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Improvement of Cotton Mitochondrial Gene cRT-PCR and its Application in
Searching for CMS Related Genes
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Abstract: Plant mitochondria is a type of organelles containing genetic material , which provides necessary energy for cells. In
agricultural production, genovariation of mitochondrial gene may lead to cytoplasmic male sterility, providing a convenient female
parent for hybird breeding. Despite successful utilization of CMS and restoration of fertility ( Rf) in breeding programs, the
underlying mechanisms of these processes remain elusive because the mitochondrial genome structure is complex, and occurrence
of different types of CMS is often caused by specific mutations consequently limiting gene cloning. This study summarized the
techniques to improve cRT-PCR technology and present detailed characteristics mitochondrial gene involved in CMS. After RNA
ligase cyclizes the 5" and 3’ ends of mitochondrial mRNA, random primers were used for reverse transcription to ensure the same
integrity as specific primers. Based on the mitochondrial gene transcript, ¢cRT-PCR was performed on all mitochondrial coding
genes, which provided insight of structure of mitochondrial coding genes. Therefore, we used this system to explore cotton CMS

genes, thus quickly figuring out abnormal factors and providing a new method for mitochondrial functional genomic analysis.
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Table 1 Four gene families mitochondrial gene cRT-PCR primer information.

PIEALA F51¥1(5'—3") BE 7 A RGIHI(5'—3") IR
ATPI 5'-AACTGAGACCACTCGACCGAT-3' 108 5'-GGATTCTGTGATCGAATGCC-3' 165
ATP4  5'-CCGTCGAGAGTCACTTTGAAAGTC-3' 185 5'-AGATTTGTCCCCGGGTGTACGTT-3' 108
ATP6 5'-GGAACAAACTGAGAGTTAGCAGC-3' 142 5'-CAGGTCTGGAATTAGGTGTAGC-3' 119
ATPS 5'-CTGCTGTACCCAAGTACTC-3' 116 5'-TTGATCTCGAAGTCCTCCT-3' 99
ATP9 5'-TTCGCGCCACGGAATGGATCA-3’ 112 5'-GCCCCAATGATGGCCTTTCTG-3' 126
COXI 5'-ATGTGCCCATCACTCCAGCAAT-3' 97 5'-CACCGGAATGGATGGTACAA-3' 98
COX2 5'-ATCATAGGTGTTGCTGCGTC-3' 95 5'-GGTCAGTGCAGTGAGATTTGTG-3' 126
COX3 5'-ATCACACCTCCTACGGTGGTT-3' 101 5'-GAGCATCACGTTGGCTTTGA-3' 102
NAD3 5'-AACCACATTCGTAGGCCGAC-3' 136 5'-TTCCTTGGGCAGTACCTCCCAA-3' 125
NADA4 5'-GGATCGAATTGTATCCGAGG-3' 182 5'-GGAGTTGTTTGGATGGGTGT-3' 93
NADAL 5'-CCGTTGGAACCAATGAAGCA-3' 202 5'-CCGCTATTGGGTTAGCCATTTTCG-3' 86
NAD6 5'-GTAAACCTGAAGTGTCGCGA-3' 121 5'-ACGGAGCGGTGAAAAGACAGGAT-3' 95
NAD7 5'-TTCCACCACTTCTCCGTTCA-3' 114 5'-CTGCCCATTTACAAGGACTCGA-3’ 107
NAD9 5'-AGAGGGATGATCAACTCCGCAA-3’ 198 5'-CCAGAGAAACGTGTGGTTTCTG-3' 96
RPS3 5'-GGTGGACGTATCGAACCGAAA-3’ 143 5'-GCGGAAGTATCTACTCGTTACGG-3' 102
RPS4 5'-TCAATCTTCGGAGAATGCGG-3' 97 5'-GGACCTAACATAGGTCACATCC-3’ 93
RPS7 5'-GAGCCGGGCGATGAAAAGTT-3' 121 5'-GCTGAGATACTGGATGCTTACCG-3' 111
RPSI10 5'-GCAATCCAATCTTCCGTGTG-3' 100 5'-GCGCAAGAAGTTCTTTCGGT-3' 112
RPSI2 5'-GGTGTTCTCGTTAAAACACGCG-3’ 125 5'-GATTTGCCAGGTGTGAAATCCC-3’ 108
RPS14 5'-CACTAGGAAGATCGGGATCT-3' 112 5'-GCCCTCGTTCCGTATATGAGTT-3' 101
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pL, KRGS E T & EIE L, 16°CEET
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PR EWRIT A 100 pL JC/K Z BRI AT TR
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Fig.1 Comparison of random primer and specific

primer of ATP6 gene full-length transcript.
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CCMFN;SDH3 SDH4; MATR .COB MTTB) #1471
cRT-PCR, BB R Z 192K UTR #7E 300 ~ 500
bp Zidv . FRATIHE FH AR 5 5 1 ) AN B AL 5 | 4y (] B i
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DU BAIE AN A 31035 R 3T 4 /D0 SNP
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Fig.2 Analysis of mitochondrial gene by ¢RT-PCR.
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Wit ATP6 B:[FI 4 cRT-PCR 51 #¥) EFT9 4
PAF—BraK 567 bp WFH) (K 3), MFIES
NCBI |- HF 5 H#EAT e X, FATHRTE T 284 bp (4
5'UTR A1 22 bp %) 3'UTR, 3 HEIEN Fig—B
G X E VTR, SR8 T ATP6 2 K
A, MRS5S H TR —3, 25,k
FHBESLS Ay 55 | 9yt 66 H#E 4T eRT-PCR,
RIMPE RGN —2 WG, PIE P
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— 350, T LAFRATTIN S 2R B AL 77 2 4 QB 56 PR o
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Fig.3 cRT-PCR results of ATP6 gene.
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AEREMBERRAWTEE—8G _—AE R MG
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Fig.4 Amplification bands of mitochondrial genes in sterile line and maintainer line.
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Table 2 Results of ¢cRT-PCR amplification of mitochondrial genes in sterile lines and maintainer lines.

SEHE AR ZRE FEH 2R ZRHN
ATPI A &R 260 bp,B REAH RPS3 SNP
ATP4 A % :5'-AACGCGTTTAGGTAAGACTT-3' RPS4 ~

B &.5-AAC—-G———A-—————— CTT-3' RPS7

ATP6 A % 360 bp,B % 526 bp,SNP RPSI0 SNP
ATPS SNP RPSI2 -
ATP9 - RPS14 SNP
COX1 A F B & 161 bp J¥F2 5 ,SNP CCMB -
COX2 SNP ceme SNP
COX3 - CCMFC -
NAD3 SNP CCMFN SNP
NAD4 - SDH3 SNP
NADAL SNP SDH4 KRR
NADG - MATR SNP
NAD7 SNP COB RIS
NAD9 SNP MTTB SNP
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3 it
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