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Abstract
Few reports have been seen on the segregation of polyploids and on the relationship between the segregation of SSR loci and that of the morphological
traits in polyploid progeny. This paper attempted to gain an insight into the
segregation of the hexaploid tobacco progeny and to understand the correlation of the segregation of SSR loci with that of the flower morphological traits.
The segregation was evaluated with both SSR markers and morphological
traits of the flowers. Twenty pairs of SSR primers were screened and a total of
42 SSR loci were identified. Chi-square analysis showed that the segregation
ratio of the SSR loci in the aneuploid progeny was between 1:1 and 2:1. Six
morphological traits of flowers, including the lengths of the flower and the
calyx, the widths of the calyx, the corolla tube and the corolla, and the coloring of the flower, from 180 progeny and 2 progenitor plants, were determined
and Chi-square analyzed. All traits were in consistent also with a segregation
ratio of 1:1 to 2:1 except the width of the calyx.

Keywords
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1. Introduction
Polyploidy exist in plants as well as many animals and it is a universal phenomenon in natural conditions [1]. Polyploidization or whole-genome duplication
(WGD) is regarded as a driving force in the processes of evolution [2] [3]. Polyploidization can trigger rapid genomic rearrangements, genomic downsizing,
and movement of genetic elements across genomes, epigenetic remodeling such
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225

World Journal of Engineering and Technology

C. Liu et al.

as DNA methylation changes and of foreign genetic materials into the polyploid
genome, suggesting the complex dynamics of polyploid genomes [4]. These extensive changes in the genome of polyploidy may further give rise to new phenotype, transgressive traits and high resistance, etc. [5]. Lai et al. [6] analyzed
one of the three hybrid species, Helianthus deserticola, by microarray, and revealed that approximately 2% of genes had extreme or transgressive expression
in the hybrid species. These findings also showed that polyploidy may play an
important role in the processes of evolution. Likewise, Soltis and Soltis [7] indicated that polyploidy played a major role in the evolution of many eukaryotes.
About 70% of all angiosperms have experienced one or more episodes of polyploidization based on recent estimates [8]. Recent studies have focused on the
high growth vigor in the polyploid which had been widely studied [9] [10].
Early studies on aneuploidy began with the Drosophila and Datura by Calvin
Bridges who noted that individuals could have changes in chromosome number
and was confirmatory of the chromosome theory of inheritance [11]. Compared
with polyploidy, Aneuploidy plays an important role in the evolution of plants as
well [12]. Some studies indicated that polyploidy may promote the formation of
aneuploidy and these two are often intertwined in the evolution processes [13]
[14]. In the genome of aneuploidy, loss of one or more chromosomes in aneuploidy can lead to dramatically changes of the stability of the genome, the effect of
gene dosage and gene expression [15]. The meiosis of aneuploidy exhibits inordinate and the extra chromosome in aneuploidy may undergo a phenomenon of
centromere misdivision [16]. Due to a series of changes in the genome of
aneuploidy, aneuploidy is sterile and less fit than euploidy in many species under
natural conditions, and even these are fatal [17] [18]. However, recent findings
showed that aneuploid not only can generate many new phenotypes but also can
revert back to stabilize euploidy, so they were regarded as the valuable materials
by many breeders [19]. Although aneuploidy has an important role in the evolution processes and breeding as polyploidy does, we still know little about the
mechanisms of the genomic changes and phenotype variations compared with
polyploidy.
Tobacco is an annual herbaceous plant belonging to Solanaceae. Cultivated
tobacco (Nicotiana tabacum L.) is not only an important economic crop but also
a model system used in numerous studies of plant biology [20]. Since tobacco is
3 - 4 months per cycle, thousands of seeds per cross, large phenotypic diversity,
and the cultivated tobacco is allotetraploid, it is an ideal material to investigate
the mechanisms of genomic changes at the initial stage of aneuploidy formation.
In order to investigate the segregation pattern of chromosome among the
aneuploidy hybrids, we used the model plant tobacco as material to generate an
aneuploidy population, and then using 20 SSR markers to trace the distribution
of different chromosome in the aneuploidy hybrids. The SSR markers were linkage to different chromosome and were obtained from the first linkage map of
tobacco (http://solgenomics.net/cview/map.pl?map_id=15) which was released
in 2007. By counting the number of bands of each SSR marker in the aneuploidy,
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the segregation ratios of the aneuploidy hybrids were calculated. We also had
measured some morphological traits of flowers to further verify the segregation
ratios of SSR markers and the result showed that the segregation of SSR markers
and morphological traits of flowers were correlated.

