PB6E BEIEM2TEM
$£1% DNA EXENEEME

Q@ =

1B ZBES> AHKGE@ME G ER
(RBAT ) AR A RE ARG S, BEER”S fRCEE AR
BEERINE,AAYS REARPRTENMSMRMNE, M C
SRBEBRTENABSUERNE, BERTREREEATNLH
HATHETEAR, D EETRBREEMEDH TP, AL,
AUCARCHABITE R 7% T2 WEK, T RAERE KRN E
B RN REHARIC, A $1R, RIB N 81 4E, S EE K
BRERRIKBHEMAEAN, BHT S FRCHEEREE RN
EARMNE, TR ERSEBELEABITHE, B A LERYE
BERRMEHE, A it BOMER T EEL E RS L&
WEE SR E B P RO TS, BE AN E S R
EARENESHENE, BH AR —EHIEEDTH,
I R@F RS = SBINEMRITLET R F A, C
R, ALK ACSAREH T2 BEERRLTP fRc K BFE, T
RIEEERH DNA HREBEH, AP ARCH B X EHR AR,
AEEROABITEREBESINFRERFIEXYESEP,D
iR,

2.A EZBE>T2HARGRmME TR
(RRAFIT2 AR T AR AN TR ERRE B EH
e, FUb R E R TP K F TEBUS I HILE T2 R AR
B, A F# T2 REARRS R B ERES, M RSHRNR
&5 mRNA FIEA T, B $851% ;T2 WE AR L I FEERBITE
AN RS, LEEABTE P EFIMILE,C HiR, ARRS
FIREYI B RNA, M T2 BEE A RS &9 i@ DNA,D $51R,

3B ZRRA B A ST K AR RSN AL S T
(RRAR) FI6 N EF R VMR ARERERE SR, A TAERE
MEE, TRESE] S BN, A SR 2RSS R BE A EH R,
FiT DNA KR, A% A4, REGH RN E R B4
®,B E#18H . 2B BRE, BT 7 DNA 8, 7K DNA,
B R AAEHTEFTEASERAME S BME,C 4R, S &
BEIXPEBESHAS, ZEOREE R AR NE S BAEE
REGRAEE T, RNk S H R F"— T2 DNA,D

Hixo

Hﬁ%ﬁiﬁ%%%%ﬂﬁﬁ‘]%%ﬁ

(1) FIEAEH R AEEEE WAL, AR D EB R BAE
AL S B .

(2) ZRR NI S WAH P BRM " HURET" B &L
BT HEARTEE.

4.B ZESHRZEAED R FE
(#RAT) DNA ES5E% S ZUZRE 19 DNA JK A%, Fr LUK R VR4
5 S ZURE R DNA #1 DNA BS RS 555%, KRERBEFELRE
R BB 4K, A DNA KRG R & TIRIEHUS, A E#,7S
CHERREARNEAQR, AN ERERE O, REN LERT
MBS RS, AR REREANE S BUR BN AR A,
ZEREENFERRRE, TSR BEXREYREF AR



| nuan F) 2534 )
%5, B 5% BMNEEEMRIT RO E H A RNA B FE,
LR ZIAE R MBI, i BB RNA BREN T, HEL
% H9 RNA T8 2R EM R, C IE# ;52 B N 471 DNA 1
RKEFEZFRES N POERER, =N LR 5, DNA
ST 3%, #H5F 8 DNA /7, RIFLRBEH/ RN T A,

2 1
2N f DNA (5§ DNA BEE = Ft 2= RHEE, 2 N 5

DNA 5 DNA S35t 5 DNA 5 F 9B B3 R L RE ),

D T,
( EEERERETENLEFTEANRAS

BELE AT DNA 2B EY .
(2) AR EREARME U LR MEEARRERBTEALE
o AIERS DNA 2824 5, R AR DNA B = ZREE Y

@D =

1B ZREA 15 EARI— K4k 2k ) 4540 52 B0 09 LR 5 A7
(BT AR AWM IIE S WAEES REVAFENERSH, A
I RBEEIR BN GE DNA 0 F B EZERFS, M B F
WA DNA/N A 285, B 1% R ZUAE A0 S TV Y
DNA #BZ k2544, WHE 7> F IR B8 B 5 B 4R 24 5 T IR IE 8
£, BHBIASHE,C B K S TUAE N DNA 5 R 2R
RERFE, BT RARRES A EOHN, LM R WEE
REF AR S BUAHE D [E#,
iﬂ%ﬂ’ﬂi)ﬁ%%iéﬂﬁﬂE%?&’E:Hfﬁﬁééﬁfﬁ

BN T S AR DNA R ERE AR R ZUAE R DNA 1,
EREMPRE THFNREES, BT X EHNERESR,

2.D ZES -EAKZEMA G EE

[ BBAR ) TM4 BEE R4S AR1C /BB L R W ARIC AP A EHE 51
E, T BT spk7 B H, RE A EIMCNEE RERRIRE
FRER B NE, R B O R U MR R LR,
A EERPRE LB EX S, A EH; Rk stpk7 B 1L
YRS TM4A BEER R RRR BT 88 70, Bl bk R BBk sipK7 ¢H ) TM4 BT
R UEH AP FRICH DNA SF ABHE D RAT B AE R, 8k
stpK7 MIBLIE S BATE AN REK TM4 BRERIR B, T 5 P 4Ri2 Y
TM4 BB A R) DNA et ANBESEMEAT &, B L 70 E 90 R 0
3R 5 A B stpK7 (BAR T AR BBk stpK7 4B, B IEHH RWARICH
TM4 BE R R P ARIC IR BB stpK7 BIBEIR A AT B, 1k
BIRR) DNA SEA IR A JEF) 78 E 40 7P FRic fU BRI 17
DNA £, 1248 DNA FREBEH NS, TR TM4 TR E KT
DNA #755H P #3ic,C IE#5; AARARICH TM4 227S FRi2 IR
BB stpK7 BIBLSR D AAT B, TM4 BE R T AR B 78 B3R 4504
B A DNA, BRI BB EAIPHMYS fRicY RE M 7R
WEANEARNE, TREHIUME M, BI2E7S FRiC /I8
K stpK7 FOBLYR 53 A #F & B, TM4 3] UK B 7 BE 3R 9> B AT B
£, % DNA SENBHRE AT E F, Bk B TM4 T3k =4 F
,D iR,
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SR 2 S Y SE 0 T B S AR D

