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SUPPLEMENTAL FIGURE LEGENDS

Figure S1, Comparison of the Repression Capacity Between Lac and Tet Repressors, Related to Figure 1
 (A) Reporter activities in the absence of repressors. CMV-O and CMV-T refer to the reporter containing a lacO or a tetO respectively. (B) The reporter harboring two operators, lacO (O) followed by tetO (T), was co-transfected with either lacIY or tetRNLS into NIH/3T3 cells. Fixed amount (50 ng) of the reporter and increasing amounts of the repressor (50 to 400 ng) were transfected. (C) The reporter harboring two operators, tetO followed by lacO, was co-transfected with either lacIY or tetRNLS. Data are represented as mean ± SEM (n=3). *p ≤ 0.05, **p ≤ 0.01 (one-way-ANOVA).

Figure S2, Applying the System to the Dnmt1 Promoter, Related to Figure 2
(A) The PROMPT (Promoter Modification and Mapping Technique) cloning strategy. All PCR amplicons were generated to contain AvrII and SpeI sites at 5’ and 3’ ends respectively using primers containing the sites. PCR amplicons were inserted into the pGL3 Basic vector modified to contain AvrII and SpeI sites. For 5’modification, the vectors are digested with AvrII and BsaI, and ligated with a fragment digested with SpeI and BsaI that contains an insert to be added. For 3’modifications, the vectors are digested with SpeI and BsaI, and ligated with a fragment digested with AvrII and BsaI. Ligation between AvrII and SpeI destroys both sites so that the outer AvrII and SpeI sites remain unique, and can be used for further construction. Both 5’ and 3’ extensions can be repeated unlimitedly. This strategy can be applied to any promoter using a pair of compatible restriction sites absent in a given promoter sequence and a third restriction site unique in the backbone of the plasmid. 3’ and internal deletions are shown in Figure S1A. (B) IPTG was applied to the culture media at various concentrations as indicated. Reporter activity was measured 24h after transfection. Data are represented as mean ± SEM (n=3). *p ≤ 0.05, **p ≤ 0.01 (one-way-ANOVA).

Figure S3, LacI and LacIY Expression of ES Cell Clones, Related to Figure 3
LacI and lacIY expression by real-time RT-PCR. (A) LacI expression normalized by Pcna. (B) LacI expression normalized with histone H4 (Hist2h4a).

Figure S4, Dnmt1 re-repression kinetics following IPTG withdrawal, Related to Figure 4
(A) Immunostaining of Dnmt1 protein from the small intestine upon IPTG withdrawal.
Figure S5, The Effects of Dnmt1 Downregulation on DNA Methylation and Global Gene Expression, Related to Figure 4 
 (A) Global and local DNA methylation changes were measured using MethyLight. The percentage of methylated reference (PMR) was calculated as described previously


1 ADDIN EN.CITE . Bcl2 and Mlh1 were used as negative controls. Mouse repetitive elements (B1, B2, and IAP) were examined to measure global methylation levels. Error bars represent the standard error of the mean of three technical replicates. (B) Global and local DNA methylation levels of the liver. (C) We examined 18,097 transcripts using the Illumina MouseRef-8 v2.0 Expression BeadChip. RNA samples from two biological replicates of each genotype (Dnmt1LO/LO and Dnmt1LO/LO/TgVillacIGY) were subjected to the array in duplicate. Log2 transformed and quantile normalized values from each genotype are presented. Genes with over 2-fold up- or downregulation are shown as red or green, respectively. See SupplementalTable S2 and S3 for the log2 transformed and raw values of all genes. (D) The means of the log2 values between the two genotypes were compared and genes with over 2-fold up- or downregulation in Dnmt1LO/LO/TgVillacIGY mice are plotted as a function of fold change. See Table S1 for fold changes. (E) Validation of the expression microarray by real-time RT-PCR. The expression of selected genes was normalized with the cell cycle–dependent and independent genes Pcna (pink) and Actb ((-actin) (red), respectively. (F) Expression analyses of the Rhox gene family. (G) Analysis of expression of mouse repeats by real-time RT-PCR. Expression of mouse repeats were normalized with Pcna (left panel) and Actb (right panel). Data are represented as mean ± SEM (n=3). *p ≤ 0.05, **p ≤ 0.01 (one-way-ANOVA).
Figure S6, Dnmt1 Expression in the Absence of Repression or Activation Control, Related to Figure 5
(A) Dnmt1 expression analysis of cell lines stably expressing the rtTA-M2 transactivator in the absence of doxycycline by real-time RT-PCR. (B) Dnmt1 expression analysis of cell lines stably expressing both the lacIGY and the rtTA-M2 in the presence of IPTG (3mM) (one-way-ANOVA). (C) Western blot analysis of Dnmt1 expression from mouse colon in the absence of repression or activation control. (D) Real-time RT-PCR analysis of Dnmt1 expression from kidney, liver, and lung (t-tests). Data are represented as mean ± SEM (n=3). *p ≤ 0.05, **p ≤ 0.01.

