
SUPPLEMENTARY INFORMATION 

 

MATERIALS AND METHODS 

Procedures for designing and making TALENs 

TALENs were designed according to previously published principles1, 2.  All 

TALENs used the +63 truncation point for fusion to the obligate heterodimeric FokI 

cleavage domain2, 3.  The tandem arrays of TALE repeats were assembled as 

described1.  The sequence of the repeat variable di-residues (RVDs) of each TALEN 

is listed in Supplementary Table 1.  

 

The editing activity of each TALEN was assayed using the Surveyor nuclease 

(Transgenomic) as described previously4.  Briefly, genomic DNA from 

TALEN-treated cells was extracted using DNeasy kit (Qiagen).  The targeted loci 

were PCR amplified with the following primer pairs: Cel-I F(gtctgtctttgtctgtctgtc) and 

Cel-I R (gggtatttctctctgtgtagg) for the Sry locus; Cel-I F (gagttcttcttgcgttcacc) and 

Cel-I R (aatgagcactttcagagtagg) for the Uty locus.  PCR products were then 

denatured, re-hybridized, digested with the Surveyor nuclease, and analyzed by 

agarose gel electrophoresis. The band quantification was based on relative band 

intensities using Image J software. The gene modification efficiency was calculated 

using equation: 

% gene modification = 100 × (1 − (1 − fraction cleaved)1/2), where the fraction 

cleaved is the total of the cleavage bands divided by the sum of the cleavage bands 

and uncut bands. 

 

Transfection and Cell culture 

V6.5 mESCs (on a 129/Sv x C57BL/6 F1 hybrid background) were cultured on 

gelatin-coated plates with standard mESC culture conditions.  Cells were transfected 

with TALEN plasmids alone (for knockout) or together with donor plasmids (for 

knock-in) using FuGENE HD reagent (Promega), following manufacturer’s 

instructions.  For each knockout experiment, 24 hours after transfection, mESCs 



were re-plated at a low density on mitomycin C-inactivated mouse embryonic 

fibroblast (MEF) feeder layers.  Individual clones were picked and genotyped by 

Southern blot analysis.  For each knock-in experiment, 24 hours after transfection, 

mESC were re-plated at a low density on DR4 MEF feeder layers.  Puromycin (2 

μg/ml) was added one day after replating, and ganciclovir (2 μM) was added three 

days after replating.  Individual colonies were then picked and genotyped by 

Southern blot analysis.    

 

Southern blotting 

Genomic DNA was separated on a 0.7% agarose gel after restriction digests with the 

appropriate enzymes, transferred to a nylon membrane (Amersham) and hybridized 

with 32P random primer (Stratagene)-labeled probes.  Between hybridizations, blots 

were stripped and checked for complete removal of radioactivity before 

rehybridization with a different probe.  

 

FACS analysis 

GFP-positive cells were measured using the BD LSR II flow cytometer and 

analyzed with FlowJo data analysis software. 

 

Mice and tetraploid embryo complementation 

Tetraploid and diploid embryo injections were performed as previously described5.  

Briefly, blastocyst-stage embryos (on a C57BL/6 x DBA/2 F2 hybrid background) 

were collected 94-98 hours post hCG, and injected with 10-12 mESCs using a 16 µm 

needle.  Twenty embryos were transferred into the uteri of pseudopregnant females.  

C-sections were performed 17 days later.  All pups were fostered to lactating ICR 

mothers.  Srydl1Rlb/x ;Tg(Sry)2Ei mice were obtained from Jackson Laboratory (Stock 

number: 010905).  All experiments involving mice were approved by the Committee 

on Animal Care at the Massachusetts Institute of Technology. 

 

 



Whole-mount immunohistochemistry 

Gonads were dissected from E14.5 embryos and fixed with 4% paraformaldehyde at 

4°C overnight.  After blocking and permeabilization with 3% BSA/5% donkey 

serum/0.1% Triton X-100/PBS for another night, gonads were incubated with 

antibodies against FOXL2 (ab5096, Abcam), SOX9 (AB5535, Millipore) and 

PECAM (550274, BD Biosciences) at 4°C overnight.  After washing with 0.1% 

Triton X-100/PBS, tissues were incubated with donkey secondary antibodies 

conjugated with FITC, Rhodamine Red X, or DyLight 649 (Jackson 

ImmunoResearch) at 4°C overnight.  Antibodies were diluted 1:100 in 1% 

BSA/0.1% Triton X-100/PBS solution.  After washing, gonads were preserved in 

SlowFade Gold Antifade reagent (Life Technologies).  Images were taken using an 

LSM710 confocal microscope (Zeiss).   

