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ABSTRACT

Nelumbo 

The further investigation genetic variation was to determine different in polymorphism. The 
chloroplast rbc

atpB-rbc rbcL 
gene, rbcL-accD IGS and partial accD gene. These four regions were compared within Nelumbo 

rbcL genes and atpB-rbcL and rbcL-accD intergenic spacers indicated that sacred lotus 
was closely related to woody plants rather than water lilies.
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INTRODUCTION

 Nelumbo 

growing in shallow waters, is considered as 

lotus is mainly used for foods, cosmetics, 

et al

the same family of water lilies, Nymphaeaceae, 

possession of a hook-shaped appendage in 

shape, carpel structure and pollen grain shape 
et 

al
grains were monosulcate, sacred lotus pollen 
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However, some sacred lotus characteristics 
were contrary to those of Proteales such as 
possession of progyny and degree of stigma-

Khatfan et al., 2014
 Genetic polymorphism was considered 

on genetic information. This polymorphism 
et al., 

polymorphisms were studied in various plants 
et al et al

et al et al

Nelumbo 

et al et al., 

gene was the target in this study due to several 

et al
et al et al.
of this study was to include phylogenetic 
information of rbcL-accD intergenic spacer to 

vice 
versa.

MATERIALS AND METHODS

Sites of sampling
 Three Thai lotus cultivars–namely, 

E and 12° 57’ N 99° 58’ E, respectively. KY 
is the white petal cultivar, while NH and RC 
are the red petal cultivars.

Samples preparation
 The leaf samples were collected from 
three individuals of each cultivar. The samples 

suspension was partitioned in chloroform: 

in isopropanol. The DNA pellet was re-suspended 

RNAse 100 ng μL-1 was added and followed 

adding the same volume of phenol: chloroform: 

was re-partitioned in the solvent of chloroform: 
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Figure 1 Map indicating sites of lotus cultivar sampling.

Table 1 List of primers designed in this study.

Primer Sequence Direction Tm (°C)a

P1 5’– TCGACCCTTAATTACCAAAG – 3’ Forward 51.9
R1 5’– GGATTCAAAGCTGG – 3’ Forward 44.7
R2 5’– TGGTAAGTCCATCG – 3’ Reverse 44.7

5’– TTACCAAGGATGATGAG – 3’ Forward 47.7
R4 5’– TGTAGTACGGAATCATC – 3’ Reverse 47.7
D4 5’– CTGAACTACTCATTTTC – 3’ Reverse

Note: a Tm et al +] of 0.050 M.

Taq
X–100, 2.0 mM MgCl2, 1 μM of each 

cycles of 94°C denaturing for 45 s, 48°C 
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for 10 min and 4°C for storing. The PCR 

DNA Sequence analysis

manually edited and were aligned using 

Kyoto University Bioinformatics Center, Kyoto, 

N. 
N. lutea
dicotyledonous plants which were downloaded 

et al

RESULTS AND DISCUSSION

DNA Fragments and contiguous sequences 
comparison

atp rbcL 
accD gene, and two intergenic 

atpB-
rbc rbcL-acc

length rbcL gene. The location of rbcL gene 
atpB and accD genes indicated that 

Nelumbo was typically a dicotyledonous plant 
et al

Figure 2   Gel electrophoresis of three contiguous fragments.
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 Based on alignment, the contiguous 

the nucleotide potion of the Nelumbo  
et al

lotus cultivars, in this study, were closely related 
to N. 
three cultivars together with the N.  
and N. lutea et al. 

atpB gene, 
atpB-rbc rbcL and 
acc rbcL-accD IGS 
was different within two species of Nelumbo 

rbcL of Nelumbo 
was also reported the study of Les et al
who documented that the rbc
almost similar within two species of Nelumbo, 

N. , was 
N. lutea. This 

residue switching from Ser in N. , into 
Asn, in N. lutea, which commonly occurred in 
nature and did not affect plant photosynthesis 

Figure 3 Position of three fragments in this study.

 rbcL-accD IGS, only three points 

N. 

result was similar to the study of Matsuda et 
al
in Moraceae. In dicotyledonous plants rbcL 

and atpB genes were more conserved than 
acc

et al., 
acc

the rbc

et al et al
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                                     Stop codon ( L) 
*            63004-----x---------x---------x---------x--------50---------x---------x---------x---------x-------100--- 

