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m Undergraduate Degree

m computer systems engineer (ASU 2004)

m Currently
m Computational Biosciences Program

m working/interning at TGen — Systems Biology Unit
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m vocabulary

m RNA Interference background

m Part [ — human siRNA library analysis
m Part [I — algorithm design

m Q & A (feel free to ask during as well)




m target ~ mRNA ~ gene

m silence ~ knockdown

m off-target effect: when an siRNA interferes with
an mRNA that it wasn’t intended for, caused by
sequence similarity
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m RNA Interference (RNAI) 1s a naturally

occurring gene silencing mechanism

m possibly evolved to defend cells from
transposable DNA elements and viruses

m Andrew Fire and Craig C. Mello received 2006
Nobel Prize in Physiology or Medicine for their
paper (1998) explaining RN A1 in C. elegans
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m Pharmaceutical Genomics Division at TGen

m involved in cancer diagnostics and therapeutics

m siRNA-mediated selective knockdown of cancer
causing genes (oncogene)

m Analyzing whole human transcriptome by high-
throughput screening

m ‘whole human genome siRNA library’
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m the siRNA library was created by a commercial
company

m it covered a large part of the human genome

(10K genes)

m for each mRNA they designed 4 different
siRNAs

m pre-validated, usually meaning more than 80%
silencing




A |l B | ¢ | D E | F | G | H | | | J ] K | L
1 |GenbankiD  Swmbol Description Plate A Offset Plate B Offset Plate C Offset Plate D Offset
2 |NM_D00GEZ |NAT1  |N-acebyransfer:ENSGO0000171428 | CCCATAGGAGATTCAATTATA | 879 AAGGACANTACAGATCTAATA | B899 | TACTTTCAACTTACTAAGAMA | 131 ATCTTGGAMATTGGTGATTTA 1277
3 [NM_000015 MAT2  M-acettransferiENSGO0000156006 = GAGCAGTATATTACARACAMA | BOG CTCCAACATCTTCATTTATAA | 742 ACCCAACTCACTRATTATCAA | 1015 ATCARATACTTTCATCCATAA - 1094
4 [NM_00T0B7  AAMP  angio-associate ENSGOO000127837 | GAGGAAGAGATACTAGTTAMA | 1738 | CAGGGAAGCCCTATCCATGTA | 820 CTGGATGTGGARAGTCCCGAA | 678 | CTGGACTTTGCCCTCAGCAMA 1294
5 [NM_001088  AANAT  andalkylaming NENSGOO000129673 | CAGGGUTAMATARAGAGGAGA | 962 | TACCCTTCTATGAGAGGTTCA | 728 |CGCCTTTGAGATCGAGCGTGA 375  GTGGCTICTCACGGCCTGAMA 987
B [NM_OOTA0S AARS  alanyltRNA sintENSGOO0000S08G1 | AAGGACATCATTAATGAAGAA | 1224 | AAGGTGGATGACAGCAGTGAA | 1758 | CACGCTCGCATCTATAGATAA | 3248  CCUAGGCAACATGAAGGATAA 611
7 [NM_001081  ABP1 amiloride bindin ENSGO0000002726 | CACAACAACGAGAACATTGAA | 2034 | CACTTTAATTCCAACTTTAAL | 1389 | CTGGATARAGGTGARAGGCAT | 327 | ACCCACCTGATTGGCAACATA 1478
B [NM_001128 AP1G1 adaptor-related [ENSGOO0001G6747 | CTGCTGTTAGATGAMMGACAA | 585 AAGGAGAATTAATTCATCTAS | ARAE | CTCATGAATATTCACATCAAA | 4112 | CTCGATTCACTTGTACTGTAA 1927
9 INM_001132 AFGILY AFGIATPasefa ENSGOO00D1GTS40 | AAGGGTITGAGAMATACTTTA | 296 | CTOGAAGTCGTGAACABACAA | B23 | ATCGTTGATGTGTGTGTGTAA | 2838 | CTACGTGATCAGTTTATTARA 2816
D [NM_000477  ALR albumin EMSGOO00ME363T | CCCAMGAGTTTAATGCTGAA | 1606 | AAGGAGAGACAMTCAAGASMS | 1REE | AMGTGTTCGATGAATTTAM 1225 TGGAAGAGCCTCAGAATTTAA 1243
