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The trnT-trnF chloroplast gene has been described as an excellent marker for demonstrating genetic diversity and understanding
the evolution of plants through molecular methods such as polymerase chain reaction and phylogenetic studies. In fact, the trnTtrnF chloroplast gene exhibits a high degree of localized polymorphism within the spacers and the intron and this variability of the
trnT-trnF gene allowed plants to diversify and evolve. Understanding the variability of the structure of the trnT-trnF gene and the
evolution of Dioscorea species through this study will assist plant development. Our PCR et sequencing results revealed
considerable length variation of trnT-L, trnL and trnL-F between the Dioscorea sp. of Cote D'Ivoire and the other Dioscorea sp.
We also found that a part of the trnT-L gene of Dioscorea sp of Cote D'Ivoire has been deleted whereas the trnL intron has
undergone an insertion.
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INTRODUCTION
The yams belong to the family Dioscoreaceae, the genus
Dioscorea and the subclass Liliidae. Yams are monocotyledons, however,
yams are considered to be closely related to dicotyledonous plants because
during the formation of the plant the second cotyledon remains in the
embryonic stage (Shewry et al., 2003; Wang et al., 2013). Today, 600
species of yam have been found and distributed throughout the world
(Odimegwu et al., 2013; Ngo et al., 2015). Yams are cultivated or wild plants
originating mainly from tropical countries and in some temperate zones as in
Japan and in the southern United States (Raz et al., 2003). Concerning the
world production of yams, West Africa occupies the first place (Odimegwu et
al., 2013), representing 93% of world production (Dansi et al., 2013;
Odimegwu et al., 2013). There are cultivated, willd and hybrid species of
yam. Among the cultivated species; Dioscorea cayenensis and Dioscorea
rotundata are the most important, being preferred by the population and
therefore most produced in West Africa (Dansi et al., 2013). Both species
are of African origin and are grown in the savanna zone as well as in the
forest of Cote D'Ivoire. Sub-species of Dioscorea alata, mainly Florido,
Brazo fuerte and Suidié, are also grown in the Cote D'Ivoire (Kouakou et al.,
2012). Dioscorea alata originated in Asia. The most widespread of wild
yams in Cote D'Ivoire is the species of Dioscorea trifida which comes from
America however Dioscorea esculenta and Dioscorea bulbifera, would
have an Asian origin for the first and South American for the second (Ukpabi,
2010). In addition to the wild and cultivated yams, some hybrid yams (C20,
Tdr 608, TDr 131 and NDRBD 10) are also found in the Cote D'Ivoire
(Digbeu et al., 2009; Kouakou et al., 2012). In terms of yield, hybrids and
yam varieties brazo fuerte show a much higher yield than other yam
varieties in Cote D'Ivoire (Kouakou et al, 2012). Dioscorea alata species
account for between 55% and 60% of the yams grown in Cote D'Ivoire and
are also grown both in the savanna and in forest regions (Kouakou et al,
2012). Cote D'Ivoire has an annual yam production of about 5.8 million
tonnes (Koffi et al., 2015). However this amount of yam is far from being
sufficient for the population of Cote D'Ivoire whose annual consumption is
estimated at 350 kg par resident (Koffi et al., 2015). This deficiency of yam in
Cote D'Ivoire is due to a number of factors including the biotic factors
associated with parasitic attacks, mainly yam mosaic viruses, nematodes,
fungi, green molds, bacteria, responsible for yam rot and insects (Sie et al.,
2003). Abiotic factors such as soil salinity, the presence of heavy metals in
the soil, and water deficit due to climate change impede the cultivation of
yams in Cote D'Ivoire (Daryanto et al., 2015). Human factors such as the
overpopulation of yam consuming countries represent a real challenge for
yam producers. Abuse of the ecosystem by humans has also been
described as a constraint on the production of yams in West Africa (Sie et al.,
2003; Njukeng et al., 2014; Ngo et al.,2015). One of the worrying problems
that impedes the production of yams is the difficulty in mechanising the
harvesting of the crop due to the irregular structure of the plant (Trouslot,
1985). Structural irregularities of cultivars also pose problems in plant
classification (Ngo et al., 2015). The optimization of the production of yams

