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NAWAMIN SA-NGUANMOO : COMPARATIVE PROTEOMICS OF RICE Oryza sativa L. 

ROOT PROTEINS UNDER DROUGHT STRESS CONDITION. ADVISOR :  ASSOC. PROF. 

SUPACHITRA CHADCHAWAN, Ph.D., CO-ADVISOR : SITTIRUK ROYTRAKUL, Ph.D., 

146 pp.  

  
 Comparative root proteomics under drought stress of two rice lines with the 

TJNJMBSǰHFOFUJDTǰCBDLHSPVOE
ǰ-FVOHǰ1SBUFX���ǰ	-15���
ǰSJDFǰBOEǰJUTǰNVUBUFEǰESPVHIUǰ
SFTJTUBOUǰ MJOF
ǰ -15���-TC171 was performed. One month-old rice seedlings were 

treated with 10% poMZFUIZMFOFǰHMZDPMǰ	1&(����
ǰGPSǰ�
ǰ�
ǰ�
ǰ��ǰIPVST�ǰ5IFǰQSPUFPNFTǰ
were analyzed by using GeLC-MS/MS to display the different protein expression 

patterns when plants were grown in drought or non-drought condition. Among 597 

QSPUFJOTǰ JEFOUJGJFE
ǰ ���ǰ QSPUFJOTǰ PGǰ -15���ǰ PSǰ -15���-TC171 rice show significant 

difference in protein expression under drought stress- and normal-grown conditions.  

With the analysis of variance to determine the significance of each protein quantity 

GSPNǰ -15���ǰ BOEǰ -15���-TC171 grown in normal or drought stress condition, 96 

proteins were detected and they could be classified to be involved in metabolic 

pathway, signal transduction, transcriptional regulator and ribosomal proteins and 

translation, cytoskeleton synthesis, cellular transport.   OsNFXL1 was selected for the 

investigation at the transcriptional level as its orthologs in Arabidopsis were 

previously shown as drought responsive genes and rice micro-array database 

demonstrated that it had salt and drought responsive characters.  The quantitative 

reverse transcription-polymerase chain reaction for OsNFXL1 gene expression showed 

UIFǰ DPOTJTUFODZǰ XJUIǰ QSPUFJOǰ QSPGJMFTǰ JOǰ CPUIǰ -15���ǰ BOEǰ -15���-TC171.  The 

possible functions of OsNFXL1 gene expression in drought tolerance were discussed. 
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ïììĊęǰ1ǰ

ïìîĞćǰ

õćüą×ćéîĚĞćǰĀøČĂõćüąĒúšÜđðŨîÿćđĀêčÿĞćÙĆâìĊęìĞćĔĀšñúñúĉê×ĂÜóČßúéúÜǰéĆÜîĆĚîîĆÖüĉÝĆ÷éšćî
óČßÝċÜöĊÙüćöÿîĔÝđÖĊę÷üÖĆïÖúĕÖĔîÖćøêšćîìćîêŠĂõćüąĒúšÜ×ĂÜóČß (Bohnert and Jensen, 1996; 

Jongdee et al., 2006; Serraj et al., ����
ǰēé÷öĊđðŜćĀöć÷ĔîÖćøóĆçîćóĆîíčŤóČßìĊęöĊÙüćöÿćöćøë
ĔîÖćøêšćîìćîõćüąĒúšÜÿĎÜ×ċĚî 

đöČęĂđÖĉéõćüą×ćéîĚĞć øćÖđðŨîïøĉđüèĒøÖìĊęøĆïøĎšĒúąëŠć÷ìĂéÿĆââćèǰ	Schachtman and 

Goodger, 2008) øćÖóČßÝċÜöĊïìïćìÿĞćÙĆâđîČęĂÜÝćÖđðŨîēÙøÜÿøšćÜìĊęĔßšĔîÖćøîĞćîĚĞćĒúąíćêčĂćĀćø
đ×šćÿĎŠêšîóČßǰøüöëċÜđðŨîĒĀúŠÜÿąÿöĂćĀćøĔîóČßïćÜßîĉéǰđðŨîÿŠüîìĊęöĊÖćøÿĆÜđÙøćąĀŤăĂøŤēöîĒúąđðŨî
ĒĀúŠÜ÷ċéđÖćą×ĂÜÝčúßĊóǰõćüąđÙøĊ÷éöĊñúìĞćĔĀšÿöéčúêŠćÜ ėǰ×ĂÜóČßđðúĊę÷îĒðúÜĕðÝćÖÿõćóðÖêĉ
ēé÷ìĆĚÜîĊĚ×ċĚîĂ÷ĎŠÖĆïÿć÷óĆîíčŤǰĂć÷čǰĒúąøą÷ąđüúćìĊęóČßđñßĉâÖĆïõćüąđÙøĊ÷éǰ(Hodge et al., 2009) 

õćüąđÙĘöĒúąõćüąĒúšÜêŠćÜđðŨîÿćđĀêčìĞćĔĀšÙŠćǰwater potential ×ĂÜîĚĞćĔîéĉîúéúÜǰéĆÜîĆĚî
ÝċÜđßČęĂüŠćÖúĕÖÖćøðøĆïêĆü×ĂÜóČßêŠĂõćüąđÙĘöĒúąõćüąĒúšÜöĊÙüćöÙúšć÷ÙúċÜÖĆîÙČĂǰÖćøøĆÖþćõćüą
íĞćøÜéčúǰ	homeostasis) Öćø×ÝĆéÿćøóĉþìĊęđÖĉéÝćÖõćüąđÙøĊ÷éǰ	detoxification) ĒúąÖćøÙüïÙčö
ÖćøđÝøĉâđêĉïēêǰ	Zhu, 2002) ĒîüÙĉéîĊĚĕéšøĆïÖćøÿîĆïÿîčîđöČęĂóïüŠćÖúčŠö÷ĊîìĊęêĂïÿîĂÜêŠĂÿõćüą
ĒúšÜǰÿõćüąđÙĘöǰĒúąǰAbscisic Acid (ABA) öĊÙüćöÙúšć÷ÙúċÜÖĆîïćÜÿŠüîǰ	Rabbani et al., 2003) 

àċęÜÿĂéÙúšĂÜÖĆïÖćøýċÖþćĔî×šćüÿĂÜÿć÷óĆîíčŤìĊęöĊóČĚîåćîìćÜóĆîíčÖøøöĔÖúšđÙĊ÷ÜÖĆîǰÙČĂǰ×šćüóĆîíčŤ
đĀúČĂÜðøąìĉü123 (LPT123) Ēúą×šćüÿć÷óĆîíčŤđĀúČĂÜðøąìĉü123-TC171 (LPT123-TC171) àċęÜđðŨî
×šćüóĆîíčŤÖúć÷ìĊęĕéšÝćÖǰsomaclonal variation ìĊęÿćöćøëêšćîìćîÙüćöđÙĘöĕéšéĊ×ċĚîǰ	Vajrabhaya 

and Vajrabhaya, 1991; Udomchalothorn et al., 2009) öĊÙüćöÿćöćøëĔîÖćøìîĒúšÜĕéšéĊ×ċĚî
éšü÷ (ðćøüĊǰíĉÖćý, 2546; óÜýíøǰÖúŠĂöÿÖčú, 2547) 

ĒîüìćÜĀîċęÜĔîÖćøýċÖþćÖúĕÖÖćøêĂïÿîĂÜ×ĂÜóČßêŠĂÿĉęÜĒüéúšĂöÙČĂĒîüìćÜĔîÖćøîĞć
üĉíĊÖćøìćÜēðøêĉēĂöĉÖÿŤöćĔßšĔîÖćøýċÖþćÖćøđðúĊę÷îĒðúÜ×ĂÜēðøêĊîìĆĚÜĀöéìĊęđÖĉé×ċĚîǰđöČęĂóČßĕéšøĆï
ðŦÝÝĆ÷õć÷îĂÖìĊęđðúĊę÷îĒðúÜĕð đßŠîǰõćüą salt stress (Shunping et al., 2005) heat stress 

(Lee et al., 2007) osmotic stress (Zang and Komatsu, 2007) ÖćøýċÖþćìćÜēðøêĉēĂöĉÖÿŤöĊ
Āúć÷øĎðĒïïàċęÜöĊ×šĂéĊĒúą×šĂéšĂ÷ĒêÖêŠćÜÖĆîǰđìÙîĉÙǰ2D-PAGE öĊ×šĂéĊǰÙČĂǰÿćöćøëĒ÷Ö isoforms 

øĎðĒïïêŠćÜė×ĂÜēðøêĊîìĊęđÖĉéǰpost translational modifications ĕéšǰ(Claverol et al., 2003) ĒêŠ
öĊ×šĂÝĞćÖĆé×ĂÜđìÙîĉÙêøÜìĊęÝąĕöŠðøćÖäēðøêĊîìĊęǰlow abundant ēðøêĊîìĊęöĊÙüćöđðŨîÖøé-đïÿÿĎÜ 
ēðøêĊîìĊęĕöŠöĊ×ĆĚüǰ	hydrophobic) (Hurkman and Tanaka, 1986; Abdallah et al., 2012) 
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Ĕî×èąìĊęđìÙîĉÙ GeLC-MS/MS  öĊ×šĂéĊêøÜìĊęÿćöćøëêøüÝóïēðøêĊîìĊęöĊðøĉöćèîšĂ÷ǰĒúąöĊēĂÖćÿ
êøüÝđÝĂēðøêĊîìĊęĕöŠöĊøć÷ÜćîöćÖŠĂîĕéšöćÖÖüŠćǰđßŠî đööđïøîēðøêĊî (Gilmore and Washburn, 
2010)  ÝąđúČĂÖĔßšđìÙîĉÙǰGeLC-MS/MS öćýċÖþćēðøêĊîìĊęöĊïìïćìĔîÖćøêĂïÿîĂÜêŠĂõćüąĒúšÜ
Ĕîøą÷ąĒøÖǰàċęÜÙćéüŠćîŠćÝąöĊïìïćìđðŨîǰreceptor, Ca2+ sensors Ēúą/ĀøČĂ transcription 
factor àċęÜđðŨîēðøêĊîìĊęóïĔîðøĉöćèîšĂ÷ǰ	Smaczniak et al., 2012) 

ÖćøýċÖþćüĉÝĆ÷ĔîÙøĆĚÜîĊĚöĊđðŜćĀöć÷đóČęĂđðøĊ÷ïđìĊ÷ïĒïïøĎðÖćøĒÿéÜĂĂÖēðøêĊîìĆĚÜĀöéĔî
øćÖ×šćüđöČęĂĕéšøĆïõćüąĒúšÜǰøąĀüŠćÜ×šćüÿĂÜÿć÷óĆîíčŤìĊęöĊóČĚîåćîìćÜóĆîíčÖøøöĔÖúšđÙĊ÷ÜÖĆîǰÙČĂǰ×šćü
óĆîíčŤ LPT123 Ēúąǰ×šćüÿć÷óĆîíčŤǰLPT123-TC171 đóČęĂĀć÷ĊîìĊęöĊïìïćìđÖĊę÷üÖĆïÙüćöÿćöćøëĔî
ÖćøìîĒúšÜ×ĂÜ×šćüēé÷ĔßšđìÙîĉÙ GeLC-MS/MS àċęÜÙćéüŠćéšü÷üĉíĊéĆÜÖúŠćüÝąÿćöćøëêøüÝóï
ēðøêĊîìĊęöĊðøĉöćèîšĂ÷ǰđßŠîǰēðøêĊîìĊęöĊïìïćìĔîÖćøđðŨîǰreceptor ĀøČĂǰtranscription factor ĕéš 

ǰ

üĆêëčðøąÿÜÙŤ×ĂÜÖćøýċÖþćìéúĂÜǰ

1. ýċÖþćđðøĊ÷ïđìĊ÷ïĒïïøĎðēðøêĊîìĆĚÜĀöéĔîøćÖ×šćüđöČęĂđðøĊ÷ïđìĊ÷ïøąĀüŠćÜõćüąðÖêĉĒúą
õćüąĒúšÜĔîøćÖ×šćüǰLPT���ǰĒúąǰLPT123-TC���ǰéšü÷đìÙîĉÙǰGeLC-MS/MS 

2. ýċÖþćÖćøĒÿéÜĂĂÖ×ĂÜ÷ĊîìĊęìĞćÖćøÙĆéđúČĂÖĕüšÝćÖēðøêĊîĔîøąéĆïǰtranscription 
 

ðøąē÷ßîŤìĊęÙćéüŠćÝąĕéšøĆïǰ

×šĂöĎúēðøêĊîĒúąÖćøøąïčêĞćĒĀîŠÜ×ĂÜ÷ĊîĔî×šćüìĊęöĊÖćøĒÿéÜĂĂÖĒêÖêŠćÜÖĆîøąĀüŠćÜøćÖ
×šćüÿć÷óĆîíčŤìĊęðøĆïêĆüĕéšéĊĔîõćüąĒúšÜǰ	LPT123-TC���
ǰĒúąÿć÷óĆîíčŤéĆĚÜđéĉöǰ	LPT123) ÝąđðŨî
×šĂöĎúìćÜóĆîíčÖøøöÿĞćĀøĆïÖćøðøĆïðøčÜóĆîíčŤ×šćüĔĀšöĊúĆÖþèąêšćîìćîêŠĂõćüąĒúšÜĕéšéĊ×ċĚî 
 

ĒñîÖćøéĞćđîĉîÖćøüĉÝĆ÷ǰ

1. đêøĊ÷öóČßìéúĂÜđóČęĂÖćøüĉđÙøćąĀŤìćÜǰproteomics 

2. đêøĊ÷öêĆüĂ÷ŠćÜēðøêĊîĒúąüĉđÙøćąĀŤìćÜǰproteomics 

3. øąïčßîĉéĒúąĒïïøĎð×ĂÜēðøêĊîĔîøćÖìĊęđðúĊę÷îĒðúÜĔîõćüąĒúšÜ 

4.  êøüÝÿĂïÖćøĒÿéÜĂĂÖ×ĂÜ÷ĊîìĊęìĞćÖćøÙĆéđúČĂÖĕüšÝćÖēðøêĊî 
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ïììĊęǰ2ǰ

ÖćøêøüÝđĂÖÿćøǰ

1. ÙüćöÿĞćÙĆâ×ĂÜ×šćüǰ
×šćüđðŨîĂćĀćøĀúĆÖ×ĂÜõĎöĉõćÙđĂđßĊ÷êąüĆîĂĂÖđÞĊ÷ÜĔêšǰÖćøðúĎÖ×šćüĒúąÿĉîÙšć×šćüöĊ

ÙüćöÿĞćÙĆâöćÖêŠĂđýøþåÖĉÝĕì÷ǰðøąđìýĕì÷đðŨîñĎšÿŠÜĂĂÖ×šćüĕð×ć÷êŠćÜðøąđìýêĉéĔîǰ1Ēúą 2 

ĂĆîéĆïĒøÖ×ĂÜēúÖêŠĂđîČęĂÜöćĀúć÷ìýüøøþǰēé÷ìĊęñúñúĉêđÞúĊę÷×ĂÜ×šćüĕì÷Ă÷ĎŠìĊęǰ19.7 úšćîêĆî
×šćüÿćøêŠĂðŘǰöćÖÖüŠćÖćøïøĉēõÙĔîðøąđìýàċęÜöĊÙŠćđÞúĊę÷Ă÷ĎŠìĊęǰ9.8 úšćîêĆîêŠĂðŘ öĎúÙŠćÖćøÿŠÜĂĂÖ×šćü
êĆĚÜĒêŠðŘǰó.ý�ǰ2550-2554 đÞúĊę÷Ă÷ĎŠìĊęðŘúąǰ171,366 úšćîïćìǰĀøČĂÙĉéđðŨîøšĂ÷úąǰ33 ×ĂÜÖćøÿŠÜĂĂÖ
ÿĉîÙšćđÖþêøìĆĚÜĀöéǰ	đÿćüèĊǰÝĆîìąóÜþŤǰĒúą éüÜìĉó÷ŤǰýĉøĉÖćâÝîćøĆÖþŤ, 2555) 

đîČęĂÜÝćÖõĎöĉĂćÖćý×ĂÜēúÖìĊęđðúĊę÷îĒðúÜìĞćĔĀšđÖĉéõćüąòîìĉĚÜßŠüÜǰđÖĉéðŦâĀć×ćéĒÙúîîĚĞć
ĔîĀúć÷óČĚîìĊęđóćąðúĎÖ×šćü×ĂÜðøąđìýĕì÷ǰÿøšćÜñúÖøąìïêŠĂñúñúĉêìćÜÖćøđÖþêøǰĒúąđðŨîõĆ÷
ÙčÖÙćöêŠĂÙüćööĆęîÙÜìćÜéšćîĂćĀćøǰíîćÙćøóĆçîćđĂđßĊ÷ (Asian Development Bank) 

ÙćéÖćøèŤüŠćĀćÖÿëćîÖćøèŤõĆ÷ĒúšÜ÷ĆÜéĞćđîĉîêŠĂĕðǰðøąđìýĕì÷ÝąöĊĒîüēîšöñúñúĉê×šćüúéúÜĂ÷ŠćÜ
øüéđøĘüǰĒúąÿŠÜñúêŠĂđýøþåÖĉÝĂ÷ŠćÜßĆéđÝîĔîðŘ Ù�ý�ǰ2020 (Asian Development Bank, 2009) 

éĆÜîĆĚîÖćøÝĆéÖćøîĚĞćđóČęĂÖćøđóćąðúĎÖǰĒúąúĆÖþèą×ĂÜóĆîíčŤ×šćüìĊęĔĀšñúñúĉêÿĎÜĒúąêšćîìćîêŠĂõćüą
×ćéîĚĞćÝċÜöĊÙüćöÿĞćÙĆâêŠĂđýøþåÖĉÝđðŨîĂ÷ŠćÜöćÖǰ 

 

2. đĀúČĂÜðøąìĉü123ǰĒúąđĀúČĂÜðøąìĉü123-TC171ǰ

×šćüóĆîíčŤđĀúČĂÜðøąìĉü123 ÿć÷óĆîíčŤìîđÙĘöǰ	LPT123-TC171) đðŨîÿć÷óĆîíčŤìĊęĕéšÝćÖÖćø
ÙĆéđúČĂÖêšîìĊęöĊÙüćöÿćöćøëĔîÖćøìîđÙĘöìĊęđÖĉéÝćÖǰsomaclonal variation øąĀüŠćÜÖćøđúĊĚ÷Ü
đîČĚĂđ÷ČęĂĔîĀúĂéìéúĂÜǰ×ĂÜ×šćüóĆîíčŤđĀúČĂÜðøąìĉü123 (LPT123) àċęÜđðŨîÿć÷óĆîíčŤđéĉöǰĒúąĕéšìĞć
ÖćøÙĆéđúČĂÖöćǰ6 ßĆęüøčŠî ĒúąöĊÙüćöÙÜêĆüìćÜéšćîóĆîíčÖøøöǰ	Vajrabhaya and Vajrabhaya, 

1991) ÖćøýċÖþćìćÜÿøĊøüĉì÷ć×ĂÜ LPT123-TC171  ĔîøčŠîìĊęǰ10 õć÷ĔêšõćüąĒúšÜēé÷ÖćøđêĉöǰPEG 

6000 Ùüćöđ×šö×šîǰ200 ÖøĆöêŠĂúĉêø (20% w/v) Ĕîÿćøúąúć÷íćêčĂćĀćøǰWP no.2 (Vajrabhaya 

and Vajrabhaya, 1991) đðŨîøą÷ąđüúćǰ6 ÿĆðéćĀŤ óïüŠć LPT123-TC171 öĊÙüćöÿĎÜǰîĚĞćĀîĆÖÿé
ĒúąîĚĞćĀîĆÖĒĀšÜ×ĂÜêšîĒúąøćÖÿĎÜÖüŠć×šćüÿć÷óĆîíčŤđéĉöĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâǰ	ðćøüĊǰíĉÖćý, 2546) Ēúą 

LPT123-TC171 öĊĂĆêøćÖćøøĂéêć÷öćÖÖüŠćǰLPT123 ìĆĚÜĔîõćüąĒúšÜĒúąõćüąđÙĘöǰ	óÜýíøǰÖúŠĂö
ÿÖčú, 2547) đîČęĂÜÝćÖǰLPT123 ĒúąǰLPT123-TC171 öĊÙüćöĒêÖêŠćÜđÞóćąúĆÖþèąÙüćöìîĒúšÜ
ĒúąđÙĘöĔî×èąìĊęúĆÖþèąĂČęî ėǰĒúą genetic background öĊÙüćöÙúšć÷ÙúċÜÖĆîöćÖÝċÜđĀöćąÿöìĊę
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ÝąîĞćöćýċÖþćĔîìćÜßĊüüĉì÷ćøąéĆïēöđúÖčúǰēé÷ĔßšǰLPT123 àċęÜđðŨîóĆîíčŤéĆĚÜđéĉöđðŨîóČßßčéÙüïÙčöĔî
ÖćøýċÖþćđðøĊ÷ïđìĊ÷ïÖćøĒÿéÜĂĂÖìćÜóĆîíčÖøøöǰÖĆïǰLPT123-TC171  

đìÙîĉÙìĊęĔßšĔîÖćøýċÖþćìćÜßĊüüĉì÷ćøąéĆïēöđúÖčúøąĀüŠćÜ×šćüǰLPT123 ĒúąǰLPT123-

TC171 öĊÖćøđðúĊę÷îĒðúÜĕðêćöđÙøČęĂÜöČĂìĊęĔßšýċÖþćĒúąĂÜÙŤÙüćöøĎšìĊęÖšćüĀîšć×ċĚîǰĔîøą÷ąĒøÖđøĉęööĊ
ÖćøýċÖþćúĆÖþèąìćÜóĆîíčÖøøöēé÷ĔßšđìÙîĉÙǰRandom Amplified Polymorphic (RAPD) óï
øĎðĒïï×ĂÜĒëïǰDNA ìĊęĒêÖêŠćÜÖĆîĔî×šćüìĆĚÜÿĂÜÿć÷óĆîíčŤǰàċęÜĒÿéÜüŠć×šćüìĆĚÜÿĂÜÿć÷óĆîíčŤöĊÙüćö
ĒêÖêŠćÜÖĆîìćÜóĆîíčÖøøöĔîøąéĆïēöđúÖčú (ðćøüĊǰíĉÖćý, 2546
ǰđìÙîĉÙǰdifferential displayĕéšëĎÖ
îĞćöćĔßšđóČęĂđðøĊ÷ïđìĊ÷ïÖćøĒÿéÜĂĂÖ×ĂÜ÷ĊîĔîøąéĆïǰmRNA ēé÷ĔßšÙĎŠǰprimer ìĊęđðŨî poly T 

oligonucleotide primer ÝĞćîüîǰ8 ßîĉéǰĒúą primer ÿčŠöÝĞćîüî 20 ßîĉéǰóïĒëï cDNA 

ĒêÖêŠćÜÖĆîÝĞćîüîǰ108 ĒëïǰàċęÜßĉĚîÿŠüîǰcDNA ÝĞćîüî 36 ßĉĚîëĎÖēÙúîĒúąÿćöćøëøąïčßîĉéĕéš 27 

ēÙúîìĊęöĊÙüćöÙúšć÷ÙúċÜÖĆïåćî×šĂöĎúǰĒúąêøüÝÖćøĒÿéÜĂĂÖ×ĂÜ÷Ċîēé÷ÖćøìĞćǰNorthern blot 

analysis ēé÷Ĕßš 9 probe  óïÿĆââćèÖćøĒÿéÜĂĂÖ×ĂÜ÷Ċî 4 ßîĉéìĊęöĊøĎðĒïïêŠćÜÖĆî ĔîǰLPT123 

ĒúąǰLPT123-TC171 (ÿöóøǰöèĊðøąÿóÿč×, 2547) êŠĂöć Sripinyowanich (2010) ĕéšđúČĂÖ÷Ċî 

OsD1B18-18 öćýċÖþćǰàċęÜöĊÖćøĒÿéÜĂĂÖđÞóćą×šćüǰLPT123 ìĊęĕéšøĆïõćüąđÙĘöǰĒúą×šćüǰLPT123-

TC171 ìĆĚÜìĊęĂ÷ĎŠĔîõćüąðÖêĉĒúąĕéšøĆïõćüąđÙĘö đöČęĂđðøĊ÷ïđìĊ÷ïúĞćéĆïîĉüÙúĊēĂĕìéŤ×ĂÜǰcDNA ×ĂÜ
÷ĊîéĆÜÖúŠćüöĊÙüćöÙúšć÷ÙúċÜÖĆïǰNucleolin1 (OsNUC1) ĒúąĕéšöĊÖćøýċÖþćïìïćìĀîšćìĊę×ĂÜ÷Ċî
éĆÜÖúŠćüĔîõćüąđÙøĊ÷éìćÜÖć÷õćóêŠćÜėǰĒúąđÿîĂüŠć÷ĊîîĊĚîŠćÝąöĊÖćøĒÿéÜĂĂÖĒïïǰcircadian 

rhythm (îîìúĊǰßĞćîĆâöîĎâíøøö, 2552)  ĒúąđöČęĂýċÖþćúĞćéĆïîĉüÙúĊēĂĕìéŤĔîǰpromoter ×ĂÜǰ
OsNUC1 óïüŠć promoter ÝćÖǰLPT123-TC171 öĊǰvariation đÖĉé×ċĚîìĞćĔĀšöĊÝĞćîüîǰ
dehydration/salt-related cis-regulatory elements öćÖÖüŠćǰLPT123 (Chantarachot, 2011)  

ĔîÖćøÙšîĀćÖúčŠö÷ĊîĔĀöŠìĊęêĂïÿîĂÜêŠĂõćüąĒúšÜĒúąõćüąđÙĘöǰēðøêĉēĂöĉÖÿŤĕéšëĎÖîĞćöćĔßš
đðŨîđÙøČęĂÜöČĂýċÖþćđðøĊ÷ïđìĊ÷ïÖćøĒÿéÜĂĂÖßĂÜēðøêĊîøąĀüŠćÜ LPT123 ĒúąǰLPT123-TC171 

õć÷ĔêšõćüąĒúšÜđöČęĂĕéšøĆïĕÙēêàćîēé÷ǰPongprayoon (2011) ñúÝćÖÖćøýċÖþćóïüŠć PEG6000 

Ùüćöđ×šö×šî 10% (w/v) ìĞćĔĀšđÖĉé osmotic stress ĕéšìĆĚÜĔïĒúąøćÖǰĒúąßĆÖîĞćĔĀšöĊÖćøñúĉêǰH2O2 

Ĕî×šćüìĆĚÜÿĂÜÿć÷óĆîíčŤĒêŠöĊøąéĆïêęĞćÖüŠćĔî×šćüǰLPT123-TC171 đöČęĂìĞćÖćøüĉđÙøćąĀŤÖćø
đðúĊę÷îĒðúÜ×ĂÜēðøêĊîìĊęêĂïÿîĂÜêŠĂĕÙēêàćîĔîõćüąĒúšÜǰóïÖćøđðúĊę÷îĒðúÜìĆĚÜĀöé 168 

ēðøêĊîĔîĔïǰĒúąǰ92 ēðøêĊîĔîøćÖǰÖćøđðúĊę÷îĒðúÜ×ĂÜēðøêĊîĔîõćüąĒúšÜóïüŠćđÖĊę÷ü×šĂÜÖĆï
ÖøąïüîÖćøđöêćēïúĉàċöǰÖćøÿŠÜÿĆââćèǰÖćøëĂéøĀĆÿǰÖćøúĞćđúĊ÷ÜÿćøǰÖćøêšćîìćîêŠĂēøÙǰÖćø
đÝøĉâđêĉïēêĒúąÖćøÿúć÷ēðøêĊîǰéšü÷đìÙîĉÙéĆÜÖúŠćüĒÿéÜĔĀšđĀĘîëċÜýĆÖ÷õćóĔîÖćøøąïč÷ĊîĔĀöŠìĊęöĊ
ïìïćìĔîÖćøêšćîìćîêŠĂõćüąĒúšÜǰ 
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3. ×šćüĒúąÖćøêĂïÿîĂÜêŠĂõćüą×ćéîĚĞćǰ

õćüą×ćéîĚĞć (water deficit) đðŨîõćüąđÙøĊ÷éìćÜÖć÷õćóöĊĀúć÷ÿćđĀêčĕéšĒÖŠǰõćüąĒúšÜ
(drought) õćüąđÙĘöǰ	salinity) ĒúąǰĂčèĀõĎöĉêęĞćǰ(low temperature) õćüąĒúšÜĒúąõćüąđÙĘöđðŨî
ÿĂÜðŦÝÝĆ÷ĀúĆÖìĊęìĞćĔĀš×šćüđÖĉéõćüąđÙøĊ÷éÝćÖ osmotic stress  (Zhu, 2002) ÖøąïüîÖćøëŠć÷ìĂé
ÿĆââćèõćüąđÙøĊ÷é öĊúĞćéĆïéĆÜîĊĚ (Mahajan and Tuteja, 2005; Gao et al., 2008) 

3.1 Receptors 

3.2 Second messengers  

3.3 Ca
2+

 sensors 

3.4 Kinases/Phosphatases 

3.5 Transcription factors 

3.6 Stress responsive genes 

3.7 Physiological response 

���ǰ3FDFQUPST 

 óČßøĆïøĎšõćüą×ćéîĚĞćēé÷ receptor ìĊęĂ÷ĎŠïî membrane ×ĂÜđàúúŤǰĔî×šćüöĊÖćøýċÖþć 
receptor ×ĂÜõćüąĒúšÜĒúąđÙĘö ĕéšĒÖŠǰG-protein coupled receptors (Yadav and Tuteja, 

2011), Receptor-like kinase OsSIK1 (Ouyang et al., 2010) 

���ǰ4FDPOEǰNFTTFOHFST 

 ÿĆââćèìĊęĕéšøĆïöćÝąëĎÖëŠć÷ìĂéêŠĂēé÷ǰsecond messengers đßŠîǰCa
2+

, inositol 

phosphates, and reactive oxygen species (ROS) ĒúąëĎÖëŠć÷ìĂéÿĆââćèêŠĂĕð  

���ǰ$B2+ǰTFOTPSTǰ

 øąéĆïǰCa
2+

 ìĊęđóĉęö×ċĚîõć÷Ĕî cytosol ÝąëĎÖÝĆïēé÷ calcium binding proteins (Ca
2+

 

sensors) đßŠîǰcalcineurin B-like protein (CBLs) Ēúą Calmodulin (CaM)  àċęÜđðŨîēðøêĊîìĊęĕöŠöĊ 
activity ĔîêĆüđĂÜǰđöČęĂÝĆï Ca

2+
 ĒúšüÝąđðúĊę÷îĒðúÜēÙøÜøĎðìĞćĔĀšÿćöćøëÖøąêčšîēðøêĊîđðŜćĀöć÷

đóČęĂëŠć÷ìĂéÿĆââćèêŠĂĕð (Boonburapong and Buaboocha, 2007) 

���ǰ,JOBTFT�1IPTQIBUBTFTǰ

ēðøêĊîđðŜćĀöć÷×ĂÜǰCa
2+

 sensors ĕéšĒÖŠ calcineurin B-like-interacting protein 

kinase (CIPK) (Kolukisaogl et al., 2004), calcium-dependent protein kinase (CDPKs) 
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(Wan et al., 2007) ëŠć÷ìĂéÿĆââćèēé÷ÖćøđêĉöĀöĎŠôĂÿđôêĔĀššÖĆïēðøêĊîēé÷ĂćýĆ÷ÖćøìĞćÜćî×ĂÜ
đĂîĕàöŤǰprotein kinase đðŨîúĞćéĆï×ĆĚî Mitogen-activated protein kinases (MAPK) cascades 

ĕð÷ĆÜ Transcription factors (Ning et al., 2010) 

���ǰ5SBOTDSJQUJPOǰGBDUPSTǰ	5'T
 

 ìøćîÿÙøĉðßĆęîǰĒôÙđêĂøŤìĞćĀîšćìĊęÙüïÙčöÖćøĒÿéÜĂĂÖĀøČĂĕöŠĒÿéÜĂĂÖ×ĂÜǰstress 

responsive genes ēé÷Ýąđ×šćĕðÝĆïǰcis-element ìĊęöĊøĀĆÿÝĞćđóćąĔîïøĉđüèǰpromoter ìĞćĔĀšđøĉęö
ÖćøñúĉêēðøêĊî Ĕîåćî×šĂöĎúǰThe Rice Stress-Responsive Transcription Factor Database 

(RiceSRTFDB) øć÷ÜćîüŠć×šćüöĊÝĞćîüîǰ1,408 TFs ìĊęìĞćĀîšćìĊęĔîõćüąđÙĘö Ēúą/ĀøČĂ ĒúšÜ (Priya 

and Jain, 2013) 

���ǰ4USFTTǰSFTQPOTJWFǰHFOFTǰ

  ÷ĊîđðŜćĀöć÷ìĊęëĎÖÙüïÙčöÖćøĒÿéÜĂĂÖēé÷ TFs ìĊęìĞćĀîšćìĊęĔîõćüąđÙĘö ĒúšÜǰđóČęĂĔĀšÿøšćÜ
ēðøêĊîìĞćĀîšćìĊęðÖðŜĂÜđàúúŤǰøĆÖþćÿöéčúđàúúŤǰĒúąßŠü÷ôŚŪîÿõćóĔĀšÖúĆïöćđÝøĉâđêĉïēêĕéšĔîõćüą
×ćéîĚĞćǰĒïŠÜđðŨîÖúčŠöĕéšéĆÜîĊĚ ROS scavenging system, Compatible solute Ēúą Protective 

proteins 

3.6.1 øąïïÖćøìĞćúć÷øĊĒĂÙìĊôĂĂÖàĉđÝîÿðŘßĊÿŤ (ROS scavenging system) 

øĊĒĂÙìĊôĂĂÖàĉđÝîÿðŘßĊÿŤ (Reactive oxygen species; ROS) ðøąÖĂïĕðéšü÷ǰsinglet 

oxygen (1O2) , superoxide radical (O2
-), hydrogen peroxide (H2O2) Ēúąǰhydroxyl radical 

(.HO-)  ÿćøđĀúŠćîĊĚëĎÖÿøšćÜ×ċĚîĔîǰreaction centers ×ĂÜǰPSI ĒúąǰPSII ĔîÙúĂēøóúćÿêŤ ĒúąÿøšćÜ
öćÖ×ċĚîđöČęĂđÖĉéõćüą×ćéîĚĞćǰóČßöĊÖúĕÖÙüïÙčöÿćøĂîčöĎúĂĉÿøąđĀúŠćîĊĚēé÷đĂîĕàöŤǰsuperoxide 

dismutase (SOD), ascorbate peroxidase (APX), glutathione peroxidase (GPX) Ēúą 

catalase (Cruz de Carvalho, 2008) 

3.6.2 Compatible solute 

ÿćøìĊęóČßÿąÿöĒúšüöĊÙčèÿöïĆêĉìĞćĔĀšÙŠćǰosmotic potential ĔîóČßöĊÙŠćêęĞćúÜöćÖ×ċĚîßŠü÷ĔĀš
óČßêšćîìćîêŠĂõćüąĒúšÜĒúąđÙĘö đßŠîǰÖøéĂąöĉēîēóøúĊîǰ	ýčõÝĉêøćǰßĆßüćú÷Ť ĒúąÙèą, 2550) 

polyamines (Yang et al., 2007) îĚĞćêćú ĕéšĒÖŠ raffinose, sucrose (Wu et al., 2009) Ēúąǰ
trehalose (Garg et al., 2002) 
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3.6.3 Protective Proteins 

ēðøêĊîìĊęöĊĀîšćìĊęðŜĂÜÖĆîēðøêĊîßîĉéĂČęîđÿĊ÷ÿõćóǰđßŠîǰLate embryogenesis abundant 
(LEA) ÝąëĎÖñúĉê×ċĚîđöČęĂĕéšøĆïõćüą×ćéîĚĞćđóČęĂĔĀšđöĒìïĂúĉàċöéĞćđîĉîêŠĂĕðĕéšõć÷ĔêšõćüąđÙøĊ÷éǰ
(Duan and Cai, 2012) heat shock protein (HSP) ìĞćĀîšćìĊęĔĀšēðøêĊîìĞćÖćøöšüîóĆïĕéšĂ÷ŠćÜ
ëĎÖêšĂÜǰßîĉé×ĂÜǰHSP ÝąĒêÖêŠćÜÖĆîêćöõćüąđÙøĊ÷éìĊęĕéšøĆïǰđßŠîǰOsHSP80.2 Ēúą OsHSP24.1 
ëĎÖßĆÖîĞćĔĀšĒÿéÜĂĂÖđóĉęööćÖ×ċĚîđöČęĂĕéšøĆïõćüąđÙøĊ÷éÝćÖǰosmotic stress (Zou et al., 2009) 

 ���ǰ1IZTJPMPHJDBMǰSFTQPOTFǰ

 ÖćøđðúĊę÷îĒðúÜÿøĊüĉì÷ć×ĂÜóČßĔîÖćøêĂïÿîĂÜêŠĂõćüąĒúšÜĒïŠÜĕéšđðŨîǰ3 Ēïï 
(Yue et al., 2006) 

1. Drought escape  đðŨîÙüćöÿćöćøë×ĂÜóČßìĊęìĞćĔĀšóČßđÝøĉâÙøïüÜÝøĕéšøüéđøĘü×ċĚîǰ
đöČęĂóČßĕéšøĆïñúÖøąìïÝćÖÿõćüą×ćéîĚĞć 

2. Drought avoidance úéÖćøÿĎâđÿĊ÷îĚĞćēé÷ÖćøúéóČĚîìĊęĔïǰóĆçîćēÙøÜÿøšćÜøćÖđóČęĂĔĀš
ÿćöćøëîĞćîĚĞćĔîßĆĚîĔêšéĉîöćĔßšĕéšöćÖÖüŠćđéĉö 

3. Drought tolerance  ðøĆïÿöéčúĒøÜéĆîđêŠÜ×ĂÜđàúúŤ (osmotic adjustment) öĊÖúĕÖ
ĔîÖćøÖĞćÝĆéĂîčöĎúĂĉÿøą ĒúąöĊÖúĕÖĔîÖćøðÖðŜĂÜđàúúŤđööđïøî 
 

ÝąđĀĘîĕéšüŠćĔîÖćøêĂïÿîĂÜêŠĂõćüąđÙøĊ÷éǰēðøêĊîÝąđ×šćöćöĊïìïćìĂ÷ŠćÜöćÖǰēé÷ìĞćĀîšćìĊę
đðŨî ēðøêĊîÙüïÙčöǰ	regulatory protein) ĔîÖćøÿŠÜêŠĂÿĆââćèêĂïÿîĂÜêŠĂõćüąđÙøĊ÷éÝîÖøąìĆęÜ
ëċÜǰēðøêĊîìĊęëĎÖÿøšćÜ×ċĚîöćđóČęĂìĞćĀîšćìĊęðÖðŜĂÜđàúúŤÝćÖõćüąđÙøĊ÷éēé÷êøÜ (functional protein) 
ÖćøýċÖþćēðøêĊîìĊęđðúĊę÷îĒðúÜĕðõć÷ĔêšõćüąĒúšÜǰÝąßŠü÷ìĞćĔĀšđ×šćĔÝÖúĕÖÖćøðøĆïêĆü×ĂÜóČßǰĒúą
îĞćĕðĔßšĔîÖćøðøĆïðøčÜúĆÖþèąóČßĔĀšöĊÙüćöêšćîìćîêŠĂõćüąđÙøĊ÷éĕéšéĊ×ċĚî 

4. ÖćøýċÖþć÷ĊîìĊęêĂïÿîĂÜêŠĂõćüąđÙøĊ÷éĔî÷čÙĀúĆÜÝĊēîöǰ	QPTU-HFOPNJDǰFSB
ǰ

×šćüîĂÖÝćÖÝąđðŨîóČßìĊęöĊÙüćöÿĞćÙĆâìćÜđýøþåÖĉÝĒúšüǰ÷ĆÜđðŨîêšîĒïïÿĞćĀøĆïÖćøýċÖþć
óĆîíčýćÿêøŤøąéĆïēöđúÖčú×ĂÜíĆâóČßǰ(cereal crops) đîČęĂÜÝćÖöĊ×îćéÝĊēîöìĊęđúĘÖÖüŠć×šćüēóéĒúą
×šćüôśćÜ ĀúĆÜÝćÖìĊęēÙøÜÖćøÝĊēîö×šćü×ĂÜ Oryza sativa subspecies indica Ēúą japonica đÿøĘÝ
ÿĉĚîúÜĔîðŘǰÙ.ý. 2002 (Yu et al., 2002; Goff et al., 2002) Ēúąĕéšđðŗéđñ÷úĞćéĆïóĆîíčÖøøöÿĎŠ
ÿćíćøèąǰîĆÖüĉÝĆ÷ÿćöćøëîĞćúĞćéĆïîĉüÙúĊēĂĕìéŤ úĞćéĆïÖøéĂąöĉēîǰđ×šćĕðđðøĊ÷ïđìĊ÷ïĕéšÝćÖǰ
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åćî×šĂöĎúǰRice Genome Annotation Project (http://rice.plantbiology.msu.edu) ìĞćĔĀš
ìøćïêĞćĒĀîŠÜ×ĂÜ÷ĊîĔîÝĊēîöǰ 

åćî×šĂöĎúǰRGAP�ǰÙćéÖćøèŤüŠćĔî×šćüöĊ÷Ċî 55,986 êĞćĒĀîŠÜǰ	Loci) ēé÷ĔĀš×šĂöĎúēÙøÜÿøšćÜ
÷Ċîǰ	intron, exon Ēúą splicing variants) ßČęĂēðøêĊîĒúąĀîšćìĊęÝćÖÖćøđðøĊ÷ïđìĊ÷ïǰorthologous 

genes Ĕîåćî×šĂöĎúóĆîíčÖøøöĂČęîìĊęëĂéøĀĆÿóĆîíčÖøøöđÿøĘÝÿĉĚîĒúšüǰ	Kawahara et al., 2013) îĆÖ
ßĊüüĉì÷ćÿćøÿîđìýĕéšĔßšðøąē÷ßîŤÝćÖ×šĂöĎúéĆÜÖúŠćüĔîÖćøýċÖþć÷ĊîìĊęêĂïÿîĂÜêŠĂõćüąĒúšÜĒúą
đÙĘöǰ 

đöČęĂîĆÖüĉì÷ćýćÿêøŤÿćöćøëđ×šćëċÜ×šĂöĎúÝĊēîö×šćüĕéšìĞćĔĀšđÖĉéÖćøýċÖþćĂÜÙŤÙüćöøĎšđÖĊę÷üÖĆï
÷ĊîìĊęđÖĊę÷ü×šĂÜÖĆïÖćøêĂïÿîĂÜĒúąÖćøìîêŠĂõćüąđÙøĊ÷éìĆĚÜĔîøąéĆïǰgenome transcriptome 

Ēúąǰproteome êĆüĂ÷ŠćÜÖćøýċÖþćĔîøąéĆïÝĊēîöǰđßŠîǰÖćøýċÖþćǰcomparative genomics ×ĂÜǰ
Arabidopsis ÖĆïǰóČßĔÖúšđÙĊ÷ÜĔîüÜýŤđéĊ÷üÖĆîìĊęđðŨîóČßßĂïđÙĘöǰ	halophyte) ÙČĂǰThellungiella 
halophila (Taji et al., 2010) ĀøČĂÖćøýċÖþćĒïïìĆĚÜÝĊēîö (genome-wide) ĔîÖćøÙšîĀć÷ĊîìĊę
đÖĊę÷ü×šĂÜÖĆïÖćøêĂïÿîĂÜêŠĂÙüćöđÙøĊ÷éǰđßŠîǰÖćøÙšîĀćǰcalmodulin like protein Ĕî×šćüǰ
(Boonburapong and Buaboocha, 2007) đðŨîêšî 

ÖćøĔßš×šĂöĎúÝćÖēÙøÜÖćøÝĊēîöĔîÖćøýċÖþćĔîøąéĆïǰtranscriptome đßŠî ÖćøýċÖþćǰ
transcript ×ĂÜ×šćüÿć÷óĆîíčŤìîĒúšÜǰNagina 22 đóČęĂøąïč÷ĊîìĊęöĊïìïćìĔîÖćøêšćîìćîêŠĂõćüąĒúšÜǰ
(Gorantla et al., 2007) ĀøČĂÖćøĔßš×šĂöĎúÝćÖǰmicro array Ĕîåćî×šĂöĎúđóČęĂđðøĊ÷ïđìĊ÷ïøĎðĒïï
ÖćøĒÿéÜĂĂÖ×ĂÜ÷Ċîǰcalmodulin Ēúąǰcalmodulin-like Ĕî×šćüóĆîíčŤǰIR��ǰǰĔîÖćøêĂïÿîĂÜêŠĂ
õćüąđÙøĊ÷éĂĂÿēöêĉÖǰ	Chinpongpanich et al., 2012) đðŨîêšî 

ÖćøĔßš×šĂöĎúÝćÖēÙøÜÖćøÝĊēîöĔîÖćøýċÖþćĔîøąéĆïǰProteome đßŠîǰÖćøìĞćîć÷ǰProtein-

Protein Interactions ×ĂÜēðøêĊî OsABP (LOC_Os06g33520) ìĊęđóĉęö×ċĚîĔîõćüąđÙĘö õćüąĒúšÜǰ
ĒúąăĂøŤēöîǰABA đóČęĂĀćĀîšćìĊęÖćøìĞćÜćî×ĂÜēðøêĊî (Macovei et al., 2012) ĀøČĂĔßšýċÖþćǰ
phylogenetic tree  ĔîÖćøÝĆéÖúčŠöđööđïøîēðøêĊî aquaporin ìĊęÙüïÙčöÖćøđ×šćĂĂÖ×ĂÜîĚĞć 
(water-balance control) Ĕî×šćü (Nguyen et al., 2013)  đðŨîêšî 

ÖćøýċÖþć÷ĊîìĊęêĂïÿîĂÜêŠĂõćüąđÙøĊ÷éĔî÷čÙĀúĆÜÝĊēîöǰîĆÖüĉÝĆ÷ÝąđîšîĕðìĊęÖćøîĞć×šĂöĎúǰ 
“ēĂöĉÖÿŤ” ìĊęöĊÝĞćîüîöćÖöćÝĆéÖćø×šĂöĎúéšü÷ǰbioinformatics tools àċęÜÖćøýċÖþćîĊĚÝąĒêÖêŠćÜÝćÖ
đéĉöêøÜìĊęđðŨîÖćøýċÖþćÖúčŠö÷ĊîÝĞćîüîöćÖóøšĂöėÖĆî ēé÷ÿćöćøëÙćéđéćïìïćìĀîšćìĊę×ĂÜ÷ĊîǰĀøČĂǰ
ēðøêĊîìĊęĕöŠìøćïĀîšćìĊęöćÖŠĂîĕéšÝćÖÙüćöÿĆöóĆîíŤìĊęìøćïöćĒúšüĔîåćî×šĂöĎúǰđðŨîÖćøêøüÝĀć
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ÙšîĀćđóČęĂßŠü÷ĔîÖćøÙĆéđúČĂÖ÷ĊîìĊęîŠćÝąöĊïìïćìĔîÖćøêĂïÿîĂÜêŠĂõćüąđÙĘöĒúąĒúšÜǰàċęÜúé
ÙŠćĔßšÝŠć÷ĒúąðøąĀ÷ĆéđüúćÖŠĂîìĞćÖćøìéúĂÜÝøĉÜ 

