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TF-Cluster:  Can we identify genes controlling a complex trait? 
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Each subnetwork 
contains TFs that  
control a complex trait 
or a biological process

NETWORK DECOMPOSITION

CollaborativeNet ( originally called TF-Cluster): How to identify collaborative 
regulatory genes that govern a biological process or a complex trait?

Collaborative Network



BRN1
BRN2
SMB
FEZ

Nie, J., Stewart, R., Zhang, H., Thomson, Ruan, F. Cui, X. and  Wei. H et al. TF-Cluster: A pipeline for identifying 
functionally coordinated transcription factors via network decomposition of the shared coexpression 
connectivity matrix (SCCM). BMC Syst Biol 5, 53 (2011). https://doi.org/10.1186/1752-0509-5-53

A sample Collaborative Subnetwork identified by CollaborativeNET

Bennett T et al. SOMBRERO, BEARSKIN1, and BEARSKIN2 regulate root cap 
maturation in Arabidopsis. Plant Cell. 2010 Mar;22(3):640-54. doi: 
10.1105/tpc.109.072272



Islam, M.K., S. T. Mummadi, S, Liu, and H. Wei *. 2023. Regulation of Regeneration in Arabidopsis thaliana. aBiotech. https://doi.org/10.1007/s42994-023-00121-9. 

Subnetwork 1, 12 and 17, which regulate 
the regeneration potential in Arabidopsis, 
were identified by CollaborativeNet ( 
Islam et al. 2023). 

https://doi.org/10.1007/s42994-023-00121-9


The ChIP-PCR validation (Lin et al.  2013. Plant Cell) 
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The inferred two-layer of GRN using the PtrSND1 

overexpression data as an input for top-down GGM algorithm

ChIP-PCR
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Top-down GGM Algorithm:  Identification of SND1-mediated network
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The three layers of GRN constructed built by Top--down and Bottom-up GGM Algorithms 

Lu et al., 2013. Proc Natl Acad Sci U S A. 25;110(26):10848-53. 
doi: 10.1073/pnas.1308936110. 

The width of each edge represents the 
frequency of interference or regulatory 
strength. 

Top-down 
GGM  

Bottom-up GGM

Bottom-up GGM

This analysis led to the 
Identification of UNE12
Plant Physiology 192(2):1046-1062)



	

Rank	 TF	 Frequency	 References	

1	 MYB85	 11	 (Zhou,	Lee,	Zhong,	&	Ye,	2009)	
2	 NST2	 9	 (Zhong	&	Ye,	2015)	

3	 SND1	 9	 (Zhong	&	Ye,	2015)	

4	 MYB63	 8	 (Zhou	et	al.,	2009)	

5	 SND3	 8	 (Zhong,	Lee,	Zhou,	McCarthy,	&	Ye,	2008)	

6	 MYB43	 7	 (Yoon,	Choi,	&	An,	2015)	

7	 MYB58	 7	 (Zhou	et	al.,	2009)	

8	 ARF4	 6	 -	
9	 LBD15	 6	 (Shuai,	Reynaga-Pena,	&	Springer,	2002)	

10	 NST1	 6	 (Mitsuda	et	al.,	2007)	

11	 AT1G68200	 5	 -	

12	 IAR2	 5	 -	

13	 ICU4	 5	 -	

14	 MYB103	 5	 (Ohman	et	al.,	2013)	

15	 MYB46	 5	 (Kim,	Kim,	Ko,	Kang,	&	Han,	2014)	

16	 MYB61	 5	 (Zhong	&	Ye,	2009)	

17	 AT2G44745	 4	 -	

18	 IAA13	 4	 -	

19	 ANR1	 3	 -	

20	 AT5G48560	 3	 -	

21	 HSFB3	 3	 -	
22	 MYB69	 3	 (Zhong	et	al.,	2008)	

23	 MYB86	 3	 (Zhong	et	al.,	2008)	

24	 ORE14	 3	 -	

25	 OXS2	 3	 -	

26	 SND2	 3	 (Hussey	et	al.,	2011)	

27	 SRS6	 3	 -	

28	 VAL2	 3	 -	
29	 XND1	 3	 (Zhao,	Avci,	Grant,	Haigler,	&	Beers,	2008)	

30	 3xHMG-box2	 2	 -	

31	 ARF6	 2	 -	

32	 AT1G67310	 2	 -	

33	 AT1G69170	 2	 -	

34	 AT2G37650	 2	 -	
35	 AT2G41710	 2	 -	

36	 AT4G00940	 2	 -	

37	 AT5G01200	 2	 -	

38	 BZIP17	 2	 -	

39	 bZIP6	 2	 (Zhong	&	Ye,	2012)	

40	 GATA12	 2	 (Nishitani	&	Demura,	2015)	

TGMI: Identified TFs which regulate lignin biosynthesis pathway

Gunasekara et al.  2018 Nucleic Acids Res. 46(11):e67. 
Coral nodes contain the known regulators regulating lignin pathway 
that are re-discovered by TGMI algorithm.



