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Supplementary Figure S1: Abbreviations, names, transitions, and structural formula of different RNA 

modification marks that detected on sperm RNA samples.   



 

Supplementary Figure S2: The levels of different RNA modification marks on the total RNAs of human sperm. 

(A-E) comparation of RNA modification abundance on sperm total RNAs between NZS (n=6), AZS (n=6) and 

TZS (n=5) samples, which are shown as box plots for (A) m3C, (B) I, (C) m1G, (D) m2G and (E) m2
2G. NZS: 

Normozoozpermia; AZS: Asthenozoospermia; TZS: Teratozoospermia; ns. not significant (AZS vs NZS; TZS 

vs AZS). Statistical analyses were performed with one-way ANOVA and uncorrected Fisher’s least square 

difference (LSD) for multiple comparisons of RNA modification levels by GraphPad Prism 8.  



 

Supplementary Figure S3: Alteration of RNA modification abundance on human sperm RNA fragments >80 

nt in AZS and TZS samples. (A) structural formula of different RNA modification marks. (B-Q) levels of 

different RNA modification marks on sperm RNA fragments >80 nt in NZS (n=7), AZS (n=15) and TZS (n=10) 

samples, and in AZS I (n=8), II (n=5), III (n=2) samples, which are shown as box plots for (B) m5C, (C) m3C, 

(D) m7G, (E) m2G, (F) m2
2G, (G) m1G, (H) m1A, (I) m6A, (J) Am, (K) I, (L) m1I, (M) Ψ, (N) Cm, (O) Gm, (P) 

Um, (Q) m2
2
7G. NZS: Normozoozpermia; AZS: Asthenozoospermia; TZS: Teratozoospermia; *P<0.05 (AZS 

or AZS I, II, III vs NZS; TZS vs NZS), **P<0.01(AZS or AZS I, II, III vs NZS; TZS vs NZS), ***P<0.001(AZS 

or AZS II vs NZS), ****P<0.0001(AZS II, III vs NZS; TZS vs NZS), ns. not significant (AZS or AZS I, II, III 

vs NZS; TZS vs NZS). Statistical analyses were performed with one-way ANOVA and uncorrected Fisher’s 

least square difference (LSD) for multiple comparisons of RNA modification levels by GraphPad Prism 8. 

 



 

Supplementary Figure S4: Alteration of RNA modification abundance on human sperm 50-80 nt RNA 

fragments in AZS and TZS samples. The box plots show the comparations of RNA modification abundance 

between NZS (n=7), AZS (n=15) and TZS (n=10) for (A) Am, (B) m1A, (C) m6A, (D) I, (E) m1I, (F) Cm, (G) 

m3C, (H) m5C, (I) Um, (J) Ψ, (K) Gm, (l) m1G, (M) m2G, (N) m2
2G, (O) m7G and (P) m2

2
7G. NZS: 

Normozoozpermia; AZS: Asthenozoospermia; TZS: Teratozoospermia; *P<0.05 (TZS vs NZS), **P<0.01(AZS 

or AZS II, III vs NZS;), ns. not significant (AZS or AZS I, II, III vs NZS; TZS vs NZS). Statistical analyses 

were performed with one-way ANOVA and uncorrected Fisher’s least square difference (LSD) for multiple 

comparisons of RNA modification levels by GraphPad Prism 8. 



 

Supplementary Figure S5: Alteration of RNA modification abundance on human sperm 25-50 nt RNA 

fragments in AZS and TZS samples. The box plots show the comparations of RNA modification abundance 

between NZS (n=7), AZS (n=15) and TZS (n=10) for (A) Am, (B) m1A, (C) m6A, (D) I, (E) m1I, (F) Cm, (G) 

m3C, (H) m5C, (I) Um, (J) Ψ, (K) Gm, (l) m1G, (M) m2G, (N) m2
2G, (O) m7G and (P) m2

2
7G. NZS: 

Normozoozpermia; AZS: Asthenozoospermia; TZS: Teratozoospermia; *P<0.05 (AZS or AZS II, III vs NZS; 

TZS vs NZS), **P<0.01(AZS II vs NZS), ns. not significant (AZS or AZS I, II, III vs NZS; TZS vs NZS). 

