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����, � 3�� U� C	
���
��� 1 �� G	���
��; �������

�, � 3�� U� C	
���
��� 1 �� A	���
��; ������, ���

�� �	�������, � 3�� U� C	
���
��� 1 �� G	���
��,

!"�#$%�������� 1 �� A 	���
��; &'��(����)����

����, � 3 �� A 	��
��� 1 �� U 	���
��, � 3 �� G 	��
�

�� 1 �� C	���
��.

*+,-	./0123, Guthrie4567, �89:;�, �< 46= tRNA�>?@A

BC	:;DE. FGH@I/JK	89:;, L5MNOPQRS4, $ tRNA /J�B

TUVWX,-	YZ[\(] 2)[7](http://rna.wustl.edu/GtRDB/). "^, �_`a=89:;

�, �� 1~3=bcYZ[\	 tRNA/J, de 7 �, �] 2�fgh 1]i. jk��l

E�mn7opqrA, slE�[/J. tu	vw��<xy�z{	/JK��|}

tRNA/J, ,-	YZ[\�~A�.

� 2 3 ������ tRNA �	�
� a)

[/J��/J��B�	o����|:;/JK�s���[ tRNA /J [7]

(http://rna.wustl.edu/GtRDB/)���k�o�_� tRNA/J��, �mn./	��M���

���DE	�Z
!��DE	o�. ��=� tRNA /J����	���� tRNA /

J���-�	 tRNA/J	���
	./�:���, �H tRNA/J"���$BC	

AA ��� A B C ���� AA ��� A B C ���� AA ��� A B C ���� AA ��� A B C ����

UUU 0 0 0 AAA UCU 37 14 10 AGA UAU 0 0 1 AUA UGU 0 0 � ACA

UUC 16 16 14 GAA UCC 1 0 0 GGA UAC 76 19 11 GUA UGC 15 13 �� GCA

UUA 6 5 8 UAA UCA 9 7 5 UGA UAA 0 0 1 UUA * UGA 0 0 � UCA

UUG 10 7 6 CAA UCG 4 5 4 CGA UAG 0 0 1 CUA W UGG 14 11 � CCA

CUU 11 18 13 AAG CCU 16 6 11 AGG CAU 0 0 0 AUG CGU 9 18 � ACG

CUC 1 0 0 GAG CCC 0 0 0 GGG CAC 10 17 12 GUG CGC 0 1 � GCG

CUA 10 3 2 UAG CCA 39 34 10 UGG CAA 8 18 11 UUG CGA 6 10 � UCG

CUG 3 5 6 CAG CCG 5 3 4 CGG CAG 9 7 21 CUG CGG 4 3 	 CCG

AUU 20 19 13 AAU ACU 10 17 8 AGU AAU 0 0 1 AUU AGU 0 0 � ACU

AUC 0 0 1 GAU ACC 0 0 0 GGU AAC 16 20 33 GUU AGC 13 9 � GCU

AUA 5 8 5 UAU ACA 8 11 10 UGU AAA 13 16 16 UUU AGA 9 7 	 UCU

M AUG 23 20 17 CAU ACG 6 7 7 CGU AAG 18 33 22 CUU AGG 8 3 
 CCU

GUU 15 19 20 AAC GCU 16 21 25 AGC GAU 0 0 0 AUC GGU 1 0 � ACC

GUC 0 0 0 GAC GCC 0 0 0 GGC GAC 23 22 10 GUC GGC 23 14 �� GCC

GUA 7 6 5 UAC GCA 10 10 10 UGC GAA 12 17 14 UUC GGA 12 33 	 UCC

GUG 8 5 19 CAC GCG 7 4 5 CGC GAG 13 20 8 CUC GGG 5 3 � CCC
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��
, !��� ¡��
. ��)�¢£¤¥¦§��	 tRNA /J, ¨���� ¡�

�
 UGA. _`©=ª«	 tRNA/J�¬{�s­�.

/JK���
	�f®¯��°±	²³, j=²³´´fnµ¶/J. ��
·U

�¸¹�º��/�	©���
	�f®¯	²³. tu»¼xy�z{	/JK���


·U� tRNA/J�/JK�	�½¾¿	ÀÁ.

z{�
�ÂÃÄ=�¬{QÅ{. FÆ7H�j
�Ä=	ÇÈh/JKo�. tuÉ

Ê�¨u	 tRNA/Jo�ËÌ�ÍÎ.