5. ēðøêĉēĂöĉÖÿŤǰ

ēðøêĉēĂöǰ	Proteome) Āöć÷ëċÜēðøêĊîìĆĚÜĀöéìĊęëĎÖĒÿéÜĂĂÖöćÝćÖ×šĂöĎúóĆîíčÖøøö èǰ
đüúćĔéđüúćĀîċęÜĔîđàúúŤ×ĂÜÿĉęÜöĊßĊüĉêǰđìÙîĉÙìĊęĔßšýċÖþćēðøêĉēĂöǰđøĊ÷ÖüŠćǰēðøêĉēĂöĉÖÿŤ ĒïŠÜĂĂÖđðŨî
ýċÖþćøąéĆïÖćøĒÿéÜĂĂÖǰ	expression proteomics) ĒúąøąéĆïÙüćöÿĆöóĆîíŤǰ	interaction 
proteomics) (Blackstock and Weir, 1999)  ÖćøýċÖþćēðøêĊîđøĉęöêšîđöČęĂ O’Farrell (1975) 
ÙĉéÙšîđìÙîĉÙĒ÷ÖēðøêĊîêćöðøąÝčǰ	isoelectric points
ǰĒúąîĚĞćĀîĆÖēöđúÖčú (molecular 
weights) Ĕî polyacrylamide gels éšü÷ÖøąĒÿĕôôŜćđøĊ÷ÖđìÙîĉÙüŠćǰtwo-dimensional 
polyacrylamide-gel electrophoresis (2D-PAGE) ĒúąĕéšöĊÖćøóĆçîćđìÙîĉÙîĊĚĔîđßĉÜÖćøÙšć
đóČęĂĔĀšÿćöćøëĒ÷ÖēðøêĊîìĞćĕéšÜŠć÷×ċĚîǰĒúąĕéšñúìĊęìĞćĔĀöŠĕéšǰ(Görg et al., 2009)  đìÙîĉÙǰ2D-
PAGE ĕéšëĎÖîĞćöćĔßšĔîÖćøýċÖþćÖćøêĂïÿîĂÜêŠĂõćüąđÙøĊ÷é×ĂÜóČßđóČęĂđðøĊ÷ïđìĊ÷ïøĎðĒïïÖćø
ĒÿéÜĂĂÖ×ĂÜēðøêĊîìĊęđðúĊę÷îĕðÝćÖđéĉöǰĒúąîĞćēðøêĊîìĊęĕéšĕðøąïčßîĉéĒúąïìïćìĔîÖćøêĂïÿîĂÜ
êŠĂõćüąđÙøĊ÷éǰđßŠîǰēðøêĉēĂöĉÖÿŤĔîĔï×šćüđöČęĂĕéšøĆïõćüąĒúšÜĔîøą÷ąêšîÖúšćøąĀüŠćÜóĆîíčŤǰCT9993 
(upland japonica) ĒúąǰIR62266 (lowland indica) ēé÷óïēðøêĊî 42 ßîĉéìĊęđðúĊę÷îĒðúÜĕðÝćÖ
õćüąĒúšÜǰĒúą ēðøêĊî 27 ßîĉéöĊÖćøĒÿéÜĂĂÖĒêÖêŠćÜÖĆîøąĀüŠćÜÿć÷óĆîíčŤǰēé÷ÿćöćøëøąïčēðøêĊî
ÝćÖ mass spectrometry ĕéš 16 ßîĉéēé÷öĊ 4 ßîĉé÷ĆÜĕöŠđÙ÷öĊøć÷ÜćîöćÖŠĂîǰĕéšĒÖŠǰS-like RNase 
homologue, actin depolymerizing factor, rubisco activase Ēúąǰisoflavone reductase-
like protein (Salekdeh et al., 2002) ×šĂÝĞćÖĆé×ĂÜÖćøýċÖþćēðøêĉēĂöēé÷ĔßšđìÙîĉÙǰ2D-PAGE 
ÙČĂĕöŠđĀöćąÿĞćĀøĆïýċÖþćēðøêĊîìĊęöĊîĚĞćĀîĆÖēöđúÖčúöćÖđÖĉîĕðĀøČĂîšĂ÷đÖĉîĕð ēðøêĊîìĊęöĊÙüćöđðŨî
ÖøéĀøČĂđïÿöćÖđÖĉîĕðǰêĆüĂ÷ŠćÜđßŠîǰđööđïøîēðøêĊîìĊęöĊïìïćìĔî signal transduction, cell 
adhesion, đöìćïĂĕúêŤǰ	metabolites) ĒúąđðŨîĂÜÙŤðøąÖĂïëċÜǰ30% ×ĂÜēðøêĊîìĆĚÜĀöéĔîđàúúŤǰ
ĒêŠĕöŠðøćÖäïîǰ2D-PAGE đîČęĂÜÝćÖđðŨî low abundant öĊÙüćöđðŨîđïÿöćÖđÖĉîǰĒúąĕöŠúąúć÷Ĕî
ÿćøúąúć÷ìĊęĔßšÿĞćĀøĆïìĞćǰisoelectric focusing (Santoni et al., 2000) ÙüćöÖšćüĀîšćìćÜéšćî
đÙøČęĂÜöČĂĔîÖćøêøüÝüĆéöüúÿćø (mass spectrometry) Ēúą bioinformatics tools ìĞćĔĀšÜćîüĉÝĆ÷
ìćÜéšćîēðøêĉēĂöĉÖÿŤìĞćĕéšđøĘü×ċĚîǰüĉđÙøćąĀŤēðøêĊîÝĞćîüîöćÖĕéšóøšĂöÖĆîǰĒúąöĊÙüćöëĎÖêšĂÜĒöŠî÷Ğćǰ
ìĞćĔĀšđÖĉéđìÙîĉÙǰgel-based liquid chromatography-tandem mass spectrometry (GeLC-
MS/MS) ēé÷ēðøêĊîÝąëĎÖĒ÷ÖĔî×ĆĚîêĂîĒøÖéšü÷ǰsodium dodecyl sulfate-PAGE (SDS-PAGE) 
ÝćÖîĆĚîßĉĚîđÝúÝąëĎÖĒïŠÜĂĂÖđðŨîÿŠüî÷ŠĂ÷ǰėǰêćößŠüÜ×îćé×ĂÜēöđúÖčúēðøêĊîöćêøåćîǰđöČęĂêĆéßĉĚî
đÝúĒêŠúąÿŠüîđðŨîßĉĚî×îćéđúĘÖĒúšüÝċÜ÷ŠĂ÷ēðøêĊîĔîđÝúéšü÷đĂîĕàöŤìĊęìøćïêĞćĒĀîŠÜêĆéÝĞćđóćą (in 
gel digestion) ĒúšüÿÖĆéóĂúĉđððĕìéŤìĊę÷ŠĂ÷ĒúšüĂĂÖÝćÖđÝúǰÖŠĂîîĞćĕðüĉđÙøćąĀŤöüúđððĕìéŤǰ
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(tandem mass spectrometry: MS/MS
ǰĒúąĔßšĂĆúÖĂøĉìċöĔîÖćøüĉđÙøćąĀŤøąïčßîĉéēðøêĊîÝćÖ
×šĂöĎúîĚĞćĀîĆÖēöđúÖčúìĊęĂŠćîĕéšǰēé÷đðøĊ÷ïđìĊ÷ïÖĆïåćî×šĂöĎú éšü÷đìÙîĉÙîĊĚìĞćĔĀšêøüÝóïđööđïøî
ēðøêĊîĒúąēðøêĊîìĊęđðŨîǰlow abundant ìĊęĕöŠđÙ÷öĊøć÷ÜćîöćÖŠĂîĕéšǰ	Rezaul et al., 2005)  

đìÙîĉÙǰGeLC-MS/MS ĕéšëĎÖîĞćöćĔßšđóČęĂýċÖþćēðøêĉēĂöĔîĔï×šćüĀĂööąúĉ (KDML105) 

đìĊ÷ïÖĆï×šćüÿć÷óĆîíčŤìîĒúšÜǰ(NSG19) Ēúą×šćüÿć÷óĆîíčŤĕöŠìîĒúšÜǰ	IR��
ǰõć÷ĔêšõćüąĒúšÜÝćÖ 

20% (w/v) polyethylene glycol 6000(PEG6000) àċęÜÿŠÜñúÖøąìïêŠĂðøĉöćèîĚĞćÿĆöóĆîíŤǰ
(relative water content ĀøČĂǰRWC) ĒúąðøąÿĉìíĉõćóÖćøìĞćÜćî×ĂÜÙúĂēøôŗúúŤǰ	Fv/Fm) ìĊę
úéúÜĔîÿć÷óĆîíčŤĕöŠìîĒúšÜǰ	IR��
ǰǰēé÷êøüÝóïēðøêĊî 623 ßîĉé ĒúąóïüŠćöĊēðøêĊî 53 ßîĉéìĊę
êĂïÿîĂÜĔîõćüąĒúšÜĒêÖêŠćÜÖĆîǰĔîÿć÷óĆîíčŤìîĒúšÜǰ(NSG19) êøüÝóïēðøêĊîÖúčŠöìĊęìĞćĀîšćìĊę
àŠĂöĒàöđàúúŤĒúąéĊđĂĘîđĂöćÖìĊęÿčéǰ(Maksup et al., 2012)  

îĂÖÝćÖîĊĚ÷ĆÜöĊÖćøýċÖþćēðøêĉēĂöĔîĔï×šćüÿć÷óĆîíčŤǰPokali àċęÜđðŨî×šćüóĆîíčŤìîđÙĘö Ēúąǰ
IR29 àċęÜđðŨî×šćüóĆîíčŤĕöŠìîđÙĘö óïēðøêĊîÝĞćîüî 206 ßîĉé ēé÷đðŨîēðøêĊîìĊęìøćïĀîšćìĊęĒúšü 113 

ßîĉé ìĊęđÖĊę÷ü×šĂÜÖĆïǰÖøąïüîÖćøđñćñúćâõć÷ĔîđàúúŤǰĂĂÖàĉđéßĆîøĊéĆÖßĆîǰÖøąïüîÖćøÿøšćÜÿć÷
ĂćøŤđĂĘîđĂǰēðøêĊîēÙøÜÿøšćÜǰÖøąïüîÖćøÿĆÜđÙøćąĀŤĒÿÜ ÖćøðŜĂÜÖĆîđàúúŤǰĒúąēðøêĊî×îÿŠÜĔîÿć÷
óĆîíčŤìîđÙĘö Ēúą÷ĆÜóïüŠćǰHypothetical protein171 (LOC_Os10g33630) öĊøąéĆïÖćøĒÿéÜĂĂÖìĊę
ÿĎÜ×ċĚîđöČęĂĕéšøĆïõćüąđÙĘöđðŨîøą÷ąđüúć 12 ßĆęüēöÜ ĒêÖêŠćÜÝćÖÿć÷óĆîíčŤĕöŠìîđÙĘö (Wichajarn, 

2009)  

ÖćøýċÖþćēðøêĉēĂöìĊęñŠćîöćÝąýċÖþćđÞóćąĔï×šćü (Wichajarn 2009;  Maksup et al., 

2012)  Ĕî×èąìĊęēðøêĉēĂöĔîøćÖ×šćüõć÷ĔêšõćüąĒúšÜöĊøć÷ÜćîîšĂ÷öćÖìĆĚÜ ė ìĊęøćÖđðŨîïøĉđüèĒøÖìĊę
øĆïøĎšÿĆââćèÝćÖõćüą×ćéîĚĞćǰĒúąëŠć÷ìĂéÿĆââćèéĆÜÖúŠćüĕð÷ĆÜǰdownstream Ĕî×èąìĊę
ÖćøýċÖþćēðøêĉēĂöĔîøćÖ×šćüõć÷ĔêšõćüąĒúšÜìĊęöĊøć÷ÜćîÖĘđðŨîÖćøýċÖþćđÞóćąĔîÿć÷óĆîíčŤĕöŠìî
ĒúšÜ (IR64) ēé÷ýċÖþćõćüąĒúšÜđìĊ÷ïÖĆïõćüąðÖêĉǰ	Mirzaei et al., 2012) ĒêŠ÷ĆÜ×ćéÖćøýċÖþć 
ēðøêĉēĂöĔîøćÖ×šćüõć÷ĔêšõćüąĒúšÜđðøĊ÷ïđìĊ÷ïøąĀüŠćÜÿć÷óĆîíčŤìîĒúšÜĒúąđÙĘöÖĆïÿć÷óĆîíčŤĕöŠìî
ĒúšÜĒúąđÙĘö àċęÜÝąîĞćĕðÿĎŠÖćøÙšîóïÖúčŠö÷ĊîĔĀöŠĔîøćÖǰìĊęöĊïìïćìĔîÖćøĒÿéÜúĆÖþèąêšćîìćîêŠĂ
õćüąĒúšÜĒúąđÙĘö 
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ïììĊęǰ3ǰ

üĆÿéčĂčðÖøèŤĒúąüĉíĊÖćøìéúĂÜǰ

óČßìéúĂÜǰ

1. đöúĘé×šćüǰ(Oryza sativa L.) óĆîíčŤ LPT123 

2. đöúĘé×šćüǰ(Oryza sativa L.) óĆîíčŤ LPT123 ÿć÷óĆîíčŤìîđÙĘöǰ(LPT123-TC171) 

(Vajrabhaya Ēúą Vajrabhaya, 1991) ēé÷ñŠćîÖćøñÿöêĆüđĂÜĒúąÙĆéđúČĂÖõć÷Ĕêšõćüą
đÙĘööćøčŠîìĊęǰ9 

ĔîÖćøìéúĂÜîĊĚǰìĞćÖćøýċÖþćĔî×šćüǰ2 óĆîíčŤ/ÿć÷óĆîíčŤǰàċęÜĔîüĉì÷ćîĉóîíŤîĊĚÝąĔßšÙĞćüŠćÿć÷
óĆîíčŤǰêúĂéÖćøÖúŠćüëċÜ×šćüǰLPT123 ĒúąLPT123-TC171 

ÿëćîìĊęðúĎÖóČßìéúĂÜ 

 ēøÜÖĆÖÖĆîēøÙĒúąĒöúÜǰĀîŠü÷ðäĉïĆêĉÖćøüĉÝĆ÷ÿĉęÜĒüéúšĂöĒúąÿøĊøüĉì÷ć×ĂÜóČßǰõćÙüĉßć
óùÖþýćÿêøŤǰÙèąüĉì÷ćýćÿêøŤǰÝčāćúÜÖøèŤöĀćüĉì÷ćúĆ÷ 

ĂčðÖøèŤÖćøýċÖþćǰ

1. üĆÿéčĂčðÖøèŤìĊęĔßšĔîÖćøðúĎÖ×šćü 

- ÖøąïąóúćÿêĉÖ 

- ìøć÷ 

- ×üéĒÖšü 

2. üĆÿéčĂčðÖøèŤìĊęĔßšĔîÖćøđÖĘïêĆüĂ÷ŠćÜóČß 

- ĂúĎöĉđîĊ÷öôĂ÷úŤ 

- ÖøøĕÖø 

- đÙøČęĂÜßĆęÜìýîĉ÷öǰ4 êĞćĒĀîŠÜ (METTLER TOLEDO AG285, Switzerland) 

- õćßîąĔÿŠĕîēêøđÝîđĀúü 

- êĎšĒßŠĒ×ĘÜÿĞćĀøĆïđÖĘïêĆüĂ÷ŠćÜǰĂčèĀõĎöĉǰ-80 ĂÜýćđàúđàĊ÷ÿǰ	Thermo-Scientific, USA) 
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3. üĆÿéčĂčðÖøèŤìĊęĔßšĔîÖćøÿÖĆéǰProtein 

- ēÖøŠÜĒúąìĊęïé 

- Spectrophotometer Ēúąǰcuvette (Agilent Technology, USA) 

- incubator (Gemmyco, USA) 

- orbital shaker (Biosan, USA) 

- vertical gel electrophoresis set (Biorad, USA) 

- ultimate 3000 LC system (Dionex, USA) 

- ESI ion Trap MS (HCT ultra PTM Discovery System, Bruker Daltonik) 

- pre-column (Monolithic Trap Column, 200 µm i.d. x 5 cm) 

- nano column (Monolithic Nano Column, 100 µm i.d. x 5 cm) 

4. üĆÿéčĂčðÖøèŤìĊęĔßšĔîÖćøÿÖĆéǰRNA 

- ēÖøŠÜĒúąìĊęïé 

- dry bath incubator (MD-01N-220, Taiwan) 

- microcentrifuge (Sorvall Biofuge Pico, Germany) 

- refrigerated centrifuge (Universal 32R, Hettich, Germany) 

- êĎšĒßŠĒ×ĘÜÿĞćĀøĆïđÖĘïêĆüĂ÷ŠćÜǰĂčèĀõĎöĉǰ-20 ĂÜýćđàúđàĊ÷ÿǰ	Sanyo, Thailand) 

- Spectrophotometer Ēúąǰcuvette (Agilent Technology, USA) 

- gel electrophoresis system (MiniRun GE-100, Hangzhou Bioer Technology 

Co., ltd) 

- đÙøČęĂÜÖĞćđîĉéĒÿÜǰUV ĒúąëŠć÷øĎðđÝúǰ(Gel DocTM 2000, Bio-Rad, California, USA) 

- micropipette (Gilson, France) 

- Vortex (Labnet, USA) 
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5. üĆÿéčĂčðÖøèŤìĊęĔßšĔîÖćøýċÖþćÖćøĒÿéÜĂĂÖ×ĂÜ÷Ċîéšü÷üĉíĊǰreverse transcription 

polymerase chain reaction (RT-PCR) 

- đÙøČęĂÜđóĉęöðøĉöćèǰDNA (Peltier Thermal Cycler øčŠîǰPTC-100TM, USA) 

- microcentrifuge  (Sorvall Biofuge Pico, Germany) 

- microcentrifuge tube (Sorvall Biofuge Pico, Germany) 

- gel electrophoresis system (MiniRun GE-100, Hangzhou Bioer Technology 

Co., ltd) 

- vortex mixer (Labnet, USA) 

- micropipette (Gilson, France) 

- PCR tubes (Oxygen Inc., USA) 

- pipette tips (Extragene, USA) 

- parafilm (Whatman®, GE healthcare, USA) 

- 96-well plate (Bio-Rad, California, USA) 

6. üĆÿéčĂčðÖøèŤìĊęĔßšĔîÖćøýċÖþćÖćøĒÿéÜĂĂÖ×ĂÜ÷Ċîéšü÷üĉíĊǰquantitative reverse 

transcription polymerase chain reaction (qRT-PCR) 

- micropipette (Gilson, France) 

- PCR tube strips, flat cap strips (Bio-Rad, USA) 

- low tube strip, WHT (Bio-Rad, USA) 

- CFX96TM real-time system (Bio-Rad, USA) 

ǰ ǰ
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ÿćøđÙöĊ 

1. ÿćøđÙöĊìĊęĔßšĔîÖćøðúĎÖ×šćü 

- ÿćøúąúć÷íćêčĂćĀćøÿĎêøéĆéĒðúÜǰWP no.2 (Vajrabhaya and Vajrabhaya, 1991) 

(õćÙñîüÖǰÖ 1) 

- 10% polyethylene glycol 6000 (PEG6000) 

2. ÿćøđÙöĊìĊęĔßšĔîÖćøýċÖþćēðøêĉēĂöĉÖÿŤ 

2.1 ÿćøđÙöĊìĊęĔßšĔîÖćøÿÖĆéēðøêĊî Peterson (õćÙñîüÖǰÖ) 

- 0.1% Sodium dodecyl sulfate (SDS) 

- 72% Trichloroacetic acid (TCA) 

- 0.15% Deoxycholic acid (DOC) 

2.2 ÿćøđÙöĊìĊęĔßšĔîÖćøüĆéÙüćöđ×šö×šîēðøêĊîéšü÷ǰLowry method (õćÙñîüÖǰÖ
 

- 0.15% Deoxycholate in dH2O 

- 72% Trichloroacetic acid in dH2O 

- 20% Na2CO3 

- 0.2% CuSO4 (pentahydrate) + 0.4% KTartrate 

- 0.8 N NaOH 

- 10% SDS 

- Folin reagent 

- Bovine serum albumin (BSA) (2 µg/µl) 

2.3 ÿćøđÙöĊìĊęĔßšĔîÖćøĒ÷ÖēðøêĊîéšü÷ǰSDS-PAGE (õćÙñîüÖǰÖ
 

- 40% (W/V) Acrylamide 

- 1.5 M Tris HCl pH 8.8 
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- 0.5 M Tris HCl pH 6.8 

- 10X Sodium dodecyl sulfate (SDS) 

- Distilled water 

- 10% Ammonium persulfate (APS) 

- N, N, N’, N’-tetramethyl-ethane-1,2-diamine (TEMED) 

2.4 ÿćøđÙöĊìĊęĔßšĔîÖćø÷šĂöēðøêĊîéšü÷ǰCoomassie Blue R250 staining (õćÙñîüÖǰÖ
 

- Coomassie blue R250 

- Acetic acid 

- Distilled water 

- Methanol 

- Protein ladder 10-250 kDa (New England Biolabs, USA) 

2.5 In gel digestion for liquid chromatography–tandem mass spectrometry  

(LC-MS/MS) (õćÙñîüÖǰÖ
 

- 100% Acetonitrile (ACN) 

- 10 mM Dithiothreitol (DTT) 

- 10 mM Ammonium biocarbonate 

- 10 ng Trypsin 

- 0.1% Trifluoroacetic acid (TCA) 

- Steriled milli Q water 

3. ÿćøđÙöĊìĊęĔßšĔîÖćøÿÖĆéǰRNA 

- RNA Extraction Buffer (õćÙñîüÖǰÖ
 

- Phenol: chloroform:isoamyl alcohol (25:24:1) (v/v) 
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- Absolute ethanol (Liquid Distillery Organization Excise Dept, Thailand) 

- 80% Ethanol 

- Lithium chloride (LiCl2) (Fluka) 

- Diethyl pyrocarbonate (DEPC) (Sigma-Aldrich Co., USA) 

- Hydrogen peroxide 

- 2-Mercaptoethanol (Merck, Germany) 

- Sodium chloride (NaCl) (Sigma-Aldrich Co., USA) 

- Liquid Nitrogen (Linde, Thailand) 

4. ÿćøđÙöĊìĊęĔßšĔî RNA, DNA electrophoresis 

- DNA loading dye (õćÙñîüÖǰÖ
 

- Ethidium bromide (Gibco BRL, USA) 

- TBE buffer (Tris Borate EDTA) (õćÙñîüÖǰÖ
 

- DNA marker (100 bp DNA ladder, Geneaid, USA) 

- Agarose (USB Corporation, Ohio, USA) 

- Sterile water 

5. ÿćøđÙöĊìĊęĔßšĔîÖćøÖĞćÝĆéǰDNA 

- Recombinant DNase I (RNase-free) (TaKaRa TKR-R-2270A) 

- DEPC-treated water 

- phenol:chloroform:isoamyl alcohol (25:24:1) (v/v) 

- Sodium acetate (CH3COONa) (Sigma-Aldrich Co., USA) 

- Absolute ethanol (Liquid Distillery Organization Excise Dept, Thailand) 

- DEPC-treated TE buffer 
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6. ÿćøđÙöĊìĊęĔßšĔîÖćøÿøšćÜǰcDNA ÿć÷ĒøÖ 

- iScriptTM Reverse Transcription Supermix for RT-qPCR (Bio-Rad, USA) 

5x RT supermix with iScript MMLV-RT (RNaseH+), RNase inhibitor, dNTPs, 

oligo (dT), random primers, buffer, MgCl2, and stabilizers. 

- Nuclease-free water 

7. ÿćøđÙöĊìĊęĔßšĔîÖćøìĞćǰreverse transcription polymerase chain reaction (RT-PCR) 

- 10 mM dATP, dCTP, dGTP, dTTP (Roche, SwitZerland) 

- RBC Taq DNA polymerase (RBCBioscience, Taiwan) 

- RBC 10X reaction buffer (with 15mM Mg2+) 

- Oligonucleotide Synthesis (Bio design, Thailand) 

- Nuclease-free water 

8. ÿćøđÙöĊìĊęĔßšĔîǰquantitative reverse transcription polymerase chain reaction 

(qRT-PCR) 

- SsoFastTM EvaGreen® Super Mix (Bio-Rad, USA) 

2x reaction buffer with dNTPs, Sso7d-fusion polymerase, MgCl2 , Evagreen 

dye and stabilizers 

- Oligonucleotide Synthesis (Bio design, Thailand) 

- Nuclease-free water 

ǰ ǰ
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üĉíĊÖćøìéúĂÜǰ

��ǰǰÖćøýċÖþćđðøĊ÷ïđìĊ÷ïĒïïøĎðēðøêĊîìĆĚÜĀöéĔîøćÖ×šćüǰ

ǰ ���ǰđêøĊ÷öóČßìéúĂÜđóČęĂÖćøüĉđÙøćąĀŤìćÜǰQSPUFPNJDTǰ

  üćÜĒñîÖćøìéúĂÜĒïï completely randomized design (CRD) ēé÷öĊÝĞćîüîàĚĞćǰ3 àĚĞćǰ
àĚĞćúąǰ3 êšîǰÝĞćîüîǰ4 øą÷ąđüúćǰöĊ 2 Treatments êŠĂóĆîíčŤ ÙČĂǰßčéÙüïÙčöǰĒúąßčéõćüąĒúšÜ 

1.1.1 îĞćđöúĘé×šćüÿć÷óĆîíčŤǰLPT123 Ēúą×šćüǰLPT123 ÿć÷óĆîíčŤÖúć÷ìîđÙĘö (LPT123-

TC171) ĒßŠĔîîĚĞćÖøĂÜđðŨîđüúćǰ24 ßĆęüēöÜǰĒúąđóćąïîìøć÷ǰøéîĚĞćĔĀšßčŠö 

1.1.2 đöČęĂêšîÖúšć×šćüöĊĂć÷čǰ�ǰüĆîîĆïÝćÖüĆîđóćąǰĔĀšÿćøúąúć÷íćêčĂćĀćøǰWP No.2 

ÿĎêøéĆéĒðúÜǰ	Vajrabhaya and Vajrabhaya, 1991) 

1.1.3 đöČęĂêšîÖúšć×šćüĂć÷čǰ��ǰüĆî ÙĆéđúČĂÖêšîÖúšćìĊęöĊ×îćéĔÖúšđÙĊ÷ÜÖĆîǰÝĞćîüîǰ��ǰêšîǰöĊ
ĔïÿĂÜëċÜÿćöĔïǰĒúšü÷šć÷ðúĎÖúÜĔî×üéĒÖšü×îćéðøĉöćêøǰ���ǰöĉúúĉúĉêøìĊęöĊ
ÿćøúąúć÷íćêčĂćĀćøÿĎêøđéĉöǰ���ǰöĉúúĉúĉêøǰÙüïÙčöøąéĆï×ĂÜÿćøúąúć÷íćêč
ĂćĀćøēé÷đêĉöîĚĞćÖøĂÜĔĀšÿćøúąúć÷Ă÷ĎŠĔîøąéĆïđéĊ÷üÖĆîÖĆïêĂîđøĉęöêšîÖćøìéúĂÜ
ìčÖüĆîǰǰđðúĊę÷îÿćøúąúć÷íćêčĂćĀćøìčÖǰ�ǰüĆî 

1.1.4 đöČęĂ×šćüĂć÷čǰ��ǰüĆîǰÿĞćĀøĆïõćüąĒúšÜǰ÷šć÷êšîÖúšćúÜĔîÿćøúąúć÷íćêčĂćĀćøǰWP 

ÿĎêøéĆéĒðúÜìĊęöĊǰPEG����ǰÙüćöđ×šö×šîǰ���ǰĒúąĔîõćüąðÖêĉǰ÷šć÷êšîÖúšćúÜĔî
ÿćøúąúć÷íćêčĂćĀćøǰWP ÿĎêøéĆéĒðúÜìĊęĕöŠöĊÖćøđêĉöǰPEG����ǰǰđÖĘïêĆüĂ÷ŠćÜøćÖ
ìĊęøą÷ąđüúćǰ� 2 6 ��ǰßĆęüēöÜǰÝĞćîüîǰ�ǰàĚĞć àĚĞćúąǰ�ǰêšîǰēé÷êĆéøćÖ×šćüĔÿŠĔî
ĂúĎöĉđîĊ÷öôĂ÷úŤĒßŠĕîēêøđÝîđĀúüĒúšüîĞćĕðđÖĘïĕüšĔîêĎšĒßŠĂčèĀõĎöĉǰ-��ǰĂÜýć
đàúđàĊ÷ÿǰÝîÖüŠćÝąÿÖĆéēðøêĊî 

ǰ ���ǰđêøĊ÷öêĆüĂ÷ŠćÜēðøêĊîĒúąüĉđÙøćąĀŤìćÜǰQSPUFPNJDTǰ

�����ǰÿÖĆéĒúąĒ÷ÖēðøêĊîéšü÷ǰ4%4-QPMZBDSZMBNJEFǰHFMǰFMFDUSPQIPSFTJTǰǰ
	4%4-1"(&
ǰ

ÿÖĆéēðøêĊîÝćÖđîČĚĂđ÷ČęĂøćÖǰ2��ǰöĉúúĉÖøĆöǰêćöüĉíĊ×ĂÜǰPeterson (1983) éĆÜüĉíĊìĊęøąïč
ĕüšĔîõćÙñîüÖǰÖǰ2.1 ĒúšüüĆéÙüćöđ×šö×šîēðøêĊîìĊęÿÖĆéĕéšéšü÷üĉíĊǰLowry method 

(Lowry et al., ����
ǰéĆÜüĉíĊìĊęøąïčĕüšĔîõćÙñîüÖǰÖǰ2.2  îĞćêĆüĂ÷ŠćÜēðøêĊîöćĒ÷Öēé÷ǰ
12.5%  SDS-polyacrylamide gel electrophoresis (SDS-PAGE) (Laemmli, 1970) 
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ēé÷ĔĀšĒêŠúąêĆüĂ÷ŠćÜöĊðøĉöćèēðøêĊîđìŠćėǰÖĆîǰĒúšüîĞćöć÷šĂöÿĊēðøêĊîéšü÷ǰCoomassie 

Brilliant Blue R250 (Sambrook et al., 1989) 

 �����ǰ÷ŠĂ÷ēðøêĊîĒúąüĉđÙøćąĀŤđóðĕìéŤéšü÷ǰ&4*-.4�.4 

êĆüĂ÷ŠćÜēðøêĊîìĊęĒ÷ÖĕéšïîǰSDS-PAGE ÝąëĎÖîĞćöćĒ÷ÖĂĂÖêćößŠüÜ×ĂÜîĚĞćĀîĆÖ
ēöđúÖčú×ĂÜēðøêĊîǰĕéšĒÖŠǰǰǰǰ10-20, 20-30, 30-50, 50-80, 80-150 ĒúąöćÖÖüŠćǰ150 

kDa ßĉĚîđÝúìĊęöĊēðøêĊîĔîĒêŠúąßŠüÜîĚĞćĀîĆÖēöđúÖčúîĊĚÝąëĎÖîĞćöćêĆéđðŨîßĉĚîđúĘÖėǰ×îćéßĉĚî
úąǰ1 úĎÖïćýÖŤöĉúúĉđöêøǰĒúšüìĞćÖćø÷ŠĂ÷ēðøêĊîēé÷üĉíĊǰin gel digestion (õćÙñîüÖǰÖǰ
2.3) ĒúąÿÖĆéēðøêĊîìĊę÷ŠĂ÷ĒúšüĂĂÖÝćÖđÝúêćöüĉíĊ×ĂÜǰJaresitthikunchai (2009) 

(õćÙñîüÖǰÖǰ2.4) ĒúąđÖĘïøĆÖþćêĆüĂ÷ŠćÜĕüšìĊęĂčèĀõĎöĉǰ-80 ĂÜýćđàúđàĊ÷ÿǰǰîĞćēðøêĊîìĊę
ñŠćîÖćø÷ŠĂ÷ĒúšüöćüĉđÙøćąĀŤéšü÷ǰESI-MS/MS (Ultimate 3000 LC system, Dionex; 

ESI-Ion Trap  MS, HCT ultra PTM Discovery System, Bruker Daltonik) 

 �����ǰüĉđÙøćąĀŤēðøêĊîĔîđßĉÜðøĉöćèĒúąøąïčßîĉéēðøêĊîǰ

×šĂöĎúìĊęĕéšÝćÖǰLC-MS ÝąëĎÖđðúĊę÷îđðŨîĕôúŤǰmzXML éšü÷ēðøĒÖøö
CompassXport 1.3.10 (Bruker Daltonik, GmbH) ÝćÖîĆĚîüĉđÙøćąĀŤ×šĂöĎúēðøêĊîĔîđßĉÜ
ðøĉöćèēé÷ĔßšǰDeCyder MS Differential Analysis software (DeCyderMS, GE 

Healthcare ) (Johansson et al., 2006; Thorsell et al., 2007) øąïčßîĉé×ĂÜēðøêĊî
ēé÷ĔßšǰǰMASCOT software (Matrix Science, London, UK) (Perkins et al., 1999)  

ēé÷Ĕßšåćî×šĂöĎúǰNCBInr 20121015 ÖĞćĀîéÙŠćǰTaxonomy: Oryza sativa, Fixed 

Modification: Carbamidomethyl (C) , Variable modification: Oxidation (M) , 

Enzyme: Trypsin , peptide tolerance: ±1.2 Da , fragment mass tolerance : 

±0.6 Da , peptide charge: 1+ 2+ and 3+ , maximum allowed missed 

cleavage: 1, instrument type: ESI- TRAP  

 �����ǰÖćøøąïčêĞćĒĀîŠÜ÷ĊîìĊęÿøšćÜēðøêĊîĒúąĀîšćìĊęǰ

îĞćǰcoding sequence (cds) ìĊęǰMASCOT (Matrix Science Ltd., London, UK) 

ĒÿéÜÝćÖÖćøÝĆïÙĎŠúĞćéĆïÖøéĂąöĉēî×ĂÜóĂúĉđóðĕìéŤÝćÖåćî×šĂöĎúǰNCBI ĕðđðøĊ÷ïđìĊ÷ï
úĞćéĆïîĉüÙúĊēĂĕìéŤĔîåćî×šĂöĎúǰRice Genome Annotation Project (RGAP) ×ĂÜǰNFS 

(http://rice.plantbiology.msu.edu) ēé÷Ĕßš Blastn ĒúąÙšîĀćĀîšćìĊę×ĂÜēðøêĊîēé÷Ĕßšǰ
gene ontology (GO) browser Ĕîåćî×šĂöĎúđéĊ÷üÖĆî 
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 �����ǰÖćøÙĆéđúČĂÖ×šĂöĎúēðøêĊîìĊęÿöÙüøîĞćĕðüĉđÙøćąĀŤĔî×ĆĚîêĂîêŠĂĕð 

×šĂöĎúêĆüĂ÷ŠćÜēðøêĊîĔîđßĉÜðøĉöćèìĊęĕéšÝćÖǰDeCyder MS Differential Analysis 

software ÝąëĎÖîĞćöćǰnormalized ēé÷ĂšćÜĂĉÜÝćÖēðøêĊîöćêøåćîìĊęìøćïÙŠćÝćÖÖćø 
spike BSA digested solution 1 pmol/µl úÜĔîêĆüĂ÷ŠćÜǰ	õćÙñîüÖǰÖǰ2.4) Ēúąøąïč
êĞćĒĀîŠÜ÷Ċî (Locus) ìĊęÿøšćÜēðøêĊîêćöìĊęøąïčĕüšĔî×šĂ 1.2.4  ēðøêĊîìĊęöĊǰLocus àĚĞćÖĆîÝąëĎÖ
đúČĂÖÝćÖÙŠćǰMASCOT Score ìĊęĕéšÝćÖ×šĂǰ1.2.3 ēé÷đúČĂÖÙŠćìĊęöćÖìĊęÿčéǰĒúąëšćǰMASCOT 

Score đìŠćÖĆîÝąđúČĂÖÝćÖÙŠćǰANOVA ìĊęîšĂ÷ìĊęÿčéìĊęĕéšÝćÖǰDeCyder MS Differential 

Analysis software 

 

ǰ ���ǰøąïčßîĉéĒúąĒïïøĎð×ĂÜēðøêĊîĔîøćÖìĊęđðúĊę÷îĒðúÜĔîõćüąĒúšÜǰ

�����ǰēðøêĊîìĊęöĊÖćøĒÿéÜĂĂÖĔî×šćüÿĂÜóĆîíčŤ�ÿć÷óĆîíčŤĒêÖêŠćÜÖĆîìĊęßŠüÜøą÷ąđüúćǰ
ǰǰǰǰǰǰǰêŠćÜėǰ(Timing)ǰ

1.3.1.1 ÿøšćÜĒñîõćó×ĂÜđüî (Venn diagram) 

øąïčßîĉéĒúąĒïïøĎð×ĂÜēðøêĊîđóČęĂĒÿéÜÙüćöÿĆöóĆîíŤøŠüöÖĆîĀøČĂĒêÖêŠćÜÖĆîĔîøćÖ×šćü 
LPT123 ĒúąǰLPT123-TC171 ĔîõćüąðÖêĉĒúąõćüąĒúšÜĔîĒêŠúąøą÷ąđüúćǰ�  2  6 Ēúą 24 

ßĆęüēöÜǰēé÷ÙĆéÖøĂÜ×šĂöĎúđúČĂÖđÞóćąēðøêĊîìĊęöĊÖćøĒÿéÜĂĂÖǰ2 Ĕîǰ3 àĚĞćǰĀøČĂĕöŠöĊÖćøĒÿéÜĂĂÖǰ
3 àĚĞćÿöïĎøèŤ 
éĆÜêĆüĂ÷ŠćÜêŠĂĕðîĊĚ 

ǰ -15���ǰõćüąðÖêĉǰ -15���ǰõćüąĒúšÜǰ -15���-5$���ǰõćüąðÖêĉǰ -15���-5$���ǰõćüąĒúšÜǰ

1SP
UFJ

Oǰ

àĚĞć
ìĊęǰ

�ǰ

àĚĞć
ìĊęǰ
2ǰ

àĚĞć
ìĊęǰ
3ǰ

àĚĞć
ìĊęǰ

�ǰ

àĚĞć
ìĊęǰ
2ǰ

àĚĞć
ìĊęǰ
3ǰ

àĚĞć
ìĊęǰ

�ǰ

àĚĞć
ìĊęǰ
2ǰ

àĚĞć
ìĊęǰ
3ǰ

àĚĞć
ìĊęǰ

�ǰ

àĚĞć
ìĊęǰ
2ǰ

àĚĞć
ìĊęǰ
3ǰ

"ǰ 0 0 0 15 14 0 0 0 0 16 13 0 

Bǰ 13 15 15 14 14 0 14 0 13 14 12 0 

Cǰ 15 12 15 15 0 0 8 0 11 14 0 10 

ēðøêĊîìĊęÙĆéđúČĂÖĕüšĔîÖćøüĉđÙøćąĀŤêŠĂĕðǰÙČĂēðøêĊîǰ"ǰĒúąǰ#ǰĒúąēðøêĊîǰ$ǰÝąëĎÖÙĆéĂĂÖ 
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 ÿøšćÜĒñîõćóđüîéĆÜîĊĚ ×ĆĚîĒøÖǰĀćÙŠćöćÖÿčéĔîǰ3 àĚĞćđóČęĂĔßšđðŨîêĆüĒìîÙŠć×ĂÜēðøêĊîǰ
đîČęĂÜÝćÖÜŠć÷ĔîÖćøóĉÝćøèć×šĂöĎúóøšĂöÖĆîÝćÖ LPT���ǰõćüąðÖêĉ LPT123 õćüąĒúšÜ 
LPT123-TC171 õćüąðÖêĉ ĒúąǰLPT123-TC171 õćüąĒúšÜ ēé÷óĉÝćøèćĒÙŠüŠćÖúčŠöĔéöĊÙŠć
ēðøêĊîđìŠćÖĆïǰ0 ĀøČĂĕöŠđìŠćîĆĚî ×ĆĚîìĊęÿĂÜǰđøĊ÷ÜúĞćéĆï×šĂöĎúēðøêĊîÝćÖÙŠćîšĂ÷ÿčéĕð÷ĆÜöćÖÿčé ìĊúą
ÖúčŠöǰÙŠćìĊęîšĂ÷ÿčéđìŠćÖĆïǰ0 Ă÷ĎŠ×šćÜïîǰÝąëĎÖđúČĂÖöćđÖĘïĕüš öĊÙüćöĀöć÷üŠćĔîÖúčŠöìéúĂÜîĆĚîĕöŠ
óïēðøêĊîǰ×šĂöĎúìĊęëĎÖđúČĂÖđÖĘïĕüšĒúšüÝąĕöŠëĎÖîĞćöćóĉÝćøèćàĚĞćĂĊÖ ĔĀšđøĊ÷ÜúĞćéĆï×šĂöĎúĕðđøČęĂ÷ėǰ
Ùøïǰ4 ÖúčŠöìéúĂÜǰÝîìčÖßŠĂÜĔîǰ4 ÖúčŠöĕöŠöĊßŠĂÜĔéöĊÙŠćđìŠćÖĆïǰ0 àċęÜĀöć÷ÙüćöüŠćēðøêĊî
éĆÜÖúŠćüóïĕéšĔîìčÖÖúčŠöìéúĂÜ  ĒúšüÝċÜîĆïÝĞćîüîìĊęĕéšĕðĔÿŠĔîĒñîõćóđüî êøüÝÿĂïÙüćöëĎÖ
êšĂÜÝćÖñúøüöĒêŠúąïøĉđüè×ĂÜĒñîõćóđüîÝąđìŠćÖĆïÝĞćîüîēðøêĊîđøĉęöêšî 

 

1.3.1.2 đðøĊ÷ïđìĊ÷ïđßĉÜðøĉöćèēðøêĊîĔî×šćüÿĂÜóĆîíčŤ�ÿć÷óĆîíčŤ ĔîõćüąðÖêĉǰĒúą
õćüąĒúšÜìĊęßŠüÜøą÷ąđüúćêŠćÜėǰ	Timing) 

ēðøêĊîìĊęñŠćîÖćøÖøĂÜĒúšüĔî×šĂǰ1.3.1.1 ÝąëĎÖîĞćöćüĉđÙøćąĀŤìćÜÿëĉêĉđðøĊ÷ïđìĊ÷ïÖćø
ĒÿéÜĂĂÖøąĀüŠćÜÖúčŠöēé÷ĔßšǰANOVA ĒÿéÜĒïïøĎð×ĂÜēðøêĊîĔî×šćüÿĂÜóĆîíčŤ�ÿć÷óĆîíčŤĔîõćüą
ðÖêĉĒúąõćüąĒúšÜǰđðŨî Heat map ēé÷Ĕßš Multiexperiment Viewer (MeV) software 

(Saeed et al., 2003) îĞć×šĂöĎúìĊęĕéšÝćÖÖćøÝĆéÖúčŠöìćÜÿëĉêĉđðøĊ÷ïđìĊ÷ïÖĆïÖćøÝĆéÖúčŠöÝćÖ
Ēñîõćóđüî 
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�����ǰĒïïøĎðēðøêĊîĔîøćÖ×šćüǰ×šćüÿĂÜóĆîíčŤ�ÿć÷óĆîíčŤǰđöČęĂĂ÷ĎŠĔîõćüąðÖêĉĒúąõćüąĒúšÜǰ

ßčé×šĂöĎúēðøêĊîìĆĚÜĀöéĔîøćÖ×šćüĕéšÝćÖÖćøîĆïßîĉéēðøêĊîìĊęóïÝćÖĒñîõćó×ĂÜđüîĔî×šĂ
1.3.1.1 ßĆęüēöÜìĊęǰ0 2 6 Ēúąǰ24 ßĆęüēöÜ ēé÷ĕöŠîĆïàĚĞćēðøêĊîßîĉéđéĊ÷üÖĆî (õćóìĊę 3.1) 

1.3.2.1 đðøĊ÷ïđìĊ÷ïđßĉÜðøĉöćèēðøêĊîøąĀüŠćÜõćüąðÖêĉĒúąõćüąĒúšÜĔîÿć÷óĆîíčŤđéĊ÷üÖĆî 

ßčé×šĂöĎúēðøêĊîìĆĚÜĀöéĔîøćÖ×šćü (Total Proteins) ÝąëĎÖîĞćöćüĉđÙøćąĀŤìćÜÿëĉêĉǰēé÷Ĕßšǰ
Student’s t-test ēðøêĊîìĊęĒêÖêŠćÜĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâ ÝąëĎÖÝĆéđðŨîǰ2 ÖúčŠöēé÷ĔßšǰKMC ĒÿéÜĒïï
øĎðēðøêĊîđðŨî Heat map ēé÷Ĕßš Multiexperiment Viewer (MeV) software (Saeed et al., 
2003)  

1.3.2.2 đðøĊ÷ïđìĊ÷ïđßĉÜðøĉöćèēðøêĊîìĊęëĎÖßĆÖîĞćđîČęĂÜÝćÖõćüąĒúšÜøąĀüŠćÜÿć÷óĆîíčŤ 

ēðøêĊîìĊęĒêÖêŠćÜĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâìćÜÿëĉêĉĔî×šĂǰ1.3.2.1 ÝćÖĒêŠúąÿć÷óĆîíčŤǰîĞćöćÿøšćÜ
ĒñîõćóđüîĒÿéÜēðøêĊîìĊęëĎÖßĆÖîĞćéšü÷õćüąĒúšÜĔîǰLPT123 Ēúą LPT123-TC171 óøšĂöìĆĚÜ
øąïčēðøêĊîìĊęđĀúČęĂöÖĆî (overlap) îĞćēðøêĊîìĊęëĎÖßĆÖîĞćđîČęĂÜÝćÖõćüąĒúšÜìĊęêøüÝóïìĆĚÜĀöéĕð
üĉđÙøćąĀŤđðøĊ÷ïđìĊ÷ïđßĉÜðøĉöćèēðøêĊîøąĀüŠćÜÖúčŠöǰēé÷ĔßšǰANOVA öĊÝĞćîüîǰ4 ÖúčŠöǰÙČĂǰ
LPT123 õćüąðÖêĉǰLPT123 õćüąĒúšÜ LPT123-TC171 õćüąðÖêĉ ĒúąǰLPT123-TC171 õćüą
ĒúšÜǰēðøêĊîìĊęĒêÖêŠćÜöĊîĆ÷ÿĞćÙĆâÝąëĎÖÝĆéđðŨî 4 ÖúčŠöēé÷ĔßšǰKMC ĒÿéÜĒïïøĎðēðøêĊîđðŨî Heat 
map ēé÷Ĕßš Multiexperiment Viewer (MeV) software (Saeed et al., 2003)  (õćóìĊę 3.2) 

ǰ

õćóìĊęǰ3.1 àšć÷ǰĒÿéÜüĉíĊÖćøÝĆéÖćø×šĂöĎúēðøêĊîǰĒúąǰ×üćǰĒÿéÜüĉíĊÖćøÙĆéÖøĂÜ×šĂöĎúÿøšćÜĒñîõćó
đüîǰ
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õćóìĊęǰ3.2 ĒÿéÜüĉíĊÖćøĀćēðøêĊîìĊęëĎÖßĆÖîĞćéšü÷õćüąĒúšÜøąĀüŠćÜÿć÷óĆîíčŤ 

ǰ

��ǰýċÖþćÖćøĒÿéÜĂĂÖ×ĂÜ÷ĊîìĊęìĞćÖćøÙĆéđúČĂÖĕüšÝćÖēðøêĊîĔîøąéĆïǰUSBOTDSJQUJPOǰ

×šĂöĎúìĊęĕéšÝćÖēðøêĉēĂöĉÖÿŤÝąĔßšĔîÖćøÙĆéđúČĂÖ÷Ċîǰ1 ÷ĊîìĊęöĊÖćøđðúĊę÷îĒðúÜÖćøĒÿéÜĂĂÖ
Ă÷ŠćÜöĊîĆ÷ÿĞćÙĆâĒúąöĊĀîšćìĊęìĊęÙćéüŠćîŠćÝąđÖĊę÷ü×šĂÜÖĆïÖćøêĂïÿîĂÜ×ĂÜøćÖĔîõćüąĒúšÜđóČęĂîĞćöć
êøüÝÿĂïÖćøĒÿéÜĂĂÖĔîøąéĆïǰtranscription àċęÜöĊ×ĆĚîêĂîéĆÜîĊĚ 

2.1 ÖćøÙĆéđúČĂÖ÷ĊîìĊęÙćéüŠćöĊÖćøêĂïÿîĂÜêŠĂÙüćöĒúšÜĒúąĂćÝÿŠÜñúêŠĂÙüćöÿćöćøëĔîÖćø
ìîĒúšÜĔî×šćü 

2.1.1 in silico gene expression analysis 

        2.1.1.1 ýċÖþć×šĂöĎúìćÜǰbioinformatics ×ĂÜ÷ĊîéĆÜÖúŠćüÝćÖåćî×šĂöĎúǰRice 
Oligonucleotide Array Database (http://www.ricearray.org) (Cao et al., 2012) đóČęĂìĞćǰin 
silico gene expression analysis ÝćÖ×šĂöĎúǰmicro array ßčéÖćøìéúĂÜõćüąĒúšÜĀøČĂõćüąđÙĘö
üŠćĔîõćüąéĆÜÖúŠćüöĊÖćøđðúĊę÷îĒðúÜ×ĂÜÖćøĒÿéÜĂĂÖ×ĂÜ÷ĊîìĊęÿîĔÝîĆĚîĀøČĂĕöŠ 

        2.1.1.2 ýċÖþć×šĂöĎúìćÜǰbioinformatics ×ĂÜ÷ĊîìĊęĕéšĔîǰ2.1.1.1 ÝćÖåćî×šĂöĎú 
UniGene EST Profile (http://www.ncbi.nlm.nih.gov/unigene) đóČęĂêøüÝÿĂïÙüćöëĊę×ĂÜÖćø
ĒÿéÜĂĂÖ×ĂÜ÷ĊîĔîđîČĚĂđ÷ČęĂøćÖēé÷ÙĞćîüèÝćÖǰGene EST/Total EST in pool öĊĀîŠü÷đðŨîǰ
Transcripts per million (TPM) 
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2.1.2 in silico characterization of candidate gene promoter region 

 ýċÖþć×šĂöĎúìćÜǰbioinformatics ×ĂÜ÷ĊîđðŜćĀöć÷ÝćÖåćî×šĂöĎúǰThe Rice Stress-

Responsive Transcription Factor Database (http://www.nipgr.res.in/RiceSRTFDB.html) 

(Priya and Jain, 2013) đóČęĂêøüÝÿĂï cis-element êĞćĒĀîŠÜđĀîČĂ÷ĊîéĆÜÖúŠćüüŠćëĎÖÙüïÙčöéšü÷ 

