( originally called TF-Cluster): How to identify collaborative

regulatory genes that govern a biological process or a complex trait?

E L T2 T3 T4 T5 T6 T7 T8 ™ T1i0

G1l 123 790 2300 1597 655 530 321 229 234 354
G2 400 750 790 996 213 350 1504 340 250 1780

G3 250 250 380 150 470 559 890 1250 99 450

550 225 388 650 470 559 899 250 590 460

150 260 S50 750 470 585 865 125 99 450

EXxpression data

TF1 TF2 TF3 TF4 TFS5 TFe TF7 TF8 TFS TF10 TF11 TF12
TF1
TF2

TF3
TF4
TFS
TF6
TF7
TF8
TF9
TF10
TF11
L TF12 00

SCCM--Shared Coexpression
Connectivity Matrix

NETWORK DECOMPOSITION
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Each subnetwork
contains TFs that
control a complex trait
or a biological process




A sample Collaborative Subnetwork identified by CollaborativeNET

Cluster 2: A cluster of TFs control root cap development (stem cells of roots)

ATIG33280 |BRNI BRN1, SMB control root cap maturation [66]
AT4G10350 |BRN2 BRN2, SMB control root cap maturation [66]
ATIGT9580 ISMB FEZ and SMB control root stem cells [67]
AT5G39820 (ANACO94  |Apical meristem protein, function unknown 59]
AT1G26870 i FEZ and SMB control root stem cells in cap [67]
AT1G74500 |TOM7 mbryonic root initiation [68]
AT3G27010 {TCP20 ostembryonic cell dibision in root 0]
AT2G30340 (LBD13 Expressed in cells at the adaxial base of lateral roots ~ |[104] BRN1
AT2G40470 |LBDI5 Expressed in cells at the adaxial base of lateral roots  |[104] BRN2
ATIG51190 [PLT? (Controlroot stem cell activity ear cap [69] SMB
ATIG66350 [RGLI Root epidermal differentiation [105] FEZ
AT2G37260 (TTG2 Differentiation of trichomes and root hairless cells [106]
AT5G57420 |TAA33 [AA is involved injroot development [107, 108]
AT2G29060 Iscarecrow transcription factor family protein
Runctionatly coordinated sranscintion factors via netwerk decompostion of the shared cosxpression. |+ SonnelLT etal SOMBRERO, BEARSKINL and BEARSKINZ egulaterootcap

connectivity matrix (SCCM). BMC Syst Biol 5,53 (2011). https://doi.org/10.1186/1752-0509-5-53 10.1105/tpc.109.072272
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Subnetwork 1, 12 and 17, which regulate
the regeneration potential in Arabidopsis,
were identified by CollaborativeNet (
Islam et al. 2023).

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


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

Top-down GGM Algorithm: Identification of SND1-mediated network
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The inferred two-layer of GRN using the PtrSND1 target

overexpression data as an input for top-down GGM algorithm
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The ChIP-PCR validation (Lin et al. 2013. Plant Cell)



The three layers of GRN constructed built by Top--down and Bottom-up GGM Algorithms

Bottom-up GGM
Bottom-up GGM
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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.



TGMI: Identified TFs which regulate lignin biosynthesis pathway

Rank@ TFR Frequency References
7 MYC3 IAA12 MYBS85 17 MYB85R 110 (Zhou,Aee,Zhong, R e,2009)A
HAT14 \ . NST2 20 NST20 el (Zhong®Xe,2015)a
ARF6 3a SND1E o (Zhong®e,2015)a
»8 4z MYB63B e (Zhout@I.,2009)2
AT1G69;[70 X 5@ SND3@ 8a (Zhong,Aee,@hou,McCarthy, RHe,2008)E
BZIP17 O, SND3 6l MYB43@ 70 (Yoon,Thoi,®&@®n,2015)2
~ 77 MYB58E 78 (Zhoutml.,2009)
AT4G00940 " 8a ARFA4E 60 o
‘ 9z LBD15& 62 (Shuai,®Reynaga-Pena,®RBpringer,2002)R
AT Y 102 NST1E 6l (Mitsudai®t@l.,2007)2
/- 118 AT1G682003 50 1
AT YL 128 TAR2D 53 )
b S 138 1CU4E 5 B
AT S —— 147 MYB103E 58 (Ohmantal.2013)8
. 150 MYB46E 50 (Kim,&im, Ko, Kang,Ban,2014)2
3xHgggox2/ ™ A NST1 168 MYB61E 58 (Zhong®R@e,2009)2
o == 178 AT2G447450 48 1
AT2G41710] 182 1AA13E 47 i
) LBD15 197 ANR1E 3@ a
HB-12" 202 AT5GA485600 30 I
21E HSFB3E 3a I
HAT22 ARF4 228 MYB69E 3E (ZhongRtml., 20083
T 23 MYB86[@ 3@ (Zhongtl.,2008)a
GATALZ \ 241 ORE14E 30 ]
L o /-MYB61 250 OXS28 33 iy
bzIP6 260 SND2 3a (Hussey@t@l.,2011)8
278 SRS6[ 3e I
AT5G48560\ 283 VAL2E 30 K]
) 298 XND1@ 3@ (zhao,Rvci,@rant,Haigler, RMBeers,F2008)x
@xo— \~ 302 3xHMG-box28 20 N
& ‘\ 31E ARF60 21 1
HSFB3 \(AT1G68200 320 AT1G67310@ 21 i
i X J i 33@ AT1G69170@ 28 K]
& | 343 AT2G376508 20 I
ZFP1 , ‘ JAR2 350 AT2G417108 20 a
ORE1l4 | // TAT2G44745 368 AT4G00940R 2R -2
SRS6 —— ! 378 AT5G012003 21 1
VAL2 / snD2 'AAL3 380 BZIP172 21 K
MYB69 xND1 MYB86 398 bziP6x 20 (Zhong®Me,2012)3
403 GATA128 20 (Nishitani®Demura,2015)2