Rank	 Var1	 Freq	 Reference	

1	 NFYA5	 14	 (W.	X.	Li	et	al.,	2008)	

2	 NARS1	 12	 (Kunieda	et	al.,	2013)	

3	 AL3	 11	 -	

4	 TLP8	 11	 -	

5	 VOZ1	 11	 -	

6	 ANR1	 10	 (Kovinich	et	al.,	2012)	

7	 MYB33	 10	 (Ambawat,	Sharma,	Yadav,	&	Yadav,	2013)	

8	 SVP3	 10	 (Wu	et	al.,	2014)	

9	 UNE13	 10	 -	

10	 ZHD1	 10	 -	

11	 ATAF1	 9	 (Mahmood,	Xu,	El-Kereamy,	Casaretto,	&	Rothstein,	

2016)	

12	 HYH	 9	 (Zhang,	Zheng,	Liu,	Wang,	&	Bi,	2011)	

13	 MYB65	 9	 (Ambawat	et	al.,	2013)	

14	 SPL9	 9	 (Chao	et	al.,	2017)	

15	 FYF	 9	 -	

16	 GATA15	 8	 (Manfield,	Devlin,	Jen,	Westhead,	&	Gilmartin,	2007)	

17	 AT1G76350	 8	 -	

18	 AT5G60470	 8	 -	

19	 CRF6	 8	 -	

20	 ARF4	 8	 -	

21	 TGA6	 8	 -	

22	 ZFP4	 8	 -	

23	 ZHD2	 8	 -	

24	 MYB32	 7	 (Lotkowska	et	al.,	2015)	

25	 MYB96	 7	 (Seo	&	Park,	2010)	

26	 NFYA8	 7	 (S.	Li	et	al.,	2016)	

27	 BEE2	 7	 -	

28	 CRF7	 7	 -	

29	 ERF3	 7	 -	

30	 ARF17	 7	 -	

31	 AT1G43770	 7	 -	

32	 NAC019	 7	 -	

33	 NFD2	 7	 -	

34	 AT2G37650	 7	 -	

35	 NF.YC12	 7	 -	

36	 RAG1	 7	 -	

37	 SCL21	 7	 -	

TGMI:  Regulatory network regulates pigment biosynthesis pathways

Gunasekara et al.  2018 Nucleic Acids Res. 46(11):e67. 

Coral nodes contain the 
known regulators regulating 
lignin pathway that are re-
discovered by TGMI 
algorithm.



Identification of 40 TFs were found to potentially regulate 62 anthocyanin biosynthesis 

pathway genes. Wang et al BMC Plant Biology (https://doi.org/10.1186/s12870-025-
06053-4 )

TGMI

https://doi.org/10.1186/s12870-025-06053-4
https://doi.org/10.1186/s12870-025-06053-4
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Deng et al.  2018, Bioinformatics 5;34(20):3470-3478

Joint Construction of multiple gene networks (JRmGRN)

Arabidopsis data

Conditions:
1. High Red : Far-red (R:F) 
2. Low Red : Far-red 

Two networks

1. Green edges: common
2. Red edges: specific to high R:F
3. Blue edges: specific to low R:F 

Common hub
In two networks
(yellow nodes)

Unique 
Hub



How does BWERF (Backward Elimination Random Forest) work? 



Tree Physiol, Volume 39, Issue 7, July 2019, Pages 1159–1172, https://doi.org/10.1093/treephys/tpz025

The content of this slide may be subject to copyright: please see the slide notes for details.

Multilayered gene regulatory network (ML-hGRN) built with BWERF algorithm  

bottom-up approach 

Bottom layered genes may 
be the ones from a pathway 
or a biological process of 
interest. Calvin–Benson–Bassham cycle

Regulatory genes that 
govern Calvin-Benson-
Bassham Cycle pathway

https://doi.org/10.1093/treephys/tpz025


The transcriptional landscape of Populus pattern/effector‐triggered immunity and how PagWRKY18 involved in it

Plant Cell & Environment, First published: 26 February 2024, DOI: (10.1111/pce.14860)

https://onlinelibrary.wiley.com/doi/10.1111/pce.14860 

Multilayered hierarchical gene regulatory network (ML-hGRN) built with BWERF algorithm  

This study used BWERF 
to identify WRKY18



TGPred Package: six methods of predicting target genes of a TF 

Cao, X., L. Zhang, M. K. Islam, M. Zhao, C. He, K. Zhang, S. Liu, Q. Sha, H. Wei, TGPred: efficient methods for predicting target genes of a transcription 
factor by integrating statistics, machine learning and optimization, NAR Genomics and Bioinformatics, Volume 5, Issue 3, Sept ember 2023, lqad083, 
https://doi.org/10.1093/nargab/lqad083

Six Methods




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11: Multilayered gene regulatory network (ML-hGRN) built with BWERF algorithm  
	Slide 12: Multilayered hierarchical gene regulatory network (ML-hGRN) built with BWERF algorithm  
	Slide 13
	Slide 14

