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SUN gene families of strawberry were identified from the genome of the diploid Fragaria
vesca, and their physicochemical properties, genes structure, evolution and genes expression
were also analyzed. Our results showed that there were thirty-one FvSUN genes in F. vesca and
the FvSUNs encoded proteins were classified into seven groups, and the members in the same
group showed high similarity in gene structures and conservative motifs. The electronic
subcellular localization of FVSUNs was mainly in the nucleus. Collinearity analysis showed that
the members of FVSUN gene family were mainly expanded by segmental duplication in F. vesca,
and Arabidopsis and F. vesca shared twenty-three pairs of orthologous SUN genes. According to
the expression pattern in different tissues shown by the transcriptome data of F. vesca, the
FvSUNs gene can be divided into three types: (1) expressed in nearly all tissues, (2) hardly
expressed in any tissues, and (3) expressed in special tissues. The gene expression pattern of
FvSUNs was further verified by quantitative real-time polymerase chain reaction (qQRT-PCR).
Additionally, the seedlings of F. vesca were treated by different abiotic stresses, and the
expression level of 31 FVSUNs genes were assayed by qRT-PCR. The expression of most of the
tested genes was induced by cold, high salt or drought stress. Our studies may facilitate
revealing the biological function and molecular mechanism of SUN genes in strawberry.
Keywords: Fragaria vesca; SUN gene family; sequence identification; expression pattern;
stress-response
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®1 AMRRAMEE PCR 3|4
Table I qPCR primers used in this study

Gene Former primer (5'—3") Reverse primer (5'—3")

FvActin GAGGCAATTTAGACGCGCAA GCTCAAGAATGTCAGTGGCG
FvSUNI AGACCAACACTACAAACCCAGTT GGCCGGATTATGACAAAGC
FvSUN2 GTTTCCCGAATCAATGGTG TGCAGAACTCCTGGCTCAT
FvSUN3 ATCCGAAGAAAGTTTGTGAGA CTTGAGTGCTCGAAATGCTC
FvSUN4 GATGGTGAAATCGTGGAGGT TCAGGATCTTTGGGATAGGC
FvSUNS TGTTGTTGGGTCTCGTGTCT TGTTGTTGGGTCTCGTGTCT
FvSUN6 GGAAGGGCACCAAGGTCTG CTCCCGGCTCGTTCAAGTA
FvSUN7 GTGGGAAGAATAAGAAGTGGAA TCTTGCCTGACAACTCTGAAAT
FvSUNS CAACGATTCAGCGGACAAAG TGGGCTCTTCTCATTTCCTG
FvSUNY9 TTGGCAGTTCAAAACGAGTG ACAGGGTATTGCTGGGTCAG
FvSUN10 GGTGCCAATGCTGCTCTA GGGCTTGAAGTCTTACTAATC
FvSUN11 AAATGTCCCACCACTACTACTACCT CCTTCTGAAACTCCACCTCC
FvSUNI2 GTTGTGGCCAAAGCATCC TCACCTAAAGGCACTCCTCTATAC
FvSUN13 AGAACCGAGCAGCATTGAGA TCCTTATGGTGATGAACGAT
FvSUN14 AGTAAAGGGGAGTCGGTGTTC TTTCCCGACGAAAGTGTAATG
FvSUNIS5 CCGTCCTTCCAGTCAATCC CAGAATCCAGGTCTTCATCAC
FvSUNI6 CCCCACCACCACCTCATCCT GCAACTGCGGCTTCGGCTA
FvSUN17 GACCAAAAGAGCAGCAGAAGAA AGCCAAAACAGGAGTCACAGAT
FvSUNI8 TGAAAGCACGAACACCACAG ACCAAGTGCCCACGGATAAG
FvSUN19 TAGCAATGGGAAGAAGATGG ATGGGTTAATGGCAATAAGG
FvSUN20 GAAATGTGCGTCTTCTACCC CTCAGCCTGTATTGTCACCC
FvSUN21 CCCACATTGCCACCTCTT GCCTCACCAGCCCTCTTA
FvSUN22 CCTAGCGGGATCTTCTCAAT CTCCTTTTCATAACCTCTGTCTG
FvSUN23 GATGGTTGAAGGGTCTGTTGG ATTGCGTGCTTGTTCTGTTCC
FvSUN24 AAGCCCACATTAACTGACCAA AGCCATAGCAGCAGCCAAC
FvSUN25 CAATGGGAGGAACAATATGACA AGAATCCACCTCTACAAGCACC
FvSUN26 CAGTCGAAGCAAAATAGTAAGGAG GAGATTTAAGACCAGTTAGCCACA
FvSUN27 AAAGAGAGAAGCGTCGGTGGA TGGTTAGATGGCCTGGTCAGC
FvSUN28 CTCCTCCACCAGCTCTTCCTAC AGTCCAGTGAGACGAACAACCT
FvSUN29 CGGAGGTTGTCAGGCTCACTA GCCGTTTGTTTCCTTACTATGT
FvSUN30 CAACTCCTGCGAACAATGAAG CGTCCATAACCAGCCAATCTT
FvSUN31 GAGAGAAGAACTACAAGAACACGAGG TGCTAAGGTTTTCTCTTCAGTATGCT

