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Sequencing analysis of pollen transcriptome of ‘Yali’ and its spontane-

ous self-compatible mutant ‘Jinzhui’

WU Junkai, WANG Haijing, LU Huannan, MA Juze, ZHANG Ying, SHEN Qing, ZHANG Libin’
(College of Horticulture Science and Technology, Hebei Normal University of Science and Technology, Qinhuangdao 066004, Hebei, Chi-

na)

Abstract: [Objective] Jinzhui’ (JZ) is a spontaneous self-compatible mutant of ‘Yali’ (Pyrus bretsch-
neideri Rehd., YL) with a typical S-RNase-based gametophytic self-incompatibility (GSI). The pheno-
typic changes of the pollen-part mutation (PPM) ‘Jinzhui’ might be due to a natural mutation in the pol-
len-S gene. However, the molecular mechanisms behind these phenotypic changes remain unclear. To
understand the possible mechanisms in response to SI, a comparative transcriptomic analysis with pol-
lenes of YL and JZ was performed in order to provide valuable information for analyzing the candidate
self-incompatibility associated genes of P. bretschneideri Rehd.[Methods]Pollen samples of YL and JZ
were collected as experimental materials and high-throughput next generation sequencing technology
RNA-seq was used to conduct sequencing. Sequence comparison with designated reference genome
was performed to obtain mapped data. From the comparison of transcriptomic data of YL pollenes and
JZ pollenes, differentially expressed genes (DEGs) were identified and the regulated models were ana-

lyzed. To better understand the distribution of gene functions at the macro level, the GO function classi-
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fication of the DEGs were analyzed using the WEGO online tool. To further investigate the influence
of the DEGs on pathways, statistical pathway enrichment analysis of DEGs was performed based on
KEGG database. To identify differentially expressed genes associated with self-incompatibility (SI) in
P bretschneideri Rehd., the expression levels of SI related DEGs were measured based on the frag-
ments per kb per million of the mapped reads (FPKM) value. [Results]Through transcriptome sequenc-
ing data analysis, totally 44 778 208 and 44 995 100 clean reads were generated in the YL and JZ li-
braries after removing adaptor, ambiguous and low-quality reads, and the GC contents were 47.5% and
47.7% respectively. The Q30 contents of two samples were both over 95%, indicating the high quality
of transcriptome sequencing and the high accuracy of the data. Of these high-quality reads, 66.35% and
66.08% were aligned to reference genome or gene sequences, respectively, and for unique alignment
position the sequence alignment efficiency between reads of both samples and reference genome and
genes was over 55.02%. For these aligned genes in YL and JZ, FPKM method was used to get the stan-
dard measure. The significance of gene expression differences of YL and JZ was determined using the
threshold of FDR<0.001 and |log,Ratio|> 1. Totals of 136 differentially expressed genes (DEGs) were
obtained between samples YL and JZ. Specifically, the expression levels of 76 genes were up-regulated
and 60 genes were down-regulated in sample YL compared with sample JZ. For these up- and down-
regulated genes, GO and KEGG analysis were performed. When the DEGs matched to the GO terms, a
total of 68 of these DEGs were associated with 33 subcategories belonging to 3 categories, biological
process, cellular component and molecular function. Among the biological process category, “metabol-
ic process” and “cellular process” were the main functional groups, which were followed by “single or-
ganism process” and “response to stimulus”. In terms of cellular component, “cell part” and “cell”
were the most highly represented subcategories. For the molecular function category, “catalytic activi-
ty” and “binding” were the two main groups. To further investigate biological behavior, the DEGs
were assigned to the biochemical pathways described in the KEGG database. A total of 86 DEGs were
assigned to the 49 KEGG pathways, including metabolic pathways, biosynthesis of secondary metabo-
lites, plant-pathogen interaction, signal transduction, ubiquitin-mediated proteolysis, and RNA degrada-
tion. To identify differentially expressed genes associated with SI in YL and JZ, the expression levels
of 41 DEGs were measured based on the fragments per kb per million of the mapped reads (FPKM)
value. Several notable genes were potentially involved in SI responses, such as those involved in pol-
len tube growth, RNA degradation and stress resistance, polyubiquitin, ubiquitin conjugating enzyme
complex member, vesicle-mediated transporter were identified. Some defense-related genes were up-
regulated in JZ pollen sample, which might function not only in defense but also in response to recogni-
tion process. Notably, a gene ubiquitin- conjugating enzyme E2 variant 1D- like (103966960) was
found for over 40 times difference of the gene expression . Further study is necessary on those genes
that might be associated with SI. [Conclusion]The results of transcriptome analysis suggested that mul-
tiple genes might be associated with SI in P. bretschneideri Rehd. We hypothesized that the gene, ubig-
uitin- conjugating enzyme E2 variant 1D-like, might be crucial for self-recognition. However, further
studies are required to fully understand the role of the candidate gene in SI. Our study provides a pool
of Sl-related genes in P. bretschneideri Rehd. and offers a valuable resource for elucidating the mecha-
nisms of SI in Pyrus.
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Table 1 Unigene and primers for quantitative RT-PCR analysis

