Soil-derived, gut-dominant generalist bacteria
shape the fitness of folivorous larvae
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Hightlights

® Two soll-derived “generalist”, Ralstonia insidiosa and Delftia sp., gut
bacteria are highly prevalent in folivorous larvae and exhibit a strong
mutually exclusive pattern in the larval gut,

® The two generalist bacteria exert contrasting physiological effects on host
larval development—~Ralstonia insidiosa promotes larval growth, whereas

Delftia sp. inhibits larval growth.
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Background and Scientific Questions

*Whether Lepidoptera harbor a conserved core gut microbiome has long been debated,;
*The soil microbial pool, the largest microbial reservoir on Earth, is a likely environmental source of gut bacteria in folivorous larvae;
*Scientific question: Can soil-soiled bacteria broadly colonize the gut of leaf-feeding larvae, and how do they shape host

fithess?
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Study Design and Sampling Strategy

> Sites:
Beijing,
Sichuan,

Zhejiang.

» Samples:
305 folivorous larvae,
142 plant samples,

106 soil samples.
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Results

Two generalist bacteria -- Delftia sp. and Ralstonia insidiosa -- broadly colonize the larval gut
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Results

Two generalist bacteria -- Delftia sp. and Ralstonia insidiosa -- broadly colonize the larval gut

€ Both bacteria were

significantly enriched in the

gut of 16 larval species.

€ Across the study, 97.92% of

larval species and 90.16% of
Individuals were tightly
associated with one of the

two generalist bacteria.

(A)

® OTU 94
(Burkholderiales,
Ralstonia insidiosa)

OoTU 4

(Burkholderiales,
Delftia sp.)

N B W km
Zhejiang

I 200 km
Beijing

BT 1000 km
Sichuan

Relative abundance of OTUs (%)

Relative abundance of OTUs (%) Relative abundance of OTUs (%) Relative abundance of OTUs (%)

OTUs

® oTu10
@® OTu 100
@ OTU 102
OTU 12
® oTu123
OTU 13
OTU 130
OTU 15
OTU 156
OTU 159
OTU 183
OTU 22
OTU 220
OTU 23
OTuU 27
® oTu 277
OTU 29
OTU 32
OTU 4
OTU 42
@ OTU 48
® OTU 52
© 0OTuUSs7

O
@)

OTU 66
OTU 82
OTU 94
OTU 96

100 - E3 e g, - ot
TR &= i e ST - T,
75 Lepidoptera, Lepidoptera, . > .
Asaphistis protosema Pangrapta bicornuta Lepidoptera, Lepidoptera,
Chorodna Datana contracta
50 ochreimacula ,% ]
B ns
& ns b =R
25 e X e = =
ns ws s 84 B = = 4 e 4 p 4
0 l‘- Y '™ ‘- ¢hm cam ®am ‘- Y -‘- =
OTU: 22 23 32 52 94 159 32 57 66 94 32 94 29 32 94
100 ns  emE——— s — Ty,
Lepidoptera, = m ek poin
75 Abraxas latifasciata ’ x . — -
s R Lepidoptera, B
ns . - Lebeda nobilis
i Lepidoptera, e 2
50 - [T |
Lemyra flavalis fenid
ns ns wxx ns epi optt_era,
251 s ns e B ns Kunuga
s = = ELLS ns ns  *a a yamagai
i et ® ¥ . A oA -
0 E ™ ’A- Pam oAm “- ‘.- 3)- ;‘I ‘-
OTU: 10 12 13 15 94 32 66 94 22 32 52 94 277 32 94
75 ) Lepidoptera, Lepidoptera,
Lepidoptera, Acronicta strigosa Somena ‘
Parasa consocia scintillans
50 L e Lepidoptera,
ns ey e ;
akx e =3 =~ dekw Narosoideus
25 os o8 . ng a8 B s flavidorsalis
ns ® s i
L] 5 S o A = A L i-
0 ofu ha 3‘- ih. od. »
OTU: 4 22 42 96 4 22 42 48 52 82 4 22 4
- s = =mr
75 Hymenoptera, ", — x Lepidoptera,
Tenthredo pseudoberyllica Lepidoptera, Xestia c-nigrum
“ % Alcis AHO3Ch
50 ¢ ST
Hymenoptera, L ~ ns
Euura miliaris ns
25 ns ns
ns 5 ns  0s
0 4 . shu SAm sha
OTU: 4 123 4 27 100 130 156 4 4 12 102 183 220

Sample type
O Larval gut

A Plant ﬂ
[] sl &



«

Results

Sources of the Two Generalist Bacteria

€ At least one generalist bacterium was detected in nearly all soil samples.
€ The generalist bacteria in larval guts showed significantly stronger correlations with their counterparts in soil

samples than with those in phyllosphere samples.
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Mutual exclusion between the two generalist bacteria

€ A co-occurrence network
across all larval samples
revealed a significant
negative correlation
between R. insidiosa and
Delftia sp. (r = -0.723, p <
0.001).

