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Supplementary Note 1. Physicochemical properties of lagriamide

ESI(+) m/z 749 (M+H)*, HRESI(+)-MS m/z 749.4949 (calcd. for C41HssN2010 749.4947)

uv (PDA) Amax=UVend

NMR: de-DMSO, *H NMR 600 MHz, 33C NMR 150 MHz

Carbon 13C 'H (mult., J in Hz)

1 17.2 1.29(d, 5.1)

2 53.7 3.10 (m)

3 59.7 3.34(d, 2.0)

4 205.4 -

5 44.6 2.47 (d, 6.4)

6 74.1 3.70 (m)

7 25.4 1.33 (m)

8 30.2 1.71 (m)
1.59 (m)

9 29.3 1.60 (m)

10 11.6 0.85 (d, 7.0)

11 76.6 3.77 (m)

12 39.8 2.20 (dd, 14.5, 8.3)

2.06 (dd, 14.4, 5.4)
13 170.2 -
14 42.9 3.21 (m)
2.92 (dt, 13.0, 5.8)

15 71.4 3.50 (m)

16 43.5 2.25 (m)

17 14.4 0.95 (d, 7.0)

18 174.1 -

19 38.6 3.05 (m)

20 25.6 1.69 (m)
1.35(m)

21 30.1 1.53 (m)
1.20 (m)

22 73.8 3.06 (m)

23 34.4 1.20 (m)

24 17.9 0.76 (d, 6.5)

25 27.6 1.41 (m)

26 35.5 1.50 (m)
1.34 (m)

27 94.6 -




28 34.9 1.44 (m)
29 18.8 1.49 (m)
30 310 1.47 (m)
1.05 (m)
31 68.0 3.40 (m)
32 334 1.41 (m)*
1,27 (m)
33 333 1.27 (m)*
34 31.4 2.30 (m)
35 212 0.86 (d, 6.6)
36 131.0 4.87(d,9.1)
37 1324 -
38 16.0 1.55 (d, 1.2)
39 34.4 2.15 (m)
40 33.0 2.24 (m)
41 1743

* overlapping signals, might be interchangeable

= H,H-COSY o)

Supplementary Figure 1. Key 2D NMR couplings of lagriamide.
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Supplementary Figure 2. *H NMR spectrum of lagriamide.
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Supplementary Figure 3. **C NMR spectrum of lagriamide.



= o o ~ =r @
g o -

N AN

T T T T I

T | T | T |
200 180 160 140 120 100 80 60 40 20 ppm

Supplementary Figure 4. DEPT135 NMR spectrum of lagriamide.
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Supplementary Figure 5. H,H-COSY spectrum of lagriamide.
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Supplementary Figure 7. HMBC spectrum of lagriamide.
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Supplementary Figure 8. Lagriamide amount per egg determined using 22 independent clutches laid by
field-collected Lagria villosa and the corresponding titers of Burkholderia gladioli Lv-StB as assessed by
gPCR of the 16S rRNA of this specific strain (Spearman Rank correlation, p < 0.01, rho = 0.625, N = 22).
Symbiont titers are shown as (a) untransformed copy number and (b) log transformed copy number. Circle
color indicates clutches in which B. gladioli Lv-5tB was detected (blue) or not (red).



— LgaG KS5 Lagriamide
—— BonA KS3 Bonkrekic acid
—— BonD KS1 Bonkrekic acid
— SorA K83 Sorangicin
E_

Starter

— LgaC KS4 Lagriamide

: [—

= Starter

Supplementary Figure 9. Expansion of a clade containing Iga KS domains in an approximately maximum-
likelihood tree made from 666 trans-AT KS domain sequences, with KS domains from the erythromycin
pathway acting as an outgroup. Colors correspond to the substrate chemical structures shown to the right
of the clade.



Supplementary Figure 10. Expansion of a clade containing /ga KS domains in an approximately maximum-
likelihood tree made from 666 trans-AT KS domain sequences, with KS domains from the erythromycin

pathway acting as an outgroup. Colors correspond to the substrate chemical structures shown to the right
of the clade.



