇ|6¾¿5å¦8PL¦~m-M7RS 
 
1.!=]ä cox2 cd¶ 
 
10896ÄQ 
&,0î28969¡RS 
í Øe89-s,5+/ST!Uù=]äV6TDW 61 XV*'Y=]äZ$

)BºP[PabcäaùDdef=B3tO\]^Ddef=9¡)À<S

TValuevskayaV&\W@0BTMironovskaya 808V&sùPÑh0BTIohardiV&@

·?F0BTManitouV&Fh_0BTNorstarV&Fh_0B3tOTChinese SpringV

&É¢0*bIG=]äZ$)B9¡¢-`aÐ5bLRSTC30V* Aegilops 
columunaris -c'&í÷d05l¦BTChinese SpringV-#ed&½ød0

6L8ÖðöLfÅ-M¦9¡LRÎÏûÑÒ^$)À<&Tsunewaki et al. 
1996; ìg 19810S 
í Ê5ôY;¦nôBî2 *h 20,/i 15,Bjo¶kñ 400lEm-2s-1B0

C 15 þïGRS)39OmRS$%ÿo*Bh 2.0,/i 0.5,Bjo¶kñ 200
lEm-2s-1B0C 8 þï)M7RSnoÚ53¼<î2 9¡*Bpq$¶-n

oÚ53¦8 20,) 7 0ïB1 Äçx)39OmB$%ÿor* 2.8,)M7

RS=>G5kG-ñyR=]ä*BxÈ¶Ì55s$Lh 20,/i 15,Bjo
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¶kñ 250lEm-2s-1B0C 15 þïGRS) 3 Äçx)39OmRSºGIBt

)ù8uP?ò¯<tu5;<x) 5 0ïvw-ÝÞLRSABA ÿo-x/=

]ä*BxÈy_¯Uå£Põ>wÌÂ&Arnon and Hoagland 19400&pH6.5B

NH4H2PO4 Gròô5 KH2PO4 -Nl0-l¦Rwzgh-h 20,/i 15,B

jo¶kñ 250lEm-2s-1B0C 15 þïGRSÚ) 3 Äçx)M¦BºGIiÚ

ô- 50lM ABA 5 24 þï{|LRS¥G5kGÿo)*FbG ABA Grò

ô5 400mM NaCl -l¦RS 
 
&Q0· RNA G}Í6Nå~õTÑG?_Ñ¸åW�õ 
í · RNA *BÙÄp;£@òÃõ!ÒW@âå5Q&Sambrook et al. 19890B

xR* Trizol eÅ&Invitrogen ÇBUSA0-l¦8}ÍLRS 
í 20lg XLA* 10lg G· RNA -B1.25%_Ü@_\åGéã&0.66 M U

ã]@ãÏÉ>-~Ñ0-l¦8BMOPS ñÌÁÂå&20mM MOPSB1mM 
EDTAB5mM ÖUh5?s]BpH7.00WGï])Ü[á`LBNylon 
Membranes, positively-charged&Roche ÇBSwitzerland0GF5Ç|OmRS

O\åGGÙNBTÑG?_Ñ¸åW�õ3tO"Í*BDigoxigenin System
&Roche ÇBSwitzerland0-l¦BX àÁÐã]&âäÁÑã]0)"ÍLRS

îoü5ÀR78*BX àÁÐã]GW£hãñõ>Gýñ-@O?AåW�

õãÁ5så@ Multi-Analyst&BIO-RAD Laboratories ÇBUSA0)ýîL

RS 
 
&a0cDNA Gà¡6 PCR 5t<ËL 
í · RNA - RNase-free DNase I&GE Healthcare Bio-Sciences ÇBUSA05

t78 Assay Buffer &40mM Tris-HCl pH7.5, 10mM CaCl20É 30 µï 37,

)Ñõtç)å5LRScDNA Gí^é* 0.5lg G· RNA ¯YBOPÑjå

P7 XLA* P2 6!Ç|ª« Super Script II&Invitrogen Çí USA0-l¦8

à¡LRSPCR GRS*B94,) 2 µ- 1 rÑùãM¦B^5 94,) 45 èB

60,) 60 èB72,) 60 è- 1 rÑùã6L8 30 rÑùãBûI5 72,) 7
µ- 1 rÑùãM7RS 
 
&ê0¥¦§¨~m 
í PCR 42* TOPO TA ù\åòõ£tÌ5&Invitrogen ÇBUSA0-l¦8
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pCR2.1-TOPO )ùöå5ù\åòõ£LRSWåAõWõ£½z*BThermo 
Sequenase fluorescent-labeled primer cycle sequencing kit with 7-deaza-
dGTP&GE Healthcare Bio-Sciences ÇBUSA0-l¦8M7RS½z42-B

ú` DNA WåAõråLi-Cor 4200ë&Li-Cor ÇBUSA0-l¦8~mLRS 
 
&í0Ò?ìgùkÒ!> 
í 'àf)l¦RÒ?ìgùkÒ!>*îïïs 1 G P1+P7 )À<SOPÑ

jåGØÑ6Äñ*Bó 1A 5+/S 
 
&ò0J<5=õ>?@ôµGRS6öõúùûÓñGýî 
í J<5=õ>?@ôµ*BKemble GÄQ&19870G_Q5tôÛRSöõú

-ùPRûü5Be9- 5+8mm L5 f)ùPB¡¢Â A&0.4M Sucrose, 
3mM EDTA, 0.1£M EGTA, 50mM Tris-HCl pH8.0, 0.1g/l BSA, 70ll/l ·ã

FO5áöNåã0-¤¥Bû¦-l¦8§¨LRSêH_å¸3tOQHG<

Pù\åG)©ÊLRIB©Â- 4,/130ªg/5 µ)«ELB¬­LRöõú6

î2 õ®-²¯LRSF°- 4,/1,500ªg/10 µ)«ELB¬­LRç3tO

ÄÅ ôµ-²¯LRSOY5B÷ULRF°- 4,/17,000ªg/15 µ)«EL

RSF°-±ô²QB¬­5¡¢Â B&0.4M Sucrose, 3mM EDTA, 0.1£M EGTA, 
50mM Tris-HCl pH8.00-æy²³LB4,/130ªg/5 µ;YO5 4,/1,500ª

g/10 µG«E5tôF°-ÛBáO 4,/17,000ªg/15 µ)«ELB¬­-J<

5=õ>?@ôµ6LRSvP- 1ªPBS ¡¢Â5²³LBBradford GjÑù

\@ÌµÑQ&Bradford 19760-l¦8öõúùûGÓñ-ýîLRS 
 
&´0µ4O!>¶° 
í l¦Rµ COXII ¶°*B=]ä6Ñâ)·¸/< COXII G C ï¸@<NU

§¨(NH2- KDYADWVSNQLILQTN -COOH)5Tz/<à¡Ò?ì4O!>

)srä-¹ºL8ÛYPRXG)À<&<í»í¼äB½¾0S 
 
&¿0såGöõG\Ì5µm 
í J<5=õ>?@ôµ- Laemmli&19700GÄQ5À¦BSDS-PAGE 5tô

µSLRS15¬¶?@ù?ã@<>éã-1ÁLB1ªPBS ¡¢Â5²³LR

J<5=õ>?@ôµ-öõúùo5ÒÂL8 20lg XLA* 35lg Èårõ
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OãñÌÁÂå&62.5mM Tris-HCl pH6.8B4% SDS&w/v0B20% £?µ?õ

&w/v0B10% ·ãFO5áöNåã&v/v0B0.1%í G\«ÁåNåãGãå

&BPB, w/v005Ì~LRSá`IGéã*BCBB ÃÄÂ&0.25%ùjWåG?

?@õ5Gãå&CBB0R-250B30%·öNåã&v/v0B7%ÖU&v/v00)ÃÄ

LB±ÃÂ&30%·öNåã&v/v0B7%ÖU&v/v00)//¦ÅSxRBéã)

µ S L R ö õ ú ù û * PVDF & polyvinylidene difluoride 0 membrane
&Immobilon, Millipore ÇBUSA05Ü[p5Ç|LRSí^µ 5*Bµ COXII
¶°- 1Æ2,000 5;<tu5ÇÈL8l¦RSê^µ 5* Horseradish 
Peroxidase )ÙNLRµsrä IgG µ &!"#$%&'()*&+% Bio-Sciences Ç, USA0

-BûÕÓñ? 1Æ3,000 5;<tu5ÇÈL8l¦RSW£hãñõ>G"Í

5*BECL eÅ&!"#$%&'()*&+% Bio-Sciences ÇBUSA0-l¦RS 
 
Q0ßÉ 
&,0=]ä cox2 cd¶G,Ê Ç|42*$%5t78Ëæ/<S 
í =]ä cox2 cd¶¹bG$%5T/<¨©-ö%<RàB4 Äç5­7RT!

Uù=]äV- 7 0ï$%ÿoLBËÄôG· RNA -}ÍLBNå~õTÑG

?_Ñ¸åW�õ-M7RS=]ä cox2 *Ñõ5\õ-íåBã/<µôcd

¶)À<&Bonen et al. 19840SOPÑjåP1 6 P3 ) PCR ËLLRátãõ

1 G·C6Ñõ5\õGíô 104bp -~ÑÌj-O\åG&(ÚBO\åG E1-
IBó,A ÍÎ05l¦R6v&B$%ÿor6ì%rG¦ÈP53¦8X 2.7kb
6 1.5kb GêåGÇ|425TÑG?_ÑiLR&óQA0SL¯L;?Y 2.7kb
Ç|42GW£hãýñ*�Ï5ë;ôB$%ÿorGÄ?ì%rtôý¦Sí

ÄB1.5kb Ç|42GW£hãýñ*'r)Ð?;¯7RS 
í 2.7kb 6 1.5kb GQ$¹GÇ|42GDE-ö%<Rà5BOPÑjåP4 6

P5 ) PCR ËLLRÑõ5\õG 3'ï¸Ñ 738bp ¯Y;<O\åG&(ÚBO

\åG IBó,A ÍÎ0-l¦RNå~õTÑG?_Ñ¸åW�õ-M7RSº

GßÉB2.7kb Ç|42GÒ?"ÍOPB1.5kb Ç|42*·AbP;¯7R&ó

QB0SvPYGßÉtôB2.7kb GÇ|42*Ñõ5\õ-~Ñ cox2 cd¶G

,Ê Ç|42)ÀôB1.5kb Ç|42*BÑõ5\õ-~x;¦¡½ mRNA
)À<v6?+OPRS 
 
&Q0$%"#ÚG cox2 Ç|42èéGHþp~m 
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í cox2 GÇ|42èé-Hþp5ÓÔ/<RàBQÄçGT!Uù=]äVB

TChinese SpringVBTValuevskayaVG 3 Z$- 14 0ï$%ÿoLBºGIì

%ÚG÷øgh- 7 0ïM7RSºGï5Õ^ËÄôGÖ±-M¦B· RNA -

}ÍLRSO\åG E1-I XLA*O\åG I -l¦RNå~õTÑG?_Ñ¸

åW�õ-M7R6v&Bó 3 5+/tu;TÑG?_Ñ¸åW�õ×?ÛY

PRSO\åG E1-I ²O\åG I )"ÍOP< 2.7 kb Ç|42*BT!Uù=

]äV53¦8*$%ÿo 3 0ttôBTChinese SpringV53¦8*,0tt

ôBxRTValuevskayaV53¦8*ê0ttôèéo-ËLB¦ÈPXÿo0

C5zå8ËlLRSíÄB1.5kb G¡½¯Ç|42*$%G¨©-ü¼;¦&ó

30SxRB$%ÿoIì%5öL8 1 0I5*B2.7kb Ç|42Gèéo*lL

5ùþLB1 ØïI5*$%ÿo(,Gk)ãx)ö78¦RST!Uù=]äV

&óaA0G 2.7kb 6 1.5kb Ç|42GW£hãýñ-CÙüLBù¯¼Gèé

o?íîG 1.5kb Ç|42-*ÿorGÐôTÎ6L8 2.7kb vs. 1.5kb GW£

hãñõ>ýñÚ-Ûµû)sLRXG&(ÚB2.7/1.5 Ú0-óaA ÚGs5

+/SvP5tPìB7 0ïG$%ÿo5tô 2.7kb Ç|42Gèéo* 2.4 Ü

5B14 0ïG$%ÿo5tô 4.5 Ü5;<6ùéXYP<S 
 
&a0cox2 Ç|425T/<j6$%GfÝ1l 
í <5=õ>?@cd¶GÇ|ïÜ5*jÞÜ?À<v6?pqOP8¦<

&Okada and Brennicke 20060G)Bcox2 cd¶¹b5T/<%ñ6jGfÝ

1lG¨©-"ß/<RàBnoÚ9¡GT!Uù=]äV5OY5noÚ)´

0ïG$%ÿo-xLBËÄôG· RNA -}ÍL8Nå~õTÑG?_Ñ¸å

W�õ-M7RSºGßÉBO\åG E1-I *no$%r6noì%rG'r)

2.7kb 6 1.5kb GêåGÇ|425TÑG?_ÑiLB2.7kb Ç|42GW£h

ãýñ*no$%ÿorGÄ?noì%rtô�Y¯5ý¯7R&óêA0Sí

ÄB1.5kb Ç|42GW£hãýñ*'r)èàDí)À7RSOY5BO\å

G I -l¦8Nå~õTÑG?_Ñ¸åW�õ-M7R6v&B2.7kb GÇ|4

2GÒTÑG?_ÑiLB1.5kb GÇ|42*·A"ÍOP;¯7R&óêB0S

2.7kb W£hãýñ*BO\åG E1-I )"ÍOP<XG6èàD»)À7RS

vPYGßÉtôBnoÚ53¦8X cox2 G,Ê Ç|42*$%5t78Ë

æ/<v6?µ¯ôB%ñ6jGfÝ1lG¨©*ùYP;¯7RS 
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&ê0$%"#ÚG cox2 cd¶¹bGABÊëÜ 
í $%"#53¼< cox2 cd¶¹b_`GABÊëÜ-ö+/<RàB2 Äç

x)9¡LRTValuevskayaV5B1B3B3tO 7 0ïG$%ÿo-xLBËÄ

ô3tOáG· RNA -}ÍLRSxRB%â)Í.Ó#OmR¡½ î25D

å$%ÿo-xLB1.G· RNA -}ÍLRSO\åG E1-I -l¦8Nå~

õTÑG?_Ñ¸åW�õ-M7R6v&B¦ÈPGe953¦8X 2.7kb 6

1.5kb GÇ|425TÑG?_ÑiLR&ó 50S$%ÿoGúÉ5å¦8B2.7kb
Ç|42GW£hãýñ*B¦ÈPGAB53¦8X$%ÿoçï5zå8ý

A;<ãñ?ÒYP<íÄB1.5kb W£hã*_`L;¦SxRBABDä-Ú

äLR=àB2.7kb 6 1.5kb GÇ|42GW£hãýñ*6X5áô)ûXý

AB1.?vP5^¥Bû$*ËÄô)À7RS3åAB²áô*<5=õ>?

