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Construction and screening of hyperactive PiggyBac transposases

ZHANG Long*, LIANG Ming-fu”,ZHANG Zhi-ying*
(a College of Animal Science and Technology b College of Life Sciences ,
Northwest A& F University ,Yangling » Shaanxi 712100, China)

Abstract: [Objective) This study aimed to construct highly efficient and site-directed PiggyBac trans-

posase system. [Method] Wild-type PiggyBac transposase was used as template to construct mutant trans-

posase library with random mutation transposase gene by error-prone PCR. Fusion expression with the ZFP

protein that can recognize and bind the target DNA sequence was conducted to get ZFP-PiggyBac mutant

transposase library system. Then the mutant transposase library, transposon and report vector were co-

transformed into Saccharomyces cerevisiae JMY1. Highly efficient and site-specific transposases were

screened by Ura-5FOA yeast screening system. [ Result] Highly efficient ZFP-PiggyBac mutant trans-

posase library was successfully constructed. After three times of screening,five hyperactively mutant trans-

posases were obtained. [Conclusion] Newly constructed ZFP-PiggyBac mutant transposase library had the

site-specific and efficient transposable ability at the ZFP protein recognition domain Rosa 26BS.
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W AMIR N B e K T DA A 150 kb /9 H
(R BEE 5 A Bh 5 3R I L PiggyBac % % 7 7T Lt H
f14 35 DR A B A A U0 B BB . LR 2 i 4 R e ik
AR, UL FE TS PiggyBac e i 7 i 3 X 4
YE RS T Z N H . B, 1 T PiggyBac ¥ Ji ¥
FERG WIS S S s o 5y 7 A B WL A L3 AR S R
ik NIRRT PiggyBac ¥ Ji (1 i — 25 B H
PISEE (ZFP IR T 2R B Ay H, 1T
PRI A5 B DNA 25 & 380, H g 1% UL 7 9 48 =7 b
(1975 35 DNA g5 &0 6l o 1 o B85 45 5 0k
il A E] DNA WU JE K35 IF 5 DNA 25 505, % 5t
AR EZA/EH . BT PiggyBac % 8 1 4% & &~
25 A &5, FLVE AL & M PiggyBac %% JE i 1 1)
ENVEFH T 52 G AR DA I 3 e v e DA Rl 5 T
DA iR 2 i 3 it e EL B R RAR AN oy %
PRyl . AR BIF 5 o X B 4R R PiggyBac % 4 il
PEAT B AL ZEAE | ) B e 5% e Tl N iy il 45 35 35 BE 6 %
SHER S DNA JF 51 (9 ZFP, L) 35 15 68 0% 45 5
TEO) B AN, 5P o 2500 R Tl L SRy i — 2D 4 e b TR R T
T 7 B D5 VR v ) 7 50 S P R 22 4 R R 3 T B

L AR5 5k

1.1 & M
L1l @A5 Rk #AH e ik TMB84-
Ura, JMB405, JMB440, pstl374-trans, pstl374-
ZFP. IMB440-ZFP-WTtrans. JMB1022-3TR-5TR
KK W ¥F B DHO5a 8% 52 25 20 M, BRI 1 BE B AR
IMY T, ¥ 60 PG A6 R AR K2 sh Wy Bk B 2 e S I A
11,2 =& A  R$IENDIEE, T4 DNA % £
B, B NEB A%l pfu Ei A8k B, easy Tag DNA
BAHG AATP.dTTP.dGTP 1 dCTP, I [ 4t 5% 4>
2 A A W H AR A BR S D 5 e Tl WS 55 6 W RS iz
A F AR (AU A BRA 5 5 B O R & L RS
PEBUAF & W B Omega 2 7] s & R ILTUH] W H K
HEEAEYWTRARAA;S5FOA HEZEEYWARA
AR 5 At 3 700 359 Ay [ 7= 43 A 2 o e 2 0 R
Sl L AR A A A . TN E
I 4 s A R AT B2 FD 5
1.2 #EFHE IMBL05-3TR-5TR HIHIE
4R # K TMB1022-3TR-5TR | %% i F )% 41 ,
FIH primer 5. 0 #4519, LS9 3TR-F
H:5-GCGAGATCTTTAACCCTAGAAAGATA-
ATCA-3", FiitBI#5TR-R¥ .5 -GCGCTCGAG-

