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Supplementary Figure 1

Construct Locus Transgene Used in figures Generated

yellow > — vas3 ICas8N] ves5P - Sv40pA (JDEREH] xP3 — pVG182 yellow vasa-Cas9 1,2,5,Supp. 6  Lopez Del Amo et al. 2015'

yellow > — vas3 «(BP2Cas8| ves5P - SV40pA (JOSREE] xP3 — pVG312 yeliow vasa-DD2-Cas9 Supp. 6 Lopez Dei Amo et al. 2015"
yellow > — nos3 4JCESSN] nos5P - SV40pA (JBEREE] 3xP3 — pVG303 yellow nanos-Cas9 Supp. 3 This work
yellow > — U1 W2 gRNA» U6:3 [y gRNA = SV40 pA (JBSREE] 3xP3 — pVG186 yellow w2, y1 gRNAs Supp. 2 This work
white > — vas3 ICas8l] vas5P - SV40pA ([EGFP| 3xP3 — pVG316 white vasa-Cas® Supp. 2 This work
white > = UB:1 w2gRNA: U6:3 |y gRNA = SV40 pA [ EGFP| 3xP3 = pvG185 white w2, y1 gRNAs 2,5, Supp. 3 This work
white > — U6t w2 gRNA- U6:3 [y7 gRNAV— SV40 pA (TEGFP| 3xP3 — pVG307 White  TruncatedHAs (bothsides) 5 This work
white > — UB:1 w2gRNA- U6:3 [yl gRNA)— SV40 pA (JEGFP] 3xP3 — PVMG47 white  Truncated-L (PAM-proximal) 5 This work
white > — U811 w2gRNA~ U6:3 [yTgRNAV= SV40 pA (TEGFP]| 3xP3 = pVMG48 white Truncated-R (PAM-distal) 5 This work
[EBeRy=IN— U6:1 [e1 gRNA - U6:3 [y gRNAN— SV40 pA IEGFPY| 3xP3 —JI  pvG304 ebony &1, y1 gRNAs 1 This work

Supplementary Figure 1 - Constructs generated for transgenesis. All vasa and nanos Cas9
lines contain the same SpCas9 sequence. Two Cas9 lines driven by vasa or nanos are inserted
in yellow gene (pVG182 and pVG303 constructs, respectively), and flanked by specific yellow
homology arms (yellow boxes) to allow allelic conversion of these transgenes when combined
with gRNAs tandem. An additional Cas9 line driven by vasa promoter was instead inserted in
white gene with specific homology arms to allow allelic conversion (construct pVG316). A
modified version of pVG182 includes Escherichia coli dihydrofolate reductase (ecDHFR)
domains that induce Cas9 degradation absence of trimethoprim (TMP). Two different
tandem-gRNAs constructs were generated having either the w2 and y7 gRNAs or the e? and y1
ones under the control of the U6:1 and U6:3 promoters respectively, inserted at different
genomic locations (pVG186 in yellow, pVG185, pVG307, pVMG47 and pVMG48 in white and
pVG304 in ebony). Fluorescent markers driven by the eye promoter 3xP3 were used to track
each transgene. DsRed was used for transgenes inserted in yellow and EGFP was used for
constructs targeting white or ebony. The table on the side summarizes this information including
references to what figures in the manuscript use each construct. Constructs pVG128 and
pVG312 were previously described’.


https://paperpile.com/c/nAGIoK/m4VB

Supplementary Figure 2
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Supplementary Figure 2 - The tGD(w,y) combination alleviates differences observed
between Cas9 and gRNA transgenes inheritance observed in the tGD(y,w). The tGD(w,y)
“swapped” version has the same Cas9 and gRNAs transgenes than in our tGD(y,w), but they
are swapped in their insertion locus with the Cas9 inserted in white and the gRNAs in yellow. (a)
Shows the genetic cross performed to analyze the F, progeny. (b) Displays the data points in a
plot highlighting the biased inheritance observed. Values for the inheritance average (black bar),
standard deviation, number of samples (n) and total number of flies scored in each experiment
are represented over the graph in line with the respective data. Raw phenotypical scoring is
provided within the Source Data file as “Supplementary Data 2.



Supplementary Figure 3
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Supplementary Figure 3 - tGD targeting the yellow and white loci driven by nanos
promoter. Analysis of the F, inheritance rates of the fluorescent markers for the cross scheme
combinations from Fig. 2a-d using a Cas9 construct driven by the nanos promoter. The
inheritance observed in the F, progeny of different F, females are graphed: (a) Cas9 from the F,
male and gRNAs from the F, female, (b) Cas9 from the F, female and gRNAs from the F, male,
(c) both Cas9 and gRNAs from the F, male, and (d) both Cas9 and gRNAs from the F, female.
The blue shading represents the deviation from the expected 50% “Mendelian” inheritance.
Values for the inheritance average (black bar), standard deviation, number of samples (n) and
total number of flies scored in each experiment are represented over the graph in line with the
respective data. Raw phenotypical scoring is provided within the Source Data file as
“Supplementary Data 2”.



