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Perl Panacea?

- The camel represents the desirable features of Per
- O’Reilly colophon

- Why is the camel successful?

- adapted itself to desert environment
- low water needs (gets around with what’s around)
- elegant from a distance
- still comfortable

- not cute - until you get to know the camel

DATA OASIS APPLICATION OASIS

ADAPTIVE, LOW-MAINTENANCE
EASY TO RIDE

DESERT
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Perl as Explorer
Lots of camel mechanics in the desert, and we’re in a desert
SIMPLIFIED
ANOTHER LEADING LANGUAGE PERL EXPLORATION MODEL

horde of |

scientists @5 )W

~ mathematics ~ physics

beautiful & elegant gets you there

rigorous, requires overhead explores uninhabited terrain, cavalier Known
fast on smooth ground average speed on smooth ground %‘ﬁ

slow in rough terrain average speed in rough terrain %ﬁ

| killed by camel veterinarian “ horse veterinarian OK
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Holy Triad of Analysis

. . ouTPUT
- fetch from: file, user, pipe, http, ftp
- munge: collate, sort, organize, count, enumerate J

- output: text, image, HTML, XML MUNGE

- each step is made pleasant and easy with Perl

- many types of analyses fall into this analysis triad <

al Mapping Data, Nov/01/2002

-Eatliadet brr (TAE separabad vaboer, mehuidng FH-vectors. 18 ME)

3

0 0 RPCI31.80h3

N -conssousve renbe 0 1 MPMGy916.380h8
O - chiomasome
Conr - commgmanber on rrrpret cheemersme 0 2 wIB Ry9 33.259d6
Lob.Clone - ey sasne. clone name .
F - Euwwoek. marker, according to Rat Genoeze Database, EGD
FeR - chepontion of famrmork marker 0 45 WIBRy933.284b4
YAC: - VACy kb L Claee, °0 separared

WEMIH16 = 1CRFA W Lisge, SHESP Bat VAT Lbeary 0 46 WIBRy933.219cl12

WIERY933 = Whickead Insttvte | MITrat YAC Library 0 47 MPMGy916. 110d1
- 1 0 MPMGy916.369g12
o) G Font | LibiClane || ¥ [FeR]] 1 1 MPMGY916.2829g2
|748 02 1 RPCI3GNE MPMGFHI6 18549, MEN Gy 161011, MPMGYH16 52868 1 2 RPCI31.33ml0
749 02 1 RECELE3I0 MPMGFH6, 12649, MEMGP 16 15k7, MPLIGyI L6, 811, MPMG16 5288 )
|35 03 1 RRCES2ANME MPMGIE 1132, MEMGyD 16 1663, MEMG16.15 166, MPMGI16 153, MP M4 27606, PR
1751 drat 00
|752 02 1 RECIR2406p MPMOFH6 1132, WPMG/Y16. 1603, MEMGy 16,19 Lo, MEMGyHL6. L9565, MPMOyS16. 27806, 21 7 RPCI31.17n14
|53 02 1 RECEIA94L MEMGyFI6 11358 MP MOy 16 19605, MPMGyD L6 VTZ0T. MEMIG916 204a1. MPRG3 16 271c 21 8 WIBRy933. 106h8
|78 02 1 BRCIRRARAT MPMG16 17281, MERIGYS 16, 1130, MPMGy#16 14648, BERCGH 16, 1T26T, MEMGy¥16 180 .
1758 02 1 RECI3 1683 MPMGFI6 11251, WP 16. 11352, MPMOy9 16, 14642, MPMGyR16 17267, MPBGI16.204 21 9 RPCI31.174i17
|756 02 1 RPCE2 3683 MPMGRH6. 1132, MPMGy#16 13543, MPMGyI16.17267, MEMGy916 21953, MEMGY16 265
757 03 1 RECER AN MPMGRH16 11382, MEMGyi16 13543, MPLGYILG V1267, MEMGy916 21958, MEMGy16 2651
758 02 1 RECERANCE MPMGFH6 1132, MPMGH#16 13543, MPLGYALE, L7267, MEMGy916 21953, MPMGy9 16 265t
|759 02 1 RPCE3L6M3 MEMGy16.1132, MEMOy#16 17267, MEMGy316.21%3, MEM Gy 16.2655 11, MEMy916.30¢
TE0 02 1 BRCEIZALLIE MEMGrI6 11522, MPMGy#16 17307, MEMGYILE 2053, MPM G916 265611, MEMGy316 300
T 02 1 BBCEH 310 MPMGRH6 11372 MPMGE 13543 MELICYILE L1267, MPMCv916 19663, MIMOA 16 256

