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��Ŏ)ÏƏ)Ǚ¾*Ý�ȑ�ć]bfFĹ%"ćĊFŮ�ƆİƕůF��,ƕƌ=Ĉ

ñ�B��ƕůŎŸ-0w|bf*ew|bf��AȶŔİƕů)0�9�9,ƔûǪëF

�AǼ�(�ȔƢķFľ�ĭǪ��B�Ŏ)ȶȑ�ƞ,ÿŨİF©&�*�)�B/)Ɣû

/ýÊ-ĥ�*ǐ�@C(�B�Ɔİƕů)0ÏƏ)/ǌů�Øǖ,/)ȱ�ǌůÆF=&

�ȶȑ�ƞÿŨİF©&�*�)��ȶƔû/ýÊ-0Ĥ�*ǐ�@C(�B� ���ȶŔ

İƕů*Ɔİƕů/ďȠ/ǙƇƔû)/ȐĮƞĳǏFǶǵ�B"<-0ȶȂǋƯȶ)�C1

ÝƯº)Ŕİƕůª£*Ɔİƕůª£�Ĉñ�(�B�*�ĭǪ)�B� 

� ȟ�ţƌ)0IsuSY[*â1CBƆİƕů/ŨĢ��Aȶ�C0ƯćħĵF��"Ɔ

İƕů*�(Ʀ@Cȶ40ĕ 400Ư��� CF��,ȳSchmidt et al. 2015ȴ� ȟ�ţƌ/

ȢİȔ°£)�Bǔè0ȶȆĝ/ŔİƕůȌƮ)0ȶǔ/ŰƿǕ�ſň¾Ǧ�ȶǔèƿǕ

*,AȶŢ¾ǦFǃ(ÑƿǕȶ�ĬƿǕȶÉƿǕFà;ǔè�ħĵ�CȶÑƿǕ*�ĬƿǕ

5ȖǨÖƺ�ĵƳ�B�*)ǔƝƕ�ȉ;��Ŏ)IsuSY[)0ƑĬ/ƿǕ�ÏƅƝƕ

F�BIs[s|�*ȶǔ/ŰƿǕ)ſňF E,�ſň¾Ǧ�¸ȳIstKOY[ȴ�

��Aȶ2N /ȢİȔ°£�ÏƅƝƕ�BeJq�[s|���B�*�Ʀ@C(�B

ȳBicknell and Koltunow 2004; Sharbel et al. 2010; Schmidt et al. 2015ȴ� 
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TRJK?L���/�D>'�

l ƪ"$�ƧƲŗŋ*�(�BIOXĕ0ĀóŻǡȬ/�ț)ȶIOXǡǈ-à9C(�B

ȳvan den Hoek et al. 1995ȴ��,ƕǓô0=$DGŷėô)�B�ȶ�-0ŵųô>Žųô-

9)ƕǓƸíFğ�(�BƯ=à9C(�AȶŨ�,ųƔû-ȐĮ�"T}�q)�B*ǐ

�@CBȳShimada et al. 2008; Ichihara et al. 2009; Mareš et al. 2011ȴ�9"�/Ɣû5/ȐĮǖ

Æ/ȱ��@�ȶ�1�1ĀȘ-ǌǞ�ȶŷėô>Żė-÷Ʊ�(�9�ǊƂȳT|��

_Kgȴ	Fģ�ǻ��ÒëƯ*�(=Ʀ@C(�BȳHernández et al. 1997; Shimada et al. 2003; 

