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SUPPLEMENTARY METHODS  

Yeast Two-Hybrid Screening (Y2H) 

A LexA-based yeast two-hybrid (Y2H) screen of testis-specific transcripts with full-length 

human ALKBH1 as bait was conducted. Clones that grew under selection were pulled out 

from the primary screening plates, restreaked onto new selection plates and assayed for 

activity of the second reporter gene, lacZ, using a quantitative β-galactosidase assay (HTX 

assay, see http://www.dualsystems.com/ for details). Clones that survived the primary 

selection and lacZ tests were picked and the library plasmid isolated and amplified in E. coli. 

Since yeast cells have the potential to take up several independent library plasmids during the 

transformation procedure, two independent E. coli transformants per original yeast clone were 

picked for plasmid isolation. 

Dot Blot Analysis 

0.2 μg, 0.7 μg and 1.4 μg of purified ALKBH1 (a kind gift from Professor H. Krokan, NTNU in 

Trondheim) was dotted onto a nitrocellulose membrane and then blocked with skimmed milk. 

The membrane was incubated with full-length or truncated TZFP-Myc (approximately 10 μg in 

5 ml PBST) and the ALKBH1-TZFP complex was detected using anti-Myc (Clontech). Full 

length TZFP-Myc was used as a positive control (12.5 ng, 50 ng and 100 ng) to check the 

efficiency of the antibody. BSA was used as a negative control (10 ng, 50 ng and 100 ng) to 

check for unspecific binding of TZFP to other proteins. In addition, one blot was not incubated 
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with TZFP and thus works as a negative control for unspecific binding of the antibody. TZFP-

Myc was purified from transfected HEK-cells by immunoprecipitation using anti-Myc coated 

agarose beads (Pierce Biotechnology). 

Immunofluorescent Staining of Pachytene Cells 

The purity of pachytene spermatocytes isolated using the STAPUT method was also verified 

using pachytene specific antibodies. Isolated cells were fixed onto SuperFrost Plus slides 

(VWR) using Cell Adhesive Solution (Crystalgen, Lot no 425081). Before staining, the cells 
were washed in 1x PBS and blocked in 1% BSA for 1 hour at room temperature. The slides 

were then incubated with primary antibodies overnight at 4°C prior to detection with 

secondary antibodies. Primary antibodies used were mouse anti-H2A.X (1:500, Millipore) and 

rabbit anti-SCP3 (1:1000, Abcam). Secondary antibodies used were goat anti-mouse Alexa 

488 (green dye) (1:200, Sigma-Aldrich) and goat anti-rabbit Alexa 594 (red dye) (1:500, 

Sigma-Aldrich), respectively. The slides were counterstained with DAPI (Invitrogen) and 

mounted with Mowiol (Merck Biosciences Ltd). Pictures were taken using an AxioCam MR 

Rev3 camera on an Axio Observer.Z1 microscope with Apotome (Carl Zeiss). The images 

were processed using AxioVision 4.8 software (Carl Zeiss) and Image J. 

mRNA Sequencing and Computational Analysis 

Large RNAs >200 nt were isolated from C57BL6/J and Alkbh1-/- pachytene cells using the 

mirVana miRNA Isolation Kit (Ambion) in line with the manufacturer’s protocol. Any DNA 

remnants were removed from the RNA using TURBO DNase (Ambion) before mRNA isolation 

was performed. One µg RNA from wild-type and 1.6 µg RNA from Alkbh1-/- were diluted to 50 

µL, and mRNA was isolated using the Sera-Mag® Magnetic Oligo(dT) Particles (Thermo 

Scientific part#1004815) according to the manufacturer’s protocol. From here, the mRNA-Seq 

Sample Preparation Guide (Illumina part # 1004898, Rev D September 2009) was used to 

perform ligation of 5’ and 3’ adapters to the cDNA and purification of the ligation product. 

cDNA template was enriched by PCR amplification (15 cycles) using the mRNA Seq 8 

Sample Prep Kit (RS-100-0801, Illumina). Finally, the mRNA library (230-233 bp) was 

sequenced (75 bp Paired-End Read) using the Illumina Genome Analyzer ΙΙx (GAΙΙx). 

Mapping of sequence reads to the genome was done using TopHat (48). The output from 

TopHat was then converted to BED-format using a script from Ensembl 

(ftp://193.62.203.113/pub/ensembl-functgenomics/scripts/miscellaneous/sam2bed.pl). These 

reads were then intersected with all known mouse genes from Ensembl using intersectBed. 

