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I. INTRODUCTION

DNA barcoding isa methodology that offers assistance to the conventional taxonomy at species level,
through analyzing the variation or barcode gaps those exist in the nucleotide sequences in various
species of any genus in the specifically identified gene loci.This chapter details the various steps
mvolved in the DNA barcoding of plants, with special reference to the genus Momordica. Different
candidate loci for DNA barcoding in plants and animals, factors involved in the selection of candidate

locus/ loci in any genus, design of genus specific primers through the use of universal primers and list
of suggested universal primers, design of primers directly by mining the data from NCBI are detailed.
Also, the use of the software Clustal Omega for multiple sequence alignment and to derive a base
sequence of the candidate locus, for. primer design is detailed. Barcode gap identification and species
delineation, annotation of sequence using BLASTn, BioEdit and MEGA and finally, the steps
mvolved in the submission of barcode data to BOLD systems, for the generation of DNA barcodes are
also presented in this chapter.

Keywords: barcoding, BOLD, chloroplast DNA, evolution, matK, mitochondrial DNA, systematics;
taxonomy :

DNA barcoding is a methodology that offers assistance to the conventional taxonomy at species level.
This technique uses the variations in the nucleotide sequences that may occur during the evolutionary
process, commonly in all the members of a particular species, at the candidate gene loci. Mostly, the
genes or the genomic loci employed in this strategy are lesser influenced in the structural changes
during evolution. Thus, mitochondrial genes such as cytochrome oxydase I (Co/), chloroplast genes
yefl, trnK, rbel, accD, matK, ndhJ, , ¥rpoB, rpoC1, ycf3, rpsl6 or chloroplast spacers such as ycfI-
rpsl5, rpl32-trnl, petA-psbJ, rps16-trnQ, ndhC-trnV, rpoB-trnC, psbE-petL, rbcL-accD, psbK-psbl,
atpF-atpH and trnH-psbA or the loci for internal transcribed spacers such as /7557 and /7S2 on nuclear
genome are widely used in the DNA barcoding works. Among these loci, Col/ is found most suitable
for the members of the animal kingdom whereas, the suitability of each locus or combination of
various loci have to be evaluated for each member in the plant kingdom. DNA barcoding is not a
method to substitute the classical taxonomy but can supplement the taxonomic process substantially
by providing proof for the species delineation.

How DNA barcoding works?

As already mentioned, the characteristic variations occurring in all the members of a particular
species, for any candidate locus/loci will be considered as the DNA barcode. Accordingly, all the
DNA barcodes for a species for each locus will be identified and these definite sequence variations
will be employed in species discrimination.

To identify the barcodes, the total genomic DNA that include the nuclear, chloroplast and
mitochondrial DNAs will be isolated using any standard protocol. Specific protocols for the isolation
of chloroplast (Palmer, 1986; Dally and Second, 1989: Mourad, 1998) and mitochondrial (White et
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al., 1992) DNAs are also available. However, total genomic DNA itself will yield sufficient quantlt\ |
of good quality material for the PCR amphﬁcatlon of the target sequence

IL PREREQUISITE FOR DNA BARCODING

Apart from the routine prerequisites for a PCR amplification such as standardized thermal profile ané
chemicals, most vital components required are the identification of the most suitable locus’
combination of loci for the genus and identification of the specific forward and reverse primer sets for
the loci.

a. Identification of the locus/ loci

For most of the members of the animal kingdom, Co/ is identified as the most suitable locus. In all the
genera, this locus is sufficiently long (~2.5kb) to identify the maximum number of barcodes. In usual |
barcoding programmes, the amplified locus will be eluted from the gel and sequenced directly using |
the NGS platforms. The inherent disadvantage of the NGS platforms is the shorter read length (less |
than 1 kb). This necessitates that the sequencing of the band has to be done in both forward and

reverse directions so that the maximum sequence length could be assembled. Since it is more probable
to get more barcodes with higher sequence lengths, it is always advised to choose the locus with the
highest size.