 

Fluorescence In Situ Hybridization (FISH) analysis 

All assays were performed on V6.5 or Sry-targeted mESCs.  Extended metaphase 

FISH and interphase FISH were performed as previously described6, 7.  BAC clones, 

291C04 and 146P03, from the RPCI-24 library, were used for probing the mouse Y 

short arms and long arms, respectively. 

 

RT-PCR 

Embryonic tissues, ESCs and MEFs were collected, submerged in TRIzol (Life 

Technologies), and then stored at -80°C until genotyping was completed.  Total 

RNA was prepared according to the manufacturer’s instructions and DNase-treated 

using DNA Free Turbo (Ambion).  A total of 300 ng of total RNA was reverse 

transcribed. PCRs were then performed, and the products were separated on an 

agarose gel.  For qPCR, the reactions were performed with SYBR Green dye. 

Results were analyzed using the delta-delta Ct method with Gapdh as a normalization 

control. 

 

 



Prediction of off-target sites 

The position weight matrices (PWMs) of Sry TALENs were constructed using model 

3 as described in Moscou and Bogdanove8 with a pseudoweight of 0.99 for observed 

di-residues.  A PWM {Pij} of width w (where i is a position from 1 to w and j is a 

nucleotide from {A,C,G,T}) was converted into a position score matrix (PSM) 

Sij=103log(Pij).  The score of a potential binding site is defined as the sum of the 

scores of each position of the binding site against the PSM.  A relative score was 

then calculated by subtracting the score of the site by the score of the consensus 

sequence. The relative score represents the relative affinity (in logs) for binding to 

that site compared to a site with the consensus sequence.  All Sry Left binding sites 

(hits) with a minimum relative score of -13,288 (corresponding to ~105 weaker 

predicted binding affinity) were found in the mouse genome (mm9).  Binding sites 

of Sry Right with minimum relative score of -13,288 were found with a spacer of 

11-26 bp from each Sry Left hit.  The total relative score of a paired hit is defined as 

the sum of the Sry Left and the Sry Right relative scores and was used to rank the 

predicted target sites. 
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Table S1 TALEN recognition sequences and the amino acid identity of the repeat variable 
di-residues (RVDs) in the corresponding TALENs    

TALEN TALEN recognition sequences (bold and underlined) & 
Amino acid sequence of the RVDs 

Sry 
pair 1 

5’TGGCCCAGCAGAATCCCAGCATGCAAAATACAGAGATCAGCAAGC 
3’ACCGGGTCGTCTTAGGGTCGTACGTTTTATGTCTCTAGTCGTTCG 
 
NG NN NN HD HD HD NI NN HD NI NN NI NI NG (Left TALEN) 

NN HD NG NG NN HD NG NN NI NG HD NG HD NG NN NG (Right TALEN) 

Sry 
pair 2 

5’GAATGCATTTATGGTGTGGTCCCGTGGTGAGAGGCACAAGTTGGCCCAGC 
3’CTTACGTAAATACCACACCAGGGCACCACTCTCCGTGTTCAACCGGGTCG 
 
NN NI NI NG NN HD NI NG NG NG NI NG NN NN NG NN NG  

NN HD NG NN NN NN HD HD NI NI HD NG NG NN NG NN HD HD NG 

Uty 
pair 1 

5’ACGGATTATCTCTCACTACTGCTGCCCTAGGTAATGAGGAAAAGAAAATGGCGGCGG 
3’TGCCTAATAGAGAGTGATGACGACGGGATCCATTACTCCTTTTCTTTTACCGCCGCC 
 

NI HD NN NN NI NG NG NI NG HD NG HD NG HD NI HD NG NI HD NG 

HD HD NN HD HD NN HD HD NI NG NG NG NG HD NG NG NG NG HD HD NG 

Uty 
pair 2 

5’ATCTCTCACTACTGCTGCCCTAGGTAATGAGGAAAAGAAAATGGCGGCGG 
3’TAGAGAGTGATGACGACGGGATCCATTACTCCTTTTCTTTTACCGCCGCC 
 

NI NG HD NG HD NG HD NI HD NG NI HD NG NN HD NG 

HD HD NN HD HD NN HD HD NI NG NG NG NG HD NG NG NG NG 

 

  



Table S2 The distributions of genotypes and anatomic sexual phenotypes in progeny from six litters 

