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Bacterial density distributions of gut microbes in the digestive organs of Harmonia axyridis collected
from three different sources (JK, CK, and CJ) were 6.0x10* CFU/gut under aerobic culture
condition and 8.0x10° CFU/gut under anaerobic culture condition. Seven colony types were observed
under aerobic condition and three types of similarity were detected under anaerobic condition. In
total, 116 strains, including 34 strains under aerobic condition, were isolated from the digestive
organs of H. axyridis. Based on the analysis of the 16S rRNA gene sequence, aerobic gut microbes
were assigned to the Proteobacteria, Actinobacteria, Firmicutes, and Deinococcus-Thermus. A large
number of isolates belonged to the genus Bacillus and Staphylococcus of the Firmicutes commonly
found in H. axyridis from different sites. Anaerobic gut microbes were found to be similar
according to colony morphological, phylogenetic analysis using ARDRA. Eighty-two anaerobic gut
microbes were clustered into 17 different ARDRA types according to Haelll. Representative
anaerobic gut microbes in each ARDRA group were divided into five species of y-Proteobacteria
based on 16S rRNA gene sequence analysis; Hafnia alvei, Enterobacter ludwigii, Enterobacter kobeli,
Pseudomonas oryzihabitans and Pseudomonas koreensis. Phylogenetic analysis indicated that about
70% of the isolates belonged to y-Proteobacteria, suggesting predominance of gut microbes.
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Table 1. Colony morphology of aerobic and anaerobic gut microbes isolated from digestive organs of H. axyridis

Colony Bio Colony morphology .
type type Form Elevation Margin Color No- of isolates
I aerobic Cir Con En Y 9
I aerobic Cir Pu En Y 1
I aerobic Fil Fl Fil w 9
v aerobic Cir Con En w 10
v aerobic Cir Pu En P 2
VI aerobic Cir Ir Um Br 1
VII aerobic Cir Pu En Y 2
VI anaerobic Cir Con En w 40
IX anaerobic Cir Pu En w 37
X anaerobic Cir Con En Y 4
Total 116

Cir, Circular; Con, Convex; En, Entire; Fil, Filamentous; Fl, Flat; Ir, Irregular; Pu, Pulvinate; Um, Umbonate; Br, Brown; P, Pink; W, White; Y, Yellow
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Fig. 1. PCA of 16S rRNA sequences of gut microbes isolated from digestive organs of Harmonia axyridis. CI, sample collected
from Lab. of insect physiology, Chungnam Univ.; CK, sample collected from Gimje, Jeonbuk; JK, sample collected from

Geumsan, Chungnam.
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Fig. 2. Phylogenetic tree based on 16S rRNA sequences of 13 gut microbes isolated from digestive organs of Harmonia
axyridis and 56 validly described Staphylococcus species or subspecies.

100% 9] =2 74543S YEIATE Group 1290 &3he 43
2= Enterobacter kobei®} 99.3% 9] 5AS 2= Ao E 3
Q=|Uth H. alvei ATCC 13337"9} E. ludwigii DSMZ
16688"¢] 79, A& T2 ARDRA groupS= BHEE A0
2 o150t} 0|9} & DNA fingerprinting 7®H<] 3713
S FE3I] AsiMe ohdet Algkaso} DNA d3ds &
A8k 4= = A3 software?] &g ojo} 3 Boz Tt
=3k

Pseudomonadacea®| &31= TF2] 739, Group 59| 23
ZE P. oryzihabitans IAM 1568”9} 99.1%, group 79] 275

= P. koreensis Ps 9-147} 100% 9] A4S el o]
o] A2 RE Y As|delA 2 BE {14
FNAHTL  y-Proteobacteria AlSTol 43192  Entero-
bacter %0l &3h= 059 Hafnia &9 &= 571 54
Altros gRlEATKTable 2).

0

[¢]

Seha| A5t O E2IE SN AISSH Clor
e sslrlgonne BeE /14 AR 34ETe)
W AR 8T F 102850 ABSH S4L AES

Proteobacteria 183l

Y, el

3} Firmicutes, Actinobacteria,



e

2371 Y AliAle] A ged 71

Table 2. 16S rRNA gene sequencing of representative anaerobic gut microbes of each ARDRA group

Isolates Accession Taxonomic afflllatloo Closest microorganisms (Accession no.) Similarity  ARDRA OTUs
no. Class Family (%) group
SB5  HQ876743 y-Proteobacteria Enterobacteriaceae Hafnia alvei ATCC 13337" (M59155) 99.51 1 6
SB12 HQ876744 y-Proteobacteria Enterobacteriaceae Hafnia alvei ATCC 133377 (M59156) 100 2 3
SB9  HQS876750 y-Proteobacteria Enterobacteriaceae Hafnia alvei ATCC 133377 (M59157) 100 3
SC6 HQ876756 y-Proteobacteria Enterobacteriaceae Hafnia alvei ATCC 13337" (M59158) 100 14 3
PB8 HQS876758 y-Proteobacteria Enterobacteriaceae Hafnia alvei ATCC 13337" (M59159) 100 16 7
SB8  HQ876759 y-Proteobacteria Enterobacteriaceae Hafnia alvei ATCC 133377 (M59160) 100 17 9
SAJ10 HQS876745 y-Proteobacteria Enterobacteriaceae Enterobacter ludwigii DSMZ 16688" (AJ853891) 100 3
SC11 HQ876746 y-Proteobacteria Enterobacteriaceae Enterobacter ludwigii DSMZ 16688" (AJ853892) 100 4 2
SAJ16 HQ876748 y-Proteobacteria Enterobacteriaceae Enterobacter ludwigii DSMZ 16688" (AJ853893) 100 8
SAJ13 HQS876751 y-Proteobacteria Enterobacteriaceae Enterobacter ludwigii DSMZ 16688" (AJ853894) 100 1
PAJ6 HQB876752 y-Proteobacteria Enterobacteriaceae Enterobacter ludwigii DSMZ 16688" (AJ853895) 100 10 3
SAJ7 HQ876753 y-Proteobacteria Enterobacteriaceaec Enterobacter ludwigii DSMZ 16688" (AJ853896) 100 11 1
SAJ9 HQS876755 y-Proteobacteria Enterobacteriaceae Enterobacter ludwigii DSMZ 16688" (AJ853897) 99.8 13 8
SC5 HQ876757 y-Proteobacteria Enterobacteriaceae Enterobacter ludwigii DSMZ 16688" (AJ853898) 100 15 3
PB20 HQS876754 y-Proteobacteria Enterobacteriaceae Enterobacter kobei CIP 105566" (AJ508301) 99.29 12 4
SAJ4 HQ876747 y-Proteobacteria Pseudomonadaceae Pseudomonas oryzihabitans TAM 15687 (D84004)  99.12 5 2
PB17 HQ876749 y-Proteobacteria Pseudomonadaceae Pseudomonas koreensis Ps 9-14" (AF468452) 100 7 2
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