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Cloning and expression analysis of PavMYC2 gene in Prunus avium L.
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Abstract: [Objective]lSweet cherry (Prunus avium L.) is an important economic fruit crop in temperate
regions of the world. Temperature stress is closely involved in flower bud differentiation. JA-activated
transcription factor MYC2, which is the most extensively studied components in the JA signaling path-
way, plays a regulatory role in temperature stress. However, the MYC2 gene has been less studied in
sweet cherry. In the present research, PavMYC2 gene was cloned successfully, and the functional local-
ization of MYC2 gene was identified. Moreover, its expression pattern during organogenesis, dormancy
and flowering stages was analyzed. [Methods]The sweet cherries Royal Lee and Hongdeng were select-
ed for the current experiment, which were grafted on Chinese cherry rootstock (P. pseudocerasus Lindl.
‘Dagingye’). Royal Lee is a low chilling requirement cultivar from the breeding program of low-chill
sweet cherries in California, USA, and Hongdeng is a high chilling requirement cultivar from China.
Both cultivars were grown in the experimental farm at Shanghai Jiao Tong University in Shanghai
(121.48°E, 31.25°N). Floral buds of sweet cherries were collected on 15 July, 15 August, 15 September,
15 October, 15 November and 15 December in 2019; and 15 January, 5 February, 5 March, 10 March

and 15 March in 2020. All materials were collected for three biological replicates. These buds were fro-
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zen in liquid nitrogen and stored at -80 ‘C before RNA extraction. According to the manufacturer’s in-
structions, total RNA was extracted using an RNAprep purePlant Kit (TianGen, China). To isolate the
full-length ¢cDNA of these genes, 1 ug of total RNA was converted into cDNA using PrimeScript™ 11
Ist Strand cDNA Synthesis Kit (TaKaRaBiotechnology, Dalian, China) and was subsequently diluted
five times with sterile water. Primers were designed using Primer 5 software. The PCR-products were
cloned into the pEASY®- Blunt Cloning Vector (TransGen Biotech, Beijing, China), and then se-
quenced. Phylogenetic and molecular evolutionary analysis were conducted using MEGA version 6. To
generate a phylogenetic tree, the complete sequences of the other species were obtained from the Gen-
Bank DNA database. The Neighbor-Joining method in MEGA was used to construct different trees. The
reliability of the obtained trees was tested using bootstrapping with 1000 replicates. RT-qPCR was per-
formed on a Bio-Rad System (Bio-Rad, CA, USA). The procedure was conducted as follows: 95 ‘C for
30 s, amplification for 40 cycles (95 ‘C for 5 s, and 60 ‘C for 30 s). PavMYC2 cDNAs were cloned into
PHB vectors containing a cauliflower mosaic virus (CaMV) 35S promoter, a translation enhancer and a
GFP fluorescent protein tag in the subcellular localization assessment. We cloned the CDS of PavMYC2
and PavJAZI-6 into the vector pXY 104 and pXY 106 for BiFC assay, respectively. Constructed vectors
were transformed into Agrobacterium tumefaciens strain GV3101 and subsequently cultured to an ODsg
of approximately 0.8-1.0. The mixed suspension liquid with pairs were co-transformed into five-week-
old leaves of Nicotiana benthamiana after 2 to 5 h. Yellow fluorescent protein (YFP) signals were de-
tected after 48-72 h by a laser scanning confocal microscope (ZeissLSM510/ConfoCor2). [Results1Pav-
MYC?2 contained an open reading frame (ORF) of 689 bp that encoded a predicted protein of 237 amino
acids. It contained a conserved domain bHLH-Zip, belonging to bHLH family. To examine the subcellu-
lar localization of PavMYC2 in sweet cherry, the coding sequence of PavMYC2 was fused to the PHB-
GFP vector. The PHB-GFP vector with the CaMV 35S promoter driving GFP alone was used as a nega-
tive control. A transient expression assay was performed in leaves of Nicotiana benthamiana. Pav-
MYC2-GFP fusion construct revealed GFP fluorescence in nucleus, compared with empty PHB-GFP
vector. To better understand genetic relationship between PavMYC2 and other reported MYC2- like
genes, we performed the phylogenetic tree analysis, which indicated that PavMYC2 was closely to Pps-
MYC2 and PyMYC2 from P. pseudocerasus and P. yedoensis, suggesting a conserved function with
these evolutionarily closer MYC2 homologs. To investigate the possible roles of PavMYC?2 in the devel-
opment of sweet cherry, we performed the relative expression levels from various tissues of sweet cher-
ry by using qRT-PCR analysis. PavMYC?2 expression in sweet cherries was observed in vegetative and
floral tissues, but much higher level in flower buds with 4.8-, 4.9-, 8.8-, 37.4-fold than that in young
leaves, stems, roots and flowers. As a result, the highest transcriptional level of PavMYC2 occurred in
floral buds, indicating that PavMYC2 might play an important role in the development of floral buds.
The seasonal expression level of PavMYC2 was higher during the stage of summer and autumn growth
in floral buds, then gradually decreased, maintained a certain level of expression in winter, and reached
the lowest level in spring. The cis-acting element analysis showed that the PavMYC2 gene promoter
contained a large number of light-responsive elements, hormone-responsive elements and temperature
stress-related elements. We performed BiFC assays to detect protein-protein interactions. The BiFC as-
says indicated that PavMYC2 interacted with PavJAZ1/2/3 in leaves of Nicotiana benthamiana, which
had similar expression patterns with PavMY C2, suggesting that PavMYC2 and PavJAZs may co-regu-
late the temperature stress and flowering. [Conclusion] A PavMYC2 gene was cloned and highly ex-

