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ĞB3.31g3.34 z|ŝ{~}ǜŠǫkĮĂoʊńænǆǕ P10 i P14 llr}ƷɼÇʋ

0.5m nġÉǅnʊðĶʊįĶixlubĲǏʊĿǏixlʊstÅĹhh}nlĽxʊƳæ

nǆǕ P11 i P15 llr}ƷɼÇʋ0.5m nġÉǅoʊƭǅyŏóʊƾƮkjnřɽ�Ďr

gȥŏnĮĀ�Ǹxgi}ʌġÉǅnåixgoʊðĶhĲǏʊĿǏixlʊńænʋ0.5m
nƄnƳæz|ȥŏʅiå�Ǹxgl|ʊįĶoɔlØiå�Ǹxgi}ʌƷɼÇʋ0.1m l

ɬxgoʊðĶlligoƳænġÉǅoƭǅnÆƇistĔƌlÆƇxgipnʊńæn

`~o^~nǣygi}ʌįĶlligoʊtnzMkɜiov{~^ʊńæʊƳæixl

ƭǅÆƇiixlġÉǅxÆƇxgipʌubʊƳænʋ0.1m ġÉǅoʊƾƮlz}řɽi

x�~}ȱɶkĮĀ�Ǹxbnʊńæho`nzMkĮĀoʁȧhokmebʌ  
Ğ@3.35 oʊġÉǅiƭǅnƐŐĢnȏƌǫĮĂ�Ǹxgl|ʊÆĞlƷɼÇʋ0.1m n

ġÉǅlɬxgoʊÇĞlƷɼÇʋ0.5m nȐƘ�Ǹxgi}ʌûɒxbzMlʊġÉǅoƭ

ǅiĔƠnĮĂ�xgi}ʌʋ0.1ʗhoʊƳænġÉǅnƭǅz|xōl 1 ŕm{ 3 ŕʅi

å�ǸxbnʊńæġǕn P10 i P14ʈǵȔʉho 10 Ɛm{ 2 ƐnǻĶm{ðĶlmrg

ƭǅz|ȥŏØiåikebʌubʊʋ0.1ʗnńæhoʊġǬnʅinhŏóƌɫnɨpk

|Ĳƭiĳɳënřɽ�Ďr}ƌɫnŢǗǫlɨpk|ʊġÉǅoƳæz|ńænƄnʅp

k}tinȝk{~}nʊɔnȐƘnŝ{~bʌ 
ÅƄʊB0.5ʗhoʊƳæn]rgnġǕhB0.1m iĔƠlƭǅz|ʅiålkegi}nʊ

ńæʎǆǕhįĶlƭǅz|Øiålkegi}ʌubʊðƒhoɔlńæ 2 ǆǕhȥŏh

oh}nġÉǅnƄnʅiålkebʌńænǆǕllr}t~{nǟɁloʊƭǅyĳɳ

ënǙÑİnȲĜnřɽxbiȝk}ʌ 
� ġÉǅlřɽ]}iŤ�~}ƭɁʈƭǅʉiƽɁʈǏ×ʉinǯɬ�ǸxbnnĞ@3.36 h

h}ʌĞz|ƭǅlĽxgoɻōlμiǯɬnh}nʊǏ×lɬxgoǯɬnkiʌĞ@3.37
oʊƷɼÇB0.1ʗnġÉǅiƭǅnǯɬ�čebxnhʊÆĞnńæn P10ʊP14 nȐƘ�ʊ

ÇĞlƳæn P7ʊP11ʊP15ʊP18 nȐƘ�Ǹxgi}ʌĔƠlʊĞ@3.38 oƷɼÇB0.5ʗ
nȐƘhh}ʌȮʋ3.14 oʊ`~a~nǆǕllr}ɑÖǮȔnāɡiǯɬßƀ�uiµb

xnhh}ʌƷɼÇʋ0.1ʗhoʊǯɬßƀnńæʊƳæixlŐĢh 0.940 iμiǯɬ�Ǹ

xgi}ʌɑÖǮȔnāɡlɬxgoʊƳænŐĢh 1.011 iġÉǅiƭǅinst 1ʕ1 n

ɬß�Ǹxʊńæh 1.063 iȥŏʅiå�Ǹxbʌ 
ƷɼÇB0.5ʗlligoʊńæhǯɬßƀnŐĢh 0.883 iŨpʊubɑÖǮȔnāɡo

0.780 iÏnǆǕyǁŕiƬrgmk|Øiåikegi}ʌv{lʊĞ@3.38 nÆĞ�ȳ

}iôm}nʊńæ 2 Ǖnʋ0.5ʗnġÉǅoðĶlƏØhxʔAǿŕuhxmÇn{^ʊu

bįĶhoƏʅhx 27AǿŕuhxmÆn{kiʌt~{ntioʊĞ@3.30 yĞ@3.35 n

ÇĞlxǸv~gi}ʌt~{nȐƘoʊĲƭǅyĳɳënǙÑİnȲĜʊÜkpġÇƮn

řɽxgi}ĐȟŦnh}ʌ 
klʊĞB3.39 lġÉǅnȵǆƌƒiǆǕn×țĞ�Ǹxgi}ʌ 

 
 

¹M� �	� �f©<£©<>Ài²µ>wÁ<³Äl��

 
ǆǕ 

ƷɼÇ-0.1ʗ ƷɼÇ-0.5ʗ 
ɑÖǮȔnāɡ ǯɬßƀ ɑÖǮȔnāɡ ǯɬßƀ 

ń
æ 

P10 1.041 0.946 0.783 0.886 
P14 1.085 0.935 0.776 0.880 
ŐĢ 1.063 0.940 0.780 0.883 

Ƴ
æ 

P7 1.002 0.942 0.881 0.909 
P11 1.022 0.942 0.905 0.913 
P15 1.000 0.940 0.902 0.913 
P18 1.020 0.937 0.896 0.900 
ŐĢ 1.011 0.940 0.896 0.909 
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ÑÍ� °� 07- ½ �

Ñ Î� ?:C=�

ʈʍʉ�ǡĪ 09. io�

ÃxixioǇƵyƴŅnƮm{ǮźŴóxb 09. �Ÿ]ʌ�

ÃǡĪÉnƮloʊĲokǣǛnȜŖǛyşǣǛnȍȞnĘu~}ʌ�

Ãŝ{~b 09. ovuZukǣǛǦƕn 09. nǂēǛʌ�

ÃɑőʊǀƮĥnʆʂȃnĲģǣǛnǣŧũħČɵlɞǥv~}zMlkegobʌ�

ÃğĭyŔɆm{x 09. nč~gĲģǣǛn 09.nƜóho}ʌ�

�

ʈʎʉ�� �£ʈķĕʕ"DFKYRNHVT�8SLGHP8D8VTʉ�

Ãǔůîƽm{Ëņăɠlǣŧ]}ʌ�

ÃŮÙo *ʘ,Ɛɾlŏǎlh{�~ʊǨʈfniʉikegĲǏnǊǏƌlŏǎlź]}

ǳɆnƽƼhșƨÃǤć]}ʌ�

ÃĸĂxbŒǣoƀőɫŏǎhŮɨxʊśflŏǎnİn�´¸ĨyƳēlǣŧȁɫ�Ǿ

Āxgipʌ�

Ã��ősjxgŮÙik|ʊșƨnbµŏǎlŰegp}ʌ�
 
 

 
 
ʈʏʉ�Ǝƚŏǎ�

Ãąă 
MO�Ƴē ���MO ŏó]}ʌ�

ÃĹɥǴhƫƐĲǏŏǏƌlŏǎ�ɋƙxg� �£ŒǣnǷȾɀƙ�ĺƅxgi}ʌ�

Ã� �£ŒǣoƬɎǫŁĠxgi}ʌ�

ÃƷȮɼnŒǣnǭȴǷȾoļƉhokiʌ�

�

ʈʐʉ�ɀƙnǭǫ�

ÃȮłƮ 500 mL m{� �£n DNA nƜóho}mʌ 
ÃŔɆm{n DNA nČǞy PCR nŮüǞnʅiii�~gi} DNeasy PowerSoil Kit1

�ǥig DNA �Ŵóxʊ� �£n DNA nƜóho}mʌ 
ÃDNA ŴóȽƁhh}ŔɆğĭnôƗɥ�īyxʊ� �£n DNA nƜóho}mʌ 
ÃǡĪ DNA �øǥ]}tih� �£ŒǣôŊɀƙnÿǞĂÃȈȗĂ�Ğ~kimʌ 

 
 
  

                                                   
���5.319 ǹȰ�
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Ñ Ï� ��<�¦�

ʈʍʉŏǎȮłƮiŔɆȽƁnŹč�

ƎƚŏǎnĞB4.1ʊȮB4.1 lǸ]ġǕlligʊ2019 ő 9 Ɛ 15 ƆlŏǎĥnȮłƮiŔ

ɆnȽƁ�Źčxbʌ 
 

 
~Ì4.1� ¼��|j¶~ 

 
¹Ì4.1� ¼��|j¶ 

	� 
� � �!� ��� 

�# # � 
  +485 ,485 

�
�
	
� 

A1' �� ���� ��� ���	�� ����	 ���� ��� ��
� ���� 8:00 
E0' �� ��� ��� ������ ��	�	 �� ����� ��
� ���� 8:10 
P10' �� �			� ��� �
�
�� ���	� ���� ��	�� ���� ���� 8:32 
P6' �� ���� ��� �
���� ����� ���� ���� ���� ���� 8:45 

�
�
	
� 

*) �� �� ��� �
��� ���� ��� ����� ���� /3102�. 
P� �� ���� ��� ��	��� ����
 ���� ����� 	�	� 7" 1�� 
4� �� ��
� ��� ��
��� ����� ��
� ���� 	�� 4" 3��-5"6�� 
R� �� ��
� ��� ��
��� ���� 	�	� ���� 	�	� 8"6�� 
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ÃŏǎȮłƮʕǊǏƌlĒġǕnƮɴh 500 mL nǍȦ³¾Ǣ�ǮźƽƮÉlƲµʊ500 

