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JIT iR fih 5 B o iR V) 286 P I 0 A% il 2 i PmCDA TR 3 R 3 1 DN AR A4 il 410 1
FIUGT E N ALK R HES 5 i VIZ B an > 512 (14 7 1013 F N 565 1 - 142357 Z 5L P s

2 BURELSR 1T IR i 5 H 1 PR i S A

3. — ML i RS, WA BUR ESR TR AL & 8 .

A4 ANBUMZER 3P IA 1 Bl I A i 2R 48 » FLRFAEAE T« PN R 408 04 s gRNA

5. RIEBUFIEL R 3BLAFT IR 1AL G #: AR e ) EE AL R IB HUA  RIE i A 1A

6. — il F T 35k DA AL B K 5 ) B2 RIE AR, U RB G MR A & 4 hid Rk &
R BOR ZE R 1A AL & 8 A s rid Rk & 4 B fin ool & s Frid st 4 A0 5 sgRNAA
FEFP A 5 P ik B 4H R K A T HE [ n S AN R R A8 P 51 BEAT B 5 46k o

TP ) 2 R A i i 49 10 9 A A 25 B < R ORI 23R 3 4 BT ik 1) ik 22
B A G5 U Pk DR 2 B B 4

8 . — FvHEL ) IR 2L ol ke A5 46 ) 7 925 AUAE AN 2 R RBUR 2 3R 6 Pk 1Y) LA R ik A
S H RIAEDD , SCHURE )5 D 2l A 25 4 o
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10 AR EE K 1 ik 1) i 5 2 9 sl 252 SR 3 i T 2 1) ol A2 s 0k 2R 49 R SR B ik
) B A R B | 2 o B A A UM 5K 6 BT 14 B 2H 3 1 SR B A ZE SR O ik i 1)
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—MIZEE R AR EARETRTIN A

BRARGUE
[0001] AP Je—Fh ) 20 it S LA T DR AL 2 ot ) 12 H

EREA

[0002] CRISPR-Cas9 (the clustered regularly interspaced short palindromic
repeats-CRISPR-associatedprotein 9) F AR IR RE , AR NMmA JIH 3= R 24H 9
PR8N HBR Z M4+ .CRISPR/Cas9protein-RNAK & 418 i [7] F:RNA
(guide RNA) @47 T4 5 I, V)= A DNAXUEE W 24 (DSB, dsDNAbreak) , 1M J& , 4= Pk 2> AR
(1) J5 ZDNAME EHLHIME ZDSB. — M A P A E AL, — Flo JE [R5 K i 4% (NHEJ, non -
homologous endjoining) , —Fj & FJFE EZH (HDR,homology-directed repair) , 85 1F
NLONHEJEE 5 K25, I, B2 ALK indels (insertions or deletions) EbFE
W BB 2 o X T A28 K6 1 25 4, R N HDR R UL S 75 EEDNARR AR , By LA 8 FHHDR Sk LAk
SR B 5 1) N FH 52 AR K PR i)

[0003]  20164F,David LiuflAkihiko Kondo /™35 = 4y BT HRE T P ANAS R AL
I I Bl i 2 46 2% (CBE, cytosine base editor) , iR FHHR 2 0 A A it 2 g e 30
X AN C (BEREBE , Cy tosine) Bl BEAT 48, 10 A 138 5 7 A DSBAN S SIHDRIE &, KK
= T CE#HNT (Bl g , Thymine) B B8 3L 4 55 20 % . PmCDA1 (activation-induced
cytidine deaminase (AID)ortholog from sea lamprey) hfl A& H i £ B H— Fh i e &
fig o 75 BT Y PmCDA 1 4 5 28 1, SpCas9n (D10A) &PmCDAT&UGT (J% 135 g DNAKHE AL, g #4151 ,
uracil DNA glycosylase inhibitor) Bg3EZmiE RGN IR R =, — & F NUGT AT LA
FHIUDG (JRMEWEDNABE (L ,uracil DNAglycosylase) AL TEFRDNAHU (JRIENE , Uracil) ,
— & HSpCasIn (D10A) FEAR G BE L= A VIN, 3 KA B E ML H| B long -patch
BER (base-excision repair) BENLH|, EfHU: GEERL 5 £ W i 1& 5 U : A, SpCas9n
(D10A) 3% 7 45 PmCDA 1Jd it s gRNAZE A7 1| ¥ £, PmCDA L £k, BT % (1) L EEDNA B 1) C o A= s
WGE it 22 S S A2 U 5 38 5 DNAF B B 45U 5 A (BRIERS , Addenine) BEXS , SCGE I DNAK il , e &
fE1RTSARCXS , T SEHL 1 CRITH) %46

[0004]  FEYH ¥ HSpCasOHFAT K I8 4H g B INf A5 — i 1O It 4 254 B, SpCas9n (D10A) 5
PmCDA 1 filt & {8 FH 3547 B 925 4 5, R4 FSpCas9n (D10A) &PmCDA1&UG TH 32 4 45 R i it A AE AT
TEIEAE I Tt B2 XS o B SRAE AN IR T304 , 78 Ja AR AT DL I 8% 70 5 25 B B A7 A, (H2 £
T SO I A AT S AR A B RL AR LR A B YRR L BR o R, PR AR
RN AR Y — BRI AR T M .

RAANE

[0005] AT WYY H 10 2 B8k — ol 7] 22 Bl % SHL A 32 DS 4L i 32 ot o g 12

[0006]  AJHIE ettt 1 Al E 1, b D)% « s 0 A2 o 2= PmCDAT A1 PR 1 I5E DNA
MBI HIFAIUG T B 5 P 3R U1) 2 40 Py B R 6 Py 51 13 I N 55 1 - 142347 IR s o
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[0007] Py ffa s g 1% EF 5 288 PmCDA L W1 5 #1321 5 51 1.3 I N 5 1521 - 172847 28 2 iR Fr
ZINo

[0008]  Ffrid bR % g DNAKRE AL B 1) FRIUGT i 5 31 3R (1) 7 510 13 [ Nt 55 1736 - 183347 Z I IR
Fr7R o

[0009] A% BHIEOR G BTl fl & 8 1 B dm s JE ]

[0010] P iRmh& 2 1 (1) gl 2L 8 BAR T 47 3R B P FI2 H 5 Ui 551721 - 722246 Frows (B
i, 551721 -598947 N V) %I ) 2 A FE K] , 556281 - 690447 Sy it 15 g 4% T i 22 B PmCDA 1 /) 2
T LR, 556926 - 7222457 bR I i DNABE A B 40151 77 UG T () g i L A

[0011] AR — P iE R, O b & HEE .

[0012] Pk RGIE L HEsgRNA.

[0013]  FriksgRNARIAZ B IR 72 #1407 FI R M T FI 1 H D 3 25571 -646 F s o

[0014] AUk BB AR P 0k BT iR Bl 3L g 4 R G010 B A0 ok #i ik Rk & L AL AN i & 40
W RISFTIRR G B H RIS G BT RIEE R RIE TR sgRNAR) R E G B AR v Rk
&,

[0015] % BHIE AR — Foft FH T 25 DR 2H Al 5 4o (1) EEL A SRR 84, AR R B S R R &
Lo TR RIEGH RIETRM AR frid RIEE LB Jo: 4 Frid ok 4 B $E sgRNA
FIEE 1) 5 B i H 20 3208 A4 T 4 ) n AN AS [) B 32 1) R A7 Bl 22 455 48

[0016]  FriksgRNARIAZ H IR 72 #1407 FI R T FI1H D 3 55571 -646 F s o

[0017]  Frik o ik dEpre- tRNA. frifpre - tRNA R T IR /7 4 W 7 R P 5L S
Uity 55 55474 - 5500 B « BTk otk 0 5 5 3 IR Apre - tRNA | BE 1577 41 Flls gRNAR AZ 1R 7
Gl

[0018] DA AT — PR ik & FH i JE 31 H 3 3 U0 21 g () J 6 225 [R] L Y s g A% 7 it 2 Il
PmCDA T %) & A 35k AT A1 FR 1% i DNAKHE A6 01 1) UG T ) G ig S [N Rk . FTid RIE G B 5wk
UALHE B BT B D) Z0 Bl 20 00 5 8 v g 2 T 5 20 g PmCDA T 1 2 i B K] 7 sk g DN A
A BN HIFAIUGT ) G A IS (R RN 2 1k Brid J8 3l B4 0] 25 0sUbq3 A 81 Frik 0sUbg 3
BT BRI E R VN F 51 R I F 52 EH 5 55 1- 1T LA TR o frid 26 107 F B AR R
CaMV35SZ¢ b+ . FriR CaMV35S 2% b (A% B R 7 ZI a0 7 7 R B P A2 H 5 i 55 7229- 742341
B o BT IR V) ZI 8 (1) 4w W 225 (R G0 7 21 R (0 P A2 F B Bty 551721 - 59890 Fir 7 o T o e i A%
H M 2 B PmCDAL ) 2 b 2 DX 0 s F 3R () P F1I2 I B i 55628 1 - 690447 FT 7 o I ik JK 8% g DNA
WA A 1] UG T 2 hi 5 X n 2 91 3R 1 P 312 57 i 56926 - 722267 i s T iR R I8 & FH A
PRI AR P B2 -

[0019] DA BAE—FridRiE &R A A T4 Bshinft o RIE R RIER LB WfKIKHN
JBENT Lo~ Tt LR TF 2 BT SR B - £ BAR ] 90sUB JE 31« BTk 0sU3 J& Bl 7 (1 A% HF
B 7 AN AR T FI1EH S b 55131 -46 T4 AT « TR 2 17 2 BAR T H0sUBZE b7 it
ROsUBZE T I H IR 7 H1 a0 7 5 R B P FI L H D 3 55993 - 12830 f 7 « M ¥ P H an R 1
NI, TR R IE & G HARTT W AR P A1 E S 3 55 13147 - 12834 7

[0020]  Y4EESFHNUNZR 1T /RI , BA AT — Bk B 4 SRk B AR BAR R e T 2R 1) 7 5111 H
5 Uiy 551290 - 871 28 ¥y 5 F1| R 7 51 245 21| 1 FRAR TR

[0021] 7 BH I OR A7 — ki 47 25 OR] 2H Bl 2 5 4 1 O v, 0 d R AP 3R FUR B AR — P

4
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I [P G B FR 0 58 SO ) 3 R 2 ol 2 5 4

[0022] 7 BH B DR — ki 47 2[R 2H B 2 5 6 1) O v, 0 d i R AP 3R K DL BAE— Prid
(1) H A Rk B 3 N B YY), SEIUAE 4 o DR ZH i B 4

[0023] AR BRI 0B , W7 53R 57 51013 H N 55 1 - 142367 Z R P

[0024] A BHIE LRI Pk & 8, 50, Frik il gniE R4, 50, UL B4R — iR A R IE
AR SRR G E A AN M BN 2 B, B, BT IR ) 20 B A A 2 R 2 R e Y S

[0025] DL AT —Frid A & e N B 2L C B # T

[0026] DL _FAT—Frid Frid i) BAR VT Rk A, B8 B AR A] o H AR 7K fg

[0027] A% B S ) %I BsHypaCas9n 5PmCDAL FIUG TGl & MY 2 T Bl gm il 245, K IR
HypaCas9n&PmCDA1&UGI 5 SpCasIn&PmCDAI&UGT AHEL , £EFE AR FLMC © THIIE B e BRI
BUR, R R BE PRI

M+ &35 BF
[0028] &1 NSpCas9In&PmCDA1&UGT 5HypaCasIn&PmCDA1&UGT[IC » THHEIE B # % o
[0029] & 2°4SpCasIn&PmCDA1&UGT 5HypaCas9In&PmCDA1&UGT [t it S 23k % .

