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Supplementary	Table	S1.	Primer	Sequences		
**Bolded	nucleotides	correspond	to	restriction	sites,	italicized	nucleotides	correspond	to	attB	or	attP	
sequences	
PhiC31	Xma1-tagged	
forward	primer		

5’	AGCCCGGGACCATGGATACCTACGCCGGAGCC	3’	

PhiC31	BsrG1-tagged	
reverse	primer		

5’	AGTGTACATCACACTTTCCGCTTTTTCTT	3’			

attPlongNeoF1	
	

5’	TTTGAGTTCTCTCAGTTGGGGGCGTAGTCGGATTTGATCTGATCAAGAG	3’		

attBLongNeoR1	 5’	CCAAGGGCACGCCCTGGCACCCGCACCGCGGCTTCGAGACGCGTTCGGATTTG	
ATCCAG	3’	

attPLongNeoF2	 5’	GACTCGAGGTGCCCCAACTGGGGTAACCTTTGAGTTCTCTCAGTTGGGGGCG	
3’		

attBLongNeoR2	 5’	AGCTCGAGGATGGGTGAGGTGGAGTACGCGCCCGGGGAGCCCAAGGGCACG	
CCCTGGC	3’	

attP	total	sequence	
	

5’	GTGCCCCAACTGGGGTAACCTTTGAGTTCTCTCAGTTGGGGGCGTAG	3’	

attB	total	sequence	 5’	CTCGAAGCCGCGGTGCGGGTGCCAGGGCGTGCCCTTGGGCTCCCCGGGCGCG	
TACTCCACCTCACCCATC	3’	

VisPeak	Forward	
primer	

5’	TAGCGCTCCTTAATGACCGG	3’	

VisPeak	Reverse	primer	
	

5’	GCGGGATTAAAGCGGTCGT	3’	

VisPeak	Bcu1-tagged	
forward	primer		

5’	ATTACTAGTTAGCACTCCTTAATGACCGG	3’	

VisPeak	Reverse	primer	
		

5’	TTCACTAGTGATTGCGGGATT	3’	

	
Supplementary	Table	S2.	FlpE/ACTB	intron	Geneblock	sequence	
**Shaded	nucleotides	correspond	to	Swa1	and	Age1	restriction	sites,	respectively.	Underlined	
nucleotides	refer	to	conserved	exon	sequences,	bolded	nucleotides	correspond	to	the	ActinB	intron	
sequence.	
CAGTTCGAATCATCGGAAGAAGCAGATAAGGGAAATAGCCACAGTAAAAAAATGCTTAAAGCACTTCTAAGTG
AGGGTGAAAGCATCTGGGAGATCACTGAGAAAATACTAAATTCGTTTGAGTATACCTCGAGATTTACAAAAACA
AAAACTTTATACCAATTCCTCTTCCTAGCTACTTTCATCAATTGTGGAAGATTCAGCGATATTAAGAACGTTGATC
CGAAATCATTTAAATTAGTCCAAAATAAGTATCTGGGAGTAATAATCCAGTGTTTAGTGACAGAGACAAAGACA
AGCGTTAGTAGGCACATATACTTCTTTAGCGCAAGGGGTAGGATCGATCCACTTGTATATTTGGATGAATTTTTG
AGGAACTCTGAACCAGTCCTAAAACGAGTAAATAGGACCGGCAATTCTTCAAGCAACAAACAGGTAAGTGACC
TGTTACTTTGGGAGTGGCAAGCCTGGGGTTTTCTTGGGGATCGATGCCGGTGCTAAGAAGGCTGTTCCCTTCC
ACAGGAATACCAATTATTAAAAGATAACTTAGTCAGATCGTACAACAAGGCTTTGAAGAAAAATGCGCCTTATC
CAATCTTTGCTATAAAGAATGGCCCAAAATCTCACATTGGAAGACATTTGATGACCTCATTTCTGTCAATGAAGG
GCCTAACGGAGTTGACTAATGTTGTGGGAAATTGGAGCGATAAGCGTGCTTCTGCCGTGGCCAGGACAACGTA
TACTCATCAGATAACAGCAATACCTGATCACTACTTCGCACTAGTTTCTCGGTACTATGCATATGATCCAATATCA
AAGGAAATGATAGCATTGAAGGATGAGACTAATCCAATTGAGGAGTGGCAGCATATAGAACAGCTAAAGGGT
AGTGCTGAAGGAAGCATACGATACCCCGCATGGAATGGGATAATATCACAGGAGGTACTAGACTACCTTTCAT
CCTACATAAATAGACGCATAGGACCGGTGGAACAAAAAC	
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Supplementary Figure S1. Quantitative and qualitative assessment of lineage trace
recombination efficiencies mediated by FlpE, Cre and PhiC31.
A-I. E5 retinas were E5 retinas were electroporated ex vivo with CAG::Tdt, the recombinase
plasmid shown by the labels on the x and y axes, and the appropriate responder plasmid.
Retinas were harvested after 2 days in culture, dissociated and quantitated by flow
cytometry.
J-S. E5 retinas were electroporated ex vivo with CAG::nucβgal, the recombinase plasmid
shown on the left, and the appropriate responder plasmid. Retinas were harvested after 2
days in culture and imaged by confocal microscopy for βgal (red), GFP (green) and DAPI
(blue).
J-L. Representative images of basal recombination in retinas electroporated ex vivo with
bp::FlpE (a), bp::Cre (b) or bp::PhiC31 (c).
M. Representative image of ThrbCRM1 enhancer activity. Retinas were electroporated ex vivo
at E5 with ThrbCRM1::GFP and CAG:: nucβgal, and harvested after two days in culture.
Maximum intensity projection of 40x image.
N-P. Representative images of enhancer-driven recombination in retinas electroporated ex
vivo with ThrbCRM1::FlpE (d), ThrbCRM1::Cre (e) or ThrbCRM1::PhiC31 (f).
Q-S. Representative images of ubiquitous recombination in retinas electroporated ex vivo
with CAG::FlpE (g), CAG::Cre (h) or CAG::PhiC31 (i).
OR, outer retina; IR, inner retina; bp, basal promoter; Enh, enhancer.
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Supplementary Figure S2. Effects of insertion of an intron into FlpE on FlpE activity.
A-B. Representative images of whole retinas electroporated ex vivo with CAG::mCherry
as an electroporation control, ThrbCRM1::FlpE (a) or ThrbCRM1::FlpEIntron (b), and
CAFNF::GFP at E5 and fixed after two days in culture.
C-D. Representative images of whole retinas electroporated ex vivo with
CAG::mCherry as an electroporation control, CAG::FlpE (c) or CAG::FlpEIntron (d), and
CAFNF::GFP at E5 and fixed after two days in culture.