via an improvement of the cultivars by hybridization proved to be difficult
because of the dioeciousness of the plants (Montserrat et al., 2000; Ngo et
al., 2015). Improving the quality of cultivated yams has always been a
challenge for researchers. Prior to the introduction of molecular markers,
studies in diversity of yams were limited to their agro-morphological
characteristics. Subsequently, the introduction of new molecular techniques
such as amplified fragment length polymorphism (AFLP) and random
amplified polymorphic DNA (RAPD) have been widely used to study the
polymorphism of angiosperms and gymnosperms. However, the
techniques of AFLP and RAPD were limited because they did not allow
efficient discrimination between samples, resulting in limited use for
phylogenetic studies. In view of all these difficulties, the introduction of a
new technology, genomics, will assist in improving plant quality and
optimizing yam production. In this paper, we demonstrate that chloroplast
trnT-trnF is a useful marker in resolving phylogenetic relationships among
Dioscorea species.

MATERIALS AND METHODS
Taxon sampling
The leaves of 12 accessions of Dioscorea sp. from the National
Center Agronomic Center (CNRA) vitroplant were used for this study (Table
1). The samples (leaves) were collected on 16/11/2016 on young plants
aged 8 to 10 months (Table 1). Accessions are all of the F1 generation. The
taxa are composed of 2 wild type plants, 2 cultivated plants and 8
interspecific hybrid plants (Table 1). The interspecific hybrids are derived
from a cross between a cultivated male Dioscorea rotundata (Krengle) and
a wild type female Dioscorea praehensilis (Table 1). Dioscorea praehensilis
(IB120) comes from Bouaké, a town located in the center of the Cote
D'Ivoire, about 350 km from Abidjan at latitude 7069 N and longitude 5003
W. Dioscorea bulbifera (EA18) originates from Yamoussokro, which is also
located in the center of the Cote D'Ivoire, about 248 km from Abidjan at
latitude 6083 N and at latitude 5027 W. Dioscorea rotundata of cultivated
type (Krengle) and Dioscorea rotundata (Cayenensis) of cultivated type
originate from Abidjan (Table 1). Abidjan is located at latitude 5021 N and
longitude 4006 W. All three locations have a humid tropical climate. No
authorization was required to use the 12 accessions because these
samples belong to the National Center for Agricultural Research (CNRA).
DNA extraction, amplification and sequencing
Total plants DNA was extracted from young and fresh leaves using
the protocol of Integrated DNA Technologies (Plant DNA Extraction
Protocol). The extracted DNA were quantified by agarose gel (1 %)
electrophoresis and the purity checked using a UV spectrophotometer
(ThermoScientific, Nanodrop 2000) at wavelengths 260 - 280 nm before
conducting PCR amplification. The DNA extracted was used as template in
the polymerase chain reaction. The trnT-L, trnL and trnL-F regions of the
trnT-trnF gene were amplified following the method (Figure 1) and with
primers (Table 2) of Taberlet et al (1991). The PCR was carried out in a total
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volume of 25 µl containing the respective 2-10 µl of DNA template, 5 µl of
One taq standard reaction buffer, 0,5 µl of dNTPs, 0,5 µl of each primer, and
0,125 µl of One taq polymerase. All the PCR reagents were purchased from
Inqaba Biotech. The amplification was conducted in a GeneAmp PCR
system 9700 Thermocycler of ThermoFisher Scientific. PCR cycles were as
follows: The first denaturation at 940C for 1 min, a second denaturation at
940C for 1 min 50 sec, hybridization at 550C for 1 min 50 sec, first
elongation at 720C for 2 min, final elongation at 720C for 5 min, the reaction
underwent 30 cycles and 40C was the storage temperature of the DNA after
the amplification. In order to remove excess primers and dNTPs, PCR
products were purified before being sequenced by Inqaba Biotech.
Sequence alignment and data analysis
Multiple alignment of the sequence of the trnT-L, trnL and trnL-F
regions of the trnT-trnF gene was performed using CLC Main Workbench
7.7.2. However we were unable to align all sequences of our samples
because the sequencing of some taxon DNAs failed due to low DNA
concentrations and Taberlet primer limitations (Taberlet et al., 2006). For
each sequence, C+G and A+T contents were estimated using CLC Main
Workbench 7.7.2.
Phylogenetic analysis
The phylogenetic analyses were conducted according to the
neighbor-joining (NJ) method based on nucleotide substitutions with gaps
treated as missing characters (Saitou and Nei, 1987). Support values of the
internal branches of the NJ tree were estimated using the bootstrap method
(1000 replicates). A dataset comprising previously published trnT-L, trnL
and trnL-F sequences (D89714.1, D89711.1, D89720.1, D89717.1,
KF357945.1, D89705.1, D89702.1, D89700.1, D89710.1, D89697.1,
D89694.1, D89692.1, D89689.1, D89684.1, AB557687.1, D89681.1,
D89715.1, D89712.1, D89721.1, D89718.1, NC_009601.1, D89706.1,
D89703.1, D89701.1, D89695.1, D89693.1, D89685.1, D89682.1,

