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Abstract 
Universal conventional DNA barcodes will become 

more and more popular in plant species using short 

sequences of chloroplast DNA identifications. DNA 

mini-barcode is a solution for such specific purposes. 

Here we exemplify how to develop the best mini-

barcodes for specific taxa using the Nelumbo nucifera 

as an example. Six chloroplast DNA regions (accD-

psaI, ndhA, psbE-petL, Rpl32-trnL, trnW – psaJ,  

trnSGCU-trnGGCC) were tested for their suitability as 

DNA barcoding regions of thirty three lotus samples 

(white and pink) which were collected in Thua Thien 

Hue province, Vietnam. Universal primers were used 

and sequenced products were analyzed using Minimum 

Evolution method  in the MEGA X program.  

 

The sequences accD-psaI; ndhA and psbE-petL did not 

show any variable sites and none of the regions used in 

the study allowed the division of white and pink lotus 

varieties of N. nucifera species according to the 

adopted classification of the genus Nelumbo.  

 

The results confirm that the use of individual six gene 

regions or combining all six regions together is 

insufficient for DNA barcoding in white and pink lotus 

varieties of N. nucifera species. The neutrality tests 

were negative values for total six gene regions, 

indicating an excess of rare nucleotide site variants 

suggesting that either population expansion or 

background selection has occurred.  

 

However following Fu’s Fs test, the hypothesis of 

netural evolution was significantly rejected for all 

regions of the studied lotus population. Strobeck’s S, 

the probability of obtaining equal or fewer haplotypes 

based on gene frequency and mutation rate, was low in 

population ranging from 0.183 to 0.549. These results 

are not consistent with deviation from neutrality due to 

either selection or population expansion. Our results 

also indicate the necessity of using a different region.  
 

Keywords: Nelumbo nucifera, accD-psaI, ndhA, psbE-

petL, Rpl32-trnL, trnW-psaJ, trnS1-trnG1, genetic diversity 

analysis, Lotus. 

Introduction 
The appearance of invasive plant species is one of the main 

causes of native plant extinction. Biodiversity invasions are 

recognized as one of the most important causes of ecosystem 

degradation as well as local species community structure and 

biodiversity loss across the world.26 Nelumbo nucifera 
Gaertn (Nelumbonaceae) is known by numerous common 

names like sacred lotus, Indian lotus, bean of India and 

simply lotus. Nelumbo nucifera is an aquatic herb with white 

or red coloured flowers.16 This perennial usually lives in 

lakes and ponds. Since ancient times, lotus flower has 

become familiar and is close to Vietnamese’s life as well as 

other countries such as India, China and Japan.  

 

In addition, lotus is a valuable biological resource of Thua 

Thien Hue province, this is one of the indispensable parts of 

the natural heritage and provides not only local specialties 

but also services which are related to the ecosystem. 

Therefore, it is necessary to conserve and manage this 

species.14 

 

Recently, there has been increasing interest in molecular 

techniques widely used to analyse phylogenetic 

relationships among various breeds/populations. By 

comparing DNA sequences, one can derive evolutionary 

relationships, levels of variability and geographical sub-

structuring within and between groups of breeds or 

population.2,8  

 

DNA barcoding involves the use of a short DNA sequence 

or sequences from a standardized locus (or loci) as species 

identification tools.1 A DNA sequence from such a 

standardized gene region can be obtained from a small 

amount of tissue taken from an unidentified organism and 

then compared to a library of reference sequences from 

known species. An ideal DNA barcode should be present in 

all groups of land plants, it should be short (700-800 bp) and 

show enough sequence variation to discriminate among 

species, also it should be easy to amplify and should 

sequence with a single primer pair.11 Different regions from 

the plastid genome including trnH-psbA intergenic spacer, 

rbcL, matK, rpoC1 and rpoB, have been proposed and tested 

for DNA barcoding of land plants with different level of 

species identification success depending of the studied 

group taxa.14  

 