1 �����

¬{	 � 127551�ÏÐÑÒÓÔ(http://btn.genomics.org.cn/rice). ¬{ÇÈh/JK	

o�m�ÕÖ×Ø/JKÙÚ�ÛÜÝÞßà/Jáâ�Û7ã. Å{	ÇÈh/JKo�[8]

m GenBank½äå(http://www.ncbi.nlm.nih.gov/)ÉÊ.

tu�f� 3�æçèé@Aáâvw. f tRNAscan-SE æç[9,10], XÏÐÑQÇÈh/

JK�¶ê�KlE	 tRNA /J. ��Éëìíê	 tRNA/J	lÙîï, ðjkñòo

�w�óôo�f BLASTN[11]1 CBI(http://www.cbi.pku.edu.cn/)�	õö÷(nr)åøùìí.

f ClustalWæç[12]Ì�|ÏÀ0.

2 ����	

2.1 tRNA �����

f tRNAscan-SEæç�z{ÏÐÑ�¶ê� 881�lE	 tRNA /J. úä BLASTN 	

ûüQ�ýþ, l�X�ò� 596� tRNA/J, � 4�ª«��	 tRNA/J(Ò� 2.5��)

�, ð 592� tRNA/Jû� 3�: BLASTN �ã	 tRNA/JMlE	� tRNA/JM	7

	� tRNA/J. BLASTNûüën 115û	
� BLASTN�ã	 tRNA/J; lE	� tRNA

/J¸ BLASTNûü� 100~115¾¿	/J; 	7	� tRNA/J	 BLASTNûü� 80~100

¾¿.

e� 467 � BLASTN�ã	 tRNA/J, ¨u��lÙ	. 1n 74 �lE	� tRNA/

JQ 51�	7	� tRNA/J, s�BTà	�
��$�à�û�8-	 tRNA/J. �


�/J�EQõö÷½äå�	$%;=	 tRNA /J�UVÀ0, ¨ulE�z{ª�	

tRNA/J.

TIGR½äå(http://www.tigr.org/)����Å{ 596� tRNA/J��½�_�¬{���.

2.2 ���	

z{/JK�	 592 � tRNA /J(� 4 �ª«	��)lû� 45 =, ¨u�UV��m

Guthrie 45É�	,-YZ[�(] 3). �� trnT-CGU /J����	ÏÐÑ����tu

"��j�1,-	YZ[\	bc(Ò� 2.7��). �] 3�, 20=�/�f�h���, 1

na����
��������
	�À�M$�a 10000 ���
�	��®¯M�$

1C	���
	 tRNA/J	½ M���
	�À�. ��, 0123f!R]i. $�

��
�f®¯	½äm Codon Usage Database(http://www.kazusa.or.jp/codon/)ÉÊ, �"e

#½�¬{	 27910���
.
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2.3 
��
�� tRNA ��

tuáâ���
·Uþ�$��
�fQBC tRNA /J%½	�Á(] 3). ��


GAG (393), GGC (240), AAG (325), GAC (292) Q GCC (279) 	�f®¯°±ën��


CUA (83), CGA (77), GUA (66), UGU (61) Q UUA (59). �� U� A&'	��
BÍÎ, z

� 3 �������	
� tRNA �� a)

a) �� 2

{()*�f� C� G&'	��
. +ð,
��-Bº	��
û��K, lHê 16K

��
. "./ 3 � ¡��
Q¹�0�

�	 UGG, �$�	 15K�, � 3�� C	

��
�f½ àn� 3 �� U 	��
.

�$�	 14K�, � 3�� G	��
�f

½ àn����1	��
. 2�	
1

��û�� CCU, CCCQ ACA, ACG.

3� , ��
�f®¯QBC	 tRNA

/J%½­�àý	-B�(¼ 1), j�à|

½:;��ý	.