2.2 HMEZE FvSUNs EREREEHBEH
B FI4F1E

ERGE KB, 31 4 FvSUNs #i1HN
7 AN (K 1B). R4 FvSUNs B:IK 8] () 40 i 1%
HZ5FER(2-38 1), (HiER—HEER AT
FRHARF AL, ML FvSUN JERAM T
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AR, N 294, 1 FvSUNG Fl FvSUN14 44,
223k 38 MM (B 1C). 1E FvSUNs 3K 4
T, %E R 3 AR MR, 7
1 BIh 1QD 254438k, FF 47 FvSUNSs & 1403 47 5
MAESF 2 My 3 B NARan, Hurdhse
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Figure 1 Chromosome distribution and sequence characteristics of FvSUN genes in Fragaria vesca. A:
Chromosome location of FvSUN genes. B: Cluster tree of 31 FvSUN proteins, seven subfamilies (I-VII) are
highlighted with different colors. C: Gene structure, exon and intron are represented by yellow box and black
line, respectively, and untranslated regions (UTRs) are represented by green boxes. D: Motif pattern of amino
acid, each motif is represented by a different colored box. E: LOGO of the three motifs.
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Table 2 Basic information and physicochemical properties of FvSUN genes in Fragaria vesca

Name Accession Chromosome location CDS MW pl Aliphatic Instability GRAVY Subcellular
(V4.0.a2) (bp) (bp) (Da) index index localization
FvSUNI FvH4 106300 Fvbl: 3329 144-3331 608 1320 48430.77 10.00 66.30 62.18 —0.560 Chloroplast
FvSUN2 FvH4 1g08090 Fvbl: 4 268 1974 281 821 4590 172 792.65 8.25 88.31 46.45 —0.340 Nucleus
FvSUN3 FvH4 1g10950 Fvbl: 5960 069-5960 769 426  16071.75 10.74 98.94 34.40 —0.147 Chloroplast
FvSUN4 FvH4 2220160 Fvb2: 4542 17192036  7.15 86.89 45.66 —-0.379 Nucleus
16 937 924-16 951 550
FvSUNS5 FvH4 2g22050 Fvb2: 3498 131031.12 572 8445 45.58 —-0.337 Nucleus
18 179 447-18 191 677
FvSUN6 FvH4 2g30900 Fvb2: 4569 173 380.27 8.95 87.11 45.95 —0.387 Nucleus
23 814 703-23 826 773
FvSUN7 FvH4 2¢31650 Fvb2: 1347 50275.69 10.59 56.88 49.16 —0.871 Nucleus
24 219 624-24 222 651
FvSUNS FvH4 2g38820 Fvb2: 2478 9034036  5.28 62.86 57.48 —0.885 Nucleus
28 012 900-28 017 756
FvSUN9 FvH4 3g08170 Fvb3:4 801 5724805080 849  31925.56 10.51 70.64 46.95 —0.734  Chloroplast;
nucleus
FvSUN10 FvH4 3226200 Fvb3: 1266 46 677.60 10.08 70.95 54.15 —0.760 Nucleus
19 077 865-19 086 434
FvSUNII FvH4 401000 Fvb4: 962 395-964 962 1401 51219.39 10.03 54.81 62.33 —0.775 Nucleus
FvSUNI2 FvH4 4205270 Fvb4:4 518 6304 535646 4524 170170.62  6.35 84.13 46.41 —0.397 Nucleus
FvSUNI13 FvH4 4g10360 Fvb4: 1635 61193.56 10.54 57.24 69.27 —0.892 Nucleus
