E¥¥3R ACTA AGRONOMICA SINICA 2021, 47(5): 882-893 http://zwxb.chinacrops.org/
ISSN 0496-3490; CN 11-1809/S; CODEN TSHPA9 E-mail: zwxb301@caas.cn

DOI: 10.3724/SP.J.1006.2021.04128

HiE B-AE NEFWBERRKNEE. EMNMRESH
¥ oY AR R4 AWM % M1 WK% mESEV

! , 350002; > , 537000
(strigolactones, SLs) B-
(D27) SLs , D27
5 D27 R D27s
3 , D27s , D27s B-
Pfam: DUF4033 , D27s ,
, D27 (Sspon.06G0012830-14)
, ROC22 cDNA
, SeD27.1 (GenBank MT499895) ,8eD27.1 266 ,
8.91, 30.00 kD, a- ,
, 4 18 qRT-PCR , SeD27.1 ABA  H,0,
R MeJA SA , ScD27.1 R
,8eD27.1
ABA  H,0, ScD27.1 -

'ﬁ_ [} B B >

Identification, localization and expression analysis of beta-carotene isomerase
gene family in sugarcane

HUANG Ningz’*, HUI Qian-Longl, FANG Zhen-Mingz, LI Shan-Shan’, LING Hui’, QUE You-Xiongl, and
YUAN Zhao-Nian""

! National Engineering Research Center for Sugarcane, Fujian Agriculture and Forestry University, Fuzhou 350002, Fujian, China;* College of Crop
Science, Yulin Normal University, Yulin 537000, Guangxi, China

Abstract: Strigolactones (SLs), a class of plant hormones, exists widely in plants and involves in the regulation of plant tillering
and environmental adaptation. f-carotene isomerase (D27) is a key enzyme for SLs synthesis, but there are few reports about the
identification and analysis of D27 gene family in sugarcane. In this study, five members of D27 gene family from one of the
original parent of modern sugarcane cultivars, Saccharum spontaneum, were analyzed. Phylogenetic tree analysis showed that
these D27s from S. spontaneum was clustered into 3 different branches and were highly homologous to sorghum D27s. Conserved
domain prediction revealed that D27s contained a typical domain of B-carotene isomerase, Pfam: DUF4033. The results of
cis-element analysis showed that D27s mainly involved in the regulation of hormone response, plant growth and development,
and stress response. Based on the transcriptomic data of the modern cultivated varieties, the expression analysis of the homolo-
gous transcripts of Saccharum spontaneum D27s showed that Sspon.06G0012830-14 was regulated at tillering stage and under
Sporisorium scitamineum infection. Besides, the cDNA sequence of Sspon.06G0012830-1A4 was cloned from sugarcane cultivar
ROC22 and named as ScD27.1 (GenBank accession number: MT499895). Bioinformatics analysis indicated that ScD27.1 en-
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coded an unstable protein of 266 amino acids with an isoelectric point of 8.91 and a molecular weight of 30.00 kD, and might be
located in the chloroplast, containing chloroplast transit peptides, 4 ubiquitination sites and 18 phosphorylation sites. Its secondary
structure mainly included alpha helix and random coils. qRT-PCR analysis demonstrated that ScD27.1 was significantly induced
by ABA and H,0, and did not respond to MeJA and SA. Subcellular localization revealed that ScD27.1 might be located in cell
membrane and chloroplast and involved in the vesicle sorting or transported by sorting vesicle in plant cells. The results suggested
that ScD27.1 may involve in the tillering induced by S. scitamineum and signaling pathway of ABA and H,0,. The present study
provides a basic understanding of intracellular transport and tillering in sugarcane and the involvement of ScD27.1 during sugar-

cane-S. scitamineum interaction.
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CAC-R AGATCAACTCCACCTCTGCG
CUL-F TGCTGAATGTGTTGAGCAGC
CUL-R TTGTCGCGCTCCAAGTAGTC
ChroA Chr7B Chr7C
A TS - = B
| L
s 20 30 40 50 60 70 80 90 100
(=3
_§ 100,00 69.10 |23.32 | 24.78 24.78 | Sspon.06G0012830-1A
g 69.10 [100.0024.20 |25.36 |25.36 | Sspon.06G0012830-3C
(=3
<
§ 23.32 |24.20 [100.00 2041 |20.70 | Sspon.06G0016140-2C
(=3
_% Sspon.06G00 Sspon.07G00 &~ Sspon.07G00 2478 | 25,36 [ 2041 [100.00(90.09 | Sspon.07G0014180-2B
s | 12830-3C 14180-2B 14180-3C
© Sspon.06G00 24.78 2536 |20.70 [90.09 [100.00| Sspon.07G0014180-3C
8 12830-1A — .
] - Sspon.06G00 ¢ ¢ 9 ¢ ¢
f 40- < < el <
s | 16140-2C '%?a o,% %'a %0 %_0
s % % % o o
] o, © 2 2 92
S z z . Z z
S % % % T, %
g z &% % & %
. 5 B e % %
g
g

