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SUMMARY: 

Trees of Avicennia marina and Sonneratia alba were located in Thane creek area (Mumbai), 

and leaf and wood samples were collected. The protocol for isolation of DNA from leaf 

samples of A. marina and S. alba was standardised. Total genomic DNA was isolated from 

the collected leaf samples of A. marina and S. alba and quantified. Standardisation of DNA 

isolation protocol from bark and sapwood of A. marina and S. alba has been initiated. 

The chloroplast barcode gene sequences of Avicennia spp. and Sonneratia spp. Available in 

public domain were collected. The sequences were analysed in silico by multiple sequence 

alignment in order to study the nucleotide variation between the sequences. 

INTRODUCTION: 

Mangroves are crucial for coastal areas as they help in preventing soil erosion and also act as 

a catalyst in reclaiming land from seas. Around 186 km
2
 of the state of Maharashtra is under 

mangrove cover. Though legal protection is afforded to this ecosystem by way of legislation 

in the form of Coastal Regulation Zone Notification and mangrove areas being notified as 

protected forests, many a times the legal provisions are not sufficient to curb illegal activities. 

Felling of trees for fuel wood and wood products is a threat to the mangrove ecosystems. 

Land reclamation for construction activity, aquaculture, agriculture and tourism is a major 

threat to mangrove ecosystems in Maharashtra. Illegal logging and encroachment of 

mangrove forests are the cause of many economic as well as ecological problems. 



Prosecution of illegal logging crimes and the recovery of mangrove areas lacks the 

availability of tools for forensic identification of timber. 

Application of advanced DNA extraction and profiling techniques can be used to address this 

problem. DNA profiling can be used to establish a forensic linkage between source and 

evidentiary samples. The genetic difference between individuals is the basis of DNA forensic 

investigations. Development and validation of a marker system is necessary prior to its 

adoption for forensic casework. There is also potential to individualize highly inbred species 

by using molecular marker techniques. This research proposal aims to develop a procedure 

for identifying illegally cut mangrove trees using the chloroplast DNA barcoding system. 

WORK DONE: 

I. Standardisation of DNA isolation protocol from leaf samples: 

Materials and methods: 

Leaf samples from different trees for each of the species A. marina and S. alba were collected 

from Mumbai (Thane). Initial tests for DNA isolation were carried out with the classical 

CTAB method (Doyle & Doyle, 1987) method using the silica dried leaf samples. Later slight 

modifications of the method was done to obtain good quality genomic DNA. The 

standardised procedure is as follows: 

1. Leaf samples were ground with mortar and pestle and liquid nitrogen until they form a 

fine powder along with a pinch of PVP.  

2. Immediately after thawing the samples, added pre-warmed CTAB extraction buffer 

and mixed until getting a homogeneous mixture; later transferred the slurry to 2 ml 

Eppendorf tubes and added β-mercaptoethanol and mixed well. 

3. Tubes were incubated at 65
0
C for 1hr with intermittent shaking for every 10 minutes. 

4. After 1hr the samples were cooled to room temperature and centrifuged for 5 minutes 

at 10,000 rpm. 

5. The supernatant was carefully transferred to new 2 ml tube and pellet was discarded. 

6. CIA [chloroform : iso amyl alcohol (24:1)] was added for each tube and homogenised 

them by gentle inversion for 15-25 times. 

7. Samples were centrifuged at 12,000 rpm for 10 min and then upper aqueous layer was 

carefully pipetted to new 2 ml tubes. 



8. The supernatant was treated with RNaseA at 37
0
 C for 15 mins. 

9. Again steps 6 and 7 were repeated,  

10. Then DNA was precipitated using equal volume of ice cold isopropanol and incubated 

for 20 mins at -20
0
 C. 

11. After incubation tubes were centrifuged at 12,000 rpm for 10 mins; later supernatant 

was discarded and pellet was washed with 70 % ethanol for 10 mins.  

12. The ethanol was discarded and the pellet was air dried for 30 mins. 

13. Then the pellet was dissolved in TE buffer and stored. 

Results: 

The quality of the extracted DNA was assessed by visualisation on agarose gel and quantified 

by spectrophotometry. 

a. Agarose gel electrophoresis: The quality of DNA samples was assessed by 

electrophoresing the isolated DNA on 0.8% agarose gel in 1X TAE, stained with ethidium 

bromide and checked for shearing of DNA, contamination of RNA and protein. 