TTAACCCTAGAAAGATAGTCT-3" , 3TR-F #l
S5TR-R o R R 4343 5 Bgl 1l F1 Xho | Y]
fis . PLJMB1022-3TR-5TR Ji ki hy B A . R FH [
7% PCR ¥ 38 56 e 7 17 91 RN AR 2 R B4R 2. 0
pL. 514 3TR-F il 5TR-R 4 0.5 puL,dNTPs 4. 0
pL, 10X Buffer 5. 0 puL,easy Tag DNA B4 0. 5
pL.ddH, O 37.5 pl. B FEFF N .94 CHUAEME S
min; 94 C R 30 s,68 C KM 30 s.72 C LM 30
s.16 MAA, BEAIE AR A AT 1 C;94 Ce
N 30 s,52 CR i 30 s,72 CRNV 30 s,25 NEH
72 CHEAH 10 min, ¥ PCR F=#F1 IMB405 #1443
# % BamH T Fl Xho T WU VI H-2lifk M5 . H T4
DNA % $22 il ¢ I8 22 5 Wiy 457 Bgl 11 F1 Xho 1
Fil§ U1 7 SR AUEE DNA BT 16 CiESE R )G, %
L ZE K #F i DHSa B2 408, W 4 T & 100
mg/LZ N H %R (Amp) iy LB FEAE; 325 1,37 C
et 5 PRI e B L B2 FP T 2 mL % 100 mg/L
Amp 9 LB 5 W+ ,37 C.250 r/min ¥ % 10 h,
PEHUE R, 2 Xho | F1 Sma | WGV X2, iG] 7=
Yo 100 BB W 5 e 0 AT FL KRS I o A A OE B 1Y
TR 3R AR 44 JMB405-3TR-5TR,
1.3 IEFHME IMB84-Rosa26BS-Ura B E
Rosa26BS R 4735 8 11 (ZFP) 55 5 P 1R A A5
Hopg 3 ¥ 51 K. 5 -GCAACTCCAGTCTTTCTT-
GGGCGGGAGTC-3" 4 4% % ¥ % F F primer 5. 0
A4 MBS B Rosa26BS #4885 1145 5 M0 5
7 50 F eS| IMB84-F1,JMB84-F2 # T 514
JMB84-R,JMB84-F1)¥%1 2} :5'-GCAACTCCAGT-
CTTTCTTGGGCGGGAGTCATGTCGAAAGCT -
ACATATAAG-3',JMB84-F2 J¥41] J3 . 5'-AAC CT-
GCAG GAAACGAAGATAAATCATGTGCAAC -
TCCAGTCTTTCTTGG-3", JMB84-R J¥ %1 Jy.5'-
AGTGGATCCGAATTCGATATCAAGCTTATC-
3'.JMBS84-F2 il JMB84-R JF# 41 th i) ' Rl & 35 43 4>
A Pst T #1 BamH 1 EgYIN 5. @ad 2 & PCR ™
¥ Rosa26BS i/ &, P4 JMB84-Ura N itk , JMB84-
F1.JMB84-R R 5|t 1755 1 2 PCR ¥ 1§ . PCR Jx
R Z S KR 2.0 pL. 3194 0.5 uL,dNTPs 4.0
pL,10X Buffer 5.0 pl,easy Tag DNA WA 0.5
pL,ddH,0 37.5 ul, PCR & .94 CHIAEE 5
min; 94 C X 30 s,68 CR I 30 s,72 C W 2
min, 16 MR B HEFRR AR E WAL 1 C594 C
SN 30 5,52 CR i 30 5,72 CJZ W 2 min, 25 E
;72 CHEAR 10 min, FFLLES 1 25 PCR =4 0 5
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Bz . JMB84-F2 . JMB84-R k8| #1174 2 & PCR ¥~
L RNAR R AR RS 1 8 PCR, 43555 2 25
PCR =¥ 1 IMB84-Ura # & | Pst T #1 BamH 1
PEAT G VI IF 7 2 L 16 15 3] TMB84-Rosa26BS-Ura
WA, i ] Pse T fl BamH T X g4 IMB84-
Rosa26BS-Ura 2 & 2 A4 xf H k47 %22, il U1 7~ 9 H]
1 Y0 35t JI W 06 g 0 4 HhL Sk ARG T

1.4 JMB440-ZFP-trans #EMEIHERTENHE
1.4.1 JMB440-ZFP # ey F 37 CTH
Xba 1 Il BamH 1 XUHE§ Y] Pst1374-ZFP fil JMB440
AR EEVIRTE 3 ho KR B ZFP J¥ 5 i 4 2 B 48
AR IMB440 , 3K 15 JMBA440-ZFP #% 1k, fii H]
Xba | A1 BamH | Y] IMB440-ZFP 484k k17 %
S U)LY B R B S R AT R TR

