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SUPPORTING INFORMATION 

  

S1 Fig. Forty-five detected putative OR transcripts with an FPKM >1 in at least one 

sperm sample. The ORs are sorted by their mFPKM values. 



2 

 

 

S2 Fig. Primer pairs used for cloning. 
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S3 Fig. Expression of housekeeping genes in human spermatozoa. The highly expressed 

glyceraldehyde 3-phosphate dehydrogenase (GAPDH), the moderately to highly expressed 

(ribosomal protein L29 (RPL29), ß-actin (ACTB) and ribosomal protein L13A (RPL13A) as 

well as the weakly expressed genes ß-glucuronidase (GUSB) and TATA box binding protein 

(TBP) are shown. The transcript levels in human spermatozoa were compared to those of ten 

different human testes samples as well as five reference tissues (brain (B), colon (C), liver 

(LI), lung (LU) and skeletal muscle (SM)).  

 

 

 

 

S4 Fig. Expression of sperm-associated transcripts in human spermatozoa. The typical 

spermatozoa-associated transcripts that were previously described are shown (30). The 

transcripts that are highly abundant in spermatozoa and testis and nearly absent in the 

reference tissues (brain (B), colon (C), liver (LI), lung (LU) and skeletal muscle (SM)) are 

shown, indicating the specificity of the transcriptome analysis of the sperm samples shown.  
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S5 Fig. Distribution of the FPKM values in human spermatozoa. To gain an estimate of 

the FPKM values for the expressed genes, a histogram of the FPKM distribution for the 

Sperm sample 3-2 was calculated. Values of 0.1-3 can be regarded as weakly expressed genes 

and values of 3-30 as moderately expressed genes. Values of 30-100 indicate high expression 

and values >100 indicate extremely high expression. Of the ~23,000 analyzed genes, 

expression at >0.1 FPKM was detected for ~17,000 genes; the mRNAs for ~600 of these 

genes were extremely highly expressed with FPKM values >100. 
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S6 Fig. Comparison of the olfactory transcriptome from sperm and testis. The expression 

pattern correlations for all putative OR transcripts in sperm and testis samples are plotted. The 

mFPKM values with no distinction between antisense and sense are shown. OR4N4 showed a 

strong correlation. OR7A5 is more highly expressed in the testis than in sperm, whereas 

OR5M3 is more highly expressed in sperm than in testis. Pearson’s correlation coefficient = 

0.86. 
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S7 Fig. Analysis of the OR transcripts detected in human spermatozoa. Schematic 

representation of the newly identified 5’UTRs. The detected exons are indicated by black 

boxes (exon). The coding exon is indicated by CDS (Coding Sequence) and the splice 

junctions as red arcs. We showed the 5’UTRs detected for OR10J1 (A), OR8G5 (B), OR7D2 

(C), and OR2H1 (D). The red numbers indicate the reads supporting the splice junctions.  
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S8 Fig. Identification of sperm-specific OR-antisense transcripts. A detailed analysis with 

the IGV for the mRNA-Seq and stranded RNA-Seq data revealed the expression of 

unannotated antisense transcripts relative to the respective OR transcript. The detected exons 

are indicated by black bars (exon). The coding exon is indicated by CDS (Coding Sequence) 
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and the splice junctions as red arcs. The red numbers indicate the reads supporting the splice 

junctions. Sperm-specific antisense transcripts are shown. For OR1C1 (A), OR8D1 (B), 

OR5M3 (C), OR8A1 (D), OR6C74 (E), and OR2H1 (F). The chromosome coordinates are 

shown for all newly indentified transcripts. (G) Location of the antisense exon relative to the 

coded amino acid in the OR. 



9 

 

 



10 

 

S9 Fig. The α-OR antibodies specifically detect recombinantly expressed ORs in 

Hana3A cells. Immunostaining of Hana3A cells transiently transfected with the respective 

OR. The cells were stained with a specific α-OR antibody (green) and a rhodopsin-antibody 

(rho, red). For OR3A2 no rho-tagged OR plasmid was available. The specificity of the α-

OR51E1 and α-OR51E2 antibodies was proven elsewhere (data not shown). DAPI staining 

(blue) was used to confirm the number and location of the cell nuclei. The numbers over the 

scale bars are in µm.  
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S10 Fig. Secondary antibody control in Hana3A cells. Control staining was performed 

without a primary antibody. The secondary antibodies Alexa Fluor 488 Goat Anti-Rabbit 

(Control 1) and Alexa Fluor 546 Goat Anti-Mouse (Control 2) alone did not produce any 

specific staining. Scale bar: 20 µm. 
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S11 Fig. Secondary antibody control in human spermatozoa. Control staining was 

performed without a primary antibody. The secondary antibody (Alexa Fluor 488 Goat Anti-

Rabbit) alone did not produce any specific staining (Control). Scale bar: 10 µm. 
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S12 Fig. OR2W3, OR2H1 and OR10J1 can be activated by specific odorants. Left: 

Representative calcium imaging traces of Hana3A cells transiently transfected with (A) 

OR2W3, (B) OR2H1, or (C) OR10J1 that were stimulated for 48 h after transfection with the 

respective odorant (500 µM). The black bars indicate the stimulus duration. ATP-induced 

activation (100 µM) of cells controls for cell viability. Right: Quantification of the 
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deorphanization experiments of OR-expressing Hana3A cells with (A) nerol, (B) methional, 

or (C) dimetol. The mean numbers of the cells (black) responding to the respective odorant 

(500 µM) were compared to the mean number of the mock-transfected cells responding to the 

stimulus (control, grey) for each measurement. n: number of measurements. Approximately 

500 cells per measurement were investigated. The data are shown as the means ± SEM. Chi-

squared test: *p<0.05; **p<0.01; ***p<0.001. 

 

 

 

 

 

S13 Fig. Expression of CatSper in human spermatozoa. The expression profile of sperm-

associated cation channels CATSPER subunits as well as the auxiliary CATSPERD, also 

known as TMEM146. 
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S14 Fig. Expression of TRP in human spermatozoa. The FPKM values for TRP channel 

transcripts in human spermatozoa are shown.  
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S15 Fig. Expression of voltage-dependent calcium channel subunits in human 

spermatozoa.  

 

 

 

S16 Fig. Expression of CNG channel subunits in human spermatozoa. 
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S17 Fig. Odorant-induced Ca
2+

 signals depend on extracellular calcium and can be 

inhibited by a calcium channel blocker. Exemplarily calcium imaging traces of human 

spermatozoa are shown. Progesterone (10 µM) was used as positive control at the end of each 

measurement (arrow). (A) Measurements with a Ca
2+

-free extracellular solution (10 mM 

EGTA, marked by grey bars). Dimetol: 100 µM (n=43); Nonanoic acid: 300 µM (n=29). (B) 

Odorant-induced Ca
2+

 signals were inhibited by mibefradil (30 µM). Inhibitor measurements 

with progesterone (10 µM) were used as a positive control (n=83). Progesterone (10 µM was 

used as a positive control (arrow) at the end of each odorant-measurement. The grey bars 

indicate the application of the inhibitor application. The black bars indicate the duration of the 

odorant application. Quantification of odorant-induced Ca
2+ 

signals from human spermatozoa 

in the inhibitor measurements relative to control are shown on the right. Coumarin: 100 µM 

(n=110); Dimetol 300 µM (n=182); Methional: 300 µM (n=25); Nonanoic acid: 300 µM 

(n=240); n= number of cells. The data are shown as the means ± SEM. Wilcoxon-Mann-

Whitney-Test: *p<0.05; **p<0.01; ***p<0.001. 