LgaC KS3 Lagriamide
— PsyD KS7 Psymberin
— OocN K83 Oocydin

L
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—

Bat2 KS2 Batumin
— SorA K85 Sorangicin
— SorD KS2 Sorangicin

T_

—— RhiE KS2 Rhizoxin
— BryBKS4 Bryostatin
BryAKS2 Bryostatin
—

Supplementary Figure 11. Expansion of a clade containing /ga KS domains in an approximately maximum-

likelihood tree made from 666 trans-AT KS domain sequences, with KS domains from the erythromycin

pathway acting as an outgroup. Colors correspond to the substrate chemical structures shown to the right
of the clade.



. RizBKS2 Rhizopodin
r Corl KS3 Corallopyronin
Mxnl KS3 Myxopyronin
OocL KS1 Oocydin
{_
PedH KS1 Pederin
u TmpB KS2 Thiomarinol

LgaB KS4 Lagriamide

| LgaC KS2 Lagriamide

LgaB KS2 Lagriamide

DipO KS2 Diaphorin
PedH KS2 Pederin

DfnD KS3 Difficidin
DfnG KS3 Difficidin

Supplementary Figure 12. Expansion of a clade containing /ga KS domains in an approximately maximum-
likelihood tree made from 666 trans-AT KS domain sequences, with KS domains from the erythromycin
pathway acting as an outgroup. Colors correspond to the substrate chemical structures shown to the right
of the clade.
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Supplementary Figure 13. Expansion of a clade containing /ga KS domains in an approximately maximum-
likelihood tree made from 666 trans-AT KS domain sequences, with KS domains from the erythromycin

pathway acting as an outgroup. Colors correspond to the substrate chemical structures shown to the right
of the clade.



SiaF KS2 SIA7248
TaiD KS3 Thailandamide
TaiM KS2 Thailandamide
—— LtmF KS3 Lactimidomycin
 MgsF KS3 Migrastatin
1r MmpA KS3 Mupirocin
TmpA KS3 Thiomarinol
Tail KS4 Thailandamide
Ta-1 KS7 Myxovirescin
MmpD KS3 Mupirocin
TmpD KS3 Thiomarinol

MmpB KS1 Mupirocin

ElaK KS3 Elansolid
| Eiap ksa Elansoiid

LgaG KS2 Lagriamide
LgaG KS4 Lagriamide

Supplementary Figure 14. Expansion of a clade containing /ga KS domains in an approximately maximum-
likelihood tree made from 666 trans-AT KS domain sequences, with KS domains from the erythromycin

pathway acting as an outgroup. Colors correspond to the substrate chemical structures shown to the right
of the clade.



— LnmJ KS3 Leinamycin
CorL KS4 Corallopyronin
{—KSO
| LgaC KS5 Lagriamide
4|:gaD KS1 Lagriamide
RhIC KS1 Rhizoxin
— % — Ab01 KS2 Albicidin
E_
} TaiM KS3 Thailandamide

DfnD KS2 Difficidin
DinG KS1 Difficidin

TioF KS4 Tolytoxin
— SorB KS1 Sorangicin
Sorl KS2 Sorangicin KS0
BonD KS3 Bongkrekic acid
{ LgaG KS6 Lagriamide

PedH KS4 Pederin

Ena5925 KS1 Enacycloxin
ﬂaG KS1 Lagriamide

Supplementary Figure 15. Expansion of three clades containing Iga KS domains in an approximately
maximum-likelihood tree made from 666 trans-AT KS domain sequences, with KS domains from the
erythromycin pathway acting as an outgroup. Colors correspond to the substrate chemical structures
shown to the right of the clade.
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Supplementary Figure 16. Alignment of /ga K domains. The catalytic triad (CHH) is highlighted.