2. Materials and Methods
2.1. Plant Materials
Cultivated tobacco is an allotetraploid. In order to obtain hexaploid tobacco for
this study, seeds of the currently cultivated tobacco Yunyan 87 was treated with
colchicine to obtain octoploid in vitro in our laboratory, and then the octoploid
was used to cross another currently cultivated tobacco tetraploid L-8 to obtain
the hexaploid tobacco, and finally the hexaploid was crossed with the tetraploid
Yunyan 87 to obtain the F2 progeny (Figure 1). The F2 progeny of a hexaploid
and a tetraploid would be pentaploid in theory. Actually, most of them were
aneuploidy, confirmed cytologically in our laboratory. Because the hexaploid
tobacco have three copies of each homeolog and this may generate multivalent
when the homologous chromosomes synapsis in the meiosis. The abnormal
meiosis will lead to abnormal chromosome numbers in the gametes and therefore aneuploid F2 progeny.
In this work, the segregation of an F2 population of 220 plants derived from a
crossing between the hexaploid [(Yunyan 87 8×) × (L-8 4×)] and tetraploid
(Yunyan 87) was mainly considered through the comparison with the progenitors (Yunyan 87 tetraploid and L-8 tetraploid). The flower morphological traits
of the progenitors were shown in Table 1. Yunyan 87 and L-8 tobacco tetraploids were chosen as references to determine transgressive traits occurring in the
aneuploid population was mainly due to the fact that Yunyan 87 and L-8 tobacco
tetraploids are the cultivated tobacco and that we wanted to get more beneficial
morphological traits though repeated back crossing.
All the plant materials were grown in the Experimental Base of College of
Horticulture and Landscape Architecture, Southwest University, China.

Figure 1. Crosses to obtain the hexaploid tobacco. All plants were
planted in the open field. The ploidy of the hexaploid, octoploid
and the F2 progenytobacco were detected by the cytological method. In our study, we mainly consider the segregation of the
offspring of hexaploid through the comparison with the progenitors (Yunyan 87 tetraploid and L-8 tetraploid).
DOI: 10.4236/wjet.2018.62013
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Table 1. The flower morphological traits of the parental lines (Yunyan 87 and L-8).
Index

Length of the
flower (mm)

Length of the
calyx (mm)

Width of the
calyx (mm)

Width of the corolla Width of the
corolla (mm)
tube (mm)

Yunyan 87

52.20 ± 1.30

17.53 ± 0.41

9.09 ± 0.46

4.70 ± 0.13

25.40 ± 2.00

L-8

44.27 ± 1.48

16.66 ± 0.53

9.79 ± 0.63

5.21 ± 0.21

22.12 ± 1.71

Mean ± DE (n = 5).

†

2.2. DNA Isolation and SSR Primers
Genomic DNAs were extracted and purified from freeze-dried plant leave samples using a modified CTAB method [21]. Ninety pairs of primers flanking the
SSR loci were derived from the report [22] and synthesized by Hua Da Gene
Company. Twenty pairs of primers yielded clearly discernible and stable banding patterns and were thus selected for further analysis (Table 2).

2.3. Chromosome Number Detection
The chromosome number of the randomly selected 87 individuals was detected
by the protocol described by Kurata and Omura [23] with minor modifications.

2.4. PCR Amplification
PCR reactions were performed in a total volume of 15 μL containing 1.5 μL of
10× PCR buffer (Takara Corp), 1.2 μL MgCl2 (25 mmol/L, Takara Corp), 0.4 μL
dNTP (10 mmol/L, Takara Corp), 0.2 μL Taq DNA Pol (5 U/μL Takara Corp),
50 ng template DNA and 1.5 μL of each primer (10 μmol/L). Amplification was
performed in a DNA Thermal Cycler for 30 cycles: 5 min denaturation at 94˚C,
94˚C denaturation 40 s, 30 s at 56˚C and 45 s at 72˚C and all reactions contained
a terminal elongation step of 72˚C for 6 min. The amplified SSR products were
separated on 8% polyacrylamide gels and silver stained.