Supplementary Figure 4

White resistant allele seguenceas
# of viala in whieh

W ACAGGTTEGCCATTGAGCAGTCECATCCCEAATEECGATACTTECATEID CTECGECEATCGAARGGCAA BT s found
whi ACAGETTEGCCATTGAGCAGTCECATCCCGGATAGCGRTACTTCEA - - - - TGCEECEATCGARAGECAA GT -5 (x23)
wh: CECCATTCAGCAGTCECATCCCEEATCECEATACTTCEATEL - GATCGARRGECAR -1 (%21}
wC: ACAGGTTGGCCATTGAGCAGTCGCATCCCGGATGGCGATA  « « « « » LE CT ‘GCGATCGARRGGCAAGGGCATTCAGCAGGGTCETCTITCOGGCAC  ~10 (x5)
w(>1 TTCCCCATTEAGCASTCECATCCOGEATECCERTACTTEEAT  « + & CTECGECEATCCAARGECAN T -3 41 (x2)
w1 ACAGGTTGGCCATTGAGCAGTCECATCCCGGATGECGATACTTGEA' c {CGATCGAARGGCAAGGECATTCAGCAGGGTCGTCTTTCCGGCAC +1 (x2)
w(>1}: ACAGCTTEGCCATTCAGCAGTCECATCCCGEATECCCRTACTTE GATA CGATCGAARGECAA T -1 44 ) =2y
W(=1 ACAGGTTGGCCATTGAGCAGTCGCATCC = = v v ¢ CGATCGAARGGCAAGGECATTCAGCAGGGTCETCTTTCCGGCAC  —22 (xL)
w(=1}t ACAGCTTEGCCATTGAGCAGTCECATCCCGEA - - TCCCECEATCOARRGECAA G -19 (x1}
w(=1 CAGGTTEGCCATTGAGCAGTCECATCCCGGATGECGATACT L = * GATCGAARGGCAAGGECATTCAGCAGGETCETCTTITCCGGCAC  ~13 (xL)
w(=1}: ACABETTEGCCATTGAGCAGTCECATCCCGEATSGCGRTACTT SECGATCCAARGGCAA 6T -11 (x1}
w(=1 TTGECCATTGAGCAGTCGCATCCCGEATEE +t 40 s CEATCGRARGGCAAL T -16¢ [xLy
w(=1)1 ACREETTEGCCATTGAGCAGTCECATCCCGGATEECGATACTTES fe s GATCGARRGGCAAGEECATTCAGCAGGETCETCTITCOGECAC 10 (x1)
w(=1 TTGECCATTGAGCAGTCGCATCCCGEATGE + + 1 CEGCEATCGAARGECAAS T -6 W) (XL}
w(=1): ACREGTTEGCCATTGAGCAGTCECATCCCGEATGCCGATACTTECATE + ¢ GOGATCGARRGGCAAGEECATTCAGCAGGGTCETCTITCCGECAC -5 (x1)
w(=1 CA T PEEC CGATCGAARGECAA -2 (%1}
wW(=1): ACAGGTTGGCCATTGAGCAGTCECATCCCGGATGECGATACTTE CGATCGAARGGCAAGGECATTCAGCAGGGTCGTCTTITCCGGCAC -2 (x1)
w(=1 CETTCECCATTGAGCAGTCECATCCCOEATS CGATCGAARGECAA G -3 (%1}
w(=1): ACAGGTTGGCCATTGAGCAGTCGCATCCCGGATGECGATACTTEGA (we) (x1)
w(=1}: ACABETTEGCCATTGAGCAGTCECATCCCGEATSGCGRTACTTECA (w#) (xL}
W(=1 CAGGTTEGCCATTGAGCAGTCGCATCCCGGATGGCGATACTTGE (xL)
w(=1}): ACAGETTEGCCATTGAGCAGTCECATCCCGGATAGCGRTACTTEEAT CGGCEATCEARAGECAAS GT -1 +12 (x1}
w(=1 CAGGTTEGCCATTGAGCAGTCECATCCCGGATGECGATACTTE GGECGATCGAARGGCAAGGECATTCAGCAGGETCETCTITCCGGCAC  ~3 +17 (xL)
w(=1): ACABETTEGCCATTGAGCAGTCECATCCCGRATAGCGATACTTE CTECGECEATCGARRGGCAA GT -1 411 (x1)
W=l ACAGETTEGCCATTGAGCAGTCECATCCCGEATGECGATACTTE v e s e e ATCGAARGGCAAL T -9 +27 (xL)

