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WE: DL AL DNA B, 5 IF i ik th R A B s s i TR A A U6 B3 T SR PCR J5 i, WA
£ R AP 5T B 4 A LjUue Ja 31T, K JE 5 98 336708359602 bp, PlantCARE 73 A 8L 4 N B s TR &4
TATA HE LA & CAAT HESS JURL) 5 3 T IR oo 4F, B 5 G B i ma 52 55 A0 56 i R 4% o i s B = 40 e 1
W5, ¥ LjU6 Ja 3l 7 7 8 R 4577 p-7 4 BT BRI (GUS) JE K pBI121 # 44, I #2 4 A Lju6-pBI121 @A K1k
AR, 08I AT B R A A AR B, T T GUS H AU F e, Gt gh IR LjUG1-F1 5% 500% M i
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Abstract: Using Lonicera japonica genomic DNA as a template, we cloned Lonicera japonica U6 promoters.
Four LjU6 promoters, 336, 708, 359 and 602 bp in length, were cloned by PCR from Lonicera japonica genomic
DNA. PlantCARE analysis found that the four promoters contained typical promoter cis-elements, such as a TATA
box and CAAT box, and contained regulatory elements related to light response and stress response. After the
cloning products were sequenced, the LjU6 promoter was ligated to the pBI121 vector carrying the f-glucuronidase
(GUS) gene to construct four LjU6-pBI121 fusion expression vectors. Nicotiana tabacum leaves were transformed
by the Agrobacterium transient transformation method and GUS histochemical staining was performed on the
leaves. The staining results showed that LjU61-F1 had the highest transcriptional activity. This study thus identified
a U6 promoter with high transcriptional activity, providing a basis for the establishment of CRISPR/Cas9 genome
editing technology in Lonicera japonica.
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IR, CRISPR/Cas9 57 A PR 458 47 i £ 5256 &
HARL R v I B 2R A5 R A B P R R 8] o
FR, TEAEVIEAL B Fl AEA) DR 208G S ARAE) e s R
J5 TR B K 38 /71, CRISPR/Cas9 K 4t 2401
T REHE 1E % BRI V) 1) XUEE DNA ) Cas9 2 [ L K& —
AN A4 1 515 5 RNA (single guide RNA, sgRNA),
sgRNA e 5E ¥ 7 41 1) RF 5 1), 72 CRISPR/Cas9 %
niE Rl E EEAER . BT AT FEER W], CRISPR/Cas9
B AR Gt 48R AR AT Cas9 Fl sgRNA ) 75 R I, 5
4 8 RNA 55 1 113 3+ a0 16 88 25 A6 i B 35S
(CaMV35S), il & H T 5k 3)) Cas9 K15, T sgRNA J# 7
H U6 33 T3k . U6 JH 3+ & — M RNA R &I
JE B, B WA AR A 0 A, BRI B AN G T LA
e FE AR ST AR AR 07 a5, O T IR BN A4 7 RNA
[ 7 R IE KPR, I 2 il 3R Bl CRISPR/Cas9 # 44 o
sgRNA ik 1) ik o

WA R, [ — YA 5 R H A 2 AR RIE
(U6 J: [, HAE B A ¥ U6 Ja 21 T 46 B 3k 2 ik K] 5k
H A A 37 5 5 8 3 A AR R U, U6 Ja 3 1
JEE AR ST PEAE FLAEAS R R 4 R 2 [0 A7 B 7 S s 1k, R
7E [R5 9% FR B0 HIAS R W) b 2 [ Hp 8 SR i PR AR AE — 38
22 70 A SRR S A R P U6 I Bh T ATl sgRNA %
AR 3G 0, AT B e g i kR e R e, RS
P PE U6 J& 31 F GmUG6-10 #4 £ pCas9-GmU6-sgRNA
AR AR Fe 7 i T UL R 7T AtU6-26 4 2 1) pCas9-
AtU6-sgRNA AR RAEZ, Long 251 AR TE N
JEYE GhU6.3 3 3 T UK 3 sgRNA & Bl H ik 2 S
TF AtU6-29 Ji5 8 T 111 6~7 15, 4B I AL SR 42 1=
4~6 f5. BT, SEMRE TR ANED K
PO HOREY R AR A AR 2 B A b R AR A
H 5 1 U6 J& 5 T2 37 CRISPR/Cas9 3 [K 4 % 5 R 4,
SEILE AR ) Ak e A