€ The inhibition zone assay
also revealed antagonism
between the two bacteria:
the presence of Delftia sp.
significantly inhibited the

growth of R /nsidiosa.
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CE Results

Competitive advantages of the two generalist bacteria in the larval gut
(A) G Delftia sp.

metabolism efficiency in the

BIOTIN-BIOSYNTHESIS-PWY
HSERMETANA-PWY FASYN-ELONG-PWY i S lhaiS
> Of the four conserved core 10 s bR & Raistonia insidiosa
9 PWY-5989 PWY-5345
; PWY-6282 PWY-5913
metabolic pathways shared s PWY-6510 PW5073 400
PWY-7664 7 3-HYDROXYPHENYLACETATE-DEGRADATION-PWY
7.54 7 PWYG-321 L PW7eos NADSYN-PWY
-— PWY-5430
by th e two ba Cteria ] th ree 3-HYDROXYPHENYLACETATE-DEGRADATION-PWY & PWY-5676
N P281-PWY Q 30 {
. D PWY-5304 D BWY-5855
are linked to ene rgy - 5- 2 TYRFUMCAT-PWY c PWY-5856 CATECHOL-ORTHO-CLEAVAGE-PWY
= s / NADSYN-PWY‘ ‘PWY 5028 e PWY-5857 Al
. ) PANTO-PWY | [PWY- 5651 GLYOXYLATE-BYPASS| 8 20 { M|Pwy-6708 ot b
meta b O | ISm. % 3 m 7] =
e PWY-6182 =
9 254 [PWY-7094] 9
> Re | ative to Oth er g ut = 2 FAO PWY £ 10 - [UBISYN-PWY] [HSERMETANA-PWY]|
PWY-6588 \ \
. BN
bacteria, both broad-host 0-
Alcis AHO3ch Asphistis protosema () o0
i Xestia c-nigrum Pangrapta bicornuta LX) e oo
— Parase consocia Datana contracta ® LN ] o0
taxa S h OW h Ig h e r e n e rgy Euura milimaris Chorodna ochreimacula eoeo ° ° o0 e o
Acronicta strigosa Lebeda nobilis L4 oo o ° oo | o
Somena scintillans ) [ J I Kunugia yamadai ] e oeooo [ o0 °
Tenthredo pseudoberyllica ° I Abraxas latifasciata ° o0 0 oo o o000 doe

Narosoideus flavidorsalis

larval gut, which may (B) z
- e : : : BIOTIN-BIOSYNTHESIS-PWY E /" CATECHOL-ORTHO-
. " BioCyc ID Pathway’s description  Function classification FAO-PWY ,fmgg}g CLEAVAGE-PWY
hance their competitive
en p 3-HYDROXYPHENYLACETATE-  4-hydroxyphenylacetate Degradation / Utilization FASYN-ELONG-PWY PWY-5989 PWY-5417
DEGRADATION-PWY degradation / Assimilation GLYOXYLATE-BYPASS PWY-6182 PWY-5430
b' | f h . h LEU-DEG2-PWY PWY-6282 PWY-5431
g / . HSERMETANA-PWY L-methionine biosynthesis IlI Biosynthesis P105-PWY PWY-6519 PWY-5676
apl Ity or the g ut nicne. ) ) ) ) P221-PWY PWY-6969 PWY-5855
NADSYN-PWY NAD de novo biosynthesis I Biosynthesis P281-PWY PWY-7094 PWY-5856
L-tryptophan degradation to . _— PANTO-PWY PWY-7663 PWY-5857
PWY-5651 2-amino-3-carboxymuconate Degregetion | Hlicston PWY-5028 PWY-7664 PWY-6588
semialdeehyde / Assimilation PWY-5304 PWYG-321 PWY-6708
PWY-5345 TYRFUMCAT-PWY UBISYN-PWY

&




' E Results

Colonization of the generalists in folivorous larvae and their effects on the host
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Summary

In summary, through extensive field sampling, this study revealed that the guts of diverse
folivorous larvae are commonly enriched with two soil-derived generalist bacteria, Delftia sp. and
Ralstonia insidiosa. Functional validation further demonstrated that A /nsidiosa and the
representative Delftia strain D. tsuruhatensis exert distinct effects on larval body weight and host
metabolic pathways, suggesting that colonization by Ralstonia and Delftia may shape host growth
and development in different directions. Together, these findings deepen our understanding of the
complexity of Insect—-microbe Interactions and have Important implications for ecosystem

management and agricultural production.
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