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#  E. 5Bk (Hydrangea macrophylla) J&VAAEFTY Ay 25005 FRA A Il MAE S , 22 FIAE VD462 0 Fn S 0075 1
TEI ZEM BT IZ 385 . MRS AP3 LR TE S, BRAE Y W B2 v B T8 , e S 455 B0 i P 15 & 2
TR ZWFIT LAGEBR  MERR g AR, ST R H MADS-box B 28 3L R HmAP3 | 145 4 2 W A 1827 0 32 W0 36 ) 2y
Al s A48 HmAP3 JP 95 B, i 5 5 1k 2 48 HE 50014 8 CRISPR/ Cas9 ik PR 4 i 48044, 3 3k A FF DA e 1
PRGBS B SEERIER A, 458 F W . (1) wREE 1 B HmAP3 EH ) cDNA J# 31, HF 51 4K 546 bp,
g 181 AR, M P45 R RV LR 7 51 5 2% 57 5 — MR 100% , S+ AtAP3 AHALLEE
58.8% . (2) AIFIEAHY AP3 SR T 9 2 S 0K, 76 [ @ AN R e, AP3 B 1 E BEA5 W3 AR SF  ANHE
DROETY PAFEZES . (3)7E HmAP3 LS5 3 2 A Fe S PR 05, F e £ 2 4~ L8 55 CRISPR/ Cas9
SN A, (4)1ZBFFE SRR S BRI N AL N A Cas9 JF 51 IIPTIEZE | (0 A0 5 3 R A8 FE P 25 v
AR E] Cas9 i, ZWFFIRIT T AP3 SEI7EF S5 5k F Flob (A0 i, XT 45 BRI CRISPR/ Cas9 5 [H 47
A ARIT TR, WL R SRS E TR e T 54k,
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Abstract: Hydrangea macrophylla is a garden plant widely cultivated in Asia, America, and Europe with its

inflorescence as main ornamental feature. It is commonly used in interior decoration and landscape creation. To
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investigate the role of AP3 gene in hydrangea during calyx formation, H. macrophylla ‘ Dooley’ was used as the
material. The MADS-box Class B gene HmAP3 was cloned, and its gene function was predicted by bioinformatics
analysis. To explore methods for quicker breeding new varieties, highly-specific editing targets were screened and
CRISPR/Cas9 gene-editing vectors were constructed. The vector sequence was integrated into the H. macrophylla genome
by agrobacterium-mediated transformation. The results were as follows: (1) The ¢cDNA sequence full length of HmAP3
was 546 bp, encoding 181 amino acids. Its amino acid sequence was 100% similar to the reference sequence and 58.8%
similar to Arabidopsis thaliana. (2) AP3 differed greatly in different genera. Within the same genus, the main structure
of AP3 protein was conserved and differed only in a few motifs. (3) There were two highly specific targets in
HmAP3. Sequencing results indicated that two single-target CRISPR/Cas9 gene-editing vectors were constructed
successfully. (4) There were five resistant buds with Cas9 sequences in their genomes. However, their target sequences
did not change due to the absence of Cas9 expression. In this study, the potential of AP3 gene in the breeding work of
double flower phenotype was investigated, and a preliminary exploration of CRISPR/Cas9 gene-editing technology for

44 ¥

Hydrangea macrophylla was conducted. These results provide a basis for the breeding of H. macrophylla.
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258K (Hydrangea macrophylla) , FE H- ¥} 45 BR
J& , XA NANAE , 7E BE e 50 0L 19 1 i s A&,
2 — T B A 5 WL B (0 B AR A, AR S iR
WATHIVIAEIRZ K=, BTSSR FELAE 2
MM BRE PR AL, HAEF P IA B AL R A
DR A8 AE AR, 2 45 Ry R BT 4L 4L,
FERAF A LM E IR 5, Hrh ek Hf
— RO B A, EA 2R N B AT 2R WL B A,
FHHCZ TS, FE AR BR LA 8 19 0L 3% R 22 5% 4 fE
EGECH M AR B R E 5 W (Suyama et al.,
2015) ., HAET, FNAMYS IR E T 7 X LLA A 7
o F L HE AR RS, HE LS B H AR
BT sK (Wu et al., 2021) , 75 ZAR K B R HE
ERUNE RO