D89716.1, D89711.1, D89719.1, D89709.1, EU186245.1, D89707.1,
D89704.1, D89699.1, D89691.1, D89684.1, D89681.1, D89696.1) was
analyzed in combination with trnT-L, trnL and trnL-F sequences of Cote
D'Ivoire accessions.

RESULTS
Variation in the size of trnT-L, trnL and trnL-F gene of Dioscorea sp
The results of the PCR (Gel agarose not shown) of the Dioscorea
sp of Cote D'Ivoire has shown that the trnT-L region has a size of 250 bp, the
trnL region has a size of 650 bp whereas the trnL-F gene has a size of 200
bp. The result of the sequencing and alignment of the various trnT-trnF
sequences showed a divergence between the Dioscorea sp (Table 3). The
variability observed in the size of trnT-L, trnL intron and trnL-F genes of each
taxon is essentially due to a variety of mutations (Table 3). The small size
(250 bp) of the trnT-L gene of KP01-Hi71 accessions (Dioscorea
praehensilis-Dioscorea rotundata) and Dioscorea cayenensis (Lopka j)
compared to trnT-L gene size of other Dioscorea species is due to amino
acid deletions. The size of the trnT-L gene of accessions KP01-Hi71
(Dioscorea praehensilis-Dioscorea rotundata) and Dioscorea cayenensis
(Lopka j) is almost identical to that of Dioscorea tokoro which is grown in
East Asia (Table 3). The size of 141 bp instead of 200 bp of trnL-trnF of
Dioscorea bulbifera (EA18) obtained after sequencing is due to the fact that
the sequence alignment software (CLC Main Workbench 7.7.2) treated the
gaps as missing amino acids (table 3). However the size (200 bp) of the
trnL-trnF gene of accessions Dioscorea cayenensis (Lopka j), Dioscorea
bulbifera (EA18) and Dioscorea praehensilis-Dioscorea rotundata (KP06Hi407) obtained after sequencing is in conformity with the size obtained by
PCR (Table 3). Furthermore, this study showed that the size of the trnL
intron gene (624 bp, 626 bp) of the accession EA18 (Dioscorea bulbifera)
and Dioscorea cayenensis (Lopka j) respectively was larger than the trnL
intron size of other Dioscorea species (Table 3).

Table 1: List of accessions used for this study and their characteristics.

Name of the variety

Accession

Type

Generation

Age (Month)

Dioscorea praehensilis

IB120

Wild

F1

8

Dioscorea bulbifera

EA18

Wild

F1

10

KP06-Hi695

Hybrid

F1

10

KP08

Hybrid

F1

3

KP01-Hi11

Hybrid

F1

10

KP01-Hi91

Hybrid

F1

10

KP01-Hi71

Hybrid

F1

10

KP06-Hi407

Hybrid

F1

10

KP06-Hi603

Hybrid

F1

10

KP06-Hi605

Hybrid

F1

10

Krengle 150

Cultivated

F1

8

Lopka j

Cultivated

F1

8

Dioscorea praehensilis-Dioscorea rotundata
(Krengle)
Dioscorea praehensilis-Dioscorea rotundata
(Krengle)
Dioscorea praehensilis-Dioscorea rotundata
(Krengle)
Dioscorea praehensilis-Dioscorea rotundata
(Krengle)
Dioscorea praehensilis-Dioscorea rotundata
(Krengle)
Dioscorea praehensilis-Dioscorea rotundata
(Krengle)
Dioscorea praehensilis-Dioscorea rotundata
(Krengle)
Dioscorea praehensilis-Dioscorea rotundata
(Krengle)
Dioscorea rotundata (Krengle)
Dioscorea rotundata (Cayenensis)

