
舅䄕邾邮

舅䄕邾邮Ζ

Abstract
ӳⶡ鏤؅丝杼ֹ׻׊
DNA鹦⚥㯸刌荇⛮غز؛ٝؠؽ

ӳיזُءغٜٚع٤ج⛰
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舅䄕邾邮

ⶡ鏤؅丝杼ֹ׻׊

DNAכ鹦⚥㯸刌荇⛮ն鷿ַ؅鐄伺־׌ױ׀ך

րֻ ꦘכ׆ַ׊绂ׂ׻םցיז䓙ַג׊ױ
澬מ־ꦘנ׻ַ׊˟˟

ⶡ鏤؅丝杼ֹ׻׊
碷翄׾ֵמ╈ס劬ն
ն׌ױַיזםמ啶鵰םֹ׻ס׆

碷翄
劬

刌荇⛮

DNA
ٍٛب؞؛ظ劬ꁁ

٤عتك
ؠق٤ذ韬

鹦⚥㯸 鹦⚥㯸

נ׌ךַגײ؜ب٭٘ٛعُכז׺ה
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舅䄕邾邮

ⶡ鏤؅丝杼ֹ׻׊

刌荇⛮Ձ擻韬ס⺲⯥

DNA Ձ擻韬ס⺲⯥

鹦⚥㯸Ձ䏔Ⱏס⺲⯥

碷翄ס劬؅刌荇ג׊侇מ刌׾ױ鼧⮆כ׆סն
刌荇⛮עꝎַםֹ׻ס׵ץDNAֿמ٤عتك䄢׾ַיַ♀׀ն
նש⽛׵כّ٭خ؛ٝؠؽDNA؅ס敯䛜׾יַ♀׀䄢ס׆

Ꝏַס׵םֹ׻ס׵ץն
DNAֿغز؛ٝؠؽע鵽יַחזׂ׽ם⭳全׾ַיն

DNAיַחזֿׂغز؛ٝؠؽע⭳全׾ַיն
ך嫎⯞䓪ס٤٭ذقꯂ樑ס亠׀חזׂסא
նש⽛כ؅鹦⚥㯸⮆鼧׾ַיז䗯㕔؅䧏ס錃銶㍲׾⛼؅⛮

ַ׊׆׷׷

⛰יזغز؛ٝؠؽ
նכ׆סס׵גַחז٤ꁁֿׂٛמغب؛ٝؠؽעغز؛ٝؠؽ
ն׾םכDNAעغز؛ٝؠؽٍٛب؞؛ظ׀חזׂך㖲㓹⺱㚖ס׆

ت٭ٍٛ

غز؛ٝؠؽٍٛ

ب؞؛ظ
ت٭ٍٛ

غز؛ٝؠؽٍٛب؞؛ظ

ٛ٤ꁁ ٛ٤ꁁ-O
H -H

-H

DNA

-H
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舅䄕邾邮

ⶡ鏤؅丝杼ֹ׻׊

DNAֿغز؛ٝؠؽעꄆ⺬׌ױַי׀ךי׊ն

錃銶㍲׾⛼؅⛮ךꯂ樑ׂחזׂסغز؛ٝؠؽסא
ն׌ױַיז䗯㕔؅䧏ס

րׂׂחזցַֹכ䙫⽏

矴
ٛ٤ꁁ

T CGA T CGA

غز؛ٝؠؽغز؛ٝؠؽ

┉儖ꑷDNA

鎋עׂ׊ր劬ꁁց׽־ז׊ךُؤסⲰ䍚ֹ׺׊ױ׊

ⶡ鏤؅丝杼ֹ׻׊
DNAך╈ס⛮׾⛼؅錃銶㍲ֿ傴׀鱮׾ַי׿ױ鼧⮆؅鹦⚥㯸
ն׌ױ銧ַכ

DNAס⪒⛮ֿ鹦⚥㯸יז錌׻׌ך؆ַםעך

刌荇⛮

鹦⚥㯸 鹦⚥㯸
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舅䄕邾邮

⛰יזُءغٜٚع٤ج

DNA؅氦釤ג׊佅ס熭㰢縖ֿր榟׀擻ַֹ׆יז
նכ׆ס㓹儖杼䒝ס榟擻גそֻכց׺׊ך؆׵ֹ

ր榟擻ע舅⮆ס鹦⚥䗯㕔؅邾邮׊鬇⫝׊緾錌׾׌ն
ցַם׿㾆עꯂ樑ס׆

նג縒ֻכ

㲔꤀ס׆עמ鐄כז׺הכד湟泳ֿ⭳לׄד؆׾׌׵׽ג׀י
哭׌ך؆׾יז⺬נնנ׻ַׇ׌ն

DNA RNA 韬邾邮ؠق٤ذ 鬇⫝ 緾錌