Nelumbo nucifera is an aquatic flowering plant. This 

perennial usually lives in lakes and ponds. Since ancient 
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times, lotus flower has become familiar and is close to 

Vietnamese’s life as well as other countries such as India, 

China and Japan.15 This study was undertaken to test the 

utility of DNA barcoding for the identification and to find 

out the genetic relationship of lotus species of Nelumbo 

nucifera collected from local farmers of the different 

locations in Thua Thien Hue province, Vietnam. This study 

shall be helpful for taking informed decision on 

conservation, utilisation and exploitation of the lotus genetic 

resources of the Thua Thien Hue province. 

 

Material and Methods 
The lotus leaf samples (thirty three samples include varieties 

of white and pink lotus) were collected from 33 different 

locations in Thua Thien Hue province (Table 1) which are 

washed with distilled water and then refrigerated in the dark 

for further experiments. This study was conducted at the 

Institute of Biotechnology, Hue University. 

 

DNA extraction, amplification PCR and analysis 

sequencing: Total DNA was extracted from fresh leaf tissue 

(lotus leaf samples after collecting stored at 4°C in the dark 

for about 1 to 2 days to remove part of the starch existing in 

leaf tissue) by using a CTAB method as described by Long 

et al. The amplification PCR of six chloroplast DNA regions 

(accD-psaI, ndhA, psbE-petL, Rpl32-trnL, trnW – psaJ, 
trnS1-trnG1) carried out with universal primer sets (Number 

Genbank: KF009944.1.5 

 

We amplified PCR in a 25 μL reaction mixture followed by 

Long et al.14,15 The PCR reaction is performing on the 

Applied Biosystems – Life Technologies (Thermo Fisher 

Scientific Inc. United States). The PCR cycling conditions 

used in this study are: 95°C/5 minutes, 30 cycles x (95°C/60 

seconds; A°C/50 seconds, 72°C/60 seconds), 72°C/10 

minutes [Note: A = 51°C (gene regions: Rpl32-trnL and 

trnSGCU-trnGGCC], A = 53°C (gene regions: psbE-petL and 

ndhA) and A = 55°C (gene regions: accD-psaI and trnW – 

psaJ). 

 

PCR products are tested by electrophoresis on 1% agarose 

gel in TAE 1X buffer with ethidium bromide dye and 

electrophoresis images were read by direct UV reading 

system (UV-transillumnator, Model: DyNa Light). Samples 

showing a clear single band were sent to Maccrogen 

Company, Korea and sequenced in both directions with the 

same primers used for PCR by the dideoxy terminator 

method on the ABI PRISM® 3100 Avant Genetic Analyzer 

(Applied Biosystems).

 