&N DA B B 4 (Lonicera japonica
Thunb.) 146 B0 W 4G, A 7 g5
BRI D, 32 B PR o D B 2 A LR R
=R A, R R AT SR, 7 oKk IR A Y
JNeA=l, BRI, ST 24 U6 Ja sh T I 70 i oA L e,
FEE |2 7 AL SR R R B R . A SCiEIE PCR
T RN B 12 A MR B0 B i 2 A 10k 5 e 07 30k v
SEIE R I A U6 JH BT, X T4 24 CRISPR/Cas9
N R G, KR A N TEMREAEER X

MRS HEE
MR B VHERERRRE T IR EGRE &
W 2w R 25 K 220 o IR @ o B & Lonicera

Jjaponica Thunb. Ml %L Nicotiana tabacum. pBI121 X{JG
FARFM R LR R R 2 KR 2 2 B S e AR AT . FEA)
DNA 2 Bt 571 & A1 5 min™ TA/Blunt-Zero Cloning Kit
(T T30 VG P A7 A R 45 T 7 PR A 1), 388 I 1 DNA 468
A RIS & UKL/ 2 3077 & AT DNA 431 & Marker
DL2000 (RARAEMEHE L) AR A F]); T4 DNAZEHE
I (NEB b 50 A PR 2 7); Trans Sa Chemically Competent
Cell (A= \& AW ARD); PRI N VB Hind A BamH1
(FEBR KR BHE A F]); LBA4404 Chemically Competent
Cell (-3 M b A= M0 B R A PR A 7)), 27 45 2 5 R-10.
25 7 B R-10 X-Gluc 10xPBS Z& /h i (b 58 & 3 = R}
HARAR); 5IHAMEDEA (L) GIRAFf
A M.

BEUBHNFHRME WAL, RAEY A
[KI 21 DNA $2 B 7 & 42 HU 2 4 1) DNA, F AR 57 1) U6
RNA J7HI7E 4 FE R 20 P48 2 05 ik U6 RNA XS R U6
JA ST IFA, ¥ PCRYIE 5 (R 1), #47 PCRY”
. PCR X MNFEF AN 95 °C 3 min; 95 °C 30's, 55 °C
30's, 72 °C 1 min, 32 M ; 72 °C 5 min; 4 °CR A7 -
@ 95 °C 3 min; 95 °C 30's,52°C 30's, 72 °C 1 min, 32
FEHR; 72 °C 5 min; 4 °CHRAF. KM FR A ddH,O 11 plL.
2xMS Hiper plus Taq HiFi 10 pL.DNA f%#% 1 pL. £~
W1 0.5 uL, 3520 pL AR 55 1% Bl BEIR i vk it
TR, DI R4S B 1 DNA A B, #4751 )
J A2 e SR B 43 il i 4 9 LjU61-F1.LjU61-F2.
LjU62-F1.LjU62-F2. /5 3+ F Bt 55 pCE2 TA/Blunt-
Zero 3 AR B I #446 B Trans Sa B Z SN A, HR
FEk TR, 37 °C 200 r-min” PR, B E L R
ERHAEVE ARG IR A TP, b5 F DNAMAN #
XTI 25 SR 34T 8 B B 43 AT, TR R 5 RE 23 il i 4
N T-LjU61-F1.T-LjU61-F2. . T-LjU62-F1 . T-LjU62-F2.

