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atpB-rbcl Molecular evolution and phylogeny of the atpB-
rbecL spacer of chloroplast DNA in the true
mosses

Tzen-Yuh Chiang and Barbara A. Schaal Genome 43: 417-426 (2000)

Two umiversal primers. rbel-1 (5-AACACCAGCTTTRAATC-
CAA-3") and atpB-1 (5-ACATCKARTACKGGACCAATAA-3").
were developed for amplifying and sequencing the rbel-atpB spac-
ers (Chiang et al. 1998) from the sequences of Marchantia
U L 1088). fol Shi i L 1986 i
(Nishizawa and Hirai 1987). The PCR amplification protocol uti-
lized two units of Taq polymerase (New England BioLab), the Taq
buffer (500 mM KCI, 100 mM Tris—HCI, pH 9.0, and 1.0% Triton
X-100), 2.5 mM MgCl,, 10 pmol of each primer, and 8 mM dNTP
in 100 uL reaction. PCR. amplification was carried out in 30 cycles
of 94°C denaturing for 45 s, 57°C annealing for 1 mun 15 s, and
72°C extension for 1 mun 15 s, followed by 72°C extension for
10 min and 4°C for storing. PCR products were polyacrylamide-




Origin of plant chloroplast genome
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Physcomitrella (moss) chloroplast genome gyter genes: reverse
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Central dogma Start codons: ATG
Stop codons: TAA, TGA, TAG
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Plagiothecium latebricola atpB-rbcl
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Transcription and translation a gene with intron
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Organize sequences

» Use a text editor: WordPad, Notepad ++ (windows);
TextEdit, TextWrangler (Mac)

» One file for one gene, always include GenBank accession
number for a sequence

» Molecular programs: BioEdit v7.2, MEGA v5, PhyDe
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BioEdit v7.2
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BioEdit v7.2

S BiokitSequence Algnment Edtor - USSR DEFop e e

}{’ File Edit | Sequence | Alignment View World Wide Web Accessory Application RNA  Options Window Help

= [

B E [t

kode: iEdit

g I D

Calliergol
Vittia pag

Plagiothes

Mew Sequence

Edit Sequence

Select Positions

Open at cursor position
Rename

Sort

Pairwise alignment
Similarity Matrix (for pairwise alignments and shading)
Features

Sequence groups (or families)
Edit Mode

Mask

Toggle Color

Gaps

Manipulations
World Wide Web

Mucleic Acid

Protein

Translate or Reverse-Translate (permanent)
Translate in selected frame (permanent)
Toggle Translation

Toggle translation in selected frame

Dot Plot (pairwise comparison)

Ctrl+G

e Start 1
e ruler at;

rrag <ol FEE I R |
e @ M | H speed slow - fast

!T!ITT!!IT!TTI!!!TITTT!I!T!TIT!!!I!TTTI!!T!ITT!!IT!TTI!!!TITTT!

70 a0 S0 100 110 1

T

CATE TTAGRRAGTRAATARATTAGTTGCTGATTATAT
ITAGRRAGTAATARATTGGTTGCTGATTATAT
TTATARAGTRAATARATTAGTTGCTGATTATAT
TTAGRRAGTRAATARATTAGTTGCTGATTATAT

ARD
B

TZR

GAATCTGTTTTCATAAE
TAR
TAR

T
naT
A ATCTGTTTTCATARRAT
TuuHHhﬁETCTGTTTTCﬁ ARRAT

Mucleotide Composition

omplement

Reverse Complement

RMA-= DM
Translate 3

Find next ORF




MEGA v5
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GenBank

http://www.ncbi.nlm.nih.gov/

» GenBank: an open access sequence database collecting nucleotide
sequences and their protein translations

» GenBank is found in 1982 by the National Center for Biotechnology
Information (NCBI), which belongs to the National Institutes of Health
(NIH)

» By August 2014, GenBank has 174 million loci, 165 billion bases, and for
more than 300,000 organisms

» Doubling every 18 months


http://www.ncbi.nlm.nih.gov/
http://www.ncbi.nlm.nih.gov/

Plagiothecium latebricola atpB-rbcl
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http://www.ncbi.nlm.nih.gov/nuccore/KF882285

Retrieving sequences from GenBank
» Search by gene and organism name

» Search by a query sequence
e Using BLAST (Basic Local Alignment Search Tool)



Acquiring sequences from GenBank: Search by name
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Acquiring sequences from GenBank: Search by name
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Acquiring sequences from GenBank: Search by name
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Acquiring sequences from GenBank: Search by name

>gi| 610663837 |gb|KF882295.1| Plagiothecium undulatum voucher CP:J. T. Wynns 2050
ATP synthase beta subunit (atpB) gene, partial cds; atpB-rbcl intergenic spacer,
zomplete sequence; and ribulose-1,5-bisphosphate carboxylase/oxygenase large
subunit (rbcL) gene, partial cds; plastid
MMGAGTAATACGTCCTATATTTTTAGCAATARGTGTTGAAGTACCARAARMCTGCGAGAATCTGTTTTCATA
LAATTTAGAAGTAATAAATTAGTTGCTGATTATATTAARAAALATATTTAGTATCAACTCCGATCATTTAAT
IATTGAAGAAAARARAATTATTTTCAATTAATTACTTATATATAGATATAAGTATATAARARTAARAARLATT