Yellow resistant allele sequences: )
# af vials in which

WT: CCGEAT TCEECTETGAETTTTGEACACTERAR CCGTGEGCAT: ATACCACCACTAATCCGTGCCCCTATEOGETARAT sequence was found
yhi COGCATTAAN TCGECTETGEETTTTGEACACTGRA - ATACCACCACTAATCOGTGCCCCTATGOEGTARRT -1 (x33)
¥B CCGCATTAAM TCEECTETGEETTITEEACAC: = « - - .« ~TEEGCATCEGCAATACCACCACTARTCCGTGCCCCTATECEETARAT -8 (%15}
¥yCi CCGCAT: TCEECTETGAGTTTTGEACA - ATACCACCACTAATCCGTGCCCCTATECGGTARAT  —6 (xE)
¥(*1}: CCGCAT TCGECTETGECTTTTEEACACTEEA - ATACCACCACTAATCCGTGCCCCTATECEETARAT -1 (x5}
¥(*1}: CCGCAT GAGTETEETCEECTETGAGTTTTGGACAL - ATACCACCACTAATCCGTGCCCCTATECSGTARAT -5 (x3)
¥(*1}: CCGCAT TCGECTETEEETTTTGEACAT ATACCACCACTAATCCGTGCCCCTATGCEETARRT  —4 (%3}
¥(>1): CCGCAT TCGECTETGGETTTITEGEA  « « + « « + = GEGCATCGGCAATACCACCACTARTCCGTGCCCCTATGOGGTARAT  ~8 (x2})
¥(>1}: CCGCATTAAN TCEECTETEEETTTTGEACACTEE - - GCAT ATACCACCACTAATCCGTGCCCCTATECGETARAT -2 +3 (%2}
¥(*1): CCGCAT TCEGCTETGGETTITEEACACTERA GGCATCGECAATACCACCACTARTCCGTGOCCCTATECGETARAT -1 +2 (%2}
Yi=l)z - 3 PR R R S S R R R R R R R [xl}
y(=1pz » o - e [xly
¥({=1): CCGCATTAAAGTGGATGAGTGTGE- - « -+ - TOCGTGCCCCTATGCGGTARAT -S54 (x1}
F{=1)t COGCA=r=rrrrnrreiass - - CCETEEECATCEECAATACCACCACTAATCCGTGCCCCTATEOGETARAT  —45 (21}
¥({=1): CCGCATTAAAGTGGATGAGTG: - - - B PP PR TR CRATACCACCACTAATCCGTGCCCCTATECGETARAT  -62 +4 (x1)
y(=1}: CCGCAT GECTETEEETTTTGEACA - - - - - seevesiaseoos  CCGTGCCCCTATECGETARAT -35 (%1}
yi=1 CCGCATTAMAGTGGATGAGTETCETCRE - - e ATACCACCACTAATCCGTGCCCCTATGCGGTARRT  -22 (x1)
¥(=1}: CCGCATTAAACTGEATEAGTGTCGTCEECT ATACCACCACTAATCCGTGCCCCTATGOECTARRT  -22 (%1}
y(=1 CCGCAT TCGGCTGTGGETTTTGGACA « + e vrer s s CAATACCACCACTAATCCGTGCCCCTATGCGGTARAT  ~19 (x1)
¥(=1): COGCATTAAACTGEATEAGTGTEETOG =« -+ rvx v v e+ - - ETEEGLAT ATACCACCACTAATCCGTGCCCCTATECSETARAT —25 (x1}
¥(=1 CCGCATTAAA TCGGCTETGGETTTTGGACAL - "y + v 00 s ATACCACCACTAATCCGTGCCCCTATGCGGTARAT  ~17 (x1)
¥({=1}: CCGCAT TCCECTETGEETTTTGEACACT - GCAATACCACCACTAATCCGTGCCCCTATECSCTARAT  -16 (%1}
(=1 CCGCAT TCGGCTETGGETTTTGGACA - « *+ ¢« GECATCGGCRAATACCACCACTAATCCGTGCCCCTATGCGGTARAT  ~11 +2 (x1)
¥{=1}: CCGCAT TETGETCEECTETGECTTITGGACACT + e+ -GGCAT ATACCACCACTAATCCGTGCCCCTATECSETARAT  —3 (a1}
(=1 CCGCAT TCGECTED TTTTGGACAC - ++ ¢« GGCATCGGCRAATACCACCACTARTCCGTGCCCCTATGCGGTARAT  —-10 +2 (x1)
¥(=1}): CCGCAT TCGECTETGAETTTTEGACA - CGTEEGCAT ATACCACCACTAATCCGTGCCCCTATECGOTARAT —7 (x1}
y(=1}: CCGCAT TCEECTETGEETTITEEAC - - - CCETEEGCATCEECAATACCACCACTAATCCGTGCCCCTATECECTARAT -7 (%1}
¥(=1): CCGCAT TCGECTETGGETTTTEGA -« * 6 CCETEEGCATCGGCAATACCACCACTARTCOGTGCCCCTATEOGGTARAT ~8 42 (x1}
y({=1}): CCGCATTAAM TCGECTETGEETTTTEEACACTECAR -+ + - GEGCATCEGCAATACCACCACTARTCCGTGCCCCTATECEETARAT  —4 (%1}
¥(=1 CCGCATTAAA TCGGCTGTGGETTTTGGACAC « LY GCATCGGCAATACCACCACTARTCCGTGCCCCTATGCGGTARAT -5 +1 (x1)
¥({=1}: CCGCAT TCCECTETGEETTTTGEACACT A ATACCACCACTAATCCGTGCCCCTATECGOTARAT —4  +1 [x1}
(=1 CCGCAT TCGGCTETGGETTTTGGACAC v GCATCGGCRATACCACCACTARTCCGTGCCCCTATGCGGTARAT -3 (x1)
y{=1}: CCGCAT TETGETCCECTETGECTTITGEACACTE A ATACCACCACTAATCCGTGCCCCTATECSETARAT -3 +1 (x1)
(=1 CCGCAT TCGGCTETGGEETTTTGEACAL ' :GCATCGGCRATACCACCACTARTCCGTGCCCCTATGCGGTARAT -2 (x1)
¥y({=1}): CCGCAT GAGTETEETCEECTETGAETTTTGGEACACT GCA GCAT: ATACCACCACTAATCCGTGCCCCTATECGGTARAT -3 43 (x1)
¥(=1 CCGCAT TCGGCTETGGETTTTGGACAL = CR GCATCGGCRATACCACCACTARTCCGTGCCCCTATGCGGTARAT -2 +2 (x1)
¥(=1}): CCGCAT TCGECTETGAGTTTTEGACACTERA - . ATACCACCACTAATCCGTGCCCCTATECGGTARAT -2 43 (x1)
y(=1 CCGCATTAARA TCGGECTED TTTTGGACACTGGAA co “GCATCGGCAATACCACCACTARTCCGTGCCCCTATGCGGTARAT +3 (x1)
¥(=1): CCGCAT TCEGCTETGGETTTTEEACACTERA CCETEEGCATCGECAATACCACCACTARTCOGTGCCCCTATEOGGTARAT  ~1  +4 (x1}
y(=1}: CCGCAT TCGECTETGEETTTTGEACACTERA - TEEGCATCEGCAATACCACCACTARTCCGTGCCCCTATECEETARAT —1  +4 (%1}
¥(=1)1 CCGCAT TCGECTETGEGTTTTGEACACTES - TGEGCATCOGCAATACCACCACTARTCCGTGCCCCTATECGETARAT  —2 (x1)
y{=1}: CCGCAT TETGETCCECTETCEETTTTEGACACTECA - TCEGCATCEGCAATACCACCACTARTCCGTGCCCCTATECEETARAT  —1 [x1}
(=1 CCGCAT TCGGCTGETGGETTTTGGACAC * GCATCGGCRATACCACCACTARTCCGTGCCCCTATGCGGTARAT -2 (x1)
y({=1}: CCGCAT GAGTETEETCEECTETGACTTTTGEACACTERA TGEGCAT ATACCACCACTAATCCGTGCCCCTATECGGTARAT -1 47 (x1}
¥(=1 CCGCAT TCGGCTGTGGGTTTTGGACAL - GCATCGGCRATACCACCACTARTCCGTGCCCCTATGCGGTARAT -3 +1 (x1)
¥(=1}): CCGCAT TCGECTETGAETTTTEGACACTERA SEGCAT: ATACCACCACTAATCCGTGCCCCTATECGGTARAT -1 44 (x1)
Y(=1 CCGCATTAAAGTGGAT TCGGCTETGGETTTTGGACACTE! GCATCGGCAATACCACCACTARTCCGTGCCCCTATGCGGTARAT  ~1 (x1)
¥(=1}: CCGCAT TCEECTETGAGTTTTEEACACT! GCATCOGCRATACCACCACTARTCCGTGCCCCTATGOGETARAT -5 (x1}
yi{=1 CCGCAT TCGGCTETGGETTTTGEACAL GCATCGGCRATACCACCACTARTCCGTGCCCCTATGCGGTARAT -2 (1)
¥{=1}: CCGCAT TCGECTETGAGTTTTGEACACT ATACCACCACTAATCCGTGCCCCTATEOGETARAT (x1}
¥(=1): CCGCAT TCGECTETGEETTTTGEACACT! ATACCACCACTAATCCGTGCCCCTATECECTARAT —2 (x1)
¥(=1): CCGCAT TCEECTETGGETTTTEEACACTGEAR TTGITTCARRCGCARGAAGGA
ceam ATACCACCACTAATCCGTGCCCCTATECSETARAT ~1 (%1}
¥(=1): CCGCAT TCGECTETGEETTITEEACACTESE GEGGEEGACAGER c &
CTTEETCAC CTC GTAGGEECCECECT GCCCTCCATECET
ACGTC RAGCCGH el R CGA
CTCCETAGACEANS GETCGAGCETTCEAAMTCGATAAGCTTGEAT
-2 4469 (x1)

