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Table S2. Activation-associated protein (AAP) Accession Numbers and Primers. Capitalized nucleotides 

indicate overhangs for the addition of XbaI and NotI sites for cloning. 

AAP Ref. UniProt ID Isoform  NCBI RefSeq Amplification primers (5’ .. 3’) 
VP64 

(4xVP16) [S1] n.a. - - 
F: CCTTATCTAGAgacgctttggacgacttcga 
R: CTTAGCGGCCGacaacatgtccaagtcgaagt 

(NKκB)-p65 [S2] Q04206 - NM_001145138.1 
F: CCTTATCTAGAtacctgccagatacagacga 
R: CCTTAGCGGCCGatctcagccctgctgagtcag  

MYB [S3] P10242 
Isoform 1 
P10242-1 NM_005375.2 

F: GGCCTTATCTAGccagctgccgcagccattca 
R: AATTAGCGGCCGcccacccggggtagctgcat 

ATF2 [S4] P15336 
Isoform 1 
P15336-1 NM_001256090.1 

F: CCTTATCTAGAgagatgacactgaaatttgg 
R: CCTTAGCGGCCGaggatcttcgttagctgctc  

p300 [S4] Q09472 Q09472-1 NM_001429.3 gBlock from IDT 
KAT2B 
(PCAF) [S5] Q92831 Q92831-1 NM_003884.4 

F: CCTTATCTAGActcaaccagaaaccaaacaa  
R: CCTTAGCGGCCGatttagctcacatcccatta  



KMT2A 
(MLL1) [S6] Q03164 

Isoform 1 
Q03164-1 NM_005933.3 gBlock from IDT 

KMT2C 
(MML3) [S6] Q8NEZ4 

Isoform 1 
Q8NEZ4-1 NM_170606.2 gBlock from IDT 

KMT2D 
(MLL2, 4) [S6] O14686 

Isoform 1 
O14686-1 NM_003482.3 gBlock from IDT 

KMT2E 
(MLL5) [S6] Q8IZD2 

Isoform 1 
Q8IZD2-1 

NM_182931.2 
(variant 1) 

F: GCGCTCTAGAaatttggataaagagagggc 
R: AATGCGGCCGcttcattactaataggagtt 

SETD1A 
(SET1) [S6] O15047 O15047-1 NM_014712.1 

F: CCTTATCTAGAaagaagctccgatttggccg 
R: CCTTAGCGGCCGagtttagggagccccggcagc  

SETD1B 
(SET1B) [S6] Q9UPS6 

Isoform 1 
Q9UPS6-1 No RefSeq number gBlock from IDT 

SETD7 
(SET7/9) [S7] Q8WTS6 Q8WTS6-1 NM_030648.2 gBlock from IDT 

PRMT5 [S8] O14744 
Isoform 1 
O14744-1 NM_006109.4 

F: ATGCTCTAGAatggcggcgatggcggtcgg 
R: ATGCGCGGCCGcgaggccaatggtatatgagc  

FOXA1 
[S9, 
S10] P55317 P55317-1 NM_004496 

F: GGCTCTAGAatgttaggaactgtgaagatgga 
R: ATTGCGGCCGccaaggaagtgtttaggacgg  

SMARCA4 
(BRG1) [S11] P51532 

Isoform 1 
P51532-1 

NM_001128844.1 
(variant 2) 

F: CCTTATCTAGAatgtccactccagacccacc 
R: CCTTAGCGGCCGgctgctgtccttgtacttga 

 

 

Table S3. dCas9-MYB sgRNA targeting sequences. The targeting sequences for g46, g31, g32, and g25 

have been used in our previous work [S12]. 