L.4.2 B4 PCRIFNREH BN Y
T e g 5 A5 P i Z2 AR L 3l i 2 PCR OB AR &
H Mg*" \Mn*" fil ANTPs #3e Ji . 4 Fil 5 4 PCR Jy
1 BB 5 A8 B A= Y PiggyBac 5 i il 55 1 )7 51, L
ARAGA TG VE 0 = 8505 Tl . AR s B A2 A PiggyBac
S RERESE Xy 3, B primer 5. 0 B IS Y
PB-transF I PB-transR, PB-transF J¥ %1 . 5'-
GGTGGATCCATGGGTAGTTCTTTAG-3", PB-
transR J§ ¥ H: 5-GCGCTCGAGGTCAGAAA-
CAACTTTGGCAC-3',E|%y PB-transF fil PB-tran-
sR FRIZER2 3~ BamH 1T Fil Xho | BV &,
S5 PCR RBEAR & A3% 1 R . PCR iz 72 [l
1.2, F 12 B BR B8 i xb PCR 7= 9 #F 47 H Tk A6
.

1 SHEPCRERNERMNAK
Table 1 Composition of error-prone PCR reaction system me
) &% Volume
Reactant 1 2 3 4 5 6 7 8 9 10 11 12 13 14
10 X Buffer 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5. 00
10 pmol/#L Primer F/R 2. 00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2. 00 2.00 2.00 2.00
200 ng/’uL pstl374-trans 0. 15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15 0.15
easy Taq 0. 50 0. 50 0. 50 0. 50 0. 50 0. 50 0. 50 0. 50 0. 50 0. 50 0.50 0.50 0.50 0. 50
1 pmol/p.L MgCl, 1. 50 2.75 3. 80 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5. 00 5.00 5.00 5.00
1 pmol/yL MnCl, 0 0 0 0 0. 20 0. 30 0. 50 0.75 1. 00 0 0 0 0 0
dNTPs 4. 00 4. 00 4. 00 4. 00 4. 00 4. 00 4. 00 4. 00 4,00 A B C D 4. 00
ddH,0O 35.35 32.85 30.75 28.35 28.25 28.20 28.10 28.00 27.85 22.35 22.35 22.35 22.35 26.35

A B.CHID 4 4% dATP.dTTP.dGTP F1 dCTP B4 5K 4.1.2,

3:3,4,1,2:2,3,4,1;1,2,3,4 pl.

Note: The volumes of dATP,dTTP,dGTP and dCTP in A,B,C and D respectively are 4,1,2,3;3,4,1,2;2,3,4,1;1,2,3,4 pl,respective-

ly.

FH 100 35t i 5 Jie i Uk 6 14 4~ PCR R R 7= )
HEAT RGN, IS BE A% B 1 th H B9 2454 19 PCR 774
FHBR &M 9 ) B Xho 1 A1 BamH 1 X B 151 Y& J5 )
PCR 7= ¥ 1 JMB440-ZFP AR 347 XUV . AR 48
PCR 7=4j (trans) fil JMB440-ZFP f# &, % it A 6

E IR A R (R 2) il i Ao e A J7 1 5 R e 1 3
FE IR R 5 CRe Al Ja % B2 15 9% A A B0 5 W TR &
B/ T 6 2 % SR A R B T R 2 Y O 4
TR Z Sy i (T MR 200 KA o RS AR R AT
EE.

R2 ETUFERUFEIREEEREGFRZNEAK
Table 2 Best ligation system composition by chemical transformation me

L) AR BRI R 2 B R 3 Xf

Reactant Ligation 1 Ligation 2 Ligation 3 Control
40 ng/pL trans 1.0 1.0 1.0 0
100 ng/pl. JMB440-ZFP 3.0 2.0 1.0 1.0
Buffer 1.0 1.0 1.0 1.0
T4 DNA %4 T4 DNA ligase 0.5 0.5 0.5 0.5
ddH,O 4.5 5.5 6.5 7.5

1.4.3 #H3EFWeshie  RABBRILTE %k aifb
B BBRELE T AT R IR S 200 pL 3
=), F 65 C R KI% 20 min; [6] % 224K & don 4
pL DNAmate,1/10 A1 (20 pL) % CH; COONa A
2.5 AR TR T4 /K B4 CL12 000 r/min B