For every member of the plant kingdom, the suitability of the particular locus has to be tested. Among
the common loci, ycf7-rpsi5 has the longest workable sequence length (~5.0 kb) followed by rpoB
(~3.5 kb), rnK (~2.5 kb), matK (~1.5kb), rbcL (~1.5 kb), rpoB-trnC(1.3 kb), psbE-petL(1.3 kb).
rbcL-accD(1.1 kb), ndhJ (0.9 kb), rpi32-trnL (0.85 kb), rpsi6-trnQ (0.8 kb), petd-psbJ(0.75 kb).
ndhC-trnV(0.65 kb), trnH-psbA (0.55 kb), psbK-psbI(0.5 kb), acecD (~0.5 kb), atpF-atpH (0.45 kb)etc.
After sequencing a particular locus, the sequences of all the members from the different species of a
genus has to be aligned to identify the base sequence for the genus. The sequences of the members of
a particular species has to be studied in relation to the base sequence to identify the nucleotide
variations common for all the member of the species from the base sequence. Such kind of a
nucleotide variation is designated as the barcode gap.

If a particular locus fails to bring out any substantial or reliable uniform variations among all the
members of any one of the species in the genus understudy, the locus is not suitable to be used for
DNA barcoding. Thus the next candidate locus has to be checked for its capability to reveal the
reliable barcode gaps for each species. Many a times, combination of various loci are found to be
better in species delineation.

For barcoding the plants, universal barcode loci are recommended by many researchers and such
recommendations are summarized in Table 1.

b. Identification of suitable primers
There are two strategies to identify the primer.
b.i. Use of universal pi'imers

The universal primers for different loci are also described by many researchers. A consolidation on
the recommended universal primers is given by Mathew (2013) and Girme (2014). It is unlikely that
that these primers may amplify the locus in all the samples under study but most probably these
primers may amplify the locus in at least few samples. The bands amplified using the universal
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primers may be eluted from the gel, directly sequenced on NGS platforms and the sequences have to
be aligned. From these sequences, the base sequence for the genusj has to be worked out and using the
base sequence, barcoding primers for the locus for the particular genus could be designed using any
standard software such as Primer3 (http://bioinfo.ut.ee/primer3-0.4.0/ ).

The.identification of barcoding primers for the genus Momordica is detailed hereunder.

Primer sets for 3 common barcoding loci matK (Maturase K), ITS2 (Internal transcribed spacer) and
rrnH-psbA intergenic spacer were used for the initial screening to assess their compatibility to
generate the banding patterns in variousMomordica accession. PCR was performed using the mix of
genomic DNA (30 ng), 10X Taq assay buffer A - 2 pL, NTP mix (10 mM each) - 1.5 ulL, Tag DNA
polymerase (3U) - 0.3 pL, primer (10 pM) - 0.75 pL each of F and W and autoclaved distilled water -
13.7 uL. The PCR protocol issued by CBOL (Ivanova ef al., 2006) was employed which constituted
40 cycles of initial denaturation at 94°C for 1 minute, denaturation at 94°C for 30 seconds, primer
annealing (temperature as per GC composition of primers) for 40 seconds and primer extension at
72°C for 40 seconds. This was followed by the final extension at 72°C for 5 minutes and incubation
BE4°C.

Table 1 Universal barcode loci recommended for plants

SI. No. | Barcode loci recommended Reference
1 matK Lahaye et al. (2008)
2 matK, trnH-psbA4 Newmaster ef al. (2008), Seberg and Petersen
(2009)
3 TS 3 Chase et al. (2005), Kress et al. (2005)
4 trnH-psbA Kress et al. (2005)
5 Tl | Taberlet ef al. (2007)
e ath—at;pH, matK, and psbK- | Pennisi (2007)
psbl
7 rpoCl Hollingsworth et al. (2009)
8 rpocl+rpoB+matK and | Chase et al. (2007)
rpocl+matK+trnH-psbA
b For bryophytes - rbcL and Liu et al. (2010)
rpoCl
10 trnH-psbA + rbcL Kress and Erickson (2007)

~ Eight primer sets, of which 6 for matK and 1 for ITS2 and 1 for #rmH-psbA were initially used for
smplifying the barcode loci in Momordica (Table 2).
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Table 2: List and sequence of universal DNA barcoding pri