Transcription factor ìĊęđÖĊę÷ü×šĂÜõćüąĒúšÜ 

2.1.3 in silico gene coexpression analysis 

 ýċÖþć×šĂöĎúìćÜǰbioinformatics ×ĂÜ÷ĊîđðŜćĀöć÷ÝćÖåćî×šĂöĎú Rice Functionally 

Related gene Expression Network Database (http://ricefrend.dna.affrc.go.jp) (Sato et 

al., 2013). đóČęĂĀćđÙøČĂ×Šć÷õć÷ĔêšĂĉìíĉóúÖćøĒÿéÜĂĂÖ×ĂÜ÷ĊîéĆÜÖúŠćüĔîĂĆúÖĂøĉìċöĔî KEGG 

(Kyoto Encyclopedia of Genes and Genomes) đóČęĂüĉđÙøćąĀŤǰpathway ìĊęđÖĊę÷ü×šĂÜ 
(Kanehisa and Goto, 2000) ìĊęđßČęĂöē÷ÜÖĆï÷ĊîđðŜćĀöć÷õć÷ĔêšõćüąĒúšÜ 

 

2.2ǰÖćøýċÖþćÖćøĒÿéÜĂĂÖ×ĂÜ÷Ċîéšü÷üĉíĊǰRVBOUJUBUJWFǰSFWFSTFǰUSBOTDSJQUJPOǰǰ
ǰǰǰQPMZNFSBTFǰDIBJOǰSFBDUJPOǰ	R35-1$3
ǰ

2.2.1 ĂĂÖĒïïǰprimer đóČęĂĔßšêøüÝÿĂïđïČĚĂÜêšîüŠć÷ĊîđðŜćĀöć÷öĊÖćøĒÿéÜĂĂÖǰ 

2.2.2 đêøĊ÷öêĆüĂ÷ŠćÜđîČĚĂđ÷ČęĂóČßēé÷ÖćøĔĀšõćüąĒúšÜĒúąĕöŠĔĀšõćüąĒúšÜĒúšüđÖĘïđîČĚĂđ÷ČęĂĔî
ßŠüÜđüúć 0  2  6 Ēúą ��ǰßĆęüēöÜ ĀúĆÜÝćÖđøĉęöÖćøìéúĂÜ 

2.2.3 ÿÖĆéǰtotal RNA ÝćÖêĆüĂ÷ŠćÜđîČĚĂđ÷ČęĂóČßēé÷éĆéĒðúÜÝćÖüĉíĊ×ĂÜǰðćøüĊǰíĉÖćýǰ
(2546) éĆÜüĉíĊìĊęĒÿéÜĕüšĔîõćÙñîüÖǰÖǰĀúĆÜÝćÖîĆĚîêøüÝÿĂïÙčèõćó×ĂÜǰRNA ēé÷
Ĕßšǰgel electrophoresis system ĒúąüĆéÙŠćÖćøéĎéÖúČîĒÿÜ×ĂÜÿćøúąúć÷ RNA 

éšü÷đÙøČęĂÜǰSpectrophotometer ìĊęÙüćö÷ćüÙúČęîǰ260 îćēîđöêø đóČęĂÙĞćîüè
ðøĉöćèǰtotal RNA (õćÙñîüÖǰÖ
  

2.2.4 îĞćǰTotal RNA ðøĉöćèǰ20 µg öćÖĞćÝĆéǰDNA éšü÷đĂîĕàöŤǰDNaseI (Takara, 

Japan) êćöüĉíĊìĊęøąïčĔîÙĎŠöČĂǰ(õćÙñîüÖǰÖ
ǰêøüÝÿĂïÙčèõćóĒúąÙĞćîüèðøĉöćèǰ
Total RNA êćöüĉíĊĔî×šĂ 2.2.3 

2.2.5 îĞćǰRNA ðøĉöćèǰ2 µg öćÿĆÜđÙøćąĀŤǰcDNA ÿć÷ĒøÖēé÷ĔßšǰiScript
TM

 Reverse 

Transcription Supermix (Bio-RAD, USA) êćöìĊęøąïčĔîÙĎŠöČĂǰ(õćÙñîüÖǰÖ
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2.2.6 êøüÝÿĂïÖćøĒÿéÜĂĂÖ×ĂÜ÷Ċîēé÷Ĕßšǰprimer ìĊęĂĂÖĒïïĕüšĔî×šĂǰ2.2.1 ēé÷Öćø
ìĞćǰPCR êćöüĉíĊìĊęøąïčĕüšĔîÙĎŠöČĂǰ	õćÙñîüÖǰÖ
ǰ 

2.2.7 îĞćǰcDNA ìĊęÿĆÜđÙøćąĀŤĕéšÝćÖ×šĂǰ2.2.5 öćĔßšđðŨîĒöŠĒïïĔîÖćøêøüÝÿĂïÖćø
ĒÿéÜĂĂÖ×ĂÜ÷Ċî ēé÷Ĕßšǰprimer ìĊęĂĂÖĒïïĕüšĔî×šĂǰ2.2.1 éšü÷đÙøČęĂÜǰCFX96TM 

real-time system (Bio-RAD) ēé÷ĔßšđĂîĕàöŤǰSsoFastTM EvaGreen® 

Supermix  (Bio-Rad, USA) êćöüĉíĊìĊęøąïčĔîÙĎŠöČĂǰ(õćÙñîüÖǰÖ
 

2.2.8 ĀćÙŠćÖćøĒÿéÜĂĂÖ×ĂÜ÷Ċîéšü÷üĉíĊǰDDCT method (Pfaffl, 2001) ēé÷ǰ
normalize øąéĆïÖćøĒÿéÜĂĂÖ×ĂÜ÷ĊîìĊęđúČĂÖÖĆïøąéĆïÖćøĒÿéÜĂĂÖ×ĂÜ÷Ċîǰǰ
EF1Į éĆÜÿöÖćø 

R = (E target)
ŉCP

target
(control-sample) 

      (E ref)
ŉCP

ref
(control-sample) 

ēé÷ìĊęǰ R  ÙČĂǰ Relative expression ratio 

 Etarget ÙČĂ 10-1/slope ×ĂÜ÷ĊîÝćÖ×šĂǰ2.2.1 

 Eref ÙČĂ 10-1/slope ×ĂÜ÷Ċî EF1Į 

 ŉCP
target

(control-sample)
 ÙČĂ ñúêŠćÜ×ĂÜÙŠć CP (cross-over point) ×ĂÜ 

      ÷ĊîÝćÖ×šĂǰ2.2.1 đöČęĂđðøĊ÷ïđìĊ÷ïÖĆïÙŠć CP 

                                  ×ĂÜêĆüĂ÷ŠćÜ control 

 ŉCP
ref

(control-sample)
    ÙČĂ ñúêŠćÜ×ĂÜÙŠć CP (cross-over point) ×ĂÜ 

      ÷Ċî EF1Į đöČęĂđðøĊ÷ïđìĊ÷ïÖĆïÙŠć CP 

                                  ×ĂÜêĆüĂ÷ŠćÜ control 

2.2.9 đðøĊ÷ïđìĊ÷ïøąéĆïÖćøĒÿéÜĂĂÖ×ĂÜ÷Ċîēé÷îĞć×šĂöĎú relative expression ratio 

ìĊęĕéšöćüĉđÙøćąĀŤÙüćöĒðøðøüîǰ	Analysis of Variance) ĒúąìéÿĂïÙüćö
ĒêÖêŠćÜ×ĂÜÙŠćđÞúĊę÷éšü÷üĉíĊǰDuncan's Multiple-Range Test (DMRT) 
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ïììĊęǰ4ǰ

ñúÖćøìéúĂÜ 

��ǰÖćøýċÖþćđðøĊ÷ïđìĊ÷ïĒïïøĎðēðøêĊîìĆĚÜĀöéĔîøćÖ×šćüǰ

 ÝćÖÖćøđðøĊ÷ïđìĊ÷ïĒïïøĎðēðøêĊîìĆĚÜĀöéĔîøćÖ×šćüǰLPT123 ĒúąǰLPT123-TC171 ìĆĚÜìĊę
Ă÷ĎŠĔîõćüąðÖêĉĒúąĔîõćüąĒúšÜĀúĆÜÝćÖìĊęđøĉęöÖćøìéúĂÜìĊęđüúćǰ�ǰǰ�ǰǰ �ǰǰĒúąǰ��ǰßĆęüēöÜĕéšñúÖćø
ìéúĂÜéĆÜîĊĚ 

1.1 ĒïïøĎðēðøêĊîđöČęĂđøĉęöÖćøìéúĂÜǰ	ßĆęüēöÜìĊęǰ�
ǰ 

ĔîßĆęüēöÜđøĉęöêšî×ĂÜÖćøìéúĂÜ ÝćÖÖćøüĉđÙøćąĀŤ×šĂöĎúóïēðøêĊîĔîøćÖ×šćüÝĞćîüî 344 
ßîĉéǰ	õćóìĊęǰ��� ×
ǰēé÷óïēðøêĊîìĊęĒÿéÜĂĂÖĔî×šćüǰLPT123 ÝĞćîüîǰ���ǰßîĉéǰĒúąóïēðøêĊîìĊę
ĒÿéÜĂĂÖĔî×šćüǰLPT123-TC171 ÝĞćîüîǰ���ǰßîĉéǰàċęÜöĊēðøêĊîìĊęóïđÞóćąĔî LPT123 ÝĞćîüî 28 
ßîĉé 	õćóǰ4.1 × ÖúčŠöǰB F ĒúąǰM) ĒúąǰóïđÞóćąĔî LPT123-TC171 ÝĞćîüîǰ2 ßîĉé 	õćóǰ4.1 × 
ÖúčŠöǰA E ĒúąǰN)  

đöČęĂîĞćðøĉöćèēðøêĊîĒêŠúąßîĉéìĊęóïĔîøćÖ×šćü �ǰßčéÖćøìéúĂÜǰĕéšĒÖŠǰ×šćüǰLP123 Ĕî
õćüąðÖêĉǰ×šćüǰLPT123 ĔîõćüąĒúšÜǰ	àċęÜ÷ĆÜĕöŠĕéšøĆïõćüąĒúšÜ
ǰ×šćüǰLPT123-TC171 ĔîõćüąðÖêĉǰ
Ēúą×šćüǰLPT123-TC171 ĔîõćüąĒúšÜǰ	àċęÜ÷ĆÜĕöŠĕéšøĆïõćüąĒúšÜ
ǰĕðüĉđÙøćąĀŤÙüćöĒðøðøüî 
öĊēðøêĊîìĊęöĊðøĉöćèĒêÖêŠćÜĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâ 44 ßîĉé àċęÜÙĉéđðŨîǰ13% (õćÙñîüÖ ×ǰêćøćÜìĊęǰ×-1)
ÿćöćøëüĉđÙøćąĀŤÖúčŠöđðŨîǰ4 ÖúčŠöǰéĆÜõćóìĊęǰ4.2 ĒÿéÜēðøêĊîìĊęöĊÖćøđðúĊę÷îĒðúÜìĊęîŠćÿîĔÝéĆÜêćøćÜ
ìĊęǰ4.1 
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1.2 ĒïïøĎðēðøêĊîđöČęĂßĆęüēöÜìĊęǰ� 

ÝćÖÖćøüĉđÙøćąĀŤ×šĂöĎú×ĂÜēðøêĊîĔîøćÖ×šćüĀúĆÜÝćÖìĞćÖćøìéúĂÜđðŨîđüúćǰ�ǰßĆęüēöÜǰóï
ēðøêĊîĔîøćÖ×šćüÝĞćîüîøćÖ 347 ßîĉéǰ	õćóìĊęǰ��1 Ù
ǰēé÷óïēðøêĊîìĊęĒÿéÜĂĂÖĔî×šćüǰLPT123 
ÝĞćîüîǰ���ǰßîĉéǰĒúąóïēðøêĊîìĊęĒÿéÜĂĂÖĔî×šćüǰLPT123-TC171 ÝĞćîüîǰ���ǰßîĉéǰàċęÜöĊēðøêĊî
ìĊęóïđÞóćąĔî LPT123 ÝĞćîüî 18 ßîĉé 	õćóǰ4.1 Ù ÖúčŠöǰB F ĒúąǰM) ĒúąóïđÞóćąĔî LPT123-
TC171 ÝĞćîüîǰ1 ßîĉé 	õćóǰ4.1 Ù ÖúčŠö A E ĒúąǰN)  

ĀúĆÜÝćÖĕéšøĆïõćüąĒúšÜđðŨîđüúćǰ�ǰßĆęüēöÜǰøćÖ×šćüǰLPT123 öĊÖćøÿøšćÜēðøêĊîìĊęĕöŠóïĔî
õćüąðÖêĉǰÝĞćîüîǰ�ǰßîĉéǰ	õćóǰ��1 Ù ÖúčŠöǰB) Ĕî×èąìĊęøćÖ×šćüǰLPT123-TC171 ĕöŠóïÖćøÿøšćÜ
ēðøêĊîìĊęĒêÖêŠćÜÝćÖøćÖ×šćüìĊęðúĎÖĔîõćüąðÖêĉǰ	õćó 4.1 Ù ÖúčŠöǰA) 

đöČęĂîĞćðøĉöćèēðøêĊîĒêŠúąßîĉéìĊęóïĔîøćÖ×šćüǰ�ǰßčéÖćøìéúĂÜǰĕéšĒÖŠǰ×šćüǰLP123 Ĕî
õćüąðÖêĉǰ×šćüǰLPT123 ĔîõćüąĒúšÜǰ	ĀúĆÜĕéšøĆïõćüąĒúšÜđðŨîđüúćǰ�ǰßĆęüēöÜ
ǰ×šćüǰLPT123-TC171 
ĔîõćüąðÖêĉǰĒúą×šćüǰLPT123-TC171 ĔîõćüąĒúšÜǰ	ĀúĆÜĕéšøĆïõćüąĒúšÜđðŨîđüúćǰ�ǰßĆęüēöÜ
ǰĕð
üĉđÙøćąĀŤÙüćöĒðøðøüîǰóïüŠćöĊēðøêĊîìĊęöĊðøĉöćèĒêÖêŠćÜĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâ 40 ßîĉéǰàċęÜÙĉéđðŨîǰ
12% 	õćÙñîüÖǰ×ǰêćøćÜìĊęǰ×-2) ÿćöćøëüĉđÙøćąĀŤÖúčŠöđðŨîǰ4 ÖúčŠöǰéĆÜõćóìĊęǰ4.3 ĒÿéÜēðøêĊîìĊęöĊ
ÖćøđðúĊę÷îĒðúÜìĊęîŠćÿîĔÝéĆÜêćøćÜìĊęǰ4.1 
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1.3 ĒïïøĎðēðøêĊîđöČęĂßĆęüēöÜìĊęǰ6 

ÝćÖÖćøüĉđÙøćąĀŤ×šĂöĎú×ĂÜēðøêĊîĔîøćÖ×šćüĀúĆÜÝćÖìĞćÖćøìéúĂÜđðŨîđüúćǰ6 ßĆęüēöÜǰóï
ēðøêĊîĔîøćÖ×šćüÝĞćîüîøćÖ 337 ßîĉéǰ	õćóìĊęǰ��1 Ü
ǰēé÷óïēðøêĊîìĊęĒÿéÜĂĂÖĔî×šćüǰLPT123 
ÝĞćîüîǰ�3�ǰßîĉéǰĒúąóïēðøêĊîìĊęĒÿéÜĂĂÖĔî×šćüǰLPT123-TC171 ÝĞćîüîǰ�1�ǰßîĉéǰàċęÜöĊēðøêĊî
ìĊęóïđÞóćąĔî LPT123 ÝĞćîüî 18 ßîĉé 	õćóǰ4.1 Ü ÖúčŠöǰB F ĒúąǰM) ĒúąóïđÞóćąĔî LPT123-
TC171 ÝĞćîüîǰ1 ßîĉé 	õćóǰ4.1 Ü ÖúčŠö A E ĒúąǰN)  

ĀúĆÜÝćÖĕéšøĆïõćüąĒúšÜđðŨîđüúć 6 ßĆęüēöÜǰøćÖ×šćüǰLPT123 öĊÖćøÿøšćÜēðøêĊîìĊęĕöŠóïĔî
õćüąðÖêĉǰÝĞćîüîǰ7 ßîĉéǰ	õćóǰ��1 Ü ÖúčŠöǰB) Ĕî×èąìĊęøćÖ×šćüǰLPT123-TC171 ĕöŠóïÖćøÿøšćÜ
ēðøêĊîìĊęĒêÖêŠćÜÝćÖøćÖ×šćüìĊęðúĎÖĔîõćüąðÖêĉǰ	õćóǰ��1 Ü ÖúčŠöǰA) 

đöČęĂîĞćðøĉöćèēðøêĊîĒêŠúąßîĉéìĊęóïĔîøćÖ×šćüǰ�ǰßčéÖćøìéúĂÜǰĕéšĒÖŠǰ×šćüǰLP123 Ĕî
õćüąðÖêĉǰ×šćüǰLPT123 ĔîõćüąĒúšÜǰ	ĀúĆÜĕéšøĆïõćüąĒúšÜđðŨîđüúćǰ6 ßĆęüēöÜ
ǰ×šćüǰLPT123-TC171 
ĔîõćüąðÖêĉǰĒúą×šćüǰLPT123-TC171 ĔîõćüąĒúšÜǰ	ĀúĆÜĕéšøĆïõćüąĒúšÜđðŨîđüúćǰ6 ßĆęüēöÜ
ǰĕð
üĉđÙøćąĀŤÙüćöĒðøðøüîǰóïüŠćöĊēðøêĊîìĊęöĊðøĉöćèĒêÖêŠćÜĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâ 38 ßîĉéǰàċęÜÙĉéđðŨîǰ
11% 	õćÙñîüÖǰ×ǰêćøćÜìĊęǰ×-3) ÿćöćøëüĉđÙøćąĀŤÖúčŠöđðŨîǰ4 ÖúčŠöǰéĆÜõćóìĊęǰ4.4 ĒÿéÜēðøêĊîìĊęöĊ
ÖćøđðúĊę÷îĒðúÜìĊęîŠćÿîĔÝéĆÜêćøćÜìĊęǰ4.1 

  



29 
 

1.4 ĒïïøĎðēðøêĊîđöČęĂßĆęüēöÜìĊęǰ24 

ÝćÖÖćøüĉđÙøćąĀŤ×šĂöĎú×ĂÜēðøêĊîĔîøćÖ×šćüĀúĆÜÝćÖìĞćÖćøìéúĂÜđðŨîđüúćǰ24 ßĆęüēöÜǰóï
ēðøêĊîĔîøćÖ×šćüÝĞćîüîøćÖ 336 ßîĉéǰ	õćóìĊęǰ��1 Ý
ǰēé÷óïēðøêĊîìĊęĒÿéÜĂĂÖĔî×šćüǰLPT123 
ÝĞćîüîǰ�34 ßîĉéǰĒúąóïēðøêĊîìĊęĒÿéÜĂĂÖĔî×šćüǰLPT123-TC171 ÝĞćîüîǰ�16 ßîĉéǰàċęÜöĊēðøêĊî
ìĊęóïđÞóćąĔî LPT123 ÝĞćîüî 20 ßîĉé 	õćóǰ4.1 Ý ÖúčŠöǰB F ĒúąǰM) ĒúąǰóïđÞóćąĔî 
LPT123-TC171 ÝĞćîüîǰ2 ßîĉé 	õćóǰ4.1 Ý ÖúčŠö A E ĒúąǰN)  

ĀúĆÜÝćÖĕéšøĆïõćüąĒúšÜđðŨîđüúć 24 ßĆęüēöÜǰøćÖ×šćüǰLPT123 öĊÖćøÿøšćÜēðøêĊîìĊęĕöŠóïĔî
õćüąðÖêĉǰÝĞćîüîǰ3 ßîĉéǰ	õćóǰ4.1 Ý ÖúčŠöǰB) Ĕî×èąìĊęøćÖ×šćüǰLPT123-TC171 ĕöŠóïÖćøÿøšćÜ
ēðøêĊîìĊęĒêÖêŠćÜÝćÖøćÖ×šćüìĊęðúĎÖĔîõćüąðÖêĉǰ	õćóǰ4.1 Ý ÖúčŠöǰA) 

đöČęĂîĞćðøĉöćèēðøêĊîĒêŠúąßîĉéìĊęóïĔîøćÖ×šćüǰ�ǰßčéÖćøìéúĂÜǰĕéšĒÖŠǰ×šćüǰLP123 Ĕî
õćüąðÖêĉǰ×šćüǰLPT123 ĔîõćüąĒúšÜǰ	ĀúĆÜĕéšøĆïõćüąĒúšÜđðŨîđüúćǰ24 ßĆęüēöÜ
ǰ×šćüǰLPT123-
TC171 ĔîõćüąðÖêĉǰĒúą×šćüǰLPT123-TC171 ĔîõćüąĒúšÜǰ	ĀúĆÜĕéšøĆïõćüąĒúšÜđðŨîđüúćǰ24 
ßĆęüēöÜ
ǰĕðüĉđÙøćąĀŤÙüćöĒðøðøüîǰóïüŠćöĊēðøêĊîìĊęöĊðøĉöćèĒêÖêŠćÜĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâ 42 ßîĉéǰàċęÜ
ÙĉéđðŨîǰ13%  	õćÙñîüÖǰ×ǰêćøćÜìĊęǰ×-4) ÿćöćøëüĉđÙøćąĀŤÖúčŠöđðŨîǰ4 ÖúčŠöǰéĆÜõćóìĊęǰ4.5 ĒÿéÜ
ēðøêĊîìĊęöĊÖćøđðúĊę÷îĒðúÜìĊęîŠćÿîĔÝéĆÜêćøćÜìĊęǰ4.1 
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õćóìĊęǰ��� Venn diagram ĒÿéÜÝĞćîüîßîĉé×ĂÜēðøêĊîìĊęóïĔîøćÖ×šćüǰLPT���ǰìĊęðúĎÖĔîõćüą
ðÖêĉǰ	���RN) øćÖ×šćüǰLPT���ǰìĊęðúĎÖĔîõćüąĒúšÜǰ	���RD) øćÖ×šćüǰLPT123-TC���ǰìĊęðúĎÖĔî
õćüąðÖêĉǰ	���RN) øćÖ×šćüǰLPT123-TC���ǰìĊęðúĎÖĔîõćüąĒúšÜǰ	���RD) ÿĆâúĆÖþèŤĂĆÖþøǰA – K 
ĒÿéÜĒêŠúąÿŠüî×ĂÜǰVenn Diagram éĆÜĒÿéÜéĆÜõćóǰÖǰÝĞćîüîßîĉé×ĂÜēðøêĊîìĊęóïĔîĒêŠúąÿŠüî
×ĂÜõćóǰÖǰĒÿéÜĔîõćóǰ× 	ßĆęüēöÜìĊę 0) õćóǰÙǰ	ßĆęüēöÜìĊęǰ2) õćóǰÜǰ	ßĆęüēöÜìĊęǰ6)  
õćóǰÝǰ	ßĆęüēöÜìĊęǰ24) ĒúąǰõćóǰÞǰ	ēðøêĊîìĆĚÜĀöéĔîøćÖ×šćü
  

Öǰ ×ǰ

Ùǰ Üǰ

Ýǰ Þǰ
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õćóìĊęǰ��� Heat map ĒÿéÜøąéĆïðøĉöćèēðøêĊîìĊęĒêÖêŠćÜÖĆîĔî×šćüǰLPT123 ĒúąǰLPT123-TC171đöČęĂđøĉęö
ÖćøìéúĂÜǰÖúčŠöǰÖ ÝĞćîüîǰ15 ßîĉéǰÖúčŠöǰ×ǰÝĞćîüîǰ11 ßîĉéǰÖúčŠöǰÙǰÝĞćîüî 8 ßîĉéÖúčŠöǰÜ  
ÝĞćîüîǰ10 ßîĉé  

øąéĆïÖćøĒÿéÜĂĂÖēðøêĊîǰêęĞć……ǰ ……ÿĎÜǰ

êęĞć……ǰ ……ÿĎÜǰøąéĆïÖćøĒÿéÜĂĂÖēðøêĊîǰ

êęĞć……ǰ ……ÿĎÜǰøąéĆïÖćøĒÿéÜĂĂÖēðøêĊîǰ

êęĞć……ǰ ……ÿĎÜǰøąéĆïÖćøĒÿéÜĂĂÖēðøêĊîǰ

Öǰ

×ǰ

Ùǰ

Üǰ
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ǰ

ǰ

õćóìĊęǰ��3 Heat map ĒÿéÜøąéĆïðøĉöćèēðøêĊîìĊęĒêÖêŠćÜÖĆîĔî×šćüǰLPT123 ĒúąǰLPT123-TC171đöČęĂǰ
ßĆęüēöÜìĊęǰ2 ÖúčŠöǰÖ ÝĞćîüîǰ14 ßîĉéǰÖúčŠöǰ×ǰÝĞćîüîǰ8 ßîĉéǰÖúčŠöǰÙǰÝĞćîüî 12 ßîĉé ÖúčŠöǰÜ  
ÝĞćîüîǰ6 ßîĉéǰ ǰ

êęĞć……ǰ ……ÿĎÜǰøąéĆïÖćøĒÿéÜĂĂÖēðøêĊîǰ

êęĞć……ǰ ……ÿĎÜǰøąéĆïÖćøĒÿéÜĂĂÖēðøêĊîǰ

êęĞć……ǰ ……ÿĎÜǰøąéĆïÖćøĒÿéÜĂĂÖēðøêĊîǰ

êęĞć……ǰ ……ÿĎÜǰøąéĆïÖćøĒÿéÜĂĂÖēðøêĊîǰ

Öǰ

×ǰ

Ùǰ

Üǰ
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õćóìĊęǰ��4 Heat map ĒÿéÜøąéĆïðøĉöćèēðøêĊîìĊęĒêÖêŠćÜÖĆîĔî×šćüǰLPT123 ĒúąǰLPT123-TC171đöČęĂǰ
ßĆęüēöÜìĊęǰ6 ÖúčŠöǰÖ ÝĞćîüîǰ4 ßîĉéǰÖúčŠöǰ×ǰÝĞćîüîǰ16 ßîĉéǰÖúčŠöǰÙǰÝĞćîüî 12 ßîĉé ÖúčŠöǰÜ  
ÝĞćîüîǰ6 ßîĉéǰ ǰ

êęĞć……ǰ ……ÿĎÜǰøąéĆïÖćøĒÿéÜĂĂÖēðøêĊîǰ

êęĞć……ǰ ……ÿĎÜǰøąéĆïÖćøĒÿéÜĂĂÖēðøêĊîǰ

êęĞć……ǰ ……ÿĎÜǰøąéĆïÖćøĒÿéÜĂĂÖēðøêĊîǰ

êęĞć……ǰ ……ÿĎÜǰøąéĆïÖćøĒÿéÜĂĂÖēðøêĊîǰ

Öǰ

×ǰ

Ùǰ

Üǰ
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õćóìĊęǰ��5 Heat map ĒÿéÜøąéĆïðøĉöćèēðøêĊîìĊęĒêÖêŠćÜÖĆîĔî×šćüǰLPT123 ĒúąǰLPT123-TC171đöČęĂǰ
ßĆęüēöÜìĊęǰ24ÖúčŠöǰÖ ÝĞćîüîǰ8 ßîĉéǰÖúčŠöǰ×ǰÝĞćîüîǰ7 ßîĉéǰÖúčŠöǰÙǰÝĞćîüî 6 ßîĉé ÖúčŠöǰÜ  
ÝĞćîüîǰ21 ßîĉéǰ ǰ

êęĞć……ǰ ……ÿĎÜǰøąéĆïÖćøĒÿéÜĂĂÖēðøêĊîǰ

êęĞć……ǰ ……ÿĎÜǰøąéĆïÖćøĒÿéÜĂĂÖēðøêĊîǰ

êęĞć……ǰ ……ÿĎÜǰøąéĆïÖćøĒÿéÜĂĂÖēðøêĊîǰ

êęĞć……ǰ ……ÿĎÜǰøąéĆïÖćøĒÿéÜĂĂÖēðøêĊîǰ

Öǰ

×ǰ

Ùǰ

Üǰ
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êćøćÜìĊęǰ4.1 ēðøêĊîìĊęöĊÖćøĒÿéÜĂĂÖĒêÖêŠćÜÖĆîĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâìćÜÿëĉêĉĔîøćÖ×šćüǰLPT123 Ēúą 
LPT123-TC171 èǰđüúćìĊęǰ0 2 6 Ēúą 24 ßĆęüēöÜ 

êĞćĒĀîŠÜ÷Ċî 
(Locus) 

ĀîšćìĊę 
(Function) 

ÖćøĒÿéÜĂĂÖ 
LPT123 LPT123-TC171 

ßĆęüēöÜìĊęǰ0  
LOC_Os06g47890 signal transduction          öĊÖćøĒÿéÜĂĂÖđÞóćą LPT123-TC171 
ßĆęüēöÜìĊęǰ2 õćüąĒúšÜöĊñúìĞćĔĀšēðøêĊîöĊÖćøĒÿéÜĂĂÖđðúĊę÷îĒðúÜÝćÖõćüąðÖêĉ 
LOC_Os04g29210 metabolic process ÿĎÜ×ċĚî ĕöŠđðúĊę÷îĒðúÜ 
LOC_Os05g49460 nucleic acid 

metabolic process 
ÿĎÜ×ċĚî ĕöŠđðúĊę÷îĒðúÜ 

LOC_Os08g31450 cellular process ÿĎÜ×ċĚî ĕöŠđðúĊę÷îĒðúÜ 
ßĆęüēöÜìĊęǰ6 õćüąĒúšÜöĊñúìĞćĔĀšēðøêĊîöĊÖćøĒÿéÜĂĂÖđðúĊę÷îĒðúÜÝćÖõćüąðÖêĉ 
LOC_Os10g41390 protein modification 

process 
õćüąĒúšÜÿĎÜÖüŠćõćüąðÖêĉìĆĚÜÿĂÜóĆîíčŤĒêŠ 

LPT123RD ĒÿéÜĂĂÖÿĎÜÖüŠć LPT123-171RD 
LOC_Os02g05692 unknown õćüąĒúšÜÿĎÜÖüŠćõćüąðÖêĉìĆĚÜÿĂÜóĆîíčŤĒêŠ 

LPT123RD ĒÿéÜĂĂÖêęĞćÖüŠć LPT123-171RD 
LOC_Os01g33520 unknown êęĞćúÜ ĕöŠđðúĊę÷îĒðúÜ 
LOC_Os01g06454 metabolic process êęĞćúÜ ĕöŠđðúĊę÷îĒðúÜ 
LOC_Os01g57962 photosynthesis êęĞćúÜ ĕöŠđðúĊę÷îĒðúÜ 
LOC_Os12g12190 nucleic acid 

metabolic process 
ĕöŠđðúĊę÷îĒðúÜ êęĞćúÜ 

LOC_Os11g45250 nucleic acid 
metabolic process 

ĕöŠđðúĊę÷îĒðúÜ êęĞćúÜ 

LOC_Os05g04620 metabolic process ĕöŠđðúĊę÷îĒðúÜ êęĞćúÜ 
ßĆęüēöÜìĊęǰ24 õćüąĒúšÜöĊñúìĞćĔĀšēðøêĊîöĊÖćøĒÿéÜĂĂÖđðúĊę÷îĒðúÜÝćÖõćüąðÖêĉ 
LOC_Os11g37330 metabolic process õćüąĒúšÜÿĎÜÖüŠćõćüąðÖêĉìĆĚÜÿĂÜóĆîíčŤĒêŠ 

LPT123RD ĒÿéÜĂĂÖêęĞćÖüŠć LPT123-171RD 
LOC_Os08g09350 nucleic acid 

metabolic process 
õćüąĒúšÜÿĎÜÖüŠćõćüąðÖêĉìĆĚÜÿĂÜóĆîíčŤĒêŠ 

LPT123RD ĒÿéÜĂĂÖÿĎÜÖüŠć LPT123-171RD 
LOC_Os06g15990 metabolic process êęĞćúÜ ĕöŠđðúĊę÷îĒðúÜ 
LOC_Os05g50690 nucleic acid 

metabolic process 
êęĞćúÜ ĕöŠđðúĊę÷îĒðúÜ 

  



36 
 

1.5 ĒïïøĎðēðøêĊîĔîøćÖ×šćüǰLPT123 đöČęĂĂ÷ĎŠĔîõćüąðÖêĉĒúąõćüąĒúšÜ 

đöČęĂîĞć×šĂöĎúēðøêĊîìčÖßîĉéìĊęĕéšÝćÖÖćøüĉđÙøćąĀŤ×šĂöĎúßîĉéĒúąðøĉöćè×ĂÜēðøêĊîìĊęóïĔî
ìčÖßŠüÜđüúćǰÝąóïüŠćĕéšēðøêĊîøüöìĆĚÜÿĉĚîǰ���ǰßîĉéǰ	õćóìĊęǰ4.1 Þ
ǰÝċÜîĞć×šĂöĎúðøĉöćèēðøêĊîĒêŠúą
ßîĉéìĊęóïĔîßŠüÜđüúćêŠćÜǰėǰĔîøćÖ×šćüǰLPT123 ìĊęðúĎÖđúĊĚ÷ÜĔîõćüąðÖêĉǰđìĊ÷ïÖĆï×šĂöĎúìĊęĕéšÝćÖøćÖ
×šćüìĊęðúĎÖđúĊĚ÷ÜĔîõćüąĒúšÜǰǰēé÷ĔßšǰStudent’s t-test óïüŠćöĊēðøêĊîĔîøćÖ×šćüǰLPT123 ìĊę
ĒÿéÜĂĂÖĒêÖêŠćÜÖĆîĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâđîČęĂÜÝćÖõćüąĒúšÜÝĞćîüîǰ��ǰßîĉéǰàċęÜÙĉéđðŨîǰ����% ēé÷
óïüŠćǰõćüąĒúšÜöĊñúìĞćĔĀšðøĉöćèēðøêĊîđóĉęö×ċĚîǰ��ǰßîĉéǰ	õćóìĊę 4.6 Ö õćÙñîüÖ ×ǰêćøćÜìĊęǰ×-5) 
ĒúąöĊñúìĞćĔĀšöĊðøĉöćèēðøêĊîúéúÜǰ��ǰßîĉéǰ	õćóìĊę 4.6 × õćÙñîüÖ ×ǰêćøćÜìĊęǰ×-6
ǰĒúąđöČęĂîĞć
ßîĉé×ĂÜēðøêĊîìĊęöĊðøĉöćèÖćøĒÿéÜĂĂÖđðúĊę÷îĒðúÜĕðöćÝĆéÖúčŠöǰgene ontology (GO) êćöǰ
biological process Ĕîåćî×šĂöĎúǰRGAP ĕéšđðŨî 8 ÖúčŠöǰĕéšĒÖŠǰunknown 34%  transposon 
16% metabolic process 16%  cellular process 12% protein modification process 7% 
nucleic acid metabolic process 7% cellular component organization 3% signal 
transduction 5% (õćóìĊę 4.8) 

  



37 
 

 

 

ǰ

õćóìĊęǰ��6ǰHeat map ĒÿéÜøąéĆïðøĉöćèēðøêĊîìĊęĒêÖêŠćÜÖĆîĔî×šćüǰLPT���ǰēé÷óïøąéĆïÖćø
ĒÿéÜĂĂÖĔîøćÖ×šćüǰLPT123 õćüąĒúšÜ ÿĎÜÖüŠćĔîǰLPT123 õćüąðÖêĉ ÝĞćîüîǰ51 ßîĉéǰ	Ö
ǰĒúą 
LPT123 õćüąĒúšÜ öĊÖćøĒÿéÜĂĂÖêęĞćĔîøćÖ×šćüǰLPT123 õćüąðÖêĉǰÝĞćîüî 17 ßîĉé 	×
ǰêĞćĒĀîŠÜ
×ĂÜ÷ĊîĒÿéÜĕüšìćÜ×üć×ĂÜ Heat map 

 

  

Öǰ

×ǰ

øąéĆïÖćøĒÿéÜĂĂÖēðøêĊîǰ
êęĞć……ǰ ……ÿĎÜǰ

øąéĆïÖćøĒÿéÜĂĂÖēðøêĊîǰêęĞć……ǰ ……ÿĎÜǰ
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1.6 ĒïïøĎðēðøêĊîĔîøćÖ×šćüǰLPT123-TC171 đöČęĂĂ÷ĎŠĔîõćüąðÖêĉĒúąõćüąĒúšÜ 

đöČęĂîĞć×šĂöĎúēðøêĊîìčÖßîĉéìĊęĕéšÝćÖÖćøüĉđÙøćąĀŤ×šĂöĎúßîĉéĒúąðøĉöćè×ĂÜēðøêĊîìĊęóïĔî
ìčÖßŠüÜđüúćĔîøćÖ×šćüǰLPT123-TC171 ìĊęðúĎÖđúĊĚ÷ÜĔîõćüąðÖêĉǰđìĊ÷ïÖĆï×šĂöĎúìĊęĕéšÝćÖøćÖ×šćüìĊę
ðúĎÖđúĊĚ÷ÜĔîõćüąĒúšÜǰǰēé÷ĔßšǰStudent’s t-test óïüŠćöĊēðøêĊîĔîøćÖ×šćüǰLPT123-TC171 ìĊę
ĒÿéÜĂĂÖĒêÖêŠćÜÖĆîĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâđîČęĂÜÝćÖõćüąĒúšÜÝĞćîüîǰ��ǰßîĉéǰàċęÜÙĉéđðŨîǰ����ǰ% ēé÷
óïüŠćǰõćüąĒúšÜöĊñúìĞćĔĀšēðøêĊîöĊðøĉöćèđóĉęö×ċĚîǰ��ǰßîĉéǰ	õćóìĊę 4.7 Ö õćÙñîüÖ ×ǰêćøćÜìĊęǰ×-
7
ǰĒúąǰöĊñúìĞćĔĀšöĊðøĉöćèúéúÜǰ��ǰßîĉéǰ	õćóìĊę 4.7 × õćÙñîüÖ ×ǰêćøćÜìĊęǰ×-8
ǰĒúąđöČęĂîĞć
ßîĉé×ĂÜēðøêĊîìĊęöĊðøĉöćèÖćøĒÿéÜĂĂÖđðúĊę÷îĒðúÜĕðöćÝĆéÖúčŠöǰgene ontology (GO) êćöǰ
biological process Ĕîåćî×šĂöĎúǰRGAP ĕéšđðŨî 8 ÖúčŠöǰĕéšĒÖŠǰunknown 35%  transposon 
19%  metabolic process 23%  cellular process 8% Transport 2% nucleic acid 
metabolic process 8% cellular component organization 3% signal transduction 2% 
(õćóìĊę 4.9) 
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õćóìĊęǰ��7ǰHeat map ĒÿéÜøąéĆïðøĉöćèēðøêĊîìĊęĒêÖêŠćÜÖĆîĔî×šćüǰLPT123-TC171 ēé÷óï
øąéĆïÖćøĒÿéÜĂĂÖĔîøćÖ×šćüǰLPT123-TC171 õćüąĒúšÜ ÿĎÜÖüŠćĔîǰLPT123-TC171 õćüąðÖêĉ 
ÝĞćîüîǰ37 ßîĉéǰ	Ö
ǰĒúą LPT123-TC171 õćüąĒúšÜ öĊÖćøĒÿéÜĂĂÖêęĞćĔîøćÖ×šćüǰLPT123-TC171 
õćüąðÖêĉǰÝĞćîüî 25 ßîĉé 	×
ǰêĞćĒĀîŠÜ×ĂÜ÷ĊîĒÿéÜĕüšìćÜ×üć×ĂÜ Heat map 

  

Öǰ

×ǰ

øąéĆïÖćøĒÿéÜĂĂÖēðøêĊîǰ
êęĞć……ǰ

êęĞć……ǰ

……ÿĎÜǰ

……ÿĎÜǰøąéĆïÖćøĒÿéÜĂĂÖēðøêĊîǰ
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õćóìĊęǰ4.8 ÿĆéÿŠüîĀîšćìĊę×ĂÜēðøêĊîìĊęóïüŠćöĊðøĉöćèĒêÖêŠćÜÖĆîĔîøćÖ×šćüǰLPT123 õćüąðÖêĉǰ
ĒúąǰđöČęĂĕéšøĆïõćüąĒúšÜ 

 

 
õćóìĊęǰ4.9 ÿĆéÿŠüîĀîšćìĊę×ĂÜēðøêĊîìĊęóïüŠćöĊðøĉöćèĒêÖêŠćÜÖĆîĔîøćÖ×šćü LPT123-TC171 õćüą
ðÖêĉǰĒúąǰđöČęĂĕéšøĆïõćüąĒúšÜ 
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đöČęĂóĉÝćøèćßîĉé×ĂÜēðøêĊîìĊęöĊÖćøđðúĊę÷îĒðúÜðøĉöćèđîČęĂÜÝćÖõćüąĒúšÜìĊęóïĔîøćÖ×šćüǰ
LPT123 ĒúąǰLPT123-TC171 Ă÷ŠćÜöĊîĆ÷ÿĞćÙĆâìćÜÿëĉêĉēé÷ĔßšǰStudent’s t-test óïüŠćđðŨîēðøêĊî
đéĊ÷üÖĆîǰ�ǰßîĉéǰĔîÖúčŠöǰG 1 ßîĉéǰÖúčŠöǰI 1 ßîĉéǰÖúčŠöǰO 6 ßîĉéǰéĆÜõćóìĊę 4.13 êćøćÜìĊę 4.2 

ǰ

õćóìĊęǰ4.10 Venn diagram ĒÿéÜÝĞćîüîßîĉé×ĂÜēðøêĊîìĊęöĊðøĉöćèĒêÖêŠćÜđîČęĂÜÝćÖõćüąĒúšÜìĊę
óïĔîøćÖ×šćüǰLPT123 ĒúąǰLPT123-TC171  

ǰ

êćøćÜìĊęǰ4.2 ēðøêĊîßîĉéđéĊ÷üÖĆîĔî×šćü LPT123 Ēúą LPT123-TC171 õć÷ĔêšõćüąĒúšÜ ÝĞćîüîǰ8 
ēðøêĊîĒêŠöĊÖćøđðúĊę÷îĒðúÜõć÷ĔêšõćüąĒúšÜĒêÖêŠćÜÖĆî 

êĞćĒĀîŠÜ÷Ċî ÖúčŠö ĀîšćìĊę LPT123RD LPT123-TC171RD 
LOC_Os11g16250 O unknown đóĉęö×ċĚî úéúÜ 
LOC_Os02g40770 O cellular process đóĉęö×ċĚî úéúÜ 
LOC_Os06g14190 O nucleic acid 

metabolism 
đóĉęö×ċĚî úéúÜ 

LOC_Os11g13990 G cellular 
organization 

đóĉęö×ċĚî úéúÜ 

LOC_Os01g43270 O metabolic process đóĉęö×ċĚî úéúÜ 
LOC_Os03g44170 I metabolic process đóĉęö×ċĚî úéúÜ 
LOC_Os07g37990 O metabolic process đóĉęö×ċĚî úéúÜ 
LOC_Os07g06840 O metabolic process úéúÜ đóĉęö×ċĚî 
 ÝćÖǰVenn diagram ÝąđĀĘîüŠćöĊēðøêĊîìĊęöĊÖćøđðúĊę÷îĒðúÜðøĉöćèđîČęĂÜÝćÖõćüąĒúšÜ
øüöìĆĚÜÿĉĚîǰ���ǰßîĉéǰàċęÜđöČęĂüĉđÙøćąĀŤÙüćöĒðøðøüî×ĂÜÙŠćđÞúĊę÷ðøĉöćèēðøêĊîĒêŠúąßîĉéìĊęđÖĉé×ċĚî
Ĕî×šćüìĆĚÜÿĂÜóĆîíčŤ�ÿć÷óĆîíčŤđöČęĂðúĎÖĔîõćüąðÖêĉĒúąõćüąĒúšÜǰÝąóïüŠćöĊēðøêĊîìĊęöĊðøĉöćèÙüćö

Öǰ ×ǰ
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ĒêÖêŠćÜÖĆîĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâìćÜÿëĉêĉÝĞćîüîǰ��ǰßîĉéǰàċęÜÿćöćøëüĉđÙøćąĀŤÖúčŠöǰ	cluster analysis) 
đðŨîǰ�ǰÖúčŠöǰÙČĂǰ 

��ǰÖúčŠöìĊęöĊðøĉöćèÿĎÜĔîøćÖ×šćüǰLPT123 ìĆĚÜĔîõćüąðÖêĉĒúąõćüąĒúšÜǰĒêŠöĊðøĉöćèêęĞćĔî×šćüǰ
LPT123-TC171 ĔîõćüąðÖêĉǰĒêŠđöČęĂ×šćüǰLPT123-TC171 ĕéšøĆïõćüąĒúšÜöĊĒîüēîšöìĊęöĊðøĉöćè
đóĉęö×ċĚîǰàċęÜöĊÝĞćîüîǰ��ǰßîĉéǰ	õćóìĊę 4.11 ÖǰõćÙñîüÖǰ×ǰêćøćÜìĊę ×5-×8 cluster D1)ǰ

��ǰÖúčŠöìĊęöĊðøĉöćèÿĎÜĔîøćÖ×šćüǰLPT123-TC171 ĔîõćüąðÖêĉǰĒúąöĊðøĉöćèúéúÜđöČęĂĕéšøĆïõćüą
ĒúšÜǰĒêŠøćÖ×šćüǰLPT123 öĊðøĉöćèêęĞćÖüŠćǰLPT123-TC171 ĔîõćüąðÖêĉǰĒêŠöĊðøĉöćèÿĎÜ×ċĚîđöČęĂ
ĕéšøĆïõćüąĒúšÜǰàċęÜöĊÝĞćîüîǰ�ǰßîĉé (õćóìĊęǰ4.11 ×ǰõćÙñîüÖǰ×ǰêćøćÜìĊę ×5-×8 cluster D2)ǰ

��ǰÖúčŠöìĊęöĊðøĉöćèđóĉęö×ċĚîĔîøćÖ×šćüǰLPT123 đöČęĂĕéšøĆïõćüąĒúšÜǰĒêŠöĊÖćøđðúĊę÷îĒðúÜîšĂ÷Ĕî×šćüǰ
LPT123-TC171 đöČęĂĕéšøĆïõćüąĒúšÜǰàċęÜöĊÝĞćîüîǰ��ǰßîĉé (õćóìĊęǰ4.11 ÙǰõćÙñîüÖǰ×ǰêćøćÜìĊę  
×5-×8 cluster D3) 

��ǰÖúčŠöìĊęöĊÖćøßĆÖîĞćĔĀšöĊðøĉöćèÿĎÜđóĉęö×ċĚîĂ÷ŠćÜßĆéđÝîĔîøćÖ×šćüǰLPT123-TC171 đöČęĂĕéšøĆïõćüą
ĒúšÜǰĒêŠöĊÖćøđðúĊę÷îĒðúÜđîČęĂÜÝćÖõćüąĒúšÜĕöŠßĆéđÝîĔî×šćüǰLPT123 àċęÜöĊÝĞćîüîǰ��ǰßîĉé  
(õćóìĊęǰ4.11 ÜǰõćÙñîüÖǰ×ǰêćøćÜìĊę ×5-×8 cluster D4) 
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õćóìĊęǰ��11ǰHeat map ĒÿéÜøąéĆïðøĉöćèēðøêĊîìĊęĒêÖêŠćÜÖĆîĔî×šćü LPT123 Ēúą LPT123-TC171 ēé÷ÖúčŠöìĊę
ÖúčŠöìĊęöĊðøĉöćèÿĎÜĔîøćÖ×šćüǰLPT���ǰìĆĚÜĔîõćüąðÖêĉĒúąõćüąĒúšÜǰĒêŠöĊðøĉöćèêęĞćĔî×šćüǰLPT123-TC���ǰĔî
õćüąðÖêĉǰĒêŠđöČęĂ×šćüǰLPT123-TC���ǰĕéšøĆïõćüąĒúšÜöĊĒîüēîšöìĊęöĊðøĉöćèđóĉęö×ċĚîǰàċęÜöĊÝĞćîüîǰ��ǰßîĉé 	Ö
ǰÖúčŠö
ìĊęöĊðøĉöćèÿĎÜĔîøćÖ×šćüǰLPT123-TC���ǰĔîõćüąðÖêĉǰĒúąöĊðøĉöćèúéúÜđöČęĂĕéšøĆïõćüąĒúšÜǰĒêŠøćÖ×šćüǰ
LPT���ǰöĊðøĉöćèêęĞćÖüŠćǰLPT123-TC���ǰĔîõćüąðÖêĉǰĒêŠöĊðøĉöćèÿĎÜ×ċĚîđöČęĂĕéšøĆïõćüąĒúšÜǰàċęÜöĊÝĞćîüîǰ�ǰßîĉé 
(×
ǰÖúčŠöìĊęöĊðøĉöćèđóĉęö×ċĚîĔîøćÖ×šćüǰLPT���ǰđöČęĂĕéšøĆïõćüąĒúšÜǰĒêŠöĊÖćøđðúĊę÷îĒðúÜîšĂ÷Ĕî×šćüǰLPT123-
TC���ǰđöČęĂĕéšøĆïõćüąĒúšÜǰàċęÜöĊÝĞćîüîǰ��ǰßîĉé 	Ù
ǰÖúčŠöìĊęöĊÖćøßĆÖîĞćĔĀšöĊðøĉöćèÿĎÜđóĉęö×ċĚîĂ÷ŠćÜßĆéđÝîĔîøćÖ×šćüǰ
LPT123-TC���ǰđöČęĂĕéšøĆïõćüąĒúšÜǰĒêŠöĊÖćøđðúĊę÷îĒðúÜđîČęĂÜÝćÖõćüąĒúšÜĕöŠßĆéđÝîĔî×šćüǰLPT���ǰàċęÜöĊÝĞćîüîǰ
��ǰßîĉé 	Ü
 

