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Fig. S1.

 

Cross scheme for miRNA mutant generation.

 

Bloomington stock #12246 
w67c23 P{lacW}SmoxG0348/FM7c;+/+;+/+ 

Single mosaic mutant male from 
TALEN injected embryo
miRNA-or miRNA+,  w1118;+/+;+/+

X

X

X

Single female without mutant
miRNA+, w1118/FM7c;+/+;+/+ 

Single female with miRNA mutant
miRNA-,w1118 /FM7c; +/+;+/+ 

Bloomington stock #12246 
FM7c;+/+;+/+

Balanced control line
miRNA+,w1118/FM7c; +/+; +/+

Balanced miRNA-mutant line
miRNA-,w1118/FM7c; +/+; +/+

Stable control line
miRNA+,w1118; +/+; +/+

Stable miRNA-mutant line
miRNA-,w1118; +/+; +/+
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Fig. S2. Experimental procedure for the male fertility assays. 

Similar crosses are set up for miRNA KO and control lines. For convenience, we use the 

miRNA KO flies to represent the experimental flies in the cross schemes. 

 

 

 

 

 

Male fertility assay:

Reference female (w1118)
w1118/FM7c;+/+;+/+ 

Experimental male
miRNA- ,w1118;+/+;+/+♀ X

Male fertility in days 3 -7 :

Male fertility in days 1 -2 :

F0

F1 Days 1 2 3 4 5 6 7

No. of eggs √ √ √ √ √

No. of 1st larvae √ √ √ √ √

(x)

(y)

y + y + y3         5         7

y + y 1         2         (N=~12)

(N=~12)



 

 

 

 

 

 

Fig. S3. Male fertility change in de novo miRNA mutants.   

(A) to (D) depict results for , and  respectively.  

Data comes from single-pair mating of miRNA KO males or control males to control 

females from day one to day seven, n=~12. Each panel depicts mean ± SEM of the 

number of eggs laid by mated females on the left; mean ± SEM of the progeny number 

per day in the right. 
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Fig. S4. Experimental procedure for the sperm competition assays.  

Similar crosses are set up for miRNA KO and control lines. For convenience, we use the 

miRNA KO flies to represent the experimental flies in the cross schemes.

 

(A) Experimental procedures for the defense assays. 

(B) Experimental procedures for the offense assays. 

Sperm competition:Defense assay

Reference female(White-eye)
w1118/w1118;+/+;+/+ 

Experimental male (White-eye, for 1st mating)
miRNA- ,w1118;+/+;+/+♀ XF0

F1

Reference male (Red-eye, for 2nd mating )
w1118; P{w[+mC]=UAS-GFP}/ P{w[+mC]=UAS-GFP} ;+/+X

White-eye progeny (Sired by the experimental male)
miRNA- ,w1118/w1118;+/+;+/+ 

Red-eye progeny (Sired by the reference male)
w1118/w1118;P{w[+mC]=UAS-GFP}/+;+/+ 

Defense score: 

A

Offense assay

Reference female(White-eye)
w1118/w1118;+/+;+/+ 

Reference male (Red-eye, for 1st mating)
w1118; P{w[+mC]=UAS-GFP}/ P{w[+mC]=UAS-GFP} ;+/+♀ XF0

F1

Experimental male (White-eye, for 2nd mating )
miRNA- ,w1118;+/+;+/+X

White-eye progeny (Sired by the experimental male)
miRNA- ,w1118/w1118;+/+;+/+ 

Red-eye progeny (Sired by the reference male)
w1118/w1118;P{w[+mC]=UAS-GFP}/+;+/+ 

Offense score: 

Sperm competition:B

♀

♀

♀

(x)

(y)

x/(x+y) (N=~40)

x/(x+y) (N=~40)

(x)

(y)



 

 

 

Fig. S5. Experimental procedure for other male fitness component assays.  

Similar crosses are set up for miRNA KO and control lines. For convenience, we use the 

miRNA KO flies to represent the experimental flies in the cross schemes.
 

