
Supplementary Information 

Tables 
Table S1. Golic+, comparing bam198-CFI and bam898-CFI with {msh-T2A-

GAL4 KI, gRNA} 

Using the same donor {msh-T2A-GAL4 KI, gRNA}, we compare the performance of 

bam198-CFI and bam898-CFI in terms of the production of correct targeting, non-

specific insertion, and escaper candidates. Each founder can produce multiple 

candidates. 

# of Female 
Founders 

Correct 
Targeting 

Non-Specific 
Insertion Escapers 

bam198-CFI 95 47 8 15 

bam898-CFI 30 37 53 5 
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Table S2. List of transgenic lines required for implementing Enhanced 
Golic+ 

Full Name Abbreviation Integration Site(s) Notes 
donor DNA plus gRNA in pTL2 {donor, gRNA} attP40, VK00027 Needs to be created for 

each gene-targeting 
experiment. 

GMR3-LexA::GADd GMR3-LexA attP40, VK00027 Cross with {donor, gRNA} 
injected adults to create 
rough eyes for {donor, 
gRNA} transformant 
screening. 

bamP(898)-Cas9-P2A-FLP bam898-CF su(Hw)attP8, 
attP2 

Expresses Cas9 and FLP 
under bamP control to 
introduce DSB at the 
target locus and release 
donor DNA in every germ 
cell. 

3XLexAop2-rCD2miRNATS#6-
Rac1V12 (3xP3-RFP) 

3X-riTS-Rac1V12 attP40, VK00027 Together with {donor, 
gRNA}*, provides a 
homozygous suppressible 
“Toxic” background. 

Residual {donor, gRNA} {donor, gRNA}* After donor release, it will 
reconstitute as a 
suppressible toxic 
module, 5X-FRT-riTS-
Rac1V12. 

nSyb-LexA::p65 nSyb-LexA attP16, VK00027 Induce larval/pupal 
lethality selection 
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Table S3. Comparison of Golic+ and Enhanced Golic+ 

To examine the improvements made on E-Golic+, both Golic+ and E-Golic+ were 

applied to create vnd-T2A-KD, Nkx6-T2A-DBD, and Gad1-T2A-GAL4 knock-ins. In the 

last Gad1-T2A-GAL4 knock-in case, we only construct one {donor, gRNA} because of 

enough confidence in E-Golic+. Female founders were used in both Golic+ and E-

Golic+ to reveal the benefits of adopting circular donor plus a 3xP3-RFP labeled 3X-

riTS-Rac1V12 toxicity module to avoid false positives. Additionally, for E-Golic+, male 

founders showed higher targeting efficiency, which helped us overcome the difficulties 

of knocking in DBD in Nkx6 and GAL4 in Gad1. 

# of 
Founders 

Correct 
Targeting 

Non-Specific 
Insertion Escapers 

Golic+ Female 
{vnd-T2A-KD, gRNA#1} 100 0 17 47 
{vnd-T2A-KD, gRNA#2} 100 0 28 49 

E-Golic+ Female 
{vnd-T2A-KD, gRNA#1} 150 4 0 0 
{vnd-T2A-KD, gRNA#2} 150 13 0 0 

E-Golic+ Male 
{vnd-T2A-KD, gRNA#1} 100 49 0 0 
{vnd-T2A-KD, gRNA#2} 100 24 0 0 

Golic+ Female 
{Nkx6-T2A-DBD, gRNA#1} 50 0 29 39 
{Nkx6-T2A-DBD, gRNA#2} 50 0 24 23 

E-Golic+ Female 
{Nkx6-T2A-DBD, gRNA#1} 65 0 0 0 
{Nkx6-T2A-DBD, gRNA#2} 120 0 0 0 

E-Golic+ Male 
{Nkx6-T2A-DBD, gRNA#1} 75 16 0 0 
{Nkx6-T2A-DBD, gRNA#2} 100 21 0 0 

Golic+ Female 
{Gad1-T2A-GAL4, gRNA#1} 350 0 12 56 

E-Golic+ Female 
{Gad1-T2A-GAL4, gRNA#1} 100 0 0 0 

E-Golic+ Male 
{Gad1-T2A-GAL4, gRNA#1} 300 6 3 0 
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Table S4. Oligos used in this work 

Primers to amplify homology arms 
vnd-55-AgeI ACGT ACCGGT GGCGAACCGGAAGAGACCCGGCTACCATTG 
vnd-53-StuI ACGT AGGCCT GGGCCACCAGGCGGCCCTCTG 
vnd-35-BamHI ACGT GGATCC TAATATTGCTAGGAACTGGCATTCACGGGACTG 
vnd-33-MluI ACGT ACGCGT GACAAGCATGTGGGTCCACTTATCCCAAG 

Nkx6-55-AgeI ACGT ACCGGT TGTCTGTGCACTCTCCCTGC 
Nkx6-53-StuI ACGT AGGCCT ATGACGATAATTATCCTGCTGCTGCT 
Nkx6-35-BamHI ACGT GGATCC TAAAACGAATTTACAAACTATGCAATGACATGGAC 
Nkx6-33-MluI ACGT ACGCGT GAGGAGTGAAGCCTCTCTTTCGTTTAATAG 