 

 

Figure 1: Genomic DNA extracted from A. marina (Lane 1 to 3) and S. alba (Lane 4 to 6) leaf 

samples 

b. Spectrophotometry: The DNA concentration was spectrophotometrically measured in the 

Eppendorf Biophotometer. Two measurements were taken, the absorbance at 260 nm, which 

reflects the DNA concentration, and the ratio of the absorbances at 260 and 280 nm 



(A260/A280 ratio), which reflects the ratio of nucleic acids to proteins in the sample. The 

DNA concentration of the leaf samples of both the mangrove species are given in the table 

below: 

Table 1: DNA concentration and purity measurement 

Samples DNA conc. (μg/ml) A260/A280 

A. marina 1 727.8 2.23 

A. marina2 175.4 1.92 

A. marina3 194.6 1.93 

S. alba 1 259.4 2.40 

S. alba2 304.4 1.88 

S. alba 3 231.1 1.98 

Inference: 

Very less protein contamination and no RNA contamination was observed in the samples 2 

and 3 in both the species (Fig.1). In sample 1 RNAseA treatment was given at the initial stage 

of extraction buffer in both species, hence RNA contamination was observed. But in other 

two plant samples RNaseA treatment was given after first CIA (Chloroform:Isoamyl 

Alcohol) wash. It implies that RNaseA treatment is best to give after first CIA wash to 

eliminate RNA contamination. 

It was possible to obtain enough DNA of satisfactory quality from the leaf samples of both 

mangrove species tested. The amount of DNA obtained in relation to the amount of tissue 

used was very high, ranging from 175.4 to 727.8 μg/mL in case of A. marina. Whereas, in S. 

alba DNA concentration ranges from 231.1 to 304.4 μg/mL (Table 1). 

 

II. Standardisation of DNA isolation protocol from wood samples: 

Materials and methods: 

Genomic DNA extraction was tried from bark and sapwood samples of A. marina by a 

modified CTAB method. The following protocol was used: 

1. Bark and sap wood samples were finely ground using liquid nitrogen. CTAB 

extraction buffer (1% or 3%) was added, mixed well and transferred to 15 ml 

centrifuge tubes.  

2. Tubes were incubated at 65 
0
C for 2hr. 



3. Samples were allowed to cool to room temperature, then centrifuged at 10,000 rpm 

for 5 mins and carefully decanted the supernatant to fresh 15 ml tubes. 

4. Equal volume of chloroform:Isoamyl alcohol (24: 1) was added and inverted gently 

for 15-25 times, and then centrifuged for 10 mins at 12,000 rpm. 

5. The upper aqueous phase was carefully transferred to new 15 ml tube. Later RNaseA 

was added and incubated at 37 
0
C for 15 mins. 

6. Again, steps 4 and 5 were repeated and upper aqueous layer was transferred to fresh 

15 ml tubes. 

7. Added equal volume of ice cold isopropanol and incubated at -20 
0
C for overnight. 

8. Allowed the samples to attain room temperature and centrifuged at 12,000 rpm for 10 

mins. 

9. Discarded the supernatant and washed the DNA pellet with 70 % ethanol twice. 

10. Discarded the 70% ethanol and air dried the pellet. 

11. Dissolved the pellet in TE buffer and stored. 

Results: 

The quality of the extracted DNA was assessed by visualisation on agarose gel and quantified 

by spectrophotometry. 

a. Agarose gel electrophoresis: The quality of DNA extracted from wood samples was 

assessed by electrophoresing the genomic DNA on 1% agarose gel in 1 X TAE stained with 

ethidium bromide. 

