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Abstract

The alkaline pH level of plant vacuoles is an important factor for coloration of blue flowers. To-
bacco NtPH1 gene is an orthologous gene of PhPH1 that controls the vacuolar pH in petunia petals.
To study the function of NtPH1 gene, we constructed a knockout vector with two target sites of
NtPH1 gene using plant CRISPR/Cas9 System. The two target sequences in N¢tPH1 genomic DNA are
a 60 bp apart. PCR amplified the small nuclear RNA promoters (AtU6-26 and AtU6-29) and two
sgRNAs, respectively. For each sgRNA cassette, the overlapping sequence between promoter and
sgRNA was the target sequence of 20 bp. The overlapping PCR was completed to in vitro splice the
two sgRNA cassettes. Then the two sgRNA cassettes were cloned into pYLCRISPR/Cas9Pubi-H vec-
tor by Golden Gate cloning. After positive colony PCR, restriction enzyme digestion and further
sequencing, the knockout vector, pCas9-PH1T1T2, was successfully constructed. This work laid a
foundation for further study on the function of NtPH1 gene, and future application of this gene in
genetic engineering of blue flowers.
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1. 5l

WA A R s IR R — . R ORIEE R ARSI SMI, 2381
MG pH B B RN EED LS RS TS GERSERFEILFER ). REBRAMEFERE
W, (HEAEEGDE AR, EORKER TR —BHAITERI MRS, a4, wik
T (RN F3'S'H (R EA-3", 5"- AU I A7, H BRI ™ R I e F R )i — K
F 1 (delphinin) S HATAWI[2]. ik, BEEWRE pH Z8THm ol RS R 2O R KR, fmikikr
W pH JEiE e R T HI[3], WAL & IR Z 1 1 K 22 %% (Pelargonium  hortorum) Fl XAl 1€
(Impatiens balsamina), H T pH fw & M i w0 [ 3]

H RTOC T W5 (8 5L R F3'S'H I s FE AN T RERIE 78 A 1R 2 4RIE[4], 6 T-W0E pH FITRIEE AL EIR D
%422 PhPHS 4ifih Paa-ATPase 198, HRAZ B S SRR B FFIC, Amiieae s ik
ti[5]. B4 PhPHL 4wfY Pag-ATPase, L H &G H+ L2 iG v, ilid s PH5 JERUE & Mt [F 1 A 1
BAAIRRARRA, BAVE RS, HRBSBXEGUARRIESR T/E, mlEiem S nriEe6].

CRISPR/Cas9 R4 /&idid sgRNA A~ FxF #EAT sk AT @ 7 H A Cas A% RN 2 R 52 30 WU T 24
(double-strand break, DSB)>k Sz I K41 i€ s g, 1EN— P IMHEOR T HE R, #)2 T )
REFER BT [7] ARLIER Ma FCHRINIFR T — B RO RS I 2 88 540 58 )
CRISPR/Cas9 #/k £ 4:[8], ZARLHFHES PCR I IEIEM I HHEPHEAFHELL 51 sgRNA [RiA &, A
J5i FiFH Golden Gate 57 [%[9]5k Gibsion 5B [10]1 /7B 24 sgRNA Fik &4 34 Cas9 Rik &
HEYATCHEAE T . FIHZRR CERINIEKTE BEETT S5 Sl 1 v 10 2k DR 2H g [8] [11].

JHES NtPHL 2 RN EHA 24 PhPHL ZER B RIFIVREE R, W3 BA mE R P s — 80,
HA 5 PhPHL HILEIShfE. ABFFCRIFREY) CRISPR/Cas9 R ELIhIE T NtPHL [RIUUHE s i bR ik
pCas9-PHIT1T2, Ayidt—LJF ke NtPHL BRI DhRemt 7, LRI H b7 5 AR i B 8 TR AR B E T
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2. M5 R
2.1. #8 BEHRSRF

4 Cas9 RiLBIINIERLEM pYLCRISPRICasIPubi-H, % sgRNA ik & H A pYLsgRNA-
AtU6-26 Fil pY LsgRNA-AtUG-29, 4] Hi A S48 % M 1 AERAT o KT 1 B bk E. coli DH10B i1 sk % A7 -

HIfRE DNA E#/if KOD FX JI§ T TOYOBO; T4 DNA ¥, FRHIVENUIEEEIET NEB; DNA
TR ISR G T TAKARA; - LBl A [ 7= 43 4L

2.2. ¥Bfu Rk EE

HEFE NtPHL 28 7 b7 1F X al s UBEWETHEAS 20 bp BZEEE 751, AL %) PAM 7 41(NGG)Ia] 1]
k% 60 bp, GC% <& 50%~60%, G/C 734k,

