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<, 9,295 score scheme, 74

>, 9,90, 297 ungapped, 73, 210

>&, 50 Alleles, 23

>>, 176, 295 a-hemoglobin, 96

*2 Amino acids, 25-32

& 10 conservation of pairs, 26
|, 297

distances, 27, 29
frequencies, 32

A mismatched, 31, 161, 164

ABC transporters, 92-94, 244, 245 most frequent, 31
AdhlAdh-dup, 36,37, 41,43,72,76,97, 172, polarity, 27, 28
174, 175’ 1777 181 side chains, 27, 28
age of duplication, 44-45, 186 Amino acids conservation of pairs, 31
Alcohol dehydrogenase, 36, 60 Ancestors, 113
Alignment, 24 andi, 106, 108
and dot plot, 38, 179 apt, 8,9
compare score schemes, 75 Array, see awk
dynamic programming, 40, 214 awk, 14, 17-21, 48, 49, 60, 151-155, 302—
fast global, 83-85, 228-234 306
fast local, 72-78, 210-221 action block, 18
gap score, 25, 40, 41, 180 actions, 302
global, 23, 38-41, 43, 179, 180 arithmetic functions, 304
global/local, 72 array, 19
ﬁloc?li'zoa 83,95 BEGIN, 21
euristic, 74, 83, . .
k-error, 6972, 206-209 builiin variables. 303
local, 38,42, 179, 181-183 i
match score, 40 for 109p, 19
mismatch score, 40 formatting for printf, 303
multiple, see separate entry hash, 21
number of alignments, 32-34, 168-171 input/output, 303
optimal, 38-42, 74, 179-183 operators, 304, 305
overlap, 79, 80, 221, 222 patterns, 18, 302
pairwise, 23 print column, 17
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bash, 2, 6, 14, 211, 297
as calculator, 6
autocompletion, 2, 3
.bashrc, 11
cursor moves, 5
loops, 14, 15, 74, 297
scripts, 14, 297
text replacement, 298
bc, 235
Benjamini—Hochberg correction, 130
B-hemoglobin, 96
Big-O notation, 47
Binary search, 75, 214, 215
BLAST, 72, 88, 90
algorithm, 73
all-against-all, 89, 238
blastn mode, 75, 78, 215
blastn-short mode, 86, 235
database, 78
E-value, 77, 78, 220
extension strategy, 214
megablast mode, 75, 78, 215
position-specific iterated, 93, 245-247
reciprocal hits, 88
run time, 235
score, 76
score distribution, 77, 218
sensitivity, 75, 212, 213, 215, 216
significance, 77, 220
simple, 73-74
tabular result, 239
word list, 73
word size, 75
blast2dot.awk, 89
blastn, 73, 75-77, 214, 216, 238
blastp, 89, 90, 248
Bonferroni correction, 130
Book website , vi
brew, 8, 10
Burrows—Wheeler transform, 86
bwa, 86, 87, 236, 237
BWT, 63, 66, 206
bwt, 63, 64, 206
bzip2, 63, 67

C

cat, 8,9, 31,296
cchar, 35, 207
cd, 2, 3,299
Chaperones, 239
chmod, 8, 13
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clustal?, see clustalw
circo, 89,92, 241, 243
clustalw, 95, 97, 98, 251
clustDist, 106, 107, 111
Coalescent, 121-126, 275-280
algorithm, 124
coalescence event, 121
construction, 121, 123, 276
mutations, 124, 277
population size, 122
print tree, 125
sample size, 122
segregating sites, 125
simulations, 125, 126, 278
time intervals, 122
time to the most recent common ancestor,
122,276
coalescent.awk, 121, 125
Codd, E. F, 131
Coding sequence (CDS), 158, 178
Codon, 158
Command line, 2
Complexity, 66, 205
Compressibility, 63, 66
Contig, 81, 82, 224
cp, 296, 299
cut, 8,9, 296
cutsSeq, 38, 206, 209

D
Darwin, C., 101
Database client, 132
Database server, 132
Deletion, 24, 156
de novo sequencing, 86
D. guanche, 36
diff, 71, 149, 296
Directories, 7, 11, 290
Distance matrix, 96, 109, 261
Divergence time, 43, 45
D. melanogaster, 36, 71, 172
dnaDist, 106
Dot plot, 34-38, 172-178
and alignment, 38, 179
duplication, 172
repeat length, 36, 174
size, 35
dotPlotFilter.awk, 35, 36
drawGenealogy, 113, 115
drawGenes, 8§, 10
drawStrees, 84
drawWrightFisher, 113, 117
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dvips, 53