*��
� 3 �./ð ���
û�

3�4ð� 3�./�5Q6	��
û���7, #8a�� �	��
�f®¯	Q�

BC	 tRNA/J½ 	Q	Íü(] 4). �5Q6&'	��
1C	Íüàn� A� G&

'	��
	Íü, � G &'	��
1C	Íüàn� A &'	��
	Íü. �=lE


 1 tRNA ������	
���������

��

UUU 137 0 AAA UCU 100 17 AGA UAU 102 0 AUA UGU 61 0 ACA

UUC 262 15 GAA UCC 150 0 GGA UAC 159 16 GUA UGC 128 10 GCA

UUA 59 7 UAA UCA 110 10 UGA UAA 6 0 UUA UGA 10 0 UCA

UUG 152 9 CAA UCG 115 7 CGA UAG 3 0 CUA W UGG 138 12 CCA

CUU 153 19 AAG CCU 114 16 AGG CAU 120 0 AUG CGU 73 16 ACG

CUC 276 0 GAG CCC 106 0 GGG CAC 157 11 GUG CGC 141 0 GCG

CUA 83 8 UAG CCA 144 11 UGG CAA 124 16 UUG CGA 77 4 UCG

CUG 216 6 CAG CCG 153 10 CGG CAG 225 13 CUG CGG 106 7 CCG

AUU 140 23 AAU ACU 105 9 AGU AAU 134 0 AUU AGU 72 0 ACU

AUC 229 0 GAU ACC 161 0 GGU AAC 198 14 GUU AGC 166 13 GCU

AUA 89 6 UAU ACA 120 8 UGU AAA 144 10 UUU AGA 97 9 UCU

M AUG 249 27 CAU ACG 113 0 CGU AAG 325 22 CUU AGG 142 10 CCU

GUU 171 21 AAC GCU 187 25 AGC GAU 241 0 AUC GGU 155 0 ACC

GUC 223 0 GAC GCC 279 0 GGC GAC 292 28 GUC GGC 340 24 GCC

GUA 66 4 UAC GCA 196 11 UGC GAA 205 15 UUC GGA 159 13 UCC

GUG 226 10 CAC GCG 264 13 CGC GAG 393 29 CUC GGG 158 8 CCC
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	9:��YZB�	��
	 tRNA /J;�(ë	<=>¯�A?	 tRNA l(@�>

	Aù:;×DE. 1n� GQ A&'	��
Íü	²³sl���V9:.

� 4 tRNA �����

����� 	
� tRNA�
� �����/ tRNA�
�

� 3���� U� C���� 5332 277 19.25

� 3���� A���� 1678 132 12.67

� 3���� G���� 2978 183 16.26

2.4 � tRNA ��

fæç tRNAscan-SE�z{	ÏÐÑ���� 71�lE	[/J, �Æ BLASTN�Be

	õö÷½äå�ìí¾�, �� 27�����$%;=	 tRNA /J��ãîï	B�þ,

à�û�C���[/J	lE. �j 27 �lE	[/J�, 16 �&DEã���
. [/

J"lEfFG	#8HD�ã, � I<JK��.

2.5 �����	
�� tRNA ��
��� tRNA ��

� 20 =L�	�/�¾�, MNO)��|$%	�/�, �PQ���¤¥¦§��

4 2 =l�¹�(���=� pyrrolysine �RST���� UAG ¹�[13,14]), ¤¥¦§���

m�� ¡��
 UGA ¹�	. �a�U	;=�, ���¤¥¦§���¹�. �z{Ï

ÐÑ�e�� 3�¢£¤¥¦§��	 tRNA/J.

�����lE	��� tRNA/J, ¨�� ¡��
 UAA.

2.6 tRNA �������

e# 36 � tRNA /JV�WV
, ¨u��� 1 �WV
. jkWV
	XYZï� 15

bp. trnS-AGA/J�	WV
�Z, [ 38 bp.  � trnY-GUA/J�� 1�WV
,  ��\

]^_`^î��f	 trnM-CAU /J�� 1 �WV
 ,  �Q\]^�AabB�	

trnM-CAU/J�c�WV
. d�	��� tRNA/JeV 1�WV
.

2.7 �� trnT-CGU ���

f tRNAscan-SE��� 6�lE	 trnT-CGU/J, BLASTN&f°i, ¨u�½äå�

	 tRNA /Jg0�², X!~ã�$w� tRNA /J	lEþ. trnT-CGU��lE�mnt

uHê	z{/JK½äË"@h. ��	z{ÏÐÑe# 356 Mbp, !z{/JK6#�

464 Mbp. @¾ tRNA /J�i0h_Æ�jkAl, L�5�/JK�� 140 � tRNA /J

(mI�Q tRNA /J	 25%)jk�� 6 ni0h��� 4 Mbp 	op_, z{� 8 �

trnQ-UUG /Jjk�º�qi0h_ . ½ä	"@rQ tRNA Al)*C� ,���

trnT-CGU /J	sJ.