RE, FHREE
RhENEE

BT R

ATy

FiEaR, ‘
FRUEE BhF L
hREE

FRICDNAFIR
BE, FRIE
HAEEE

HETF Bk
AL M

3. (1) D&®WEF ODNA B (DNA kfRlE) E— (2) OC
QARBHE B SHABIE (FIRCHXBEITE) LEFR
FMTEY GBD  (3)miE FRE M+RNA KEES+E GRS 5
E TEOIBEBIFRE M HBESIAENHFEM
SRS R A — AR R AR IRk
(#847) (1) O EEBBIIHAEKENENENIE,BHE S
MR R HFER M ERCR T, 884 R WA EFEZLAL S RAHE.
QBRFTRYHFELWHNEALR, LRERERE R B
EMHRES S EURNABERNMES, AKHT R 24HE,
WA S BUANE ORI B S RS DNA, E I AKX
DNA B, % 2B T —4,

(2) ORI REMEMN LR, LIRS 7P 4 BlFRiCHE
BhR-BEEREXBITE B 00 B AN, 5UE
%2 bade,C EH, QEBEAREFEESE"S tRCHRER, T
EAETS NEFRERFAGTH, BAREEEELE"S K
AT B, SRR EA, 5 A7 H FRiC 0 T2 IR A X R LA BT E,
Y T2 A A 5 AN DNA #8324 H ARiS, A B/ O B ST
MELET EERITEY . OREAREEERE &, &M
MR B A 75 MR B R 1) DNA FIB R R A R, ik BD,
B)OZLEMENR " RERE M NRLZYHRZ DNA K2
RNA" , LA BT 2 2% A BT X F2 & 5 FFs, DNA B8
BEfE1 DNA JKf% , RNA Fea2 ek RNA KR, kB A 2R
BEMAELT M, LW PRI A KEREZRS®, FiL,
ZE Wz BRRERE, RELEEITHE—TERNTHE
W, CARMIEFT 2R E M+RNA KEE+HEBHERE, @
FETHERRPRBE M 2 DNA %5, M B AT DNA 3K,
THABEEHS M, M1 C AT RNA KARES 6L K iR
DNA, T 2 BB KERNKS M,

£27 DNA RUEIHISH)
Q@ =

s

(MRAR) X AN BB 3542 1 DNA SR e ) > 37, R R e 2
JARE):DNA KEEH &8 4 M ERER, 58 A T.G.C 4
WE,ABR, ARMETER LI T DNA IR 444,18 7
DNA $REBEHIN R, B IE4; AR A, Z18jE DNA &3}
FERN LK, B AN R BRI e A9 FR B0 T 5 = 2 5E DNA 1972
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M B E K58, =125 DNA F9T AL T 4EBEAS DNA & HIF1H0HI &
RFIFRIA,C IEH; =925 DNA FIDURHE DNA (IE A B LE2
M EAZAE SRR B H SR, D E#,

2.D  ZIAE > DNA Rk 2 AL A
(884 ) 2 AR5 AR R IE AN, —3& 2 (8] o] I B AMEE XY,
b, FEADE U5 DNA 1, {4 &9 2 F1 70 AL B B B8 B S T
DNA BUZHe SN, BT S8 3, A IE#; & DNA &Y,
EYRT B ERER A K FEHE P DNA 2> FHI5MU, H A%
DNA (IEAEZR,B E#, 2 A PBRBRES TR EZEL,
THEAE N5 DNA 2 845 DNA, B (BB ER) 5T (B
FE)HE—EES,CEH,ATCS56CxEB=1a8
EEASTZEERNERER, Fl BERKENT ML,
REVNEHEZEHDGE DNA, EMEZEYERELS—THE,D
%Eilio

3.B SR 15 83 IR—DNA HF 69kt A
(BATIDNA 57 SR SRamE M E 2 2 HHEE D
N 56% , WIERIZNS 5 B AR W Ie MU B8 = F1 5 2 305 2 25
44% , EAMBE Z FITE B P L ERS, At g P RER S
BOBRIERNE FEE = 0 (S Z SRR DB 44% , A TEH ARIBHE

S AR $671 B R o= B IR o SR

LA EILE B2 1-56%-28% = 16% ,C TE#5; /N[E) 4 49K DNA

5T R EAER B2 AR, B2 IR, e

(E6K31 T TS DNA 4 F B S0, D 48,
CEEY ons smzsamitnae

(1) ll\l 'I;I CI1 (;71
! ! ! !
T, A, G, Cy

FX%_EP BEXNRERERS: J

A=T(A=T,, AZ_TI)
G=C(G 702,027 )
/4 |
( A+G N e A2+T2 A4T EﬁI l AHGy _ TG,
T+C ,1+C1 (}2+C2 C+C T+C;,  Ayx+G,
4 J
DNARX%‘LEP. 1012574 DNAZ, DNAEEFR : B
F=lEer M=2mE | | g BXY | | (&SRR
X 50%, EHARERT RIBRE 2 A A Z FIRY EE(E
WEZFMLES T (MEERS | | EAEE

lﬁﬂiiﬁﬂiﬁﬁﬁ
B =b% | > $%§E’JZ1-‘

e SGL%L

ﬁ% METERE, ETRE ﬁﬁm%x

(3)] A _ || BH2%, BAMERO(S—REBFEHEA,
Wik F— KR TAR, FEURE)

4.B  ZRES B RS H— DNA 5F L Alagid A2
(#3A7) 1200 72 5 2= MR IEEE . DNA JE 526 . DNA R 588 3 FEE &
5,A $51R; RIEES /£ DNA & Fid 72 e 2 fE (L W8k DNA e
MER, ZERERE R, RRIT A, il o 45 a8 5 XA EsfL,
B IE%4; DNA T8 5" (e 3'um SE{R, B F EIHFEREE, C IR,
DNA & i th 7 DU A FEE R RN 24K, D $HR
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5B Z#& & I 1F DNA X%k 4 MR