(A) Experimental procedures for measuring mating success and ability to repress female 

re-mating. 

(B) Experimental procedures for assessing male viability and meiotic drive.

A Mating success and males ability to repress female remating:  

Reference female(White-eye)
w1118/w1118;+/+;+/+ 

Experimental male (White-eye, for 1st mating)
miRNA- ,w1118;+/+;+/+♀ X

Female only successful fertilization with experimental 
male in the 1 st mating 

Progeny  contain red- -eye flies and 
white-eyes flies

F0

F1

Reference male (Red-eye, for 2nd mating )
w1118;P{w[+mC]=UAS-GFP}/ P{w[+mC]=UAS-GFP} ;+/+X

White-eye progeny only 

Female successful fertilization with both 
experimental  male and reference male

Progenies type: Classification for mating success of F0 female:

Mating success of male: 

:

B Male viability and meiotic drive :

Balanced miRNA KO female
miRNA- ,w1118/FM7c;+/+;+/+ 

miRNA KO male
miRNA- ,w1118;+/+;+/+♀ X

Type II: Balanced miRNA KO female
miRNA- ,w1118 /FM7c;+/+;+/+ 

Type I: miRNA KO female
miRNA- ,w1118/miRNA- ,w1118;+/+;+/+ 

Distortion in sex chromosome transmission: 

Male viability : 

♀
Type Ⅳ: Balanced male
FM7c;+/+;+/+ 

Type III: miRNA KO male
miRNA- ,w1118;+/+;+/+ 

F0

F1

(x)

(y)

(x+y)/ No. of replicates(~40)

y/(x+y)

(x)

(y)

(z)

y/z (N=~12)

x/z (N=~12)

Female receptivity

(w)

Female viability (additional control): w/x (N=~12)



 

 

 

Fig. S6. Single-fly genotyping by PCR and Sanger sequencing. 

Wild-type or miRNA KO can be distinguished by detecting a deletion in the mutant; 

heterozygotes can be detected by observing nested peaks. 

(A) Genotyping of wild-type (upper panel), KO (middle panel), and 

heterozygote flies (bottom panel) in the  population cage assay. 

(B) Genotyping of wild-type (upper panel), KO (middle panel), and 

heterozygote flies (bottom panel) in the  population cage assay.  

10bp Deletion

Nested peak

miR-978-3p

:

:

:

10bp Insertion

miR-984-5p

Nested peak

:

:

:
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 -/-mir-978

 +/-mir-978

Wild Type

 -/-mir-984

 +/-mir-984

A

B

mir-978

mir-978

mir-984

mir-984



A B C

D E F

   <0.001P

Non-targets (6619)
miR-983-5p targets 

 (382)

   <0.05P

Non-targets (764)
miR-983-5p targets 

 (382)

Fig S7. Re-analysis of mir-983 target repression with refining background control. 

(A-C) Original design, non-targets set is the gene pool containing all expressed genes 

without miR-983-5p targets. (D-F) Re-analysis of mir-983 target repression, non-

targets set is refined with the same expression and 3’UTR length distribution. 

(A) mir-983 target repression. Targets of mir-983 (miR-983-5p) are significantly up-

regulated compared to non-targets in the mir-983 KO line (P<0.001, Kolmogorov-

Smirnov test). 



(B-C)Expression and 3’UTR length distribution for both non-targets and miR-983-5p 

targets. 

(D) Re-analysis of mir-983 target repression. Targets of mir-983 are significantly up-

regulated compared to the refined non-targets in the mir-983 KO line (P<0.05, 

Kolmogorov-Smirnov test).  

(E-F)Expression and 3’UTR length distribution for both refined non-targets and miR-

983-5p targets. No difference shown is significant (Kolmogorov-Smirnov test, overall 

P >0.1). 
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Fig. S8. Confirmatory analysis for the impact of de novo miRNA on target 

repression.  

As an additional control, line highlighted in blue is the target pool of mir-975(miR-975-

5p). (A-C)Target repression of mir-978, mir-983 and mir-984. Note that in all cases, 

the targets of miR-975-5p do not have significant change compared to non-targets 

(Kolmogorov-Smirnov test, P>0.05). 
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Table S2. TALEN binding sites for generating the miRNA mutants. 