13 835 077-13 840 896
FvSUN14 FvH4 4¢31720 Fvb4: 1797 6635885 9.80 70.05 48.59 —0.850 Nucleus
30 746 043-30 751 488
FvSUNI5 FvH4 4g37130 Fvb4: 3507 13224559 7.08 84.06 51.41 —0.472  Nucleus
33730 414-33 740 179
FvSUN16 FvH4 5g01680 Fvb5: 1081 521-1 087086 1407 51653.50 10.34 55.58 63.86 —0.890 Nucleus
FvSUNI7 FvH4 5g10710 Fvb5: 6 080 524-6 083 108 1467 5485091 10.12 62.32 63.71 —0.830 Nucleus
FvSUNI8 FvH4 5g15290 Fvb5: 8 651 060-8 656248 1773 6481697 9.86 71.56 53.37 —0.801 Nucleus
FvSUN19 FvH4 6g02450 Fvb6: 1406 804-1 418 526 4590 173 144.56 8.99 86.47 44.49 —0.410 Nucleus
FvSUN20 FvH4 6203280 Fvb6: 1 819 961-1 821816 1140 4351522 10.23 64.41 56.98 —0.928 Nucleus
FvSUN21 FvH4 _6g15440 Fvb6: 9 594 814-9 599 028 1440 5333554 10.21 64.99 65.64 —0.838 Nucleus
FvSUN22 FvH4 6g24720 Fvb6: 849 32094.04 10.64 76.88 52.47 —0.568 Chloroplast;
18 725 834-18 729 595 nucleus
FvSUN23 FvH4 6232490 Fvb6: 1224 45695.13 1022 66.54 61.86 —0.651 Nucleus
25 543 532-25 547 356
FvSUN24 FvH4 6g33840 Fvb6: 1293 4823747 10.13 60.63 55.02 —-0.813 Nucleus
26 803 107-26 806 984
FvSUN25 FvH4 6g41680 Fvb6: 1194 44 786.91 8.57 64.06 62.62 —0.774 Nucleus
32 715 849-32 718 655
FvSUN26 FvH4 702140 Fvb7:2 479 653-2482593 1365 5185420 9.95 72.05 61.51 —0.802 Nucleus
FvSUN27 FvH4 7g17520 Fvb7: 1590 591121.76 10.41 55.22 66.49 —0.961 Nucleus
14 849 287-14 852 177
FvSUN28 FvH4 720080 Fvb7: 1626 6006636 10.20 58.35 67.70 —0.951 Nucleus
16 398 396-16 402 301
FvSUN29 FvH4 7g29094 Fvb7: 1239 45819.52 1032 67.11 60.61 —0.616 Nucleus
21515 658-21 518 384
FvSUN30 FvH4 7g31490 Fvb7: 1407 52307.29 9.80 55.51 60.31 —0.937 Nucleus
22 741 306-22 744 782
FvSUN31 FvH4 732790 Fvb7: 1581 5914923 9.74 59.11 62.77 —0.871 Nucleus

23 502 054-23 504 694
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ARH(E 1D, 1E). #@xf FvSUN EAMFH b an iz i is 5, &ATX FvSUNs &
Foxt, & B —4 N AL 5L 1IQD 45438751 A CaM 454 s b AT T i, 25 R %9
— R (A 2). 1 IV VIFIVIAL AL 51 1 1Q67  FvSUNs AR E A 1-3 Ao i & JE R ik
GEMIEEAE 3R HERIBE B IQ JEF 34 1-5-10  HKEIX (36 3), X LA IE X B Al AE L& SUN B A
FEFEFI 34 1-8-14 FE5 s MRS AL R A 1Q67  #Y CaM Z545 7 45 . [FIHds%f FvSUNs & 11 1)
SERGEN S 4 4 1Q L7, 34N 1-5-10 JL/F M AN E M obAT T, LB 27 NEEEN
44 1-8-14 B )7 B4 1Q £ p 5 1-5-10 B pa TH4MIA%, 1 FvSUN9 1 FvSUN22 i T4
1-8-14 fF7EFB A EE (K 2). C AW R SUN MR fint444k, FvSUNI il FvSUN2 &7 F it
FEE CaM 254018 Ca® FER LA, N BKGER 2).

