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�	� ɕʰēʰĽ´ 
�	�ɕʰǚǘ�Į# 

Ÿɕʰɂxɷɩ�®ɼHåǘţƨǡǮ DNA țªʅ ε _�1È Cdc20 ÀȹƜʄƟsś

vȹ�ǘ�ȟŋǮ Cdc20 ɷɩVɮĔƆȥɛƦʷě¹sśvȹǘ。ĭċ? cdc20+ǘǯ£

N ɥNûɋǡǮĔƆȥɛó.sśvȹƗ℃ɮȵǘQǌ¸Į#
	

ŸɕʰǘǡǮöRı@ó.sśvȹɩǬváź�ǘɃɊŰ�fʪ	Ʋ�ċ�ð Pol

�ȷȽɼH�ȟţʪǘǡǮ
ƘÑŸɕʰɬ§ ?ÀʄƟ�ǡǮj=sśvȹǜiÈ½

ǘ�ȟĒǰ�Ú§ȵǘNǹ
 
-	�ɕʰǡǮǂq 

1	sśvȹƔɰ	
sśvȹ�meiosis�ūǝƌǋǀǁŴǘȃȝvȹɩǬ«ũ�ūǝƌǋǀŴĩǋƜǘĥ

ȇ$ɡ
sśvȹɩǬ�DNA Ð� 1 ƖȃȝɯȌvȹ 2 ƖŲȅȬĢƆȥNśǚs�

ǘʁáȃȝ
j�sśǲ�ƖvȹIʢǞ«ƷƆȥNǘʁó	ȚG	ʋȂǳʋȻ,AŲ

ȅõȢ«ƷƆȥNǘvǧ,sśǲ-Ɩvȹū�Ŵ�vȹǷJǘÂǳvȹõȢßÝƆȥ�

Nǘvǧ
ɷɩsśvȹĚİʁáū4ǋŴĩǋƜ>ǘapŽA,ȗʨ«ƷƆȥN?�

«ƷƆȥNǘʨßÝƆȥ�NʘǘʋȂzó.ǋǀÒƋĩ¸ɮ�ŴǞʋȻĮ#�Ma	2006;	

Kleckner	1996�
	

sśvȹɩǬÀ<Mǳ�ʵǳǘǝƌǋǀ�ʀūʵďWçǘ�Yamamoto	 1996�
Àȹ

ƜʄƟ�Schizosaccharomyces	pombe��sśvȹʟ+kŴ?�ǘh«ǁĜÑɬÀǋǊ

ɩǬ	ȃȝµŶɖōǳţʪkŴ�2、

ǁǘǁƼ
ȹƜʄƟÀȮlǋʕ�Ò?

�ZNǘĚĕâÀ� Asakawa	 et	 al.	

2001�
Àȑ%ƣ`ǺǘŽA�Nitrogen	

starvation��ȃȝµŶGÀ G1 Ŷ]

ƹȋȗ��1«3ʁÄ�h+¸ h-��

ZNʄƟ ǋ3ʁ�mating�4ǋªá


ªáÀȑƣǘŽA�G²� DNA Ð�

ǛŌɮesśvȹ4ǋ¼�ċŊǘ�ZNȃȝƌ
ŌǞɷɩãáĚİ�sporulation�ǘ

ɩǬƠ�áȃȝƌÂȸã»Ì�ȺĚİĆŴ¼�á»ãá�ascospore�ǘá»�ascus�

�Yamamoto	1996;	Asakawa	et	al.	2001;	Mata	et	al.	2002�
ɍɩǬÜ¿ 1 ĳǦ
	

2	DNA țªʅ�ǘǡǮǈǂ	
ǚ�ăǟǝƌǋǀ�âÀ Polα	β	γ	δ	ε	θ ǳÒǨ DNA țªʅ�Hubscher	et	al.	2000�


j�DNA țªʅ α	δ	ε Ǎ.jțªʅƪĩLƼkŴWçǘƢÈʆÈČ�motif�ȗȸĘ

e DNA țªʅ B íŤæ@ūǝƌȃȝÈ½Ȃ DNA Ð�ǘ!Ȼ��Ȗ�Walsh	 and	 Eckert	

2014�
	

DNA țªʅ��Pol��ǘfʅÀĳŴăǡǮǘǝƌǋǀ�Â?ĔƷ¼țNȲǗǘĚĕ

âÀ�±��ŲÔǘ_�1È¸ B	C	D

��÷1È�Walsh	and	Eckert	2014�
j�

ŲÔǘ_�1È Pol2� in	 Saccharomyces	
cerevisiae�Àǝƌǋǀ�ʵďWç
j N Ǳ

�±��WçǘțªʅȈƁÆ¸�� 3’-5’ƌ

ʆÑwʅȈƁÆ� DNA Ð�¸Ɖʙ

�proofreading�Ŵi,C Ǳzū�ƝÀj= B

íŤțªʅ�1âÀ	�ÀĳŴăǟǘ Pol�

�ʵďWçǘ�ÆjŷǱð±�ȞƢʆ

¿ 1 ȹƜʄƟsśvȹ¸ãáĚİɩǬ 
�ĖȠ Mata	et	al.	2002� 

¿ 2 Polε _�1ÈǘȈƁǦĮ¿	

�ĖȠ Hubscher	et	al.	2000� 
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�Cys�§ȟĚİ��ʐŅȈƁ�zinc	finger�Ƀ §ȟəɚ�j=ȲǗɛ?�Ðªǀ�ǘ

j=1ÈȈªċǭê Pol�ÐªǀǘȈƁ�Walsh	and	Eckert	2014;	Dua	et	al.	1999;	Kesti	et	al.	