pressed in summer and autumn stages, and thereafter declined gradually, maintained a certain level of
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expression in winter, and reached the lowest in spring. This study lays the foundation for further investi-

gation on the role of MYC2 in sweet cherry buds in response to temperature stress and regulation of

flowering process.
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A. Alignment of the sequence of MYC2 from sweet cherry, peach, and Arabidopsis. PHLH-MYC N and bHLH-Zip domains are indicated by solid

and dotted boxes; B. Phylogenetic tree based on the amino acid alignment of PavMYC2 protein in sweet cherry marked with dots and other plant spe-

cies. Accession numbers are as follows: AtMYC2. Arabidopsis (NP_174541.1); PpsMY C2. Prunus pseudocerasus (ALN42127.1); PyMYC2. Prunus
yedoensis (PQQ11938.1); PmMYC2. Prunus mume (XP_008238247.1); PpMYC2. Prunus persica (XP_020419289.1); POMYC2. Pyrus x bretsch-
neideri (XP_018500941.1); MdAMYC2-like. Malus domestica (XP_008341963.2); MbC1H46. Malus baccata (TQD95523.1); ReMYC2-like. Rosa
chinensis (XP_024169176.1); FvMYC2-like. Fragaria vesca subsp. vesca (XP_004300239.1); JIMYC2-like. Juglans regia (XP_018811463.1); Zj-
MYC2. Ziziphus jujuba (XP_015896923.1); MnMYC2. Morus notabilis (XP_010104300.1); CsMYC2. Cannabis sativa (XP_030501877.1); To-
MYC. Trema orientalis (PON87401.1); PanMYC2- like. Parasponia andersonii (PON45335.1); VVMYC2. Vitis vinifera (XP_002280253.2); Hb-
MYC2- like. Hevea brasiliensis (XP_021664832.1); DzMYC2- like. Durio zibethinus (XP_022737560.1); TeMYC2. Theobroma cacao (XP_

017973469.1); PaIMY C2-like. Prosopis alba (XP_028802884.1).
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pressing 35S:PavMY C2-GFP and 35S:GFP. Scale bar = 20 pm; C. Spatial expression of PavMYC2 was detected in different sweet cherry tissues, in-

cluding leaves, roots, stems, flower buds, and flowers; D. Seasonal expression of PavMYC2 was detected in flower buds of the two cultivars Royal