1 NM_005165 |ALDOC | aldalase C, fruct ENSGOO000109107 | CAGCAAATAMATGGTAGCAMA | 1534 | CAGARAGATGATAATGGTGTT | M2 | ATGCCTTGAGTACATACCATA | 1613 | TCABMCGTTGTCAGTATGTTA 652
A2 [NM_001630  AMXAR  annexin AB EMSGOOOON1BRANT | AAGGAGCGAGATTGACTTAAA | 952 | CAGCTOAGAMATGAACACGAA | 1896 TGCCATTAACATTCATCTAMA 1633 ACCCAAGGACACTGTGTTATA 1723
13 [NM_001632 ALPP | alkaline phosph ENSGOO000163283 | AAGGAAGTGTTTGTAATCCCA | 2450 | CAGGACACTGGTCGAGAGCCA | 2332 CCCGCTGATCTITGCTTCAGT | 2014 | CAACTTCTCAGACGTTCCATA 2249
A4 NM_00R482  ALX3  aristaless-like h ENSGOOODDMEEIS0 | TTGGATGTTGOTAAGAATAM | 1762 | CTCGCTCAGGGTAMAGCCCAA | O78 | CATGATGAGATGGAMMCCAM | 1455 | CAGGACTCTTCCTACCACAMA 1265
5 [NM_016513 AMBM  ameloblactin erENSGO0000178522 | TACCAGCATGACACTATTATA | 1733 | CACCATCAGATAAGCCACCAA | 978 | TGGGAAGTCTGUAGAGATTAA | 224 | AAGCATATATTAATAMATGCA 1536
B [NM_001633  AMBP  alpha-1-microgt ENSGO0000M0B927 | CAGGGCAMCACTGAGGTCAL | 85 CACCATTACTGCCAAGCTCTA | BAR | TOGGAAGTTTCTCTATCACAA  A38 | TCGGATCTATGGGAAGTGGTA 340
A7 [NM_001143  AMELY | amelogenin, V-l ENSGO0000099721 | AAGAMAGTTTCTCTGAATATA | 29 AGGGATGACACAAGCACACAS | BUT  ATGCCTGTTCCTGGUCAGCAN 372 | GAGCATGATAAGACCACCATA 197
B [NM_0004B1  AMT aminamethyltrar ENSGO0000145020 | CTCCAGTTTGCTTTCCGTAAL - 1774 | CACAAACTACTATACCCTCAR | 1317 | CACCTTTGTGGAGAGGATARA | 1675 | CTGGUAACAGCTATTCTGAAN 846
19 |NM_020978  AMYIB amylase, slpha [ENSGO0000157839 | TTCGGTTATTATCACCTTAM | 82 TAAGCGGTTTATTTAGATARS 183 | CTAGGGACAACTAGACTTCAA | 533 | AGGGCTGACTATATACACCAT 448
20 [NM_005133  AMXAZ  annexin A3 EMSGOO000138TT2 | AACCARGAAGATARTCTCCAA | 1018 | CTGATTGTTAAGGAATATCAY | 209 | CAGGACAAGCAGGCUAMATGAN | 403 | TTCCCTATATTCAGUAATTAA 937
21 [NM_001153  ANMA4 annexin Ad EMSGO00001969TS | AACCRATTTATCTGAACTAMS | 1653 CTOAATTTAGTATGATATAMY | 1829 CACAGACATTGAATATATTAA 1328 | AACAGAGTATTAMTCTGAM, 741
2 INM_001154  AM¥AS  annexin A5 EMSGO00001E4111 | CGGUTTTATGATGCTTATGAA | 487 TCCATTTATATTACATTTGTA | 1458 | CTGGATGACCTGAMATCAGAY | 388 PACCATGATACTTTAATTAGA 1478
23 [NM_001163 | APBAT | amyloid heta (A{ENSGO0000107282 | CAGGAAGAGAAGAATCCACAA | 2856 | CAGGATCAAGATGGCUCAGAA | 1636 | CAGGAGGTGCAGACTTCTTAA | 3069 | CACAGAGAGCTTGGCAATTCA 3396
(24 [NM_005903  APBAZ  amyloid beta (AENSGO0000034053 | CACGCAGTAACTAAAGCTTTA | 3918 | TTCGCGCATATCACTAATAM | 3501 | CAGGACACGACTTGTAATGAA | 2045 | AAGGUTGCTAAGATCAAGAAA 1410
25 |NM_173076 |APBB2 amyloid heta (A{ENSGOO000163637 | CAGCTCATATTTCAARATTATA | 426 CTOGAMAGACATACAMITTTA | 4023 CAGGAGTAATGGACTGTTTAA | 3047 | CTGGCTGTCAGTGRACATGAN 2284
26 |NM_000462  APOA4  apolipoprotein AENSGO0000110244 | CCACCTCTCAATATTCAATAA | 1428 | GCUGTOGAACATCTCCAGAM | 247 | CAAGGACTCGGAGAMCTGAA | 390 | CACCTGTCTGTCTGTCCCAM 1357
27 [NM_D01645  APOCA  apolipoprotein CENBGO0000130208 | CTGAAGGAGTTTGGARMCACA | 190 | CTGGAGGACAAGGCTCOGGAA | 220 | AGAGACATTTCAGARMAGTGAA | 207 CCCAACCAMGCCCTCCAGCAA 42
(28 [NM_O0T646 | APOC4  apolipoprotein CENSGO0000130207 | AAGTTCATACTTCTCCAMTAR | 678 | CAGAGGGACAGAGGCACGGAA | 11 ACGBGTGGCARTGGTTCTGGA 240 | CAGCCTCTTGAAGAAGACCCA 368
29 |NM_001647  APOD  apolipoprotein CEMSGOONO0184068 @ AACGGAMMGATCASAGTGTTA 272 CTGATGGAACTGTGAATCAM 309 | CAGAAACAGTGGACTCTCTAA | 431 | ATGCCTGTCTTCATCTTGAM 1