@3à¡?ï¹;AB)À<&Geddy et al. 2005æHuang et al. 1994; Smart et 
al. 1994; Landschutze et al. 1995; Lohrmann et al. 2001; Schmidt-Bleek et al. 
1997; Ribichich et al. 2001; Felitti et al. 19970G)B'àfGßÉ*vP-½

çL8¦<6.òP<S 
í  
&í0=>BABA XLA* NaCl G5kG5T/< coxQcd¶¹bG"ß 
í $%"#*î2 5=>-XRY/v6?ÈYP8¦<&Kacperska 1993B

ëíY 19980G)B=>²vP5óÖ/<G5kG5T/< cox2 cd¶¹b

G_`-ö%RS3 Äçx)9¡LRTValuevskayaV5B=>BABA XLA*

NaCl ÿo-xLBËÄôG· RNA -}ÍLRSO\åG E1-I -l¦8Nå

~õTÑG?_Ñ¸åW�õ-M7R6v&B¦ÈPGÿor53¦8X 2.7 3

tO 1.5kb GÇ|42?"ÍOPR?BTÎr6ÚäL89â;W£hãýñ

GÐë*MàYP;¯7R&ó 60S 
 
&ò0$%"#ÚG cox2 ,Ê Ç|42èéGZ$ïÐë 
í $%"#53¼< cox2 cd¶¹b_`GZ$ïÐë-ö%<RàB

TMironovskaya 808VBTNorstarVBTIohardiVBTManitouVBTChinese SpringVB

TDW 61 XVB3tOTC30V- 2 Äçx)9¡LRI5B´0ïG 5,�RS

ÚG$%ÿo-xLBºGIì% 20,G%â5`L 1 0Ñ¦RSvGïBÕ^

ËÄô-Ö±LB· RNA -}ÍLRSO\åG E1-I -l¦8Nå~õTÑG

?_Ñ¸åW�õ-M7R6v&Bó 7 5+/tu;×-ÛRSvP5¦èQB
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2.7kb 6 1.5kb GW£hãñõ>Gýñ-CÙüLB&Q0é6D»5 2.7/1.5 Ú

-ÂÍL8s 2 5x6àRSºGßÉB2.7/1.5 Ú*B$%ÿo(,)* 17+68
)À7RG5TLB$%ÿo 7 0t)* 43+138 6;ôBØeLR 7 Z$·8

) 1.5+2.5 ÜG 2.7kb Ç|42GèéË?MàYPRSíÄB$%ÿo-Ôà

8 2 0t)*TC30VG 2.7/1.5 Ú* 68 ¯Y 83 5ËæL8¦<G5TL8

TMironovskaya 808VBTNorstarV*ºP[P 25 ¯Y 28 ÆB29 ¯Y 28 Æ6

êfê_ü*ùYP;¦;B$%ÿoÓÔI3tº 4 0ï* 2.7kb W£hãË

æëñ5Z$ïÐë?MàYPRSxRBvGçï53¦8*BTManitouV²

TNorstarVGtu5B¦7RfèéLR 2.7kb Ç|42?íÊp5ùþ/<A

åGX"ÍOPRSì%5öLR 1 0t)*B·8GZ$) 2.7/1.5 Ú?ùþL

RS 
í xRBTChinese SpringVGÎÏûÑÒ^$TC30V)*BTChinese SpringV

²}G 6 Z$5ÚäL8· 5 cox2 cd¶GÇ|42G¹b?$AB2.7/1.5 Ú

?á¯7R&ó´Bs 20SOY5Bì%"#ÚGsåGöõµm-Mu6 COXII
öõúùûG¹bk)ã?T!Uù=]äVtôX�ì5$¯7R&Ïåö*+

L8¦;¦0S 
í  
&´0$%"#Ú53¼< coxQÇ|42G RNA áÏÐïÐõ£ 
í =]ä cox2 cd¶G=å>Ìj5*·ô) 17 ìíG C ¯Y U ÆG RNA á

ÏÐïÐõ£ôØ?pqOP8¦<&óîAæCovello and Gray 19900Svv)

*IåGÑâ cox2 GáÏÐïÐõ£ôØ6GTz?ïð5o~OP<tu5B

áÏÐïÐõ£ôØGñXï¼-'î2$)$íLRS$%"#ÚG=]ä

cox2 cd¶G RNA áÏÐïÐõ£-ö%<Rà5BcDNA G¥¦§¨-µm

LRS4 Äçx)9¡LRT!Uù=]äV5´0ïG$%ÿo-M¦B· RNA
-}ÍLRSOPÑjåP7 )!Ç|-M7R cDNA OåãtôBOPÑjåP1
6 P7 -l¦8¡½ mRNA 5Tz/< cDNA -BOY5OPÑjåP6 6 P7 -

l¦8,Ê Ç|42Gátãõ 2 5Tz/< cDNA -ºP[P PCR ËLL

R&ó¿0SxROPÑjåP2 )!Ç|-M7R cDNA Oåã¯Y*BOPÑ

jåP1 6 P2 -l¦8,Ê Ç|42Gátãõ 1 5Tz/< cDNA - PCR
ËLLR&ó¿0SvPYG PCR 42-ù\åõüLBºP[P 23+29 nG

cDNA ù\åõG¥¦§¨-µmLRS 
í ÛYPR¥¦§¨tô*áÏÐïÐõ£ôØ-òQÍLBóôp5s 3 5+
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!"#$%&!"#"'$()%$!&'(*)"+ cDNA ,*-'(.+/
0 4 *#12$"3, mRNA *-.!4 cDNA ,*-'5%67#$*%8
9:%&/0;*&!"#"'$()%<=$">?@15A6'B5%24,
*-'?CD2,*-'?2()E3F4 9G?*H&!"#"'$()%<=
IJK$"L656MB5%24,*-'?CD7,*-'?NO+O2():
PE3F4 28Q,3F4 9GH&!"#"'$()%<=IJK$" 
9 3, mRNA 15R-S*%./TU:VW-.? cDNA J95XYI,*
-'H;9O$"./TU:VW?&<0' 1*P=<%A6'B5%8=>?
cDNA,*-'H;9O$E0?G">?CD%6();<?&!"#"'$&
'H T @)?Z?HAXB[K$E01G"\]%L6^_'B5%17 =>?
cDNA,*-'H;9O%1()?*H&!"#"'$`O$,*-'HAZX
=E0?%1G"./TU:VW?&<0' 2 *P=<5%A6'B5 15 =>
? cDNA,*-'?CD%11();<&!"#"'$`O$Z?HAXB%L
6^_'B5 21=>? cDNA,*-'?CD%7()1 9()&!"#"'$
`O$Z?H2(BAXB[4E0?%1G" 
9 aB/$ cDNA C-b*8D4E&!"#"'$&'?&!"#"'$37
($FG*#12%4 9*H/$"A6'1L6^_'(56!41%&<0'
1?3F4 213F4 98Q,&<0' 2?3F4 10?37LMH7IB[K
$"J*&<0'2?3F4 95A656? 67K*R/<%L656B5 24K
B[K$" 
 
E8GL656*8D4LMc COXIINOPC9Q?de 
9 U:fg-'?hiHCOXIIR1VW?deS?hi(TCJ/CJ(U:
4$2%V;Wg'.B(XK$"2Yj?<9=,LMc>*R/< 14Zk
?L6^_1l+m+A6*Q4nopq( 7 ZkX=%?r@Y&(AB/
$"V;Wg'.B?sC%tJD?.uS 32kDa?[\\$]b^'QHD
v`O$E4 10%11G"LMc COXIINOPC9Q?_`abcdJ9ew`
O4.uS5E 30kDa I?B>?\$]b5 COXII (JxS*Dv/$Z?
1yz9O4"L6^_ 3Z%5Z%7Z%9Z%14Zk%8Q,A6oFf 7
ZkB5%̂ _g.12h7? COXIINOPC9QdeSH{29O$E4 10G"
#$%<9=,LMc>(GHMB)i/<Ii`J%14Zk?L6^_1%l
+m+ 7 Zk?A6nopq(XK$H%AB/$|K?\$]b^'Q?h
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2. !" cox2#$% 
 
&'()*+, 
-&'./()*0123 
4 56789:;<=>?01!"@ABCDEFGHIJKLMN=()OP

AQR23STUV 25WS 3XYZS[0\]LQT12W^D_O 4WE`V
abIcdLMeXfIghDLM 
 
-i'j RNAEkl*mnopq!rst!unvwp 
4 xy&'z-i'{|}~M 
 
-�'RNA �����p��� 
4 cDNAOT����� Super Script III-Invitrogen�TUSA'IJK��1
DLMPCR�����������OTxy&'z-�'-�'{|}~M 
4 RT-PCR �>{JKL��!�nOT��  cox2 #$%��{JKL P1T
P2TP6��� P7IJKL-¡&BT¢£¤¥ 1'M 
 
-�'3’£¦{ poly-AE¤§DL��¨/E©ª« RT-PCR 
4 j RNAI RNase-free DNase I-!"#$%&'()*&+% Bio-Sciences�, USA'I¬
­ Assay Buffer-40mM Tris-HCl pH7.5, 10mM CaCl2'{®�D 30�¯ 37W
S!p°±²n³DLMcDNA O 20 !"#E´µ¶·{ 5¸g Ej RNAT500ng
E oligo (dT)12-18T200 unitsE�����SuperScript III-Invitrogen�TUSA'
IJKT¹¤�º³�n»{¼K�1DLM½¾¿ÀÁ{O�����EÂÃÄ

{ÅÆÇIJKLMPCROT��!�nÈÉÊÉ !"#$%T&'(��# )$*+,*-.*+/0#
1-2-3456*,78%TËÌ�Í!Î�'9:;8%-;456*'T<=$% ÈÉÊÉ !5#$%TZLT
;9>/0+1-2+?4@@A.+B8%IT&'!"ÏªS´µ\]LMÐ�T´µ{JK~ CD=EE
ªOÑx{ÒÓDL-¡ ()ÔEÕRÖ×À'MPCRE23OT95WS 2�I 1
Ø!Ù»TÚ{ 95WS 30ÛT56WS 30ÛT72WS 30ÛI 19Ü27Ø!Ù»T
ÝQ{ 72WS 7�I 1Ø!Ù»*DLMÞßÉL PCR¨/O 2%àáºnâã
»SäåæçDTèé�êëì�íî{�ÄÍpïIÒlDLM 
4 ��!�n{JKLÎsðñÙòÎêïOTP43TP44T��� P45 Só~
-¢£¤¥�'Môõ*+öO¡ 15{÷øM 
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&í0J<5=õ>?@ôµGRS6öõúùûÓñGýî 
,÷,0î&ò05ÄÈ<S 
 
&ò0såGöõG\Ì5µm 
í J<5=õ>?@ôµ 20lg Èå-l¦RS}*B,÷,0î&¿05ÄÈ<S 
 
 
Q0ßÉ 
&,0$%"#53¼< cox2 cd¶GÇ|úöåõ 
í $%"#Ú53¼<Ñâ cox2 cd¶GÇ|úöåõ-ö%<RàB14 0ï

G 12,XLA* 4,G$%ÿo6BÿoIì%5t<÷øgh-M7RSvG

ïBÕ^ËÄô-Ö±LB· RNA -}ÍLRSÑâ cox2 *=]ä6D»5Ñ

õ5\õ-íåBã/<µôcd¶)ÀôB¥¦§¨GÄDÜX 98.8%)À<

&Notsu et al. 20020G)B=]äGOPÑjå²O\åG-l¦R~m?ÑÖ

)À<SOY5,÷GO\åG 2 $5æyBÑâ· DNA -!¯5L8OPÑj

åP6 6 P7 )ËLOmRÑõ5\õG 3'ï¸Ñ 72bp 6átãõ 2 -~ÑO\

åG&(ÚBO\åG I-E20-lâLRSO\åG E1-I -l¦8Nå~õTÑ

G?_Ñ¸åW�õ-M7R6v&B2.6kbB1.3kb 3tO 1.0kb G 3 $GÇ|

425TÑG?_ÑiLR&ó 12"0SDíGe95TL8O\åG I 6O\å

G I-E2 -l¦RNå~õTÑG?_Ñ¸åW�õ-M7R6v&BºP[Pó

12B 6ó 12C 5+/×-ÛRSO\åG I )* 2.6kb Ç|42GÒ?"ÍOP

RG5TLBO\åG I-E2 )*O\åG E1-I 6Då 3 $¹GÇ|42?"Í

OPRSvPYGßÉtôB2.6kb GÇ|42*Ñõ5\õ-~Ñ cox2 cd¶

G,Ê Ç|42)ÀôB1.3kb 6 1.0kb GÇ|42*GOPÑWõ£-HRÇ

|426òyYP<S 
í 12,ÿo-M7R=àB2.6kb Ç|42GW£hãýñ*BÿoI 3 0t¯

YF#LÔàBÿoI 14 0)*zLAáA;7R?Bì%5öL8 1 0I5*B

²²Ú$LRS1.3kb GÇ|42*B2.6kb GÇ|426*TÎp5Bÿo0C

5À78²²Ú$LBì%5öL8 1 0I)*F#LRS1.0kb GÇ|42*B

êê_üL;¯7RSW£hãýñG_`-Bù¯¼F_`Gë¦ 1.0kb Ç|

42GW£hãýñ5T/<Ûµû6L8+/&s 50SºGßÉB2.6kb 6 1.0kb
Ç|42GW£hãýñÚGÛµû&2.6/1.0 Ú0?$%ÿo5tô 13 ¯Y 59
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Æ6 4.5 Ü5;7RG5TLB1.3/1.0 Ú*TÎr3tO·ÿor-¸åB79 ¯

Y 113 Gï-ü`LRS 
í 4,ÿo-M7R=à)*B7 0I)X 14 0I)X 3 $GÇ|425_ü*

ùYP;¯7RSì%5öL8 1 0I)* 2.6kb GÇ|42GW£hãýñ?

F#L8¦RS 
 
&Q0$%"#ÚGÑâ coxQcd¶G RNA áÏÐïÐõ£ 
í Ñâ cox2 cd¶G=å>j5*·ô) 19 ìíG C ¯Y U ÆG RNA áÏÐ

ïÐõ£?pqOP8¦<&ó 14AæNotsu et al. 20020S$%"#ÚGÑâ cox2
cd¶G RNA áÏÐïÐõ£-ö%<Rà5BcDNA G¥¦§¨-µmLRS

3 ÄçGÑâ5 12,XLA* 4,ÿo- 14 0ïM¦B· RNA -}ÍLRS,

÷6D»5B¡½ mRNABátãõ 1 -~Ñ,Ê Ç|42B3tOátãõ

2 -~Ñ,Ê Ç|425Tz/< cDNA -ÛR&ó 130SvPY-ù\åõ

üLB¡½ mRNA 5Tz/< cDNA 5å¦8* 10+11 ù\åõB,Ê Ç|

425Tz/< cDNA 5å¦8*ºP[P 20+24 ù\åõ-~mLRS 
í ,÷6D»5Ïåö-x6àBs 6 6 7 5+/S¡½ mRNA 5Tz/< cDNA
*B¦ÈPGÿor53¦8X 19 ìí·8 T õ¦Gù\åõ?ûX@AB1 ;

¦L 3 ìí-²Q·8áÏÐïÐõ£-3å8¦<ù\åõ?õô-®à<&s

6-1B´0S,Ê Ç|42Gátãõ 1 5å¦8*Bì%rB12,r3tO 4,

r)BºP[P 16B15 3tO 14 $¹Gù\åõ?ÛYPR&s 6-20SáÏÐ

ïÐõ£ôØC)µ¹LR=àB*ôØC5Úäp%Ô5ù\åõ?µ&L8

¦<?B12,3tO 4,r)* 9 ìí·8?áÏÐïÐõ£OPRù\åõ*

ëABOY5 12,r)* 8 ìíáÏÐïÐõ£OPRù\åõXë¯7R&s

70S,Ê Ç|42Gátãõ 2 5å¦8*Bì%rB12,r3tO 4,r)B

ºP[P 12B19 3tO 16 $¹Gù\åõ?ÛYPR&s 6-20SvPY5å¦

8X*ôØC5Úäp%Ô5ù\åõ?µ&L8¦<?Bátãõ 1 6*ë;

ôB10 ìí·853¦8áÏÐïÐõ£-3åRù\åõ? 3 ÿortô 1 n

(Fùå¯7R&s 70S 
í ~mLR cDNA Oåã53¼<*áÏÐïÐõ£ôØGáÏÐïÐõ£õñ

-£PÁ5x6àBó 14B 5+LRSì%6 4,ÿor)*lQ;Ðë?ùY

P;¯7RG5TLB12,ÿor)*rÑ5 9BrÑ5 15 3tOrÑ5 12 5

3¼<õñG$Ú?öz)ÀôB!5rÑ5 17 53¼<õñGF#?öz)À
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7RSrÑ5 9 * 12,ÿor)*·AáÏÐïÐõ£?3å8¦;¯7RS 
 
&a0$%"#53¼< poly-A ïæÇ|42oG_ü 

Ûç32BÄÅ 3tO<5=õ>?@)*Ç|42G 3'ï¸5ïæOPR

poly-A ?Ç|42Gµ~'äW£hã6;<v6?ÈYP8¦<&O’Hara et al. 
1995; Kudla et al. 1996; Gagliardi and Leaver 19990Sºv)B$%5Vu poly-
A ïæÇ|42GËù-<îop RT-PCR 5tôö+LRS12,) 14 0ïÿ

oLRÑâËÄôG RNA 6BTÎ6;<ì%9¡ÑâGËÄôDE RNA -(

ÚGtu;~m5ØLRS 
í 3’ï¸5 poly-A ?ïæOPBÑõ5\õ-~ÑÇ|42-Ùp6L8BOP

ÑjåP43 6 P44&ó 1í(Bîïïs 30-l¦B!¯ RNA o- 125ng 6L

8B19+27 rÑùãx)B2 rÑùãÈå_üOmR PCR -M7RSºGß

ÉB$%Vì%¦ÈPGrX 21+27 rÑùãx) PCR rÑùãC5zåR PCR
42GËæ?MàYPR&ó 15 F0S'ÿorDEGËL42-ÚäLR6v

&B$%ÿor)*ì%rG 2+4 ÜGßà)ËæL8¦<6òyYPR&ó 15
F0S 
í ^5B3’ï¸5 poly-A ?ïæOPRGOPÑWõ£-H8¦<Ç|42-Ù

p6L8BOPÑjåP43 6 P45&ó 15 (Bîïïs 30-l¦B!¯ RNA
o- 12.5ng 6L8B19+27 rÑùãx)B2 rÑùãÈå_üOmR PCR -

M7RSºGßÉB¦ÈPGrX 21+27 rÑùãx) PCR rÑùãC5zå

R PCR 42GËæ?MàYPR&ó 15 Ú0S'rDEGËL42-Úä/<

6B$%ÿorG PCR 42*BDí PCR RSÚ)ì%rtôX)*þ;¦v

6?ò¯7R&ó 15 Ú0S 
 
&ê0$%"#53¼<Ñâ COXII ¶?4O!>Gèé 
í $%"#53¼<Ñâ COXII ¶?4O!>Gèéo-ö%<RàB3 ÄçG

Ñâ5 14 0ïG 12,XLA* 4,ÿo-M¦BÕ^ËÄô-Ö±LRSe9-

såGöõµm5ØLR6v&B=]ä6D»5ù¯¼Gµ¶o÷ 32kDa GW

£hã?"ÍOPBCOXII ¶?4O!>-Êëp5"ÍLR6òyYPR&ó

160SW£hãñõ>Gýñ* 12,3tO 4,r53¦8_ü*;¯7R&ó

160S 
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3. òF 
 
í '!)*$%"#53¼<î2<5=õ>?@cd¶¹bG«ÏãAåG6

L8B=]ä6ÑâG cox2 G~m-M7RS=]ä cox2 cd¶5óL8*B

Ç|² RNA O\µWõ£5ó/<~m'?@CpqOP8¦<&Hanic-Joyce 
and Gray 1991; Covello and Gray 1989, 1990; Gualberto et al. 19890?BÑ

â5óL8* RNA áÏÐïÐõ£ôØGÚî&Notsu et al. 20020-²¦8Ç

|~m'*ë¦S'%&)"ÍLR=]ä cox2 G 2 $¹GÇ|42*BBonen 
et al. (1984)?pqLR+I; 2 $¹GÇ|426lQO?í,/<S3ºYA

Hanic-Joyce and Gray (1991)?DîLR¾¿ÓÔ=>õ¯Y-170nt 5ØÑ/<

Ç|ÓÔ6tôB2.7kb ,Ê ?Ç|OPBvPtôÑõ5\õ&1,217nt0?