Gad1-55-AgeI ACGT ACCGGT GCTCATGGGAGCCCTGCTCCAG 
Gad1-53-StuI ACGT AGGCCT CAAGTCGTCGCCCAGGCGATG 
Gad1-35-BamHI ACGT GGATCC TAAGGGGTTTCAGTCTAGTTTGGCTCGGCTC 
Gad1-33-MluI ACGT ACGCGT TCAATAAAGTGAAGCAGAGAAGCGG 

GAL4-55-AgeI TACG ACCGGT ATGAAGCTACTGTCTTCTATCGAAC 
GAL4-53-MfeI AAGCAGGGA CAATTG GATCTCC 
GAL4-35-BamHI CG GGATCC TCATGGCATCATTGAAACAGCAAG 
GAL4-33-PmeI TACG GTTTAAAC TTACTCTTTTTTTGGGTTTGGTGGG 

Primers for site-directed mutagenesis 
vnd-5arm-m1-F GCTACGAGGGTCATCCTGGCCTGCTACATGGCCATGCCACCCATCCG 
vnd-5arm-m1-R CGGATGGGTGGCATGGCCATGTAGCAGGCCAGGATGACCCTCGTAGC 
vnd-5arm-m2-F GCCCCGTCGGGTAGCCGTCCCGGTCCTAGTGAGGAACGGAAAGCCCTGCT 

TG  
vnd-5arm-m2-R CAAGCAGGGCTTTCCGTTCCTCACTAGGACCGGGACGGCTACCCGACGGG 

GC 

Nkx6-3arm-m1-F TTTTGCCACTTTACAGTCTTCTGAAGACATCATTTTTCCCCTCCAACTC 
Nkx6-3arm-m1-R GAGTTGGAGGGGAAAAATGATGTCTTCAGAAGACTGTAAAGTGGCAAAA 
Nkx6-5arm-m2-F GTTGCAGGTCTGGTTCCAAAACCGCCGTACCAAATGGCGCAAACGG 
Nkx6-5arm-m2-R CCGTTTGCGCCATTTGGTACGGCGGTTTTGGAACCAGACCTGCAAC 

Gad1-5arm-m1-F ACGCTGATGGTGGGCTACCAGCCTGATGACCGACGGCCCAACTTCTTC 
C 

Gad1-5arm-m1-R GGAAGAAGTTGGGCCGTCGGTCATCAGGCTGGTAGCCCACCATCAGCG 
T 

Primers to amplify T2AKDPEST, T2AZpGDBD, T2AGAL4 
T2AKDPEST-StuI ACGT AGGCCT GAGGGCCGCGGCAGCCTGCTGACCTGCGGCGATGTG 

GAGGAGAACCCCGGGCCC ATGAGTACTTTTGCAGAAGCAGCGCATCTT 
ACACCGCATC 

T2AKDPEST-SacI ACGT GAGCTC TTACACGTTGATGCGAGCCGAGGCGCAAG 
T2AZpGDBD-StuI ACGT AGGCCT GAGGGCCGCGGCAGCCTGCTGACCTGCGGCGATGT 

GGAGGAGAACCCCGGGCCC ATGCTGGAGATCCGCGCCGCCTTC 
T2AZpGDBD-SacI ACGT GAGCTC TTACGATACCGTCAGTTGCCGTTGAC 
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T2AGAL4-StuI ACGT AGGCCT GAGGGCCGCGGCAGCCTGCTGACCTGCGGCGATGTG 
GAGGAGAACCCCGGGCCC AAGCTGCTGAGTAGTATTGAACAAG 

T2AGAL4-SacI ACGT GAGCTC TACTCCTTCTTTGGGTTCGGTG 

Oligos for gRNA spacers 
Vnd-g1-F TCGCATGGCCGTGCAGTAGACC 
Vnd-g1-R AACGGTCTACTGCACGGCCATG 
Vnd-g2-F TCGTTCCTCACCAGAACTGGAA 
Vnd-g2-R AACTTCCAGTTCTGGTGAGGAA 

Nkx6-g1-F TCGAAATTAAGTCTTCAGAAGA 
Nkx6-g1-R AACTCTTCTGAAGACTTAATTT 
Nkx6-g2-F TCGCCATTTGGTGCGACGATTC 
Nkx6-g2-R AACGAATCGTCGCACCAAATGG 

Gad1-g1-F TCGCTACCAGCCCGACGATCGC 
Gad1-g1-R AACGCGATCGTCGGGCTGGTAG 

gRNA-GtoC-F TCGATGGATCGACCATAAAGCA 
gRNA-GtoC-R AACTGCTTTATGGTCGATCCAT 

Primers for GT candidate confirmation 
vnd-KD-3GPCR GCGAGTATTATTTTCGTTGCTGATCG 
KD-GPCR AATTTATTGCGGAATATAGGCGCAA 
Nkx6-DBD-5GPCR AGCAGCCTTAATGATGCCAACTAATG 
DBD-GPCR GCTTGTTCAATACTACTCAGCAGCTTC 
GAD1-GAL4- 
5GPCR 

CGTAATTGAATGTCCATTTAACGCCG 

GAL4-GPCR CACACGCTTGTTCAATACTACTCAG 
GtoC-GPCR TGCACGTTTGCTTGTTGAGAG 
opCas9N GTTCTTACGACGGGTGTACCTG 
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