= JENSL) S

(00301 AT ) S5 i 51 8 T B0 e b P PR A A A LR AN R 2 A B T o I 3R S e A1) 1 55 B
T3 TR R UL B, 200 H T i o 1 3 St 51 o i 3 A4 k), an e ke ki B, 209 B
HEIAE AR TR 7o T SR A 2 o

[0031]  FIZARHE KA : 226 SCHik - 2 P21, £ e, AL 058, 45 . 4m S HOG i P 5t H A
WS 7K T8 400 ¥ A A RS R R AR D B PR R IE B2 (] VAT Rg e K 52 224l (B 28R , 2017
(2) :48-52. s 2~ AR AT LA MAL ST AR MR 2B 31 A5 o

[0032] " i it 451 o #E AR I PR AR R AR R AR B IR LT8R

[0033] 1

00341 g 245 4 L5751
0sALS CS650 cgegtecatggagatccace
0sCDC48 CS651 gaccagccagegtetggege
OsNRT1.1B CS652 cggecgacggegageaagtgg

[0035]  sjiffsi]1 HypaCas9n&PmCDAL&UGT R 45C  THEKE £ 4 ik %

[0036]  — L[ ZH g AE AR AR ) M 2t

[0037]  1.SpCas9n&PmCDA1&UGT#MA : N L& BT F112R 11 7 511 s B HIR B .

[0038]  JRAIRAIFHINEFE IR = ANRIER:

[0039]  FHI1HESL s 13147 - 12830 ARIEET, HH, 5131-46747 H0sU3 A 3T 1%
TR 71, 55474-55007 Npre- tRNAR L H IR ¥ %1, 25551 -57047 NCS6504E i H IR T 71,
FE571-6460 N sgRNAIAZ T IR /7 51 , 55647 - 72317 Apre- tRNARIAZ H IR [T 41, 25724 -T4341
NCS65 1R fi A% B R 7 91), 25744 - 81947 JysgRNAIK L H R 7 5], £5820-896/i7 ypre - tRNA
IR T 41, 55897 -91647 JyCS6524E ri L H R /7 41, 55917 -99207 N sgRNA I H IR ¥
Hll, 45993 - 128347 H0sU3L 1 T E R T 51

5
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[0040] 31 H5 % £81290-87126 ik & I, Horr, £51290- 300347 40sUbq3 JA 3111
R PP A, 553010- 72782 NSpCasInfI AL H IR 7 1) (AN & 1B % 1) , 57570-81934i%
NPMCDAL A% TR 7 41, 558215-85 1 1A NUGT AL TR 8], 458518-871243 A CaMV35S 24
IE PRI RT3

[0041]  FEAI1EH5 i 58787 -1206447 HFKIE G I, Horhr, 558787~ 10779 4ZmUbi 15 51
ZHEIR T, 5510786~ 1181 LA 1% 2 (AL H R 7 41, 5511812 1206447 J9Nos 2 1E T 1) %
HRRT5,

[0042] 2 .HypaCasIn&PmCDAIRUGTHAR K5 Fr IR M ¥ 511 H 5 5in 551290-8712 (Ri&H 1)
BN 7 5 R e 21 245 2 E FOR JiRL - HypaCa s 9n&PmCDA1&UGT #5448 5 SpCas9n&PmCDA1&
UGT AR B X AN AE T4 SpCasOnf I H IR T 41| (A 1B %65 1) B4 AHypaCasInfi %
HIRITH (A& 24 IE%ENT) .

[0043] A RHFHI2H, HS U1 -171447N0sUbq3 B sl T I H R 751, 551721 -
598947 HypaCasInfi % H IR /751 (A& & 1L H LT , 556281 -690447 PmCDAL 1% T2
FPo, 556926~ 72220 AUCTHI AL H R Fr 41, %7229~ 742337 CaMV35S 2% 1k T IR H IR 551 o
[0044] = FE/KFE A 2H 2 rh b AT 55 IR i

[0045] K525 BB — My £ /) SpCas In&PmCDA1&UGT £ /4 FlHy paCas9n&PmCDA1&UGT 44 4y 1) 4%
HE 40N 25 R 1 -5k AT 4 -

[0046]  1.¥4 & ik T ANAATRILBA4404 (MEHAEY), bifg, CAT#:AC1030) , 15 2 ELH 1R , % H
YEPS% IR R B 7R B 1 , 49 2 B O0D N0 . 2K 1R FE I

[0047] 2 e HU H AWG K FEF 1, R EFh R, KB G , 5500 sONAEN6 S F ik rh, 28°C
i 55 9746 S LA S @A 0 7

[0048] 3.4 D BR215 21 /K A& B A H 2L W A1 20 BR 145 B AR Ll HH IR 1 Omin , B
HLEMT A2 BRI REFRIL |, 25°C NG T3 K (RN & F 100mg /LI 535
VTHINGREFRIE) , R 5 A L R AE T e s 7 2 b (% 50mg /L 2 R [PIN6 G 77 3% , pH5 . 7) 28
CHAME T IRk REFR2 A, e NBT IO B 07 18 5 R B b R AT I e 55 7R 2 F , RIS i
[0049] 4 RN B3I/ R M AW ERADNA, R HIMWFE (57 -
attatgtagcttgtgcgttteg-3" ) FI5|4IR (5 -gatgaagagcttategacgt-3 ) 4 ] 5| Wkt AT
PCRY™ 18 5 K5 SRAF I 3™ 3G 7 Wit AT B i B g Jd P vk, 2 DK 1 S 7= A6 1150bp R /N 2% 5 i
BF 0 I ) A A0 R B Pk 4 i

[0050] 5. %20 BR445 2 ¥ BH P BT 1 B A DNA (REAN AR FE 153 , 79 591K FHCS650%E £ 5
P (CS650-FAICS650-R) CS65 14 r5 51471 (CS651-FHICS651 -R) FICS652%E £ 5[4 (CS652-F Al
CS652-R) BEATPCRY 1, SR J K47 18 7= 40 5 o

[0051]  (S650-F:5 -taagaaccaccagcgacacc-3 ;

[0052] (CS650-R:5 -ggtaattgtgcttggtgatggag-3 ;

[0053] (S651-F:5 -acatcgagatggagaagegg-3 ;

[0054] (S651-R:5 -ccatgctccaatcgatgaatac-3 ;

[0055] (S652-F:5 -ttacgaactttataactttgtcgg-3 ;

[0056] (S652-R:5 -atggaggcgatgaggaagac-3 .

[0057]  XFF-CS650HE ., K AC » THHIE & 4 ff) fif S XM : cgTgtecatggagatcecace;
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[0058] S F-CS651HE s, KK AC © THIHE B i) Az %t A : gaTTagecagegtetggeges

[0059] X F-CS6H2HE £, A A=C » THHIE & 4 ¥ AL ST N : cggTgacggegageaagtgg.

[0060] = ANEE A A GETH A AEC o THMIE 25 45 1 FH P 0 s 4 20, i B 4 38 9 15 L fH
PEHIME A K AC « THICEE B4 i PP B s B o5 (R e 43

[0061] 4 FUnfE 1 firR « L5645 R K B , HypaCas9In&PmCDA1&UGT 55 SpCasIn&PmCDA1&UGT )
C o THHIE B 40 003 A 25 A K BIBE A TR AR

[0062] =) fs|2 \HypaCas9n&PmCDA1&UGT 2245 it S 4% 37

[0063]  — | JE[AI4H SR 2 A4 ) 4 2

[0064]  SpCas9In&PmCDAL&UGI-T1: ¥ FFIRMFFIIESD I 551 - 91647 B N ¥ 71 K 1)
J7 3 315 21 B B AR Bk

[0065]  SpCas9In&PmCDAL&UGI-T2: ¥ 7 FI R FHIIES I 551 - 91647 B N ¥ 71 K 1)
J7 5445 21 B FR AR TR o

[0066]  SpCas9In&PmCDAL&UGI-T3: ¥ 7 FI KM FHI1IES I 551 - 91647 B N ¥ 71 K 1)
J7 31545 21| B FR AR TR o

[0067]  SpCas9In&PmCDAL&UGI-T4: ¥ 73R FFI1IHS I 5551 - 91647 B N ¥ 71 K 1)
J7 31645 21 B FR AR TR o

[0068]  SpCas9In&PmCDAI&UGI-T5: ¥4 FHIZK I FFHI1HE %5551 -91647 & # N Fr 51 R i
7 AN TA3 B B AR R

[0069]  SpCas9In&PmCDAI&UGI-T6: ¥4 5 FIZK I FFHI1HE %5551 - 91647 & # N Fr 51 R 1
J7 31845 21| B B AR S5

[0070]  SpCas9n&PmCDAL&UGI-T7 : ¥ 7 FI KM FHIIEHS I 5551 - 91647 B N ¥ 71 K 1)
J7 35975 2 H AR SR

[0071]  SpCas9n&PmCDAL&UGI-T8: ¥ 7 FI KM FFI1HS I 5551 - 91647 B N ¥ 71 K 1)
751 1045 21 B FRAR TR«

[0072]  SpCas9n&PmCDAL&UGI-TI: ¥ 7 FI KM FHI1HS I 5551 - 91647 B N ¥ 71 K 1)
75 1145 21 B FRAR BTRL o

[0073]  SpCas9n&PmCDAL&UGI-T10: ¥ FHIR M FHI1 AL i 5551 - 91647 & ¥ 7 F1| K 1)
¥ 511245 2 B FRAR BRL .

[0074]  HypaCas9n&PmCDA1&UGI-T1 : #:HypaCas9n&PmCDA1&UGIZR A H 5 Ui 55551 -91647 &
R 7 5 2R 0 7 51 345 21 1 FRHR R

[0075]  HypaCas9n&PmCDA1&UGI-T2: #¥iHypaCas9n&PmCDA1&UGIZR A H 5 Ui 55551 -91647 &
R 7 5 2R 0 7 51445 21 1) FRAR R .

[0076] HypaCas9n&PmCDA1&UGI-T3: #iHypaCas9n&PmCDA1&UGIZRAAH 5 Ui 55551 -91647 &
R 7 5 2R 1) 7 511545 21 1 FRHR R .

[0077]  HypaCas9n&PmCDA1&UGI-T4 : ¥iHypaCas9n&PmCDA1&UGIZRAA H 5 Ui 55551 -91647 &
R 7 51 2R 1) 7 51645 21 1 B R R .

[0078]  HypaCas9n&PmCDA1&UGI-5: ¥HypaCasIn&PmCDA1&UGI#EAK H 5 Ui 55551 -9164v &
R 7 B 2R ) 7 5 745 21 1 FRHR R

[0079]  HypaCas9n&PmCDA1&UGI-T6: ¥iHypaCas9In&PmCDA1&UGIZR A H 5 Ui 55551 -91647 &
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R 7 5 2R 1) 7 511845 21 (1 B R R o

[0080] HypaCas9n&PmCDA1&UGI-T7 : #iHypaCas9n&PmCDA1&UGIZR A H 5 Ui 55551 -91647 &
R 7 5 2R 1) 7 511945 21 1) FR AR R .

[0081]  HypaCas9n&PmCDA1&UGI-T8: #¥iHypaCas9In&PmCDA1&UGIZRAAH 5 Ui 55551 -91647 &
8 7 51 2R ) 11045 21 ) PR BRI

[0082]  HypaCas9n&PmCDA1&UGI-T9: #¥iHypaCas9n&PmCDA1&UGIZRAAH 5 Ui 55551 -91647 &
8 7 51 2R ) 01145 B ) IR BRI

[0083] HypaCas9n&PmCDA1&UGI-T10: ¥HypaCas9n&PmCDA1&UGI 4K H 5 Ui 55551 -91641
BN T8R0T 501245 2 BT HR TR

[0084] = FE/KFEE A 2H 2 rh b AT 55 IR i

[0085] 1.2 9% —15 2 1) 244 7 ) 44 R St 9] L rp 20 3R i 1 -4t AT #8445 2 FH PR i1t
i

[0086] 2. fFAN# AR M AP IR 145 2/ BH Mot @i b BE AT LR B8 B , b HLDNAREAT IR & 5 433l
K FHCS6524E £ 514 (CS652-FAICS652-R) 47 25— 4 PCRY 4 , LA S5 —FCPCRI™= M AR , 5
1E 1) A2 1) 25 5 I N PCRF™ ) A 3ty 33047 SCE R , 4 I T1 1umi nali Seq2500 = 3@ &l FF7- &
W, W7 L9 10000X Cf 2% FE i smid AE ARG IR A A » B PR X AR IIC « THlIE &
#flindels, #E f X ALATC « THHIE Z M indelsHvh N il B IR A , Mo S8R5 A i 21 1 A&
KA readsF 5 MreadsE I EL 41

[0087] g5 R UNEI2Fr 7 . SLIR 45 SRR, 2457 Ui 2bp A7 1E 22 i, & KA R RN 5 5
SpCas9n&PmCDA1&UGT A EL , HypaCas9n&PmCDA1&UGT & A Fi fid #2528 F AR L1445