Similar to the analysis of the piRNAs, reads were counted for each annotated gene. Reads 

that were annotated to multiple genes were discarded. The DESeq package was used for 

statistical analysis of differential expression, similar to the method used for the piRNA 

clusters. 
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SUPPLEMENTARY FIGURE AND TABLE LEGENDS 

Figure S1. Tzfp is the interaction partner of Alkbh1 in testis. (A) Human TZFP sequences 

identified by a yeast 2-hybrid (Y2H) screen with testis-specific transcripts against full-length 

human ALKBH1 as bait. The screen yielded four positive clones, and sequencing analysis 

revealed that three of these clones represented the same gene (left panel). All three clones 

were assayed for activity by a second reporter gene, lacZ, using a quantitative β-

galactosidase assay (right panel). (B) Plasmid control digest was performed on the three 

clones in two independent E. coli transformants. (C) Verification of interaction between human 

ALKBH1 and TZFP by Dot blot analysis. ALKBH1 protein was dotted onto a nitrocellulose 

membrane before the membrane was incubated with full-length or truncated TZFP-Myc. 

Positive control, full length TZFP-Myc; negative control, BSA. 

Figure S2. Purity analysis of STAPUT isolated pachytene spermatocytes. (A) Image analysis 

of STAPUT purified pachytene cells reveals a homogenous population of cells. One isolation 

from six males yielded approximately 1.5 × 106 pachytene cells with an average size of 12.5 

µm. Analysed on the Countess® Automated Cell Counter (Invitrogen). (B) Specific expression 

of Lcn2 in pachytene spermatocytes confirms high purity of STAPUT isolated cell fractions. 

Analysed by SYBR Green qPCR of pachytene spermatocytes (PS) and round spermatids 

(RSd). (C) The meiotic pachytene cells are easily detected by double immunostaining. H2A.X 

marks the transcriptionally silenced XY chromatin domain (red), SYCP3 stains the 

chromosome axial elements of the synaptonemal complex (green), and DAPI labels DNA 

(blue). (Magnification: ×20). 

Figure S3. Significantly up- and downregulated piRNA clusters in pachytene cells lacking 

Alkbh1 and Tzfp. Identical to scatterplot analysis in Fig. 4 except that all piRNA clusters 

significantly differentially expressed in wild-type versus mutants are presented with coloured, 

filled-circles. Expression of piRNA clusters in pachytene cells are plotted on a log2 scale in a 

pairwise comparison of wild-type (y-axis) and Alkbh1-/- (x-axis) (A) and of wild-type (y-axis) 

and TzfpGTi/GTi (x-axis) (B). Cluster 1082B is the piRNA cluster deviating most dramatically 

from the center line in both mutant samples (black, filled-circle). In contrast, clusters with 

similar number of reads from the two samples being compared line up together on the center 

line (grey, open-circles). 

Figure S4. Significantly upregulated mRNAs in pachytene cells from wild-type and Alkbh1-/- 

testes. (A) Scatterplot analysis of mRNA reads annotated by high-throughput sequencing. 

Expression of mRNAs in pachytene cells are plotted on a log2 scale in wild-type (y-axis) 

compared to Alkbh1-/- (x-axis). mRNAs with notably higher number of reads in the Alkbh1-/- 

sample than in the wild-type sample deviate from the center line (coloured, filled-circles). In 

contrast, mRNAs with similar number of reads from the two samples being compared line up 
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together on the center line (grey, open-circles). (B) mRNAs upregulated more than 4-fold in 

Alkbh1-/- versus wild-type pachytene cells are listed.  

Table S1. Sequence of primers and oligonucleotides used in this study. Primers for 

genotyping of the Alkbh1 gene (1-3) and the Tzfp gene (4-6), Taqman probes (7-10), miScript 

primers for the quantification of individual piRNAs (11-15), DIG-labeled oligonucleotide 

specific for piRNA used in FISH (16), and SYBR Green qPCR primers for expression 

analyses of transposons (17-24), the pachytene marker Lcn2 (25-26), and the endogenous 

control Gapdh (27-28) are listed. 

Table S2. Classification of small RNA sequences after Illumina sequencing of wild-type, 

Alkbh1-/- and TzfpGTi/GTi pachytene cells. Number of sequence reads mapping to each 

category in wild-type, Alkbh1-/- and TzfpGTi/GTi pachytene cells from 12-week old males. We 

did two separate runs with a 1-year interval between the mutants and corresponding wild-type 

samples. Small RNA reads were annotated as described in the Methods section. 