| data we want is in a web table (Very Bad Thing™!) @‘ “ visualize the relationships for sanity * format data to STDOUT

BaD
LISAGE
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Step 1 - Fetch — Perl Makes it Fun
Mo Che Comt Lib.Clone F FcR
748 02 1 EPCI3LEANSE WFRGy916. 18649, MPMGyI 1634011, MFMSy916.52808
T49 02 1 EPCI3]. 6310 PGy 16, 18649, MPRIGyI16.2345h7, WPRGy916. 34811, MPRI G 16 52808
760 02 1 BBCIIL 4320 BPREGEH 16,1136, MEMGyH16. 1603, MPMGYI16. 191 o6, BATREGE 16, 19506, MU Gyt 16, 27806, WPGy9 16,
751 d2ratl 0.0
752 02 1 FPCIZ2. 4064 HPRGyY16. 11372, MEMGyY16. 1623, MPMGyI 16 191 cb, WP G 1619508, MEM Gy 16, 27856, MPMGyI 16
783 02 1 EPCIILA94 BFREG0 16,1132, MERMGy 16, 14642, MFIGyS 16, 17207, MPMGyI16 20431, MPMSy916.271e12, MEMSy)
75 o0z 1 BPCIZ2. 42307 WPRGyY16. 11241, MEMGyY16. 11362, MPMMGy316, 14648, B GyY16. 17207, MPMGyI 16, 18620, MGy 1€
a5 02 1 EPCIZL 168g3 KPR GyY16. 11241, MEMGyY16. 11322, MPMGyS16, 14648, BTGy 16 17267, MPMGy9 16 20Mal, MEMGeY L
75 02 1 EPCI32368g3 WFRGy916.113g2, MEMGy516,13543, MEMGy9 16. 17267, MPMGyI16.219g3, MPMSy916.2650 11, MEMGyS
767 02 1 EDOII249068 BFRG0 1611302, MEMOGyH16, 13543, MPIAGS 16, 17207, MOMGy 1621923, MPLGy9 16,2650 11, WIS
758 02 1 EDCIINAI08 BEFREGD 1611302, MERCGYD16 13543, MPIIGS 16, 17257, MOMGyI 1621923, MPGyS 16,2650 11, MTGys

e /

-1 BAC associated with many YACs

- want to extract the list of YACs associated with each BAC sonte YACs

BACa -> YAC1,YAC2,YACS,...,YACm
BACb -> YAC2,YAC3,YACS,...,YACn

- examine linking relationships

RELATIONSHIP BETWEEN OUR DATA
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LWP::Simple

- It’s very easy to grab a remote web page.

use LWP::Simple;
my $url = “http://www.mdc-berlin.de/ratgenome/data/MDC-Map-15.html”;
TG my $html = get($url);

- $htm1 now contains the HTML content of the web page

HTML><HEAD><TITLE>MDC-Rat-Data</TITLE></HEAD>

<BODY scroll=yes>

<H1>Physical Mapping Data, Nov/01/2002</H1>

<P>Download: <A href="http://flipper.molgen.mpg.de:10085/mdcRATdata/MDC-
RatDataSet.tsv'">MDC-RatDataSet.tsv</A>&nbsp;&nbsp;&nbsp; (TAB separated values,
including RH-vectors, 1.8 MB)</P><BR>

<H3><U>Legend:</U></H3>

<TABLE border=0>

<TBODY>

<TR>

<TD><B>No </B></TD>

<TD>- consecutive number<BR></TD></TR>

<TR>
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Parsing HTML — HTML::TreeBuilder

- Never parse HTML with your own code, unless you have a good reason. Use existing parser
modules.

use HTML::TreeBuilder;

Loty my $tree = HTML::TreeBuilder->new_from_content($html);

- $tree iS an object which you can traverse

- you have to know what you’re looking for
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Examine HTML - Brittle!

