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Abstract

germplasm resources.

Plant cultivars are important germplasm resources for socio-economic development. However, it is difficult to
conduct accurate genetic evaluation on plant diversity solely on the basis of morphological traits which are easily
affected by environmental conditions and may change during developmental stages of the plant. Developing DNA
markers with high resolution and sensitivity, especially at cultivar level, is a global challenge. We report a good
methodology for rapid and efficient detection of plant genetic diversity at cultivar level. A unique nucleotide molecular
formula (NMF) was constructed for each crape myrtle using polymorphic nucleotide sites. Our results showed
that the DNA sequence from chromatin remodeling gene region of the ubiquitin-proteasome system is useful for
molecularly characterizing crape myrtle cultivars. This DNA marker technique will be of significant value for plant
breeding, cultivar identification, protection of Plant Breeders’ rights and evaluation, protection and utilization of plant
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Introduction

Identification of cultivars is important for breeding, protection of
Plant Breeders’ Rights, commercial production, trade and inspection
of plants. However, plant genetic diversity is difficult to evaluate
objectively and accurately if based solely on morphological traits which
are easily changeable under different environmental conditions and in
different developmental stages. Accurate and rapid identification of
plant cultivars is still a big challenge. Development of DNA markers
with high sensitivity is highly desirable [1-6].

There are three major classes of genetic variations in biological
genomes, which are simple sequence repeat variations (SSRs, or
microsatellite polymorphisms), single nucleotide polymorphisms
(SNPs), and copy number variations (CNVs) [2].

Various DNA markers were designed with different strategies
aiming at detecting the genetic variations at genomic DNA level.
Along with the development of molecular biology, dozens of molecular
marker techniques have been reported [1,2,7-12].

The available DNA fingerprinting techniques can be roughly divided
into two categories: (i) Microsatellites information has been considered
to be contained in the amplified DNA fragments when the DNA
marker was designed, e.g., microsatellite analyses of simple sequence
repeats (SSR) or inter simple sequence repeats (ISSRs) [13-15], variable
number of tandem repeats, (VNTR) [1], Sequence tagged microsatellite
markers (STMS) [16], selectively amplified microsatellite polymorphic
loci (SAMPL) (modification of AFLP marker) [17], microsatellite-
amplified fragment length polymorphism (M-AFLP) (modification
of AFLP marker) [17], and retrotransposon-microsatellite amplified
polymorphism (REMAP) [13]. (ii) Microsatellites information was not
considered to be included necessarily in the amplified DNA fragments
when the DNA marker was designed, e.g., restricted fragment length
polymorphism (RFLP) [1], DNA random amplified polymorphic DNA
(RAPD) [1,13], amplified fragment length polymorphism (AFLP) [1],
single nucleotide polymorphisms (SNPs) [1,2]), the cleaved amplified

polymorphic sequences (CAPS) [18], inter-retrotransposon amplified
polymorphism (IRAP) [13], start codon targeted (SCoT) polymorphism
[19], sequence related amplified polymorphism (SRAP) [20], retro
transposon based insertion polymorphism (RBIP) markers [21], SSCPs
(single stranded conformation polymorphism) [1], sequence-specific
amplified polymorphism (S-SAP) [22], CAPS-SNP marker [20] and
IRAP-SCAR marker [1]. The molecular marker systems are commonly
used either singly or in combination for DNA fingerprinting and
cultivar identification.

However, due to lack of complete genome sequence information
in early time, the previously developed DNA fingerprinting methods
for detecting DNA fragment length polymorphism were designed using
various strategies to meet the need of plant genetic diversity detection
with no prior knowledge of the genome sequence information as
primers are designed. The electrophoresis images are to be converted
into data matrix of 0/1 according to the existence or absence of the
DNA fragments of certain length.

Compared to the direct use of nucleotide differences in the amplified
DNA sequence by sequencing, DNA fingerprinting techniques are
indirect detection methods of genetic variations. In practice, some
disadvantages exist inevitably. For examples, in certain cases the
microsatellite (especially dinucleotide) repeats based allelic variation
results in shadow bands or stutter bands during electrophoresis thus
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leading to genotyping errors [23,24]. Imperfect repeats and allelic
dropout can lead to an overestimation of observable alleles, a decrease
in observed heterozygosity, and an increase in the apparent level of
inbreeding [2].

In recent years, the epoch-making booster of the global complete
genome sequencing projects enabled us to use directly DNA sequences
for plant. It can effectively overcome the disadvantages mentioned
above in aspects of experimental stability and detection accuracy
of the fragment length based DNA fingerprinting techniques. The
currently recommended four DNA fragments/markers (rbcL, matK,
trnH-psbA and ITS) as the sources of data can only meet the need for
plant identification at/above species level with limited or no resolution
among closely related species and/or cultivars [6,25,26], due to their
lower evolutionary rates. Sufficient invest of time and money is
necessary for exploration of more rapidly evolving DNA regions in the
genome.

Recently, hyper-variable region of chloroplast genome has been
used to reveal genetic differences of tree peony lineages/cultivars [5].
More rapidly evolving E3 ubiquitin ligase gene sequence has been
found useful in species/variety/cultivar classification in Juglans L [6].

