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Table S1: Sequences of the enhancer lacZ reporter constructs included in the bcd RNAi atlas.	

Construct Enhancer sequence Reference Primer 

sequence

eve1 AGGCCTAATCACTTCCCTGAAATGCATAATTGTGCCGCGGCTTTTGATACGCTCCTGGCGGAGAGGGAGATGAGGAAA
GGATGCACGGGAACCGCAGCCAAGTGGCAGTCGAGATTGGCAAATCCGCCAGCGGACAATGCCCAGAGAATGGGCA
ACAAGTAGCGGCGAATTAGCAATCCTATCATGCTTTTATGGCCGGCCAACTCTTGCCCGCGCATCTCAGTTCATCCGAA
GCGGGACCAGGTCCAGGTTCAAGTCGAGGTCCAGTACCCCTGCTATCCCGTCAACCCCTTTAGGGCGATAATCCTTCT
AAATGTTTGCATTAATTTCGAGGCGTGGACGGATTAGGGCGTGCTGGCTGGGCGGAACCCGCAGCAGAAACCGCCGA
GGACACTGCACCGACTGACCTGCAGCCTACAGATCTCTGATCTTCGATCTCTAATCCTTTCGCATTTGCAACTGACTTC
TGCACTGGGTCCGCCCCTAATCCTTCCGCCGAGAAGGCGGCAGAGTCGCGAGGTACTGGCCCGGGGTAATGGGATTA
TCTGCGATTACCCCAGATGATCCGCAGAAAGTCAATCTGGTTCAGGGGCTAATTGTCAGCGAAGTCAACTAAATCCAAT
CCTTTCGCGCCCCCTTCTGTTTATTTGTTTGTTTTCGTTTGTTTTGAGAATTTCTGGCAATTAAGTTGCCCGTTTTGATGC
GCGGGGGCGGGTGCATCAAATCCTTTCGGCATACCTGTCCTGCACAAATGCTGAATTCCGCATCCCATGGATACCCAG
ATATTCAGATATCCCAAGGC

Fujioka et 
al., 1999

AGGCCTAAT
CACTTCCCT
G

GCCTTGGGA
TATCTGAATA
TCTGG

eve46 AGGATCCCTGGGCTCTGGGCTCTGGACTATCCGCCGACCCTCCATATCCATGATTTACAATTCTCGTTTTTTTCGCGTTA
TTTTTTTAGGGGCTTTAATGACCGTCGTAAAGCCGCAGGAGGACCAGGACCAGGACTCTGCTCACATTTCGCGCACTG
ATTCTAAAAAATGAAATCATTTTTTCTTGAATTTCACGGCGCGCCTCGAGCAGGACTCTTTGTTCTCGGCCAGGCAATTG
TCCTTTTTTGCGCTCAGCTCTCAGTTTTTTCGTCCAGCGGGCATTACCTACACGGCGTTTTATGGCGGAGATGATATTCG
CCTGGGATCGGTTCCGTTTTTTAGGCCATAAAAATTAGGCGGCATAAAAAAACTGCATTGGAATTCTAGTTCTAGTTTCA
AGTTTTTAGGTTTCCAGGTTTCTGCCAGCCCGCCTAGATTCGCATTTCGCGGAATTCGGAAGCGGAACAGAATGCCAG
AATGGTCAGAATCCTGGCTGACCTTGCCTTTTGGCCAGGGGCCGTAAAAAAATTGACTCGCTGCGGTGCGCGGAATAT
TTTTTAAATCTGACTTTCCAACAATCTCTGATCTGGGTTCGAATCGTAAAAAAAAAGCAGAACAAAAAGCGGGCATTTTC
GTCGGCAAATGATCTGTTAATGGGCCGGGCTAAAAAACTAAGTCACAAAGTCACAAGGTTGTCCGGTAAATTGACCCG
GTTAAGAATGTCTGTCTGTACCGAGAAGGATGCAGGACATTCAGCACTTCAAAGCTCCCACCGCTCGAAGGATTCCCC
CGAAGATTCAC