1999�
Pol2 ǘȈƁÜ¿ 2 ĳǦ
	

ƍŇǚ�gɃǘǝƌǋǀ DNA Ð�ƕÄPol�ÀÐ��Î!Ȼ���õʏ�leading	

strand�ǘªİ�Walsh	and	Eckert	2014�ɭ�ǊɇăȬĢ+ėŴ�ǘëʴɉŇŔń�Pursell	

et	 al.	 2007�
Pol�ó. DNA ªİǘ_�ūƀjʵŘ	ńȌǘ1Uɝ.ËƜȃȝƌĻ�

�PCNA�ǘƸ�×�sliding	clamp�ċ�kŴğʵǘWǝĩ�À B íŤ DNA țªʅ�Ųʵ�

�Walsh	 and	 Eckert	 2014;	 Ohya,	 Kawasaki	 and	 Hiraga	 et	 al.	 2002�
1"�ʇʂʄƟ

�Saccharomyces	cerevisiae�� Pol�_�ƌĤǘůNȈƁʲƖȬĢɁƂ�Hogg	et	al.	2014�


�ăǟ Pol� ǘȈƁǜơPol�ǘ_�ƌĤkŴ��、ǁǘ P ȈƁÆ�P	domain�j�ȟ

 Pol�ǘńȌªİȟ�¸ʵWǝĩŏT+��ɦ§ʩǘɁʉ�Hogg	 et	 al.	 2014;	 Zahn	 and	

Doublie	2014�
	

ʟƘ$ÑPol�À DNA Ð�ɟÞ	ǥÈwʟYÐ	ȃȝµŶɖōǳʋȻȃȝɩǬ�ǘ

�ȟ�Zegerman	2013;	Hubscher	et	al.	2000;	Walsh	and	Eckert	2014�	Pol�ǘváɮ�ɩǬ

�Tahirov	 et	 al.	 2009�?� POL2 Àº*�ǀ�«ƷÈ½ POLE1 ǯ£�7ǷǕǖǘiǹ

�Schmid	et	al.	2012�ǳɓÒǡǮʯÆ'ʀŴÔʍŞǅĽɻÀƘ1��ɞɰ
	

POL2 ÀȹƜʄƟ�Schizosaccharomyces	pombe��ǘ«ƷÈ½ cdc20+«ƋȏǠ Pol�ǘ

_�1È Cdc20�D’Urso	and	Nurse	1997�
cdc20+ǘēŖʙɔƎ�ORF�fʕ 6600bpȏǠ

ȲǗɛ Cdc20 h 2199 �ƢÈʆj!ȻȈƁ� Pol2 ÈŸǜ«�D’Urso	and	Nurse	1997;	Sugino	

et	al.	1998�
ǚ�ăĽɻȹƜʄƟ� Cdc20 ǘ�ȟÜ��ƆȥN DNA Ð�ɩǬ�D’Urso	and	

Nurse	1997;	Sugino	et	al.	1998�	:õ DNA Ð�ɟÞ�D’Urso	and	Nurse	1997;	Feng	and	D’Urso	

2001�ǳ'ÔȢ�j=ǀǨ�ǘǡǮǜJ
ȹƜʄƟ�fÈ½ȂȑÖǯ£čǘƁĒȈƃŬ

Ǧcdc20+ȑÖGɸİȢƚǘȷÄ�Kim	et	al.	2010�
δ�ţʪó Cdc20 1«ȈƁÆȑÖ

ǘǡǮzȷŪ�±ʵďWçǘțªʅ¸ÑwʅȈƁÆǘ N Ǳó.ȹƜʄƟǘǋâċ1ū

ĥʭǘȗ C Ǳz1§Ĳȑ�Feng	and	D’Urso	2001�
ɭ�ʇʂʄƟ� Pol2 ǘëʴȈƃ�

Ȣ�Kesti	et	al.	1999�
	

ɫĊžǘǡǮɴƵȷŪPol�ÀȷȽɼH�kŴʋȻǘQǌ
ŀ�ȧ�Arabidopsis	
thaliana��POL2 «ƷÈ½$� POL2a ǘǯ£õȢ+Ɔȥɛɿv�ÆȂȲǗ H3 ǲ 4 L5

Ƣʆ�H3K4�ǎÈ�¸ H3K27 ǎÈ�

ǘŕ£ɮ�ƙě¹+È½ǘȷɧ

ɑŪ Pol��ȂȲǗYʱ�¸ĔƆȥɛ

ǘÈ½ƦʷŴi�Yin	et	al.	2009�
ȗ

Li ǳÀȹƜʄƟ�ǘǡǮzȷŪ

Cdc20 ��Ěİ+�È½Ʀʷǜiǘ

Rik1-Dos2 ÐªNVɮ+ siRNA ǘǋ

İ¸ĔƆȥɛȂȲǗH3K9ǘǎÈ�Y

ʱ<ȗRĔƆȥɛƦʷ�kNź�

öÀ�ŞɎɰ��Li	et	al.	2011�
Kū

ǜơ. DNA Ð��ǘ�ȟǡǮó.

Pol�ÀȷȽɼH�QǌǘőǦĵ{{

ɟƙǈŴǘİƃüjū Pol�ɷɩ

ȷȽɼHě¹ȃȝ��NǋǊɩǬǘ

ǡǮɬğ1Ʋe
j�Pol�ǘɭ

��ȟósśvȹǘ§ȟĮ#ċ1ƴ

ƓȗÀȹƜʄƟ�ɨ9ó. Cdc20 Àsśvȹ�ǘQǌź�úťĽɻ
	

¿ 3 ȹƜʄƟĔƆȥɛ��!ȻvĄ�ǦĮ¿	

�ĖȠ Verdel	and	Moazed	2005� 
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3	ȹƜʄƟ�ǘĔƆȥɛ	
ĔƆȥɛūŰʵǾǘƆȥɛȈƁó.ɼHXīǘɖō	HɵŴǞȡiʋȻǘQǌ
ȹ

ƜʄƟ�ĔƆȥɛ!ȻǍ�Țǘ DNA ʋÐČyƁİâÀ.ɫǞ�Ǹ��pericentromere�	

ǱǸ��telomere�	3ʁÄ�Æ�mating-type	region�?�ɿv、ǰǘÈ½�Æ�Cam	et	al.	

