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• mRNA (ribosome) 々
transfer RNA (tRNA) -tRNA ㎲

- tRNA DNA ㌹
(anticodon) 3

• ㈻
ribosomal RNA (rRNA)

• ゼ mRNA AUG UAA, UAG, UGA
• mRNA 々 ゼ
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• -tRNA tRNA
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• mRNA mRNA
t-RNA ㎲
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• Silent mutation
AGG CGG

• Neutral mutation
AAA AGA

• Missense mutation
GAG GUG

• Nonsense mutation ㈻
CAG UAG



• 3 ゼ
(frame shift)

A U G A A U C U C U U U G U G G G U A G G

insertion

deletion

A U G A A U G C U C U U U G U G G G U A G G

Met Asn Leu  Phe  Val      Gly      Arg

Met Asn Ala  Leu  Cys      Gly      Stop

A U G A A U U C U U U G U G G G U A G G
Met Asn                                                             



Sickle-cell anaemia

Haemoglobin
2 αpolypetides (141 amino acids)

2 βpolypetides (146 amino acids)

β-chain
HbA (normal): Val-His-Leu-Thr-Pro-Glu-Glu-

GTGCACCTGACTCCTGAGGAG 

HbS (abnormal): Val-His-Leu-Thr-Pro-Val-Glu-
 GTGCACCTGACTCCTGTGGAG 
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• DNA free
radical DNA

• ↓ ┞

• DNA thymine dimer
DNA ㌹ 々

• っ

• 5-BU DNA ㎲ ぞ

A=T A=BU
A=T

G   BU

G   C

A=BU

substitution



• DNA

• 々
proofreading, mismatch repair,
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