E
echo, 6, 25
E. coli, 83, 85
divergence time, 234
emacs, 8, 9, 293
Enhanced suffix array, 58
ENSEMBL, 131, 132, 137-138, 290-292
Entity-relation model, 132, 133
Exact matching problem, 47
Example data, 8

F

Factorial, 159

False discovery rate, 127, 130
False-negative rate, 127, 129, 130, 281, 282
False-positive rate, 127-129, 281
FASTA format, 21
fasta2tab.awk, 95,99

File permissions, 7, 12

Files, 293

File system, 7, 299

fing, 8, 11

Fisher, R. A,, 115

fold, 48, 49, 188

G

gal, 23, 25, 41, 70, 72, 180, 206, 209

gd, 106, 107, 261

GenBank, 37

genCode, 26, 29, 160

Genealogy, 113, 115, 116, 270
bi-parental, 113-115, 268-271
uni-parental, 113, 115, 271
universal ancestors, 115, 270

Gene duplication, 35, 88

Gene families, 88

Gene ontology, 127, 130, 131

Genetic code, 26-28

Genome assembly, 79, 81, 82, 84, 224, 226

genTree, 101, 104, 256

getSeq, 89, 96

gnuplot, 8, 12, 27, 34, 145, 211, 215

Gosset, W. S., 127

Graphical user interfaces, 1

Great apes, 107

grep, 8, 9, 16, 296, 300

gv, 48, 53

Gyrase, 17
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gzip, 63, 66, 67

H

Hamlet, 64,71

Hash, 14

head, 8, 9, 296

Hemoglobin, 99

histogram, 26, 27

history, 4

Hominidae, 107, 108, 260, 261, 263
Homology, 23, 36, 43, 72
Hyper-cube, 95

I

Insertion, 24, 156, 248
Interactive editor, see emacs
Inverse suffix array, 58

J

Java, 132, 136
java, 136
javac, 136
JDBC, 137
join, 296

K
kerror, 70-72, 74, 207, 209
k-error alignment, 70
keywordMatcher, 48, 51, 190-192, 206,
207
Keyword tree, 48-53, 186—193
failure links, 50-52, 192

L

lal, 42,72,74,76,207,209, 211,216
latex, 48, 53, 115

Lempel-Ziv decomposition, 63, 66
less, 38,64, 71,296

1n, 71

Longest repeat, 55, 56, 60, 84, 201
1s,2,3,296

lscpu, 106, 108

1zd, 63

M

make, 8, 10
makeblastdb, 90
man, 2, 5
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Match probability, 56
Matrix multiplication, 26, 30
Mean, 82, 221
Median, 82, 221, 222
M. genitalium, 8, 9, 15, 19, 55, 79, 80, 82,
90, 145, 148, 151-153, 242
Midpoint rooting, 109
Mismatches per site, 44, 185
Mitochondrial genomes, 108, 263
mkdir, 2, 3,299
Molecular clock, 44, 105, 260
Monte Carlo test, 128, 280
Mouse genome, 126, 279
Mouse transcriptome, 127, 130, 132
Move to front, see MTF
mRNA, 158
ms, 121, 125
MTEF, 63, 65, 66, 206
mtf, 63, 65
Multi-threading, 108
Multiple sequence alignment, 94-99, 247—
253
dynamic programming, 96
gaps, 98, 99, 250
guide tree, 97, 98, 249
multidimensional matrices, 94
optimal, 94, 95
polymorphisms, 107, 261
progressive, 95-99, 249-253
query-anchored, 95-96, 247-249
MUMmer, 83
mummer, 83-85, 230-231
plot, 84, 85, 230, 231, 233
mum2plot .awk, 84, 225
Mutation, 24, 156
mutator, 70, 73, 75, 206
mv, 4, 296
mysql, 290

N

Nsp, 82, 226, 227

naiveMatcher, 48, 50, 51, 188-191
Naive string matching, 47-49

neato, 89, 90, 92, 240, 241
new2view, 101, 102, 107, 253
Non-synonymous mutation, 28, 31
nucmer, 84, 85

numAl, 34

o
oal, 79, 221
Open reading frame, 27, 158
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Orthology, 35, 36

P
pamLog, 26, 31
pamNormalize, 26, 31
pamPower, 26, 30, 31
Paralogy, 35, 36, 43
PATH, 7
PATH, 11, 13
Pattern preprocessing, 51
percentDiff.awk, 32
PHYLIP, 111, 267
Phylogen
midpoint rooting, 267
Phylogeny, 101-111, 253-268
branch lengths, 104, 105, 256
four point criterion, 109, 264
leaf labels, 103, 254
midpoint rooting, 108, 266
mutation rates, 109
neighbor-joining, 108-111, 264-268
Newick format, 101, 102, 111
number of phylogenies, 105, 258, 259
primates, 111, 267, 268
radial layout, 255
random, 104, 256
root, 102, 254
rooted, 106-108, 260-264
three point criterion, 107, 109
traversal, see tree
ultrametric distances, 107-109, 260, 262
unrooted, 103, 108—111, 264-268
UPGMA, 106-108, 260-264
Pipe (|), 5,295
Plin5, 128
Population size, 115
POSIX standard, 2
Prefix, 47, 52
Primates, 108, 263
Protein family, 88-90, 92, 240, 242, 245
Protein sequences, 30, 31, 163
psiblast, 93, 94, 245, 247
pwd, 299