 



 

Figure 2: Genomic DNA of A. marina from wood samples (Bark and sapwood) at 3% (samples 1 

and 2) and 1 % CTAB buffer (samples 3 and 4) 

b. Spectrophotometry: The DNA concentration was spectrophotometrically measured in the 

Eppendorf Biophotometer. The DNA concentration of the wood samples of the A. marina are 

given in the table below: 

Table 2: Measurement of wood DNA concentration and purity 

Samples DNA conc. (μg/ml) A260/A280 

Bark (using 1% CTAB) 18.9 2.65 

Sapwood (using 1% CTAB) 0.0 2.00 

Bark (using 3% CTAB) 0.0 1.94 

Sapwood (using 3% CTAB) 0.0 2.91 

Inference: 

The bright and intact DNA bands were observed in the samples isolated using 1% CTAB 

buffer when compared to samples isolated from 3 % CTAB buffer (Fig. 2), suggesting that 

1% CTAB is better than 3% CTAB for wood DNA isolation. DNA shearing and a small 

amount of RNA contamination was observed in all the samples. Further refinement of the 

protocol is necessary to extract good quality wood DNA.  

The concentration of DNA in bark sample extracted in 1% CTAB buffer shows 18.9 μg/ml, 

whereas rest of the samples showed 0.0 μg/ml, which needs further confirmation. 

 

The procedure for DNA isolation from wood samples of S. alba is under progress. 

 



III. In silico approaches for identification of nucleotide variation in chloroplast genes 

Materials and methods: 

Chloroplast (Cp) DNA is frequently used for investigating the phylogenetic relationship 

between species, because it is much easier to amplify Cp DNA than nuclear DNA, due to the 

higher copy numbers of chloroplast genome per cell, and a number of Cp DNA regions are 

known to have sufficient nucleotide polymorphism. The DNA barcoding uses three standard 

Cp genes i.e.,rbcL, matK, and trnH-psbA gene sequences for species identification. The 

sequence information of Cp genes (rbcL and matK) available in the NCBI and BOLD 

database has been utilised for the comparison of nucleotide sequence variations. 

 

Results & Inference: 

a. Comparison of rbcL gene sequences within A. marina: A total of 19 rbcL gene 

sequences were found in the public database for A. marina. All the sequences were 

downloaded in the FASTA format and multiple sequence alignment was done using 

MUSCLE (MUltiple Sequence Comparison by Log-Expectation) online tool. Later, sequence 

variations within the species were searched by using Bioedit software. Out of 19 gene 

sequences, 17 similar sequences were filtered off and only two sequences (AY008832.1 and 

KM255068.1) which showed variation at three different positions (at 20
th

, 194
th

 and 576
th

 bp) 

were retained for further analysis. 

b. Comparison of rbcL gene sequences of other Avicennia species: Five other species of 

Avicennia with available rbcL gene sequences were reported in the public database. All the 

gene sequences were downloaded in the FASTA format and multiple sequence alignment was 

done for each species separately. The details of rbcL gene sequences of other Avicennia 

species are listed in Table 3 below: 

Table 3: Comparison of rbcL gene sequences within other Avicennia species 

Avicennia species 

other than A. marina 

Total no. of rbcL gene 

sequences in public db 

Total no. of sequences retrieved after 

multiple sequence alignment 

A. alba 6 3 (AY008831.1, KU748517.1, KP697348.1) 

Seven nucleotide variations 

A. bicolor 7 2 (AY008829.1 and JQ594361.1)  

One nucleotide variation 

A. germinans 13 2 (U28868.1 and KJ082127.1) 

Three nucleotide variations 

A. marina subsp. 

australasica 

1 1 

A. officinalis 7 3 (KP69352.1, KJ784626.1 and KX231355.1) 



Six nucleotide variations 

 

c. Comparison of matK gene sequences within A. marina: A total of 70 matK genes 

sequences of A. marina were downloaded from the public database. Out of that 63 similar 

gene sequences were deleted and seven were selected for furthers studies (AF77757.1, 

AJ429327.1, AF315293.1, AB114503.1, AB114477.1, AUCAS010.11 and AB114476.1). 