Physical Mapping Data, Nov/01/2002

<TABLE border=0> Dtz MDCRaTitsSester (TAB separsied ik, mebydng RB-vectors, 13 E)
<TBODY> Lerend:
Mo - eonsecusive nanber
<TR> Chr - chicmasome
Comt - comgramber ensrrpeetve cheomosome
LiL.Clone - ey sasne. clone name
<TD><B>No </B></TD> -
. F - Euwwoek. marker, according to Rat Genoeze Database, EGD
<TD>- consecutive number<BR></TD></TR> e
MEMGyH16 = 1CRE/AWE Liege_SERSP Rat YAC Libesey
<TR> WIBRY933 = Whirkead Inssiie { MIT rat YA Library
<TD><B>Ch r </ B></TD> G 19 Chremoseme [LZT3TATSIAITISIOTIOY 1ARI VA4V 1SY LY TS 0T 20121
¥ tha Com | Lib.Clone FER
<TD>- Ch r‘omosome</TD></TR> TE 02 1 EFCISLGANE MPMGFPIE, 18545, MFMCya16, 1611, MPMGy916 57508
749 02 1 RECELE3I0 MPMGFH6, 12649, MEMGP 16 15k7, MPLIGyI L6, 811, MPMG16 5288
|1 03 1 RRCES2ANME MPMGIE 1132, MEMGyD 16 1663, MEMG16.15 166, MPMGI16 153, MPMGyi4 27606
1751 drat 00
(752 02 1 RECIR2 406 MPMGFH6 1132, BEMG/Y16. 1603, MEM Gy 16,19 1o, MEMGyHL6. 19565, MPMOy#16. 27806
</TD> </TR></TBODY> </TAB LE> (753 02 1 RECENA94L MPMGHI6 11352, MPMGyYIE 14638, MEMG 16 1267, MPMGH16 2041, MPHGA16. 21
5402 1 RECERAAT MPMGEHI6 1121, MEMGYY16 11302, MPMIGYYIE 14648, MEMGH 16, 17207, MPMGy¥16 18ig
1755 02 1 RECI3 1683 MPMGFIS 11281, MPRIG 16, 11352, MPMOy9 16, 14642, MPMCy216 17267, MPMGI16.204]
- (756 02 1 RECE32 3683 MPMGRA6.1132, MPMGy#16 13543, MPMGy016. 17267, MPMG16 2193, MPMGyI16 265
. 757 03 1 RECER AN MPMGEH16.11322 MPMGy516 13543, MPMGYIL6 VT2, MPMGy516 2193 MEMG316 265
<TABLE r'u_l es=none bo r'de r'=l>< FONT S1 Ze=—1> 7 02 1 EPCIRZAROCE MPMGFHI6. 11352, MPMGy#16. 13543, MEMGy9 L6, 11267, MEMGy916 21953, PMCy9 16 26
759 02 1 RECELANI3 MEMG16.1132, MPMOy#16 17267, MPMOy916. 2193, MEM G7916.2650 11, MPMy316 30
TE0 02 1 RERCINZALL2Y MEMGr16 11522, M MGy 17307, MEMGYILE 21503, MPMGI16. 265011, MEMG916 3
71 02 1 BECE3 310 MPMGRH6 11372 MPMGE 13543 MELICYILE L1267, MPMCv916 19663, MYMGA 16, :»sgl

<TR bgColor=#eeeeee>

<TD>&nbsp;748</TD>

<TD>&nbsp;02</TD>

<TD>&nbsp;1</TD>

<TD>&nbsp;RPCI31.64118</TD>

<TD>&nbsp;</TD>

<TD>&nbsp;</TD>

<TD>&nbsp ;MPMGY916.186d9,&nbsp;MPMGy916.34f11..
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Fetch Columns from Second Table

Columns 2, 3, 6 contain data we want. Extract data and save in memory.