Table 1 

Sample list collected lotus used in the study 
 

S.N. Sign 

sample 

Collected sample location S.N. Sign 

sample 

Collected sample location 

1 ST01 Concave white lotus in Tinh Tam lake 18 SH07 High yield pink lotus in Huong Xuan ward 

2 ST02 Convex white lotus in Tinh Tam lake 19 SH08 Vinh Hai pink lotus 

3 ST03 
Concave white lotus, in Institute of 

biotechnology lake 
20 SH09 High yield pink lotus Phong An 

4 ST04 
Convex white lotus in Gia Long tomb 

lake 
21 SH10 Vinh Thanh red lotus 

5 ST05 
Concave white lotus in Minh Mang 

tomb lake 
22 SH11 Vinh An red lotus 

6 ST06 Concave white lotus in Thai dich lake 23 SH12 Phu Thuong red lotus 

7 ST07 Concave white lotus in Hoa Binh lake 24 SH13 Pink lotus in Minh Mang tomb 

8 ST08 
Concave white lotus in Ngoc Dich 

lake 
25 SH14 High yield pink lotus in Hoang Thanh lake 

9 ST09 Concave white lotus in Huong Phong 26 SH15 High yield lotus in Xa Tac lake 

10 ST10 Concave white lotus in Dien lake 27 SH16 High yield lotus in Tan Mieu lake 

11 ST11 Concave white lotus in Mung lake 28 SH17 High yield pink lotus in Huu Bao lake 

12 SH01 Phu Mong pink lotus 29 SH18 High yield lotus in Nhon Hau lake 

13 SH02 Pink lotus in Gia Long tomb lake 30 SH19 Xuan Phu pink lotus 

14 SH03 
Phu Mong pink lotus in Tinh Tam 

lake 
31 SH20 Phu Mong pink lotus Phong An 

15 SH04 High yield pink lotus in Cua Huu lake 32 SH21 Phu Mong  pink lotus Phong Son 

16 SH05 Phu My red lotus 33 SH22 Phu Mong pink lous Phong Xuan 

17 SH06 Thuy Van red pink lotus - - - 
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Table 2 

Primers used for amplification and sequencing 
 

Regions Primer names Primer sequences 5ʹ→3ʹ 

accD-psaI 
accD-F GGTAAAAGAGTAGTTGAACAAAC 

psaI-R GGAAATACTAGGCCCACTAAAGGCACA 

ndhA 
ndhA-F CAACTATATCAACTGTACTTGAAC 

ndhA-R CGAGCTGCTGCTCAATCGAT 

psbE-petL 
psbE-F ATCTACTAAATTCATCGAGTTGTTCC 

petL-R TATCTTGCTCAGACCAATAAATAGA 

Rpl32-trnL 
rpl32-F GCGTATTCGTAAAAATATTTGGAA 

trnL-R TTCCTAAGAGCAGCGTGTCTACC 

trnW - psaJ 
trnW-F TACCGAACTGAACTAAGAGCGC 

psaJ-R CGATTGATCTCTATCAAAAGACCTGC 

trnSGCU-trnGGCC 
trnS1-F AACGGATTAGCAATCCGACGCTTTA 

trnG1-R CTTTTACCACTAAACTATACCCGC 

 

The sequences were uploaded to the GenBank (GenBank 

accession numbers: accD-psaI: MN086253 to MN086285; 

psbE-petL: MT901764 to MT901796; Rpl32-trnL: 

MT901731 to MT901763; trnW – psaJ: MT905225 to 

MT905257; trnSGCU-trnGGCC: MT905258 to MT905290). 

 

Data analysis: Raw sequences for each region were 

assembled and edited using BioEdit v7.2.5. Edited 

sequences were then aligned by ClustalW in MEGA X and 

the non-overlapping sequence regions at the 5′- and 3′-ends 

were trimmed.25 The evolutionary history was inferred using 

the Minimum Evolution method.19 The evolutionary distances 

were computed using the Maximum Composite Likelihood 

method25 and are in the units of the number of base 

substitutions per site. The ME tree was searched using the 

Close-Neighbor-Interchange (CNI) algorithm17 at a search 

level of one. The neighbor-joining algorithm20 was used to 

generate the initial tree. Evolutionary analyses were 

conducted in MEGA X.12 The barcode sequences were 

queried against GeneBank database (NCBI) using 

Nucleotide BLAST algorithm. 

 

The six parameters including number of separate 

polymorphic sites (S), total number of mutant sites (Eta), 

number of haplotypes (h), haplotype diversity (Hd), average 

number of nucleotide differences (k) and nucleotide 

diversity (π) are considered as polymorphic measurements 

in the population. Neutrality is tested based on five methods 

namely (Tajima’s D test,24 Fs, Fu’s statistic,6 S, Strobeck’s 

statistic,23 D* and F*, Fu and Li’s statistics7 were used to 

DNASP 6.0 software.18 

 

Results  
Sequence characteristics of the barcodes: The PCR 

products of six genetic regions were sequenced on ABI 

PRISM® 3100 Avant Genetic Analyzer (Applied 

Biosystems) by dideoxy terminator method. As a result, the 

size of accD-psaI, ndhA, psbE-petL, Rpl32-trnL, trnW psaJ 
and trnSGCU-trnGGCC genetic region was 887 bp, 1206 bp, 