mL nȮłƮ�ŹčxbʌDNA nôȶ�ɭƥ]}bµʊŹčxbȮłƮl 10%ĩĂ°Â

�¿�£�¶�ȎǓŕ 0.01%lk}zMl 0.5 mL ǃýxʊɍäǂĚxgŽŵxbʌŷd

Ō|m{�əuháñxbʌ 
ÃŏǎŔɆʈƷʉʕŏǏƌlĒġǕęɐn� �£nɕiɉnƧ}ƷȮɼ�®½����

�®ÄÂh]peg 50 mL�»ÄlƞmǊƖik}zMlŹčxbʌubÌçixgʊ

500 mL œď³¾ǢlĔġǕnƷ�®½�����ȰǾƛughƞmǊƖik}zMl

Źčxbʌt~{nŔɆȽƁoʊáñxgŷdŌ|-20Ahñòáĵxbʌ 
�

ʈʎʉȮłƮ ����O7 m{n� �£nǡĪ 09. ôƗʈȀǜǩǫȶƗʉ�

ÎÊ ¹�¤8b> 07- �r�

ȽƁnìeb³¾Ǣ� 4ʘ8AhɺțxğȇĴnƲƪxbǝūhÆǐvƿ��½�Ț

ȑ�ȋʈGF/FʕȇĴáŷȟ 0.7 µmʉh�əxʊDNA ŴóÚƝ�ȫMuh-20Ahñò

áĵxbʌDNAŴóo�ȋm{ŉɃnDNAŴó�� hh}DNeasy Blood & Tissue 
kit 2�Ûǥxg®Á �¿lŜegȫebʌ 

ÏÊ �Â 8/9�

Ŵóxb 4 ġǕn DNA ǌƿ�ǥigĹɥ PCR �ȫebʌĹɥ PCR hoôƗnƏ

ŚlȪȶƍȔôƗ�ɓýxbʌ 
Ĺɥ PCR oʊ�Â�Ä�ÀÄ�ÄƶʈĊǘ 1ʉlz|ʊ¾�¿��¶ PCR ȯț 3�

ǥigʊĹɥ PCR ȽȨhh} TB green premix Ex Taq 4�Ûǥxg®Á �¿lŜ

egȫebʌÌçȽʄoĒġǕ 4 ċŞʊƓȽʄoĒġǕ 8 ċŞhhebʌ 
ơǋȽƁloʊÎƺŏǎn� �£ŒÙnȠm{Źčxb�¦¶ DNA �ǥibʌ

®½�´ÄoƋőŕiĔƠlµ �Â¡¾�n cytb ɟÔĴɿĥm{ Primer3plus 5�

Ûǥxg� �£lǜǩǫkĩĦɡõ�ȻȸxbxnʈȮB4.2ʉ�Ɯóǥ®½�´Ä

ixbʌ 
ȩëȤȌ�ýkg PCR �ȫi 1 ���¿uinȩëŗŕ�ǆĹxg DNA nīŎƍ

Ȕ�żoʊċţƿÉnĽɁ DNA Ǔŕ�ȼÞxbʌôƗnƏŚloȪȶƍȔôƗ�ɓý

xbʌ 
�  

¹24.2 jXTkr¡r±YyIwc>��Át 

Ttr_cytb_1F ACCCCAATTCACATTCAACC 

Ttr_cytb_1R CGTGCACCGATTCATGTAAG 
 
  

                                                   
	��5.319 ǹȰ�

���½¨��ǹȰʊƣȀʕ"KHSODN�/YFNHS�0LFH�� HDN�"LOH�!YT8HO�7LIH�"�����
����½¨��ǹȰ�
��¬¾Än �/ ®½�´ÄȻȸ�Ä¿ʌAHE ½��ǝhʊĺʄƔÓlhebƠfk©½·Ä�Ä�

ȝŬxkn{®½�´ÄȻȸ�ȫMtinho}ʌ�
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ʈʏʉŔɆm{n� �£nǡĪ 09. ôƗʈȀǜǩǫȶƗʉ�
ÉÔÊ07"�,L�8FK"H:FAD�4A- G±S;�¿¼�8b> 07- �r�

Ɠ�� oʊğĭi«Ä��ǂēxgǑxpŽŵ]}tilzegȍȞ�ǛǠǫlǵĬ

xʊ`nŚlğĭlĘu~}ȡƛǛɆhh}¬µÂɢkj�ɱĉ]}�� hh}ʌ 
ƋőŕnôƗhÛǥxb ISOIL 6z|ŴóÿǞnʅiii�~gl|ʊDNA nČǞĖ

Ælzq PCR nīŎŮü�ǭǫixgÛǥxbʌDNA nŴóʊôƗƄƶoƤnil|h

h}ʌ 
1) ñòáĵxb 4 ġǕnŔɆȽƁĒ 0.25 g m{Ɠ�� �ǥig DNA �Ŵóxbʌ 
2) Ĺɥ PCR oʊȮłƮiĔƠl�Â�Ä�ÀÄ�ÄƶhȫebʌŴóxb 4 ġǕn DNA

ǌƿnŋɣǖxlzq 10 ãŋɣlfigʊ`~a~ 4 ċŞhĔƌlĹɥ PCR �ȫe

bʌ 
 

ÉÕÊ¼�>�Â>¼B�

1) ŔɆȽƁ 5 g i PBS(-) 7 80 mL nǂēÆǐvƿm{n DNA Ŵó 
50 mL �»ÄlŔɆȽƁ 2.5 g �ì~ʊt~� 2 ƓÚȰxbʌ̀ ~a~l PBS(-)40 

mL �ì~gʊ�»Ä�ƢlxgƮŐláebǝūh²¿����µ��Ä 8h 3 ô

ɫǂēxbŚlƯƮÉh 1 ôɺțxbʌtnǂēiɺț� 5 ěȫebʌ`nŚʊ1000
>g h 15 ôɫnɝšôɷ�xgŝ{~b 2 ƓônÆǐvƿ�ǍȦxb�¾Â�lì~

gʊ1 fn�Ä ¾��¬�¿�Ä 9lɖxʊ`n�Ä ¾��¬�¿�Äm{ DNA
� DNeasy PowerSoil Kit �ǥigŴóxʊǓŕ�ǆĹxbʌ 