[o088] R ik#E KW, fEHypaCas9H 5] AD10AZEAS , 25 N 1 %I (HypaCas9n) , 3 5
PmCDA1FIUGT il & A4 1 B3 4 52 4t - HypaCas9In&PmCDA1&UGT 5 SpCas9In&PmCDA1&UGT #H
LG, FEEEARA A C » THREE B 3 R G DL T, AR AR RR B8 R AIK.
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[0001] J¢AIk

[0002]  <110> JbXUTT AR MEL 2B

[0003]  <120> — i) 2k S HL A Jk D] ZH ik 25 49 v ) 2 1

[0004] <160> 13

[0005] <170> SIPOSequencelListing 1.0

[0006] <210> 1

[0007]  <211> 18476

[0008]  <212> DNA

[0009] <213> ANLF%l (Artificial Sequence)

[0010]  <400> 1

[0011] ggtggcagga tatattgtgg tgtaaacatg gcactagect caccgtcttc gcagacgagg 60
[0012] ccgectaagtec gecagetacge tctcaacgge actgactagg tagtttaaac gtgcacttaa 120
[0013] ttaaggtacc gaagcaactt aaagttatca ggcatgcatg gatcttggag gaatcagatg 180
[0014] tgcagtcagg gaccatagca caagacaggc gtcttctact ggtgctacca gcaaatgetg 240
[0015] gaagccggga acactgggta cgttggaaac cacgtgatgt gaagaagtaa gataaactgt 300
[0016] aggagaaaag catttcgtag tgggccatga agcctttcag gacatgtatt gcagtatggg 360
[0017] ccggeccatt acgcaattgg acgacaacaa agactagtat tagtaccacc tcggetatce 420
[0018] acatagatca aagctgattt aaaagagttg tgcagatgat ccgtggegga tccaacaaag 480
[0019] caccagtggt ctagtggtag aatagtaccc tgccacggta cagacceggg ttcgattcce 540
[0020] ggctggtgea cgegtceccatg gagatccacc gttttagage tagaaatage aagttaaaat 600
[0021] aaggctagtc cgttatcaac ttgaaaaagt ggcaccgagt cggtgcaaca aagcaccagt 660
[0022] ggtctagtgg tagaatagta ccctgccacg gtacagaccce gggttcgatt cceggetggt 720
[0023] gcagaccagc cagegtetgg cgegttttag agctagaaat agcaagttaa aataaggcta 780
[0024] gtccgttatc aacttgaaaa agtggcaccg agtcggtgea acaaagcacc agtggtctag 840
[0025] tggtagaata gtaccctgcc acggtacaga cccgggtteg attccegget ggtgecacgge 900
[0026] gacggcgage aagtgggttt tagagctaga aatagcaagt taaaataagg ctagtccgtt 960
[0027] atcaacttga aaaagtggca ccgagtcggt getttttttt ttcgttttge attgagtttt 1020
[0028] ctccgtcgea tgtttgcagt tttattttce gttttgeatt gaaatttcte cgtctcatgt 1080
[0029] ttgcagcgtg ttcaaaaagt acgcagctgt atttcactta tttacggege cacattttca 1140
[0030] tgecegtttgt gecaactatc ccgagetagt gaatacaget tggettcaca caacactggt 1200
[0031] gacccgetga cctgetegta cctegtaccg tcgtacggea cagecatttgg aattaaaggg 1260
[0032] tgtgatcgat actgcttget gctaagetta caaattcggg tcaaggegga agccagegeg 1320
[0033] ccaccccacg tcagcaaata cggaggegeg gggttgacgg cgtcaccegg tectaacgge 1380
[0034] gaccaacaaa ccagccagaa gaaattacag taaaaaaaaa gtaaattgca ctttgatcca 1440
[0035] ccttttatta cctaagtctc aatttggatc acccttaaac ctatcttttc aatttgggee 1500
[0036] gggttgtggt ttggactacc atgaacaact tttcgtcatg tctaacttcc ctttcagcaa 1560
[0037] acatatgaac catatataga ggagatcggce cgtatactag agctgatgtg tttaaggtcg 1620
[0038] ttgattgcac gagaaaaaaa aatccaaatc gcaacaatag caaatttatc tggttcaaag 1680
[0039] tgaaaagata tgtttaaagg tagtccaaag taaaacttat agataataaa atgtggtcca 1740
[0040] aagcgtaatt cactcaaaaa aaatcaacga gacgtgtacc aaacggagac aaacggcatc 1800
[0041] ttctcgaaat ttcccaaccg ctcgetegee cgectegtet tcccggaaac cgeggtggtt 1860
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[0042] tcagcgtgge ggattctcca agcagacgga gacgtcacgg cacgggactc ctcccaccac 1920
[0043] ccaaccgcca taaataccag ccccctcate tcctctecte geatcagete caccccegaa 1980
[0044] aaatttctce ccaatctcge gaggetcteg tcgtcgaatce gaatcctcte gegtectcaa 2040
[0045] ggtacgctge ttctcctete ctegettegt ttcgattcga tttcggacgg gtgaggttgt 2100
[0046] tttgttgcta gatccgattg gtggttaggg ttgtcgatgt gattatcgtg agatgtttag 2160
[0047] gggttgtaga tctgatggtt gtgatttggg cacggttggt tcgataggtg gaatcgtggt 2220
[0048] taggttttgg gattggatgt tggttctgat gattggggegg aatttttacg gttagatgaa 2280
[0049] ttgttggatg attcgattgg ggaaatcggt gtagatctgt tggggaattg tggaactagt 2340
[0050] catgcctgag tgattggtge gatttgtage gtgttccate ttgtaggect tgttgegage 2400
[0051] atgttcagat ctactgttcc gectcttgatt gagttattgg tgccatgggt tggtgcaaac 2460
[0052] acaggcttta atatgttata tctgttttgt gtttgatgta gatctgtagg gtagttcttc 2520
[0053] ttagacatgg ttcaattatg tagcttgtge gtttcgattt gatttcatat gttcacagat 2580
[0054] tagataatga tgaactcttt taattaattg tcaatggtaa ataggaagtc ttgtcgctat 2640
[0055] atctgtcata atgatctcat gttactatct gccagtaatt tatgctaaga actatattag 2700
[0056] aatatcatgt tacaatctgt agtaatatca tgttacaatc tgtagttcat ctatataatc 2760
[0057] tattgtggta atttcttttt actatctgtg tgaagattat tgccactagt tcattctact 2820
[0058] tatttctgaa gttcaggata cgtgtgectgt tactacctat ctgaatacat gtgtgatgtg 2880
[0059] cctgttacta tctttttgaa tacatgtatg ttctgttgga atatgtttge tgtttgatce 2940
[0060] gttgttgtgt ccttaatctt gtgectagtte ttaccctatc tgtttggtga ttatttcttg 3000
[0061] cagtacgtaa tggactacaa ggaccacgac ggggattaca aagaccacga catagactac 3060
[0062] aaggatgacg atgacaaaat ggcaccgaag aaaaaaagga aggtcggaat ccatggegtt 3120
[0063] ccagctgceg ataagaaata ttccatcgga ctcgecattg gcacgaatag cgtcggatgg 3180
[0064] gctgttatta ctgatgagta caaagttccg tctaagaagt tcaaggtget gggcaacaca 3240
[0065] gaccgccaca gcataaagaa aaatctcatc ggtgecactcc ttttcgatag tggggagact 3300
[0066] gcagaagcga caagattgaa aaggactgcg agaaggceget atacacggeg taagaataga 3360
[0067] atctgctacc ttcaggagat tttctctaac gaaatggcta aggtcgatga cagtttcttt 3420
[0068] catagacttg aggaatcgtt cttggttgag gaggataaga aacatgagag gcacccgata 3480
[0069] tttggaaaca tcgtggatga ggtcgcatat catgaaaagt accccacaat ctaccacctg 3540
[0070] agaaagaaac tcgttgattc caccgacaaa gcggatttga gactcatcta cctcgetett 3600
[0071] gcccatatga taaagttccg cggacacttt ctgatcgagg gegacctcaa ccctgataat 3660
[0072] agcgacgtcg ataagctctt catccagttg gttcaaacct acaatcaget ctttgaggaa 3720
[0073] aacccaatta atgctagtgg agtggatgca aaagcgatac tgtcggecag actctccaag 3780
[0074] agcagaaggt tggagaacct gatcgctcaa cttcctggag aaaagaaaaa cggtcttttt 3840
[0075] gggaatttga ttgccttgte tctgggecte acaccaaact tcaagtcaaa ttttgacctce 3900
[0076] gctgaggatg ccaaacttca gttgtctaag gatacctatg atgacgatct tgacaatttg 3960
[0077] ctggcacaaa ttggcgacca gtacgecggat ctgttccteg cagegaagaa tctgagtgat 4020
[0078] gctattctcc tttcggacat actcagggtt aacactgaga tcacaaaagc acctttgagt 4080
[0079] gcgtecgatga ttaagegeta tgatgaacat caccaagacc tcactttget gaaggecctt 4140
[0080] gtgcggcage aattgccaga gaagtacaaa gaaatcttct ttgaccaatc taagaacgga 4200
[0081] tacgctgget atattgatgg aggagettct caggaggaat tctataagtt tatcaaacct 4260
[0082] atacttgaga agatggatgg tacagaggaa ctccttgtta aattgaacag agaagatttg 4320
[0083] ctgcgcaage aacggacctt tgacaacgga tcaattccge atcagataca cctcggegag 4380
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[0084] cttcatgcca tccttegecg gecaggaagat ttctacccet ttttgaagga caaccgegag 4440
[0085] aagatagaaa aaatccttac gttccggatt ccttactatg tgggtccatt ggcaaggggg 4500
[0086] aattcccget ttgegtggat gactcggaaa agecgaggaaa ctatcacacc gtggaacttc 4560
[0087] gaggaagttg tggacaaggg agcttctgec caatcattca ttgagaggat gactaacttc 4620
[0088] gataagaacc tgccgaacga gaaagttctc cccaagcact ccctecttta cgagtatttc 4680
[0089] accgtgtata acgaacttac gaaggttaaa tacgtgactg agggtatgag gaagccagca 4740
[0090] ttcttgageg gggaacaaaa gaaagcgatt gttgatttge tgtttaaaac taatcgcaag 4800
[0091] gtgacagtca agcagctcaa agaggattat ttcaagaaaa ttgaatgttt cgactctgtg 4860
[0092] gagatatcag gagtcgaaga taggtttaac gcttcccttg gcacatacca tgacctcctt 4920
[0093] aagatcatta aggacaaaga tttcctggat aacgaggaaa atgaggacat cctcgaagat 4980
[0094] attgttctta ccttgacget gtttgaggat cgcgaaatga tcgaggaacg gcttaagacg 5040
[0095] tatgctcact tgttcgacga taaggttatg aagcagctca agcgtagaag gtacactgga 5100
[0096] tggggccgte tgtctagaaa gectcatcaac ggaatacgtg ataaacaaag tggcaagaca 5160
[0097] attttggatt ttctgaagtc ggacggattc gccaacagaa attttatgca gectgattcat 5220
[0098] gacgatagtc tcaccttcaa agaggacata cagaaggctc aagtgagtgg tcaaggggat 5280
[0099] tcgetgeatg aacacatcge aaacctcgeg ggttcaccgg ccataaagaa aggaatcctt 5340
[0100] caaactgtta aggtcgttga tgagttggtt aaagtgatgg gtaggcacaa gcccgaaaac 5400
[0101] atagtgatcg agatggctcg cgaaaatcag actacacaaa aagggcagaa gaactctcge 5460
[0102] gagcggatga aaaggattga ggaaggaatc aaggaactgg gctcacagat tctcaaagag 5520
[0103] catccagtcg aaaacacaca gctgcaaaat gagaagctct atctttacta tctccaaaat 5580
[0104] ggcegggaca tgtatgttga tcaggagett gacatcaacc gtttgtccga ctatgatgtg 5640
[0105] gaccacattg tcccgcaatc tttccttaag gacgattcaa tcgataataa ggtgttgacc 5700
[0106] cggagcgata aaaaccgtgg aaagtctgac aatgtccctt cagaggaagt ggttaagaag 5760
[0107] atgaagaact actggagaca attgctgaat gcaaaactga tcacacagag aaagttcgac 5820
[0108] aacctcacca aagcagagag aggtgggctc agtgaacttg ataaagcggg cttcattaag 5880
[0109] cgtcagctcg ttgagactag acagatcacg aagcatgtcg cgcagatttt ggattcgecgg 5940