1 HEZFHEM D27 EERELEE
Fig.1 Genome wide identification of D27 gene family in Saccharum spontaneum
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A: chromosomal location of D27s in Saccharum spontaneum; B: amino acid sequence similarity of D27s in Saccharum spontaneum.
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Fig. 2 Phylogenetic tree and domain analysis based on the amino acid sequences of D27s in Saccharum spontaneum and other 5

species
; (Species); (Domains)

The horizontal axis indicates the amino acid length of the proteins; the color line represents the protein from the different species; the color

bar code represents the different domain of protein.
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Fig.3 Prediction of cis-elements in Saccharum spontaneum D27s

The horizontal axis indicates region nucleotide length of gene promoter; the color bar code represents the different cis-element in the
promoter region.
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Table 2 Sequence similarity between D27s from Saccharum spontaneum and sugarcane cultivar

6-BA  DA-6 ROC22 ROC22  YCO05-179
Transcriptome of sugarcane cultivar ROC22 Transcriptome of sugarcane cultivar ROC22 and YCO05-179
Gene ID treated with 6-BA and DA-6 responding to Sporisorium scitamineum infection
c116894. c112688. cl61113. Sugarcane Sugarcane Sugarcane
graph_c0 graph_c0 graph_c0 Unigene.66941 Unigene.58014 Unigene.87626
Sspon.06G0012830-3C 94.57 94.96
Sspon.06G0012830-14 97.93 98.34
Sspon.07G0014180-2B 82.33 98.31
Sspon.07G0014180-3C 80 82.42

Sspon.06G0016140-2C 97.06 95.83
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Fig. 4 Expression of D27s gene in different transcriptome in sugarcane cultivar
A: 6-BA  DA-6 ROC22 ; B: ROC22  YCO05-179
X ;Y )
* (P <0.05)

A: the transcriptomic data from 6-BA and DA-6 induced tillering in sugarcane cultivar ROC22; B: the transcriptomic data from sugarcane
cultivar ROC22 and YCO05-179 in response to Sporisorium scitamineum infection. X-axial represents the accession of transcript presenting in
the sugarcane transcriptomic data, while Y-axial represents the relative expression of transcript in the treatment sample comparing to the
control and the significantly different expression data (P < 0.05) was marked by the asterisk (*).
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nih.gov/orffinder/) R o- ( 3
1127 bp, 266 ( 5-B) blastp ScD27.1 ,
(https://blast.ncbi.nlm.nih.gov/Blast.cgi) , 4 18 « 3

B- (GenBank 242 qRT-PCR Ri&Ap#  SeD27.1
XP_002444917.2) 91.82%, 1.026, 0.95~1.05 ,
B- (R*=0.9991),

(Sc¢D27.1, GenBank MT499895) ( 6-A) MeJA ,S¢D27.1
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1 CTCGCAGCCTCACAAACGCGGGCGGGCATCTCGGTCTCTCTTTCTGTCTCTCGCGGCAGC

A B 61  GCCACTGCGCCAGCAACACAGCCCGAGCCCGGCGLCGTCHTCCCAG TCCCAGCACCCACT
1 M AV L

121  GAGTAGCCCGTGCGGTGACAACCAGTGCGCGTCGCAACTCCGTCAGCTTGATGGCCRTGE

5 PR PMELCFAARAGTCQRAPT

M SeD27 181 TTCCGCCACCCATCCAGCTCTGCTTCGCCCCCCGCGCTCOOACG TGCCAGAGGCCGCCGA

25 I S LNKRZRAGGSTVIRCYATATP
241 CAATCAGCCTGAACAAGCGGCGCGCCGGCGGCAGCACCGTGCGGTGCGTGGCGACGGCGE

1200 bp 45 M G B K T E Y R DG P L ERAFMWGILF
301  CCATGGGGGAGAAGACGGAGTACCGCGACGGCCCGCTGOAGCGCGCGTTCATGOGGCTAT
1000 bp 1127 bp 65 A R KMEKYATEKEKTE KO QP QDPEKQTPDE