These 7 sequences contained 31 nucleotide variations. 

d. Comparison of matK gene sequences of other Avicennia species: matK gene sequences 

of four other species of Avicennia were reported in the public database. All the gene 

sequences were downloaded in the FASTA format and multiple sequence alignment was 

done for each species separately. The details of matK gene sequences of the other Avicennia 

species are listed in Table 4 below: 

Table 4: Comparison of matK gene sequences within other Avicennia species 

Avicennia species 

other than A. marina 

Total no. of matk gene 

sequences in public db 

Total no. of sequences retrieved after 

multiple sequence alignment 

A. alba 4 2 (KJ784590.1 and KP725235.1)  

27 nucleotide variations 

A. bicolor 4 1 (JQ589418.1) 

A. germinans 3 2 (JQ586379.1 and AF531771.1) 

3 nucleotide variations 

A. officinalis 6  3 (KX231343.1, KP725238.1 and 

KJ784592.1) 15 nucleotide variations 

e. Comparison of rbcL gene sequences of S. alba: Six rbcL gene sequences of S. alba were 

available in public database. Out of six sequences, four were similar and were filtered off. 

The rest of the two sequences (KU748520.1 and KF848248.1) were retained, as they were 

found to contain four nucleotide variations (at 416
th

, 573
rd

, 580
th

 and 582
nd 

position). 

f. Comparison of rbcL gene sequences of other Sonneratia species: rbcL gene sequences 

for three species of Sonneratia were reported in the public database. All the gene sequences 

were downloaded in the FASTA format and multiple sequence alignment was done for each 

species separately as in Table 5 below: 

Table 5: Comparison of rbcL gene sequences within other Sonneratia species 

Sonneratia species 

other than S. alba 

Total no. of rbcL gene 

sequences in public database 

Total no. of sequences retrieved 

after multiple sequence alignment 

S. apetala 3 1 (KF848249.1) 

S. caseolaris 7 2 (KP697365.1 and AY036143.1) 

Four nucleotide variations 

S. ovata 3 1 (KJ784618.1) 

g. Comparison of matK gene sequences within S. alba: Out of 21 gene sequences of S. alba 

available in public database 6 sequences were retrieved to study nucleotide variations 



(KU984624.1, KU984623.1, EF408668.1, KM255093.1, KU984627.1 and KP725251.1). 

Totally 14 nucleotide sequence variations were observed within selected 6 sequences. 

h. Comparison of matK gene sequences of other Sonneratia species: matK gene sequences 

of 3 other Sonneratia species were found in NCBI database. Gene sequences from each 

species were screened and selected for comparison as in Table 6 below:  

Table 6: Comparison of matK gene sequences within other Sonneratia species 

Sonneratia species 

other than S. alba 

Total no. of rbcL gene 

sequences in public database 

Total no. of sequences retrieved 

after multiple sequence alignment 

S. apetala 2 1 (KJ784616.1) 

S. caseolaris 6 2 (KJ784617.1 and KM255094.1) 

17 nucleotide variations 

S. ovata 3 1 (FJ628114.1) 

  



IV. Standardisation of DNA isolation protocol from wood samples of Sonneratia alba 

Materials and methods: 

1 Approximately, 200 mg wood (SAPWOOD) samples were grind with mortar and 

pestle using liquid nitrogen until they form a fine powder along with a pinch of PVP.  

2 Immediately after thawing the samples, pre-warmed 1 mL of CTAB extraction buffer 

[1% CTAB, 1.7 M NaCl, 100 mM Tris-HCl, pH 8.0, 20 mM EDTA(pH 8.0) and PVP 

2%] was added and mixedwell to get a homogeneous mixture. 

3 Later,the slurry was transfer to 2 ml Eppendorf tubes and 2 % (20 μL) β-

mercaptoethanol was added and mix well by inverting. 

4 Tubes were incubated at 65
0
C for 2 hr with intermittent shaking for every 10 minutes. 

5 After 2 hr the samples were allowed to cool to room temperature and centrifuged for 5 

minutes at 10,000 rpm. 

6 The supernatant was carefully transferred to new 2 ml tube and pellet was discarded. 

7 600μl CIA [chloroform-isoamyl alcohol (24:1)] was added for each tube and 

homogenised them by gentle inversion for 15-25 times. 

8 Samples were centrifuged at 12,000 rpm for 10 min and then upper aqueous layer was 

carefully pipetted to new 2 ml tubes. 