óôÍOP 1.5kb ¡½ mRNA 5;<6.òP<SíÄBÑâ5å¦8*Ñõ5

\õ-~Ñ 2.6kb Ç|426BÑõ5\õ&1,275nt0-~x;¦ 1.3 3tO

1.0kb Ç|42?"ÍOPRS2.6kb Ç|42*,Ê 6.òP<XGGB1.3
3tO 1.0kb Ç|425å¦8*Bê§Y¯íÄGÒ?¡½ mRNA ;G¯BÀ

<¦*'Ä?¾¿½z5-ñ/<G¯W�)À<S.IBvPYGÇ|42-P

Î5ÊËè¼<v6?±I)À<SíÄBRNA áÏÐïÐõ£5óL8*/0

1¦·¸úöåõ?�Y¯5;7RS/;ò§B=]ä6Ñâ53¦8%ñRS

5¯¯òYÈátãõ 1 GrÑ5 2B3tO 9 *}GôØtôXáÏÐïÐõ

£OP<õñ?$¦SD»GßÉ*5s«\=WB4!çò@À<¦*ïõrÑ

G cox2 )XpqOP83ô&Yang and Mulligan 1991; Sutton et al. 1991; 
Estiati 20000B¤¶î2 cox2 523p;bC¯XÈP;¦S6v&) Verbitskiy 
et al. &200605tPìôµp5áÏÐïÐõ£?3åRÇ|42*áÏÐïÐ

õ£Éï )À<v6¯YBÛYPR cDNA ù\åõ*áÏÐïÐõ£GÊ­

-sL8¦<6òyYP<SºP4BvPY 3 åGôØ?áÏÐïÐõ£-3

å<56*}GôØtôXI)À<ãñ?ý¦6ù84¦SáÏÐïÐõ£G

56? 3'¯Y 5'ÄñÆ7k5Úx78¦<5?úNãåj&Kable et al. 19960

6*ë;ôB¤¶î2<5=õ>?@)*BRNA áÏÐïÐõ£G56-+/

pq*ùÀRY;¦G)B'%&)ù¦ÅLRbC*Êë;')À<S 
í =]ä²Ñâ53¦8íîçïG$%G89*Bcox2 Ç|42GrÑi5*

¨©-ñy;¦?B,Ê Ç|42Gèéo-lQA_y<v6?ò¯7RS$

%6 cox2 ¹b6GóÖÜ5:tLR~m'?vPx)5;¦RàBvP?23
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p;bC¯*¯*W�)À<?BØeLR=]äZ$·8),Ê Gèé?5

FOPRv6BDåÑâ;12)X:;´<GÑâ)<=>Z=ij´<G=

]ä6D»GbC?ùå¯7Rv6*/01¦SRÅLBÑâ53¼< 4,ÿo

)*,Ê GèéË*´vYÈBì%5öLR÷øghG>ç5>à8èéË

?´v<RàBcox2 ,Ê GËæ*$%)Êëp53È<6¦utô*BÑL

&$%5t78¿Q´vOP<ëY¯GG5kG5ê^p5z{L8¦<ÑÖ

Ü-xÈ"?/%Q)À&uSóÖL8B$%6*ëó25=]ä¹qþ5 cox2
,Ê Ç|42Gèéo?_`/<6¦upq?Àô&Li-Pook-Than et al. 
20040B/01¦S 
í $%5VuG5kG-�Y¯5/<RàB'!)*¦Aå¯G$%5óÖ/

<6.òP<G5kG5å¦8 cox2 ,Ê Ç|426GóÖ-ö+LRS$%

5t78=>?äfÅî2 *B¥G5kG6D»5{É@G5kG?A¼5

áx<6òyYP&Kacperska 1993; ëíY 19980BvGÊ­)* ABA ?{É

@ G 5 k G G W £ h ã d B 5 ó ò < v 6 ? È Y P 8 ¦ < & Yamaguchi-
Shinozaki and Shinozaki 20050S6v&?B'àf)*B=>BNaCl 3tO

ABA ÿo*¦ÈPX cox2 ,Ê Ç|42GËæ-¿Q´vO;¯7RSvG

v6¯YBcox2 ,Ê Ç|42GËæ*{É@G5kG6CDó2;¦ÑÖÜ

?á¦S.IB$%²=>(IG3opRS-LJA@ELBcox2 Ç|úöå

õ-ö+/<±I?À<S 
í ,Ê 6L8Ç|OPR cox2 Ç|42*BRNA áÏÐïÐõ£6GOPÑ

Wõ£-H8¡½ mRNA 5;<G)B,Ê èéoGö÷*Ç|BRNA O\

µWõ£BÀ<¦* RNA ñîÜGº»)MòP<6.òP<S$%5t<,Ê

 Gèé?¦¯;<|})3È<G¯*bþ6)*üýGj-Í;¦?BÛY

PRÏåötôòFL8ÒR¦S 
Üí5òyYP<G*BÇ|GF#XLA*,Ê µ~ïÜG$Ú)À<S

RNA áÏÐïÐõ£úöåõ5óL85FOPRbC*B$%ÿor)¦û6

;<,Ê  RNA ? 4 Ü5ËæL8O\µGFFGáÏÐïÐõ£Éï ?Í

bLBºPYG@A)áÏÐïÐõ£56?I5;<áÏÐïÐõ£ôØ 2B5
3tO 9 GáÏÐïÐõ£½z?GõH6~È/<;YàfßÉ6tAIà/

<SRÅLB$%"#Ú53¦8Bpoly-A -ðLR RNA µ~|}?Ñâ cox2
,Ê èéËæ5óñL8¦<¯*¯-"ßLR6v&B$%"#Ú) poly-A
ïæ,Ê Ç|42* 2+4 ÜGËæB¡½ mRNA )*²²ùþ6ùéXYP
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RSNå~õ~m5t<,Ê Ç|42Ëæ* 4.5 Ü6èàD­ñGËæ)À

<v6-ò-/<6Bpoly-A -ðLR RNA µ~|}?$%"#53¼<,Ê

 Ç|42GËæ5éJp5óñL8¦<6ß#/<v6*ÍE;¦S 
íÄBRNA O\µWõ£ïÜ$ÚGÑÖÜ5å¦8*B¡½ mRNA Gèé

o?_üL8¦;¦v6¯Y+Iq6ôî/<v6*)Q;¦S,Ê èéË

5Vu RNA áÏÐïÐõ£õñG$Ú*B̂ !)"ß/<tu5Bþ;A6X

}G<5=õ>?@cd¶)XMàYP<23pbC)*;¦SRÅLBÜ IV
!)�Y¯5/<tu5ç=å>GGOPÑWõ£q¶GW·?+ÑOP<R

àB¦Aå¯GÄàIq5tô,Ê èé?¿Q´vOP8¦<ÑÖÜXõ<S 
í $%5t< cox2 ,Ê Ç|42GèéË*B¡½ mRNA ²¾¿425êê

¨©-ñy;¦v6¯YBvGbCG32Epâä*W�)À<SvP5å¦8

*B}G<5=õ>?@cd¶G~mßÉ6ÀòmBøàòF)#//<S 
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III !í £ãåO II Ñõ5\õ-ãå<5=õ>?@cd¶G¹b 
 
í =]ä6ÑâG<5=õ>?@cd¶5*BºP[PàKL8 22 n6 23 n

G£ãåO II Ñõ5\õ?À<&s 8B9; Ogihara et al. 2005; Notsu et al. 
20020SvGu§BÑõ5\õ-íåÅ¼Bã/<G?Bcox2Brps3Brpl2&=

]ä)*Lcd¶03tO ccmFc )Bnad1Bnad2Bnad4Bnad5 3tO nad7
*ÄCnGÑõ5\õ)µôOP8¦<SÜ II !)* cox2 ,Ê Ç|42è

éo?$%ÿo5V¦Ël/<v6?µ¯7RS'!)*BºP(IGµôcd

¶G¹b5å¦8$%G¨©-ö+LRSÑõ5\õ-íåÅ¼Bã/<cd

¶5å¦8*Ü II !6D»G@O\å!-ÖôBÄCGÑõ5\õ-Bã/<

cd¶5å¦8*ë;<MQ-ÖlLRSxRBÜ II !)ùå¯7R,Ê è

é5VuRNAáÏÐïÐõ£õñG_ü5å¦823Ü-@<RàBÑânad5
6 nad7 -TC5ö+LRS 

 
,N,nGÑõ5\õ)µôOP<cd¶G¹b~m 
 
,0896ÄQ 
&,0î289 

=]ä*abcäaùDdef=9¡GT!Uù=]äV-l¦RSh 20,

/i 15,Bjo¶kñ 400lEm-2s-1B0C 15 þïGRS) 2 Äçx)98RS

$%ÿo*h 2.0,/i 0.5,Bjo¶kñ 200lEm-2s-1B0C 8 þï) 14 0ï

M7RSºGIì%ÚG÷øgh- 7 0ïM7RSnoÚ53¼<ùüî2 

9¡*Bpq$¶-noÚ53¦8 20,) 7 0ï 1 Äçx)39OmB$%ÿ

o* 2.8,) 5 0ïM7RS 
Ñâ*abcäFúDdef=9¡GTèLGûàV-l¦RS$%ÿo*

Ü II !5Äå8M7RS 
¦ÈPXËÄô-Ö±LRS 

í  
&Q0=]äG<5=õ>?@GRS6öõúùûÓñGýîB3tO<5=õ

>?@ DNA G}Í 
í <5=õ>?@GRS*BBoutry YGÄQ&198406 Newton GÄQ&19940

-Íò5L8B(ÚGtu5M7RSOZLRGkõ_åGFÌO5 4,G

MOPS buffer (0.4M Mannitol, 25mM MOPS, 1mM EGTA, 4mM Cysteine 
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0.2% Bovine serum albumin / pH7.8 by KOH)- 270ml ¤¥B$%ÿo- 5 0

ïM7Rùü=]äGËÄô 30g - 5+8mm L5 f)ùP8e¨LRS4 H

G<Pù\åG)©ÊLRIB©Â- 4,/1,000ªg/1 µBOY5 4,/2,000ª

g/10 µ)«EL8¬­2-P8RSF°- 4,/10,000ªg/15 µ)«EL¬­-

ÛRSF°-²¯LB¬­5 MOPS buffer -æy²³LB4,/2,000ªg/15 µ

)«EL¬­2-P8BOY5F°- 4,/10,000ªg/20 µ)«ELB¬­-J

<5=õ>?@ôµ6LRSF°-±ô²QB¬­- 2ml G MOPS buffer 5²

³LRS²³Â-B45B26B3tO 13.5% Percoll (v/v)WÖðkñQ§&0.25M 
SucroseB0.5¬ Bovine serum albuminB10mM MOPS / pH7.3 by HCl05H

RLBGÐõ£\åöå&Hitachi SRP28SA0-l¦ 4,/27,000ªg/90 µ)«

ELRS45%6 26%G#S>-÷ULB3 ÜoG Mt dilution buffer (0.3M 
Mannitol, 10mM Tricine, 1mM EGTA / pH7.3 by KOH)-æy8û7AôTU

RS4,/10,000ªg/20 µ)«ELF°-²QBVñGá¦WÁ<5=õ>?@

²³Â-ÛRS 
í 30ll G<5=õ>?@²³Â5 370ll G TE buffer (50mM Tris-HCl pH8.0, 
20mM EDTA)B100ll G 10% N-Lauroylsarcosine Sodium Salt (w/v)B3tO

5ll G 20mg/ml Proteinase K -æy 37,)íXÑõtç)å5LRSºGIB

;oG Phenol : Chloroform : Iso-Amyl Alcohol &25 : 24 : 1 mixed, pH7.90-

æy8²öõúù-M¦BçU-áöNåã¬­OmRSOY5BRNase A ÿ

o-M¦Báñ Phenol : Chloroform : Iso-Amyl Alcohol }Í6áöNåã¬­

-M78<5=õ>?@ DNA -ÛRS 
 
&a0PCR  

=]ä rps3 cd¶GRS5* BD Advantage 2 Polymerase Mix (Clontech 
Laboratories Inc. USA)-l¦B95,) 1 µ- 1 rÑùãB^5 94,) 30 èB

68,) 3 µ- 30 rÑùãB68,3 µ- 1 rÑùãB70,) 10 µ- 1 rÑùã

6¦uO\£P]) PCR -M7RS 
 
&ê0¥¦§¨Úî6~m 

¥¦§¨Úî*Ü II !5ÄÈ<S¥¦§¨~m*B@O?AåW�õ-ãÁ5

sá@ Genetyx -Mac ver.13&ÃåâïÐÌùGÇ0-l¦8M7RS 
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&í0· RNA G}Í6Nå~õ~m 
í · RNA *BTrizol eÅ&Invitrogen ÇBUSA0-l¦8}ÍLRSRNA G

á`BG\ÌïÐõ£BTÑG?_Ñ¸åW�õ3tO"Í*BÜ II !5ÄÈ

<S 
 
&ò0Ò?ìgùkÒ!> 

l¦RÒ?ìgùkÒ!> P8+P19 -îïïs 1 5+/SØÑ6Äñ-ó

17B18 XLA* 19 5+/S 
 
&´0såGöõµm 

Bradford GjÑù\@ÌµÑQ&Bradford 19760-l¦8BÛYPRWÁ

<5=õ>?@²³ÂGöõúùûÓñ-ýîLB10lg Göõúùû-l¦B

Ü II !5Äå8M7RSÇ|IG·õGkõ- Ponceau S ÃÄÂ&1% (w/v) 
Ponceau S, 5% (v/v) ÖU0)ÃÄLRS=]ä CCMFc µ * Giegé et al.
&200405t<S 
 
Q0ßÉ 
&,0=]ä rps3 cd¶Gù\åõü 
í àf-ÓÔLR 2003 ]5*=]ä rps3 cd¶G¥¦§¨©p?;¯7RG

) B Ñ â rps3 c d ¶ G ¥ ¦ § ¨ © p & Nakazono et al. 1995; 
DDBJ/EMBL/GenBank Ïåö)åGG@ùµÌW�õñX D212510-X6

5ºGRS-eÒRSÑâG§¨-X65 5’�¾¿Ìj6 3’�¾¿Ìj5ÄY

/<OPÑjåP8 6 P13&ó 170-l¦B=]ä<5=õ>?@ DNA XLA

*· DNA -!¯5 PCR -M7RSºGßÉB<5=õ>?@ DNA tô÷

3.6kb GôZ-ÛRSÛYPR PCR 42-ù\åõüL¥¦§¨-ÚîLR6

v&B}Gá;î2$<5=õ>?@ rps3 6á¦ÄDÜ?ÀôB=]ä<5=

õ>?@ rps3 )À<6[ôLR&ó 200S 
=]ä rps3 cd¶*B¤¶î2 rps3 cd¶&Bock et al. 1994; Nakazono et 

al. 1995; Unseld et al. 1997; Handa 200306D»5B=å>Ìj5WG¯Ñõ

5\õ?\6å]É/<&ó 200S=å>ÌjGCO*átãõ 1 ? 74bpBÑ

õ5\õ? 1,739bpBátãõ 2 ? 1,609bp )À7R&ó 17ABó 200S*¼

GÌjGBÑâB5s«\=WBïõrÑBOenotheraBW\ÑghihBhö
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âBöñ=XLA*¸òìA5T/<ÄDÜ-s 10 5x6à<Srps3 GÓÔ=

>õ¯YÕÞ=>õx)GéN]¥¦§¨-.Ù5BUPGMA Q5t78^$

^-1¡LR6v&B^$ó2-tA½çL8¦<v6?�Y¯5;7R&ó

210S¥¦§¨-_Î5ö%<6BÑâ)pqOP8¦<átãõ 2 G 63bp G

Ç×&Nakazono et al. 1995í ó 20 G Os-D21251, 2,430-2,4310*=]ä5M

àYPÈBÇ×-`ÑC¨½ø§¨&5'-TGA(/C)CG-3'0?B]OP<G*a¶

Ä¹²5s«\=W6D¯)À7RSxRÑõ5\õÐ&ó 20 G Ta 1,321-1,3220

5=]äÅ9GÇ×?ùYP<?BºP(I*5s«\=W6ûXÄDÜ?á

¦S 
 
&Q0$%"#Ú53¼<=]ä rps3 cd¶G¹b 

=]ä rps3 Ç|42"ÍGRà5Bátãõ 2 ÌjGu§ 876bpB3tOÑ

õ5\õÌjGu§ 1,037bp -BºP[POPÑjåP11+P12B3tOOPÑ

jåP9+P10 -l¦8=]äG· DNA tô PCR ËLOm&ó 17A0BO\åG

6L8l¦RSÛYPRO\åG*ºP[P E2 3tO I 6{ï¼BNå~õT

ÑG?_Ñ¸åW�õ5l¦RSó 22A 5+/tu5BO\åG E2 *B4.7+

5.6kb 5É<Wb�;ñõ>6B3.0kb Gb�;ñõ>-"ÍLRSO\åG I
* 4.7+5.6kb 5É<Wb�;ñõ>6B3.3kb Gc¦W£hãñõ>-"ÍL

R&ó 22B0SO\åG E 6 I )·¸5 4.7+5.6kb 5É<Wb�;ñõ>?"