Table 1 Primer sequences used in this study

. Annealing
Primer .
Primer sequence (5' to 3') temperature
name
/°C
Lju6l-FI ~AAGCTTAGCAATGTCATACTCTAAC 58.32
Lju6l-R  GGATCCTGTCTTCATCTCACTCATC 59.58
Lju61-F2  AAGCTTGTCTCGGTTGCAGTTG 57.67
LjU6l-R  GGATCCTGTCTTCATCTCACTCATC 59.58
Lju62-F1 AAGCTTAAATTTTGATTGTGATCAGTG 55.22
Lju62-R  GGATCCACGTTTCTTTTGAAGTAGTTC 58.09
Lju62-F2  AAGCTTTTAGCACATTGAATTTGGC 54.66
LjU62-R  GGATCCACGTTTCTTTTGAAGTAGTTC 58.09

B FIRAER TES M Kl 45 R ss 5 5l
F IR 45 45 1T W 3k PlantCARE, %} 214 U6 J& 2 F
FINF AR F e pE 4T 90 M
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AAREHAENMBEE 4 H HindIA BamHI1
% T-LjU61-F1. T-LjU61-F2. T-LjU62-F1. T-LjU62-F2
Ji KL e ) 2 1k AR pBI121 347 XU 1), Y1z 1ml Wi
R BE, K v B 43 B K LjU6 JE ) 7 BUC pBII21 844
H1 1) CaM V35S Ji 8l 1, 315 GUS & R £z, M i £
pBI121 fil & RIE M . F A RIAHARE AL Trans Sa
JRZ A, H— R R A PCRJE IE#f 5, —
POTEAGBE WO BUTUORL . R EE N LBA4404 R AT B
JEZ A, 28 °CEIE K77 2 d, BREUER 7 fE T LB
AR 7% [RIBE & (Kan) 50 ug-mL”, FI4EF (Rif)
20 pg-mL"] FEEAT — IRIE A, X — O A B AT
PCR % 1iE, 50 1E B2 I, PR A7 — & A BT -80 °C
#%H .

FEIBFEMEM F R RIEST =%
T HE AR 798, DL LBA4404 4% KT 1 % 52 A5 40 B VE 9
[ 5% FE, CaMV35S-pBI121 1 Ay B 1 % Ff . 5 i) 2
)4/~ LjU6-pBI121 il & 21 2 44 LA K BH A4 XF 1 L B 4
Xof BB — VR A AR AT BT B VR R 4 B 7%, PRLBR T I T
LB i 5% 72 3 7 (Kan 50 pg-mL", Rif 20 ug-mL™") i
&, 28 °C 200 r-min" 8 B 2 B A, [ AE0.6~0.8 /£
A5 53 RS R R PR TE A R R A 2 S mL LB VR4
B #2E (F 50 pg'mL" Kan #1120 pg-mL™" Rif) H, i &
ANAKT B L 4R T A (B AR R, FE4% 28 °C 1200 r'min” #%
T 2 T R A, 158 1.2, 12 000 xg 2502 5 min U
BB, ¢ LIEW, HET M (50 mmol L' MgCl,.
200 mmol-L™ M5k Z fi# & . 20 mmol-L"' Z.Ft T &) =
1 mL, ZEBCE 3 h 5 20 3 5 2 A K 2~ 3 8 i 0
I F 3 S 58 J S U AR, AT I R R R . Y
T35 B T 7R RS R L, RELE 100 pL
B~ % BE R B (GUS) 24 (20 mmol-L" X-Gluc,
50 mmol-L" PBS £z k), #3725 30 min. &FMUR AT B
AL TR R EE 3K, AV EE 3K,

Table 2 Analysis of the cis-acting elements of LjU61 promoter

Fah o8 B FE M E e BT 37 °CL 180 rrmin
PR Yt 6~7 h, WL GUS 47 . # & I 300 pL
95% L BEHEAT Wt (oAb B, Bt EL N, 4 3~4 h B — I
i, HEM a2, WS s 1 A R g,
R e € 155 10 03 G HH v 2 S M U6 I BN T

ERESH
1 REBHFRBEETE

M2 A FE R 20 DNA H i 3 o B Y LjU61-F1,
LjU61-F2.LjU62-F1.LjU62-F2 3t 4 /> LjU6 J& 3 F F
B, K 43 51N 336708359602 bp, Wl FF 45 F 57~
4 Ljue Ja 81 v BoF 1 1IE W
2 BEIFFIISH

