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Diets influence the structure and diversity of the fungal
community in the tobacco beetle Lasioderma serricorne

LI Yanqing', WAN Ziling', LI Ang', PENG Chen?, LIANG Zengfa’, HUANG Jiajie?, XU Xiaoxia'",
JIN Fengliang"

1 State Key Laboratory of Green Pesticide, College of Plant Protection, South China Agricultural University,
Guangzhou, Guangdong, China
2 China Tobacco Guangdong Industrial Co., Ltd., Guangzhou, Guangdong, China

Abstract: [Objective] This study investigates the effects of various diets on the structure and
diversity of the fungal community in the tobacco beetle Lasioderma serricorne, aiming to provide a
theoretical basis for developing green control strategies for stored-product pests through microbial
regulation. [Methods] The PacBio SMRT platform was used for full-length internal transcribed
spacer (ITS) amplicon sequencing, on the basis of which the community structure characteristics of
fungi in L. serricorne were compared among three groups: artificial feed (SL), tobacco
domestication (YC), and wild environment (WF). Additionally, culturable fungi were isolated via
the culture method, and the tissue expression pattern of the core symbiotic fungus Symbiotaphrina
kochii was localized by RT-qPCR. [Results] SL, YC, and WF groups contained 35, 32, and 15
operational taxonomic units (OTUs), respectively. The core OTUs shared by the three groups
accounted for 31.43%, 34.38%, and 73.33% in SL, YC, and WF groups, respectively. The Sobs
index of the SL group was 29.00£1.13, which was higher than those of the YC group (16.17£2.30)
and WF group (12.33+1.33) (P<0.001). Symbiotaphrina was the core functional group shared by
the three groups, and its relative abundance was more than 81.000 0% in all the three groups.
Aspergillus and Xeromyces were the characteristic genera of the SL and YC groups, while
Symbiotaphrina buchneri and Symbiotaphrina microtheca formed the evolutionary clades specific
to the YC and WF groups. Eight Ascomycota strains were isolated via the culture method,
belonging to three genus: Symbiotaphrina (three strains), Talaromyces (three strains), and
Penicillium (two strains). Tissue-specific expression analysis confirmed the higher expression level
of S. kochii in mycetocytes (10.42+1.03) than in the fat body (0.74+0.08) and midgut (0.31£0.01)
(P<0.001), validating its intracellular colonization. [Conclusion] This study for the first time
reveals that diets regulate the fungal community assembly in L. serricorne through a “nutrient-
microbiota” interaction network and demonstrates the pivotal role of Symbiotaphrina in adaptive
evolution of the host. These findings establish a theoretical foundation and provide critical targets
for developing precision pest control technologies based on targeted modulation of microbial
interaction networks.

Keywords: Lasioderma serricorne; internal fungi; diversity; community structure; diet; fungal
isolation
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Table 1 RT-qPCR primers

Primers name Primer sequences (5'—3")

LsRPLI8-F CCAAGATGTTTACCTGCGAC
LsRPLI18-R CATTAAGCTGGCTACCTTCG

YLS-F GCAGCGAAATGCGATAAGTAA
YLS-R CCCTTAACCGGACGATGACCCAATA

http://journals.im.ac.cn/actamicrocn
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x®2 HFmNFBIES T

Table 2 Sequencing statistics of samples

Sample ID Raw Clean Effective Effective
reads reads reads rate (%)
SL-1 38810 38810 38751 99.85
SL-2 41036 41036 40975 99.85
SL-3 39910 39910 39803 99.73
SL-4 33869 33869 33783 99.75
SL-5 35322 35322 35276 99.87
SL-6 33019 33019 32970 99.85
YC-1 42 260 42 260 41 499 98.20
YC-2 39209 39209 39074 99.66
YC-3 39992 39992 39905 99.78
YC-4 43878 43878 43699 99.59
YC-5 38380 38380 38313 99.83
YC-6 43447 43447 43374 99.83
WE-1 34 601 34 601 34233 98.94
WE-2 40264 40264 40029 99.42
WE-3 37 843 37 843 37395 98.82

SL: NTMRHHAES: YC: MR YIfLARER s WE: BFE
IEELH AR

SL: Lasioderma serricorne samples from the artificial feed
group; YC: L. serricorne samples from the tobacco
domestication group; WF: L. serricorne samples from the wild

environment group.