#! fuar/binfperl

use strict;

uge File::Find:

print "This program will create fasta filez from the siBEN4 libraryi\n': "tS
4

ny(§3iRNAList)="siBFNAlibrary.txt";
wy(fdataPath) ="/ uzersl6/akurdogl /rhaisdatas"”;

#attenpt to open f£ile
open (THISFILE, §siRMAList) || die;
#!/binbash
. Crea1 echo "This program will run blastall on the fasta £iles™

#define some paths

dataPath=""/userslt/akurdogl /rnai/data"™

resultsPath="/userz06 fakurdogl/rnaisresults"
. nee dbPath="/usersl6/akurdogl/refaeq/"

#removing non NM_ files
cd gdataPath
. B] find . -not -name "NM*" -type £ -exec rm {1} %;

#loop to go through all 4 directories
ie(ehEe R absbnEehlcres s el aln S e |
. dC do
echa "wverszionlsi™
for file in % ls $dataPath/v051i/ )
dao

. fO echo "hlasting §file...”™

blastall -p blastn -d fdbPath/refseq rna -i sdataFath/wvigifsfile -
o0 fresultsPath/v0gi/sfile.out -m 2

Bl g e S file done!"™
m filter, =~ o=

done
print V2 "Bworda[17]vn":
cloze(VZ):
| print ¥3 "rref|fwords[3]|sywbol |Bwords[4] [Bvords[S]n";
. end print ¥3 "Awords[19]\n":
cloze(V3):
print ¥4 ">ref|fwords[3]synbol | Aworda[4] [Bwords[&]vn™:
print V4 "dwords[Zl]\n";
cloze (V4] :
'

e #cloge the file
TG cloze (THISFILE) ;




frequency of BLAST matches

>2
# of BLAST matches for each siRNA




m what 1s my E valuer

m word size?
CCGUUAUAUAUUAGGUGAUUA

FELEE PEEREEEnr Tt
CCGUUGUAUAUUAGGAGAUUA

B overestimate or underestimate?




whi

®m it could
genes

®m which s
family?
B Cross-re
databas

m HUG

] assigr_

TGN

#! /usr/bin/perl

use strict:

use File::Find:

print "This program finds if the genes are in the same familyin™:

wyi(sresultsPath)="/users06 /akurdogl/rnaisresults/ "}

for (my(§i)=1:; $i<=4 ; §i++)

—_—

eful?

#attenpt to open the source file

cpen THISFILE, "sresultsPath/v0sifwersionOsi.out™ || die:
#attenpt to open the new results file
open NEWFILE, "»fresultsPath/w0isi/connonFamilieslsfi.out” or die("Can not

open new results £ile™);

#read all lines from this file
while [« THISFILE:)

nily of

i
ny¥(fthishine)=5_;
fthisline =~ s/\n//g:
findFamilyNane ($thisLine) ;
'

#close the source file
close (THISFILE) ;

#close the new results file
close (NEWFILE) ;

N ONC

—_—

#oounts the common family names
gub countFamilies

i
n¥(finputline) = §_[0]:
wyishitCount] = § [1];
wy([sreturnl= "HO™;
#parse the line with commas
wy(@words) = split /,/, §inputline; th HG|\ ‘
wy(sword) ;
for (my(§i)=0; $i<fhitCount; §i++)
i
wyi(fsame)=0;
for (my(8j)1=0; #i<fhitCount; $j4++)
{
if [ (Bwords[§i] eq Bwords[$3]) #& (Bwords[$i] ne "xxx™] )
{
g samne+;
} C
'
Ly (fmeasure) = FsamesshitCount:
if [ (gmeasure > 0.50) || ([§same >= 4)
i
freturn="YE3";
'
+
[freturn);:
'