Fujioka et 
al. 1999

AGGATCCCT
GGGCTCTG

GTGAATCTT
CGGGGGAA
TCC

eve5 ATATCCCAAGGCCGCAAAGTCAACAAGTCGGCAGCAAATTTCCCTTTGTCCGGCGATGTGTTTTTTTTTTAGCCATAACT
CGCTGCATTGTTTGGGCCAAGTTTTTCTTCTGCCAAATTGCGGAGATGATGCGGGGATTATGCGCTGATTGCGTGCAAT
TATGGACATCCTGCGAGGCCCCGAGGAACTTCCTGCTAAATCCTTTCATCCGCCTACAGAACCCCTTTGTGTCCCGTTC
GCCGGGAGTCCTTGACGGGTCCTTCGACTATTCGCTTACAGCAGCTTGCGTAAAATTTCATAACCCTACGAGCGGCTCT
TCCGCGGAATCCCTGGCATTATCCTTTTTACCTCTTGCCAATCCGTTGGCTAAAAAACGGCTTCGACTTCCGCGTAACT
GCTGGACAACAAAGACAAAAAACGGCGAAAGGACGGCGATTTCCAGGTAGCATTGCGAATTCCGTCAAACTAAAGGAC
CGGTTATATAACGGGTTTATATGGCCAGAATCTCTGCATCTCCACGACCGCCAGAAGCTGCGTAAAACTGCAGGCTCTG
TTTTGATTTCTGCAACTTCAGTTAATTGCCCGGGATGGCCAGCAATTGCCGGCAATTATAAAACAGCGCAGATGTGACT
CAGCTTCCATATCTAACTCTATATCTCATGCCGAAAATCTAGGGTGGGGAGCGGAGGGGCGGGGTGCGTGGGTGACTT
GCCTGCCAGGGAAAGGGGGCGGGGGTTCAGCGGGTGATAAATGTGCGTGATTTGGAATGAATGCGCATCGATTAAAA
CCGCAGGGCAATCAATTT

Fujioka et 
al. 1999

ATATCCCAA
GGCCGCAA
AG

AAATTGATTG
CCCTGCGG
T

eve3+7 GGATCCTCGAAATCGAGAGCGACCTCGCTGCATTAGAAAACTAGATCAGTTTTTTGTTTTGGCCGACCGATTTTTGTGC
CCGGTGCTCTCTTTACGGTTTATGGCCGCGTTCCCATTTCCCAGCTTCTTTGTTCCGGGCTCAGAAATCTGTATGGAATT
ATGGTATATGCAGATTTTTATGGGTCCCGGCGATCCGGTTCGCGGAACGGGAGTGTCCTGCCGCGAGAGGTCCTCGC
CGGCGATCCTTGTCGCCCGTATTAGGAAAGTAGATCACGTTTTTTGTTCCCATTGTGCGCTTTTTTCGCTGCGCTAGTTT
TTTTCCCCGAACCCAGCGAACTGCTCTAATTTTTTAATTCTTCACGGCTTTTCATTGGGCTCCTGGAAAAACGCGGACA
AGGTTATAACGCTCTACTTACCTGCAATTGTGGCCATAACTCGCACTGCTCTCGTTTTTAAGATCCGTTTGTTTGTGTTTG
TTTGTCCGCGATGGCATTCACGTTTTTACGAGCTC