      CGAATTCGAAGCAATGGATACTTTGTAATCCAGTAATTTCCATTCGTTCCCTTAATTGAATTGCAATTAAACTCGGCCCAATCTTTTTCTAAAAGGATTG 
NH    CGAATTCGAAGCAATGGATACTTTGTAATCCAGTAATTTCCATTCGTTCCCTTAATTGAATTGCAATTAAACTCGGCCCAATCTTTTTCTAAAAGGATTG 
KY    CGAATTCGAAGCAATGGATACTTTGTAATCCAGTAATTTCCATTCGTTCCCTTAATTGAATTGCAATTAAACTCGGCCCAATCTTTTTCTAAAAGGATTG 
RC    CGAATTCGAAGCAATGGATACTTTGTAATCCAGTAATTTCCATTCGTTCCCTTAATTGAATTGCAATTAAACTCGGCCCAATCTTTTTCTAAAAGGATTG 

         CGAATTCGAAGCAATGGATACTTTGTAATCCAGTAATTTCCATTCGTTCCCTTAATTGAATTGCAATTAAACTCGGCCCAATCTTTTTCTAAAAGGATTG 
 
 
*            63104-----x---------x---------x---------x--------50---------x---------x---------x---------x-------200--- 

      AGCCGAATAAAAAATGGGGATCCTATTGCATATATTTTGCATTGCATATAGATAAAGTATTTATCTAGATATACAAGATCTTAAATACAAAATCTAAGAC 
NH    AGCCGAATAAAAAATGGGGATCCTATTGCATATATTTTGCATTGCATATAGATAAAGTATTTATCTAGATATACAAGATCTTAAATACAAAATCTAAGAC 
KY    AGCCGAATAAAAAATGGGGATCCTATTGCATATATTTTGCATTGCATATAGATAAAGTATTTATCTAGATATACAAGATCTTAAATACAAAATCTAAGAC 
RC    AGCCGAATAAAAAATGGGGATCCTATTGCATATATTTTGCATTGCATATAGATAAAGTATTTATCTAGATATACAAGATCTTAAATACAAAATCTAAGAC 

          AGCCGAATAAAAAATGGGGATCCTATTGCATATATTTTGCATTGCATATAGATAAAGTATTTATCTAGATATACAAGATCTTAAATACAAAATCTAAGAC 
 
 
*            63204-----x---------x---------x---------x--------50---------x---------x---------x---------x-------300--- 

      TAAATAACTCAAAAGCTTCCATTCTATTGTTGTGTTGGATTCATAATTAATCCTATGGATCTTTGGGATTGGTGGATCGTTTTATATCCCGTAGTTTCGG 
NH    TAAATAACTCAAAAGCTTCCATTCTATTGTTGTGTTGGATTCATAATTAATCCTATGGATCTTTGGGATTGGTGGATCGTTTTATATCCCGTAGTTTCGG 
KY    TAAATAACTCAAAAGCTTCCATTCTATTGTTGTGTTGGATTCATAATTAATCCTATGGATCTTTGGGATTGGTGGATCGTTTTATATCCCGTAGTTTCGG 
RC    TAAATAACTCAAAAGCTTCCATTCTATTGTTGTGTTGGATTCATAATTAATCCTATGGATCTTTGGGATTGGTGGATCGTTTTATATCCCGTAGTTTCGG 

         TAAATAACTCAAAAGCTTCCATTCTATT-----GTTGGATTCATAATTAATCCTATGGATCTTTGGGATTGGTGGATCGTTTTATATCCCGTAGTTTCGG 
 
 
*            63304-----x---------x---------x---------x--------50---------x---------x---------x---------x-------400--- 

      ACCATGGATCGAGCCAAGAATCACAACTCCTTCTACCCATCCTGTATATTGTCCTTTTCGTTTCGTGTTGTAATAGAAATTTTTTTCTACGAGATTATAA 
NH    ACCATGGATCGAGCCAAGAATCACAACTCCTTCTACCCATCCTGTATATTGTCCTTTTCGTTTCGTGTTGTAATAGAAATTTTTTTCTACGAGATTATAA 
KY    ACCATGGATCGAGCCAAGAATCACAACTCCTTCTACCCATCCTGTATATTGTCCTTTTCGTTTCGTGTTGTAATAGAAATTTTTTTCTACGAGATTATAA 
RC    ACCATGGATCGAGCCAAGAATCACAACTCCTTCTACCCATCCTGTATATTGTCCTTTTCGTTTCGTGTTGTAATAGAAATTTTTTTCTACGAGATTATAA 