1667 bp, 1246 bp, 729 bp and 1097 bp respectively (Table 

3). The BLAST result on NCBI was used to verify and 

compare with the sequences of the N. nucifera lotus 

(Accecsion number: KF009944.1) which indicated that the 

obtained nucleotide sequences were highly similar to N. 

nucifera lotus species. The low percentage (G + C) 

contained in the genetic regions was 0.308 (accD-psaI), 

0.339 (ndhA), 0.337 (psbE-petL), 0.342 (trnW - psaJ), 0.314 

(trnSGCU-trnGGCC) and 0.300 (Rpl32-trnL) among different 

lotus samples.  

 

The six regions barcodes showed high success rates for PCR 

amplification and sequencing using a single primer pair 

(100%). The sequences characteristics of the total six 

regions had ten variable sites among the thirty three samples 

found in the local lotus varieties in Thua Thien Hue, 

occupying 0.132% of the total gene length (6833 bp). The 

genetic distances sequence ranged from 0 to 0.211 (mean = 

0.107).  

 

As a result, the Rpl32-trnL sequences had seven variable 

sites (A…ATCA…G…G = G…CATC…A…A) occupying 

0.562% of the total gene length, the genetic distances 

sequence ranged from 0 to 0.342 (mean = 0.129). The trnW 

- psaJ and trnSGCU-trnGGCC sequences had one and two 

variable sites (site 503 (G =T) và 369 (- = A); 545 (T = A) 

respectively) occupying 0.137% (trnW - psaJ) and 0.182% 
(trnSGCU-trnGGCC). Genetic distance ranges from 0 to 0.702 

(mean = 0.693, trnW - psaJ) and 0.459 (mean = 0.461 

trnSGCU-trnGGCC) respectively. The three accD-psaI, ndhA 
and psbE-petL sequences did not show any variable sites, 

thus these sequences were 100% conserved within the 

species (Table 3 and Fig. 1).  

 

The results of the sequencing analysis were calibrated, 

aligned and analysed with six barcodes by using MEGA X 

software.12 Kumar et al obtained a conserved region of 

728/729 nucleotide positions and a modified region of 1/729 

nucleotide positions (trnW - psaJ), conserved region of 

1097/1095 nucleotide positions and modified region of 

2/1097 nucleotide positions (trnSGCU-trnGGCC).



Research Journal of Biotechnology                                                                                                      Vol. 17 (2) February (2022)  
Res. J. Biotech 

51 

Table 3 

The characteristics of each single barcode 
 

Regions PCR 

success 

(%) 

Sequencing 

success 

(%) 

Total 

aligned 

length (bp) 

Number of 

monomorphic 

sites 

Variable 

sites 

(%) 

Intraspecific 

distance 

(mean) x10-3 

accD-psaI 100 100 887 887 0 0 

ndhA 100 100 1206 1206 0 0 

psbE-petL 100 100 1667 1667 0 0 

Rpl32-trnL 100 100 1246 1239 0.562 0.342 (0.129) 

trnW - psaJ 100 100 729 728 0.137 0.702 (0.693) 

trnSGCU-trnGGCC 100 100 1097 1095 0.182 0.459 (0.461) 

accD-psaI + ndhA + 

psbE-petL + Rpl32-trnL + 

trnW – psaJ + trnSGCU-

trnGGCC 

100 100 6833 6824 0.132 0.211 (0.107) 

 

 
Fig. 1: Variable Position of nucleotide base on the three nucleotide sequences of chloroplast genome Nelumbo.  

A sequence Rpl32-trnL gene; B sequence trnW - psaJ gene and C. sequence trnSGCU-trnGGCC gene. 

 

Table 4 

DNA Polymorphism of six markers of the barcodes region for N. nucifera  

(accD-psaI, ndhA, psbE-petL, Rpl32-trnL, trnW – psaJ and trnSGCU-trnGGCC) populations. 
 