WAE R,
BCRFAIE
2.2 OTU BELFR

7E OTU /K- I, MR F T Ak 41 (SL) A&
N L B SRy 35 Bl TR Y1 {E 4
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N TR} 2H (SL) A1 A B2 34k 20 (Y C) M 5L H 1Y)
OTU %i i i & = T W AR 4L(WF), RIAT
Tl BHZH (SL) AR B DAL ZH (Y C) B A 5 AR P BB

BB L5 S A At 1) (ol A= P e v 4
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Figure 1 Abundance analysis of fungi in Lasioderma

serricorne from various diets. A: Rarefaction curve. B:

Shannon index curve. C: Rank abundance curve. SL: L. serricorne samples from the artificial feed group; YC: L.

serricorne samples from the tobacco domestication group; WF: L. serricorne samples from the wild environment

group.

BEA AT R Y ELB OTU 19 Sobs 48 8047
16 B 3% 22 5 (P<0.001), i Chaol 54U ACE $§
BOW AR E B E Ao 3 QISR Bk B A AR
R N BB A9 Shannon $5 24 1 Simpson $5 %X
I 25 (P>0.05), VLB ZREPERY &)
KAZ B E (K 4D, 4E). LRGN o 248
PEFE XL, MBI (Y C) RN B A2 BR 45 2 (WE) 4
FH AN AR R R T AR
H(SL). X—IGEM, WYL (YC)MEF 4
IRBEAL(WF)RE i L 3 B Ee il e v, (H3&
REEMIED . 2T, AN TAEL(SL)E
T HE (A PN I R TR SR R I R R

PEon BB AT RS T B R Y L T A B ) A
TER AT o RS RS YRl 32 B2 o0 A i 4 — 2L
HE— 2 UE ST ERh X R Y BT (5
e, )k B 3 A [A] £ R A 3T 1Y L TR A T
ZHVER A TR E 2R
25 B EHEMSH

HT UPGMA RELIR (K 5A), AT ARk
ZH (SL) fHH L U RE i (SL-1, SL-2, SL-3. SL-4.
SL-5. SL-6)Rh—4, A IREAL(WF)IIFE i
(WF-1, WF-2, WE-)IZ K5 —4 ., M5tk
HYCOMEEM(YC-1, YC-2, YC-3. YC-4)IE,
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*3 FEBREERFAEEOTURER & X
ML = (n=3)

Table 3  OTU cluster analysis and statistical
assessment of the taxonomic status of fungi in

Lasioderma serricorne from different diets

Group OTU Phylum Class Order Family Genus E2 FRERIFEERARNEENEEE. SL: A

SL 35 1 3 3 3 4 TARRHARERR s YC: MR YIMEZRRS, s WE: BPAE

yc o 3201 3003 3 3 WG . TR,

WFE 15 1 ! ! ! 2 Figure 2 Venn diagram illustrating the distribution
- Jr— = . ome .. 3 1

SL: NTMRHERES: YC: MRYIfLARES s WEF: BfE of fungi in L. serricorne across different diets. SL: L.

BZ8 2 iY ST

o serricorne samples from the artificial feed group; YC:
SL: L. serricorne samples from the artificial feed group; . L
. oo L. serricorne samples from the tobacco domestication
YC: L. serricorne samples from the tobacco domestication ) )
oroup; WF: L. serricorne samples from the wild group; WEF: L. serricorne samples from the wild

environment group. environment group. The same below.

A 1,00 Phylum B .60 Class
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Figure 3 The composition of the fungal community in Lasioderma serricorne subjected to different diets. A—F
are the species composition of fungi in cigarette beetle from different diets at phylum, class, order, family, genus

and species levels.
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Figure 4 Alpha diversity index of the symbotic fungi in Lasioderma serricorne from different diets. A: Sobs

index (***: P<0.001); B: Ace index; C: Chaol index; D: Shannon index; E: Simpson index; F: Goods coverage.
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Figure 5

Beta diversity analysis of fungi in L. serricorne from different diets. A: UPGMA sample-level

clustering tree; B: PCoA graph; C: NMDS graph; D: Boxplot based on unweighted UniFrac.
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x4 AEIRBHAEREREKEIMAERTFEE
Table 4 The species relative abundance of different

diets in Lasioderma serricorne at the genus level

Genus name SL (%) YC (%) WF (%)
Symbiotaphrina 81.648 0 85.062 3 92.506 0
Fungi Incertae sedis  17.621 0 14.928 8 7.494 0
Aspergillus 0.641 3 0.006 5 0.000 0
Xeromyces 0.088 3 0.000 4 0.000 0
Leptobacillium 0.001 4 0.002 0 0.000 0

SL: NTAEMHFER : YC: MR UIMLAFES ; WF: B4
IR

SL: L. serricorne samples from the artificial feed group;
YC: L. serricorne samples from the tobacco domestication
WE: L.

serricorne samples from the wild

group;

environment group.

