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Introduction

RNAnet 1s a map of human gene expression

Derived from 40000 Affymetrix GeneChips
(da Silva Camargo) and 30000 human gCNnces defined by
Ensembl (Sanchez-Graillet, Rowsell)

RNAnet contains all 290 million pair-wise
correlations.

Offline analysis based on R and unix scripts

Concentrate upon PHP, JavaScript, to drive firefox
mycoplasma contamination example.



Mycoplasma Contamination

* Affymetrix probeset 1570561 at turns out to
measure bacterial contamination not human

— “Unexpected presence of mycoplasma probes on
human microarrays”, Biotechniques.

* Use RNAnet to display normalised HG-U133
data from 2700 samples 1n a few seconds.
(Typically experiments use a few microarrays.)


http://bioinformatics.essex.ac.uk/users/wlangdon/rnanet/correlation.html
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Correlation of Expression of Human Genes in GEO
| iENSE lookup Examples: ENSE00001045150
1570561 at
- 214067 _at-497-757:84-60 214067 _at-651-391:52-28
214067 _at-745-505:37-13
1556291 _at
211462 s atpm9-11
¥ P only eatmap itext done Fri, 25 Sep 2009 08:27:51 GMT
Ezample ocutput
1 2 3 4 5 6 7 6 9 1011
111570561 at.pmll 1024,291 207 AATTGAAACATCTCAGTAGCAGCAG: 741
101570561 at.pml0 1027,601 196 GACACGCTGTGAATTGAALCATCTC 73 1
21570561 _at.pw? 896,483 1564 GCCGAATGATGAGACACGCTGTGAL 871
81570561 at.pwd 945,409 171 CGGTGAATCCATAGCCGAATGATGE 73 1.
71570561 at.pmV 552,923 162 TGTCATAATCGGTGRATCCATAGCC 68 1
61570561 at.pmé 431,807 148 GGGTAATGCCTAATTGTCATALATCG 122 1
51570561 at.pmb 282,275 104 AATGAGCATTTAGACGGAGATTTCC 7O 1.
41570561 at.pmd 321,517 88 GCTTCGTTTAGCTGGALATGAGCAT 72 1
31570561 _at.pw3d 302,1121 75 TTACCTGCGATAAGCTTCGTTTAGC 68 1
2 1570561 at.pwz 672,855 67 GGACGTGATTACCTGCGATAAGCTT 771
11570561 at.pwl 726,261 56 AAGTCGATGAAGGACGTGATTACCT &2 1.
top
-
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Communicate between
screens via #URL

scatter.htm
<body <

&
>

<canvas
</canvas>

<form name="prohes™":

<input type=text name="X name" size="16" autocomplete="OFF" DHCHAHGE="savEprEEES(]"}
<input type=checkbox name="X MNM" style="background-color:transparent;” OHCHANGE="zaveprohes () ">MM/FHN
<input type=text name="X num" gize="I" autocomplete="OFF" ONCHANGE="saveprokbes (] ">
<hr:=
<input type=text name="7T name" gize="16" autocomplete="COFF" OHCHANGE="zzweprobesa (] ">

<input type=checkbox name="7¥ MNM" style="background-color:transparent;” OHCHANGE="zaveprohes () ">MM/FHN
<input type=text name="YT num" size="I" autocomplete="COFF" ONCHANGE="saveprobes (] ">

prokhes

<hr:> .

<input type=hbutton ||:|n||::li||:]-n="ScatterH$ >plot JaVaSCrlpt tO get data
<input type=hutton oncligk="clear scatter ()™ »oclear .