Table S3. Significantly up- and downregulated piRNA clusters in Alkbh1-/- and TzfpGTi/GTi 

samples versus wild-type. Number of piRNA cluster reads in wild-type, Alkbh1-/- and 

TzfpGTi/GTi pachytene cells. Cluster name is the ID assigned by piRNABank 

(http://pirnabank.ibab.in) or by piRNAdb (http://kbrb.ioz.ac.cn/piRNA). The logfold change is 

calculated using log2 (exprKO+1) - log2 (exprWT+1), and the numbers are normalized 

against the total number of mapped reads for each sample. Cluster 1082B, the only piRNA 

cluster highly upregulated in both mutants, is presented with grey shading. 

Table S4. Significantly differentially expressed genes found in Alkbh1-null versus wild-type 

pachytene cells. Number of mRNA sequence reads in wild-type and Alkbh1-/- pachytene cells 

from 12-week old males. Gene ID is the Ensembl accession number. The logfold change is 

calculated using log2 (exprKO+1) - log2 (exprWT+1), and the numbers are normalized 

against the total number of mapped reads for each sample. 

Table S5. Potential target regions in the mouse genome of piRNAs from cluster 1082B 

identified by sequence similarity. The chromosomal location, direction and length of potential 

target regions for piRNAs derived from cluster 1082B.  
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Table S1

LINE1 5’UTR forward primer
LINE1 5’UTR reverse primer
LINE1 ORF2 forward primer
LINE1 ORF2 reverse primer
IAP 3’LTR forward primer
IAP 3’LTR reverse primer
IAP Gag forward primer
IAP Gag reverse primer

17. GGCGAAAGGCAAACGTAAGA
18. GGAGTGCTGCGTTCTGATGA
19. GGAGGGACATTTCATTCTCATCA
20. GCTGCTCTTGTATTTGGAGCATAGA
21. GCACATGCGCAGATTATTTGTT
22. CCACATTCGCCGTTACAAGAT
23. AACCAATGCTAATTTCACCTTGGT
24. GCCAATCAGCAGGCGTTAGT

SYBR Green qPCR
Transposons

Alkbh1 probe
Tzfp probe
4933440M02Rik probe
Gapdh probe

7.   Mm01296827_m1
8.   Mm00491292_g1 
9.   Mm01277432_m1
10. Mm99999915_g1

TaqMan qPCR

(2) piR-1235916. GATCTGGTCTCTACCTGGTACGGACTGAGA-DIGpiRNA FISH

Lcn2 forward primer
Lcn2 reverse primer
Gapdh forward primer
Gapdh reverse primer

25. CCATCTTTCCTGTTGCCAGAG 
26. GACGCCATTGGTGGTGTTAAG
27. TCGTCCCGTAGACAAAATGGT 
28. CGCCCAATACGGCCAAA 

SYBR Green qPCR
Pachytene marker

(1) piR-19852
(2) piR-12359 
(3) piR-103121
(4) piR-17918 
(5) piR-4749

11. UGGAACUCACUUUGUAGACCAGGCUGGCCU
12. UCUCAGUCCGUACCAGGUAGAGACCAGAUC
13. GAGGCUGUGGAGACAAUCACAAAUGACAGA
14. UGCCACAUGGGAGCUUCCUUCAAUAUGACU
15. UACAUUGACUGAUUCACUUGGUUUGUCCC

miScript Primer Assay

Alkbh1 WT allele
Alkbh1 WT + KO allele
Alkbh1 KO allele
Tzfp WT allele
Tzfp WT + GTi allele
Tzfp GTi allele

1.   AGTTATCAGGGCCATCCAGGGAGGT
2.   AACTGAGAGGTACAGGGAAGCATAA
3.   GCTTGCCGAATATCATGGTG
4.   GCTCAACAAGTCAAGACTTT
5.   ACTGTGGCAGACTAATACTT
6.   CTTGCAAAATGGCGTTACTTAAGC

PCR genotyping

DetailsSequence (5’–3’)Methods



Table S2
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Table S3
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-3.534383-0.37199258cluster 1082A
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1.642582.62437piC_551

1.827682182.431755326cluster 70
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Table S4
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Table S5

66846976684413+1820601769

5408747954088485-171246260
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Mouse genome (NCBI 37/mm9)Cluster 1082B
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