Small et 
al., 1996

GGATCCTC
GAAATCGA
GAGC

GAGCTCGT
AAAAACGTG
AATGC

eve2 GGTTACCCGGTACTGCATAACAATGGAACCCGAACCGTAACTGGGACAGATCGAAAAGCTGGCCTGGTTTCTCGCTGT
GTGTGCCGTGTTAATCCGTTTGCCATCAGCGAGATTATTAGTCAATTGCAGTTGCAGCGTTTCGCTTTCGTCCTCGTTTC
ACTTTCGAGTTAGACTTTATTGCAGCATCTTGAACAATCGTCGCAGTTTGGTAACACGCTGTGCCATACTTTCATTTAGA
CGGAATCGAGGGACCCTGGACTATAATCGCACAACGAGACCGGGTTGCGAAGTCAGGGCATTCCGCCGATCTAGCCA
TCGCCATCTTCTGCGGGCGTTTGTTTGTTTGTTTGCTGGGATTAGCCAAGGGCTTGACTTGGAATCCAATCCCGATCCC
TAGCCCGATCCCAATCCCAATCCCAATCCCTTGTCCTTTTCATTAGAAAGTCATAAAAACACATAATAATGATGTCGAAGG
GATTAGGGG

Small et 
al., 1991

GGTTACCC
GGTACTGCA
TAAC

CCCCTAATC
CCTTCGACA
TC

eve46mini TCGAGCAGGACTCTTTGTTCTCGGCCAGGCAATTGTCCTTTTTTGCGCTCAGCTCTCAGTTTTTTCGTCCAGCGGGCAT
TACCTACACGGCGTTTTATGGCGGAGATGATATTCGCCTGGGATCGGTTCCGTTTTTTAGGCCATAAAAATTAGGCGGCA
TAAAAAAACTGCATTGGAATTCTAGTTCTAGTTTCAAGTTTTTAGGTTTCCAGGTTTCTGCCAGCCCGCCTAGATTCGCA
TTTCGCGGAATTCGGAAGCGGAACAGAATGCCAGAATGGTCAGAATCCTGGCTGACCTTGCCTTTTGGCCAGGGGCC
GTAAAAAAATTGACTCGCTGCGGTGCGCGGAATATTTTTTAAATCTGACTTTCCAACAATCTCTGATCTGGGTT

Fujioka et 
al., 1999

TCGAGCAG
GACTCTTTG
TTCTC

AACCCAGAT
CAGAGATTG
TTGG

hb 
posterior

TAGCACGAAAAACCGAAGGATTAAAAAAGGAAACTAGAGCAGAGGTCCCGGGGCAGGGCGAATAGTTGCTCTAATTTTCAT
TGTCCGCCTTAATGGTTACGCCGTAAAATTGGCTATGCGGCCAAACAATAGTGCGAAGGACGACGGCAGGACGCGCAGGA
CAATCGTCTGGTGGATTTCCAGTCGACACGCCACGAGATTTTATGAAGGCAACTCGCTTTGCATGTTATTCCATAGATTTCG
CTTCGGTCCCGGTTTGTTTTGGTCAGGTAAGACCTTCGATTAACAATGAAAGTAGCTGGAAAATCGCGAGAAACTTCGAAA
GACACACAAAGATACAATATCTATGAGTCTAATGGTCATTAGAGCGGTGCGCTCTACATACAATTGTACCAGCCGTCTTGTTT
GAAGCCTAAAAAACGTCGCAAAAAACACACTTCCGCGTAAGACATCCCATTTCTGTGGTCCGATCGTAAAATATTTAGTTTTT
TATGACCAACGGTGCGGGCAGGTAGCTGGCTGCCGTTTTTTGTGCGCGACCTCAACCCTTTCACCCATTAAGAAAAAATC
GCATCCTGTGAGTGTCCTTGCCCGTTTCCCTCGAAACGGCCCACAATTTGTGTGCTTTGCGTTTTCTCCTCTCTTTTTGTTT
CCACCTAATGTCGGCGTCATTGTCTTCTTTATGACGCCTCGGTTGTTTCTTTTTTATGGTGTCCTTTGTCCTTTGAGCCTCGT
TGCACGGCCAAATCCCTACTTCCTCAACCCTTTGGCGGACGAGAAAGTTGCTAGGAGGAGAACGGGTTAAGCGAAAACTC
CATTGCACTTTTTACAAGCCGCGATCTTCTTGGAATTAGTTTTGGTCATTAGGCGAAAGGGTTAATTTCGATTTTGGCTCTCG
GTGGGTTTACTGAGTGAATTCAATGGGCTAAGGCGAGTAAAGGGTTATACTGTTTTTACATTTTACTACTTGGAAAATACTGAA
GAACTTGTAGGAAAAATTTCCAGCACTTTTAAAAGCCATATATAACTTTATGAATATGAACTTCAAATGTAAAAACCTGAAAGTG
ACATGTAGTTATTTTAAGGTCCTTGAAAATGATCATCGTCTAAAATTTCTTTTTTTTAAATAATTTTTAAAATATTTTTTTGATAGCAT
ACGAAGTATTTAAAAATGTGAACAGATTAAACACATTAAATTTATAAAAGTAAATACAACAGATTTAGCATAGAAATAAAAATCATT
TTAATGTTCCGTCCATAAGTAACGGTCGTGGAAAATTCTTGAAAATCCCACAAATTATATTCGATCCCTTTGGCCGAACATTTG
GTGCGATTACATTCGTAATTCGCTGGAAATTAAGGCCACTAAGTCGCCAGCGAAATGAATTCGGACATTGGGCATTGGACAA
ATGTAAAAAGGACTCTAGAGCCCCGACCATTGCAATGGTCCATTGTTGAGCGTCCGAAAGATCTGAAAACCAAACCCAAAC
CAAATCCCGAGCTTAGGCAATCGGCATTGGGAAATAAGCGCCAAATATTCTACCCCCCACTCCAAAAACGAGCATT