<TEXTAREA name="gses" and plOt lt

COLS="30" ROWS="5"
WRAP="ZOFT™
autocomplete="0FF"
DHCHEHGE="Saveg3ES|:thiSJy

>

</ TEXTAREA-

<input type=text name="size" =zize="1" autocomplete="OFF" OHCHAHGE="rezize(thi=s)] ">
resize [also clears)

</ form-




scatter.js <> server (php)

6.1 Ghytes
wrlencode( 10k Binary) (31 bitz+flag per datur)
getprobel) — fatchURL{) ——— probedat php —=
~-— il ! E |

plot()
canvas. getcontexi)
ctx fllrect()



getprobe (JavaScript)

All data from server 1s cached

fun;?}?n ggtprnbe(prnﬁ; button) |
i probe in cache —{————————j——J . .
puckon seyle beckgrod = s < Tell user request 1s active

Afalert (" fetchURL (" +url+")");
wvar 5 = fetchURL {(url);
if (=, length<BD} {
alert{"Fa: bo get probe "+probe+nt+s. trim()); ceturn;}
var I = unescape(s}
var head = 5. substr (0,800 . split(" *);
1f(head[D]| 5. length a0 {
alert("f WURL (“+url+") failed ength="+s. length+" ©» “+head[0]+" B0=""+=z. substr(0, 80)+ erid=""+g. substr (27ET)+" " ") return;}
else 1f{head[ﬂ]| E*ncels) {

alert{url+” nof ihle "+head); return;} Ch k l h
else 1f(head[l] tDLDwerDase() |—pru:ube toLowerCase(j) { ec rep y m‘atc eS requeSt
alert (" WUERL ("+url+") re 7 odabta “+head[l]+" =« “+probe); return;}
cache[prnbe]— e Db]ect()
cache[pruhe].Eead=s.sub3tr(ﬂ,80j;
cache [probe] . dat=new array({s. length-80) /2);
cache [probe]. ok=new Hrray((s length-800 /23 ;
for (var "—BD 1<z, length;1+=2) |
var IV 5. charCode®t (i) ;
var 5. charCodeat{1+1};
var Int = btoint{IV0, IV¥1);

et £ Extract two bytes at a time,

cache [probe]. dat[I] iltoreal{Int);
h he]. ok|[I true;
I convert to ok flag and real
cache [probe] . dat[I] 12toreal (Int-32Te8) ;
cache [probe] . ok [I] falze;
h
h

return cache [probe];

'



net.js fetchURL (synchronous)

o Try and tell user
function fetchURL {(url) { ///// 11 tﬁi 11 rﬂll
£ AIE M

defaultStatus
VAL zmlhttp

e KHLHttpRequeat{}

defaultstatus = "Contacting “+url;
sanlhttp. open( " GET", url false, "', ") .
xmlhttp. send (null); V\ Talk to server and wait
var res = xmlhttp. responseText; .
return res; fOI' all Of 1tS reply
function fetchURL {url) {
Afnetscape
defanltsStatus = "Contacting “+url;
var dest = new jawva.net, URL {url);
wvar dis = e Jjawva, 10, DatalnpubStream (dest. openStream () ) ;
var res =

while ({llne = dis. readline()) != null) {
res += line;
res += Java. lang. System. getPropecty (" line separabor);
1
dis. closei);
defanltStatus +=
return res;



probedat.php

FAWBL 4 Aug 2008 hased on probeset. php rl. 10 $Rewvision: 1.10 &
JAUBL 3 Sep 2008 vse probelib
require_once | i;g.yh;

require_once('c
require once('|

probedat.php?1570561 at,PM,1

Sparts = checkargaandheader{H}fL
Sprobeset=strtolower (Spartz[0]); //"1552E5T3 = st
Spm =(strtoupper (Spacts[1])=="FK"});
sprobenum=intval (Spacts[2]);

Look up probeset (binary chop)
Read data (fseek, fread)

gparts = findreci{$probeset) <
Sprobeset = Sparts[0]; Ffuse affy Upper/lower case
srec Sparts[1];

Snprobes Sparts [2]/2;

if ($proberm<l || Sprobenum:$aprob one "o nprobes in $probeset. Probe $prohenum missing®, 417 ;
frec = $rec + (Sprobenum-1) + prg? 0 Snprnhea};

Srow = readprn];uefilesfsren:, 13; Send data baCk (as teXt)

sncels = noelfiles();
srecordsize=strlen(Scow) ;
#Fuse dommy for $file number

R praheser. e Header identifies data and size
Sproheset. ", ", ’
A R
EPIDhEnum $nprnbes

prnhever31un(}}

Frowl; <
loge($status, Srecordsize, Sncels, Srec, ") ;
T




Down side - PHP

* PHP £ile access simple to use but limited to
files of a few MB

* PHP random access (£ seek) limited to 2Gbytes
(we used 4 files).