361 TCGCGCGCAAGATGGAGAAGTACGCGACCAAGAAGAAGCAACCGCAGCCGAAACAGCCGG
85 K K AV W E W DY HESF VDV S RRVM
421  AGAAGAAGGCGGTGTGGGAGTGGGACTACGAGAGCTTCGTGGACG TGTCACGGCGCGTGA
105 vV G R T RAQQQT LEANVY RTLELV L L S ML
481 TGGTGGEGCGCACCCGCGCGCAGCAGCAGGAGGCGGTGCGCGAGGTGCTGCTGTCCATGC
125 PP G A P E QF R K L F P P T R WA CH
541 TCCCGCCCGGEGCTCCCGAGCAGTTCCGGAAGCTGTCCCGCCCACGLGLTGGGCCTGCG
145 I NAAL TV PIFFRWYLY GDPSELEV I
601  AGTTCAACGCCGCGCTCACCGTCCCTTTCT TCCGLTGGCTCHTCGGCCCCTCCGAGGTCA
165 EV E V D GV R QR S GV L I K KCRY
661 TCGAGGTGGAGGTCGACGGCGTCAGGCAGCGCAGCGGGGTGCTCATCAAGAAATGCAGGT
185 LIELENSGCV GGMCVYNMCKTIT?DPTQTD
721  ACCTGGAGAACAGCGGCTGCGTCOGGATGTGCGTCAACATGTGCAAGATCCCCACGCAGG
205 FoF T N E F G L P LT M N P N F E D WS
781 ACTTCTTCACCAACGAGTTTGGACTCCCACTCACCATGAATCCAAATTTTGAAGACATGA
225 ¢ L MIYGQVPPPLETLTDTDPV S K Q
841 GCTGTGAGATGATATACGGTCAGGTGCCACCACCCTTGGAAGAGGATCCAGTG TCAAAGC

248 P C Y P N L CS VMW S T P S APV CP KL
901 AACCTTGCTACCCTAACCTCTGTTCCATGTCGACGCCGTCTGCCCCGGTCTGTCCCAAAC
265 QA =

961 TTCAGGCGTAGGTAGACGAGGT TGAGTTCATGACCAGTGCACAT TCAATTTCG TCAGAGA
1021  AACATGGGAGAAACTACATACCCAGTTCAAACTTCGTATCGTATGG TATTACATAGTAGT
1081 AGTAGTAGTAGTAGGCCGTACGTTGCTAGGAGACCGTTGGCTTGAGA

5 HEREM ScD27.1 EEMEESNF
Fig. 5 Cloning and sequencing of ScD27.1 gene in sugarcane cultivar
A: SeD27.1 RT-PCR ;M marker 100 bp-III DNA marker (Generay, ) B:ScD27.1
(*, ) ,
A: agrose electrophoretic analysis of RT-PCR product of ScD27.1; M: 100 bp-III DNA marker (Generay, Shanghai, China). B: the open

reading frame of ScD27.1 (*, stop codon) and its aa sequence; the sequence fragment complementary to primer is bolded.

=3 HEMERESNER

Table 3 Result of bioinformatics analysis

Bioinformatics analysis Result
Length of amino acids 266
Primary structure characteristics Theoretical pl 8.91
Molecular weight (kD) 30.00
Instability index (II) 56.40
a- Alpha helix 30.08%
Secondary structure types Extended strand 12.41%
Random coil 57.52%
Plant-Ploc Plant-Ploc tool Chloroplast
Protein subcellular location ProtComp 9.0 ProtComp 9.0 tool Membrane bound Chloroplast
WoLFPSORT WoLFPSORT tool Chloroplast
Type of targeting peptide Chloroplast transit peptide
Function sites Ubiquitination sites 4
Phosphorylation sites 18

; ABA SA H,0, 243  Tfmfa R AL 5T

,SeD27.1 7 , 35S::GFP
R ABA H,0, S , 35S::ScD27.1::GFP S
5.37 460 ( 6-B) , Wort
SeD27.1 ABA H,0, ,

MeJA SA (25.27] Wort 0.5h ,
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54 14 ’—I—‘
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B 6 ScD27.1 BEETREMIEBTHIRIE
Fig. 6 Expression of ScD27.1 gene under different stresses
A:ScD27.1 ;B:SeD27.1 ABA MeJA SA H,0, * 0.05
(n=3)
A: the amplification efficiency curve of the primer pairs of ScD27.1; B: expression of ScD27.1 gene under different stress of ABA, MeJA, SA,
and H,0,. *: significant difference at the 0.05 probability level; the error bars represent the standard error of the group (n = 3).
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c116894.graph_cO0,
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, , [15-17]
SLs ) ’ )
o SLs SeD27.1
Slced$ SA  MelA ,  SeD27.1
(29] SLs Atmax2 SA  MeJA
) D27 ( ) ,
[30] SLs , [16]
(maxl max3  max4) (max2) D27
(31 SLs 5 , ROC22
ScD27.1 Sugarcane_Unigene.66941 1
) D27 , SeD27.1
, SeD27.1 , 266 8.91,
30.00 kD, DUF4033 ,
288 , 5.04, 71.58 kD,

ABA MeJA SA 2 D27 (18]



5 : B- 891

35S::GFP

w)

35S::S¢D27.1::GFP

35S::GFP-Wort

—

35S::S¢D27.1::GFP-Wort

7 SeD27.1 EEMTAMEERLEE

Fig. 7 Identification of the subcellular location of ScD27.1 protein

A~F s 10 pm; G~L (wortmannin, 16.5 pmol L) s

15 pm

The figures from A to F indicate the cellular location of the protein under natural condition and the bar scale was 10 pm; the figures from G to
L indicate the cellular location of the protein under wortmannin (16.5 umol L™") treatment and the bar scale was 15 um.
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