Ubiquitin ligase genes are part of the genes related with the
ubiquitin-proteasome system, which plays an important role in
degradation of proteins, and is imperative for maintaining the cellular
homeostasis in all eukaryotic cells [27-30]. However, there are no
reports on the development of DNA markers from the genomic DNA
regions in relation with the ubiquitin-proteasome system for crape
myrtle cultivar identification so far.

Crape myrtles (Lagerstroemia indica L.) are famous ornamental
trees/shrubs for blooms in summer and for city greening with a garden
application history of more than 1700 years in China. There are over
500 cultivars in the world. In production and horticultural application,
crape myrtle cultivars are divided into Rubra Group with purple,
pinkish red, reddish purple, red, or similar-colored flowers, Alba Group
with white or similar-colored flowers; Amabilis Group with purplish
blue, bluish purple or similar-colored flowers; Sajin Group with multi-
colored flowers[31-35]. However, it is difficult to conduct accurate
genetic assessment on crape myrtle cultivar diversity solely on the basis
of morphological traits which are easily affected by environmental
conditions and developmental stages. The fact that more and more new
cultivars are bred leads to an increasing need for accurate and rapid
identification of cultivars. Crape myrtle flower industries are inhibited
due to the shortage of morphological and DNA markers.

In this study, for the first time, we developed a DNA marker
which detects simultaneously both microsatellite variations and single
nucleotide mutations from the DNA region in relation with ubiquitin-
proteasome system. It allows closely related crape myrtle cultivars to be
discriminated unambiguously.

Our objectives were: (i) to investigate the possibility of developing
new and high-performance DNA markers with advantages from both
microsatellite marker and SNP marker; (ii) to evaluate the resolution
ability and application value of such DNA marker; and (iii) to estimate
the usability of the ubiquitin-proteasome system related DNA region
for DNA marker development for crape myrtle cultivar identification.
The results of this effort show that the SBMP-SNP (sequencing-based
microsatellite polymorphism-single nucleotide polymorphism) marker
derived from the ubiquitin-proteasome system related DNA region
is sensitive for characterizing genetic diversity at cultivar level in
Lagerstroemia L.

Materials and Methods
Plant material

The crape myrtle cultivars used in this study were grown in Lianhe
Crape Myrtle Resource Nursery (N 27°23', E 111°47’) of the Hunan
Crape Myrtle Institute, Hunan Ziwei Group Co. Ltd., Shaoyang City,
Hunan Province, China. Fresh leaves of each cultivar were collected
in spring and dried immediately using silica gel for DNA extraction.
This is a joint project with the Hunan Crape Myrtle Institute, Hunan
Ziwei Group Co. Ltd., Shaoyang City, Hunan Province that allowed us
to investigate and collect materials.

DNA extraction, PCR amplification and sequencing

Total genomic DNA was extracted using the Plant Genomic DNA
Kit (DP305) from Tiangen Biotech (Beijing) Co. Ltd., China. A DNA
fragment was amplified using one of the newly developed primer
pair CM_99F (5-GTCCCCGTGATGTTTGA-3’) and CM_878R
(5-GGTCCTTTGCCCGTAG-3’). Taq DNA polymerase and PCR
buffer (TaKaRa Code: DR100B) were from TaKaRa Biotechnology Co.
Ltd (Dalian, China). PCR amplification was conducted following the
protocol of TaKaRa Code: DR100B. PCR conditions were as follows:
preheating at 94°C for 4 min, 34 cycles at 94°C for 45 s, annealing at
57°C for 42 s and elongation at 72°C for 1.2 min., followed by a final
extension at 72°C for 10 min. PCR amplification of the DNA regions
of interest was performed in an Applied Biosystems VeritiTM 96-Well
Thermal Cycler (Model#: 9902, made in Singapore). PCR products
were sequenced with the same primer mentioned above from both
forward and reverse directions using a 3730x] DNA analyzer (Applied
Biosystems, Foster City, CA, USA). Sequencing reactions were 96°C for
1 min, 25 cycles at 96°C for 10 s, annealing at 50°C for 5 s and elongation
at 60°C for 4 min, and then lowering at 4°C for storage, according to
the protocol of BigDye" Terminator v1.1 Cycle Sequencing Kit (Applied
Biosystems, Foster City, CA, USA). Primer CM_99F_Nc_153F (5'-
GTGGAAGCAGGAAACC-3) and primer CM_99F Nc_410R
(5-TTTTCTTGCTCCATCTGA-3’) were designed according to
the sequence of the amplified DNA region obtained by primer pair
CM_99F and CM_878R for further sequencing the amplified DNA
fragment in order to obtain the high quality sequences. At least three
independent individual plants of each cultivar in Lagerstroemia L. have
been sequenced, including leaf samples from at least three different
branches within an individual plant, each sample was sequenced for
at least three times, identical results were obtained in the preliminary
experiments [5-6]. Therefore, only one sample data was presented to
represent each taxon in this paper.