mers used for barcoding the Q

Momordica
S1 :
= Primer Nucleotide Sequences Reference
e
1 matK F1 | CCTATCCATCTGGAAATCTTAG
matK R1 | GTTCTAGCACAAGAAAGTCG :
- Jarret, 2008 ;
matK F2 | ATCCATCTGGAAATCTTAGTIC Dunning and
- Savolainen, 2010
matK R2 | CTTCCTCTGTAAAGAATTC ' — =
matK F3 | CGATCTATTCATTCAATATTTC
3
: matK R3 | TCTAGCACACGAAAGTCGAAGT Lahaye et al., 2007
Jarret, 2008 ;
4 | matKF4 | (T)AATTTACGATCAATTCATTC Dunning and
Savolainen, 2010
matK R4 | TCTAGCACACGAGTCGAAGT Lahaye et al., 2007
matK F5 | CGATCTATTCATTCAATATTTC
5 , Jing et al., 2011
matK RS | GTTCTAGCACAAGAAAGTCG
ACCCAGTCCATCTGGAAATCTTIGGT 70
K F6 | : _ ;armt, ZOQS
6 TC . = Dunning and
matK R6 | CGTACAGTACTTTTGTGTTTACGAG Savolainen, 2010
ITS2F | GCGATACTTGGTGTGAAT .
7 , Jingeral., 2011
ITS2 R | GACGCTTCTCCAGACTACAAT ' :
trnH-psbA ,
= CGCGCATGGTGGATTCACAATCC
8 Jarret, 2008
trnH-psbA =
= GTTATGCATGAACGTAATGCT C

Based on the initial studies it was found that marK is giving sufficiently good amplification r

and the size of this locus remarkably larger than the other two loci. Hence it was decided to

matK as the candidate locus for this study. Subsequently, 18 primer combinations using the &

and reverse primers for matK loci were attempted to amplify the loci, from 24 Momordica a

(Table 3).
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cus of Momordica

3: List of combination of forward and reverse primer

used for amplifying

Si. No. Primer Annealing Temp. (°C) | Combination
matK F1l
i markK 1 51.7 -
matK R1
2z matK 2 45.2 8
matkK R2
5 matK F3
3 matK 3 495
gnarK R3
marK F1
4 matk 4 452 .
marK R2
maiK F1
5 matkK 5 532 -
maikK R3
maitX F2
6 matK 6 St
matX R1
matK F2
7 matK 7 S22 7 -
: matK R3
matkK F3
8 matkK 8 495 -
ma,tK R1
maiK F3
9 matK 9 452
matX R2
maiK F4
16 marK 10 48.4
matXK R4
matK F5
11 maiK 11 49.5 :
matK RS
:maftK F6
o matK 12 55.6 -
9 matXK R6
matXK F4
13 matK 13 48.4 -
C matkK RS
: matkK F4
14 matK 14 48.4 :
matkK R6
matK F5
i5 matK 15 495
matk R4
matK F5
16 matK 16 495
matK R6
: matK 6
s matK 17 579
> marK R4
matK F6
18 matK 18 51.7
matk RS

imer combinations have amplified various accessions and by using all the 18 combinations
primers, the locus was successfully amplified in all the accessions under study.
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genotypes with barcode primer F2-R2(M- I
dakara, 5 - V 53,6 - Arka Gaurav, 7 - 4
ala 2, 10 - M. dioica Kerala 3, 11
a,13 - Wild 2 (M. charantia cv. muricata), 14 - Wild 1 (M
6 - M. sahyadrica Annamalai type, 17 - M balsamir
nensis Northeast, 20 - M.subangulata 1, 21 -8
ad, 24-M subangulata 5).

rn of the Momordica
pantara , 3-INM 7,4 - Val
a Kerala 1, 9 - M.dioica Ker

Fig. 1: DNA amplification patte
bp Ladder, 1 - Preethi , 2 - Kuru
charantia cv. muricala , 8 - M. dioic
M. dioica Kerala 4, 12 - M. dioica Odis
sahyadrica), 15 - Wwild 2 (M. sahyadrica), 1
18 - M. cochinchinensis Andaman, 19 - M. cochinchi
subangulata 2,22 - M. subangulata 3,23 - M. subangulat
LASTn to confirm that &

nces were analysed using B
ftware Clustal Omegs

s were aligned using the so

ed, sequenced and the seque
us of interest. The sequence

The bands were elut
is the sequence of the loc

(Fig. 2a-¢).

search | Training : Abeutus

13 D prys 1AR

Multiple Sequence
Clustal Omega is 3n multiple sequence between three or more
sequences. For the alignment of trio SequeAces please instead use ouf

i<

alignment program that uses seeded quide ees and HMM grofle-profie tachriques to gererate alignments

paiise sequence ignment toks.