9 The supernatant was treated with RNAse A 5 μl (10mg/ml) at 37
0
 C for 15 mins. 

10 Again steps 7 and 8 were repeated,  

11 Then DNA was precipitated by adding equal volume of ice cold isopropanol to each 

samples and incubated for 20 mins at -20
0
 C. 

12 After incubation tubes were centrifuged at 12,000 rpm for 10 minutes. Later, 

supernatant was discarded and pellet was washed with 70 % ethanol for 10 minutes.  

13 Later, ethanol was discarded and the pellet was air dried for 30 minutes. 

14 Then the pellet was dissolved in 30 μl of TE buffer (vol. of TE buffer depends on size 

of the pellet). 

Results & Inference: 

DNA quantification and quality assessment were performed by visualization of products on 

agarose gels and by spectrophotometry. 

a. Agarose gels electrophoresis (AGE) 

The quality and concentration of DNA samples were assessed by running the genomic DNA 

on 0.8 % agarose gel stained with ethidium bromide and checked for shearing of DNA and 

contamination of RNA and protein. 



 

Figure 3. Genomic DNA of Sonneratia alba wood samples without RNase A treatment 

(L- 1 Kb ladder, 1 to 6- S. alba wood sample replications) 

The analysis of DNA quality by running in 0.8 % agarose gel revealed the good quality intact 

DNA without shearing (Fig. 1). No protein contamination and a small amount of RNA 

contamination was observed, it is because of RNase A treatment was not given. In case of 

replication 2 no DNA was observed. 

b. Spectrophotometry 

An aliquot of 1 μL of total genomic DNA (from wood) was used in the Eppendorf 

Biophotometer to measure the DNA concentration. Two measurements were taken, the 

absorbance at 260 nm, which reflects the DNA concentration, and the ratio of the absorbance 

at 260 and 280 nm (A260/A280 ratio), which reflects the ratio of nucleic acids to proteins in 

the sample. The DNA concentration of the wood samples of Sonneratia alba was given in the 

Table 7, 

Table 7: Measurement of DNA concentration and purity of S. alba wood samples 

Replications  DNA conc. (μg/ml) A260/A280 

1 243 1.86 

2 0.0 2.56 

3 98.7 2.32 

4 128.2 1.92 

5 156.9 1.99 

6 74.0 1.32 

 



It is possible to obtain enough DNA of satisfactory quality from the wood sample of S. alba 

species tested. The amount of DNA obtained in relation to the amount of tissue used was very 

high, ranging from 74.0 to243 μg/mL (Table 7). 

V. PCR amplification of Chloroplast (Cp) genes (matK and rbcL genes)  

Materials and methods: 

PCR performed for DNA of leaf as well as wood samples of A. marina and S. albausing 

primer pair(matK472F and matK1248R) for matK gene and primer pair (rbcL-1F and rbcL-

724R) for rbcL gene (Table 2).PCR reactions were carried out on a thermocycler (Eppendorf) 

under the following conditions: 94°Cfor 4 min, followed by 35 cycles of denaturation at 94°C 

for 30 s, annealing at 58 °C for 30 s and extension at 72°C for 1min, with a final extension at 

72°C for 10 mins. The total PCR reaction volume of 15 μL contained 20-50 ng of genomic 

DNA (1 μL), 10 pmol of both primers (0.5 μL each primer), 1X PCR reaction buffer (2 μL), 

and 0.5 U of Taq polymerase (0.2 μL of 3U/ μL) (Genei). 

Results 

Both matK and rbcL genes were successfully amplified using primers mentioned in Table 8, 

in both leaf as well as wood samples of A. marina, whereas in S. alba only leaf samples 

showed amplification for both the chloroplast genes (Fig. 4).  