Hiraoka et al. 2004ȴ�2008Ğ/Ì�O|�nbS/Ƞ-0r�f~�[�ù*,%"�ï/Ȥ

Ę)ĀȘƝƕ�ȶŷėô�ȥ�Ǌ-Ş9%"¼Ƥ�øȍ�C"/FǬ�(�B�=�B#D

ȳLeliaert et al. 2009; Hiraoka et al. 2011ȴ�IOXĕ-0ƿǕ��ĖǗƎ-�G#_Kq*�

Ėay�pƎ/_Kq�à9C(�AȳHayden et al. 2003ȴȶŏŖǲ)0ÃǑFǉƬ�(IO

XȶĩǑFIOk|*âG)�BȳÜƗ� 1998ȴ�IOXĕ0Ýó����F��,ƕƌ/

�ǥ*�(ƕƌĉ/ŇƫŒ-=ÕA��@CB�*=�Aȶ�Ă:ƈ>ƈ� 1-3A��

Bȭä*�(ơ-�Bū�=ÿ�"<ȶűȀƞȯŞ:/�BŻǡȬ*��B#D� 

 
� IOXĕ/ƕŹÙFî 1-9*<"�mtȵóȶmtȷó/Ȕ°£0 2ŖȦŲ)ŭ/Ǻ¶İF=

&Ȕ°ćFŅ½�ȶ�C�ĿÛ�ȶƝƕ�B�*)Ǖć£*,B�Ǖć£�@0ſň¾Ǧ-

?A 4ŖȦŲİ/ȋǺć�Ņ½�Cȶ�C�Ɲƕ�B�*)�ĿÛó/Ȕ°£*,B��/

?-ŔİƕůF��,ª£)0Ýħ/Ȕ°£*Ǖć£�ƕůƿǕF��(ǍAȃ�CB

ƕŹÙF=&�9"Ȕ°£�@Ņ½�C"Ȕ°ć0ĿÛ-āņ�"ùÛ-0ÏƅƝƕ�B�

*�Øǖ)�B��/ŔİóƕŹÙ-È�(ȶƕŹÙ/�)ŔİƕůF��,E�ȶƆİ/

ȋǺƿǕF��(����F��,ƆİóƕŹÙ/ª£ǎ=Ĉñ�B�ƍ-IOXĕ)0

ÝƯº-Ŕİƕůš*Ɔİƕůš�*=-Ĉñ�(�BU�[�ÿ�ȶ C!C/Ưº)Ə

Ƴ-Ǩňê/ƆİƕůË�ǻ�"*ǐ�@CBȳHiraoka et al. 2003a; Hiraoka et al. 2003bȴ��

/ƆİóƕŹÙF��,ª£ǎ-0 2ȦŲİ/ȋǺćF&�B_Kq* 4ȦŲİ/ȋǺć

î1 .IOk|/�ǜƞ
,ƕŹÙ 
ȳAȴŔİƕůóȶ 
ȳBȴ2ŖȦŲ/Ɔİƕů

óȶ 
ȳCȴ4ŖȦŲ/Ɔİƕů

óFƩ�� 
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F&�B_Kq�Ʀ@C(�B�ȶ£ƿǕFƖ�"ȫīƀ¶-?B DNA Ș/ŀč-?Aȶ

Ŕİƕůóª£/Ǖć£*Ý� DNA ȘF=&�*�E�%(�Aȶ C!CǨƢ*ǐ�@

C(�BȳHiraoka et al. 2003bȴ�9"ȗþ)Ľȡ�"IOk|)ȶVkv�- 1Wn���

,� Hsp90ȑ�ć/Ƶ 6MR^�/�ȓ/Ȩô/ZLk_Kn�TF��,%"*�DȶƆ

İª£-=ª£ºÿóFĹ&ª£�à9C(�"�*�@IOk|/Ɔİƕůª£0Isu

SY[Ƙř)�BØǖİ�ĺł�C(�BȳOgawa et al. 2015ȴ����,�@ȶIOk|)