Dhchaaialtl
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= 30 Sreans
e s AR 2 : A

2a-c: Steps in sequence alignment of the matK sequen\ es for 25 Momordica accessions using the
software Clustal Omega (http://www.ebi.ac.uk/Tools/msa/clustalo/).

2 the alignment, the base sequence of matK locus for the genus Momordica was arrived. This was
ently used for designing primers for barcoding Momordica using the matK locus. ;

ard - 5’ AGGGTTTGGAGTCATTGTGG3” (Tm - 59.82°C)
e— S’"GAATCGATCCAGGTCGTCTT3’ (Tm - 59.09°C) Product size: 897
% Designing the primers using the sequences available in NCBI, for the loci for the same or

'ed genus.

sequences of the specific barcoding locus for the same or the closely related genus may be
ssovered from NCBI and they have to be aligned in the same way to design the primers for the

Fiz. 3: Uniform amplification of marK locus in Momordica using the primers designed on the base
sequences obtained by sequencing the bands generated by universal primers
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Mbalsamina

Mcymbalaria
RidgegourdarkaSumit
Ridgegourdiaricam
Mcharantia-Vadakara
Mcharantia-V53
Mcharantia-JNM7
Mcharantia-Preethi
Mcharantia-Kuruppantara
MsahyadricaAnnamalai
Msubangulatarenigera3
MdicicaOdisha
Msubangulatarenigerad
Msubangulatarenigera$
Msubangulatarenigera2
Wild3similartosahyadrica
Msubangulatarenigeral
Wildisimilartosahyadrica
Mmuricata
McechinchinensislE
Mdicica¥L2

Mdicica¥l4
Wild2similartomuricata
McochinchinensisAndaman

MsubangulatarenigerairkaGaurav

MdioicakKLl
MdicicakKL3

Fig. 4: The matK sequences of Momordica and Luffa accession aligned using ClustalW software to

Sequencing the amplified locus and identification of barcode gaps in each species

bands representing the locus have to be eluted using any standard kits and the DNA has to be
amplified in PCR reaction using the same primer combination. The product has to be run on 2
cent agarose gel to ensure that the reaction is yielding only a single band. If single band is
lified with no prime dimmer, the eluted DNA could be directly sequenced on NGS platforms. If
le banding is observed, the eluted DNA has to be cloned and the plasmid has to be sequenced.

sequences have to be aligned in Clustal Omega as already described and based on the alignment,
e barcode gaps should be identified. Barcode gaps are the species specific variations from the base
seguence of the genus for the sequence of the barcode locus.

TTRAAGGATCCTTICATGCAT TATGT TAGATATCARGGAARATCTATTCTGGTTICARAAG
IIARGGATCCT I TCATGC AT TATGT TAGATATCAAGGAARATCTATICTGGT TTCARALS
m&’rccrnmmmﬁa IAGATATCAAGGAAAATCIATICIGGT