2005;	Gonzalez	and	Li	2012�
��Î�ÆǘȈƁ�ĔƆȥɛvĄĬqÜ¿ 3 ĳǦ
ɭ2ĔƆ

ȥɛ�ǘ!ȻǁĜū�ŃȂȲǗM&ʃ��hypoacetylation�?�ȂȲǗ H3 ǲ 9 L5Ƣʆ

ǎÈ�Yʱ�H3K9me��Reyes-Turcu	and	Grewal	2012�ȗĔƆȥɛǘĚİzư�+ȂȲǗ

�&ʃ�	H3K9 ǎÈ�¸ȂȲǗȈªȲǗĿ�ǳ�ǹyɩǬ�Verdel	and	Moazed	2005�
	

ƍŇȹƜʄƟ�ǘǡǮĔƆȥɛĚİ�ǘ H3K9 ǎÈ�âÀÒǨváź��Reyes-Turcu	

and	Grewal	2012�j�Uɝ. RNA Ĉķ�RNAi-dependent�ǘź�Ų ŭɺ
À�Î!Ȼ

ĔƆȥɛ��ǱǸ¸3ʁÄ�Æʀɷɩ RNAi ¸δ�Ú§ű>ǘź�ĚİĔƆȥɛȗɫ

Ǟ�Ǹ�ǘĔƆȥɛ8ɷɩ RNAi Ěİ�Verdel	and	Moazed	2005�
Uɝ. RNAi ǘĔƆȥɛ

Ěİź�Àƒǀ	ƃȳ	ȁȱ¸º*�ǀ�ʀɦ Wç�Gonzalez	and	Li	2012�jÀȹƜʄ

Ɵ�ǘváź�ÀŲɫ�PĊǘǡǮ�ăȬĢ+ɦƴŮÁőǦ§?ƔɰÜ��	

ʲaRNA țªʅ PolII <ƆȥɛǘɫǞ�Ǹ	ǱǸ¸3ʁÄ�ÆǘĔƆȥɛ�ɤęu

dg ¸ dh ʋÐČy��ȼ¿ 3�
ʢɤęĢ�ǘ RNA À RITS�RNA-induced	transcriptional	

silence�ÐªN	RDRC�RNA-directed	RNA	polymerase	complex�ÐªN¸ Dcr1�Dicer�ǘ

h«Qǌ�ȸÎǊ siRNA
�ȖÎǊǘ§ȟź�ū�RDRC ÐªN��± Rdp1	Cid1 ¸ Hrr1�

ɷɩj RNA țªʅǘƪĩ�!ȻžȠ Rdp1�ö�ʏǘĔƆȥɛɤę4ǀɤ£ �ʏ RNA

�dsRNA�Ţªİǘ dsRNA ʢȸ Dcr1 w�İ siRNA
4ǋǘ siRNA Ȉªȡ RITS ÐªN��

± Ago1	Chp1 ¸ Tas3�ǘ Ago1

�ÀjĖõ� RITS ÐªNê

LȡŢªİǘĔƆȥɛɤęƿ

Ɲċɷɩ Chp1 �ĔƆȥɛ�

ǘ H3K9 ǎÈ�LƼȈª
Ȉª

ǘ RITSÐªN§?Ŀ� RDRC

ÐªN�ɖɤę RNA ǘÎǊ

ŰʵŘǘ4ǋ dsRNA ¸ siRNA

VɮŰÒ RITS ÐªNǘȈª


�Ƙ«ũRITS ÐªNɷɩȶ

ŌȲǗ Stc1 � ClrC ÐªN��

�Şŏ�ǘ Rik1-Dos2 ÐªN�

ǜ/QǌRjêL.ĔƆȥɛ

�
ClrC ÐªNǍǎÈɤǫʅ

Clr4 ¸ Rik1	Dos1	Dos2	Cul4 ǳȲǗȂİjƗǤêLŲȅĢ?_�ĔƆȥɛ�ȂȲǗ

H3K9 ǘǎÈ�Yʱ
ǎÈ�ǘ H3K9 ĔƆȥɛȲǗ HP1�heterochromatin	protein	1�

ÀȹƜʄƟ�ǘ«ƷȲǗ Swi6 ŏT+ȈªLƼċ§?ɮ�ƙĿ�j=Ʀʷ½áŲȅõ

ȢĔƆȥɛƦʷ�Verdel	 and	 Moazed	 2005;	 Grewal	 2010;	 Reyes-Turcu	 and	 Grewal	 2012;	

Gonzalez	and	Li	2012�
ɍɩǬÜ¿ 4 ĳǦ
	

¿ 4	 ȹƜʄƟ�Uɝ. RNAi ǘĔƆȥɛĚİź�	

�ĖȠ Reyes-Turcu	and	Grewal	2012� 
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Ü�Şĳɰı@ĳiĤǘȹƜʄƟ� DNA țªʅ�ǘ_�1È Cdc20 ��+ H3K9

ǎÈ�¸ĔƆȥɛƦʷǘɩǬ
ƍŇ Li ǳǘǡǮCdc20 ��Ěİǘɶĝ� Uɝ. RNAi

ǘɶĝċ�Àj�Ķƺiʓɀȥ�Li	et	al.	2011�
À=@ŏuǘƕÄ�Cdc20 !ȻŴ?

�tţʪQǌ��1��ȲǗ Mms19 ǜȈªɷɩjɖō RNA țªʅ PolII ǘƪĩVɮj

óĔƆȥɛ�ʋÐČyǘɤę,�2�À�1�ǘ«ũĿ� Dos2 ¸ Rik1 ȡĔƆȥɛ�,�3�

ÀƘ$Q Rik1-Dos2 ÐªN�� ClrC ÐªN�ǘȂİɿv��:õȂȲǗ H3K9 ǎÈ�

�Li	et	al.	2011;	Gonzalez	and	Li	2012�
ɭ2QǌɩǬÜ¿ 5 ĳǦ
δ��[ĢƩĮǘʗʰū

ȹƜʄƟ�ĔƆȥɛǘĚİċ1ū��äǰǘɩǬȗūIʢǞ DNA Ð�	ȃȝvȹȗ 

ǋǘ�DNA Ð�ũƆȥN�ǘ�ŴǘȂȲǗYʱÂȸǢÃ½ƘÐ�ȬĢǘá>ƆȥN

�ýĥʭƗǤÁĚİ℃Ɔȥɛ¸ĔƆȥɛ�Li	et	al.	2011�
ȃȝµŶţʪǘǡǮɉŇɮ�ƙ

ŬǦɭ��ɩǬ$ʘ1ū�3ű	ǜ/、ǰǘS ŶŨŶūƆȥNǞ�ǸÐ� ǋǘũ

ŶK«ũ'ūǞ�ǸĔƆȥɛ�ʋÐƿƝɤę4ǀ¸ siRNA uǈǘũŶ�Kloc	et	al.	2008�

ɭǨũʘ�ǘiȚĩɅı@ŴǊǍǜXɭ�Ȗğ§ȟūǜ/^Țǘ
ȗ Cdc20 ÀĔƆȥɛ

Ěİ�QǌǘĽɻz ɭ�。ĭŏT+ǛŌǘɉŇ�ƍŇ�ɰƕÄQ DNA țªʅǘ

_�1ÈCdc20 óĔƆȥɛĚİǘ�1��2��ţʪ�ȟƗūÀjªİ DNA �õʏǘ«ũ

ëǈǘ�Li	et	al.	2011�
ǍƘCdc20 ÀȹƜʄƟĔƆȥɛĚİ�ǘQǌ188ū��Ȗ

Ű§ȟūȚǹ	�ɖ DNA Ð�¸ĔƆȥɛĚİǘƏƐjʋȻĩ§ȼ�ş
	

Q ơƆȥɛŰʵǾǘȈƁĔƆȥɛĚİ�ǘȑʠ�ĥGóƆȥNǘȵ 4ǋɦÔǘ

ě¹
Ŵ�vȹ¸sśvȹūȃȝ�ư�ƆȥNȵ ǘ��ʋȻǋǊɩǬ
À÷ʸ	ƃȳǳ

ƕĕǋǀ�ĔƆȥɛĔ℃ÀŴ�vȹ¸sśvȹ4ǋǘȑʠȷÄăŴ�2Ľɻ�Peters	and	

O’Carroll	2001;	Hayashi	et	al.	2005;	McKee	et	al.	2000�
ȗÀȹƜʄƟ�ɍţʪǘǡǮǜó

�ð
ƍŇ ago1+	dos1+	rik1+ǳÈ½ǯ£NŴ�vȹ¸sśvȹȷÄǘȽòȈƃĔƆȥ

ɛǘǢÃÀ�ǨvȹɩǬ�ʀGõȢƆȥNǘʑɏvǧ,Ŵ�vȹ�ƆȥNǘʑɏvǧ�ɫ

Ǟ�Ǹ�ʶɯȲǗ�cohesin�ǘǢÃŴɦÔiǹ�Hall	et	al.	2002;	Li	and	Goto	et	al.	2005�,

ȗsśvȹ�ǘȷÄ4ǋǘź�zɦ ÐŻ
ǚ�ăǟQ «ƷƆȥNʁó�ØǘǱǸț

ʥ�telomere	clustering�ǈɘ�Ma	2006�Àɭ2ǯ£N�âÀ�êȑʠ�Hall	et	al.	2002;	Tuzon	

et	al.	2004�,ʟƘ$ÑĔƆȥɛÀĺ�Ǟ�Ǹ�ʋȂ�Ellermeier	et	al.	2010�	Ŀ�Ǟ�Ǹ

WļȲǗ�Yamagishi	et	al.	2008�ǳţʪǘ�ȟ'ʀŴĽɻ
ƍŇǈŴǡǮİƃĔƆȥɛ

ÀŴ�vȹ¸sśvȹ�ǘʋȻQǌūƞđȓǓǘ
Kūǜơ.Ŵ�vȹsśvȹ�ǘǡ

Ǯɬğ1Ʋe¸ǹȊ
sśvȹ�ƆȥNȵ ǘÐŻĩ«ũĮ¶ǞĔƆȥɛÀj��ȟǘ

ÐŻĩ½Ƙ;ŴEÒ§ȟǘě¹½Ǻ;ǒĞőǦ
	

�	�ɕʰ!Ȼmî�ÈŸĨɡʣƼ�|ŢƼvƂ	
���ɕʰÈŸĨɡ	
1	ɕʰŏu	
Ÿɕʰǘŏu!ȻÈ.?�tţʪ�	

�1�ƍŇÒ�ǜiʯÆǘŞǅ��ȼ�Ş��Pol� ǘ_�1ÈÀĔƆȥɛĚİ¸È½

¿ 5	Cdc20 ÀȹƜʄƟĔƆȥɛĚİ�ǘQǌɩǬǦĮ¿	

�ĖȠ Li	et	al.	2011� 
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ƦʷǳȷȽɼHţʪkŴiʓǘQǌ,ĔƆȥɛó.ƆȥNȵ ŴʋȻɖōQǌȗsśv