0ȑ�ĉƞ,ƧƲ>VkvǮś��ǽ�(�Aȶ�C9)-İ-Ȉș�"ȑ�ćġ�Ʀ@C

(�@�ȶƆİª£/Vkvŧȇ0E�@,�99)�%"� 

l  

UR���/����N:�7(*BGI	;K#Q+�HM�

l 2010 Ğ�-,%(ŻǡȬ-��(=¸VkvǮś�ƟG-��,ECB?-,%(�Aȶ

ǩǡ)0YOug�ȳCock et al. 2010ȴȶW�pȳYe et al. 2015ȴȶORh�x\SȳNishitsuji et 

al. 2016ȴȶƽǡ)=[Xmk|ȳNakamura et al. 2013ȴȶckt_/�ƯȳCollen et al. 2013ȴ

)ǵŊ�øá�C(�B�IOXǡǈ)=�C9)-ufW�g|I>ǟǊ£Vkv/Ȕ¿

0øá�C(�"�ȳLeliaert and Lopez-Bautista 2015; Melton et al. 2015ȴȶ¸VkvǮś-&

�(øá¥�,�ȊC(�BƎĴ)�%"� �)ȶƪ"$/ƧƲT}�q0ȶIOk|/

�Ư)�B Ulva partita*[ZIOk|/Vkv/ǮśFȉ<ȶȚș/ DNAŌƋFǳ;�*

�)�B�¾ćY�U�X�PacBio> Illumina HiSeq*�%"Ŭ��Y�U�X�FÂƖ�

B�*)ȶǥ 1-9*<"?-IOXĕǡȬ)=ǊǡS{ugxh[>Ǌǡr}rbS*

ÝƮĠ/ƺĠ/Vkve�_FĪB�*-ĵÇ�"��/Vkve�_�@�ĿÛóț)Ȕ

¿¾Ë>Şǝ£ŧȇ/»ŧĵ�Ǳ<@CBȶĿÛóƍƜƞ,Şǝ£ȨôFƝǫ)�(�B 

ȳî 2Aȴ� 

�/ĿÛóƍƜƞ,Ȩô-0 C!C/ĿÛó-ƍƜƞ,ȑ�ć/�-ȶ�ĿÛó)¹Ŕ

�C"Ȕ¿�¾Ë�"ȑ�ćȳQwf�Tȴ=Ĉñ�B��/Ȩô/ȑ�ćFS{ugxh

[>r}rbS[/İŞǝ£Ȩô*űȀ�"*�DȶǊǡ/İŴčëć*ǐ�@C(�B

MIDȑ�ćȳFerris and Goodenough 1997; Umen 2014ȴ-E��,�@ƢÝİFƩ�ȑ�ć

ȳUpRWP1ȴ�ǫ&�%"� �) UpRWP1 * MID �à9CB RWP-RK ȑ�ćoHu|�

/ȑ�ć)¾ćƼǅŪFŧƹ�"*�DȶUpRWP10 MID*Ý�/S~�g-à9C�ȶS

{ugxh[>r}rbS[*0İŴč/ūŧ�Ɯ,B�*�Ʃæ�C"��/ĿÛóƍƜ

ǥ 1. Ulva partitaȶǊǡS{ugxh[ȶǊǡr}rbS[/ŢVkve�_/űȀ  

ƯÞ  Şǝ£ň 
ǉúöň 

(Mbp) 

[PoN�}g 

ň œȚ(Mbp)  N50 (Mbp) 

U. partita (mt-)   n.d. 110 851 10.6 2.6 

U. partita (mt+)  12* 116 1,385 7.3 1.7 

C. reinhardtii  17 121 1,557 n.d. 1.6 

V. carteri  14 141 1,327 n.d. 1.5 

                            Merchant et al. (2010), Prochnik et al. (2010) FÓƉ  
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ƞ,Ȩô�IOXĕ)©Ĉ�C(�B=/�Fƨ�<B"<-ȶQwf�T/�& PRA1

ȳProliferation-associated protein 1ȴȑ�ć*�/Ȩô/��þ¯-Ĉñ�B GTB1ȳG-strand 

telomere binding protein 1ȴȑ�ćF�/IOXĕ/ 7Ư/�ĿÛó/š�@Ïȣ�ȶ¾ćƼ

ǅǮśF��,%"� /ǄŜȶGTB1 ȑ�ć)0ĦƇȶÝƯº/�ĿÛóš)Ȕ¿/¾Ë

07*G+ǫ@C,�%"�ȶPRA1 ȑ�ć)0Ưº/�ĿÛó/šț)Őƨ,Ȕ¿/¾Ë

�Ʃ�CȶĿÛó�*-9*9%"S~�gFħĵ�"ȳî 2B, Cȴ� 

 
 

�/ĿÛóƍƜƞ,Ȩô0IOXĕ�½ƒ�"ő-0Ĉñ�ȶ�ĿÛóț)ǂŁ�FǃȰ

��ȶƜ,BȉËȌƮFȁ%"*ǐ�@CB��/ĿÛóƍƜƞ,Şǝ£Ȩô/Ɲǫ-?%

(ȶIOk|)=İŴč>ƆİË*�%"İ/ǻƁ*ȉË-&�(/ƧƲF��,öƠ�

)�&&�B�ȑ�ćĔ·Ÿ0 2000Ğ�ȝ=ƧƲ�ǆ�@C(�"�ȳKakinuma et al. 2009ȴȶ

œȂ-,A PEGŸFƖ�(ċč�"ħǸǿŁ£/¤½=Øǖ-,%(�AȳOertel et al. 2015; 

Suzuki et al. 2016ȴȶȅȑ�ĉƞ,Ǯś=�ĩØǖ-,B#D��Ȅ/Vkvıø/ŉ±*

ȑ�ćĔ·ĸǤ/ƨƳ-?%(ȶIOk|=ō",xe}Żǡ*,B#D� 

 