 
 

Note: For the TALEN binding sites design, mature miRNA sequences are in red, the 

forward and reverse TALEN binding sites are underlined. 

 

  

miRNA TALEN binding sites design for miRNA RVD sequences of binding site pairs 

 T ACTTCACTTTACCGTCG TCGACTTTTCGTGG  

TTGGTGGTTGAACTTCG A 

F: NI HD NG NG HD NI HD NG NG NG 

NI HD HD NN NG HD NN 

R: HD NN NI NI NN NG NG HD NI NI HD 

HD NI HD HD NI NI 

T TTTTGATTTTAAACAC TTCCTACATCCTGT  

ATGTGTTTTGCATCCG A 

F: NG NG NG NG NN NI NG NG NG NG 

NI NI NI HD NI HD 

R: HD NN NN NI NG NN HD NI NI NI NI 

HD NI HD NI NG 

T TCAGTGTTCGAAATCTGATGAGATATTCACGTTGTCT  

AAATCATGTTTTGTACG A    

F: HD NI NN NG NN NG NG HD NG NI 

NI NI NG HD NG NN NI NG 

R: HD NN NG NI HD NI NI NI NI HD NI 

NG NI NG NG NG 

T ACGTTGCAATCGAAAAT CGTGTCCAGTGCCGT  

AAATTGCAGTTGTGTGA A 

F: NI HD NN NG NG NN HD NI NI NG 

HD NN NI NI NI NI NG 

R: NG HD NI HD NI HD NI NI HD NG NN 

HD NI NI NG NG NG 

T CAGTTCATTCATTAGGTAGTTACGCATTATCT 

AGTTGTTGTAAACATTC A 

 

F: HD NI NN NG NG HD NI NG  NG HD 

NI NG NG NI NN NN NG 

R: NN NI NI NG NN NG NG NG NI HD 

NI NI HD NI NI HD NG 

T TTCATTGAGGTAAATACGGTTGGAATTTT 

GTCTTTTAACTATAA A 

F: NG NG HD NI NG NG NN NI NN NN 

NG NI NI NI NG 

R: NG NG NI NG NI NN NG NG NI NI NI 

NI NN NI HD 

mir-973

mir-975

mir-977

mir-978

mir-983

mir-984



Table S3. Primers used for this study. 

A Primers used for mutant detecting and expression analysis. 

 

 

 

 

B The sequence of TaqMan probes used for qRT-PCR.  

 

Note: For  expression analysis, TaqMan probes are used to get higher 

specificity for detecting its two iso- miRNAs. 

 

  

Genes Primer pair used for  

mutant detecting 

Primer pair used for qRT-PCR 

(Universal reverse primer: GTGCAGGGTCCGAGGT) 

miR-972-3p 

 

N.A RT:GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCA 

GAGCCAACGCCTAA 

F:GGCGUTGTACAATACGAATAT  

miR-973-5p F: TCTCATTCGTTTAGCGAGAGG 

R:GAAAAGCATGAGATCCTCGAC 

RT:GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAG 

AGCCAACAAAATCG 

F:GGCGTGGTTGGTGGTTGAA 

miR-975-5p F:AATACGAAAGTGCGGACCAC 

R:TCTGATAGGGAAGGCACTCG 

RT:GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAG 

AGCCAACATACAGG 

F: GGCGTAAACACTTCCTACAT 

miR-977-5p F:AGCGGAGAATACGAAAGTGC 

R:TCTGATAGGGAAGGCACTCG 

RT: GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAG 

AGCCAACTTAGAC 

F: GGCGTGAGATATTCACGTT 

miR-978-3p F: GCAAACCCCGTAGCAGGA 

R: GATCAACAGCATGGCGAAGA 

N.A 

miR-983-5p F:TGCGCCATTCAATGTCTATC 

R: TGAGTCGTCAACTCGGTGAG 

RT:GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGA 

GCCAACTCATTA 

F:GGCGATAATACGTTTCGAAC 

miR-984-5p F:TGCGCCATTCAATGTCTATC 

R: TGAGTCGTCAACTCGGTGAG 

RT:GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGA 

GCCAACAAATTCC 

F: GGCGTGAGGTAAATACGGTT 

2s(Reference 

gene) 