Data analysis

The DNA sequences were aligned with ClustalX [36] and then
were manually confirmed using Sequencher (v4.6) software and Mega
6.0 [37]. The sequences of the accessions were deposited in GenBank
(GenBank accession numbers: KR612313-KR612320).

Results

Identification of the amplified DNA sequence

The 618 bp amplified DNA sequences (Figure S1) were found to be
matched partially with the chromatin remodeling (CHR) involved gene
(or synonym: SNF2 domain-containing protein CLASSY 1-like gene)
whose functions are related with the ubiquitin-proteasome system,
as shown by BLAST to compare the sequence to that in the GenBank
database. Additional comparisons were made using the related DNA
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sequences of Punica granatum (c13592 transcribed RNA sequence,
GenBank accession no. GBGRO01013568.1), Arabidopsis thaliana
(chromatin remodeling 38 mRNA, complete cds, NM_114134.2),
Eucalyptus grandis (SNF2 domain-containing protein CLASSY 1-like
(LOC104421037), transcript variant X4, mRNA, XM _010032860.1),
Brassica rapa (SNF2 domain-containing protein CLASSY 1
(LOC103834007), transcript variant X4, mRNA, XM_009110066.1),
and Camelina sativa (SNF2 domain-containing protein CLASSY 1-like
(LOC104773713), mRNA, XM _010498358.1).

The BLAST search results suggested that the SBMP-SNP marker is
localized within the genomic region with high homology to SNF2-like
genes of the ubiquitin-proteasome system.

Molecular identification of the eight crape myrtle cultivars
and the molecular taxonomic key

The full length of the amplified DNA fragments including primer
sequences were 771-780 bp with slight variations among the cultivars
investigated. By cutting off the sequences at the two ends of the
amplified DNA fragments which are the same among cultivars, a 618 bp
DNA sequence alignment corresponding to bases 24 to 641 in the entire
sequence of the amplified DNA fragment from the 5’ end was used for
cultivar identification (Tables 1 and 2 and Figure S1). The position
number of each variable base site used in the formula was determined
according to the newly generated 618 bp sequence alignment. The six
polymorphic base sites used in the NMF of the cultivars for the genus

Petal
No. Cultivar Group# 8
Major color Edge color Petal claw color Inner surface color of calyx
A gradualltransmon of the cl_aw color Colored ring absent. The inner
. ) " - . ) from reddish purple to purplish blue, L
1 Baoqing Zi Amabilis Group Bluish purple Bluish purple surface color of calyx is in uneven,
occurred between the lower and the ;
deep purplish red.
upper parts of the claw.
. . . Color ring outline is unobvious. The
2 ‘Caixia Mantian’ Rubra Group Purplish pink Purplish pink Purplish red pglow th? mld—claw, with a inner surface of calyx is in deep
gradual transition to pinkish red upward ;
purplish red.
Light yellow green below the mid-claw, Color ring area is in light yellow
3 ‘Cuipan Hongfen’ | Rubra Group Pinkish red Pinkish red with a gradual transition to light pink green of the background color or in
upward uneven light pink
Purplish red Purplish red, . . . . .
4 Hongzhao Shenzi’ Amabilis Group suffused slightly with suffused slightly with &9 Pelow the mid .C';’“”' W'Ith agradual | Light p“rp'e.f;'”g* W'”f‘ i” ”p‘l"’ard
blue blue transition to reddish purple upward uneven diffusion of the color
. Light yellowish green below the mid- . . . .
5 Dahua Erl‘Ja Sajin Group Pinkish white Pinkish white claw, with a gradual transition to shallow With an_unobwou_s apd d|3f:ongnuous
Nianhua ) outline of a pinkish white ring
white color upward
. With an obvious deep purplish red
6 ‘Duohua Ziyun | ATERS Groupl souiurplish blue | Light purplish blue cT:\Lp“f:dLe;|0ft:2§olr?qv§ir %Trtl?rf ﬁ?s?m ring, slight upward diffusion of deep
Y Sajin Group ght purp ght purp 9 Y gnt purp purplish red from the base of the
red upward )
inner surface of calyx.
A gradual transition of the claw color
. L, " . . . . from pinkish purple to light pinkish . . _—
7 Furongmian Sajin Group Light pink Light pink purple upward occurred between the With a light pink ring
lower and the upper parts of the claw
ﬁc?r;agﬂfgliinigﬁz ﬁ;m%ﬁlr?)\:\écg:?g No color ring was observed. There
8 Xiaohua Yinwei’ Alba Group White White ’ is uneven, purplish red on the inner

then to white, occurred between the

lower and the upper parts of the claw surface of calyx.

# Groups following the definitions of Zhang [31]

Table 1: Major floral traits of the eight crape myrtle cultivars used in this study.