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

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



TGMI: Regulatory network regulates pigment biosynthesis pathways

NF-YAS5 NARS1 e
PAP1 TLP8
MYC3 \Y VOzZ1
MYBGO \ A\ ANR1
ATIGO3040/ \\\\ MYB33
NACO089 i \
I I\ SVP3
ATML1 |
NACO53 “ﬂ\\ X UNE13
/F%é/"jﬁa i X ZHD1
7 Ll AN . . Coral nodes contain the
AT3G24490 A / // ’/ W] .
PDF2 copelargonidin and AL / 2! N HYH known regulators regulating
bHLH11 yanidin pathway genes /KT@%} , | // 4 M lignin pathway that are re-
; ! :
P ’ 715 SPLY discovered by TGMI
GBF2 .
VAL3 ‘ FYF algorithm.
scL1 = TA15
bZ1P48
BZIP61 ATI1G7635(
& geALEG6047
AT2G423C0
D CRF6
EDA29 & ARF4
SRS6 y 7 > > %
AT5G164 Z : 7 , ; " i TGAG
WRKY44 W # e B YA = = ZFP4
XND1 VK @ ZHD2
arfcee)zo r i g
W\ NS YB96
l F-YA8
Flavonoid pathway grnes =
CRF7
AT4G01280 =
P
SAW1 ARF17
NF'YAiGLGS AT1G43770
AGL21 NACO019
ZHD6 NFD2
SGR1SCL21 gaG1NF.YCR2263765 . . .
Gunasekara et al. 2018 Nucleic Acids Res. 46(11):e67.




TGMI
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|dentification 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 )



https://doi.org/10.1186/s12870-025-06053-4
https://doi.org/10.1186/s12870-025-06053-4

Joint Construction of multiple gene networks (JRmGRN)

PIF7 I\ 1AA34 FLSS U ni q ue
\ _ I : e
IAA30 ‘ ) ‘ \> l'? % : | H u b
. . AT1G18810 Y, ) v, N 7
Arabidopsis data A
Conditions:

AT2G22200

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

Common hub
In two networks
(yellow nodes)

N

N
N

Two networks

1. Green edges: common 7 §\\v<"‘? &
2. Red edges: specific to high R:F sy
3. Blue edges: specific to low R:F / o aracozsol |

Deng et al. 2018, Bioinformatics 5;34(20):3470-3478




How does BWERF (Backward Elimination Random Forest) work?

Backward Elirmination
Input data

Pathway genes Bullding random forest Calculate importance A portion of least

using one pathway Of TFs important TFs are

S5z~ 6a gene and All TFs oliminated

51 G1 .. TFs.. 3 Aggregate the edge importance to getTF
2 51 ‘ 3 D importance
3 S2 H om e

s3 —/F i fimportance

e
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; ' HHU "
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Multilayered gene regulatory network (ML-nGRN) built with BWERF algorithm
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Multilayered hierarchical gene regulatory network (ML-hGRN) built with BWERF algorithm

(f)

This study used BWERF
to identify WRKY18

Layer 2

ERF AGATA1 Ri

<
°
o
© o
L - o
L . ® o ©
a0 e "
o Lk 3
.....

Group B Group C Group D Group E
Plant-pathogen interaction Phenylalanine metabolic Plant hormone signal Glutathione metabolism Starch and sucrose
and biosynthesis transduction

Group A

metabolism

The transcriptional landscape of Populus pattern/effector-triggered immunity and how PagWRKY 18 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



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

Overexpression Experiments
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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, September 2023, Igad083,

TF: Transcription factor

N TG:Target gene

PWG: Pathway gene
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