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Differential study of symbiotic bacteria of
dust mites in different health states
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Abstract [Aim] Analyzing differences in symbiotic flora between healthy and sub healthy states of Dermatophagoides
farinae and their effects on the host. [Methods] Full-length sequencing of the 16S rRNA gene of laboratory-reared dust
mites in the healthy (FM) and sub healthy (MF) groups was performed using Pacbio triple sequencing, and the characteristics
of the comparative colonies were characterized by OTU clustering, Alpha/Beta diversity, and KEGG functional prediction.
[Results] A total of 169 740 valid sequences of bacterial 16s rRNA in dust mites were obtained, clustered into 72 OTUs, and
annotated to 13 phyla, 21 orders, 31 orders, 47 families and 62 genera of bacterial taxa. Compared to the healthy group, the
sub-healthy group exhibited higher alpha diversity (Shannon index = 1.47), and specific bacterial genera, such as
Lysinibacillus, contributed significantly to the observed differences, indicating distinct symbiotic bacterial structures in dust
mites under different health conditions. Beta diversity analysis showed differences in the composition of commensal bacteria
between the healthy and sub-healthy groups, but without statistical significance (P > 0.05). Functional analysis showed that
both groups had a higher abundance in substance metabolic pathways. [Conclusion] Different health states of dust mites are
accompanied by changes in the structure of symbiotic flora, and specific bacterial genera with pathogenic potential (e.g.,
Lysinibacillus) may be involved in host pathology, providing theoretical support for the development of targeted acaricides.
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W2k Dermatophagoides farinae J&WEIE 4
Arachnida, JCA ]I H Astigmata, # & 55E
Pyroglyphidae, i £77F T A J& A TAER % 3
Berh, WA TREA KB AVEDRL . BERE . A
RJE T B AR R R i A K, A
— G R AR, BRI, e
T RERY B, BT i R g R T BRI R AT

(Zhang et al., 2019 ), Az % Bk . %
PR PR . PR IE AR TR, NS At ) A
AR, 3 DA A ) 2 5 | et i e
SRR S AR A T B AR 2 R N M Y T2 AR
J& (Hubert et al., 2021b ), FHIk, ALk
Wi OCHE 2, M T k22, B
WM AU, IR T RPN
AR A T AE B R R By v SR AR — WU, (H
AR BRI B0 J7 TH R VR FHAILR] i AR TE AE o 3
AR TR 51 e KM E AL, Az
F R RS, RIS WA AE T RN
PR . TAEMEEm ENAERET . AH
A PR IE N AR 2 T R R AR

( Nesvorna et al., 2021 ) FEEFRRZ B RIF T,
A AT e EARALE FRYIBT, b T Z LR
Y% (Lieral., 2022), AN LAIJAETE
T G s A SRR R RE T, DT 3kt A B
5 IR AR (Hartman et al., 2019 ), A4
RLE PREE A N 7 TH L R 5 — e E T, v AR e
FXTAFIREE AGE N PE, $2E A0 (Nicoletti
etal., 2024 ), A ANGXfE E @A 45 5THk
L A R] SR EATT P R 7 A B R I
CAMTFR R, A A b 2H Ul i P s vl fig
FHORHARAS MG FFET (Bravo et al., 2022),
A W5 2 W B A PN A T A R I AT BE 235 R
T A fa R RO 1 2 B ( Mondal et al.,
2023 ), Lee 55 (2022b ) Xf RMgrypFoe L,
A 2 TR Y B TED AR BV RT B4 R T 1 R A
XA AR T LA H R EA R R R |
M3 A E B BRI R A A T A
17T REM MBS (Hubert et al., 202la;
Wu-Chuang et al., 2023 ), {HA XMy 2R A [F] g

FREAR S A= TR AIF ST i AR DL AR

A 5T FE T S0 R A R PO 4 i
RESBCZ RIS, F vead B0y o AR R 16S
rRNA S KA, BT RGEA R RER
BT R AR A SRR 22 5, SRR
[l BRSSO R R AE DI RE , I IR AT
P 24 5 2 i 17 B0 04 O B ol A e (Y AR
R

1 MREFE

1.1 EFENSBERFA

111 FENFE TEBES K IREGHL.
R EEAL . BOHL . SR K (HVE-50 ),
PCR {¥ ( ABI GeneAmp® 9700 %! ). Rt
( Eppendorf ), HLJK{¥ ( Tanon ESP100 ). #EH
BAE £ 45 ( Fluercnem FC3 ),

