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Abstract: The InDel markers have been widely used in the research fields of molecular marker-assisted breeding of fruit trees.
However, there are few reports on the related studies of Chinese traditional characteristic fruit trees “Chinese bayberry”. In this study,
a total of 25831 InDels with a size distribution ranging from 1 to 50 bp were obtained through whole genome resequencing and
bioinformatics analysis of 103 Chinese bayberry core germplasm. The frequency of InDel variation on different chromosomes ranged
from 8903 to 11297 bp. Among them, the frequency of InDel mutation was the highest on chromosome CM025856.1. Annotation

analysis showed that 1312 InDels were distributed in the gene exon region, and another 21055 and 6659 InDels were distributed in the
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intergenic region and intron region, respectively. Through GO annotation, the functions of the above InDels molecules mainly include
binding and catalytic activity. Biological processes mainly involve cellular processes and metabolic processes. KEGG pathway
analysis showed that the function of InDels gene region mainly include secondary metabolism, carbon metabolism and
nucleocytoplasmic transport. The results of genome-wide association analysis were used to obtain 20 InDels that were significantly
associated with mature-stage traits of Chinese bayberry fruits. Their functional annotations mainly involved mitochondria, plastid
structural genes, riboside triphosphate hydrolase and cytokinin signaling proteins. Further verification and analysis screened out the
InDel EP-18 labeled Chinese bayberry fruit maturity traits identification accuracy was higher, up to 89.25%; Through gene prediction
results, it was found that this locus annotation was an Early nodulin family gene. In conclusion, InDel EP-18 markers obtained in this
study will provide an important theoretical basis for molecular assisted breeding of Chinese bayberry.
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Table 1 The mature stage traits of 103 Chinese bayberry germplasm resources in this study
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Fig. 1 The distribution of different size Indel in Chinese bayberry genome
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Fig. 2 The number of InDels and Variants rate on each chromosome in Chinese bayberry
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Table 2 The functional classification of InDels in Chinese bayberry

%5 Type S # Count b5 Percent
A2 FX 35 Intron 6659 18.96%
88 FX 5 Ex on 1312 3.74%
H A X Intergenic 21055 59.95%
BT 5 524K Splice_site_acceptor 27 0.08%
BT AL S 4K Splice site_donor 27 0.08%
B4 A X35 Splice site_region 152 0.43%
HA X Upstream 2507 7.14%
H A THXE Downstream 2173 6.19%
3°UTR X4 Utr 3_prime 436 1.24%
5‘UTR X Utr 5 prime 724 2.06%

Ak, X InDelsfrfEDNA X387 41 Fr Be i AT GO My REE B0 #ir, S5 RBRIAEY IS FE (Biological process)
ol L B 2 R A I 2 (Cellular process) » FL¥E31864 & InDels ) 24 K X 15k, AL 2 (Metabolic
process) X2 (FE3A) , f552604 M InDels[X 5. 7£57 ¥ Llifit (Molecular Function) 28 H #1, #5454 (Binding)

B, 2906 N InDels[X 4., fEALIEYE (Catalytic activity) K2, $52100 N InDels/)FE K Xk . H#57F

=

B2, fE4HL 5> (Cellular component) HX AL EPIKTIRE, RIAMLE AL (Cellular anatomical entity)
MEHEARMEEY) (Protein-containing complex) , 437l &% A 38121756 InDels L K X 3. 3, i
X InDels 5 SIEATKEGGIAER /)T, 45 R B35 & R 224D B PNE 5 2 (P<0.05) o Jrr, TOP20i@
KB 5 & XM EEAH K (E3B) , &2 KA AEY)E B (Biosynthesis of secondary

metabolites) , FUUZIRICHT (Carbon metabolism) FIAZ iz (Nucleocytoplasmic transport) o
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A, GO annotation of InDels; B, KEGG pathway analysis of InDels; The location and size of the dots represent the number of enriched
entries and the number of different genes, respectively
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Fig. 3 Functional annotation analysis of InDels locus gene in Chinese bayberry genome
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T Ik SR AN o 22 S B AR 1) 4 8 DRI ZE ST 23 B 30 R I 1184 i 35 M InDel i i, AL b JE S B 7
FI G R A S HEAT 51 ¥, 3775 InDel EP-1~InDel EP-20341120 M nDelbric 414, HPCRY MK F G
N84~120bp (3D , FERIF HNCMO025849.1. CM025855. 1F1CM025856.15¢ ik . Hk, MG InDelbr
CERLE, TR A G R Thae s B HZRAR. FARS5 M2 F CHLInDel EP-1. InDel EP-19. InDel
EP-20f1InDel EP-13%%; InDel EP-25¢HK )7 i A& = W B A% 1 7K fif I (Nucleoside triphosphate hydrolase)4 14 2k
[Kl; 5InDel EP-18J¢Hk (1) 3 [K 7 15 J& Early nodulin-93-like, #& 54598 & 5 % (Early nodulin)3%[X; SInDel
EP-14 5 1 ) & [5] £ 7 AT5G61680.1, SR 1 B AR T B8 i A5 4 : 5 InDel EP-15 5% Bk H 2 PR 7 15 /2
ARRI14-like, R4IHIHZ K (S 5 5 [ ARR (Arabidopsis response regulator) 5 & FE K] ;  5InDel EP-17¢ B3
fir 5 72 Disease resistance protein RPV1, & KX I i %) 71 75 %5 i 2% 1% 5= [K Rpv (Resistance to Plasmopara
viticola)»
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Table 3 The InDels and annotation information of the significant association of ripening traits in Chinese bayberry fruits