         ACCATGGATCGAGCCAAGGATCACAACTCCTTCTACCCATCCTGTATATTGTCCTTTTCGTTTCGTGTTGTAATAGAAATTTTTTTCTACGAGA------ 
 
 
*            63404-----x---------x---------x---------x--------50-------------x---------x---------x---------x--------- 

      TTATACGAAAAAAAAAATTCTTCATCTTCATAAGAGAACAAATATTTAT----CTTCCCGATGAGAATTTTTACACGACATGGGAGAAACCTCTCTTTCT 
NH    TTATACGAAAAAAAAAATTCTTCATCTTCATAAGAGAACAAATATTTAT----CTTCCCGATGAGAATTTTTACACGACATGGGAGAAACCTCTCTTTCT 
KY    TTATACGAAAAAAAAAATTCTTCATCTTCATAAGAGAACAAATATTTAT----CTTCCCGATGAGAATTTTTACACGACATGGGAGAAACCTCTCTTTCT 
RC    TTATACGAAAAAAAAAATTCTTCATCTTCATAAGAGAACAAATATTTAT----CTTCCCGATGAGAATTTTTACACGACATGGGAGAAACCTCTCTTTCT 

         TTATACGAAAAAAAAAATTCTTCATCTTCATAAGAGAACAAATATTTATCTATCTTCCCGATGATAATTTTTACACGACATGGGAGAAACCTCTCTTTCT 
 
 
*            63500---------x---------x---------x---------x--------50------v--x---------x---------x-----v---x--------- 

      ATTTATAATTGAAGAAGGGGTTCCCTCATATATAGCGAAGTGATACCCCGCATTCCCACAAAATAGAATCATTTCTTTCAACACTCACTTGTTATTAGTT 
NH    ATTTATAATTGAAGAAGGGGTTCCCTCATATATAGCGAAGTGATACCCCGCATTCCC-CAAAATAGAATCATTTCTTTCAACACTCCCTTGTTATTAGTT 
KY    ATTTATAATTGAAGAAGGGGTTCCCTCATATATAGCGAAGTGATACCCCGCATTCCCACAAAATAGAATCATTTCTTTCAACACTCACTTGTTATTAGTT 
RC    ATTTATAATTGAAGAAGGGGTTCCCTCATATATAGCGAAGTGATACCCCGCATTCCCACAAAATAGAATCATTTCTTTCAACACTCACTTGTTATTAGTT 

         ATTTATAATTGAAGAAGGGGTTCCCTCATATATAGCGAAGTGATACCCCGCATTCCCACAAAATAGAATCATTTCTTTCAACACTCACTTGTTATTAGTT 
 
 
*            63600---------xv--------x---------x---------x--------50---------x---------x---------x---------x--------- 

      AATGATCCTAGTGATTGGATCTATATGCTTATTCCGATAGGAAATGAAATATTCAAATGATTTTTCATCGAATGACTATTCATCTATTGTATTTTCATTC 
NH    AATGATCCTAGGGATTGGATCTATATGCTTATTCCGATAGGAAATGAAATATTCAAATGATTTTTCATCGAATGACTATTCATCTATTGTATTTTCATTC 
KY    AATGATCCTAGTGATTGGATCTATATGCTTATTCCGATAGGAAATGAAATATTCAAATGATTTTTCATCGAATGACTATTCATCTATTGTATTTTCATTC 
RC    AATGATCCTAGTGATTGGATCTATATGCTTATTCCGATAGGAAATGAAATATTCAAATGATTTTTCATCGAATGACTATTCATCTATTGTATTTTCATTC 

         AATGATCCTAGTGATTGGATCTATATGCTTATTCCGATAGGAAATGAAATATTCAAATGATTTTTCATCGAATGACTATTCATCTATTGTATTTTCATTC 
 
 
*                                     Start codon ( D)  
.            63700---------x---------x---------x---------x--------50------v--x---------x---------x---------x--------- 

      AAATAGGGGGCAGGAAGGCTCTATGAAAAAATGGTGGCTCAATTCGATGTTGTTTAACGAGGAGTTAGAACACAGGCGTGGGCTAAGTAAATCAATGGAC 
NH    AAATAGGGGGCAGGAAGGCTCTATGAAAAAATGGTGGCTCAATTCGATGTTGTTTAACGAGGAGTTAGAACACAGGCGTGGGCTAAGTAAATCAATGGAC 
KY    AAATAGGGGGCAGGAAGGCTCTATGAAAAATTGGTGGCTCAATTCGATGTTGTTTAACGAGGAGTTAGAACACAGGCGTGGGCTAAGTAAATCAATGGAC 
RC    AAATAGGGGGCAGGAAGGCTCTATGAAAAAATGGTGGCTCAATTCGATGTTGTTTAACGAGGAGTTAGAACACAGGCGTGGGCTAAGTAAATCAATGGAC 