* Overhead of generating text from numbers 1s
high (15sec/MB):
— Also high overhead on user’s browser
interpreting/displaying big html

— Have to save binary file and pass its URL to
user, but then must manage temporary
files/URLSs.




Down side - Desktop

Synchronous fetchURL ok but server requests must be fast.
— Colouring buttons browser may delay showing change
— Status line does not work as advertised.
— Ok for user feedback
Screens made by JavaScript, forward/backward not as user likes
— #URL provides way of communicating between screens.
— Avoid user re-entering data. Keep browser responsive (no
heavy CPU).
— Encourage users to open new tabs instead.
Cache allows browser to burn memory not network latency
Use plain text where feasible
Not mult1 browser (too labour intensive). Firefox <canvas>

Better ways?



Conclusion

* Web browser offers fast route to user’s desktop
— No mstallation overhead

* Data are published Affy GeneChips. They cover virtually
all medically mteresting human tissues.

* RNAnet
http://bioinformatics.essex.ac.uk/users/wlangdon/ allows
specialist to interactively explore millions of RNA
expression data and therr correlations.

— Presented at UKAffy and EMBO 2008. Essex technical report


http://www.essex.ac.uk/dces/research/publications/technicalreports/2008/CES-486.pdf

END



Usage
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* RNAnet use 362156. More than 96% of use by web spiders.
* Netstat estimates real usage (excluding Essex and King’s) 2939



Human Gene Co-Expression

* Correlations between human exons are highly non-random. The
network formed by pairs of strongly correlated exons 1s a “small
world”:

— No exon i1s strongly correlated with all others

— 2% exons are strongly correlated with >1000 others
— Most exons are strongly correlated with <48 others
— By using multiple steps most exons can be reached

— 12% of exons not strongly correlated with any others
— Some “small world” power laws found.

* RNAnet is an interactive tool to explore RNA expression (protein
gene and non-protein coding) of thousands of published 3’
GeneChips covering virtually all medically interesting human
tissues.



Converting Ensembl exon 1d to Affy probeset

text SO0 Bytes
tranzlate enze) fetchURL() —— namedphp —
e ]
urleroade( 1 Birary)
getprobel) —= fetehURL() —— probedat php —-E j
i

plot()
canvas. getcontex)
ctx fillract()



namedat.php

< 7php
A/WBL 24 Aug Z008 based on probedat. php rl. 5 SRewision: 1.7 %

A/WBL 3 Sep Z008 use probelib
require oncel’

require once (' go:
require_once('probelih

sparts = checkargsandheader (1) ;
sprobeset=%parts[0];
1f{5uhstr{strtuupper{$parts[ﬂ]) D dy=="ENZE") {
Sprobeset sprlntf{ EE0LLAY, substr (Spacts [O], 40 ) ;
s3search nrohese "
Srec
snprobes
Sgrepfile s , ohall Mmsers  wlan _- o HG =101 : L ._,- ot
} oelse |
if(strlen(Sprobeset)<b) done("probesst name

o
et B0 ;

ey

Sparts = findrec($probesetb);

Sprobeset = Spacts[0]; Afuse atfy Upper/lower case
sasarch " Eprol ah!

Brec Sparts[1];

snprobes Sparts[2]/2;

$qrepfile = "HE-U133-PLUS prohe tzh";

i

#echo “Enntent T?pe textfplainknhn";

header (" i P> ":Lifﬁl;im');

-TIThANE=rT -
L L e 1

echo flrstllne( $prnbeset CSrec. ! $nprnhes Tﬁﬂﬁ?ﬁﬁm?fﬁ“m: WE
date{ F ¥ ,fllemtlme{$qrepflle}}}

sconmand = “egrep $search dgoe

systemvlinit -t ;Exﬂ Scnmmand Estatusj

loge(Sstatus, ", ", Srec, Scommnand) ;
T