DNA polymorphism S Eta G+C content h Hd π (x10⁻³) k 

accD-psaI 0 0 0.308 1 0 0 - 

ndhA 0 0 0.339 1 0 0 - 

psbE-petL 0 0 0.337 1 0 0 - 

Rpl32-trnL 7 7 0.300 2 0.061 0.340 0.424 

trnW - psaJ 1 1 0.342 2 0.511 0.700 0.511 

trnSGCU-trnGGCC 1 1 0.314 2 0.504 0.460 0.504 

accD-psaI + ndhA + psbE-petL + Rpl32-trnL 

+ trnW – psaJ + trnSGCU-trnGGCC 
9 9 0.324 3 0.538 0.021 1.439 

NOTE: h, number of haplotypes; S, number of segregating sites; Hd, haplotype diversity; π, nucleotide diversity; k, average number 

of nucleotide differences; Eta: total number of mutant sites. 

A B C 
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Sequences Rpl32-trnL have conserved region 1246/1239 

nucleotide positions and modified region of 7/1246 

nucleotide positions while sequences accD-psaI, ndhA and 

psbE-petL did not show any variable sites (Table 3 and Fig. 

1). 

 

Seven separate polymorphic nucleotide sites were found in 

the Rpl32-trnL gene region presented in SH09 models. This 

defective gene sequence could be considered as a sign to 

build identification and distinguish between the lotus 

samples SH09 compared to the remaining lotus samples. In 

addition, the six gene regions analysis by DNASP 6.0 

software showed that there were seven separate polymorphic 

positions (S) creating seven mutant positions (Eta) for 

Rpl32-trnL sequences and one separate polymorphic 

position (S) creatting one mutant position (Eta) for trnW - 

psaJ and trnSGCU-trnGGCC sequences shown in 33 studied 

lotus samples. The three gene regions with these differences 

were divided into two types of halotypes (h).  

 

Gene regions accD-psaI; ndhA; psbE-petL did not show 

differences. The haplotype diversity coefficient (Hd) 

accounted for 0.061 (Rpl32-trnL), 0.511 (trnW - psaJ) and 

0.504 (trnSGCU-trnGGCC), the average number of nucleotide 

differences (k) is 0.424 (Rpl32-trnL), 0.511 (trnW - psaJ) 

and 0.504 (trnSGCU-trnGGCC), the nucleotide diversity 

coefficient (π) accounts for 0.340 x 10-3 (Rpl32-trnL), 0.700 

x 10-3 (trnW - psaJ) and 0.460 x 10-3 (trnSGCU-trnGGCC) 

respectively. All indicators were processed with statistical 

significance p <0.05 (Table 4). 

 

Five methods namely (Tajima’s D test, Fu and Li’s D* test 

statistic, Fu and Li's F* test statistic, Fu's Fs statistic and 

Strobeck's S statistic) were used to test neutrality. The results 

in table 5 with D values were negative for gene region 

Rpl32-trnL (D = -2.179, Statistical significance: P<0.01) 

and total six gene regions (accD-psaI + ndhA + psbE-petL 

+ Rpl32-trnL + trnW – psaJ + trnSGCU-trnGGCC; D = -1.068) 

but statistically not significant (p>0.10) indicating an excess 

of rare nucleotide site variants compared to what would be 

expected under a neutral model of evolution of the studied 

lotus population.  