 
2) ŔɆȽƁ 0.25 g m{n DNA Ŵó>10 ěʈ2.5 gʉ 

ʈAʉnƄƶhŔɆȽƁnīɥ�ȽvbʌDNeasy PowerSoil Kit n®Á �¿lǋŶ

]}iʊDNA Ŵó 1 ěhb|lǥi}ŔɆȽƁo 0.25 g hh}bµʊ0.25 g �ǽɥx

gŴó]}ti�ʊĔƌl 10 ěȫMtilxbʌŴóoġǕƫlȫiʊ1 ġǕlfo

´��Á�»Ä 10 ân DNA ǌƿnhobʌ1 ġǕlfoÝȽxbȽƁ�ēȸ]}

i 2.5 g ik}ʌ 
Ĺɥ PCR oȮłƮiĔƠl�Â�Ä�ÀÄ�ÄƶhȫebʌŔɆȽƁm{Ŵóxb

4 ġǕn DNA ǌƿ`~a~ 10 â�ǥigŋɣǖxhʊĹɥ PCR �`~a~ 1 ċŞȫ

ebʌ 
 

3) 2)n DNA ǌƿ�ïȈȰʊǓȘ 
2)hŴóxb�Â®¿�ǓȘ]}tihĹɥ PCR lǥi} DNA ǌƿnÉn� �

£ DNA nŹčǷǞ�Æs}ti�Ƚvbʌ2)n 10 ân DNA ǌƿ�ǥiʊȈȰlzq

ǓȘ�� hh} Genomic DNA Clean & Concentrator – 10 10�ǥigïȈȰlzq

ǓȘ�ȫiʊĒġǕ 1 ân DNA ǌƿlxbʌ 
Ĺɥ PCR oȮłƮiĔƠl�Â�Ä�ÀÄ�ÄƶhȫebʌǓȘxb 4 ġǕn DNA

ǌƿ�ǥiʊŋɣǖxh`~a~ 10 ċŞȫebʌ 
 

  

                                                   
*�£�³Â�ÄÂǹȰ�
���¿��¶i´�¥��¶�Ęuki �KQTRKD8H�EVIIHSHG�TDNLPHʈ¾ÂɢȕȭǣǠʃĩƮʉ�
,�56. ǹȰ�
-�8HSFM ǹȰʊ��¾°��ʈ!8HSLWH;ʉ�4#�¬�¿�Ä ������ZO ��#02�
���C%8�� 1!1. /4 ǹȰ�

P6 

P7 

332 
333 

334 

DNA8 
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Ñ Ð� ´�Ta@·��

ÉÎÊȮłƮ ����O7 m{n� �£nǡĪ 09. ôƗʈȀǜǩǫȶƗʉ�

É-Ê¹�¤ 
���E5 8b>jXTkr>°� 07-¬��

Ŵóxb DNA ǌƿnǓŕ�ȩëëŕȸ 11hǆĹxbȐƘʊ1.5-6.0 ng/?L nȆĝ

hhebʌ 
 

É.Ê¹�¤ 
���E5 8b>jXTkr>°� 07-s� 
Ĺɥ PCR oơƓm{Źčxb�¦¶ DNA �Ǔŕơǋixbʌ 
ȪȶƍȔôƗ�ɓýxʊĹɥ PCR lligīŎnȾµ{~ʈĞ@4.2ʉʊmf�

 �£�¦¶ DNA nȪȶǅŕiɑÖ]}�Â®¿ʈĞ@4.3ʉo��ÁÄ��¿ɹ

ƭƹĀ�ȫiʈĞ@4.4ʉʊ250 ĩĦĽǿŕlīŎnȾµ{~b�Â®¿�Ɯóixbʌ

Ğ@4.2ʊĞ@4.3 llig F7ʊD8 oôƗƌnɡțĕ�Ǹ]ʌƓȽʄ P10’ġǕn F7
i D8 oɑÖ]}nʊĞ@4.4 h P10’ġǕn F7 oīŎnȾµ{~kibµÈƜóʊ

D8 oīŎnȾµ{~bbµƜóixbʌ`nȐƘʊŹƮġǕ P10'lligʊÌçȽ

ʄh 1 �Â®¿ʈ4 ċŞÉʉʊƓȽʄh 1 �Â®¿ʈ8 ċŞÉʉʊēȸ 2 �Â®¿ʈē

ȸ]}i 12 ċŞÉʉnƜónȾµ{~bʌ 
Ǔŕơǋhh}� �£�¦¶ DNA ǌƿ� 1 ixbioʊŹƮġǕ P10'll

igÌçȽʄho 6.54>10-9ʈC7ʊĞ@4.4ʉʊƓȽʄho 5.55>10-7ʈD8ʊĞ@4.4ʉ
nǓŕnƜóv~bʈȮ 3-1ʉʌžÚÆʊ�Â�µ¥Ä�¼ÂnĐȟŦoØibµʊ

ɻōlşɥk DNA nƜóv~biȝk{~}ʌ 
 

 

~M	 �� �Â 8/9 =T9c���µÉ�¼ÈÊ�

�

� �

                                                   
���"KHSOQ�2LTKHS ǹȰʊ�VEL8�

ls[ 07-�

8��N2��

8��N0�

-�N2

��

1�N/	�
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�

 
~M	 �� �Â 8/9 =T9c¸»�µÉ�¼ÈÊ�

�

�

~M	 	� ek`cQÇ£§vp�
Ö�Ó07- ypcwcjc�

d¢Ó�}Ëd¢ :�0Óls[ 07-�

e¢ÓJh^És��Á¶}Ê�

�

 
¹24.3� ª�´� 

ȽƁĕ 
ŹčƆ ŹƮƌú ôƗěƀ 

ʈƜóƀʉ DNA Ǔŕ 

A1' R1.9.15 8:00 12ʈ0ʉ ÈƜó 

E0' R1.9.15 8:10 12ʈ0ʉ ÈƜó 

P10' R1.9.15 8:32 12ʈ2ʉ ÈƜó 
Ɯóʕ6.54*10-9ʊ5.55*10-7 

P6' R1.9.15 8:45 12ʈ0ʉ ÈƜó 

��09. ǓŕoơƓm{Źčxb�¦¶ 09. ǌƿʈǓŕ 
,���P-�?7ʉ� �ixbǯĽåhh}ʌ�

 
  