Öǰ

×ǰ

Ùǰ

Üǰ

øąéĆïÖćøĒÿéÜĂĂÖēðøêĊîǰêęĞć……ǰ ……ÿĎÜǰ

øąéĆïÖćøĒÿéÜĂĂÖēðøêĊîǰêęĞć……ǰ ……ÿĎÜǰ

øąéĆïÖćøĒÿéÜĂĂÖēðøêĊîǰêęĞć……ǰ ……ÿĎÜǰ

øąéĆïÖćøĒÿéÜĂĂÖēðøêĊîǰêęĞć……ǰ ……ÿĎÜǰ
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��ǰÖćøýċÖþćÖćøĒÿéÜĂĂÖ×ĂÜ÷ĊîïćÜßîĉéìĊęêĂïÿîĂÜêŠĂÙüćöĒúšÜĔîøąéĆïǰUSBOTDSJQUJPOǰ

ĔîÖćøýċÖþćÖćøĒÿéÜĂĂÖĔîøąéĆïǰtranscription ĕéšđúČĂÖýċÖþć÷Ċî LOC_Os06g14190 

(Os06g0252300) éšü÷đĀêčñúéĆÜêŠĂĕðîĊĚ 

1. đðŨî÷ĊîìĊęóïÖćøĒÿéÜĂĂÖøąéĆïēðøêĊîĔî×šćüìĆĚÜǰ�ǰóĆîíčŤ�ÿć÷óĆîíčŤìĊęìĞćÖćøýċÖþćǰ 

2. ÙŠćǰMASCOT Score đìŠćÖĆï 19.48 àċęÜöĊÙŠćÿĎÜđðŨîúĞćéĆïìĊęÿĂÜĔîĔîÖúčŠöēðøêĊîìĊęöĊ
ðøĉöćèđóĉęö×ċĚîĔîøćÖ×šćüǰLPT123 đöČęĂĕéšøĆïõćüąĒúšÜǰĒêŠöĊÖćøđðúĊę÷îĒðúÜîšĂ÷Ĕî×šćüǰLPT123-

TC171 đöČęĂĕéšøĆïõćüąĒúšÜ 	õćóìĊęǰ4.13) 

3. öĊÙüćöÙúšć÷ÙúċÜÖĆïǰhuman transcription repressor NF-X1 àċęÜöĊÖćøýċÖþćĒúšüĔîÙî
ĒúąǰArabidopsis ÙćéüŠćĔî×šćüîŠćÝąöĊïìïćìđðŨîǰtranscription repressor ìĊęêĂïÿîĂÜêŠĂõćüą
ĒúšÜĒúąđÙĘöǰĔîÖćøýċÖþćîĊĚĔĀšßČęĂ÷ĊîìĊęóïÙúšć÷ÖĆîĔî×šćüüŠćǰOsNFXL1 

2.1 in silico gene expression analysis 

OsNFXL1 öĊÙüćöëĊę×ĂÜÖćøĒÿéÜĂĂÖöćÖìĊęÿčéĔîđîČĚĂđ÷ČęĂøćÖđìŠćÖĆï 252 TPM (Unigene 

EST Profile) Ēúą÷ĊîöĊÖćøĒÿéÜĂĂÖÿĎÜ×ċĚîĔîõćüąĒúšÜǰõćüąđÙĘöǰéĆÜêćøćÜìĊęǰ4.3 ĒúąõćóìĊę 4.12 

êćøćÜìĊęǰ4.3 êøüÝÿĂïÖćøĒÿéÜĂĂÖ×ĂÜǰLOC_Os06g�����ǰĔîõćüąĒúšÜĒúąđÙĘö 

ßčéÖćøìéúĂÜǰ ßČęĂÖćøìéúĂÜǰ ñúÖćøýċÖþćǰ
GSE6901 Expression data for stress treatment in rice 

seedlings 
õćüąĒúšÜ ĒÿéÜĂĂÖÿĎÜ×ċĚî
(õćÙñîüÖǰÙǰêćøćÜìĊęǰÙ-2) 

GSE24048 Expression data from field droughted rice 
plants 

õćüąĒúšÜ ĒÿéÜĂĂÖÿĎÜ×ċĚî
(õćÙñîüÖǰÙǰêćøćÜìĊęǰÙ-3) 

E-MEXP-2401 Transcription profiling of Oryza sativa 
subtypes cultivar Nagina-22 (N22) and IR64 
subtypes under normal and drougth 
conditions 

õćüąĒúšÜ ĒÿéÜĂĂÖÿĎÜ×ċĚî 
(õćÙñîüÖǰÙǰêćøćÜìĊęǰÙ-4) 

GSE26280 Genome-wide temporal-spatial gene 
expression profiling of drought 
responsiveness in rice 

õćüąĒúšÜ ĒÿéÜĂĂÖÿĎÜ×ċĚî
(õćÙñîüÖǰÙǰêćøćÜìĊęǰÙ-5) 

GSE16108 Transcription profiling of parental lines 
and bulked salt sensitive and salt tolerant 
RILs derived from 2 rice varieties 

õćüąđÙĘö ĒÿéÜĂĂÖÿĎÜ×ċĚî
(õćÙñîüÖǰÙǰêćøćÜìĊęǰÙ-6) 



 

 

 

õćóìĊęǰ4.12 Heat map ĒÿéÜÖćøĒÿéÜĂĂÖ×ĂÜǰOsNFXL1 (LOC_Os06g14190) ĔîßčéÖćøìéúĂÜõćüąĒúšÜǰ	GSE6901, GSE24048, E-MEXP-2401, 

GSE26280) ĒúąĔîßčéÖćøìéúĂÜõćüąđÙĘöǰGSE16108 Ĕî×šćüóĆîíčŤìîđÙĘö (CSR27) Ēúąǰ×šćüóĆîíčŤĕöŠìîđÙĘö (MI48) ÝćÖ ROAD (http://www.ricearray.org)  

 

  

õćóìĊęǰ4.13 ðøĉöćèēðøêĊî×ĂÜǰLOC_Os06g14190 NF-X1-type zinc finger protein, putative, expressed ĔîøćÖ×šćü LPT123 õćüąĒúšÜöĊÖćøĒÿéÜĂĂÖ
ĒêÖêŠćÜÝćÖÖúčŠöĂČęîĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâìćÜÿëĉêĉ 

LPT123 ĔîõćüąðÖêĉ LPT123 ĔîõćüąĒúšÜ 

 

LPT123-TC171 ĔîõćüąðÖêĉ LPT123-TC171 ĔîõćüąĒúšÜ 
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2.2 in silico characterization of OsNFXL1 promoter region 

đöČęĂîĞćúĞćéĆïîĉüÙúĊēĂĕìéŤïøĉđüèìĊęđðŨîǰputative promoter ×ĂÜ LOC_Os06g14190 öć
üĉđÙøćąĀŤĀć cis-element éšü÷ǰRiceSRTFDB óïüŠćöĊĀúć÷êĞćĒĀîŠÜìĊęđðŨîǰcis-element ìĊęđÖĊę÷ü×šĂÜ
ÖĆïÖćøêĂïÿîĂÜêŠĂõćüąĒúšÜǰ (õćÙñîüÖ ÙǰõćóìĊę Ù-5, êćøćÜìĊęǰÙ-1) 

2.3 in silico gene co-expression analysis  

LOC_Os06g14190 (Os06g0252300) ÝćÖåćî×šĂöĎú Rice Functionally Related gene 

Expression Network Database (http://ricefrend.dna.affrc.go.jp) óïüŠćöĊđÙøČĂ×Šć÷ìĊęĂ÷ĎŠõć÷Ĕêš
ÖćøĒÿéÜĂĂÖđìŠćÖĆïǰ94 Nodes Ēúąǰ128 Edges ēé÷óïüŠćÖćøĒÿéÜĂĂÖ×ĂÜǰOsNFXL1 îĊĚ
đÖĊę÷ü×šĂÜÖĆïÖćøĒÿéÜĂĂÖ×ĂÜǰtranscription factor ĂČęîĂĊÖǰ�ǰßîĉéǰ(õćóìĊęǰ4.14) ĒúąöĊÙüćö
đßČęĂöē÷ÜÖĆïǰpathway ĂČęîǰėǰĂĊÖǰ�ǰpathway ĂĊÖéšü÷ǰéĆÜêćøćÜìĊęǰ4.4 
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õćóìĊęǰ4.14  ĒÿéÜđÙøČĂ×Šć÷ìĊęĂ÷ĎŠõć÷ĔêšÖćøĒÿéÜĂĂÖ×ĂÜ LOC_Os06g�����ǰÝćÖåćî×šĂöĎúǰRiceFREND (http://ricefrend.dna.affrc.go.jp) 

ÙĞćĂíĉïć÷ǰÿĆâúĆÖþèŤǰ

êĆüĂĆÖþøǰA-I ĒìîÿĊĔî  

Node ìĊęöĊĂ÷ĎŠĔîǰ 
KEGG Pathway 

osa01100 = A 

osa01110 = A 

osa00330 = A 

osa03040 = B, C, D, E 

osa03018 = F 

osa04120 = G 

osa04626 = H 

osa03420 = I 
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êćøćÜìĊęǰ4.4ǰĒÿéÜđÙøČĂ×Šć÷×ĂÜǰLOC_Os06g�����ǰĒúąǰĀîšćìĊęìĊęóïĔîǰPathway ìĊęìĞćîć÷ēé÷ǰ
KEGG 

KEGG Pathway Function Locus Remark 
osa01100 Metabolic pathways LOC_Os02g44000 A 
osa01110 Biosynthesis of secondary 

metabolites 
LOC_Os02g44000 A 

osa00330 Arginine and proline metabolism LOC_Os02g44000 A 
osa03040 Spliceosome LOC_Os01g34190 B 

LOC_Os02g12850 C 
LOC_Os02g30730 D 
LOC_Os03g19530 E 

osa03018 RNA degradation LOC_Os10g40050 F 
osa04120 Ubiquitin mediated proteolysis LOC_Os11g01510 G 
osa04626 Plant-pathogen interaction LOC_Os10g42430 H 
osa03420 Nucleotide excision repair LOC_Os03g10780 I 

 

2.4 ÖćøýċÖþćÖćøĒÿéÜĂĂÖ×ĂÜ÷Ċîéšü÷üĉíĊǰquantitative reverse transcription polymerase    

     chain reaction (qRT-PCR) 

ÝćÖúĞćéĆïîĉüÙúĊēĂĕìéŤ Os06g0252300 (gi|115467397) 	õćÙñîüÖǰÙ õćóìĊęǰÙ-3) ÝċÜĂĂÖĒïïǰ
primer đóČęĂêøüÝÿĂïÖćøĒÿéÜĂĂÖ×ĂÜ÷ĊîéĆÜÖúŠćü ĒúąĔßšǰprimer ÿĞćĀøĆïÖćøêøüÝüĆéðøĉöćèÖćø
ĒÿéÜĂĂÖ×ĂÜǰEF1Į  àċęÜĔßšđðŨîǰinternal control éĆÜîĊĚ 

Primer Name Primer Sequence 5’—3’ Product  
size (bp) 

Annealing  
temp (°C) 

OsNFXL1-F 
OsNFXL1-R 

5’-AAGTCATGGGGACATCGAAC-3’ 
5’-CTTCCCAATCATCCACTTCG-3’ 

177 54 

Cis_OsNFXL1-F 
Cis_OsNFXL1-R 

5’-ACACACGAAACAATCCAACG-3’ 
5’-TCACCACGTGTGTGTATTGG-3’ 

179 54 

EF1Į-F 
EF1Į-R 
Internal Control 

5’-ATGGTTGTGGAGACCTTC-3’ 
5’-TCACCTTGGCACCGGTTG-3’ 
(Chinpongpanich et al., 2012) 

127 54 
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đöČęĂìĞćÖćøêøüÝđïČĚĂÜêšîÿćöćøëĔßšǰprimer éĆÜÖúŠćüĔîÖćøđóĉęöðøĉöćèßĉĚîÿŠüîǰDNA ÝćÖǰcDNA 

éĆÜõćóìĊęǰ4.15 

                       

õćóìĊęǰ4.15 ×îćé×ĂÜĒëïǰDNA ìĊęĕéšÝćÖÖćøêøüÝÿĂïđïČĚĂÜêšîüŠć÷ĊîđðŜćĀöć÷öĊÖćøĒÿéÜĂĂÖ 

M = 100 bp DNA ladder (Geneaid, Taiwan) 

1 = Negative Control (primer EF1Į+H2O) 

2 = Negative no-RT-Control (primer EF1Į+Sample without MMLV) 

3 = internal Control (primer EF1Į+Sample cDNA) 

4 = Negative Control (primer OsNFXL1+H2O) 

5 = Negative no-RT-Control (primer OsNFXL1+Sample without MMLV) 

6 = OsNFXL1  (primer OsNFXL1+Sample cDNA) 

  

100 bp 
200 bp 
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 ÖćøýċÖþćøąéĆïÖćøĒÿéÜĂĂÖ×ĂÜ÷Ċî OsNFXL1 (LOC_Os06g14190) ĔîøćÖ×šćüÿć÷óĆîíčŤ
LPT123 õć÷ĔêšõćüąðÖêĉĒúąõćüąĒúšÜǰēé÷üĆéøąéĆïÖćøĒÿéÜĂĂÖêĆĚÜĒêŠǰ0 2 6 Ēúą 24 ßĆęüēöÜ
óïüŠćǰĔîÿć÷óĆîíčŤ LPT123 ĀúĆÜÝćÖĕéšøĆïõćüąĒúšÜöĊĒîüēîšöÖćøĒÿéÜĂĂÖìĊęÿĎÜ×ċĚîǰ	õćóìĊę 4.16
ǰ 
Ă÷ŠćÜĕøÖĘêćöǰÖćøĒÿéÜĂĂÖ×ĂÜ×šćüǰLPT123 ĔîìĆĚÜÿĂÜõćüąĕöŠĒêÖêŠćÜĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâìćÜÿëĉêĉ 
	õćÙñîüÖǰÙǰêćøćÜìĊę Ù-8) 

 

õćóìĊęǰ4.16ǰøąéĆïÖćøĒÿéÜĂĂÖ×ĂÜ÷ĊîǰOsNFXL1 Ĕî×šćü LPT123 õćüąðÖêĉǰĒúąǰõćüąĒúšÜìĊę
øą÷ąđüúćǰ0 2 6 Ēúą 24 ßĆęüēöÜ 
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ÖćøýċÖþćøąéĆïÖćøĒÿéÜĂĂÖ×ĂÜ÷Ċî OsNFXL1 ĔîøćÖ×šćüÿć÷óĆîíčŤ LPT123-TC171 
õć÷ĔêšõćüąðÖêĉĒúąõćüąĒúšÜǰēé÷üĆéøąéĆïÖćøĒÿéÜĂĂÖêĆĚÜĒêŠǰ0 2 6 Ēúą 24 ßĆęüēöÜóïüŠćÖćø
ĒÿéÜĂĂÖ×ĂÜ÷ĊîĔîÿć÷óĆîíčŤ LPT123-TC171 ĔîìĆĚÜÿĂÜõćüąĕöŠĒêÖêŠćÜĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâìćÜÿëĉêĉ 
(õćóìĊę 4.17
ǰ 	õćÙñîüÖǰÙǰêćøćÜìĊę Ù-9) 

ǰ

õćóìĊęǰ4.17ǰøąéĆïÖćøĒÿéÜĂĂÖ×ĂÜ÷ĊîǰOsNFXL1 Ĕî×šćü LPT123-TC171 õćüąðÖêĉĒúąǰ
õćüąĒúšÜìĊęøą÷ąđüúćǰ0 2 6 Ēúą 24 ßĆęüēöÜ 
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ïììĊęǰ5ǰ

Ăõĉðøć÷ñúÖćøìéúĂÜ 

 

��ǰÖćøýċÖþćđðøĊ÷ïđìĊ÷ïĒïïøĎðēðøêĊîìĆĚÜĀöéĔîøćÖ×šćüǰ

 đöČęĂđøĉęöÖćøìéúĂÜǰ	ßĆęüēöÜìĊęǰ�
ǰÝąđĀĘîüŠćĒïïøĎðēðøêĊîìĊęóïĔîøćÖ×šćüìĊęàšĂîìĆïÖĆîöĊ
ÝĞćîüîöćÖǰöĊ 314 ßîĉéÝćÖǰ344 ēðøêĊîÙĉéđðŨî 91% ĒÿéÜüŠć×šćüìĆĚÜÿĂÜóĆîíčŤĔîõćüąðÖêĉöĊÙüćö
Ùúšć÷ÙúċÜÖĆîÿĎÜ ēðøêĊîÿŠüîìĊęĒêÖêŠćÜÙČĂǰA B E F M N  öĊđóĊ÷Üǰ30 ßîĉé 

ÖćøđðøĊ÷ïđìĊ÷ïđßĉÜðøĉöćè×ĂÜēðøêĊîßîĉéêŠćÜǰėǰìĊęóïĔîøćÖ×šćüǰLPT123ǰĒúąøćÖ×šćüǰ
LPT123-TC171 đöČęĂđøĉęöÖćøìéúĂÜìĞćĔĀšÿćöćøëøąïčßîĉé×ĂÜēðøêĊîìĊę×šćüìĆĚÜÿĂÜóĆîíčŤ�ÿć÷óĆîíčŤöĊ
ÙüćöĒêÖêŠćÜÖĆîēé÷ĕöŠđÖĊę÷ü×šĂÜÖĆïõćüąĒúšÜǰàċęÜóïüŠćöĊēðøêĊîÝĞćîüîǰ7 ßîĉéìĊęöĊðøĉöćèĒêÖêŠćÜ
ÖĆîĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâ 	õćÙñîüÖǰ×ǰêćøćÜìĊęǰ×-1 ÖúčŠöǰE Ēúą F) ĒêŠöĊēðøêĊîìĊęöĊÖćøĒÿéÜĂĂÖđÞóćą
ĔîǰLPT123-TC171 ÝĞćîüî 1 ßîĉéǰÙČĂ 

- LOC_Os06g47890 OsFBO9ǰöĊÙüćöÙúšć÷ÙúċÜÖĆïǰēðøêĊîǰADAGIO ìĞćĀîšćìĊęÙüïÙčöǰ
circadian clock ĔîǰArabidopsis ÖćøĒÿéÜĂĂÖ×ĂÜ÷ĊîîĊĚöĊïìïćìêŠĂÖćøđðŗéĒúąðŗé÷ĊîìĊę
×ċĚîĂ÷ĎŠÖĆïßŠüÜĒÿÜ×ĂÜüĆî (Johansson et al., 2011) 

đöČęĂĕéšøĆïõćüąĒúšÜđðŨîđüúćǰ2 ßĆęüēöÜ óïüŠćǰøćÖ×šćüǰLPT123 öĊÖćøñúĉêēðøêĊîßîĉéĔĀöŠǰ5 

ßîĉéđóĉęö×ċĚîĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâ 	õćÙñîüÖǰ×ǰêćøćÜìĊęǰ×-2 ÖúčŠöǰB)  ēé÷đðŨîēðøêĊîìĊęöĊÖćøĂîčöćî
ĀîšćìĊęĒúšüǰ�ǰßîĉéǰÙČĂ 

- LOC_Os04g29210 FAD-binding and arabino-lactone oxidase đðŨîđĂîĕàöŤǰ(EC 

Number: 1.3.2.3) ìĊęĂ÷ĎŠĔîÖøąïüîÖćøÿĆÜđÙøćąĀŤ L-ascorbic acid àċęÜđðŨîÿćøêšćîĂîčöĎú
Ăĉÿøą (Gallie, 2013) ÖćøđÖĉéÖćøÿøšćÜēðøêĊîßîĉéîĊĚĒÿéÜĔĀšđĀĘîüŠćđÖĉéǰoxidative stress 

×ċĚîĔîøćÖóČßǰÝċÜÖøąêčšîÖøąïüîÖćøÿøšćÜǰL-ascorbic acid đóČęĂìĞćĀîšćìĊęĔîÖćøßŠü÷ÖĞćÝĆé
ĂîčöĎúĂĉÿøąêŠĂĕð 

- LOC_Os05g49460 CTP synthase ìĞćĀîšćìĊęĔîǰnucleic acid metabolism đðŨîđĂîĕàöŤ 
(EC 6.3.4.2) ìĊęÿĆÜđÙøćąĀŤ pyrimidine ribonucleotide 
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- LOC_Os08g31450 MBTB��ǰìĞćĀîšćìĊę substrate-binding adaptors ÝĆïēðøêĊî
đðŜćĀöć÷ĒúšüßĆÖîĞćĔĀšđÖĉé ubiquitin/proteasome ĔîǰArabidopsis óïüŠćēðøêĊîéĆÜÖúŠćü
ÝąĕðÝĆïǰTranscription factor ATHB6 àċęÜđðŨîǰNegative regulator ×ĂÜăĂøŤēöîǰABA 
(Lechner et al., 2011) 

đöČęĂĕéšøĆïõćüąĒúšÜđðŨîđüúćǰ6 ßĆęüēöÜǰóïüŠćøćÖ×šćüǰLPT123 ĒúąǰLPT123-TC171 öĊÖćø
ñúĉêēðøêĊîßîĉéĔĀöŠǰ3 ßîĉéđóĉęö×ċĚîĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâ (õćÙñîüÖǰ×ǰêćøćÜìĊęǰ×-3 ÖúčŠöǰC) ēé÷đðŨî
ēðøêĊîìĊęöĊÖćøĂîčöćîĀîšćìĊęĒúšüǰ2 ßîĉéǰÙČĂ 

- LOC_Os02g05692 zinc finger, C3HC4 type domain containing protein, 
expressed ēðøêĊîêĆüîĊĚĂ÷ĎŠĔîǰRING/U-box superfamily protein öĊÿŠüîēéđöîìĊęëĎÖÝéÝĞć
ēé÷đĂîĕàöŤǰE3 ubiquitin-protein ligase (Kraft et al., 2005) ÖćøýċÖþćǰAdZFP1 Ĕîǰ
Artemisia desertorum óïüŠćđöČęĂđóĉęöøąéĆïÖćøĒÿéÜĂĂÖ×ĂÜ÷ĊîéĆÜÖúŠćüìĞćĔĀšêšćîìćî
êŠĂõćüąĒúšÜĕéšéĊ×ċĚîǰ	Yang  et al., 2008) LPT123-TC171 öĊðøĉöćèēðøêĊîÿĎÜÖüŠć 
LPT123 Ă÷ŠćÜöĊîĆ÷ÿĞćÙĆâ 

- LOC_Os10g41390 protein kinase domain containing protein, expressed ìĞć
ĀîšćìĊęǰprotein modification process đðŨîđĂîĕàöŤǰ	EC 2.7.11.1) ìĊęöĊÙüćöÙúšć÷ÙúċÜÖĆïǰ
cell division control protein 7 (CDC7) ÙüïÙčöÖćøĒïŠÜđàúúŤǰ	Kim et al., 2003) 
LPT123 öĊðøĉöćèēðøêĊîÿĎÜÖüŠćǰLPT123-TC171 Ă÷ŠćÜöĊîĆ÷ÿĞćÙĆâ 

đöČęĂĕéšøĆïõćüąĒúšÜđðŨîđüúćǰ6 ßĆęüēöÜǰóïüŠćǰøćÖ×šćüǰLPT123 öĊÖćøúéúÜ×ĂÜēðøêĊîĂ÷ŠćÜ
öĊîĆ÷ÿĞćÙĆâǰÝĞćîüîǰ5 ßîĉéǰ	õćÙñîüÖǰ×ǰêćøćÜìĊęǰ×-3 ÖúčŠöǰJ) ēé÷đðŨîēðøêĊîìĊęöĊÖćøĂîčöćîĀîšćìĊę
Ēúšüǰ3 ßîĉéǰÙČĂ 

- LOC_Os01g33520 ulp1 protease family, C-terminal catalytic domain containing 
protein, expressed ìĞćĀîšćìĊęĔîǰpost translational modifcation  
Ĕî SUMO Pathway ēé÷öĊïìïćìêŠĂÖćøÙüïÙčöüĆäÝĆÖøđàúúŤĔî÷ĊÿêŤǰēé÷óïüŠćëšćēðøêĊî
ĕöŠìĞćÜćîÝąĀ÷čéÖćøđÝøĉâđêĉïēê×ĂÜđàúúŤǰ	Mossessova and Lima, 2000) 

- LOC_Os01g06454 heat shock protein DnaJ, putative, expressed ìĞćĀîšćìĊęđðŨîǰ
co-chaperone ĕðÖøąêčšîǰATP hydrolysis àċęÜÝĞćđðŨîÿĞćĀøĆïǰDnaK (Hsp70) (Qiu et al., 
2006)  ĔîLPT123 õćüąĒúšÜēðøêĊîǰDnaJ Āć÷ĕðÝċÜÿŠÜñúêŠĂÖćøÖøąêčšîÖćøìĞćÜćî×ĂÜǰ
Heat shock prtotein 70 ĔîÖćøìĞćĀîšćìĊęðÖðŜĂÜēðøêĊîđÿČęĂöÿúć÷đîČęĂÜÝćÖõćüąđÙøĊ÷éǰ 
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- LOC_Os01g57962 photosystem I P700 chlorophyll a apoprotein A2, putative, 

expressed ìĞćĀîšćìĊęĔîÖøąïüîÖćøÿøšćÜóúĆÜÜćîǰphotosystem I P700 chlorophyll a 

apoprotein A2 ĔĀšēðøêĊîìĊęđðŨîĀîŠü÷÷ŠĂ÷ǰPsaB ĔîøąïïǰPhotosystem I  (Ozakca , 

2013)  ÖćøìĊęēðøêĊîǰPsaB Dn-regulated úÜÝċÜÿŠÜñúÖøąìïêŠĂÖćøÿĆÜđÙøćąĀŤéšü÷ĒÿÜĔî
LPT123 õć÷ĔêšõćüąĒúšÜ 

đöČęĂĕéšøĆïõćüąĒúšÜđðŨîđüúćǰ6 ßĆęüēöÜǰóïüŠćǰøćÖ×šćüǰLPT123-TC171 öĊÖćøúéúÜ×ĂÜ
ēðøêĊîĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâǰÝĞćîüîǰ7 ßîĉéǰ	õćÙñîüÖǰ×ǰêćøćÜìĊęǰ×-3 ÖúčŠöǰI 6 ßîĉéǰĒúąÖúčŠöǰO 1 

ßîĉé) ēé÷đðŨîēðøêĊîìĊęöĊÖćøĂîčöćîĀîšćìĊęĒúšüǰ3 ßîĉéǰÙČĂ 

- LOC_Os12g12190 polypyrimidine tract-binding protein 3 (PTB3) ĀîšćìĊęĔîǰpost-

transcriptional regulation öĊïìïćìĔîÖćøÝĆïǰRNA ĒúšüÖøąêčšîĔĀšđÖĉéǰsplicing Öćø
úéúÜÿŠÜñúêŠĂÖćøĒÿéÜĂĂÖ×ĂÜ÷Ċîǰ(Valcarcel and Gebauer, 1997) 

- LOC_Os11g45250 ribonucleases P/MRP protein subunit POP1 containing 

protein, expressed ìĞćĀîšćìĊęĔîǰpre-rRNA processing pathway ÖćøúéúÜ×ĂÜēðøêĊî
ÿŠÜñúÖøąìïêŠĂÖøąïüîÖćøÿøšćÜǰ5.8S rRNA ĒúąÿŠÜñúêŠĂÖćøÿøšćÜđĂîĕàöŤïćÜßîĉéĔî
÷ĊÿêŤǰ	Lygerou et al., 1994) 

- LOC_Os05g04620 diacylglycerol acyltransferase 3 đðŨîđĂîĕàöŤđðúĊę÷îǰ
diacylglycerol (DG) ĕðđðŨîǰtriacylglycerol (TG) àċęÜǰTG ëĎÖóïüŠćÝąÿąÿöõć÷Ĕêšõćüą
đÙøĊ÷éĀøČĂÖćøĒÖŠ (senescence) (Liu et al., 2012) 

đöČęĂĕéšøĆïõćüąĒúšÜđðŨîđüúćǰ24 ßĆęüēöÜǰóïüŠćøćÖ×šćüǰLPT123 ĒúąǰLPT123-TC171 öĊÖćø
ñúĉêēðøêĊîßîĉéĔĀöŠǰ2 ßîĉéđóĉęö×ċĚîĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâ 	õćÙñîüÖǰ×ǰêćøćÜìĊęǰ×-4 ÖúčŠöǰC) ēé÷đðŨî
ēðøêĊîìĊęöĊÖćøĂîčöćîĀîšćìĊęĒúšüǰ2 ßîĉéǰÙČĂ 

- LOC_Os11g37330 pentatricopeptide repeat domain containing protein, 

putative, expressed öĊïìïćìĔî post-transcriptional regulation ×ĂÜǰ
mitochondrial RNA Ĕî MVA Ēúą MEP pathways ĔîÖćøÿĆÜđÙøćąĀŤǰIsoprenoid 

(Kobayashi et al., 2007) 

- LOC_Os08g09350 gar2, putative, expressed ĔĀšēðøêĊîìĊęöĊÙüćöÙúšć÷ nucleolin öĊ
ïìïćìĔîǰrRNA processing ÿĆÜđÙøćąĀŤǰribosome ĒúąÿøšćÜìŠĂúĞćđúĊ÷ÜǰǰĔîǰ
Arabidopsis óïüŠćêšîìĊęöĊÙüćöñĉéðÖêĉ×ĂÜ÷ĊîîĊĚÝąöĊøĎðĒïï×ĂÜìŠĂúĞćđúĊ÷ÜìĊęñĉéðÖêĉĕð öĊ
Ùüćö÷ćüøćÖÿĆĚîúÜ (Petricka and Nelson, 2007)  
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đöČęĂĕéšøĆïõćüąĒúšÜđðŨîđüúćǰ24 ßĆęüēöÜǰóïüŠćǰøćÖ×šćüǰLPT123 öĊÖćøúéúÜ×ĂÜēðøêĊîĂ÷ŠćÜ
öĊîĆ÷ÿĞćÙĆâǰÝĞćîüîǰ5 ßîĉéǰ	õćÙñîüÖǰ×ǰêćøćÜìĊęǰ×-4 ÖúčŠöǰJ) ēé÷đðŨîēðøêĊîìĊęöĊÖćøĂîčöćîĀîšćìĊę
Ēúšüǰ2 ßîĉéǰÙČĂ 

- LOC_Os06g15990 aldehyde dehydrogenase, putative, expressed (ALDH ; EC 

1.2.1.3) öĊĀîšćìĊęĔîǰmetabolic process øĆÖþćøąéĆïÙüćöđ×šö×šîĂĆúéĊĕăéŤĔîøąéĆïìĊęĕöŠđðŨî
óĉþēé÷đðúĊę÷îĔĀšđðŨîÖøéÙćøŤïĂÖàĉúĉÖ (carboxylic acids)  ĔîõćüąðÖêĉĂĆúéĊĕăéŤ 
đðŨîēöđúÖčúĂ÷ĎŠøąĀüŠćÜÖúćÜǰpathway ×ĂÜÖćøÿĆÜđÙøćąĀŤÙćøŤēïĕăđéøê üĉêćöĉî  

ÿđêĂøĂ÷éŤ ÖøéĂąöĉēîǰĒúąĕ×öĆîǰ	Kirch et al., 2004) ÖćøÝĆéǰPhylogenetic analysis 

×ĂÜǰALDH Ĕî×šćüǰóïüŠćǰÖúčŠöìĊęǰ12 18 öĊïìïćìĔîÖćøñúĉêđĂîĕàöŤǰŉ1- pyrroline-5-

carboxylate (P5C) metabolism ĔîÖćøðøĆïêĆüêŠĂõćüąđÙøĊ÷éìćÜÖć÷õćó (Kotchoni 

et al., 2010) 

- LOC_Os05g50690 pentatricopeptide, putative, expressed đÖĊę÷ü×šĂÜÖĆïǰnucleic 

acid metabolic process ÙćéüŠćöĊïìïćìĕðÝĆïǰtranscript ĔîĕöēêÙĂîđéøĊ÷ǰĒúąǰÙúĂ
ēøóúćÿêŤ (Lurin et al., 2004) 

õćüąĒúšÜöĊñúêŠĂÖćøđðúĊę÷îĒðúÜ×ĂÜēðøêĊîĔîøćÖ×šćüǰLPT123 öćÖÖüŠćĔî LPT123-

TC171 ēðøêĊîĔîøćÖ×šćüìĊęđðúĊę÷îĒðúÜĕðđîČęĂÜÝćÖõćüąĒúšÜÿŠüîĔĀâŠ÷ĆÜĕöŠìøćïĀîšćìĊęǰĔî LPT123 

öĊÝĞćîüîǰ34% (10 expressed protein 1 hypothetical protein Ēúąǰ12 ēðøêĊîìĊęǰannotate 

ĒúšüĒêŠĕöŠÿćöćøëĀćĀîšćìĊęĕéš
ǰĒúąǰLPT123-TC171 öĊÝĞćîüîǰ35% (15 expressed protein Ēúąǰ
7 ēðøêĊîìĊęǰannotate ĒúšüĒêŠĕöŠÿćöćøëĀćĀîšćìĊęĕéš
ǰ 

đöČęĂìĞćÖćøÝĆéÖúčŠöēðøêĊîìĊęëĎÖßĆÖîĞćĔĀšöĊÖćøđðúĊę÷îĒðúÜéšü÷õćüąĒúšÜêćöĀîšćìĊę×ĂÜēðøêĊî
đĀúŠćîĆĚîǰÝąđĀĘîüŠć×šćüìĆĚÜÿĂÜÿć÷óĆîíčŤöĊÖúčŠöēðøêĊîÝĞćĒîÖêćöĀîšćìĊęĕéšÙúšć÷ÙúċÜÖĆîǰ÷Öđüšîǰ
LOC_Os06g09050 glutamate receptor precursor  ìĊęóïđÞóćąĔî×šćüǰLPT123-TC171 ìĊęëĎÖ
ÝĆéđðŨîēðøêĊîĔîÖúčŠöǰtransport àċęÜÖúčŠöēðøêĊîìĊęöĊĀîšćìĊęîĊĚĕöŠóïĔîÖúčŠöēðøêĊîìĊęöĊÖćøđðúĊę÷îĒðúÜ
đßĉÜðøĉöćèéšü÷õćüąĒúšÜĔîøćÖ×šćüǰLPT123 îĂÖÝćÖîĊĚǰ÷ĆÜóïüŠćÖúčŠöǰprotein modification 

process ìĊęóïđÞóćąĔî LPT123 ĕéšĒÖŠǰLOC_Os10g41390 protein kinase domain containing 

protein LOC_Os02g41480 OsWAK12 LOC_Os07g35004 TKL_IRAK_DUF26-la.4 

LOC_Os10g37830 OsFBX391 LOC_Os03g62340 protein kinase family protein 
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ēðøêĊîìĊęóïüŠćöĊÖćøđðúĊę÷îĒðúÜĔî×šćüìĆĚÜǰ2 óĆîíčŤ�ÿć÷óĆîíčŤǰöĊ 8 ßîĉéǰĕéšĒÖŠ 

- LOC_Os07g06840 gibberellin receptor GID1L2, putative, expressed đðŨîǰ
receptor ×ĂÜăĂøŤēöîǰGibberellin (GA) öĊïìïćìĔîÖćøÙüïÙčöÖćøđÝøĉâđêĉïēêǰĒúą
êĂïÿîĂÜêŠĂÿĉęÜĒüéúšĂöǰđßŠîǰÖćøÜĂÖ×ĂÜđöúĘéǰÖćø÷Čé÷ćü×ĂÜúĞćêšîǰÖćø×÷ć÷×îćé×ĂÜ
ĔïǰÖćøóĆçîćúąĂĂÜđÖÿøǰĒúąÖøąêčšîÖćøĂĂÖéĂÖǰēé÷óïüŠćđöČęĂǰGID1L2 öĊÖćøĒÿéÜĂĂÖ
öćÖ×ċĚîÝąöĊñúìĞćĔĀšúéÖćøĒÿéÜĂĂÖ×ĂÜǰDella Proteins àċęÜìĞćĀîšćìĊęđðŨîǰNegative 

control ×ĂÜÿĆââćèăĂøŤēöîǰGA ìĞćĔĀšöĊÖćøÿąÿöǰGA öćÖ×ċĚîǰ	Ueguchi-Tanaka et al., 

2007; Ariizumi et al., 2013) àċęÜđöČęĂóĉÝćøèćÝćÖ×šĂöĎúÝąđĀĘîüŠćēðøêĊîßîĉéîĊĚÝĆéĂ÷ĎŠĔî
ÖúčŠöìĊęöĊÖćøĒÿéÜĂĂÖÿĎÜÖüŠćĔîǰLPT123 đöČęĂđðøĊ÷ïđìĊ÷ïÖĆïǰLPT123-TC171  đöČęĂǰ
GID1L2 ÿĎÜ×ċĚîǰÝąöĊñúêŠĂÖćøÿąÿöǰGA éĆÜîĆĚîÝċÜĂćÝĂîčöćîĕéšüŠćǰLPT123 đöČęĂĕéšøĆïõćüą
ĒúšÜĂćÝöĊÖćøÿąÿöǰGA ÿĎÜÖüŠćǰLPT123-TC171 ÝćÖÖćøýċÖþć×ĂÜǰGou et al. (2010) 

óïüŠćǰÖćøöĊǰGA ĔîøćÖêęĞćÝąÿŠÜđÿøĉöÖćøÿøšćÜǰlateral root àċęÜǰóÜýíøǰǰÖúŠĂöÿÖčúǰ	2547) 

ĕéšøć÷ÜćîüŠćǰđöČęĂǰLPT123-TC171 ĕéšøĆïõćüąĒúšÜÝąöĊÖćøÿøšćÜǰlateral root ĕéšöćÖÖüŠćǰ
LPT123 ìĊęđÝøĉâĔîõćüąđéĊ÷üÖĆî 

- LOC_Os01g43270 hydroquinone glucosyltransferase, putative, expressed đðŨî
đĂîĕàöŤǰ	EC 2.4.1.218) ìĊęÿøšćÜǰUridine diphosphate (UDP) Ēúąǰhydroquinone-O-

beta-D-glucopyranoside (arbutin) ÖøąïüîÖćøÿøšćÜǰarbutin ðŜĂÜÖĆîǰthylakoid 

membranes đÿČęĂöÿúć÷ĔîõćüąđÙøĊ÷éÝćÖõćüąĒúšÜĒúąđ÷ČĂÖĒ×ĘÜēé÷öĊÙčèÿöïĆêĉđðŨîǰ
antioxidative ÿĞćĀøĆïǰlipid membrane Ēúą÷Ćï÷ĆĚÜđĂîĕàöŤǰphospholipase A2 ìĊęìĞć
ĀîšćìĊęǰdehydrated liposomes (Hincha et al., 1999) 

- LOC_Os03g44170 glutathione S-transferase, putative, expressed (GST) đðŨî
đĂîĕàöŤǰ	E.C. 2.5.1.18) ìĊęđßČęĂöǰtripeptide glutathione (GSH) ĕð÷ĆÜǰelectrophilic 

compounds ĔîõćüąðÖêĉÝąìĞćðäĉÖĉøĉ÷ćÖĆïǰsecondary metabolites đßŠîǰ
anthocyanins Ēúąǰcinnamic acid ĒúąǰëĎÖÖøąêčšîĕéšéšü÷ăĂøŤēöîóČßǰđßŠîǰsalicylic 

acid, ethylene, cytokinin, auxin, abscisic acid îĂÖÝćÖîĊĚ÷ĆÜđÖĊę÷ü×šĂÜÖĆïÖćøÖĞćÝĆéǰ
oxidative stress đöČęĂĕéšøĆïõćüąđÙøĊ÷éǰ	Marrs, 1996) ÖćøđóĉęöøąéĆïÖćøĒÿéÜĂĂÖ×ĂÜǰ
GST ēé÷ÖćøëŠć÷÷ĊîǰGsGST ÝćÖǰGlycine soja ĕð÷ĆÜêšî÷ćÿĎïǰóïüŠćÿćöćøëêšćîìćîêŠĂ
õćüąĒúšÜĒúąõćüąđÙĘöĕéšéĊ×ċĚî (Ji et al., 2010) 

- LOC_Os07g37990 glycosyltransferase sugar-binding region containing DXD 

motif, putative, expressed đðŨîđĂîĕàöŤìĊęìĞćĀîšćìĊęđêĉöĀöĎŠîĚĞćêćúǰēé÷ìĞćÖćø÷šć÷ÝćÖ
ēöđúÖčúñĎšĔĀšĕð÷ĆÜēöđúÖčúñĎšøĆïĂ÷ŠćÜđÝćąÝÜǰđßŠîǰîĚĞćêćú ĕ×öĆî ēðøêĊî ÖøéîĉüÙúĉĂĉÖ Öćøđêĉö

 



57 
 

ĀöĎŠîĚĞćêćúÝąìĞćĔĀšÙčèÿöïĆêĉìćÜßĊüõćó×ĂÜēöđúÖčúđðúĊę÷îĕðǰÖćøýċÖþćĔîêšî÷ćÿĎïēé÷đóĉęö
øąéĆïÖćøĒÿéÜĂĂÖǰArabidopsis glycosyltransferase gene UGT85A5 ìĞćĔĀšÿćöćøë
êšćîìćîêŠĂõćüąđÙĘöĕéšéĊ×ċĚîēé÷öĊÖćøÿąÿö×ĂÜǰsoluble sugars ìĊęöćÖÖüŠćêšîÙüïÙčöǰ
(Sun et al., 2013) 

- LOC_Os02g40770 SET domain containing protein, expressed đðŨîēðøêĊîìĊęìĞć
ĀîšćìĊęǰcellular process öĊĀîšćìĊęĔîÖćøđêĉöĀöĎŠđöìĉú (methyl group) ĕð÷ĆÜÖøéĂąöĉēî 

ĕúàĊîǰ	lysine) ×ĂÜēðøêĊîăĉÿēêîǰ	histone) H3 ĒúąH4 đðŨîÖćøÙüïÙčöĔîøąéĆïǰ
epigenetic ÿŠÜñúĔĀš Transcription factor đ×šćĕðÝĆïêĞćĒĀîŠÜǰDNA ïøĉđüèîĆĚîĕöŠĕéšǰìĞćĔĀš
÷ĊîĕöŠöĊÖćøĒÿéÜĂĂÖǰ	Ng et al., 2007) 

- LOC_Os11g13990 AAA-type ATPase family protein, putative, expressed ēðøêĊîìĊę
ìĞćĀîšćìĊęǰcellular component organization öĊÿŠüîēéđöîđĀöČĂîÖĆïǰATPase ēðøêĊîîĊĚ
ìĞćĀîšćìĊęÙúć÷đÖúĊ÷üǰDNA ÙüïÙčöǰDNA-protein complexes ìĞćĔĀšǰprotein 

complexes ĀúčéĂĂÖÝćÖÖĆîǰöĊïìïćìĔîǰDNA replication protein degradation Ēúąǰ
membrane fusion ĔîÖćøÿŠÜĂĂÖēðøêĊîǰ	Ogura and Wilkinson, 2001) ÖćøýċÖþć
ēðøêĊîǰAAA-type ēé÷ÖćøđóĉęöøąéĆïÖćøĒÿéÜĂĂÖ×ĂÜǰZmSKD1 ÷ĊîÝćÖ×šćüēóéēé÷
ýċÖþćĔîêšî÷ćÿĎïǰóïüŠćìĞćĔĀšÿćöćøëêšćîìćîêŠĂõćüąđÙĘöĒúąõćüąĒúšÜĕéšéĊ×ċĚîǰĒúąöĊÖćø
ÿąÿö×ĂÜǰreactive oxygen species îšĂ÷ÖüŠćêšîÙüïÙčöǰ	Xia et al., 2013) 

- LOC_Os06g14190 NF-X1-type zinc finger protein, putative, expressed ĀøČĂĔî
ÖćøýċÖþćîĊĚđøĊ÷ÖüŠćǰOsNFXL1 ìĞćĀîšćìĊęǰnucleic acid metabolic process 

- LOC_Os11g16250 expressed protein đðŨîēðøêĊîìĊę÷ĆÜĕöŠìøćïĀîšćìĊę 

đöČęĂìĞćÖćøđðøĊ÷ïđìĊ÷ïñú×ĂÜēðøêĊîìĊęýċÖþćĔîøćÖ×šćüĔîÖćøýċÖþćîĊĚÖĆïÖćøýċÖþćēðøêĉēĂ
öĉÖÿŤĔîĔïēé÷ Maksup et al (2012
ǰóïüŠćĔîÿć÷óĆîíčŤĕöŠìîĒúšÜ IR20 ĒúąǰLPT123 öĊÖćøđóĉęö×ċĚî
×ĂÜēðøêĊîõć÷ĔêšõćüąĒúšÜǰÙČĂǰWD-40 repeat protein LOC_Os01g74146 öĊïìïćìđÖĊę÷ü×šĂÜ
ÖĆïÖćøêć÷×ĂÜđàúúŤ (Yee and Goring, 2009) îĂÖÝćÖîĊĚ÷ĆÜóïüŠćĔîÿć÷óĆîíčŤìîĒúšÜǰNSG19 Ēúąǰ
LPT123-TC171 öĊÖćøđóĉęö×ċĚî×ĂÜēðøêĊî tetratricopeptide repeat (TPR) LOC_Os02g03470 

ìĞćĀîšćìĊęàŠĂöĒàöđàúúŤĒúąéĊđĂĘîđĂ (D'Andrea and Regan, 2003) 

ǰ ǰ
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��ǰÖćøýċÖþćÖćøĒÿéÜĂĂÖ×ĂÜ÷ĊîïćÜßîĉéìĊęêĂïÿîĂÜêŠĂÙüćöĒúšÜĔîøąéĆïǰUSBOTDSJQUJPO 

2.1 in silico gene expression analysis 

 ×šĂöĎúǰUnigene EST Profile ìĞćĔĀšìøćïüŠć÷ĊîǰOsNFXL1 öĊÖćøĒÿéÜĂĂÖïøĉđüèđîČĚĂđ÷ČęĂ
øćÖǰ252 TPM ĒÙúúĆÿǰ129 TPM ßŠĂéĂÖ 51 TPM úĞćêšîǰ32 TPM Ĕïǰ22 TPM éĂÖǰ7 TPM

ēðøêĊîéĆÜÖúŠćüîŠćÝąöĊïìïćìÿĞćÙĆâĔîøćÖđîČęĂÜÝćÖöĊÖćøĒÿéÜĂĂÖ×ĂÜ÷ĊîöćÖìĊęÿčéĔîåćî×šĂöĎú 

  ×šĂöĎúǰRice Oligonucleotide Array Database ßčéÖćøìéúĂÜǰGSE6901 (Jain et al., 

2007) ìĞćĔĀšìøćïüŠć÷ĊîǰOsNFXL1 öĊÖćøêĂïÿîĂÜêŠĂõćüąđÙĘöĒúąĒúšÜēé÷öĊÖćøĒÿéÜĂĂÖ×ĂÜ÷Ċî
đóĉęöÿĎÜ×ċĚîÝćÖõćüąðÖêĉǰĒêŠĕöŠêĂïÿîĂÜêŠĂõćüąđ÷Ęî àċęÜÿĂéÙúšĂÜÖĆïÖćøýċÖþć÷ĊîǰAtNFXL1 Ĕîǰ
Arabidopsis óïüŠćöĊÖćøĒÿéÜĂĂÖÿĎÜ×ċĚîđöČęĂĕéšøĆïõćüąđÙĘöĒúąĒúšÜǰ	Lisso et al., 2006)  ßčéÖćø
ìéúĂÜ GSE24048 Ĕî×šćüÿĂÜóĆîíčŤ ÙČĂǰcv. Azucena  ìĊęöĊÖúĕÖǰdrought avoidance ÝćÖ
ēÙøÜÿøšćÜøćÖǰĒúąǰcv. Bala ìĊęöĊÖúĕÖ drought avoidance ìĊę÷ĆÜĕöŠìøćï (Cairns et al., 2004) 

