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Supplementary Figure 1. Nematicides are generally small and hydrophobic. (a) Plot of logP
versus molecular weight for the complete set of 67,012 molecules screened in C. elegans; the
molecules that are lethal to all three nematode species tested are highlighted in yellow. (b) Plot

of logP versus molecular weight for the complete set of 67,012 molecules screened in C. elegans;

the set of 182 randomly-selected molecules is highlighted in yellow.



Supplementary Figure 2.
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Supplementary Figure 2. Most group 2 wactives are in structural analog families for
which more than 10% of the analogs are lethal to C. elegans. The 67 individual data points
in the plot represent the structural analog families for each of the 67 group 2 wactives. The
structural analog family for each group 2 wactive is composed of the individual group 2
compound itself, along with all of the molecules in the 67,012-compound dataset that have a
pair-wise Tanimoto/FP2 structural similarity of 0.55 or greater with the group 2 wactive. The
fraction of analogs within the structural analog family that is lethal to C. elegans is plotted on

the y-axis. The number of analogs in the family is plotted on the x-axis.
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Supplementary Figure 3 (continued).
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Supplementary Figure 3. Small changes in structure can alter the phylogenetic selectivity of
small-molecule-induced lethality. The cross-species lethality profiles for the seventeen pairs of
molecules having Tanimoto/FP2 similarity scores greater than 0.8, and for which one molecule of
the pair is in group 2 (nematode-restricted lethality) and the other is in group 3 (lethal to a
vertebrate system). The network cluster to which each pair belongs is indicated (see Fig. 2b for
the corresponding cluster). See Methods for a description of the small molecule screening assays,

and the definition of lethality for each organism or cell type.



Supplementary Figure 4.

Residue | A. suum | Human wact-11 (uM) wact-2 (uM)

Strain Genotype Change residue residue | 0 |.12[.47]1.9{7.5|30|60 {1208 O |.12|.47]|1.9]7.5|30]60| 20
RP2813 sdhb-1 (tr454) P145L P127 P131
RP2776 sdhb-1 (tr438) H146Y H128 H132
RP2814 sdhb-1 (tr455) H146Y H128 H132
RP2696 sdhb-1 (tr405) P211L P193 P207
RP2697 sdhb-1 (tr406) P211L P193 P207
RP2703 sdhb-1 (tr411) 260N 1242 1246
RP2639 sdhc-1 (tr359) T66! T81 P64
RP2687 sdhc-1 (tr399) T66I T81 P64
RP2667 sdhc-1 (tr386) T66l T81 P64
RP2637 sdhc-1 (tr357) G71E G86 169
RP2674 sdhc-1 (tr393) R74K R89 R72
RP2698 sdhc-1 (tr407) R74K R89 R72
RP2699 sdhc-1 (tr408) G77D G92 G75
RP2748 sdhc-1 (tr423) c78Y C93 176
RP2682 sdhc-1 (tr395) G133E G148 G131
RP2702 sdhc-1 (tr410) F136S F151 H134
RP2700 sdhd-1 (tr409) H84Q H95 H98
RP2688 sdhd-1 (tr400) D95N D106 D109
RP2768 sdhd-1 (tr436) D95N D106 D109
RP2815 sdhd-1 (tr456) A97T G108 V111
RP2777 tr439 - - -

N2 + - - -

N2 + - - -

|:| more than 50 worms |:| 12 to 50 worms . 0to 11 worms

Supplementary Figure 4. Wact-11 resistance profile for 21 wact-11-family resistant mutants.
Heat maps of wact-11 dose-response experiments are shown for wild type worms (N2 strain) as
well as 21 strains identified as being resistant to either wact-11, wact-12, or wact-127 (see
Supplementary Data 3). The dose-response experiments were carried out using a 96-well plate
liquid-based assay (see Methods). For RP2777, whole genome sequencing did not reveal an exonic
mutation in any of the complex Il subunits. Two distinct N2 dose-response experiments were
carried out on two different days. Wact-2 dose-response curves were carried out as negative

controls.



Supplementary Figure 5.
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Supplementary Figure 5 (continued).