> 15 min; I 500 pL F¥& A9 PR FL 43 5 70 %0 £ B L
PE 238 .12 000 r/min B5.Lr 5 min; T4 A 30 pL
BB TR

1.4.4 4hibE B M SRR T ERAF
W 2l Al 10 3 B2 7 Wy B e A R AF T DHb5 e 32 755

JoN 3 Te8

g2t
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Jif b R AL S50k 2 500 V,200 Q.25 uF(Bio-Rad
Gene Pulser)) ¥ U AL TR IR /0 T8 Amp (100
mg/L) [ LB -4 b, Tk H A b A 1 45
PATERE & Amp (100 mg/L) #) LB 5538 e T
¥, 150 r/min, 37 C #& & 4 h, 48 B Ok, 15 )
IMB440-ZFP-trans 5 & fiff 58 45 %2, f F Xho 1 FI
BamH 1 BUGU) % 5 5 e it 58 28 2, W V1 7= 9 FH 1%
T N W e s R AT P VKA

1.5 BEHASSNEERENIGE

15,1 BEE#EAL ARYE Gietz 7 RIA 1Y LiAc B
BERG A6 J7 15 5 % TMBA40-ZFP-trans % Ji fiff 5€ 75 J#
CHf Leu $525) . JMB405-3TR-5TR (4 Trp #5%5) il
JMB84-Rosa26BS-Ura(# Ura #5%5) DL A B 2H 4 )5
AL BN BRI B BE MY 1 o, B Ura-5FOA [ £
i 16 ZR G- MEAT B DA TR O S

B E Y ZFP 5 Rosa26BS A4 G5 . 5
ZFP G4 3235 (1) PiggyBac %% s g 1) 1) %1 3 6 4 [
5E T Rosa26BS i g Bt 19 TTAA fii s kb, 24
PiggyBac % & ¥4 A - BT Ura BN (93835, Ura
SEHEARBE RS AR RN, £& A 0.5
mg/mL 5FOA $5 5 iR 23 & A Bk N BBk ]
PIAEK . Y4 PiggyBac 5% i + K F¢ 7 1k Hb 4fi A Ura
FEF At TTAA 7 G0 Ura RS 23 8 BH W7
MR, W 2 & A f A N, 76 &% 4 0. 5 mg/mL
SFOA B e o kAR B N S 3O BRSBTS,
(D% 1 kGFik., ¥ IMB84-Rosa26BS-Ura %
& 15 B B P X BE 41, JMB84-Rosa26BS-Ura/
JMB405-3TR-5TR f 24 B 7 XJ f& 24H . JMB84-Ro-
sa26BS-Ura/JMB405-3TR-5TR/JMB440-ZFP-trans
Ve 5 20 L 53 S AE & A 8] BT 4 Mk B2 (0, 0. 2,0. 5,

1.5.2 &acH Bkt ik T Rosa26BS /¥4I 0.7 mg/mlL) SFOA B3 B #EAT i 2t . O 2B 14 &
B F Ura S5 i ZFP & Ao DURs S R0 9F gk 3 i,
x 3 B PiggyBac HEMMNE 1 AFRER
Table 3 First round screening of hyperactive PiggyBac transposases
W5 ok spon/  FRARREEREE
Test number Vector (mg *» mL™ 1) Ammo ,aCld
in medium
1-1 JMB84-Rosa26BS-Ura 0 Leu+ His+ Trp
1-2 JMB84-Rosa26BS-Ura 0.2 Leu+ His+ Trp
1-3 JMB84-Rosa26 BS-Ura 0.5 Leu+ His+ Trp
1-4 JMB84-Rosa26 BS-Ura/JMB405-3TR-5TR 0 Ura + His+ Leu
1-5 JMB84-Rosa26BS-Ura/JMB405-3TR-5TR 0.2 Ura + His+ Leu
1-6 JMB84-Rosa26BS-Ura/JMB405-3TR-5TR 0.5 Ura + His+ Leu
1-7 JMB84-Rosa26BS-Ura/JMB405-3TR-5TR 0.7 Ura + His+ Leu
1-8 JMB84-Rosa26BS-Ura/JMB405-3TR-5TR/JMB440-ZFP-trans 0 Ura + His
1-9 JMB84-Rosa26BS-Ura/JMB405-3TR-5TR/JMB440-ZFP-trans 0.2 Ura + His
1-10 JMB84-Rosa26BS-Ura/JMB405-3TR-5TR/JMB440-ZFP-trans 0.5 Ura + His
1-11 JMB84-Rosa26BS-Ura/JMB405-3TR-5TR/JMB440-ZFP-trans 0.7 Ura + His