Supplementary Figure 4 - Sequencing of resistant alleles generated in our tGD(y,w)
experiments at both white and yellow loci. These sequences were recovered by sequencing
F, males recovered from crosses performed in Fig. 2 and Supp. Fig. 3. On top of each list, white
(top) and yellow (bottom), the wild type (WT) sequence is represented. PAM sequence is shown
in red, gRNA target sequence in blue, dots represent deleted nucleotides, green letters
represent inserted nucleotides. On the left is reported the sequence nomenclature from Fig. 3.
On the right, the number of deleted nucleotides in black, followed by number of inserted
nucleotides in green, followed by the number of independent vials from which each sequence
was recovered. For white if the analyzed fly displayed a wild-type phenotype it is followed by a
w+ label.



Supplementary Figure 5

a white indels / vasa-Cas9 (Cross: Fig. 2C) e yellow indels / vasa-Cas9 (Cross: Fig. 2C)

b white indels / vasa-Cas? (Cross: Fig. 2D) f yellow indels / vasa-Cas9 (Cross: Fig. 2D)

\ 4

C white indels / nanos-Cas9 (Cross: Fig. 2C) g yellow indels / nanos-Cas9 (Cross: Fig. 2C)

d white indels / nanos-Cas9 (Cross: Fig. 2D) h yellow indels / nanos-Cas9 (Cross: Fig. 2D)

W i

Legend:
HwA yA
wB yB

Supplementary Figure 5 - Resistant allele distribution across tGD experiments using
different cross schemes. For the cross scheme in Fig. 2C-D we represent in pie charts the
distribution of resistant alleles generated at the white (a-d) and yellow (e-h) loci when gene
drive elements were inherited together and driven by either the vasa and nanos promoter. Each
resistant allele displayed in the pie charts above has independently arisen in different vials. This
graphs highlight that specific indel events are favored over others in different conditions. (a, e)
vasa-Cas9 and gRNAs inherited from the F, male. (b, f) vasa-Cas9 and gRNAs inherited from
the F, female. (c, g) nanos-Cas9 and gRNAs inherited from the F; male. (d, h) nanos-Cas9 and
gRNAs inherited from the F, female. The color-code legend on the right corresponds to the
overall abundance of indel observed in all our experiments, summarized in Fig. 3.