R

Random DNA sequence, 21, 80

Random graph, 91

randomizeSeq, 35, 56, 67, 80, 173, 206,
223

Random number generator, 105

ranDot . awk, 89, 91

ranseq, 52, 57, 80, 84, 223
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Read mapping, 86, 235

Recursive function, 32-34, 168
bottom-up solution, 33
top-down solution, 33, 34

Redirection, 297

Regular expressions, 306, 307

Relational databases, 131-138, 285-292

repeater, 35, 57, 173, 196

Re-sequencing, 86

retree, 111, 267

revComp, 48, 49, 188, 231

rm, 2, 4, 296

rmdir, 24, 296, 299

rpois.awk, 121

Run time, 48, 74

S
SAM file, 87, 88
Sampling without replacement, 123, 276
samtools, 86-88
Sanger, F., 78
sblast, 73, 74, 76, 211, 213
Scripts, 12
sed, 14, 16, 17, 37, 175, 301-302
seq, 14, 15,297
Sequence evolution, 23
sequencer, 79, 81, 86, 224, 234
Sequencing reads, 79
Set matching, 48, 52
Shell, see bash
Shell script, see bash
Shortest unique substring, 55, 61
Shotgun sequencing, 78-82, 221-228
coverage, 80, 81, 223
error rate, 81, 225
paired-end, 81
unsequenced nucleotides, 81, 223
show-snps, 84, 85
shuffle.awk, 95
shustring, 55, 61, 202
simNorm, 127
simOrf . awk, 27
Single Nucleotide Polymorphisms (SNPs),
85, 126,279
Singleton proteins, 92, 243
sort, 17, 149, 288
source, 11, 146
SQL, 132, 135-136, 286-289
avg, 135
count, 135, 287
delete, 134,286
host language, 136
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insert, 134, 135, 286
join, 135
limit, 135
max, 135
min, 135
select, 134, 286
sglite3, 134, 137, 285
Statistical significance
effect size, and, 130
multiple experiments, 128-130, 280-
285
sample size, 283
sample size, and, 130
single experiments, 128, 280
Statistics
sample size, 283
Stream editor, 14
Student’s t-test, 127
Substitution matrices, 25-32, 158-167
BLOSUMG62, 94
PAM, 30-32
Substitution rate, 44, 185
sudo, 10
Suffix, 47
Suffix array, 57-61, 64, 197-202
common prefix, 58, 197
enhanced, 59, 60
inverse, 60, 199
lcp array, 58, 60, 61, 198
lcp interval, 59, 60, 198
lcp interval tree, 58, 199
suffix tree, and, 59
Suffix tree, 54-58, 60, 61, 83, 193-196, 198,
199
construction, 54, 57
generalized, 83, 84, 228
searching, 55
string depth, 84
Symbolic links, 71
Synonymous mutation, 28

T

tabix, 126

tac, 296

tail, 8,9, 296

tar, 8

testMeans, 127, 128
Text compression, 62—-67, 202-206
The Origin of Species, 101
time, 38, 48, 50, 74, 108
touch, 2,3

tr, 16, 300
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traverseTree, 101, 104, 256
Tree
notation, 98, 102, 103
recursive structure, 101, 103
traversal, 101, 103, 104, 256
Tree:traversal, 104, 256
Type I error, 127, 129, 130, 281, 282
Type 1l error, 127, 130, 282, 283

U

Uniprot/Swissprot, 96, 99
uniq, 14, 20, 296

Universal ancestors, 115, 269
UNIX, 2, 7, 292-307

\'%
var, 20
Variance, 20
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velveth/velvetg, 79, 81, 224

w
watterson, 121, 125
Watterson’s equation, 121, 125
we, 5, 160, 296
which, 8, 11
World population, 268
Wright-Fisher model, 113, 115-118, 120,
126, 271, 280
ancestor event, 119, 273
common ancestors, 117-119, 271-273
lineages per generation, 120, 273
most recent common ancestor, 119
simulations, 116, 117, 271, 272
test of, 126, 279
time to the most recent common ancestor,
120, 274, 275
Wright, S., 115
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