Lee and Hongdeng from 15 July 2019 to 15 March 2020.
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Fig. 2 Expression patterns analysis and subcellular localization of PavyMYC2
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Table 1 PavMYC2 gene promoter cis-acting elements

Juf2E AR T B DReiE R
Component type Related component Number Functional comment
S R IC A Box 4 2 J6Mi ¥ 64 Photoresponsive element
Photoresponsive element G-Box 7 J6Hi ¥ G4+ Photoresponsive element
GATA-motif 1 JeMi ¥ G4+ Photoresponsive element
GT1-motif 1 6 B 764 Photoresponsive element
I-box 2 Jthe ¥ 7G4+ Photoresponsive element
TCT-motif 1 Y6 B JG A Photoresponsive element
e ) NATW S ABRE 10 Jit 74 B % G A Abscisic acid response element
Hormone response element CGTCA-motif 4 AR H B8 1A % 76 2F Methyl jasmonate response element
TGACG-motif 4 SR FT R F S A Y 76/ Methyl jasmonate response element
TGA-box 1 A KN J6HF Auxin response element
[ EY P e LTR 1 {7 T 704 Low temperature inducing element
Stress related component ARE 2 RS 014 Anaerobic inducing element

Jaran

FPRIAR BE DN 27 DN BB , FLOR ST BEAN B R
L7 A AL B AL B & A AN {H PavIAZs 4= #5 B A
) 60 OR 57 2 77, HL Tify 55 P #8062 T 57 3, jas Jik 7 4T
LT3 i o
2.5 PavJAZs BERFTMERIKEE S

i if INRA (https://bwenden.shinyapps.io/Dor-

Patterns/) X PavJAZs 158k B R AH X 208 /il 47
ST CE 5, G5 IR, PavJAZI 2,35 AR ik
BEI LT E N, I HAE 8 H i Rk
ik B & . PavJAZI . PavJAZ2 . PavJAZS 1t i &
Wiz JaRIs EE R, 5 PavMYC2 [ FRIB &840
B AL . SR, PavJAZ4 1 PavJAZ6 () 3275 B
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%2 PavMYC2 EfEERTN
Table 2 The prediction of PavMYC2 interacting proteins

BN EERENCD) HAAK 451 H AT D
Gene ID Protein ID (Prunus persica) Protein name Score Protein ID (Prunus avium)
18777327 XP_020419289 MYC2 1.000 XP 021802110
18790611 XP_007223954 TIFY 9 0.972 XP_021818119
18769244 XP_007202425 TIFY 10A (JAZI) 0.971 XP_021804920
18776110 XP_007209282 TIFY 6B (JAZ6) 0.883 XP_021802863
18769568 XP_007204726 TIFY 3B-like (JAZ3) 0.871 XP_021804597
18771850 XP_ 007203684 mc410 0.868 XP 021807187
18791864 XP_007223248 TIFY 6B-like 0.858 XP_021821107
18770917 XP_007202173 MMK1 0.830 XP 021814026
18785599 XP_007219048 MYC2-likel 0.812 XP_021814970
18785811 XP_007220435 coronatine-insensitive protein 1 (COI1) 0.809 XP_021832998
18777047 XP_ 020419108 MYC2-like2 0.800 XP_ 021816617
18793674 XP 020411327 Pentatricopeptide repeat (PPR-likel) 0.752 XP 021831619
18793536 XP_020411326 pentatricopeptide repeat (PPR-like2) 0.752 XP_021831618
18778454 XP_007212237 TIFY 5A (JAZS) 0.724 XP_021834265
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- '
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'.
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"/
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Fig. 3 Predicted proteins interacting with PavMYC2
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Fig. 4 Amino acid motifs analysis of PavJAZ1-6 proteins
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Fig. 5 Seasonal expression levels of PavJAZI1-6 in sweet cherry flower buds
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