䗯㕔ס⚥鷼

⛰יזُءغٜٚع٤ج

邾邮鬇⫝緾錌סُءغٜٚع٤جֿח

邾邮碷翄ֿ⮆逰מ״ג׾׌DNA؅㘃׌׷䄄爊
鬇⫝DNA׼־RNAֿ⛼׾׿׼䄄爊
緾錌RNAؠق٤ذמכ׵؅韬ֿ⛼׾׿׼䄄爊
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舅䄕邾邮

DNAיַחמ塜־׿לעסַ׊ն







αتؠشٛى啶鵰׾כ؅ն
ն׾ֵךס׵ג׊⺬ꄆֿغز؛ٝؠؽ
ն׾ם׼־٤ꁁٛכت٭ٍٛ
儖ꑷ٤؛ؕע磵⺬׾ַי׊ն
ٜب٤ؗٚبعب٤ؼؓء٤ؼظؓ
ն׾ם׼־
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舅䄕邾邮

舅䄕邾邮Η

Abstract
ӳ㖲㓹㵚䎬䡗עכ

ӳ3˖̜5˖-ٌٜطتؙةٌت磵⺬עכ

ӳDNA邾邮עր┉亠鵟车ց

1

2



舅䄕邾邮

㖲㓹㵚䎬䡗עכ

DNAע┉鼧ס❆㛙؅ꢜ׀㓹儖氳מ儖ֿ◍ַמ䄢׀
ն׌ױַי׊㰆㏇ך敯䛜׾ַיזֵ׀ח
儖סDNAՁ◅儖ꑷDNA
◍ַמ䄢׾ַיזֵ׀ח׀敯䛜Ձ◅ꄆ׎׼؆啶鵰
ն׌ױצ⽛כ

㖲㓹㵚䎬䡗עכ

יזױ注䣆ֿ婊ׂחזׂע㖲㓹ס╈סغز؛ٝؠؽ
כ٤بعبע٤ؼؓءכ٤ِزע٤ؼظնؓ׌ױַ
ն؆׎ױ׀חזׂ־׊

T

C

G

A ٤ؼظؓ

٤ؼؓء

٤بعب

٤ِز

ף׿㖲㓹ֵֿסצ┾ם؆׆

T

C

G

A T

C

G

A

ֹ׆ע注䣆׾יַחזׂ
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舅䄕邾邮

עכ⺬磵ٜطتؙةٌتٌ-˖5̜˖٬3

DNAغز؛ٝؠؽע⺱㚖ֿ磵⺬ס׵׾׀ךי׊ն
˟˟כ׾釤י׊؅䦡㛻⺬磵ס׆

矴
ٛ٤ꁁ

T CGA T CGA

غز؛ٝؠؽغز؛ٝؠؽ

┉儖ꑷDNA

ն׌ױַיזםמ䎬ַֹֹ׆
5⠕ֵ׾憇碛⸉㯸עמ樑⺘ֿ䨕נ׌ױַי׿׼ն
☪㍑嫰泘עס׾׌˖כ˖ס鼧⮆׌ךն

C5

C4
C3 C2

C1

O 㖲㓹

HOH
H H

P

ت٭ٍٛب؞؛ظ
矴

ٛ٤ꁁ

עכ⺬磵ٜطتؙةٌتٌ-˖5̜˖3
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舅䄕邾邮

עכ⺬磵ٜطتؙةٌتٌ-˖5̜˖3
־ֹ׺׊ךס׾׌嫰泘מ˖כ˖י׊ֹל

˟׼ם׏ם

׾׌⺬磵ך儕珷כ儕珷׍䑒ע㚖⺱غز؛ٝؠؽ
ն׌ך׼־

N

NH2
N

NN

O

P
O O

O-O

N

O

P
O O

O-O

O

NH

O

P
O O

O-O

3˖

5˖

עכ⺬磵ٜطتؙةٌتٌ-˖5̜˖3

ն׾׌⺬磵ך儕珷כ儕珷׍䑒ע㚖⺱غز؛ٝؠؽ
מ儕珷⣐כ儕珷⣐׿ב׿אע珷┸סDNAעכ׆ַֹכ
նכ׆ַֹכ׾׀ךֿכ׆׾ׄ⮆

غز؛ٝؠؽ

 