Positions of the variable base sites generated based on the 618 bp DNA sequence alignment (Figure: S1)

) 17 | 205 | 214 | 226 268 274 298 | 347 352 479 @ 484 493 515 | 533-541 580 604 610
Cultivar name
* * * * * *

‘Caixia Mantian’ G [ T T [ G G G Cc [ T G A | GGCGGCGGC T A G
‘Baoqing Zi’ R Y G C C R G G C C C R R C A R
‘Cuipan Hongfen’ A Y G C Y R G R C C C A A C A G
Dahua Erba R Y K Y Y 6 6 G ¢Cc ¢ Y R A  GGC--———- Y A G
Nianhua

‘Duohua Ziyun’ R [ K Y (o] G G G (o] (o] Y G A | Y A G
‘Furongmian’ G Y K Y [ R G G Cc Cc Y R R | GGCGGCGGC Y A R
‘Hongzhao Shenzi’ R [ K T Cc R K G Y M Y G A | - Y w G
‘Xiaohua Yinwei’ G Y K Y C R G G Cc Cc Y R R GGC———-—- Y A R

* indicates the five key variable base sites and one simple sequence repeat locus used for construction of nucleotide molecular formulae. R=A/G, Y=TI/C,
K=GIT, M=A/C, and W=A/T recorded independently from A, G, C or T are heterozygous base sites, with a double peak each in the chromatography.

“~” indicates the base deletion in the sequence alignment. The position number of the polymorphic base site refers to the base position in the aligned sequence matrix
from the 5’ end to the 3’ end. Bases 533 to 541 represent a simple sequence repeat locus with three repeats of GGC repeat unit.

Table 2: The variable base sites/simple sequence repeat polymorphisms detected in the nuclear DNA region among the eight crape myrtle cultivars.
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Lagerstroemia are No. 17, 205, 214, 298, 347 and 533-541 (Table 2 and
Figure S1). For instance, “SBMP-SNP_aln_618bp_" was used to refer to
the DNA region employed in the NMF with “aln_618 bp” referring to
the aligned sequence length (618 bp) of the eight representative crape
myrtle cultivars (Figure 1). As a result, “SBMP-SNP_aln_618 bp_GUC205
T,,,G0,G, . [GGCGGCGGC],,, .,,” can be constructed as an NMF for
molecularly characterizing Lagerstroemia indica ‘Caixia Mantian, with
the figure following the nucleotide character indicating the position of
the corresponding polymorphic base site from the 5’ end of the aligned

sequence. The NMF can be constructed in a similar way for the rest of
the samples of the crape myrtles. “SBMP-SNP_aln_618bp_” is omitted
to save space in the description below. “Type T, ,”, for example, in the
following taxonomic key, refers to the cultivar with T, ,-typed base
mutation, i.e., nucleotide T can be detected at base position 214 from
the 5" end in the amplified DNA region. Other types of base mutation
are indicated in the same way. As shown in Figure 2, a novel taxonomic
key based on nucleotide molecular formulae is constructed by which
the molecular feature of each cultivar is given.

i .
-

Figure 1: Photos showing floral characters of the eight crape myrtle cultivars. 1a, ‘Hongzhao Shenzi’; 1b, ‘Cuipan Hongfen’; 1c, ‘Caixia Mantian’; 1d, ‘Baoqing Zi’;
1e, ‘Furongmian’; 1f, ‘Dahua Erba Nianhua’; 1g, ‘Xiaohua Yinwei’; 1h, ‘Duohua Ziyun.’
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la. Type Kaog: NMF=R7C205K214C265K208G3a7[=m=m=m=mmmmmamamm]533.541  «+evvrininiiiiiiiniiiieeeeeeeaans ‘Hongzhao Shenzi’
1b. Type Gaos
2a. Type R347
3a. Type Yaz0s: NMF=A 7Y 205G214Y 268G208R 347 [ -------==-=-=-==-—- 1533541 ceee ‘Cuipan Hongfen’
2b. Type Gi47
4a. Type T14: NMF=G7C105T214C1268G208G347|GGCGGCGGC 533541 «vvvvvvevvnininininiiininennns ‘Caixia Mantian’
4b. Type Gz14: NMF=R17Y205G214C265G208G347[—----------—----—- 1533541 ceeeeee e ‘Baoqing Zi’
4c. Type Kaz14
5a. Type Gy7
6a. Type [GGCGGCGGC(C]s33.502: NMF=G17Y205K314C265G298G347[GGCGGCGGCl 533541 --vvvne.e ‘Furongmian’
6b. Type [GGC-------------]533_5421 NMF=G17Y205K214C263G293G347[GGC-------------]533_541 ......... ‘Xiaohua Yinwei’
5b. Type Ry7
7a. Type [GGC------------ 1533542 NMF=R7Y 205K314Y 268G 208G347| GGC -] 533541 -..... ‘Dahua Erba Nianhua’
7b. Type [=mmmmmmmmeme e 533.5420 NMF=R7C105K314C163G208G347[--=-=====-==-==-=---| 533541 ...... ‘Duohua Ziyun’

K represents G and T, R represents A and G, Y represents T and C. These base sites are heterozygous, with a double peak at each site in

the chromatography. The position number of the polymorphic base site refers to the base position in the aligned sequence matrix from the
57 end to the 3’ end. [GGCGGCGGC]s33.541 represents the existence of three GGC repeats in the DNA region from base 533 to base 541 in
the 618bp-length sequence alignment of the eight varieties. [GGC-------------]533.541 refers to one GGC repeat unit with a deletion of other

two repeat units in the DNA region from base 533 to base 541. [-------------——---—-]533.54; refers to a complete deletion of three repeat units

ranging from base 533 to base 541.