[0110] atgaacacga agtacgacga gaatgataaa ctgatacgtg aagtcaaggt tatcactctt 6000
[0111] aagtccaaat tggtgagcga tttcagaaag gacttccaat tctataaggt cagggagatc 6060
[0112] aacaattatc atcacgctca cgatgcctac cttaatgctg ttgtggggac cgeccttatt 6120
[0113] aagaaatacc ctaaattgga gtctgaattc gtttacgggg attataaggt ctacgacgtt 6180
[0114] aggaaaatga tagctaagag tgagcaggag atcggtaaag caactgcgaa gtatttcttt 6240
[0115] tactcgaaca tcatgaattt ctttaagacc gagataacgc tggcaaatgg cgaaattaga 6300
[0116] aagaggcctc tcatagagac taacggtgag acaggggaaa tcgtctggga taagggtagg 6360
[0117] gactttgcga cagtgcgecaa ggtcctctet atgecgecaag ttaatattgt gaagaaaacc 6420
[0118] gaggtgcaga cgggaggett ctccaaggaa agcatacttc ccaaacggaa ctctgataag 6480
[0119] ttgatcgctc gtaagaaaga ttgggaccct aagaaatatg gtgggttcga ttccccaact 6540
[0120] gttgcttaca gegtgetggt cgttgecaag gtcgagaagg gtaaatccaa gaaactcaaa 6600
[0121] agcgttaagg aactccttgg gattactatc atggagagat cttcattcga aaagaatcct 6660
[0122] atcgactttc ttgaggccaa aggatataag gaagttaaga aagatctgat aatcaaactc 6720
[0123] ccaaagtact cattgtttga gctggaaaac ggcaggaagc geatgcettge ttccgecgga 6780
[0124] gagttgcaga aagggaacga gttggetctg ccttctaagt atgttaactt cctctatctt 6840
[0125] gcctctcatt acgagaaget caaaggctca ccagaggaca acgaacagaa acaacttttt 6900
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[0126] gtcgagcaac ataagcacta tttggatgag attatagaac agatcagtga attctcgaaa 6960
[0127] agggttatcc ttgcagatgc gaatcttgac aaggtgttgt ctgcatacaa caaacataga 7020
[0128] gataagccga tcagggagca agcggaaaat atcattcacc tcttcactct tacaaacttg 7080
[0129] ggtgctcecg ctgecttcaa gtattttgat accacgattg accggaaacg ttacacctca 7140
[0130] acgaaggagg tgctggatge caccctcatc caccaatcta ttaccggact ctacgagact 7200
[0131] agaatcgatc tctcacagct cggeggggat aaaagaccag cagegacgaa aaaggcagga 7260
[0132] caggctaaga agaagaaaga gctcggagga ggaggcacgg gaggaggagg ctccgecgag 7320
[0133] tatgtgecgeg cgetecttega cttcaacgge aatgacgagg aggatctcce tttcaagaag 7380
[0134] ggcgacatce tccgeatceg cgataagecg gaggageagt ggtggaacge agaggactce 7440
[0135] gagggcaagc ggggcatgat cctggtgeca tacgtcgaga agtacagegg cgattacaag 7500
[0136] gaccacgatg gcgactacaa ggatcatgac atcgattaca aggacgatga cgataagtcc 7560
[0137] ggcgtcgaca tgacggacge ggagtatgtg cgecatccacg agaagetcga tatctacacce 7620
[0138] ttcaagaagc agttcttcaa caataagaag tcggtgtccce atcggtgeta cgtectette 7680
[0139] gagctgaage gcaggggaga gegecgegee tgettetggg getacgeggt gaataagecg 7740
[0140] cagtcaggca cagagcgcgg catccacgec gagatcttct cgatccggaa ggtcgaggag 7800
[0141] tacctccgeg acaacccagg ccagttcacg atcaattggt actccagetg gtcceccttge 7860
[0142] gcagattgcg cagagaagat cctcgagtgg tacaaccagg agctgagggg caatggecat 7920
[0143] accctcaaga tctgggectg caagetgtac tacgagaaga acgcgaggaa tcagatcgge 7980
[0144] ctctggaacc tgecgggataa tggegtggge ctcaacgtga tggtgtccga gecactaccag 8040
[0145] tgctgecgea agatcttcat ccagtcctee cacaatcage tgaacgagaa taggtggetce 8100
[0146] gaaaagaccc tgaagcgecge cgagaagtgg aggagcegage tgtctatcat gatccaggtce 8160
[0147] aagatcctgc acaccacaaa gtcaccggeg gtgggeggeg geggeagega attcteegge 8220
[0148] ggcagcacga acctcagcga catcatcgag aaggagacag gcaagcaget cgtgatccag 8280
[0149] gagtctatcc tcatgctgec tgaggaggtg gaggaggtca tcggcaacaa gecggagtcee 8340
[0150] gatatcctcg tgcacaccge ctacgacgag tcgacagatg agaatgtcat getcctgace 8400
[0151] tccgacgecac cagagtacaa gccatgggeg ctcgtgatce aggattccaa cggegagaat 8460
[0152] aagatcaaga tgctgtctgg cggetcccecg aagaagaage gcaaggtcta gactagtctg 8520
[0153] aaatcaccag tctctctcta caaatctatc tctctctata ataatgtgtg agtagttcce 8580
[0154] agataaggga attagggttc ttatagggtt tcgctcatgt gttgagcata taagaaaccc 8640
[0155] ttagtatgta tttgtatttg taaaatactt ctatcaataa aatttctaat tcctaaaacc 8700
[0156] aaaatccagt ggggcgeeccg acctgtacte gegaaggtta acttacagag agtgtccggg 8760
[0157] cgegeetggt ggategtecg cctaggetge agtgecagegt gacceggteg tgeccectete 8820
[0158] tagagataat gagcattgca tgtctaagtt ataaaaaatt accacatatt ttttttgtca 8880
[0159] cacttgtttg aagtgcagtt tatctatctt tatacatata tttaaacttt actctacgaa 8940
[0160] taatataatc tatagtacta caataatatc agtgttttag agaatcatat aaatgaacag 9000
[0161] ttagacatgg tctaaaggac aattgagtat tttgacaaca ggactctaca gttttatctt 9060
[0162] tttagtgtge atgtgttcte cttttttttt gecaaataget tcacctatat aatacttcat 9120
[0163] ccattttatt agtacatcca tttagggttt agggttaatg gtttttatag actaattttt 9180
[0164] ttagtacatc tattttattc tattttagcc tctaaattaa gaaaactaaa actctatttt 9240
[0165] agttttttta tttaataatt tagatataaa atagaataaa ataaagtgac taaaaattaa 9300
[0166] acaaataccc tttaagaaat taaaaaaact aaggaaacat ttttcttgtt tcgagtagat 9360
[0167] aatgccagee tgttaaacge cgtcgacgag tctaacggac accaaccage gaaccageag 9420
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[0168] cgtecgegteg ggccaagega agcagacgge acggcatcte tgtegetgee tetggaccee 9480
[0169] tctcgagagt tccgetccac cgttggactt getcecgetgt cggecatccag aaattgegtg 9540
[0170] gcggagegge agacgtgage cggeacggea ggeggectee tectectete acggecaccgg 9600
[0171]  cagctacggg ggattccttt cccaccgete cttegettte ccttectege cegeegtaat 9660
[0172] aaatagacac cccctccaca ccctetttee ccaacctegt gttgttecgga gegeacacac 9720
[0173] acacaaccag atctccccca aatccacceg tcggeaccte cgettcaagg tacgecgete 9780
[0174] gtcectececee ccecececte tctaccttet ctagatcgge gttceceggtee atggttaggg 9840
[0175] cccggtagtt ctacttctgt tcatgtttgt gttagatceg tgtttgtgtt agatccgtge 9900
[0176] tgctagcgtt cgtacacgga tgcgacctgt acgtcagaca cgttctgatt getaacttge 9960
[0177] cagtgtttct ctttggggaa tcctgggatg getctageeg ttccgecagac gggatcgatt 10020
[0178] tcatgatttt ttttgtttcg ttgcataggg tttggtttge ccttttectt tatttcaata 10080
[0179] tatgccgtge acttgtttgt cgggtcatet tttcatgett ttttttgtet tggttgtgat 10140
[0180] gatgtggtct ggttgggcgg tcgttctaga tcggagtaga attctgtttc aaactacctg 10200
[0181] gtggatttat taattttgga tctgtatgtg tgtgccatac atattcatag ttacgaattg 10260
[0182] aagatgatgg atggaaatat cgatctagga taggtataca tgttgatgcg ggttttactg 10320
[0183] atgcatatac agagatgctt tttgttcget tggttgtgat gatgtggtgt ggttgggegg 10380
[0184] tcgttcattc gttctagatc ggagtagaat actgtttcaa actacctggt gtatttatta 10440
[0185] attttggaac tgtatgtgtg tgtcatacat cttcatagtt acgagtttaa gatggatgga 10500
[0186] aatatcgatc taggataggt atacatgttg atgtgggttt tactgatgca tatacatgat 10560
[0187] ggcatatgca gcatctattc atatgctcta accttgagta cctatctatt ataataaaca 10620
[0188] agtatgtttt ataattattt tgatcttgat atacttggat gatggcatat gcagcagcta 10680
[0189] tatgtggatt tttttagccc tgecttcata cgetatttat ttgettggta ctgtttettt 10740
[0190] tgtcgatget caccctgttg tttggtgtta cttctgecagg agetcatgaa aaagcctgaa 10800
[0191] ctcaccgcga cgtctgtcga gaagtttctg atcgaaaagt tcgacagegt ctcegacctg 10860
[0192] atgcagctct cggagggega agaatctcgt getttcaget tcgatgtagg agggegtgga 10920
[0193] tatgtcctge gggtaaatag ctgegecgat ggtttctaca aagatcgtta tgtttatcgg 10980
[0194] cactttgcat cggecegeget cccgattececg gaagtgettg acattgggga gtttagegag 11040
[0195] agcctgacct attgcatctc ccgeegttea cagggtgtca cgttgecaaga cctgectgaa 11100
[0196] accgaactge ccgetgttet acaaccggtc geggaggeta tggatgegat cgetgeggee 11160
[0197] gatcttagece agacgagegg gttcggecca ttcggaccge aaggaatcgg tcaatacact 11220
[0198] acatggcgtg atttcatatg cgecgattget gatccccatg tgtatcactg gcaaactgtg 11280
[0199] atggacgaca ccgtcagtge gtcegtecgeg caggetcteg atgagetgat getttgggee 11340
[0200] gaggactgcec ccgaagtccg gecacctegtg cacgeggatt tcggectccaa caatgtcectg 11400
[0201] acggacaatg gccgcataac agecggtcatt gactggageg aggegatgtt cggggattce 11460
[0202] caatacgagg tcgccaacat cttcttctgg aggecgtggt tggettgtat ggagcagcag 11520
[0203] acgcgctact tcgagecggag gecatccggag cttgecaggat cgecacgact ccgggegtat 11580
[0204] atgctccgeca ttggtcttga ccaactctat cagagettgg ttgacggcaa tttcgatgat 11640
[0205] gcagcttggg cgecagggteg atgegacgea atcgtcecgat ccggagecgg gactgteggg 11700
[0206] cgtacacaaa tcgcccgeag aagegeggee gtctggaccg atggetgtgt agaagtacte 11760
[0207] gccgatagtg gaaaccgacg ccccageact cgtccgaggg caaagaaata ggatcgttca 11820
[0208] aacatttgge aataaagttt cttaagattg aatcctgttg ccggtcttge gatgattatc 11880
[0209] atataatttc tgttgaatta cgttaagcat gtaataatta acatgtaatg catgacgtta 11940
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[0210] tttatgagat gggtttttat gattagagtc ccgcaattat acatttaata cgcgatagaa 12000
[0211] aacaaaatat agcgcgcaaa ctaggataaa ttatcgcgeg cggtgtcatc tatgttacta 12060
[0212] gatctgtage cctgcaggac gegtttaatt aagtgcacge ggecgectac ttagtcaaga 12120
[0213] gcctegecacg cgactgtcac geggecagga tcgectegtg agcctecgeaa tctgtaccta 12180
[0214] gtgtttaaac tatcagtgtt tgacaggata tattggcggg taaacctaag agaaaagagc 12240