óïüŠćǰOsNFXL1 öĊÖćøĒÿéÜĂĂÖđóĉęö×ċĚîĔî×šćüìĆĚÜÿĂÜÿć÷óĆîíčõć÷ĔêšõćüąĒúšÜĒêÖêŠćÜÝćÖõćüą
ðÖêĉÿĂéÙúšĂÜÖĆïÖćøýċÖþćĔî×šćüÿĂÜÿć÷óĆîíčŤǰÙČĂǰIR64 àċęÜđðŨîóĆîíčŤìĊęĕüêŠĂõćüąĒúšÜðćîÖúćÜǰÖĆïǰ
Nagina22 óĆîíčŤêšćîìćîêŠĂõćüąĒúšÜĔîßčéÖćøìéúĂÜǰE-MEXP-2401 (Lenka et al., 2011) õćüą
ĒúšÜǰOsNFXL1 öĊÖćøĒÿéÜĂĂÖÿĎÜ×ċĚîêŠćÜÝćÖõćüąðÖêĉǰĒúąĔîÿć÷óĆîíčŤǰNagina22 ÿĎÜÖüŠć IR64  

ßčéÖćøìéúĂÜìĊęÖúŠćüöćđðŨîêĆüĂ÷ŠćÜìĊęĕéšÝćÖĔï×šćüǰĔî×èąìĊęßčéìúĂÜǰGSE26280 ìĞćÖćøýċÖþć
õćüąĒúšÜìĆĚÜĔïĒúąøćÖǰĒúąĒ÷Öêćöøą÷ąÖćøđÝøĉâđêĉïēêǰ(Wang et al., 2011) àċęÜóïüŠćǰ
OsNFXL1 ĒÿéÜĂĂÖöćÖìĊęÿčéĔîøćÖìĊęøą÷ąêĆĚÜìšĂÜǰ	Panicle-elongation) îĂÖÝćÖÖćøìéúĂÜĔî
õćüąĒúšÜĔîßčéìéúĂÜõćüąđÙĘö GSE16108 (Pandit et al., ����
ǰǰĔî×šćüóĆîíčŤìîđÙĘö (CSR27 

Bulked- tolerant RILs) Ēúą×šćüĕöŠìîđÙĘöǰ(MI48 Bulked- sensitive RILs) óïüŠćǰOSNFXL1 

õćüąđÙĘööĊÖćøĒÿéÜĂĂÖÿĎÜ×ċĚîÝćÖõćüąðÖêĉǰĒêŠĔîÿć÷óĆîíčŤĕöŠìîđÙĘööĊøąéĆïÖćøĒÿéÜĂĂÖìĊęÿĎÜÖüŠć 
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2.2 in silico characterization of OsNFXL1 promoter region 

 ÝćÖÖćøüĉđÙøćąĀŤúĞćéĆïđïÿ×ĂÜǰOsNFXL1 promoter  ēé÷Ĕßš RiceSRTFDB (Priya and 

Jain, 2013) óïüŠćöĊÿŠüîÝéÝĞćìĊęÿćöćøëëĎÖÖøąêčšîéšü÷ Transcription Factor ìĊęđÖĊę÷ü×šĂÜÖĆïõćüą
đÙøĊ÷éìćÜÖć÷õćóǰēé÷đÞóćąõćüąĒúšÜÿćöćøëëĎÖÖøąêčšîéšü÷ǰTF ĕéšĀúć÷ßîĉéǰîĂÖÝćÖîĊĚ÷ĆÜ
êĂïÿîĂÜêŠĂõćüąđÙøĊ÷éìćÜßĊüõćóÝćÖÝčúĉîìøĊ÷ŤÖŠĂēøÙǰ	Pathogen) ĕéšéšü÷ǰéĆÜêćøćÜìĊęǰ��� 

êćøćÜìĊęǰ5.1 ÿŠüîÝéÝĞćïîǰOsNFXL1 promoter 

úĞćéĆï ÿŠüîÝéÝĞć ßîĉéõćüąđÙøĊ÷é ĂšćÜĂĉÜ 
CANNTG MYCCONSENSUSAT abiotic stress Chinnusamy et al. (2003) 

TGACG ASF1MOTIFCAMV abiotic and biotic 

stress | xenobiotic 

stress 

Despres et al. (2003) 

TTGACC ELRECOREPCRP1 oxidative stress Rushton et al. (1996) 

TTGAC WBOXATNPR1 pathogen-induced 

stress response 

Yu  et al. (2001) 

GAAAAA GT1GMSCAM4 pathogen-induced 

stress | salinity 

stress 

Park et al. (2004) 

ACGT ACGTATERD1 drought stress Simpson et al. (2003) 

CNGTTR MYBCORE drought stress Luscher and Eisenman 

(1990) 

RCCGAC DRECRTCOREAT drought stress | 

salinity stress | 

cold stress | heat 

stress 

Dubouzet et al. (2003) 

YAACKG MYB2CONSENSUSAT stress responsive Abe et al. (2003) 

RYACGTGGYR ABREATRD22 drought stress Iwasaki et al. (1995) 

ACGTG ABRELATERD1 drought stress Simpson et al. (2003) 

ACGTSSSC ABREOSRAB21 osmotic stress Marcotte et al. (1989) 
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2.3 in silico gene co-expression analysis 

ñúÝćÖÖćøýċÖþć÷ĊîǰOsNFXL1 ÝąĕðÖøąêčšîÖćøĒÿéÜĂĂÖ×ĂÜ÷ĊîìĊęđÖĊę÷ü×šĂÜÖĆïǰArginine 

and proline metabolism, Spliceosome, RNA degradation, Ubiquitin mediated 

proteolysis, Plant-pathogen interaction, Nucleotide excision repair  éĆÜîĆĚîÖćø
đðúĊę÷îĒðúÜÖćøĒÿéÜĂĂÖ×ĂÜǰOsNFXL1 àċęÜđðŨîǰTranscription Factor ÝąöĊïìïćìĂ÷ŠćÜöćÖĔî
Öćøñúĉêǰfunctional protein ĔîÖćøðøĆïêĆüêŠĂõćüąĒúšÜǰéĆÜđßŠîǰÖćøÿąÿöēóøúĊî (proline) öĊ
ÙčèÿöïĆêĉđðŨîÿćøðŜĂÜÖĆîĒøÜéĆîĂĂÿēöêĉÖǰđðŨîüĉíĊÖćøĀîċęÜìĊęóČßĔßšêĂïÿîĂÜêŠĂõćüąđÙøĊ÷éǰÝćÖ
õćüąĒúšÜǰõćüąđÙĘö Oxidative stress  (Szabados and Savoure, 2010) Ă÷ŠćÜĕøÖĘéĊÖćøÿąÿö 

ēóøúĊîĂćÝĕöŠöĊÙüćöÿĆöóĆîíŤÖĆïÙüćöÿćöćøëĔîÖćøìîđÙĘöĒúąĒúšÜǰđßŠîǰÖćøýċÖþćðøĉöćèēóøúĊîĔî
Ĕï×šćü LPT123 ĒúąLPT123-TC171 Ăć÷čǰ22 üĆîõć÷ĔêšõćüąđÙĘöÝćÖǰNaCl 0.5% (w/v) óïüŠć 
LPT123 öĊðøĉöćèēóøúĊîÿĎÜÖüŠćÿć÷óĆîíčŤìîđÙĘö (LPT123-TC171) Ă÷ŠćÜöĊîĆ÷ÿĞćÙĆâǰ(ýčõÝĉêøćǰ
ßĆßüćú÷Ť, 2550)  
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2.4 ÖćøýċÖþćÖćøĒÿéÜĂĂÖ×ĂÜ÷Ċîéšü÷üĉíĊǰquantitative reverse transcription polymerase    

         chain reaction (qRT-PCR) 

 ñúÝćÖÖćøýċÖþćēé÷đÙøČęĂÜöČĂìćÜǰbioinformatics ßĊĚĔĀšđĀĘîüŠć÷ĊîǰOsNFXL1 đðŨî÷ĊîìĊę
êĂïÿîĂÜêŠĂõćüąĒúšÜǰĒúąöĊÖćøĒÿéÜĂĂÖĔîïøĉđüèøćÖđöČęĂĕéšøĆïõćüąĒúšÜĔîøą÷ąĒêÖÖĂǰ 

ĔîÖćøýċÖþćîĊĚÝċÜìĞćÖćøüĆéøąéĆïÖćøĒÿéÜĂĂÖ×ĂÜǰ÷ĊîǰOsNFXL1 ēé÷ñúÖćøìéúĂÜóïüŠć
Ĕî LPT123 öĊøąéĆïÖćøĒÿéÜĂĂÖìĊęöĊĒîüēîšöÿĎÜ×ċĚîđöČęĂĕéšøĆïõćüąĒúšÜǰêĆĚÜĒêŠßĆęüēöÜìĊęǰ2 ēé÷đóĉęö×ċĚî 

ëċÜǰ1.9 đìŠćǰĒêŠÖĘóïüŠćßčéÙüïÙčöÖĘöĊÖćøĒÿéÜĂĂÖìĊęđóĉęö×ċĚîǰ1.6 đìŠćǰĒêŠîšĂ÷ÖüŠćßčéìĊęĕéšøĆïõćüąĒúšÜǰ
ĂćÝđðŨîĕðĕéšüŠćÖćøđðúĊę÷îÿćøúąúć÷ĔĀöŠǰìĞćĔĀšđÖĉéõćüąđÙøĊ÷éÝćÖøąéĆïÙüćöđ×šö×šîìĊęđðúĊę÷îĕðǰ
ìĞćĔĀš÷ĊîǰOsNFXL1 ĔîßčéÙüïÙčööĊÖćøĒÿéÜĂĂÖìĊęđóĉęö×ċĚîǰàċęÜúĆÖþèąđßŠîîĊĚĕöŠđÖĉéĔî LPT123-

TC171 àċęÜđðŨîóĆîíčŤêšćîìćîêŠĂõćüąĒúšÜĒúąđÙĘöǰǰēé÷ÖćøĒÿéÜĂĂÖ×ĂÜ÷ĊîǰOsNFXL1 ìĆĚÜĔîõćüą
ðÖêĉĒúąõćüąĒúšÜìĊęßŠüÜđüúćêŠćÜǰėǰĔÖúšđÙĊ÷ÜÖĆî 

ÖćøýċÖþćĔîøąéĆïǰtranscription ēé÷ǰin silico ĒÿéÜĔĀšđĀĘîüŠćǰ÷ĊîǰOsNFXL1 öĊÖćø
đðúĊę÷îĒðúÜĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâìćÜÿëĉêĉđöČęĂĕéšøĆïõćüąĒúšÜǰĒêŠđöČęĂüĆéøąéĆïÖćøĒÿéÜĂĂÖ×ĂÜ÷ĊîđßĉÜ
ðøĉöćèēé÷ǰqRT-PCR óïüŠćĕöŠĒêÖêŠćÜĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâìćÜÿëĉêĉǰĂćÝđðŨîĕðĕéšüŠćÖćøðúĎÖđúĊĚ÷Üêšî
×šćüǰĂć÷čìĊęđÖĘïêĆüĂ÷ŠćÜǰĒúąõćüąìĊęĔĀšĕöŠđĀöČĂîÖĆïßčéÖćøìéúĂÜĔîǰmicro array 	õćÙñîüÖǰÙ
ǰĒêŠ
ĔîÖćøýċÖþćîĊĚǰqRT-PCR ìĞćĔĀšđĀĘîĒîüēîšöÖćøĒÿéÜĂĂÖ×ĂÜ÷ĊîǰOsNFXL1 üŠćöĊÖćøđðúĊę÷îĒðúÜ
đóĉęö×ċĚîĔîøąéĆïǰtranscription Ĕî LPT123 õć÷ĔêšõćüąĒúšÜ 

ÖćøóïÖćøđðúĊę÷îĒðúÜĔîøąéĆïǰtranscription ìĊęöĊđóĊ÷ÜđúĘÖîšĂ÷Ĕî LPT123 õć÷Ĕêšõćüą
ĒúšÜÖĘĂćÝöĊñúêŠĂÖćøìĞćÜćî×ĂÜēðøêĊîìĊęöĊÙüćöĒêÖêŠćÜĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâÖĘĕéšĀćÖöĊÖćøÙüïÙčöĔî
øąéĆïǰpost-transcriptional Ēúąǰpost-translational control (Mazzucotelli et al., 2008)  àċęÜ
óïüŠć NFX1-like proteins Ĕî×šćüöĊ post-translational modification ÙČĂǰE3 ubiquitin ligase 

activity ÖŠĂîìĊęēðøêĊîÝąĕðìĞćÜćîǰ(Müssig et al., 2010) 

×šĂöĎúÖćøĒÿéÜĂĂÖĔîøąéĆïÖćøëĂéøĀĆÿ (transcription) öĊÙüćöÿĂéÙúšĂÜÖĆï×šĂöĎúìĊęĕéš
ĔîøąéĆïēðøêĊîǰÖúŠćüÙČĂǰđöČęĂĕéšøĆïõćüąđÙøĊ÷éǰ÷ĊîǰOsNFXL1 öĊÖćøĒÿéÜĂĂÖìĊęđóĉęöÿĎÜ×ċĚîÝćÖõćüą
ðÖêĉǰĒêŠĕöŠöĊÙüćöĒêÖêŠćÜĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâǰĒúą LPT123 õć÷ĔêšõćüąĒúšÜöĊÖćøĒÿéÜĂĂÖÿĎÜìĊęÿčéĔî
ìčÖßčéÖćøìéúĂÜ îĂÖÝćÖîĊĚ÷ĆÜÿĂéÙúšĂÜÖĆï×šĂöĎúÖćøýċÖþćÖŠĂîĀîšćìĊęóïüŠćðøĉöćèēóøúĊîĔî 

LPT123 öĊöćÖÖüŠćLPT123-TC171 (ýčõÝĉêøćǰßĆßüćú÷Ť, 2550) àċęÜĂíĉïć÷ĕéšüŠćǰǰ÷ĊîǰOsNFXL1 

ÙüïÙčöÖćøĒÿéÜĂĂÖ×ĂÜÖúčŠö÷Ċîõć÷ĔêšđÙøČĂ×Šć÷ìĊęêĂïÿîĂÜêŠĂõćüąđÙĘöĒúąĒúšÜ 
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NF-X1-zinc-finger đðŨî gene family öĊ÷Ċî 2 ÷ĊîĔî×šćüǰÙČĂǰLOC_Os01g06550 
(Os01g0158900) ĒúąǰLOC_Os06g14190 (Os06g0252300) đöČęĂđðøĊ÷ïđìĊ÷ïúĞćéĆïēðøêĊî 
NF-X1-zinc-finger øąĀüŠćÜ Ùî Arabidopsis Ēúą ×šćü 	õćÙñîüÖǰÙǰõćóìĊęǰÙ-6) óïüŠćǰ
gi|115467398 (LOC_Os06g14190) ĔîÖćøýċÖþćîĊĚ öĊÙüćöÙúšć÷ÙúċÜÖĆïǰgi|15218447 
(At1g10170) Ĕî Arabidopsis öćÖìĊęÿčé 	õćÙñîüÖǰÙ õćóìĊęǰÙ-7 êćøćÜìĊęǰÙ-10) ÖćøýċÖþć÷Ċî 
At1g10170 (AtNFXL1) ĒúąǰAT5G05660 (AtNFXL2) ēé÷ǰLisso ĒúąÙèąǰ	2006) óïüŠć÷Ċî 
AtNFXL1ÝĞćđðŨîÿĞćĀøĆïÖćøđÝøĉâđêĉïõć÷ĔêšõćüąĒúšÜĒúąõćüąđÙĘö Ēúąêšîǰtransgenic ìĊęđóĉęö
øąéĆïÖćøĒÿéÜĂĂÖ×ĂÜ÷Ċîǰ(35S;AtNFXL1) öĊǰH2O2 ÿĎÜÖüŠćêšîðÖêĉĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâǰúĆÖþèą
éĆÜÖúŠćüÿĂéÙúšĂÜÖĆïÖćøýċÖþćÖŠĂîĀîšćēé÷ǰPongprayoon (2011) ìĊęóïüŠćõć÷ĔêšõćüąđÙøĊ÷éÝćÖǰ
osmotic stress LPT123 öĊÖćøßĆÖîĞćĔĀšñúĉêǰH2O2 ÿĎÜÖüŠćǰLPT123-TC171  
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ïììĊęǰ6ǰ

ÿøčðñúÖćøìéúĂÜǰ
 

��ǰøąïčßîĉéĒúąĒïïøĎð×ĂÜēðøêĊî×ĂÜøćÖìĊęđðúĊę÷îĒðúÜĔîõćüąĒúšÜ 

 üĉđÙøćąĀŤēðøêĊîēé÷ĔßšǰGeLC-MS/MS óïēðøêĊîĔîøćÖ×šćüÿĂÜÿć÷óĆîíčŤǰÝĞćîüîǰ���ǰßîĉéǰ
ēé÷ēðøêĊîǰ���ǰßîĉéöĊÖćøđðúĊę÷îĒðúÜðøĉöćèĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâđöČęĂĕéšøĆïõćüąĒúšÜǰõćüąĒúšÜöĊñúìĞć
ĔĀšēðøêĊîßîĉéêŠćÜǰėǰöĊðøĉöćèđðúĊę÷îĒðúÜĕðǰàċęÜóïÝĞćîüîßîĉé×ĂÜēðøêĊîìĊęêĂïÿîĂÜêŠĂõćüąĒúšÜ
Ĕî×šćüìĆĚÜÿĂÜÿć÷óĆîíčŤĔÖúšđÙĊ÷ÜÖĆîǰĒêŠĂ÷ŠćÜĕøÖĘéĊǰöĊēðøêĊîđóĊ÷Üǰ�ǰßîĉéđìŠćîĆĚîìĊęóïđĀöČĂîÖĆîĔî×šćü
ìĆĚÜÿĂÜóĆîíčŤ�ÿć÷óĆîíčŤ đöČęĂÝĆéÖúčŠöēðøêĊîêćöĀîšćìĊęóïüŠćēðøêĊîìĊęöĊÖćøđðúĊę÷îĒðúÜđßĉÜðøĉöćèöĊǰ�ǰ
ÖúčŠöÙČĂǰđöĒìïĂúĉàċö ÖćøÿŠÜÿĆââćè ÖøąïüîÖćøëĂéøĀĆÿĒúąÿĆÜđÙøćąĀŤēðøêĊî ēðøêĊîìĊęöĊ
ïìïćìđÖĊę÷ü×šĂÜÖĆïēÙøÜøŠćÜõć÷ĔîđàúúŤ ÖćøúĞćđúĊ÷ÜÿćøñŠćîđ×šć-ĂĂÖÝćÖđàúúŤ cellular process 
protein modification ìøćîēóàĂîǰĒúąēðøêĊîìĊęĕöŠìøćïĀîšćìĊę 

 

��ǰýċÖþćÖćøĒÿéÜĂĂÖ×ĂÜ÷ĊîìĊęìĞćÖćøÙĆéđúČĂÖĕüšÝćÖēðøêĊîĔîøąéĆïǰUSBOTDSJQUJPOǰ

LOC_Os06g14190 NF-X1-type zinc finger protein, putative, expressed 
(OsNFXL1) öĊÖćøĒÿéÜĂĂÖĔîđîČĚĂđ÷ČęĂøćÖĔîõćüąðÖêĉǰõć÷ĔêšõćüąĒúšÜĒúąõćüąđÙĘößĆÖîĞćĔĀšöĊÖćø
ĒÿéÜĂĂÖđóĉęö×ċĚîĔî×šćüǰLPT123 ĒêŠĕöŠđðúĊę÷îøąéĆïÖćøĒÿéÜĂĂÖĔî×šćüǰLPT123-TC171 àċęÜÙćéüŠćǰ
OsNFXL1 öĊïìïćìđðŨî Transcription Factor ÙüïÙčöÖćøĒÿéÜĂĂÖ×ĂÜÖúčŠö÷Ċîõć÷ĔêšõćüąĒúšÜ
ĒúąđÙĘö 
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1. ÿćøđÙöĊÿĞćĀøĆïđêøĊ÷öÿćøúąúć÷íćêčĂćĀćøÿĎêøéĆéĒðúÜǰ81ǰ/P��ǰ����ǰ

	7BKSBCIBZBǰBOEǰ7BKSBCIBZB
ǰ����
ǰ

ßČęĂÿćøđÙöĊ ðøĉöćèÿćøǰ	mg/l) 

.BDSPFMFNFOUTǰ

       Potassium nitrate (KNO3) 

       Calcium sulfate (CaSO4) 

       Magnesium sulfate (MgSO4·7H2O) 

       Triple super phosphate 

       Ammonium sulfate (NH4)2SO4 

.JDSPFMFNFOUT 

       di-sodium ethylene diamine 

       tetraacetate (Na2EDTA)a 

       Ferrous sulfate (FeSO4·7H2O)a 

       Manganese sulfate (MnSO4·H2O) 

       Boric acid (H3BO3) 

       Zinc sulfate (ZnSO4·7H2O) 

       Potassium iodide (KI) 

       Sodium molybdate (Na2MoO4·2H2O) 

       Copper sulfate (CuSO4·5H2O) 

       Cobalt chloride (CoCl2·6H2O) 

 

                     580 

                     500 

                     450 

                     250 

                     100 

 

                     160 

 

                     120 

                     15 

                     15 

                     1.5 

                     1.0 

                     0.1 

                     0.05 

                     0.05 

BǰÖćøđêøĊ÷öǰ'F404ǰTUPDLǰÙüćöđ×šö×šîǰ��ǰH�-ǰ	�-
 
1. ßĆęÜ Na2EDTA 40 ÖøĆöǰĒúąǰFeSO4·7H2O 30 ÖøĆö 
2. Ē÷Öúąúć÷ĔîîĚĞćÖúĆęîǰ500 ml ìĊúąêĆüìĊęĂčèĀõĎöĉǰ70-90 ĂÜýćđàúđàĊ÷ÿ 
3. ñÿöÿćøúąúć÷ìĆĚÜÿĂÜđ×šćéšü÷ÖĆîǰĒúšüóŠîôĂÜĂćÖćýǰ3 ßĆęüēöÜÝîÿćøúąúć÷Ĕÿ 

  

 



81 
 

2. ēðøêĉēĂöĉÖÿŤǰ

ßČęĂÿćøđÙöĊǰ ÿŠüîðøąÖĂïǰ

Deoxycholate-trichloroacetic acid (DOC-TCA) 0.15% (w/v) deoxycholate 950 µl 

72% (w/v) trichloroacetic acid 100 µlǰ

Lowry protein assay 

       Reagent A 

 

 

 

       Reagent B 

 

 

(0.2%CuSO4 + 0.4% Tartaric acid)  5 ml 

20% Na2CO3                               5 ml 

0.8 N NaOH                              10 ml 

5% SDS                                   20 ml 

Folin-Ciocalteu phenol               1 ml 

Distilled water                           5 ml 

SDS-PAGE 

       Separating gel (10 ml) 

 

 

 

 

 

       Stacking gel (3 ml) 

 

40% Acrylamide                     3125 µl 

1.5 M Tris·HCl pH 8.8               2500 µl 

10%SDS                                  125 µl 

dH2O                                     4200 µl 

10% APS                                   50 µl 

TEMED                                       6 µl 

40% Acrylamide                       300 µl 

0.5 M Tris·HCl pH 6.8                 742 µl 

10% SDS                                   30 µl 

dH2O                                    1900 µl 

10% APS                                   23 µl 

TEMED                                     3.5 µl 
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ßČęĂÿćøđÙöĊǰ ÿŠüîðøąÖĂïǰ
a Coomassie Blue R250 staining 

 

 

b Destaining solution for Coomassie Blue 

R250 staining 

 

coomassie blue R250     0.1 g 

acetic acid                    1 ml 

distilled water add to  100 ml 

MeOH                         40 ml 

acetic acid                   10 ml 

distilled water add to  100 ml 

 

a Mixed very well and stir for 1 hour before use, for fresh preparing solution stain for 
5 min ; storing gel in 0.1% (v/v) acetic acid 
b ĒßŠÝîǰbackground Ĕÿ 
 
���ǰüĉíĊÖćøÿÖĆéēðøêĊîéĆéĒðúÜÝćÖüĉíĊ×ĂÜǰ1FUFSTPOǰ	����
ǰ
ǰ
1. ïéêĆüĂ÷ŠćÜđîČĚĂđ÷ČęĂøćÖǰ0.2 ÖøĆö ĔîēÖøŠÜÖĆïĕîēêøđÝîđĀúüêĆÖĔÿŠĀúĂé microcentrifuge  
2. đêĉöǰ0.1% (w/v) SDS ðøĉöćêøǰ300 µl ñÿöĔĀšđ×šćÖĆîĒúšüîĞćĕðïŠöìĊęǰ37 °C đðŨîđüúć 3 ßĆęüēöÜ 
3. ðŦũîđĀüĊę÷ÜìĊęǰ13,000 øĂïêŠĂîćìĊǰđðŨîđüúć 15 îćìĊ 
4. ðŗđðêÿćøúąúć÷ßĆĚîïîĔÿŠĀúĂéĔĀöŠ 
5. îĞćêĆüĂ÷ŠćÜēðøêĊîìĊęðŗđðêĕéšĔî×šĂǰ4 öćðøĉöćêøǰ50 µl đêĉöǰ0.15% (w/v) deoxycholate 
   (DOC) ðøĉöćêøǰ950 µl ñÿöĔĀšđ×šćÖĆîĒúšüîĞćĕðïŠöìĊęǰ37 °C đðŨîđüúć 10 îćìĊ 
6. đêĉöǰ72% (w/v) trichloroacetic acid (TCA) ðøĉöćêøǰ100 µlǰñÿöĔĀšđ×šćÖĆîĒúšüîĞćĕðïŠöìĊę 
   -20°C đðŨîđüúć 18 ßĆęüēöÜ ĀøČĂǰ-80°C đðŨîđüúć 2 ßĆęüēöÜ 
7. ðŦũîđĀüĊę÷ÜìĊęǰ13,000 øĂïêŠĂîćìĊǰđðŨîđüúć 15 îćìĊ ÝćÖîĆĚîðŗđðêÿćøúąúć÷ßĆĚîïîìĉĚÜ ìĉĚÜĕüšĔĀš 
   ĒĀšÜìĊęĂčèĀõĎöĉĀšĂÜǰðøąöćèǰ5 îćìĊ 
8. úąúć÷êąÖĂîĔîǰ0.15% DOC ðøĉöćêøǰ50 µl 
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���ǰÖćøüĆéÙüćöđ×šö×šîēðøêĊîéšü÷ǰ-PXSZǰNFUIPEǰ	-PXSZǰFUǰBM�
ǰ����
ǰ

ÿćøúąúć÷ǰBSA standard 
ßĆęÜǰBSA (fraction V. SIGMA) 2 öĉúúĉÖøĆöǰúąúć÷Ĕîǰsteriled water 1 ml 	ĀøČĂĔîêĆüìĞć
úąúć÷đéĊ÷üÖĆîÖĆïǰsample) 

 
Sample preparation 
 ëšćÙćéüŠćêĆüĂ÷ŠćÜöĊÙüćöđ×šö×šîöćÖǰĔĀšìĞćÖćøđêøĊ÷öêĆüĂ÷ŠćÜđðŨîǰ1,3,5 Ēúąǰ10 đìŠć 
 
Protein determination 

1. BSA standard 
1.1 éĎéǰsteriled water ĔÿŠĔîǰ96-well plate Āúčöúąǰ5 µl ÝĞćîüîǰ4 ĀúčöÿĞćĀøĆïĔßšđðŨîǰ

blank 
1.2 éĎéÿćøúąúć÷ǰBSA ĔÿŠĔîǰ96-well plate Āúčöúąǰ1 µl ÝĞćîüîǰ4 ĀúčöĒúšüđêĉö

steriled water Āúčöúąǰ4 µl ÝąĕéšđðŨîǰBSA Ùüćöđ×šö×šîǰ2 µg/µl 
1.3 éĎéÿćøúąúć÷ǰBSA ĔÿŠĔîǰ96-well plate Āúčöúąǰ2 µl ÝĞćîüîǰ4 ĀúčöĒúšüđêĉö

steriled water Āúčöúąǰ3 µl ÝąĕéšđðŨîǰBSA Ùüćöđ×šö×šîǰ4 µg/µl 
1.4 éĎéÿćøúąúć÷ǰBSA ĔÿŠĔîǰ96-well plate Āúčöúąǰ3 µl ÝĞćîüîǰ4 ĀúčöĒúšüđêĉö

steriled water Āúčöúąǰ2 µl ÝąĕéšđðŨîǰBSA Ùüćöđ×šö×šîǰ6 µg/µl 
1.5 éĎéÿćøúąúć÷ǰBSA ĔÿŠĔîǰ96-well plate Āúčöúąǰ4 µl ÝĞćîüîǰ4 ĀúčöĒúšüđêĉö

steriled water Āúčöúąǰ1 µl ÝąĕéšđðŨîǰBSA Ùüćöđ×šö×šîǰ8 µg/µl 
1.6 éĎéÿćøúąúć÷ǰBSA ĔÿŠĔîǰ96-well plate Āúčöúąǰ5 µl ÝĞćîüîǰ4 ĀúčöÝąĕéšđðŨî BSA 

Ùüćöđ×šö×šîǰ10 µg/µl 
Āöć÷đĀêčǰÖøèĊìĊęǰsample úąúć÷ĔîêĆüìĞćúąúć÷ĂČęîìĊęĕöŠĔßŠîĚĞćĔĀšĔßšêĆüìĞćúąúć÷îĆĚî
Ēìîǰsteriled water Ĕî×šĂǰ1.1-1.5 
 

2. éĎéǰsample ĔÿŠĔî 96-well plate êĆüĂ÷ŠćÜúąǰ5 µl ÝĞćîüîǰ4 Āúčöǰ 
3. đêĉöǰreagent A 200 µl Ĕî×šĂ 1.1-1.6 Ēúą×šĂǰ2 êĆĚÜìĉĚÜĕüšìĊęĂčèĀõĎöĉĀšĂÜđðŨîđüúć 30 îćìĊ 
4. đêĉö reagent B 50 µl Ĕî×šĂǰ1.1-1.6 Ēúą×šĂǰ2 êĆĚÜìĉĚÜĕüšìĊęĂčèĀõĎöĉĀšĂÜđðŨîđüúć 30 îćìĊ 
5. îĞćĕðüĆéÙŠćÖćøéĎéÖúČîĒÿÜìĊęǰOD 750 nm (ÝąêšĂÜüĆéÙŠćǰOD õć÷Ĕî 1 ßĆęüēöÜĀúĆÜÙøïđüúć

×ĂÜ×šĂǰ4 ĒúąÙŠćǰOD ìĊęĕéšêšĂÜöĊÙŠćĕöŠđÖĉîǰ1) 
ǰ ǰ
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ÖćøÙĞćîüèǰ
ǰ
1. ÿøšćÜÖøćôēðøêĊîöćêøåćî 

1.1 ÝćÖÙŠćéĎéÖúČîĒÿÜìĊęĂŠćîĕéšĔîĒêŠúąÙüćöđ×šö×šîĔĀšêĆéÙŠćìĊęĂŠćîĕéšÿĎÜìĊęÿčéǰĀøČĂêęĞćìĊęÿčéìĉĚÜ
ĕð ĒúšüîĞćÙŠćìĊęđĀúČĂĂĊÖǰ3 ÙŠćöćĀćÙŠćđÞúĊę÷ǰĒúšüúïéšü÷ÙŠćđÞúĊę÷×ĂÜǰblank ÝąĕéšđðŨî
ÙŠćđÞúĊę÷×ĂÜǰsample ìĊęÝąĔßšĔîÖćøÙĞćîüèĀćÙüćöđ×šö×šî×ĂÜ sample 
1.2 ÿøšćÜÖøćôøąĀüŠćÜǰÙŠćđÞúĊę÷×ĂÜǰOD750 ÖĆïÙüćöđ×šö×šî×ĂÜǰBSA 

 

 0 µg 2 µg 4 µg 6 µg 8 µg 
A750 0 0.11921 0.15189 0.26538 0.3339 

 

2.  ÙĞćîüèĀćÙüćöđ×šö×šî×ĂÜ sample 
 

Ùüćöđ×šö×šî (µg/µl) = {[(ÙŠćđÞúĊę÷ǰOD 750 ×ĂÜǰSample)/m] × dilution factor} 

                                                           Testing Volume 

Ùüćöđ×šö×šî (µg/µl) = 2 mg/ml BSA in 0.15% DOC 

  

 



85 

 

2.3 *Oǰ(FMǰEJHFTUJPOǰ1SPUPDPMǰ(Jaresitthikunchai et. al., 2009)ǰ

Reference Sample preparation: 

1. đêøĊ÷öǰgel plug ×ĂÜǰBSA (fraction V, SIGMA) ×îćéðøąöćèǰ�×1×1 mm
3
  

đóČęĂĔßšđðŨî (1) reference sample ÿĞćĀøĆïÙüïÙčöǰcondition ĔîÖćø÷ŠĂ÷ 

                     (2) Ĕßšǰspike úÜĔîǰsample ÿĞćĀøĆïĔßšđðŨîǰinternal standard ĔîÖćø 
                         üĉđÙøćąĀŤđßĉÜðøĉöćèéšü÷ēðøĒÖøöǰDecyder MS 

üĉíĊÖćøêĆéǰgel (SDS PAGE): 

úšćÜĒñŠîǰgel éšü÷îĚĞćÖúĆęîǰĒúšüêĆéǰgel êćö×ĆĚîêĂîǰéĆÜøĎð 

 

ǰ

ǰ

ǰ

ǰ

ǰ

×ĆĚîêĂîÖćø÷ŠĂ÷ǰsample 

1. îĞćǰgel plug ×îćéðøąöćèǰ� mm
3
 ĔÿŠĔîǰ96 well plate gel ìĊę÷šĂöéšü÷ǰcoomassie blue 

    ĔÿŠǰĀúčöúąǰ5 ÖšĂî 

2. đêĉöîĚĞćÖúĆęîǰsterile ðøĉöćêøǰ200 µl đ×÷ŠćìĊęĂčèĀõĎöĉĀšĂÜđðŨîđüúćǰ5 îćìĊ 

3. éĎéîĚĞćÖúĆęîǰsterile ìĉĚÜĕðǰĒúšüđêĉöǰ100% acetronitrile ðøĉöćêøǰ200 µl đ×÷ŠćìĊęĂčèĀõĎöĉĀšĂÜđðŨî  

    đüúćǰ5 îćìĊ 

4. éĎéǰacetronitrile ìĉĚÜĕðǰìĞćàĚĞć×šĂǰ3 ĂĊÖǰ1 øĂïǰĒúšüéĎéǰacetronitrile ìĉĚÜĕð ðúŠĂ÷ĔĀšǰgel plug  

    ĒĀšÜìĊęĂčèĀõĎöĉĀšĂÜđðŨîđüúćǰ5-10 îćìĊ 

5. đêĉöǰ10 mM Dithiothreitol / 10 mM ammonium bicarbonate ðøĉöćêøǰ50 µl êĆĚÜìĉĚÜĕüšìĊę  
    ĂčèĀõĎöĉĀšĂÜđðŨîđüúćǰ1 ßĆęüēöÜǰđóČęĂÿúć÷óĆîíąǰdisulfide 

gel plug  

×îćéðøąöćè 

  êĆéǰgel êćöĒîü×üćÜìĊúą
ĒëïÝćÖúŠćÜ×ċĚîïî 

êĆéǰgel ìĊúąĒëïÝćÖàšć÷ĕð
×üćǰđøĊ÷ÜêćöøĀĆÿêĆüĂ÷ŠćÜ êĆéǰgel ×îćé 

ðøąöćè 
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6. éĎéǰ10 mM Dithiothreitol / 10 mM ammonium bicarbonate ìĉĚÜĕð 

7. đêĉöǰ100 mM Iodoacetamide / 10 mM ammonium bicarbonate ðøĉöćêøǰ50 µl êĆĚÜìĉĚÜĕüš 
    ĔîìĊęöČéìĊęĂčèĀõĎöĉĀšĂÜđðŨîđüúćǰ1 ßĆęüēöÜǰđðŨîÖćøđêĉöĀöĎŠǰalkyl đóČęĂðŜĂÜÖĆîĕöŠĔĀšđÖĉéóĆîíą 

    disulfide ĂĊÖǰ	đøĊ÷ÖüŠćðäĉÖĉøĉ÷ćǰcarbamidomethyl) 

8. éĎéǰ100 mM Iodoacetamide / 10 mM ammonium bicarbonate ìĉĚÜĕð 

9. đêĉöǰ100% acetronitrile ðøĉöćêøǰ200 µl đ×÷ŠćìĊęĂčèĀõĎöĉĀšĂÜđðŨîđüúćǰ5 îćìĊĒúšüéĎé 

    acetronitrile ìĉĚÜĕðǰ	ìĞćàĚĞćĂĊÖǰ2 øĂï
 ëšćǰgel ÷ĆÜĕöŠĀéêĆüĔĀšìĞćàĚĞćĂĊÖǰ1 øĂï 

10. đêĉöǰ10 ng Trypsin in 50% acetronitrile / 10 mM ammonium bicarbonate Āúčöúąǰ 
     40 µl ïŠöìĊęĂčèĀõĎöĉĀšĂÜǰđðŨîđüúćǰ20 îćìĊǰÖŠĂîđêĉöǰ30% acetronitrile ðøĉöćêøǰ30 µl Ēúšü 
     ïŠöêŠĂìĊęĂčèĀõĎöĉĀšĂÜđðŨîđüúćǰ3 ßĆęüēöÜǰĀøČĂǰovernight 

11. éĎé×ĂÜđĀúüĒêŠúąêĆüĂ÷ŠćÜĔÿŠĔîǰplate ĔĀöŠǰ	1 êĆüĂ÷ŠćÜêŠĂĀúčö
 ëšćĔîĀúčöĒĀšÜÝîĕöŠÿćöćøëéĎé 

     ×ĂÜđĀúüĕéšĔĀšđêĉöǰ30% acetronitrile ðøĉöćêøǰ30 µl đ×÷ŠćìĊęĂčèĀõĎöĉĀšĂÜđðŨîđüúćǰ10 îćìĊǰǰ 
     ÖŠĂîéĎéĔÿŠǰplate ĔĀöŠ 

12. ÿÖĆéǰpeptide ìĊęđĀúČĂĔîǰgel plug (×šĂǰ11) éšü÷ǰ50% acetronitrile / 0.1% FA ðøĉöćêøǰ 
     30 µl đ×÷ŠćìĊęĂčèĀõĎöĉĀšĂÜđðŨîđüúćǰ10 îćìĊǰéĎé×ĂÜđĀúüĔÿŠĔîĀúčöìĊęöĊøĀĆÿêĆüĂ÷ŠćÜđéĊ÷üÖĆîúÜĔîǰ   
     plate ×šĂǰ9 (ìĞćàĚĞćǰ2 øĂï
 

13. ìĞćĒĀšÜêĆüĂ÷ŠćÜéšü÷đÙøČęĂÜǰhot air oven ìĊęĂčèĀõĎöĉǰ40 °C đðŨîđüúćǰ3-4 ßĆęüēöÜǰĀøČĂǰ1 ÙČî 

14. đÖĘïøĆÖþćêĆüĂ÷ŠćÜìĊęǰ-80 °C øĂîĞćĕðüĉđÙøćąĀŤéšü÷đÙøČęĂÜǰmass spectrometry 

ǰ ǰ
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���ǰ×ĆĚîêĂîÖćøđêøĊ÷öǰQFQUJEFǰTPMVUJPOǰđóČęĂüĉđÙøćąĀŤñúéšü÷đÙøČęĂÜǰLC-.4�.4ǰ

1. êĆüĂ÷ŠćÜìĊę÷ŠĂ÷ĕéšǰ1 øĀĆÿêĆüĂ÷ŠćÜǰëšćöĊĀúć÷ĀúčöĔĀšđêĉöǰ0.1% FA ðøĉöćêøǰ10 µl úÜĔîĀúčö
ÿčéìšć÷ǰĒúąìĞćÖćøǰpipette đóČęĂßąêĆüĂ÷ŠćÜìĊęĒĀšÜĂ÷ĎŠĔîĀúčöÿčéìšć÷đøČęĂ÷öćÝîëċÜĀúčöĒøÖǰĒúšüóĆÖ
êĆüĂ÷ŠćÜìĊęǰpipette ĕéšĔîøĂïìĊęǰ1 ĕüšĔîĀúčöĒøÖǰ	ëšćǰ1 øĀĆÿêĆüĂ÷ŠćÜ öĊđóĊ÷ÜĀúčöđéĊ÷üĔĀšđêĉöǰ����ǰ
FA ðøĉöćêøǰ��ǰµl ĒúšüìĞćÖćøǰpipette đóČęĂßąêĆüĂ÷ŠćÜ
 

2. ìĞćàĚĞć×šĂǰ1 ĂĊÖÙøĆĚÜǰđóČęĂßąǰpeptide ìĊęđĀúČĂÙšćÜĂ÷ĎŠĔîĒêŠúąĀúčööćǰpool øüöÖĆîĔîĀúčöĒøÖÝą
ĕéšðøĉöćêøøüöìĆĚÜĀöéðøąöćèǰ20 µl 

3. éĎé×ĂÜđĀúüìĆĚÜĀöéÝćÖĀúčöĒøÖĔÿŠĔîǰmicrocentrifuge tube ×îćéǰ1.5 ml ĒúšüîĞćĕðǰ
centrifuge 10,000 rpm đðŨîđüúćǰ5 îćìĊǰđóČęĂÖĞćÝĆéđýþǰgel ĀøČĂêąÖĂîēðøêĊî 

4. éĎé×ĂÜđĀúüðøĉöćêøǰ16 µl ĔÿŠĔîǰmicrocentrifuge tube ×îćéǰ1.5 ml ĔĀöŠ 

5. éĎé×ĂÜđĀúüÝćÖ×šĂǰ4 ðøĉöćêøǰ8 µl ĔÿŠĔîǰinsert tube êøüÝÿĂïĔĀšĒîŠĔÝÖŠĂîüŠćĕöŠöĊôĂÜĂćÖćýǰ
ĒúąðøĆïĔĀšǰinsert tube êĆĚÜêøÜÖŠĂîðŗéòćǰvial   

ǰ

üĉíĊÖćøǰTQJLFǰ#4"ǰEJHFTUFEǰTPMVUJPOǰ�ǰQNPM�wMǰúÜĔîêĆüĂ÷ŠćÜ�ǰ

1. éĎéǰpeptide solution ðøĉöćêøǰ16 µl ĔÿŠĔîǰmicrocentrifuge tube ×îćéǰ1.5 ml 

2. đêĉöǰBSA digested Ùüćöđ×šö×šîǰ1 pmol/µl ðøĉöćêøǰ4 µl ñÿöĔĀšđ×šćÖĆî 

3. éĎéǰmixtured solution ðøĉöćêøǰ10 µl ĔÿŠĔîǰinsert tube êøüÝÿĂïĔĀšĒîŠĔÝÖŠĂîüŠćĕöŠöĊ
ôĂÜĂćÖćýǰĒúąðøĆïĔĀšǰinsert tube êĆĚÜêøÜÖŠĂîðŗéòćǰvial (ĔîÖćøüĉđÙøćąĀŤđßĉÜðøĉöćèéšü÷đÙøČęĂÜǰ
LC-MS/MS Ýąǰinject sample 5 µl đóøćąÞąîĆĚîǰfinal concentration ×ĂÜǰBSA digested 
solution đðŨîǰ500 fmol/µl) 

ǰ ǰ
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üĉíĊÖćøđêøĊ÷öÿćøđÙöĊǰ(Jaresitthikunchai et. al., 2009)ǰ

x 20 mM Ammonium bicarbonate (FW 79.06) ðøĉöćêøǰ50 ml 

đêĉöǰ20 mM Ammonium bicarbonate ðøĉöćêøǰ25 ml Ĕîǰsteriled milli Q water ðøĉöćêø
đðŨîǰ25 ml 

x 10 mM Dithiothreitol / 10 mM ammonium bicarbonate ðøĉöćêøǰ5 ml (fresh 
prepare, for sample 96 well) 

ßĆęÜÿćøǰDithiothreitol (FW 154.25) 7.7125 mg úąúć÷Ĕîǰ10 mM Ammonium bicarbonate 

ðøĆïðøĉöćêøđðŨîǰ5 ml 

x 100 mM Iodoacetamide / 10 mM ammonium bicarbonate ðøĉöćêøǰ5 ml (fresh 
prepare, for sample 96 well) 

ßĆęÜÿćøǰIodoacetamide (FW 184) 92.0 mg úąúć÷Ĕîǰ10 mM Ammonium bicarbonate ðøĆï
ðøĉöćêøđðŨîǰ5 ml 

x 50% acetronitrile / 10 mM ammonium bicarbonate 

đêĉöǰ100% Acetonitrile  úÜĔîǰǰ20 mM ammonium bicarbonate ĂĆêøćÿŠüîǰ1:1 

x 10 ng Trypsin in 50% acetronitrile / 10 mM ammonium bicarbonate 

đêĉöǰ50% acetronitrile / 10 mM ammonium bicarbonate ðøĉöćêøǰ2 ml úÜĔîǰ20 µg 

Trypsin Ýąĕéšǰ10 ng Trypsin  in 50% acetronitrile / 10 mM ammonium bicarbonate øąïč
ßČęĂñĎšđêøĊ÷ö, Ùüćöđ×šö×šîǰĒúąüĆîìĊęìĊęđêøĊ÷ö 

x 30% acetronitrile ðøĉöćêøǰ5 ml (used 1.92 ml for sample 96 well) 
đêĉöǰ100% Acetonitrile  ðøĉöćêøǰ1.5 ml Ĕîǰsteriled milli Q water ðøĉöćêøđðŨîǰ3.5 ml 

x 0.1% FA ðøĉöćêøǰ50 ml 

đêĉöǰFA conc. (trifluoroacetic acid) ðøĉöćêøǰ50 µl Ĕîǰsteriled milli Q water ðøĉöćêøđðŨîǰ
49.95 ml 

x 50% acetronitrile / 0.1% FA ðøĉöćêøǰ10 ml (used 8.64 ml for sample 96 well) 

đêĉöǰ100% Acetonitrile  ðøĉöćêøǰ5 ml Ĕîǰ0.1% FA ðøĉöćêøǰ5 ml 
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��ǰÖćøýċÖþćÖćøĒÿéÜĂĂÖ×ĂÜ÷Ċîǰ

ßČęĂÿćøđÙöĊǰ ÿŠüîðøąÖĂïǰ

TE 10mM Tris pH 8.0 

1mM EDTA 

5X TBE 54 g Tris-base 

27.5 g Boric acid 

20ml 0.5 M EDTA pH 8.0 

DNA loading dye and RNA loading dye for 

agarose gel 

30% (v/v) glycerol in water 

0.25% (w/v) bromophenol blue 

0.25% (w/v) cylene cyanol 

RNA extraction buffer 100 mM Tris pH 9.0 

100 mM NaCl 

20 mM EDTA 

1% (w/v) lauryl sarcosinate 

0.1% (v/v) ȕ-mercaptoethanol 

0.1% (v/v) DEPC (diethyl pyrrocarbonate) 
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üĉíĊÖćøÿÖĆéǰ3/"ǰéĆéĒðúÜÝćÖüĉíĊǰ)PUǰQIFOPMǰ	ðćøüĊǰíĉÖćý, 2546
ǰ
ǰ
1. ïéêĆüĂ÷ŠćÜøćÖ×šćüĒßŠĒ×ĘÜÝĞćîüîǰ5 êšîǰÖĆïĕîēêøđÝîđĀúüǰĔîēÖøŠÜïéìĊęñŠćîÖćøĂïìĊęĂčèĀõĎöĉǰ
180 °C đðŨîđüúć 8 ßĆęüēöÜđóČęĂìĞćúć÷ǰRNase Ēúšü ÝćÖîĆĚîêĆÖêĆüĂ÷ŠćÜóČßìĊęïéúąđĂĊ÷éđðŨîñÜĒðŜÜĔÿŠ
ĀúĂé microcentrifuge ìĊęìĞćĔĀšđ÷ĘîÝĆééšü÷ĕîēêøđÝîđĀúüǰ	êĆÖĔÿŠÝîëċÜ×Ċéǰ500 µl êŠĂĀúĂéĒúą
êĆüĂ÷ŠćÜìĊęïéĒúšüÙüøêĆÖĔÿŠĂ÷ŠćÜîšĂ÷ǰ2 ĀúĂéǰđóČęĂîĞćöć pool RNA õć÷ĀúĆÜ) 
2. đêĉöǰRNA extraction buffer Ēúąǰphenol:chloroform:isoamyl alcohol (25:24:1) (v/v) 

Ă÷ŠćÜúąǰ500 µl àċęÜĂčŠîĔĀšøšĂîìĊęĂčèĀõĎöĉ 80 °C ñÿöĔĀšđ×šćÖĆîĒúąĒßŠúÜĔîîĚĞćĒ×ĘÜìĆîìĊ 
3. ðŦũîđĀüĊę÷ÜìĊęǰ13,500 øĂïêŠĂîćìĊǰìĊęĂčèĀõĎöĉǰ4 °C đðŨîđüúćǰ13 îćìĊǰ 
4. ðŗđðêÿćøúąúć÷ßĆĚîïîĔÿŠĀúĂéĔĀöŠ (ðøąöćèǰ450 µl) îĞćöćÿÖĆéàĚĞćéšü÷ǰ
phenol:chloroform:isoamyl alcohol (25:24:1) (v/v) ðøĉöćêøđìŠćÖĆïÿćøúąúć÷ĔîĀúĂé 