Supplementary Figure 6
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Supplementary Figure 6 - Drug-inducible tGD system allows gene-drive control through a
small-molecule feeding. (a) Cross strategy performed to test drug-controlled activation of the
tGD system. (b) Drug feeding strategy to test gene-drive activation during the entirety of fly
development. F, males carrying either the wild-type Cas9 or the drug-regulated version
(DD2-Cas9), both inserted in yellow and driven by the vasa promoter, were crossed to F,
females carrying the tandem gRNA transgene in white. The F, couple was kept on regular food
for one day, allowed to lay eggs on a separate vial from day 2—4, kept for one day on a
“conditioning” vial containing trimethoprim (TMP), and then passed onto a last vial for egg laying
from day 6-8. Emerging F, virgin females from the second (day 2—4) and fourth (day 6-8) vials
were crossed to wild-type males on the same food condition to analyze the F, germline
transmission of the two transgenes by scoring the markers in the F, progeny. This specific cross
scheme allowed us to evaluate the transmission of the fluorescent markers through the germline
of F, sister females, minimizing potential differences due to genetic background. (b’) Cas9
crosses are not affected by the presence of TMP, while DD2-Cas9 crosses display Mendelian



inheritance of the markers in absence of TMP and super-Mendelian inheritance when TMP was
added to the fly diet. (¢) Drug feeding scheme to selectively activate allelic conversion in the
adult germline. F, cross was performed in regular food, and F, virgin trans-heterozygous female
progeny were collected and crossed first in small pools of 3—4 females to wild-type males on
regular fly food. After that, each subsequent day the cross pool was passed onto a new fly tube
containing 80 uM of TMP. (¢’) The F, progeny emerging from each tube were analyzed for the
inheritance rates of the markers. An average inheritance of ~50% was observed in vials from
days 0—7, and an increase in inheritance was seen for days 8-10, suggesting that gametes
producing F, offspring from days 0—7 had already undergone meiosis at the time of TMP
exposure. Raw phenotypical scoring is provided within the Source Data file as “Supplementary
Data 3”.



Supplementary Figure 7

White resistant allele sequences:

# of vials in which
WT: ACAGGTTGGCCATTGAGCAGTCGCATCCCEGATGCCGATACTTGEATCCC CTCCCECGATCGAAAGGCAAGGGCATTCA TCGTCTTTCCGGCAC as Found
wh: ACAGGTTGGCCATTGAGCAGTCGCATCCCGEATGGCGATACTTGGA - - + - TGCGECGATCCARAGGCAAGECCAT TCAGCAGGETCGTCTTTCCGGCAC -5 (x13)
WB: ACAGGTTGGCCATTGAGCAGTCGCATCCCGGATGGCGATACTTGEATGL - CTGCGECGATCGARAGGCAAGGGCATTCAGCAGEGTCGTCTTTCCGGCAC -1 (x4)
ACAGGTTGGCCATTGAGCAGTCGCATCCCGEATGGCGATACTTGGATG - + CTGCCECGATCGARAGGCAAGGGCATTCAGCAGCEGTCETCTTTCCGGCAC -2 (x3)
ACAGGTTGGCCATTGAGCAGTCGCATCCCGGATGGCGAT -« + »+ v o= xx  eeeeieacas CGAAAGGCAAGGGCATTCAGCAGGGTCGTCTITCCGGCAC -21 (wt) (x2)
AC CATTGAGCAGTCGCATCCCGGATCGCGAT - + - GCGECGATCCAAAGGCAAGGCCATTCAGCAGGETCETCTTTCCGGCAC  ~13 (x2)
we: ACAGGTTGGCCATTGAGCAGTCGCATCCCGGATGGCGATA. . CTGCGGCGATCGARAGGCAAGGGCATTCAGCAGGGTCETCTITCCGGCAC  ~10 (x2)
AC. GGCCATTGAGCAGTCGCATCCCGGATGGCGATACTTG: « « - « -+ - CGECGATCGARAGGCAAGGGCATTCAGCAGGGTCGTCTTTCCGGCAC -9 (wh) (x2)
w(>1): ACAGGTTGGCCATTGAGCAGTCGCATCCCGGATGCCGATACTTCGAT: -+ A CCCCCATCGAAAGGCAAGECCATTCAGCAGGETCGTCTTTCCGECAC -3 +1 (x2)
ACAGGTTGGCCATTGAGCAGTCGCATCCCGGATGGCGATACTTGGAT -+ AG  essisaiaiiiisiiiiiasaiitaiiiieiaiaiaasatanaaiiias -81 +2 (x1)
ACAGGTTGG  + ++ + ¢ s v s v s ntaretasanenesnsaeanins . CTCCCECGATCGAAAGGCAAGGGCATTCAGCAGGETCETCTITCCGGCAC  —41 (x1)
ACAGGTTGGCCATTGAGCAGTCGCATCCCGGAT  « ++ + oo v rasrsasas  aaeas GCGATCGARAGGCAAGGGCATTCAGCAGGGTCGTCTITCCGGCAC -22 (x1)
ACAGGTTGGCCATTGAGCAGTCGCATCCCGGATGCCGATACTTG - IR PR GAAAGGCAAGGGCATTCAGCAGGGTCETCTITCCGGCAC  -17 (x1)
ACAGGTTGGCCATTGAGCAGTCGCATCCCGGATGGCGATA : « - « + + GGCGATCGAAAGGCAAGGGCATTCAGCAGGGTCGTCTTTCCGGCAC  -14 (x1)
w(=1): ACAGGTTGGCCATTGAGCAGTCGCATCCCGGATGGCGATACTTGGAT - « . CGAAAGGCAAGGGCATTCAGCAGGGTCCTCTITCCGGCAC  ~13 (x1)
ACAGGTTGGCCATTGAGCAGTCGCATCCCGGATGGCGATACTTGG -~ -+ e CGATCGAAAGGCAAGGGCATTCAGCAGEGTCGTCTITCCGGCAC -11 (x1)
ACAGGTTGGCCATTGAGCAGTCGCATCCCGGATGGCGATAC  » + + v =« + + - GCGECGATCCAAAGGCAAGGCCAT TCAGCAGGETCETCTTTCCGGCAC  ~11 (x1)
ACAGGTTGGCCATTGAGCAGTCGCATCCCGGATGGCGATACTTG: « - - - - - - GCGECGATCGARAGGCAAGEGCATTCAGCAGGETCGTCTTTCCGGCAC -8 (x1)
AC CATTGAGCAGTCGCATCCCGGATGGCGATACTTGEATCCC ATCGAAAGGCAAGGGCATTCAGCAGGETCCTCTTTCCGGCAC -8 (x1)
ACAGGTTGGCCATTGAGCAGTCGCATCCCGGATGGCGATACTTGGATGL - . - GATCGAAAGGCAAGGGCATTCAGCAGGETCGTCTTTCCGGCAC -8 (x1)
AC. GGCCATTGAGCAGTCGCATCCCGGATGGCGATACTTGGATGC:  eeeeaee GATCCAAAGGCAAGGGCATTCAGCAGGGTCGTCTTTCCGGCAC -8 (x1)
ACAGGTTGGCCATTGAGCAGTCGCATCCCGGATGGCCATACTTCG  » « « + CTGCCECGATCGAAAGGCAAGGGCATTCAGCAGGETCETCTTTCCGGCAC -5 (x1)
ACAGGTTGGCCATTGAGCAGTCGCATCCCGGATGGCGATACTTGG « « + + GA - TGCGGCGATCGARAGGCAAGGGCATTCAGCAGGGTCGTCTTTCCGGCAC -6  +2 (x1)
ACAGGTTGGCCATTCAGCAGTCGCATCCCGGATGGCGATACTTGEAT - + + C - - GCCECGATCCAAAGGCAAGECCATTCAGCAGGETCGTCTTTCCGECAC -5 +1 (x1)
ACAGGTTGGCCATTGAGCAGTCGCATCCCGGATGGCGATACTTGEATGCC AT ++ v+ CGATCGARAGGCAAGGGCATTCAGCAGGGTCGTCTTTCCGGCAC -6  +2 (x1)
ACAGGTTGGCCATTGAGCAGTCGCATCCCGGATGGCGATACTTGGA  « - + rCeA CTCCCECGATCGAAAGGCAAGGGCATTCAGCAGGETCETCTTITCCGGCAC -4 +6 (x1)
ACRAGGTTGGCCATTGAGCAGTCGCATCCCGGATGGCGATACTTGGAT » + + ACTGCGATA CTGCGGCGATCGARAGGCAAGGGCATTCAGCAGGGTCGTCTITCCGGCAC -3 +8 (w+) (x1)
ACAGGTTGGCCATTGAGCAGTCGCATCCCGGATGGCGATACTTGGATCC + GATACGTATCEC CTGCCECGATCGAAAGGCAAGGGCATTCAGCAGEETCETCTITCCGGCAC -1 +12 (x1)
Yellow resistant allele sequences:
# of vials in which
WT: CCGCATTARAGTGGATGAGTGTGGTCGGCTGTGEGTT TTGGACACTGGAR CCGTGGECATCGGCARTACCACCACTAATCCGTGCCCCTATGCGGTARAT sequence .was found
yA: CCGCATTARAGTGGATGAGTGTGGTCGGCTGTGGGTT TTGGACACTGGA CCGTGGECATCGGCARTACCACCACTAATCCGTGCCCCTATGCGGTARAT -1 (x4)
y(>1): CCGCATTAAAGTGGATGAGTGTGGTCGGCTETGCCTTTTCGACACT -« + CCETCEECATCGGCAATACCACCACTAATCCGTGCCCCTATGCGGTARAT -4 (x3)
yB: CCGCATTARAGTGGATGAGTGTGGTCGGCTGTGGGTT TTGGACAC ++ + TGGGCATCGGCARTACCACCACTAATCCGTGCCCCTATGCGGTARAT -8 (x2)
CCGCATTARAGTGGATGAGTGTGCTCEGCATCGG  » + +«w v s s v rras  eetaiasaecnas CAATACCACCACTAATCCGTGCCCCTATGCGGTARAT -29 (x1)
CCGCATTARAGTGGATGAGTGTGGTCGGCTGTGGGTTT Seiseesassiasenessses s s CCGTGCCCCTATGCGGTARAT  -30 +2 (x1)
y(=1): CCGCATTAAAGTGGATGAGTCTGCTCGGCTGTGEE - .- - CATCGGCAATACCACCACTAATCCGTGCCCCTATGCGGTARAT  -22 (x1)
y(=1): CCGCATTAAAGTGGATGAGTGTGETCCGGCCETGGECATCGG  ««+ + v =+ e CAATACCACCACTAATCCGTGCCCCTATGCGGTARAT -22 (x1)
CCGCATTAAAGTGGATGAGTGTGETCCGCTETGGETTTTCGACACTGG  +  seeesaseeacas CAATACCACCACTAATCCGTGCCCCTATGCGGTARAT  -15 (y+) (x1)
CCGCATTARAGTGGATGAGTGTEGTCGGCTGTGEGTTT =« « =+ v v -« Ge CCETGGECATCGGCAATACCACCACTAATCCGTGCCCCTATGCGGTARAT  -12 +2 (x1)
CCGCATTARA ATGAGTGTCGTCCGCTETCCETTTTCGACAC - - GTGEGCATCCGCARTACCACCACTAATCCGTGCCCCTATCCGGTARAT  ~7 (x1)
yc: CCGCATTARAGTGGATGAGTGTGGTCGGCTGTGGGTTTTGGACA: « - - - + CCGTGGECATCGGCAATACCACCACTAATCCGTGCCCCTATGCGGTARAT -6 (x1)
CCGCATTARAGTGGATGAGTGTGGTCGGCTGTGGGTTTTGGACACTGG  + GCAT + CGTGGGCATCGGCAATACCACCACTAATCCGTGCCCCTATGCGGTARAT -3 +4 (x1)
y(>1): CCGCATTAAAGTGGATGAGTGTGGTCGGCTETGCCTTTTCGACACTGGA CA CCETCEGCATCGGCAATACCACCACTAATCCGTGCCCCTATGCGETARAT -1 +2 (x1)