Fig 1. Schematic representation of the three non-coding regions of the trnT-trnF gene amplified. The letters A, B, C, D, E and F represent the positions of the primers and the arrows represent the
directions of the primers. The arrows in black (trnTL_intFOR, trnLF_intFOR) represent the direction "forwards" and the arrows in blue (trnLF_intREV) represent the direction "reversed" (Taberlet et al.,
1991; Pirie et al., 2007).
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Table 2: Primers used to amplify the trnT-trnF region (Taberlet et al., 1991).

Name

Code

Sequence 5’- 3’

A

B48557

CATTACAAATGCGATGCTCT

B

A49291

TCTACCGATTTCGCCATATC

C

B49317

CGAAATCGGTAGACGCTACG

D

A49855

GGGGATAGAGGGACTTGAAC

E

B49873

GGTTCAAGTCCCTCTATCCC

F

A50272

ATTTGAACTGGTGACACGAG

Table 2: Comparison of the length of trnT-L, trnL and trnL-F genes of chloroplasts of Dioscorea sp.
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Composition and variation of the nucleotides content of the trnT-L,
trnL and trnL-F genes
The variability of Dioscorea sp are also observed at the level of
the nucleotide composition of the trnT-L, trnL intron and trnL-F genes of
each taxon (Table 4). Thus the number of nucleotides C + G and A + T of the
trnT-trnL gene of accessions KP01-Hi71 (Dioscorea praehensilis-Dioscorea
rotundata) and Dioscorea cayenensis (Lopka j) is almost identical (Table 4).
The other species of Dioscorea have a relatively close C + G content with the
exception of Dioscorea tokoro (Table 4). In addition, the C + G content of the
trnL intron of the both accessions EA18 (Dioscorea bulbifera) and Dioscorea
cayenensis (Lopka j) are identical according to the results (Table 4). The
results of the alignment showed that at the trnL-trnF gene the C + G content
of the accessions Dioscorea praehensilis-Dioscorea rotundata (KP06Hi407), Krengle150 (Dioscorea rotundata) and Dioscorea cayenensis
(Lopka j) are congruent, with the exception of Dioscorea communis and the
accession EA18 which has a high C + G content (Table 4). The A + T content
of the trnL-F region is high for all of the taxons except the accession EA18,
which has a low A+T content (Table 4). The result showed that A + T content
is three times greater in the trnL intron than the trnL-F gene (Table 4). In
contrast the A+T content is twice as low in the trnL region than at the trnTtrnF region (Table 4).
Analysis of the phylogenetic tree of the different Dioscorea sp
The phylogenetic tree established from the "Neighbor Joining"
method of the three trnT-L, trnL intron, trnL-trnF regions of the trnT-trnF
chloroplast gene of Dioscorea species showed that trnT-trnL and trnL- trnF
forms excellent monophyletic clades (BS = 100%), while the trnL intron
region is polyphyletic with respective BS of 81% and 97% (Figure 2). The
phylogenetic tree of trnT-trnL also showed low genetic variability between
the species of Dioscorea within the same trnT-trnF region (Figure 2). The
trnL-trnF region has one sub-clade composed of Dioscorea communis and
Dioscorea tokoro, while the trnL region exhibit three sub-clades composed
of the Cote D'Ivoire accessions EA18 and Dioscorea cayenensis (Lopka j).
The second sub-clade of the trnL region is composed of Dioscorea
rotundata and the sub-clade composed of the Dioscorea abyssinica and
Dioscorea liebrechtsiana (Figure 2). The branch length between the trnT-L
region and the trnL-F region is 2.157, while the one between trnT-L and trnL
is 0.801 (Figure 2). Thus the phylogenetic tree showed differences between
the branch lengths (Figure 2).