ȹǘɩǬ��±+ƆȥNƮȐ	ʁó	ȚG	ʋȂ?��ƖĂ~ğÔǘƆȥNvǧǳÒǨƆ

ȥNȵ ĔƆȥɛĔ℃GójƗ℃ɮȵ4ǋ�ʋǘě¹
½ƘɃ Pol� ǘ_�1ÈÀ

sśvȹ�§ȟkŴ�vʋȻǘ�ȟ
	

�2�Q Àǝƌǋǀ�ʵďWçǘ DNA țªʅPol� Àsśvȹ�ǘ�ȟȑ%ǹȊ

ǡǮ,ȗǍ.ǈŴĽɻɦøPol� ��ĔƆȥɛĚİɭ��ȟ'ʦȻÀŰÒǜiʯÆɮ�

ƙǘǡǮ¸ŋǻ
ƘÑǚ�ó.ĔƆȥɛÀsśvȹ�ǘQǌǘź�ǡǮɬğ1Ʋe?

Pol�ǘǡǮ ɥNŴŵÀɭ�ʗʰ�ȬĢŰƲþƖǘɃɊ
½ƘŸɕʰkŴ�êĮ#
	

�3�Q �ȃȝǘǝƌƕĕǋǀʄƟÀɼHvƂ	ǋ�ëʴţʪkŴŪŬǘF�

ūǡǮkNváź�ǘȤÛëʴżŠ
ȗóơʇʂʄƟ¸ȹƜʄƟȹƜʄƟŁŴ�ʵǳ�

ǀǜJǘ RNAi ź�¸ĔƆȥɛȗʇʂʄƟ�ǘĔƆȥɛzǜóǵ��Grunstein	 et	 al.	

2007�,ƘÑȹƜʄƟŰɱªǡǮƆȥNȵ �Forsburg	 and	 Rhind	 2006�
ɭ2ʀ�Ÿɕ

ʰʦȻǡǮǘʗʰǜÙª
½ƘǡǮóɘɳłȹƜʄƟ
	

2	ǡǮÈŸĨɡ	
ŸɕʰǘǡǮ”Q!Ȼö<?�¼ţʪēÿ��1�ƁĒ cdc20+ǘǯ£N,�2�Ƚòǯ£

Nǘ4ãȷÄ��sśvȹǘŲȈƃ�,�3�ɉŪ Cdc20 Àsśvȹ�«Ƌ��+ĔƆȥ

ɛĚİ,�4�ǡǮǯ£NsśvȹɩǬ�ǘƆȥNȵ Ĕ℃
ɭ¼ţʪ”Q�ŸɕʰǡǮm

îǘiǹÜ¿ 6 ĳǦ
	

¼ţʪǘ”Qʀ?ëʴ !kNǘëʴɈɂöÀ�ŞɎȃ¤ɰ
ɷɩɭ¼ţʪǘëʴ

”Qöɦèŝ¸ǹȊÁɁpɕʰ�ĳŏuǘʗʰ
	

�-�ɕʰ!Ȼmî	
�ʪó¼Ôţʪ”Qǘëʴmî��Ɏɰ�	

1	ƁĒ cdc20+ǯ£N	
Ü�ɕʰǈǂ��ĳɰȹƜʄƟ� cdc20+ȑÖG4ǋȢƚǘȷÄȗ Cdc20 ǘ C Ǳó

.ʄƟǋâ«Ƌ1§Ĳȑ
ƍŇ Li ǳ�2011�¸ Yin ǳ�2009�ǡǮ�ĳǌǘǯ£NŎƭ

Cdc20 ǘ N ǱȈƁÆ§ȟ��ĔƆȥɛǘĚİ,ƍŇŞǅĽɻCdc20 ǘ N Ǳó.ȹƜʄƟ

ǘǋâūʨĥʦǘ�Feng	and	D’Urso	2001�½ȗpêƁĒȏǠ N ǱȑÖ Cdc20 ȲǗǘǯ£

N
kNƫǬÜ��	

�1�ɷɩvácʡƁĒĳʦɛǸ�	
�i�ó pDUAL-FFH1-CDC20(Ura4+)ɛǸƭČ
	

Ʃ�ɍɛǸǍ¯ǽȔąȂǘPÅȔąǛŌŏTɤeȹƜʄƟ�§?ȷɧƗ℃ǘ

Cdc20 ȲǗ�Matsuyama	et	al.	2006�
	

�ii�}ǌ pClone-Hyg1 ɛǸƁĒ cdc20+ǘŜʟɛǸ
	

Ʃ�pClone-Hyg1 ɛǸǍPÅȔąŏTƁĒţƨūö cdc20+ǘ 5’-UTR ¸ 3’-UTR v~c

ʡȡɛǸ�ǘ«�LƼ�Gregan	et	al.	2006�
	

WT	

sśvȹŶʘ�	
ĔƆȥɛĚİĔ℃	

sśvȹ

âÀȑʠ	
cdc20+	
ǯ£N	

(1) (2) 

(4) 
(3) 

¿ 6	 ɕʰÈŸĨɡǦĮ¿	
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�iii�}ǌ pFA6a-3FLAG-KanMX6 ɛǸƁĒ cdc20mtǘűņɛǸ
	