(2)55 2 Wik . MRYEEE 1 IRIH e 45 4L, DT i
AR 1-10,1-11 H 43 B HRHC 10 A SOk 43 Bl bR id
10-1~10-10 #1 11-1~11-10, 7 SD(-Leu-Trp-Ura)
PR 1 3 b i KRG 9% & ODgo =1, ffi H Omega 23
) PR RE 4 IO ) P MR R R . K A IR TR B B
KL AL R AT TR SZ S 40 i DHS o #E & Amp (100
mg/ LB PER LB [ ASE M e . 554 A Pk
10 N BEPETE R, SR B R, | Xho T A1 BamH T %
fifi U] 0 & JMB440-ZFP-trans #k {4, 3845 19 4~ FH

ki (10-3-5,11-8-6, 10-1-8,10-2-7, 10-4-3,10-5-6 ,
10-6-5.10-7-7,10-8-2,10-9-2,10-10-8 ,11-1-8 , 11-2-
1,11-3-5,11-10-4,11-5-1,11-6-4 ,11-7-8 ,11-9-2) ,

SRS 1R8O Ak A 19 4> JMBA440-ZFP-
trans ¥4 JE i 2 /KA 5 JMB405-3TR-5TR #1 JMB84-
Rosa26BS-Ura I [a] 7% b 2| R G BEEE IMY 1 o 76 &
0.5 mg/mL 5FOA By} 373 i i, AL 4 & 3%
4 R,

R 4 BN PigeyBac HEMMNE 2 R EE R

Table 4 Second round screening of hyperactive PiggyBac transposases

e 5 L4 5FOA/ Rk R AR
_ Amino acid
Test number Vector (mg » mL™1) . .
in medium
2-1 JMB84-Rosa26BS-Ura/JMB405-3TR-5TR/JMB440-ZFP-trans (10-3-5) 0.5 Ura+ His
2-2 JMB84-Rosa26BS-Ura/JMB405-3TR-5TR/JMB440-ZFP-trans (11-8-6) 0.5 Ura + His
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R L AT spon/  ORRIBEIEGEL

Test number Vector (mg * mL.™1) Ammo ‘ac1d
in medium

2-3 JMB84-Rosa26BS-Ura/JMB405-3TR-5TR/JMB440-ZFP-trans (10-1-8) 0.5 Ura + His
2-4 JMB84-Rosa26BS-Ura/JMBA405-3TR-5TR/JMB440-ZFP-trans (10-2-7) 0.5 Ura + His
2-5 JMB84-Rosa26BS-Ura/JMB405-3 TR-5TR/JMB440-ZFP-trans (10-4-3) 0.5 Ura+ His
2-6 JMB84-Rosa26BS-Ura/JMB405-3TR-5TR/JMB440-ZFP-trans (10-5-6) 0.5 Ura + His
2-7 JMB84-Rosa26BS-Ura/JMB405-3TR-5TR/JMB440-ZFP-trans (10-6-5) 0.5 Ura + His
2-8 JMB84-Rosa26BS-Ura/JMBA405-3TR-5TR/JMB440-ZFP-trans (10-7-7) 0.5 Ura +His
2-9 JMB84-Rosa26BS-Ura/JMB405-3TR-5TR/JMB440-ZFP-trans (10-8-2) 0.5 Ura+ His
2-10 JMB84-Rosa26BS-Ura/JMB405-3TR-5TR/JMB440-ZFP-trans (10-9-2) 0.5 Ura + His
2-11 JMB84-Rosa26BS-Ura/JMB405-3TR-5TR/JMB440-ZFP-trans (10-10-8) 0.5 Ura + His
2-12 JMB84-Rosa26BS-Ura/JMB405-3TR-5TR/JMB440-ZFP-trans (11-1-8) 0.5 Ura + His
2-13 JMB84-Rosa26BS-Ura/JMB405-3TR-5TR/JMB440-ZFP-trans (11-2-1) 0.5 Ura+ His
2-14 JMB84-Rosa26BS-Ura/JMB405-3TR-5TR/JMB440-ZFP-trans (11-3-5) 0.5 Ura + His
2-15 JMB84-Rosa26BS-Ura/JMB405-3TR-5TR/JMB440-ZFP-trans (11-10-4) 0.5 Ura + His
2-16 JMB84-Rosa26BS-Ura/JMB405-3TR-5TR/JMB440-ZFP-trans (11-5-1) 0.5 Ura + His
2-17 JMB84-Rosa26BS-Ura/JMB405-3TR-5TR/JMB440-ZFP-trans (11-6-4) 0.5 Ura+ His
2-18 JMB84-Rosa26BS-Ura/JMB405-3TR-5TR/JMB440-ZFP-trans (11-7-8) 0.5 Ura + His
2-19 JMB84-Rosa26BS-Ura/JMBA405-3TR-5TR/JMB440-ZFP-trans (11-9-2) 0.5 Ura+ His