1.1.2 E£E#M# E.ZNA® DNA ifil& . EP
. K@k, JOKOEE., EAB K. Tris-HCI
Ve . VK 2.2 . 2Taq PCR Mastermix( KT201 ),
g ( BIOWEST ). AxyPrep DNA BEfi [F1 i
A& . 0.5mol'L” ' EDTA. 50xTAE HiykZE
W

1.2 HXAEHE

1.2.1 EIWEEF FHER 0.15mm, 100 H
F14) i - s JCSE 0 2 5 3R A 2R A, AR I
CRIEREAS B TR R S, INACK R DR
Ak, oKk, faky . BEbkR . DMERA
M. FERE (25£1) °C. MIXHEE 85%. Jot
WIYPETT, ARt

122 SFERASE  AMHE T, MRS EEk
S RIS, W R4, Bk, 75%i
i RS RS TG ke, R A RN 2 s A
s NE AR, BT 1.5 mL EP 45, DLk
ARBE 8 ho PR 75%IFAE XA, TE
Kk, feJ5ETF 1.5 mL 1 EP 45, 4 100
H, 3 3 AR, FEAR S5 4350 FM-1.FM-2

FM-3. [REFEfRRIEE T, MR B2 S



- 150 - R B 244k Chinese Journal of Applied Entomology 63 &

IR, BB E, RenRAEalE e, i
SN2 BRI, 75 % TR RE H K A R A AL ekt
M 107 B ()R 2 s RS 2 DU Sy S i R A,
F 1.5 mL EP45 1 Ab B 5 ik [F) I, A345 100 H,
3 MR, FEARZG S35 MF-1, MF-2,
MF-3. BRI PR 2 A 242 5 Ay ] —HE R 3 5%

1.3 DNA #H

i/l E.ZN.A.® DNA #2571 & 2 B
DNA.

1.4 PCR ¥ i&#FEF

1.4.1 PCR ##& ffiH51% 27F (5-AGAGT-
TTGATCCTGGCTCAG-3" )Fll 1492R( 5'-GGTTA-
CCTTGTTACGACTT-3") X 16S rRNA JE[H 4
JPH AT R A BEE RN, (PCR) §73

PCR i &A% : 95 °CHiAEM: 5 min, 95 °C
A 30s, 58 °CiBk 30s, 72 CEM:45s, 3t
30 MIEFR, 72 °CHEfH 10 min, 10 °CIf¥E. ¥
B 2% B B W e rL DK A I, i ] AxyPrep
DNA B [F R & ik 174l fk

142 WFE P TARZRIE LR BAEY AR
AFEIER
1.5 HRSH

Pacbio T HLEHE AL #5445 Subreads, i id
SMRTLink 8.0 H1f ces BiHe T H AT ALHRER
A3t € ( minfullpass=3, minPredictedAccuacy=
0.99 ), MIM3k75 Circular consensus( CCS )read.
FIH# A USEARCH (v10) MR FHILE 97%
AR 7K i T#RAE 25 50T ( Operational
taxonomic unit, OTU ) %3, i Qiime 44
1 Silva i FEIEA TR RS, JF O ITER Ao
oK (AT W B B JEL A dERE
RESE ORI {5 2. (1] Mothur SKPEHEFT Alpha
fREO . M R AT G225 07,
Wilcoxon kRIS 46 Xof it Jfe 28 1 7 {t e 20 336 1 7
Fh22 59047 ; (i ANOSIM S G565 117
EXHERE L 5 R PCA F Tt T2
SRy, FIH] PICRUSE 3AFXS A [m] i RS T
93 242 6 e A A TR A T D RE SR 3 AT o

2 GREHH
2.1 FESIHEAE. OTU BEFMHM AR S H

) Pacbio —ARmiE ST, Xk buik
WAHTE 16S IRNA KT 1, 15 3| AR
FOFHVEE B 32 561-38 553 4% (faHE4H .
34 475-35971 2%, MA@ e : 32 561-38 553 5% ),
B2 V-2 AREAF 5151 35 039 4%, AR
X PR P BRI 36 308 S5, B BT BN AL
I8 214 040 255 FEASF RIS 1451 bp( e -
1.452-1 454bp, WA#HELL: 1447-1451bp), i
KGN 16S rRNA FEH 4K (£ 1 500 bp ),
TRUEF S5 8k o 28 B PHE I HARIS A 50751
SBUTF 169 740 25, W3R 116 97% AT,
3 24 Wl A P A R A SR 2 A T RS 72 A
OTUs. 43531 D\ it B 20 11 WV il Jfe 21 345 A5 %0 1)
84 870 F1 84 870 4%, 1 97%MIAHMIE T, OTU
REWn, A (FM) 4 651 OTUs, T
fiEdl (MF) 3L45 68 4~ OTUs.