Ʃ�pFA6a-3FLAG-KanMX6 ɛǸ«ƋǍPÅȔąŏTƁĒţƨūö cdc20+ȑÖ N Ǳȏ

ǠČyǘǯ£Čy cdc20mt¸ 3’-UTR v~cʡȡɛǸ�ǘ«�LƼ
	

�2�ƁĒǯ£ȭƊ	
�i�ö pDUAL-FFH1-CDC20 ɛǸɤe h90 ȭƊǘʌǋÄȹƜʄƟȭƊ·¬ XC1
	

�ii�À XC1 �ɤeʅwǘŜʟɛǸö cdc20+È½ǌƻʧǺ�Hygromycin�ĻĩŜ

ʟȭƊ·¬ XC2
	

�iii�À XC2 �ɤeʅwǘűņɛǸÀăŜʟ cdc20+ǘ� cdc20 ǘÈ½Đ�ŝªe

ǯ£ǘ cdc20mtČyȭƊ·¬ XC3
	

�iv�ö XC3 À 5-FOA ǘĉſ�ǋʕɢʟ pDUAL-FFH1-CDC20 ɛǸȬĢŲȅǘǯ£

ȭƊ·¬ XC4
	

�3�óȬĢǘǯ£ȭƊ XC4 ƭČʎê
	
2	Ƚòǯ£Nǘ4ãȷÄ	
ãáĚİ�sporulation�ūsśvȹǘŲȅȈƃsśvȹ©ǇȦ�uǈǘʑɏ�ȣG

ÀŲǘ4ãȈƃ�Ģ�Nǈ
½ƘȽò4ãūƑƇsśvȹȷÄǘÈǣ
ţƨÜ��	

?ʌǋÄ h90 ȭƊ óƽöǋʕȡóśǋʕŶǘ�ZNǯ£ȭƊƯĄ.ȡ SPAS ĉſ

. 25�Çl 2~4 Õ�Forsburg	and	Rhind	2006�
¡ȭNǌģvĈư�DIC�ĲǜĂ�Phase�

Ŭģʔʁª DAPI ƆȥȽò4ãȷÄ
�ʌǋÄǜóƽ!ȻiƩ?�tƼ�	

�1�4ǋá»¸á»ãáǘĚħ	ȃȝƌǘvĄū°Ĕ℃,	

�2�ȊɂvƂuãǆ�sporulation	efficiency�ū°ŬȯʜM,	

�3�v~ȊɂvƂmɿ±Ŵ 1~4 �á»ãáǘá»ơS
	

Ʃ�h90 ȭƊ «éʁªȭƊ1ʦȻ h+	h-3ʁÄǘƳª
	

3	ɉŪ Cdc20 Àsśvȹ���ĔƆȥɛĚİ	
Ƙ�i. Cdc20 ��ĔƆȥɛĚİǘǡǮÂÀʄƟǘȮlǋʕɩǬ�ɮȵ
Ǎ.Ŵĩǋ

Ɯ¸ťĩǋƜǘȃȝÀÇlŽA	ȃȝǋǊɩǬǳţʪŴŪŬĂĔ½Ƙ Cdc20 Àsśvȹ

�ū°��ĔƆȥɛĚİ;ʦȻǡǮ
!ȻŴ?���ëʴ�	

�1�êʍ�ɤę PCR�qRT-PCR�	
Rǌ�ǨǁƛȭƊ�ÀɫǞ�Ǹǘ otr��“.ĔƆȥɛ�Őe+ ura4+È½�Li	et	al.	2011;	

Yamagishi	et	al.	2008�
ÀɍȭƊ�ƁĒ cdc20+ǘǯ£N�ţƨ« 1K§?ǛŌRǌ 1 �ă

ȇƁĒÛǘɛǸŗεȻ\tƖɤ��§�
	

?ʌǋÄǘɍȭƊ óƽǌ 2 �ǘţƨɐõǯ£ȭƊsśvȹȬ¡sśvȹ�Ŷǘ

ȃȝŏ¡ RNAǌ qRT-PCR Ƒƭ ura4+È½ǘȷɧʍ�ʌǋÄóơǤêjÈ½Ʀʷǂ

q
	

�2�dǔhƦƱ�Co-IP�	
RǌʌǋÄ pat1-114 ƶďřįÄ-ZNȭƊ}ǌƈrţƨɐõj ǋ«ƙsśvȹ

�synchronized	meiosis��Bahler	et	al.	1991;	Cipak	et	al.	2014�
v~Ȭ¡Î.sśvȹ S Ŷ	

M Ŷǘȃȝŏ¡ĪȲǗ}ǌ Co-IP ǘëʴĹŹôĸ Cdc20 ǘǜ/QǌȲǗȕòjū°

�ĔƆȥɛĚİ¸È½Ʀʷǘ�ȟǜi
	

4	ǡǮǯ£NsśvȹɩǬ�ǘƆȥNȵ Ĕ℃	
cdc20+ǯ£N�ĔƆȥɛȸǢÃǍƘ4ǋǘsśvȹƆȥNȵ Ĕ℃ūÒţʪǘ
Ǎ

.ǡǮµŶǘʝ�Ÿɕʰ�ε}ǌ?�ǘëʴɦǹȊÁǡǮɿvǘĔ℃ȵ �	

�1�Rǌ�ǨǁƛȭƊ�À 1 ¨ƆȥNǘǞ�Ǹ��cen1�ǘ lys1+LƼŐe+�Ɲ LacO

ʋÐČy«ũɍȭƊȷɧ LacI-GFP ȴªȲǗ§?Ȉª� LacO ʋÐČy�R cen1  u

ȎȥȪb�Hall	et	al.	2002;	Asakawa	et	al.	2001�
ÀɍȭƊ�ƁĒ cdc20+ǘǯ£N
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�2�?ʌǋÄǘɍȭƊ ó

ƽǌ 2 �ǘţƨɐõǯ£ȭƊ

sśvȹǌȪbŬģʔȽò4

ǋǘá»¸á»ãá
§ȟŴ¿ 7

�ǘ¼ǨĬq
j�ǲ�ǨóĎ

Ɨ℃ǘƆȥNvǧǲ-ǨɑŪ

sśǲ-Ɩvȹuǈ+�ƖƆȥ

Nʑɏvǧǲ�ǨžƷ.�Ɩ

sśǲ-Ɩvȹ�ǘƆȥNʑ

vȗǲ¼Ǩzūsśǲ�Ɩv

ȹ�«ƷƆȥNvǧʑɏɸİ

ǘ
ó¼Ǩ§ȟǘȷÄɮȵȊɂ

vƂǍƘȕò�ƖvȹɩǬ�

ƆȥNǘʑɏvǧǂq
	

�3�;ɪǌɍȭƊǘ cdc20+

ǯ£N?ʌǋÄ óƽɐõ

sśvȹȽòjsśvȹ©ʋ

ȻũŶ cen1-GFP ǘX¨vĄū°

Ĕ℃�ŴŽA§?ûɋƪN�ħȽò�ǍƘȕò?�ǘsśvȹʋȻ,Aū°Ĕ℃�	

�i�sśvȹ S ŶßÝƆȥ�NɷɩʶɯȲǗ�cohesin�Ǽïǜɯ,�ii�sśǲ�

Ɩvȹ�Ŷ«ƷƆȥNʁó,�iii�ǲ�ƖƆȥNvǧ,�iv�ǲ�ƖvǧßÝƆȥ�N;

ɷɩʶɯȲǗǼïǜɯ,�v�ǲ-ƖƆȥNvǧ
	

ŇƘvƂĔƆȥɛǢÃósśvȹ�ƆȥNȵ ǘě¹
	

5	ɳ\ëʴ	
Ʃ�ɍɿvëʴmîĳʦɁpǘʗʰ;“.�¼ţʪǘƎƄ�
ɷɩɭ2ëʴ§?

