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Topics about gene coexpression

® What is gene coexpression?

® How can we measure”?



Gene coexpression

Pattern of expression changes

Gene A ‘ ‘\

Coexpress
(r=0.7)
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Gene B

Microarray samples stored in public database

Gene coexpression is a similarity of gene expression patterns.




Coexpressed gene database
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Example for complex protein

co-expressed genes; Atlgle470 -- ATTED

Top 300 correlated genes to At1g16470

rank | correl locus function
0 |1.00 [At1g16470 | 20S proteasome alpha subunit B (PAB1) (PRC3)
1 0.86 |At1g53850 | 20S proteasome alpha subunit E1 (PAET)
2 | 0.84 [At1g56450 | 20S proteasome beta subunit G1 (PBG1) (PRCH)
3 |0.81 [At4g31300 | 20S proteasome beta subunit A (PBA1) (PRCD)
4 | 0.81 [At5g23540 | 26S proteasome regulatory subunit, putative
S | 0.80 |At1g20200 | 26S proteasome regulatory subunit S3, putative (RPN3)
& | 0.80 [At4g14800 | 20S proteasome beta subunit D2 (PBD2) (PRCGA)
7 1 0.80 |At3g11270 265 prnteasnme_non-ATPase _regulatnry subunit ? putati_ve / 26S proteasome
regulatory subunit 512, putative / MOV 34 protein, putative
8 | 0.79 |At4g29040 | 26S proteasome AAA-ATPase subunit (RPT2a)
9 |0.79 [At5g40580 | 205 proteasome beta subunit B (PBB2) (PRCFC)
10 | 0.79 |At1g64520 | 26S proteasome regulatory subunit, putative (RPN12)
11 [ 0.78 |At1g79210 | 20S proteasome alpha subunit B, putative
12 | 0.78 |At1g13060 | 20S proteasome beta subunit E1 (PBE1) (PRCE)
13 | 0.78 |At1g45000 | 26S proteasome regulatory complex subunit p42D, putative
14 | 0.78 | At5g42790 | 20S proteasome alpha subunit F1 (PAF1)
15 [ 0.78 |At3g22630 | 20S proteasome beta subunit D (PED1) (PRGE)
16 | 0.78 | At5g09900 | 26S proteasome regulatory subunit, putative (RPN5)
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Example for metabolic enzyme

Top 300 co-expressed genes to DHCR7

[ search coexpressed genes from selected genes )

isopentenyl-diphosphate deita isomerase 1

. . coexpression

MR’ |[COR’| symbol function detail
0| DHCR7 | 7-dehydrocholesterol reductase
1 |0 25 | 055 | SC4AMOL |sterol-C4-methyl oxidase-like [detail)
2 |O| 25 | 053 SQLE squalene epoxidase (detail)
3 |0 39 | 05, FDFTI farnesyl-diphosphate farnesyltransferase 1| (detail)
4 |O| 45 | 051 | CYP51A1 |cytochrome P450, family 51, subfamily A, polypeptide 1 [detail)
5 || 47 | 048 | DHCR24 |24-dehydrocholesterol reductase (detail)
6 || 53 | 049 INSIG] insulin induced gene 1 (detail)
7 |O| 60 | 047 SCD stearoyl-CoA desaturase (delta-9-desaturase) [detail)
8 |0O| 63 | 051 | HMGCS1 |3-hydroxy-3-methyliglutaryl-Coenzyme A synthase 1 (soluble) (detail)
9 [O| 95 | 050 NSDHL |[NAD(P) dependent steroid dehydrogenase-like [detail)
10 || 95 | 043 | SREBF2 |sterol regulatory element binding transcription factor 2 [detail)
11 |2 98 | 044 FASN fatty acid synthase [detail)
12 || 104 | 039 FADS1 |fatty acid desaturase 1 [detail)
13|0/11.3 ]| 048 EBP emopamil binding protein (sterol isomerase) (detail)
14 | )] 134 | 045 1D [detail)
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Example for metabolic enzyme

Top 300 co-expressed genes to DHCR7

search coexpressed genes from selected genes

IPP
MR’ |COR’| symbol
0| DHCR7 |7 *
1 25 | 055 | SC4AMOL |st *
2 25 | 053 SQLE Sq
3 39 | 05 FDFT fa *
4 |O| 45 [ 051 | CYP51A] Cy Squalene
5 47 | 048 | DHCR24 |24
6 53 | 049 | INSIG1 [in *
7 |2 60 | 047 SCD st
8 63 | 05 HMGCS1 |34 *
R 95 | 050 NSDHL | N/ |_anosterol
10 95 | 043 | SREBF2 |st
11 98 | 044 FASN fa|
12 104 | 039 | FADS!1 |fd|
13 11.3 | 048 EBP en
14 |0 | 134 | 045 DI