 

In addition, the results of Fu’s Fs test which is based on the 

distribution of haplotypes showed positive values for all 

gene regions of Fs. It is evident for deficiency of alleles as 

would be expected from a recent population bottleneck or 

we may have evidence for overdominant selection at this 

locus. However, the results Li’s D* and F* (with gene 

Rpl32-trnL (D* = -3.721 and F* = -3.797; Statistical 

significance: P<0.02) and total six gene regions (D* = -

2.814 and F* = -2.660; Statistical significance: p<0.05) were 

negative values except for the remaining genetic regions 

indicating an excess of recently derived haplotypes and 

suggesting that either population expansion or background 

selection has occurred.7  

 

Following Fu’s Fs test, the hypothesis of netural evolution 

was significantly rejected for all regions of the studied lotus 

population. Strobeck’s S, the probability of obtaining equal 

or fewer haplotypes based on gene frequency and mutation 

rate was low in population ranging from 0.183 to 0.549. 

These results are not consistent with deviation from 

neutrality due to either selection or population expansion. 

 
Phylogenetic analysis: The evolutionary history was 

inferred using the minimum evolution method.19 The optimal 

tree with the sum of branch length = 0.00131861 is shown. 

The result is shown in fig. 2. The first cluster grouped one the 

lotus pink population (SH09) while the second cluster 

grouped the two pink lotus and white. The tree topology is 

supported by a good bootstrap value. The differences between 

the two pink and white lotus populations were not found in 

the total six regions of barcodes (accD-psaI + ndhA + psbE-

petL + Rpl32-trnL + trnW – psaJ + trnSGCU-trnGGCC). 

Although, the two lotus populations have a different flower 

color, they shared the same haplotype for the six markers of 

the barcodes region, which are considered the most variable 

coding and non-coding regions of the plastid genome.4

 

Table 5 

Neutrality tests results based on six genetic regions of lotus populations 
 

DNA polymorphism Tajima’s D 

test 

Fu and Li’s D* 

test 

Fu and Li’s 

F* test 

Fu's Fs 

statistic 

Strobeck's S 

statistic 

accD-psaI - - - - - 

ndhA - - - - - 

psbE-petL - - - - - 

Rpl32-trnL -2.1793* -3.7214* -3.7974* 1.375 0.549 

trnW - psaJ 1.626* 0.584* 1.007* 1.743 0.458 

trnSGCU-trnGGCC 1.580* 0.584* 0.992* 1.712 0.465 

accD-psaI + ndhA + psbE-petL + 

Rpl32-trnL + trnW – psaJ + trnSGCU-

trnGGCC 

-1.068* -2.8142* -2.6602* 2.818 0.183 

NOTE: *Not significant: p > 0.10; 2*Statistical significance: p < 0.05; 3*Statistical significance: P < 0.01; 4*Statistical significance: 

P < 0.02; -: No polymorphisms in the selected region; D, Tajima’s statistic;24 Fs, Fu’s statistic;6 S, Strobeck’s statistic;23 D* and F*, 

Fu and Li’s statistics.7  
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Fig. 2: Evolutionary relationships of taxa based on the six markers of the barcodes region  

accD-psaI + ndhA + psbE-petL + Rpl32-trnL + trnW – psaJ + trnSGCU-trnGGCC 

 

Discussion  
According to the CBOL plant working group, an ideal DNA 

barcode needs to have the following features: capacity of 

amplification with universal primers, high amplification and 

sequencing efficiency and genetic variation that is 

sufficiently high to distinguish sequences at the species 

level, but also sufficiently conservative among individuals 

of the same species.3,9 

 

Evaluation of universal applicability by PCR quantification 

and sequencing success is the first step in determining the 

suitability of a given DNA fragment as a barcode. In this 

respect, all analyzed regions accD-psaI, ndhA, psbE-petL, 

Rpl32-trnL, trnW psaJ and trnSGCU-trnGGCC amplified 

effectively which allowed for simple and high-quality 

sequencing. 

 

The gene regions barcode obtained in our experiments 

ranged from 887 to 1667 bp, which allowed for effective 

sequencing. Similar results were obtained for other groups 

of terrestrial plants. In this study, we isolated and analysed 

the sequence of non-coding plastid regions accD-psaI, 
ndhA, psbE-petL, Rpl32-trnL, trnW psaJ and trnSGCU-

trnGGCC of thirty three lotus samples was collected in Thua 

Thien Hue province. As a result, the size of accD-psaI, 

ndhA, psbE-petL, Rpl32-trnL, trnW psaJ and trnSGCU-

trnGGCC genetic region was 887 bp, 1206 bp, 1667 bp, 1246 

bp, 729 bp and 1097 bp respectively which had high 

similarity with species N. nucifera (accession number: 

KF009944.1).  