From the age of ~2 months, each of seven XYSry(tm1) females was housed with a single XYSry(dl1Rlb );Tg(Sry)2Ei 
male for 5-7 months.  The result was that three XYSry(tm1) females gave birth to a total of eight litters (two 
eaten at birth).  It has been reported that, in XY female meiosis, the X and Y chromosomes do not pair 
efficiently and segregate randomly, leading to sex chromosome aneuploidy in the offspring of XY 
females1, 2.  aThese mice may carry either one or two X chromosomes.  bThese mice may also carry 
YSry(dl1Rlb). 
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Parents XYSry(tm1)    x    XYSry(dl1Rlb );Tg(Sry)2Ei  

Pr
og

en
y 

Genotype XYSry(dl1Rlb); 
Tg(Sry)2Ei     

XYSry(tm1); 
Tg(Sry)2Ei  

XX; 
Tg(Sry)2Ei 

 

XYSry(dl1Rlb) XYSry(tm1)     XX YSry(tm1)YSry(dl1Rlb),
OYSry(dl1Rlb),    

YSry(tm1)YSry(dl1Rlb);   
Tg(Sry)2Ei, or 

OYSry(dl1Rlb));   
Tg(Sry)2Ei       

Anatomic 
sex 

Male Male Male Female Female  Female N/A 

Number 
(total = 22) 

5 5a,b 1a 4 2a,b 5a Not viable 



Table S3 List of top 15 potential off-targets of Sry TALEN pair 2  

Left Sry TALEN 
2 Coord. 

Right Sry TALEN 
2 Coord. SP Left Match Right Match 

% 
L.M. 

% 
R.M. 