# fetch table
grep(?.@x) | my ($table) = grep($_->attr("rules"™) eq "none", $tree->find_by_tag_name("table"));
# get all rows from table

Eﬁ% my @rows = $table->find_by_tag_name("tr");
IDIOM # for each row..
ROW :

foreach my $row (@rows) {
# get all columns
my @cols = $row->find_by_tag_name("td");
# some columns do not contain data we want

next unless @cols == 7;
# get data from columns 2,3,6
my $contig = $cols[2]->as_text;

my $bacname $cols[3]->as_text]

my $yacnames $cols[6]->as_text;

# split YAC names a,b,c,d -> (a b c d)

my @yacnhames = split(/,/,$yacnames);

# save data in a hash of lists

push ( @{$bac_to_yacs{$bacname}}, @yacnames );

10/10/2003 Two Problems - Part Il - Fetching, Munging and Output
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Hashes and Arrays

my $bacname = $cols[3]->as_text
my $yacnames = $cols[6]->as_text;
my @yacnhames = split(/,/,$yacnames);

push ( @{$bac_to_yacs{$bacname}}, @yacnames );

%bac_to_yacs

@yacnames = M13A12, W4D9, ...

$bac_to_yacs{P0002B12} push()

v
M2A2, M3A12, M5A2, M2A2, M11C2, M7G5, M11G12, M3I5,
W3G5, ... WoB12, ... M1F3, ... W8KGo, ...

10/10/2003 Two Problems - Part Il - Fetching, Munging and Output
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Step 2 — Munge - Perl Makes It Easy

Store data in a way that allows you to easily find needed relationships — choose wisely

- BAC -> list all associated YACs
- @list = @{$bac_to_yac{$bacname}}

- BAC -> how many YACs?
- scalar ( @list )

- how many total BACS?
- scalar ( keys %bac_to_yac )

- how many total YACs?
- $num_yacs = scalar ( map { @{$bac_to_yac{$_}} keys %bac_to_yac )
- this sum doesn’t take care of duplicates

- how many average YACs per BAC?
- use Math::vecStat qw(average);
- average ( map { scalar ( @{$bac_to_yac{$_}} ) } keys %bac_to_yac );

10/10/2003 Two Problems - Part Il - Fetching, Munging and Output
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CPAN

- CPAN contains 5,000+ modules of all types — fun & serious
- Perl Data Language (PDL) for matrix manipulation (PDL)

- convert time to Swedish Chef speak (Acme::Time::Baby) C PAN
..... -
#1/usr/local/bin/perl Aty Compiestion Gomertign  Fus Miecs Jagrems Locking  Duton Paamele Goin Prodsgsan
use Acme::Time::Baby language => "swedish chef"; Juralas (] SO Grhic Birfi
print babytime "5:35"; =1 i MR fai

2
aFiH Y (1P
Zee beeg hund is un zee sefen und zee little hund Devtlcerrnt Supcat Macalazeous
is un zee six. Bork, bork, bork! piliueadt il Metwecking ooty IPG
Cua Hndbe D ptOh s ek Srylane Dtlice s
SEARCH.CPAN.ORG

- Graph::Base to create directed and undirected graphs

- GraphViz to generate GIF/TXT/EPS/PNG/...s from graph

10/10/2003
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Standardized Module Documentation CAME
:?Pé;§m¥:#ﬂ } CPANT— Grinder - grinds coffee
SYNOPSIS

use Grinder;

$g = Grinder->new();

$g->grind(“coarse”);

$g->empty ) ;