5. ðŦũîđĀüĊę÷ÜìĊęǰ13,500 øĂïêŠĂîćìĊǰìĊęĂčèĀõĎöĉǰ4 °C đðŨîđüúćǰ13 îćìĊ 
6. ðŗđðêÿćøúąúć÷ßĆĚîïîĔÿŠĀúĂéĔĀöŠ (ðøąöćèǰ400 µl) đêĉö absolute ethanol ðøĉöćêøǰ2.5 

đìŠć×ĂÜÿćøúąúć÷ĔîĀúĂéǰóúĉÖÖúĆïĕðöćǰÝćÖîĆĚîîĞćĕðêÖêąÖĂîìĊęǰ-20 °C đðŨîđüúć 1 ßĆęüēöÜ 
7. ðŦũîđĀüĊę÷ÜìĊęǰ13,500 øĂïêŠĂîćìĊǰìĊęĂčèĀõĎöĉǰ4 °C đðŨîđüúćǰ13 îćìĊ 
8. đìÿćøúąúć÷ÿŠüîĔÿìĉĚÜǰðŗđðêÿćøúąúć÷ìĊęÙšćÜĂĂÖĔĀšĀöéǰĒúšüúšćÜǰpellet éšü÷ 80% ethanol 

ðøĉöćêøǰ150 µl éšü÷ÖćøđĂĊ÷ÜĀúĂéĕðöćĔĀšÿćøúąúć÷ÿĆöñĆÿÖĆï pellet 	ĀćÖǰpellet ĀúčéøąĀüŠćÜ
úšćÜĔĀšîĞćĕððŦũîđĀüĊę÷ÜĂĊÖÙøĆĚÜ
ǰðŗđðêǰ80% ethanol ĂĂÖĔĀšĀöéǰĒúąîĞćĕðǰair dry ìĊęĂčèĀõĎöĉĀšĂÜ
ĔĀšǰethanol øąđĀ÷ÝîĀöéǰ	ðøąöćè 15 îćìĊ
 
9. úąúć÷ pellet Ĕî DEPC-treated TE buffer 160 µl ÝćÖîĆĚîđêĉö 10 M LiCl2 40 µl îĞćĕð
êÖêąÖĂîìĊęǰ-20 °C đðŨîđüúćðøąöćèǰ18 ßĆęüēöÜ 
10. ðŦũîđĀüĊę÷ÜìĊęǰ13,500 øĂïêŠĂîćìĊǰìĊęĂčèĀõĎöĉǰ4 °C đðŨîđüúćǰ13 îćìĊ ÝćÖîĆĚîðŗđðêÿćøúąúć÷ßĆĚî
ïîìĉĚÜǰĒúšüúšćÜǰpellet éšü÷ 80% ethanol ðøĉöćêøǰ150 µl  ðŗđðêǰ80% ethanol ĂĂÖĔĀšĀöéǰ
ĒúąîĞćĕðǰair dry ìĊęĂčèĀõĎöĉĀšĂÜĔĀšǰethanol øąđĀ÷ÝîĀöéǰ	ðøąöćè 15 îćìĊ
 
11. ÿĞćĀøĆïÖćøÿÖĆéĔîøćÖ×šćüĔĀšǰúąúć÷ pellet éšü÷ǰDEPC-treated TE buffer 10 µl 

ǰ ǰ

 



91 

 

üĉíĊÖćøÖĞćÝĆéǰ%/"ǰéšü÷đĂîĕàöŤǰ3FDPNCJOBOUǰ%/BTFǰ*ǰ	3/BTF-GSFF
ǰ×ĂÜǰ5B,B3Bǰ

1. ÿćøđÙöĊìĊęĔßšĔîðäĉÖĉøĉ÷ćÖĞćÝĆéǰDNA ðøąÖĂïéšü÷ 

 Total RNA (20 µg)    *variable µl 

 10X Dnase I Buffer     5 µl 

 Recombinant Dnase I (RNase-free)   2 µl (10 units) 

 DEPC-treated water    variable µl 

 5PUBMǰ7PMVNF     ��ǰwM 

 ïŠöìĊęǰ37 °C đðŨîđüúćǰ1 ßĆęüēöÜ 

2. îĞćÿćøúąúć÷Ĕî×šĂǰ1 öćđêĉöǰDEPC-treated water 100 µl ÝćÖîĆĚîđêĉö 

    phenol:chloroform:isoamyl alcohol (25:24:1) (v/v) 150 µl đ×÷ŠćĔĀšđ×šćÖĆî 

3. ðŦũîđĀüĊę÷ÜìĊęǰ13,500 øĂïêŠĂîćìĊǰìĊęĂčèĀõĎöĉǰ4 °C đðŨîđüúćǰ13 îćìĊ 

4. ðŗđðêÿćøúąúć÷ßĆĚîïîĔÿŠĀúĂéĔĀöŠǰ	ðøąöćè 120 µl) đêĉöǰ3M NaOAc (pH 5.2) ðøĉöćêø 1 

Ĕîǰ10 đìŠć×ĂÜÿćøúąúć÷ĔîĀúĂéǰ	ðøąöćèǰ12 µl) Ēúąđêĉö absolute ethanol ðøĉöćêøǰ2.5 

đìŠć×ĂÜÿćøúąúć÷ĔîĀúĂé (ðøąöćè 400 µl) ñÿöĔĀšđ×šćÖĆîǰÝćÖîĆĚîîĞćĕðêÖêąÖĂîìĊęǰ-80 °C đðŨî
đüúćǰ1 ßĆęüēöÜ 

5. ðŦũîđĀüĊę÷ÜìĊęǰ13,500 øĂïêŠĂîćìĊǰìĊęĂčèĀõĎöĉǰ4 °C đðŨîđüúćǰ13 îćìĊ ÝćÖîĆĚîðŗđðêÿćøúąúć÷ßĆĚî
ïîìĉĚÜǰĒúšüúšćÜǰpellet éšü÷ 80% ethanol ðøĉöćêøǰ150 µl  ðŗđðêǰ80% ethanol ĂĂÖĔĀšĀöéǰ
ĒúąîĞćĕðǰair dry ìĊęĂčèĀõĎöĉĀšĂÜĔĀšǰethanol øąđĀ÷ÝîĀöéǰ	ðøąöćè 15 îćìĊ
 

6. úąúć÷ pellet éšü÷ǰDEPC-treated TE buffer 10 µl 

*variable µl ÙĞćîüèðøĉöćêøÝćÖÖćøüĆéÙŠćÖćøéĎéÖúČîĒÿÜéšü÷đÙøČęĂÜ Spectrophotometer ìĊę
Ùüćö÷ćüÙúČęî 260 îćēîđöêøǰêćöÿöÖćøǰ(Sambrook et al., 1989) 

ðøĉöćèǰRNA (ng/µl) =  A260 × 40 × dilution factor ……. (1) 

ðøĉöćèǰRNA (µg/µl) =  (1) ng / 1000   …….. (2) 

*variable µl  = 20 µg / (2) µg 
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üĉíĊÖćøÿøšćÜǰD%/"ǰÿć÷ĒøÖéšü÷ǰJ4DSJQUTMǰ3FWFSTFǰ5SBOTDSJQUJPOǰ4VQFSNJY GPSǰ35-
R1$3 ×ĂÜǰBio-RAD øĀĆÿ 170-8841 

1. ÿćøđÙöĊìĊęĔßšĔîðäĉÖĉøĉ÷ćÖćøÿøšćÜǰcDNA ÿć÷ĒøÖðøąÖĂïéšü÷ 

 5X iScript reverse transcription supermix 4 µl 

 RNA template (2 µg total RNA)  *variable µl 

 Nuclease-free water    variable µl 

 5PUBMǰ7PMVNF     ��ǰwM 

 

*variable µl ÙĞćîüèðøĉöćêøÝćÖÖćøüĆéÙŠćÖćøéĎéÖúČîĒÿÜéšü÷đÙøČęĂÜ Spectrophotometer ìĊę
Ùüćö÷ćüÙúČęî 260 îćēîđöêøǰêćöÿöÖćø 

ðøĉöćèǰRNA (ng/µl) =  A260 × 40 × dilution factor ……. (1) 

ðøĉöćèǰRNA (µg/µl) =  (1) ng / 1000   …….. (2) 

*variable µl  = 2 µg / (2) µg 

2. îĞćÿćøúąúć÷ĕðïŠöēé÷ĔßšđÙøČęĂÜđóĉęöðøĉöćè DNA êĆĚÜÙŠćéĆÜîĊĚ 

 2.1 Priming   5 îćìĊǰìĊęĂčèĀõĎöĉǰ25 °C 

 2.2 Reverse transcription 30 îćìĊǰìĊęĂčèĀõĎöĉǰ42 °C 

 2.3 RT inactivation  5 îćìĊǰìĊęĂčèĀõĎöĉǰ85 °C 

 ÝćÖîĆĚîîĞćǰcDNA ìĊęĕéšĕðĔßšđðŨîĒöŠĒïïĔîÖćøìĞćǰPCR êŠĂĕð 
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üĉíĊÖćøìĞćǰ1PMZNFSBTFǰCIBJOǰ3FBDUJPOǰ	1$3
ǰ

1. ÿćøđÙöĊìĊęĔßšĔîðäĉÖĉøĉ÷ćÖćøìĞć PCR ðøąÖĂïéšü÷ 

ßČęĂÿćø    ðøĉöćêø  Final Conc. 

RBC 10X reaction buffer (with 15mM Mg2+) 2 µl  1x 

10 mM DNTP mix    0.2 µl  0.1 µM 

Forward Primer (10 µM)   0.8 µl  0.4 µM (400nM) 

Reverse Primer (10 µM)   0.8 µl  0.4 µM (400nM) 

RBC Taq DNA polymerase (5U/µl)  0.25 µl  1.25 Units 

Template cDNA (1-4 µl)   Variable µl -- 

Nuclease-free water    Variable µl -- 

5PUBMǰWPMVNF     ��ǰwM  

2. îĞćÿćøúąúć÷ĕðïŠöēé÷ĔßšđÙøČęĂÜđóĉęöðøĉöćè DNA êĆĚÜÙŠćéĆÜîĊĚ 

Cycling Step Number of Cycle Temperature Duration 

Denaturation 1 94 °C 2 minute 

Denaturation  

39 

94 °C 15 second 

Annealing 55 °C 30 second 

Extension 72 °C 45 second 

Final Extension 1 72 °C 7 minute 

keep 4 °C Forever 

 

ÝćÖîĆĚîîĞćǰPCR product ìĊęĕéšĕðĒ÷Öéšü÷ǰAgarose gel electrophoresis êŠĂĕð 
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üĉíĊÖćøìĞćǰSFBMǰUJNFǰRVBOUJUBUJWFǰQPMZNFSBTFǰDIBJOǰSFBDUJPOǰ	R1$3
ǰ

1. ÿćøđÙöĊìĊęĔßšĔîðäĉÖĉøĉ÷ćÖćøìĞć qPCR ðøąÖĂïéšü÷ 

  ßČęĂÿćø     ðøĉöćêø  Final Conc. 

 SsoFast EvaGreen supermix   5 µl  1x 
 Forward Primer (10 µM)   0.4 µl  400 nM 
 Reverse Primer     0.4 µl  400 nM 
 Template cDNA (1-4 µl)   Variable µl -- 
 Nuclease-free water    Variable µl -- 

 5PUBMǰ7PMVNF     ��ǰwM 

2. îĞćÿćøúąúć÷ĕðïŠöēé÷ĔßšđÙøČęĂÜ CFX96TM real-time system (Bio-Rad, USA) êĆĚÜÙŠćéĆÜîĊĚ 

 Gradient qPCR đóČęĂĀćĂčèĀõĎöĉìĊęđĀöćąÿö×ĂÜÙĎŠǰprimer êĆĚÜĒêŠǰ54-60 °C 

 

 Run Protocol qPCR ĂčèĀõĎöĉìĊęđĀöćąÿöÿĞćĀøĆïĔßšĔîÖćøìéúĂÜ 

Cycling Step Number of Cycle Temperature Duration 

Enzyme Activation 1 95 °C 30 second 

Denaturation 39 95 °C 5 second 

Annealing/Extension 54 °C 30 second 

Melt Curve (0.5°C inc) 1 70 – 90 °C 5 second 
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õćÙñîüÖǰ×ǰ

ǰ

 

 



 

êćøćÜìĊęǰ×-1  ĒïïøĎðēðøêĊîđöČęĂđøĉęöÖćøìéúĂÜǰ	ßĆęüēöÜìĊęǰ�
ǰöĊēðøêĊîìĊęöĊðøĉöćèĒêÖêŠćÜĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâìćÜÿëĉêĉ 44 ßîĉé  

.BTTǰ 1FQUJEFǰ 1SPUFJOǰ -PDVTǰ %FUBJMǰ GVODUJPOǰ 7FOOǰ $MVTUFSǰ
736.8168281 SSLITMA gi|77553191 LOC_Os12g08420 retrotransposon protein, 

putative, unclassified 

transposon J Ö 

955.6469018 NITDPRLK gi|115441423 LOC_Os01g65780 glycosyl transferase, 

putative, expressed 

metabolic 

process 

H Ö 

1633.04794 SVDVGFISSVHKTTR gi|50252862 LOC_Os09g17570 expressed protein unknown M Ö 

1017.85848 NLEDILMR gi|62734004 LOC_Os11g20689 exosome complex 

exonuclease, putative, 

expressed 

nucleic acid 

metabolic 

H Ö 

813.4887107 ILIENGR gi|50428654 LOC_Os03g62510 amine oxidase, flavin-

containing domain 

metabolic 

process 

H Ö 

1778.022164 SEASYMDAR 

GEAHALR 

gi|297719681 LOC_Os01g08170 expressed protein unknown M Ö 

851.5960414 SYADNQR gi|77554995 LOC_Os12g19900 retrotransposon protein transposon H Ö 

1535.526944 DDISGMQLSGNKVR gi|115448975 LOC_Os02g53330 1-aminocyclopropane-1-

carboxylate deaminase 

cellular 

process 

L Ö 

1878.897937 KMGGPNHAG gi|50878479 LOC_Os05g33990 retrotransposon protein transposon H Ö 

655.9133796 VDALLQ gi|115439233 LOC_Os01g49154 expressed protein unknown H Ö 

ǰ ǰ
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êćøćÜìĊęǰ×-1ǰ	êŠĂ
  ĒïïøĎðēðøêĊîđöČęĂđøĉęöÖćøìéúĂÜǰ	ßĆęüēöÜìĊęǰ�
ǰöĊēðøêĊîìĊęöĊðøĉöćèĒêÖêŠćÜĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâìćÜÿëĉêĉ 44 ßîĉé  

.BTTǰ 1FQUJEFǰ 1SPUFJOǰ -PDVTǰ %FUBJMǰ GVODUJPOǰ 7FOOǰ $MVTUFSǰ
1165.071519 APPVKVDELAK gi|218202383 LOC_Os09g32020 ubiquitin fusion 

degradation protein 

cellular 

process 

M Ö 

744.2081804 GASNQNR gi|222631123 LOC_Os05g25830 expressed protein unknown H Ö 

786.7943289 MQSPAVR gi|49388501 LOC_Os02g44260 zinc-binding protein unknown H Ö 

473.9277266 VDGGK gi|42409084 LOC_Os08g45160 TENA/THI-4 family 

protein 

unknown H Ö 

1217.100048 SGAHMTEVTIR gi|115440445 LOC_Os01g58150 expressed protein unknown M Ö 

627.2342956 EIIVR gi|115440653 LOC_Os01g59890 pentatricopeptide, 

putative, expressed 

nucleic acid 

metabolic 

G × 

950.1222111 LFVRMER gi|222635480 LOC_Os06g21820 jasmonate O-

methyltransferase 

cellular 

process 

K × 

1637.851942 RHPLVDAMVVSEIR gi|115469678 LOC_Os06g47890 OsFBO9 signal 

transduction 

E × 

952.6329584 ADPELPRR gi|125561886 LOC_Os08g37030 gibberellin receptor 

GID1L2 

metabolic 

process 

O × 

929.1139186 FEMEMAR gi|115459428 LOC_Os04g43650 L-allo-threonine aldolase metabolic 

process 

O × 

529.6236065 GVVTR gi|115438637 LOC_Os01g43270 hydroquinone 

glucosyltransferase 

metabolic 

process 

I × 

ǰ ǰ
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êćøćÜìĊęǰ×-1ǰ	êŠĂ
  ĒïïøĎðēðøêĊîđöČęĂđøĉęöÖćøìéúĂÜǰ	ßĆęüēöÜìĊęǰ�
ǰöĊēðøêĊîìĊęöĊðøĉöćèĒêÖêŠćÜĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâìćÜÿëĉêĉ 44 ßîĉé  

.BTTǰ 1FQUJEFǰ 1SPUFJOǰ -PDVTǰ %FUBJMǰ GVODUJPOǰ 7FOOǰ $MVTUFSǰ
885.5514311 DNGAVVAIK gi|125582933 LOC_Os02g41480 OsWAK12 protein 

modification 
G × 

1480.813012 SWCGWKTTLNTK gi|77555601 LOC_Os12g27400 transposon protein transposon G × 
861.2657226 KILQFSK gi|297724189 LOC_Os05g38790 IQ calmodulin-binding 

motif domain 
unknown O × 

508.2949752 AFGSK gi|77553104 LOC_Os12g06920 NBS-LRR disease 
resistance protein 

cell death G × 

864.1294775 AAASSTTTR gi|115445245 LOC_Os02g14460 peroxidase precursor, 
putative, expressed 

metabolic 
process 

K × 

804.6285661 MEIQER gi|21952800 LOC_Os01g65740 plant-specific domain 
TIGR01615 

unknown F Ù 

896.2791971 CIGMADSK gi|49328080 LOC_Os05g38980 respiratory burst oxidase metabolic 
process 

I Ù 

714.7059599 ALDAVAR gi|77552221 LOC_Os11g42210 expressed protein unknown F Ù 
930.0565492 KERPASDK gi|108864375 LOC_Os11g28770 retrotransposon protein transposon F Ù 
767.0894553 ASHIDPK gi|62734517 LOC_Os11g22550 retrotransposon protein transposon F Ù 
758.7303174 LAADDKK gi|115464309 LOC_Os05g38530 DnaK family protein, 

putative 
metabolic 
process 

F Ù 

730.3475365 SLVAEGR gi|77554991 LOC_Os12g19860 expressed protein unknown I Ù 
ǰ ǰ
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êćøćÜìĊęǰ×-1ǰ	êŠĂ
  ĒïïøĎðēðøêĊîđöČęĂđøĉęöÖćøìéúĂÜǰ	ßĆęüēöÜìĊęǰ�
ǰöĊēðøêĊîìĊęöĊðøĉöćèĒêÖêŠćÜĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâìćÜÿëĉêĉ 44 ßîĉé  

.BTTǰ 1FQUJEFǰ 1SPUFJOǰ -PDVTǰ %FUBJMǰ GVODUJPOǰ 7FOOǰ $MVTUFSǰ
851.9668261 IGMMGRR gi|108708377 LOC_Os03g25434 expressed protein unknown F Ù 
552.5464181 MTASK gi|77551369 LOC_Os11g34700 ZOS11-04 - C2H2 zinc finger cellular 

process 
H Ü 

900.3997788 NMGGHQTR gi|115442527 LOC_Os01g74146 WD repeat-containing 
protein 

signal 
transduction 

B Ü 

1322.631166 AEAMRLLDMEK gi|28144877 LOC_Os03g54150 expressed protein unknown C Ü 
1821.855572 SFYAFGLGSASY 

INGIR 
gi|115488116 LOC_Os12g17070 radical SAM enzyme,  cellular 

process 
B Ü 

1032.756941 GEGHVLEHR gi|115452205 LOC_Os03g16730 expressed protein unknown B Ü 
1972.532543 MESPLPPSVA 

SSEANLDGR 
gi|222630668 LOC_Os05g13780 C-5 cytosine-specific DNA 

methylase 
component 
organization 

B Ü 

697.5319079 DPVVAAK gi|53793176 LOC_Os06g15550 ubiquitin carboxyl-terminal 
hydrolase , family 1 

unknown H Ü 

829.842208 EGQVELR gi|38423990 LOC_Os08g25390 bifunctional 
aspartokinase/homoserine 

metabolic 
process 

B Ü 

454.4267413 GPPGK gi|22711562 LOC_Os10g09570 OsWAK107 signal 
transduction 

B Ü 

1039.706641 LMIFFLQK gi|108707190 LOC_Os03g14600 transposon protein transposon B Ü 
ǰ ǰ
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êćøćÜìĊęǰ×-2  ĒïïøĎðēðøêĊîđöČęĂßĆęüēöÜìĊęǰ2ǰöĊēðøêĊîìĊęöĊðøĉöćèĒêÖêŠćÜĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâìćÜÿëĉêĉ 40 ßîĉé  

.BTTǰ 1FQUJEFǰ 1SPUFJOǰ -PDVTǰ %FUBJMǰ GVODUJPOǰ 7FOOǰ $MVTUFSǰ
753.3345851 HSDGLAR gi|23589946 LOC_Os06g16340 expressed protein unknown I Ö 

913.6227025 MGFDFAVK gi|41469524 LOC_Os03g31839 transposon protein transposon I Ö 

872.8197191 QRATVGGGK gi|115481916 LOC_Os10g26290 transferase family protein metabolic 

process 

I Ö 

583.27204 EPKIP gi|199601446 LOC_Os01g66100 gibberellin 20 oxidase 2, 

putative, expressed 

signal 

transduction 

I Ö 

1485.803222 GGGGGQQR 

GGNTGNGGR 

gi|52353388 LOC_Os05g45130 retrotransposon protein 

putative, unclassified 

transposon B Ö 

1009.570647 MVMFLARK gi|24431601 LOC_Os03g01930 retrotransposon protein transposon G Ö 

735.1721397 MGLLMR gi|297602545 LOC_Os04g29210 FAD-binding and arabino-

lactone oxidase 

metabolic 

process 

B Ö 

721.7511174 DTMDPK gi|115463171 LOC_Os05g25540 STRUBBELIG-RECEPTOR 

FAMILY 6 precurso 

protein 

modification 

G Ö 

520.512628 GGTMR gi|50251509 LOC_Os05g49460 CTP synthase nucleic acid 

metabolic 

B Ö 

699.1172077 HAVMAR gi|75272453 LOC_Os01g68040 CorA-like magnesium  transport K Ö 

989.030278 IMQLCVAR gi|297609431 LOC_Os09g23780 expressed protein unknown I Ö 

529.6236065 GVVTR gi|115438637 LOC_Os01g43270 hydroquinone 

glucosyltransferase 

metabolic 

process 

K Ö 

ǰ ǰ
 

 

100 



 

êćøćÜìĊęǰ×-2ǰ	êŠĂ
  ĒïïøĎðēðøêĊîđöČęĂßĆęüēöÜìĊęǰ2ǰöĊēðøêĊîìĊęöĊðøĉöćèĒêÖêŠćÜĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâìćÜÿëĉêĉ 40 ßîĉé 

.BTTǰ 1FQUJEFǰ 1SPUFJOǰ -PDVTǰ %FUBJMǰ GVODUJPOǰ 7FOOǰ $MVTUFSǰ
1039.706641 LMIFFLQK gi|108707190 LOC_Os03g14600 transposon protein transposon B Ö 

812.8159625 FIYTDR gi|37572950 LOC_Os08g31450 MBTB28 cellular 

process 

B Ö 

1792.089002 DVRILFGTCNDI 

LEK 

gi|50300552 LOC_Os05g16980 terpene synthase 8 metabolic 

process 

F × 

1583.409644 MSVDDFDLLTM 

IGK 

gi|13129502 LOC_Os10g33640 AGC_AGC_other 

_NDRh_TRCd 

protein 

modification 

F × 

1659.522418 VCNPSVGQWN 

MINK 

gi|31712081 LOC_Os03g47820 PINHEAD, putative, 

expressed 

embryo 

development 

F × 

809.23347 DKLPPLK gi|38636811 LOC_Os08g08080 BUD13, putative, expressed unknown F × 

672.6908735 QIEAGR gi|11466827 LOC_Os01g57958 chloroplast 50S ribosomal 

protein L16 

translation F × 

1003.861679 DPAIQATYK gi|115465972 LOC_Os06g02130 G-protein alpha subunit, 

putative, expressed 

nucleic acid 

metabolic 

F × 

613.4013587 AKAPTK gi|53791878 LOC_Os06g48620 4-amino-4-deoxychorismate 

synthase 

embryo 

development 

F × 

841.5560395 AKIAEIAK gi|38345790 LOC_Os04g52060 transposable element transposon M × 

719.1826626 MDAAADK gi|218202588 LOC_Os09g37870 expressed protein unknown H Ù 

997.8223155 AIMGGSYER gi|37573056 LOC_Os08g32110 expressed protein unknown H Ù 

ǰ ǰ
 

 

1
0
1
 



 

êćøćÜìĊęǰ×-2ǰ	êŠĂ
  ĒïïøĎðēðøêĊîđöČęĂßĆęüēöÜìĊęǰ2ǰöĊēðøêĊîìĊęöĊðøĉöćèĒêÖêŠćÜĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâìćÜÿëĉêĉ 40 ßîĉé 

.BTTǰ 1FQUJEFǰ 1SPUFJOǰ -PDVTǰ %FUBJMǰ GVODUJPOǰ 7FOOǰ $MVTUFSǰ
778.1704666 DMAVNSK gi|125527579 LOC_Os01g52780 HVA22, putative, expressed unknown H Ù 

508.9839311 GGTMK gi|38346030 LOC_Os04g11250 expressed protein unknown O Ù 

649.5242151 TAATSAK gi|62734199 LOC_Os11g07650 retrotransposon protein transposon H Ù 

818.1852313 GDVKICK gi|77553892 LOC_Os12g09910 retrotransposon protein transposon H Ù 

578.1469529 SSGDGR gi|21740446 LOC_Os04g45390 retrotransposon protein transposon H Ù 

894.821052 ALRGPPER gi|38605744 LOC_Os04g11180 retrotransposon protein transposon H Ù 

900.2329739 GSAAAEPSGR gi|38423988 LOC_Os08g25370 retrotransposon protein transposon H Ù 

709.7347568 SGKQYK gi|28269395 LOC_Os03g63074 Ser/Thr protein 

phosphatase family protein 

cellular 

process 

H Ù 

547.2824858 IITTT gi|115456689 LOC_Os03g63900 1-aminocyclopropane-1-

carboxylate oxidase 2 

metabolic 

process 

C Ù 

700.5172784 EPLSEK gi|48717023 LOC_Os09g09730 retrotransposon protein transposon O Ù 

763.9029786 GMLAGAGGN gi|125569999 LOC_Os01g18530 expressed protein unknown O Ü 
450.1914639 SAMGA gi|77551952 LOC_Os11g40270 expressed protein unknown L Ü 
678.123025 SASLMR gi|51854265 LOC_Os05g48710 expressed protein unknown J Ü 
736.8168281 SSLITMA gi|77553191 LOC_Os12g08420 retrotransposon protein transposon J Ü 
703.0185623 IALQLF gi|40253250 LOC_Os06g44890 villin protein , putative, 

expressed 

transport E Ü 

819.6165166 AEMLTQK gi|46576009 LOC_Os05g40110 retrotransposon protein transposon G Ü 
ǰ ǰ
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êćøćÜìĊęǰ×-3  ĒïïøĎðēðøêĊîđöČęĂßĆęüēöÜìĊęǰ6ǰöĊēðøêĊîìĊęöĊðøĉöćèĒêÖêŠćÜĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâìćÜÿëĉêĉ 38 ßîĉé  

.BTTǰ 1FQUJEFǰ 1SPUFJOǰ -PDVTǰ %FUBJMǰ GVODUJPOǰ 7FOOǰ $MVTUFSǰ
625.9848396 MHAIR gi|115434570 LOC_Os01g05870 receptor kinase, putative, 

expressed 
signal 
transduction 

G Ö 

849.2264147 QGMGVTEK gi|27817893 LOC_Os07g37990 glycosyltransferase sugar-
binding region 

metabolic 
process 

G Ö 

881.8689217 APGRQLSR gi|21671925 LOC_Os10g09890 hypothetical protein unknown G Ö 
771.5422201 GIEPATGK gi|70663871 LOC_Os04g23250 transposon protein transposon G Ö 
830.1382846 QLKELVT gi|62733749 LOC_Os11g11650 expressed protein unknown H × 
1009.570647 MVMFLARK gi|24431601 LOC_Os03g01930 retrotransposon protein transposon C × 
1028.325788 EDVGGAVRVK gi|115447799 LOC_Os02g44710 expressed protein unknown H × 
593.3712051 FGDEK gi|115444247 LOC_Os02g05692 zinc finger, C3HC4 type unknown C × 
721.4373199 HPLAER gi|77555124 LOC_Os12g23550 expressed protein unknown H × 
810.2208521 AEHPDNK gi|115474323 LOC_Os08g01100 HMG1/2, putative, 

expressed 
nucleic acid 
metabolic 

H × 

508.9155433 VMGFG gi|115445863 LOC_Os02g22160 DNA binding protein unknown H × 
938.1035956 VPLDIEPR gi|115467214 LOC_Os06g12260 N-rich protein unknown H × 
719.1826626 MDAAADK gi|218202588 LOC_Os09g37870 expressed protein unknown H × 
844.9848812 EVADGEAR gi|50251993 LOC_Os02g01750 expressed protein unknown H × 
1082.130446 DPGRPDAGNGK gi|77551877 LOC_Os11g39260 NBS-LRR disease 

resistance 
unknown H × 

ǰ ǰ
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êćøćÜìĊęǰ×-3ǰ	êŠĂ
  ĒïïøĎðēðøêĊîđöČęĂßĆęüēöÜìĊęǰ6ǰöĊēðøêĊîìĊęöĊðøĉöćèĒêÖêŠćÜĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâìćÜÿëĉêĉ 38 ßîĉé  

.BTTǰ 1FQUJEFǰ 1SPUFJOǰ -PDVTǰ %FUBJMǰ GVODUJPOǰ 7FOOǰ $MVTUFSǰ
506.4160306 ANSSK gi|54290903 LOC_Os06g21630 hypothetical protein unknown H × 

837.1283048 LQIVVIR gi|218193217 LOC_Os03g38745 serine/arginine repetitive 

matrix protein 1 

unknown H × 

1758.169469 GYLIDFNLA 

NDLHQK 

gi|78709014 LOC_Os10g41390 protein kinase domain 

containing protein 

protein 

modification 

C × 

552.5464181 MTASK gi|77551369 LOC_Os11g34700 ZOS11-04 - C2H2 zinc 

finger protein 

cellular 

process 

H × 

848.0718685 IRTMPSK gi|19881559 LOC_Os10g17140 retrotransposon protein transposon B × 

851.5960414 SYADNQR gi|77554995 LOC_Os12g19900 retrotransposon protein transposon I Ù 

1535.526944 DDISGMQLSGN

KVR 

gi|115448975 LOC_Os02g53330 1-aminocyclopropane-1-

carboxylate deaminase 

cellular 

process 

F Ù 

1583.409644 MSVDDFDLLT

MIGK 

gi|13129502 LOC_Os10g33640 AGC_AGC_other_NDRh_TR

Cd 

protein 

modification 

F Ù 

513.5009658 TPGLK gi|77552547 LOC_Os11g45250 ribonucleases P/MRP 

protein 

nucleic acid 

metabolic 

O Ù 

1142.882019 LKSLVDGNAVK gi|115440873 LOC_Os01g61720 IQ calmodulin-binding 

motif domain 

unknown F Ù 

934.8753857 AVFLGLCR gi|78709030 LOC_Os10g41850 expressed protein unknown I Ù 

736.8598277 IWGMSK gi|297719995 LOC_Os01g29230 expressed protein unknown I Ù 

ǰ ǰ
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êćøćÜìĊęǰ×-3ǰ	êŠĂ
  ĒïïøĎðēðøêĊîđöČęĂßĆęüēöÜìĊęǰ6ǰöĊēðøêĊîìĊęöĊðøĉöćèĒêÖêŠćÜĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâìćÜÿëĉêĉ 38 ßîĉé  

.BTTǰ 1FQUJEFǰ 1SPUFJOǰ -PDVTǰ %FUBJMǰ GVODUJPOǰ 7FOOǰ $MVTUFSǰ
901.3646534 SAPDRIDK gi|115466064 LOC_Os06g02830 expressed protein unknown I Ù 

626.6071512 YMANK gi|77553984 LOC_Os12g12190 expressed protein unknown I Ù 

682.92998 KLGTHK gi|115440961 LOC_Os01g62350 60S ribosomal protein 

L36-2 

nucleic acid 

metabolic 

O Ù 

748.8028954 AAKMAMK gi|115461971 LOC_Os05g04620 expressed protein unknown I Ù 

564.8968926 LYAAE gi|115457182 LOC_Os04g10650 CDT1A - Putative DNA 

replication initiation 

protein 

protein 

modification 

M Ù 

751.1713781 TKGGGSVF gi|115434628 LOC_Os01g06454 heat shock protein 

DnaJ 

metabolic 

process 

J Ü 

1605.218478 AQTTDMVD 

VQLQLK 

gi|56202058 LOC_Os01g33520 ulp1 protease family post 

translational 

modifcation 

J Ü 

1718.72713 FPRFSQGLAQ 

DPTTR 

gi|11466786 LOC_Os01g57962 photosystem I P700 

chlorophyll a 

apoprotein A2 

photosynthesis J Ü 

964.0910911 STYVGIGLR gi|77551524 LOC_Os11g36110 retrotransposon protein transposon O Ü 
737.6067336 LPLSPGR gi|30017516 LOC_Os03g28100 expressed protein unknown J Ü 
836.7434142 QFPGSMR gi|115443955 LOC_Os02g03470 tetratricopeptide repeat unknown J Ü 
ǰ ǰ
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êćøćÜìĊęǰ×-4  ĒïïøĎðēðøêĊîđöČęĂßĆęüēöÜìĊęǰ24ǰöĊēðøêĊîìĊęöĊðøĉöćèĒêÖêŠćÜĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâìćÜÿëĉêĉ 42 ßîĉé  

.BTTǰ 1FQUJEFǰ 1SPUFJOǰ -PDVTǰ %FUBJMǰ GVODUJPOǰ 7FOOǰ $MVTUFSǰ
565.4184989 FVSGR gi|297597647 LOC_Os01g55570 expressed protein unknown O Ö 

561.2119106 MGPTR gi|32487673 LOC_Os04g18350 retrotransposon protein transposon J Ö 

808.6563616 LLDMMR gi|297724361 LOC_Os05g50690 pentatricopeptide nucleic acid 

metabolic 

J Ö 

718.0601737 GSSLLSR gi|115467518 LOC_Os06g15990 aldehyde dehydrogenase metabolic 

process 

J Ö 

852.9880871 HAEAGRGR gi|55296374 LOC_Os06g05355 expressed protein unknown J Ö 

855.5878777 LATGEPLR gi|21902022 LOC_Os01g40070 expressed protein unknown J Ö 

961.5162061 CLDPSTNR gi|77554862 LOC_Os12g24220 retrotransposon protein transposon E Ö 

706.8403386 SDVAMGK gi|218199652 LOC_Os07g31250 OsWAK69 protein 

modification 

E Ö 

457.1115761 AAVAK gi|27817932 LOC_Os04g11080 retrotransposon protein transposon G × 

571.9175832 NTIPK gi|38346531 LOC_Os04g11700 retrotransposon protein transposon G × 

750.1078008 CRCAGK gi|77551591 LOC_Os11g37330 pentatricopeptide repeat 

domain 

metabolic 

process 

C × 

734.4564456 ASQESSK gi|52076163 LOC_Os04g31010 expressed protein unknown G × 

742.6934149 SIAVTPR gi|115486115 LOC_Os11g38130 OsFBDUF57 unknown O × 

617.7074951 EMNPK gi|115472533 LOC_Os07g35004 TKL_IRAK_DUF26-la.4 protein 

modification 

G × 

ǰ ǰ
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êćøćÜìĊęǰ×-4ǰ	êŠĂ
  ĒïïøĎðēðøêĊîđöČęĂßĆęüēöÜìĊęǰ24ǰöĊēðøêĊîìĊęöĊðøĉöćèĒêÖêŠćÜĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâìćÜÿëĉêĉ 42 ßîĉé  

.BTTǰ 1FQUJEFǰ 1SPUFJOǰ -PDVTǰ %FUBJMǰ GVODUJPOǰ 7FOOǰ $MVTUFSǰ
488.5789619 GKASK gi|115475163 LOC_Os08g09350 gar2, putative, expressed nucleic acid 

metabolic 

C × 

930.0565492 KERPASDK gi|108864375 LOC_Os11g28770 retrotransposon protein transposon I Ù 

904.8292315 INLEDFR gi|115459630 LOC_Os04g45180 EF hand family protein signal 

transduction 

I Ù 

471.3623476 TGAPK gi|115477613 LOC_Os08g43060 expressed protein unknown I Ù 

1051.577007 GCSLPIIHR gi|50252384 LOC_Os09g17910 expressed protein unknown I Ù 

593.3740213 SSMVR gi|115444367 LOC_Os02g06470 OsFBX38 unknown I Ù 

470.8753252 GAAPR gi|29467532 LOC_Os08g03620 tetratricopeptide repeat  unknown I Ù 

528.0635111 LIGIGG gi|115485801 LOC_Os11g34110 heparan-alpha-

glucosaminide N-

acetyltransferase 

unknown H Ü 

668.3536994 IPDGLR gi|297728139 LOC_Os11g11490 TKL_IRAK_CR4L.7 protein 

modification 

F Ü 

672.6908735 QIEAGR gi|11466827 LOC_Os01g57958 chloroplast 50S ribosomal translation F Ü 
509.5935889 GASMK gi|115434038 LOC_Os01g01680 expressed protein unknown H Ü 
657.3159242 AAVEIR gi|13569998 LOC_Os10g41150 aminotransferase cellular 

process 

F Ü 

649.5242151 TAATSAK gi|62734199 LOC_Os11g07650 retrotransposon protein transposon H Ü 
ǰ ǰ
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êćøćÜìĊęǰ×-4ǰ	êŠĂ
  ĒïïøĎðēðøêĊîđöČęĂßĆęüēöÜìĊęǰ24ǰöĊēðøêĊîìĊęöĊðøĉöćèĒêÖêŠćÜĂ÷ŠćÜöĊîĆ÷ÿĞćÙĆâìćÜÿëĉêĉ 42 ßîĉé  

.BTTǰ 1FQUJEFǰ 1SPUFJOǰ -PDVTǰ %FUBJMǰ GVODUJPOǰ 7FOOǰ $MVTUFSǰ
545.7328122 GNPMK gi|115471319 LOC_Os07g13520 expressed protein unknown H Ü 
854.3621672 AAAAQGLPR gi|46576002 LOC_Os05g40000 expressed protein unknown H Ü 
1220.503495 AIMYREVVPK gi|38346631 LOC_Os04g31180 retrotransposon protein transposon F Ü 
586.682009 VDVQK gi|115460932 LOC_Os04g55260 thiamine-repressible 

mitochondrial transport 
unknown F Ü 

506.4160306 ANSSK gi|54290903 LOC_Os06g21630 hypothetical protein unknown F Ü 
558.2599643 AREGK gi|42407691 LOC_Os12g21950 expressed protein unknown F Ü 
808.6517909 MDVEATK gi|115479663 LOC_Os09g29239 purine permease transport F Ü 
550.4324072 IFSTS gi|77555303 LOC_Os12g26670 hypothetical protein unknown H Ü 
1070.476768 TRPIAVSSKL gi|115467402 LOC_Os06g14240 hsp20/alpha crystallin 

family protein 
metabolic 
process 

H Ü 

630.1008255 GGRTLK gi|77551355 LOC_Os11g34120 exportin 1, putative unknown H Ü 
769.7548436 QQVGALR gi|115466808 LOC_Os06g08640 transferase family protein metabolic 

process 
H Ü 

773.3231807 TVADVLR gi|218188752 LOC_Os01g45880 retrotransposon protein transposon O Ü 
1659.522418 VCNPSVGQ 

WNMINK 
gi|31712081 LOC_Os03g47820 PINHEAD, putative, 

expressed 
embryo 
development 

F Ü 

950.5717324 MEKEGGDGK gi|125527394 LOC_Os01g50490 cytochrome P450, 
putative, expressed 

metabolic 
process 

H Ü 

736.8598277 IWGMSK gi|297719995 LOC_Os01g29230 expressed protein unknown F Ü 
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êćøćÜìĊęǰ×-5  øćÖ×šćüǰLPT123 öĊǰ51 ēðøêĊîìĊę Up-regulated đîČęĂÜÝćÖõćüąĒúšÜđöČęĂđìĊ÷ïÖĆïõćüąðÖêĉǰēé÷ĔßšǰT-Test ×šĂöĎúǰ0 2 6 Ēúąǰ24 ßĆęüēöÜ 

.BTTǰ 1FQUJEFǰ 1SPUFJOǰ -PDVTǰ %FUBJMǰ 'VODUJPOǰ 7FOOǰ $MVTUFSǰ
774.9865061 LMINNR gi|31193918 LOC_Os03g64290 myosin, putative, 

expressed 

cellular 

process 

O Non sig 

791.468935 MILLMR gi|115465805 LOC_Os05g51550 DNA binding protein, 

putative, expressed 

unknown O D3 

529.6236065 GVVTR gi|115438637 LOC_Os01g43270 hydroquinone 

glucosyltransferase, 

putative, expressed 

metabolic 

process 

O D3 

627.2342956 EIIVR gi|115440653 LOC_Os01g59890 pentatricopeptide, 

putative, expressed 

nucleic acid 

metabolic 

O D3 

1039.706641 LMIFFLQK gi|108707190 LOC_Os03g14600 transposon protein transposon O D3 

900.3997788 NMGGHQTR gi|115442527 LOC_Os01g74146 WD repeat-containing 

protein 

signal 

transduction 

B D3 

617.7074951 EMNPK gi|115472533 LOC_Os07g35004 TKL_IRAK_DUF26-la.4 - 

DUF26 kinases 

protein 

modification 

O D2 

1322.631166 AEAMRLLDMEK gi|28144877 LOC_Os03g54150 expressed protein unknown O D3 

1821.855572 SFYAFGLGSAS 

YINGIR 

gi|115488116 LOC_Os12g17070 radical SAM enzyme, 

putative, expressed 

cellular 

process 

O D3 

1210.903177 VDYSDKSTAAR gi|108862200 LOC_Os12g05144 hypothetical protein unknown O Non sig 
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êćøćÜìĊęǰ×-5  øćÖ×šćüǰLPT123 öĊǰ51 ēðøêĊîìĊę Up-regulated đîČęĂÜÝćÖõćüąĒúšÜđöČęĂđìĊ÷ïÖĆïõćüąðÖêĉǰēé÷ĔßšǰT-Test ×šĂöĎúǰ0 2 6 Ēúąǰ24 ßĆęüēöÜ 

.BTTǰ 1FQUJEFǰ 1SPUFJOǰ -PDVTǰ %FUBJMǰ 'VODUJPOǰ 7FOOǰ $MVTUFSǰ
632.4092941 GRSGTR gi|37573055 LOC_Os06g11820 expressed protein unknown G D3ǰ
810.7654501 VEEMFR gi|46805744 LOC_Os02g52790 PB1 domain containing 

protein, expressed 

unknown O Non sigǰ

1009.570647 MVMFLARK gi|24431601 LOC_Os03g01930 retrotransposon protein transposon O D3 

758.2179202 FMGPYK gi|116308901 LOC_Os04g18500 retrotransposon protein transposon O D3ǰ
1003.861679 DPAIQATYK gi|115465972 LOC_Os06g02130 G-protein alpha subunit, 

putative, expressed 

nucleic acid 

metabolic 

O D1ǰ

1457.512088 EKTGDMG 

LSMAPPK 

gi|218191189 LOC_Os02g40770 SET domain containing 

protein, expressed 

cellular 

process 

O D3 

476.4805007 DGSSL gi|37573171 LOC_Os08g15970 expressed protein unknown O D3 

895.7229806 GHERQDR gi|108709496 LOC_Os03g38350 expressed protein unknown O D3 

849.2264147 QGMGVTEK gi|27817893 LOC_Os07g37990 glycosyltransferase 

sugar-binding region 

containing DXD motif 

metabolic 

process 

O D2 

506.4160306 ANSSK gi|54290903 LOC_Os06g21630 hypothetical protein unknown O D1 

  

 

 

1
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êćøćÜìĊęǰ×-5  øćÖ×šćüǰLPT123 öĊǰ51 ēðøêĊîìĊę Up-regulated đîČęĂÜÝćÖõćüąĒúšÜđöČęĂđìĊ÷ïÖĆïõćüąðÖêĉǰēé÷ĔßšǰT-Test ×šĂöĎúǰ0 2 6 Ēúąǰ24 ßĆęüēöÜ 

.BTTǰ 1FQUJEFǰ 1SPUFJOǰ -PDVTǰ %FUBJMǰ 'VODUJPOǰ 7FOOǰ $MVTUFSǰ
755.9921508 AATALRR gi|29367531 LOC_Os06g14190 NF-X1-type zinc finger 

protein 

nucleic acid 

metabolic 

O D3ǰ

848.6668003 SVEGSQNK gi|297609769 LOC_Os09g32810 ribulose-phosphate 3-

epimerase 

metabolic 

process 

O D3ǰ

521.7318057 SSGGSK gi|28376688 LOC_Os03g62340 protein kinase family 

protein 

protein 

modification 

O D3 

765.4607719 VVAPPER gi|115454971 LOC_Os03g50885 actin, putative, 

expressed 

cellular 

organization 

O D3 

1758.169469 GYLIDFNLAN 

DLHQK 

gi|78709014 LOC_Os10g41390 protein kinase domain 

containing protein 

protein 

modification 

O D3 

801.026067 TKDGLLR gi|77552108 LOC_Os11g41730 transposon protein transposon G D3 

1677.784834 HYKKPEVF 

YDLLK 

gi|77553129 LOC_Os12g07150 amidase family protein, 

putative, expressed 

metabolic 

process 

O D3 

798.7301259 GVGSVPGAR gi|115455337 LOC_Os03g53730 flavoprotein wrbA, 

putative, expressed 

metabolic 

process 

O Non sig 

813.5602232 IYVYTR gi|115454045 LOC_Os03g40540 cytochrome P450, 

putative, expressed 

metabolic 

process 

O Non sig 
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êćøćÜìĊęǰ×-5  øćÖ×šćüǰLPT123 öĊǰ51 ēðøêĊîìĊę Up-regulated đîČęĂÜÝćÖõćüąĒúšÜđöČęĂđìĊ÷ïÖĆïõćüąðÖêĉǰēé÷ĔßšǰT-Test ×šĂöĎúǰ0 2 6 Ēúąǰ24 ßĆęüēöÜ 

.BTTǰ 1FQUJEFǰ 1SPUFJOǰ -PDVTǰ %FUBJMǰ 'VODUJPOǰ 7FOOǰ $MVTUFSǰ
841.7823322 WRPAGKK gi|22122920 LOC_Os10g37830 OsFBX391 - F-box 

domain 

protein 

modification 

O D3ǰ

878.7486258 DVYDLQK gi|21693907 LOC_Os03g36200 retrotransposon protein transposon G D3 

656.8395888 SHTWK gi|62733988 LOC_Os11g16250 expressed protein unknown O D3 

896.2791971 CIGMADSK gi|49328080 LOC_Os05g38980 respiratory burst oxidase, 

putative, expressed 

metabolic 

process 

O D3 

454.4267413 GPPGK gi|22711562 LOC_Os10g09570 OsWAK107 - OsWAK 

receptor-like protein 

OsWAK-RLP 

signal 

transduction 

O Non sig 

571.9175832 NTIPK gi|38346531 LOC_Os04g11700 retrotransposon protein, 

putative, unclassified 

transposon O D2 

593.3712051 FGDEK gi|115444247 LOC_Os02g05692 zinc finger, C3HC4 type 

domain  

unknown O Non sig 

519.238614 AATEK gi|42761402 LOC_Os08g41350 FAD-binding domain-

containing protein, 

putative, expressed 

metabolic 

process 

O D3 

877.0306834 FSSVFHR gi|115463683 LOC_Os05g32440 expressed protein cellular 

process 

O Non sig 
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êćøćÜìĊęǰ×-5  øćÖ×šćüǰLPT123 öĊǰ51 ēðøêĊîìĊę Up-regulated đîČęĂÜÝćÖõćüąĒúšÜđöČęĂđìĊ÷ïÖĆïõćüąðÖêĉǰēé÷ĔßšǰT-Test ×šĂöĎúǰ0 2 6 Ēúąǰ24 ßĆęüēöÜ 