#for each of the hit it searches HGNC database for a family name
#prints the name if it exists, prints xxx if not.
sub findFamilyName




m criteria:

m if HGNC associated more than half of my hits for a
certain siRNA

m or more than 4 no matter how many hits

m 300 siRNAs that could be identified as:

m “likely to have off-target effects on a specific family
of genes”

B how to use this list?




m vocabulary

m RNA Interference background

m Part [ — human siRNA library analysis
m Part II — algorithm design

m Q & A (feel free to ask during as well)




m previous section: searched for unintentional but useful
off-target effects using a commercial library

m this section: let’s create off-target effects that we know
will be useful

® how to design siRINA’s that can silence multiple
genes?

m functional redundancy exists with a lot of proteins — that’s
why it is important to knock out multiple gene family
members

m delivery is an 1ssue




m most work has been done on eliminating off-

target effects

m two sets of widely accepted guidelines
m Reynolds et. al (8 items)
m Ui-Ter1 et. al (4 items)
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m 30%-52% GC content

m Three or more A/Us at
positions 15-19 (sense)

m A at position 19 (sense)
m A at position 3 (sense)

m U at position 10 (sense)
m No G/C at position 19

(sense)

®m No G at position 13
(sense)

m A/U at the 5' end of the

antisense strand

m G/C at the 5' end of the

sense strand

m AU-richness in the 5'
terminal one-third of the
antisense strand

m the absence of any GC
stretch over 9bp in
length.




30-52% GC, no long repeats

| A/U should exist|

1
5 3

I:H H H I .ReynOldS

3 5 eUi-Tei
L 1

| A/U rich |

no long GC stretch

m these are for increasing efficiency

m we may have to sacrifice efficiency for specificity

AT

—
Y

E




19 W;— Guide / anti-sense strand

seed region

m seed region; 6-7 nucleotides at the 5’ end of the
anti-sense strand

m this region is known to initiate binding to the

mRNA




m Qiu showed that a base-pair difference in this

region reduced off-target chances by a great
marglﬂ 04 !e'ast' — l ......... L]
0.35 | ﬁggg B
g 03 b
2 0.5 L
v |
S L
2 o
0.15 ’
0.1
0.05 == |

12345678 910111213141516171819
mismatch postion




m shorter siRNAs have greater chance for oft-
target effects

m though not as important as seed region;
contiguous centrally located complementarity
more than half the length of siRNA 1s also a

factor

Y

ﬁ GEN




m guidelines for designing siRNA to silence multiple

genes:

m The set of genes we wish to silence must contain at least 11
base-pairs of near-perfect match

m The 6-7 matching base-pairs of this aligned region should
correspond to the seed region of the siRNA

m If the aligned region can be extended include as much as
possible in the opposite direction from the seed region

m Apply the guidelines for siRNA efficiency as outlined by
Reynolds and Ui-Tei if possible




— mRNA 3

_ I A
e |

| siRNA

L | —

I—I¥
|

m efficiency guidelines?

m multiple alighment program parameters?
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gi[11719019]1 |ref |NM 001077442.1| Homwo sapiens heterogensous n.. . 2 0.
gi[1171290173 |ref |NM 004500.5| Howo sapiens heterogensous nucl.. . 2 0.
gi|117159974 | ref|NM 031514.2| Homo sapiens heterogensous nucl.. . 32.2 0.093
gi| 61966710 | ref| MM EDlDlSESl.H Hormo sapiens heterogeneous ma... 32.2 0.093
gi|30581169|reflI'-]T-I:IT-‘EISzQ. 1| Howo sapien=z chemokine (C-C moti... 32.2 0.093
gi[30581168 | ref| MM _001537.2| Homwmo sapiens chemokine (C-C moti... 32.2 0.093
gi| 45545404 | ref|NM 205560.1] Homo sapiens huclesr receptor Su... 30,2 0.37%7
gi|45505141|reflI'-]T-I_EIEISBzz.3| Horo sapiens maclear receptor su...  30.2 o.37
gi|3'?620205|reflI‘-]HZlEIBD'?'?.1| Homo sapiens chromoscmwe 1 opeh r... 3002 0.37
Fi|118136293 |[ref|NM 031371.3| Howo sapiens AT rich intersctiv... 28.2 1.5
o Hgi[118136292 |ref |NM 016374.5| Howo sapiens AT rich interactiv... 258.2 1.5