 

Seven separate polymorphic nucleotide sites were found in 

the Rpl32-trnL gene region presented in SH09 models. This 

defective gene sequence could be considered as a sign to 

build identification and to distinguish between the lotus 

sample SH09 compared to the remaining lotus samples. 

Besides, the trnW - psaJ and trnSGCU-trnGGCC sequences had 

one and two polymorphic nucleotide sites respectively. They 

were found in the lotus sample ST02, SH01, SH02, SH04, 

SH05, SH07, SH08, SH09, SH13, SH14, SH15, SH16, 

SH17, SH18 and SH19. 

 

In addition, the six gene regions analysis by DNASP 6.0 

software showed that seven separate polymorphic positions 

(S) created seven mutant positions (Eta) for Rpl32-trnL 

sequences and one separate polymorphic position (S) created 

one mutant position (Eta) for trnW - psaJ and trnSGCU-
trnGGCC sequences shown in 33 studied lotus samples. The 

three gene regions with these differences were divided into 

two types of halotypes (h) while gene regions accD-psaI; 

ndhA; psbE-petL did not show differences. All indicators 

were processed with statistical significance p <0.05. 
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Tests of molecular clock assumptions are not routinely 

included in phylogeographic analyses but we show here that 

variation in evolutionary rate can be an important source of 

deviation from neutral expectations than standard statistics 

such as Tajima’s D and Fs, may not account for. Fu’s Fs is 

based on the probability of the observed number of 

haplotypes or greater occurring under conditions of 

neutrality whereas Fu and Li’s D* and F* compare estimates 

of theta based on mutations in internal (older) and external 

(younger) branches of a genealogy. Negative values of these 

statistics are most often attributed to positive selective 

sweeps (such as genetic hitchhiking), recent population 

growth, or background selection. These events may all result 

in similar sequence patterns such as an excess of rare 

haplotypes, but different tests exhibit varying levels of 

sensitivity in detecting potential causes. Used in 

combination, these tests can provide evidence for or against 

particular evolutionary mechanisms.  

 

Fu and Li’s D* and F* and Fu’s Fs tests calculated from 

coalescent simulations were conducted using DnaSP 6.0. 

Given that our analyses indicate that D and Li’s D* and F* 

values were negative for gene region Rpl32-trnL and total 

six gene regions, indicating an excess of rare nucleotide site 

variants and of recently derived haplotypes and suggesting 

compared to what would be expected under a neutral model 

of evolution and suggesting that either population expansion 

or background selection has occurred of the studied lotus 

population except for the remaining genetic regions. In 

addition, the results of Fu’s Fs test are based on the 

distribution of haplotypes and showed positive values for all 

gene regions of Fs which is evidence for deficiency of 

alleles, as would be expected from a recent population 

bottleneck (or be decreaing) or we may have evidence for 

overdominant selection at this locus. Following Fu’s Fs test, 

hypothesis of netural evolution was significantly rejected for 

all regions of the studied lotus population. Strobeck’s S, the 

probability of obtaining equal or fewer haplotypes based on 

gene frequency and mutation rate was low in population 

ranging from 0.183 to 0.549. These results are not consistent 

with deviation from neutrality due to either selection or 

population expansion.  

 

Phylogenetic tree based on minimum evolution (bootstrap = 

1000) showed that thirty three collected lotus samples were 

closely linked and they were divided into two groups. Group 

I included one sample of pink lotus varieties and group II 

included 11 samples of white lotus and 21 samples of pink 

lotus varieties. 