2.5. Measurement of Flower Morphological Traits
The morphological traits of the flowers from 180 progeny plants and the progenitors, including the length of the flower and calyx, the width of the calyx, corolla and corolla tube of 5 flowers per plant, were measured with vernier caliper
[24] as shown in Figure 2. Each morphological trait was defined by the length or
the width in its longest dimension and was categorized into four intervals in
comparison with that of the progenitors. The size intervals of the five morphological traits were shown in Table 3.
The flower color was evaluated by eye and was divided into six levels from the
lightest to the deepest also in comparison with the flower color of the progenitors, marked 1 through 6 from the least (lightest) red colored to the most (deepest) colored (Figure 3). The flower color of the parental lines, Yunyan 87 and
L-8, was leveled 4 and 3 respectively. The color of five flowers per plant was determined. When the flower color of the progeny is lighter than L-8, it is marked
“1” or “2” and when it is deeper than Yunyan 87, it is marked “5” or “6”.
DOI: 10.4236/wjet.2018.62013
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Table 2. Sequences of SSR primer pairs screened.
SSR locus

Forward primer (5'→3')

Reverse primer (5'→3')

PT30408

TCGCTCAAACAACATTGAGG

ATTGCGCATGATGCATTG

PT20213

TGTGGAGCTCCTTTCTTTGC

TCAAATCAACAACAAATCCAAT

PT20382

TTCACAGGGTGGGAAAATGT

ACTCCTAAACCTCGCCCAAC

PT20242

TCCAAAGTTGGACCAGAA

GTCCTACATGGGGCTCTT

PT30426

CAACTATTGACCGATGTGGG

GTGTTTCATTTGATCTATGAATCTTT

PT30403

CCAACTCTACCGCTAACTTCAAA

CACGACTGACGAGACATGGT

PT30399

TGTGTGCACCCTCCAATTTA

TGATCTCTAGAGTGGTGGCATC

PT30235

TTTCAGCCGTCACCTCTTCT

AGCGATGCAACAATGATGAG

PT30171

CCCATGCATGCCTAATTTCT

CCCAGAAGCCCTTATACAACC

PT20189

AAAGGTTCGGTATCCCAG

ATTGGACGATGAGAACGA

PT30375

TCCTCTACCCAACGTCAAGAA

GGCAAACCAGCTAGCACAT

PT20172

ACACCTCCTTCTTCCTGC

CCAAAATGGTTCACTGGA

PT20372

CCTTTACCTCCGACAATTTCA

TAGGCTGGATAGGTGCCTCA

PT30394

TCATTTGGTGGAATCAATGAA

GGCTTTGTGTTCGCCTACAT

PT30138

AGTTGCAGGATTGTTCGCTT

CGACTGCAAGAGTTGGCAAT

PT30174

TGGTCGATCAACATGACAAA

TCTAAATCACGCTGCATTGG

PT30361

AACCCGACCACTCCCTATCT

GTGGTTTAGTGGGAGCTTCG

PT30382

TGACGGATGGTCATTCATCTT

TCCTTCATAGGTAAAGTTAATGGATG

PT30421

CGTACCCTGAATGCCATCTT

ATGCAGCGTTTCAGGAATTT

PT30372

TGCACATGCTATGACGATTATCT

GGTCATTGATCGCCAAGTTT

Table 3. The intervals of the flower morphological traits in the F2 population of the hexaploid tobacco.
Index

Transgressive
traits (mm)

Resembling
Yunyan 87
(mm)