Figure S7, Attenuation of Transcription Elongation, Related to Figure 6
(A) The rabbit (-globin intron was modified with symmetric lac operators or tet operaters placed between the Dnmt1 promoter and reporter (one-way-ANOVA). (B) The human EF1(, Ubc, and CMV promoters were linked to the symmetric lacO modified rabbit (-globin intron. Error bars indicate the standard error of the mean of three biological replicates (one-way-ANOVA). (C) Promoter strength comparison in the absence of repressor (one-way-ANOVA). (D) Up- and downregulation of EF1 promoter (Welch's t-tests). Data are represented as mean ± SEM (n=3). *p ≤ 0.05, **p ≤ 0.01.
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SUPPLEMENTAL MATERIAL AND METHODS
Plasmid Construction
The pGL3O and pGL3T plasmids were generated by inserting DNA oligomers containing a lac operator and a tet operator flanked by SacI and HindIII sites into the pGL3 Basic (Promega) vector using the enzyme sites. The luciferase reporter plasmid containing the CMV promoter (pCMVL) was constructed by PCR amplifying the promoter using the forward and reverse primers with a NotI (5′- ACATGCGGCCGCCAGATATACGCGTTGAC-3′) and an XbaI (5′- CTGGTCTAGACAGAGAGCTCTGCTTATATAG-3′) site, respectively. The amplicon was digested with NotI and XbaI and ligated into the pGL3 Basic vector backbone prepared with NotI and NheI digestion. The pCMVOL and pCMVTL vectors were generated by PCR amplifying the CMV promoter using the same primers used to generate pCMVL. The amplicon was digested with the NotI and XbaI and ligated into the pGL3O and pGL3T vectors digested with NotI and AvrII. The lacIY (lacI with a tight- binding mutation) was made by replacing the third amino acid (proline) of lacI with a tyrosine. This was done by PCR using a forward primer containing a BamHI site and the coding sequence for tyrosine (5′- TTGCTATTAATGGATCCTAAGGAGGCCGCCACCATGAAATATGTAACGTTAT ACGATGTCGCAGAGTATGCCGGTGTCTCTTATC-3′) and a reverse primer with an XbaI site (5′-GATCAGCTCTAGATTTAATGG-3′). The PCR amplicon was inserted into pEFLacI plasmid using the BamHI and XbaI sites. The pTetR and pTetRNLS vectors were generated by PCR amplifying the tetR from the pcDNA6/TR (Invitrogen) vector using a forward primer containing a BamHI site (5′- ATTCGGATCCTAAGGAGGCCGCCACCATGTCTAGATTAGATAAAAGTAAAG- 3′) and a reverse primer containing an MluI site with (5′- TTGAACGCGTCTACACCTTCCTCTTCTTCTTAGGAGGGGACCCACTTTCACAT TTAAG-3′) and without NLS (5′- TTGAACGCGTCTAGGACCCACTTTCACATTTA -AG-3′). The amplicons were inserted into the pEFLacI vector using the BamHI and MluI sites, which replaces the lacI with tetR or tetRNLS. The pLacIGY was generated by inserting GGC (glycine) between the ATG (translation start site) and AAA (lysine) of the lacIY sequence. This was done by PCR amplifying the lacIY using a forward primer containing a coding sequence of glycine and a BamHI site (5′- TTGCTATTAATGGATCCTAAGGAGGCCGCCACCATGGGCAAATATGT -AACGTTATACGATGTCG-3′) and a reverse primer containing an XbaI site (5′- GATCAGCTCTAGATTTAATGG-3′). The PCR amplicon was inserted into pLacIY using these sites. 