BEDH /) AXRBEBERE EARER" HITHT,
R4 g D st A F ) O R AR R, —RIBR
TRERMNAEETHBMEERD, WA TH,ARDHG6
A ATHEX N 6 3, B C.CHENN 8 X, ZETH
HENEE 14 W, BEREZBENBERN N, AR FE
BEMARE, NEEINEE,

(#RAT ) AR B IR LI R T A J K 1) DNA R & 14 DMEEX,
28 MRS, T S IRA 2 MR R ERE T 1 MIT BT, Rl & 26
MHRBIERE T 2 /TP, A #IR, RBRERMANTH T HRK
B DNA FEES 14 MEEX, G M REZERABFTERMTH
FLRERERZEREZE I MTRITASTHENZEFE2
MITP5T,CE CEHENZEHFE 3 MR, BAFEBIITH
STAEH 28x2+(28-2) +6%2+8%3=118,B IF#; iR B2
B H&KA DNA RS 14 MREXS, HPh& A—THEX 6
X8 C—G JHEX 8 X, FTIARE B H A DNA 2 FABIFRZE/ )
F 4" F,C $51R ; DNA 2 F P, 458 3 inM EARE kR —
MERER,D iR,

Rﬁ%ﬁﬂ “Bn NEEXNE DNA 57" B BT
REIGHR, 7% 4" F DNA, REBWELLHG), Bi<E DNA
DT I RERMEKD T 4" M,

@D E»

1.B oS - ml s e 44
(#8147 )12 DNA 5 BQ#AIEEFZIA 5 -AGTCG-3", NI
WEFFIH 5'-CCACT-3",AFT > 8F 2 MNE%,CHMG g
B3NEH,ZDNA &6 8 MR 9. 13 MER,A F
W, 2O L EREE,5 -AGICG-3"T % 5 -IGTUG-3", D%
A AR S Bl — X B EFI DNA 25 5'-IGTUG-3'/5'-CAACC-3',
B TRGHIBBINF T DNA 24 5'-1GTUG-3'/5'-CAACC-3'
F 5'-GGTTG- 3'/5' — CAACC - 3', & 1 7F £ - GGTTG -/
—CAACC-, E AN A EERANRO,B 712, O FHEE A,
CEATREEMER, ZELXIAREN ~EHF N DNA R K&
HESEN,QHPRELELAERIEER, ZESHEIHN
DNA FERESRIEREM,C B BE A C X4 THREEERNO
BEAMBREFFTER O M HBNRBEREZER, XEXE
REEEANQOEALMBETTIEE 4 MiFE BT E%
TR, Z2IMBEHIHEFRE 10 MBS RWmEREZER,D
F#o

2.D A -BEESH—DNA 5 -F ey 25 5
(R4 ) & 1 AR BB SRR R E 5105 5'-TGCGTATTGG-3" , B B 45
HIGREFS0 3'~ACGCATAACC-5", A TE4% iR1BME 1 BB HERsE
FIREEHEFIIIUT T A0, B R E R ZI A EE N E, B B2 2 AR
AR ACGT, ATl & 2 A4l 5'~-CCAGTGCGCC-3', L 5 #b
HREEFFIA 5'-GGCGCACTGG-3",B IE#; & 1 A7~ DNA
FEBEFRES N SROHEZER, HEF 3 AFTESRRB %
HRMHE N 5x(2°-1)=35(1) ,C E#; & 1 Ff7x DNA FE
HRIEEX C—G B 5, & 2 s DNA R REX C—G B 8
A ATRAE 2 Fronf DNA R SR8 D E5%, D $51R,
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3.CD  Zeffis B AW —DNA 5 F L4 5 XL £ B
(AT ) ZLEF AEESES D EATLERX N EEAER
TCERHEIDNAA iR, BIRALREBEH, HEQOAERNEZ
RAFHITHE,DNA S5 7 X, BEHIEHXEQHR DNA — ¥ fF
B, AT 38, B $5R; A HIMT DNA EHI R, BEAET
BEBENH,CLERBEPEDERRER, EHLRBEH,
FHRZEMDNA —FFF, —Ff7F £5,C EH; "N 5N
PR A S, Z LR MRS M E P E,D T,

4.D  #ZZH > DNA 5F o9 L4
(AT ) R d 4HAE 2  REN1Z DNA 0395 4N, b FH %«
DEEHYARY, a AP REEECH N, 42 DNA Hh 2N, 1Z 4
BT BEAN TR BN 58 — R > B nT ER S P E U BRI A IR AR T 6
FHITT —RBLNE, BHTRES B, RYNERAMN—
MAERBRLEEBTP R, 2 — X BLHEE, TENE N
BRAMMEHE — N ERREREAE P 2, BEELEHK R
B —% DNA 947 P R0, Z R4 S 3 TR B D 2, 52 A 2
B, BRI E R &R E BEETP trig, B TIERR
FRERE,BEE—ADHIERBLEAEHRAS, AR a 4
FITTRE ST 0.1 T 2 &1 B 8BRS P, A FH#io b ARG IR
0 2N, 4% DNA 53 F#0h 2N, TT e A0 TR E R 3 E sk
B, TTEEH 0.1 5 2 £ EBESYP,B Ef, ¢ MR e A
4 2N, 42 DNA 53 FHh AN, TJeE A0 TR 4 5 ZeTH R, th o)
BT REME RN HEH, ELTELH G P, c
IFEE 4 5 DNA B8 E7P, Z4 T REE—ANE, FHEEBER
TH2%DNA BHE"P, BEAERBE RN EMPALETE
#,MTEEH 3 4 DNA B9 57P,C T, d AEEEIEEA
AN SN FHR2HBFIE AR, BT DNA EBF X REBEFNGS
AL UERSA 4 4 DNA 7 &7%P,D $41%,

5.C ZR@A B ASH—DNA 5F 8 54
(84T ) DNA RIEALA i S8 7 4 B EAZHEAZ B2, X DNA S 5T
BEEDGEZERA R, FIBFERE, A IEH, DNA EH14
HREBE 4], DNA BB AEF L DNA 88 AR & i H B 4N g, B
IE# R REMEFAITE R DNA BEEHAR L@, 7
TREEMH N R, MBS, KAZEL KRS
Fa e BB R B E HIA 4, B DNA S 4IRS 2 DNA /35,
DNA BEEIENRENS, XFE MU S, C $51%; DNA £ )
B2 DNA BREES ML, & 78 5000 S 4 B o Bl oK, ax Lk
PR EER DNA BEES 2, AR AT 2, AR B R
BEB TN, A EFRTENSZEE . O<Q<®),D F#i,