R FPH (5°-3%) KR Indel fi7E Tifeire

Name Squence (5’-3") Lenght Position Functional annotation

F:CGTACACGCAGTGCAGTTGTCAGTTATC
InDel EP-1 104 CM025855.1:31401090 Organelle: mitochondrion
R:GACTACCACGTATACGGGAGGAGTACCTGGTTT

F:GAGCTTTTAGTCCACTGGCAGCGGCAAAC
InDel EP-2 108 CMO025855.1:19247811 Nucleoside triphosphate hydrolase
R:GAATTAGAACACCTTGCTCGCAAGGTGAGG

F:GAGCTTTTAGTCCACTGGCAGCGGCAAAC
InDel EP-3 86 CMO025855.1:30530049 Triosephosphate isomerase
R:GTCTGGACTTGCAAGGCTCGTCAAGTCTCTG

F:GTAGCTTGGACTCCTAAAGTGACACGGT
InDel EP-4 116 CMO025855.1:34429328 Ring finger protein 170
R:GCGGATGATAGAGTGTCTAAGATATGTACTC

F:TGGGACACATACTCATCTTTAACTCG
InDel EP-5 81 CMO025855.1:18454904 Nucleotidyltransferase
R:CTATGGGGCAAGGGAGTTTTCAAAACT

F:GACCGGAGGAGTTATAATTCACTACCCT
InDel EP-6 120 CM025855.1:33525190 CAMSI (Camelliol C synthase 1)
R:GACATTGTGTGTTTGATTTAGATGGAGCTTAAAC

F:AAGATGTACTCGACATCTTACTGTGAAAT
InDel EP-7 100 CM025856.1:13735052 Arogenatedehydrogenase 2
R:CGGCAGCCAGGTATACTCTCCAACAGGGA

F:GTGGTTCAGTGCCATGAACTTGATATAAAATG
InDel EP-8 101 CM025856.1:27376500 Nucleolar factor 1
R:CCACGTCATTGACACTGTCTGCGCTTGTTTG

F:CGTGGTACAGGTATGGTGTTGGGATCTCTCG

InDel EP-9 96 CMO025856.1:8373043 SUMO-activating_enzyme 1B
R:GCCTCATTTCCTCATTGCCGACGCACTTTTGAC
InDel F:AAAAAATTTACTACTTAACTTATGTC Degradation
107 CMO025856.1:2670173
EP-10 R:CGAATAGATTCATCTAGTTTTAAATCTCTG periplasmic_proteins_15
InDel F:TCCACCAGTCGACTTCATCCCCTGCATG
86 CM025856.1:20600810 Low PSII accumulation 2
EP-11 R:CGTGAAGTGGTGTTAATGGCGACCGATTC
InDel F:TCTCATGATAAGTAGATCTCATTTTTG
92 CMO025856.1:8045075 Glucosyltransferase-like

EP-12 R:CGAGCTCTTAGAGAACAGTGTTGTAACCAACA




InDel
EP-13
InDel
EP-14
InDel
EP-15
InDel
EP-16
InDel
EP-17
InDel
EP-18
InDel
EP-19
InDel
EP-20

F:GGTTCCCATTACTATCTCCGAGGTGTCTC
R:CACACTGTCTCCAGAGAGAACCGATTTCAT
GTATTTGTTTCCAATGATCGAATGGTATGTATTG
GCGTTACTGAAACAATCGATCGTCTA
F:CGGTTTTAAGGTTTTGCAGATAGTAGGC
R:ATATTTATATAGGTGCCAAGCAAATAGATGTGA
F:AGAATTATCAAGTCAATAATTGCGCGACT
R:CGAAATCTTTAATCCAAACTTACTCGTAGA
F:CCAAAAACCATTTAGCTGGAATATACACTG

R:CTTTAGGTGCACAAAGGACTAAGGGTAGC
F:GCCACCTACACCTACACCGTTAAGGGCAAAAACTA
R:GAGTCCAATATGAATGCAAGTTAACCAAG
F:-TGAAGAATTTAAGGTGGTTCAGTCAAG

R:TCTAAGGAATGTGGTTCCTATGTGATTTG
F:GAGAAACAAAGCTACGACACAACAGATTG
R:GCTGTTCTTGTGCTGCCAACCTACAAGTC

95

108

108

106

113

84

105

96

CM025856.1:17276262

CM025856.1:14509789

CM025856.1:26896700

CM025852.1:3230972

CM025849.1:30724568

CM025849.1:30722625

CM025849.1:30721660

CM025849.1:30721838

Plastid movement impaired 1-like

AT5G61680.1, unknown

Response regulator ARR 14-like

WD repeat-containing protein 61

Disease resistance protein RPV1

Early nodulin-93-like

Mitochondrial protein AtMg00810
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X: No amplification products were detected; Different allelic classes are distinguished by different colors; Cluster A was the early arbutus germplasm population

(blue). Cluster B was the middle and late maturing Chinese bayberry germplasm population (green and black).
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Fig. 4 The results of InDel EP-18 labeling based on real-time fluorescence quantitative PCR amplification platform
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Fig. 5 Alignment of partial DNA sequences at InDel EP-18 sites on Chinese bayberry germplasm at different maturity stages
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