8��N2�� �

8��N0�

ls[ 07-�

�
� *��
� *�

6�����-�N� 8�N� �8��N� :�0���:�0����:�0���:�0����:�0����:�0��� �-�N���1�N��8��N��8��N���6�

�� .	�����/�����/�����������������������������������������������2������/	����2������0�

go¼È� �� � � � ¼� � � � È�
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ʈʎʉ� ŔɆm{n� �£nǡĪ 09. ôƗʈȀǜǩǫȶƗʉ�

É-Ê07"�,L�8FK"H:FAD�4A- G±S;�¿¼�8b> 07- �r�

Ŵóxb DNA ǌƿnǓŕ�ȩëëŕȸhǆĹxbȐƘʊ5.3-9.2 ng/?L nȆĝhh

ebʌ 
ŔɆȽƁ P6ʊCʊaʊbn 4 ġǕn DNA ǌƿ� 1 ãlzq 10 ãlŋɣxʊ`~

a~ 4 ċŞhĹɥ PCR �ȫiʊīŎnȾµ{~b�Â®¿�ɹƭƹĀhǷȾxbȐ

Ƙʊ]rgÈƜóhhebʌ 
 

É.Ê¼�>�Â>¼B�

1) ŔɆȽƁ 5 g i PBS(-)80 mL nǂēŚÆǐvƿm{n DNA Ŵó 
ŔɆȽƁ 5 g � PBS(-)lŭǒxbÆǐvǌƿm{ DNA �ŴóxʊǓŕ�ǆĹx

bnʊǆĹɰǧåÑÇnǓŕik| DNA �ǆĹ]}tinhokmebʌ 
2) ŔɆȽƁ 0.25 g m{n DNA Ŵó>10 ěʈ2.5 gʉ 

Ŵóxb DNA ǌƿnǓŕ�ȩëëŕȸhǆĹxbȐƘʊ5.8-18.5 ng/?L nȆ

ĝhhebʌ 
1 ġǕlÐo´��Á�»Ä 10 ân DNA ǌƿ� 1 ċŞhĹɥ PCR �ȫiʊ

Ĺɥ PCR hīŎnȾµ{~b�Â®¿�ʊĹŦnbµ��ÁÄ��¿ɹƭƹĀh

����ǷȾxbit�ʊ� �£�¦¶ DNA iĔy���n DNA nīŎ�

ǷȾ]}tinhokmebbµʊ]rgÈƜóixbʌ 
3) 2)n 09. ǌƿ�ïȈȰʊǓȘ�

2)hŴóxb 10 ěônǌƿ�ʊGenomic DNA Clean & Concentrator - 10 �ǥ

igïȈȰlzqǓȘ�ȫegʊǓȘxb DNA ǌƿnǓŕ�ȩëëŕȸhǆĹx

bȐƘʊ51.0-74.9 ng/?L nȆĝhhebʌ 
DNA ǌƿ�ŋɣ_^lĹɥ PCR xbʌċŞƀoĒġǕ 10 ċŞhhebʌīŎ

nȾµ{~b�Â®¿�ʊĹŦnbµ��ÁÄ��¿ɹƭƹĀh����ǷȾxb

it�ʊ� �£�¦¶ DNA iĔy���n DNA nīŎ�ǷȾ]}tinh

okmebbµʊ]rgÈƜóixbʌ 
 
ʈʏʉ� ŔɆm{n� �£ǡĪ 09. nĐȟŦ�

ƋőoȮɼm{ŹčxbŔɆȽƁm{ʊDNA Ŵó��  ISOIL �ǥig DNA �Ŵóx

bʌ1 ġǕlfoŔɆȽƁ 0.5 g �ǥig DNA Ŵóxʊ´��Á�»Ä 4 ân DNA ǌ

ƿhhebʌtn DNA ǌƿ�ǥigʊƓőŕĔƠlĹɥ PCR ��Â�Ä�ÀÄ�Äƶh

ȫebȐƘʊĔƌlôƗxb� �£�¦¶ DNA ǌƿǓŕ� 1 ixbioʊ2.19>10-7ʊ

1.42>10-6nǓŕnƜónȾµ{~bʌ 
Ɠőŕo DNA Ŵól DNeasy PowerSoil Kit �ǥibʌt~o DNA nČǞnĖÆlz

qğĭlĘu~} PCR ɮĻǛɆ�ɱĉ]}ǭǫhÛǥxbʌŔɆÝȽɥhikp 0.25 gʊ
2.5 gʈ0.25 g � 10 ěŴóʉʊ2.5 gʈ0.25 g � 10 ěŴóŚlïȈȰʊǓȘʉ�Ƚvbit

�ʊjn�Â®¿m{xƜóoȾµ{~kmebʌ 
ÎěnȐƘhoğĭm{n DNA Ŵó�� nƬɎohokmebʌubʊŔɆÉl�

 �£ DNA nƧĵxgibixgxʊŔɆnŹčoŏǎhȫMtim{Ǐưlzeg DNA
ɥnňđv~b|ʊŏǊlz}şǣǛnƻŦĮĂnɇt|ʊDNA nôȶnàɗv~b|]}

tixȝk{~}ʌ`nbµʊÎěnŔɆȽƁlôȶxb� �£ DNA ƂǚnĘu~}

ĐȟŦ�ėĹ]}tiohokinʊi^~lxgxŔɆÉn� �£ DNA oɻōlé

miŤ�~}ʌ 
 
ʈʐʉ� ÎŚnȿʀ�

ÃȮłƮnŹčɥ�īy]ʌ 
Ã� �£ŒǣɀƙlŔɆnɞxgi}mjMmƜȹ�]}ʌ 
ÃŔɆÉnɮĻǛɆ�Ɯȹ]}k{ DNeasy PowerSoil Kit nſμ kit hh} DNeasy 