Length of the
flower

30.00 - 40.006

50.00 - 60.0088

40.00 - 50.0065

60.00 - 80.0021 109/71 ≈ 1.5:1

Length of the
calyx

10.00 - 15.0016

17.00 - 20.0056

15.00 - 17.0055

20.00 - 30.0053 109/71 ≈ 1.8:1

Width of the
calyx

4.00 - 8.3393

8.33 - 9.3349

9.33 - 10.3323

10.33 - 12.3315 142/38 ≈ 3.7:1

Width of the
corolla tube

3.00 - 4.005

4.00 - 5.0096

5.00 - 6.0074

6.00 - 8.005

101/79 ≈ 1.3:1

Width of the
corolla

15.00 - 20.0022

23.75 - 28.7574

20.00 - 23.7564

28.75 - 35.0020

94/86 ≈ 1.1:1

Resembling L-8 Transgressive
(mm)
traits (mm)

Segregation
ratio

The numbers of the progeny plants in intervals are indicated by superscripts.

†

2.6. Data Recording and Analysis
SSR markers were manually scored as binary data with presence as “1” and absence as “0”. Bands shared between progenitors and F2s were not counted.
DOI: 10.4236/wjet.2018.62013
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Figure 2. Methodology of morphologies measurement. LF:
Length of the flower; LC: Length of the calyx; WC: Width of
the calyx; WCL: Width of the corolla; WCT: Width of the
corolla tube; All were measured by vernier caliper.

Figure 3. The coloring levels for flowers. The flower color was evaluated by eye and was
divided into six levels, marked 1 through 6 from the least (lightest) red colored to the
most (deepest) colored based on the color depth of the progenitors. The color of five
flowers per plant was determined.

The segregation of SSR loci in the F2 population was subjected to Chi-square
analysis to test the goodness-of-fit to the expected Mendel's segregation ratio in
DOI: 10.4236/wjet.2018.62013
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the Excel, Microsoft office 2010. Chi-square detected different segregation levels
(1:1, 1.5:1 and 2:1) by setting the Chi-square probability function P (>χ2) = 0.050
as a significance level, as shown in the following equation:
k

χ =∑
2
c

( Oi − Ei

i =1

− 0.5 )

2

Ei

Genetic similarity coefficients of the 220 progeny plants with the progenitors
were also processed in Excel. The SPSS was employed to analyze the number in
each interval defined previously. The segregation of flower morphological traits
was obtained through the equation:
Segregation ratio =+
( R1 T1 ) ( R2 + T2 )

where, R1, R2: the number of the progeny plants with morphological trait resemble Yunyan 87 or L-8 respectively; T1, T2: the number of the progeny plants with
morphological trait transgressive over R1 or R2 respectively.

3. Results
3.1. Chromosome Number Detection
The chromosome number of 87 individual plants were detected. Result showed
that the chromosome number variation ranged from 46 to 76 and the statistical
analysis showed a normal distribution (Figure 4). Furthermore, most of them
were aneuploidies, only 6 pentaploid individuals. The ratio of euploid was 6.9%.
This cytological result was consistent with the ploidy assumption above.

3.2. SSR Polymorphism
A total of 20 primer pairs were screened to genotype both the progenitors and
220 progeny plants. A typical amplification profile is shown in Figure 5. All together, 42 polymorphic SSR markers was generated, an average of 2 polymorphic bands for each pair of primers. The expected sizes of amplification products
varied from 100 to 300 bp. The progeny resembling Yunyan 87 and L-8 was defined as genetic similarity coefficient well above 0.5, to each, respectively. The
similarity coefficient data showed that most progeny (188 plants, 85.45% in percentage) resembled Yunyan 87, and 32 progeny plants resembled L-8, with a
percentage of only 14.55% (Figure 6).

3.3. Segregation of the SSR Loci
The segregation of each locus of the 42 SSR loci was tested by Chi-square analysis. Based on the hypothesis that when half of the progeny plants resemble Yunyan 87 or L-8, the segregation ratio of the progeny plants would be 1:1, SSR segregation levels of 1.5:1 and 2:1 with the interval length of 0.5 were detected. The
results showed that there were 23 loci in line with the Chi-square analysis of 1:1
and 17 were in line with the Chi-square analysis of 1.5:1. Only two loci were
found to be in line with the Chi-square analysis of 2:1 (Table 4). The results
DOI: 10.4236/wjet.2018.62013

231

World Journal of Engineering and Technology

C. Liu et al.

Figure 4. The chromosome number variation of the 87 offspring. The result showed that
the chromosome number of the 87 offspring ranged from 46 to 76 and showed a normal
distribution.