Transgene Cell line Target Name Targeting Sequence 
Tk-Luciferase  HEK 293 Gal4-EED/luc [S13] g46 5’ cctgcataagcttgccacca 3’ 

g31 5’ cgaggtgaacatcacgtacg 3’ 

g32 5’ cctctagaggatggaaccgc 3’ 

g25 5’ accgtagtgtttgtttccaa 3’ 

CMV-GFP 
 

HEK 293 GFP insert site 3-3 
(Chang Liu, UC Irvine, 
unpublished) 

L1 5’ ctctgtcacaggactcagcc 3’ 

L2 5’ gggcggtaggcgtgtacggt 3’ 

L3 5’ cactggtgtcgtccctattc 3’ 

L4 5’ cttcttcaagtccgccatgc 3’ 

 

 



  



Table S4. Publicly accessible plasmids. Annotated sequences can be viewed online in the Haynes lab 

Benchling collection “DNA-Binding Fusion Transcriptional Regulators” at 

https://benchling.com/hayneslab/f_/5wovkOaK-gal4-dna-binding-fusion-transcription-

regulators/?sort=name.  

Name DNASU Accession # 
MV14 - 

MV14_VP64 HaCD00812388 

MV14_p65 HsCD00812387 

MV14_MYB - 

MV14_ATF2 HsCD00833013 

MV14_p300 HsCD00833014 

MV14_KAT2B HsCD00833015 

MV14_KMT2A HsCD00833016 

MV14_KMT2C HsCD00833018 

MV14_KMT2D HsCD00833017 

MV14_KMT2E - 

MV14_SETD1A HsCD00833019 

MV14_SETD1B HsCD00833020 

MV14_SETD7 HsCD00833021 

MV14_PRMT5 - 

MV14_FOXA1 - 

MV14_SMARCA4 HsCD00833022 

pX330g_dCas9_MYB - 

 

 

Table S5. Primers for RT-qPCR 

Target Amplification primers (5’ .. 3’) 

mCherry (Gal4-AAP transcripts) F: gctccaaggcctacgtgaag 
R: aagttcatcacgcgctccca 

TBP (housekeeping gene) F: caggggttcagtgaggtcg 
R: ccctgggtcactgcaaagat 

 

 

 



 

 
Figure S1. Histone modifications associated with activation-associated proteins (AAPs) used in this study. 

Interaction partners determined by STRING analysis are listed in Supplementary Table S1. Previous work that 

characterized each AAP is cited in Supplementary Table S2. H3 MT = histone H3 methyltransferase, H4 MT = 

histone H4 methyltransferase, CR = chromatin remodeler, PF = pioneer factor, PE = Polycomb eviction, A = 

transcriptional activation. 

 



 
 

 

Figure S2. Design and construction of Activation-associated protein (AAP) -Gal4 fusions. Amino acid lengths are 

indicated, as well as domain location within the full length wild-type sequence (Supplementary Table S2). ORFs 

were cloned into MV14 to express a Gal4-AAP fusion protein from a cytomegalovirus (CMV) promoter. Gal4-

AAPs are expressed with a C-terminal nuclear localization signal (NLS) and a 6X histidine tag. MV14 expresses 

puromycin resistance to enable selection of Gal4-AAP positive cells. 

 

  



 

 

 

 
Figure S3. Measurement of luciferase reporter expression within open chromatin after exposure to Gal4-AAP 

fusions. Luc14 cells carry the same Tk-luciferase locus at the same chromosome site as Gal4-EED/luc cells, but 

without Gal4-EED. Therefore, the site is PRC-depleted and basal levels of expression from Tk-luciferase are higher 

than in Gal4-EED/luc cells (Figure 2). Luc14 cells were transfected with each Gal4-AAP fusion plasmid. Three days 

after transfection luciferase signal was measured. Each circle in the bar graph shows the mean luciferase (Luc) 

signal for a single transfection, divided by cell density (total DNA, Hoechst staining signal). Bars show means of 

three transfections. Asterisks (*) = p < 0.05 compared to mock-transfected cells.   



 

 

 

 
 

 

 
Figure S4. Additional trial of time course experiments with Gal4-AAP-expressing cells. Luciferase assays for Trial 

2 were performed as described for Trial 1 from Figure 5B. As a simpler alternative to flow cytometry, a microplate 

reader was used to measure both RFP signal and DAPI signal from Hoescht-stained cells in 96-well plates in situ. 

The assay and data analysis were performed as we have described previously [S14]. Fold change values between 

time points for each Gal4-AAP experiment are shown within each bar graph. Different intra-group analyses (t tests) 

were done for Trial 1 versus Trial 2 in cases where large shifts in luciferase signal occurred at different days. 