HxxxGxxxxP

S o L eiow an P . :
LgaB_DH1 P £ TARP-ONAL L POA-DESADFEICSOPPAA ZALDTL 131
LgaC_DH2 LSDO; ELARAALEASSG] L /B! -":]mum -5 GAHDES| F: 0 VL 130
LgaB_DH2 RPF! VLGT--EALR-LSAVVWSRPLOASAGGVALGI! BGCHWRFEIAAAGQ- -~ - -~ VHC| m 127
LgaC_DH1 LAAD RSL RLOPHO-QGSHR! VHGQGLAELAL 125
LgaG_DH1 . T¥RGSDOEVE_ _L¥SLG-RAR-LDAR ATL 119
LgaG_DH3 SVLPGV. /ALALGG! APLD-DGRLAFET 0- -VHSQG Q-VPRIDLAGL 123
LgaG_DH& TVL RISFRI¥REQBGDTL - -VESHG-WAEALGEQTPAPTLOLAGL 126
LgaGDH2  —---mmmm AL AGL HVGYETYREDDEGRE-- VEAEG Al 120
Ery_DH4 BESGRRTIDVHAAEBVADLADAQWSOHAZGELAQGVAAGPROTEOW 144
SETE s (P By flores T o asnienn o ol B, . - SN o fie il et 20 ot 2D ko w08 Salsernmes % it 150
GYxYGPxF DxxxQ/H PFx
b \' . f . 3 - '\: *: 3 | A )
LgaB_DH1 L GD ARLVL A SL Y 277
LgaC_DH2 E /QLRLPVEALS| 1G----LAMAO LPFALDSLVLEWPCPNETWVWIRPTPGAQS-SRVR GRVCVAL 271
LgaB_DH2  LARMDROGVGHDDCY¥AAFDAVGIH| 3?!:: HI ARLVLDPAAAL - --LSVGSARG E: 1 GGLIARL 269
LgaC_DH1 B 2 E: SAVQ; PARVWAWIR-SRGERS - -GIE| : GRICVRM 263
LgaG_DH1 QARCTR: — "AGLO] AL VL VEES 243
LgaG_DH3  RARCTY-RLTGEO! AGL 0 255
LgaG_DH4  LEGCTR N 5 | LPFA PVPSPAYVVVHRAVGDSA- - A 257
LgaG_DH2 QROCTO- SRL 51 DWSWPTAARQLRMVGSLPVQGMVVVROHPGOLD: Vi 255
Ery DH4  PP- GLAEQGH - PGGGKLPFAWNIVTLEASG-ATSVRVVATPAGADA -~ - 269
....... 1 RSt ¢ oo i prslbeenT 0 4 1, Pl | (W T

Supplementary Figure 17. Alignment of lga DH domains, along with one from the erythromycin biosynthetic
gene cluster to allow comparison to previous alignments. The conserved HxxxGxxxxP, GYxYGPxF, DxxxQ/H
and LPFxW motifs are highlighted. The catalytic H and D residues are shown in red.



Tree scale: 0.1 —

Supplementary Figure 18. Approximately maximum-likelihood tree based on DH and PS domains. The PS
domains form a distinct clade as shown previously®.




GxxxGxG LDD v

EryAI_KR1 8 DG 146
EryAI_KR2 G HL ) s P-OQVAI 145
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LagG_KR3 - 1! I L 147
LagG_KR5 L LH! 147
LagG_KR2 12 nuumg;sr L 147
LagC_KR1 TGRSAL 'EQGAQYRYE! YIL QVLA 147
Lagb_KR1 ATV AREAEOGE AGVL-REARL X 147
LagB_KR3 AEEILGOTPDAT v sYL DAVL 146
LagB_KR1 GVYL G 2] GPL 145
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LagC_KR3 ALALARRWP. 181
LagG_KR4& CHADAYAHGLRORRP -~ -~ - WGSI 181
LagA_KR1 \VGVAAAI IRAQSP-——~~! FRVGLIHWGEWOD- 184
....... 160.......170.......180.......190

Supplementary Figure 19. Alignment of /ga KR domains, along with two from the erythromycin biosynthetic
gene cluster to allow comparison to previous alignments. The NADPH-binding site (GxxxGxG) is highlighted,
as is the LDD motif that is thought to control product stereoconfiguration. The catalytic triad (KSY) is also
highlighted.
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Supplementary Figure 20. Codon adaptation index (CAl) analysis comparing genes in the lagriamide
biosynthetic cluster (/ga) with all other genes in the Burkholderia gladioli Lv-StB genome. “Annotated
genes” refer to any CDS not annotated as hypothetical. (a) Box plots representing the CAl of annotated,
hypothetical and Iga genes in the B. gladioli Lv-StB genome. The center value of the boxplot represents the
median, the whiskers extend to the most extreme data point which is no more than 1.5 times the
interquartile range, and outliers are represented by filled circles. (b) Individual p-values for pairwise
comparisons of the groups compared through one-way ANOVA and Tukey HSD. Significant P values (p <
0.05) are highlighted in red.
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Supplementary Figure 21. Fungal growth levels on Lagria villosa eggs in relation to the amount of lagriamide
detected in the same clutch. Data points in pink represent egg clusters exposed to field-collected soil
inoculated with Purpureocillium lilacinum spores, showing a negative correlation between the two variables
(Spearman Rank correlation, p < 0.05, rho = - 0.73, N = 9). Data points in dark gray represent egg clusters
exposed to the same type of soil without additional treatment, showing no correlation between the
variables (Spearman Rank correlation, p > 0.05, rho = -0.040, N = 9). Shadings represent 95% confidence
intervals around the mean.