Transgenic Mice 
The construct for the EFlacIGY line (pEFlacIGY-IN) was generated by the insertion of the rabbit β-globin intron into the pEFlacIGY vector. The rabbit β-globin intron was PCR amplified from pG3ZK14 using a forward primer containing a SacI site (5′- TCAAGAGCTCTACCCGAGGATCTTGAGAAC-3′) and a reverse primer with an MluI site (5′-GGTCACGCGTATCTCAGAGGATCCGTATTC-3′), and then was cloned into the pEFlacIGY vector. The pVillacIGY-IN vector was constructed by replacing the EF1alpha promoter of pEFlacIGY-IN with the Villin promoter. The Villin promoter was excised from the pBSKSVillinMESSV40polyA vector (gift from Dr. Louvard) using SalI and EcoRI digestion and was cloned into the pEFlacIGY-IN vector. Constructs were linearized with PvuI and were run on 1% low melting agarose gel. DNA bands were excised from the gel and purified using Qiagen Gel Extraction kit (QIAGEN) followed by phenol:chloroform purification. The DNA was then injected into B6D2F1 hybrid mouse male pronucleus at the USC transgenic core facility. 

Intestinal Polyp Scoring 
Mice were euthanized at six months of age. The entire intestine was removed immediately after euthanasia, washed with PBS, fixed with 10% formalin for 24 h, and stored in 70% ethanol. The entire length of the intestine was subjected to a careful microscopic examination to determine the number of tumors present. The investigator was blinded to the genotype while counting. 

RNA and DNA Isolation from Tissue 
Approximately 30 mg of mouse tissues were homogenized in 1 ml of TRIzol (Invitrogen) using an electric homogenizer in a 50 ml Falcon tube. The homogenized mixture was transferred into a 1.5 ml Eppendorf tube and centrifuged at maximum speed for 3 min at room temperature. The supernatant was recovered and placed in a clean 1.5 ml Eppendorf tube, and the pellet was discarded. Chloroform was added at a volume of 200 μL per milliliter of TRIzol used. The mixture was vortexed vigorously and incubated at room temperature for 3 min. After the 3-min incubation, the tubes were placed in a refrigerated centrifuge and spun at 12,000 g for 15 min at 4 °C. After centrifugation, the top layer (aqueous layer), which contains the RNA, was transferred to a clean 1.5 ml Eppendorf tube, and the bottom, organic layer, which contains the DNA and protein, was stored separately for later use or frozen if not processed the same day. Isopropanol (500 μl) was added to the aqueous layer, and the tube was inverted gently several times, and then incubated at -20 °C for 1-2 h for precipitation of RNA. After the incubation, the samples were centrifuged at 12,000 g for 10 min at 4 °C. The supernatant was discarded and the pellet was washed with 1 ml of 75% ethanol. The sample was briefly vortexed, and centrifuged at maximum speed for 5 min at 4 °C. The ethanol was discarded. Depending on the sized of the precipitate, approximately 200 μL of RNase-free H2O was used to dissolve the pellet. The sample was then placed in an 80 °C heat block for 5 min to dissolve the RNA and evaporate the residual ethanol. For DNA isolation, 300 μL of 100% ethanol was added to the organic phase and the tube was inverted several times until the solution became clear. The DNA containing mixture was spun down at maximum speed for 5 min at 4 °C. The organic phase (supernatant) was discarded and the pellet was washed with 1 ml of 0.1 M sodium citrate in 10% ethanol. The pellet with the sodium citrate buffer was vortexed vigorously and incubated at room temperature for 30 min. After the 30-min incubation, the samples were centrifuged at maximum speed for 3 min at room temperature. The supernatant was removed and the pallet was washed with the sodium citrate twice. Then 1.5 ml of 75% ethanol was added to the pellet, and the tube was incubated at room temperature for 20 min with periodic vortexing. The samples were then spun at maximum speed for 5 min, the supernatant was removed, and 200 μL of TE was added to the pellet and incubated at 80 °C for 10-15 min to allow rapid dissolving and evaporation of ethanol. After this step the DNA samples were centrifuged at maximum speed for 5 min to remove the debris. The supernatant was transferred into a clean 1.5 ml Eppendorf tube without disturbing the pellet at the bottom. 