Supplementary Figure 7 - Resistant allele sequences recovered from the drug-mediated
activation of the tGD(y,w) in the adult germline. These sequences were recovered by
sequencing non-converted F, males from Supplementary Fig. 6 representing resistant alleles

events generated in the adult germline of F, females at the white (top) and yellow (bottom) loci.
On top of each list the wild-type (WT) sequence is represented. PAM sequence is shown in red,
gRNA target sequence in blue, dots represent deleted nucleotides, green letters represent

inserted nucleotides. On the left is reported the sequence nomenclature from Fig. 3. On the

right, the number of deleted nucleotides in black, followed by number of inserted nucleotides in
green, followed by the number of independent vials from which each sequence was recovered.

If the analyzed fly displayed a wild type phenotype it is marked with either w+ or y+.
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Supplementary Figure 8 - Mathematical modelling of spread of a variety of
trans-complementing and full gene drive systems through Ae. aegypti populations. Model
predictions for releases of Ae. aegypti mosquitoes homozygous for the trans-complementing
system with: i) components linked on an autosome (tGD), ii) components linked on the X
chromosome (tGDX), and iii) components unlinked at two loci on the X chromosome (tGDXc).
Also modeled are releases of Ae. aegypti mosquitoes homozygous for a full gene drive iv) at an
X chromosome locus (Full-GDX). Drive systems are parameterized with ballpark parameter
estimates for model exploration: i) a cleavage frequency of 100% in females and males, ii) an
allelic conversion efficiency given cleavage of 50-100% in females and males, and iii) no fitness
costs associated with the Cas9 or gRNA alleles. All resistant alleles are assumed to be
in-frame/cost-free. Five weekly releases are simulated consisting of 100 adult males
homozygous for each system into a population having an equilibrium size of 10,000 adults.
Model predictions were computed using 50 realizations of the stochastic implementation of the
MGDrivE simulation framework?. (a) Stacked allele counts over time are depicted for the
Full-GDX, tGD, tGDX, and tGDXc systems for allelic conversion efficiencies of 100%, 90% and
50%. (b) Allelic conversion efficiency plotted against time to steady state for the Full-GDX (dark
blue), tGD (light blue), tGDX (green), and tGDXc (pink) systems. Autosomal systems spread
faster than X-linked systems due to their ability to drive in both sexes. At high allelic conversion
efficiencies (90-100%), autosomal systems spread at similar speeds, as do X-linked systems;
however as the allelic conversion efficiency declines (50-90%), the tGD and tGDc systems are
slowed down to a greater extent than the Full-GD system (compare to Fig. 6). Similarly, the


https://paperpile.com/c/nAGIoK/Q9jPU

tGDX and tGDXc systems are slowed down to a greater extent than the Full-GDX system. (c)
Fraction of the population carrying at least one transgene over time for the Full-GDX (dark blue),
tGD (light blue), tGDX (green), and tGDXc (pink) systems for allelic conversion efficiencies of
100%, 90% and 50%. (D) Allelic conversion efficiency plotted against fraction of the population
carrying at least one transgene for the Full-GDX (dark blue), tGD (light blue), tGDX (green), and
tGDXc (pink) systems. For autosomal systems, while resistant alleles accumulate to similar
overall proportions for the tGD, tGDc and Full-GD systems, the tGD and tGDc systems are
spread across two loci, and so a higher proportion of individuals have at least one copy of a
transgene at equilibrium (for allelic conversion efficiencies <100%). Similarly for X-linked
systems, the tGDX and tGDXc systems are spread across two loci, and so a higher proportion
of individuals have at least one copy of a transgene, as compared to the Full-GDX system
(compare to Fig. 6).
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Supplementary Figure 9 - Mathematical modelling of spread of population-suppressing
trans-complementing and full gene drive systems through Ae. aegypti populations. Model
predictions are shown for releases of Ae. aegypti mosquitoes homozygous for a full gene drive
on an autosome (Full-GD, top), and a trans-complementing system with components linked on
an autosome (tGD, bottom). In both cases, the drive targets a gene required in at least one copy
for female fertility - for the tGD system, the gRNA locus targets the female fertility gene. Drive
systems are parameterized with ballpark parameter estimates for model exploration: i) a
cleavage frequency of 100% in females and males, ii) an allelic conversion efficiency given
cleavage of 100% (left) and 99% (right) in females and males, and iii) no fitness costs
associated with the Cas9 or gRNA alleles. All resistant alleles are assumed to be
in-frame/cost-free. Five weekly releases are simulated consisting of 100 adult males
homozygous for each system into a population having an equilibrium size of 10,000 adults.
Model predictions were computed using 50 realizations of the stochastic implementation of the
MGDrivE simulation framework?. Stacked allele counts over time are depicted for the Full-GD
and tGD systems for allelic conversion efficiencies of 100% (left) and 99% (right). For an allelic
conversion frequency of 100%, both the Full-GD and tGD systems induce a population crash
within 1.5 years of the final release. For an allelic conversion frequency of 99%, both the
Full-GD and tGD systems induce transient population suppression, peaking a population
reduction of ~23% at ~1 year after the final release. A resistant allele at the female fertility locus
that preserves fertility emerges soon before that time and quickly spreads through the
population due to its inherent selective advantage. The tGD allele at the Cas locus does not
have a selective disadvantage and remains in the population.
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Supplementary Methods