Supplementary Table 1. Characteristics of metagenomics bins obtained from the shotgun metagenome of
Lagria villosa.

Cluster Size (bp) N50 (bp) | No. Coverage | Completeness | Purity Taxonomic assignmentt
contigs (%)* (%)*
DBSCAN_roundl1_3 2,126,292 8,170 301 1981 88.5 99.2 B. gladioli Lv-StB
DBSCAN_round4_2 3,579,730 83,015 56 336 66.9 98.2 Comamonas sp.
DBSCAN_round3_4 3,982,210 59,921 100 299 99.3 91.3 Comamonas sp.
DBSCAN_round25_31 56,809 4,677 12 214 23.0 90.6 Ochrabactrum sp. CDB2
DBSCAN_round316_1 1,035,061 6,469 162 198 30.9 97.7 B. gladioli
DBSCAN_round5_18 1,058,155 13,074 92 173 20.9 93.1 B. gladioli
DBSCAN_round3_6 4,650,003 | 27,531 252 171 84.9 100 Herbaspirillum seropedicae
DBSCAN_round5_2 6,999,405 30,038 341 109 60.4 91.7 Variovorax paradoxus
DBSCAN_round2_0 4,006,103 | 806,143 8 90 87.1 99.2 Stenotrophomonas maltophilia
DBSCAN_round5_13 3,199,337 12,058 321 84 33.8 100 B. gladioli Lv-StC
DBSCAN_round3_2 5,400,524 | 160,100 56 70 100 98.6 Paraburkholderia sp.
DBSCAN_round4_7 447,239 29,406 15 33 34.5 100 Variovorax paradoxus
DBSCAN_round58_1 3,626,665 18,913 248 32 27.3 94.7 Pseudomonas lutescens
DBSCAN_round434_184 | 17,401 17,401 1 24 20.9 100 Pseudomonas sp.
DBSCAN_round434_335 | 21,076 13.086 2 22.7 23.7 100 Oxalobacter formigenes
DBSCAN_round305_43 4,139,278 13,115 415 18 34.5 97.9 Pseudomonas lutescens
DBSCAN_round57_1 6,128,817 13,108 631 17 75.5 97.1 Pseudomonas lutescens
DBSCAN_round1_2 5,248,958 24,107 337 16 100 97.1 Acinetobacter sp.
DBSCAN_round4_0 8,660,577 | 260,679 66 8 91.4 96.1 B. gladioli
DBSCAN_round3_11 4,208,983 | 5,985 724 5 48.2 98.5 Delftia acidovorans

*Estimated based on the presence of single-copy marker genes

tBased on ANI or taxonomy assigned by Autometa.

Supplementary Table 2. Characteristics of single-cell genomes obtained from Lagria villosa.

Genome Size (bp) N50 No. Completeness | Estimated genome | Lga Taxonomic assignmentt
(bp) contigs | (%)* size (Mbp) present?
AG-701-A20 1,962,477 | 10,746 | 245 46.0 4.3 No Ochrobactrum pseudogrignonsense
AG-701-C22 1,117,604 | 4,136 281 48.6 2.3 Yes B. gladioli Lv-StB
AG-701-C23 1,055,127 | 10,158 | 138 19.6 5.4 No Acidivorax sp.
AG-701-K20 504,320 4,590 118 15.5 3.3 No B. gladioli Lv-StC
AG-701-023 1,093,001 | 3,956 281 48.3 2.3 Yes B. gladioli Lv-StB
AG-701-P21 593,052 7,509 94 13.8 4.3 No B. gladioli Lv-StJ

*Estimated based on the presence of single-copy marker genes

tBased on the 16S rRNA gene sequence.
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