DNA

⣐ ⣐
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舅䄕邾邮

עכ⺬磵ٜطتؙةٌتٌ-˖5̜˖3

˟׽ױח
撴亠סDNAֿ˖儕珷׼־˖儕珷亠⺸׾ַך؆┾מ侇
׾ַיצ⛈מ˖儕珷׼־˖儕珷עDNA׾גֵמ注䣆סDNAסא
ն׌ױ׽םמכ׆

5˖儕珷 3˖儕珷

5˖儕珷3˖儕珷

⠕סDNAֿ⠕מ㘃ֻ؅כ׆׾邾邮כ銧ַג׊ױն
㲔ס׆עր邾邮ց׵מ˖׼־˖亠⺸׷˖׼־˖亠⺸ֿ
꞊➟׌ױ׀י׊ն

DNA RNA 韬邾邮ؠق٤ذ 鬇⫝ 緾錌

䗯㕔ס⚥鷼

DNA邾邮עր┉亠鵟车ց

־׌ױ׽־⮆־י׊ֹל
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舅䄕邾邮

˟׼ם׏ם

DNAע˖儕珷亠⺸3׼־˖儕珷亠⺸׫邾邮ַֹכ׾׿׈
攐䐶ֵֿ׼־׾

DNA邾邮עր┉亠鵟车ց

נ׌ך؆םր┉亠鵟车ցע邾邮סDNA׼־ד

3˖

5˖

5˖
3˖

5˖
3˖

3˖
5˖

RNA٭ُؕٚو
DNAَْٛٚح٭

PCRך榫ַ־׿לעס׾׿׼ն

DNAَْٛٚح٭
DNAٛح٭؝
ح٭ْٚخَؕع
DNase
⯆꡾ꀹ碛
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舅䄕邾邮

舅䄕邾邮Θ
ꑷء٤؟ٚכꑷء٤ؔظ٭ٛ

Abstract
ӳ䐝綗ֹ׺׊ױ׊

ӳٛء٤ؔظ٭ꑷء٤؟ٚכꑷ

ӳRNAכ٭ُؕٚوDNAَْٛٚح٭

1
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舅䄕邾邮

DNAע˖儕珷亠⺸3׼־˖儕珷亠⺸׫邾邮ַֹכ׾׿׈
攐䐶ֵֿ׌ױ׽ն

䐝綗ֹ׺׊ױ׊

3˖

5˖

5˖
3˖

5˖
3˖

3˖
5˖

ꑷء٤؟ٚכꑷء٤ؔظ٭ٛ

DNAס邾邮ך釶ֻי׊כס׵ַג׀ֽי
ն׌ױ׽ꑷֵֿء٤؟ٚכꑷء٤ؔظ٭ٛ

Leading ꑷ

Laggingꑷ

ء٤ؔظ٭ٛ

ء٤؟ٚ

⩝㵵׾׌

鷐׾׿

DNAꑷ׾׌㵵⩝׽ױח ⽏䙫ַֹכ

DNAꑷ׾׿鷐׽ױח ⽏䙫ַֹכ
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舅䄕邾邮

ꑷء٤؟ٚכꑷء٤ؔظ٭ٛ

3˖

5˖

5˖
3˖

5˖
3˖

3˖
5˖

ꑷء٤ؔظ٭ٛ

ꑷء٤؟ٚ

ꑷء٤؟ٚכꑷء٤ؔظ٭ٛ

3˖

5˖

5˖
3˖

3˖ 5˖ 3˖ 5˖ 3˖
5˖

邾邮סؠ٭ؚن鶟车
3˖5˖

DNA⺬䡗ס亠⺸

Ζ Η Θ

㹭㽂ع٤ْءٚن

┉妳ء٤ؔظ٭ٛ׾׿׼⛼מꑷכ
ꑷء٤؟ٚ׾׿׼⛼מכׇع٤ْءٚن㹭㽂ױהױה
ն׌ױ׿־⮆מ

ꑷء٤ؔظ٭ٛ

ꑷء٤؟ٚ
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舅䄕邾邮

RNAכ٭ُؕٚوDNAَْٛٚح٭

3˖

5˖

5˖
3˖

DNAס邾邮ס꤀מ孨驱׾׌DNAَْٛٚح٭ն
˖̜˕亠⺸ךDNAַׂיז⛼؅DNAَْٛٚעح٭㲔עⶡ斻
餉㕙ֿ䑒釐ַֹכ٭ُؕٚوնRNA؆׎ױ׀ךֿכ׆ׂ⥸עך
ն׌ױ׽םמ