Left 
Score 

Right 
Score 

Comb. 
Score 

chrY:1919526- 
1919542:- 

chrY:1919493- 
1919511:+ 14 

GAATGCATT
TATGGTGT 

GCTGGGCCAA
CTTGTGCCT 100 100 0 0 0 

chr2:136965673- 
136965689:- 

chr2:136965639- 
136965657:+ 15 

GAATaCATTT
AaaaTcT 

aCTataCCAACT
TGTGCaT 70.59 73.68 -5814 -8301 -14115 

chr15:70236492- 
70236508:+ 

chr15:70236520- 
70236538:- 11 

aAATaCATTT
AccGTGT 

aCTGGaCaAcC
TacTGCCT 76.47 68.42 -5507 -12517 -18024 

chr16:76949103- 
76949119:+ 

chr16:76949135- 
76949153:- 15 

GAATGgATTT
ATaGTGT 

aCaaaaCCAAaT
TGTcCCT 88.24 63.16 -8828 -9892 -18720 

chr15:87265524- 
87265540:- 

chr15:87265489- 
87265507:+ 16 

aAAcaCATTT
AaaacaT 

GCTGGGCCAc
CTacTaCCT 52.94 78.95 -11165 -8439 -19604 

chr9:69488856- 
69488872:- 

chr9:69488822- 
69488840:+ 15 

GAATGtATTT
ATcaTaT 

GCTtaaCCcACT
ccTaCCT 76.47 63.16 -8585 -12662 -21247 

chr17:33805058- 
33805074:+ 

chr17:33805086- 
33805104:- 11 

GAATaCATTc
ATttTaT 

GCTGaGCCAtC
TTaTcCCT 70.59 78.95 -11042 -10788 -21830 

chr1:139652173- 
139652189:+ 

chr1:139652208- 
139652226:- 18 

GAATGCATT
TATtaTtg 

aCaacaCCAACT
TtTaCCT 76.47 63.16 -13127 -9730 -22857 

chr7:28158072- 
28158088:+ 

chr7:28158103- 
28158121:- 14 

aAATGCATaT
AaGaTaa 

aCTaccCCAcCT
aaTcCCT 64.71 57.89 -10551 -12419 -22970 

chr13:109697953- 
109697969:+ 

chr13:109697989- 
109698007:- 19 

aAATaCATTTt
aGaTGT 

GCTaaGCaAAC
TaaaGCCT 70.59 68.42 -12622 -11112 -23734 

chr1:174769836- 
174769852:+ 

chr1:174769879- 
174769897:- 26 

aAAatCATTaA
TaaTGT 

aCTGGcCCAA
CTaaTaaCc 64.71 63.16 -10950 -12795 -23745 

chr13:81411028- 
81411044:+ 

chr13:81411060- 
81411078:- 15 

GcAgatAcccAT
atTca 

ctTccataAgtgTtg
ctgc 35.29 15.79 -11956 -12175 -24131 

chr9:14021886- 
14021902:+ 

chr9:14021920- 
14021938:- 17 

aAATGCAcTT
ATaGgGc 

aCTtGGCaAAC
TTtTaCCT 70.59 73.68 -12636 -11603 -24239 

chrX:61887910- 
61887926:+ 

chrX:61887952- 
61887970:- 25 

GAAgtCATTa
ATaGTaT 

aCTaaaCCcACg
TGTcCCT 70.59 63.16 -13035 -11752 -24787 

chrX:143582738- 
143582754:- 

chrX:143582699- 
143582717:+ 20 

aAATGCATaT
AaaaTag 

cCTaaaCCAAaT
TaccCCT 58.82 57.89 -13250 -11575 -24825 

chr11:35804487- 
35804503:+ 

chr11:35804516- 
35804534:- 12 

aAATGCAcTg
ATaaTGa 

cCTacaCCAAC
TTtTcCCc 64.71 63.16 -12943 -12482 -25425 

Left and Right Sry TALEN 2 coordinates indicate positions of paired left and right hits in mm9 genome 
assembly (chrom:start-end:strand); SP, length of the spacer between left and right hits; Left match, the genomic 
sequence of left hit (Uppercase indicates a match with the consensus. Lowercase indicates mismatch); Left 
match, the genomic sequence of right hit (Uppercase indicates a match with the consensus. Lowercase indicates 
mismatch); % L. M., percentage of consensus-matched bases of left hit; % R. M., percentage of 
consensus-matched bases of right hit; Left Score, the score of left hit (relative to a consensus match); Right 
Score, the score of right hit (relative to a consensus match); Comb. Score, the combined score of left and right 
hits.	
   	
  



Table S4 The distributions of genotypes in progeny from mating of XYUty(tm1) male with XXUtx(tm) 
female mice1 

 
 
 
 
 
 
 
 
 
 
 

 

Reference 

1. Welstead, G.G. et al. X-linked H3K27me3 demethylase Utx is required for embryonic 
development in a sex-specific manner. Proc Natl Acad Sci U S A 109, 13004-13009 (2012). 

 

	
  

Parents XXUtx(tm)   x   XYUty(tm1) 

Pr
og

en
y 

Genotype XYUty(tm1)    XUtx(tm)YUty(tm1)  XX  XXUtx(tm) Total    

Number of pups 16 0 9 7 32 

Observed ratio 0.50 0.00 0.28 0.22  

Expected ratio 0.25 0.25 0.25 0.25  
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Wang, et al., Figure S1

Assay of Sry TALEN activity with the Surveyor nuclease. DNA was prepared 
from the cells trasfected with TALEN pair 1, pair 2, or a GFP expression plasmid. 
The DNA segments emcompassing the targeting sites in the Sry locus wer then PCR 
amplified, denatured, and rehybridized. Modification of the locus was measured 
using the Surveyor nuclease, which recognizes and cuts the mismatch in the DNA 
hybrids. The expected sizes of digested fragments and the estimate of modification 
efficiency are shown below. GFP serves as a negative control. NHEJ, non-
homologous end-joining. 
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V6.5 Srytm1

DNA FISH demonstrates normal chromosome composition in Sry-targeted 
mES clones (representative image).  A total of 40 chromsomes, including Y chro-
mosomes, were observed in Srytm1, Srytm2, Srytm3, and Srytm4 metaphase/interphase 
mESCs, whereas Srytm5 cells are aneuploidy (containing 41 chromosomes).  BAC 
clones, 291C04 and 146P03, from the RPCI-24 library, were used for probing the 
mouse Y short arms (green) and long arms (red), respectively.  DNA was counter-
stained with DAPI (gray). 

Wang, et al., Figure S2
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Wang, et al., Figure S3

PCR genotyping further confirmed the correct targeting of a GFP transgene 
into the Sry locus. Dashed boxes indicate the homologous regions for homologous 
recombination. PCR primer pairs external to the targeting regions were used 
(arrows). DNA was extracted from mESC clones that were already identified as 
correctly targeted by Southern blotting analysis. Gel pictures show expected band 
sizes of PCR genotyping products (lower panels). 
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PCR genotyping further confirmed the correct targeting of a GFP transgene 
into the Uty locus. Dashed boxes indicate the homologous regions for homologous 
recombination. PCR primer pairs external to the targeting regions were used 
(arrows). DNA was extracted from mESC clones that were already identified as 
correctly targeted by Southern blotting analysis. Gel pictures show expected band 
sizes of PCR genotyping products (lower panels). 
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Wang, et al., Figure S5

Southern analysis of Uty-GFP knock-in alleles.  BamHI-digested 
genomic DNA was hybridized with 5’ probe or 3’ probe.  Expected 
fragment size: WT = 10.4 kb, TM(GFP) = 13.5 kb.
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