RS TEERHMAZERERFKEYFERTFEE
Table 5 The species relative abundance of various

diets in Lasioderma serricorne at the species level

Species name SL (%) YC (%) WF (%)
Symbiotaphrina kochii 81.6358 83.6145 86.4357
Fungi Incertae sedis 17.621 0 149288 7.4940
Symbiotaphrina buchneri 0.0122 14470 4.6721
Symbiotaphrina microtheca 0.0000 0.0008 1.3982
Aspergillus penicillioides 0.4353 0.0045 0.0000
Aspergillus ruber 0.2061 0.0020 0.000 0
Xeromyces bisporus 0.0883 0.0004 0.000 0
Leptobacillium leptobactrum  0.001 4  0.0020  0.000 0

SL: ANTRPRHEHRERN; YC: MR YL kS ; WEF: B74:
IR

SL: L. serricorne samples from the artificial feed group; YC:
L. serricorne samples from the tobacco domestication group;

WF: L. serricorne samples from the wild environment group.

Ok
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(4. penicillioides) MR EE(A. ruber)ft)=F B I 25
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Figure 6 The LEfSe analysis of the fungal community associated with Lasioderma serricorne from different

diets.

*6 TRIARHMEERFAEEINES LSHENFE

Table 6 Functional classification and relative abundance of fungi associated with the Lasioderma serricorne

across various diets

Trophic mode Guild Relative abundance Confidence ranking
SL (%) YC (%) WF (%)

Symbiotroph Animal endosymbiont 81.640 4 85.048 2 92.504 2 Probable

Saprotroph Undefined saprotroph 0.729 6 / / Possible

/: EAG KA 1] BE (possible) M1 A BE (probable) T AHXT 3= B2 /NF0.01% 108 FR 2RI DIAERE . SL: A TAaRI4IkEs; YC:

JHEYICLHFE s WE: BPAEFRERAHAE N

/: Trophic mode and guild with <0.01% relative abundance at confidence levels of possible and probable. SL: L. serricorne samples

from the artificial feed group; YC: L. serricorne samples from the tobacco domestication group; WE: L. serricorne samples from the

wild environment group.
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T (Penicillium chermesinum);
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*1 HEESFESEREHE

Table 7 The morphological and microscopic traits of fungi

) 41 — 2P A 100.00%, SL-2. YC-2. YC-3
1751 —FHE R 99.64%

29 YLS AARERURAREHLERFR
=15

RT-qPCR %5 R W78, YLS 78 %7 A 3R 35

(WF) iy 2R 35 1 il 2 ”ﬂ:)\I’Eﬁ?*ﬁrfﬂ(SL)ﬂJM
YL (YC) (B 10A), 31X -5 i il 4 S —
(A 3). LAk, BEEE R B EH YLS 76 ik
) R KO e, (RS A AR AN i i Rl
ARiL, HRIKVFHEERELES, LNIEN
R 14 A5 RN IE B 33 %, T TE R B A A
Hh A AR EORFIE(E 10B).

Sample Colony morphology Spore morphology
ID
SL-1 Colonies are round, slightly elevated in the center, smooth ~ Spores are spherical or oval or irregularly shaped

SL-2

SL-3

YC-1

YC-2

YC-3

WEF-1

WE-2

and shiny surface, creamy white, without mycelium

The mycelium is white and flufty at the beginning of the
colony, turning green at a later stage, and the back of the
colony shows concentric whorls of yellowish or pinkish
colors

Colonies are gray-green, powdery, yellow on the back,
fading in color toward the edges

Colonies are round, slightly elevated in the center, smooth
and shiny surface, creamy white, without mycelium

The mycelium is white and fluffy at the beginning of the
colony, turning green at a later stage, and the back of the
colony shows concentric whorls of yellowish or pinkish
colors