.BTTǰ 1FQUJEFǰ 1SPUFJOǰ -PDVTǰ %FUBJMǰ 'VODUJPOǰ 7FOOǰ $MVTUFSǰ
586.682009 VDVQK gi|115460932 LOC_Os04g55260 thiamine-repressible 

mitochondrial transport 

protein THI74 

unknown O D3ǰ

793.6750805 AIHILAR gi|54291576 LOC_Os06g51520 lysine ketoglutarate 

reductase trans-splicing 

related 1 

unknown O D3 

1271.58764 MVLQRGGG 

PQGR 

gi|297723601 LOC_Os05g01050 DNA-binding protein-

related 

unknown O D3 

848.0718685 IRTMPSK gi|19881559 LOC_Os10g17140 retrotransposon protein transposon O D3 

490.8098964 TSGVK gi|115446021 LOC_Os02g26300 expressed protein unknown O D3 

716.8779834 GGSREGR gi|15341588 LOC_Os10g07050 expressed protein unknown O Non sig 

634.0467303 NSTVSK gi|62733734 LOC_Os11g13990 AAA-type ATPase family 

protein, putative, 

expressed 

cellular 

organization 

G D3 

1404.32361 IVPDIASLHD 

VVK 

gi|77550985 LOC_Os11g29530 retrotransposon protein transposon O D3 
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êćøćÜìĊęǰ×-5  øćÖ×šćüǰLPT123 öĊǰ51 ēðøêĊîìĊę Up-regulated đîČęĂÜÝćÖõćüąĒúšÜđöČęĂđìĊ÷ïÖĆïõćüąðÖêĉǰēé÷ĔßšǰT-Test ×šĂöĎúǰ0 2 6 Ēúąǰ24 ßĆęüēöÜ 

.BTTǰ 1FQUJEFǰ 1SPUFJOǰ -PDVTǰ %FUBJMǰ 'VODUJPOǰ 7FOOǰ $MVTUFSǰ
470.0424037 AGAPR gi|18676394 LOC_Os10g05970 POEI12 - Pollen Ole e I 

allergen and extensin 

family protein precursor, 

expressed 

unknown O D3ǰ

885.5514311 DNGAVVAIK gi|125582933 LOC_Os02g41480 OsWAK12 - OsWAK 

receptor-like 

cytoplasmic kinase 

OsWAK-RLCK, expressed 

protein 

modification 

O D3ǰ

1485.803222 GGGGGQQRG 

GNTGNGGR 

gi|52353388 LOC_Os05g45130 retrotransposon protein, 

putative, unclassified, 

expressed 

transposon H D3 

864.1294775 AAASSTTTR gi|115445245 LOC_Os02g14460 peroxidase precursor, 

putative, expressed 

metabolic 

process 

O D3 

845.4976997 GELVAAMR gi|115454307 LOC_Os03g44170 glutathione S-

transferase, putative, 

expressed 

metabolic 

process 

I D3 

 

  

 

 

1
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êćøćÜìĊęǰ×-6  øćÖ×šćüǰLPT123 öĊǰ17 ēðøêĊîìĊę Down-regulated đîČęĂÜÝćÖõćüąĒúšÜđöČęĂđìĊ÷ïÖĆïõćüąðÖêĉǰēé÷ĔßšǰT-Test ×šĂöĎúǰ0 2 6 Ēúąǰ24 ßĆęüēöÜ 

.BTTǰ 1FQUJEFǰ 1SPUFJOǰ -PDVTǰ %FUBJMǰ 'VODUJPOǰ 7FOOǰ $MVTUFSǰ
600.6924326 GRSIIG gi|20160775 LOC_Os01g71180 pentatricopeptide 

repeat protein PPR1106-

17 

unknown O D4ǰ

622.8531193 IDYGR gi|77552768 LOC_Os12g01060 RNase P subunit p30, 

putative, expressed 

nucleic acid 

metabolic 

O D4ǰ

657.1283427 GSPLQR gi|6689924 LOC_Os06g49430 CGMC_MAPKCMGC_2.11 signal 

transduction 

O Non sig 

886.4399409 DMNMSFK gi|115470309 LOC_Os07g02360 expressed protein unknown O Non sig 

755.8172852 LQLGGNR gi|108706311 LOC_Os03g06510 KIP1, putative, expressed unknown O Non sig 

627.123935 VPEER gi|27260999 LOC_Os07g29630 SNF7 domain containing 

protein, putative, 

expressed 

cellular 

process 

O D4 

691.5471874 KVGGGFK gi|115473399 LOC_Os07g42800 heat shock protein DnaJ, 

putative, expressed 

cellular 

process 

O Non sig 

687.2987335 ALPATSK gi|115480924 LOC_Os10g02760 hydroxyproline-rich 

glycoprotein 

unknown O Non sig 

ǰ

ǰ ǰ
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êćøćÜìĊęǰ×-6 	êŠĂ
ǰǰøćÖ×šćüǰLPT123 öĊǰ17 ēðøêĊîìĊę Down-regulated đîČęĂÜÝćÖõćüąĒúšÜđöČęĂđìĊ÷ïÖĆïõćüąðÖêĉǰēé÷ĔßšǰT-Test ×šĂöĎúǰ0 2 6 Ēúąǰ24 ßĆęüēöÜ 

.BTTǰ 1FQUJEFǰ 1SPUFJOǰ -PDVTǰ %FUBJMǰ 'VODUJPOǰ 7FOOǰ $MVTUFSǰ
1000.145613 FGAAGLDPVR gi|115470699 LOC_Os07g06840 gibberellin receptor 

GID1L2 
metabolic 
process 

O D1ǰ

630.8973136 IAAAER gi|38345512 LOC_Os04g59280 retrotransposon protein transposon O Non sig 
1535.526944 DDISGMQLS 

GNKVR 
gi|115448975 LOC_Os02g53330 1-aminocyclopropane-1-

carboxylate deaminase 
cellular 
process 

O D1 

1082.365789 GIMNMLFDK gi|115467750 LOC_Os06g20354 PPR repeat domain 
containing protein 

cellular 
process 

O D4 

1633.04794 SVDVGFISSV 
HKTTR 

gi|50252862 LOC_Os09g17570 expressed protein unknown H D1 

536.5300663 GMSAR gi|62733555 LOC_Os03g50110 transcription regulator, 
putative, expressed 

nucleic acid 
metabolic 

O D4 

504.0816146 KLASS gi|115487334 LOC_Os12g05230 ATP-dependent RNA 
helicase 

unknown O D4 

647.8989186 ATSAGSR gi|62733138 LOC_Os11g26560 expressed protein unknown O D4 
736.8168281 SSLITMA gi|77553191 LOC_Os12g08420 retrotransposon protein, 

putative, unclassified 
transposon O D2 
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êćøćÜìĊęǰ×-7  øćÖ×šćüǰLPT123-TC171 öĊǰ37 ēðøêĊîìĊę Up-regulated đîČęĂÜÝćÖõćüąĒúšÜđöČęĂđìĊ÷ïÖĆïõćüąðÖêĉǰēé÷ĔßšǰT-Test ×šĂöĎúǰ0 2 6 Ēúąǰ24 ßĆęüēöÜ 

.BTTǰ 1FQUJEFǰ 1SPUFJOǰ -PDVTǰ %FUBJMǰ 'VODUJPOǰ 7FOOǰ $MVTUFSǰ
1017.85848 NLEDILMR gi|62734004 LOC_Os11g20689 exosome complex 

exonuclease, putative 

nucleic acid 

metabolic 

H D1ǰ

508.9155433 VMGFG gi|115445863 LOC_Os02g22160 DNA binding protein, 

putative, expressed 

unknown O D1 

836.7434142 QFPGSMR gi|115443955 LOC_Os02g03470 tetratricopeptide repeat 

containing protein 

unknown O D4 

1000.145613 FGAAGLDPVR gi|115470699 LOC_Os07g06840 gibberellin receptor 

GID1L2 

metabolic 

process 

O D1 

664.1616166 CTPCK gi|115468286 LOC_Os06g32860 nucleic acid metabolic nucleic acid 

metabolic 

O D1 

818.1852313 GDVKICK gi|77553892 LOC_Os12g09910 retrotransposon protein transposon O D4 

767.0894553 ASHIDPK gi|62734517 LOC_Os11g22550 retrotransposon protein  transposon O D1 

545.7328122 GNPMK gi|115471319 LOC_Os07g13520 expressed protein unknown H D1 

498.5311737 GGVDR gi|38347559 LOC_Os04g04950 copper methylamine 

oxidase precursor 

metabolic 

process 

O D4 

854.3621672 AAAAQGLPR gi|46576002 LOC_Os05g40000 expressed protein unknown O D4 
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êćøćÜìĊęǰ×-7 (êŠĂ
ǰǰøćÖ×šćüǰLPT123-TC171 öĊǰ37 ēðøêĊîìĊę Up-regulated đîČęĂÜÝćÖõćüąĒúšÜđöČęĂđìĊ÷ïÖĆïõćüąðÖêĉǰēé÷ĔßšǰT-Test ×šĂöĎúǰ0 2 6 Ēúąǰ24 

ßĆęüēöÜ 

.BTTǰ 1FQUJEFǰ 1SPUFJOǰ -PDVTǰ %FUBJMǰ 'VODUJPOǰ 7FOOǰ $MVTUFSǰ
940.5844563 LEDLPLSR gi|297722407 LOC_Os03g45120 ribosome inactivating 

protein 

unknown O D1 

750.1078008 CRCAGK gi|77551591 LOC_Os11g37330 pentatricopeptide repeat 

domain 

metabolic 

process 

O D3 

578.1469529 SSGDGR gi|21740446 LOC_Os04g45390 retrotransposon protein transposon O D4 

900.2329739 GSAAAEPSGR gi|38423988 LOC_Os08g25370 retrotransposon protein transposon O D4 

450.1914639 SAMGA gi|77551952 LOC_Os11g40270 expressed protein unknown O D4 

822.0115966 VPRPGGNK gi|115461478 LOC_Os04g59190 peroxidase precursor, 

putative, expressed 

metabolic 

process 

H D4 

1289.256441 DVSGKYF 

ADCK 

gi|62734078 LOC_Os11g07922 short chain 

dehydrogenase/reductase 

protein 

metabolic 

process 

O Non sig 

560.02602 IADLE gi|38346252 LOC_Os04g06020 transposon protein transposon O D4 

 

ǰ ǰ
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êćøćÜìĊęǰ×-7 (êŠĂ
ǰǰøćÖ×šćüǰLPT123-TC171 öĊǰ37 ēðøêĊîìĊę Up-regulated đîČęĂÜÝćÖõćüąĒúšÜđöČęĂđìĊ÷ïÖĆïõćüąðÖêĉǰēé÷ĔßšǰT-Test ×šĂöĎúǰ0 2 6 Ēúąǰ24 

ßĆęüēöÜ 

.BTTǰ 1FQUJEFǰ 1SPUFJOǰ -PDVTǰ %FUBJMǰ 'VODUJPOǰ 7FOOǰ $MVTUFSǰ
973.8341453 NEASKDGPSA gi|24431597 LOC_Os03g01970 THO complex subunit 1, 

putative, expressed 

nucleic acid 

metabolic 

O Non sig 

711.4071844 RPSTPR gi|47848560 LOC_Os02g18020 retrotransposon protein transposon O D1 

1220.503495 AIMYREVVPK gi|38346631 LOC_Os04g31180 retrotransposon protein transposon H D1 

721.4373199 HPLAER gi|77555124 LOC_Os12g23550 expressed protein unknown O D4 

724.506078 MDAMDK gi|115451391 LOC_Os03g10410 expressed protein unknown O D1 

1127.481191 FEIGMTFAGR gi|77552468 LOC_Os11g44180 transposon protein transposon O D1 

508.9839311 GGTMK gi|38346030 LOC_Os04g11250 expressed protein unknown O Non sig 

649.5242151 TAATSAK gi|62734199 LOC_Os11g07650 retrotransposon protein transposon O D1 

552.5464181 MTASK gi|77551369 LOC_Os11g34700 ZOS11-04 - C2H2 zinc 

finger protein, expressed 

cellular 

process 

O D1 

830.1382846 QLKELVT gi|62733749 LOC_Os11g11650 expressed protein unknown O D1 

1605.77161 RVLEDDMF 

PSTPGK 

gi|115449159 LOC_Os02g54890 UDP-glucuronate 4-

epimerase 

metabolic 

process 

O D1 

719.1826626 MDAAADK gi|218202588 LOC_Os09g37870 expressed protein unknown O D1 

 

ǰ ǰ

 

 

1
1
9
 



 

êćøćÜìĊęǰ×-7 (êŠĂ
ǰǰøćÖ×šćüǰLPT123-TC171 öĊǰ37 ēðøêĊîìĊę Up-regulated đîČęĂÜÝćÖõćüąĒúšÜđöČęĂđìĊ÷ïÖĆïõćüąðÖêĉǰēé÷ĔßšǰT-Test ×šĂöĎúǰ0 2 6 Ēúąǰ24 

ßĆęüēöÜ 

.BTTǰ 1FQUJEFǰ 1SPUFJOǰ -PDVTǰ %FUBJMǰ 'VODUJPOǰ 7FOOǰ $MVTUFSǰ
844.9848812 EVADGEAR gi|50251993 LOC_Os02g01750 expressed protein unknown O D4 

1370.441484 MSSSVGGG 

GGQQFR 

gi|115453245 LOC_Os03g25980 polypyrimidine tract-

binding protein 

nucleic acid 

metabolic 

O Non sig 

626.695823 SVLPGR gi|45680427 LOC_Os05g45860 glucan endo-1,3-beta-

glucosidase precursor 

metabolic 

process 

O D4 

1195.277095 AETAKSYLSAR gi|53981929 LOC_Os05g07310 transposon protein transposon O D4 

709.7347568 SGKQYK gi|28269395 LOC_Os03g63074 Ser/Thr protein 

phosphatase family 

protein, expressed 

cellular 

process 

O D1 

547.2824858 IITTT gi|115456689 LOC_Os03g63900 1-aminocyclopropane-1-

carboxylate oxidase 2 

metabolic 

process 

O Non sig 

651.571783 GFSEGR gi|51091102 LOC_Os06g09050 glutamate receptor 

precursor, putative, 

expressed 

transport O D4 

ǰ

ǰ ǰ
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êćøćÜìĊęǰ×-8  øćÖ×šćüǰLPT123-TC171 öĊǰ25 ēðøêĊîìĊę Down-regulated đîČęĂÜÝćÖõćüąĒúšÜđöČęĂđìĊ÷ïÖĆïõćüąðÖêĉǰēé÷ĔßšǰT-Test ×šĂöĎúǰ0 2 6 Ēúąǰ24 

ßĆęüēöÜ 

.BTTǰ 1FQUJEFǰ 1SPUFJOǰ -PDVTǰ %FUBJMǰ 'VODUJPOǰ 7FOOǰ $MVTUFSǰ
952.6329584 ADPELPRR gi|125561886 LOC_Os08g37030 gibberellin receptor 

GID1L2 
metabolic 
process 

O D2 

901.3646534 SAPDRIDK gi|115466064 LOC_Os06g02830 expressed protein unknown O D1 
866.6800137 DTVVFMR gi|25553609 LOC_Os07g08520 auxin response factor, 

putative, expressed 
signal 
transduction 

O Non sig 

656.8395888 SHTWK gi|62733988 LOC_Os11g16250 expressed protein unknown O D3 
730.3475365 SLVAEGR gi|77554991 LOC_Os12g19860 expressed protein Unknown O D3 
665.6032516 SSGGTTR gi|125560037 LOC_Os08g03630 acyl-activating enzyme 

14, putative, expressed 
cellular 
process 

O D2 

831.5233939 AEEISRK gi|218196970 LOC_Os05g39770 aminotransferase, 
putative, expressed 

metabolic 
process 

O Non sig 

755.3538803 AEAGDHR gi|125603349 LOC_Os08g31240 FACT complex subunit 
SPT16 

cellular 
organization 

O Non sig 

755.9921508 AATALRR gi|29367531 LOC_Os06g14190 NF-X1-type zinc finger 
protein 

nucleic acid 
metabolic 

O D3 

934.8753857 AVFLGLCR gi|78709030 LOC_Os10g41850 expressed protein unknown O D1 
ǰ

ǰ ǰ
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êćøćÜìĊęǰ×-8ǰ	êŠĂ
  øćÖ×šćüǰLPT123-TC171 öĊǰ25 ēðøêĊîìĊę Down-regulated đîČęĂÜÝćÖõćüąĒúšÜđöČęĂđìĊ÷ïÖĆïõćüąðÖêĉǰēé÷ĔßšǰT-Test ×šĂöĎúǰ0 2 6 Ēúąǰ
24 ßĆęüēöÜ 

.BTTǰ 1FQUJEFǰ 1SPUFJOǰ -PDVTǰ %FUBJMǰ 'VODUJPOǰ 7FOOǰ $MVTUFSǰ
623.3529406 GCGSSR gi|51091963 LOC_Os01g43330 extra-large G-protein-

related 

unknown I D1ǰ

634.0467303 NSTVSK gi|62733734 LOC_Os11g13990 AAA-type ATPase family 

protein 

cellular 

organization 

G D3 

964.5966768 GGQSSTM 

AAR 

gi|62701648 LOC_Os11g05710 expressed protein unknown O Non sig 

964.0910911 STYVGIGLR gi|77551524 LOC_Os11g36110 retrotransposon protein transposon O D2 

650.2286481 GNWMK gi|115437084 LOC_Os01g33684 disease resistance RPP13-

like protein 1 

unknown O D4 

1480.813012 SWCGWK 

TTLNTK 

gi|77555601 LOC_Os12g27400 transposon protein transposon O Non sig 

625.513468 GNPPSR gi|31432206 LOC_Os10g29230 MBTB49 cellular 

process 

O D2 

758.7303174 LAADDKK gi|115464309 LOC_Os05g38530 DnaK family protein, 

putative, expressed 

metabolic 

process 

I D1 

ǰ

ǰ ǰ
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êćøćÜìĊęǰ×-8ǰ	êŠĂ
  øćÖ×šćüǰLPT123-TC171 öĊǰ25 ēðøêĊîìĊę Down-regulated đîČęĂÜÝćÖõćüąĒúšÜđöČęĂđìĊ÷ïÖĆïõćüąðÖêĉǰēé÷ĔßšǰT-Test ×šĂöĎúǰ0 2 6 Ēúąǰ
24 ßĆęüēöÜ 

.BTTǰ 1FQUJEFǰ 1SPUFJOǰ -PDVTǰ %FUBJMǰ 'VODUJPOǰ 7FOOǰ $MVTUFSǰ
845.4976997 GELVAAMR gi|115454307 LOC_Os03g44170 glutathione S-transferase, 

putative, expressed 

metabolic 

process 

I D3 

619.8694441 AHHTR gi|78708517 LOC_Os10g25100 expressed protein unknown O Non sig 

1457.512088 EKTGDMG 

LSMAPPK 

gi|218191189 LOC_Os02g40770 SET domain containing 

protein, expressed 

cellular 

process 

O D3 

849.2264147 QGMGVTEK gi|27817893 LOC_Os07g37990 glycosyltransferase sugar-

binding region containing 

DXD motif 

metabolic 

process 

O D2 

734.4564456 ASQESSK gi|52076163 LOC_Os04g31010 expressed protein unknown O D2 

470.8753252 GAAPR gi|29467532 LOC_Os08g03620 tetratricopeptide repeat unknown O D3 

529.6236065 GVVTR gi|115438637 LOC_Os01g43270 hydroquinone 

glucosyltransferase, 

putative, expressed 

metabolic 

process 

O D3 

ǰ

ǰ

 

 

1
2
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ǰ

õćóìĊęǰÙ-1 ēÙøÜÿøšćÜ÷ĊîǰĒúąĀîšćìĊę×ĂÜēðøêĊî NF-X1-type zinc finger protein, putative, 
expressed (LOC_Os06g14190) Ĕîåćî×šĂöĎúǰrice genome annotation project 
(http://rice.plantbiology.msu.edu) (Ouyang et al., 2007) 
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1SPUFJO�ǰ/'-X1-UZQFǰ[JODǰGJOHFSǰ
>LOC_Os06g14190 

MICYDMVRRSAPVWSCGSCFSIFHLPCIRKWARSPASAADASDPDSSWRCPGCQSVHAVP 

ARELAYTCFCGRRREPPNDLFLTPHSCGEPCSKPLEKADPAVKADDAAATRCPHVCVLQC 

HPGPCPPCKAFAPDRLCPCGKQTIVRRCADRTTPVTCGQRCDRLLPCRRHRCEKVCHTGP 

CGDCNVLISARCFCGKKTETLLCGEMELKGNLSEKDGVFSCSEACSHMLSCGNHACQDIC 

HPGPCGECELMPGKVTACHCGKTRLLEKRASCLDPIPTCDKVCDKKLPCGVHRCKVTCHE 

GDCPPCVVRVEQRCRCGSSGQMVECYKVLEEEFRCNKPCGRKKNCGRHRCSECCCPLSKP 

LARLEGGNWDPHLCQIPCGKKLRCGQHGCQLLCHSGHCPPCLETIFNDLTCACGRTSIPP 

PLPCGTPTPSCPHQCLVPQPCGHPATHQCHFGDCPPCVVPVMRECIGGHVVLRNIPCGSK 

DIRCNQPCGKNRQCGMHACNRSCHPSPCDPPPANGDASSSTGGRASCGQVCGAPRRECKH 

TCTAPCHPSSPCPDLRCEFPMTIACSCGRITATVPCSAGGTANGDNMFEVSIIQKLPMPL 

QPVESDGRRVPLGQRKLSCDEDCAKMERKRVLAEAFDITPPNLDALHFGENSNASDLLSD 

LFRREPKWVMAIEERCKFLVLGKTRGNSSGNLKVHVFCHMTKDKRDAIRVIADRWKLSVQ 

AAGWEPKRFITIHPTPKSKAPARILGSKPGVFVAASHPFFDPLVDMDPRLVVAMLDLPRD 

ADVSALVLRFGGECELVWLNDKNAVAVFNDPARAATALRRLDYGSAYQGAAVFLPSSSAQ 

PGNVWVAGQKDGVAATKSSANPWKKATASEPDPSSGDWTGVLGQAPGSVWRRGGDTVAQV 

MGTSNRWNALESDAATSSRPVEESKPAPRTDAVSSAGPSTAPPVSKMQPEVEVDDWEEACE* 

 

õćóìĊęǰÙ-2 úĞćéĆïóĂúĉđððĕìéŤǰ""5"-33 ìĊęøąïčßîĉé×ĂÜēðøêĊîēé÷ĔßšǰǰMASCOT software 

(Matrix Science, London, UK) (Perkins et al., 1999) ēé÷öĊÙŠćÙąĒîîđìŠćÖĆïǰ19.48 êøÜÖĆïǰ
gi|52077107; gi|29367531; gi|115467398; gi|125596724; gi|218197906 Ĕîåćî×šĂöĎúǰNCBInr 

20121015 ĒúąêøÜÖĆïǰNF-X1-type zinc finger (LOC_Os06g14190)  Ĕîåćî×šĂöĎúǰRGAP 7 
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õćóìĊęǰÙ-3 ÖćøđìĊ÷ïúĞćéĆïîĉüÙúĊēĂĕìéŤ CDS (Multiple Sequence Alignment by CLUSTALW) 
ìĊęĔĀšēðøêĊî NF-X1-type zinc finger ïøĉđüèìĊę×ĊéđÿšîĔêšǰÙČĂǰêĞćĒĀîŠÜìĊęĔßšĔîÖćøĂĂÖĒïï primer 
gi|29367530|gb|AY224502.1|          GGCCCGCCGCAGGAGAGGCCTTCCGCTGCGCCGCCCCCGCCGCCGCCGCA 50 
gi|115467397|ref|NM_001063833.      GGCCCGCCGCAGGAGAGGCCTTCCGCTGCGCCGCCCCCGCCGCCGCCGCA 50 
LOC_Os06g14190.1                    -------------------------------------------------- 
                                                                                       
 
gi|29367530|gb|AY224502.1|          GCAGCAGCAGCGGCAGCAGCATGCGGCGCCCGCTCCGACCCGTGCCGCCG 100 
gi|115467397|ref|NM_001063833.      GCAGCAGCAGCGGCAGCAGCATGCGGCGCCCGCTCCGACCCGTGCCGCCG 100 
LOC_Os06g14190.1                    -------------------------------------------------- 
                                                                                       
 
gi|29367530|gb|AY224502.1|          CGCCTGCGCCTGCGCGTGTGGCGGCGACGAAGGCGGCGGCCGGGGGAAAT 150 
gi|115467397|ref|NM_001063833.      CGCCTGCGCCTGCGCGTGTGGCGGCGACGAAGGCGGCGGCGGGGGGAGAT 150 
LOC_Os06g14190.1                    -------------------------------------------------- 
                                                                                       
 
gi|29367530|gb|AY224502.1|          KGGGCSGTTCCGCAGCTGGTGCAGGAGATCCAGGACAAGCTGGCGAGGGG 200 
gi|115467397|ref|NM_001063833.      GGGGCGGTGCCGCAGCTGGTGCAGGAGATCCAGGACAAGCTGGCGAGGGG 200 
LOC_Os06g14190.1                    -------------------------------------------------- 
                                                                                       
 
gi|29367530|gb|AY224502.1|          GGCGGTGGAGTGCATGATCTGCTACGACATGGTGCGGCGGTCGGCGCCGG 250 
gi|115467397|ref|NM_001063833.      GGCGGTGGAGTGCATGATCTGCTACGACATGGTGCGGCGGTCGGCGCCGG 250 
LOC_Os06g14190.1                    -------------ATGATCTGCTACGACATGGTGCGGCGGTCGGCGCCGG 37 
                                                 ************************************* 
 
gi|29367530|gb|AY224502.1|          TGTGGTCCTGCGGCAGCTGCTTCTCCATCTTCCACCTCCCCTGCATCCGC 300 
gi|115467397|ref|NM_001063833.      TGTGGTCCTGCGGCAGCTGCTTCTCCATCTTCCACCTCCCCTGCATCCGC 300 
LOC_Os06g14190.1                    TGTGGTCCTGCGGCAGCTGCTTCTCCATCTTCCACCTCCCCTGCATCCGC 87 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          AAGTGGGCGCGCTCCCCGGCGTCCGCCGCCGACGCGTCCGACCCGGACTC 350 
gi|115467397|ref|NM_001063833.      AAGTGGGCGCGCTCCCCGGCGTCCGCCGCCGACGCGTCCGACCCGGACTC 350 
LOC_Os06g14190.1                    AAGTGGGCGCGCTCCCCGGCGTCCGCCGCCGACGCGTCCGACCCGGACTC 137 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          CTCCTGGCGCTGCCCCGGGTGCCAGTCCGTGCACGCCGTCCCCGCGCGCG 400 
gi|115467397|ref|NM_001063833.      CTCCTGGCGCTGCCCCGGGTGCCAGTCCGTGCACGCCGTCCCCGCGCGCG 400 
LOC_Os06g14190.1                    CTCCTGGCGCTGCCCCGGGTGCCAGTCCGTGCACGCCGTCCCCGCGCGCG 187 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          AGCTCGCCTACACCTGCTTCTGCGGGCGCCGCCGCGAGCCACCCAACGAT 450 
gi|115467397|ref|NM_001063833.      AGCTCGCCTACACCTGCTTCTGCGGGCGCCGCCGCGAGCCACCCAACGAT 450 
LOC_Os06g14190.1                    AGCTCGCCTACACCTGCTTCTGCGGGCGCCGCCGCGAGCCACCCAACGAT 237 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          CTCTTCCTCARGCCGCACTCCTGCGGCGAGCCCTGCTCCAAGCCCCTCGA 500 
gi|115467397|ref|NM_001063833.      CTCTTCCTCACGCCGCACTCCTGCGGCGAGCCCTGCTCCAAGCCCCTCGA 500 
LOC_Os06g14190.1                    CTCTTCCTCACGCCGCACTCCTGCGGCGAGCCCTGCTCCAAGCCCCTCGA 287 
                                    ********** *************************************** 
 
gi|29367530|gb|AY224502.1|          GAAGGCTGACCCTGCCGTGAAGGCCGACGACGCTGCAGCCACCAGGTGCC 550 
gi|115467397|ref|NM_001063833.      GAAGGCTGACCCTGCCGTGAAGGCCGACGACGCTGCAGCCACCAGGTGCC 550 
LOC_Os06g14190.1                    GAAGGCTGACCCTGCCGTGAAGGCCGACGACGCTGCAGCCACCAGGTGCC 337 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          CCCATGTGTGCGTCCTGCAGTGCCACCCAGGGCCCTGCCCGCCTTGCAAA 600 
gi|115467397|ref|NM_001063833.      CCCATGTGTGCGTCCTGCAGTGCCACCCAGGGCCCTGCCCGCCTTGCAAA 600 
LOC_Os06g14190.1                    CCCATGTGTGCGTCCTGCAGTGCCACCCAGGGCCCTGCCCGCCTTGCAAA 387 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          GCGTTCGCGCCGGACCGGCTGTGCCCATGCGGCAAGCAGACCATTGTGCG 650 
gi|115467397|ref|NM_001063833.      GCGTTCGCGCCGGACCGGCTGTGCCCATGCGGCAAGCAGACCATTGTGCG 650 
LOC_Os06g14190.1                    GCGTTCGCGCCGGACCGGCTGTGCCCATGCGGCAAGCAGACCATTGTGCG 437 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          GCGGTGTGCGGACCGGACAACGCCTGTGACGTGCGGGCAGCGGTGTGATC 700 
gi|115467397|ref|NM_001063833.      GCGGTGTGCGGACCGGACAACGCCTGTGACGTGCGGGCAGCGGTGTGATC 700 
LOC_Os06g14190.1                    GCGGTGTGCGGACCGGACAACGCCTGTGACGTGCGGGCAGCGGTGTGATC 487 
                                    ************************************************** 
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gi|29367530|gb|AY224502.1|          GGCTGCTCCCCTGCCGGAGGCACCGCTGCGAGAAGGTCTGCCACACTGGA 750 
gi|115467397|ref|NM_001063833.      GGCTGCTCCCCTGCCGGAGGCACCGCTGCGAGAAGGTCTGCCACACTGGA 750 
LOC_Os06g14190.1                    GGCTGCTCCCCTGCCGGAGGCACCGCTGCGAGAAGGTCTGCCACACTGGA 537 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          CCATGCGGGGACTGTAATGTTCTCATTTCTGCCCGGTGTTTCTGTGGGAA 800 
gi|115467397|ref|NM_001063833.      CCATGCGGGGACTGTAATGTTCTCATTTCTGCCCGGTGTTTCTGTGGGAA 800 
LOC_Os06g14190.1                    CCATGCGGGGACTGTAATGTTCTCATTTCTGCCCGGTGTTTCTGTGGGAA 587 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          GAAGACAGAGACATTGCTGTGTGGAGAGATGGAACTGAAAGGGAATTTAT 850 
gi|115467397|ref|NM_001063833.      GAAGACAGAGACATTGCTGTGTGGAGAGATGGAACTGAAAGGGAATTTAT 850 
LOC_Os06g14190.1                    GAAGACAGAGACATTGCTGTGTGGAGAGATGGAACTGAAAGGGAATTTAT 637 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          CTGAGAAGGATGGAGTGTTCTCATGCAGTGAGGCCTGCAGCCATATGCTG 900 
gi|115467397|ref|NM_001063833.      CTGAGAAGGATGGAGTGTTCTCATGCAGTGAGGCCTGCAGCCATATGCTG 900 
LOC_Os06g14190.1                    CTGAGAAGGATGGAGTGTTCTCATGCAGTGAGGCCTGCAGCCATATGCTG 687 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          TCGTGCGGAAATCATGCCTGCCAAGACATTTGCCACCCAGGGCCATGCGG 950 
gi|115467397|ref|NM_001063833.      TCGTGCGGAAATCATGCCTGCCAAGACATTTGCCACCCAGGGCCATGCGG 950 
LOC_Os06g14190.1                    TCGTGCGGAAATCATGCCTGCCAAGACATTTGCCACCCAGGGCCATGCGG 737 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          GGAGTGCGAACTTATGCCAGGGAAGGTCACAGCATGCCATTGTGGGAAGA 1000 
gi|115467397|ref|NM_001063833.      GGAGTGCGAACTTATGCCAGGGAAGGTCACAGCATGCCATTGTGGGAAGA 1000 
LOC_Os06g14190.1                    GGAGTGCGAACTTATGCCAGGGAAGGTCACAGCATGCCATTGTGGGAAGA 787 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          CAAGGCTGCTGGAGAAGAGAGCAAGCTGCTTGGACCCGATCCCAACCTGT 1050 
gi|115467397|ref|NM_001063833.      CAAGGCTGCTGGAGAAGAGAGCAAGCTGCTTGGACCCGATCCCAACCTGT 1050 
LOC_Os06g14190.1                    CAAGGCTGCTGGAGAAGAGAGCAAGCTGCTTGGACCCGATCCCAACCTGT 837 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          GACAAGGTGTGCGACAAGAAGCTGCCTTGTGGTGTGCATAGGTGCAAGGT 1100 
gi|115467397|ref|NM_001063833.      GACAAGGTGTGCGACAAGAAGCTGCCTTGTGGTGTGCATAGGTGCAAGGT 1100 
LOC_Os06g14190.1                    GACAAGGTGTGCGACAAGAAGCTGCCTTGTGGTGTGCATAGGTGCAAGGT 887 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          CACATGCCATGAGGGAGACTGCCCACCTTGTGTGGTTCGTGTGGAACAGA 1150 
gi|115467397|ref|NM_001063833.      CACATGCCATGAGGGAGACTGCCCACCTTGTGTGGTTCGTGTGGAACAGA 1150 
LOC_Os06g14190.1                    CACATGCCATGAGGGAGACTGCCCACCTTGTGTGGTTCGTGTGGAACAGA 937 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          GGTGCCGCTGTGGTTCATCAGGCCAGATGGTGGAGTGCTACAAGGTCTTG 1200 
gi|115467397|ref|NM_001063833.      GGTGCCGCTGTGGTTCATCAGGCCAGATGGTGGAGTGCTACAAGGTCTTG 1200 
LOC_Os06g14190.1                    GGTGCCGCTGTGGTTCATCAGGCCAGATGGTGGAGTGCTACAAGGTCTTG 987 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          GAGGAAGAATTCCGTTGCAACAAGCCTTGTGGGCGAAAGAAAAACTGTGG 1250 
gi|115467397|ref|NM_001063833.      GAGGAAGAATTCCGTTGCAACAAGCCTTGTGGGCGAAAGAAAAACTGTGG 1250 
LOC_Os06g14190.1                    GAGGAAGAATTCCGTTGCAACAAGCCTTGTGGGCGAAAGAAAAACTGTGG 1037 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          GAGGCACAGGTGTAGTGAGTGCTGTTGCCCACTTTCAAAGCCGCTCGCTC 1300 
gi|115467397|ref|NM_001063833.      GAGGCACAGGTGTAGTGAGTGCTGTTGCCCACTTTCAAAGCCGCTCGCTC 1300 
LOC_Os06g14190.1                    GAGGCACAGGTGTAGTGAGTGCTGTTGCCCACTTTCAAAGCCGCTCGCTC 1087 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          GGCTTGAAGGGGGTAATTGGGATCCCCATCTCTGCCAGATACCGTGTGGC 1350 
gi|115467397|ref|NM_001063833.      GGCTTGAAGGGGGTAATTGGGATCCCCATCTCTGCCAGATACCGTGTGGC 1350 
LOC_Os06g14190.1                    GGCTTGAAGGGGGTAATTGGGATCCCCATCTCTGCCAGATACCGTGTGGC 1137 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          AAGAAGCTCCGGTGTGGACAGCATGGATGCCAGCTTCTCTGCCATAGTGG 1400 
gi|115467397|ref|NM_001063833.      AAGAAGCTCCGGTGTGGACAGCATGGATGCCAGCTTCTCTGCCATAGTGG 1400 
LOC_Os06g14190.1                    AAGAAGCTCCGGTGTGGACAGCATGGATGCCAGCTTCTCTGCCATAGTGG 1187 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          TCACTGCCCGCCCTGCCTTGAGACCATATTCAATGATCTGACTTGTGCCT 1450 
gi|115467397|ref|NM_001063833.      TCACTGCCCGCCCTGCCTTGAGACCATATTCAATGATCTGACTTGTGCCT 1450 
LOC_Os06g14190.1                    TCACTGCCCGCCCTGCCTTGAGACCATATTCAATGATCTGACTTGTGCCT 1237 
                                    ************************************************** 
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gi|29367530|gb|AY224502.1|          GTGGTAGGACATCCATCCCTCCACCGCTTCCTTGCGGCACACCAACTCCA 1500 
gi|115467397|ref|NM_001063833.      GTGGTAGGACATCCATCCCTCCACCGCTTCCTTGCGGCACACCAACTCCA 1500 
LOC_Os06g14190.1                    GTGGTAGGACATCCATCCCTCCACCGCTTCCTTGCGGCACACCAACTCCA 1287 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          TCATGCCCACACCAATGCTTAGTTCCCCAGCCATGTGGACATCCGGCGAC 1550 
gi|115467397|ref|NM_001063833.      TCATGCCCACACCAATGCTTAGTTCCCCAGCCATGTGGACATCCGGCGAC 1550 
LOC_Os06g14190.1                    TCATGCCCACACCAATGCTTAGTTCCCCAGCCATGTGGACATCCGGCGAC 1337 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          GCATCAATGCCATTTTGGGGACTGCCCTCCTTGTGTTGTTCCAGTAATGC 1600 
gi|115467397|ref|NM_001063833.      GCATCAATGCCATTTTGGGGACTGCCCTCCTTGTGTTGTTCCAGTAATGC 1600 
LOC_Os06g14190.1                    GCATCAATGCCATTTTGGGGACTGCCCTCCTTGTGTTGTTCCAGTAATGC 1387 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          GAGAATGCATTGGTGGACATGTGGTGCTGAGGAACATCCCTTGTGGTTCT 1650 
gi|115467397|ref|NM_001063833.      GAGAATGCATTGGTGGACATGTGGTGCTGAGGAACATCCCTTGTGGTTCT 1650 
LOC_Os06g14190.1                    GAGAATGCATTGGTGGACATGTGGTGCTGAGGAACATCCCTTGTGGTTCT 1437 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          AAGGATATCAGATGCAACCAACCTTGTGGAAAGAACCGGCAATGTGGAAT 1700 
gi|115467397|ref|NM_001063833.      AAGGATATCAGATGCAACCAACCTTGTGGAAAGAACCGGCAATGTGGAAT 1700 
LOC_Os06g14190.1                    AAGGATATCAGATGCAACCAACCTTGTGGAAAGAACCGGCAATGTGGAAT 1487 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          GCACGCTTGCAACAGGTCTTGCCATCCTTCCCCTTGTGATCCA------- 1743 
gi|115467397|ref|NM_001063833.      GCACGCTTGCAACAGGTCTTGCCATCCTTCCCCTTGTGATCCA------- 1743 
LOC_Os06g14190.1                    GCACGCTTGCAACAGGTCTTGCCATCCTTCCCCTTGTGATCCACCACCTG 1537 
                                    *******************************************        
 
gi|29367530|gb|AY224502.1|          -----------------------------------------TGTGGACAG 1752 
gi|115467397|ref|NM_001063833.      -----------------------------------------TGTGGACAG 1752 
LOC_Os06g14190.1                    CAAATGGAGATGCTAGCTCAAGTACTGGTGGTAGAGCTTCATGTGGACAG 1587 
                                                                             ********* 
 
gi|29367530|gb|AY224502.1|          GTATGTGGTGCCCCAAGGMCSSAAGGTGGAKYTAMGACATTTG-ACAGCT 1801 
gi|115467397|ref|NM_001063833.      GTATGTGGTGCCCCAAGGAGGGAATGT-----AAGCACACTTGCACAGCT 1797 
LOC_Os06g14190.1                    GTATGTGGTGCCCCAAGGAGGGAATGT-----AAGCACACTTGCACAGCT 1632 
                                    ******************  ..** **     :*  *** *** ****** 
 
gi|29367530|gb|AY224502.1|          CCATGCCACCCAT-ATTACCTTGCCCAGATTTGAGATGTGAATTCCCTAT 1850 
gi|115467397|ref|NM_001063833.      CCATGCCACCCATCATCACCTTGCCCAGATTTGAGATGTGAATTCCCTAT 1847 
LOC_Os06g14190.1                    CCATGCCACCCATCATCACCTTGCCCAGATTTGAGATGTGAATTCCCTAT 1682 
                                    ************* ** ********************************* 
 
gi|29367530|gb|AY224502.1|          GACCATTGCCTGCTCTTGTGGCCGTATCACTGCAACTGTGCCATGCAGTG 1900 
gi|115467397|ref|NM_001063833.      GACCATTGCCTGCTCTTGTGGCCGTATCACTGCAACTGTGCCATGCAGTG 1897 
LOC_Os06g14190.1                    GACCATTGCCTGCTCTTGTGGCCGTATCACTGCAACTGTGCCATGCAGTG 1732 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          CTGGGGGAACCGCCAATGGCGATAATATGTTTGAAGTATCCATCATACAG 1950 
gi|115467397|ref|NM_001063833.      CTGGGGGAACCGCCAATGGCGATAATATGTTTGAAGTATCCATCATACAG 1947 
LOC_Os06g14190.1                    CTGGGGGAACCGCCAATGGCGATAATATGTTTGAAGTATCCATCATACAG 1782 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          AAGCTGCCAATGCCACTCCAGCCGGTGGAATCTGATGGGAGGAGGGTACC 2000 
gi|115467397|ref|NM_001063833.      AAGCTGCCAATGCCACTCCAGCCGGTGGAATCTGATGGGAGGAGGGTACC 1997 
LOC_Os06g14190.1                    AAGCTGCCAATGCCACTCCAGCCGGTGGAATCTGATGGGAGGAGGGTACC 1832 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          ACTTGGGCAGAGGAAGCTCTCTTGTGATGAGGACTGTGCCAAGATGGAGA 2050 
gi|115467397|ref|NM_001063833.      ACTTGGGCAGAGGAAGCTCTCTTGTGATGAGGACTGTGCCAAGATGGAGA 2047 
LOC_Os06g14190.1                    ACTTGGGCAGAGGAAGCTCTCTTGTGATGAGGACTGTGCCAAGATGGAGA 1882 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          GGAAGAGGGTCCTTGCTGAAGCATTTGACATCACTCCACCCAATTTGGAT 2100 
gi|115467397|ref|NM_001063833.      GGAAGAGGGTCCTTGCTGAAGCATTTGACATCACTCCACCCAATTTGGAT 2097 
LOC_Os06g14190.1                    GGAAGAGGGTCCTTGCTGAAGCATTTGACATCACTCCACCCAATTTGGAT 1932 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          GCATTGCATTTTGGTGAGAACTCAAATGCATCGGATTTGCTTTCTGACCT 2150 
gi|115467397|ref|NM_001063833.      GCATTGCATTTTGGTGAGAACTCAAATGCATCGGATTTGCTTTCTGACCT 2147 
LOC_Os06g14190.1                    GCATTGCATTTTGGTGAGAACTCAAATGCATCGGATTTGCTTTCTGACCT 1982 
                                    ************************************************** 
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gi|29367530|gb|AY224502.1|          TTTCCGCCGTGAGCCAAAATGGGTGATGGCCATAGAGGAGAGGTGCAAGT 2200 
gi|115467397|ref|NM_001063833.      TTTCCGCCGTGAGCCAAAATGGGTGATGGCCATAGAGGAGAGGTGCAAGT 2197 
LOC_Os06g14190.1                    TTTCCGCCGTGAGCCAAAATGGGTGATGGCCATAGAGGAGAGGTGCAAGT 2032 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          TCCTTGTACTTGGGAAGACAAGAGGCAATTCTTCAGGCAACCTCAAGGTC 2250 
gi|115467397|ref|NM_001063833.      TCCTTGTACTTGGGAAGACAAGAGGCAATTCTTCAGGCAACCTCAAGGTC 2247 
LOC_Os06g14190.1                    TCCTTGTACTTGGGAAGACAAGAGGCAATTCTTCAGGCAACCTCAAGGTC 2082 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          CATGTCTTCTGTCACATGACAAAGGATAAGAGAGATGCTATCAGGGTCAT 2300 
gi|115467397|ref|NM_001063833.      CATGTCTTCTGTCACATGACAAAGGATAAGAGAGATGCTATCAGGGTCAT 2297 
LOC_Os06g14190.1                    CATGTCTTCTGTCACATGACAAAGGATAAGAGAGATGCTATCAGGGTCAT 2132 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          TGCCGACAGGTGGAAGCTTTCTGTTCAGGCTGCTGGTTGGGAACCCAAAC 2350 
gi|115467397|ref|NM_001063833.      TGCCGACAGGTGGAAGCTTTCTGTTCAGGCTGCTGGTTGGGAACCCAAAC 2347 
LOC_Os06g14190.1                    TGCCGACAGGTGGAAGCTTTCTGTTCAGGCTGCTGGTTGGGAACCCAAAC 2182 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          GTTTCATTACTATCCATCCCACACCGAAGTCAAAGGCGCCTGCTCGCATC 2400 
gi|115467397|ref|NM_001063833.      GTTTCATTACTATCCATCCCACACCGAAGTCAAAGGCGCCTGCTCGCATC 2397 
LOC_Os06g14190.1                    GTTTCATTACTATCCATCCCACACCGAAGTCAAAGGCGCCTGCTCGCATC 2232 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          CTGGGTTCCAAGCCAGGTGTATTTGTTGCTGCTTCCCATCCTTTCTTTGA 2450 
gi|115467397|ref|NM_001063833.      CTGGGTTCCAAGCCAGGTGTATTTGTTGCTGCTTCCCATCCTTTCTTTGA 2447 
LOC_Os06g14190.1                    CTGGGTTCCAAGCCAGGTGTATTTGTTGCTGCTTCCCATCCTTTCTTTGA 2282 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          TCCCTTGGTGGACATGGACCCAAGGCTTGTTGTTGCAATGCTGGACCTGC 2500 
gi|115467397|ref|NM_001063833.      TCCCTTGGTGGACATGGACCCAAGGCTTGTTGTTGCAATGCTGGACCTGC 2497 
LOC_Os06g14190.1                    TCCCTTGGTGGACATGGACCCAAGGCTTGTTGTTGCAATGCTGGACCTGC 2332 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          CCCGGGATGCTGATGTTAGCGCTCTGGTTTTAAGGTTTGGCGGGGAGTGT 2550 
gi|115467397|ref|NM_001063833.      CCCGGGATGCTGATGTTAGCGCTCTGGTTTTAAGGTTTGGCGGGGAGTGT 2547 
LOC_Os06g14190.1                    CCCGGGATGCTGATGTTAGCGCTCTGGTTTTAAGGTTTGGCGGGGAGTGT 2382 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          GAATTGGTTTGGCTGAATGACAAGAATGCTGTGGCTGTCTTCAATGATCC 2600 
gi|115467397|ref|NM_001063833.      GAATTGGTTTGGCTGAATGACAAGAATGCTGTGGCTGTCTTCAATGATCC 2597 
LOC_Os06g14190.1                    GAATTGGTTTGGCTGAATGACAAGAATGCTGTGGCTGTCTTCAATGATCC 2432 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          AGCTAGAGCAGCGACAGCTCTGAGGCGGCTGGATTATGGTTCTGCTTACC 2650 
gi|115467397|ref|NM_001063833.      AGCTAGAGCAGCGACAGCTCTGAGGCGGCTGGATTATGGTTCTGCTTACC 2647 
LOC_Os06g14190.1                    AGCTAGAGCAGCGACAGCTCTGAGGCGGCTGGATTATGGTTCTGCTTACC 2482 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          AGGGTGCTGCTGTGTTTTTGCCAAGCAGCAGCGCTCAGCCAGGCAATGTC 2700 
gi|115467397|ref|NM_001063833.      AGGGTGCTGCTGTGTTTTTGCCAAGCAGCAGCGCTCAGCCAGGCAATGTC 2697 
LOC_Os06g14190.1                    AGGGTGCTGCTGTGTTTTTGCCAAGCAGCAGCGCTCAGCCAGGCAATGTC 2532 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          TGGGTTGCAGGGCAGAAAGATGGAGTGGCGGCTACCAAGAGCAGTGCCAA 2750 
gi|115467397|ref|NM_001063833.      TGGGTTGCAGGGCAGAAAGATGGAGTGGCGGCTACCAAGAGCAGTGCCAA 2747 
LOC_Os06g14190.1                    TGGGTTGCAGGGCAGAAAGATGGAGTGGCGGCTACCAAGAGCAGTGCCAA 2582 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          TCCATGGAAGAAGGCCACTGCCTCTGAGCCTGATCCATCCTCAGGAGACT 2800 
gi|115467397|ref|NM_001063833.      TCCATGGAAGAAGGCCACTGCCTCTGAGCCTGATCCATCCTCAGGAGACT 2797 
LOC_Os06g14190.1                    TCCATGGAAGAAGGCCACTGCCTCTGAGCCTGATCCATCCTCAGGAGACT 2632 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          GGACAGGTGTGCTTGGTCAAGCTCCAGGATCAGTATGGAGGCGTGGCGGT 2850 
gi|115467397|ref|NM_001063833.      GGACAGGTGTGCTTGGTCAAGCTCCAGGATCAGTATGGAGGCGTGGCGGT 2847 
LOC_Os06g14190.1                    GGACAGGTGTGCTTGGTCAAGCTCCAGGATCAGTATGGAGGCGTGGCGGT 2682 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          GACACTGTCGCCCAAGTCATGGGGACATCGAACCGCTGGAACGCCCTGGA 2900 
gi|115467397|ref|NM_001063833.      GACACTGTCGCCCAAGTCATGGGGACATCGAACCGCTGGAACGCCCTGGA 2897 
LOC_Os06g14190.1                    GACACTGTCGCCCAAGTCATGGGGACATCGAACCGCTGGAACGCCCTGGA 2732 
                                    ************************************************** 
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gi|29367530|gb|AY224502.1|          GTCCGATGCGGCCACAAGCTCCAGGCCAGTCGAGGAGAGTAAGCCTGCTC 2950 
gi|115467397|ref|NM_001063833.      GTCCGATGCGGCCACAAGCTCCAGGCCAGTCGAGGAGAGTAAGCCTGCTC 2947 
LOC_Os06g14190.1                    GTCCGATGCGGCCACAAGCTCCAGGCCAGTCGAGGAGAGTAAGCCTGCTC 2782 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          CTCGCACCGATGCTGTATCCAGCGCAGGGCCAAGTACTGCGCCACCGGTT 3000 
gi|115467397|ref|NM_001063833.      CTCGCACCGATGCTGTATCCAGCGCAGGGCCAAGTACTGCGCCACCGGTT 2997 
LOC_Os06g14190.1                    CTCGCACCGATGCTGTATCCAGCGCAGGGCCAAGTACTGCGCCACCGGTT 2832 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          AGTAAGATGCAGCCTGAAGTCGAAGTGGATGATTGGGAAGAAGCTTGTGA 3050 
gi|115467397|ref|NM_001063833.      AGTAAGATGCAGCCTGAAGTCGAAGTGGATGATTGGGAAGAAGCTTGTGA 3047 
LOC_Os06g14190.1                    AGTAAGATGCAGCCTGAAGTCGAAGTGGATGATTGGGAAGAAGCTTGTGA 2882 
                                    ************************************************** 
 
gi|29367530|gb|AY224502.1|          AT-- 3052 
gi|115467397|ref|NM_001063833.      AT-- 3049 
LOC_Os06g14190.1                    ATGA 2886 
                                    **   