PowerSoil Pro Kit �Ûǥ]}ʌ 
Ã10 g m{ DNA Ŵó�]}k{ DNeasy PowerMax Soil Kit �Ûǥ]}ʌbcxŴóŇǿ
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nƏŚuh 50 mL hȫk}ɝšƣnŢȲhh}ʌ 
ÃŔɆlĘu~}� �£ DNA oşɥiŤ�~}nʊɮĻǛɆcrhkpʊşǣǛ DNA
nĘƑɥnıiʌôƗlǥi} DNA ɥloÆɰnh}bµɰǧnh}ʌ 

ÃƋőʊ®ÁÄƶʈĊǘ 2ʉlz}Ĺɥ PCR nƜȹ�ȫegibnʊƈǷkȐƘ�ŝ{~

kmebbµ�Â�Ä�ÀÄ�ÄƶlkebȏȖnh}ʌ®ÁÄƶo�Â�Ä�ÀÄ�

Äƶz|xǜǩǫkƄƶhh}bµʊ®ÁÄƶ�ǥibĹɥ PCR nŲȬǫƜȹxŢȲi

ȝk}ʌ 
 
 
z® � � Iaocj_coc¦�

Ĺɥ PCR n�Â�Ä�ÀÄ�ÄƶoʊȩëǛɆn PCR lzegēŮv~gipÍƓɧ

DNA lȐēxʊþɇënǘľlz|Ǫ]}ȩë�ǆĹ]}ôƗƄƶhh}ʌv{lʊƏŚl

ȫMȪȶƍȔôƗoʊPCR ċţŚʊċţƿnǅŕ� 60Am{ 95AuhśflÆƇv_ȩë

å�¸£�¾Â�]}ʌPCR ǤǛnÍƓɧ�ŘŮxgi}ǝūhoŗiȩënƜóv~}nʊ

h}ÅĹnǅŕʈTm åʉlɛ]}iÅƓɧlȶɷxȩëånťǑlØÇ]}ʌTm åo PCR
ǤǛnɨvy GC Ęɥlz|ǩk}nhʊǭǫnīŎǤǛiÏnǲiīŎǤǛ�Ą÷]}t

inho}ʌ�
 

 
rqÓojytIi� ]e^oI[ 8/9 >y¯�

� � #--*���KKK -�C�H�� AF !F B*�*H-�#���� #-E�

¸»�µ< �E m�

PCR īŎǤǛnǜǩŦoʊȪȶƍȔhǷȾ]}ʌ 
ɳŦ�Â ÁÄ¿n Tm åiǆĹĽɁ�Â®¿n Tm ånÅȢxgi~pʊǭǫn PCR Ǥ

Ǜnŝ{~gi}iŻǆv~ʊɳŦiöĹv~}ʌTm ånǩk}ĨēoʊɻǜǩǫīŎiŻ

ǆv~ʊɲŦiöĹv~}ʌ 
 
É»�kÊ�

maT`c^{�>k�

ɳŦ�Â ÁÄ¿oīŎxʊɲŦ�Â ÁÄ¿oīŎxkinnƦxiȐƘhh}ʌTB 
Green ƜónĨēʊċţȉlzegoʊɲŦ�Â ÁÄ¿h�^mlīŎnȾµ{~}ti

nh}nʊɳŦ�Â ÁÄ¿iĔy Tm ånǤǛhkr~pʊɻǜǩǫīŎǤǛiŻǆv~

}ʌ 

� � �  
 
�

Æ�maT`c^�

Å�maT`c^�

� � � µ

�

 � ���
¸»�µ�

Æ�maT`c^�

Å�maT`c^�
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Å�u�>k�

īŎƍȔhīŎnȾµ{~gxʊȪȶƍȔn Tm ånɳŦ�Â ÁÄ¿iÅȢxkiĨē

oʊɲŦiöĹv~}ʌtnzMkȐƘlk}ĈĜixgoʊ®½�´ÄǦƕnɻǜǩǫī

Ŏnǣybtiȃnȝk{~}ʌ 

� � �  
 
Æ�u�>k�

īŎƍȔhīŎnȾµ{~ʊȪȶƍȔn Tm ånɳŦ�Â ÁÄ¿iÅȢxbĨēoʊɳ

ŦiöĹv~}ʌ 

� � �  
 
�

�

z® � � Y`cX¦�

ǜǩǫkɡõ�xfȩë®ÁÄ�ǥi}bµʊ�Â�Ä�ÀÄ�ÄƶnzMkɻǜǩǫ

kƜónkiǕhǜǩŕl]T~}ʌ®ÁÄoʊPCR nəǿhɦģ DNA lǜǩǫlȐē

]}nʊ®ÁÄÆlȩë�ųù]}��Â�¹ÄnĵĠ]}bµʊþɇë�ǘľxgxȩ

ënǪǣoųùv~gi}ʌ`nŚnÕɨċţ���®hɦģlȐēxb®ÁÄnôȶv

~}iʊȩëȤȌn®ÁÄm{ɘɷxʊ��Â�¹Älz}ųùnȶɱv~gȩë�Ǫ]