Wunderlich 
et al., 2012
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!

gt 
posterior

AATTTATTACCAGAAACTTACCATCACTTCGAGATGAAAGTGCGGAGGAGAGCGCTGATCTTTGCTTATCCCAAACTAGG
GGTTTTTTAGGGGTAAAAAGCGGGAATACAGATTCTCAGAAACAAAATGGCAGTCCTAATATGTGATAAGTTGCTTTCAA
CTTACGTTTACGACAGGGGCCATTCGAAGCTAAGGATTCCAATATGCGACTGTTAACCCATTAAGACAAAGGGCCGCGA
AAGGAGTTAACGGCAATTCCCCGAAACCAAGCACGAATCCAAATCCAAACCACTCCTCACCCTTTTTTGGACGGGTGG
GACGGGTCATATAAGGCAAAACCCCTTTCAGTCAATTAGTCGCTGATTTTCTTTGTCACCTAGCAGCGGACCAATATAAA
AATCGCAGCCACAATGGTCGGAGGAGAGAACCCTTTTTTTTTTAAGGACCGCCGGTGTCCGAAATATCAGTTTATGGCT
CCTTAAAAAACTGCAGCGGTTTTAGGGCCCGCGGACTCGGAATGAGGCCTTTTCGCACGAAGCGTCCATTATGCAATA
AAACTTTGGATGTTTTTTAGGCAACAGCATAACAGCCTAATACAGCGCATACCGTGGGTGGGCAACCCGTTCGGCCATC
AGGTAGATGATTCCGTAAAAAACGCGCCCAAGGTCACAACTCAAAGGATTGCACAAATATTGCATCTTTGGTTCGGAGC
TCATTATGGCGAAGGAACAGCAGTCCGAGTATATGAATATATGGTTTTATGGCCTGCTGTTTTTTACGTTTTTTTTTCGCT
GAATCTGGTTTTTACACCGAACTTGGCAACTCTTTGGCTTCGACTTCGGCCGCGACTTTTTATGGCATCTGCTCGGGAT
CGATTGGGCTGGGCTATACGTATGTCCAGGATCTGGAAGGGCTCGGGTTCGGGCCCGGTAACCGCAGGTAAGGGATC
GACTCAATGACGGCGACGTGACGGTCCGAGTTTTAGTTTAATCCACCATTTTTACGGTTGGATTAGCGCACGGATTAGC
GGATAAGTTCGCGGTTTTTTACTGATTACCATCGATCGATCCCTCTTTTTATTTGCAATTCACCCAATCCCCCTGAATGGG
CAGTTGTAAA

