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Abstract: Cytoplasmic male sterility (CMS) is an important tool for hybrid production and a good system for studying the inter-
action between nucleus and cytoplasm, but its mechanism is still unclear. The relationship between stamen abnormality and the
relative expression levels of flower development genes in tobacco CMS line K326 was studied. The CMS line K326 was derived
from a natural variation in Nicotiana tabacum and was bred by continuous backcross of flue-cured tobacco variety K326. It has
not only stamens with carpelloid, but also stamens with petaloid, and the base of abnormal stamens is fused into a whole. In this
study, we identified MADS-box genes and SUPERMAN genes of whole genome, which controlled the flower development in N.
tabacum and analyzed their chromosomal localization and collinearity. The cis-acting elements of B genes and SUPERMAN genes
were predicted, and their expression characteristics in flower buds at different stages in both CMS line and its maintainer line were
studied. The results showed that 160 MADS-box genes and 5 SUPERMAN genes were identified in the genome of tobacco,
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including 4 PI genes, 3 AP3 genes, and 7 B genes. There were 79 MADS-box genes scattered on 22 chromosomes, and 3
SUPERMAN genes distributed on 3 chromosomes. Collinearity analysis showed that tandem and fragment DNA duplication and
multiplication were the driving forces of the expansion of MADS- box gene family in tobacco. The abnormal stamens of CMS line
K326 appeared at small bud stage, suggesting that the abnormal stamens in CMS line K326 were the result of early meristem de-
velopment defects. The qRT-PCR showed that 7 B genes and 1 SUPERMAN gene were expressed both in CMS line K326 and its
maintainers. The relative expression level of PI gene NitMADSI15 in the maintainer line was higher than that in CMS line at all
stages. The relative expression levels of 4P3 genes NitMADS72 and NitMADS100 in maintainer lines were lower than those in
CMS lines. Other genes were down-regulated at small bud stage and large bud stage, and up-regulated at middle bud stage. The
SUPERMAN gene could only be detected at small bud and middle bud stage of the maintainer line, but not at bud stages of CMS
line. Analysis of cis-acting elements showed that NitMADSI15 had an auxin response element AuxRR. The study indicates that
auxin might play an important role in cytoplasmic retrograde regulation of nucleus in tobacco.

Keywords: tobacco; cytoplasmic male sterility; MADS-box; SUPERMAN; auxin
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Table 1 Primers for qRT-PCR used in this study
Gene name Forward primer (5'-3") Reverse primer (5'-3")
NitMADS100 TTTGCCAATGGAGTACACA TTAACCCCATTACCAAATTGC
NitMADS72 CAGGCAAGTCACTTACTCCA CAAGCGTCCTCTGATACTGA
NitMADS23 AAATTGAACTCAAGCACCT TTACGGATACTAGTTAGTCCA
NitMADS105 ATGGACTCACTAGTATCCGTA TGGTGAAACACTTCCCCTA
NitMADS152 GCATATTAGCCTTACGCCTT TTCACTTTGCGTAGATTGACT
NitMADS22 TGCATGAATATTGTAGCCCTT GCTTAACCTGCATACTGTCA
NitMADSI15 TGCATGAATATTGTAGCCCTT GCTTAACCTGCATACTGTCA
NitSUPI TCGAATAACAACGACGACAAC GGCACATCTGAATTCCCTT
NitSUP2 AGCAGCCCATTTAAGTTACCG GCTTAAACTCACACGCCAA
NitSUP3 CCTAGTTTTGTTTCATCCCC CAAATCTCCATTTCTTAGCTGA
NitSUP4 CCATTAAATCACTTGAGCC CTAAGCAATCCAATTCCCAA
NitSUP5 GGCAGCTCATTTAAGTTTCCG CACGCCAATCATCTCCGAA
Actin CCGCTTTTGCTATTATGTCC GCACCTCACAAATATGCTG
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Fig. 1 Morphological observation of stamen in CMS line K326 and its maintainer line at different bud stages
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; E: . F:

A: maintainer line buds at small bud stage; B: maintainer line buds at mid-size bud stage; C: maintainer line buds at big bud stage; D: CMS
line buds at small bud stage; E: CMS line buds at mid-size bud stage; F: CMS line buds at big bud stage.
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Table 2 MADS-box and SUPERMAN genes of Nicotiana tabacum

TAIR10_
Gene name Transcript Protein length (aa) TAIR10 description
NitMADS22 Nitab4.5_0000418g0050.1 212 PI
NitMADS23 Nitab4.5_0000508g0030.1 209 PI
NitMADS72 Nitab4.5_0002266g0050.1 118 AP3, ATAP3 K-box region and MADS-box family protein
NitMADS100 Nitab4.5_0004086g0040.1 237 AP3, ATAP3 K-box region and MADS-box family protein
NitMADS105 Nitab4.5_0004346g0030.1 209 PI
NitMADS115 Nitab4.5_0005166g0020.1 212 PI
NitMADS152 Nitab4.5_0014584g0010.1 270 AP3, ATAP3 K-box region and MADS-box family protein
NitSUP1 Nitab4.5_0003721g0010.1 183 SUPERMAN
NitSUP2 Nitab4.5_0000086g0190.1 174 SUPERMAN
NitSUP3 Nitab4.5_0000342g0280.1 234 SUPERMAN
NitSUP4 Nitab4.5_0009537g0030.1 227 SUPERMAN
NitSUP5 Nitab4.5_0011666g0020.1 175 SUPERMAN
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Fig.2 Chromosomal locations of MADS-box and SUPERMAN genes in tobacco
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Fig. 3 Collinearity graph of tobacco MADS-box genomes
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Fig.1 Collinearity of species within MADS-box genes in N. tabacum, N. attenuata, and S. lycopersicum
Nitab: ; Niatt: ; Slyc: MADS-box ;
MADS-box
Nitab: N. tabacum; Niatt: N. attenuata; Nsly: S. lycopersicum. The red line indicates collinearity between MADS-box genes of N. tabacum and
N. attenuata. The blue line indicates collinearity between MADS-box genes of N. tabacum and S. lycopersicum.
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Fig. 5 Collinearity of species within SUPERMAN genes in N. tabacum, N. attenuata, and S. lycopersicum
Nitab: ; Niatt: ; Slyc: SUPERMAN ;
SUPERMAN
Nitab: N. tabacum; Niatt: N. attenuata; Nsly: S. lycopersicum. The red line indicates collinearity between SUPERMAN genes of N. tabacum
and N. attenuata. The blue line indicates collinearity between SUPERMAN genes of N. tabacum and S. lycopersicum.
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Table 3  Cis-acting element of MADS-box genes in tobacco

Gene name ABRE AuxRR-core CGTCA-motif ERE TCA-element TGACG-motif
NitMADS115 0 1 1 3 1 1
NitMADS72 2 0 4 0 2 4
NitMADS100 3 0 1 0 1 1
NitMADS22 3 0 2 1 0 2
NitMADS23 1 0 0 4 1 3
NitMADS105 2 0 3 1 1 3

ABRE: abscisic acid response element; AuxRR-core: auxin response element; CGTCA-motif: methyl jasmonate response element; ERE:
ethylene response element; TCA-element: salicylic acid response element; TGACG-motif: methyl jasmonate response element.
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Table 4 Cis-acting element of SUPERMAN genes in tobacco

Gene ABRE CGTCA-motif ERE TATC-box TCA-element TGA-element TGACG-motif
NitSUP1 1 3 0 1 0 0 2
NitSUP2 1 0 0 1 3
NitSUP3 2 2 0 1 6 0 2
NitSUP4 2 3 3 0 3 1 3
NitSUP5 2 1 0 0 1 0 1

ABRE: abscisic acid response element; CGTCA-motif: methyl jasmonate response element; ERE: ethylene response element; TATC-box:
gibberellin response element; TCA-element: salicylic acid response element; TGA-element: auxin response element; TGACG-motif: methyl

jasmonate response element.
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