ÍOP<v6¯YBvP?,Ê Ç|42)ÀôBO\åG E2 GÒ)"ÍOP

< 3.0kb ñõ>?Ñõ5\õ&1.7kb0-×7R¡½ mRNA 6.òP<SO\

åG I )GÒ"ÍOPR 3.3kb Ç|42GDE5å¦8*òF)å%<S 
  =]ä rps3 G$%"#Ú53¼<¹b-ö%<Rà5B2 ÄçG=]ä5$

%ÿo-xLBËÄôG RNA -}ÍL8Nå~õ~m-M7RS4.7+5.6kb G

,Ê Ç|42¬6 3.0kb G¡½ mRNA *6X5$%ÿo 1 0t5èéo-

ËLB6 0t5ídùþ/<?B7 0t5áOËæLÔàB14 0tx)ºGà-

?ð¦R&ó 22ABB0Sî2 -ì%5ö/6B1 0t5èéoGùþ?Mà

YPB7 0t5*èàÿo(,6Dk)ã5;7R&ó 22ABB0SO\åG I )

"ÍOP< 3.3kb Ç|42GËùXèàD»5ü`LR&ó 22B0S 
í  
&a0$%"#Ú53¼<=]ä ccmFc cd¶G¹b 
í =]ä ccmFc Ç|42"ÍGRàB(ÚGtu;O\åG-öÁLRS/;
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ò§B5’�¾¿ÌjBátãõ 1 3tOÑõ5\õG÷ 1/3 -~Ñ EcoRI ôZ

&1,439bp0-O\åG 5U-E1-I 6LB=]äG· DNA -!¯5L8OPÑj

åP14 6 P15 ) PCR ËLLRÑõ5\õGÒ¯Y;< 681bp -O\åG I 6

LR&ó 18A0SvPY-l¦8Nå~õTÑG?_Ñ¸åW�õ-M7R6v

&BO\åG 5U-E1-I *B2.7kbB1.7kb GÇ|425æyB4.0+5.0kb 5É<

Wb�;W£hãñõ>-"ÍLR&ó 23"0SO\åG I *FåGÇ|42G

u§B1.7kb Ç|42-"ÍmÈBròô5 1.0kb Gõc;W£hã-"ÍLR

&ó 23B0SO\åG 5U-E1-I 6O\åG I )·¸5"ÍOP< 4.0+5.0kb G

Ç|42¬6 2.7kb Ç|42?,Ê Ç|42)ÀôBO\åG 5U-E1-I )G

Ò"ÍOP< 1.7kb Ç|42?Ñõ5\õ&1.0kb0-×7R¡½ mRNA 6.

òP<SxRBO\åG I GÒ)"ÍOP< 1.0kb Ç|42*GOPÑWõ£

5tôóôÍOPRÑõ5\õ6òyYP<S 
ð¦8=]ä ccmFc G$%"#Ú53¼<¹b-ö+LRS4.0+5.0kb G,

Ê Ç|42¬6 2.7kb G,Ê Ç|42*$%ÿo 5 0t5)*èéo-Ë

L8 6 0t5ídùþ/<?B7 0t($5áOËæLÔà 14 0tx)Hþp

5èéo-ËL8¦7R&ó 23ABB0Sî2 -ì%5ö/6B1 0t5èé

oGùþ?MàYPB7 0t5*èàÿo(,6Dk)ã5;7R&ó 23AB

B0SíÄB1.7kb ¡½ mRNA Gèéo*è6fê_üL;¦&ó 23A0S 
í $%"#? ccmFc cd¶G¾¿425ñy<¨©-ö%<RàBsáGöõ

~m-M7RSùü=]ä5$%ÿo- 5 0ïM7R=]ä-ØeLR6v&B

55kDa GW£hãñõ>-"ÍLR?BTÎr6GW£hãýñGÐë*Mà

YP;¯7R&ó 240S;3BÅÄ=]äGJ<5=õ>?@ôµ-l¦8så

Göõ~m-M7RßÉB�Ï;W£hã?"ÍOP;¯7RS 
 
&ê0$%"#Ú53¼<Ñâ rps3 cd¶G¹b 
í Ñâ rps3 G¹b~m-MuRàB=]ä rps3 cd¶GO\åG E2 6O\

åG I -l¦RNå~õTÑG?_Ñ¸åW�õ-M7RSO\åG E2 *B4.8
+5.4kb GWb�;ñõ>3tO 3.0kb GÇ|42-"ÍLR&ó 25"0SO\

åG I *FbÇ|42Gu§ 3.0kb Ç|42-"ÍmÈBròô5 3.4kb Gõ

c;W£hã-"ÍLR&ó 25B0SO\åG E2 3tOO\åG I )·¸5"

ÍOP< 4.8+5.4kb GÇ|42¬*,Ê Ç|42)BO\åG E2 GÒ?"

Í/< 3.0kb Ç|42*Ñõ5\õ&1.8kb0-×7R¡½ mRNA 6òyYP
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<S3.4kb Ç|425å¦8*òF)å%<S 
í Ñâeî2 5 12,XLA* 4,G$%ÿo-M¦BNå~õ~m-M7RS

ºGßÉB12,G$%ÿo-x/6 4.8+5.4kb GÇ|42¬*Bÿo 3 0t)

èéo-ËLÔà<v6?ò¯7R&ó 25ABB0SíÄBì%5ö/6 1 0t

5*TÎr6Dk)ãx)$ÚLR&ó 25ABB0SvP6*TÎp5B3.0kb ¡

½ mRNA Gèéo*$%ÿoG0C66X5�f5$ÚLBì%5ö/6 1 0

t5L8èéo?ûá6;7R&ó 25A0S3.4kb GÇ|42*B$%ÿo 7 0

t¯Yèéo-ËLÔàBì%5öL8 1 0t5*ùþ/<&ó 25B0SíÄB

4,G$%ÿo)*B4.8+5.4kb 3tO 3.0kb G'ÄGÇ|42?èéo-ùå

83ôB3.4kb Ç|42GW£hã*"ÍOP;¯7R&ó 25ABB0Sì%5ö

/6B4.8+5.4kb 3tO 3.0kb Ç|42Gèéo?÷ø/<&ó 25ABB0S 
 
&í0$%"#Ú53¼<Ñâ ccmFc cd¶G¹b 

Ñâ ccmFc G¹b~m-MuRàB=]ä ccmFc cd¶GO\åG 5U-E1-
I 6O\åG I -l¦RNå~õTÑG?_Ñ¸åW�õ-M7RSO\åG

5U-E1-I *B4.8+5.5B2.7 3tO 1.7kb G 3 $¹GÇ|42-"ÍLR&ó

26A0SO\åG I * 4.8+5.5B2.7 3tO 1.0kb GÇ|42-"ÍLR&ó 26B0S

O\åG 5U-E1-I 3tOO\åG I )·¸5"ÍOP< 4.8+5.5kb 6 2.7kb Ç

|42¬*,Ê Ç|42)BO\åG 5U-E1-I GÒ?"Í/< 1.7kb Ç|4

2*Ñõ5\õ&1.0kb0-×7R¡½ mRNA 6òyYP<S 
Ñâeî2 5 12,XLA* 4,G$%ÿo-M¦BNå~õ~m-M7RS

ºGßÉB12,G$%ÿo-x/6 4.8+5.5kb GÇ|42*Hþp5ËæLB

14 0t)ûl6;7RS2.7kb Ç|42Gèé*ÿo0C5V¦òÈ¯5Ëæ

LR&ó 26A0SíÄB1.7kb ¡½ mRNA *êê_üL;¦Sì%5öL8 1 0

t5* 4.8+5.4kb Ç|42Gèéo*öz5$Ú/<?B2.7kb Ç|42Gè

éo*_üL;¦S1.7kb ¡½ mRNA Gèéo*F#LR&ó 26A0S4,G$

%ÿo)*BO\åG 5U-E1-I )"ÍOP<·8GÇ|42Gèéo?ùþLB

ì%5ö/6 1 0t) 4.8+5.5kb 6 2.7kb GÇ|42*èéo-ëÿor6D

­ñ5x)÷øLR?B1.7kb ¡½ mRNA Gèéo*÷øL;¦&ó 26A0S 
 
&ò0$%"#Ú53¼<Ñâ rpl2 cd¶G¹b 

Ñâ rpl2 Ç|42"ÍGRàB(ÚGtu;O\åG-öÁLRS/;ò§B
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ÑâG· DNA -!¯6L8B5’�¾¿Ìj¯Yátãõ 1 G 2/3 -~Ñ 562bp
&OPÑjåP16+P1706Ñõ5\õÌj 770bp&OPÑjåP18+P190- PCR
5tôËLLR&ó 190S,(- E1BI(- I 6{ï¼Nå~õTÑG?_Ñ

¸åW�õGO\åG6LRSO\åG E1 )*B9.0B6.4B4.5 3tO 3.0kb
GÇ|42?"ÍOPR&ó 27A0SO\åG I )*B6.4B3.0 3tO 1.5kb G

Ç|42?"ÍOPR&ó 27B0SO\åG I )"ÍOPR 1.5kb GW£hã*B

Ñõ5\õG 1,481bp GrÑi6í,/<v6¯YBGOPÑWõ£5t78

óôÍOPRÑõ5\õ6òyYP<SºG}GÇ|425å¦8*òF)å

%<S 
$%"#Ú53¼< rpl2 G¹b-Nå~õ~m5tôö+LR?B¹bo?
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QNÄCGÑõ5\õ)µôOP<cd¶G¹b~m 
 
,0896ÄQ 
&,0î289 

T!Uù=]äV-êÄçx)h 20,/i 15,)98B$%ÿo&h 2.0,/
i 0.5,B14 0ï0-M7R&Ü II !ÍÎ0STèLGûàV-aÄçx) 25,

)98B12,G$%ÿo- 14 0ïM7R&Ü II !ÍÎ0S¦ÈPXËÄô-Ö

±LRS 
 
&Q0· RNA G}Í6îop RT-PCR 
í · RNA *BTrizol eÅ&Invitrogen ÇBUSA0-l¦8}ÍLRS 
í · RNA - RNase-free DNase I&!"#$%&'()*&+% Bio-Sciences Ç, USA05t

78 Assay Buffer&40mM Tris-HCl ph7.5, 10mM CaCl20É 30 µï 37,)Ñ

õtç)å5LRScDNA *B20 !" G½zÂÉ5 5lg G· RNAB50ng GP

õ _ ] h t r j å O P Ñ j å B 200units G ! Ç | ª « SuperScript III
&Invitrogen ÇBUSA0-l¦BüïO\5=åã5À¦à¡LRSýÜTÎ

r5*!Ç|ª«Gròô5ijw-l¦RSRNA o ,-./0B.1/0B-./0 XL

A* ./0 5DE/< *234 -l¦8OPÑjåºP[P 5678'B9:; ª«# $8(#
<(&+(#"=#>&?#@.A/B(<CD'BöFPñÑÒÇ$#1E,D'# &,A/B(0BF3>9 ºP[P 5/78'B
xRB,1ª"=#>&?#GAHH%+#-#D' -B-1#D' ïo)½zOmRS9:; GRS*B95,

) 2 µ- 1 rÑùãB^5 95,) 30 èB2 $GOPÑjåGu§ Tm ÙGá

¦Ä-@òå?õ£%ñ6L8 30 èB72,) 30 è- 19+31 rÑùãBûI

5 72,) 7 µ- 1 rÑùã)À<SÛYPR PCR 42* 2%@_\åGéã)

Ü[á`LBküá!Ãs]ÃÄ5tôñõ>-"ÍLRS 
 
&a0Ò?ìgùkÒ!> 
í îïïs 2 3tO 3 5+/SOPÑjå6L8l¦RÒ?ìgùkÒ!>G

l*BÑõ5\õm65BÑõ5\õ-~ÑÇ|42G 5’ïÑátãõ6Ñõ

5\õGDàô3tOÑõ5\õîGOPÑWõ£-HRÇ|42G 5’ï¸Ñá

tãõ6 3’ïÑátãõGDàô-ËLLBPCR 42GCO? 100 ¯Y 307bp
5;<tu5nKLRSWG¯Ñõ5\õîGOPÑWõ£GÒ-Mucd¶G

'B5PõG¯Ñõ5\õîGOPÑWõ£XMucd¶G'6L8BºP[P
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=]ä6ÑâG nad7BÑâ nad2 GOPÑjåGØÑ6Äñ-ó 28 5+/S 
 
Q0ßÉ 
&,0Nå~õ~m6îop RT-PCR GoàÜ 

Ñõ5\õ-ÄCBã/<cd¶²5PõG¯GGOPÑWõ£-Muc

d¶*B*Ñõ5\õGÄÅ;GOPÑWõ£úöåõ-½çL8@»;Ç|

42-3È<RàBNå~õ~m)*Ç|42GËù-ÓÔ/<G?pq)À

<Sºv)BvuLRcd¶5å¦8*îop RT-PCR 5tôÑõ5\õ-~

ÑÇ|426~x;¦Ç|42Go-Úä/<v66LRS>à5Bîop RT-
PCR 6Nå~õ~mGoàÜ-ö%<Rà5BÜ II !)PÎ;Nå~õ~m-

M7R=]ä cox2 cd¶-«Ïã6L8àf-M¦B!¯ RNA 5~xP<Ù

p RNA o-½çLR PCR 42-Û<RàGRS-"ßLRSxÈ PCR rÑ

ùãC- 25 5ÅîLB!¯ RNA o5T/< PCR 42oGFÑâïÐùG-

ö%RS,Ê ¯Ç|42-Ùp6/<OPÑjåP43 6 P44&ó 29A F0-

l¦R6v&B25+125ng Grs)!¯ RNA o-½çLR PCR 42GËæ?

5FOPR&ó 29A (0SíÄB¡½ mRNA -Ùp6/<OPÑjåP43 6 P45
&ó 29A F0-l¦R RT-PCR )*B!¯ RNA o 50ng 6 125ng )ùRtG

PCR 42o?;LA;ôOP5å5BL8¦<6.òPR&ó 29A t0S 
í ð¦8!¯ RNA o-ÅîLBPCR rÑùãC5T/< PCR 42oGFÑâ

ïÐùG-ö%RS,Ê ¯Ç|42-Ùp6/<OPÑjåP43 6 P44 )*B

!¯ RNA o- 125ng 5ÅîLBPCR rÑùã- 19+27 rÑùãx)B2 r

ÑùãÈå_üOmRSºGßÉB21+27 rÑùãx) PCR rÑùãC5z

åR PCR 42GËæ?MàYPR&ó 29B F0SíÄB¡½ mRNA -Ùp6

/<OPÑjåP43 6 P45 )*B!¯ RNA o- 25ng 5ÅîLB19+25 rÑ

ùãx) PCR rÑùã5zåR PCR 42GËæ?MàYPB25 rÑùã6 27
rÑùã)* PCR 42o*èà;LA;ôBOP5å5BL8¦<6.òPR

&ó 29B Ú0S(FGtu; 2 º»Gàftô PCR 42oGFÑâïÐùG-

uàB.CËæçG PCR 42o5¦èQì%r6$%ÿorGÙp RNA o-

ÚäLRScox2 ,Ê Ç|42G=àBDí PCR RSÚ)$%ÿorG PCR
42*ì%rtôX�Y¯5@AB33tº 2 rÑùãµËæL8¦<tu5

ùy<&ó 29B F0SvPtôB$%ÿo5tô cox2 ,Ê Ç|42?3tº

22=4 Ü5ËæL8¦<6òyYPRSíÄBcox2 ¡½ mRNA G=àBì%r
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6$%ÿor) PCR 42o*_òY;¦&ó 29B Ú0S(FGßÉ*Ü II !G

Nå~õ~mGÏåö6èàí,/<S 
 
&Q0WGîGOPÑWõ£¯Ñõ5\õ-Bã/<=]ä<5=õ>?@cd

¶G$%"#Ú53¼<¹b 
í =]ä<5=õ>?@cd¶Gu§BWGîGOPÑWõ£¯Ñõ5\õGÒ

-Bã/< nad4Bnad7Brps3 3tO ccmFc 5å¦8BÇ|42OåãÐG*

Ñõ5\õ5t<µôôØ53¼<Ñõ5\õ-~Ñµ¶xR*GOPÑWõ

£-HRµ¶GoG$%5t<_ü-Bîop RT-PCR 5tô~mLRSßÉ

-ó 30+38 5+/S~mLR·8Gcd¶5å¦8B$%ÿo5tôÑõ5\

õ-~ÑÇ|42?ËæLBºGßà* 4 Ü(F&rps3BccmFcBnad4 GÑõ

5\õ 1 3tO nad7 GÑõ5\õ 1+40XLA* 4 ÜGv&nad4 GÑõ5

\õ 2 3tO 30)À7RSxRBGOPÑWõ£-HRÇ|42èéo*$

%ÿo5tôËæ/<¯xR*_üL;¯7RS4 Ü(FèéLRG* nad7 G

Ñõ5\õ 1 )µôOP8¦RôØ)BêÜGvGËæ-+LRG* nad4 G

Ñõ5\õ 1 3tO 2Bnad7 GÑõ5\õ 2 3tO 3Brps3 GÑõ5\õ3t

O ccmFc GÑõ5\õ)µôOP8¦RôØ)À<Snad4 GÑõ5\õ 3B 
nad7 GÑõ5\õ 4 )µôOP8¦RôØ)*_ü?ùYP;¯7RSßÉ-

x6à8s 11 5+/S 
 
&a0Ñõ5\õ-Bã/<Ñâ<5=õ>?@cd¶G$%"#Ú53¼<

¹b 
í Ñâ<5=õ>?@éN])DîOPR 23 ìíGÑõ5\õ5t<µôô

ØG·85å¦8îop RT-PCR 5t<¹b~m-M7RSßÉGíô-ó 39
+41 5+/S~mLRµôôØGu§B$%ÿo5tôÑõ5\õ-~ÑÇ|

42?ËæLRG* cox2Brps3BccmFcBrpl2 G*Ñõ5\õBnad1 GÑõ5

\õ 1B2 3tO 4Bnad2 GÑõ5\õ 1B3 3tO 4Bnad4 GÑõ5\õ 1B

2 3tO 3Bnad5 GÑõ5\õ 4Bnad7 GÑõ5\õ 1 3tO 4 GàK 16 $

)À7RSËæGßà* 4 Ü(F&cox2Brps3BccmFc G*Ñõ5\õBnad1
GÑõ5\õ 1 3tO 4Bnad2 GÑõ5\õ 3 3tO 4 3tO nad4 GÑõ5