VR)"&0������!�,-	%1�

� �ŏŖœĩ/žź	*â1CBé�Íę-0dhQMm>ȲFą<*�(�9�9,ƕ�

ƌ�ƕǓ�(�B�ȶIOk|/�țȶ[ZIOk|=ŧĵƯ/�&)�B�[ZIOk|

/ƕůó-ƥơ�ȶ�źô�@�źô9)/¾ĜFǴ6B*ȶ¢úƃĠ)�B�źô)07

8 100%/ÄÛ)Ŕİƕůª£�ƕǓ�(�B/-Ē�(ȶúƃĠ/ȱ�Ŷ×ô-Ȃ'�(

��-ȈC(ȶ2 ŖȦŲİ/ƆİšȳŖư)0§Ďƞ-�ƆİȔ°£	*â4�*-�Bȴ

> 4ŖȦŲİ/ƆİšȳÝŨ-�ƆİǕć£	*â4ȴ/ÄÛ�ȱ�,Aȶ�@-úƃĠ�

ȱ�,BŶ×ô)0Ŕİª£07*G+ĆFż�ȶ78Ɔİóª£/:�ƕǓ�(�"

ȳHiraoka and Higa 2016ȴ��/¾Ĝ/A0Ǵş���,EC(�" 2004ȹ2007Ğ/țǇĹ

�C(�Aȶ9"œȂ��,%"Ǵş)=ÝŨ-ǇĹ�C(�"ȳî 3ȴ� 

î2. Ulva partita/ĿÛóƍ
ƜƞŞǝ£Ȩô/Ŧƛî

ȳAȴƢÝ,Ȩô-Ļ9C"
ħ)Ĉñ�BĿÛóƍƜƞ

,Şǝ£Ȩô/ũĢî� 
ȳBȴȨôº/PRA1ȑ�ć
/ƼǅŪ� 
ȳCȴ Ȩôþ/GTB1ȑ�ć
/ƼǅŪ� 
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úƃĠ/¢��ź-Ŕİª£ǎȶ

�ƮĠ/�źô-Ŕİ*Ɔİȶúƃ

Ġ�ȱ�Żų*ÝƮĠ/Ŷ×ô-0

Ɔİª£�´Ð�(�B�ȶ�/¾

Ĝ/A0+/?-ħĵ�C"/

#D��¥�1ȶƕůó-?%(

ȑ�ćƝƒ-ýË�ƕ�ȶ /ǄŜ

¢úƃĠǒİ-Ě�ƕ�(ȶƕǓò

-A�½(�B/�ȶ C*=¾

Ĝô/úƃĠ/ĚȶƔû/Ě�[f

~[*,%([ZIOk|/ƕůó

-ĨȧFÔ8�ȶ�/?,ƕůó

-?BƕǓò/AFƕ:½�(�

B/#D��ÝƯº/ƕůó/ȏ

�-?%(¢úƃĠ-Ē�BȐĮĠ

-Ě��B?-ǫ�B[ZIOk|

0ȶƕůó-?BƔû5/ȐĮĠ/ç

ȪFǶǵ�B/-Ȑ�"ţƌ)�B*

��B/)0,�#D���ƪ"$/

T}�q0ȶƒñȶ[ZIOk|-:

@CB�/ƕůó*Ɣû5/ȐĮĠ/Ȝ¨İ-&�(ƧƲFȉ<(�B*�D)�B� 

 