RNA٭ُؕٚو

DNAَْٛٚح٭

RNAכ٭ُؕٚوDNAَْٛٚح٭

3˖

5˖

ն׌ױ׊鐄伺ךꑷء٤ؔظ٭ٛ
DNAَْٛٚעךׄדح٭DNAס邾邮ע㡎׎ױ׽ױ؆ն

DNAَْٛٚح٭

餉㕙ֿיזׂם
˟םַםׄחזׂ
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舅䄕邾邮

RNAכ٭ُؕٚوDNAَْٛٚح٭

3˖

5˖

RNAמ⩝ֿ٭ُؕٚوDNAכ׾׿ׂיַחזׂמ˟˟

ַע
⦇؅餉㕙׻ם׊מ

סַַ
֐כֿ׽ֵ

RNA٭ُؕٚو

RNAכ٭ُؕٚوDNAَْٛٚح٭

3˖

5˖

RNAַֹכ٭ُؕٚو餉㕙ֿךסג׀ךDNAَْٛٚעح٭
5˖̜3˕亠⺸מDNAꑷ׽⛼؅㡎׌ױ׀ךֿכ׆׾״ն

DNA؆ל؆ל
邾邮ב׾׌
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舅䄕邾邮

DNAס邾邮ס꤀
ն־׼הלסBכAעס׾׀ךꑷֿء٤ؔظ٭ٛ

5˖

3˖

A

B
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舅䄕邾邮

舅䄕邾邮Ι

Abstract
ӳDNAסր劅塜ց

ӳِزشُت線䐝

ӳغز؛ٝؠؽꢜ⸻線䐝

DNAס線䐝ס❆Ζ

DNAס線䐝ס❆Η

1
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舅䄕邾邮

DNA邾邮تِס㍑鹴亠嫎

ն׌ױ׊כ׾ַיז⛼乃珕؅ך٤ؤخقֿגםֵףֻ❆

䣒הꝴ鷿ֻ׼ג寕׿⪋י׊泡׊׌
䏲ך鐆ײ泡י׊ꝴ鷿׼גיז線塜׊׾׌
׼גזױ׊י䬵ֻ׀乃珕؅傴ֿ־鐍ס☽
նנ׻׌ױ׊線塜׽פז׷

ΖDNAס劅塜
Ηِزشُت線䐝

Θغز؛ٝؠؽ
ꢜ⸻線䐝

DNAס劅塜
DNAס邾邮ע˖̜˖亠⺸ס┉亠鵟车נג׊ךס׾םמն
㲔ס׆עDNA邾邮ךDNAַֹَْٛٚכح٭ꀹ碛ע˟

A AT G C G3˖

5˖

DNAَْٛٚح٭

T A T C
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舅䄕邾邮

DNAס劅塜
ꝴ鷿׀כגזױ׊יׄחז؅ׂغز؛ٝؠؽגז

A AT G C G3˖

5˖

DNAَْٛٚح٭

T A T C A

DNAס劅塜

ն׌ךס׾׌ؠشف

A AT G C G3˖

5˖

DNAَْٛٚح٭

T A T C A
DNAֿَْٛٚح٭儖全ס鶟车亠⺸עכ鴫5-˖3ס˖亠⺸מⳂׂכ׆יז

ꝴ鷿׀כגזױ׊יׄחז؅ׂغز؛ٝؠؽגז
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舅䄕邾邮

DNAَْٛٚح٭

DNAס劅塜
؅׀⥸׾⹦׽⯡؅غز؛ٝؠؽגַחזׂיזꝴ鷿מֹ׻ס׆
DNAס劅塜׌ױצ⽛כն

A AT G C G3˖

5˖
T A T C A

DNAס⟣䐝
ն˟˟׌ױַױ׊י׋榟עتِ׵יז劅塜؅ꯐ䍖׼ַׂ׊־׊
ס碬㛙稗׷⴫㰢擻韬׵י׊כג׿⛼DNA؅כ؆׶המ׿א
䏅ꮶך㙗׵כ׆ֹױ׊י׿ն

ն׌ךס׾ֵכ؆׶הֿّطتبׂ⥸מ侇ם؆א׵ך

7
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舅䄕邾邮

DNAס⟣䐝Ζ 䐝⟢زشُتِ

A GT G C G㤌ꑷ