Wunderlich 
et al., 2013

eve late 
seven 
stripe

-6.4kb (NdeI) to -4.8kb Fujioka et 
al., 1996

-6.4kb 
(NdeI) to 
-4.8kb

eve whole 
locus 
reporter

Begins -6.4 kb upstream of eve transcription start site (TSS) and ends 
11.3 kb downstream of eve TSS.  The eve coding sequence has been 
replaced with LacZ and the neighboring TER94 gene has been fused to 
GFP

Gift from 
M. Fujioka

Enhancer sequence Reference Primer 
sequence

Construct
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Table S2: The numbers of individual embryos for each gene at each time point included in the 
bcd RNAi gene expression atlas	
!

Genes T=1 T=2 T=3 T=4 T=5 T=6
D 9 19 26 13 5 13
Kr 10 13 16 10 8 10
hb posterior enhancer 6 8 20 9 6 3
gt posterior enhancer 21 18 29 13 6 3
eve3+7 enhancer 3 10 13 7 5 10
eve4+6 enhancer 10 27 26 16 8 8
eve5 enhancer 6 16 32 12 6 9
eve4+6mini enhancer 3 8 12 11 0 3
eveLocus lacZ 6 20 13 13 4 2
cad 5 15 24 14 3 6
eve 17 22 54 34 32 23
fkh 5 14 16 9 4 7
ftz 38 77 94 30 19 32
gt 25 30 31 13 8 9
h 8 11 11 9 14 15
hb posterior enhancer 16 12 13 17 10 12
hkb 16 11 20 14 6 8
kni 9 15 14 8 6 8
run 8 20 22 16 9 5
tll 15 20 20 11 6 6
Hb protein 7 10 14 7 6 9

Average 11.6 18.9 24.8 13.6 8.1 9.6
Sum 243 396 520 286 171 201
Total 1817
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Table S3: The standard deviations of each gene in the bcd RNAi gene expression atlas.  Data 
from the WT atlas is included for comparison (Fowlkes et al., 2008).	
!

Gene Name WT s.d. bcd RNAi s.d. 
cad 0.165 0.067
eve 0.129 0.143
fkh 0.068 0.029
ftz 0.131 0.175
gt 0.108 0.073
hb 0.134 0.059
hkb 0.106 0.037
kni 0.099 0.061
Kr 0.066 0.079
tll 0.063 0.036
D 0.108 0.103
h 0.167 0.163
run 0.154
hbProtein 0.132 0.108
hb posterior 
enhancer

0.063

gt posterior 
enhancer

0.078

eve3+7 
enhancer 

0.075

eve4+6 
enhancer

0.089

eve5 
enhancer

0.131

eve4+6mini 
enhancer

0.077

eve locus 
reporter

0.104
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Table S4: ON/OFF thresholds used in the combination analysis in Figs 5, S8, S9.	
!
WT

T = 1 T = 2 T = 3 T = 4 T =5 T =6
gt 0.35 0.36 0.34 0.27 0.24 0.21
Kr 0.34 0.32 0.28 0.23 0.21 0.20
kni 0.32 0.30 0.31 0.34 0.35 0.32
tll 0.29 0.24 0.19 0.18 0.17 0.16
hkb 0.24 0.30 0.29 0.27 0.23 0.21
hb mRNA 0.41 0.28 0.23 0.23 0.28 0.25
hb Protein 0.21 0.20 0.22 0.22 0.22 0.16

bcd RNAi
gt 0.27 0.30 0.31 0.26 0.22 0.17
Kr 0.24 0.31 0.31 0.32 0.26 0.24
kni 0.20 0.23 0.27 0.29 0.25 0.20
tll 0.26 0.28 0.24 0.19 0.15 0.10
hkb 0.15 0.21 0.24 0.26 0.19 0.18
hb mRNA 0.21 0.26 0.28 0.25 0.22 0.23
hb Protein 0.08 0.13 0.14 0.24 0.27 0.35
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