Figure 2: Molecular taxonomic key of eight crape myrtle cultivars based on nucleotide molecular formulae derived from the amplified DNA region.

No genetic variation was detected in the sequence of the amplified
DNA region among individual plants within any one cultivar, but large
genetic variations were found among the crape myrtle cultivars at DNA
level (Table 2, Figures 1 and 2 and Figure S1).

Discussion

Genetic uniformity within cultivar

Outstanding individual plants are initially selected from thousands
of seedlings (or individual plants introduced from natural populations)
according to the excellence/-distinctness in aspects of floral characters
and drought/water-logging/cold/heat resistance. Then, they are
propagated asexually by cuttings or division in order to obtain several
dozens of individuals for further observations for years. After passing a
test of Distinctness, Uniformity and Stability (DUS) of the plants, they
will be given a formal cultivar name for utilization and conservation.
Our results are identical to the actual situation that no genetic variation
exists among individual plants within each cultivar as far as the
sequence of this amplified DNA region is concerned.

Genetic variation among cultivars

In crape myrtle, the 618 bp SBM-SNP marker developed in this
study successfully discriminated eight crape myrtle cultivars that are
highly similar in morphology, using only 35.29% of the total seventy
variable base sites from the SNF2-like DNA region. This indicated that
the SNF2-like DNA region have potential in developing DNA markers
for plant classification at cultivar level.

Different sections of the rapidly evolving genomic region that is
related to the chromatin remodeling involving gene of the ubiquitin-
proteasome system may provide different resolutions in detection of
crape myrtle diversity due to the different contents of variable nucleotide
sites. It is worthy of further study. As the ubiquitin-proteasome system
exists in all eukaryotic cells [27,29,30], the SBM-SNP marker strategy
can be used for researches on detecting genetic diversity of other
organism resources as well.

Conclusion

Direct use of DNA sequence as DNA marker can effectively
overcome the disadvantages in aspects of experimental stability
and detection. Our study further confirmed that highly informative
SSRs and SNPs are the most sought key molecular features in DNA
identification of plant germplasm characterization. The SBM-SNP
marker utilized more rapidly evolving DNA regions and detected the
smallest genetic variation unit with good stability and high sensitivity.
This study presents a good complementary methodology for deeper
understanding of plant genetic diversities. It will be of significant value
for plant breeding, protection of Plant Breeders’ Rights, and evaluation,
protection and utilization of plant germplasm resources.

Acknowledgement

This study was financially supported by the National Natural Science
Foundation of China (Grant No. 30972412), by the program of Development of DNA
Molecular Markers and Genetic Analysis of Crape Myrtle Cultivars (70009C1020),
by the joint project no. 70009C1036 and by the National Forest Genetic Resources
Platform (2005DKA21003). Jianmin Huang, Boxin Hou and Qiangfa Yang identified
cultivars using morphological traits and made discussions during the study.

References

1. Korir NK, Han J, Shangguan L, Wang C, Kayesh E, et al. (2013) Plant variety
and cultivar identification: advances and prospects. Crit Rev Biotechnol 33:
111-125.

2. Sumathi M, Yasodha R (2014) Microsatellite resources of Eucalyptus: Current
status and future perspectives. Botanical Studies 55: 73.

3. Suo ZL, Zhao XQ, Sun JY, Sun WH (2006) ‘Little hedgehog’ (Paeonia
suffruticosa ‘Xiao Ci Wei’): A unique Chinese tree peony cultivar possessing
special bicolored petals with tubular tip structure (Paeoniaceae). HortScience
41: 1529-1530.

4. Suo ZL, Zhao XQ, Zhao JP, Zhao XC, Chen FF (2008) ‘Sisters on Spring
Outing’ (Paeonia suffruticosa ‘Zi Mei You Chun’) (Paeoniaceae): A unique
Chinese tree peony cultivar possessing side flowers and bicolored floral discs.
HortScience 43: 532-534.

5. Suo ZL, Zhang CH, Zheng YQ, He LX, Jin XB, et al. (2012) Revealing genetic
diversity of tree peonies at micro-evolution level with hyper-variable chloroplast
markers and floral traits. Plant Cell Reports 31: 2199-2213.