DNase Treatment of RNA Samples 
RNA extracted from the tissue was diluted to 200 ng/μl and was DNase-treated using TURBO DNA-free from Applied Biosystems. Forty-three microliters of RNA was incubated with 5 μl of 10X TURBO DNase buffer and 1 μl of TURBO DNase for 30 min at 37 °C. After the 30-min incubation, another 1 μl of TURBO DNase was added and the sample was incubated for another 30 min at 37 °C. 

Reverse Transcriptase cDNA Synthesis 
Eight microliters of DNase-treated RNA was used for cDNA synthesis using SuperScript III First-Strand Synthesis from Invitrogen. Synthesis was performed per manufacturer’s instructions. The final volume after reverse transcriptase treatment was 20 μl. The cDNA was then diluted 25-fold with DNase-free water. 

RT-PCR Assays 
Ten microliters of cDNA was used for real-time RT-PCR. The reaction was performed in 30 μl volume with 200 μM dNTPs, 0.3 μM forward and reverse PCR primers, 0.1 μM probe, 3.5 mM MgCl2, 0.01% Tween-20, 0.05% gelatin, and 0.1 μl of AmpliTaq Gold DNA polymerase (Applied Biosystems) using the following PCR conditions: 95° C for 10 min, then 50 cycles of 95° C for 15 s, followed by 60° C for 1 min. The samples in 96- well plate were analyzed on the Opticon DNA Engine Continuous Fluorescence Detector (MJ Research/Bio-Rad). Standard curves were generated for each gene using the same reaction as the corresponding RT-PCR. Reaction sequences are provided in the table below, except for reactions purchased from Applied Biosystems; Rhox5 (Mm00476718_m1), Xlr4a (Mm00786658_s1), Rhox4d (Mm03019616_gH), Tff2 (Mm00447491_m1), Rhox6 (Mm03048200_m1), Rhox9 (Mm00651822_m1), and Xist (Mm01232884_m1). 
Sequences of RT-PCT Reactions
	Dnmt1LO&LGT (MR-96) Forward 
	AGCCGGGGTCTCGTTCAG