WL FPA B (R 2.3), ATLAURBL4AN A 301 2
H TATAKE DL S CAAT HESE #1878 (1 J5 3l 7 I =X o fF,
LjU61 H A7 7 AT & 5 X V& B8 S 8 I = A F e 1
ABRE (ACGTG). [jj 11 A1 N 3% e 525 =% 7E F e 14
TC-rich repeats (ATTCTCTAAC). 4 ¥ & & M Jt 1
AuxRE (TGTCTCAATAAG) %, M ANE & H £ 4k
S BB G )RR AR 9% 1 G 4 ACE (GACACGTATG)
G-box (TACGTG). Box II (TGGTAATAA). GT1-motif
(GGTTAA) %, 5 Ljuel fH L, Ljue2 H & A i =L 1E
F TC A R 28/, 3 R0l R B SREAE 56 1) T A
4cl-CMA1b (ATTCCGATAAACT). Box4 (ATTAAT) J%
GA-motif (ATAGATAA) 55, ILAMNE & H S 5 10 85 ) B
JE CCAAT-box.
3 RhARIEEEHEE

BAAE G 30 T3R50 GUS & K 1 il & ik 3 44
N EWE 1. HindII A BamB1TXUE Y] T-LjU61-F1 .
T-LjU61-F2. T-LjU62-F1. T-LjU62-F2 Jii ki FlAE ) % ik
A pBII121, 1% B Jl6 bl 6t e vk 45 210 H 19 v B, FER
NS BN RE (B2); TIIR BEDCAS [7] LjUu6 Fr

Function

cis-Acting element involved in the abscisic acid responsiveness
cis-Acting element involved in light responsiveness

Binding site of AT-rich DNA binding protein (ATBP-1)

Part of an auxin-responsive element

Part of a light responsive element

Common cis-acting element in promoter and enhancer regions

cis-Acting regulatory element involved in light responsiveness
Light responsive element

MYB binding site involved in drought-inducibility

Core promoter element around -30 of transcription start

cis-Acting element involved in defense and stress responsiveness

cis-Acting element Location

ABRE +687

ACE -684

AT-rich element -625

AuxRE +573

Box II —-588

CAAT-box +99, +167, +178, 4257, +417, +442, +465, +519, +549,
+578, +662, +670, 22, -42, 140, —145, -151, 260, —432

G-box +686

GTI1-motif +707

MBS -119

TATA-box +125, +136, +376, +653, +601, —126, 447, 461, —583,
-602, —656, —680

TC-rich repeats +490

TCT-motif +319

Part of a light responsive element
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Table 3  Analysis of the cis-acting elements of LjU62 promoter

Function

cis-Acting element Location
4cl-CMA1b -354
Box 4 +148, -500, -522
CAAT-box +104, +114, +167, +315, +539, -39, =74, -116, 169,
-194, -199, -256, -276, -438
CCAAT-box -388
GA-motif +32
TATA-box +248, +250, 249, -479, 563, 565, -582, 585

Light responsive element
Part of a conserved DNA module involved in light responsiveness
Common cis-acting element in promoter and enhancer regions

Participating in various adverse reactions
Part of a light responsive element
Determining the starting point of RNA synthesis

Ljué promoter

M - T-LjUB1-F1

| B e

- - T-LjUB2-F1

I - T-Ljue2-F2

Construction of GUS reporter gene fusion expression

Figure 1

vector driven by LjU6 promoter

B & V1B CaM V35S J5 3l F Ja pBI121 #8448 K v B, ¥
H I v Bt FH T4 3% 452 15 7% 422 J5 % 1k Trans So %2 25 2
Ji, R H— S A B AT PCR %558, 1% Bt IR W it
JBe LUk R RT3 Ak HOR/N S IO AR 5
(&1 3), LW fl& R IA B AR ST, AIEAT R — P sk
B8 BV RIS A B TR, K Fil - Rk R R i
1 LBA4404 fe AT B 3652 25 20 L, XoF e — U 4 1 v ot
1T PCR %58, 1% B JIE il A I vk o vl 4 38 H H I
st HOR/N S FIOWARRT (K 4), R AR .
4 AERBRFEREEDH