J Microb Biochem Technol
ISSN: 1948-5948 JMBT, an open access journal

Volume 8(4): 266-271 (2016) - 270


http://www.ncbi.nlm.nih.gov/pubmed/22698516
http://www.ncbi.nlm.nih.gov/pubmed/22698516
http://www.ncbi.nlm.nih.gov/pubmed/22698516
http://as-botanicalstudies.springeropen.com/articles/10.1186/s40529-014-0073-3
http://as-botanicalstudies.springeropen.com/articles/10.1186/s40529-014-0073-3
http://hortsci.ashspublications.org/content/41/7/1529.abstract
http://hortsci.ashspublications.org/content/41/7/1529.abstract
http://hortsci.ashspublications.org/content/41/7/1529.abstract
http://hortsci.ashspublications.org/content/41/7/1529.abstract
http://hortsci.ashspublications.org/content/43/2/532.full
http://hortsci.ashspublications.org/content/43/2/532.full
http://hortsci.ashspublications.org/content/43/2/532.full
http://hortsci.ashspublications.org/content/43/2/532.full
http://www.ncbi.nlm.nih.gov/pubmed/22961193
http://www.ncbi.nlm.nih.gov/pubmed/22961193
http://www.ncbi.nlm.nih.gov/pubmed/22961193

Citation: Suo ZI, Li WY, Jin XB, Zhang HJ (2016) A New Nuclear DNA Marker Revealing Both Microsatellite Variations and Single Nucleotide
Polymorphic Loci: A Case Study on Classification of Cultivars in Lagerstroemia indica L. J Microb Biochem Technol 8: 266-271. doi:

10.4172/1948-5948.1000296

Suo ZL, Chen LN, Pei D, Jin XB, Zhang HJ (2015) A new nuclear DNA marker
from ubiquitin ligase gene region for genetic diversity detection of walnut
germplasm resources. Biotechnology Reports 5: 40—-45.

Primmer CR, Borge T, Lindell J, Saetre GP (2002) Single-nucleotide
polymorphism characterization in species with limited available sequence
information: high nucleotide diversity revealed in the avian genome. Mol Ecol
11: 603-612.

. Troggio M, Malacarne G, Coppola G, Segala C, Cartwright DA, et al. (2007) A
dense single-nucleotide polymorphism-based genetic linkage map of grapevine
(Vitis vinifera L.) anchoring Pinot Noir bacterial artificial chromosome contigs.
Genetics 176: 2637—2650.

Li X, Wang Y, Wang B, Wang C, Shangguan L, et al. (2010) Genetic
relationships between fruiting and flowering-mei (Prunus mume) cultivars using
SNP markers. J Hort Sci Biotech 85: 329-334.

10. Wang XW, Wadl PA, Pounders C, Trigiano RN, Cabrera RI, et al. (2011)
Evaluation of genetic diversity and pedigree within crape myrtle cultivars using
simple sequence repeat markers. J Amer Soc Hort Sci 136: 116-128.

11. He D, Liu Y, Cai M, Pan HT, Zhang QX (2014) The first genetic linkage map
of crape myrtle (Lagerstroemia) based on amplification fragment length
polymorphisms and simple sequence repeats markers. Plant Breed 133:138-
144.

12. Kumar M, Kapil A, Shanker A (2014) MitoSatPlant: Mitochondrial microsatellites
database of viridi plantae. Mitochondrion 19 Pt B: 334-337.

13. Biswas MK, Xu Q, Deng XX (2010) Utility of RAPD, ISSR, IRAP and REMAP
markers for the genetic analysis of Citrus spp. Sci Hort 124: 254—261.

14. Cai M, Pan HT, Wang XF, He D, Wang XY, et al. (2011) Development of novel
microsatellites in Lagerstroemia indica and DNA fingerprinting in Chinese
Lagerstroemia cultivars. Sci Hort 131: 88-94.

15. Jayakumar KS, Sajan JS, Nair RA, Pillai PP, Deepu S, et al. (2014) Corosolic
acid content and SSR markers in Lagerstroemia speciosa (L.) Pers.: A
comparative analysis among populations across the Southern Western Ghats
of India. Phytochem 106: 94-103.

16. Kaur S, Panesar PS, Bera MB, Kaur V (2015) Simple sequence repeat markers
in genetic divergence and marker-assisted selection of rice cultivars: A review.
Crit Rev Food Sci Nutr 55: 41-49.

17. Cretazzo E, Meneghetti S, Andres MTD, Gaforio L, Frare E, et al. (2010) Clone
differentiation and varietal identification by means of SSR, AFLP, SAMPL and
M-AFLP in order to assess the clonal selection of grapevine: The case study
of Manto Negro, Callet and Moll, autochthonous cultivars of Majorca. Ann Appl
Biol 157: 213-227.

18. Tanaka M, Takahata Y, Nakayama H, Yoshinaga M, Kumagai T, et al. (2010)
Development of cleaved amplified polymorphic sequence (CAPS)-based
markers for identification of sweet potato cultivars. Sci Hort 123: 436—442.

19. Collard BCY, Mackill DJ (2009) Start codon targeted (SCoT) polymorphism: A
simple, novel DNA marker technique for generating gene-targeted markers in
plants. Plant Mol Biol Rep 27: 86-93.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29

30.

31.

32.

33.

34.

35.

36.

37.

Amar MH, Biswas MK, Zhang ZW, Guo WW (2011) Exploitation of SSR, SRAP
and CAPS-SNP markers for genetic diversity of Citrus germplasm collection.
Sci Hort 128: 220-227.

