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to Cytoplasmic Male Sterility in Broccoli
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Abstract: As endogenous small RNAs in plant, miRNAs can play important roles in pollen development
and fertility regulation. In order to provide theoretical basis for further discussing miRNA-mediated regu-
latory mechanism of male sterility in broccoli, we constructed the sSRNA libraries of cytoplasmic male ster-
ile line and its maintainer line by high-throughput sequencing in this study. Meanwhile, the expression

characteristics of fertility related miRNAs and their predicted target genes were detected by qRT-PCR
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technology. The results showed that: (1) a total of 181 conserved and 8 novel miRNAs were identified in
broccoli. Among them, 47 miRNAs were differentially expressed. 24 known miRNAs and 4 novel miR-
NAs were up-regulated and the rest were down-regulated. Two differentially expressed miRNAs were only
expressed in sterile line, and seven differentially expressed miRNAs were specific to its maintainer line.
(2) Bioinformatics analysis showed that two associated miRNA-mRNAs [ miR859-1 targeted pollen coat
gene (T2/Unigene  BMK. 21608) and miR5174e-1 regulated amino acid permease gene (T2 Unigene _
BMK . 31772)] were identified. These two miRNAs could negatively regulate their corresponding target
genes and participate in microspore development and male sterility occurrence in broccoli. (3) qRT-PCR
analysis showed that the expression levels of miR15%9a-1, miR164a-1, miR319a-1 and miRn11 in male
sterile line were higher than those in maintainer line. The expression levels of miR164a-1, miR319a-1 and
miRn11 decreased with development of flower bud in sterile line, but increased in maintainer line;
miR319a-1 and miR397a-2 were high expressed in stamen and low in other parts of flower buds, and the
expression level of miR397a-2 in sterile line was significantly lower than that in maintainers line. Our
study speculated that miRNAs may lead to the occurrence of male sterility by inhibiting the expression of
male sterility related PPR gene, regulating the expression of LAC gene and regulating hormone and Ca’"

mediated signal transduction pathway in broccoli.
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Table 1 Primer information for qRT-PCR
WiH 5| Primer(5'—3")
Ttem 1E 8] Forward JZ 1] Reverse
T2_Tnigene BMK. 18463 (& iHE A Laccase gene) GCAGGTTCAGGAAGAAGA ACAGAGGCAGAGTATTAAGTAA
. 10 CCCTT 0 e
T'2_Tnigene BMK. 17349 (CCCH IR E 1 1A AGAAGAAGACGAACCT  CACCACCTAACCAAGACA
CCCH-type zinc finger protein gene)
T1_Unigene_ BMK. 33859 (N2, N2~ Ffl Ji 1, 1%
tRNA H 3L 5 7%l 3£ [ N2, N2-dimethylguamine GGAACTACAGGACCAACT CAATGAAGAACACTCCACTAA
tRNA methyltransferase gene)
RN T2 Unigene BMK. 21255 (NAC % 5t A+ NAC
Target = Lgene T . R Sae " ACCTCCATAAGAACCGATT AACCGCCAAGAATGAATG
gene transcription factor)

T2_Unigene_BMK. 12002 R 1% Unknown gene)
T1_Unigene_BMK. 25532 H13£ K Unknown gene)

T2_Unigene_ BMK . 39435 ([ B 85 7k & 17 2 3%

Sterol carrier protein gene)

T2_Unigene_BMK. 32543 (K F1%H Unknown gene)

GAAGAGTCCTGGTGTTGT

TAGAAGCAAGAATCTCCTCAA

CCCTAATGAAAGCAATCTGAG

TGACATTGCTCGTGGTAT

TCATCAGCAGCATCATCA

TTCATCCTACTTATGTCACTGT

ACCTACATCGTTGATCTGAA

AGAATTATTGGAACACTCGTATC

GGGGACATCCGATAAAATTG
CTCATACGGTCAGCGATA

GGACCATTTCTCGATTTGTG
GACAACTTACAACTCCATCAT

miR397a-2
miR168a-4
miR159a-1
miR164a-1
miRn11
miRn4
miRn16
miR319

TCATTGAGTGCAGCGTTGATGA
TCGCTTGGTGCAGGTCGGGAC
TTGGATTGAAGGGAGCTCCCT
TGGAGAAGCAGGGCACGTGCA
CTGATTCGAGGGGGTCCCGTTGAA
AGUUUGGUUAUUUUGGUCAGG
GCAGACCCCUCUGACUCAGGCU
TTGGACTGAAGGGAGCTCCCA
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Table 2 Summary of small RNA sequences in male sterile

line and its maintainer line of broccoli

H A (e

ine line
Reads 41 Total reads 20 157 770 27 737 409
3k ¥ 51 Adaptor sequence 266 792 27 711 823
B2 %6 ¥ 41 Very short sequence 4180 465 3397 588
WK 3] Very long sequence 534 371 80 089
F¥##HEIF Clean reads 15 442 934 24 259 732
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Table 3 The novel miRNAs detected in male sterile line and maintainer line of broccoli

NA Z K Wb i/ i
Sequence Length/nt Arm MFE (kcal/mol)
miRn1 AAAAGAUUGAGCCGAGUUUAAU 22 3’ —27.00
miRn4 AGUUUGGUUAUUUUGGUCAGG 21 3' —40.70
miRn11 CUGAUUCGAGGGGGUCCCGUUGAAC 25 3’ —25.90
miRn13 CUUACAUAUCUCAGGAGCUUU 21 3’ —28.60
miRn14 CUUCGUGUAAAUGAUUUUCCUU 22 3' —33.30
miRn15 CUUUGCCUAUCGUUUGGAAAAG 22 5' —37.10
miRn16 GCAGACCCCUCUGACUCAGGCU 22 5' —24.10
miRn21 UUGCUUAUUAGGUUCAGUGUUGGUG 25 5' —29.9
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Fig. 1 Comparative relative expressions of differentially expressed miRNAs in male sterile line (MS)

and maintainer line (FS) of broccoli
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Fig. 6 Expression characteristics of miRNAs and their corresponding targets in different developmental stages

and different parts of flower buds in broccoli
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