 

Although the chloroplast genome contains many noncoding 

regions, relatively few have been exploited for interspecific 

phylogenetic and intraspecific phylogeographic studies. In 

our recent evaluation of the phylogenetic utility of 

noncoding chloroplast regions, we found the most widely 

used noncoding regions are among the least variable, but the 

more variable regions have rarely been employed. Study led 

us to conclude that there may be unexplored regions of the 

chloroplast genome that have even higher relative levels of 

variability. To explore the potential variability of previously 

unexplored regions, we used six gene regions in study of 

thirty three lotus samples which were collected in Thua 

Thien Hue province. Separate sequence alignments 

highlighted nine mutational hotspots. Here we show that 

three of these newly explored regions (Rpl32-trnL, trnW 
psaJ and trnSGCU-trnGGCC) offer levels of variation better 

than and are therefore likely to be the best choices for 

molecular studies at low taxonomic levels. 

 

Zuntini et al27 showed that the Rpl32-trnL intergenic spacer 

region for herbarium materials can provide an excellent 

source of information for molecular phylogenetic studies in 

the plant family Bignoniaceae. The Rpl32-trnL intergenic 

spacer region were positioned in conserved regions and they 

will also yield high-quality sequences in other clades of the 

Bignoniaceae and other closely related families.27 The 

Rpl32-trnL intergenic spacer region can now be used to 

obtain a comprehensive phylogeny for the whole tribe.13  

 

In addition, Shaw et al21 showed that gene regions rpl32-
trnL(UAG) offer levels of variation better than and are 

therefore likely to be the best choices for molecular studies 

at low taxonomic levels.21 The result presented in the study 

indicates that despite PCR and sequencing efficiency, 

unfortunately, this region cannot be considered as effective 

white and pink lotus varieties of N. nucifera specie barcode. 

Analyses involving this sequence showed only 0.562% 

polymorphism in the studied taxa. 

 

Conclusion 
The present study analyzed selected white and pink lotus 

varieties of N. nucifera specie, in which the usefulness of the 

plastid of chloroplas such as accD-psaI, ndhA, psbE-petL, 

Rpl32-trnL, trnW psaJ and trnSGCU-trnGGCC regions for 

DNA barcoding was assessed. We did not observe high 

variability in nucleotide sequences within the Rpl32-trnL; 

trnW - psaJ and trnSGCU-trnGGCC regions (0.562%; 0.137% 

and 0.182% respectively). The sequences accD-psaI; ndhA 

and psbE-petL did not show any variable sites and none of 

the regions used in the study allowed the division of white 

and pink lotus varieties of N. nucifera species according to 

the adopted classification of the genus Nelumbo.  

 

Seven separate polymorphic nucleotide sites were found in 

the Rpl32-trnL gene region presented in SH09 models. The 

results confirm that the use of individual six gene regions or 

combining all six regions together is insufficient for DNA 

barcoding in white and pink lotus varieties of N. nucifera 

species and better discrimination within the genus Nelumbo. 

The neutrality tests (base on D; Fu’s Fs; Strobeck’s S; Li’s 

D* and F*; values) were negative values for total six gene 

regions indicating an excess of rare nucleotide site variants 

and recently derived haplotypes. However, following Fu’s 

Fs test, the hypothesis of netural evolution was significantly 

rejected for all regions of the studied lotus population. 

Strobeck’s S, the probability of obtaining equal or fewer 
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haplotypes based on gene frequency and mutation rate was 

low in population ranging from 0.183 to 0.549. These results 

are not consistent with deviation from neutrality due to either 

selection or population expansion.  

 

Our results also indicate the necessity of using a different 

region such as the ITS region and different regions from the 

plastid genome trnH-psbA intergenic spacer, rbcL, matK, 

rpoC1 and rpoB have been proposed and tested for DNA 

barcoding of land plants with different level of species 

identification success depending of the studied group 

taxa10,22 in order to correctly identify white and pink lotus 

varieties of N. nucifera species. 
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