Jing RC, Vershinin A, Grzebyta J, Shaw P, Smykal P, et al. (2010) The
genetic diversity and evolution of field pea (Pisum) studied by high throughput
retrotransposon based insertion polymorphism (RBIP) marker analysis. BMC
Evol Biol 10: 44.

Waugh R, McLean K, Flavell AJ, Pearce SR, Kumar A, et al. (1997) Genetic
distribution of Bare—1-like retrotransposable elements in the barley genome
revealed by sequence-specific amplification polymorphisms (S-SAP). Mol Gen
Genet 253: 687-694.

Hoffman JI, Amos W (2005) Microsatellite genotyping errors: detection
approaches, common sources and consequences for paternal exclusion. Mol
Ecol 14: 599-612.

Haaland @A, Glover KA, Seliussen BB, Skaug HJ (2011) Genotyping errors
in a calibrated DNA register: implications for identification of individuals. BMC
Genet 12: 36.

Ren BQ, Xiang XG, Chen ZD (2010) Species identification of Alnus (Betulaceae)
using nrDNA and cpDNA genetic markers. Mol Ecol Resour 10: 594-605.

Xiang XG, Zhang JB, Lu AM, Li RQ (2011) Molecular identification on species
in Juglandaceae: A tiered method. J Syst Evol 49: 252-260.

Verbsky ML, Richards EJ (2001) Chromatin remodeling in plants. Curr Opin
Plant Biol 4: 494-500.

Wojcik C (2002) Regulation of apoptosis by the ubiquitin and proteasome
pathway. J Cell Mol Med 6: 25-48.

. Hargreaves DC, Crabtree GR (2011) ATP-dependent chromatin remodeling:

Genetics, genomics and mechanisms. Cell Res 21: 396-420.

Wu JP (2002) On the role of proteasomes in cell biology and proteasome
inhibition as a novel frontier in the development of immunosuppressants. Am J
Transplant 2: 904-912.

Zhang QX (1991) Studies on cultivars of crape-myrtle (Lagerstroemia indica)
and their uses in urban greening. J Beijing for Univ 13: 59-68.

Sun HM (2011) Study on germplasm resources and cultivars classification of
Lagerstroemia indica in Shandong Province. Globe Thesis.

Huang JM, Hou BX, Suo ZL (2013a) Study on the Lagerstroemia indica cultivars
in Shaoyang city I. J Agr 3: 47-53.
Huang JM, Hou BX, Suo ZL (2013b) Study on the Lagerstroemia indica cultivars
in Shaoyang city Il. J Agr 3: 35-41.

Huang JM, Hou BX, Suo ZL (2013c) Study on the Lagerstroemia indica cultivars
in Shaoyang city Ill. J Agr 3: 34—41.

Larkin MA, Blackshields G, Brown NP, Chenna R, McGettigan PA, et al. (2007)
Clustal W and Clustal X version 2.0. Bioinformatics 23: 2947-2948.

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S (2013) MEGAG: Molecular
evolutionary genetics analysis version 6.0. Mol Biol Evol 30: 2725-2729.