[0215] gtttattaga ataacggata tttaaaaggg cgtgaaaagg tttatccgtt cgtccatttg 12300
[0216] tatgtgcatg ccaaccacag ggttccccte gggatcaaag tactttgatc caacccctcee 12360
[0217] gctgctatag tgcagtcgge ttctgacgtt cagtgcagee gtcttctgaa aacgacatgt 12420
[0218] cgcacaagtc ctaagttacg cgacaggctg ccgecetgee cttttecetgg cgttttettg 12480
[0219] tcgegtgttt tagtcgecata aagtagaata cttgcgacta gaaccggaga cattacgcca 12540
[0220] tgaacaagag cgccgecget ggeetgetgg getatgeceg cgtcagecacce gacgaccagg 12600
[0221] acttgaccaa ccaacgggcc gaactgcacg cggecggetg caccaagetg ttttcecgaga 12660
[0222] agatcaccgg caccaggege gaccgeccgg agetggecag gatgettgac cacctacgee 12720
[0223] ctggcgacgt tgtgacagtg accaggectag accgectgge ccgeageace cgegacctac 12780
[0224] tggacattge cgagcgcatc caggaggecg gegegggeet gegtagectg geagageegt 12840
[0225] gggccgacac caccacgecg gecggeecgea tggtgttgac cgtgttegee ggecattgeeg 12900
[0226] agttcgagcg ttccctaatc atcgaccgea cccggagegg gegegaggee gecaaggece 12960
[0227] gaggcgtgaa gtttggccee cgecctacee tcacccegge acagatcgeg cacgeccgeg 13020
[0228] agctgatcga ccaggaagge cgcaccgtga aagaggegge tgcactgett ggegtgeate 13080
[0229] gctcgaccet gtaccgegea cttgagegea gegaggaagt gacgecccace gaggecagge 13140
[0230] ggegeggtge ctteegtgag gacgeattga ccgaggecga cgecetggeg gecgecgaga 13200
[0231] atgaacgcca agaggaacaa gcatgaaacc gcaccaggac ggccaggacg aaccgttttt 13260
[0232] cattaccgaa gagatcgagg cggagatgat cgcggeceggg tacgtgtteg agecgececge 13320
[0233] gcacgtctca accgtgegge tgcatgaaat cctggecggt ttgtctgatg ccaagetgge 13380
[0234] ggcctggeeg gecagettgg cecgetgaaga aaccgagege cgecgtctaa aaaggtgatg 13440
[0235] tgtatttgag taaaacagct tgcgtcatge ggtcgetgeg tatatgatge gatgagtaaa 13500
[0236] taaacaaata cgcaagggga acgcatgaag gttatcgctg tacttaacca gaaaggcggg 13560
[0237] tcaggcaaga cgaccatcge aacccatcta geccgegece tgecaactcge cggggecgat 13620
[0238] gttctgttag tcgattccga tccccaggge agtgeccgeg attgggegge cgtgegggaa 13680
[0239] gatcaaccge taaccgttgt cggcatcgac cgcccgacga ttgaccgega cgtgaaggee 13740
[0240] atcggccgge gegacttcgt agtgatcgac ggagegecce aggeggegga cttggetgtg 13800
[0241] tccgegatca aggecagecga cttegtgetg attceggtge agecaagece ttacgacata 13860
[0242] tgggeccaccg ccgacctggt ggagetggtt aagcagegea ttgaggtcac ggatggaagg 13920
[0243] ctacaagcgg cctttgtcgt gtcgegggeg atcaaaggea cgegeategg cggtgaggtt 13980
[0244] gccgaggege tggecgggta cgagetgeee attcttgagt cccgtatcac geagegegtg 14040
[0245] agctacccag gcactgecge cgecggeaca accgttecttg aatcagaacce cgagggegac 14100
[0246] gctgcccgeg aggtccagge getggecget gaaattaaat caaaactcat ttgagttaat 14160
[0247] gaggtaaaga gaaaatgagc aaaagcacaa acacgctaag tgccggecgt ccgagegeac 14220
[0248] gcagcagcaa ggctgcaacg ttggccagee tggecagacac gecagecatg aagegggtca 14280
[0249] actttcagtt gccggeggag gatcacacca agetgaagat gtacgeggta cgecaaggea 14340
[0250] agaccattac cgagctgcta tctgaataca tcgcgcaget accagagtaa atgagcaaat 14400
[0251] gaataaatga gtagatgaat tttagcggct aaaggaggcg gcatggaaaa tcaagaacaa 14460
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[0252] ccaggcaccg acgcecgtgga atgecccatg tgtggaggaa cgggeggttg gecaggegta 14520
[0253] agcggctggg ttgtctgeeg gecctgeaat ggecactggaa cccccaagee cgaggaatcg 14580
[0254] gcgtgacggt cgcaaaccat ccggeceggt acaaatcgge geggegetgg gtgatgacet 14640
[0255] ggtggagaag ttgaaggccg cgcaggecge ccageggcaa cgcatcgagg cagaageacg 14700
[0256] ccceggtgaa tcgtggecaag cggecgetga tcgaatccge aaagaatcce ggcaaccgece 14760
[0257] ggcagceggt gegeegtega ttaggaagec geccaaggge gacgagcaac cagatttttt 14820
[0258] cgttccgatg ctctatgacg tgggcacceg cgatagtcge agcatcatgg acgtggeegt 14880
[0259] tttcecgtetg tcgaagegtg accgacgage tggegaggtg atccgetacg agettccaga 14940
[0260] cgggcacgta gaggtttcecg cagggecgge cggeatggee agtgtgtgge attacgacct 15000
[0261] ggtactgatg gecggtttcce atctaaccga atccatgaac cgataccggg aagggaaggg 15060
[0262] agacaagccc ggcegegtgt tccgtccaca cgttgeggac gtactcaagt tctgecggeg 15120
[0263] agccgatgge ggaaagcaga aagacgacct ggtagaaacc tgeattcggt taaacaccac 15180
[0264] gcacgttgce atgcagegta cgaagaaggce caagaacggce cgectggtga cggtatccga 15240
[0265] gggtgaagee ttgattagec gectacaagat cgtaaagage gaaaccggge ggecggagta 15300
[0266] catcgagatc gagctagctg attggatgta ccgegagatc acagaaggca agaacccgga 15360
[0267] cgtgetgacg gttcacceceg attacttttt gatcgatcce ggecatcggee gtttteteta 15420
[0268] ccgcctggea cgeegegeeg caggcaagge agaagecaga tggttgttca agacgatcta 15480
[0269] cgaacgcagt ggcagegeeg gagagttcaa gaagttctgt ttcaccgtge gcaagetgat 15540
[0270] cgggtcaaat gacctgecgg agtacgattt gaaggaggag geggggecagg ctggecegat 15600
[0271] cctagtcatg cgctaccgea acctgatcga gggegaagea tccgecggtt cctaatgtac 15660
[0272] ggagcagatg ctagggcaaa ttgccctage aggggaaaaa ggtcgaaaag gtctctttee 15720
[0273] tgtggatage acgtacattg ggaacccaaa gccgtacatt gggaaccgga acccgtacat 15780
[0274] tgggaaccca aagccgtaca ttgggaaccg gtcacacatg taagtgactg atataaaaga 15840
[0275] gaaaaaaggc gatttttccg cctaaaactc tttaaaactt attaaaactc ttaaaacccg 15900
[0276] cctggeetgt geataactgt ctggeccageg cacagecgaa gagcetgcaaa aagegectac 15960
[0277] ccttcggteg ctgegeteee tacgecccge cgettegegt cggectateg cggecgetgg 16020
[0278] ccgctcaaaa atggetggece tacggeccagg caatctacca gggegeggac aagecgegee 16080
[0279] gtcgccacte gaccgecgge gcccacatca aggeaccctg cctcgegegt tteggtgatg 16140
[0280] acggtgaaaa cctctgacac atgcagctcc cggagacggt cacagettgt ctgtaagegg 16200
[0281] atgccgggag cagacaagcec cgtcagggeg cgtcageggg tgttggeggg tgteggggeg 16260
[0282] cagccatgac ccagtcacgt agcgatageg gagtgtatac tggcttaact atgcggeatce 16320
[0283] agagcagatt gtactgagag tgcaccatat gcggtgtgaa ataccgcaca gatgcgtaag 16380
[0284] gagaaaatac cgcatcaggc gctcttccge ttcctegete actgactcge tgegeteggt 16440
[0285] cgttcggetg cggegagegg tatcagetca ctcaaaggeg gtaatacggt tatccacaga 16500
[0286] atcaggggat aacgcaggaa agaacatgtg agcaaaaggc cagcaaaagg ccaggaaccg 16560
[0287] taaaaaggce gegttgetgg cgttttteca taggetccge ccecectgacg agcatcacaa 16620
[0288] aaatcgacgc tcaagtcaga ggtggcgaaa cccgacagga ctataaagat accaggegtt 16680
[0289] tcceeectgga agetcecteg tgegetetee tgttecgace ctgecgetta cecggatacet 16740
[0290] gtccgeettt ctececttegg gaagegtgge getttectcat agetcacget gtaggtatcet 16800
[0291] cagttcggtg taggtcgttc gctccaaget gggetgtgtg cacgaaccce cegttcagee 16860
[0292] cgaccgetge gecttatceg gtaactatcg tcttgagtce aacccggtaa gacacgactt 16920
[0293] atcgccactg gcagcageca ctggtaacag gattagcaga gegaggtatg taggeggtge 16980
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[0294] tacagagttc ttgaagtggt ggcctaacta cggctacact agaaggacag tatttggtat 17040
[0295] ctgcgetetg ctgaagecag ttaccttcgg aaaaagagtt ggtagctctt gatccggcaa 17100
[0296] acaaaccacc gctggtageg gtggtttttt tgtttgcaag cagcagatta cgegecagaaa 17160
[0297] aaaaggatct caagaagatc ctttgatctt ttctacgggg tctgacgetc agtggaacga 17220
[0298] aaactcacgt taagggattt tggtcatgca ttctaggtac taaaacaatt catccagtaa 17280
[0299] aatataatat tttattttct cccaatcagg cttgatcccc agtaagtcaa aaaatagctc 17340
[0300] gacatactgt tcttccccga tatcctccct gatcgaccgg acgcagaagg caatgtcata 17400
[0301] ccacttgtcc gecectgecge ttctcccaag atcaataaag ccacttactt tgecatcttt 17460
[0302] cacaaagatg ttgctgtctc ccaggtcgee gtgggaaaag acaagttcct cttegggett 17520
[0303] ttccgtettt aaaaaatcat acagctcgeg cggatcttta aatggagtgt cttcecttecca 17580
[0304] gttttcgcaa tccacatcgg ccagatcgtt attcagtaag taatccaatt cggctaageg 17640
[0305] gctgtctaag ctattcgtat agggacaatc cgatatgtcg atggagtgaa agagcctgat 17700
[0306] gcactccgea tacagctcga taatcttttc agggetttgt tcatcttcat actcttccga 17760
[0307] gcaaaggacg ccatcggect cactcatgag cagattgetc cagccatcat gecgttcaaa 17820
[0308] gtgcaggacc tttggaacag gcagctttce ttccagecat agcatcatgt ccttttcecg 17880
[0309] ttccacatca taggtggtcc ctttataccg getgtccgte atttttaaat ataggtttte 17940
[0310] attttctccc accagcttat ataccttage aggagacatt ccttccgtat cttttacgea 18000
[0311] gcggtatttt tcgatcagtt ttttcaattc cggtgatatt ctcattttag ccatttatta 18060
[0312] tttccttect cttttectaca gtatttaaag ataccccaag aagctaatta taacaagacg 18120
[0313] aactccaatt cactgttcct tgcattctaa aaccttaaat accagaaaac agctttttca 18180
[0314] aagttgtttt caaagttgge gtataacata gtatcgacgg agccgatttt gaaaccgegg 18240
[0315] tgatcacagg cagcaacgct ctgtcatcgt tacaatcaac atgctaccct ccgegagatc 18300
[0316] atccgtgttt caaacccgge agettagttg ccgttettee gaatagcatc ggtaacatga 18360
[0317] gcaaagtctg ccgecttaca acggetctee cgetgacgee gtceccggact gatgggetge 18420
[0318] ctgtatcgag tggtgatttt gtgccgaget gecggteggg gagetgttgg ctgget 18476
[0319]  <210> 2