(3% 3 Wik . ARYEEE 2 I 1E 25 AL o i i
R 01 11 4> JMB440-ZEFP-trans % J3 i 25 14
(10-3-5,11-8-6,10-1-8,10-9-2,11-1-8 ,11-2-1,11-3-
5.11-10-4, 11-6-4, 11-7-8 1 11-9-2) F1 JMB440-
ZFP-WTtrans B A= % J38 il 20 AR #1758 3 IR0 i
I A 1F 28 2 kOO e, i 58 [ R TMB440-
ZFP-W Ttrans B A= 7 54 J38 fifg 28 AR 1 R % R

2 AR5

2.1 HEFHME IMBL05-3TR-5TR HEE
P g IMB405-3TR-5TR 4k H Xho T

M 1 2 3

6636 bp
5000 bp
3000 bp
2000 bp
1000 bp
750 bp 578 bp

500 bp

250 bp
100 bp

K1 B F 34K TMB405-3TR-5TR (1) Xho 1 F
Sma T WG Y) 4 &
M. 2 000 Plus DNA Marker; 1~3. ff ] =4
Fig. 1 Double digestion of the recombinant vector
JMB405-3TR-5TR with Xho I and Sma [
M. 2 000 Plus DNA Marker;1—3. Double digestion products

Sma 1 Ciz B Y1 00 & 47 T JMB405 2% & & 1
BamH | B YL 83 22 J5) #6477 BB, 45 R 3k 15 T
578 bp M ki (K 1), 5 #2452 — &, R W]
IMB405-3TR-5TR 2 {4 44 & 5t 2 .
2.2 WEFMK IMB84-Rosa26BS-Ura K EE

H Pst T it BamH T SR DI A 20448 TMB84-
Rosa26BS-Ura, g5 KW E 2 frox., K 2 o] LLFE
AR B 1850 bp 19 4547, 5 T Y 45
— 3, TR K TMB84-Rosa26BS-Ura 4 2 Ji{
.

5000 bp
3000 bp
2000 bp

4055bp
1850 bp

1000 bp
750 bp
500 bp

250 bp
100 bp

K 2 45 %4k TMB84-Rosa26BS-Ura f)
Pst T #1 BamH T XU Y) % ¢
M. 2 000 Plus DNA Marker;1,2. XY 7= 4
Fig. 2 Double digestion of the recombinant report vector
JMB84-Rosa26BS-Ura with Pst | and BamH [
M. 2 000 Plus DNA Marker;1,2. Double digestion products
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2.3 JMB440-ZFP-trans B EMBE A RTENHE
2.3.1 JMB440-ZFP #H ko %k & KW EW
JMB440-ZFP H| Xba 1T #1 BamH 1 MG, 45 H 4%
137 548 bp M 45 (B 3), 5 FU45 R — B, R Y]
JMBA440-ZFP # R ¥ g il 2

1 M

7818 bp
5000 bp

3000 bp
2000 bp

1000 bp
750 bp
500 bp

250 b
100 bp

548 bp
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Fig. 4 Detection of error-prone PCR product
M. 15 000 DNA Marker;1—14. Error-prone PCR products have the same numbers of 1—14 as Table 1
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Fig. 6 First round screening of hyperactive PiggyBac transposases

1-1—1-11 are consistent with Table 3;1-1—1-3 are positive controls; 1-4—1-7 are negative

controls;1-8 —1-11 are experimental groups
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Fig. 7 Second round (A) and the third round (B) screening of hyperactive PiggyBac transposases
2-1—2-19 are consistent with Table 4;10-3-5,11-8-6,10-1-8,10-9-2,11-1-8,11-2-1,11-3-5,11-10-4,
11-6-4,11-7-8 and 11-9-2 are the numbers of vectors; WT represents JMB440-ZFP-W Ttrans wild type transposeses vector
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