CRISPR/ Cas9 $ASE — Flii 2% B 3 [N 2 8 £
AR, BEAE A 7] e 228 A8 ) | WL MR G et A Y A
FE S UL A 1 45 A e AR 0 A B F
YErh BA R 1Y & J& v 1 22 55 {1 ( Kaur et
al., 2021) , CRISPR/Cas9 % [H 4 4 3 4t 1 Cas9
KRR A BA S| 5 RNA (single guide RNA, sgRNA)
H I (Jinek et al., 2012) , % {E A ) 40 i P4 5% 5%
JETE ISR G 1A, P00 AE ) R 1R 21 o (9 8] X 51 4B
ITFHEF (protospacer adjacent motif, PAM) i ¥iij £
20 nt AT ERITH 456, Cas9 B R W V) H11% ¥ 51
JE %, DNA XX %% 6t [T ( DNA double-strand breaks ,
DSBs) , 51 & AHY) A B i 0516 = AL, 7 A= BEHLRY
BRIEGR G (Hsu et al., 2013) , 5 HAR P ZAEYIAH
Lt , CRISPR/ Cas9 +2 AR 7E [l MAt 4 v i) g FH 8 /0

S H T & H B (Fan et al., 2015) % 4 4
(Zhang et al., 2016; Sun & Kao, 2018; Xu et al.,
2020; Yu et al., 2021) . 2§ 1 ( Kishi-Kaboshi et
al., 2017) Bk B A f#t (Kui et al., 2017) . H &
(Yan et al., 2019) . #4-1t (Shibuya et al., 2018;
Watanabe et al., 2018) . % % H- ( Nishihara et al.,
2018) 54 >4 (Tong et al., 2020; Semiarti et al. ,
2020)

Aes 5 AGHE AL MRS AL K 4 NS
J, FAEIA 2 IR PR ML AT LLAT ABCDE #5855k figt
Fe. 18 ABCDE FiAU B JHEN FEH A 5T 5 A 2K
LRI R JRPEAC IR TE B, LSS C 2k PR A ]
FEHESS I (Coen & Meyerowitz, 1991) ;B A 2§
S AP2 J& T AP2/ERF Kb, 1ZAE A (1)
HAS W YR T MADS-box N M ( F 284
2021) , MADS-box B 23 K WP 52 % Ji 03 ) 12 A7 7
THAFHEYI RN A b R TR /N ik
PR AR IS h XA R0k  TER Y R F i
v B BB (Albert et al., 1998) , B 2R {y
4 APETALA3 (AP3) I PITILLATA (PI) Wi
Hrr Ap3 3% & = 2 8 ¥ 46 M ML = 02 L
(Jaramillo & Kramer, 2004) , AP3 AT &HRSF
(¥ K-BOX Z5 M, X 45 M A 51 ¢ AP3 BT S
PI . SEP3 AP1 E HIE U R AK 75 3 AL IR ELIE 1
(Melzer & TheiBen, 2009; Theiflen et al., 2016)
EWE Y T, B2 kB AP3 JEHUTER BEWS S 2UE
Z2 % (van der Krol, 1993) . %2 f£ ( Mondragon-
Palomino & TheiBen, 2009) 5#%3-3% (Zhang et al.,
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2013) 45 A MAE AR T A6 25 1) [] Y5 S AU A6 A

PR, ARG XTS5 8K ¢ AL ” 19 MADS-box B 28
LR HmAP3 $EAT T v [ AL A= W A B2 0 i 5 [ st
gEA A NRT IS BR A B A R R S R A5
Bi CRISPR/Cas9 M R S R, W& T 2 41
HmAP3 FHE SR R AR 28 PR LR
(A, (1) HmAP3 23R T 51 O ~F 25 14 SR Ak 5
BT (2) HmAP3 RGEaE k56 R K HAE
YrsE DR O 5 (3) R 5E R W 45 3k CRISPR/Cas9
FE gl TAE I R R = . DU o 45 sk PR AR
R BT PR F TR RS BR S 2 R B R
BEL