FvSUNI1 ; L TRAQE 2195
FVSUNS : VYA 0 A RQSLQKDNRSSKTSKKANVTY 265
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Figure 2 Sequence alignment of IQ67 domains in the proteins encoded by FvSUN gene family of Fragaria
vesca. Five subfamilies (I, II, IV, VI and VII from Figure 1B) of FvSUN proteins were analyzed.
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®3 HRNEFE FHSUN EEFREEBNGARES ST
Table 3  Prediction of calmodulin binding sites in FvSUN proteins of Fragaria vesca

Group Name Predicted calmodulin binding sequence

I FvSUNI1 126-GGRERWAAVKVQTCYRG

FvSUNS8 208-NVVKLQAAVRGHLVRRHA
FvSUN11  182-KQAKATLRCMQALVTAQARAR

FvSUN14 116-YVARRAYRTLKGI
FvSUN16 151-LQALVRGHIERKKWAKRL
FvSUN18 109-EQAATKAQAAFRGYLAR

156-SMLGIVKLQALSRGRQV

FvSUN23  124-LFGKRERWAAMKIQTVFRGYLARKAHRA

FvSUN29  62-IQSAFRRYLARRALR
I FvSUN2 92-VKLQALVRGVCVRKQA

FvSUN4 742-IQRKVRSYLARRSYAKLRLSAIRIQSALRGQL
859-VITQCAWRGRVARLELRKLKMAARET

FvSUNS 497-EQKKGGIIALL
FvSUNG6 782-AAAIFIQKHVRRWL

FvSUN12 224-DKRGRISGAA 742-IQNKIRSYVCL 837-IIQSQGRRYLSRARYLRMK

FvSUN15 782-SHQKFARR

FvSUN19  741-TIQRRVRTHYARKRFIAL 804-KKLHLSGLVLQTGLRAM
838-LQAIWRCHKAASYLKRLKRGTVVA

i FvSUN25 225-ERALAYAFSQQLRI

v FvSUN7 122-VRGRQVRKQAAVTLRCMQALVRVQA

FvSUN9 63-VARKALRRLKGIV
FvSUN10 5-GKWIKALVGLKKSEKSHS

FvSUN24  123-GRRVRKQAAVTLRCMOQALV

A\ FvSUN13 1-MGKKGSWFSAI

VI FvSUN3 92-VKLQALVRGVCVRKQA
FvSUN17 236-KEASLKREKALAYAF
FvSUN20 112-VKLQALIRGHFVRKQTN
FvSUN27 129-LVKLQALVRGHNVR
FvSUN30 128-LARRARRALKGLVR
FvSUN31 186-LVKLQALVRGHNVR

VII FvSUN21 348-GSTKVARK
FvSUN22  141-VRGRAVRRQLIS
FvSUN26  120-AAVKIQTAFRGYLA
FvSUN28 1-MGRKGSWFSAV

The putative calmodulin binding sites predicted by calmodulin target database are shown as strings of amino acid residues with
a score of at least 7, with the highest score 9 highlighted in bold. Numbers before strings indicate the location of the first
amino acid residues of the strings in F. vesca SUN protein sequences.
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Figure 3 Phylogenetic analysis of FYSUN gene family of Fragaria vesca. Neighbor-joining tree of SUN
proteins was generated by MEGA v7.0 with bootstrap-1 000 repeats tests.
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Figure 4 Synteny analysis of FvSUNs gene family of Fragaria vesca. A: Synteny between FvSUN family

members; the number in the outer circle represents

the chromosome length (Mb); gray lines represent the

syntenic regions, red lines represent the segmental duplication and blue line represents the tandem
duplication. B: Synteny of SUN family members between A. thaliana and F. vesca; gray lines represent the
syntenic regions and red lines represents the syntenic gene pairs of SUNs; Fv1-Fv7 refer to the chromosomes
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Figure 5 Expression of FvSUN gene family in different tissues of Fragaria vesca based on RNA-Seq data.
Heatmap was generated using the TPM (transcripts per million) value from RNA-Seq and then normalized by

log,. The numbers after the tissues represent different development stages
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Figure 6 Expression analysis of FvSUN gene family in different tissues of Fragaria vesca by qRT-PCR.
Error bars indicate the standard deviation.
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Figure 7 Expression analysis of FvSUN gene family of Fragaria vesca under abiotic stresses by qRT-PCR. 0,
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