ó Cdc20 Àsśvȹ�ǘ�ȟȬĢŰȃȢ	ƲeǘɃɊ
	

�1�ɪǌ 1 �ǘţƨv~ƁĒ Cdc20 ȲǗ N ƝÑwʅȈƁÆ�Exo�¸țªʅȈƁÆ

�Pol�ȑÖǘǯ£NȭƊȽò4ãȷÄŋǮ�� Cdc20 ȷȽɼH�ȟǘȈƁÆ
	

�2�ɷɩƆȥɛdǔhƦƱƭČ�ChIP-Seq�ǘĹŹÀʌǋÄ¸ǯ£N�v~ȕò

È½ƦʷǜiȂȲǗȈªǘ DNA ČyǹȊǡǮ Cdc20 ě¹ǘĔƆȥɛ�Æ?�æ@À

È½ȂƤĉǘvĄȾĠ
	

�3�Ƚòǯ£NsśvȹɩǬ�ǘƆȥNȵ §?ȈªǱǸǘȪb�LŻ3�FISH�	

ʶɯȲǗ	ȀʒN�spindle�ǳȈƁǘdǔȪbƆȥǳţƨósśvȹ�ʋȻ,A¸ȈƁ

 ǋǘ£�ȬĢŰȃȢǘȈƃ<ȗRóĔƆȥɛǘ�ȟ	Qǌź�ǘǡǮŰƲe
	

���ʣƼvƂ	
1	ʦȻ}ǌÒǨȭƊƁĒǯ£N	
ÀÒ�ȭƊ�ƁĒ cdc20+ǘǯ£NūŸɕʰǡǮǘ�ŏ¸Èǣ
ȗǍ.�ǿŜʟ cdc20+

GȢƚĥʭʈǌaŜʟnűņǘţĕƁĒɿvȑÖǘǯ£N
Ǎ.ʄƟÈ½œQĹŹǘİ

ƾ	ĦňŜʟ¸űņÈ½ǘœQŸɣʣď1ÔȘũ1Ò,ƁĒǯ£Nëʴ!Ȼǘʣď§

ȟžƷ.ƁĒŜʟɛǸ¸űņɛǸ
Ǎ. cdc20+ǘȏǠČy�CDS�ŸɣɦʕȬĢǯ£Č

y cdc20mt	ċöjcʡɛǸ�§ȟGȘɜɦÒũʘċɹ��2¾ʣ
ʦȻƩĮǘū

Ÿɕʰ�ƁĒǘÒ�ȭƊʀ§?Rǌǜ«ǘŜʟ¸űņɛǸεʦ\�Ɩɤ��§
½Ƙ

ɭ�ëʴmîū§ȵǘ
	

2	ʦȻŒƴʌǋÄ¸ǯ£NʄƟsśvȹǘȃȝµŶ	
Ÿɕʰ��3�	�4�ɿvǘɆÒëʴʦȻêL.ǡǮʄƟsśvȹǘƅ�ũŶ
Ǎ.

1«ȭƊȃȝµŶâÀĂĔǯ£N'§ȟŕ£jvȹɩǬ½ƘʦȻ,aŒƴsśvȹ�

¿ 7	 ǯ£N4ǋá»ǘ¼Ǩ§ȟȷÄ	

�ĖȠ Hall	et	al.	2002� 
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ǘȃȝµŶ
ɭʊ§?ƕD Li ǳ�2011�ÀŴ�vȹ�ĳ\ǘ”QösśvȹɩǬ�ǘ

�2Ņƈ£��ũʘɮǬȚǹɟž
δÑ'§?ûɋǌȫǀösśvȹǘɩǬʛšÀƅ�

ũŶ
	

3	dǔhƦƱȈƃ1ǤêĩɦÔ	
Q ȲǗɛǋ�ţʪǘëʴdǔhƦƱëʴâÀ1ǤêĩȻĭȬĢǊĭǘëʴȈƃ

Gɹ��2¾ʣ
	
�¼�|ŢƼvƂ	
1	ó. Pol�Àsśvȹ�ǘ�ȟȬĢŢǘ	ǹȊǘɃɊ	
Ü�ŞĳɰQ Àǝƌǋǀ�ʵďWçǘ DNA țªʅPol� Àsśvȹ�ǘ�ȟȑ

%ǹȊǡǮ,ȗ Pol� ��ĔƆȥɛĚİɭ��ȟ ǈ1"ȑ%ƲeǡǮ
őǦ Pol� _

�1ÈɷɩVɮĔƆȥɛƦʷě¹sśvȹǘź�ó.sśvȹváɖō¸ Pol� ȷȽɼ

H�ȟĮ#ǘǡǮʀkŴ|ŢĮ#
	

2	ó.ĔƆȥɛƦʷÀsśvȹ�ǘQǌŴŰƲeǘ+Ɂ	
ĔƆȥɛƦʷÀsśvȹ�ǘQǌūʋȻ�ÒţʪǘKǚ�ǘǡǮ�ğ1ƲeóQ

ǌź�ǘ+Ɂ1ÓƴŮ
ŸɕʰöȹƜʄƟQ ëʴóɘ? cdc20+ǘǯ£N ɥNŴŵ

Àɭ�ʗʰ�ȬĢŰƲþƖǘɃɊ
	

3	ɳ\ëʴɿvǘȈƃöÀ�2kNǘʗʰ�ŴŢǘ ǈ	
¼	ɕʰǡǮɂx	

ŦǬȷÜ��	

2014.3~2014.5�À h90 ȭƊ�ƁĒ cdc20+ǯ£N,	

2014.6�Ƚòǯ£N4ãȷÄ,	

2014.7�Àj=t�ǁƛȭƊ�ƁĒ cdc20+ǯ£NŒƴʄƟsśvȹǘȃȝµŶ,	

2014.8�qRT-PCR ëʴdǔhƦƱëʴ,rÏ�ŶƥĽ,	

2014.9~2014.10�ǡǮǯ£NsśvȹɩǬ�ǘƆȥNȵ Ĕ℃,	

2014.11~2015.1�ź�ũʘ¸ɳ\ëʴ,	

2015.2~2015.3�ĪȈ¸rÏȈʰ
	

0	ɕʰʮŶȈƃ	
1	ƁĒu Cdc20 ȲǗ N ǱȑÖǘ cdc20+ǯ£N,	

2	ǤɃǯ£NÀsśvȹɩǬ�âÀŪŬǘȑʠ,	

3	ɉŪ Cdc20 Àsśvȹ�«Ƌ��+ĔƆȥɛĚİǘɩǬ,	

4	ó.ĔƆȥɛǢÃsśvȹɩǬ�ƆȥNȵ ǘĔ℃ŴǜóǹȊǘ+Ɂ,	

5	ɳ\ɿvǘʮŶȈƃȼ�ɳ\ëʴ�
	

	

�ȕŞǅ�	
[1]	Kleckner	N.	Meiosis:	how	could	it	work?[J].	Proceedings	of	the	National	Academy	of	Sciences,	
1996,	93(16):	8167-8174.	

[2]	Ma	H.	A	molecular	portrait	of	Arabidopsis	meiosis[J].	The	Arabidopsis	book/American	Society	
of	Plant	Biologists,	2006,	4.	
[3]	Yamamoto	M.	Regulation	of	meiosis	in	fission	yeast[J].	Cell	structure	and	function,	1996,	
21(5):	431-436.	

[4]	Asakawa	H,	Kitamura	K,	Shimoda	C.	A	novel	Cdc20-related	WD-repeat	protein,	Fzr1,	is	

required	for	spore	formation	in	Schizosaccharomyces	pombe[J].	Molecular	Genetics	and	
Genomics,	2001,	265(3):	424-435.	
[5]	Mata	J,	Lyne	R,	Burns	G,	et	al.	The	transcriptional	program	of	meiosis	and	sporulation	in	

fission	yeast[J].	Nature	genetics,	2002,	32(1):	143-147.	
[6]	Hübscher	U,	Nasheuer	H	P,	Syväoja	J	E.	Eukaryotic	DNA	polymerases,	a	growing	family[J].	



 12 

Trends	in	biochemical	sciences,	2000,	25(3):	143-147.	
[7]	Walsh	E,	Eckert	K	A.	Eukaryotic	Replicative	DNA	Polymerases[M]//Nucleic	Acid	Polymerases.	
Springer	Berlin	Heidelberg,	2014:	17-41.	