1 #HHEF®*

1.1 X3 #F R Fn ik 7

ZEERFEEN A AL s (116° 287 E |
40°00' N), F 4 HEHCGREE Joh fUEF Bt F 1k
SR IR K 5 5 AR — I BT R A T
RIBK TR B,

BRI T AR S A FE AR B RNA $2 G5
& [ RWRAMARH (JbR) HRA A, DP432 ],
cDNA [ #5555 & (TaKaRa, RRO47A) , DNA %
B PTG & (b R A YR ey A7 BR A F
GE0101) ,One step ZTOPO-Blunt/TA % 1§ 5 e
kR E (b ER AR A R,
7C206) ,SE Jo&% v b A B0 & (AL e A
YR A B A |, 2C231) , BRI M N ) 1 Bsa |
[ A A BAR (L) ARA AT,
1.2 53k T’ HmAP3 EEEE

s 7E NCBI | 7% 4% %] (19 45 Bk © Blue Sky’
( H. macrophylla ‘ Blue Sky’ ) AP3 3 ( GenBank:
AF230702.1) Ay CDS o475 i3t (£ 1)
IFE B R R 1Y

Faz HER ) 65 106 BH A3 48 O 58 61 R RNA L I
RNA 5% 5 il ¢<DNA, LL ¢DNA A A, Ff KOD
One /= &£ H DNA R &8 (TOYOBO, KMM-101)
LI HmAP3-F1/R1 514 (K 1) #17 PCR ¥4,
P14 R B R B i F VK AT Al Ak K B Y
F B BT A X 35858 i U0 51 R, 4 B DNA 388 i [ml i
A A I, 4ifL/5 1) PCR =445 T 4%
)5 7% A\ DHS o KIAT A2 S U A P ARG 57 12
h, AT VE X 2P A | (AEaTE R E YR

JBAy A BR 2 | ) AT BORL 4 BORD I Y A AR
HmAP3 J:[N ) CDS J¥41,
1.3 Bk &0’ HmAP3 EREWIEREH
i Cell-PLoc (http ://www. csbio. sjtu. edu. cn/
bioinf/ Cell-PLoc-2/) %} HmAP3 AT . 4H il 7 {37 751
I ( Chou & Shen, 2010), #| JJ NCBI-BLAST
(https ://blast. ncbi. nlm. nih. gov/Blast. cgi ) L X}
HmAP3 Z MR P FIARRINE T 4 et &5 R b HE44 7E
B B AU ) AP3 SRR PP 5, W] IR 240 o7
AtAP3 Z LR 7 91, il 3 MEGA-X % 14 48 4 12
(neighbor-joining method, NJ) #4 % & 4 if 1k #
(Zhang et al., 2019) ., F|H MEME ( http://meme-
suite.org/tools/meme/ ) Tl HmAP3 Z{ 5% )5 51 {
SFHEFF . i id ProrParam (https://web. expasy. org/
protparam/ ) 7M1 HmAP3 8 H B AL PEE (Li et
al., 2020) . 430 6 H AL 1 g M i T A
SOPMA ( https://npsa-prabi. ibcp. fr/cgi-bin/npsa _
automat.pl? page=npsa_sopma.html/) fl& H = 4%
¥ #t ) T, H. Swiss model ( https://swissmodel.
expasy.org/ ) ¥ HmAP3 &L/ ¥ 5474347 .
1.4 CRISPR/Cas9 EFE fHiEHF B INFENL
i J§ CRISPR # 13 % i1 % 3l CRISPRdirect
(http://crispr.dbels.jp/) HR#E HmAP3 FE ) CDS
J¥ 51, P PAM {75 F1 GC & 1 7E 40% ~60% 2
] g 4 S Pk 8 0, LA pCAMBIA1300-sgRNA/
Cas9 B FRL R, L HmAP3-F2/R2  HmAP3-
F3/R3 J514) (£ 1), 847 PCR ¥ M 3R 45347 4 %
PRI H A Be, AN VIR Bsa T BEUI 8R4
pCAMBIA1300-sgRNA/Cas9 £& 11 45 4, F JC 4% 5
BELR & (ALt AR YR AT R /], 2C231)
AT H i B, AR A A BORL, A AR
FORLEE A DH5 o R AT R B A2 25 0% A Al i 5 12
h, SEICR R &% 2T A A (AL E R A YR
Bt A R W) #EAT R ORI A | [mliicrs
fEay T U= A NI YA A O = SO < A
pCAMBIA1300: : HmAP3 F Rl ik A GV3101
RIFFEEEZ A, 76 2 i LB Ki 323 (50 mg - L
RIREEE+50 mg - L' FI4EF) 28 CHiFE 2 d,
PRIV TE LB AR IR 3L 8, B O UEY %
AT R BRI A, INAGE f R G (MS+30 g - L7
BE+200 pmol « L' ZWET 7 ) J4% ODg,=0.4,
BGEER AL R BTUIE 1 em X 1 em B/
P e R 3~4 J1 A F RS 1= e
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R 10 min, 45 B L5 F 55 2 5 (MS+2.0
mg + L' 6-BA+0.1 mg - L' IBA) LH5HiF 2 d, 5
R R O PE S #F 3L (MS+2.0 mg + L 6-BA+0.1
mg - L' IBA+2 mg - L1 5 F& +200 mg - L' k78
HER) TEPRPERAEZ,
1.5 FIEFRMMEE