OTUs MY/ RE5 KM, i A
MEsrET 13 T, 21 N, 3141 H, 474
B, 62 4~JE o A Venn EIFET] | J&@ 5 22i K,
XA A R AR AT 0, WL 1 (A, B,
SER R, TEITKFE L, RblifdiE (FM)
WAERE (MF ) AL EAEAER ] 114, MEfdReZH
FURRRASAH | MEAE T AT E, #d
UG (g RN R LA R R A 54 A, (@ERALA
HZE/NEEBR R J®  Blastocatellales . Usitatibacter
B A Candidatus B 3 FhREA AR, TAEHE
HA K ZFEM/\SERE R Paenisporosarcina . $1I%
M W R aE R (T
Stenotrophomonas . MG EIF-EH & Planktomarina
At/ NI E Rubripirellula 5 FH5A # g o

mE 2 (A, B), TEMKF L, eI
BT T ABEAMITE ] Pseudomonadetes FIALUFT I ]
Bacteroidota, MFAg AL TR R T
Pseudomonadetes . #4#T 1] Bacteroidota FlIJi{ £k
I 1] Actinobacteriota, fEJ&/K - I, {HERAIFH
W A B /R PE G &R Burkholderia . /K38
KK Bartonella. % /R [KH & Ralstonia

Rathayibacter
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Table 1 Sequences and Alpha diversity indices of symbiotic bacteria of dust mites in different health states

- BRI
N " ACE & ¥
. y 3 I y w ¥
ppsm otumn TP e e gatm PR g
Valid . . . . Observed
Sample name OTU number Shannon index Simpson index ACE richness Coverage
sequences . features
estimate
number

FM-1 57 28290 1.456 658 0.435 666 60.913 822 57 0.999 788
FM-2 56 28290 1.095 030 0.583 878 58.213 634 56 0.999 823
FM-3 51 28290 0.846 039 0.682 953 55.593 920 51 0.999 788
S Average 54 28290 1.132 576 0.567 499 58.240 450 54 0.999 800
MF-1 58 28 290 1.672 815 0.351 144 58.566 025 58 0.999 929
MF-2 62 28290 1.616 681 0.390 933 62.220 124 62 0.999 965
MF-3 53 28290 1.113 436 0.555 257 53.235 802 53 0.999 965
FH1E Average 57 28290 1.467 644 0.432 444 58.007 317 57 0.999 953
41 Total 72 169 740 - - - - -
P f P-value - - 0.19 0.19 1 038  0.07
(FM-MF)

FM R{EREZ], MF WA dRRA . [F—38dE 5 A RTFHEREFEER (P<0.05, Wilcoxon FLFIKLE ).

FM: Healthy group; MF: Subhealthy group. Different lowercase letters in the same column indicate significant difference

(P<0.05, Wilcoxon rank-sum test).

A

1
FM 7.69%

5
FM 8.06%

1 17K FER Veen B (A ) F1EKF LAY Veen B (B)
Fig.1 Veen diagrams at the gate level (A) and at the genus level (B)

M: BrRiff@ERL ; MF: HrbdfilfdEd . TR,
FM: Dust mite healthy group; MF: Dust mite subhealthy group. The same below.