2.8 ����� tRNA �����

89:;� tRNA /J	½��/JK	à�c�y°	B�þ. /JK	tuË�v

ý tRNA /J	ºwuZ(] 5). tRNA /J	½��/JKà�	Íüxy/JK	uà!

z{|���¹�}à�	Íüs~�|��j�y��ë4	:;� tRNA /J�<=>

¯_�A?	 tRNA�DE_>¯�ë.

mz{ tRNA /JÄ=	�û¾���	 17 �Ä=�NOP��@IBº	Ä=; z{

Q5c�@IBº	 tRNA/J, �B�	s���./�:��; 1�;=W	 tRNA/J

	áâ]y, 5Qz{	 tRNA /J	./��ÍÎ|, !NOP	 tRNA /J<��H|;
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� 5 7 ������� tRNA �� a)

��
tRNA�


��

�
���/
Mbp

�
��������

tRNA�
��
�����/

Mbp

��������

� tRNA�
��

S. cerevisiae 273 12 22.75 8.45 32

S. pombe 174 14 12.43 6.9 25

C. elegans 584 100 5.84 26.1 22

A. thaliana 620 125 4.96 33.5 18

D. melanogaster 284 180 1.58 24.1 12

O. sativa 596 464 1.48 − −
H. sapiens 648 3400 0.19 58.5(?) 11(?)

a) � !"#$%&[15,16]�'( http://rna.wust/.edu/GtRDB/, http://www.ncbi.blm.nih.gov/

"º	���
1C	 tRNA/J	��îï��²³	, �z{MNOPQ5	 tRNA/J

���a�#��, trnP-AGG, trnP-CGG, trnA-AGC, trnA-CGC/J����, ! trnE-CTCQ

trnK-TTT/J���|.

2.9 ������ tRNA ��	��
��
�����

mn¬{ÏÐÑ)c��i0h_ã�, &Døù¬{QNOP tRNA /Jû�	I/

JKÍÎ. �nº��ÏÐÑ_	|� tRNA/Jl�°i tRNA/Jû�	��ÙÚ. tu

1ÏÐÑ���	I� 10 �eV 3 �Q 3 ��_ tRNA /J	/Jløù�áâ, /J�|

	�l�� 8� trnQ-TTG, jk/J	ZïY� 71�./, /J¿	��àý�
�./�

�. �NOP	 5 qi0h��� 1 qV�
��_	 trnQ-TTG. f tRNAscan-SE l�NO

P� 1ni0h_¶ê 4� trnQ-TTG, jk/J	XY¿�à�� 800�./. 1$% 9�¬

{ tRNA/Jl	û�]y�NOP/JK�c���	 tRNA/Jû�.

�NOP���� 27�m trnS-AGA, trnY-GTA Q trnY-GTA�A	/Jl, a�/Jl

	/JC��o�ý, �/JK� mZï�©�./. �¬{	ÏÐÑ��������

	&�F�.  ,áâ]y, �F
Ç�;Q�
Ç�;û��	�Z��^î�, ¬{QN

OP	 tRNA/J�i0hK�	K�Qû�FÆ�:��à	��.

2.10 ����������
�� tRNA ��

f tRNAscan-SE �¬{QÅ{	ÇÈh/JK����� 33 � tRNA /J. Æ^ ClustalW

|ÏÀ0, ��j
K tRNA /J@IBº. j�y
�z{Ä=�Æ�� 7000 |�	û�

�, ÇÈh/JK	 tRNA /Jc��:��. üH ¡	�, Å{	 tRNA /J�tu¢�

ÉÊ	, �s£ :�	 tRNA/J"@IBº.

¤f tRNAscan-SE ¥ó, �¦é BLASTN ìí£��, �XÏÐÑ�µ¶ tRNA /J	

�>HD. tuGH	jK tRNA /JlE­�mn7oQ§�pqrA	ö÷. º¨, mn

��/JK½ä	"@hþ, Hê	jK tRNA lE�"@r	. ��, jk tRNA /J	8

Jþ)I<JKK©.

�� ��������	
���
������	���
����������

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