e 2wk R, £ 35 DR A 42 B 7 & 9K i
R DNA, FEARR Al B RNA $2BGLH] £  cDNA
S SR A G R B B eDNA, 4351 LA B DNA
H1 cDNA Jg Bt , Lk Cas9-F/R AT MY 1 Cas9 ¥
B P B BE Sl 764 bp, LR A DNA AR
#e, LA HmAP3-F1/R1 N 51 919" 34 Hi 4 2F HmAP3
JEA Pk 2T AR (AR E YR
A A BRZ A ) W, fdi 1] DNAMAN LG 3 4%
RGP A R A) 22 5

2 HER5 A

2.1 BB MW AP BEEARESFEI S

B 455K ¢ Blue Sky’ AP3 F:[H CDS 41, |
Al HmAP3-FI/HmAP3-R1 5| ¥ (% 1), 7 &5 Bk
RN cDNA S s B T — B oE 4 — B %
HmRIT 5., vl 2 15 P51 4 K 546 bp, 4
fith 181 M JLWR , A A NCBI 43 M H & JL 1R )7 971
KITE 30~123 bp AL F 1 /> K-BOX FR5F 454435,
(1), ZEIERITFH C ¥ A PIIEF I euAP3
BF ¥ A MADS-box Z % FHIE, i 4 HmAP3
¥ HmAP3 SIRIIF AtAP3 SR 541 H x| oA
BIBE K 58.8% ; HmAP3 545 8K “ Blue Sky’ AP3 11
DNA FFHIAI IR A 100% , PR, $E i 3E K A 55
BRCFETN AP3 FE R, 40 M S 7 T 45 SR R
HmAP3 TE4R A% Th 3Rk
2.2 g3k i’ AP ERENERE LMD

IR IF MADS-box 2888 [ — R &5 LAY
T HmAP3 8 = %450, v] WAz45 b & 2
K o-12ie, 18 18] 41 45 o 90°; H: 1 4% R
GMQE (&=BR IR it & Al 1) {8k 0.32, QMEAN
1343 °40.74£0.05 , F R A] {5 BRI 45 8 (& 2)
Z Bk M W A HmAP3 & H 4 T X N
CoryH 10 Npes 0,6,S,, 23 -5 21 177.85 D, % 4%
HILEE 181 MR AR, AMaE RECH 38.79, )8
FRE R . B B0 far 5% 2 8 (Asp+Glu) i
28,y I FL 1) R SR (Arg+Lys) O 25, BEIE S5 AL