Table 8. Chloroplast genes (matK and rbcL) primer pairs and sequences 

Primer name  Primer sequences (5’-3’) 

matK472F CCRTCATCTGGAAATCTTGGTT 

matK1248R GCTRTRATAATGAGAAAGATTTCTGC 

rbcL-1F ATGTCACCACAAACAGAAAC 

rbcL-724R TCGCATGTACCTGCAGTAGC 

 

 

Figure 4. PCR amplification of the chloroplast DNA; 

Lane L- 1Kb ladder; Lane-1, 2 (wood DNA) & 3 (leaf DNA) of A. marina amplified with 

matK472F and matK1248R; Lane-4, 5 (wood DNA) and  6 (leaf DNA) of S. alba amplified 



with matK472F and matK1248R; Lane-7, 8 (wood DNA) & 9 (leaf DNA) of A. marina 

amplified with rbcL-1F and rbcL-724R and Lane-10, 11 (wood DNA) and  12 (leaf DNA) of 

S. alba  amplified with rbcL-1F and rbcL-724R. 

 

VI. Primer designing for matK and rbcL genes of both Avicennia marina and Sonneratia 

alba 

The sequence information of Cp genes (rbcL and matK) available in the NCBI and BOLD 

database has been utilized for the comparison of nucleotide sequence variations. After 

comparison of nucleotide sequences by multiple sequence alignment, the sequences which 

showed nucleotide variations were retained and merged to derive at a common single 

nucleotide sequence of Cp genes (matK and rbcL) of both A. marina and S. alba. 

1. Avicennia marina  

a. Primer designing for matK gene 

A total of 70 matk genes sequences of A. marina were downloaded from the public database. 

Out of that 63 similar gene sequences were deleted and seven were selected for furthers 

studies (AF77757.1, AJ429327.1, AF315293.1, AB114503.1, AB114477.1, AUCAS010.11 

and AB114476.1). Again in these seven sequences, AF77757.1 was removed due to 

similarity whereas rest of the six sequences were retained to arrive at a common sequence to 

design primer pairs for matK gene.  

After alignment of these six sequences a common region was selected ranging from 1114 to 

2038 bp including gaps. Later gaps were deleted before deriving a common sequence. After 

simplifying,a total of 913 bp sequence was generated. Minor nucleotide variations were 

replaced by majority of nucleotide repeated out of six sequences. However, at 759
th

 base out 

of six sequences three contain nucleotide C whereas rest of the three contain nucleotide T. 

The base at 759
th

 position was replaced by coded letter Y which represents both the 

nucleotide C or T.  

Primer pairs were designed using online tool Primer 3 software 4.0 by keeping all parameters 

default except product size. Out of shortlisted primers one suitable primer pair was selected 

based on product size, GC content, self-complementary and hairpin loop.  

Primer designing for matK gene sequence of size 913 bp was selected with all the parameters 

kept default except product size with defined range of 700 to 913bp. A total of 5 primer pairs 

were designed out of which the one which satisfies all the criteria mentioned above was 

selected for primer synthesis (Fig 5). 



 

Figure 5: Primer pairs designed for matK gene of A. marina. Primer pair in highlighted 

was selected for synthesis 

b. Primer designing for rbcL gene 

A total of 19rbcl gene sequences were found in the public database for A. marina. Out of 19 

gene sequences 17 similar sequences were filtered off and only two sequences (AY008832.1 

and KM255068.1) which showed nucleotide variation were retrieved for further analysis. 

After alignment of these 2 sequences a common region was selected ranging from 18 to 590 

bp including gaps. After simplification a common sequence of 573 bases was arrived 

bysubstituting 177
th

 base with S (represents nucleotide C or G) and at 559
th

 base with K 

(represents G or T).  

Primers pairs were designed using primer 3 software 4.0 with default parameters except 

product size. A range of 450 to 580 bases was given for product size. A total of 5 primer pairs 

were designed out of them first primer pair was selected as per the criteria mentioned earlier 

(Fig. 6).  



 

Figure 6: Primer pairs designed for rbcL gene of A. marina. Primer pair in highlighted 

was selected for synthesis. 

2. Sonneratia alba 

a. Primer designing for matK gene 

Out of 21 gene sequences of S. alba available in public database, six sequences were 

retrieved to study nucleotide variations (KU984624.1, KU984623.1, EF408668.1, 

KM255093.1, KU984627.1 and KP725251.1). To arrive at common sequence, a range of 

1243 to 2019 bases were selected including gaps. After removing gaps, 774 bases of 

nucleotide sequence was generated. Since there is no much variation in the nucleotide 

sequence, primer designing was carried out using Primer 3 software 4.0. Five primer pairs 

were designed out which 2
nd

 primer pair in additional oligos was selected for synthesis based 

on the suitable criteria (Fig. 7).  