DESCRIPTION

Models a Rancillio burr coffee
grinder

HISTORY
9 October 2003 - docs

BUGS

If found, remove from grinder

AUTHOR

M Krzywinski

StrING::RANDOM MaTH::VECSTAT
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GraphViz — Big Bang for Little Buck

- .
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Creating Graphs with Graph:: and GraphViz

map {} @x

%

10106

%

BaD
LISAGE

[ TP
rm

-Mm=

)

rm

s

=

Graph::uUndirected->new();
Graphviz->new(directed=>0);

my $graph =
my $graphviz =
# for each BAC 1in the hash
foreach my $bac (keys %bac_to_yacs) {
# get a list of all YACs for this BAC
my @yacs = @{$bac_to_yacs{$bac}};
# add edge between bac & yac in Graph::undirected object
map {$graph->add_edge($bac,$_) } @yacs;
# for vizualization do the same for Graphviz object
map { $graphviz->add_edge($bac,$_) } @yacs; # map {} IDIOM
ks
ks

# create PNG image of graph

open(GRAPH, ">/home/martink/www/htdocs/tmp/bacyac.png");
print GRAPH $graphviz->as_png;

close(GRAPH) ;

A
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List Clones in Contigs

List connected components, or contigs, created by BAC-YAC links.

# make a Tist of Tists which contain connected vertices
my @groups = $graph->strongly_connected_components;
# iterate through each vertex list
foreach my $group_idx (0..@groups-1) {
# get the vertices for this Tist
my @vertices = @{$groups[$group_idx]};

VAN " # for each vertex, report the group (contig) index,
'S <) # vertex index and name
TR yand foreach my $vertex_idx (0..@vertices-1) {
K 4 printf("%d %d %s\n",
31 $group_idx,
) .
%gg 7 $vertex_idx,
Ay L 2 $vertices[$vertex_idx]);
: ; e !
\ }

contig is a
connected component

10/10/2003 Two Problems - Part Il - Fetching, Munging and Output
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Output - Create Output to STDOUT

It’s nice to create output to STDOUT, rather than a file, because you can pipe your script into other
processes.

0 RPCI31.80h3
1 MPMGy916.380h8
2 WIBRy933.259d6

foreach my $vertex_idx (0..@vertices-1) {
printf("%d %d %s\n",
$group_idx,
$vertex_idx,
$vertices[$vertex_idx]);

o OO

v

0 45 WIBRy933.284b4
0 46 WIBRY933.219c12
0 47 MPMGy916.110d1
1
1
1

0 MPMGy916.369g12
1 MPMGy916.282g2
2 RPCI31.33ml0

- Perl is friendly — you can copy file handles 21 7 RPCI31.17nl4

- STDOUT to file 21 8 WIBRy933.106h8
- file to STDOUT 21 9 RPCI31.17i17

/]

CONTIG CONTIG CLONE NAME
CLONE INDEX
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Munge at Prompt

Don’t forget that the command prompt offers powerful tools to manipulate and extract data —
generate maximally detailed reports and parse later

0 0 RPCI31.80h3 - how many contigs?

0 1 MPMGy916.380h8 - cut—d “ “ —f 1 data.txt | sort —u | we

0 2 WIBRY933.259d6

0 45 WIBRy933.284b4 - how many clones?

0 46 WIBRY933.219cl2 - cut—d “ * —f 3 data.txt | sort —u | we

0 47 MPMGy916.110d1

1 0 MPMGy916.369g12 _ .

1 1 MPMGy916.282g2 - how many clones in contig 107

1 2 RPCI31.33ml10 - grep —d “MO0O “ data.txt | we

21 7 RPCI31.17n14 . .

21 8 WIBRy933.106h8 - which contigs have < 20 clones?

21 9 RPCI31.17117 - cut—d “ “—f 1 data.txt | uniq —c | egrep “ 1?[0-9]

clones contig clones contig

16 13 11 18
18 14 8 19
18 15 9 20
13 16 10 21
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