	Probe

 
	6FAM-AGCTGTTCTGACTAGGGTGGAATTGTG

-AGC-BHQ-1

	Reverse
	TGCAGGTTGCAGACGAACTAG

	LacI (NMD-3) Forward 
	GCCATGTCTGGGTTTCAACAA

	Probe

 
	6FAM-ATGCCCTCATTCAGCATTTGCAT

-GG-TAMRA

	Reverse
	AACCAGCATTGCAGTGGGA

	rtTA-M2 (NMD-11) Forward 
	TAAACGGCGCTCTGGAATTACTC

	Probe
	6FAM-ATGGAGTCGGTATCGAAGGCCTGA

-CG-BHQ-1

	Reverse
	CCCAGCTTTTGAGCGAGTTTC

	Pcna (MR-54) Forward 
	GAGCAACTTGGAATCCCAGAAC

	Probe

 
	6FAM-TGCAAATTCACCCGACGGCATCTTTATTA-BHQ-1

	Reverse
	ATGTGGCTAAGGTCTCGGCATA

	β-Actin (MR-55) Forward 
	TGGCTCCTAGCACCATGAAGA

	Probe

 
	6FAM-AAGATCATTGCTCCTCCTGAGCGCAA-BHQ-1

	Reverse
	GCCACCGATCCACACAGAGT

	Dnmt1 Universal (WT, LO, and  LGT) (MR-100) Forward 
	CCATGGTGCTGAAGCTCACA

	Probe

 
	6FAM-TAGCCCATGCGGACCAGGCAG-BHQ-1

	Reverse
	AGCACACCAAAGGTGCACTG

	Dnmt1 Intron 1 (MR-101) Forward 
	TATGTGGGTCTATGCTACAGCTTGT

	Probe

 
	6FAM-AGTCAGGACCCCTTGCAGGAACTG

-GC-BHQ-1

	Reverse
	GAGTTCCCATACCCAGAATCTTGT

	Dnmt1 Intron 5 (MR-102) Forward 
	TCCAGCTGCACACATCTGTTC

	Probe

 
	6FAM-ATGCATGCATACATAGTGTGTGTATG

-GCATGTG-BHQ-1

	Reverse
	GGCTGGATGAGTGATCACATTG

	Histone 4 (MR-53) Forward 
	TCTCCGGCCTCATCTACGAG

	Probe
	6FAM-CACCTTCAGCACACCGCGGGT-BHQ-1

	Reverse
	CGGATCACGTTCTCCAGGA

	IAP (MR-25) Forward 
	CGAATTCCGGGACGAGAAA

	Probe
	6FAM-CTTCCTTGCGCCAGTCCCGAGTT-TAMRA

	Reverse
	GACCCGCAGTTCTGGTTCTG

	LINE-1 (MR-29) Forward 
	ATAGCGCTGAGTGCCTCCA

	Probe
	6FAM-TCAAGCTGCTAGTATGTGCTGTCTC

-CCGT-TAMRA

	Reverse
	TTGGGTGAATTTGCTTCCTTTT

	B1 (MR-36) Forward 
	CACGCCTTTAATCCCAGCAC

	Probe
	6FAM-CGCCTGCCTCTGCCTCCCG-TAMRA

	Reverse
	GCTGGCCTCGAACTCAGAAAT

	LTR (MR-37) Forward 
	TCTTGCTTCTTACACTCTTGCTCC

	Probe
	6FAM-ATCTTCTGCGGCAAAACTTTATTGCTTAC

-ATCTT-TAMRA

	Reverse
	CAGGAAGAACACCACAGACCAG


M. SssI Treatment 
Wild-type mouse tail DNA was used as template for M.SssI treatment. Tail DNA at a concentration of 0.05 μg/μl was incubated with M.SssI (New England BioLabs) at a concentration of 0.05 U/μl and 0.16 mM S-adenosylmethionine overnight at 37 °C. Two additional boosts were added to the mixture for two consecutive days with extra S- adenosylmethionine (to 0.20 mM) and M.SssI (to 0.065 U/μl) and allowed to incubate again overnight at 37 °C. The mixture was purified in phenol:chloroform and the incubation steps above were repeated. The final product was denoted 3X M.SssI, indicating the tail DNA underwent two rounds of M.SssI treatment to ensure complete methylation of cytosine in the context of CpG dinucleotides. 

Bisulfite Conversion 
DNA bisulfite conversion was carried out using EZ DNA Methylation KIT from Zymo Research Corporation. The reaction was carried out per manufacturer’s instruction, except the 16-h incubation at 50 °C was carried out using cycling in a PCR machine. This was performed by incubating the samples for 1 min at 95 °C followed by 1 h of incubation at 50 °C. The process was cycled 16 times. At the end of the program, the samples were removed from the PCR machine and placed on ice for 10 min. The eluted bisulfite converted DNA was diluted by bringing the final volume up to 300 μl. Only 10 μl was used for each subsequent MethyLight reaction. 

DNA Methylation Analysis 
Genomic DNA was isolated and subjected to bisulfite treatment (see DNA isolation and bisulfite conversion procedures) followed by MethyLight analysis. MethyLight data is provided in the form of a ratio using a standard curve to extrapolate the log value using the threshold C(t) value between the methylated locus of interest and a methylation- independent normalization reaction. The methylation-independent reaction was the mouse repetitive element, IAP. Due to variation in reaction performance and other PCR parameters, it was necessary to normalize this ratio to the ratio obtained for a constant reference sample, M. SssI-treated DNA. The M. SssI-treated reference sample was also used to generate the standard curve. The values are given as Percentage Methylated Reference (PMR), which is [100 × (methylated reaction / control reaction) sample / (methylated reaction / control reaction) M.SssI reference sample]. The “methylated reaction” refers to the methylation measurement of the locus of interest and the “control reaction” refers to the methylation-independent measurement of IAP. TaqMan 1000 Reaction Gold with Buffer A (Applied Biosystems) was used to supply the master mix with AmpliTaq Gold DNA polymerase and PCR buffer. MethyLight PCR was performed in a 30 μl reaction volume with 200 μM dNTPs, 0.3 μM forward and reverse PCR primers, 0.1 μM probe, 3.5 mM MgCl2, 0.01% Tween-20, 0.05% gelatin, and 0.1 μl of AmpliTaq Gold DNA polymerase using the following PCR conditions: 95° C for 10 min, then 50 cycles of 95 °C for 15 s, followed by 60 °C for 1 min. The samples in 96-well plate were analyzed on the Opticon DNA Engine Continuous Fluorescence Detector (MJ Research/Bio-Rad). A standard curve for the Lhx1 control reaction was generated from 1:25 serial dilutions of 3X M. SssI-treated, bisulfite-converted DNA. Reaction sequences are provided in the table below. 

