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Supplementary figures and table legends 
 
Figure S1 (related to Figure 1). Topology tree showing the distribution of species. Each node is 

numbered for easier identification of branches under positive selection.  

 

Figure S2 (related to Figure 1). Phylogenetic tree of the PADI family of enzymes reconstructed 

using RaxML. The five different PADI genes are purple: PADI1 (green), PADI2 (purple), PADI3 

(blue), PADI4 (red), and PADI6 (orange). Branch lengths represent the phylogenetic distance between 

sequences.  
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Figure S3 (related to Figure 1).  Phylogenetic tree from S2 Fig. This time, branches are colored 

according to the bootstrap values to reflect the confidence of the different branches; blue: ≥75, green: 

≥50. 

 

Figure S4 (related to Figure 1, Figure 4, Files S3-S4, and Movies S2-S3). (A-C). Gene order and 

synteny for all identified PADI genes in three representative species: duck (top), human (middle), 

and mouse (bottom). Gene locations were obtained from Ensembl v97. (D-E Structural model of 

PADI2 interaction with the P-TEFb complex. Structural model of PADI2-CDK9/CCNT1 complex 

derived by: (D) Docking, showing one of the top-ranked docking poses.  (E) Using AlphaFold-

Multimer; In both panels, PADI2 is shown as a cartoon using the same color scheme as in Figure 3, 

and CDK9 and CCNT1 are shown in cyan and magenta, respectively; L162 is shown in blue using 

sphere representation. The PyMol session of PADI2 with the P-TEFb complex with docking and 

AlphaFold-Multimer is available in Supplementary Material File S3 and S4, respectively.  

 

Figure S5 (related to Figure 5). HeLa cells expressing the GFP-tagged PADI2 were used for GFP-

positive FACS. (A). Schematics outlining the experimental strategy. HeLa cells were transfected with 

indicated GFP-tagged PADI2 plasmids, followed by sorting of GFP-positive cells. The gating 

strategy for isolating GFP-expressing cells using the BD Influx cell sorter is shown. Top panel, is a 

strategy used for control cells; the bottom panel, is a strategy used for GFP-expressing cells. (A1, B1) 

A SSC-H (side scatter height) versus FSC-H (forward scatter height), morphological-related 

parameter dot-plot was used to exclude debris by gating cells in G1. (A2, B2) Doublets were excluded 

using FSC-H versus FSC-A (forward scatter area) dot-plot by gating singlets in G2. (A3, B3) Dead 

cells were excluded using DAPI versus FSC-A dot-plot by gating living cells in G3. (A4, B4) GFP-

positive cells. (B). Representative microscopy images of HeLa cells expressing PADI2 as the control 

(–GFP) or a GFP-tagged wild-type (WT), single mutant (T159A, W161A or L162A), double mutant 

(L162A/W161A), or triple mutant (L162A/W161A/T159A) form. (C). The growth curve displaying 

percentage confluence was determined using the Incucyte® live cell analysis system over time for 

HeLa cells specifically expressing the WT PAD12 or mutant PAD12 (single, double, or triple, as for 

(B). Data represent mean ± SD. ***p value < 0.001.  

 

 

Figure S6 (related to Figure 6). (A). A t-distributed stochastic neighbor embedding plot (tSNE) 

depicting unsupervised clustering leads to three different populations that appear to be descriptionally 

distinct. (B). An overlap of (L162A/W161A/T159A) mutant vs. WT PADI2 tSNE shows that these 

different clusters are not directly associated with the mutational status of PADI2. (C). Hypothetical 
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evolutionary model of positively selected residues to coordinate with the circumferential residues to 

facilitate protein–protein interactions to contribute to cellular functions. 

Table S1- Primers used in this study. 
 

RT-qPCR  
Name          Sequence (5¢ to 3¢) 

CENPQ, F.P.  CAACCTCTGTCAAAGAGTACC 
CENPQ, R.P. TCAGGAAGTTGAGATGGTATTG 
c-MYC, F.P. AGAGTCTGGATCACCTTCTG 
c-MYC, R.P GGTTGTTGCTGATCTGTCTC 

CCNB1, F.P. GGTAACAAAGTCAGTGAACAAC 
CCNB, R.P TGGCACCAGCATAGGTA 

GAPDH, F.P. GAGTCAACGGATTTGGTCGT 
GAPDH, R.P TTGATTTTGGAGGGATCTCG 
LRRC39, F.P. CCCTTCTTCTCTGCTGAAAC 
LRRC39,  R.P                                     CTGAGAATCAGTTCCTGAAGTC 
PADI2 F.P. CATGTCCCAGATGATCCTGC 
PADI2 R.P CATGGTAGAGCTTCCGCC 

  
       
           ChIP-qPCR 

  

CENPQ-TSS, F.P.  
 
GGTCTCCTCTGTTTACGAATG 

CENPQ-TSS, R.P. GCATTTGCTTTACCAGACATC 
  c-MYC-TSS F.P.  CTGCTTAGACGCTGGATTT 
c-MYC-TSS R.P  TTTAGGCATTCGACTCATCTC 

  CCNB1-TSS F.P. CCTGGAAACGCATTCTCTG 
CCND2-TSS R.P  CCAGCCTAGCCTCAGATTTA 
LRRC39 TSS F.P.  GGTCCTTTCTGAAATGGTATC 
LRRC39 TSS R.P  TCAGGTCTTCATTGAGTTTC 

 
Supplementary	files 
 
Material file S1. Multiple sequence alignment files related to figure S1-S3. 
 
Material file S2. PyMOL session file of PADI2 with the CTD-R1810 peptide complex related to 
figure S4D-E.   
 
Material file S3. PyMOL session file of docking model of PADI2 with CDK9/CCNT1 related to 
figure 4.  
 
Material file S4. PyMOL session file of AlphaFold-Multimer model of PADI2 with CDK9/CCNT1 
related to figure 4.  
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Material file S5. PyMOL session file of AlphaFold-Multimer & docking shared region of PADI2 
centered around L162 encompassing loop with CDK9/CCNT1 related to figure 4.  
 
Movie S1- A movie representing the lowest energy model of PADI2-with R1810 RNAP2 peptide 
complex. All 20 positively selected residues are highlighted as shown in Figure 3.  
 
Movie S2- A movie depicting the docking model of the PADI2-CDK9/CCNT1 complex, with PADI2 
in green shades, CDK9 in cyan, and CCNT1 in magenta. L162 is depicted in dark blue with a sphere 
representation. 
 
Movie S3- A movie showing the AlphaFold-Multimer structural model of PADI2-CDK9/CCNT1 
complex, with PADI2 in green shades, CDK9 in pale cyan, and CCNT1 in pink. L162 is depicted in 
dark blue with a sphere representation. 
 
Movie S4- A movie representing the rotation of PADI2 in green with the shared interface between 
docking and AlphaFold-Multimer models in red and the center of mass of the top 200 docking poses 
represented as red spheres. T159, L162, and W161 are shown in sphere representations, with L162 
depicted in dark blue, and T159 and W161 in cyan. 
 
Table S2- Sigle-cell analysis showing the differentially expressed genes in PADI2 triple mutant 
(L162A/W161A/T159A) versus PADI2 WT as indicated in Figure 6A-B.  

Table S3 - Significantly enriched molecular functions and biological processes in PADI2 triple 
mutant (L162A/W161A/T159A) /PADI2 WT related to Figure 6C. 

Table S4- Gene regulatory elements in upregulated and downregulated genes as shown in Figure 6 
D-E.



  Figure S1
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