MOH 6,17, AR Wi f8 B 7912, 2R K M
(GRAVY) #-0.791, R E KM 1, HmAP3 &
RS IR A7 A, R 64.09% 5 HiAil
G544 5 H H s B R TR S (22.65% ) |
FEAHEE(8.84%) B-HTE (4.42%) (K 3),
2.3 BBk HW’ AP3 EA R G5 motif 547

1 HmAP3 24 5 2 J7 51 $& 22 #| NCBI i 17
BLAST e, 78 bb o 45 55 v ik BCF 2% 5% )7 510 A1
oL e v B HoAA ) AP3 S KL PR 2 41, 7E MEGA-
X B B SRR R G LR (&1 4) , A
K ESRE 5 BR&3 1 W 49 35 H H LY B 3R N T
— K3, U AP3 A E R G b b By —
FELRSFE . A /ING SR F, N RV A ] AP3
JPHNAEAE — 22 22 55, T (W) 400 R 1) 149 5 ) 4 R0 D)
B, MHAXTME, SRS R (Synsepalum
dulcificum) | W9 4 Bk i W B (Aucuba japonica
var. borealis) FIRKIMH)E (llex aquifolium) EZ% K
R, AEEBXMEYH, FHEKS WA ( Nicotiana
tabacum) W ¥ % % R LB IF  ( Arabidopsis
thaliana) SEIT . R, A6 AR 5 356 PR 2L AR b )
S5 PR IL P i R M S S L A Rl

7& MEME-motif suite T. E. b X} |34 & 3R ¥
AT TG , 345 T 15 A motif Sz HAEJF 3 v i)
XL E (Bl 4), KM AP3 RIS 7 4
motif, o 8 /> AP3 J¥ 5 & 8 4~ motif, 1 >
AP3 JPHIE 9 A~ motif, T AP3 )74 C i N
57, & A motif 2, motif 4. motif 5, motif 6 F
motif 7,1 N % £ & motif 3, 5 HABM Y AH I, 55
R AP3 JF A & A FEA Y motif 12, ILAMIT 4 Bk
M-S AP3 T A S A X —JE ), W] HmAP3 A
XFHABAE Y AP3 EE T RES A 2 TR, X [R)E
FEDIS UL, HF 81 B motif KA AR L, 4K 111 75 A )
YIRS AEE — 22 5, X R F R T AH
Wy h ] e PR R ) D R 25 5
2.4 CRISPR/Cas9 EEHIEHEHE

FIH CRISPRdirect 7E HmAP3 |- AL e B3] 2 4
TR SR MR B A, 53 4 4% 8 HmAP3-Tagetl (5'-
GATCTGTACCAGACGACAAT + GGG-3') il HmAP3-
Taget2 (5'- TGAACGAAAGTATCGAGTAC +CGG-3') ,
HGC FEATHIN 45 %M 40 % , Hi 5 PAM 7 5 A1
AR50 12 bp FES LA (HHR) H XT3 1
AL IE I S R R R, S
HmAP3-F2/R2 . HmAP3-F3/R3 {EJF kL L9 14 &4
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Table 1  Primer sequences used in this study
H L vE BE

519 4 7 A1 (5'53") A BB i

. ’ ' nnealing lemperdlure
Primer name Sequence (5'—3") (C) Purpose
HmAP3-F1 5'- ATGTTCTCCACTACCAACAAACT -3’ 56 HmAP3 &Ky 1
HmAP3-R1 5'- CTAATCGAGCAATGCATACGTAG -3’ HmAP3 full-length amplification

5'- ACAGCTAGAGTCGAAGTAGTGATTG
HmAP3-F2 GATCTGTACCAGACGACAATGTTTTAGAGCTAGAAATAGC -3’ 58 CRISPR/ Cas9 #4441 45 1
HmAP3-R2 5'- TTCTGCAGACAAATGGCCCCCATTCG CRISPR/Cas9 vector construction-Target 1
GAGTTTTTGTATCT -3’
5'- ACAGCTAGAGTCGAAGTAGTGATTG
HmAP3-F3 GTACTCGATACTTTCGTTCAGTTTTAGAGCTAGAAATAGC -3 ss CRISPR/ Cas9 # {4 1 -4 5 2
HmAP3-R3 5'- TTCTGCAGACAAATGGCCCCCATTCG CRISPR/Cas9 vector construction-Target 2
GAGTTTTTGTATCT -3’