A ARACTGTAAGAALTARATATGAAATAAATATTTTTTACAATCTARARATATTACGTARATAATAAATAT
ATTTAAATAARALAAATTTTTATTTTATTTTCARAAAMTALATTARAATTAGATAATACGTTTTTTTTTTTATT
ICTTACTATGTTTTTAATTAAAATTTATTTTTATTAATTAGTTTAACATTCARALCGATTATTAGGTCAAT
SCTTATACAARATAANACTCATTTATTAAAABMTAATTTGAGTTGCATCARAATGTALAAMAGTACTATACAAT
SATACTGTTTTGTTATAGTAAAATAACTTTCGTCTARARRACACAARMTTAMATACCAARCATCGTTTTTTT

AT ARAGATTGARARRARALCTTATTTGTCGAGCAGACCTCATCCTTGCAAGAGTTATCAATTGAGTTGTAGGGA
SGGACCTATGTCACCACAALCGGAGACTAAMGCAGETGTTGGATTC

>gl| 610663834 |gb|KF882294.1| Plagiothecium succulentum wvoucher CP:J. T. Wynns 1965
ATP synthase beta subunit (atpB) gene, partial cds; atpB-rbcl intergenic spacer,
complete sequence; and ribulose-1,5-bisphosphate carboxylase/oxygenase large
subunit (rbcl) gene, partial ecds; plastid
IGAGTAATACGTCCTATATTTTTAGCAATAMGTGTTGAACGTACCAAAACGTGCGAGAATCTGTTTTCATAR

A TTTAGAAGTAATARATTAGTTGCTGATTATATTAARRAAATATTTAGTATCAACTCGATCATTTAATT
ATTEAAGAAARLATTTATTTTCAATTAATTACTTATATATAGATATAACTATATAAARATAAARRRARTTA
AAAACTGTAAARARAATAAATATTTTTTACAATCTALAARTATTATTAAATAATAAATATATTTARAATAARR
AATTTTTATTTTATTTARAARAAATALAATTAAATTAGATAATAGTTTATTTTTTTATTTCTTACTATGTT
ITTAATTAAATTTTATTTTTATTAATTAGTTTAACATTCAARACATTATTACGTCAATGCTTATACAAAT

A ARACTCATTTATTARARATAATCTGAGTTGCATCAAATCGTARAARMRTACTATACAATGATACTGTTTT G
MmMaTAGTAAAATAACTTTGTCTARARAAAGCGACAAAATTARATACCAAAMGATCGTTTTTTTATAAGATTGARS
ARACTTATTTGTCGAGCAGACCTCATCCTTGCAAGAGTTATCAATTGAGTTGTACGGGAGGGACCTATETC
ACCACAAACGGAGACTARAGCAGGTEGTTGGAT

>gl| 610663831 |gb|KF8822593.1| Plagiothecium succulentum voucher CP:J. T. Wynns 2063
aTP synthase beta subunit (atpB) gene, partial cds; atpB-rbel intergenic spacer,
complete sequence; and ribulose-1,5-bisphosphate carboxylase/oxygenase large
subunit (rbcL) gene, partial cds; plastid
ATTTGAGTAATACGTCCTATATTTTTAGCAATAAGTGTTGAAGTACCARAAGTGCGAGARTCTGTTTTCA
AAAATTTAGARAGTAATARANTTAGTTGCTGATTATATTARARRAATATTTACGTATCAACTCGATCATTTA
ATTATTGAAGAAAAATTTTATTTTCAATTAATTACTTATATATAGATATAACTATATARAATAARADARD
ITAAAAACTCTAAARMATAMATATTTTTTACAATCTARAAATATTATTARATAATAAATATATTTARATA
aAARATTTTTATTTTATTTARARRARATAARTTAARTTAGATAATAGTTTATTTTTTTATTTCTTACTAT
STTTTTAATTAAATTTTATTTTTATTAATTAGTTTAACATTCARAAGATTATTAGGTCAATGCTTATACA

ATMARRASAMAAMMMAMMA AR AR RMARAMAM/AR MM AMARAARMAMARA AR ARAMAAMAMA SR A MR MR M mim



Retrieving sequences from GenBank
» Search by gene and organism name

» Search by a query sequence
* Using BLAST (Basic Local Alignment Search Tool)



Acquiring sequences from GenBank: BLAST
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Acquiring sequences from GenBank: BLAST

»NCEW BLAST/ blastn suite
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http://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE=Nucleotides&PROGRAM=blastn&BLAST_PROGRAMS=megaBlast&PAGE_TYPE=BlastSearch&DBSEARCH=true&QUERY=&SUBJECTS=
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