Supplementary Figure S3. Contribution of leaky bp::Cre and CALNL::GFP to basal
recombination levels.
A-C. Representative images of whole retinas electroporated ex vivo with CAG::mCherry as
an electroporation control, bp::Cre (a), CALNL::GFP (b), or bp::CRE in combination with
CALNL::GFP (c) at E5 and fixed after two days in culture.



a Scale
:chr2

10 kbgalGal5
37,405,00037,410,00037,415,00037,420,00037,425,00037,430,00037,435,00037,440,000

Thrb_CRMs

RefSeq Genes

ThrbICR
ThrbCRM1

ThrbCRM2

THRB
THRB

Scale
:chr2

10 kbgalGal5
37,405,00037,410,00037,415,00037,420,00037,425,00037,430,00037,435,00037,440,000

Thrb_CRMs

RefSeq Genes

ThrbICR
ThrbCRM1

ThrbCRM2

THRB
THRB

ThrbCRM2
ThrbCRM1

ThrbICR

THRB

Scale
:chr2

10 kbgalGal5
37,405,00037,410,00037,415,00037,420,00037,425,00037,430,00037,435,00037,440,000

Thrb_CRMs

RefSeq Genes

ThrbICR
ThrbCRM1

ThrbCRM2

THRB
THRB
THRB
THRB

Scale
:chr2

10 kbgalGal5
37,405,00037,410,00037,415,00037,420,00037,425,00037,430,00037,435,00037,440,000