Figure 5. A typical amplification profile by PT30421 SSR primer pair. M: 100 bp ladder
molecular weight markers; Y: Yunyan 87; L: L-8; Lanes 1-16: the serial number of the F2
progeny plants.

Figure 6. The similarity coefficient between offspring and progenitors. The X axis indicates the number of the offspring and the Y axis represents the similarity coefficient between the offspring and progenitors.

suggest that the segregation ratio of the SSR loci in the progeny was between 1:1
and 2:1.
DOI: 10.4236/wjet.2018.62013
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Table 4. Segregation analysis of the 42 SSR loci in the F2 population of the hexaploid tobacco.
Locus

Observed frequency

χ2 (1:1)

χ2 (1.5:1)

χ2 (2:1)

Linkage group

PT30408

130:90

6.91

0.043

5.58

0

Chromosome 10

PT30408

130:90

6.910

0.0431

5.580

Chromosome 10

PT30408

127:93

4.950

0.381

7.800

Chromosome 10

PT20213

118:102

1.021

3.451

16.650

Chromosome 12

PT20382

105:115

4.85

13.30

35.31

0

Chromosome 12

PT20382

106:114

0.221

12.320

33.630

Chromosome 12

PT20382

106:114

0.221

12.320

33.630

Chromosome 12

PT20382

106:114

0.221

12.320

33.630

Chromosome 12

PT20382

106:114

0.22

12.32

33.63

0

Chromosome 12

PT20382

105:115

0.371

13.300

35.310

Chromosome 12

PT20382

105:115

0.37

13.30

35.31

0

Chromosome 12

PT20242

107:113

0.111

11.370

31.990

Chromosome 12

PT30426

134:86

10.04

0.043

3.20

PT30403

124:96

3.311

1.071

10.380

Chromosome14a

PT30399

119:101

1.311

2.961

15.500

Chromosome 17

PT30399

119:101

1.311

2.961

15.500

Chromosome 17

PT30399

119:101

1.31

2.96

15.50

0

Chromosome 17

PT30399

119:101

1.311

2.961

15.500

Chromosome 17

PT30235

127:93

4.95

0

0.38

1

7.80

0

Chromosome 21

PT30235

127:93

4.95

0

0.38

1

7.80

0

Chromosome 21

PT30235

163:57

50.110

17.620

4.930

Chromosome 21

PT30171

108:112

0.04

10.46

0

30.39

Chromosome 24

PT30171

163:57

50.110

17.620

4.930

Chromosome 24

PT30171

110:110

0.0045

8.75

27.31

Chromosome 24

PT20189

117:103

0.771

3.980

17.840

Chromosome 1

PT20189

116:104

0.551

4.550

19.070

Chromosome 1

PT20189

118:102

1.021

3.451

16.650

Chromosome 1

PT30375

132:88

8.400

0.00471

4.310

Chromosome 2

PT20172

173:47

71.02

31.07

13.33

0

Chromosome 3a

PT20172

174:46

73.310

32.620

14.400

Chromosome 3a

PT20172

184:36

98.220

50.230

27.310

Chromosome 3a

PT20172

102:118

1.021

16.480

40.600

Chromosome 3a

PT20172

177:43

80.400

37.500

17.840

Chromosome 3a

PT20172

189:31

112.040

60.460

35.310

Chromosome 3a

PT20372

123:97

2.84

1.37

11.32

Chromosome 3a

PT20372

205:15

162.370

99.550

67.780

Chromosome 3a

PT30361

107:113

0.111

11.370

31.990

Chromosome 8b

PT30361

107:113

0.111

11.370

31.990

Chromosome 8b

PT30361

107:113

0.111

11.370

31.990

Chromosome 8b

PT30382

152:68

31.31

7.20

0.42

1

Chromosome 9

PT30421

131:89

7.640

0.00471

4.930

Chromosome 9

PT30421

131:89

7.640

0.00471

4.930

Chromosome 9

23

17

2

Total

2

0

0

1

1

0

1

1

1

0

1

0

2

1

0

0

0

1

1

0

0

1

0

1

0

0

0

Chromosome 12

2

The segregation of the locus not in accordance with the indicated Chi-square analysis. ‡1The segregation of
the locus in accordance with the indicated Chi-square analysis. §2The total number of the loci in accordance
with the indicated Chi-square analysis.