[8]	Dua	R,	Levy	D	L,	Campbell	J	L.	Analysis	of	the	essential	functions	of	the	C-terminal	

protein/protein	interaction	domain	of	Saccharomyces	cerevisiae	pol	ε	and	its	unexpected	ability	

to	support	growth	in	the	absence	of	the	DNA	polymerase	domain[J].	Journal	of	biological	
chemistry,	1999,	274(32):	22283-22288.	
[9]	Kesti	T,	Flick	K,	Keränen	S,	et	al.	DNA	polymerase	ε	catalytic	domains	are	dispensable	for	DNA	

replication,	DNA	repair,	and	cell	viability[J].	Molecular	cell,	1999,	3(5):	679-685.	
[10]	Pursell	Z	F,	Isoz	I,	Lundström	E	B,	et	al.	Yeast	DNA	polymerase	ε	participates	in	leading-strand	

DNA	replication[J].	Science,	2007,	317(5834):	127-130.	
[11]	Ohya	T,	Kawasaki	Y,	Hiraga	S	I,	et	al.	The	DNA	polymerase	domain	of	polε	is	required	for	

rapid,	efficient,	and	highly	accurate	chromosomal	DNA	replication,	telomere	length	

maintenance,	and	normal	cell	senescence	in	Saccharomyces	cerevisiae[J].	Journal	of	Biological	
Chemistry,	2002,	277(31):	28099-28108.	
[12]	Hogg	M,	Osterman	P,	Bylund	G	O,	et	al.	Structural	basis	for	processive	DNA	synthesis	by	

yeast	DNA	polymerase	ɛ[J].	Nature	structural	&	molecular	biology,	2014,	21(1):	49-55.	
[13]	Zahn	K	E,	Doublié	S.	Look	Ma,	no	PCNA:	how	DNA	polymerase	epsilon	synthesizes	long	

stretches	of	DNA	without	a	processivity	factor[J].	Nature	structural	&	molecular	biology,	2014,	
21(1):	12-14.	

[14]	Zegerman	P.	DNA	Replication:	Polymerase	Epsilon	as	a	Non-catalytic	Converter	of	the	

Helicase[J].	Current	Biology,	2013,	23(7):	R273-R276.	
[15]	Tahirov	T	H,	Makarova	K	S,	Rogozin	I	B,	et	al.	Evolution	of	DNA	polymerases:	an	inactivated	

polymerase-exonuclease	module	in	Pol	epsilon	and	a	chimeric	origin	of	eukaryotic	polymerases	

from	two	classes	of	archaeal	ancestors[J].	Biol	Direct,	2009,	4(11).	
[16]	Schmid	J	P,	Lemoine	R,	Nehme	N,	et	al.	Polymerase	ε1	mutation	in	a	human	syndrome	with	

facial	dysmorphism,	immunodeficiency,	livedo,	and	short	stature	(“FILS	syndrome”)[J].	The	
Journal	of	experimental	medicine,	2012,	209(13):	2323-2330.	
[17]	D’Urso	G,	Nurse	P.	Schizosaccharomyces	pombe	cdc20+	encodes	DNA	polymerase	ɛ	and	is	

required	for	chromosomal	replication	but	not	for	the	S	phase	checkpoint[J].	Proceedings	of	the	
National	Academy	of	Sciences,	1997,	94(23):	12491-12496.	
[18]	Sugino	A,	Ohara	T,	Sebastian	J,	et	al.	DNA	polymerase	ε	encoded	by	cdc20+	is	required	for	

chromosomal	DNA	replication	in	the	fission	yeast	Schizosaccharomyces	pombe[J].	Genes	to	Cells,	
1998,	3(2):	99-110.	

[19]	Feng	W,	D'Urso	G.	Schizosaccharomyces	pombe	cells	lacking	the	amino-terminal	catalytic	

domains	of	DNA	polymerase	epsilon	are	viable	but	require	the	DNA	damage	checkpoint	

control[J].	Molecular	and	cellular	biology,	2001,	21(14):	4495-4504.	
[20]	Kim	D	U,	Hayles	J,	Kim	D,	et	al.	Analysis	of	a	genome-wide	set	of	gene	deletions	in	the	fission	

yeast	Schizosaccharomyces	pombe[J].	Nature	biotechnology,	2010,	28(6):	617-623.	
[21]	Yin	H,	Zhang	X,	Liu	J,	et	al.	Epigenetic	regulation,	somatic	homologous	recombination,	and	

abscisic	acid	signaling	are	influenced	by	DNA	polymerase	ϵ	mutation	in	Arabidopsis[J].	The	Plant	
Cell,	2009,	21(2):	386-402.	
[22]	Li	F,	Martienssen	R,	Cande	W	Z.	Coordination	of	DNA	replication	and	histone	modification	by	

the	Rik1-Dos2	complex[J].	Nature,	2011,	475(7355):	244-248.	
[23]	Cam	H	P,	Sugiyama	T,	Chen	E	S,	et	al.	Comprehensive	analysis	of	heterochromatin-and	

RNAi-mediated	epigenetic	control	of	the	fission	yeast	genome[J].	Nature	genetics,	2005,	37(8):	



 13 

809-819.	

[24]	Gonzalez	M,	Li	F.	DNA	replication,	RNAi	and	epigenetic	inheritance[J].	Epigenetics,	2012,	
7(1):	14-19.	

[25]	Reyes-Turcu	F	E,	Grewal	S	I	S.	Different	means,	same	end—heterochromatin	formation	by	

RNAi	and	RNAi-independent	RNA	processing	factors	in	fission	yeast[J].	Current	opinion	in	genetics	
&	development,	2012,	22(2):	156-163.	
[26]	Verdel	A,	Moazed	D.	RNAi-directed	assembly	of	heterochromatin	in	fission	yeast[J].	FEBS	
letters,	2005,	579(26):	5872-5878.	
[27]	Grewal	S	I	S.	RNAi-dependent	formation	of	heterochromatin	and	its	diverse	functions[J].	

Current	opinion	in	genetics	&	development,	2010,	20(2):	134-141.	
[28]	Kloc	A,	Zaratiegui	M,	Nora	E,	et	al.	RNA	interference	guides	histone	modification	during	the	S	

phase	of	chromosomal	replication[J].	Current	Biology,	2008,	18(7):	490-495.	
[29]	Peters	A	H	F	M,	O'Carroll	D,	Scherthan	H,	et	al.	Loss	of	the	Suv39h	Histone	

Methyltransferases	Impairs	Mammalian	Heterochromatin	and	Genome	Stability[J].	Cell,	2001,	
107(3):	323-337.	

[30]	Hayashi	K,	Yoshida	K,	Matsui	Y.	A	histone	H3	methyltransferase	controls	epigenetic	events	

required	for	meiotic	prophase[J].	Nature,	2005,	438(7066):	374-378.	
[31]	McKee	B	D,	Hong	C,	Das	S.	On	the	roles	of	heterochromatin	and	euchromatin	in	meiosis	in	

Drosophila:	mapping	chromosomal	pairing	sites	and	testing	candidate	mutations	for	effects	on	

X–Y	nondisjunction	and	meiotic	drive	in	male	meiosis[J].	Genetica,	2000,	109(1-2):	77-93.	
[32]	Hall	I	M,	Noma	K,	Grewal	S	I	S.	RNA	interference	machinery	regulates	chromosome	dynamics	

during	mitosis	and	meiosis	in	fission	yeast[J].	Proceedings	of	the	National	Academy	of	Sciences,	
2003,	100(1):	193-198.	

[33]	Li	F,	Goto	D	B,	Zaratiegui	M,	et	al.	Two	novel	proteins,	dos1	and	dos2,	interact	with	rik1	to	

regulate	heterochromatic	RNA	interference	and	histone	modification[J].	Current	biology,	2005,	
15(16):	1448-1457.	