FER S S 51(57-37) LR SIFFI(57-37)
Unigene Primer sequence (57-3") Unigene Primer sequence (5”-3")
103934507 F:TTTTCTGCCTTCTTCTTGGG 103936191 F:GTGAAACCACCGCCATTGC
R:GCTCGTGATCGTGTTCTATTACT R:CTCCACCCTGTGCCACTTGT
103954311 F:AGTATGGTATTGAGAGGGTCCGT 103957729 F:TTCAGAGAATCAGGATGCGAGA
R:ACTTTATCCGTGTTCTTGTGGC R:AAACAGCAAGAGTGTAAACACCAG
103948083 F:TCATCGGAGTCTTGGAGTGC 103954324 F:AACCATTGCTGGAGTGTATGT
R:TCTCAGTCCCACTTCTGTCAAAA R:ACTTTATCCGTGTTCTTGTG
103932738 F:GGGTTTGACTATGGCGAATCTG 103950772 F: AAGAAGATACTGAAGGATG
R:CATGGGAGACATTTGTGACTGC R:CAGCCAAAAGTCTACCAGCA
103954835 F:CATAGTGTTTTGACTGTTCACG 103939128 F:CAACTGTACGATTTCATACAC
R:CTGTGCCTCCCTAAGCCTATC R:AGGCTGCCATTTCCTTCTTCA
103948548 F:CCCCTTTGTTTTCAATCCTTCT 103941840 F: AATGTGGGAGTGTGTGGAT
R:GAAGACACTGCCACGATA R:AGACTAGCCTTCACCACATG
103957708 F:CAGAGAATCAGGATGCGAGAAC 103963515 F:GAAGGAAGTACCACTACGGCG
R:CAGCAAGAGTGTAAACACCAGGT R:CACAGAGTGTTTCTCCAGGTGAT
103966960 F:GAAACTGGCGTGGTTGAAGC 103959089 F:TAACCTTGGCTGATGGAGATGTC
R:ACCTTCTGGTGGTTGGGCA R:AAGTTCACATCGCCATCCGC
103936192 F: AGTGAGGAACTGTTTTATTAGG 103962554 F: TGCCAGTTCAGCACTTTCTTC
R:CTTCCCTTCTGGTGGCATC R:AATAGCCGCCACGGTAATCAC
103934152 F:TTTGGAGAATGCCTGAATGCT 103950478 F:GCCACTGCCATTGCTCTAAA
R:GTTTCCTATCTGAACGATTCTTGG R:TTCTCCAGGTGAACTCATCGG
103946871 F:GATTGAGCTGCTTATTGCTATC 103943336 F:AGTTATCCGCTGCTCGTGGT
R:AAACAACACTGGGAAACAATGC R:CTCAGCAACCTTCTCCTTGGT
103939613 F:GAAGAATGACCTTGCAATCA 103963451 F:GAACTGAGTGGAGGTCAGCGAT
R:CCTCTGGGGGTAGTTGAACG R:GATAAACTGGGAGTGGGGGA
103928664 F:CGACTCCCTTTGATTCGCCTT 103952705 F:CAACCCTGGTGTATTGTCTAA
R:TGTTTCCACCCTGTGACCGTT R:GGTAGCGACATTGACGGATTG
103959625 F:TTTGGAGAGGGAGAGGTTGTC 103935164 F:TATGGGTGCCGAGCAATGAT
R:AAGATTGTCGCTGTTGGGTTT R:TTGAACCGCAAAGACGAGG
103930440 F:TCAAGTTATGGCTGAAGGCG 103938512 F:TGTGAAGAAGTATGGGAGGC
R:ATGCGAGTTCTGTTTGGTGC R:GGAACCATATAATCGGCTGCTT
103958429 F:GGGTTGAAGAACACTCTGGCTC 103934180 F:GTATGCCATCACCAACCGTC
R:TGGAGGGAACCGTGGAGTAAT R:CAAGACCAAGAACAGCACCACT
103935970 F:AGGGGTGATTTCTGGTGCG 103936877 F:CTCAAGTAACAGCAGCAACAGG
R:CACTCAGGCGTTTCAGGGA R:TCCACAGGGAATCAATCATCAC
103927617 F:AGGTATCGGATTGCTCCTCACT
R:TAAGGAGAGCAGCACAAACCG
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Table 2 Quality of transcriptome sequencing of

‘Yali’ and ‘Jinzhui’ pollen
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A. Scatter chart of all expressed genes of Yali and Jinzhui. Abundance of each gene was normalized as reads per kb per million reads (RPKM).

DEGs are shown in orange and blue, while brown indicates genes that were not differentially expressed (not DEGs); B. Stat chart of differentially ex-

pressed gene of Yali and Jinzhui.
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Fig. 2 Differentially expressed genes (DEGs) in ‘Yali’ and ‘Jinzhui’ pollen
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Fig. 3 Gene ontology classification of differentially expressed genes
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TR LA TR N 52 2R P4 f# Valine, leucine and isoleucine degradation -

TR A E R AT 2 R A B Valine, leucine and isoleucine biosynthesis -
B R Tryptophan metabolism -

finfi% 2 A1 Thiamine metabolism -

1 HE& Ribosome -

N ERER AR Pyruvate metabolism -

Gene number
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WETERR/HE 72 Glycolysis/Gluconeogenesis - . 0.050
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A MEC U Galactose metabolism -

RBEFIH ZEREAC U Fructose and mannose metabolism -

NE W ER AR Fatty acid metabolism -

TR R Beta-alanine metabolism -

PR IR AN aldarate 1} Ascorbate and aldarate metabolism -

0.03 0.06 0.09
Rich factor

4 JERE(Pathway) EEREESHITELSE
Fig. 4 Pathway enrichment analysis of DEGs
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expressed genes involved in self-compatible mutant
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