W % LjU6-pBI121 fill & 2 18 #4481 v S
15 I I AR B, 3 DL CaMV35S-pBIL121 4 BH P
Xf HE \LBA4404 4 AT B O BRI, i GUS H 24k
S Gu I S T R IR, B IR K LjU62-F 1 3 3l 4b 3
AR W82 3] 15 5, CaMV35S.LjU61-F1.LjU61-F2.
LjU62-F2 Ji3 21 4b B (1) S - ml W62 2105 £, 50 W]
SLFE ) 4 Lju6 B 31 i A 3 AN BE IR B i i 2K GUS

ik, HESGEMEIFAMEA (8 5).

g

AT B IR T AR B 24 LjU6 Ja BT, ok FL ik
AT AR F oA 53 #r, 1 N0 58 38 W 5 31 16 25 44 60,
F58 M =X AE FH T R HE B A B R BE B i L 5 RNA
GBI IR G B, DTS M J5 R 2 98 7K BT R, I
A TC A CAAT HEXT T JE K] 1) % 55 BA 300 (1 0
YEFH, £ TATA HE L35 & CAAT HEH A 5L [ (1) R ik &
R R 3G N, EAHI 78 R R AR T Lju62, Lju6l
WS 2 1) CAAT HE, X 7] R & HFE it m T
Lju62 i —AN R A .

AHE SR GUS VR Ay i R, 38 5 ik ) A A
B S G 50 € IR K T S B TR, GUS 214Uk
et RN, wRER 4> U6 B 8 AR B
(G SRR IEAAE . O TR, 7ELRIE U6 J5 3l
T B m i SE R S T, B U6 JE 3T A F
T ¥ %E CRISPR/Cas9 3 [F 4 48 £ /A . A Sih 45 Rk
A T A B K LjU61-F2, 856 1 LjU61-F1 1)
e YT . Led ST E MR AE 6 AR B2 Ue J3
B 13 s VE R IR B 1 I 7 L, R S
7 1, A FE DR R — T T e A o E S
A B e e Sd P, 55— J7 A W Re 2 8 3h 17 4
K, R AR AR — eI R, R U6 JE 3
1) e S0 PR TR R, B 1) A RR IR AN FL . LjU62-F1
1E GUS G 5 i ok 5 1, WL %27 41 R 3 LjU62-F1
B /b £ TATA LA K e B 7 41 O FL A 45 4, 2 15 [
N /b BE e ST AR A 2k T B SIS A A A i — P
W9t

< 14112bp

Figure 2 Identification of different truncated T-LjU6 expression vectors by restriction enzyme digestion. M: 2 kb Plus DNA marker; 1:
T-LjU61-F1; 2: T-LjU61-F2; 3: T-LjU62-F1; 4: T-LjU62-F2; 5: 35S-pBI121 enzyme section



PRANRAE: A U6 A BT Y 5 BE K D RESIE

1191

750 bp
500 bp
250 bp|

Figure 3 PCR detection of LjU6-pBI121 expression vector in
Trans 5o competent cells. M: 2 kb Plus DNA marker; 1: LjU61-F1-
pBI121 (336 bp); 2: LjU61-F2-pBI121 (708 bp); 3: LjU62-F1-
pBI121 (359 bp); 4: LjU62-F2-pBI121 (602 bp)

Figure 4 PCR detection of LjU6-pBI121 expression vector in
LBA4404 competent cells. M: 2 kb Plus DNA marker; 1: LjU61-
F1-pBI121 (336 bp); 2: LjU61-F2-pBI121 (708 bp); 3: LjU62-F1-
pBI121 (359 bp); 4: LjU62-F2-pBI121 (602 bp)
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Figure 5 Expression of GUS driven by different LjU6 promoters
in Nicotiana tabacum leaves. A: CaMV35S-pBI121 positive
control; B: LjU61-F1:GUS; C: LjU61-F2:GUS; D: Agrobacterium
negative control; E: LjU62-F1:GUS; F: LjU62-F2:GUS

{E&E TTBK: 28— 1R VF /Nl 75T DNA BRI R 3 1 3¢
W R B R ST S, 2R /NI R G K T ) 2 i R
IR 2 IR TR K 2 5 SEIR A R R HE % % Bt
ST, S VR O T T SRS, I xR SCEAT
TN

FIEEHRSE: A SCTA AR B I AAFAER 2R 0P 5
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