[0320]  <211> 7423

[0321]  <212> DNA

[0322] <213> A% (Artificial Sequence)

[0323]  <400> 2

[0324] acaaattcgg gtcaaggegg aagccagcege gecaccccac gtcagcaaat acggaggege 60
[0325] ggggttgacg gcgtcacceg gtcctaacgg cgaccaacaa accagccaga agaaattaca 120
[0326] gtaaaaaaaa agtaaattgc actttgatcc accttttatt acctaagtct caatttggat 180
[0327] cacccttaaa cctatctttt caatttggge cgggttgtgg tttggactac catgaacaac 240
[0328] ttttcgtcat gtctaacttc cctttcageca aacatatgaa ccatatatag aggagatcgg 300
[0329] ccgtatacta gagctgatgt gtttaaggtc gttgattgca cgagaaaaaa aaatccaaat 360
[0330] cgcaacaata gcaaatttat ctggttcaaa gtgaaaagat atgtttaaag gtagtccaaa 420
[0331] gtaaaactta tagataataa aatgtggtcc aaagcgtaat tcactcaaaa aaaatcaacg 480
[0332] agacgtgtac caaacggaga caaacggcat cttctcgaaa tttcccaacc getcgetcge 540
[0333] ccgectegte ttccecggaaa cegeggtget ttcagegtgg cggattctec aagcagacgg 600
[0334] agacgtcacg gcacgggact cctcccacca cccaaccgec ataaatacca gccccctcat 660
[0335] cteceteteet cgeatcaget ccacccecga aaaatttcte cccaatctcg cgaggetcte 720

16



FF

5l %R

CN 109265562 B 9/18 7T
[0336] gtcgtcgaat cgaatcctcet cgegtectca aggtacgetg cttetectet cetegetteg 780
[0337] tttcgattcg atttcggacg ggtgaggttg ttttgttget agatcecgatt ggtggttagg 840
[0338] gttgtcgatg tgattatcgt gagatgttta ggggttgtag atctgatggt tgtgatttgg 900
[0339] gcacggttgg ttcgataggt ggaatcgtgg ttaggttttg ggattggatg ttggttctga 960
[0340] tgattgggge gaatttttac ggttagatga attgttggat gattcgattg gggaaatcgg 1020
[0341] tgtagatctg ttggggaatt gtggaactag tcatgcctga gtgattggtg cgatttgtag 1080
[0342] cgtgttccat cttgtaggee ttgttgegag catgttcaga tctactgttc cgetcttgat 1140
[0343] tgagttattg gtgccatggg ttggtgcaaa cacaggettt aatatgttat atctgttttg 1200
[0344] tgtttgatgt agatctgtag ggtagttctt cttagacatg gttcaattat gtagecttgtg 1260
[0345] cgtttcgatt tgatttcata tgttcacaga ttagataatg atgaactctt ttaattaatt 1320
[0346] gtcaatggta aataggaagt cttgtcgcta tatctgtcat aatgatctca tgttactatc 1380
[0347] tgccagtaat ttatgctaag aactatatta gaatatcatg ttacaatctg tagtaatatc 1440
[0348] atgttacaat ctgtagttca tctatataat ctattgtggt aatttctttt tactatctgt 1500
[0349] gtgaagatta ttgccactag ttcattctac ttatttctga agttcaggat acgtgtgetg 1560
[0350] ttactaccta tctgaataca tgtgtgatgt gcctgttact atctttttga atacatgtat 1620
[0351] gttctgttgg aatatgtttg ctgtttgate cgttgttgtg tccttaatet tgtgetagtt 1680
[0352] cttaccctat ctgtttggtg attatttctt gcagtacgta atggactaca aggaccacga 1740
[0353] cggggattac aaagaccacg acatagacta caaggatgac gatgacaaaa tggcaccgaa 1800
[0354] gaaaaaaagg aaggtcggaa tccatggegt tccagetgee gataagaaat attccatcgg 1860
[0355] actcgccatt ggcacgaata gegtcggatg ggetgttatt actgatgagt acaaagttce 1920
[0356] gtctaagaag ttcaaggtge tgggcaacac agaccgceccac agcataaaga aaaatctcat 1980
[0357] cggtgcactc cttttcgata gtggggagac tgcagaageg acaagattga aaaggactge 2040
[0358] gagaaggcge tatacacgge gtaagaatag aatctgctac cttcaggaga ttttctctaa 2100
[0359] cgaaatggct aaggtcgatg acagtttctt tcatagactt gaggaatcgt tcttggttga 2160
[0360] ggaggataag aaacatgaga ggcacccgat atttggaaac atcgtggatg aggtcgecata 2220
[0361] tcatgaaaag taccccacaa tctaccacct gagaaagaaa ctcgttgatt ccaccgacaa 2280
[0362] agcggatttg agactcatct acctcgetet tgeccatatg ataaagttce geggacactt 2340
[0363] tctgatcgag ggcgacctca accctgataa tagcgacgtc gataagetct tcatccagtt 2400
[0364] ggttcaaacc tacaatcagc tctttgagga aaacccaatt aatgctagtg gagtggatge 2460
[0365] aaaagcgata ctgtcggcca gactctccaa gagcagaagg ttggagaacc tgatcgetca 2520
[0366] acttcctgga gaaaagaaaa acggtctttt tgggaatttg attgecttgt ctctgggect 2580
[0367] cacaccaaac ttcaagtcaa attttgacct cgctgaggat gccaaacttc agttgtctaa 2640
[0368] ggatacctat gatgacgatc ttgacaattt gctggcacaa attggcgacc agtacgegga 2700
[0369] tctgttecte gecagecgaaga atctgagtga tgctattcte ctttcggaca tactcagggt 2760
[0370] taacactgag atcacaaaag cacctttgag tgcgtcgatg attaagcget atgatgaaca 2820
[0371] tcaccaagac ctcactttge tgaaggccct tgtgeggecag caattgeccag agaagtacaa 2880
[0372] agaaatcttc tttgaccaat ctaagaacgg atacgctggc tatattgatg gaggagcttc 2940
[0373] tcaggaggaa ttctataagt ttatcaaacc tatacttgag aagatggatg gtacagagga 3000
[0374] actccttgtt aaattgaaca gagaagattt gctgcgcaag caacggacct ttgacaacgg 3060
[0375] atcaattccg catcagatac acctcggega gettcatgee atccttegee ggcaggaaga 3120
[0376] tttctaccce tttttgaagg acaaccgcga gaagatagaa aaaatcctta cgttccggat 3180
[0377] tccttactat gtgggtccat tggcaagggg gaattcccge tttgegtgga tgactcggaa 3240
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[0378] aagcgaggaa actatcacac cgtggaactt cgaggaagtt gtggacaagg gagcttctge 3300
[0379] ccaatcattc attgagagga tgactaactt cgataagaac ctgccgaacg agaaagttct 3360
[0380] ccccaagecac tccctecttt acgagtattt caccgtgtat aacgaactta cgaaggttaa 3420
[0381] atacgtgact gagggtatga ggaagccagc attcttgage ggggaacaaa agaaagcgat 3480
[0382] tgttgatttg ctgtttaaaa ctaatcgcaa ggtgacagtc aagcagctca aagaggatta 3540
[0383] tttcaagaaa attgaatgtt tcgactctgt ggagatatca ggagtcgaag ataggtttaa 3600
[0384] cgettecectt ggecacatace atgacctcct taagatcatt aaggacaaag atttcctgga 3660
[0385] taacgaggaa aatgaggaca tcctcgaaga tattgttctt accttgacge tgtttgagga 3720
[0386] tcgecgaaatg atcgaggaac ggcttaagac gtatgctcac ttgttcgacg ataaggttat 3780
[0387] gaagcagctc aagcgtagaa ggtacactgg atggggecgt ctgtctagaa agctcatcaa 3840
[0388] cggaatacgt gataaacaaa gtggcaagac aattttggat tttctgaagt cggacggatt 3900
[0389] cgccaacaga gettttgegg cactgattge tgacgatagt ctcaccttca aagaggacat 3960
[0390] acagaaggct caagtgagtg gtcaagggga ttcgctgcat gaacacatcg caaacctcge 4020
[0391] gggttcaccg gccataaaga aaggaatcct tcaaactgtt aaggtcgttg atgagttggt 4080
[0392] taaagtgatg ggtaggcaca agcccgaaaa catagtgatc gagatggctc gegaaaatca 4140
[0393] gactacacaa aaagggcaga agaactctcg cgagcggatg aaaaggattg aggaaggaat 4200
[0394] caaggaactg ggctcacaga ttctcaaaga gcatccagtc gaaaacacac agctgcaaaa 4260
[0395] tgagaagctc tatctttact atctccaaaa tggccgggac atgtatgttg atcaggaget 4320
[0396] tgacatcaac cgtttgtccg actatgatgt ggaccacatt gtcccgecaat ctttccttaa 4380
[0397] ggacgattca atcgataata aggtgttgac ccggagcgat aaaaaccgtg gaaagtctga 4440
[0398] caatgtccct tcagaggaag tggttaagaa gatgaagaac tactggagac aattgctgaa 4500
[0399] tgcaaaactg atcacacaga gaaagttcga caacctcacc aaagcagaga gaggtgggct 4560
[0400] cagtgaactt gataaagcgg gcttcattaa gecgtcagetc gttgagacta gacagatcac 4620
[0401] gaagcatgtc gcgcagattt tggattcgeg gatgaacacg aagtacgacg agaatgataa 4680
[0402] actgatacgt gaagtcaagg ttatcactct taagtccaaa ttggtgagcg atttcagaaa 4740
[0403] ggacttccaa ttctataagg tcagggagat caacaattat catcacgctc acgatgccta 4800
[0404] ccttaatget gttgtgggga ccgeccttat taagaaatac cctaaattgg agtctgaatt 4860
[0405] cgtttacggg gattataagg tctacgacgt taggaaaatg atagctaaga gtgagcagga 4920
[0406] gatcggtaaa gcaactgcga agtatttctt ttactcgaac atcatgaatt tctttaagac 4980
[0407] cgagataacg ctggcaaatg gcgaaattag aaagaggcct ctcatagaga ctaacggtga 5040
[0408] gacaggggaa atcgtctggg ataagggtag ggactttgeg acagtgegea aggtcctete 5100
[0409] tatgccgcaa gttaatattg tgaagaaaac cgaggtgcag acgggagget tctccaagga 5160
[0410] aagcatactt cccaaacgga actctgataa gttgatcgct cgtaagaaag attgggaccc 5220
[0411] taagaaatat ggtgggttcg attccccaac tgttgecttac agegtgetgg tegttgecaa 5280
[0412] ggtcgagaag ggtaaatcca agaaactcaa aagcgttaag gaactccttg ggattactat 5340
[0413] catggagaga tcttcattcg aaaagaatcc tatcgacttt cttgaggcca aaggatataa 5400
[0414] ggaagttaag aaagatctga taatcaaact cccaaagtac tcattgtttg agctggaaaa 5460
[0415] cggcaggaag cgecatgettg cttececgecgg agagttgcag aaagggaacg agttggetet 5520
[0416] gccttctaag tatgttaact tcctctatct tgectctcat tacgagaage tcaaaggetc 5580
[0417] accagaggac aacgaacaga aacaactttt tgtcgagcaa cataagcact atttggatga 5640
[0418] gattatagaa cagatcagtg aattctcgaa aagggttatc cttgcagatg cgaatcttga 5700
[0419] caaggtgttg tctgcataca acaaacatag agataagccg atcagggage aagcggaaaa 5760
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[0420] tatcattcac ctcttcactc ttacaaactt gggtgctcce getgecttca agtattttga 5820
[0421] taccacgatt gaccggaaac gttacacctc aacgaaggag gtgctggatg ccaccctcat 5880
[0422] ccaccaatct attaccggac tctacgagac tagaatcgat ctctcacage tcggegggga 5940
[0423] taaaagacca gcagcgacga aaaaggcagg acaggctaag aagaagaaag agctcggagg 6000
[0424] aggaggcacg ggaggaggag gctccgecga gtatgtgege gegetetteg acttcaacgg 6060
[0425] caatgacgag gaggatctcc ctttcaagaa gggcgacatc ctccgecatce gegataagee 6120
[0426] ggaggagcag tggtggaacg cagaggactc cgagggcaag cggggeatga tcctggtgee 6180
[0427] atacgtcgag aagtacagcg gcgattacaa ggaccacgat ggcgactaca aggatcatga 6240
[0428] catcgattac aaggacgatg acgataagtc cggcgtcgac atgacggacg cggagtatgt 6300
[0429] gcgcatccac gagaagctcg atatctacac cttcaagaag cagttcttca acaataagaa 6360
[0430] gtcggtgtce catcggtget acgtcctctt cgagetgaag cgcaggggag agegecgege 6420
[0431] ctgettetgg ggetacgegg tgaataagece gecagtcagge acagagegeg geatccacge 6480
[0432] cgagatcttc tcgatccgga aggtcgagga gtacctccge gacaacccag gecagttcac 6540
[0433] gatcaattgg tactccagct ggtccccttg cgcagattge gcagagaaga tcctcgagtg 6600
[0434] gtacaaccag gagctgaggg gcaatggceca taccctcaag atctgggect gcaagctgta 6660
[0435] ctacgagaag aacgcgagga atcagatcgg cctctggaac ctgegggata atggegtggg 6720
[0436] cctcaacgtg atggtgtccg agcactacca gtgetgecge aagatcttca tccagtccte 6780
[0437] ccacaatcag ctgaacgaga ataggtggct cgaaaagacc ctgaagcgeg ccgagaagtg 6840
[0438] gaggagcgag ctgtctatca tgatccaggt caagatcctg cacaccacaa agtcaccgge 6900
[0439] ggtgggcgge ggeggeageg aattcteegg cggeageacg aacctcageg acatcatcga 6960
[0440] gaaggagaca ggcaagcage tcgtgatcca ggagtctatc ctcatgetge ctgaggaggt 7020
[0441] ggaggaggtc atcggcaaca agccggagtce cgatatccte gtgcacaccg cctacgacga 7080
[0442] gtcgacagat gagaatgtca tgctcctgac ctccgacgea ccagagtaca agccatggge 7140
[0443] gctegtgate caggattcca acggecgagaa taagatcaag atgetgtctg geggetcecee 7200
[0444] gaagaagaag cgcaaggtct agactagtct gaaatcacca gtctctctct acaaatctat 7260
[0445] ctctctctat aataatgtgt gagtagttcc cagataaggg aattagggtt cttatagggt 7320
[0446] ttcgctcatg tgttgagcat ataagaaacc cttagtatgt atttgtattt gtaaaatact 7380
[0447] tctatcaata aaatttctaa ttcctaaaac caaaatccag tgg 7423