AGGATCCITTCAIGCAITA TAGATATCRAGGAAAATCIATICIG
TTARGGATCCTTITCATGCATTATGT TAGATATCAAGGARAATCTATICTSG
TTARGCATCC T T TR TG AT TATGT TAGATATCARGEARRATCTATICTGSTTICARALS
IIARGEATICCTITCRAICCAT TATCT TAGATATCAAGGAAAATCTATICIGGTITCARAAG
TTARGGATCCTITICATGCAT TATGT TAGATATCRAAGGARAATCTATTCTGGTTTCAARAG
TTARGEAT CCTITCATCCAT TATCT TAGATATCAAGGRARRATCTATTCTGGTTTCARRRG
TTARGGRTCCTTICATGC AT TATCT TAGATATCARAGGRAAAATCIATICTGST
TTAAGGATCCTITCATGCAT TATGI TAGATATCAAGGAAAATEARTICTEG
TTRAGGRTICCTTITCATGCAT TATGTI TAGATATCAAGGARAAT " TICIGGTITICAARAG
TTARGGATCCTTTCATGCATTATCTTAGATATCAAGGAAAAT ﬂ RTTCTGCTTTCARRRE
TTARGGATCCTTICATGCAT TATCT TAGATATCAAGGAAAATY ok TICTGGTITCARARS
TTARGGRATCCTTICATGCATTATGTTAGATATCAAGGAAAATEAR IICIGGITITCAAARG
IIARGCATCCTIIICATGCAT TATCI TAGATAT CARGGAARATETATICIGCIITCAARAG
TTARGGATCCTITCATGCAT TATCTTAGATATCAAGGAAAATCARTTCTGETTTCARALG
I AAGGATCCI T TCATGCAT TATGT TAGRATAT CARGGARAMATCTATTICTGATTTCARARG
IIAAGGATCCTITCATCCAT TATGT TAGATAT CAAGCGARAATCTATICTSGT T TCAAARS
TIAAGGATICCTIITCATGCATTAIGTI TAGATATCAAGGARAATCTATICIGGTIITCAAAAG
TTAAGGATCCTI TCATGCAT TATGT TAGATATCAAGGAAAATCTATTCTGGTTTCAAAAG
TTARGGATCCT T TCRATGOAT TAT G T TAGATAT CANGEARAATCTATTCTGETTTCAAAAS
TTARGGATCCTTTCATGCATIATGI TAGATATCAAGCGAAARTCTATTCTGGTITCAARAG
TIAAGGATICCITICATGCATIAIGITAGATATCAAGCGAAAAT TICIGGITICAARAG
TTAAGGATCCTTTCATCCATTATGTTAGATATCAAGCAAAAT TTCTGGTTTCARAAC
TTARGEATCCTTTCATCCATTAT ST TAGATATCAAGCARANT TTCTEETTTCARRAC
TTAARGGRICCTITTCRAIGCATIATGI TAGATATCARGGARAATCTATICIGGTTTCARAAG

FEARIARAFSIPI AR TSR R R AIN S S FRBA AR R AR AR R IR RS C R AR r AR

isolate the barcode gaps. Absence of * shows the presence of gaps.

IV. Manual generation of barcodes for various species in the genus.

The summation of the barcode gaps leads to the DNA barcodes for each species.

- EEEEE EEEEEEEEEEEEEEEEEEE EEEEEEEEEEEEEEEEEEEEEEEEE
Prewls TlelT|¢|Tle GEHEON DEEOEEOE cjelr|s]ciic]r rivjeliviT]c slelrfalelr|alclelr]2]alelc]e]a
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V3 Tisir|c|T|e Giclcicia Glsjclefc|ris]T ciGc|T|s|c c|T TirjeTiriT|c siclTlajsiT|alcis|r]|alalcjc|s]a

3 2047 Tis|r|ciT]s Sis|cisia glsicis|c|Tis|T BEEEE c|r TiTjefriTit]¢c sliclrjajsiT|alciafT[a]ajsic]|s]a
“hm] T A Ll TlAlS|TiT cis{A TS Glelris AC"GCG‘YGTTCYYTCGG(YAG?ACGTAAG'GGE

3T s semgerad HD OB TialslTiTiRlc|cialc|TIo@Mc|c|TIcEM 2 [cialT|s|clslcf[elT|T[cTiTIT|clelcic|[T|alels=[clalT]a]alelelc]le

34 s rexigerad TlAa ALlT TiA|S|TiT c|G]Aa Tl|le Slc|TiG ACAYGCGC:‘GYYCTTYCGG‘TAGYACCYAAE{B‘G
? M« remzerad T|a AlT vialel[riT c|6iA rle slc|Tie Alctalrlslcisic]~|aiT|r]|c|riv T|clclclic|~|alciT|alciciT|alalcic|cle
- M 3 temgenat TlA alv TialsfTir claia Tle clc|Tic AcAYecﬁt?:vY_cYr'rcenscerfAcﬁraaE*cna
=z MsAdaGow [T]a alT Tiaje|TiT c|ala T|la clec|Tis slejajr|sjejejelrisjTiviclTiviT|c|ejejc|T|als|v[a|ciciT|2]|a]s|c|[c]|e
. TRt TiAajTAlY TialG|TiT]C Tlejcjelc|Tic]T]a afvielciciclT|ciTiT]|e|TIviT|c]elcicT|alsiT[alclelT]alalclclcla
’l'Muma7Av17cfAcrrcccAcvccscvc?AcAvccthcT HEMEEODOEDOED CEDBEoooo
M SowakLl HENDEOHDOEED & elclTic]T[alelalT clejelvisiriTie|rivIT[c]slc <l [alel e[l [2[aleic[e]a
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i EXTTHEE Y|alTlalT|c|T[AlG|TiT]G CHOEZOEDEDE COONCHEGHEEDOOEEDOEDEOEDEEEED
EXTTEn HNEDEDEDOEED slefelelrisirfalcialv]s|clelc|T|s{TiT|c|r|TiT|c|eiclc|T|alelT|a|clclT|2lalclcleln
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GECE NE G [l HEEEHEEHOOOEODOMDEEEODEE B

Fig. 5: DNA barcode generated for the 7 Momordica spp. under study the distinct barcode gap of M.