6.D ZeEEA A ASH—DNA LAk EEAEEELGEE
(#847 ) DNA S %IFF,DNA BEEAE AR BN EZ TR
EERICENREZTRE -, MR RS, A R, 8T
PNRERBERLIMETHE DNA EHEAMVE, TEE
HABATE DNA EHESRAEHN%R,B HiR, " BEEH
R rER IR AN S, R MR, AEE 1 T4,
his BEHIAR SR, A EEEEHESRIT, AKX GTE
DNA S SR AR T his ML, C 8512, HEE 1 T4, his &
PSR, oyrA Forp 2R B DNRENE S, EE58 T
B X SR T HEN AR F EGE - his AT tyrd # op 2/8),D F#,
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HEEY DNA S FEsIH TR

(1) fRhe . e mI/E AT , DNA XU MR TT

(2) BRTaE: U S — S B8 A AR AR, DU A U Fp A &
BEBRARM, BEFHETNESEN, FELBENERT, &
BE 5% E AT,

(3) A 71K DNA. B & 75 H 3 & A B 5528 e B e 45
4, MR 2 53R DNA 2 HE R FR DNA 55F,

7.D  ZEEA -15 EARI—MI3 S kR AE i S

FERIE /) JRETT A, M13 BRE 1AM DNA 2 8 55 3Rk
DNA, HEBEMEANS BT EARAKRBTEE LA R
HEHIEINEE DNA BT RN E S, RI7E M13 RE R AR
4 DNA SRS F— &85 (5 EYI—A 10, =& BEn
VIR RN MRS, RSB T DNA BARNRL
T, 5B — 5 3 5 R 1 8 AR R BT S A B B TF % o

(BT O BRFELEMEI MRS SFHEM, E5REBIE
A, EROANTES Y, A iR, 1% DNA 55 F 6 407 MxE
BRE B EEIR DNA, HAR T AT EQ~OF EWH 2 MR
TEREE, — AN 6 409 MR —ESHE, B HBiR IBAE T M, i
ROBEBHEITK DNA 2Q~®F 4 SSB a R, 13718
Q@~@H#FEMEI DNA $ 557 T2 5 E DNA #1,C $51%;SSB
254 DNA £ 5F 5, AR T A SSB (1 B2 DAY Ik R IT
RO & s AN EE, FF DNA E%),D IE#,

8.C ZRfli& B A S H—DNA 14 F AUk
(#BA7) AR T 40, PRE (S E75Es ) VB RABM T HE > BH”
BN, HEAERERR —RRGE, A IR, TR R, B YIRS
BHEFEHEM, IREEVIRKRGHEE,DNA BT HiZ
F RO RER 3 Ris e e, N EE514,B 1%, B
TEBTFREEHAM, ERARHEL RN —ToNTRERIH
FIR B &M T 662, T BT PRE OIS S ThAE (O] B4
FIEE,C E#; HE — RAREIEE M S5 DNA BEFIIKA
K&, MZ R FEMRES SR P RTURER,D iR,

F31 EHEPNEREX
QD =

1.0 mEE-1EERR—MiFada

(BAT) AT (52" UCA BHEEAN LI BT, BINE T RF o]
52 S5 ERLLE" T, RF IROURAIZ IEZ BT UGA, ik
FEFAZKER I mRNA E B, A B8, BRI B P, B IOR
mRNA 51, %5077 0 2 M\ mRNA 89 5" 35 (0] 3'3%, B IE44; &
T, MR UGA TR BRFREINLEM, UGA iEAL& L
BT, Fit mRNA MR MEHHRFLHERA RNA 5
UGA F9iR %, C E%, MEFRFERNEQFR, EXLE5RE
BREERERN,D HiRo

@ﬁﬂ%tRNA MEEBZ BRI X R

(1) Z7H 64 Fh, /b AUG BR O] URAS R A R, X B2 1h
BT, CUG #REAZAY T, T DUEA R BRI T, I © 45
FHmai, fHMELT, EREGEE,; UGA EEFEBEALTE
L BRD T, TR BN T O AR B R R,
(2)BE—MBETRERET—MIER, —F (RNA RgEitiz
—MEER,

(3) BFRERT N —MR LR T ( RBEFRE ), TS
— P JLF tRNA 453z,
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2.CD  zZRffs B Ao —i ke 2R E
[ ##47 ) R-loop FH— % mRNA $£.—% DNA 4R $£F01— % DNA
JEARAREELR AL, R—loop M HIAEE A T 5 T = U BL X, A 5
1% ;RNA REFEM A K3 R M IE DNA B4, 4% R-loop 544 0)
RE=[B%5 RNA BB mER K= 1L,B %1%, RNA g H
UK AR RNA, BI1E A F R-loop, fE EL A A mRNA 535 7K % , M
MEM % DNA SHRENIBIELEN, B THFRBEHERLE
MEFRE, C B, BIZEMHH DNA 24525 4 000 NI E,
HAp AFT iz 55 2505 30%, 0 C 1 G & 70%, F itk —
% DNA H4% F CH0 G f92800 2 800 4, T E M B AN
BN, 5 —% DNA 24581 mRNA 245 b4 315 C#1 G &
2 800 ™, FrlAiZ 454 G 1 C £75 2 800x3=8 400 ~,D 1F#fi,

3.C WA -BEEAS—R 2 805 T A dniF
(#847) &8s X 25 RNA BEEs, ZAEBEIRBRTER, N X 1
B AR EREER 3 ik E) 5w, SRRB A BER, Bt
g X N2 RNA BEBEE, A §51R A F8 X A #fhers, Mz ek
DNA EH, AP — T HMEMT B S BeEBs 7 =EE,
A& FHNENS OS5 BEE%s T aER, FEaErTRE,
HOQBMEMTE DNA REBNES S5, X (ERAELE
BT, ETIE R EMITIT,BEEIR,C E#, —MEERTHS
FEBTRE, AL FEM AEHENBRLA—CSHEAN
EEREMHNE,D FHiR,