Statistical analyses were performed with one-way ANOVA and uncorrected Fisher’s least square difference 

(LSD) for multiple comparisons of RNA modification levels by GraphPad Prism 8. 



 
Supplementary Figure S6: Alteration of RNA modification abundance on human sperm 17-25 nt RNA 

fragments in AZS and TZS samples. The box plots show the comparations of RNA modification abundance 

between NZS (n=7), AZS (n=15) and TZS (n=10) for (A) Am, (B) m1A, (C) m6A, (D) I, (E) m1I, (F) Cm, (G) 

m3C, (H) m5C, (I) Um, (J) Ψ, (K) Gm, (l) m1G, (M) m2G, (N) m2
2G, (O) m7G and (P) m2

2
7G. NZS: 

Normozoozpermia; AZS: Asthenozoospermia; TZS: Teratozoospermia; *P<0.05 (AZS or AZS I, III vs NZS), 

**P<0.01(AZS or AZS I, III vs NZS), ns. not significant (AZS or AZS I, III vs NZS; TZS vs NZS). Statistical 

analyses were performed with one-way ANOVA and uncorrected Fisher’s least square difference (LSD) for 

multiple comparisons of RNA modification levels by GraphPad Prism 8.  



 

 

 
Supplementary Figure S7: Linear regression analyses between different RNA modification marks in all 

detected sperm RNA samples. (A) m1G vs m1A, (B) m1G vs m5C, (C) m1G vs m2G, (D) m1G vs m2
2G, (E m1A 

vs m2G, (F) m1A vs m2
2G, (G) m1A vs m5C, (H) m1A vs m3C, (I) m5C vs m2G, (J) m5C vs m2

2G, (K) m5C vs 

m3C and (L) m2
2G vs m2G. The linear regression analyses were performed by GraphPad Prism 8, n=145. The 

equations and p values were shown on each panel.  

  



 

Supplementary Figure S8: Correlation analyses between human age and sperm motility scores for all 

participants. IM%: percentage of immotile sperm; PR%: percentage of progressive motility sperm; NP%: 

percentage of non-progressive sperm. The linear regression analysis was performed by GraphPad Prism 8, n=49. 

  



 

Supplementary Figure S9: Original figures of microscope picture and full uncropped gels. (A) Full microscopic 

picture of Figure 1A; (B) Full uncropped agarose gel of Figure 1B; (C) Full uncropped gel of Figure 1C. (D) 

Full uncropped gel of Figure 2A. 

  



Supplementary Tables 

 
Supplementary Table SI. Primer sequences for RT-PCR. 

 

 

 

Target 

gene  

Oligononucleotide sequences (5’- 3’)  

PRM2 F: 

GGATCCACAGGCGGCAGCATCGCT;   

R: GCATGTTCTCTTCCTGGTTCTGCA 

CDH1 F: CACCTTCCATGACAGACCC; R: AACGCATTGCCACATACAC 

CDH2 F: CTGAAGTGACTCGTAACGACG;  R: CATGTCAGCCAGCTTCTTGAAG 

CD4 F1: TTCAACTGTAAAGGCGAGTG;  R1: CGGATTGACTGCCAACTCT 

 F2: 

GTGAACCTGGTGGTGATGAGAGC;  

R2: 

GGCTACATGTCTTCTGAAACCGGTG 

C-KIT F: TACAACGATGTGGGCAAGA; R: TACGAAACCAATCAGCAAAG 



Supplementary Table SII. The concentration of RNA modification standards. 

 

  



Supplementary Table SIII. Clinical parameter analysis of human ejaculated semen samples. 

 



Supplementary Table SIV: The R2 values of Pearson correlation analyses in Figure 4A-B. 

 

 