\õ 10XLA* 4 ÜGv&rpl2 Ñõ5\õBnad1 GÑõ5\õ 2Bnad2 GÑ

õ5\õ 1 Bnad4 GÑõ5\õ 2 3tO 3Bnad5 GÑõ5\õ 4Bnad7 GÑ



 77 

õ5\õ 1 3tO 40)À<S!"#$ GÑõ5\õ IB!"#% GÑõ5\õ -Bnad5
GÑõ5\õ 1B2 3tO 3Bnad7 GÑõ5\õ 2 3tO 3 5å¦8*$%ÿ

o5t<Ñõ5\õ-~ÑÇ|42GËæ*MàYP;¯7RSGOPÑWõ

£-HRÇ|42èéo5óL8*$%ÿo5tôËæmÈB_üL;¦=à

&rpl2BccmFc G*Ñõ5\õBnad1 GÑõ5\õ 1B3 3tO 4Bnad2 GÑ

õ5\õ 1B2 3tO 4Bnad4 GÑõ5\õ 2Bnad5 GÑõ5\õ 1B2 3tO

3Bnad7 GÑõ5\õ 2B3 3tO 406B²²ùþ/<=à&cox2Brps3 G*

Ñõ5\õBnad1 GÑõ5\õ 2Bnad2 GÑõ5\õ 3Bnad4 GÑõ5\õ

1 3tO 3Bnad5 GÑõ5\õ 4 3tO nad7 GÑõ5\õ 10?ÒYPRSù

þGßà* 1/2+3/4 ­ñ6ùéXYP<SßÉ-x6à8s 12 5+/S
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ÅÇ:(!7({U~$�ÄïñóGò¢uv:]x~$�ÄïG!~$�Äúù
!)õ4ûü ¡^U?45VWXYZG[\]^_`&45VWXYZG\abcd^

efgh_U

":



!BC >?@!"#$&$*+,*>C-"#$.*/éÇCJKL*+&,-*

./012/345M!678N9:7;5./3<45M!78N6=:749>OPQRSTU

.A@$pq:\a^1*@$Kwx$*+,*>G§¨WXÑÖCû©C^z:

9!:0Dx-"#$.*/Gª^WXÑÖCû©C^z:!:0D456U,-*Cu
vwxyz:):74!{x|:):7B6}x:>7B6}x(!7B6}G!9~$�Äx

ÅÇ:(!7({U~$�ÄïñóGò¢uv:]x~$�ÄïG!~$�Äúù
!)õ4ûü ¡^U?45VWXYZG[\]^_`&45VWXYZG\abcd^

efgh_U

"C



!B( >?@*+,-C-"#$.*/éÇCJKL*+&,-*

./012/345M!678N9:7;5./3<45M!78N6=:749>OPQRSTU
1*@$K:60D:¬­t6.A@$G\a^U ,-*Cuvwxyz:):74!{x

|:):7B6}x>)7B6}x(!7B6}G!9~$�ÄxÅÇ:(!7({U~$�Ä
ïñóGò¢uv:]x~$�ÄïG!~$�Äúù!)õ4ûü ¡^U?45V
WXYZG[\]^_`&45VWXYZG\abcd^efgh_U
ì!wò¢*@$G\a^£&¤*¥¦U

"(



!B" >?@&&./&C-"#$.*/éÇCJKL*+&,-*

./012/345M!678N9:7;5./3<45M!78N6=:749>OPQRSTU
1*@$K9!:0D:¬­t6.A@$G\a^U,-*Cuvwxyz:):74!{x

|:):7B6}x:>7B6}x(!7B6}G!B~$�ÄxÅÇ:(!7({U~$�Ä
ïñóGò¢uv:]x~$�ÄïG!~$�ÄúùB9õ4ûü ¡^U?45V
WXYZG[\]^_`&45VWXYZG\abcd^efgh_U
ì!wò¢*@$G\a^£&¤*¥¦U

""



!
!!

"
#

$
%

&
'

(
)

*
+

,
-

.
/

0
1

/
2

3
4

5
6

7
8

9
:

0
7

/
;

<
=

>
?

@
2

A
B

C
D

E
2

F
G

"H
#I

J
K

L
M

*
N

H
O

O
L

M
*

$
H

F
G

P
Q

*
R

S
T

U
V

! %&
.

/
0

1
/

'W
X

Y
2

Z
[

\
]

^
_

`
*

" %;
a

.
/

(
b

(
)2

c
2

d
<

e
f

,
g

h
&

i
j

Q
k

l
m

l
]

^
2

n
V

# %;
a

.
/

(
)o

!
2

p
q

r
s

.
/

0
1

/
*+

X
Y

t
u

v

2
w

x
V

$ %;
a

.
/

(
)2

*
]

^
y

4
m

x
m

l
=

z
{

+
/

t
|

}
~

=
{

+
/

o
�

Ä
Å

2
Ç

l
É

^
Ñ

Ö
Ü

^
b

m
á

*
.

/
0

1
/

à
á

â
Q

2
|

ä
2

ã
å

ç
g

h
2

é
c

è
4

ê
)

v
V

ë
í

2
é

}
.

/
0

1
/

*+
X

Y
r

s
n

ì
|

]
^

2
î

ï
V

% H
.

/
0

1
/

*+
X

Y
2

Z
[

\
]

^
_

`
V

,-



'

$

!B) $B&'(%CJKL*+&,-*

./012/345!:7;5./3<459!749>OQRSTU

#$%ijkl=mkl:\a6*@$KCno%U.A@$pq:\a^1*@$KG
r:stUÉ3RNAK:gt6PCRÑÖKCÜ$Báà�-Gâä^UPCR
ÑÖK:ãåçxmklC .A@$pq:\a61*@$KGxéèêWXÑÖ
=ëD4w9!:0Dx-"#$.*/Gª^WXÑÖ=ìD4w!:0DAîJ]^U

,-*Cuvwxyz:):74!{x|:):7B6}x:C7B6}x(!7B6}G!:~
$�ÄxÅÇ:(!7({U#'%mklU ,-*Cuvwx~$�ÄïñóGij
klAòô:x~$�ÄïG9)cö!(õ4!~$�Äúùûü ¡^U?45VW

XYZG[\]^_`&45VWXYZG\abcd^efgh_U ì!wò¢
*@$G\a^£&¤*¥¦U

)6



!>6 $B*+,-C-"#$.*/éÇCJKL*+&,-*

./012/345!:7;5./3<459!749>OPQRSTU
1*@$K9!:0D:¬­t6.A@$G\a^U ,-*Cuvwxyz:):74!{x

|:):7B6}x>"7B6}x(!7B6}G9)~$�ÄxÅÇ:(!7({U~$�Ä
ïñóGò¢uv:]x~$�ÄïG!~$�Äúù!(õ4ûü ¡^U ?45V
WXYZG[\]^_`&45VWXYZG\abcd^efgh_Uì!wò¢
*@$G\a^£&¤*¥¦U

)9



!>9 $B&&./&C-"#$.*/éÇCJKL*+&,-*

./012345!:7;5./3<459!749>OPQRSTU

1*@$K9!:0D:¬­t6.A@$G\a^U ,-*Cuvwxyz:):74!{x
|:):7B6}x:!7B6}x(!7B6}G9)~$�ÄxÅÇ:(!7({U~$�Ä

ïñóGò¢uv:]x~$�ÄïG!~$�Äúù!(õ4ûü ¡^U ?45V
WXYZG[\]^_`&45VWXYZG\abcd^efgh_Uì!wò¢

*@$G\a^£&¤*¥¦U

)!



!
!.

"
#

$
%

&
'

(
)

*
.

/
0

1
/

4
5

6
.

ñ
:

0
7

/
;

<
=

>
?

@
2

A
B

D
E

2
F

G

"H
#I

J
K

L
M

*
N

H
O

O
L

M
*

$
H

F
G

P
Q

*
R

S
T

U
V

! %&
.

/
0

1
/

'W
X

Y
2

Z
[

\
]

^
_

`
V

ó
-W

u
}

Z
[

\
]

^
_

`
Ñ

ò
ä

s
ô

m
l

V
" %;

a
.

/
(

b
(

)2
c

2
d

<
e

f
,

g
h

&
i

j
Q

k
l

m
l

]
^

2
n

V
# %;

a
.

/
(

)/
!

2
p

q
r

s
.

/
0

1
/

*+
X

Y
t

u
02

w
x

V
$ %;

a
.

/
(

)2
*

]
^

y
4

m
x

m
l

=
z

{
+

/
t

|
}

ö
ô

&
õ

ú
)

~
=

{
+

/
*

ù
<

û
/

o
�

Ä
Å

2
Ç

l
É

^
Ñ

Ö
Ü

^
b

m
á

*
.

/
0

1
/

à
á

â
Q

2
|

ä
2

ã
å

ç
g

h
2

é
c

è
4

ê
)

v
V

ë
í

2
é

}
.

/
0

1
/

*+
X

Y
r

s
n

ì
|

]
^

2
î

ï
V

ó
-W

u
}

*
]

^
y

4
m

x
m

l
ü

f
 

¡
+

;
Ñ

ò
ä

s
ô

m
l

V
% H

.
/

0
1

/
*+

X
Y

2
Z

[
\

]
^

_
`

V
ó

-W
u

}
Z

[
\

]
^

_
`

Ñ
ò

ä
s

ô
m

l
V

-*



 94 

a. IBS (Intron Binding Sites)53¼< RNA áÏÐïÐõ£ 
 
,0896ÄQ 
&,0î28969¡RSB· RNA G}Í 
í ÑâZ$TèLGûàV-l¦RS9¡RS3tO· RNA G}Í*B,÷5

ÄÈ<S 
 
&Q0RT-PCR 
í cDNA à¡*,÷,0î&Q05ÄÈ<S· ;34 o ,JKE./0 5DE/< *234
-l¦8BOPÑjåºP[P L678'B9:; ª«# $8(#<(&+(#"=#>&?# &.A/B(<CD'B
öFPñÑÒÇ01E,.#D'# @,E.A/B(MBF3>9 -ºP[P L/78'BxRB,1ª"=#>&?#
GAHH%+#I#D' - I1D' ïo)½zOmRS9:; GRS*B95,B2 µ- 1 rÑùãB

^5 95,) 30 èB@òå?õ£%ñ6L8 nad5 cd¶* 51,Bnad7 cd¶

* 54,) 30 èB72,) 30 è- 25 rÑùãBûI5 72,) 7 µ- 1 rÑùã

6LRSxRBTÎef6L8B@òå?õ£%ñ- 56,5LRv6(I*D

åRS) cox2 cd¶GËL-M7RSÛYPR PCR 42*B10!l - 2%@_

\åGéã5Ü[á`Lküá!Ãs]ÃÄLBñõ>rÑiGfM5l¦RS

õô-WåAõG~m5l¦RS 
 
&a0Ò?ìgùkÒ!> 
í nad5 cd¶Gátãõ 4 6Ñõ5\õ 4 GDàôµBátãõ 4 6átãõ

5 GDàôµ-ËL/<RàBºP[POPÑjåP89 6 P90 Gl&îïïs

3Bó 44 (0BP89 6 P91 Gl&îïïs 30-l¦RSnad7 cd¶Gátã

õ 1 6Ñõ5\õ 1 GDàôµBátãõ 1 6átãõ 2 GDàôµ-ËL/

<RàBºP[POPÑjåP30 6 P31 Gl&îïïs 3Bó 28ABó 44 t0B

P32 6 P33 Gl&îïïs 3Bó 28A0-l¦RSxRBcox2 cd¶átãõ

1 6Ñõ5\õGDàôµBátãõ 1 6átãõ 2 GDàôµ-ËL/<R

àBºP[POPÑjåP43 6 P44 GlBP43 6 P45 Gl&îïïs 3Bó 390

-l¦RS 
 
&ê0RNA áÏÐïÐõ£~m 
í PCR 42-_Ñkù5WåAõWõ£5t78~mLRSWåAõWõ£½
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z5*BDTCS Quick Start Master Mix &Beckman Coulter ÇBUSA0-l

¦RS½z42G~m5*Bú` DNA twøP?åWåAõråCEQ8000 
DNA Analysis System&Beckman Coulter ÇBUSA0-l¦RS 
 
Q0ßÉ 
&,0cDNA ù\åõ~m6_Ñkù5WåAõG~mGoàÜ 
í Ñâ cox2 GáÏÐïÐõ£ôØ 9 *£ãåO II Ñõ5\õG Intron Binding 
Site1&IBS105ÄY/<RàBÇ|42GáÏÐïÐõ£G9ë6GOPÑW

õ£6GóÖ?+ÑOP<&ó 42B140SÑâ<5=õ>?@cd¶53¦8B

cox2 (I5 IBS 6üýOP<Ìj5 RNA áÏÐïÐõ£?3å<G*Bnad5
cd¶5 1 ìíBnad7 cd¶5 3 ìíB3tO rps3 cd¶5 1 ìí)À<&s

130SvPY5å¦8áÏÐïÐõ£Gõñ-ö+/<_Ñkù5WåAõGà

f^G}x-eÒRS· RNA tô1ÁLR cDNA ÎytôÙp§¨-ËLLB

_Ñkù5WåAõG53¼<!wå5) RNA áÏÐïÐõ£Gõñ-½ç

LR C 6 U Gøåù?ÛYP<¯*¯-f¯à<RàBÑâ cox2 G IBS1 -

«ÏãAåG6L8àf-M7RSºGßÉBì%rG,Ê Ç|42)*BU 
vs. C GÄìé A vs. G GøåùÚ?33tº 1Æ2 -+LBcDNA ù\åõ~

mGßÉ&U vs. C ? 9 : 1506èàí,LR&ó 43B14Bs 6-20S$%rG,

Ê Ç|42)*B_Ñkù5WåAõG) A Gøåù*bPÈBcDNA ù\

åõ~m) U -ãåù\åõ?zë)À7RßÉ6í,LR&ó 43B14Bs 6-
20SxRBGOPÑWõ£-HRÇ|42)*'r6X T GøåùGÒ?5F

OP&Ïåö*+L8¦;¦0BcDNA ù\åõ~mGßÉ6í,LR&s 6-10S 
 
&Q0nad5 átãõ 4 6 nad7 átãõ 1 G 3’ï¸ïüG RNA áÏÐïÐõ

£ 
í IBS 6üýOP<ÌjGu§Bnad5 Gátãõ 4 6 nad7 Gátãõ 1 G 3’
ï¸GQìíG RNA áÏÐïÐõ£Gà--_Ñkù5WåAõWõ£5t

ô~mLRS 
í nad5 átãõ 4 5*B3’ï¸¯Y-5nt GØÑ5 RNA áÏÐïÐõ£ôØ?

À<SÑõ5\õ 4 GGOPÑWõ£-HRÇ|42)*B%ñRS5þòY

ÈvGrÑ5GáÏÐïÐõ£*õ·5Õ{L8¦R&Ïåö*+L8¦;¦0S

Ñõ5\õ 4 -~ÑÇ|42)*Bì%r6$%rG¦ÈP5X G Gøåù?
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ùYP<XGG A Gøåù5Úä/<6�ì5$ABêêáÏÐïÐõ£*Õ

{L8¦<6òyYP<&ó 44 (0S 
í nad7 átãõ 1 5*B3’ï¸¯Y-7nt GØÑ5 RNA áÏÐïÐõ£ôØ?

À<SÑõ5\õ 1 GGOPÑWõ£-HRÇ|42)*B%ñRS5þòY

ÈvGrÑ5GáÏÐïÐõ£*õ·5Õ{L8¦R&Ïåö*+L8¦;¦0S

íÄBÑõ5\õ,-~ÑÇ|42)*B'r6X A vs. G GøåùÚ?33t

º 1Æ2 -+LR&ó 44 t0SvPtôBvGrÑ5GáÏÐïÐõ£õñ*%

ñG¨©*ü¼È 25,)X 12,)XBÇ|42OåãG÷ 1/3 ?áÏÐïÐõ

£-3å8¦<6üîOP<S 
 



!>! >?@&'(%C/Ä&"EE$*+,*C®|¯°=$DAx>

?@A$BC&'(%CE012/05'F0<F0D5GF1H595#E'G9%C*@$±²àáà
*/³´='D

=$%µã¶·G¸¹t6®mCº»w$*+,*C±¼½*AC
¾¿GstUEÀIE4/Ä&"EE$*+,*wEcöIEõ4CÁÂ$

*GÃùUE'G94E012/05'F0<F0D5GF1H59x$*+,*C:ÄÅÆ±¼
½*CBÄÅÇ:´Èt6UJ'G94JK/05'F0<F0D5GF1H59xÁÂ$*E
r:5ÉE'G9AÊËLµã¶·GÃùUE'G9AJ'G9CÌÍÎ*
/wx$*+,*C-"#$.*/:ÏÐbÑ|¯°Òq:ÓÔ

GÕÖtA×ØÙ2a6U#'%±¼½*9CBÄÅÇcö>ùzCµ
ã.+.*0*@$±²àáà*/³´456U

$

'

)(



!!" "#$%&'()*+,-.#$%/0123&'(45676'89:

)*+,;<=4>?'.#$%/0@#-./0-+12-32-4+%2.5+!A#-./0-+$2-32-4+%2.5+6B
C123&'(+45676'89:D"'%E'.FG9:HIJ-.CK1
:LM3HNOMDP−;QR#$%/0145676'89:STUVWX
YANOMD

78

!"