Normalized RFP signal values are shown in each table (right). Asterisks represent p-values (* p < 0.05) for mean 

values greater than the mean for the mock-transfected negative control sample. * p < 0.05 and ** p < 0.01 are shown 

for intra-group comparisons (brackets). 

 

 

  



 

 
Figure S5. (A) Annotated motifs within the full-length MYB protein (AAA52032.1). From left to right: Dispersed 

nuclear localization signal (NLS) (M1-Q200; in light blue); Casein kinase II phosphorylation sites that reduce MYB 

DNA binding when phosphorylated and D152V mutation site that nullifies limited MYB pioneer function by 

disrupting DNA binding site recognition (S11, S12, D152; in red) [S15]; Repeat regions (R1-R3) that facilitate 

MYB binding to its recognition element (G34-L86, N87-L138, N139-M189; in purple) [S16, S17]; Transcription 

activation domain (P275-W327; in green) [S16]; Core acidic domain of TAD  that facilitates interaction with 

CBP/p300 (D286-L309; in bright green) [S18]; M303V mutation that disrupts p300 recruitment and thus, activation 

by MYB (M303; in red) [S18, S19]; Leucine zipper domain that interacts with other cellular proteins (L383-L403; 

in orange) [S18]; Negative regulatory domain (V512-P566; in red), removal of which increases MYB-mediated 

expression increase [S20]. (B) Expression vector pX330g_dCas9-MYB was constructed from vector 

pX330A_dCas9 (a gift from Takashi Yamamoto, Addgene plasmid #63598) to co-express a dCas9-MYB fusion 

protein and mCherry from a CBh promoter. Single-stranded guide RNA sequences (Supplementary Table S4) were 

cloned into the BbsI sites and expressed from a hU6 promoter on the same vector.  

 

 



 

 
 

Figure S6. MTT cell viability assays. An MTT ((3‐(4,5‐Dimethylthiazol‐2‐yl)−2,5‐diphenyltetrazolium bromide)) 

cell viability assay to determine the effects of celastrol on cell survival was performed as described previously by 

Godeshala et al. [S21]. In brief, Gal4-EED/luc cells were treated with celastrol diluted at different concentrations in 

Gibco DMEM high glucose. Cells were incubated with the drugs for six hours before being washed and cultured for 

3 hours in drug free medium containing MTT reagent solution. Finally, cells were incubated with methanol:dimethyl 

sulfoxide (1:1) at room temperature for 30 minutes and mixed thoroughly before absorbance was read at 570 nm. 

The relative cell viability (%) was calculated from [ab]test/[ab]control × 100%. For each sample, the final 

absorbance/cell viability was reported as the average of values measured from three wells in parallel. Bars = 

standard error. We found no significant impact on cell viability after treatment with celastrol at any of the 

concentrations tested.  

 



 
Figure S7. Targeting dCas9-MYB to a repressed CMV-GFP transgene in HEK 293 cells. (A) Fluorescence 

microscopy of HEK 293 CMV-GFP cells. Representative images (bright field and GFP channel overlay) at each 

passage are shown. The table shows mean frequencies of GFP-positive cells determined by manual counts of cells in 

the bright field channel and the GFP channel. Counts were carried out for three to four fields of view for each 

sample. (B) We targeted dCas9-MYB to four sites (L1-4) across a chromosomal CMV-GFP transgene in HEK 293 

cells. Three days after transfection with dCas9-MYB/sgRNA vectors or mock transfection, we measured GFP 

fluorescence via flow cytometry. FlowJo software (version 10.6.1 for Mac OS X) was used to gate ~10,000 live 

cells (y = side scatter, x = forward scatter). These cells were then plotted as a histogram that showed a bimodal 

distribution of GFP signal (high mean GFP ~2.0E6, low mean GFP ~1.0E4). A bisector gate was used to determine 

the frequency of high-GFP cells in the live cell population. Circle = frequency of GFP-positive cells in one 

transfected sample; bars = means of three transfections. Asterisks (*) = p < 0.05 for experimental mean compared to 

the mock-transfected control mean. 
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