Plasmid Construction: The following tables list the fragments amplified by PCR to perform
Gibson assemblies and obtain the constructs indicated above each table. Plasmid sequences
are also available on NCBI, and the accession number for each plasmid is provided.

pVG182 - Accession number: MN551085 - (Lopez et al, 2019 BiorXiv)'

pVG312 - Accession number: MN551086 - (Lopez et al, 2019 BiorXiv)'

pVG303 - Accession number: MN551087

Fragment 1 Fragment 2 Fragment 3 Fragment 4
Template | pVG182 Genomic pVG182 Genomic
Oligos 1052-1053 1054-1055 1056-1057 1058-1059

pVG186 - Accession number: MN551088

Fragment 1 Fragment 2 Fragment 3
Templat | pvVG182 pVG182 pVG184_pCFD4-y1-w2 (*)
e
Oligos 621-622 451-623 620-614

*y1 and w2 gRNAs were cloned in pCFD4. pCFD4-U6:1_U6:3tandemgRNAs was a gift from
Simon Bullock (Addgene plasmid # 49411 ; http://n2t.net/addgene:49411 ;
RRID:Addgene_49411)°.

pVG316 - Accession number: MN551089

Fragment 1 Fragment 2
Template | pVG185 pVG182
Oligos 611-592 1083-594

pVG185 - Accession number: MN551090

Fragment 1

Fragment 2

Fragment 3

Template

pVG183 (white
homology arms in

pVG184

pAAJ120 (EGFP)
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pCR2.1 vector)

Oligos 611-612 614-615 613-451
pVG307 - Accession number: MN551091
Fragment 1 Fragment 2
Template pVG185 pVG185
Oligos 1069-1070 1067-1068
pVMGA47 - Accession number: MN551092
Fragment 1 Fragment 2
Template pVG185 pVG185
Oligos 612-1070 613-1067
pVMGA48 - Accession number: MN551093
Fragment 1 Fragment 2
Template pVG185 pVG185
Oligos 611-1069 615-1068
pVG304 - Accession number: MN551094
Fragment 1 Fragment 2 Fragment 3
Template pVG135 (ebony pVG313 pCFD4-e1-y1 (*) | pvVG185
homology arms in
pCR2.1 vector)
Oligos 1075-1076 1077-614 451-1078

*e1 and y1 gRNAs were cloned in pCFD4. pCFD4-U6:1_U6:3tandemgRNA was a gift from

Simon Bullock (Addgene plasmid # 49411 ; http://n2t.net/addgene:49411 ;

RRID:Addgene_49411)°.
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Oligos used in Gibson assembly cloning:

451
592
594
611
612
613
614
615
620
621
622
623
1052
1053
1054
1055
1056
1057
1058
1059
1067
1068
1069
1070
1075
1076
1077
1078

GTACGCGTATCGATAAGCTTTAAGATACATTGATGAGTTTGG
CACCTACAACCAGCTGCAGGGATCCACCGGTTAAGATACATTGATGAGTTTGGACAAACC
CTTAACCGGTGGATCCCTGCAGCTGGTTGTAGGTGC
CTGCGGCGATCGAAAGGCAAGGGCATTCAGC
GGCATCCAAGTATCGCCATCCGGGATGCGACTG
CGGATGGCGATACTTGGATGCCATATGCGAGCTCGCCCGGGGATCTAATTCAATTAGAG
CTTAAAGCTTATCGATACGCGTACGCTAGCACAAAAGCTGGAGCTCCTGCAGG
GCCTTTCGATCGCCGCAGACGTCATTTTCAACGTCCTCGATAGTATAGTGG
GTGGGTTTTGGACACTGGAAGACGTCATTTTCAACGTCCTCGATAGTATAGTGG
TTCCAGTGTCCAAAACCCACAGCCG
GAGCTCGGTCGACCGTGGGCATCGGCAATACCACC
CCACGGTCGACCGAGCTCGCCCGGGGATCTAATTCAATTAGAGACTAATTCAATTAGAGC
AGATGCCATCGTTCCAGTGTCCAAAACCCACAGCC
AAATCGGCGCGGCACCGGTTAAGATACATTGATGAGTTTGG
TATCTTAACCGGTGCCGCGCCGATTTCAGGGCATCC
CTTATAGTCCATGGCGAAAATCCGGGTCGAAAGTTAC
CGGATTTTCGCCATGGACTATAAGGACCACGACGGAGAC
GGATTCGCCCTCTTTACTTTTTCTTTTTTGCCTGGCCGG
AAGAAAAAGTAAAGAGGGCGAATCCAGCTCTGGAG
TGGACACTGGAACGATGGCATCTTCCTGGCCCTTTTC
ACGTCATTTTCAACGTCCTCGATAGTATAGTGGTTAG
ATATGCGAGCTCGCCCGGGGATC
CGGGCGAGCTCGCATATCGGGATGCGACTGCTCAATGG
GAGGACGTTGAAAATGACGTGGGCATTCAGCAGGGTCGTCTTTC
GTCTCAAGGGTCTGCAGCAAGACTTC

AAAATACCGGTCGATCGACAATTGTGGCAGCG
ACAATTGTCGATCGACCGGTATTTTCAACGTCCTCGATAGTATAGTGGTTAGTATCCC
AGTCTTGCTGCAGACCCTTGAGACGTCCGAGCTCGCCCGGGGATCTAATTCAATTAGAG

Oligos for resistant allele sequencing:

Yellow:

409

416

White:

1127
1129

CTTTGGCACCTCCACTCCTGCAGGACC
CATCAACGATATTTGCGGCCCATTCCAAGC

CTGCTCATTGCACTTATCTACAAG
GCAAATTAAAATGTTACTCGCATCTC
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