Supplementary Figure 5 . Complex Il inhibitory dose-response curves. Inhibitory dose-response
curves for: (a) wact-11, wact-12, and wact-11f against complex Il from wild type (N2) worms, and the
wact-11-family resistant mutants RP2674 and RP2698; (b) malonate against complex Il from N2
worms, as well as RP2674 and RP2698; (c) wact-11 and wact-11 analogs against complex Il from N2
worms; (d) wact-12 and wact-12 analogs against complex Il from N2 worms; (e) established complex
[l inhibitors against complex Il from N2 worms; (f) wact-11, wact-12, and wact-11f against complex |l
from N2 worms and mouse liver; (g) atpenin A5 against complex Il from N2 worms and mouse liver.

Error bars represent the standard error of the mean for four replicate trials.
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a

benodanil
Cl
N

| X

CF; O N~
: CF,
fluopyram
OH O Cl
H3CO % Cl

~ z
H,co” N7 “OH

atpenin A5

OH O
=

NS
Hsco” N7 “OH

HsCO

harzianopyridone

flutolanil

H
N
T D\
~N
s cl
A
7 o

diazoxide

O o}

S

thenoyltrifluoroacetone

(TTFA)

SV UW iy Sy

boscalid

N /CFs N
S

fenfuram

OCF;
thifluzamide

o} O

+ —)J\/U\— +
NaO O Na

disodium malonate

Supplementary Figure 6. Established complex Il inhibitors tested for nematicidal activity in

C. elegans. (a) Complex Il inhibitors that share structural similarity with the wact-11-family.

(b) Complex Il inhibitors that are structurally unrelated to the wact-11-family.



Supplementary Figure 7.
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Supplementary Figure 7. Dose-response experiments for known complex Il inhibitors. Heat
maps are shown for the complex Il inhibitor dose-response experiments with wild type worms
(N2 strain), as well as two mutant strains, RP2674 and RP2698, isolated as being resistant to
wact-12 and wact-11, respectively. The dose-response experiments were carried out using a 96-
well plate liquid-based assay (see Methods). The structures of the complex Il inhibitors are shown

in Supplementary Figure 6. Harz is harzianopyridone and TTFA is thenoyltrifluoroacetone.



Supplementary Figure 8.

d sDHB

LY L N
C. elegans [V] IYPLPHMFV 149 STSCBSYWW 215 KCHTIMNCT 264
C. briggsae [V] IYPLPHMFV 133 STSCPSYWW 199 KCHTIMNCT 248
C. japonica [V] IYPLPHMFV 133 STSCPSYWW 199 KCHTIMNCT 248
C. remanei [V] IYPLPHMFV 134 STSCPSYWW 200 KCHTIMNCT 249
H. contortus [V] IHPLPHMYV 127 SSSCPSYWW 193 KCHTIMNCT 242
N. americanus [V] IYPLPHMFV 65  STSCPSYWW 131 KCHTIMNCT 180
M. hapla [IV] IYPLPHMYV 128 STSCRBSYWW 194 KCHTILNCT 243
S. ratti [IV] TIYPLPHMYV 125 STSCPSYWW 191 KCHTILNCT 240
B. malayi [III] IYPLPHMFV 128 STSCBSYWW 194 KCHTILNCT 243
A. suum [III] IYPLPHMFV 131 SASCBSYWW 197 KCHTIMNCT 246
*k kk * *
SDHC
I E K DY E S
C. elegans [V] LTVYQPQLIWMLSGFHRISGCVMA 81 HTLNGIRELGFD 140
C. briggsae [V] LTIYQPQLTWMLSGFHRISGCVMA 81 HTLNGIRFLGFD 140
C. japonica [V] LTIYQPQOLTWMLSGFHRISGCVMA 81 HTLNGIRFLGFD 140
C. remanei [V] LTIYQPQLTWMLSGFHRISGCVMA 81 HTLNGIRELGFD 140
H. contortus [V] LTVYKPQLTWMVSGFHRVTGCAMA 77 HTLNGIREIGFD 136
N. americanus [V] LTVYQPQLTWMVSGLHRVTGCVMA 79 HTLNGIREIGFD 138
M. hapla [IV] LNIYKPQLTWIISGGHRISGCIMS 80 HSLNGIREMGFD 139
S. ratti [IV] IGIYQMOMIWGLSGLSRISGEIMG 84 HIFNGIRELGYE 143
B. malayi [III] LAVYKPQVIWMVSGFHRMTGCAMA 82 HSLNGIREIAFD 141
A. suum [III] LTIYKPOMIWMVSGLHRVTGCAMA 96 HTLNGIREIGFD 155
* * * *
SDHD
Q N T
C. elegans [V] ALTLHIHWGIHGVVYDYARPYV 101
C. briggsae [V] ALTLHIHWGIHGVVYDYARPYV 101
C. japonica [V] ALTLHIHWGVHGVVYDYARPYV 101
C. remanei [V] ALTLHIHWGIHGVVYDYARPYV 101
H. contortus [V] ALTLHIHWGVQGVVQDYARPFV 107
N. americanus [V] ALTLHIHWGVQGVIQDYARPFV 67
M. hapla [IV] AIVMHSHWGLMSVVQDYARPIV 111
S. ratti [IV] GCSIHVYLGWHMVTTDYARPFL 108
]