N.A RT:GTTGGCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGA 

GCCAACTACAAC 

F:GGCGTGCTTGGACTACATATGG 

Genes  Target sequence  

U14(Reference gene) GCGGUUUCCACCAGAAAGCUUCGGCUUAAUGAUGGUCUAAGGCGUCUGACU 

miR-975-5p (Positive control) UAAACACUUCCUACAUCCUGUAU 

miR-978-3p.1 UGUCCAGUGCCGUAAAUUGCAG 

miR-978-3p.2 GUGUCCAGUGCCGUAAAUUGCAG 

mir-978



TableS4. Viability of miRNA KO lines. 

Measurements  

in wild type males 

                  Relative fitness of miRNA  knock out males vs. wild type males 

Wild type  

(Control) 
mir-973  mir-975  mir-977  mir-978  mir-983  mir-984  

Male viability        

1.07±0.04 1 1.04 1.07 1.10 1.29* 1.21* 1.20* 

Female viability        

1.12±0.06 1 1.00 1.02 0.98 0.95 0.94 0.91 

 

Note: Note: Male viability data is also presented in Table 1, relative fitness estimates 

are presented in materials and methods. (*)P<0.05. 

 



Supplemental text S1 Testis-specific expressions of de novo miRNA genes 

We note that the small RNA libraries of “imaginal discs” in (Lyu et al. 2014) and miRBase 

are pooled samples that also contain brain and gonad tissues, in addition to imaginal discs. In 

these data, the de novo mirs of this study are detected but the expression should be attributed 

to the inclusion of testes in the samples. In no other expression studies (published or 

unpublished) that use testis-free samples did we find these de novo miRNAs expressed. We 

would also like to mention that the fitness analyses carried out in this study do extend beyond 

the strict association with testicular functions. For example, the long-term population 

experiments include all fitness components in the life cycle of flies and no unexpected fitness 

contributions are detected.  

 

Technical details: The pooled disc samples, generated by (Ruby et al. 2007) and used in 

miRBase, are described as ‘mass isolated imaginal discs’(Berezikov et al. 2011). These 

samples are collected by the filtering method of Fristrom (Fristrom 1972). In its execution, 

the ‘mass isolated imaginal discs’ samples are commingled with similarly sized tissues 

including gonads and brains. Indeed, in the recent publications by the same authors of the 

miRBase data (Mohammed et al. 2014), these six miRNAs (mir-973, mir-975, mir-977,mir-

978 ,mir-983 and mir-984 ) are characterized as testis-restricted. Apparently, the expression 

levels of these mirs in the imaginal disc data can be accounted for by the testicular 

contribution.  

 

Finally, we have recently surveyed the expression patterns of these same miRNAs in various 



male larval tissues by qRT-PCR. Indeed, these miRNAs are expressed only in the gonads 

(additional file 1 available by request to the corresponding author). 
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Supplemental Text S2  Technical issues of the off-target effects. 

For the possible off-target effects in this study. First, we have considered this issue on 

the experimental design, off-targeting matches have been avoided in the design of 

TALEN binding sites (Supplemental Table S1). Second, generally, off-target effects 

are very unlikely to increase the fitness. In contrast, we observe these miRNA KO have 

advantageous effect in most fitness components, suggesting the fitness of these strains 

is in the miRNA-independent manner. In addition, to rule out the possibility of off-

target effects, we use a couple of components of female fitness as a control in the 

viability assay. Since these miRNAs show testis restricted expression, one would 

expect their mutants should not have impact on female fitness. As showed in 

Supplemental Table S4, compared to control, mir-978,mir-983 and mir-984 KO have 

significantly advantages in male viability whereas no difference in female viability. 

 

 

 

 