 

 

Figure 7: Primer pairs designed for matK gene of S. alba. Primer pair in highlighted was 

selected for synthesis (2
nd

 in Additional oligos) 

b. Primer designing for rbcL gene 

Six rbcL gene sequences of S. alba were available in public database. Out of six sequences 

four were similar and were filtered off. The rest of the two sequences (KU748520.1 and 

KF848248.1) were retained. To derive common sequence the range selected between 13
th

 

base to 590 base which consists of total 578 bases without gaps. Since, there is no nucleotide 

variation within the selected region so no substitution of bases. The common sequence was 

later used for primer designing using primer 3 software 4.0. The 3
rd

 primer pair in additional 

oligos section was selected for synthesis based on the suitable criteria (Fig. 8).  The primer 

pairs newly designed and primer pairs from the literature were selected for primer synthesis 

(Table 9). 

 



 

Figure 8: Primer pairs designed for rbcL gene of S. alba. Primer pair in highlighted was 

selected for synthesis (3
rd

 in Additional oligos) 

 

Table 9: Primers of matK and rbcL genes selected for synthesis 

Primer name Primer sequences 5’-3’ 

a. Primer newly designed for matK and rbcL genes of A. marina and S. alba 

Am_matK F CTAATACCCCACCCTGTCCA 

Am_matK R GCCCAAACCGGCTTACTAAT 

Am_rbcL F CTTGGCAGCATTCCGAGTA 

Am_rbcL R CCGCGAAGACATTCATAACA 

Sa_matK F ACTGGGTGAAGGATGCCTCT 

Sa_matK R TCCGGGTCGACTTACTAACG 

Sa_rbcL F TGGATTCAAAGCCGGTGT 

Sa_rbcL R AATAGGGGACGGCCATACTT 

b. Primers selected from the literature 

matK-390F CGATCTATTCATTCAATATTC 

matK-1326R TCTAGCACACGAAAGTCGAAGT 

MG1 F CTACTGCAGAACTAGTCGGATGGAGTAGAT 

MG15 R ATCTGGGTTGCTAACTCAATG 

matK 472F CCRTCATCTGGAAATCTTGGTT 



matK 1248 R GCTRTRATAATGAGAAAGATTTCTGC 

rbcLa_F ATGTCACCACAAACAGAGACTAAAGC 

rbcLa_R GTAAAATCAAGTCCACCRCG 

rbcl-F ACTGTAGTAGGTAAACTTGAAGGTGAACG 

rbcl-R GAACCTTCCTCAAAAAGGTCTAAGGGGTA 

rbcL-1F ATGTCACCACAAACAGAAAC 

rbcL-724R TCGCATGTACCTGCAGTAGC 

 

VII. Primer designing for chloroplast genes (matK and rbcL) of both genus Avicennia 

and Sonneratia (including A. marina and Sonneratia alba) 

1. Genus Avicennia 

a. Primer designing for matK gene 

A total of 14 matk gene sequences in Avicenniagenus were selected for primer designing 

(which includes A. marina-6, A. officinalis-3, A. germinans-2, A. bicolor-1 and A. alba-2).  

The range selected for deriving a common sequence is from 1230
th

to 1984
th

 base consists of 

755 bases. The variation in the nucleotide sequence was substituted with coded letters Y 

(represents C or T) at 174, 345, 504 and 739; M (represents A or C) at base 74, 294, 528, 637 

and 721; H (represents A or C or T) at 75; and R (represents A or G) at 295. 

Primer designing was done using primer 3 software with default parameters except range for 

product size. The range give for product size is 500 to 750 bp. A total of 5 primer pairs were 

designed (Fig. 9). 

 

Figure 9: Primer pairs designed for matK gene of Avicennia genus 

 



b. Primer designing for rbcL gene 

A total of 13 rbcL gene sequences of Avicennia genus were selected for primer designing 

(which includes A. marina-2, A. officinalis-2, A. germinans-2, A. bicolor-2, A. marina sub 

spp. australasica-1 and A. alba-3).  The range selected for deriving a common sequence is 

from 21
st
to 567

th
 base consists of 547 bases. The variation in the nucleotide sequence was 

substituted with coded letters R (represents A or G) at 53, S (represents G or C) at 174 and M 

(represents A or C) at base 395. 