}zMlk}ʌȩë®ÁÄ�Ɯó]}ɡõuilȻȸʊēŮxkr~pk{kibµʊ�

Â�Ä�ÀÄ�Äƶz|xɅǥiűɫnmm}ʌ�
�

 
rqÓojytIi� ]e^oI[ 8/9 >y¯�

� �

� � � µ

�
 	��� ����

� � � µ

�
 ��� �

¸»�µ�

¸»�µ�
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ÒÍA<C 

ʈ�ʉ ǭȴɀƙlz|ǷȾv~bȀoí �-Ȁʈʏɩʏȓʑǭ ��ǼʉhhebʌtnMdʊǡ

ĪǰlzqǺŃǱnÀ�¡¾� ȃlȺɏv~bɤȲkȀo �	 ȀʈɂʂʓȀʊ�£ʂ

ʏȀʊʆʂʍȀʉhh|ʊíǷȾȀn *
ʇÑÆ�ĆµbʌƃblǷȾv~bȀo�£ʂ

n¸���£Ǽnª·��§½�£hhebʌ�

�

ʈ�ʉ ŔǣǣǛɀƙn � ǆǕhǷȾv~bŔǣǣǛoʊ� ɩʒȒ �� ǭ 	� Ǽ 
� Ȁhh|ʊÊ

lɌÙĀǛɩʊǡŘĀǛɩʊȅɈĀǛɩn 
ɩm{ƟŮv~gibʌíÙǫlʊąŏǎ

nƄnăŏǎz|xıièĖlhebʌȀƀlfigv}iʊÎőŕnǷȾȀƀoʑʘ

�� ȀhhebʌƏxıiġǕo !8�	ʈ�� ȀʉʊƤihʊ!8��ʈ�
 Ȁʉhh|ʊƏxŀ

kiġǕo !8�
ʈ�Ȁʉhhebʌ�

ÎőŕǷȾv~bâÙƀo ��ʘ�	* âÙhhebʌƏxıiġǕo !8��ʈ�	* âÙʉʊ

Ƥih !8�	 ġǕʈ-� âÙʉhh|ʊƋőŕiĔƠʊăŏǎnƄnıiȐƘikebʌ�

ǉɤɥoʊ��	�ʘ

�*
ʖhhebʌƏĲnġǕoʊâÙƀiĔyp !8�� hh|ʊı

ƀǷȾv~b¯¢�¾�oyµʊ±×�µ£¢ʊ�µ£¢iiebʊƬɎǫǉɤɥnĲ

oiȀnóǟnıiġǕhhebʌ�

�

ʈ�ʉ � ǆǕhǷȾv~bɤȲȀoʊɂʂn�µ£¢ʊ¯¢�¾ʊ¤¦·±×���Àʊ��

º�� ���¾n �ȀhhebʌtnMdʊ!8�� hǷȾv~b¯¢�¾oʊƫőıƀ

ǷȾv~ʊƎƚŏǎhxƬɎǫıpv{~}Ȁhh}ʌubʊ�ȀnMd 
Ȁn !8�� h

ǷȾv~bʌt~{nɤȲȀoʊÊlîǈnǳƷʘƷŔlǣŧ]}ȀnıpʊɪǪyĤ

µȂgʊƮɆƱǒȃnřɽ�Ďry]iǡĪlǣŧ]}Ȁhh}ʌ��

�

ʈ	ʉ ÊkêĆȀoʊɂʂn¯¢�¾ʊ��¾ʊ���ʂn¢�±�¶�ʊ±×� ���ȃ

hh|ʊÊlɂʂʊ���ʂnȀhhebʌtnMdʊ¯¢�¾ʊ��¾ʊ¢�±�¶

�ʊ±×� ���oƋőŕʊÅƋőŕɀƙhxǷȾv~bêĆȀhhebʌt~{oʊ

ÊlîǈʊŏǎnǳƷŔlǣŧ]}ȀnıpʊƎƚŏǎnŔɆlzqęɐǡĪnċƊv

~bȐƘhhebʌ�

�

ʈ
ʉ ŔǣǣǛnȀʂƀʊâÙƀʊǉɤɥnȏőǫkĮĂèĖlɬxgoʊ�--� őʈŐŮ �őʉ

i 	��� őʈ4�- őʉʊ	��	 őʊ	��
 őʊ	��� őʊ	��* őʊ	��� őʊ	��, őʊ	��- ő

iʔěn�Ä�xmkinhʊǷmkèĖ�v}tioɸxinʊƤnzMkèĖnh

}iȷk}ʌ�

� ȀʂƀoʊǆǕlz|īǄnȳ{~bnʊȏőǫloʊəĉnīǄnȆĝîhh

|ʊʐǆǕixǄŀèĖhh}ʌ�

� âÙƀoʊ	��* őʊ	��� ől !8�	 h±  ����nóǟlz}iŤ�~}ʁ

ȧkīýnȳ{~bnʊƓőoÜőnålŰegi}ʌubʊ!8�� n 	��	 őÑ

ɯnʁȧkīýèĖÑİoʊ`nÏnǆǕhoȏőǫkĮĂnkpstÅĹhh

}ʌ�

� ǉɤɥxʊâÙƀiĔƠlʊ	��* őʊ	��� ői !8�	 hʁȧkīýnȳ{~b

nʊÜőnålŰegi}ʌ!8�� ÑİnǆǕhoȏőǫlȥŏǄŀèĖhh}ʌ�

�

ʈ�ʉ � �£ŒǣnâÙƀoʊăŏǎho �
 âÙʊąŏǎho ��- âÙʊȸ �-	 âÙn

ǷȾv~bʌÎěnɀƙhxʊsi�jnŒǣnǪȳv~bit�oʊÜőiĔƠlɄ

ŅƴďnąæhǆǕ ��g���ʊ���g��,ʊ���g��, n¿Ä Æhhebʌ	��� őg	��-

őhn 	őɫhoȊ 	�� âÙ�őnǄŀǞhhebnʊ	��- őg	��� őn �őɫhoȊ

	� âÙ�őiǄŀǞnØÇxbʌxmxʊ	��� őÑɯʊīýèĖhhebnʊÅƋőʊ

ƋőiǄŀèĖlk|ʊÎőoşīikebʌ	��* őm{ 	��� őuhoʊăŏǎhx

ıpnŒǣnȳ{~bnʊő�ɓMuil`nƀoǄŀxʊÎěʊɀƙȆĝoɰ{~g

i}năŏǎh �
 âÙnŒǣxmǷȾhokmebʌtntioʊÒȻɚɊnȻți



 