[0448] <210> 3

[0449]  <211> 20

[0450]  <212> DNA

[0451] <213> NILJ¥%l (Artificial Sequence)

[0452]  <400> 3

[0453] tagcgacgge gagcaagtgg 20

[0454]  <210> 4

[0455]  <211> 20

[0456]  <212> DNA

[0457] <213> NLF% (Artificial Sequence)

[0458]  <400> 4

[0459] cgatgacggc gagcaagtgg 20

[0460] <210> 5

[0461]  <211> 20
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[0462]
[0463]
[0464]
[0465]
[0466]
[0467]
[0468]
[0469]
[0470]
[0471]
[0472]
[0473]
[0474]
[0475]
[0476]
[0477]
[0478]
[0479]
[0480]
[0481]
[0482]
[0483]
[0484]
[0485]
[0486]
[0487]
[0488]
[0489]
[0490]
[0491]
[0492]
[0493]
[0494]
[0495]
[0496]
[0497]
[0498]
[0499]
[0500]
[0501]
[0502]
[0503]

<212> DNA

213> N4 (Artificial
<400> 5

cggcagegge gagcaagtgg 20
<210> 6

<211> 20

<212> DNA

213> N4 (Artificial
<400> 6

cggcgatage gagcaagtgg 20
210> 7

211> 20

<212> DNA

213> NILF% (Artificial
<400> 7

cggcgacgat gagcaagtgg 20
<210> 8

<211> 20

<212> DNA

213> N4 (Artificial
<400> 8

cggegacgge aggcaagtgg 20
<210> 9

<211> 20

<212> DNA

213> N4 (Artificial
<400> 9

cggecgacgge gaataagtgg 20
<210> 10

<211> 20

<212> DNA

213> N3 (Artificial
<400> 10

cggcgacgge gagegggtgg 20
<210> 11

<211> 20

<212> DNA

213> NTF% (Artificial
<400> 11

cggegacgge gagcaaacgg 20
<210> 12

<211> 20

Sequence)

Sequence)

Sequence)

Sequence)

Sequence)

Sequence)

Sequence)
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[0504]
[0505]
[0506]
[0507]
[0508]
[0509]
[0510]
[0511]
[0512]
[0513]
[0514]
[0515]
[0516]
[0517]
[0518]
[0519]
[0520]
[0521]
[0522]
[0523]
[0524]
[0525]
[0526]
[0527]
[0528]
[0529]
[0530]
[0531]
[0532]
[0533]
[0534]
[0535]
[0536]
[0537]
[0538]
[0539]
[0540]
[0541]
[0542]
[0543]
[0544]
[0545]

<212> DNA
213> NTHF%)(Artificial Sequence)
<400> 12
cggegacgge gagcaagtaa 20
<210> 13
<211> 1833
<212> PRT
213> NTLF% (Artificial Sequence)
<400> 13
Met Asp Tyr Lys Asp His Asp Gly Asp Tyr Lys
1 5 10
Tyr Lys Asp Asp Asp Asp Lys Met Ala Pro Lys
20 25
Gly Ile His Gly Val Pro Ala Ala Asp Lys Lys
35 40
Ala Tle Gly Thr Asn Ser Val Gly Trp Ala Val
50 55
Lys Val Pro Ser Lys Lys Phe Lys Val Leu Gly
65 70 75
Ser Ile Lys Lys Asn Leu Ile Gly Ala Leu Leu
85 90
Thr Ala Glu Ala Thr Arg Leu Lys Arg Thr Ala
100 105
Arg Arg Lys Asn Arg Ile Cys Tyr Leu Gln Glu
115 120
Met Ala Lys Val Asp Asp Ser Phe Phe His Arg
130 135
Leu Val Glu Glu Asp Lys Lys His Glu Arg His
145 150 155
Ile Val Asp Glu Val Ala Tyr His Glu Lys Tyr
165 170
Leu Arg Lys Lys Leu Val Asp Ser Thr Asp Lys
180 185
Ile Tyr Leu Ala Leu Ala His Met Ile Lys Phe
195 200
Ile Glu Gly Asp Leu Asn Pro Asp Asn Ser Asp
210 215
Ile Gln Leu Val Gln Thr Tyr Asn Gln Leu Phe
225 230 235
Asn Ala Ser Gly Val Asp Ala Lys Ala Ile Leu
245 250
Lys Ser Arg Arg Leu Glu Asn Leu Ile Ala Gln

21

Asp

Lys

Ile
60

Asn
Phe
Arg
Ile
Leu
140
Pro
Pro
Ala
Arg
Val
220
Glu

Ser

Leu

His

Lys

Ser

45

Thr

Thr

Asp

Arg

Phe

125

Glu

Ile

Thr

Asp

Gly

205

Asp

Glu

Ala

Pro

Asp

Arg

30

Ile

Asp

Asp

Ser

Arg

110

Ser

Glu

Phe

Ile

Leu

190

His

Lys

Asn

Arg

Gly

Ile
15

Lys
Gly
Glu
Arg
Gly
95

Tyr
Asn
Ser
Gly
Tyr
175
Arg
Phe
Leu
Pro
Leu

255
Glu

Asp

Val

Leu

Tyr

His

80

Glu

Thr

Glu

Phe

Asn

160

His

Leu

Leu

Phe

Ile

240

Ser

Lys
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[0546] 260 265 270

[0547] Lys Asn Gly Leu Phe Gly Asn Leu Ile Ala Leu Ser Leu Gly Leu Thr
[0548] 275 280 285

[0549] Pro Asn Phe Lys Ser Asn Phe Asp Leu Ala Glu Asp Ala Lys Leu Gln
[0550] 290 295 300

[0551] Leu Ser Lys Asp Thr Tyr Asp Asp Asp Leu Asp Asn Leu Leu Ala Gln
[0552] 305 310 315 320
[0553] Ile Gly Asp Gln Tyr Ala Asp Leu Phe Leu Ala Ala Lys Asn Leu Ser
[0554] 325 330 335
[0555] Asp Ala Ile Leu Leu Ser Asp Ile Leu Arg Val Asn Thr Glu Ile Thr
[0556] 340 345 350

[0557] Lys Ala Pro Leu Ser Ala Ser Met Ile Lys Arg Tyr Asp Glu His His
[0558] 355 360 365

[0559] Gln Asp Leu Thr Leu Leu Lys Ala Leu Val Arg Gln Gln Leu Pro Glu
[0560] 370 375 380

[0561] Lys Tyr Lys Glu Ile Phe Phe Asp Gln Ser Lys Asn Gly Tyr Ala Gly
[0562] 385 390 395 400
[0563] Tyr Ile Asp Gly Gly Ala Ser Gln Glu Glu Phe Tyr Lys Phe Ile Lys
[0564] 405 410 415
[0565] Pro Ile Leu Glu Lys Met Asp Gly Thr Glu Glu Leu Leu Val Lys Leu
[0566] 420 425 430

[0567] Asn Arg Glu Asp Leu Leu Arg Lys Gln Arg Thr Phe Asp Asn Gly Ser
[0568] 435 440 445

[0569] 1Ile Pro His Gln Ile His Leu Gly Glu Leu His Ala Ile Leu Arg Arg
[0570] 450 455 460

[0571]  Gln Glu Asp Phe Tyr Pro Phe Leu Lys Asp Asn Arg Glu Lys Ile Glu
[0572] 465 470 475 480
[0573] Lys Ile Leu Thr Phe Arg Ile Pro Tyr Tyr Val Gly Pro Leu Ala Arg
[0574] 485 490 495
[0575] Gly Asn Ser Arg Phe Ala Trp Met Thr Arg Lys Ser Glu Glu Thr Ile
[0576] 500 505 510

[0577] Thr Pro Trp Asn Phe Glu Glu Val Val Asp Lys Gly Ala Ser Ala Gln
[0578] 515 520 525

[0579] Ser Phe Ile Glu Arg Met Thr Asn Phe Asp Lys Asn Leu Pro Asn Glu
[0580] 530 535 540

[0581] Lys Val Leu Pro Lys His Ser Leu Leu Tyr Glu Tyr Phe Thr Val Tyr
[0582] 545 550 555 560
[0583] Asn Glu Leu Thr Lys Val Lys Tyr Val Thr Glu Gly Met Arg Lys Pro
[0584] 565 570 575
[0585] Ala Phe Leu Ser Gly Glu Gln Lys Lys Ala Ile Val Asp Leu Leu Phe
[0586] 580 585 590

[0587] Lys Thr Asn Arg Lys Val Thr Val Lys Gln Leu Lys Glu Asp Tyr Phe
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[0588] 595 600 605

[0589] Lys Lys Ile Glu Cys Phe Asp Ser Val Glu Ile Ser Gly Val Glu Asp
[0590] 610 615 620

[0591] Arg Phe Asn Ala Ser Leu Gly Thr Tyr His Asp Leu Leu Lys Ile Ile
[0592] 625 630 635 640
[0593] Lys Asp Lys Asp Phe Leu Asp Asn Glu Glu Asn Glu Asp Ile Leu Glu
[0594] 645 650 655
[0595] Asp Ile Val Leu Thr Leu Thr Leu Phe Glu Asp Arg Glu Met Ile Glu
[0596] 660 665 670

[0597] Glu Arg Leu Lys Thr Tyr Ala His Leu Phe Asp Asp Lys Val Met Lys
[0598] 675 680 685

[0599]  Gln Leu Lys Arg Arg Arg Tyr Thr Gly Trp Gly Arg Leu Ser Arg Lys
[0600] 690 695 700