Cas9-F 5'- CAAGTTCATCAAGCCCATCC -3 52 itk 2E Cas9 36

Cas9-R 5'- GTCCTCGTTTTCCTCATTGTC -3’ Cas9 sequence detection in resistant buds
1 ATGTTCTCCACTACCAACAAACTCCATGAATACATCAGTCCTTCCATTTCAACCAAAGAACTGTTCGATCTGTAC
1 M F S T T N K L H E Y I s p S I S T K E L F D L Y

K-BOX

76 CAGACGACAATGGGGATCGATCTTTGGAGCTCACACTATGAGAGAATGCAAGAGAACTTGAAGAAACTAAAAGAT
26 Q T T M 6 I D L W S S H Y E R M Q E N L K K L K D
151 GTTAATAGGAATCTAAGGATGGAAATCAGGCAGAGGATGGGTGAGAGTCTGAACGATCTGAGCTGGAAGGATCTG
51 V N R N L R M E I R Q R M G E S L N D L S W K D L
226 CGTGGTCTTGAGCAAGAAATGGATAGCTCTGTGAAAATCATCCGTGAACGAAAGTATCGAGTACTCGGTAACCAG
76 R 6 L & Q E M D S S V K I I R E R K Y R V L G N Q
301 ATTGACACTCACAGGAAAAAGGTGAGGAATGCAGAAGAGATACACAGATATATCATACATGAATTTGAGGTGAAA
101 I Db T H R K K VvV R N A E E I H R Y I I H E F E V K
376 GAAGAAGATCCACACTATGGATTAGTTGATAATGGAGGAAATTACGATTCGGTCCTTGGATTTCCAAATGATGGC
126 E E D P HY G L VDN G GN Y D S V L G F P N D G
451 CCTCCGCGCATTGTAGCTTTTCGCCTGCAGACTAATCAGCATAGTCTTTGTACCGGAGGAGGATCTGATCTCACT
151 P P R I VA F R L Q T N (QQ H s L C T G G G S D L T
526 ACGTATGCATTGCTCGATTAG
176 T Y A L L D =*
* FRL LT,

# indicates terminator.

B 1 HmAP3 BFF I R EEHE S
Fig. 1 Sequence and structural domain analysis of HmAP3

BETEAR SR H B B, SEE AR IR Bin . GBI R OB R S, 42 2 mg - LT
WAL PEBCR R R Dy, P 8RBT H B R BRI ER Y2 2 000 Mt 5 U & i 9
B s AU A B S BARSInE 5 BRBUIEZE (B 6:A) o DABTTEZEM T DNA S HAR,
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B2 HmAP3 ER=H%H
Fig. 2 Tertiary structure of HnAP3 protein

g3 0 A R L R 50 P 4S5 % HmAP3-F1/
HmAP3-R1 1 Cas9 J¥ 5P 35 51 4 Cas9-F/Cas9-R
XTHUMEZEHE TS . PG AN P 4 R R W, 9 BRI
PEZEME B A A 5 BRAT SERE R Cas9 751, (H
HAE RPNV AR KRR (B 6:B), $EBETIEE
S RNA 5 SO 563145 cDNA, #1 IR B Cas9
JEA, BRI ATFE G Y TRk R AR, g
PR IEEE s R N R R ) -t = e S 2 B
{2 Cas9 & IR I sk Rk | L, g4
ST S AT SUAE

3 iS5 &k

AWFFE SERE T 5 ER LN 1 HmAP3 3£, I
XPHAZ R T 5 AR T A AT T A E R
SyHr. BF 5% & B HmAP3 5 4 X A6 ¥ 40 85 OF
(Yang et al., 2003) Kb ZA/EM&ST (KK,
2013) Fii4 (WIRRIESE,2021) G (A0S,
2021) 7EHFAE AU K-BOX 454 38 | K 58 AT | 2544
AEARL , & W Otk 235 1) BUFEAS IR ) AP3 v s JBE IR
5P BRARPE BT 43 B 45 R R W] HmAP3 2 F2 e 19 2%

KPR, 5FEF A (2021) BB 45 R — 3,
£ HmAP3 25 [ = 45 A A v K-BOX JE i &
o-M2 e 45 5 R Y MADS-box F % th K-BOX 45
FSURRAE— B0, X S5/ 7E AP3 S HAbE A 45 AT
B DY R A Y sk B P R HE SR ( Yang & Jack,
2004) .