The mycelium is white and flufty at the beginning of the
colony, turning green at a later stage, and the back of the
colony shows concentric whorls of yellowish or pinkish
colors

Colonies are round, slightly elevated in the center, smooth
and shiny surface, creamy white, without mycelium

Initial colony white filamentous, later colony surface color
slowly become green powdery, the back of the colony
slowly become yellow or orange, to the edge of the gradual
lightening, the color becomes darker with time

Conidiophores whorled on broomlike branches; peduncle
erect, usually with transverse septum, hyaline; peduncle
bearing multiple pedicels apically, pedicels almost equal in
length, some pedicels inflated apically, conidiophores

ellipsoidal or spindle-shaped
Conidiophores broomlike, in single whorls, vittae shorter,

conidia globose
Spores are spherical or oval or irregularly shaped

Conidiophores in multiple whorls of broomlike branches;
peduncle stems erect, usually with transverse septa, hyaline;
peduncle stems bearing multiple columnar peduncles
apically, peduncles almost equal in length, sometimes
inflated apically, conidiophores globose

Conidiophores in multiple whorls of broomlike branches;
peduncle stems erect, usually with transverse septa, hyaline;
peduncle stems bearing multiple columnar peduncles
apically, peduncles almost equal in length, sometimes
inflated apically, conidiophores globose

Spores are spherical or oval or irregularly shaped

Molecular spore pedicels broomlike, in single whorls, apical
pedicels shorter, molecular spores globose, blue-green

SL: ANTTRAIEER; YC: MR YIfbdireal; WEF: BPA3REE

A

SL: L. serricorne samples from the artificial feed group; YC: L. serricorne samples from the tobacco domestication group; WF: L.

serricorne samples from the wild environment group.
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E7 HEEZHE

Figure 7 The characterization of fungal colony. A: SL-1; B: SL-2; C: SL-3; D: YC-1; E: YC-2; F: YC-3; G: WF-

1; H: WF-2.
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Figure 8 The microscopic characteristics of fungi. A: SL-1; B: SL-2; C: SL-3; D: YC-1; E: YC-2; F: YC-3; G:

WF-1; H: WF-2.

*8 WERFANERES FTEUFLETE
Table 8  Molecular biological identification of

Lasioderma serricorne endophytic fungi

Strain ~ Accession Identity  Similar species
number number (%)

SL-1 PQ844595  99.46
SL-2 PQ844596 100.00
SL-3 PQ844597  99.82
YC-1 PQ844598  99.46
YC-2 PQ844599  100.00
YC-3 PQ844600 100.00
WE-1 PQ844601  99.46
WE-2  PQ844602 100.00

Symbiotaphrina kochii
Talaromyces pinophilus
Penicillium chermesinum
Symbiotaphrina kochii
Talaromyces pinophilus
Talaromyces pinophilus
Symbiotaphrina kochii
Penicillium mallochii

FET2H B RE . (P CEl,
BRI ) AN H Y (AR | 258 R g
PSRN R AR N O SR AL B S, kochii 1E
FEB SRS NEY) B0 g0 o B BB

A A RE R R L S ) R RS
ORI = A 2o R g S EEC 5 G K S e AN
P RS N 83 e Y A S ) g
2P R B, YRR B R e R T A
PN S I RE S A TR RS B RS M L X S AR TR Y
BESWEPNERETREAMEER, &Y
A F A ECE TR B R N AE K AT
S HLE A 25 (1 SRR BIR ST R BRI Sy i E
B 4 IO A HU2 A I R BB AR TR YLLS
N Symbiotaphrina buchneri®!, {HHIHEM K W
HRIE o AT B EOBEAS 23 B0 A T L
B, AR AR sh (R 5). YLS &
B T P AT 7 5 b S HE A R T A
HAEE MR 0k & W3 & T HAMAL, 2%
Rk 14 £, AIEM 33 fi5(& 10), X—455%
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Symbiotaphrina microtheca (JN942898.1)

Symbiotaphrina lignicola (NR160193.1)

Symbiotaphrina microtheca (LC810338.1)

Symbiotaphrina buchneri (KY105569.1)

00 | Symbiotaphrina sanguinea (MH857101.1)

Symbiotaphrina sanguinea (NR160078.1)

Symbiotaphrina desertorum (OM808917.1)

Symbiotaphrina desertorum (MF594683.1)