4li /K B J& Hydrobacter . 3F W B " ¥ B J&@
Asinibacterium . 12-ARIEFJE Bradyrhizobium
W R R B N A R R R

Burkholderia .Bartonella . Ralstonia . Hydrobacter .
Asinibacterium . Bradyrhizobium . 7% v [ I &

Kocuria. Mixta,
2.2 Alpha SHFHIEHS T
Alpha ZHEMEfRREERT (R 1) H£HAE

Coverage TEHIIRKT 99.97%, Fikahzkiya
TR, BRI &R, HERRE,
0P il 5 B ELHERR T E . A 3 (A-C), Xt
3 A2 096 7 2 43 i HEA T A = B B S8 4 ( Sobs 4
) W b 2 K PE4E % ( Shannon 45 £ Al
Simpson 5%k ) 2= RARL, 45 R Rk A0
fa R 2H Z2 RE PRI B v T R4, PRy 4
WEHMEEAAEER, BARASIHEX
(P>0.05),
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REEALURAIE B 2 it
Community barplot analysis
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M Hydrobacter [0 24T B Faecalibaculum
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rfE A MR JB Mesorhizobium [B #UFFEE &8 Bacteroides
) BT 8 Rhodanobacter [0 Terrimonas
W TR R Variovorax W 3EFRMAME BB Eisenbergiella
B FLBRHF R Lactobacillus B 5T 5 8 (R B Akkermansia
B FIEEFAT B Ligilactobacillus [0 RPEIHIFTRIR

) Mucispiriltum Unclassfied Bacteroidota
LT FRR Chitinophaga [ At Others

JRAKFRETE AR

Relative abundance on genus level

0
FM-1 FM-2 FM-3 MF-1 MF-2 MF-3
4148 Group

B2 ARERRESTHERHLEMAEEARERE

Fig. 2 Histograms of symbiotic bacterial community composition of dust mites in different health states

A TENDKF LR AR B FEJR /K AR v HEAR
A. Histograms of bacterial community composition at the phylum level; B. Histograms of
bacterial community at the genus level.

2.3 Beta ZEMESHT FRATEIAE R L EAFE 22 5, R —REAR N

Wi 4. PCA SriRtE, RS Ty )3 IO I A L
WA RE AR [ A2 S IR, U e T e, bl B TR =
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SR FPELOTUIK - FARIEHOTUKN- FEARIEHOTUKT
Wilcoxon Bk Fic: 148 =X &l WilcoxonBAAs 48 =X & WilcoxonBk FIs K48 =X &
Wilcoxon rank-sum test for Observed features ~Wilcoxon rank-sum test for Shannon index =~ Wilcoxon rank-sum test for Simpson index
A 66 P=0.3827 B P=0.190 4 C 0.80 P=0.190 4
& EFM L9 "gEm I arMm
z I Hol8m NS ®_ 075}
o mMF gy M, | B3 D[EMF s
g 2 L ° % 0.70 | Y
2 62f H5 16t e .
RS #E 5| D 0.65¢
%860' Q\Q\q_‘ : No 0.60 -
&0 Ko 147¢ gy
KRS 58t W 813} Hm < 055} e
=5 ggl.Z- #S 0.50 I
=g 3 B8 L1} . =< -
2 ¥g, s 8 045}
H_ [=} ° = _g 0.9 ~N g 0.40 +
®% 5t own 7l . =X
E . 08} o 7035 °
50 : : 0.7 : ' ) : :
© FM MF FM MF 0.30 FM MF
44 Group 44 Group 44 Group
B3 AREBRRSTHEHEERARSHEMER
Fig. 3 Diversity and abundance of symbiotic bacteria of dust mites in different health states
A YRR s B AR EGHE; C. i AR B XA
K AR NS FRERARE (P>0.05, Wilcoxon FRAIKEL ),
A. Box plot of observed features; B. Box plot of Shannon index; C. Box plot of Simpson index.
Histograms with NS indicate no significant difference (P > 0.05, Wilcoxon rank-sum test).
oru;k%;i%g%ff)z?ngjoo;OgTU level WiEl s, FEfEREALT, 5 R B R R
2000 oEM oMF ' [N & Ralstonia. FLFFHJ&E Lactobacillus. TE.
1500 - TR | 0k 22 S TR R T Iy L 2% 3 PR A4
L 000k Bartonella ., 7 W K& Kocuria . $i& MR 25 /AT
_ W& Lysinibacillus (LDA>4, MWEZ|E ).
§ 500 |
= LDAFIFIE5 SRR
= O T Linear discriminant analysis effect size bar
N
£ —500 - BRI R "FM
Ralstonia EMF
-1000 - FUTE R
Lactobacillus
~1500 - EURIE AR R
Bartonella
—=e0p 00 G E U g
N I I IEaI I I TITTTaw Lysinibacillus
ST PSS i
/‘OQ ))Q /b\Q /%Q /'\/Q /\Q \Q '\»Q ,,_)Q D\Q ‘)Q ‘OQ %‘ﬁf&% B

PC1 (87.78%)
4 Beta ZHMESHT PCA ST E
Fig. 4 Plot of PCA analysis for Beta diversity analysis

P>0.05, ANOSIM FEZEKL .
P>0.05, ANOSIM test.