>>>>>

Cholesterol

Z*DHCR7 *
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A
A
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Example for metabolic enzyme

e No

Top 300 co-expressed genes to DHCR7

scarch coexpressed genes from selected genes IPP Up tO the beSt 25
MR’ |[COR’| symbol coexpressed genes
o |+ DHCR7 74 * IDI
1 25 | 055 | SC4AMOL |st * FDPS Cholesterol
2 10| 25 | 053 SQLE sq
3 |0| 39 [os1 | FDFT1 [faf * FDFTI Z*DHCR7 *
4 |0] 45 | 051 | CYP51AT |cy Squalene
5 || 47 | 048 | DHCR24 (24 SDoDL *
6 53 | 049 INSIG] in * SQLE EBP *
7 |O| 60 | 047 SCD st
8 [O| 63 | 051 | HMGCS1 |3- * LSS DHCR24 *
9 25 | 050 | NSOHL || | anosterol| =3 =3»-=3» == | Zymosterol
10 95 | 043 SREBF2 |[st t binding transcrig
1 98 | 0.44 FASN |fal < % O E
12 104 | 039 | FADS1 |f4| LN % N
13l 13| o048 EBP |en S E 8 =
14 |0 134 | 045 DI iIsOpentenyr-aipnospnate deia isomerase | [Getal




Topics about gene coexpression

® What is gene coexpression?

® How can we measure”?



PCC 1s a de-facto standard measure

Eisen et al, 1998 Brazma et al, 2000 Guo et al, 2006
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Goda et al, 2008 Su et al, 2002

Kinases (312 genes)
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PCC 1s a de-facto standard measure

Stuart et al., 2003 Lee et al., 2004 Jordan et al., 2004 Margolin et al., 2006

Wei et al., 2006 Mentzlen and Wurtele, 2008 Zhu and Wu, 2008

Prieto et al., 2008 Ozaki et al., 2008 Atias et al., 2009 Nayak et al., 2009 Lee et al., 2009
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PCC value to predict gene function

PCC For At3g20000 PCC For At5g06140
1 p-value < 0.001 1 p-value < 0.001
‘.
0.5 . 0.5 .
0 - e 0 -
0.5 - | 05
1 rank 20000 1 rank 20000

Red dot: gene with same
GO BP with the guide gene



PCC value to predict gene function

For all possible |
PCC guide genes PCC Zoom-in view

1 ]

1 ok 20000 1 rank 400

Red dot: gene with same
GO BP with the guide gene



PCC value to predict gene function

PCC For At3g20000 PCC For At5g06140
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Outline of gene function prediction

Gene annotation
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Result of gene function prediction
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0.5 Random prediction | PCC rank and MR are better than PCC value.



Universality of the rank-based measures

0s | Arapbidopsis [ . Human
PCC wvalue
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Same results were obtained for other data.




Coexpressed gene list from HISTIH2BM

Sorted by Cor Sorted by MR

MR Cor Gene MR Cor Gene

5.4 0.29 HIST1H2AI 5.4 0.29 HIST1H2AI
11.4 0.27 HIST1H1D 11.4 0.27 HIST1H1D
11.5 0.27 HIST1H3D 11.5 0.27 HIST1H3D
96.2 0.27 TMEM132A 28.7 0.25 HIST1H2AJ
114.7 | 0.27 KIAA1652 74 0.23 HIST1H2BB
1359 | 0.27 CHRND 79.8 0.23 HIST1H1E
130.9 | 0.26 GRIN3B 96.2 0.27 TMEM132A
183.4 | 0.26 TES 113 0.22 HIST1H4E
189.3 | 0.26 SSX5 14.7 | 027 KIAA1652
192.8 | 0.26 442503 124.5 | 0.24 HIST1H2AB
201.3 | 0.26 SPDEF 130.9 | 0.26 GRIN3B

208.1 0.26 RAP1A 1359 | 0.27 CHRND

2084 | 0.26 hCG_1795560 145.2 | 0.21 HIST1H4D
2174 | 0.26 APOC4 147.8 | 0.19 HIST1H3C
2296 | 0.26 FOXN4 160.4 | 0.19 HIST1H3A
2495 | 0.26 ATOH1 166 0.22 HIST1H3B
264.1 0.26 CXXC5 | | 1683 | 022 HIST1H2BI




Hierarchical clustering with MR

Measure of goodness:
number of junctions filled with one GO BP annotation

BCOR
MR
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MR was also an effective measure for hierarchical clustering.




Summary

» (Gene coexpression
It is a similarity of gene expression patterns. It
can be used to search functionally related genes.

» Coexpression measure
PCC value is universally used "
as a gene coexpression
measure. However we found
that PCC rank was more
suitable to introduce common
threshold for any guide gene. ° .
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