93 99 [ Symbiotaphrina kochii (KC215110.1)
Symbiotaphrina kochii (KC215113.1)

Symbiotaphrina kochii (MH861058.1)

Symbiotaphrina kochii (NR160153.1)

SL-1 (PQ844595)

WE-1 (PQ844601)

YC-1 (PQ844598)

Basipetospora chlamydospora (LC228686.1)
Coccidioides immitis (NR157446.1)

0.10

B 100 Talaromyces phialosporus (HQI49328 1)
Talaromyces scorteus (KF984892.1
Talaromyces siglerae (KX657351.1
Talaromyces herodensis (KX657338 1)
Talaromyces rotundus (JN899353.1)
Talaromyces loliensis (KF984888.1)
Talaromyces endophyticus gKX639]68 1)
Talaromyces radicus (KY053 8
Talaromyces columbinus (KF196901. l%
Talaromyces bacillisporus (JN899329. l?
Talaromyces columbiensis (NR154938.1)
Talaromyces palmae }HQ149326 1)
Talaromyces pinophilus (MF495376.1)
Talaromyces pinophilus (MT152340.1)
SL-2 (PQ844596)
YC-2 (P 844599%
YC-3 % 844600

Talaromyces ocotl (AF285113.1)
L Coccidioides immitis (NR157446.1
Basipetospora chlamydospora (LC228686.1)

71

0.20

C Penicillium mallochii (MZ423014.1)
99 | Penicillium mallochii (OL778933.1)
Penicillium mallochii (OP035500.1)
WEF-2 (PQ844602)
0 , Penicillium herquei (FR670310.1)
Penicillium choerospondiatis (OP389129.1)
Penicillium hirayamae (FJ1231013.1)
Penicillium adametzii (MW269357.1)
Penicillium copticola (MZ267026.1)
Penicillium alogum (KT887871.1)
Penicillium gravinicasei (MG600579.1)
enicillium aeneum (KP016812.1)
00 | Penicillium album (KC411748.1)
1 Penicillium allii (KF031345.1)
%6 Penicillium chermesinum (PQ061496.1)
Penicillium chermesinum (OP800227.1)
SL-3 (PQ844597)
Penicillium phoeniceum (KY929272.1)
99  Penicillium capsulatum (JX841241.1)
Penicillium implicatum (OW982545.1)
9 | Penicillium raperi (MT529729.1)
Penicillium glaucoroseum (OW985603.1)
Penicilliopsis clavariiformis (MH855432.1)
Coccidioides immitis (NR157446.1)
Basipetospora chlamydospora (L.C228686.1)

0.20

E9 ETERITSIDNAFIMHENRARZAXBN. A: Symbiotaphrina ZFE K EW; B: #REE
(Talaromyces) ZRE K BW ; C: HEEPenicillium)ZFE K EM ., SL-1, SL-2, SL-3, YC-1, YC-2, YC-3,
WE-1, WE-20 70 BARAG E R 4 5, 455 IR 45 28 P 81 (9 GenBank 8 5% 455 0.10K10.20 444 (1 FL AL
TR RE SOS AT R EET T 0003k E 2 1Y K F60%HbootstrapfH

Figure 9 The maximum likelihood phylogenetic trees derived from ITS rDNA sequences of fungi. A: The
phylogenetic tree of Symbiotaphrina; B: The phylogenetic tree of Talaromyces; C: The phylogenetic tree of
Penicillium. SL-1, SL-2, SL-3, YC-1, YC-2, YC-3, WF-1, WF-2 are the collection number of the fungal strains.
The numbers in parentheses are the GenBank accession numbers. The scale of the tree is 0.10 and 0.20 indicating
branch length. The numbers above branches are the bootstrap values that are more than 60% based on 1 000

repetitions.
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Figure 10 Expression of Yeast-like Symbionts in Lasioderma serricorne from different diets and tissues. A:

Expression of Yeast-like Symbionts in Lasioderma serricorne from different diets (SL: Lasioderma serricorne

samples from the artificial feed group; YC: Lasioderma serricorne samples from the tobacco domestication

group; WF: Lasioderma serricorne samples from the wild environment group); B: Expression of Yeast-like

Symbionts in Lasioderma serricorne from different tissues (IN: Integument; FB: Fat body; MY: Mycetoma
tissue; GU: Gut. MT: Malpighian tubule). *: P<0.05; ***: P<0.001.
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