DISCUSSION
This study showed that trnT-trnF gene from Dioscorea species of
Cote D'Ivoire underwent variable mutations that are of the deletion, insertion
and substitution type. These mutations of the trnT-trnF gene are certainly

localized in the trnT-L spacers and the trnL-F spacers, and are explained by
the fact that these regions are noncoding . In contrast to the coding regions
(trnTUGU, trnFGAA), which undergo pressure from nature in order to
maintain the function of the gene whereas, noncoding regions can undergo
alterations without effect on the gene (Lewin et al., 2004). Thus, these
genetic alterations which are reversible for insertions but irreversible for
deletions, can nevertheless evolve over time and cause the appearance of
new species of Dioscorea (Lewin et al., 2004). Due to deletions and
insertions, the size of trnT-trnL, trnL intron, and trnL-trnF genes of Dioscorea
sp of Cote D'Ivoire are different from Dioscorea sp of other countries. The
small sizes of trnT-trnL genes (250 bp) observed are the results of
spontaneous gene deletion (Procaccini et al., 1999; Hawkins et al., 2006).
Deletions of trnT-trnL genes of the Dioscorea sp of Cote D'Ivoire may have
been caused either by error during replication or by chromosomal
recombination even though the first reason is less likely (Lewin et al., 2004).
In contrast to trnT-trnL, the trnL-trnF genes of Dioscorea sp of Cote D'Ivoire
sizes (200 bp) congruent with those of other Dioscorea species previously
described, meaning that the trnL-trnF region has not undergone deletion or
genomic insertion. The sizes of trnT-trnL regions (250 bp), trnL intron (650
bp) and trnL-trnF (200 bp) of the chloroplasts of the interspecific hybrids of
Cote D'Ivoire obtained in this study are identical to those of the wild and
cultivated Dioscorea species of Cote D'Ivoire. These results could be
explained by the uniparental (maternal) transmission of chloroplasts in
angiosperms (Birky, 1995; Greiner et al., 2014). On the other hand, the
similarity of the trnT-trnL (250 bp), trnL intron (650 bp) and trnL-trnF (200 bp)
sizes of wild and cultivated Dioscorea species of Cote D'Ivoire revealed by
this study might be due to the fact that they come from the same region, as in
the results obtained by Ngo et al, (2015). In addition the actions of the
transposable elements such as the transposons could also explain the small
sizes of the regions of the trnT-trnL genes and the long sizes of the trnL
introns regions of the Dioscorea sp of the Cote D'Ivoire.
The evolution of the Dioscorea sp of the Cote D'Ivoire is
highlighted in this study through the establishment and analysis of the
phylogenetic tree. The length of the branch between the trnL-F gene clade
and the trnT-L clade is 2.157 whereas that between the trnT-L gene and the
trnL intron is 0.801 which does attest the more rapid evolution of the trnL -F
gene than that of the other two regions. The phylogenetic tree obtained in
this study from the alignment of the different sequences of the Dioscorea
species showed that, in terms of evolution, the trnL gene undergoes less
alteration than the trnT-L and trnL-F genes which is in conformity with the
previous studies carried out on angiosperms and gymnosperms (Shaw et
al., 2005). Thus the slow evolution of the trnL gene could certainly be due to
its secondary structure as the trnL intron is a group I intron (Shaw et al.,
2005).

Table 4: Nucleotides content of the trnT-L, trnL intron and trnL-F sequences of the Dioscorea sp.
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Fig. 2: Phylogenetic tree of Dioscorea species and Dioscorea hybrids.
Values in blue: values (%) of bootstrap 2. Values in gray: length of branches 3. Accessions without (*): trnT-trnL gene 4. Accession with (*): trnL intron 5. Accession with (**): trnL-trnF gene

CONCLUSION
To summarize, We have shown that chloroplaste region trnT-trnF
can be used to understand phylogenetic relationship among Dioscorea sp.
of Cote D'Ivoire and the other Dioscorea sp. Indeed the results of this study
showed that the size and organization of trnT-trnF genes as well as the
evolution of Dioscorea sp were different. Our study also revealed the
presence of several types of mutations in the trnT-trnF gene of Dioscorea
sp.
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