4.D A ERR—BEHELNER
(BRAT ) IRIBER I 4, dCas9 5K T EETEE, BR B %S DNA
FI8E 1, BB E R CRISPRI & 42 4F F B N7 L BE R — FR 92 W 3¢
RBHM,A 1R BT dCas9 24 Cas9 (ZFRER) PR R E
BRERBEN, 54 Casd WER L, 4575 dCas9 FIER
BEHBRBEENT,B HBIR,; RBEE A E T RN, F0 sgRNA
554 DNA FEE & @ 1T HI4F S, o F1# sgRNA S5 X (/57
2 5'-CCGAUU-3", 1 a $Eh 5> B MR FF)0G 3'-GGCTAA-S5,
C $81%; A B sgRNA U $E X 5 o] 45 & DNA B4R Th 8245
dCas9 T RIEPE R AU &, MTBE IE RNA B EFE RS T A,
CRISPRi T 68381 (FBPE RN EE 4L sk 5 B 35 % H A mRNA 48
RE#EER,D Efo

5C Z@is BAo—AReAR
[ #RAT ) BRI (R DX 174 FURE P U2 —FRASFR 2 52 204K DNA,
4% DNA Reedt T HREBEH, A 5%, HETTH,ATG AEE
D.EFJ FEBEH="THE,EZLFT mRNA £, mRNA
£ 3 MMEBREEMS A, B IR, EE D MER ENEESHHX
MBI FARE,IBSEMNRERN TSt N8R, C E#; %
BA ©X174 FIREY) TR — TR RV S SE IR DNA, 10 S 1R
KRHHEEA—EERE, O FEHRENHRER,D iR,

EEY (mrnsson o7 aams rans
U, 3 = MEBHEE TR BT o
(2) 4% DNA 5 F B HIB FELREBEH .,

() Ry

1.C s> 2 aRR—EIEE
(#BAR ) AR4E" FMR-1 R FORE S A BNFRIE A2 8 (C6G),
EE2F5"TIH, (CGG), EEFFINT FMR-1 £ F mRNA &
IREER 33, X7 mRNA f) 5'3% , 25 5 AS mRNA ZE{H 75 B2 M
SRR 3w, A EiR ARIB 0 >200 FOIZE R R RIA T H,
(CGG), FHISE KT LIRS FEMNEEMS FMR-1 ER M




| papn B =53ar)

*,B IR FMR-1 2RI (CGG), FFTK T 62 SE mRNA
(CGG), FHEK, B 5 B R R T & mZFER A E mRNA
R 5'i% 18 3'84T,C B8 ARIBAZ T M, ot X ZEAHI
HNERERTER FMR-1 ERREREN, SBEERELAELEN
T,D $#i%,

2.C zZEfim B A5 H—DNA ¥ AL
(BT ER A AA U NRAKER, EEFTY Aa fI/NRH
AERXAES, WA ZREREL, FEEERE, NEEE
AK,A B, PEACNERTERTLES RNA BEEBES
TREIEEHF,B P, AR A K FERIMERA A EF A3 F
B, RBRIA,CHR, BERAEKRENERSHER 2%,
FRAOAEKTSE : £KE=1: 1,MZBERIREF, HAE
HXBEH7,D Fif,

3.C ZBESPUENELLE
[ fRAT ) I F2 D DL 5% cDNA h#EAR & A W 4k cDNA §id 72,
ZNREREMN 4 MBI EAZER A REKE A DNA,A TE#; AR
TFol A0, MR RS, 24 S 5 cDNA [958 ), R 4R
PriEE A, X R A cDNA DR B &8 Bl kN B BT
K BRI HEENESRILFS,B EH, TRQREFIT
2, %A DNA fU— &5 0 ARG A RNA fIid 72, Zid 2 5
Z RNA BEFs, BT EMIEE (RNA 5 A Mg,
HTRAEREHEBES, U EHN mRNA 2G4 IR
B REFIMFALR,CHER, IROEMEIRRER, 46/
FHAREREREREEN— R R T M, XFHES T ]
HIHMEAK, FERSHZEENELGTRE, EMRHFES
Y8, D E#,

4 A ZEEE BASWT—ARKEHK
[8RAT) R T 40, R LB A E SNRPN EF % F KR X RNA,
KR RNA 5 UBE3A EREF ™4 M mRNA £ &M E A,
T UBE3A BERNESMEAR, X FERANRKEANREE
EWMFIEZME,AFR EEXEE T —PMERLIL, AEE
T R KR T HIMTZ R A B R EER MR ER, B XA
Z+5F,B IE#, % & X RNA #1 mRNA JE i 08 & ¥ K2,
UBE3A BRI FEREEGMERR, 8B ILIZFHN~4%,C
IE#; BT A, SNRPN E RN FHES S8 UBE3A BER R ES
FEB R, &rils SNRPN B[R, L5 UBE3A BRI IMKIK, £15
HAMAET UBE3A ZEESBIEMF S, MR BHATT ZM&E
BEIE R, D FH#,

5D ZRELEEIRIEAL—DNA ¥4
(#847)DNMT 2 DNA REZ£ B, A R ITRR At
A SR AR 1T, A y EREA SRR ZE A A
YHREAERBHTEEREN, FEMEERFSAE,B H
R HEE 2 T, EFEAKA yHREAERFRN mRNA BN 22
KT BHRBELREN mRNA, RFEEAKK vy BREBER
REMKESTRERSE,CHIR;H1E DNMT ERRIK,y HRE
AERPEMKFER, TGNy HFREARLE, KR EFEDN
MLIEB,REATHAER M S, F Uk IE DNMT E R 3k
AP T ERE S B AR, D F#,

i%%iﬁ%%?‘éi%%% BB EFIIREBRRE,
MARDNLETEEZUNIAR, MERBRLEZA, MK
HERETHE, B9, DNA REAL, REAHNERFE TS RNA
REMES, ML AR THFTE mRNA, U AT, &
KT EERANE SR, NHlE T EENRIX,
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6. (1)E2 BEFE—M, RatiR B H I E RIEINHE RNA (dsRNA)
(2)#F E&U2 P9 RNA FTLS BAR mRNA 2 B E B ML