         AAATAGGGGGCAGGAAGGCTCTATGAAAAAATGGTGGCTCAATTCGATGTTGTTTAATGAGGAGTTAGAACACAGGCGTGGGCTAAGTAAATCAATGGAC 
 

Figure 4 rbcL-accD intergenic region in three Thai 

underlined.

three sacred lotus cultivars in this study and 
two additional Nelumbo
Xue et al

rbcL and 

the 5’-portion of atpB and accD gene. The 

were more closely related to N.  than 
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KY were native to the central part of Thailand 

which was indigenous to the north-eastern 
part of Thailand. The insertions or deletions et al et al

  NH 
 KY 

RC
 

 

0.0002

Figure 5
atpB-rbcL IGS, rbcL gene and rbcL-acc

was also found in KY accD gene at position 

rd amino acid residue from 

accD gene was also reported in N. lutea
et al

th

whitish color of petal in KY and the yellowish 
color of petal in N. lutea. There was no further 

position of accD gene. However, the Lys-Asn 
rd residue of accD gene 

2+

far from the 27th serine which played an 
important role in Zn2+

et al

Phylogenetic relationship of Nelumbonaceae 
and other dicotyledonous plants
 As previously mention, the chloroplast 

atpB, rbcL and acc
were too similar and gave too little information 
to generate to phylogenetic tree with the 
Nelumbo
chloroplast genic regions such as, atpB, rbcL 
and acc

the study of Les et al et al. 

dicotyledonous. The corresponding location 
from other ten plant species, including two 
water lilies, Nuphar advena and Nymphaea 
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alba, were selected to create phylogenetic trees The details of plants, including the Accession 

Table 2
trees.

Binomial name Habit Family Accession numbers
Buxus microphylla
Eucalyptus globulus Tree Myrtaceae NC_008115
Hevea brasiliensis Tree HQ285842
Liriodendron Tree Magnoliaceae DQ899947
Magnolia yunnanensis Tree Magnoliaceae
Nelumbo 

Nelumbo lutea
Nuphar advena Nymphaeaceae
Nymphaea alba Nymphaeaceae
Platanus occidentalis Tree Platanaceae
Tectona grandis Tree Lamiaceae NC_020098
Tetracentron sinense Tree Trochodendraceae

on rbcL gene, atpB-rbcL and rbcL-accD IGS 
indicated that Nelumbo was closely related to a 
woody plant, Platanus rather than water lilies 
genera such as Nymphaeae and Nuphar

that Nelumbo was more genetically related to 
Buxus, Magnolia, Platanus 

and Trochodendron et al et 
al. Platanus, Trochodendron and Buxus 

shared similar morphologic characteristics to 

Buxus
Trochodendron

accD gene, Nelumbo was more closely 

considered the early-diverging angiosperms. 

acc

studied.
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Figure 6 Rooted phylogenetic trees of sacred lotus and other dicotyledonous plants generated 
rbc

percentages.

 
 

 

 

 

 
 

 

 

 

 

 

 

 

Figure 7 Rooted phylogenetic trees of sacred lotus and other dicotyledonous plants generated 
acc

percentages.
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Figure 8 Rooted phylogenetic trees of sacred lotus and other dicotyledonous plants generated 
atpB-rbc

percentages.
 

 
 

 

 
 

 
 

 

 

 

 

Figure 9 Rooted phylogenetic trees of sacred lotus and other dicotyledonous plants generated 
rbcL-acc

percentages.
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rbcL 

on accD gene, atpB-rbcL and rbcL-accD IGS 
rbcL gene 

was more conserved than other regions in 
chloroplast. The conservatism of rbcL gene 

et al
were typically lesser difference at than that of 

et al

one of the methods to determine plant evolution 
which depicted ecological change during 
evolution. To adapt to the harsh environment 

agricultural and forestry aspect, the knowledge 

plants to grow in the certain areas in order to 

CONCLUSION

 Chloroplast rbcL and accD genes were 

plants. Based on nucleotide comparison of the 

species and other dicotyledonous plant species, 

eudicot plants like Buxus microphylla, Platanus 
occidentalis and Tetracentron sinense than 
the early-diverging angiosperms like Nuphar 
advena and Nymphaea alba, although the latter 
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