Thrb_CRMs

RefSeq Genes

ThrbICR
ThrbCRM1

ThrbCRM2

THRB
THRB

ThrbCRM1+ cells
that are ThrbCRM2+

ThrbCRM2+ cells
that are ThrbCRM1+

0

20

40

60

80

100

Pe
rc
en
ta
ge

b

To
ta
l%

R
ec
om

bi
na
tio

n

bp
CA
G

Th
rb
CR
M1

Th
rb
CR
M2

Th
rb
IC
R

0

200

400

600

800

Data 22

#
of

El
ec
tro

po
ra
te
d
C
el
ls
C
ou

nt
ed

bp
CA
G

Th
rb
CR
M1

Th
rb
CR
M2

Th
rb
IC
R

0

200

400

600

800

Data 22

#
of

El
ec
tro

po
ra
te
d
C
el
ls
C
ou

nt
ed

ONL INL GCL

bp
CA
G

Th
rb
CR
M1

Th
rb
CR
M2

0

200

400

600

800

Data 22

#
of

El
ec
tro

po
ra
te
d
C
el
ls
C
ou

nt
ed

ONL INL

bp
CA
G

Th
rb
CR
M1

0

200

400

600

800

#
of

El
ec
tro

po
ra
te
d
C
el
ls
C
ou

nt
ed

ONLb

c

Supplementary Figure S4. Alignment of Thrb enhancers to the chick genome.
A. Alignment of ThrbCRM1, ThrbCRM2 and ThrbICR (originally described in mouse)
elements to the Galgal5 genome in UCSC Genome Browser. The Trβ2 isoform is shown in
full.
B. Quantification of the % of ThrbCRM2 cells that are in the ThrbCRM1 population from
FACS analyzed retinal cells. Error bars represent SEM, n=3.
OR, outer retina; IR, inner retina.

Supplementary Figure S5. Quantification of in vivo lineage tracing of Thrb regulatory
elements.
A. Quantification of total number of electroporated cells counted in each of the
conditions assessed (as shown in Figure 2a-e). N=3-8.
B. Quantification of the total number of electroporated cells counted per retinal layer in
each of the conditions assessed. N=3-8.
C. Quantification of overall % recombination in each condition assessed (Total GFP/Total
βgal + GFP only). Error bars represent SEM, n=3-8.
ONL, outer nuclear layer; INL, inner nuclear layer; GCL, ganglion cell layer; bp, basal
promoter.
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Supplementary Figure S6. The ThrbICR element is active in some dividing cells.
A. Representative confocal image of a retina electroporated ex vivo with CAG::nucβgal
as an electroporation control, and ThrbICR::GFP at E5, pulsed with EdU for 1 hour after
1 day in culture, and immediately fixed. Images are maximum intensity projections,
zoomed insets are single z-planes. represents electroporated GFP+/EdU+ cells.
OR, outer retina; IR, inner retina.

Supplementary Figure S7. Quantitative assessment of CAaNa::GFP modified with
VisPeak.
A. Representative image of a retina electroporated ex vivo with VisPeak::GFP plasmid at
E5, fixed after 2 days in culture, and counterstained with Visinin. Merge shows
extensive colocalization of Visinin with GFP+ cells.
B. Quantification of FACS analyzed retinal cells, electroporated ex vivo at E5 with
CAG::TdT, ThrbCRM1::PhiC31, and CAaNa::GFP or CAaNa::GFPVisPeak and dissociated and
fixed after two days in culture. Error bars represent SEM, n=3.
C. Quantification of basal recombination in E10 retinas electroporated in ovo at E3 with
bp::PhiC31 and CAaNa::GFPVisPeak.
OR, outer retina; IR, inner retina; bp, basal promoter.
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Supplementary Figure S8. Additional immunostaining confirms that the ThrbCRM1
lineage is biased towards H1 HCs over H2-H4 HCs.
A. Representative image of the INL of a WT retina, fixed at E10, and immunostained for
Lim1 and Islet1 (DSHB, 39.4D5). Areas zoomed in insets are outlined in dotted line.
represents Lim1+ HCs, represents Islet1+ HCs, and represents HCs that are Lim1-
/Islet1-. Maximum intensity projection of a 40x image, scale bar represents 20 μm.
B. Quantification of Lim1 and Islet1 immunostained retinas as shown in a- % of HCs
marked with Lim1 and/or Islet1 that are Lim1+, that are Islet1+, and that are double
positive. Error bars represent SEM, n=3.
C. Representative image of the INL of a ThrbCRM1 lineage traced flat-mounted retina
at E10, counterstained for Ap2α and Islet1 (DSHB, 40.2D6). Areas zoomed in insets are
outlined in dotted line. represents Islet1+/ Ap2α+ HCs, represents Ap2α + HCs, and
represents Islet1+ HCS. Maximum intensity projection of a 40x image, scale bar
represents 20 μm.
D. Quantification of Ap2α and Islet1 immunostained retinas as shown in c- % of HCs
derived from the ThrbCRM1 lineage marked with Ap2α and/or Islet1. Error bars
represent SEM, n=3.