2.3. $1{3 55 sgRNA FRiAE R It

PLFURL pY LsgRNA-AtU6-26 S5tk , i H 514 UF(5’-CTCCGTTTTACCTGTGGAATCG-3’) 545+ 5]
¥) R-T1 (5’-ctggatgacgcgattatggcaatcactacticgactctage-37, N RIZE AFEF 5] T1), ¥ L 470 bp LA
AtU6-26 J5 5T, 514 F-T1(5 -ccataatcgcgtcatccag GTTTTAGAGCTAGAAATAGC-3’, FRIZLE AHEFE % T1)
53l 5149 gR-R(5’-CGGAGGAAAATTCCATCCAC-3" ) 1% 136 bp ] gRNA %1, _LEik PCR P44
HY 0.2 uL F10.1 L ¥E A J5 » A Bsa | 7 55 38 FH 514 Pps-R (5°-TTCAGAQatctc TACCGACTAGTATGGAAT
CGGCAGCAAAGG-3’, FXIZk N Bsa | 17 &)1 Pgs-2 (5’-AGCGTGggtctcGtcagggTCCATCCACTCCA
AGCTC-3’, FRIZ AN Bsa | i f4)i 47 HE B PCR §74, FRIGFHIS T1 (1) sgRNA RIE £ .

PUFCRL pYLsgRNA-AtU6-29 Ntk EHA5I4 UF 54557519 R-T2 (5°-cttcgagggcttaaacttgtcaatca
ctacttcgactctage-3’, FRIZEAFEFH] T2), ¥ H4%) 400 bp A4 AtU6-29 JazhT, 514 F-T2 (5’-acaa
gtttaagcectcgaagGTTTTAGAGCTAGAAATAGC-3’, T~ RIZNELF 41 T2) 5@ FH 514 gR-R ¥ 1544 136 bp
) gRNA %1, iR PCR =448 0.2 uL A10.1 pL B & )5, H Bsa | £7 &5 A3 FH 514 Pps-2 A1 Pgs-L i3k
f7HEE PCRY Y, RS T2 () sgRNA KiL &, PCR ¥ i1k R A% (4% KOD FX #EFEEAT

2.4, WITH A EFEANEALA sgRNA FRIZEH Golden Gate $E4A%E

T Bsa | ML) )E, FE LRRRIHIAL S CANRE: Bsa | UI%], A B 40 X0 844 5 R
PYLCRISPR/Cas9Pubi-H 5 T1 Al T2 ] sgRNA K1k &L, HIERSEE, A Bsa | WUIEGFI T4 DNA &%
fitg, [FINBEATEEYERE . 15 pL etk & N: 1 pL 10 x CutSmart buffer, 80 ng pYLCRISPR/Cas9Pubi-H Ji
ki, ATP (ZKJE 1.0mM), T1, T2sgRNA Fik& % 30 ng, 10 U Bsa | NJAE, 40 U T4 DNA iEH:E,
AR ARANE o A 75T R EE () #R EE PCR A _E, %% 3 AMEFA(37°C 10 min, 10°C 5 min,
20°C 5 min), F#E4T 10 MEH(37°C 3 min, 10°C 5min, 20°C 5 min). N = 4iE T 5 B Hd DH10B,
FHAE A% 514 T1 (5°-ccataatcgegtcatccag-3°) Al T2 (5°-cttcgagggcttaaacttgt-3") fide B su [, &%) 42 i kL
F Spe | BE YIRS, W07 B 4B o AN ERARA R AE ] 1

3. BERE S
3.1. BALSFYINRE

RIE NtPHL 58 7 4h B T4, 2R PAM 4] NGG, i B #MER) CCN, I H A0 S GC%E
AL 45%~60% 2 (8], HZHE RN SFA TL AT T2 (K 2), Hrp T1 & CCN I E Mk, FES T2 {7

M) PAM 234 60 bp A4 .
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Figure 1. Schematic diagram for construction of plant CRISPR/Cas9 vector system: (a) Golden Gate cloning using IS class
Bsa I; (b) in vitro splicing of different sgRNAs and one-step Golden Gate cloning

[ 1. #%) CRISPR/Cas9 MEE s A i E A~ =R : (a) FIA 11S BUPRFIMEMI4)ES Bsa | B9 Golden Gate TFE[RIE;
(b) ) sgRNA FRiZZHASMITHEERIFIA Golden Gate 5Ep&E 77 3E—HEA T RIZH A F

T1 PAM

gccataatcgcgtcatccaghgg|
T2 PAM
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Figure 2. The location and characterization of two target sequences
[E 2. $FIIIESHE

3.2. sgRNA RiIXEHIEPHE

FHE 519 UF 545572514 R-T1, 7718 pYLsgRNA-AtU6-26 Jii ki, 3575 FilZ) 470 bp /£ 45 [ AtU6-26
BshT, 519 F-TL 5@ 517 gR-R ¥ 183k 5 i) 136 bp 1) gRNA [F41(14] 3(a)). ik PCR F=#iR &
J&, A5 Pps-R F1 Pgs-2 #£47 H & PCR ¥4, K3 600 bp =45 1) T1 sgRNA FKis & (14 3(b)).