¢. ssp charantia, M. subangulata, M. balsamina, M.cymbalaria and Luffa may be noted.
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. Sequence annotation

being submitted to BOLD systems (The Barcode of Life Data Systems v3

- ‘www.boldsystems.org/), the sequences have to be annotated. Sequence annotation is a process

sugh which the coding and non-coding regions and other specific locations that are of importance
DNA sequence are identified.

using BLASTn, confirm that the sequence that we have obtained is in the 5°-3° forward
=ction. If the sequence is in reverse direction, the reverse complementary sequence has to be
=rated using the BioEdit software for submission to NCBI as well as BOLD.

g BioEdit for correcting the sequence direction

Moymbalaria |3

Fig. 6: The entry of sequence in the BioEdit. The highlighted sequence name may be observed in
black background.

The complementary pair in the reverse direction appears. The sequence will be automatically changed
in the source *.txt file also.

Using MEGAS5.0 for annotating the sequence

Open *.txt file and paste 3 or 4 copies of the sequence (just for convenience to identify the presence
of any stop codon, if generated) in FASTA format and save the *.txt file as * fas file. Open MEGAS.0
— Align — Edit/Build Alignment — Create new alignment — OK — DNA.

Open *.fas file — select sequences (Ctrl A) — Align selected with MUSCLE — Align DNA. A new
window opens and in that, Compute — Close — Sava as *.mas file.
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Open MEGAS.0 and drag the *.mas file in to the work area. Then, Analyse — TA — Data. New box @
code table appears and Select code table — preferably, plant plastld OK. Click the Phen-UUC b
to convert the nucleotide sequences to aminoacids sequences. This also shows the stop codons, if
in between the amino acide sequences. There should be no stop codon in the sequences that have to
submitted and for this we have to check, if the start site in nucleotide sequence is changed to sec
or third position, whether the stop codon could be avoided. For this, select the icon ‘Select and
Genes/Domains’. A new box appears, click 1 (present position choosen as the start point in
nucleotide sequence) and change to 2. If still the stop codon appears, try with 3 and still if the
codon appears, we will have to trim the nucleotide sequence to avmd the stop codons in between
amino acid sequences.

VI. Submitting the details to BOLD

The DNA barcoding sequences and other details have to be submitted at BOLD systems for
generation of barcodes for every specimen. The details on submission are available in the BO
handbook at http://www.boldsystems.org/libhtml_v3/static/BOLD_Handbook Oct2013.pdf. Initialis.
an account may be started with a preferred username and password. After logging in, if you are new
to the system, enter the workbench and start the new project. Project title, project code, project type.
primary marker, supporting marker, involvement in any of the barcoding campaign, place =
container, tags, project description etc. have to be entered here.

The primers that we have used in the barcoding have to be registered. If the sequences of the primers
are already available in the BOLD systems, the unique ID of Forward and reverse primers will be
given by the system and this should be written down for subsequent use, while submitting the othes
details. If the primers are new, BOLD will generate new IDs and will be issued. Subsequently, the
specimen data have to be entered. Sample ID, field ID, museum ID, collection code, stormg
institution, Specimen taxonomy, Specimen details, Collection data etc. have to be submitted. Afier
verification, BOLD issues a process ID for the submission which is necessary for the furthes
submission of specimen images, sequences, trace files etc. The original image has to be submities
along with a specially designed and downloadable Excel file. After completing all necessary detail i
this Excel file, figures and the file have to be zipped and uploaded. Sequences should be accompanied
by the original *.abl files received from sequencing. The sequencing results have to be zipped alons ]
with *.abl files (forward and reverse) and uploaded. '

Databases |

BOLIDSYSTEMS ¢

=

Fig. 7: The front page of the BOLD submission page, which shows the details to be submitted to
generate the barcodes.
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“Umce the submission of all the detalls are completed, BOLD will be generatmg the DNA barcode for
e specimen.
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