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Abstract: Narrow leaf 1 (NAL1) plays an important role in plant branching, while little is
known about the roles of this gene in petunias. In this study, PhNAL1b was cloned from
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Petuniaxhybrida cv. Mitchell Diploid, with a total length of 1 767 bp, encoding a protein
composed of 588 amino acid residues and containing the peptidase S64 domain. The PhNAL1b
promoter region contained several elements involved in the responses to auxin, jasmonic acid,
abscisic acid, and light. The expression analysis showed that PhNAL1b had the highest
expression level in roots and the lowest expression level in flowers, and its transcription could
be inhibited by decapitation and cytokinin. The subcellular localization analysis showed that
PhNALI1b was located in the nucleus and was a nuclear protein. Virus-induced gene silencing
was employed to downregulate the expression of PhNAL1lb, which resulted in significant
increases in branch number and plant height. The results indicated that PANAL1b played an
important role in regulating the branching of petunias. This study lays a foundation for revealing
the mechanism of NAL1 in regulating branch development and provides genetic resources for
plant architecture improvement.

Keywords: Petunia hybrida; shoot branching; PhNAL1b; expression analysis; subcellular
localization; functional research
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AW FE LAREZE 4= i A Petuniaxhybrida cv.
Mitchell Diploid i SZBa bk}, 4% 4= FIAS [C AR
(Nicotiana benthamiana)X#i## T- 10 cmx10 cm ¥
TR, B THAWS R R RS, Bigr R E
s EE23+2) °C, JEIGREE 100 mmol/(m®s),
JEII 16 h/8 h OB/
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43 5{#i F§ RNAprep Pure Plant Plus (Jt 51 %
BB PR 43 A5 BR 2> 7] Al Prime Script™ RT
(Takara 28 m))iA A &I BUER 4 B RNA, JIfR
¥ 3Rk45 cDNA. MAEMEIIT NALL 41, 7&
NCBI % J% v (https://www.ncbi.nlm.nih.gov/)
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Table 1  Primers used in this study

Primer name Primer sequence (5'—3") Application

NALI1b-F ATGGATAAACTGGATTTAAGATTCA Full length amplification of PhNAL1b
NALIb-R TCAAGACTGTTTCCTTTTCT TTGAT

NAL1b-pro-F GTGGCAAGGTGCAGGAGGTAGAGAG Promoter sequence amplification of PhNAL1b
NALI1b-pro-R ACTAATTCAATCGATTTGAACAGCA

NALI1-R-SL AGACTGTTTCCTTTTCT TTGAT Subcellular localization of PANAL1b
NAL1b-RT-F GGCATTCCATAGCAAAAACTT Quantitative real-time PCR
NAL1b-RT-R CATCACACCAAACACCACCTG

NAL1b-vigs-F CGGAATTCGATTCAATCACTCTGGATCTGTTC Amplification of virus silencing fragment
NALI1b-vigs-R CGGGATCCGTACCAAGACTAAAGCGACGCAA

GAPDH-F CAAGGCTGGAATTGCTTTGAG Amplification of reference gene
GAPDH-R CACCACTTTACTCCACTGATGCA

&: 010-64807509
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2.2 NAL1 AGLZEWIH

¥ PhNAL1b 54U Jr ., KFd . K5 #i7% |
N B FEYRA NALL & L R
GEBME 2), g8 E/R PANALID 5 KT
NAL1 [FJR MR, BRI, M5 K.
TR IR 5 % 5% 2R T

bp
2000
1000

750
500

250
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Figure 1 Amplification of PhNAL1b. M: DL2000;
Lane 1-2: PhNAL1b.
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7K (grand average of hydropathicity, GRAVY)
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PhNAL1b 2K H . FIFH SOPMA %3t %

CsNAL1 XP_030494367.2

AaNAL1 XP_050370842.1

SoNAL1 XP_030474898.1

DINALI1 XP_052178318.1
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CnNAL1 KAG1365079.1

0.0 0.19 RsNALI XP 018441111.2
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0.03 0.12 PhNALLI
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0.01 0.07 VVNALI XP_010648685.1
0.050

2 NAL1 ARG A B8RO

Cs: KJK; Aa: BEWMK; So: Widk; DI. Eif+; Ls: E; Sd: Bk

s Os: KFH; Cn: #F; Rs: B b; Gm: K& Vv: #4; At: M.