J Microb Biochem Technol
ISSN: 1948-5948 JMBT, an open access journal

Volume 8(4): 266-271 (2016) - 271


http://www.sciencedirect.com/science/article/pii/S2215017X14000551
http://www.sciencedirect.com/science/article/pii/S2215017X14000551
http://www.sciencedirect.com/science/article/pii/S2215017X14000551
http://www.ncbi.nlm.nih.gov/pubmed/11918793
http://www.ncbi.nlm.nih.gov/pubmed/11918793
http://www.ncbi.nlm.nih.gov/pubmed/11918793
http://www.ncbi.nlm.nih.gov/pubmed/11918793
http://www.ncbi.nlm.nih.gov/pubmed/17603124
http://www.ncbi.nlm.nih.gov/pubmed/17603124
http://www.ncbi.nlm.nih.gov/pubmed/17603124
http://www.ncbi.nlm.nih.gov/pubmed/17603124
http://journal.ashspublications.org/content/136/2/116.full
http://journal.ashspublications.org/content/136/2/116.full
http://journal.ashspublications.org/content/136/2/116.full
http://onlinelibrary.wiley.com/doi/10.1111/pbr.12100/abstract
http://onlinelibrary.wiley.com/doi/10.1111/pbr.12100/abstract
http://onlinelibrary.wiley.com/doi/10.1111/pbr.12100/abstract
http://onlinelibrary.wiley.com/doi/10.1111/pbr.12100/abstract
http://www.ncbi.nlm.nih.gov/pubmed/24561221
http://www.ncbi.nlm.nih.gov/pubmed/24561221
https://www.researchgate.net/publication/301577356_Use_of_IRAP_and_REMAP_markers_to_interpret_the_population_structure_of_Linum_usitatissimum_from_Iran
https://www.researchgate.net/publication/301577356_Use_of_IRAP_and_REMAP_markers_to_interpret_the_population_structure_of_Linum_usitatissimum_from_Iran
http://www.sciencedirect.com/science/article/pii/S0304423811005048
http://www.sciencedirect.com/science/article/pii/S0304423811005048
http://www.sciencedirect.com/science/article/pii/S0304423811005048
http://www.ncbi.nlm.nih.gov/pubmed/25092227
http://www.ncbi.nlm.nih.gov/pubmed/25092227
http://www.ncbi.nlm.nih.gov/pubmed/25092227
http://www.ncbi.nlm.nih.gov/pubmed/25092227
http://www.ncbi.nlm.nih.gov/pubmed/24915404
http://www.ncbi.nlm.nih.gov/pubmed/24915404
http://www.ncbi.nlm.nih.gov/pubmed/24915404
http://onlinelibrary.wiley.com/doi/10.1111/j.1744-7348.2010.00420.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1744-7348.2010.00420.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1744-7348.2010.00420.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1744-7348.2010.00420.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1744-7348.2010.00420.x/abstract
http://www.sciencedirect.com/science/article/pii/S0304423809004956
http://www.sciencedirect.com/science/article/pii/S0304423809004956
http://www.sciencedirect.com/science/article/pii/S0304423809004956
http://link.springer.com/article/10.1007%2Fs11105-008-0060-5
http://link.springer.com/article/10.1007%2Fs11105-008-0060-5
http://link.springer.com/article/10.1007%2Fs11105-008-0060-5
http://www.sciencedirect.com/science/article/pii/S0304423811000367
http://www.sciencedirect.com/science/article/pii/S0304423811000367
http://www.sciencedirect.com/science/article/pii/S0304423811000367
http://bmcevolbiol.biomedcentral.com/articles/10.1186/1471-2148-10-44
http://bmcevolbiol.biomedcentral.com/articles/10.1186/1471-2148-10-44
http://bmcevolbiol.biomedcentral.com/articles/10.1186/1471-2148-10-44
http://bmcevolbiol.biomedcentral.com/articles/10.1186/1471-2148-10-44
http://www.ncbi.nlm.nih.gov/pubmed/9079879
http://www.ncbi.nlm.nih.gov/pubmed/9079879
http://www.ncbi.nlm.nih.gov/pubmed/9079879
http://www.ncbi.nlm.nih.gov/pubmed/9079879
http://www.ncbi.nlm.nih.gov/pubmed/15660949
http://www.ncbi.nlm.nih.gov/pubmed/15660949
http://www.ncbi.nlm.nih.gov/pubmed/15660949
http://www.ncbi.nlm.nih.gov/pubmed/21507252
http://www.ncbi.nlm.nih.gov/pubmed/21507252
http://www.ncbi.nlm.nih.gov/pubmed/21507252
http://www.ncbi.nlm.nih.gov/pubmed/21565064
http://www.ncbi.nlm.nih.gov/pubmed/21565064
http://onlinelibrary.wiley.com/doi/10.1111/j.1759-6831.2011.00116.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1759-6831.2011.00116.x/full
http://www.ncbi.nlm.nih.gov/pubmed/11641064
http://www.ncbi.nlm.nih.gov/pubmed/11641064
http://www.ncbi.nlm.nih.gov/pubmed/12003667
http://www.ncbi.nlm.nih.gov/pubmed/12003667
http://www.ncbi.nlm.nih.gov/pubmed/21358755
http://www.ncbi.nlm.nih.gov/pubmed/21358755
http://www.ncbi.nlm.nih.gov/pubmed/12482142
http://www.ncbi.nlm.nih.gov/pubmed/12482142
http://www.ncbi.nlm.nih.gov/pubmed/12482142
http://agris.fao.org/agris-search/search.do?recordID=CN9283024
http://agris.fao.org/agris-search/search.do?recordID=CN9283024
http://www.globethesis.com/?a=3&k=Studies+on+germplasm+resources
http://www.globethesis.com/?a=3&k=Studies+on+germplasm+resources
http://en.cnki.com.cn/Article_en/CJFDTOTAL-XKKJ201305011.htm
http://en.cnki.com.cn/Article_en/CJFDTOTAL-XKKJ201305011.htm
http://en.cnki.com.cn/Article_en/CJFDTOTAL-XKKJ201305011.htm
http://en.cnki.com.cn/Article_en/CJFDTOTAL-XKKJ201305011.htm
http://en.cnki.com.cn/Article_en/CJFDTOTAL-XKKJ201305011.htm
http://en.cnki.com.cn/Article_en/CJFDTOTAL-XKKJ201305011.htm
http://www.ncbi.nlm.nih.gov/pubmed/17846036
http://www.ncbi.nlm.nih.gov/pubmed/17846036
http://www.ncbi.nlm.nih.gov/pubmed/24132122
http://www.ncbi.nlm.nih.gov/pubmed/24132122

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods
	Plant material
	DNA extraction, PCR amplification and sequencing
	Data analysis

	Results 
	Identification of the amplified DNA sequence 
	Molecular identification of the eight crape myrtle cultivars and the molecular taxonomic key

	Discussion 
	Genetic uniformity within cultivar
	Genetic variation among cultivars

	Conclusion
	Acknowledgement
	Table 1
	Table 2
	Figure 1
	Figure 2
	References