ǰ ǰ
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õćóìĊęǰÙ-4 êøüÝÿĂïÙüćöÝĞćđóćą×ĂÜÙĎŠĕóøđöĂøŤêŠĂ÷ĊîǰNF-X1-type zinc finger ēé÷Ĕßšǰ
NCBI/Primer-BLAST database: Nucleotide collection (Ye et al., 2012) 

4FRVFODFǰ	��-���
         -FOHUI 5N ($� 4FMG 4FMGǰ��  

'PSXBSEǰQSJNFS AAGTCATGGGGACATCGAAC 20 57.60 50.00 4.00 0.00 

3FWFSTFǰQSJNFS CTTCCCAATCATCCACTTCG 20 56.21 50.00 3.00 2.00 

 

Products on target templates 

>NM_001063833.1 Oryza sativa Japonica Group Os06g0252300 (Os06g0252300) mRNA, partial 
cds 

product length = 177 
Forward primer  1     AAGTCATGGGGACATCGAAC  20 
Template        2861  ....................  2880 
 
Reverse primer  1     CTTCCCAATCATCCACTTCG  20 
Template        3037  ....................  3018 

>AY224502.1 Oryza sativa (japonica cultivar-group) isolate 31150 TF-like protein mRNA, 
partial cds 

product length = 177 
Forward primer  1     AAGTCATGGGGACATCGAAC  20 
Template        2864  ....................  2883 
 
Reverse primer  1     CTTCCCAATCATCCACTTCG  20 
Template        3040  ....................  3021 

>AP005518.3 Oryza sativa Japonica Group genomic DNA, chromosome 6, PAC clone:P0046H10 

product length = 177 
Forward primer  1      AAGTCATGGGGACATCGAAC  20 
Template        39464  ....................  39445 
Reverse primer  1      CTTCCCAATCATCCACTTCG  20 
Template        39288  ....................  39307 

>AK066448.1 Oryza sativa Japonica Group cDNA clone:J013060O14, full insert sequence 

product length = 177 
Forward primer  1     AAGTCATGGGGACATCGAAC  20 
Template        2354  ....................  2373 
Reverse primer  1     CTTCCCAATCATCCACTTCG  20 
Template        2530  ....................  2511 

ǰ ǰ
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õćóìĊęǰÙ-5ǰúĞćéĆïđïÿ×ĂÜǰOsNFXL1 promoter ìĊę×ĊéđÿšîĔêšÙČĂïøĉđüèìĊęĂĂÖĒïï primer 

�HJ]��������������-�����ǰ0SZ[BǰTBUJWBǰ+BQPOJDBǰ(SPVQǰHFOPNJDǰ%/"
ǰ
DISPNPTPNFǰ�
ǰ1"$ǰDMPOF�1����)��ǰ
1     GGAAGACAAAAATCAGGCATGCCCAATTTGCCGAAGGCTGATCCACAGAGTAAGGAGGCTGGTGGAGCCC 

71    TTAGGTTCGTCTTGTGGTGAGTAGATGATCTTGAGTCAGCAGAGAGAAGAGTTGCAATGCTGCACTGATG 

141   AATTGTTGCCTTGCCGCCCATATGCTGCCTGTCTAGGCCTGAAGGATGCTTTGGACTAAGCATGGAATGT 

211   CGATCACCTACCTGACGGATTGACCGGATGAGGAAGCTAGTATTGAAGATGGACTCAATTAATTTACGCC 

281   GGCTATTGAATCTTTTTGTTTCCTTTTTCTTGTGTATGTTTAGGTAAAGACTTTCAGTAGTTCGTACTGC 

351   TTTCTTTCTCTGATCCACTGTACGTTTCACACACTTGGAGACTGATGCATGATAATAGTAGTTCGTATCG 

421   CATTCATGCCGTGCACTCTAGCCATACGTTTGGCTGGACCAAAGCTCGTGGTTGCAGGCTTGCGGCCAGA 

491   ATTATTATTCTTCCAAGGTCTCACTCTCCGTGGCGGCCAAGTTTCCCTCCCATGTGTTGACCATCATGGG 

561   AACCAACTTGTTGTGTCCACGTAGGGCCCAAGCTTTCAGATTTTTCAACAGTGACTCCGAGTATGATCAG 

631   CATATGGTAGTTGGTATTAAGGTTCTGTCTAGTTCCAAATAAAATTTTTCACATTGTCACATTGAATTTT 

701   AGACACATACATATAGTATTAAATATAGAAAAAACAATTACACAGTTCACCAGGAAATTGCGAGACGAAT 

771   CTTTTAAGCATAATTGTGCCATGATTTGACAATGTGGTGCTACAATAAACATTTACTAATGACAGATTAA 

841   TTATGCTTAATAAATTCATCTCGCGGTTTCCTGGTGGAATCTGTAATTTGTTTTGTTATTAGACTATGTT 

911   TAATACTTCAAATATTTATCCGTATATCTGATGTGACATGCAAGGGTGAAATTTTTTGCCAACTAAACAA 

981   GGCCTAAATCACGAAATTTGTTTTTGGTAGTAATAGTAGTACCATTCAATTTCTATGAGATTCGTTTAAA 

1051  ACCCATTGAAATTTCTGCGCTTCAAATTTCATATAATAGTGATGATAAAAGGGAAAAAAACTGTTGAGTT 

1121  GTCCTTTCTTGCCGACATATAATACACGGTAACACACGAAACAATCCAACGGCCTATGCTTATACGAGCT 

1191  GTTTATCAGCAATTTAAAAATAGTTTACACATAAAATTCTTATTTGTGATTTTCTAAAAAATACGATAAA 

1261  AGACCATAAAATAAACCCTAAAATTAAACTTTAAAATTGACTTATAAACACCAATACACACACGTGGTGA 

1331  CGTCAGATATTAACTCGTGGAATCAACAGGCAGCCCACACGAAGCTTACGTACACTTCTTGGTCTCGAGC 

1401  CGAGCAACCTCCAGAAACAACGGACACGGACCCGACCCGACCCAACCCCAACCCAACCAGACCGACCCAG 

1471  CCGCAATCCAAATCCAGCCGCAACCGCCTCCCTCCTTCCTCCTCCGCTTCCCCATCCCCCACCGCCGAGT 

1541  TTTCCCCACCCCCCCCCCCCCCCCCCCCCCACAAACCCAATCGCCGATTTGCCGTCGTCTCCAAGGCTCT 

1611  CCTCCCCCTCAAATACCCCTCCTCCTCCCTTCCCCTTCATCTCGCCGCCGCCGCCTCACTCGTCTCGTGC 

1681  CCCCCACCGCATCTCCCCGCAAACGGAGGACTCGGGAACCCTAGGTTTACTCCCCCGCCGCCCTATGTCC 

1751  TCCTCCGATCGCCGCCGCGGCGGCAACGGCGGCGGCGGCGGAGGCCCCGTCGCGGTGCCTTCTTCCCGCG 

1821  CCGTATGGCGACCCCGCTCTACCGCCCCTGATATTCCCCCACCGCCCCGCGCCGCCGCCCCCGCACCCGA 

1891  TCGCATCGGCCCGATCCTGCCCTCCCCCAATCCGGCCTCGGAGGATCGACCGCAGCAGCAGCAACGTCGC 

1961  CCGCGCCGGAGGAATCATGGGGGTGGCGGCCAGCGCCGC 
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êćøćÜìĊęǰÙ-1ǰĒÿéÜǰcis-element ïøĉđüè Upstream LOC_Os06g14190 ĕðǰ2Kb 

site Sequence* Site Name Stress Response Reference 
160 CANNTG MYCCONSENSUSAT abiotic stress Chinnusamy et al. 

(2003) 
224 TGACG ASF1MOTIFCAMV Abiotic and biotic 

stress | xenobiotic 
stress 

Despres et al. (2003) 

231 TTGACC ELRECOREPCRP1 oxidative stress Rushton et al. (1996) 
231 TTGAC WBOXATNPR1 Pathogen-induced 

stress response 
Yu  et al. (2001) 

373 ACGT ACGTATERD1 drought stress Simpson et al. (2003) 
383 CANNTG MYCCONSENSUSAT abiotic stress Chinnusamy et al. 

(2003) 
447 ACGT ACGTATERD1 drought stress Simpson et al. (2003) 
542 CATGTG MYCATERD1 drought stress Simpson et al. (2003) 
542 CANNTG MYCCONSENSUSAT abiotic stress Chinnusamy et al. 

(2003) 
548 TTGACC ELRECOREPCRP1 oxidative stress Rushton et al. (1996) 
548 TTGAC WBOXATNPR1 Pathogen-induced 

stress response 
Yu  et al. (2001) 

580 ACGT ACGTATERD1 drought stress Simpson et al. (2003) 
632 CANNTG MYCCONSENSUSAT abiotic stress Chinnusamy et al. 

(2003) 
729 GAAAAA GT1GMSCAM4 Pathogen-induced 

stress | salinity 
stress 

Park et al. (2004) 

797 TTGAC WBOXATNPR1 Pathogen-induced 
stress response 

Yu  et al. (2001) 

1104 GAAAAA GT1GMSCAM4 Pathogen-induced 
stress | salinity 
stress 

Park et al. (2004) 

ǰ

*R=A/G, Y=C/T, K=G/T, S=C/G, W=A/T, B=C/G/T, H=A/C/T, V=A/C/G, N=A/C/G/T 

ǰ ǰ
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êćøćÜìĊęǰÙ-1ǰ	êŠĂ
ǰĒÿéÜǰcis-element ïøĉđüè Upstream LOC_Os06g14190 ĕðǰ2Kb 

site Sequence* Site Name Stress Response Reference 
1112 CNGTTR MYBCORE drought stress Luscher and 

Eisenman (1990) 
1132 RCCGAC DRECRTCOREAT drought stress | 

salinity stress | 
cold stress | heat 
stress 

Dubouzet et al. 
(2003) 

1168 YAACKG MYB2CONSENSUSAT stress responsive Abe et al. (2003) 
1298 TTGAC WBOXATNPR1 Pathogen-

induced stress 
response 

Yu  et al. (2001) 

1321 RYACGTGGYR ABREATRD22 drought stress Iwasaki et al. (1995) 
1322 CANNTG MYCCONSENSUSAT abiotic stress Chinnusamy et al. 

(2003) 
1323 ACGT ACGTATERD1 drought stress Simpson et al. (2003) 
1329 TGACG ASF1MOTIFCAMV Abiotic and biotic 

stress | 
xenobiotic stress 

Despres et al. (2003) 

1331 ACGT ACGTATERD1 drought stress Simpson et al. (2003) 
1379 ACGT ACGTATERD1 drought stress Simpson et al. (2003) 
1419 YAACKG MYB2CONSENSUSAT stress responsive Abe et al. (2003) 
1462 RCCGAC DRECRTCOREAT drought stress | 

salinity stress | 
cold stress | heat 
stress 

Dubouzet et al. 
(2003) 

1775 YAACKG MYB2CONSENSUSAT stress responsive Abe et al. (2003) 
1955 ACGTSSSC ABREOSRAB21 osmotic stress Marcotte et al. 

(1989) 
1955 ACGT ACGTATERD1 drought stress Simpson et al. (2003) 
ǰ

*R=A/G, Y=C/T, K=G/T, S=C/G, W=A/T, B=C/G/T, H=A/C/T, V=A/C/G, N=A/C/G/T 
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in silicoǰHFOFǰFYQSFTTJPOǰBOBMZTJTǰPGǰ-0$@0T06H14190ǰGSPNǰǰ
3JDFǰ0MJHPOVDMFPUJEFǰ"SSBZǰ%BUBCBTFǰ	IUUQ���XXX�SJDFBSSBZ�PSH
ǰ

 

&YQFSJNFOUǰ*%  GSE6901 

0WFSBMMǰEFTJHO Seven-day-old light-grown rice seedlings grown under 

controlled conditions and those subjected to various abiotic 

stress conditions were used for RNA extraction and 

hybridization on Affymetrix microarrays. Three biological 

replicates of each sample were used for microarray analysis. 

For salt treatment (SS), the rice seedlings were transferred to a 

beaker containing 200 mM NaCl solution for 3 h. For 

desiccation (DS), rice seedlings were dried for 3 h between 

folds of tissue paper at 28¡À1 degree C, in a culture room. For 

cold treatment (CS), the seedlings were kept at 4¡À1 degree C 

for 3 h. The seedlings kept in water for 3 h, at 28¡À1 degree C, 

served as control (Seedling). 

êćøćÜìĊęǰÙ-2ǰǰ

Probe ID Average gene expression analysis of LOC_Os06g14190 
Seedling 7d Drought Salt Cold 

Os.17665.1.S1_x_at 9.214 9.586 9.9376 9.0465 
Os.17665.2.S1_at 9.023 10.498 10.3907 9.5989 
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in silicoǰHFOFǰFYQSFTTJPOǰBOBMZTJTǰPGǰ-0$@0T06H14190ǰGSPNǰǰ
3JDFǰ0MJHPOVDMFPUJEFǰ"SSBZǰ%BUBCBTFǰ	IUUQ���XXX�SJDFBSSBZ�PSH
ǰ

 

&YQFSJNFOUǰ*%  GSE24048 

0WFSBMMǰEFTJHO Two rice cultivars, Bala and Azucena, were grown in 1.2 m2 

plots under flooded conditions in Wuhan, China being sown on 

2nd June 2007. Starting at 59 days after sowing, drought was 

imposed by withholding water, while a set of control plots had 

continued flooding conditions. At 2 pm on the 83rd day after 

sowing (after 24 days of drought) the second youngest fully 

expanded leaf was taken off three plants in two plots per 

block, the leaves had the top and bottom 4 cm removed and 

the central portion of the leaf was placed in a bag and then 

into liquid N2. For the controls there was only one plot of the 

genotypes per block. There was one bag for each block and 

three replicate blocks. A total of 6 droughted leaf samples (3 

Bala and 3 Azucena) and six control leaf samples (3 Bala and 3 

Azucena) were collected for RNA extraction and hybridization 

on Affymetrix microarrays. 

êćøćÜìĊęǰÙ-3 

Probe ID Average gene expression analysis of LOC_Os06g14190 
Control 
Azucena 
leaf 

Control 
Bala 
leaf 

Droughted 
Azucena 
leaf 

Droughted 
Bala 
leaf 

Os.17665.1.S1_x_at 9.5677 8.9917 10.0401 9.3238 
Os.17665.2.S1_at 9.1596 8.7251 10.1441 10.2677 
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in silicoǰHFOFǰFYQSFTTJPOǰBOBMZTJTǰPGǰ-0$@0T06H14190ǰGSPNǰǰ
3JDFǰ0MJHPOVDMFPUJEFǰ"SSBZǰ%BUBCBTFǰ	IUUQ���XXX�SJDFBSSBZ�PSH
ǰ

ǰ

&YQFSJNFOUǰ*%  E-MEXP-2401 

0WFSBMMǰEFTJHOǰ High quality RNA was extracted from the whole seedlings 

(Combined root and leaf samples) using TRI Reagent (Ambion, Inc. USA) and pooled 

from 12 independent stressed and non-stressed plant samples separately, and 

treated with DNase-I (QIAGEN GmbH, Germany). Subsequently, RNA cleanup was 

carried out using RNeasy Plant Mini Kit (QIAGEN GmbH, Germany) and 5 ug of total 

RNA from each sample in triplicates were reverse-transcribed to double stranded 

cDNA using the GeneChip One-Cycle cDNA Synthesis Kit. The biotin-labelled cRNA 

was made using the GeneChip IVT Labelling Kit (Affymetrix, CA, USA). Twenty 

microgram of cRNA samples was fragmented and out of which which 7.5 ug cRNA 

were hybridized for 16 hours at 45C to the Affymetrix GeneChip Rice Genome Array 

(Santa Clara, CA, USA). After washing and staining with R-phycoerythrin streptavidin in 

a Fluidics Station, using the Genechip Fluidics Station 450, the arrays were scanned 

by the Genechip 3000 Scanner. The chip images were scanned and extracted using 

default settings and the CEL files were produced with the Affymetrix GeneChip 

Operating Software (GCOS 1.2). The resulting .CEL files were imported into the 

GeneSpring GX 10 (Agilent Technologies Inc, Santa Clara CA) and normalized with the 

PLIER16 algorithm. The resulting expression values were log2-transformed. Average 

log signal intensity values of three technical replicates for each sample were used for 

advance analysis. 

êćøćÜìĊęǰÙ-4ǰ

Probe ID Average gene expression analysis of LOC_Os06g14190 
IR64_control IR64_drought N22_control N22_drought 

Os.17665.1.S1_x_at 9.8195 10.8324 9.7724 11.0908 
Os.17665.2.S1_at 9.8386 10.9089 9.9129 12.1381 
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in silicoǰHFOFǰFYQSFTTJPOǰBOBMZTJTǰPGǰ-0$@0T06H14190ǰGSPNǰǰ
3JDFǰ0MJHPOVDMFPUJEFǰ"SSBZǰ%BUBCBTFǰ	IUUQ���XXX�SJDFBSSBZ�PSH
ǰ

 

&YQFSJNFOUǰ*%  GSE26280 

0WFSBMMǰEFTJHO In this study, the gene expression patterns across six tissues 

including leaves and roots at tillering stage and panicle 

elongation stage, leaves and young panicle at booting stage ( 

TL: leaves at tillering stage; TR: roots at tillering stage; PL: 

leaves at panicle elongation stage; PR: roots at panicle 

elongation stage; BP: young panicle at booting stage; BL: leaves 

at booting stage) were characterized by using the Affymetrix 

rice microarray platform based on a drought tolerant rice line 

derived from IR64. 

 

êćøćÜìĊęǰÙ-5ǰ

Probe ID Average gene expression analysis of LOC_Os06g14190 
normal 
roots 
tillering 

Drought 
roots 
tillering 

Normal 
roots panicle 
elongation 

Drought roots 
panicle 
elongation 

Os.17665.1.S1_x_at 9.5301 10.2855 9.4028 10.791 
Os.17665.2.S1_at 9.4725 11.0951 9.6978 12.2441 
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in silicoǰHFOFǰFYQSFTTJPOǰBOBMZTJTǰPGǰ-0$@0T06H14190ǰGSPNǰǰ
3JDFǰ0MJHPOVDMFPUJEFǰ"SSBZǰ%BUBCBTFǰ	IUUQ���XXX�SJDFBSSBZ�PSH
ǰ

 

&YQFSJNFOUǰ*%  GSE16108 

0WFSBMMǰEFTJHO RNA from CSR27, MI48, tolerant bulk and susceptible bulk 

grown under control and salt stress conditions were analysed 

in two different biological replications (A and B) making total 

sixteen samples 

 

êćøćÜìĊęǰÙ-6ǰ

Probe ID Average gene expression analysis of LOC_Os06g14190 
CSR27 Bulk 
Tolerant 
control 

CSR27 Bulk 
tolerant 
stressed 

MI48 Bulk 
sensitive 
control 

MI48 Bulk 
sensitive 
stressed 

Os.17665.1.S1_x_at 9.0123 9.1326 9.1217 9.4273 
Os.17665.2.S1_at 9.7915 9.9351 10.1633 10.6761 
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êćøćÜìĊęǰÙ-�ǰðøĉöćèēðøêĊî OsNFXL1 ĔîǰLPT123 ĒúąǰLPT123-TC171 õć÷ĔêšõćüąðÖêĉǰ 
                 ĒúąõćüąĒúšÜ 

Probe ID Average Protein expression 

LPT123RN LPT123RD LPT123-

TC171RN 

LPT123-

TC171RD 

LOC_Os06g14190 3.4105842 

± 5.699876 

10.15934 

± 6.820844 

9.460679 

± 6.7056675 

3.9602778 

± 5.6282187 

 

  êćøćÜìĊęǰÙ-8ǰøąéĆïÖćøĒÿéÜĂĂÖ×ĂÜ÷ĊîǰOsNFXL1 Ĕî LPT123 õćüąðÖêĉǰĒúąǰõćüąĒúšÜìĊę
øą÷ąđüúćǰ0 2 6 Ēúą 24 ßĆęüēöÜ (mean ± standard error) 

ßčéìéúĂÜ 0h 2h 6h 24h 

LPT123RN 1.0000±0.000
a
 1.6467±0.574

 a
 1.0767±0.583

 a
 0.7147±0.127

 a
 

LPT123RD 1.0000±0.000
 a
 1.9270±0.139

 a
 1.4770±1.166

 a
 1.4990±0.595

 a
 

*êĆüĂĆÖþøõćþćĂĆÜÖùþêĆüđúĘÖìĊęđĀöČĂîÖĆîǰĕöŠöĊÙüćöĒêÖêŠćÜÖĆîìćÜÿëĉêĉđöČęĂđðøĊ÷ïđìĊ÷ïēé÷üĉíĊǰ
DMRT ìĊęøąéĆïÙüćöđßČęĂöĆęîǰ95% ANOVA (p<0.05) 

 

  êćøćÜìĊęǰÙ-9ǰøąéĆïÖćøĒÿéÜĂĂÖ×ĂÜ÷ĊîǰOsNFXL1 ĔîǰLPT123-TC171 õćüąðÖêĉǰĒúąǰõćüą
ĒúšÜìĊęøą÷ąđüúćǰ0 2 6 Ēúą 24 ßĆęüēöÜ (mean ± standard error) 

ßčéìéúĂÜ 0h 2h 6h 24h 

LPT123-TC171RN 1.0000±0.000
 a
 0.9957±0.290

 a
 0.7097±0.191

 a
 0.9677±0.140

 a
 

LPT123-TC171RD 1.0000±0.000
 a
 1.1193±0.405

 a
 0.7490±0.188

 a
 1.0770±0.196

 a
 

*êĆüĂĆÖþøõćþćĂĆÜÖùþêĆüđúĘÖìĊęđĀöČĂîÖĆîǰĕöŠöĊÙüćöĒêÖêŠćÜÖĆîìćÜÿëĉêĉđöČęĂđðøĊ÷ïđìĊ÷ïēé÷üĉíĊǰ
DMRT ìĊęøąéĆïÙüćöđßČęĂöĆęîǰ95% ANOVA (p<0.05) 
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õćóìĊęǰÙ-�ǰProtein Alignment: The NF-X1 zinc finger  from Human, Arabidopsis, Rice 

ēé÷ ClustalW2 (http://www.ebi.ac.uk/Tools/msa/clustalw2/) 
 
 
gi|115434644|ref|NP_001042080.      -------------------------------------------------- 
gi|145357676|ref|NP_196185.3|       -------------------------------------------------- 
gi|520261712|ref|NP_001265552.      --------------------------------------MEASWRQVAGGR 12 
gi|115467398|ref|NP_001057298.      -------------------------------------------------- 
gi|15218447|ref|NP_172488.1|        MSFQVRRDRSDDRSHRFNHQQTWIPRNSSTSSVVVNEPLLPPNTDRNSET 50 
                                                                                       
 
gi|115434644|ref|NP_001042080.      --------------------MPFSYAAAASGSASSSRKPVPVAAAAARRP 30 
gi|145357676|ref|NP_196185.3|       ----------------------------MAGTATTEFR---------WKS 13 
gi|520261712|ref|NP_001265552.      GRSRGRATAAPSGNGVHLRGAGGGREKGSVGAVPSGTSPGGVATTAAAGS 62 
gi|115467398|ref|NP_001057298.      -------------------GPP-----QERPSAAPPPP------------ 14 
gi|15218447|ref|NP_172488.1|        LDAGSASRPVYLQRQHNASGPPSYNHHQRSSNIGPPPPNQHRRYNAPDNQ 100 
                                                                      .                
 
gi|115434644|ref|NP_001042080.      APSPAAAAAPAPSPSNPSA------------------------------- 49 
gi|145357676|ref|NP_196185.3|       PPQP-------PSQEQPIS------------------------------- 25 
gi|520261712|ref|NP_001265552.      RHSPAGSQALQTTAASELMSQ-------------------------KKFE 87 
gi|115467398|ref|NP_001057298.      --------PPQQQQRQQHAAP----------------------------- 27 
gi|15218447|ref|NP_172488.1|        HQRSDNIGPPQPNQHRRYNAPDNQHQRSDNSGPPQPYRHRRNNAPENQHQ 150 
                                                                                       
 
gi|115434644|ref|NP_001042080.      -------------VSDSDPSSYSSSGEETDLTASDPAAASVISSYLSVAG 86 
gi|145357676|ref|NP_196185.3|       -------------DSDSDSGSDSENHQHRHNDLSNSIFEAYLDCHSSSSP 62 
gi|520261712|ref|NP_001265552.      EIKKANQAAARKLVEEQFSSSSEEGDEDFEGKQGKILANTFITYTTQTDG 137 
gi|115467398|ref|NP_001057298.      --------APTR-----AAAPAP----------------ARVAATKAAAG 48 
gi|15218447|ref|NP_172488.1|        RSDNIGPPPPNRQRRNNASGTLPDNRQRVASRTRPVNQGKRVAKEENVVL 200 
                                                      ...                    :         
 
gi|115434644|ref|NP_001042080.      DGADLSKVGIFLSSAARRRSPPCLICFDPIRPSDPVWSCSASCFALLHLH 136 
gi|145357676|ref|NP_196185.3|       SSIDLAKIQSFLASSSSG-AVSCLICLERIKRTDPTWSCTSSCFAVFHLF 111 
gi|520261712|ref|NP_001265552.      DTRELERTKQYVNEAFQAGAMTCLICIASVKRNQAVWSCSG-CFCIFHMP 186 
gi|115467398|ref|NP_001057298.      GDGAVPQLVQEIQDKLARGAVECMICYDMVRRSAPVWSCGS-CFSIFHLP 97 
gi|15218447|ref|NP_172488.1|        TDPNLPQLVQELQEKLVKSSIECMICYDKVGRSANIWSCSS-CYSIFHIN 249 
                                        : :    : .     :  *:**   :  .   *** . *:.::*:  
 
gi|115434644|ref|NP_001042080.      CIQSWAHQ--------------SSSAAPSPTWGCPKCRFPYPKSQTPTSY 172 
gi|145357676|ref|NP_196185.3|       CIQSWARQCLDLQAARAVTRPSSNPTEPEAVWNCPKCRSSYQKSKIPRRY 161 
gi|520261712|ref|NP_001265552.      CIQKWAKDS----QFLVSSVTDDDFGKKDCPWPCPKCRFEYKRSETPSRY 232 
gi|115467398|ref|NP_001057298.      CIRKWARSP--------ASAADASDPD--SSWRCPGCQSVHAVPARELAY 137 
gi|15218447|ref|NP_172488.1|        CIKRWARAP--------TSVDLLAEKNQGDNWRCPGCQSVQLTSSKEISY 291 
                                    **: **:                        * ** *:     .     * 
 
gi|115434644|ref|NP_001042080.      LCFCSKTVDP-APDPWILPHSCGDVCGRRLNADRDS---------GCEHN 212 
gi|145357676|ref|NP_196185.3|       LCYCGKEEDPPADNPWILPHSCGEVCERPLSNN-------------CGHC 198 
gi|520261712|ref|NP_001265552.      YCYCGKVEDP-PLDPWLVPHSCGQVCEREFKPP-------------CGHK 268 
gi|115467398|ref|NP_001057298.      TCFCGRRREP-PNDLFLTPHSCGEPCSKPLEKADPAVKADDAAATRCPHV 186 
gi|15218447|ref|NP_172488.1|        RCFCGKRRDP-PSDPYLTPHSCGEPCGKPLEKEFAP--AETTEEDLCPHV 338 
                                     *:*.:  :* . : :: *****: * : :.               * *  
 
gi|115434644|ref|NP_001042080.      CLLLCHPGPCPPCPAIVPNAMCFCGSHRETRRCS--HQRYSCSGKCNKRL 260 
gi|145357676|ref|NP_196185.3|       CLLLCHPGPCASCPKLVK-AKCFCGGVEDVRRCG--HKQFSCGDVCERVL 245 
gi|520261712|ref|NP_001265552.      CLLLCHPGPCPPCPKMVTTTCYCKKAKPIPRRCS--AKEWSCQLPCGQKL 316 
gi|115467398|ref|NP_001057298.      CVLQCHPGPCPPCKAFAPDRLCPCGKQTIVRRCADRTTPVTCGQRCDRLL 236 
gi|15218447|ref|NP_172488.1|        CVLQCHPGPCPPCKAFAPPRSCPCGKKMVTTRCSERRSDLVCGQRCDKLL 388 
                                    *:* ******..*  :.              **.       *   * : * 
 
gi|115434644|ref|NP_001042080.      GCGIHRCPVDCHDGPCPPCAVRGKHKCECGETMEERLCSER--------- 301 
gi|145357676|ref|NP_196185.3|       DCNIHNCREICHDGECPPCRERAVYKCSCGKVKEEKDCCER--------- 286 
gi|520261712|ref|NP_001265552.      LCGQHKCENPCHAGSCQPCPRVSRQKCVCGKKVAERSCASP--------- 357 
gi|115467398|ref|NP_001057298.      PCRRHRCEKVCHTGPCGDCNVLISARCFCGKKTETLLCGEMELKGNLSEK 286 
gi|15218447|ref|NP_172488.1|        SCGRHQCERTCHVGPCDPCQVLVNATCFCKKKVETVICGDMNVKGELKAE 438 
                                     *  *.*   ** * *  *       * * :      * .           
 
gi|115434644|ref|NP_001042080.      --VFQCKRECGGMLQCGKHSCERGCHAGKCGGCPLQGRRT--CPCGK--- 344 
gi|145357676|ref|NP_196185.3|       --VFRCEASCENMLNCGKHVCERGCHAGECGLCPYQGKRS--CPCGK--- 329 
gi|520261712|ref|NP_001265552.      --LWHCDQVCGKTLPCGNHTCEQVCHVGACGECPRSGKRF--CPCQK--- 400 
gi|115467398|ref|NP_001057298.      DGVFSCSEACSHMLSCGNHACQDICHPGPCGECELMPGKVTACHCGKTRL 336 
gi|15218447|ref|NP_172488.1|        DGVYSCSFNCGKPLGCGNHFCSEVCHPGPCGDCDLLPSRVKTCYCGNTRL 488 
                                      :: *.  *   * **:* *.  ** * ** *     :   * * :    
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gi|115434644|ref|NP_001042080.      KDYPSLDCDAEAATCGSTCEKVLGCGRHKCPERCHRGSCVETCRLVITKS 394 
gi|145357676|ref|NP_196185.3|       RFYQGLSCDVVAPLCGGTCDKVLGCGYHRCPERCHRGPCLETCRIVVTKS 379 
gi|520261712|ref|NP_001265552.      SKFS-LPCTEDVPTCGDSCDKVLECGIHRCSQRCHRGPC-ETCRQEVEKH 448 
gi|115467398|ref|NP_001057298.      LEK-RASCLDPIPTCDKVCDKKLPCGVHRCKVTCHEGDC-PPCVVRVEQR 384 
gi|15218447|ref|NP_172488.1|        EEQIRQSCLDPIPSCSNVCRKLLPCRLHTCNEMCHAGDC-PPCLVQVNQK 537 
                                           *    . *.  * * * *  * *   ** * *  .*   : :  
 
gi|115434644|ref|NP_001042080.      CRCGGLKKEVPCYQEL-------TCERKCQRLRNCGRHACRRRCCEGDCA 437 
gi|145357676|ref|NP_196185.3|       CRCGVTKKQVPCHQEL-------ACERKCQRVRDCARHACRRRCCDGECP 422 
gi|520261712|ref|NP_001265552.      CRCGKHTKRMPCHKPY-------LCETKCVKMRDCQKHQCRRKCCPGNCP 491 
gi|115467398|ref|NP_001057298.      CRCGSSGQMVECYKVL---EEEFRCNKPCGRKKNCGRHRCSECCCPLSKP 431 
gi|15218447|ref|NP_172488.1|        CRCGSTSRAVECYITTSSEAEKFVCAKPCGRKKNCGRHRCSERCCPLLNG 587 
                                    ****   : : *:           *   * : ::* :* * . **      
 
gi|115434644|ref|NP_001042080.      P------------CPEVCDKRLRCGNHKCLSPCHRGACAPCPLMKTISCN 475 
gi|145357676|ref|NP_196185.3|       P------------CSEICGKKLRCRNHKCQSPCHQGPCAPCPIMVTISCA 460 
gi|520261712|ref|NP_001265552.      P------------CDQNCGRTLGCRNHKCPSVCHRGSCYPCPETVDVKCN 529 
gi|115467398|ref|NP_001057298.      LARLEGGNWDPHLCQIPCGKKLRCGQHGCQLLCHSGHCPPCLETIFNDLT 481 
gi|15218447|ref|NP_172488.1|        KKNDLSGDWDPHVCQIPCQKKLRCGQHSCESLCHSGHCPPCLEMIFTDLT 637 
                                                 *   * : * * :* *   ** * * **      .   
 
gi|115434644|ref|NP_001042080.      CGQTFFEVPCGTEKNQKPPKCSKKCNIARLCRHKLECRPHKCHYGACPP- 524 
gi|145357676|ref|NP_196185.3|       CGETHFEVPCGTETNQKPPRCRKLCHITPLCRHGQNQKPHKCHYGACPP- 509 
gi|520261712|ref|NP_001265552.      CGNTKVTVPCGRERTTRPPKCKEQCSRPPTCHHTSQEK-HRCHFGSCPP- 577 
gi|115467398|ref|NP_001057298.      CACGRTSIPPPLPCGTPTPSCPHQCLVPQPCGH---PATHQCHFGDCPPC 528 
gi|15218447|ref|NP_172488.1|        CACGRTSIPPPLSCGTPVPSCQLPCPIPQPCGH---SDTHGCHFGDCPPC 684 
                                    *.     :*         * *   *  .  * *      * **:* ***  
 
gi|115434644|ref|NP_001042080.      --------------------------CKLICGEELS-CGHRCKLRCHGPI 547 
gi|145357676|ref|NP_196185.3|       --------------------------CRLLCDEEYP-CGHKCKLRCHGPR 532 
gi|520261712|ref|NP_001265552.      --------------------------CHQPCQKVLEKCGHLCPAPCHDQA 601 
gi|115467398|ref|NP_001057298.      VVPVMRECIGGHVVLRNIPCGSKDIRCNQPCGKNRQCGMHACNRSCHPSP 578 
gi|15218447|ref|NP_172488.1|        STPVEKKCVGGHVVLRNIPCGLKDIRCTKICGKTRRCGMHACARTCHPEP 734 
                                                              *   * :      * *   **    
 
gi|115434644|ref|NP_001042080.      APPNP------------EFTLKPIKRKKGKHIDSTPGTPCP--PCQEVVL 583 
gi|145357676|ref|NP_196185.3|       PPPNR------------EFILKPTKKMLHIQAESTPGSPCP--RCPEPVW 568 
gi|520261712|ref|NP_001265552.      LIKQTG-----------RHQPTGPWEQPSEPAFIQTALPCP--PCQVPIP 638 
gi|115467398|ref|NP_001057298.      CD-----------PCGQVCGAPRRECKHTCTAPCHPSSPCPDLRCEFPMT 617 
gi|15218447|ref|NP_172488.1|        CDSFNESEAGMRVTCRQKCGAPRTDCRHTCAALCHPSAPCPDLRCEFSVT 784 
                                                                       .. ***   *   :  
 
gi|115434644|ref|NP_001042080.      VPCFGHHLGQERAILCSKRRQFPCQNLCG--------------------- 612 
gi|145357676|ref|NP_196185.3|       RPCVGHHLAAEKRMICSDRTQFACDNLCG--------------------- 597 
gi|520261712|ref|NP_001265552.      MECLGKHEVSP--LPCHAVGPYSCKRVCG--------------------- 665 
gi|115467398|ref|NP_001057298.      IACSCGRITATVPCSAGG-TANGDNMF-----EVSIIQKLPMPLQPVESD 661 
gi|15218447|ref|NP_172488.1|        ITCSCGRITATVPCDAGGRSANGSNVYCAAYDEASVLQKLPAPLQPVESS 834 
                                      *   :        .        .                          
 
gi|115434644|ref|NP_001042080.      ---NPLNCGNHYCTKACHVLQIPLSQPEGDQSAILSLASASAFA------ 653 
gi|145357676|ref|NP_196185.3|       ---NPLPCGNHYCSYFCHALDIRSS-------------SLDKRS------ 625 
gi|520261712|ref|NP_001265552.      ---RILDCQNHTCMKECHKVTKTDG-----------CTGKNKAG------ 695 
gi|115467398|ref|NP_001057298.      GRRVPLGQRKLSCDEDCAKMERKRVLAEAFDITPPNLDALHFGENSNASD 711 
gi|15218447|ref|NP_172488.1|        GNRIPLGQRKLSCDDECAKLERKRVLQDAFDITPPNLEALHFSENSAMTE 884 
                                         *   :  *   *  :                  .            
 
gi|115434644|ref|NP_001042080.      -----------------EPCEECNLPCQRVREPPCSHPCPLPCHLNDCPP 686 
gi|145357676|ref|NP_196185.3|       -----------------ESCEKCDLRCQKERTPRCQHPCPRRCHPEDCPP 658 
gi|520261712|ref|NP_001265552.      -----------------PECLHCEEGCSKSRPLGCLHPCILRCHPGECPP 728 
gi|115467398|ref|NP_001057298.      LLSDLFRREPKWVMAIEERCKFLVLGKTRGNSSGNLKVHVFCHMTKDKRD 761 
gi|15218447|ref|NP_172488.1|        IISDLYRRDPKWVLAVEERCKFLVLGKARG-STSALKVHIFCPMQKDKRD 933 
                                                       *        :       :         :    
 
gi|115434644|ref|NP_001042080.      CKALVKRPCHCGAMVHAFECMYYNNLNATKQQK----VRSCGGPCHRKLP 732 
gi|145357676|ref|NP_196185.3|       CKTLVKRSCHCGAMVHAFECIYYNTMSEKDQMK----ARSCRGPCHRKLP 704 
gi|520261712|ref|NP_001265552.      CVQMLRIKCHCKITSLYVECRKITTADVNEKNL----LSCCKNQCPKELP 774 
gi|115467398|ref|NP_001057298.      AIRVIADRWKLSVQAAGWEPKRFITIHPTPKSKAPARILGSKPGVFVAAS 811 
gi|15218447|ref|NP_172488.1|        TVRLIAERWKLGVSNAGWEPKRFTVVHVTAKSKPPTRIIGARGGAISIGG 983 
                                       ::    :        *         . :         .          
 
gi|115434644|ref|NP_001042080.      NCPHLCSEICHPGQCPSVDQCMKKVNVRCACNNLKKEWICQDVLKEYR-- 780 
gi|145357676|ref|NP_196185.3|       NCTHLCPEICHPGQCPLPEKCGKKVVVRCKCLTLKKEWVCQDVQAAHR-- 752 
gi|520261712|ref|NP_001265552.      -CGHRCKEMCHPGECPFN--CNQKVKLRCPCKRIKKELQCNKVRENQV-- 819 
gi|115467398|ref|NP_001057298.      --HPFFDPLVDMDPRLVVAMLDLPRDADVSALVLRFGGECELVWLNDKNA 859 
gi|15218447|ref|NP_172488.1|        PHPPFYDSLVDMDPGLVVSFLDLPREANISALVLRFGGECELVWLNDKNA 1033 
                                            : . .                 .  ::    *: *        
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gi|115434644|ref|NP_001042080.      -QSGRDPKQIPKNQYAVGLLACGEDCVKKVKAADSELHLRKIQEIKTP-A 828 
gi|145357676|ref|NP_196185.3|       -ATGSDPKEVPKNQFGVGLLPCDSNCKSKLQVAESVLTQRNVKEIEEKEE 801 
gi|520261712|ref|NP_001265552.      -SIECDTTCKEMKRKAS-----------EIKEAEAKAALEEEKRRQQAEL 857 
gi|115467398|ref|NP_001057298.      VAVFNDPARAATALRRLDYGSAYQGAAVFLPSSSAQPGNVWVAGQKDGVA 909 
gi|15218447|ref|NP_172488.1|        LAVFHDHARAATAMRRLEHGSVYHGAVVVQSGGQSPSLNNVWGKLPGSSA 1083 
                                         *                          ..:                
 
gi|115434644|ref|NP_001042080.      VEVENVPKRRKRRNRGQESVESSKFQEIKAVALKFLLV------IFLCII 872 
gi|145357676|ref|NP_196185.3|       PSGKNASKRRKRRGRGQDIQETTRLQKLAVTTKRILMV------VMLVAM 845 
gi|520261712|ref|NP_001265552.      EAFENRLKGRRKKNRKRD--EVAVELSLWQKHKYYLIS------VCGVVV 899 
gi|115467398|ref|NP_001057298.      ATKSSANPWKKATASEPDPSSGDWTGVLGQAPGSVWR---RGGDTVAQVM 956 
gi|15218447|ref|NP_172488.1|        WDVDKGNPWRRAVIQESDDSWGAEDSPIGGSSTDAQASALRSAKSNSPIV 1133 
                                       ..    ::      :         :                     : 
 
gi|115434644|ref|NP_001042080.      VVAGLYLLWKGVYRLSDWMNDMEEQRARQRHLKPGRL------------- 909 
gi|145357676|ref|NP_196185.3|       LAAVSYYGYKGLLWLSDWMNEVEEQRQKSRRYP--RI------------- 880 
gi|520261712|ref|NP_001265552.      VVFAWYITHDVN-------------------------------------- 911 
gi|115467398|ref|NP_001057298.      GTSNRWNALESDAATSSRPVEESKPAPRTDAVSSAGPSTAPPVSKMQPEV 1006 
gi|15218447|ref|NP_172488.1|        TSVNRWSVLEPKKASTS----TLEPIAQIEESSSSKTTGKQPVEGSG-EE 1178 
                                         :   .                                         
 
gi|115434644|ref|NP_001042080.      ---------- 
gi|145357676|ref|NP_196185.3|       ---------- 
gi|520261712|ref|NP_001265552.      ---------- 
gi|115467398|ref|NP_001057298.      EVDDWEEACE 1016 
gi|15218447|ref|NP_172488.1|        VVDDWEKVCE 1188 

 

ÙĞćĂíĉïć÷õćó  ïøĉđüèìĊęøąïć÷ÿĊđĀúČĂÜÙČĂÿŠüîìĊęǰconserve ÖĆïǰhuman nuclear transcriptional 
repressor NF-X1 öĊøĎðĒïïđðŨîǰC-X(1-6)-H-X-C-X3-C(H/C)-X(3-4)-(H/C)-X(1-10)-C 

1SPUFJOǰ %FGJOJUJPOǰ 0SHBOJTNǰ /BNFǰ
gi|115434644 Os01g0158900 Oryza sativa OsNFXL2 
gi|145357676 NF-X1-type zinc finger protein 

NFXL2 
Arabidopsis thaliana AtNFXL2 

gi|520261712 NF-X1-type zinc finger protein 
NFXL1 

Homo sapiens NFXL1 

gi|115467398 Os06g0252300 Oryza sativa OsNFXL1 
gi|15218447 NF-X1-type zinc finger protein 

NFXL1 
Arabidopsis thaliana AtNFXL1 
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êćøćÜìĊęǰÙ-10ǰÙąĒîîúĞćéĆïÙüćöÙúšć÷ÙúċÜ×ĂÜēðøêĊî NF-X1 zinc finger  đöČęĂđðøĊ÷ïđìĊ÷ï
øąĀüŠćÜ Human, Arabidopsis Ēúą Rice ēé÷ǰClustalW2 

4FR"ǰ /BNFǰ -FOHUIǰ 4FR#ǰ /BNFǰ -FOHUIǰ 4DPSFǰ
1 gi|520261712 911 2 gi|115434644 909 34.76 

1 gi|520261712 911 3 gi|115467398 1016 23.71 

1 gi|520261712 911 4 gi|15218447 1188 22.28 

1 gi|520261712 911 5 gi|145357676 880 35.23 

2 gi|115434644 909 3 gi|115467398 1016 23.21 

2 gi|115434644 909 4 gi|15218447 1188 23.65 

2 gi|115434644 909 5 gi|145357676 880 54.89 

3 gi|115467398 1016 4 gi|15218447 1188 58.86 

3 gi|115467398 1016 5 gi|145357676 880 24.77 

4 gi|15218447 1188 5 gi|145357676 880 25.34 

 

õćóìĊęǰÙ-7  Phylogenetic Tree đöČęĂđðøĊ÷ïđìĊ÷ïēðøêĊî NF-X1 zinc finger  øąĀüŠćÜ Human, 

Arabidopsis Ēúą Rice ēé÷ǰClustalW2 
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ðøąüĆêĉñĎšđ×Ċ÷îüĉì÷ćîĉóîíŤ 

 

îć÷ǰîüöĉîìøŤǰÿÜüîĀöĎŠǰđÖĉéüĆîìĊęǰ5 óùþõćÙöǰó�ý�ǰ2528 ìĊęÝĆÜĀüĆéÖøčÜđìóöĀćîÙøǰ
ÿĞćđøĘÝÖćøýċÖþćøąéĆïðøĉââćêøĊüĉì÷ćýćÿêøŤðøĉââćïĆèæĉêǰÿć×ćǰóĆîíčýćÿêøŤǰõćÙüĉßćǰ
óùÖþýćÿêøŤǰÙèąüĉì÷ćýćÿêøŤǰÝčāćúÜÖøèŤöĀćüĉì÷ćúĆ÷ǰĔîðŘÖćøýċÖþćǰ2549 Ēúąđ×šćýċÖþćêŠĂĔî
øąéĆïðøĉââćēìüĉì÷ćýćÿêøŤöĀćïĆèæĉêǰĀúĆÖÿĎêøǰóùÖþýćÿêøŤǰÙèąüĉì÷ćýćÿêøŤǰÝčāćúÜÖøèŤ
öĀćüĉì÷ćúĆ÷ǰĔîðŘÖćøýċÖþćǰ2553 

 

ìčîüĉÝĆ÷ 

 

ēÙøÜÖćøÿŠÜđÿøĉöÖćøüĉÝĆ÷ĔîĂčéöýċÖþćĒúąÖćøóĆçîćöĀćüĉì÷ćúĆ÷üĉÝĆ÷ĒĀŠÜßćêĉǰ×ĂÜÿĞćîĆÖÜćî
ÙèąÖøøöÖćøÖćøĂčéöýċÖþćǰ	øĀĆÿēÙøÜÖćøǰFW656B) 

 

 

ñúÜćîìĊęêĊóĉöóŤǰ 

 

Sa-OHVBONPP
ǰ/�
ǰ1POHQSBZPPO
ǰ8�
ǰ$IJOUBLPWJE
ǰ/
�ǰ3PZUSBLVM
ǰ4�ǰBOEǰ
$IBEDIBXBO
ǰ4�ǰ�����ǰ$PNQBSBUJWFǰ1SPUFPNJDTǰPGǰ3JDFǰ	Oryza sativa -�
ǰ3PPUǰ1SPUFJOTǰ
VOEFSǰ%SPVHIUǰ4USFTTǰ$POEJUJPO�ǰ5IBJǰ+PVSOBMǰPGǰ#PUBOZ �ǰ	4QFDJBMǰ*TTVF
�ǰ���-���� 
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