5, BARAT LS E At mRNA BOREE RS (3) m(if])

_/l

8m miRNA ERHEEHELEMMEERE (4)HBF =
WA FE R T, MXIBRATEE
ZES AR R
(#B47) (1) Bs 2 2B L — 1, LR3I 18 R IR W4t RNA
(dsRNA) , Kl BES] 2 RNA FHEAT dsRNA P & 855 50T
N, R AEE S RNA TR
(2) mRNA Z#FEAIEMR, miRNA 77 5 B45 mRNA B 55, # i S
HERL I, B E@E A2 B RNA 2425 E4x mRNA 2 [g]
A AN, BT S E b mRNA A9 E B MR, K tid
BR@E 51K 2 52 B #r mRNA KfZ, AN EEKAEEfth mRNA,

3)IRERE m A, HIZEREERWEMNL BN n, R ZER

E‘ﬂﬁ)&%%%ﬁl%%,%%—Eﬁ%ﬁiﬁ%?ﬁ&ﬁ’ﬂ DNA J7 &, DNA

HFHA=T,G=C,A+C=T+G=50%, & It BB £ B H
%(%) "”z"‘(i‘l) (), %3 RE4HI=H DNA B 8 4,
W3 4 R0 ) R B BRIE R B BT R 0 2 xm = 8m ()
miRNA S5 JB - DNA , 5714 75 B S BB B ARIB IR , 77 miRNA
P& B AZAEF R IELE
4) %7 DNMT £ miRNA if , B SR ZE B 0950 2 7 531,
HEHFUFEROERBR , EASRaWt T, TAST
BB B S , FERTHR mRNA (0TIt 72 ch S BT 88, ek
40 mRNA T ENS T HBFT, BEH"REFRLLENS)
EEFE, SHBBY ROEREERNES LS, HFAD
%o oSSBT 51 7 DNA FEAEF5HS ( DNMT) £ 9 miRNA, &
251 DNA SE4£ 7585 ( DNMT) 2 [ (0 81 7% 13 72, R 42 2 DNA
FRELAL TSR S AL P A 1R/ B B DNA L5, B4 7 DNA
RS, MR AN SR B ES LS, Fix BAREE

g, 2R, 8 ‘ﬂl*ﬁamw)

,AL ﬁ%'J ﬁi_}‘%% %'J

G

iiliES
44

]ﬂf

=154 Hféft pNA R pN A 2 e

DNAESE B CA RNAEE 2

=

AN 5 {9 a 3 o T S e S HE B o

FEL|RNAKS & |E
1 | (RE5) C EAR

RNA 53
5 rva 222 2 (OB iR g
25

SEZEAEH

QD=

1.C ZRElE B RS H—DNA 25 89 2 4]
(##47) DNA EHIN FERIE, BEGDEH FMNEIHE /BN
R EFIEMESE, ERTH,6 SHESIBR/N, X 6 SiEMh
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SUERREMIEN,A TH, 88K EME ,DNA HBiiEE, s
REE AT FY, S84805% 0, BRI T DNA #2jE,B E#, F
FEANEF5E > [5)38 1B A A B AN ST R, P 45 B Sk R B B AR
X, EHE PR E DNA I FREQNFEFFIh B, CHE
1R;1% DNA 2285, % DNA H a5 2 NEHF, TURS
DNA EHIH%E,D P,

2.C ZAEERR—ARGEZ
(FBAT) BRI ST 40, H0%) CsrB B R A F 4 CstB R, {3 CsrA
EZ5 glg mRNA BEEHARENR, REBEZRBSE
fiZ glg mRNA , glg HFRUZHA, S E CsrB BRI, CorA B
BEZHE glg mRNA A FIAREERN AN, A TH,C i
R KR, CsrA BEA TS glg mRNA 3 F, th T 45 & CsiB,
Itt,CstB 5 glg mRNA ZH454 CsrA BE, B FH#; BREFRA,
RNA BEFPRATE G ERNN B FXEMTBshiE %, D
FHio

3.CD  Zas B Ao H—EAiE L

HERRE / RESTTH, BREFHEICERZDERER
B BRFPDCERAEFRFREM, RPEALERS T
A 2 FTe TELE A FITTNELR a 458 4 K F B A K
GREE BN BN (EKIEER) , BRMLIEE (EKRE)

(BT ERLXERENE WEFFIEBENET, RIER 7 HED
ICEEE,A EREEFIRITAE,A FH; BEFRFEAE
BRPENEAEMYF T, EE T RENCERARER KXFEL,
WRFHENCEZARRBEM, BRH A BRKFENL, T
MEERBERMN A EFRRBEHERT,BIEH; FREBEERNE
RIEH Aa, BRIEAE, RESHRARE L EREHXHNERSR
B, BEFREMHNERTERRK,CHIR, FRERERES Aa’,
FARTFERBRLEN A a’ =11, BREFRI A A'a, =4
PIEFERB B, Aa=1:1, AT HEEMHERREE
B, FTAFRNRERE R LG AN (EKIEBR) :Aa' (£K
EER) Aa( AKEHRBER) raa’ (A KHREAR)=1:1:1:1,80F
RADMROREREGIAEKEFER AKFFER=1:1,D iR,

4.ACD  Ze@fis 15 B4R —am ey 51 b5 A B oy R ik
(AR ) TR T A, “FIEAME M MR RERERF &
(HE)TE,BRAKFEMNIER, FEETTHN, ZURE
Swl EFRPIFRIAB X, MARS U EREFEFMERIENER, K
Sul BERSERN FIEE" NRESHBSCRERE,A E
o EERITH, MEMEMET Sxl B FRIA G SH msl-2 55,15
A Sxl B RIEIS IS msl-2 FYFRIK, #E M mle msl-1 F0 msl-3
EARESHREREME, N X REAEREMAKTEHE,B #
Ro PEEITTAL, MEMMAE S X LK, BH X R EAEAK
PSR IEMENMEE 1 & X 2 EBE, BERCERSKEREXE, 17
SR, MR NME X B AR ERE,E X REAR EEEERD
FIXETEEAMEE,C Fih, F1Z" FIEME"H74, T BIER
18 ( XXX) X B AN FKER NS T XX B, 5o B g R ig
(XXX)EAERANFTKXET T U —HE U FIEHME",D
E#,