[34]	Tuzon	C	T,	Borgstrom	B,	Weilguny	D,	et	al.	The	fission	yeast	heterochromatin	protein	Rik1	is	

required	for	telomere	clustering	during	meiosis[J].	The	Journal	of	cell	biology,	2004,	165(6):	
759-765.	

[35]	Ellermeier	C,	Higuchi	E	C,	Phadnis	N,	et	al.	RNAi	and	heterochromatin	repress	centromeric	

meiotic	recombination[J].	Proceedings	of	the	National	Academy	of	Sciences,	2010,	107(19):	
8701-8705.	

[36]	Yamagishi	Y,	Sakuno	T,	Shimura	M,	et	al.	Heterochromatin	links	to	centromeric	protection	by	

recruiting	shugoshin[J].	Nature,	2008,	455(7210):	251-255.	
[37]	Grunstein	M,	Gasser	S	M.	Epigenetics	in	Saccharomyces	cerevisiae[J].	Cold	Spring	Harbor	
perspectives	in	biology,	2013,	5(7):	a017491.	
[38]	Forsburg	S	L,	Rhind	N.	Basic	methods	for	fission	yeast[J].	Yeast,	2006,	23(3):	173-183.	
[39]	Matsuyama	A,	Arai	R,	Yashiroda	Y,	et	al.	ORFeome	cloning	and	global	analysis	of	protein	

localization	in	the	fission	yeast	Schizosaccharomyces	pombe[J].	Nature	biotechnology,	2006,	
24(7):	841-847.	

[40]	Gregan	J,	Rabitsch	P	K,	Rumpf	C,	et	al.	High-throughput	knockout	screen	in	fission	yeast[J].	

Nature	protocols,	2006,	1(5):	2457-2464.	
[41]	Bähler	J,	Schuchert	P,	Grimm	C,	et	al.	Synchronized	meiosis	and	recombination	in	fission	

yeast:	observations	with	pat1-114	diploid	cells[J].	Current	genetics,	1991,	19(6):	445-451.	
[42]	Cipak	L,	Polakova	S,	Hyppa	R	W,	et	al.	Synchronized	fission	yeast	meiosis	using	an	ATP	

analog–sensitive	Pat1	protein	kinase[J].	Nature	protocols,	2014,	9(1):	223-231.	



 14 

 

Ÿ7ɾʋÍŪ�ĳ³3ǘǏɒĽ´ūŸ7ÀõąŅõ�、ǰ”Qĳ¡

Ģǘİƃ
ʟ�ƩɑŪǘĖǌmîÑŸŞ1�±BOj=�7Ĳʥ

NǘǡǮİƃ
 
                      
                   åǋǴ¬: ġİ        ŦŶ� 2014 Ċ  3   ų  15 Ŧ 
 
 
 

 

 



+�� iw_lv[ 

 

O
0��Nh$Sq��FDUROPuXj!�:�	1& t� 

 

FDUROPiwv[e 

uX]-
�cC  �Gn  �FR  ��Q26T�EP"f�  �,826T�E>7xf� 6T4) ;A 

9' lU�u lU�? lUv[��� 

1 7xg� .�//H#6A��DNAa(p�r�>��p�mBp	�5�sY�g�W 3000 

2 7x`J Z<\�K3�PCR\�.�V����L>U* 500 

3 7xJD @%=2bId�oM�k^ 500 

    

    

    

    

    

    

    

    

(f   4000 



 

� � �ø�ý 

I rz�ø�ý�ċ�^7�ø�ý�DģČ�ôrz<�	��7�ý�� 

 

��Vkk�IE	�ê&Õ�^nİpØ³�vÓÛ	úÉ;q: =û

ÏÁO2Đ� Ï�ë\G�òEĝ¼Ĕ�	4¬�hÏ×ÓÂE� 
¯čĮAÌû¹Ğ»Ï&J	�ã: =ûÏĎ�±C	4¬ĔğüÏ���

čĮÏ§Ģ[®\w*Ġ¼ĔĚU¯×Ël��q��Vk©��h_k�±

'	¬S��¬��Ïèµ� 
 �9eėčĮ	ģČ�Ñ1¢È	�X3 îzċ�	Cm�nİ¥·� 
{����ÏÎċ� 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                rz�įä 
 
                                               2014~  3  «  17 ¦ 



 17 

II
�ø�z�ý�ċ��7� 

��Vk^�"nİp¬ĔġÏn�çN�®Ģ	 /īk��: =û=

´Ïæñk¥¾\=jËÅk¥¾	^ÓÛw*�æôāÒ	gðą�	æ�İ

Ć	Ę¸¨ª� 
^�;\l]ėčĮÏĕÙ�	��Vk��ÀĒ	ó�¶ģ�gĠ¢È	

6qÑ1ĭa�¿�ÿÏbÔ�	�;��f¤Ï�¾�Cm�)¥·W	Qq

ÞĤºÏnİ7�%M=ĉuÏĀ?� 
ėÖ�G�\Ã�	Ă�Ñ,	��Vkmòl�ĈĬÐÏÓÛw*� 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                             �øîz�ħ}A 
 
                                             2014 ~ 3   « 16  ¦ 

 



 18 

0 � ćo�ý 

 

b 

¯ 

ć 

m 

čĮ����4¬ÊĄ\nĦ�� 
          �4¬ÊĄ�� 
          �4¬nĦ�� 
          ����g 

@¤����h     
        �Ĕh 

�õ     
�½¬@¤�d 

ÇÜ���óy�;čĮ¥X	^rz�r�

ÇÜl� 
        �PFrzčĮå	(©ÑqÇÜÏ

jčĮ 
        �½¬ÇÜÏ�¾\čĮ 

Tù���ěĮgsĚ�	ÓÛ¥·ąĀ

UÊ	>nTù 
        �ěĮ\ÓÛ¥·tT	(ĩü

�Ę�æL 
        �ĮÐ\ÓÛ¥·ĩü¬Ĕg

Ď¡��Ę 
        �ěĮ�UÊ	ÓÛ¥·�Tù 

ď£9e��l�ď£ìę�D®ĎÓ	K�

Þ�ď£^5Ï²£.= 
�ď£9e�ĎÓÚª�đ 
�ď£9e¬ĔgíĨ 

�7þ÷���ÝUk°þ÷ 
            �þ÷Úª�đ 
            ��k°þ÷¬Ĕgxē 
            �l/�ÝUk°þ÷ 

ìU

ć$

� 

�ă 

�ékËÏćo�ýR-��ă� 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 



 19 

 

!�Ĝ=�+ FDUROPài'8ßÜĬ§Pï� 
 

 
===========================================================
= 

!�,�Í FDUROPài'c7� 
 
©Z8mÜĬ��©    �Z 

 
ÜĬ§Ģ�        ~      « 
 

======================= ! � ĥ # ` � �

======================= 

�qĈčĮÏÄ�Ù���Ī|Ä�  �Ä�  �õ  ��ÿ   ���ÿ 

�qĈčĮÏć=�� &Õ   � öh  � õ  � �x   � Ī|âá 

1�ĈčĮ�Ė¬ÆBĩq FDUROPài'Ċ¨ÏY� 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

ÜĬ�ă��V�ďH���s-�Wğ¤Îċ���g-�Wğ¤Îċ������V�ďH 
 
                                        ćoîz� 

                                            ¦®�      ~   «  ¦ 



 20 

 