B. malayi [III AITLHVHWGLHGVLSDYiRAFV 126

A. suum [III] ALTLHVHWGVWGVVNDY@ERPEFV 112
**

t) SDHB Ly L N

C. elegans IYPLPHMFV 149 STSCESYWW 215 KCHTIMNCT 264
C. briggsae IYPLPHMFV 133 STSCPSYWW 199 KCHTIMNCT 248
S. ratti IYPLPHMYV 125 STSCPSYWW 191 KCHTILNCT 240

A. suum IYPLPHMFV 131 SASCBSYWW 197 KCHTIMNCT 246

D. rerio IYPLPHMYV 134 STSCPSYWW 200 RCHTIMNCT 249

M. musculus IYPLPHMYV 137 STSCPSYWW 203 RCHTIMNCT 252
G. gallus IYPLPHMYV 145 STSCRSYWW 211 RCHTIMNCT 260
0. aries IYPLPHMYV 135 STSCPSYWW 189 RCHTETNCT 238

B. taurus IYPLPHMYV 135 STSCPSYWW 211 RCHTIMNCT 250
S. scrofa IYPLPHMYV 135 STSCPSYWW 211 RCHTIMNCT 250
H. sapiens IYPLPHMYV 135 STSCPSYWW 211 RCHTIMNCT 250

*k kk * *
SDHC I E K DY E S

C. elegans LTVYQPQLEWMLSGFHRISGCVMA 81 HTLNGIRELGFD 140
C. briggsae LTIYQPQLTWMLSGFHRISGCVMA 81 HTLNGIRELGFD 140
S. ratti IGIYQMOMIWGLSGLSRISGEIMG 84 HIFNGIRELGYE 143

A. suum LTIYKPOMIWMVSGLHRVTGCAMA 96 HTLNGIREIGED 155

D. rerio MTIYKWSVEMAMSHSHRGTGHALS 54 HTYNGIRELAWD 113

M. musculus LTIYKWSTEEMATLSWCHRGSGMALS 79 HSLNGIRELLWD 138
G. gallus ISIYKWSLJEMAMSMTHRGTGYALS 79 HTWNGIRBILVSE 138
0. aries ISIYSWSL|ZMAMSMCHRGTGMALS 79 HTWNGIRBILMWD 138

B. taurus ISIYGWSLigMAMSMCHRGTGMALS 79 HTWNGIRELMWD 138
S. scrofa ITIYRWSLEMAMSHMCHRGTGEALS 79 HTWNGIREILIWD 138

H. sapiens ITIYSWSLJgMAMSMCHRGTGMALS 79 HTWNGIRBLMWD 138
* *  x *

SDHD 0 N T

C. elegans ALTLHIHWGIHGVVYDYARPYV 101
C. briggsae ALTLHIHWGIHGVVYDYARPYV 101
S. ratti GCSIHVYLGWHMVTTDYARPFL 108
A. suum ALTLHVHWGVWGVVNDYE@RPFV 112

D. rerio ALTLHGHWGLGQVVTDY\YH--- 111

M. musculus ALTLHSHWGLGQVVTDYWH--- 112
G. gallus ALTLHGHWGLGQVITDYH--- 110
O. aries TLTLHSHWGIGQVVTDYjYH--- 111

B. taurus TLTLHSHWGIGQVVTDYYH--- 111
S. scrofa ALTLHGHWGIGQVVTDY gR--- 112

H. sapiens ALTLHGHWGLGQVVTDY H—l— 112



Supplementary Figure 8 (continued).