†0
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3.4. Segregation of Flower Morphological Traits
The flower morphological traits of the 180 progeny plants and their progenitors
were measured with vernier caliper. Morphological data of the progenitors (Yunyan 87 and L-8) and the F2 plants were shown respectively in Table 1 and Table 3.
The lengths and widths of the progeny flowers were divided into four continuous intervals based on the lengths and widths of the progenitors, two of which
representing the transgressive traits, and the other two, representing the traits
resembling Yunyan 87 or L-8 (Table 3). For the length of the progeny flowers,
about 6 progeny belonged to the interval of 30 - 40 mm, and 21 progeny belonged to 60 - 80 mm, 88 progeny resembled the progenitor Yunyan 87 and 65
progeny resembled L-8, with a segregation ratio of ca. 1.5:1, consistent with the
segregation ratio of the SSR loci discussed above; for the length of the calyx, 56
progeny resembled Yunyan 87 and 55 progeny resembled L-8, with a segregation
ratio of ca. 1.8:1, also consistent with the SSR loci; For the width of the calyx,
most progeny belonged to the transgressive traits and fewer resembled L-8, with
a segregation ratio of 3.7:1; for the widths of the corolla tube and the corolla, the
segregation ratios were 1.3:1 and 1.1:1 respectively.
The number of the progeny whose flower color resembled L-8 was 56, and the
number of progeny whose flower resembled Yunyan 87 was 100 (Figure 7). The
segregation of the color is 1.8:1.
All the segregation ratios fell into the range of 1:1 to 2:1, a slight bias being the
width of the calyx.
In conclusion, twenty pairs of SSR primers screened out 42 loci in total and
the segregation ratio of the SSR markers were between 1:1 and 2:1. The segregation of the 6 flower morphological traits was also fallen into 1:1 and 2:1 except
the width of the calyx. The segregation of SSR markers and the flower morphological traits both were consistent with the theoretically deduced ratio of segregation. SSR will be one of the powerful tools for genetic studies and marker-assisted tobacco breeding and there are great potentials yet to be developed.
As many transgressive morphological traits of the hexaploid tobacco flowers
have been detected in this research, the adaptability of some of the progeny
might have been improved.

4. Discussion
Tobacco is not only an important agronomic crop in the large family of Solana-

ceae, but also a model plant frequently used in plant biology [25]. SSR markers
have been developed and adopted to evaluate genetic diversity in a tobacco collection by Wu et al. [26]. Polyploid segregation ratios have been detected at 4
microsatellite loci in the diploid and polyploid Ipomoea [27]. These studies
proved that the SSR markers are stable and applicable.
In this study, the correlation between the segregation of SSR loci and the segregation of the six morphological traits of flowers in aneuploid tobacco, has
DOI: 10.4236/wjet.2018.62013
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Figure 7. The segregation of flower morphological traits of the 180 progeny plants analyzed by SPSS. Traits included the length of the flower, length of the calyx, width of the
calyx, width of the corolla tube, width of the corolla and the level of the color. The X axis
indicates the length or width of flower or the degree of flower coloring and the Y axis indicates the frequency of each column.