HmAP3 & R L R W] AP3 KL K fE4H
YR G R T B RSP T SR 4l B
KHFLFN i AP3 FEH BB AR — Ko X, 5% &
AT, 5 Viaene 55 (2009) WF 75 45 5 A0 L,
Martino %5 (2006) F1 Liu % (2004) #F58 kM, &
i SIAP3 5 4B NiAP3 FE R ULER 5 AR R B AL 2
BRI L JEMEE S etk 8 i RV HE A
ZEEK KN HmAP3 3t R 5 H [\ YR 3% 5 SIAP3 |
NIAP3 DIREFHRL, AT B 11 03 JH 45 45 BRAE A B Th 6%
FAE A TE B

ARBEFEHIE T 2 G5B HmAP3 S80S 4804k,
FEAERE AL R AT A0 P M 258 58 DR 4 o 4G T 21 28 1k
G ABFEHUHE ZE R KL I B Cas9 731 Y 2% 35 1 44
WAL T IR A , AW S Ren 55 (2013) AYAF
FELEFLAR AL, #0035 I 4 280 % 5 0 3l IS
A K, CRISPR/Cas9 H& K 4 1 2k 7K Hh 1 )i 3h 7
M nos-mini 2585 U6b Eﬁ]%ﬂj,lﬁfg%ﬁ%ﬂ)ﬂ 0
P 2 3.2%, 1 W F A, Kishi-Kaboshi 4§
(2019) MRFFTAE TIX— W, REME AT
Ubiqutin ,CaMV 35S F1 CmActin2 Ji 8l F i) % ik i
PE2 )5, &L CaMV 35S il Ubiqutin 3 81 1163
AL IE LT 418 CmActin2 7 3
AWFGEAE Y Cas9 1551 )7 31 T~ Ubiqutin Ji3 3l
T AR AR 5 BR AL 2 b 1) 36 38 08 PR ARG, 3 3L
Cas9 JEHVIEPUHEZE R R Rik . 76 F — S EkILH
G TAE D, LK A s 37 T4 R 25 BR A IR
Ja B F 3 — 20 BRI B 1 M I DR 4 )
RIWFEM,

AT GE & BLL5 BRO ) B 21 v U 2 5
i) CRISPR/ Cas9 FE I BRI BN R, A4
FMH 2 mg - LR 2V B G5 BRI 2 R AT
BE, A RN 0.45% , 53R (BIARASE,2013)
SETEWNFE R O e A0 AN OORIAT I 25 BR Y
AR N AR & A T EE DU, H R AL A
(2018) 2 AT 38 s 7 7 A= O ok oo A2 o 22 i 388
TR R R L I ik PR P 2 TS R, SR 4k
(14 45 BRPL 1 25 1) 0 356 2% 14 nT 38 2 98 48 A [R) 726 By
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Fig. 3 Secondary structure of HmAP3 protein
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Fig. 4 Phylogenetic and motif analysis of HnAP3 protein
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A. Structure of pPCAMBIA1300: ; HnAP3 vector; B. Sequencing results of the target fragment in the vector.
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Fig. 5 pCAMBIA1300: ;HmAP3 vector mapping and target fragment insertion
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A. Resistant buds growth of Hydrangea macrophylla ‘ Dooley’ ; B. Cas9 sequence amplification in the genome of resistant buds (M. DL2000
DNA Marker; WT. Wild type; 1-9. Resistant buds of H. macrophylla ‘ Dooley’ ).

6 EEK‘ AW’ HUEZFRN
Fig. 6 Detection of resistant buds of Hydrangea macrophylla ‘ Dooley’
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