. plck( gi[23102362 |ref| MM 015045.2| Howo sapiens wings apart-like ho... 28.2 1.5
gi|3296728]1 |ref|WNM 003337.2|] Homo sapiens ubigquitin—-conjugati... 28.2 1.5
gi|341|]128'?|rEfII‘-H'I_Dl'?43'?. 1| Howo sapiens cleavadge and polyad.. . 28.2 1.5 CAATCGATAGGTACCTGGCTGTOGT 457
gi|19923910| ref|NM_138356.1| Homo sapiens hypothetical protei... 28.2 1S e

. took gi[40316929 | ref|NM _014410.4| Homwmo sapiens clusterin-like 1 (r... 28.2 1.5 # #a w6 we ssssssss & oo
gi[403 16925 | ref| MM _192167.1] Homwmo sgapiens clusterin-like 1 (r... 28.2 1.5 ocACGETCACCTITGGGGTGETGA 507
gi| 71725366 | ref|NM 001029995.1| Homo sapiens similar to hypot... 28.2 1.5 AGGACCOTCACCTTTGGGGTGATGA 838
i| 7657151 ref |NM D14606.1| Homwo sapiens hect dowain and BLD ... 28.2 1.5 COSACCOTCATITITOOTOTCATCA 826

] gil'?ES'?zEBlrEflI'-IH:DlSDSZ.1| Homo sapiens androgen-induced pro.. Z8.2 1.5

. C“ust gi[50658085 | ref| MM 032621.2| Homo sapiens brain expressed E- lln}c 28.2 1.5
gi|39653315 | ref| N 013377.2| Homo sapienz PDE domain containing 28.2 1.5
gi|1186EIEIQ".-‘4|rE:E|I'-Iﬁ 007269.2 | Homo sapiens syntaxin binding prot  26.3 5.8

. C qec gi|1174224d3 1 |ref WM 0O01002258.3| Homo sapiens ATF synthase, H... E6.3 5.8
- gi| 11680535328 |ref | MM OD29553.53| Homo sapiens RYEK receptor-like ... 26.3 5.8

ogi| 116805325|ref|I‘-IH_EIEIlIIIIIISE561.2| Hormo sapiens RYE receptor-1li... 26.3 5.8

- i 116686121|ref|NH:0123 10.3| Homwo sapiens kinesin family mwenber 26.3 5.&

. C ,lec yi|11g536086|ref|NM 001077197.1| Homo sspiens phosphodiestera... 26.3 5.8
. gi[116536034 |ref |NM 016353 .3| Howo sapiens phosphodiesterase ... 26.3 5.8
gi|46211153 |ref|NM 024567.2| Homo Ssapiens KPLZ protein (FLJZ23... 26.3 5.5

gi|45580699 |ref|NM 001776.3| Homo sapiens ectonuslecoside trip... 26.3 5.8

BLA gil1153859'?6|ref|1‘-1ﬁ_080922.2| Homo =sapiens protein tyrosine p... 26.3 5.8

. gi[115385975|ref |NM 0025358.3| Howo sapiens protein tyrosine p...  26.3 5.8
gi| 115385973 |ref |NM 030921.2| Homo sapiens protein tyrosine p... 26,3 5.8

ogi| 110224460|ref|NH_EIEIEIE4Ei.2| Horo sapiens chemokine (C-C mot... Z26.3 5.8
gi|108773800 | ref WM 000170.2| Howo sapiens glycine dehydrogen... Z26.3 5.8
gi[101943239 |ref |NM 001520.2| Howo sapiens general transcript...  26.3 5.8
gL|23277100 | ref| MM 144722.3| Homo Ssapiens KPLZ protein (FLJZ23... 26.3 5.5

gi|93141215 |ref|NM 001040143 .1| Homo sapiens sodiwn channel, ... 26.3 5.8

gi|931412 11|ref|I~]I-I_DDlDlelflz.1| Homwo sapiens sodiwn channel, ... 26.3 5.&

= gi|93141209|reflI’-]HZDZlDD'?.Zl Homo sapiens sodium channel, wol... 26.3 5.8
T \ gi|93141043 | ref|NM 195196.2| Homo sSapiens CDE6 molecule (CDRG), 26.3 5.8
E[\ gil|93141045 |ref|WNM 005516.4| Hono sapiens CDO96 molecule [(CDYG) . 26.3 5.5
gi|3'?588851|reflI'-]T-I_EIEISSEIl.2| Horo sapiens wvasoactive intestin... 26.3 5.8

gi| 37588852 | reflI'-]T-I:194435. 1| Howo sapiens wvasoactive intestin... Z26.3 5.8




m Questions?

F TG
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