!"#$!%&$'()!"*+$,(-(.+.



!>B �,&Ú*/ÇC.&Û*-AÜ$Ý�+.&Û*-CÞßCàpf
=$B&'(%CéèêWXÑÖCE'G9C*@$±²àáà*/¥¦D

./012/345!:7;5./3<459!749>OPQRSTU

#$%$B&'(%CE'G9C*@$±²àáà*/³´U
#'%5&'(%éèêWXÑÖC�,&Ú*/ÇC.&Û*.*/¥¦U

#Ü&CáÝ&*wxëcöxLx$x+x-U MA-C�,&*ïwxEEâãC&!
=±²àáà*/³´)D:ä6U
#-%5&'(%éèêWXÑÖCÜ$Ý�+.&Û*.*/¥¦U

åæ&+CçèLxé`$xêè+xëè-U

±²àáà*/³´CÜ$Ý�+.&Û*-:ì6åæ&+Cí&�CÑ C
îwx�,&Ú*/ÇC.&Û*-:ì6±²àáà*/ Ù^�,&*Cî
Aàpf056U

))



!>> Ü$Ý�+.&Û*-:ì6x$B!"#0C$*+,*>G§¨

WXÑÖx;ìï!"#$C$*+,*9G§¨WXÑÖCxE'GðñC
*@$±²àáà*/¥¦

./012/345!:7;5./3<459!749>OPQRST

çèLxé`$xêè+xëè-
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ê. òF 
 
í '!)*B£ãåO II Ñõ5\õ)µôOPRcd¶G,Ê Ç|42Gè

éo?$%5tô23p5Ëæ/<¯*¯-"ß/<RàB|}p;¹b~m

-M7RSÑõ5\õ-íåBã/<cd¶5å¦8*Ü II !6D»GNå~

õ~m-+ 6LRàf-äàRSºGßÉBÜ II !)å%R=]ä cox2 G=

à6*ë;ôB*cd¶¯Y*@»;Ç|42?"ÍOPRS'yìB=]ä

rps3 )*O\åG E2 6 I )·¸5"ÍOP<,Ê Ç|42* 4.7+5.6kb )

Ríµ¶$)*;¦tu)À<SxRB=]ä rps3 GO\åG I )GÒ"ÍO

P< 3.3kb Ç|42Gtu;,Ê Ç|42(IGµ¶$*B=]ä cox2 )*

"ÍOP;¦S 
ÄCGÇ|ÓÔ6²O\µWõ£ôØG]É*ÄÅ;Ç|42-3È<?B

*¼GÇ|42*RíGW£hãñõ>6L8bP<*ÈG)B.÷5FOP

Rµ¶rÑiGL?J¦ñõ>6*ë;<SW\ÑghihG rps3 6 atp9 G

Ç|~m)D»GLJGñõ>?ùYP<&Fig2, Okada and Brennicke 20060S

ïõrÑ<5=õ>?@éN]ù\åõñõù-l¦RÇ|~m)*BD»G

ñõ>-"Í/<ÌjXMàYP8¦<?BPÎ*�Y¯5OP8¦;¦&~B

�Ä¼äB½¾0SvuLRÇ|42**¼Gï¸-Úî/<v65tôBëY

¯G©p?ÛYP<6çéOP<SíÄB=]ä3tOÑâ rps3 53¦8O\

åG I )GÒ"ÍOP<BºP[P 3.3kb 6 3.4kb GÇ|42*B3ºYAG

OPÑWõ£Gû>GGïÌO)À<áGïãÇ`½zGÒ?Õ{L8Ñõ5

\õ6átãõ 2 ?å;?7RXG&ó 22B t6ó 25B t5ó+06.òP

<SvP-"?/<Rà5*BvGÇ|42?ÅÞÇ}K-ãå¯*¯-fM/

<±I?À<S 
í =]ä rps3B=]ä ccmFcBÑâ rps3 3tOÑâ rpl2 5å¦8*B}G%

&£ãåO5t<Nå~õ~mGpq'?À< (Li-Pook-Than et al. 2004; 
Giegé et al. 2004; Nakazono et al. 1995; Kubo et al. 1996; Subramanian et al. 
2001) XGGB"ÍOP<µ¶$*±ÈLXí,L;¦SvGÛq6L8*Bx

Èl¦R89Gçcd¶¯Gÿ¦?ÝÞYPtuS¹ÉGá'*BÎÏûÑÜW

ÖÜ53¦8ÖÜ÷øcd¶G9ë5tô<5=õ>?@cd¶Ç|42?_

×OP<'-*åàB@CpqOP8¦<&Chase 20070SxRBØe89G3

9GïåÃGÿ¦XÇ|O\ÁÐåã5¨©-ñy<v6?ò¯78¦<&Li-
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Pook-Than et al. 20040S 
í '!)*BNå~õ~m5æy8îop RT-PCR ~m-M7RS=]ä cox2B

=]ä rps3BÑâ cox2BÑâ rps3B3tOÑâ ccmFc )*BNå~õ~m6

îop RT-PCR GßÉ*èàí,L&s 140B~mMQ5JK*;¦6òyY

P<S$%5Vu=]ä ccmFc G¡½Ç|42o*Nå~õ~m)*_ü?Ò

YPÈ&ó 23A0B}Äîop RT-PCR )*õËGãñ-+LR&ó 38 Ú0?B

èàáÐGrs6Ò8t¦Sîop RT-PCR 5ØLR=]ä 10 ìí6Ñâ 23
ìíGÑõ5\õµôôØGu§B$%ÿo5tôÑõ5\õ-~ÑÇ|42

Gèéo?ùþLRXG*íåX;ABËæ/<&=]ä 10 ìí·86Ñâ 16
ìí0¯_üL;¯7R&Ñâ 7 ìí0&s 11B120SÀ78B$%ÿo5t<

Ñõ5\õ-~ÑÇ|42GèéË*¯;ô23p;bC6ù84¦S*Ñõ

5\õ5å¦8 5’ï¸G¥¦§¨B>·Ñõ V GCOB>·Ñõ V 6 VI Gï

GÆ?ÌùG}K5-ñL8¦;¦¥¦GCB>·Ñõ VI GCOBGOPÑW

õ£Gàâ¦6;<>·Ñõ VI G¥¦T-;O;¦@ÏNWõG9ë6ØÑB

3’ï¸G¥¦§¨B3tOÑõ5\õGCO5å¦8x6à8ÒR?B$%5t

<èéoG_ü6GÄó-+/Ïåö*ÛYP;¯7R&s 11B120SvGv6

*B$%5t<Ñõ5\õ-~ÑÇ|42Gèé*Ñõ5\õGí^}K²ê

^}K6*ëó2)À<v6-+ÑL8¦<Sæy8 cox2 53¦8*BIBS1 G

RNA áÏÐïÐõ£õñ?$%5V¦äë5$ÚLR?BD»5$%5t<Ñ

õ5\õ-~ÑÇ|42GèéËæ?ùYP< nad5 ² nad7&átãõ 10G

IBS Ìj)*ºGtu;bC*MàYP;¦SÀ78B$%5Vu IBS ÌjG

RNA áÏÐïÐõ£õñG$Ú*23p;bC)*;¦v6?�Y¯5;7RS

L¯L;?YB£ãåO II Ñõ5\õ53¦8BÑõ5\õGá^}KÜ¡?

GOPÑWõ£5HI)ÀôBIBS 6 EBS&Exon Binding Site0GÄÝ1l*

á^}KÜ¡5¨©-ãà/6åòP8¦<&Michel and Ferat 19950SºGR

àB.÷µm)Q;¯7RÑâ nad7 53¼<}GQìí3tO rps3 5å¦8

Xö%8Ò<±I?À<6òy<S 
,Ê Gèé?ËæLRcd¶5å¦8/01¦G*BGOPÑWõ£-H

R mRNA Gèéo5å¦8BËæ/<XGB_üL;¦XGB3tOùþ/<

XGG 3 $¹5µ¼YP<v6)À<SÀ<¦*B*¼5å¦8Å9Gm°|

}-"ß/<%Q;G¯XÈP;¦S 



ã9> QRò¾óCx$*+,*G§¨WXÑÖK;ìï-"#$.
*/Gôõ]^WXÑÖKCö÷

=£&¤*¥¦AJKL*+&,-*CÞßCî!D

>?@CQRSTèM!78N6=:749>OP
$BCQRSTè9!749>OP

Nè>"ñrûüx#è$$ûüx Oèö÷%]x&`'(

96B
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IV ! GOPÑWõ£ìíq¶G@E 
 
í á;î2<5=õ>?@£ãåO II Ñõ5\õ5*úèéêÖ?;¦

&Binder and Brennicke 20030RàBGOPÑWõ£5*ìíq¶-I/<S

L¯L;?YvPx)5¥¦§¨?ÚîOPR<5=õ>?@éN]5*RÅ

,åÑÖÜGÀ< mat-R -²QºGtu;q¶?=å>OP8*¦;¦&Kubo 
and Mikami 20070G)B¯¯<q¶*çéN]5=å>OP8¦<6.òP

<SàçBªc²ºG}G«Ïã32)*çéN]5GOPÑWõ£q¶?¦A

å¯DîOP8¦<SL¯LBá;î2)*PÎ;~m'*è6fêë¦SÑâ

*çéN]G·¥¦§¨?ÚîOP8¦<G)Bé5}32$)DîOPRG

OPÑWõ£q¶GÄD§¨-@E/<v6?ÑÖ)À<S(FGùi¯YB'

!)*<5=õ>?@Ñõ5\õGGOPÑWõ£5óò<\ìq¶-Ñâé

N]tô@L8B$%6Gó25å¦8ö+-M7RS 
 
 
,. 896ÄQ 
 
&,0î28969¡RS 
í ÑâZ$TèLGûàV-�RS)B3 Äçx)ì% 25,)39OmRIB

12,G$%ÿo- 14 0ïM7RSËÄô-Ö±LRS 
 
&Q0· RNA G}Í 
í · RNA *BTrizol eÅ&Invitrogen ÇBUSA0-l¦8}ÍLRS 
 
&a0ÑâjÑù\@kÑàf 
í Rice Oligo Microarray 22k&Agilent Tech.ÇBUSA0-l¦RSvGjÑù

\@kÑGÒ?ìO\åG*Bcd¶G 3’�¾¿ÌjG 60mer )À<SjÑù

\@kÑàf*BãäMèQêDd32ë<%&íÑâéN]?ãåGµõö

å53¦8BDµõöåÍÎV¹MGO\5=åãíjÑù\@kÑàfì~m

ïtG5î&200505À¦BÚbG»5M7RSÙNLR cRNA Gà¡5Lä§B

e96;<· RNA GZû- 2100 Bioanalyzer&Agilent Tech.ÇBUSA05t

78"+LBJK?;¦v6-fMLRSì%rB$%rG RNA -ºP[P
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Cyanine3 (green)XLA* Cyanine5 (red)5tôÙNLRàK 4 $¹G cRNA
-ôZüLRIBêïGjÑù\@kÑGPÑ>-l¦8ñàpTÑG?_Ñ

¸åW�õ-M7RS/;ò§BGPÑ>,5* Cyanine3 )ÙNLRì%rG

cRNA 6 Cyanine5 )ÙNLR$%rG cRNA -ñàp5TÑG?_Ñ¸åW

�õOmBGPÑ>Q5* Cyanine5 )ÙNLRì%rG cRNA 6 Cyanine3
)ÙNLR$%rG cRNA -ñàp5TÑG?_Ñ¸åW�õOmRSóò6

=>GIBMicroarray Scanner&Agilent Tech.ÇBUSA0-l¦GPÑ>GG

twõ-M7RS^5BãÁ5sá@ Feature Extraction&Agilent Tech.ÇB

USA0-l¦BG¶Ì5ô×-CÙüLRŜ 5BãÁ5sá@ Excel&Microsoft
ÇBUSA0-l¦BÛYPRCÙ¯Y=õ5\åãG¶Ì5BW£hãýñ?ô

öxR*WÔí;G¶Ì5BñÌù£Psõ>?WÔí;G¶Ì5B3tOW£

hã5T/<NÑiG®à<ßà?á¦ÑÖÜ?À<W£hãýñ 150 (ÚG

G¶Ì5-õ²LRSêïGjÑù\@kÑG LogRatio : log10 (Cyanine5 Ä«

ýñ/ Cyanine3 Ä«ýñ)GÄó2C-ÂÍLBFPåGúÌOGÄó?á¦v

6-f¯àRSOY5BFPåGúÌOÏåöï)W£hãGËù53¦8ùû

GùYP<G¶Ì5Gu§ LogRatio GüTÙ? 0.05 (F&Cyanine5 Ä«ýñ

/ Cyanine3 Ä«ýñGÚ?BaÄ6X 1.12 (FxR* 0.89 (Ú0GG¶Ì5

-áPåG¶Ì56L8CyRSáPåG¶Ì5CG· cd¶C5®à<ß

à-ÂÍLBÏåöG¾ Ü?á¦v6-f¯àRSûI5Btpcd¶GG¶

Ì56W£hãýñÏåö-ò¡L~mLRS 
 
&ê0îop RT-PCRBÒ?ìgùkÒ!> 
í *234 à¡*Ü NNN !OQO,0O&Q05ÄÈ<S;34 o ,-./0 5DE/< *234
-!¯5l¦BOPÑjåºP[P 5678'B9:; ª«# $8(#<(&+(#"=#>&?#&.A/B(<CD'B
öFPñÑÒÇ01E,D'&,A/B(0BF3>9 ºP[P 5/78'BxRB,1ª"=#>&?#GAHH%+#
-D' - -1D' Gïo)½zOmRS9:; GRS*B&'()'%*$ cd¶)*BP.,- µ

- , rÑùãB^5 P.,I1 èB.1,I1 èBK-,I1 è- -.+I, rÑùãBûI

5 K-,K µ- , rÑùã6LRS&'!+",*$- cd¶)*BP.,Qµ-,rÑùãB

^5 P.,I1 èB.I,I1 èBK-,I1 è- -.+II rÑùãBûI5 K-,K µ- ,
rÑùã6LRS^5ÛYPR 9:; 42- -Q@_\åGéã)Ü[á`Lk

üá!Ãs]ÃÄ5tôñõ>-"ÍLRS'àf)l¦RÒ?ìgùkÒ!

> 9PK+9,11 *îïïs 5 5+/S#
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!"# $%&%'() *+,-.  