 67 

nɬßxȝk{~}tim{ƸȴxgipŢȲnh}ʌ�

�

ʈ�ʉ ŔɆnǌĵūǶĂƮȌlɬxgʊɀƙxbȆĝhoʊ���nʏǕŐĢh����O-�7iʅi

å�ǸxbʌǜlʊʍǕǭh���O-�7iǩōlʅiå�ǸxbnʊÏnǕiƬrgxǜ

ƩĮ�ebit�nkpʊtnzMlʅiånȵǆv~bĈĜoÈƈhh}ʌəĉʈ	�

��őʉl±  ����nĲɥǪǣlɇĜ]}iŤ�~}��*�O-�7iʅiå�Ǹxb�

-ʈ!8�	ʉnǆǕhoʊ��	�O-�7iȥŏʅiå�ǸxbʌÏnǆǕhoȸǆho}ƏØ

ån���O-�7m`~ÑÇnåikebʌ�

�

ʈʉ ʍőɫnġÉǅȵǆm{ƤnȐƘ�ŝbʌ�
� ġǕlɬ�{^ġÉÇłʈ-0.5mʉnġÉǅnĮĀnĿviʌubʊńæz|ƳænƄ

nƏʅǅnʅpʊƏØǅnØiʌ 
� íÙǫkèĖixgoʊġÉǅnɨƒǫĮĀoĲƭǅnĮĂiţȄŦnʅpʊĲƭǅi

ĔǿŕnåhŻǾxgi}ʌ 
� ƷɼÇ@0.1ʗnġÉǅoʊƭǅlĽxgoɑÖǮȔnāɡn 1 lɑiåik|ɻ

ōlμiǯɬnh}nʊǏ×lĽxgoǯɬnkiʌ 
� ńællr}ƷɼÇ@0.5ʗnġÉǅoʊÏnǆǕyǆĹǁŕiƬrgʊɑÖǮȔ

nāɡn 0.780 imk|Øiåikegi}tiʊǅŕĮĂnƏØhxʔAǿŕu

hxmÇn{^ʊƏʅhx 27AǿŕuhxmÆn{kitim{ʊĲƭǅyĳɳ

ënǙÑİnȲĜʊÜkpġÇƮnřɽxgi}ĐȟŦnh}ʌ 
�

ʈ�ʉ ŏǎlǣŧ]}� �£nŒǣ�ĽɁixgʊŏǎnŔɆyȮłƮm{nǡĪ09.n

ôƗ�ȫiʊƜóŪŕiƜónĐȟŦlɬxgÑÇnȐƘ�ŝbʌ�

� ȮłƮ ���� O7 m{Ŵóxb DNA ǌƿnǓŕ�ȩëëŕȸhǆĹxbȐƘʊ1.5-
6.0 ng/?L nȆĝhhebʌ�

� Ǔŕơǋhh}� �£�¦¶ DNA ǌƿ� 1 ixbioʊŹƮġǕ P10'lli

gÌçȽʄho 6.54>10-9ʊƓȽʄho 5.55>10-7 nǓŕnƜóv~bʌžÚÆʊ

�Â�µ¥Ä�¼ÂnĐȟŦoØibµʊɻōlşɥk DNA nƜóv~biȝk

{~}ʌ�

� ŹčxbŔɆm{Ŵóxb DNA ǌƿnǓŕ�ȩëëŕȸhǆĹxbȐƘʊ5.3-9.2 
ng/?L nȆĝhhebʌ�

� DNA nČǞnĖÆlzqğĭlĘu~} PCR ɮĻǛɆ�ɱĉ]}ǭǫhʊDNA
Ŵól DNeasy PowerSoil Kit �ǥibʌŔɆÝȽɥhikp 0.25 gʊ2.5 gʈ0.25 
g � 10 ěŴóʉʊ2.5 gʈ0.25 g � 10 ěŴóŚlïȈȰʊǓȘʉ�Ƚvbit�ʊ

jn�Â®¿m{xƜóoȾµ{~kmebʌÎěnŔɆȽƁlôȶxb� �

£ DNA ƂǚnĘu~}ĐȟŦ�ėĹ]}tiohokinʊŔɆÉn� �£

DNA oɻōlémiŤ�~}ʌ�

� ÎŚnȿʀixgƤntinȝk{~}ʌ�

C ȮłƮnŹčɥ�īy]ʌ 
a � �£ŒǣɀƙlŔɆnɞxgi}mjMmƜȹ�]}ʌ 
b ŔɆÉnɮĻǛɆ�Ɯȹ]}k{ DNeasy PowerSoil Kit nſμ kit hh}

DNeasy PowerSoil Pro Kit �Ûǥ]}ʌ 
c 10 g m{ DNA Ŵó�]}k{ DNeasy PowerMax Soil Kit �Ûǥ]}ʌbc

xŴóŇǿnƏŚuh 50 mL hȫk}ɝšƣnŢȲhh}ʌ 
d ŔɆlĘu~}� �£ DNA oşɥiŤ�~}nʊɮĻǛɆcrhkpʊ

şǣǛ DNA nĘƑɥnıiʌôƗlǥi} DNA ɥloÆɰnh}bµɰǧ

nh}ʌ 
e Ƌőʊ®ÁÄƶʈĊǘ 2ʉlz}Ĺɥ PCR nƜȹ�ȫegibnʊƈǷkȐ

Ƙ�ŝ{~kmebbµ�Â�Ä�ÀÄ�ÄƶlkebȏȖnh}ʌ®ÁÄ

ƶo�Â�Ä�ÀÄ�Äƶz|xǜǩǫkƄƶhh}bµʊ®ÁÄƶ�ǥi

bĹɥ PCR nŲȬǫƜȹxŢȲiȝk}ʌ 