Supplementary Figure 8. Complex Il residues that confer wact-11-family resistance when
mutated are conserved among nematodes. (a) Sequence alignments for selected regions of
Complex Il subunits SDHB, SDHC, and SDHD from C. elegans and 9 distinct nematode species.
The phylogenetic clade for each nematode species is indicated in square parentheses. The

C. elegans complex Il residues that confer wact-11-family resistance when mutated are
underlined, and the mutant residues are indicated in red. The residues that are highlighted in grey
are identical to the corresponding C. elegans residue. The residues that are highlighted in black
are distinct from the corresponding C. elegans residue. Asterisks denote residues that are within
4 A of a flutolanil molecule bound at the Q-site of A. suum Complex Il (see Figure 4). (b) Sequence
alignments for selected regions of Complex Il subunits SDHB, SDHC, and SDHD from C. elegans,
3 distinct nematode species, and 7 vertebrate species. Sequence alignments were performed
using ClustalW 2.1. All nematode sequences were obtained from WormBase
(http://www.wormbase.org). All vertebrate sequences were obtained from the National Center for

Biotechnology Information protein database.



Supplementary Table 1. Summary of the genetic screens for wactive-resistant mutants

6222549 wact-11 2 F1 EMS 1,300,000 13 RP2661 tr380
RP2668 tr387

RP2689 tr401

RP2696  tr405

RP2697 tr406

RP2698 tr407

RP2699 tr408

RP2700 tr409

RP2702 tr410

RP2703 trd411

RP2704 tr412

RP2705 tr413

RP2706  tr414

F2 EMS 180,000 2 RP2667 tr386
RP2682 tr395

7962412 wact-127 2 F1 EMS 980,000 8 RP2748 tr423
RP2768 tr436
RP2776  tr438
RP2777 tr439
RP2778 tr440
RP2813 tr454
RP2814 tr455
RP2815




9013615  wact-154 1 F1 EMS 1,600,000 0
F2 EMS 16,000 2 RP2758  1r433
RP2759 tr434

5784060 emb-d 2 F1 EMS 270,000 0
F2 EMS 100,000 0
F1 ENU 320,000 0



5185411 wact-2 1 F1 EMS 150,000 0
F2 EMS 80,000 0

5352487 wact-4 2 F1 EMS 620,000 0
F2 EMS 150,000 0

5419367 wact-6 3 F1 EMS 128,000 0

F2 EMS 86,000 0

5652977 wact-8 3 F1 EMS 100,000 0

7632721 wact-13 2 F1 EMS 80,000 0
F2 EMS 100,000 0

7721223 wact-16 2 F1 EMS 420,000 0
F2 EMS 150,000 0
F1 ENU 320,000 0

7662831 wact-89 3 F1 EMS 100,000 0
F2 EMS 50,000 0

7971816  wact-128 2 F1 EMS 100,000 0
F2 EMS 100,000 0

9001112 wact-140 3 F1 EMS 100,000 0

F2 EMS 50,000 0

9017143  wact-159 2 F1 EMS 100,000 0
F2 EMS 50,000 0



9023309  wact-167 2 F1 EMS 80,000 0

9027529  wact-175 F1 EMS 100,000

9041446  wact-197 2 F1 EMS 100,000 0
F2 EMS 100,000 0

5322542  wact-396 EMS 100,000

6276968  wact-457 EMS 100,000

9039813  wact-614 EMS 100,000

a. Group 1 molecules are lethal to only one or two of the three nematode species tested, but are non-lethal to zebrafish and
HEK cells. Group 2 molecules are lethal to all three nematode species, but are non-lethal to zebrafish and human cells.
Group 3 molecule are lethal to fish or HEK cells, regardless of their nematode bioactivity profile.

b. F1 refers to the first filial generation, and F2 refers to the second filial generation.

c. EMS = ethyl methanesulfonate, and ENU = N-ethyl-N-nitrosourea
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