PSORT! Nakai and Horton 1999 #/ http://psort.nibb.ac.jp/form.html 0

TargetP! Emanuelsson et al. 2000 #/ http://www.cbs.dtu.dk/services/TargetP/ 0

Predotar ! Small et al. 2004 # /

http://urgi.versailles.inra.fr/predotar/predotar.html 1 2 3 4 5 TMHMM

! Sonnhammer et al. 1998 #/ http://www.cbs.dtu.dk/services/TMHMM/ 6 1

2 3 4 5 7 4 0 Mitoprot ! Claros and Vincens 1996 # /

http://ihg.gsf.de/ihg/mitoprot.html 0 ChloroP ! Emanuelsson et al. 1999 #  /

http://www.cbs.dtu.dk/services/ChloroP/ 1234 5  

 

!8#$%&%'()*+,-.! 2026 9:;<=> #  

! 2026 9 7 ?@A# BCD1EFG4 HAI JKLMNOPQRSTUVW

;XYZI[\0 PSORT0 TargetP OPQ TMHMM ]^_`/0 2026 9 7 ?

aNbcd74/defFgh`_ijklmYn.opFqr1si5 tu0

Predotar OPQ MitoProt ]^_`/0BCDvw]pFG4jklmY$Y

/aNpF1xy_5 740 ChloroP ]^_`/ 0 BCDvwIz{G4mYn

./pF1x|0}I~rIt•/ TargetP ]€xdoh`_i5  

aNpFqry•‚jklm%ƒ! 2026 9 7 ?„…#  

WoLF PSORT (PSORT I cd m Yn.# : https://wolfpsort.hgc.jp/  

TargetP 2.0: https://services.healthtech.dtu.dk/services/TargetP -2.0/ 

TMHMM 2.0: https://services.healthtech.dtu.dk/services/TMHMM -2.0/ 

 

† . ‡ˆ  

 

!‰# atmrs2 -1 I%Š&Y‹Œ• osmrs2-1 

6 Ž••ƒ‘'’“”•–—]•G`/0˜™ 4 šI•ZY› II %'ƒŒ'o

œ^•3`_io 4 %'ƒŒ'ž`I.›Ÿ% '•]¡F¢i=£¤—¥G

` MRS2 ! DDBJ/EMBL/GenBank ¦ Y § ¨ Y . I ” - © ª   « ' ¬ ­  

AAA34795 #•–—o®¯gh4! Wiesenberger et al. 1992 #5}Ic0 Œ%

°±²±]O_` MRS2 I³´Œ•oµ¶‘·Y¸¹•]gh atmrs2 (º•

“Y¥»¼h`_i5}I[\ atmrs2 -1! ”-©ª «'¬­  AJ297816#/

Ž• mrs2 ½¾¿À=¢iÁ¥o„•Â¹h4! Schock et al. 2000#5%ŠI¦
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åö)åGtô atmrs2-1 ÄD§¨- tblastn "HLRßÉBá¦¹ÉÜ-+/

õ·C cDNA ù\åõ&@ùµÌW�õñX AK0992090-¹ùLRSvGc

d¶- osmrs2-1 6Yªv66/<Sosmrs2-1 6 atmrs2-1 G=å>Ìj¥¦

§¨GÄDÜ* 69%)À<Sosmrs2-1 6 atmrs2-1 ?=å>/<üî@<NU

*ºP[P 436 6 442 õ¦)ÀôB'(G@<NU§¨G¹ÉÜ6DíÜ*º

P[P 92.3%B76.1%6á¦Sªc MRS2 6Úä/<6B·j)*¹ÉÜ 56.4%B

DíÜ 13.9%)À<Sosmrs2-1Vatmrs2-1 Güî@<NU6 MRS2 G@<N

U§¨G@PÑ·õ5-ó 45A 5+/S 
í ^5BÑâéN]tô osmrs2-1 ¥¦§¨-"HLRßÉB6 ñÃÄ &@ù

µÌW�õñX NC_00839905«¬LBWõ£ã=øå)À<v6?µ¯7RS

xRBcDNA 6éN] DNA G¥¦§¨GÚätôBosmrs2-1 cd¶G=å>

Ìj* 4 åGÙÄp;GOPÑããå]¯Ñõ5\õ)µôOPR 5 åGát

ãõ)}¡OP83ô&ó 45B0Batmrs2-1 6* 5’ï¸ôµG§¨?ë;ôB

osmrs2-1 GQåàGÑõ5\õ* atmrs2-1 5*`ÉL;¦S 
í ð¦8Bosmrs2-1 GüîöõúùûGÎÏÐ¥ÉÜ3tO¢¦¸Ìj-ÄC

G=õøçåöO\£P]-l¦8üîLRSPSORT 6 TargetP )*BÄÅ 

5¥É/<ÑÖÜ?áA&ºP[P 0.932B0.9280B<5=õ>?@5¥É/<

ÑÖÜ*$¯7R&s 150SPredotar )*BÄ« V<5=õ>?@VER (I

? 0.78 6ûXá¦Ù-+LB^5á¦Ù*Ä« G 0.22 )À7R&s 150SO

\ïÒå]%&GÏåötôî2 Göõúùû$G 10%*Ä« 5`É/<

v6¯Y0.1*ñÌù£Põ>Ù)ÀôBPredotar5t<Ä« ¥ÉüîÙ0.22
*á¦Ù6*åy;¦SxRBvGöõúùûG¢¦¸Ìj-üî/<Rà5B

TMHMM råuG)~mLRßÉBC ï¸5 2 ìíG¢¦¸Ìj?ÀôB

atmrs2-1 Güîöõúùû²ªc MRS2 )XD»G}K?MàYPR&ó 460S

OsMRS2-1 G C ï¸6ªc MRS2 G¢¦¸Ìj-~Ñôµ&OsMRS2-1 G@

<NU 316 ñt('BScMRS2 G 257 ñt¯Y 377 ñtx)0G¹ÉÜ* 71.1%B

DíÜ* 26.4%6á¦SvGÌj-ó 45A 5­à)+/S^5BOsMRS2-1 ?

<5=õ>?@5®¯OP<ÑÖÜ5å¦8 Mitoprot )~mLR6v&B

0.7879 Gá¦Ù-+LR&s 150SíÄBChloroP 5t<6B0.565 GÙ)Ä«

 5®¯OP<6üîOPR&s 150SvPYGßÉ¯YBvGöõúùûGÎ

ÏÐ¥ÉÜ-Êî/<v6*qL¦?BÄÅ À<¦*<5=õ>?@¦ÈP

¯G¢öõúùû6L8`É/<ÑÖÜ*á¦6òyYP<S 
 



 108 

&Q0ÑâéN]ÉG nMat-1 ÄD§¨ 
W\Ñghih6ÑâGçéN]É5*B£ãåO II Ñõ5\õGGOPÑ

Wõ£ìíq¶6üîOP<!Ç|/¡½üª«G ORFs ?=å>OP8¦<v

6?�Y¯5OP8¦<&Mohr and Lambowitz 20030SºGu§ atnMat-1a
5å¦8*°±_ë ?<5=õ>?@ nad4 Ñõ5\õGGOPÑWõ£5

ëì-E/v6?�Y¯5OP8¦<&Nakagawa and Sakurai 20060SºPY

5å¦8ÑâÏåö)åG~m-äàR6v&BosnMat-1b Gõ·C cDNA ù

\åõ&@ùµÌW�õñX AK0723360?ùå¯ôBmRNA 6L8Ç|OP

8¦<v6?µ¯7RSosnMat-1b Güî@<NU* 733 õ¦)ÀôB¸òì

A&Marchantia polymorpha0cox2 GÑ`ÜÑõ5\õ5=å>OP8¦<

ORF743&mpcox2-I20Güîöõúùû&@ùµÌW�õñX YP_7171760

6B@<NU§¨?¹ÉL8¦<&ó 470S/;ò§B'(·jG¹ÉÜ6Dí

Ü*ºP[P 59.5%B17.9%BGOPÑWõ£ìíq¶6L8ïÜ-ãå6üî

OP<>·Ñõ X )*BºP[P 83.5%B35.0%)À<S 
  ^5BÑâéN]tô osnMat-1b G¥¦§¨-"HLRßÉB10 ñÃÄ 

&@ùµÌW�õñX NC_00840305«¬LBWõ£ã=øå)À<v6?µ

¯7RSxRBcDNA 6éN] DNA G¥¦§¨GÚäGßÉBosnMat-1b cd

¶*Ñõ5\õ-ãR;¦S 
í ð¦8BosnMat-1b GüîöõúùûGÎÏÐ¥ÉÜ3tO¢¦¸Ìj-Ä

CG=õøçåöO\£P]-l¦8üîLRSPSORT )*BçB<5=õ>

?@Gj5?ÌùG5¥É/<ÑÖÜ?ºP[P 0.70B0.36 )À7R&s 150S

PredotarBTargetP )*B<5=õ>?@5¥É/<ÑÖÜ?ºP[P 0.82B

0.980 6á¦Ù-+LR&s 150SxRBTMHMM råuG)~mLRßÉB

¢¦¸Ìj?`ÉL;¦v6?µ¯7R&ó 480S¸òìA cox2-I2 Güîöõ

úùûXD»5¢¦¸Ìj?MàYP;¯7R&ó 480S^5BOsnMAT-1b ?

<5=õ>?@5®¯OP<ÑÖÜ5å¦8 Mitoprot )~mLR6v&B

0.8108 Gá¦Ù-+LR&s 150SxRBChloroP 5t<6BÄ« 5®¯O

P<ÑÖÜ* 0.505 GÙ-+LRSvPYGßÉ¯YBvGöõúùû*<5

=õ>?@Gj5?ÌùG5`É/<ÑÖÜ?á¦S 
 
&a0ç=å>GOPÑWõ£q¶G$%5Vucd¶¹bG_` 
í $%ÿo5tôÑõ5\õîGOPÑWõ£q¶G¹b?_`/<¯*¯-
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ö%<Rà5Bì%TÎr6$%ÿorDEG RNA -l¦8jÑù\@kÑ~

m-M7RSàfßÉG· -ó 49 5+/S2 ïGGPÑ>G LogRatio ÙG

üÉFà* y=-0.8731x-0.0059 )sOPBR2Ù* 0.9065 )À<SxRBáPå

G¶Ì5C* 95 n)ÀôB~m5l¦R· Gcd¶C 15,055 n5®à<ß

à* 0.63%)À<SvPYGÏåötôBFPåGúÌOÏåöï)GábÜ

?áABàfÏåöG¾ Ü?á¦v6?+OPRS 
í ^5BjÑù\@kÑFG cox2B osmrs2-1B3tO osnMat-1b GG¶Ì5

ô×6W£hãýñ-ó 50 5+/S*cd¶GG¶Ì5GW£hãýñ*B

Cyanine5 $%rVCyanine3 ì%rVCyanine3 $%rVCyanine5 ì%rG8

5Bcox2 ? 1,704B1,056B1,120 3tO 703Bosmrs2-1 ? 170B334B176 3

tO 224 )ÀôBosnMat-1b ? 660B538B591 3tO 526 )À<SÄTp5

osmrs2-1 6 osnMat-1b G¹bo* cox2 tôþ;¦SjÑù\@kÑQïGB

LogRatio-$%rvs.ì%rG¹bÚ6L8s/6Bcox2)*GPÑ>,?1.61
ÜBGPÑ> 2 ? 1.59 Ü)ÀôB$%5tô¹b?ËæL8¦<Sl¦RjÑ

ù\@kÑGÒ?ìO\åG*cd¶G 3’�¾¿Ìj&60mer0;G)BvGÙ

*BNå~õ~m&ó 120)"ÍOP< 2.6kbB1.3kb 3tO 1.0kb GÇ|42

èéoõö-½çL8¦<6òyYP<Sosmrs2-1 G¹bÚ*BGPÑ> 1 ?

0.51 ÜBGPÑ> 2 ? 0.79 Ü)ÀôB$%5tôùþL8¦<SxRBosnMat-
1b G¹bÚ*ºP[P 1.23 ÜB1.12 Ü)ÀôB%ñG¨©-êêü¼8¦;

¦S 
jÑù\@kÑ~mGßÉ-iM/<Rà5Bîop RT-PCR -M7RSß

É-ó 51 5+/SOPÑjåP97+P98&îïïs 4Bó 45B05t78 osmrs2-
1 Gátãõ 3 G 155bp -ËLLRßÉB$%5t78¹bo?²²ùþL8

3ôBºGßÉ*jÑù\@kÑGßÉ6í//<&ó 500SOPÑjå

P99+P100&îïïs 4Bó 4705t78 osnMat-1b G C ï¸5ü¦=í5Ø

Ñ/<>·Ñõ X&Mohr and Lambowitz 2003; RNA ¡½üª«-=å>LB

GOPÑWõ£-ìí/<6üýOP<Ìj0G 158bp -ËLLRßÉB�i

;Ð*5F)Q;¯7R&ó 510S(FGßÉ*jÑù\@kÑ~m6í//<

&ó 500S 
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./0123# ./0123)

--=



!"- Bz{)@,?A)$?'"##$%&'(2,-!"'(klm-¼½ÖÜ

KG7.DGIOE+"_`EKGIUOE-+_U-!è¹ÎÌæçIK/^$Ð¤$|}~é)^$
zPV¿¨À¨-+"7JUÈ'I?A)-êëPV#$%&'(klmUPV

:"_+_S-Å"9ãVì$:"_>BíV"B_>BíV;+_>BíS+"î>-Å
"9ãVïð$;+_;_S-Å"9ãV,-!"'(.klmUPV:"_µ_

S´Å"9ãVì$:"_>BíV">_>BíV;+_>BíS+"î>>Å"9ãV
ïð$;+_;_S-Å"9ãUÈ'IaOEûü D¡Sñ|á~Íò,OEû
ü D¡S|}óôÉ~õ£öjÍI

--;
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3. òF 
 

Òã_âPÑõ5\õGGOPÑWõ£Gm°*BÄCGÑõ5\õ5TL

8MòP<XG6Bn)GÑõ5\õ5T/<XG5µ¯P8¦<6òyYP

8¦<&Bonen and Vogel 20010S,(-rs/<m°q¶?ªc MRS2 )À

ôBI(-rs/<m°q¶? atnMat-1a )À<S 
ªc MRS2 *B<5=õ>?@GÐ¢5£ÉL Mg2+5PõG¶åöå6L

8|ÖL8¦<v6?f¯àYP&Bui et al. 1999; Kolisek et al. 2003; 
Weghuber et al. 20060BMg2+G±ìÜ?£ãåO II Ñõ5\õîGOPÑWõ

£5HI;²ß-ÉR/v6?�Y¯5OP8¦<&Gregan et al. 2001; 
Kolisek et al. 20030S'%&)*Bªc mrs2 _ë-Äì/< atmrs2-1&Schock 
et al. 20000G@<NU§¨ÄDÜ5¦èQBÑâtô osmrs2-1 -ù¦ÅLRS

Ñâ<5=õ>?@53¦8XBªc6D»5 Mg2+G±ìÜ?Ñõ5\õîG

OPÑWõ£5óò<¯êu¯.I"?/<±I?À<SxRBAtMRS2-1
&Schock et al. 20000² OsMRS2-1&'%&0GÎÏÐ£ÉÜ*Êî)Q8¦

;¦S.IB£ÉÜ5å¦8XÊî-äà<±I?À<SíÄBnMat-1 U«\

£5å¦8*BÑâ<5=õ>?@GÑõ5\õîGOPÑWõ£5óñ/<Ñ

ÖÜGÀ<=øå-Dî/<5*­Y;¯7RS.IBÑâ5nYÈ5¥¦§¨

Ïåö?³â5èé/<î2$-TC5 nMat-1 ÄDcd¶-@ELBDcd

¶ÁÂ<?åGÊËï¼-äà<±I?À<S 
'!53¼<jÑù\@kÑ3tOîop RT-PCR G'~mGßÉBÑâ5

12,14 0G$%ÿo-x/6 osmrs2-1 G¹b?$Ú/<v6-�Y¯5LR

&ó 50B510SvGv6*B$%5V¦Ñõ5\õ-~ÑÇ|42?¦ÈPXË

æãñ5À<v6&s 1206GóÖ-+Ñ/<SÀ<¦*$%ÿo5V¦B<

5=õ>?@GOPÑWõ£m°q¶G¹bö÷?_üLBÜê!²Ü´!)

¹ùLRtu;bC?´v<G¯XÈP;¦S.IBosmrs2-1 G¯°_ë -

Û8~m/<v6?)QPìB%&GxR;ãÓ?çé)Q<SOY5B<5=

õ>?@GOPÑWõ£m°q¶G·ï-�Y¯5LB*¼G$%ÿo5T/

<z{-ö+/<±I?À<S 
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V ! øàòF 
 
í '%&)*BÑâ²=]ä)$%5V¦Ñõ5\õ-~Ñ<5=õ>?@,

Ê Ç|42èé?23p5Ëæ/<v6-�Y¯5LRSDþ5íôGcd

¶G,Ê Ç|4253¦8 RNA áÏÐïÐõ£Gõñ?$Ú/<?BvP5

å¦8*23Ü?MàYP;¦SvuLRbC?ùYP<G*B.G6v&Ñâ

)* 12,B=]ä)* 0.5+4,)ÀôB}G%ñj&'yìÑâ 4,0)*M

àYP;¦S 
í Ñâ53¦8*B12,6 4,)*3 5ñy<$%G¨©*�Ï5r)OP

<S12,*Z:¹3%ñj5ÄYLBvP(Ú)ÀPì¦òû< chilling injury
-¹3/<nS%ñ)À<SIùFB12,)*#eWÖ639GJ¸;:P?