鈐ꑷ
T A T C G

ֵ Tס注䣆עAמסַםַׄכַם׶׋G׾יזםמ
˟˟ע侇ם؆׆

٤ِز ٤ؼظؓ ٤ؼؓء

C
鈐ꑷ⩕չֵגזDNA 㤌ꑷ鈐ꑷג׿׼⛼מ⩕؅RNA

DNAס⟣䐝Ζ 䐝⟢زشُتِ

A C G㤌ꑷ

鈐ꑷ
T A T C G

ֵ Tס注䣆עAמסַםַׄכַם׶׋G׾יזםמ
˟˟ע侇ם؆׆

٤ِز ٤ؼظؓ ٤ؼؓء

┉份⯡ꢜי׊

C
GT G
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DNAס⟣䐝Ζ 䐝⟢زشُتِ

A AT G C G㤌ꑷ

鈐ꑷ
T A T C G

ֵ Tס注䣆עAמסַםַׄכַם׶׋G׾יזםמ
˟˟ע侇ם؆׆

٤ِز ٤ؼظؓ ٤ؼؓء

┉份⯡ꢜי׊׽⛼גױ泡׌ն
ն׌ךײ磝☼ס線䐝زشُتֿِ׿׆

C

DNAס⟣䐝Ζ 䐝⟢زشُتِ

A GT G C G㤌ꑷ

鈐ꑷ
T A T C G

˟˟מײםה
ր㤌ꑷցכր鈐ꑷցֹל⵱⮯־ֹ׺׊ךס׾ַי׊

C

11
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舅䄕邾邮

DNAס⟣䐝Ζ 䐝⟢زشُتِ

A GT G C G㤌ꑷ

鈐ꑷ
T A T C G

˟˟מײםה
ր㤌ꑷցכր鈐ꑷցֹל⵱⮯־ֹ׺׊ךס׾ַי׊

C

儖䎎ע鈐ꑷ؅墦מסגז־ג׊㤌ꑷס亠؅墦זױ׊י׊
նנ׻׌ױַױ׊יז鿥⮛ֿ㚺؂׼ג

DNAס⟣䐝Ζ 䐝⟢زشُتِ

A GT G C G㤌ꑷ

鈐ꑷ
T A T C G

㲔עغز؛ٝؠؽע׼־יזֵֿ׀ך㵼׊侇ꝴֿ磬鷨כ׾׌
ն׌ױ׿׈⴫ٜزْ

C
زْٜ

CH3

13
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舅䄕邾邮

DNAס⟣䐝Ζ 䐝⟢زشُتِ

A GT G C G㤌ꑷ

鈐ꑷ
T A T C G

㲔עغز؛ٝؠؽע׼־יזֵֿ׀ך㵼׊侇ꝴֿ磬鷨כ׾׌
ն׌ױ׿׈⴫ٜزْ

C
زْٜ

CH3

亠ֿ鈐ꑷ׾י׿׈⴫ٜزْךסם
㤌ꑷַ׊亠ֿ二ַםַי׿׈⴫ٜزْ

ն׌ױ׊⮯⵱כ

DNAס⟣䐝Η ꢜ⸻⟣䐝غز؛ٝؠؽ
碬㛙稗؅容כ׾צ鹦⚥＝╈٤ةِٛمד؆┾ס攐מ٤ِزמ
㛡ַֿ٤ةِٛم⺱㚖׌ױ׽ֵֿכ׆ֹױ׊יַחזׂךն

A TG T C G㤌ꑷ

鈐ꑷ
T CC A A G

◅ꄆ⛮׾⛼؅
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舅䄕邾邮

DNAס⟣䐝Η ꢜ⸻⟣䐝غز؛ٝؠؽ
׽׆ꢜ⸻線䐝ֿ颯غز؛ٝؠؽעמ侇ם؆א

A TG T C G㤌ꑷ

鈐ꑷ
T CC A A G

⸻ꀹ碛ֿꢜַֹכح٭ؓٝؠؽ

DNAס⟣䐝Η ꢜ⸻⟣䐝غز؛ٝؠؽ
׽׆ꢜ⸻線䐝ֿ颯غز؛ٝؠؽעמ侇ם؆א

A TG T C G㤌ꑷ

鈐ꑷ
T CC A A G

ն׌ױ׿׈泡׽⛼גױֿ⮆鼧סא
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舅䄕邾邮

㕙⺬ג׿׼ײ䡗樟䅻ֿ⺬ך糋⛣ס×
ն־׿לע⮆鼧׾׿׈了⮉יַֽמ䐝⟢زشُتِ

5˖
3˖

3˖
5˖

Ζ Θ
Η

Ι Κ ΖכΙ
ΘכΚ
ΙכΚ
ΖכΘ
ΗכΚ
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