WR���!�@5D=$#����
D�����

l [ZIOk|/Ɔİƕůª£ǎ0+/?-½ƒ�(B/#D��=$DGŔİƕůª

£�@,G@�/ȌƮFǃ(½ƒ�(�B/#D�ȶ /½ƒǃǾ/ǰƿ0E�%(�,

�%"�ƒñȶƪ"$/T}�q)0�Ȅ/Vkvıø*ƕůƿǕ>ſň¾ǦȌƮ/ǭđF

ǂ:ÛE�B�*)ȶ�/Ɔİª£/½ƒǃǾ���@�-)�&&�B�9�ÚƕůƿǕ

/ DNA ȘFƀč�(:"*�Dȶ�ĿÛó/Ȕ°ć-Ē�(ȶƆİȔ°ć�?2ƆİǕć

0 2«Ș/¬FƩ�ȶǨƢ)�B�*�Ő@�*,%"�Ŭ-ȶ�Ȅ/İŞǝ£Ȩô/Ɲǫ

-?%(Ī@C"İ-Ȉș�"ȑ�ćFt�P�*�"ZLk_Kn�TF��,%"� 

/ǄŜȶ¸ïÚò)Ľȡ�C"[ZIOk|)=t�P�0Č¸-ĿÛó-Ȉș�(�B�

*�Ő@�*,%"��Ŏ)ȶƆİȔ°£*ƆİǕć£0Ïƾ,ƕůƿǕ/ħĴ�@/Kw

�Z)0ȶƆİȔ°£0ŔİȔ°£�«ňË�"=/ȶƆİǕć£0ŔİǕć£�ƆİË�

"=/)�B*Ĳ³�C"�ȶďȠ-0�Ɔİª£*=-Ǩň/š/¸()�ĿÛó/t�

P��Ť½�CB*�ǄŜ)�%"�ƆİȔ°£=ƆİǕć£=¹-�ĿÛó/VkvF

Ŕ�(�B�*�@ȶ�Ɔİª£0ŔİǕć£�@½ƒ�(�B*ǐ�@CB� 

� Ŕƻ¾Ǧŕ�?2ſň¾Ǧŕ/Şǝ£ÊĴFǭđ�"�9�Ŕƻ¾Ǧŕ/ƿǕFǭđ�"

*�DȶŔİȔ°£ȳNȴ)0 7ŖȶŔİǕć£ȶƆİȔ°£ȶƆİǕć£)0 14Ŗ/Şǝ

�3. 2015,4:�2016,4:����)��¨§¡¤ª¯�
�* 
@¦®¬��OD!���&�E U��4i I�

Hiraoka and Higa (2016) �H3��� ��³�� Nh
S`�5��1 .� �P��� 
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£�ǭđ)�"� �/�*�@�Ɔİª£0>0Aȶ�ĿÛó/VkvFĹ%"ǨƢ��)

�B�*�E�B�ſň¾ǦÃŕ)0Ȕ°£0 7ŖȶŔİǕć£ȶƆİȔ°£ȶƆİǕć£

)0 14Ŗ/Şǝ£�ǭđ)�ȶ�ŕ-,B*Úƕůó/ƿǕ)ȶǹȍȥ-Şǝ£��4/�

ǭđ�C"�ŔİȔ°£)0 7ŖȶŔİǕć£ȶƆİȔ°£ȶƆİǕć£)=ÝŨ-Şǝ£

0 7Ŗ)ȶǨƢ/ƿǕ)0�¦Şǝ£Fħĵ�(�B�*�Ʃæ�C"�Ƶ�ſň¾Ǧǁ�

ő-0ŔİǕć£) 7Ŗ/Şǝ£�ǭđ�CB/-Ē�(ȶƆİȔ°£ȶƆİǕć£)0ſ

ň�(�,�%"�9"ŔİǕć£)/ǭđFǆ�"*�Dȶ�ȓ/ƿǕ)0ƆİȔ°£>

ƆİǕć£*ÝŨ/Şǝ£ň/ſňF E,�¾ǦFǭđ�B�*�)�"� 

 
ſň¾ǦȌƮ/ǄŜF9*<B* ŔİǕć£/�ȓ/ƿǕ>ƆİȔ°£ȶƆİǕć£)0

�¦Şǝ£/ħĵ9)0Ȇĝ/ſň¾ǦȌƮ*ÝŨ-ȉ;?#�ȶ /ĩȶĄăŞǝ¾£

�¾ȣ�ȶ�ť5ƭÊ�B�*)Şǝ£ň/ſňFêȒ�"¾Ǧ���,EC(�B*ŀč

�Cȶȟ�ţƌ/IstKOY[*ÝŨ/

ȌƮ)�B*įEC"ȳî 4ȴ��/ƒǷ0

ȗþ)Ľȡ�C"ƆİǕć£>ƆİȔ°£

/¸(-��(�ĿÛóVkv�Ť½�C

"�*�@=ŃĹ�CB�9"ďȠ-Ŕİ

Ǖć£�@Ī@C" F1 Ȕ°£/ZLk_

Kn�TF��,%"*�Dȶ10%ƮĠ/

ª£)�ĿÛóVkvFŔ�Bª£ȳmt±

šȴ�Ť½�C"ȳî 5ȴ�Ī@C" mt±š

�4. ¨§¡¤ª¯�b(�
��G6�a�C-�l

(N=2���#�) 
;2]%��$��X]

�����d+�G6�

a `������³;2

]%���f�X]³J

2!������W�

G6�a<Y�/�?

^��G6����a 

�������� 

�5. ;2]%����mt�!���M 
;2]%���0�F1g���	 5�!LRTj
"�e
% ±¥±���PCR���§£ª©¢«°
¦ �����mt²!³mt´!�����³�±¥
±�B����mt�����������4�U��
G6�aR+�����M���\����� 
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