Figure 2 Phylogenetic tree analysis of NAL1. Cs: Cannabis sativa; Aa: Argentina anserina; So: Syzygium
oleosum; DI: Diospyros lotus; Ls: Lactuca sativa; Sd: Solanum dulcamara; Os: Oryza sativa; Cn: Cocos
nucifera; Rs: Raphanus sativus; Gm: Glycine max; Vv: Mitis vinifera; At: Arabidopsis thaliana.
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3 PhNAL1b FH4SHH  A:. ANEPFIH) NALI

FAN L XT . £14k°h Peptidase S64 54l B:

PhNALI1b FHH YRR X . HiAK XTI, C: PhNALIb 3 H — 45 HIE .

Figure 3 Sequence analysis of PANAL1b. A: Sequence alignment of NALI from different species. The
Peptidase S64 domain was marked with the red line. B: Prediction of hydrophilic and hydrophobic regions of
PhNAL1b. C: Secondary structure diagram of PANAL1b.
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2.4 PhPAY1b BahFIRN1E A o
SLRE PhPAY1b %5 i i s E3iF 2 009 bp
B 3h 751, FIH PlantCARE #/F AT
VERTCHF T . S5 RH, AR sh TR
32 > CAAT-box JIAEFHICIER 36 1~ TATA-box
Bt shoctt, 24096 Nt Box 4, TCT-motif
GT1-motif, G-box, 4 K E W ulf TGA-element,
REEFICIE ARE, Z55F00 O i £
FHICHE CGTCA-motif Fl TGACG-motif, Miy% 2
WEICH ABRE (38 2). iX %8 PhPAY1b fif %5 5%
AREZ EE . IRAM MR ERRNH T

%2 PhPAY1b BEl FXEBRNIERTH D

2.5 PhNAL1lb EFMBALFRMFRIE
va il

| 52 B %6 % % & PCR  (quantitative
real-time PCR, qRT-PCR): Il PhNAL1b 3 K 7
B AN A P R RIBKE, 25R 4
7, PhNAL1b JERIZEMR . 250 . MR, fErh
P — R, Rk AT BRI
WR>ZE> i >m>38 . 25 bk, m R AR
PhNAL1b Jt PR (1) 2 35 7K P43 5 S i A i) 7/10
1/10, 1/20 F1 1/3, #&/8 PhNAL1b &K 7] GEFE
TSR AT PR EEAE.

Table 2 Analysis of cis-elements of PhPAY1b promoter region

cis-Element Sequence Predictive function Quantity
ABRE ACGTG Response element for abscisic acid 10
ARE AAACCA Response element for anaerobic induction 10
Box 4 ATTAAT Response element for light 15
CGTCA-motif CGTCA Response element for methyl jasmonate 5
GT1-motif GGTTAA/GGTTAAT Response element for light 13
G-Box CACGTT Response element for light 5
G-Box CACGAC Response element for light 22
TCT-motif TCTTAC Response element for light 6
TGA-box TGACGTAA Response element for auxin 32
TGA-element AACGAC Response element for auxin 24
TGACG-motif TGACG Response element for methyl jasmonate 7

f PANAL1b

~L

e _

Root Stem Leaf Flower Axil
Tissues

El 4 PhNAL1b EREFAEHEATHRAES
Figure 4  Expression analysis of PhNAL1b in
different tissues of petunia.
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55 PhNALLb B33k KSR AT RE R 172,
6-BA {13 PhNALLb 1Y 43k 7K - 24 B AR 2 %) R
1 14%, DiAAE T K 6-BA HRE i 230 PhNAL1b
FERRIE
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Figure 5 The expression analysis of PANAL1b under
different treatments. Decap represents decapitation.
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Figure 6 Subcellular localization of PANAL1b. A, E: Green fluorescence images of PhANAL1b-eGFP protein
and eGFP (control); B: Red fluorescence image of NLS-mCherry; C, G: Bright field images of
PhNAL1b-eGFP and eGFP; D, H: The combined images of PhANAL1b-eGFP and eGFP; F: Dark field. Bar=25 pym.
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Figure 7 Gene expression and phenotype analysis of PhPNALDb-virus silenced petunia plants. A: Phenotype
comparison of plants infiltrated with pTRV2-PhNALI1b and the control. Bar=3 cm. B: Detection of

transcription level of PhNAL1b. C: Branch number comparison of plants infiltrated with pTRV2-PhNAL1b
and the control. D: Plant height comparison of plants infiltrated with pTRV2-PhNAL1b and the control.
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