Q (==

1.C @S> T2 A K2 XA 6 £
(RBAF ] T2 B AR R A AT R A, H DNA EAKBATE F, M
EAFINEBAERBIFEN, FFEAKRBFRE P A DNA 7/E24
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AR, B AT DNA XA E S Rishx, A B B, BEK A 5
7 RNA 588, C iR B AUV IR RNA DUK AT E B9 48
wHpAT, AREEFSNE,D E#,

LEEEEY T wmE A RR A BT EN, R T2 E AN
DNA HAKRBAAE T, AR E TR AL TR ER
EHEH,

2.B &EA A EH R mE e
(AT ) A — MR ERLEHENRS, EF4 45 HE
FEFTEREANER (WZER . SER) MEESHBRTEEIH,
ADF#H, ERRTERNEEHN,B HIR; hEHAMREIE £
Mz BREDSENREZ BEREZMRRAHHHCIILRE,
R AT E T B AR KB NEFI S P EEN,C i,

3.D A4S > DNA 89 5 Hlfe btk
(#BAT)DNA S5, i EZHRIBI B — Rl 7 5%, A
IR EHIET, A BIR A8 IR ED T, BREEES 1% DNA L5 A7
F o HA—%AH S mE 3 mREE, 7 —5%AH 3 mE 5 iR
¥E,B IR, 2 3AT, RNA BB 5 ES 5 DNA WAL BRI, TN 2T
g,C $51%, DNA BBA5FEF] RNA BAES RI/E A FHERSER 3/
U, {5 F $EH0 RNA (R 5" 1) 3" 3 318, D TE#f

4.D HES AR EYIR
(BRAT)S ZUMM AR HEKE R4, HR Y HRE DNA, T EHFAT
PIZ X ( RBVERRAIRGE DNA ), Bk 7 78 FHAZIASM gy /N
IR DNAL#E S A AR WMIRKE MR EY R T EB I NZX W
DNA Z3B 457K, A 1R KRB UNEMEXRABZ4E Y, Hi
EY IR DNA( 54k & af T A A4 i 2 ,DNA 2 £ %69
WS A4 RNA ¢ 24, L3549 i 2 RNA) B $51R;
REEMREY, BHERSENREY B FREEHE
BREEE, MARKEREER,CHR HEREZLEY, H
AR RIIR Z Y T2 DNA, ¥IH K E o] =4 4 ML EZE
B (% % % . DNA Bp BLEAZ AR , L R KR = M 8 6 AF, 2 3
ABLAMAE BB 4 A4 Rk ) D IERR.

5B #fis > DNA a9 Z #idAe
[ #BAT] K 54T E DNA U AR e 454, HE H 7730 8 1R
BEHl, KBHTEESHE H-HEXFRITRPEIR, 4% DNA
E 1 REHIR, H-F AT B AT H S R DNA B3 (75)
L, F SRS N H-B AL, St DNA Mt Bk e, B
AET M, KT E A% DNA 58 2 X & ®iR, KiOREIEE &
S5, B0, XEQANTFEF IR, XFOPRELHENE
BFHERE, REQOF—£%SHF ' H, 3—&£%A2'H, 8%
®,B IE#,A.C.D 1R,

6.C @i > DNA &4 AWt
(R4 ) B E 0T 41, B8 E f91E A2 DNA 57 H iEmsie il |
ZHBRAE,A 1R ; DNA 2 REBESIBEMMRN FHITZEE
HEREEN, A FRERNZ DNA FRBEHNER > —,B &
R HARTM,50 SEMNAREER A DNA RFEHMHNES
Limit 3 ZEINBEREMER K, IRARET 625/ & DNA
FRENMZRMNEERRK,C FH; DNA FENFERXHEZETR
T E REEM, IR A X DNA Ui E 57,18 DNA FRE4 T
B MERMIE, M mAE Y MEARE, D 1R,

7.B @A AR A7 5 DNA H 4
[ fRAT) R WA DNA |, D EREBREL KK TS
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BI2NMFEBARLFS, AE 5L IEBBTFHREFS, K
D BERMFELH 152x3+3=459 (1), A $51%, IBAE T A, E
RERARIGE 2 ML 3 DMRERNEEFZIA 5'-CTACGC-3',
HR¥EE*h DNA 5% DNA (6 F 17 R 565 B AN RN BT 40, &
E* DNA E%I2 5'-GCGTAC-3',B [F#i. DNA S4IHRK 2 4
MR SAXEZER,C 812, D ERF E ERARBX ESBEHD
FHNEBUE S A—5, FRARAAHNEERFFIEE,D $HiR,

C &EmA DNAWAM AREE

(FBAT) AR T H, R ERVIBREE (NER) 2R LI EHRHH
DNA fr BRI BB AL VIBR IS, FE VIR X B BB 5T & FUHT Y DNA 7 B
TS , BERFIESA DNA BEHE, A [E4; DNA S FHHOTE
772 5 i R 3'3% , ATDURAMR OB, STeE & A 5" 31
FrE#t 7, B IEHH; DNA BEEM G L £ /5, R7E DNA & FIgTs 1T
B8  MEEEEEEE, L —X DNA EE®I%N, RGBS
BWRER , WHIAA, C 3R RENREH T RE—ERAREHR
R, MR—MRRUE, FEBTEETH,XP BE NER EER
GIFIEGREE , NEEE 2 K IMNE S| K B DNA 6, B DABE F 4% 1%
K, XP BELFHLAERKENRET ARETRRBEE,D
1,

D #&Eid > DNA #92 #4= DNA 49 241

(BIT)ARIBESETEE,DNA EF N FHEEHEFRE IR, B
TERPITR 2 X RHEMREEE, BEE ST, BB S8,
QHERK, BPOHBLEMEFEUR, B2 288 S, DR
K, GAQHEh FHEEREENR, A EH; OMOAELER
DNA E#IEMAAEL T, HELEAE, AT Ay =Ty, Ty =
Ay, AR DNA EHIE R R, AR KERS , RIBEE L HE
KRN, AT Aqg+Tg =Ag + Ty, T M AW ZHKEARSE, AT
Ap+Ty 5 Ap+T, T8RS, th O 561" 4E %5, B.C 1E#; DNA &
B, THRQMEMAELE 5 % E 35, RIBEBAE, O 5" HiEE
fENE B, 4RI DNA (IRUIB e 045 A, HF L B MR R G
SEATH, ATAQ%E R 3 iRiR R fRie 5 |, Q#ERRSE = 5/ %18
[ fERE T, D $EiR,

10.D SEE ARG REAL AR

11.