Primer designing was done using primer 3 software with default parameters except range for 

product size. The range give for product size is 400 to 540 bp. A total of 5 primer pairs were 

designed (Fig. 10). 

 

Figure 10: Primer pairs designed for rbcL gene of Avicennia genus 

2. Genus Sonneratia 

a. Primer designing for matK gene 

In NCBI database four species of Sonneratia matK gene sequences were deposited. Among 

them a total of 10 genes sequences from different species were selected for primer designing 

(which includes S. alba-6, S. apetela-1, S. ovate-1 and S. caseolaris-2). The range selected 

for deriving a common sequence is from 1243
rd

 to 1965
th

 base consists of 723 bases. No 

substitution of bases because of very less variation.  



Primer designing was done using primer 3 software with default parameters except range for 

product size. The range give for product size is 500 to 720 bp. A total of 5 primer pairs were 

designed (Fig. 11). 

 

 

 

Figure 11: Primer pairs designed for matK gene of Sonneratia genus 

b. Primer designing for rbcL gene 

A total of 6 rbcL gene sequences of Sonneratia genus were selected for primer designing 

(which includes S. alba-2, S. apetela-1, S. ovate-1 and S. caseolaris-2).  The range 

selected for deriving a common sequence is from 13
th

to 590
th

 base consists of 578 bases. 

The variation in the nucleotide sequence was substituted with coded letters Y (represents 

C or T) at 404
, 
561, 568 and with K (represents G or T) at base 570.  

Primer designing was done using primer 3 software with default parameters except range 

for product size. The range give for product size is 400 to 570 bp. A total of 5 primer 

pairs were designed (Fig. 12). 



 

Figure 12: Primer pairs designed for rbcL gene of Sonneratia genus 

 

VII. Standardisation of DNA isolation protocol for Avicennia officinalis and Sonneratia 

apetela leaf samples 

a. DNA isolation protocol for Avicennia officinalis 

The protocol used for isolation of DNA from leaf samples of A. marina was tried for isolation 

of DNA from leaf samples of A. officinalis. The protocol worked well without any changes 

for the DNA isolation from leaf samples of A. officinalis. DNA pellets were dissolved in 100 

µl TE buffer. The isolated DNA is in sufficient quantity and quality which was confirmed 

through agarose gel electrophoresis at 1 % gel (Fig. 13) and nanodrop readings (Table 10) 

respectively. 

Table 10: Quantification of DNA using Nanodrop of A. marina 

Samples Concentration (µg/ml) A260/A280 

1 144.9 2.00 

2 238.7 1.70 

3 156.8 1.40 

4 14.6 - 

5 51.9 1.82 

 



 

Figure 13: Genomic DNA isolation from leaf samples of A. officinalis (Lane-1 to 5) 

 

b. Standardisation of DNA isolation protocol from leaf samples Sonneratia apetela 

For standardisation of DNA isolation from S. apetela initially we tried with leaf DNA 

isolation protocol of S. alba, since both belongs to same genus. The yield and quality of DNA 

isolated was very poor with this method (Fig. 14a and Table 11). One important observation 

was made during isopropanol precipitation step was immediate precipitation after adding 

isopropanal and became jelly. It may be due to tannins. To overcome this issue we tried one 

more method of DNA isolation i. e., first step of HEPES (N-(2-Hydroxyethyl) Piperazine N-

(2-Ethane) sulponic Acid) wash later CTAB extraction protocol (3% CTAB, 2% PVP and 

0.5-0.8 % mecapitoethanol) was followed. No DNA was observed in this method (Fig. 14b 

and Table 11). 

          

Figure 14: Genomic DNA isolation from leaf samples of S. apetela using (a) protocol of S. alba 

with 3% CTAB, 2 % of PVP and 0.2 % mercapitoethanol and (b) HEPES wash + CTAB 

extraction protocol with 3% CTAB, 2 % of PVP and 0.5-0.8 % mercapitoethanol 

 

a b 



 



 
 
 

 