[0601] Leu Ile Asn Gly Ile Arg Asp Lys Gln Ser Gly Lys Thr Ile Leu Asp
[0602] 705 710 715 720
[0603] Phe Leu Lys Ser Asp Gly Phe Ala Asn Arg Ala Phe Ala Ala Leu Ile
[0604] 725 730 735
[0605] Ala Asp Asp Ser Leu Thr Phe Lys Glu Asp Ile Gln Lys Ala Gln Val
[0606] 740 745 750

[0607] Ser Gly Gln Gly Asp Ser Leu His Glu His Ile Ala Asn Leu Ala Gly
[0608] 755 760 765

[0609] Ser Pro Ala Ile Lys Lys Gly Ile Leu Gln Thr Val Lys Val Val Asp
[0610] 770 775 780

[0611] Glu Leu Val Lys Val Met Gly Arg His Lys Pro Glu Asn Ile Val Ile
[0612] 785 790 795 800
[0613] Glu Met Ala Arg Glu Asn Gln Thr Thr Gln Lys Gly Gln Lys Asn Ser
[0614] 805 810 815
[0615] Arg Glu Arg Met Lys Arg Ile Glu Glu Gly Ile Lys Glu Leu Gly Ser
[0616] 820 825 830

[0617] Gln Ile Leu Lys Glu His Pro Val Glu Asn Thr Gln Leu Gln Asn Glu
[0618] 835 840 845

[0619] Lys Leu Tyr Leu Tyr Tyr Leu Gln Asn Gly Arg Asp Met Tyr Val Asp
[0620] 850 855 860

[0621] GIn Glu Leu Asp Ile Asn Arg Leu Ser Asp Tyr Asp Val Asp His Ile
[0622] 865 870 875 880
[0623] Val Pro Gln Ser Phe Leu Lys Asp Asp Ser Ile Asp Asn Lys Val Leu
[0624] 885 890 895
[0625] Thr Arg Ser Asp Lys Asn Arg Gly Lys Ser Asp Asn Val Pro Ser Glu
[0626] 900 905 910

[0627]  Glu Val Val Lys Lys Met Lys Asn Tyr Trp Arg Gln Leu Leu Asn Ala
[0628] 915 920 925

[0629] Lys Leu Ile Thr Gln Arg Lys Phe Asp Asn Leu Thr Lys Ala Glu Arg
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[0630]
[0631]
[0632]
[0633]
[0634]
[0635]
[0636]
[0637]
[0638]
[0639]
[0640]
[0641]
[0642]
[0643]
[0644]
[0645]
[0646]
[0647]
[0648]
[0649]
[0650]
[0651]
[0652]
[0653]
[0654]
[0655]
[0656]
[0657]
[0658]
[0659]
[0660]
[0661]
[0662]
[0663]
[0664]
[0665]
[0666]
[0667]
[0668]
[0669]
[0670]
[0671]

930 935 940
Gly Gly Leu Ser Glu Leu Asp Lys Ala Gly Phe Ile Lys Arg Gln Leu
945 950 955 960
Val Glu Thr Arg Gln Ile Thr Lys His Val Ala Gln Ile Leu Asp Ser
965 970 975
Arg Met Asn Thr Lys Tyr Asp Glu Asn Asp Lys Leu Ile Arg Glu Val
980 985 990
Lys Val Ile Thr Leu Lys Ser Lys Leu Val Ser Asp Phe Arg Lys Asp
995 1000 1005
Phe Gln Phe Tyr Lys Val Arg Glu Ile Asn Asn Tyr His His Ala His
1010 1015 1020
Asp Ala Tyr Leu Asn Ala Val Val Gly Thr Ala Leu Ile Lys Lys Tyr
1025 1030 1035 1040
Pro Lys Leu Glu Ser Glu Phe Val Tyr Gly Asp Tyr Lys Val Tyr Asp
1045 1050 1055
Val Arg Lys Met Ile Ala Lys Ser Glu Gln Glu Ile Gly Lys Ala Thr
1060 1065 1070
Ala Lys Tyr Phe Phe Tyr Ser Asn Ile Met Asn Phe Phe Lys Thr Glu
1075 1080 1085
Ile Thr Leu Ala Asn Gly Glu Ile Arg Lys Arg Pro Leu Ile Glu Thr
1090 1095 1100
Asn Gly Glu Thr Gly Glu Ile Val Trp Asp Lys Gly Arg Asp Phe Ala
1105 1110 1115 1120
Thr Val Arg Lys Val Leu Ser Met Pro Gln Val Asn Ile Val Lys Lys
1125 1130 1135
Thr Glu Val Gln Thr Gly Gly Phe Ser Lys Glu Ser Ile Leu Pro Lys
1140 1145 1150
Arg Asn Ser Asp Lys Leu Ile Ala Arg Lys Lys Asp Trp Asp Pro Lys
1155 1160 1165
Lys Tyr Gly Gly Phe Asp Ser Pro Thr Val Ala Tyr Ser Val Leu Val
1170 1175 1180
Val Ala Lys Val Glu Lys Gly Lys Ser Lys Lys Leu Lys Ser Val Lys
1185 1190 1195 1200
Glu Leu Leu Gly Ile Thr Ile Met Glu Arg Ser Ser Phe Glu Lys Asn
1205 1210 1215
Pro Ile Asp Phe Leu Glu Ala Lys Gly Tyr Lys Glu Val Lys Lys Asp
1220 1225 1230
Leu Ile Ile Lys Leu Pro Lys Tyr Ser Leu Phe Glu Leu Glu Asn Gly
1235 1240 1245
Arg Lys Arg Met Leu Ala Ser Ala Gly Glu Leu Gln Lys Gly Asn Glu
1250 1255 1260
Leu Ala Leu Pro Ser Lys Tyr Val Asn Phe Leu Tyr Leu Ala Ser His
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[0672]
[0673]
[0674]
[0675]
[0676]
[0677]
[0678]
[0679]
[0680]
[0681]
[0682]
[0683]
[0684]
[0685]
[0686]
[0687]
[0688]
[0689]
[0690]
[0691]
[0692]
[0693]
[0694]
[0695]
[0696]
[0697]
[0698]
[0699]
[0700]
[0701]
[0702]
[0703]
[0704]
[0705]
[0706]
[0707]
[0708]
[0709]
[0710]
[0711]
[0712]
[0713]

1265 1270 1275 1280
Tyr Glu Lys Leu Lys Gly Ser Pro Glu Asp Asn Glu Gln Lys GIn Leu
1285 1290 1295
Phe Val Glu Gln His Lys His Tyr Leu Asp Glu Ile Ile Glu Gln Ile
1300 1305 1310
Ser Glu Phe Ser Lys Arg Val Ile Leu Ala Asp Ala Asn Leu Asp Lys
1315 1320 1325
Val Leu Ser Ala Tyr Asn Lys His Arg Asp Lys Pro Ile Arg Glu Gln
1330 1335 1340
Ala Glu Asn Ile Ile His Leu Phe Thr Leu Thr Asn Leu Gly Ala Pro
1345 1350 1355 1360
Ala Ala Phe Lys Tyr Phe Asp Thr Thr Ile Asp Arg Lys Arg Tyr Thr
1365 1370 1375
Ser Thr Lys Glu Val Leu Asp Ala Thr Leu Ile His Gln Ser Ile Thr
1380 1385 1390
Gly Leu Tyr Glu Thr Arg Ile Asp Leu Ser Gln Leu Gly Gly Asp Lys
1395 1400 1405
Arg Pro Ala Ala Thr Lys Lys Ala Gly Gln Ala Lys Lys Lys Lys Glu
1410 1415 1420
Leu Gly Gly Gly Gly Thr Gly Gly Gly Gly Ser Ala Glu Tyr Val Arg
1425 1430 1435 1440
Ala Leu Phe Asp Phe Asn Gly Asn Asp Glu Glu Asp Leu Pro Phe Lys
1445 1450 1455
Lys Gly Asp Ile Leu Arg Ile Arg Asp Lys Pro Glu Glu Gln Trp Trp
1460 1465 1470
Asn Ala Glu Asp Ser Glu Gly Lys Arg Gly Met Ile Leu Val Pro Tyr
1475 1480 1485
Val Glu Lys Tyr Ser Gly Asp Tyr Lys Asp His Asp Gly Asp Tyr Lys
1490 1495 1500
Asp His Asp Ile Asp Tyr Lys Asp Asp Asp Asp Lys Ser Gly Val Asp
1505 1510 1515 1520
Met Thr Asp Ala Glu Tyr Val Arg Ile His Glu Lys Leu Asp Ile Tyr
1525 1530 1535
Thr Phe Lys Lys Gln Phe Phe Asn Asn Lys Lys Ser Val Ser His Arg
1540 1545 1550
Cys Tyr Val Leu Phe Glu Leu Lys Arg Arg Gly Glu Arg Arg Ala Cys
1555 1560 1565
Phe Trp Gly Tyr Ala Val Asn Lys Pro Gln Ser Gly Thr Glu Arg Gly
1570 1575 1580
Ile His Ala Glu Ile Phe Ser Ile Arg Lys Val Glu Glu Tyr Leu Arg
1585 1590 1595 1600
Asp Asn Pro Gly Gln Phe Thr Ile Asn Trp Tyr Ser Ser Trp Ser Pro
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[0714]
[0715]
[0716]
[0717]
[0718]
[0719]
[0720]
[0721]
[0722]
[0723]
[0724]
[0725]
[0726]
[0727]
[0728]
[0729]
[0730]
[0731]
[0732]
[0733]
[0734]
[0735]
[0736]
[0737]
[0738]
[0739]
[0740]
[0741]
[0742]

1605 1610 1615
Cys Ala Asp Cys Ala Glu Lys Ile Leu Glu Trp Tyr Asn Gln Glu Leu
1620 1625 1630
Arg Gly Asn Gly His Thr Leu Lys Ile Trp Ala Cys Lys Leu Tyr Tyr
1635 1640 1645
Glu Lys Asn Ala Arg Asn Gln Ile Gly Leu Trp Asn Leu Arg Asp Asn
1650 1655 1660
Gly Val Gly Leu Asn Val Met Val Ser Glu His Tyr Gln Cys Cys Arg
1665 1670 1675 1680
Lys Ile Phe Ile GIn Ser Ser His Asn Gln Leu Asn Glu Asn Arg Trp
1685 1690 1695
Leu Glu Lys Thr Leu Lys Arg Ala Glu Lys Trp Arg Ser Glu Leu Ser
1700 1705 1710
Ile Met Ile Gln Val Lys Ile Leu His Thr Thr Lys Ser Pro Ala Val
1715 1720 1725
Gly Gly Gly Gly Ser Glu Phe Ser Gly Gly Ser Thr Asn Leu Ser Asp
1730 1735 1740
Ile Ile Glu Lys Glu Thr Gly Lys Gln Leu Val Ile Gln Glu Ser Ile
1745 1750 1755 1760
Leu Met Leu Pro Glu Glu Val Glu Glu Val Ile Gly Asn Lys Pro Glu
1765 1770 1775
Ser Asp Ile Leu Val His Thr Ala Tyr Asp Glu Ser Thr Asp Glu Asn
1780 1785 1790
Val Met Leu Leu Thr Ser Asp Ala Pro Glu Tyr Lys Pro Trp Ala Leu
1795 1800 1805
Val Ile Gln Asp Ser Asn Gly Glu Asn Lys Ile Lys Met Leu Ser Gly
1810 1815 1820
Gly Ser Pro Lys Lys Lys Arg Lys Val
1825 1830
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120.0% r

100.0%

86.7%
90.0%

60.0% | 53.3% 53.3%

30.0%

10.0%

0.0%

0.0%
CS651 CS650 CS652

B SpCas9n&PmCDA1&UGI B HypaCas9n&PmCDA1&UGI

K1

CGGCGACGGCGAGCAAGTGGAGG (on target)
taGCGACGGCGAGCAAGTGGAGG
CGatGACGGCGAGCAAGTGGAGG |
CGGCagCGGCGAGCAAGTGGAGG |
CGGCGAtaGCGAGCAAGTGGAGG |
CGGCGACGatGAGCAAGTGGAGG |
CGGCGACGGCagGCAAGTGGAGG |
CGGCGACGGCGAtAAGTGGAGG |
CGGCGACGGCGAGCggGTGGAGG |
CGGCGACGGCGAGCAAaCGGAGG |
CGGCGACGGCGAGCAAGT22AGG]

0 10 20 30 40

# SpCasIn&PmCDALI&UGI O HypaCasIn&PmCDA1&UGI

K2
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