MàYP<GÒ)ºG}G¾:*¹3L;¦SíÄB4,*,µp;%ñj)À

ôBCçïG¶·*¸µ-XRY/SQ¯Y 4,G$%ÿo*Be¹5ºÜVù

»¼½G¹3Vu¾;G¾:-ñy<SÄ¿5tôºG­ñ*ë;<?B20 þ

ï¯Y 24 þïGvG%ñjG$%ÿo-x/6Bì%5öL8Xøï)QÈ¸

µ/<6¦upq?À<&lÀ6Áê 1942æÂÃY 19740S3op5XBATP
~o? 25,¯Y 6,x)*íî;G5TLB4,(Ú)*ä15$Ú/<

&Kabaki et al. 19820S12,6 4,)*¹bvwOP<cd¶G$¹5�f;

ÿ¦?ÀôB'yì MAP thå¸H[cd¶Gí$-=å>/< OsMEK1 ²

OsMAP1 * 12,)BbZIP ¯Ç|q¶-=å>/< lip19 * 4,)ºP[PÊ

ëp5vwOPBãúGW£hãdBH[-Ü¡/<&Wen et al. 20020S3º

YAB'%&)ù¦ÅLR<5=õ>?@,Ê Ç|42èéËæ* 12,%ñ

j)3È<3 ½zGí$6òyYP<SXLB$%?Ñõ5\õGá^}KÜ

¡À<¦*GOPÑWõ£ÄÑ5CD1lL8¦òû<2oüEp½zëñ#

p:Å-XRYL8¦<G)ÀPìB4,)X,Ê Ç|42èé?5FOP<

*È)À<S 
í =]ä53¦8*B0.5+4,G%ñj*$%?ü5tô ÐwµGùþ² 

ÐÆµl¡G_ü?3åB$%XÜ-ÇÛ/<%ñj)À<&Yoshida et al. 
1998; Fowler and Gusta 19770S<5=õ>?@,Ê Ç|42èé?Ëæ/

<v6BxRBGOPÑWõ£-HRÇ|42XD»5Ëæãñ5Àôùþ/<

Ç|42?;¦v6*B$%?ü%ñj)3å<3 ½zGí$6üîOP<S 
  ,Ê Ç|42èéGËæ?3 5678¦¯;<âä-ãåG¯*W�)
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À<S'%&)ö+LRnôBÑâ53¼< 12,ÿo5t< cox2 G¾¿42B

3tO=]ä53¼< 0.5+2.8,ÿo5t< cox2 6 ccmFc G¾¿42*B¦

ÈPXèéo?_`L;¯7RSvP5óÖLBÑâe¹GYZ²W5ù\å]

c Uüª«ïÜ* 30+9,x)èàCàp5ü`LB12,ïü)Gäë;$Ú*

MàYP;¦6¦u&Kabaki et al. 19820SÀ78B,Ê Ç|42èéGËæ

*¾¿42Gèéo²YZïÜ6CDó2?À<6*¦y;¦SL¯LB=]ä

6D»5$%?üÖ-ã78¦<W\Ñghih)*B$%ÿo-x/6W5

ù\å]H[GÖÈ?F#/<6¦u&Armstrong et al. 20060S.IB=]ä

5å¦8B¡½¯Ç|42èé?�f5Ëæ/<cd¶G¾¿42Gèéo²B

$%ÿo5t<W5ù\å]H[GÖÈG_ü-ö%8Ò<±I?À&uSí

ÄBÑâG3 · )* 12,ÿo5tôiFôG RNA ~o?zLAËæ/<

6¦u&ÉÊYB19830SÀ<¦*B<5=õ>?@,Ê Ç|42èéGËæ

*vGbCGí")À<G¯XLP;¦S.I*B<5=õ>?@GÒ;YÈB

ÑâG 12,%ñjB3tO=]äG 0.5+4,%ñj53¼<3 G RNA rç

GâäXËâ5ùPåå%&-äà<±I?À&uS 
í ,Ê Ç|42èé?Ëæ/<|}5å¦8*BPÎ*W�)À<?B¦Aå

¯G+Ñp;Ïåö?ÛYPRSxÈB*Ñõ5\õµôôØ53¼<GOPÑ

Wõ£-HRµ¶6H8¦;¦µ¶G$%ÿo5VuËù5å¦8*s 16 G 4
úöåõ5x6àYPBvP(IGúöåõ*ùå¯Y;¦S 

 
s 16ÆGOPÑWõ£G{µ¶6õ{µ¶GèéoG$%5t<_ü 

!"#$ 12%14 &'()*#$+ 2%/, 0.5%14 &-./0123456 

 
vGstôB(ÚG 2 6-ÌÒ±<v6?)Q<S/;ò§BÍ.Ñõ5\õ-

~Ñµ¶Gèéo*$%5V¦Ëæ/<¯_üL;¦?Bùþ/<XG*ë¦B

Î.GOPÑWõ£-HRµ¶GèéoËù*BÑõ5\õ-~Ñµ¶GÝ`6

*í,L;¦BG 2 6)À<SvGv6tôBÑõ5\õ-~ÑÇ|426G
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OPÑWõ£-HRÇ|42*ë;<m°-ü¼8¦<XG6.òP<Sî2

<5=õ>?@cd¶*Ç|Im°-ü¼8¦<v6?+OP83ôB'yì

Ç|ïÜ6 RNA èéo*í,L;¦S5s«\=WGà3)*O\«åöåG

ïÜ* rrn18 > rrn26 > atp1 > atp6 > atp9 > cob > cox3 )À7R?BRNA è

éo* rrn18 > rrn26  > atp9 > atp1 > cox3 > cob > atp6 6;<&Mulligan et 
al. 19910SxRBW\ÑghihGe¹)*<5=õ>?@cd¶GÇ|ïÜ

*0ÉáAiï5$Ú/<?BRNA èéo*cd¶m65±ìp5íî5BR

P8¦<&Okada and Brennicke 20060SvPYGpq¯YB*cd¶?ãúG

m°-ü¼8¦<v6?Ïy<SÀ78B'àf)�Y¯5;7RbC-òF/

<F)*BGOPÑWõ£BÇ|ïÜÀ<¦*Ç|42ñîÜ;GÐIqGíå

5Ûq-ÿ/<Å¼)*WÑµ)BºPY?Äàp51l/<|}?óò78

¦<6òy<%Q)À<S 
í '%&)*Òã_âPÑõ5\õGGOPÑWõ£5óò<6.òP<çc

d¶ osmrs2-1 G¹b?$%5V¦ùþ/<v6-�Y¯5LRSosmrs2-1 G

|Ö²¾¿42?|Ö/<=*fîL8¦;¦?B$%5V¦¹b?ùþ/<

q¶?]É/<6¦uÈùGâä*lQ¦S/;ò§BGOPÑWõ£úûG$

Ú*,Ê Ç|42GèéË6¡½Ç|42Gùþ-XRY/G)BvP*s

16 Gúöåõ 3 5óò<|}6L89È)À<SºG}Gúöåõ 1B2 3t

O 4 5å¦8*}GIqB'yìÇ|ïÜ²Ç|42GñîÜ-æ0L8%&

-äà<±I?À&uSÊ5BÇ|42GñîÜ5óL8*bþ6)· ×?�

Y¯5;78¦<6*å¦q¦&Gagliardi et al. 20040G)B.IGãÓ5¤

tL8¦A±I?À<S 
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V !. ÜI 
 
&,0'%&)*BÑâ²=]äG<5=õ>?@cd¶?$%5V¦ºG¹b

-_y<v6-�Y¯5LRS 
 
&Q0LÈB<5=õ>?@cd¶ cox2 -«Ïãcd¶6L8ÖôFÞB=]

ä cox2 G$%"#Ú&0.5,+5,0G¹b-BNå~õ~m5tô~mLRS

ºGßÉBÑõ5\õ-~Ñ,Ê Ç|42&2.7kb06GOPÑWõ£-õ{

LR¡½Ç|42&1.5kb0?"ÍOPRS,(*$%5V¦èé-ËLBíÄ

I(*_üL;¯7RS 
 
&a0¹bG_ü?Ôx<þç²ñà¦*=]äcd¶¯5tôÿ¦*ÒYP

<XGGB$%5V¦·¸L8 cox2 G,Ê Ç|42èéGËæ?5FOPRS

xRBËÄôV1.Vá)DåbC?5FOPBABÊëÜ*;¦S=>BABAB

3tO NaCl ÿo-xLR?B=]ä cox2 G,Ê Ç|42èéGËæ*5F

OP;¯7RSxRBnoÚ)X$%5t<ºGËæ?5FOPB%ñ6j5t

<fÝ1l*MàYP;¦S 
 
&ê0Ñâ cox2 G$%"#Ú&12,B4,0G¹b-Nå~õ~m5t78~

mLRS,Ê Ç|42&2.6kb06GOPÑWõ£-õ{LR 2 $¹GÇ|4

2&1.3kb 6 1.0kb0?"ÍOPRS12,G$%5V¦B,Ê Ç|42*èé

LB1.3kb GÇ|42*²²ùþB1.0kb 42*_üL;¯7RS4,G$%)

*B¦ÈPGÇ|42oX_üL;¯7RS 
 
&í0Ñõ5\õ-~fÅÇ|423tOGOPÑWõ£-HRÇ|42Gè

éG$%5t<_ü-ö%<RàBGOPÑWõ£ôØ-`fÅOPÑjå-

l¦Rîop RT-PCR Gàf^-}xLRS 
 
&ò0=]äGWG¯Ñõ5\õGÒ-ãå<5=õ>?@cd¶5å¦8B1
nGÑõ5\õ-ãåcd¶&rps3BccmFc0*Nå~õ~m5t78BÄCG

Ñõ5\õ-ãåcd¶*îop RT-PCR 5t78B$%"#ÚG¹b-~m

LRSºGßÉB¦ÈPGcd¶X$%&0.5+2,05tôBÑõ5\õ-~Ñ
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Ç|42Gèé?ËæLRSGOPÑWõ£-HRÇ|42*BËæLRXG6

_üL;¦XG?À7RS 
 
&´0Ñâ<5=õ>?@éN]5* 23 nG£ãåO II Ñõ5\õ?ùå¯

78¦<SvPY-Bã/<·8Gcd¶5å¦8B=]ä6DåMQ) 12,

G$%ÚGÇ|42èé-~mLRSºGßÉBÑõ5\õ-~ÑÇ|42Gè

é5å¦8*BËæ/<=à6_üL;¦=à?MàYPRSíÄBGOPÑW

õ£-HRÇ|42Gèé5óL8*B$ÚÒ*ë_üG¦ÈP¯)À7RS 
 
&¿0*Ñõ5\õ5å¦8 5’ï¸G¥¦§¨B>·Ñõ V GCOBGOPÑ

Wõ£Gàâ¦6;<>·Ñõ VI G¥¦T-;O;¦@ÏNWõG9ë6Ø

ÑB3’ï¸G¥¦§¨B3tOÑõ5\õGCO;5å¦8"ßLRSºGßÉB

$%5t<Ç|42èéG_ü6GÄó-+/Ïåö*ÛYP;¯7RSLR

?78B$%5t<Ñõ5\õ-~ÑÇ|42Gèé*Ñõ5\õGí^}K

²ê^}K6*ëó26òyYP<S 
 
&î0=]ä cox2 G RNA áÏÐïÐõ£Gà--ö%RS¡½Ç|42*%

ñ5þòYÈèà·8GáÏÐïÐõ£ôØ)áÏÐïÐõ£-õ{L8¦RS

íÄB,Ê Ç|42)* 0.5+2,G$%5tô· 5õñ?$ÚLBÊ5

IBS1&Intron Binding Site 10GáÏÐïÐõ£õñ?zLA$ÚL8¦RS 
 
&,Ó0Ñâ cox2 G RNA áÏÐïÐõ£Gà--ö%RSGOPÑWõ£-

õ{LRÇ|42*%ñ5þòYÈèà·8GáÏÐïÐõ£ôØ)áÏÐï

Ðõ£-õ{L8¦RSíÄB,Ê Ç|42)* 12,G$%5tô· Gõ

ñ*_üL;¦?BIBS1 GáÏÐïÐõ£?·A3å8¦;¯7RS4,G$

%)*ì%&25,06ÿ¦?ÒYP;¯7RS 
 
&,,0Ñâ nad5-Ñõ5\õ 4Bnad7-Ñõ5\õ 1 GºP[PÔDF³át

ãõG IBS Ìj5* RNA áÏÐïÐõ£ôØ?À<SxRBvPYGÑõ5

\õ-~ÑÇ|42Gèé*$%5tôËæ/<SvPYG IBS ÌjGáÏÐ

ïÐõ£Gà--ö%RSºGßÉBnad5-Ñõ5\õ 4 -~ÑÇ|42)*%

ñ5þòYÈáÏÐïÐõ£?õ{L8¦RSnad7-Ñõ5\õ 1 -~ÑÇ|4
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2)*%ñ5þòYÈB1/3 GÇ|42)áÏÐïÐõ£?3å8¦RSLR?

78Bcox2 )ÒYPRB$%5VuÑõ5\õ-~ÑÇ|42èéËæ6 IBS1
G RNA áÏÐïÐõ£õñG$ÚGóÖÜ5*B23Ü?MàYP;¯7RS 
 
&,Q0<5=õ>?@)*Ç|42G 3'ï¸5ïæOPR poly-A ?Ç|42

Gµ~'äW£hã6;<SÑâ cox2 53¦8Bpoly-A GïæLR,Ê Ç|

426GOPÑWõ£-õ{LRÇ|425å¦8B$%5VuèéG_ü-

ö%RSºGßÉBºGËù*Nå~õ~mGßÉ6D»)À7RSLR?78B

poly-A -ðLR RNA µ~|}?B$%"#53¼<,Ê Ç|42GËæ5

óñL8¦<6*åy;¦S 
 
&,a0Ñâ6=]äG COXII öõúùû3tO=]äG CCMFc öõúùû

Gèéo-såGöõµm5tô~mLRS$%5t<_ü*MàYP;¯7

RS 
 
&,ê0W\ÑghihGçcd¶ atmrs2-1 *BMg2+5PõG¶åöå6L8

ÕAv65tô£ãåO II Ñõ5\õGGOPÑWõ£5óò<6üýOP8

¦<Satmrs2-1 GÑâÒåã\£ osmrs2-1 G cDNA õ·Cù\åõ-BÑâ

Ïåö)åG¯YùÍLRS 
 
&,í0ÑâçéN]tô osmrs2-1 ¥¦§¨-"ELRßÉB6 ñÃÄ 5ª

«LWõ£ã=øå)À<v6?ò¯7RSxRBosmrs2-1 cd¶G=å>Ì

j*Ñõ5\õ)µôOPR 5 åGátãõ)}¡OP8¦<S 
 

&,ò0OsMRS2-1 Güî@<NU§¨-W+LRßÉBAtMRS2-1 ²ªc

MRS2 6D»5B2 nG¢¤¸Ìj?Ö×OPRSÄÅ À<¦*<5=õ>?

@¦ÈP¯G¢öõúùû6L8]É/<ÑÖÜ*á¦6òyYP<S 
 
&,´0osmrs2-1 G¹b-BÑâjÑù\@kÑ6îop RT-PCR 5tô~m

LRS12,G$%5tôÇ|42Gèé?ùþ/<v6?ò¯7RSGOPÑ

Wõ£úûG$Ú*B,Ê Ç|42GèéË6¡½Ç|42Gùþ-XRY
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/*È)À<SvGtu;èéGËùúöåõ-+/cd¶6L8BØÙÚÛ&?Ü

ãå]öõúùû ÝÛ0-*åà´$GÑâcd¶?Òå¯7RSvPYG¹b

5* ÞÚßØÚàáâ G¾¿42?óò78¦<ÑÖÜ?òyYP<S 
 
&,¿0osnMat1-b *BÑâçéN]5=å>OP< ORF )ÀôBÑ`ÜÑõ

5\õF5=å>OP8¦<!Ç|/¡½üª«5DELB£ãåO II Ñõ5\

õGGOPÑWõ£ìíq¶6üîOP8¦<SÑâÏåö)åG~m-äà

R6v&BosnMat-1b Gõ·C cDNA ù\åõ?ùå¯ôBmRNA 6L8Ç|

OP8¦<v6?ò¯7RS 
 
&,î0OsnMAT-1b Güî@<NU§¨-W+LRßÉB<5=õ>?@­®

W£hã4O!>Ìj?Ö×OPB¢¤¸Ìj*MàYP;¯7RSºP4<5

=õ>?@Gj5?ÌùG5]É/<ÑÖÜ?á¦S 
 
&QÓ0osnMat1-b G¹b-BÑâjÑù\@kÑ~m6îop RT-PCR 5t

ô~mLRSºGßÉBvGcd¶GÇ|42Gèéo*B12,G$%5t<¨

©-ü¼;¯7RS 
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çã 
 
í '#(G6ôx6à5ÀR78*BabclEDE%&äåæ ´Fçè¼ä

5*dó;.w66X5ék;mêë-ìôxLRSabcDdef=ij¦

í%&ô®z3-%&âC&bDd32ë<%&íî%&+ï0<í»í¼ä5

*Bmêë-¦RÅA66X5B'%&5:M/<|ð-ìòôBÅñ#(G·

z(6L8%&GHM5ÀRôíå6mòÈBm.w-¦RÅQxLRSabc

lEDE%&äóåæ ~B�Ä¼ä5*dó;.w6ék;mêë66X5B

ôXý¦m.w6%&HM5ÀRôàfGÎô5­<x)@AGíå-¦RÅ

QxLRSxRBabclEDE%&äåæ \âõè¼ä5*3H;míå6

mêë-ìôxLRSöf)1AûçGâ-sLx/S 
í '%&GHM5ÀRôBabcDd%&µõöåij¦í%&ôZ:3o%

&â%&B&b¡Zû%&!å]%&÷0øÄùíú5*Ñâ89G9¡5å¦

8m.w6mòÈ-¦RÅ¦QxLRSij¦í%&ô®z3-%&â+û%

&B &b$%XÜ%&!å]+û%&÷0Úüý3úBD%&âC&b$%X

Ü%&!å]Fþ%&÷01ÿ!ê"¼äBD%&âH6#$%&÷V�ì%&

÷Gz»5*BDå%&âG·õñå6L8@l;<mòÈ-¦RÅQB�ì%

&÷ ¡ÐçÈ¶ú5*½'()5t<àf#$-¦RÅQxLRSDµõöå

*i+9129$%&!å]%&÷ í,-íú5*twøP?åWåAõr

åGm.w-¦RÅQBDµõöåd. 2 ;Gz»5*@AG()#$-¦R

ÅQxLRSxRBjÑù\@kÑàfGHM5ÀRôBDdë<32%&íé

N]?ãåGµõöåC C,ë/¼äBDµõöåGöÌÁ 'çä¶úGm

.w-¦RÅQxLRS;3BjÑù\@kÑGàf*BDWw4()ð/á.

£01á.í%&f³2GDWf³µõöåúåùW�ÌOGí"6L8M¦

xLRSvPYGÄ¼5öf)1AûçGâ-sLx/S 
í =]äZ$TChinese SpringVG alloplasmic lineTC30V*B34lE{5

åæ ìg±í"¼ätôB=]äZ$TMironovskaya 808VVTNorstarVV

TIohardiVVTManitouV*abcDd%&µõöå61%&ô 79$%&â&b

úõl17%&!å]0tôB=]äVÑâG COXII µ 6=]ä ccmFc ù\

åõ&EcoRI0*<í»í¼ätôBxRB=]ä CCMFc µ *BÁPõG

Institute de Biologie Moléculaire des Plantes-Centre National de la 
Recherche Scientifique  Philippe Giegé ¼ätôìôxLRS389LFÞx
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/S 
í vGïBm.w6m1:-¦RÅQxLRabcDdef=ij¦í%&ô
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