FHIEH 5149 UF 5455514 R-T2, 1 pYLsgRNA-AtU6-29 Fiki, 3515 T2 400 bp £ 4 1] AtU6-29
Jash ¥, 519 F-T2 5 M 517 gR-R ¥4 3R 15 i H£) 136 bp (1) gRNA [F41(14] 3(a)). ik PCR PR &
5, @5 Pps-2 Fl Pgs-L 4T H & PCR ¥ 38, 3R1F7ii 530 bp /A7 T2 sgRNA Fik & (14 3(b)).

3.3. NtPH1 EFE A WEE 2R BRE & pCas9-PHITLIT2 #3E

Golden Gate e yEmt 2RI B IR &4 S DIBE NS IX25EE, 0 Bsa |, HARZI &S5 VIR S0 B,
BB A 4 AMERIE IR H AR v, HRS U= VI RE s St 4R Bz, A=A H A Bsa | 1R )
BT, e Fl 2 A% 77725 . 48 pYLCRISPR/Cas9Pubi-H 5 T1 A1 T2 [#) sgRNA ik &4tk =i & )5 »
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Figure 3. In vitro splicing of sgRNA cassette: (a) PCR amplifying promoters and
sgRNA:s; (b) Overlapping PCR products of sgRNA cassettes
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Figure 4. The colony-screening PCR of pCas9-PH1T1T2 vector
[E] 4. pCas9-PHITIT2 E{RHIE%E PCR fifik

kb M1 M2 1

Figure 5. Restriciton enzyme analysis of pCas9-PH1T1T2 vector
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4. WHig

TEHYFE N THEERE 7T, SR 53 2 B B R IA R RNAT TR 7. H, BT RNAI 2SR
AP BT, HO H bRk R s 3 HIE 22 R BOR . Rt s, RORAEAE8]. 1l CRISPR/Cas9
RGAENS S AR AE LA (10 R D 2 i i, RE RS SEILSE IR AL/ B B AR R s e, ELRER
BRARE . VBN — Rl R 4LE SR, CRISPR/Cas9 ZA4:CL) vz M T-Ha M HE R ThBe (i 7t
F[7].

AW FCHTE F IAEY) CRISPR/Cas9 B[R a8k R 48, 5 HuM — Sl EAkR5ML, BE
BRI A RIS 2. 415 Zhou 251 R[12] G040 L, FRATTIIX B R G0 2 AT 507 R L DU s 284 o
ANRIEAT 251 sgRNA FRIA £, NI, TET AT — IR N e 1k, 21> sgRNA ik &AL %81 Golden
Gate efEEk Gibsion el 777k, —BHBERXOCEM 1, RTE—REWKRIIITEEZA, il
Z IR Z AR . BT sgRNA XTHEAT s 45 G e 1 s gm R A%, T DAE R BEREAT A 2R
EAR S GC &8 (— M 50%~60%), 5 sgRNA TR 204k K[8]. BUAT SIRe e, B 1 IE Xk
I NGG 4b, 38 7] LAE R IE SUEE | CCN (6 R SCAE F 1 NGG), F R s (R S 1) Bg T LNt
V3K 8 A O 253 TR0 11D B0 0 A ok 9 AR P T L B K

WEEAEHTE bR T w5 L0 (5L K F3'S'H A1, FE IR pH I st o2 — > BB 2% 41 [3] [5] [6]-
JHE NtPH1 JE 82 RN SR B 224 PhPHL £ [6] 00 B & FIJFFEER, A7 fig B ML HEGE pH
YEFH 55T FL D RE AORIE T8 AR 1 AHRIE o A 70 CLRR DA T NtPHL 2 [ (1) XUHE A5 R B 3 M4k pCas9-PHLTLT2,
TP ER R A SR, A NE S, DF R pH MEIER, i ek A
TAEWE AT A

5. &hig

A A S 06 % T A 1A 52 CRISPR/Cas9 2 4t Jl DA 1 55 NtPHL 3 R R U e 22k R 2 R B £
NHE— PRI REBE T A

EHEmHE

B K 2%k 5 A4 00 357 6k I 25 1F %) 350 H (201610564006) ; | 45 48 A 25 BF 58 5 6 1 & & 5 H
(2016A020210084).
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