12.

(B ) X IR P RE T RN TN A—U T—A C—GC,
C—C,BHiF R NP A—U U—A C—GC GC—C, _EFEFTH
EeXd AR AN, A IE# ;55K A RNA BRSSO 2 {t DNA X4 g
FFIE RNA & 5%, B IE#; 46 DNA FREL T 14 2 H
K,y MAYRE, B TRIEEIFLE,C EH; ZERS
mRNA 555, EEEA B 1 (RNA 550 5,D $51R,
D @& AMEE mAeET

(#RAR) BB 0T 40, Uk FE T R A2 PG EAMA R T
FE, TEEEIEE D, FRER shl PRIE B, MRt AlE
MR RBETRNRE,D FEHR,

A S B

(84T ) mRNA _E55E A7 2 A9 E C 7EABAESMER THEANH
B U, M 741 BRF UAA, UIZAT B AR mRNA 3 /7 69
BT h CAA  BRFHOEEL S [ 5'—3', B F mRNA F73]5
Xt R DNA #E4R 52 R B E T H, AL T 40, 5 5'-CAA-3' %15
FE I DNA #8475 543 -GTT-5", B 5'~TTG-3",A TF#,
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FEABMARRPHEZN B EDL TR
BREFHXR,

1) #3x (NE) M7 S H S AMA RNA $E5EHR T8 (5'—3") 48
[, 5 DNA fER 7718 (3'—5") &%

5 BEF 3E$§1‘)§% (D4R
3 VDD y

b Final mhz
134 T &5
I e

TZHERZ LR

(2) BRF{F mRNA £, —MEBFRENNE—HEER,
B-—MEERTENEZMEADLT; RBHEFAT RNA £, 8
B 5B FEE XX,

13.C GE&A-ARMEX
[ #BAT ) mRNA B9FE{R 5 54 5'—3', mRNA 19 5'i% 54 $E 1
3R E B AN, AR R R S M O B B E M A N fsh R
R, W
mRNA
YACAUGU Y

HEEAM: S TCTACA - BRsE
yAGATGT o

EEN: 5’ﬁ3

' TCGACA iRt

W

-
AGCUGU mRNA

B EETM, EEM N R YHNEEFFS NN RESQ
M®,C EH#,
14.D HES-AREAR AWUEE

e [ iR i
~

[iR]

B
DNA y0000000000000000000000 754 . 1] )

mRNA | R B
_/\__
LRNA BEAL
’ltAEﬁﬁf l“‘ﬂﬂﬁﬂc
BREER R

mRNA = EIY

(BRAR) NE R, REALEEELEZEH mRNA L, {155
B, R BEMEIEFITE, A 512, mRNA OEKRE R E (7
EIZEZER, R ENNEE N TZEZE®RE L ,B 518,
REEFZTAN, FEMZIREAR Y H5REMEIHH mRNA
& et BRIk EE, C $51%  DNA VB E R E b sligsk
WIRAERR (7% & AR %245 DNA 7ol R %, 2 4
B ik A R A 2p L A T T4 TGIE),D Eff,
15.C £S5 > DNA 64 5 4145 B Ak

(BBATIDNA N E 5 HF 7 A—T.C—G . T—A G—C B X, %
FEA—UC—GT-AGCHEX,MFHFE A-UC-GC,
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U—A G—C X, = MI BRI FERETARTAER,A FH;
EMBSRE R LT, X E RN E BIAS R &E T AR
W, B A ARG T,B T4, I DURIEE $IA%E R 07~
FAHE RN FS, B A TELFHEHE, ABE~HN
FEBRFIIHESHNRR mRNA UEFSS B LT 8, 6
e HAEIRFS,C 451 ; RNA BEES A EAREER) 3" 3% 8 5%
%, ZAERA mRNA B 5358 3' 3% 50, D F#,

A &SRR R IR SR e X

( BBAT ) B R AT O 21, K6 5 B () 4 3, NKA mRNA 1% 3 Bk
KBEA—2,RZIWA 0.5 h i mRNA AN ERALES T O0h
FF,3 h B mRNA (AN RAEMF Oh B, MESHREO0.5 h
M3 hMENFKAEES 0 h AR, RBZARAEH
NKA £ERFBREASHA, A B2, ARTPEIETHN, NKA EF
XM mRNA SFERE TR S ERD, AR EELRZE
S NKA BEREFTUNEERE,B T, &A@t
Na" R E B 2% T MR P HY, NKA BE A SR8 1Y Na' #535
B MAEF,NKA BEN Sz @2 —fEsict, Rt T#m,
NKA B§TE 4458 & BAMBNSEE TEN T EH B EFE ATP,
C IF#; 50 h AR, HfbAS (8 S A MK Na SR EFEAR, 5S4 40
BB R EE A, A ERER K, ARFREIE A, D F#,

A AR AR e AR BEGYAE R

BEESH / AREDE, mpX REK X BRET V.2 BT
(% upY RE Y BRET X2 WIS mZ RERZBR
BT XY BIES, SHEHESLERIE, EEER AN

srpEa B agry 1 Biamey Blear,
b )7 R B — 7R ST 4B RSN, B o — R 2 Ak
o 15U F 5% 417 B 20 2 0 = A 40 o ) i 15 B L A
Ak

3]

R [E R

pZ BT3RS upYFrpX 53 NTTREE, .
by, B Y B, &
SEEREAEE, 3 e AT
BurpZ 0 BE3 5 \‘ ERREETATL L E X,
%ﬁé)/azﬁ%# " WBRrpXHIEE2 . B3
e EE, THEHXEE
Z P B =fMEsE SRR NERINF AX->YZ, AFH,