been established. To our knowledge, our result represents the first report on the
close accordance of segregation based on SSR markers with that based on the
morphological traits in polyploid progeny.
Polyploidy is a prominent and significant force in plant evolution, at temporal scales ranging from ancient to contemporary, and with profound effects
at scales ranging from molecular to ecological [28]. Hybrids are formed by
cross-fertilization between different individuals, strains, or species. Hybrids often grow more vigorously and produce more seeds and offspring than the parents. This phenomenon is known as hybrid vigor or heterosis [29]. Findings
made in the last two decades have revealed that the early stages of allopolyploidy
are often associated with rapid and extensive genomic instabilities, which are
thought to be important for initial stabilization of the newly formed allopolyploids as well as contribute to their establishment as competitive new species [30]
[9]. The materials used in this study came from a series of polyploid hybridization. What is more, most of the hybrids are aneuploids and thus a variety of
morphological traits may appear in the population. Therefore, these hybrids are
very precious and suitable for studying genomic evolution of the polyploidy.
SSR loci were used to investigate gametic segregation [31]. In fact, hexaploid
DOI: 10.4236/wjet.2018.62013
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tobacco can be treated as triploid. Because N. tabacum tetraploids are disomic,
therefore hexaploids are trisomic. Trivalents between homeologs from one progenitor genome are expected during meiosis. Homeologs from different progenitor genomes do not pair in meiosis. Otto and Whitton [32] reported that triploid plants generally give rise to aneuploidy gametes which exhibit very low fertility. So the hexaploid may produce different types of the gametes in theory.
Based on the linkage analysis of the F2 population of hexaploid tobacco, the 42
loci isolated were subject to Chi-square test to probe the segregation of the
progeny. The resulting segregation was 1:1 to 2:1.
The segregation ratios of the six traits were fallen into the theoretic value with
only one exception, the width of the calyx, which apparently showed matroclinous and/or gene interactive effect of the progenitors, as has been reported by Yu

et al. [33]. Wissemann [34] indicated the primary cause for matroclinous inheritance: hybridization caused asymmetric meiosis, the reason for heterogamy is
asymmetrical, mostly matroclinous inheritance of characters and character
states, but not vice versa. The apparently higher mutation rate found in the gene
flanking regions in the progenitors might be associated with the complex polyploid nature of these species, which could induce chromosome pairing aberrations [35]. The polyploid has a tendency of being diploidized. The higher mutation may also be related with the progeny’s maintaining of the chromosome
balance [36]. Reasons for the segregation ratio of the width of the calyx not consistent with the theoretic value might be the change of gene function or nucleotide sequence variations in the expressed regions [37].
The phenotypes exhibiting in hybrids that are extreme or novel relative to the
parental lines are called transgressive traits [38]. The progeny plants studied in
this paper all displayed transgressive characters in all six traits examined. Chen
[5] had proposed two models at gene expression level to explain heterosis in allopolyploids and hybrids: the dominance model and the overdominance model.
The dominance model suggests that the expression of genes in the hybrids is a
result of combined or additive expression of two alleles in the parents (e.g., 1 + 1
= 2), whereas the overdominance model indicates that allelic interactions in the
hybrids lead to nonadditive expression of the alleles derived from the parents (1
+ 1 ≠ 2). If the interactions lead to positive effects or gene activation, the outcome is expected to be 1 + 1 > 2. If the interactions result in negative effects or
gene repression, the expected outcome would be 1 + 1 < 2. Nonadditive expression explains positive as well as negative epistatic interactions. Otherwise, dosage
regulation may also affect the phenotypic variation [39]. It has been suggested
that additive effects in polyploidys lead to increase or decrease levels of gene expression and phenotypic variation. The reasons for a variety of morphological
traits appeared in the hexaploid progeny may be even more intricate than the
discussions shown above.
Schwarzbach et al. [40] studied 41 morphological traits using the hybrid Helianthus anomalus obtained from the crossing of H. annuus with the H. petiolaris, and found that in Helianthus anomalus, only 1 trait was morphologically inDOI: 10.4236/wjet.2018.62013
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termediate (2.4%), 23 traits, parents-like (56.1%), and 17 traits, transgressive
(41.5%). Rieseberg et al. [41] gave four possible predictions to explain transgression, based on the assumption that complementary gene action is the main cause
for transgression. Baack and Rieseberg [42] suggested that transgressive segregation could occur when parental species contain alleles with opposing effects.
From the evolutionary point of view, the transgressive characters might also be
very beneficial to the adaptive evolution [43].
It should be noted that although in this paper the correlation between SSR
markers segregation and flower morphological traits segregation in aneuploid
tobacco has been established, the correlation of SSR markers segregation with
other morphological traits need further investigation.
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