Sequences of MethyLight Reactions
	Forward Igf2r (MB-7)
	CGTGCGATGTTTATGTGATTCG

	Probe
	6FAM-TCCTCGTTCAAATACTCTCCGCCCAA-TAMRA

	Reverse
	CCCGCCTCCTACTCACGTAA

	Forward Cdkn1a (MB-33)
	TTCGTTTGTGAGATAGGGAGGAAA

	Probe
	6FAM-CTCGAACATCGAATCCAAAACGCGATC

-BHQ-1

	Reverse
	TCCCCCTCCTCCCAAAAAC

	Forward Vav1 (MB-59)
	TGAAGGAACGAGGGTGTACG

	Probe

 
	6FAM-CTACCGACCTCTCACTTAACCCCTCGAAAA-BHQ-1

	Reverse
	CGACACTAAATCAACCAATAAATACACTA

	Forward Dpep3 (MB-110)
	GGATAGTCGGTGTTTTAGAGGTCG

	Probe
	6FAM-TTAAAAATCCACGCGCGCTCGACC-BHQ-1

	Reverse
	ACTAAACACCATACAACCCGCG

	Forward B2 (MB-60)
	GTAAGGGTATTCGATTGTTTTTTCG

	Probe

 
	6FAM-CCATATAATTACTAAAATTTAAACTTCG-MGBNFQ

	Reverse
	AAAAAAAAATCAAATCTCATTACGAATAAT

	Forward B1 (MB-64)
	CGTGGTGGCGTACGTTTTTA

	Probe

 
	6FAM-TCCGCCTACCTCTACCTCCCGAATACTAA

-AAT-BHQ-1

	Reverse
	AAACCAAACTAACCTCGAACTCAAA

	Forward IAP (MB-107)
	TGTTGATTGGTTTTAGGGTAGTCG

	Probe

 
	6FAM-TACGCAAAACGAAAACTCCGCATAAA

-ACG-BHQ-1

	Reverse
	CACTACCTCTCTACGCAAAACTAACG

	Forward Bcl2 (MB-36)
	TTTTTGAATGAACGGTGACGTA

	Probe

 
	6FAM-TCTCCGCCGAAACGCCTAATTTCCT

-AT-BHQ-1

	Reverse
	ACGAACGCGAAACGAAAAAC


 
Western blot analysis 
Protein lysates were collected and quantified using a Pierce BCA Protein Assay kit (Thermo Fisher Scientific). Proteins were separated by electrophoresis using 4 –12% BisTris gradient gels, transferred to nitrocellulose filters, and blocked for 1 h at room temperature. Membranes were incubated overnight with the following primary antibodies: anti-Dnmt1 (Santa Cruz sc-271729), anti-Pcna (abcam ab29). Primary antibodies against Dnmt1 and Pcna were diluted at 1:20 and 1:1000, respectively. HRP-conjugated goat anti-IgG (Santa Cruz sc-2020) was used as the secondary antibody.
Immunostaining 
Formalin-fixed, paraffin-embedded (FFPE) tissue sections were processed with deparaffinization, and methanol–hydrogen peroxide was used to block endogenous enzyme. Normal mouse or goat serum was used to block non-specific binding reactions as appropriate. The Vectastatin Elite ABC kit (Vector Laboratories, Burlingame, CA) was used for immunohistochemical staining according to manufacturer’s instructions. All analyses were performed in a single “run” for accurate comparison to avoid potential variations among different batches of immunohistochemical staining procedures. Sections were incubated with anti-Dnmt1 antibody (1:5000 dilution) (gift from Dr. Jackson-Grusby) overnight. The secondary antibody and label were incubated for 45 and 30 min, respectively. All incubations were performed at room temperature. A wash step with PBS was carried out for 10 min between each step of immunohistochemical staining. The chromogen was 3,3′-diaminobenzidine tetrahydrochloride. Tissue sections were counterstained with Mayer hematoxylin. Slides from Dnmt1LO/LO mice were used as positive control slides, and slides with antigen retrieval treatment were used as negative control slides by replacing primary antibodies with PBS. 