24 YMMERSH

ot i 2EL R IV £ B 2H 0 3 A 40 T kAT ek
FIBI T (Lefse), F-H LDA {E KA &Y xT
ERHCRR RN, IR Z M 22 R HE .

Kocuria

Mixta

0 051.01.52.02.53.03.54.04.55.0
LA PE4 LDA score

B 5 LDA ¥ AERE
Fig. 5 LDA discriminant bar graph
i3S LDA J3Hr (AR 5347 ) 38453 (9 LDA 43, LDA
SMEBOR, AAFRYFh = BEXS 22 8RS R
LDA scores obtained by LDA analysis (linear regression

analysis); Larger LDA scores represent a greater effect of
species abundance on the differential effect.
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A, A SOk E R DRI
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A. Functional prediction of symbiotic bacteria at level 1;

B. HAANRTE — GOk A hRE B ;
D. AANEAERE P LB SRR .

B. Functional prediction of symbiotic bacteria at level 2;

C. Functional prediction of symbiotic bacteria at level 3; D. Functional prediction of symbiotic bacteria at enzymes.

AR K B AN RPRZS ok 2R WA AR 4T Z PR
5%, SERBW, AR Py A A D R IR 1 R R
T13/|\|] 2114, 31 ~H, 47 MR, 624

o ASHIF S EE BT il R 20 TR A AR Mg T
L%%ﬁﬁf@ﬁﬁﬁﬁﬁ¢ P P B T RE
K" @ MES RS (IR, 2024), A

M7, AN ST 00 S ) e Hon] RE -5 1 T BIUIRZS
AR EE N AR, KMBMR AT
Aljohani 55 (2024 ) XIEEEABETE, FKEHEIH
PUAE Z A R W UL B2 R, (H0T e
SUBtEE IR eIk R A ESE SN LiDNE S
Qin %5 (2024) eI HALHIFEh4R I, A1
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AIHE 515 X He 7 PR B3 P I A G o AR
5% O il R ZH TR 2 RE R &, BORIA B i A
KV ABATS AT RS 1 A 2R S e BR AR F T T R
ARSI Bh AR, B AN TR A A ARt mT
REHE T T IIRETUAR B B M RRAE T, W 4
AR 2 — P Bk
Horr ) FENDKOE b, kb blifa fle 41 i L3 i
AR S T TV R TR T), AR AR ST 1)
BT ] . R T TR R ] o ]
JZAFAE T RIERUR B, BA N RERE Gk
JUT B R i, HBhie E oA ik &
( Brzezinska et al., 2019 ), MV{ER4H ) TR
FLDIREFT REAZ 0L, 75 KAt AREE h A FE it 2k

B 435 IE % A T fE( Nesvorna et al.,2019 ),

HBERE A G fe At R IEER | IS
R, SO AR E H A AR TR A R S oA, i
MR B AR R Z—

FEJE S KT b, A4 e R 28 00 {ge e
P R IL 54 4>, X A A shE AR
YEHT, WMAERE /R TEE Burkholderia T B75 £
B HIHEFY B, X PR Y A —
EAVEM (Lu et al, 2024 ); 124 H 8
Rhizobium 515 R LA, & EEA
851 (Koch and Sessitsch, 2024 ); {HHEE ]S
Pseudomonas C. 9 UE S 530 1) 73+ HA
—E PR TE M, (B = A R F8UE 5T

( Setiaji et al., 2020 ) 52245 WV it 5 20 45 A AT
JERZFH\E W B Sporosarcina HAG 1R 38 1) [k i
TEPE, WEREMIRE AR, 2020 ); SE5%
Y& Stenotrophomonas W VAGrH RN, N
B PR E 3% ((Yaylact et al., 2025),

VSRR NN 7] N SR 4= 0 Ny ]
sy, Fem 2 Fn = A 44 &30 ( Xiong
etal., 2024), TEARMIFE, M2l e FRE2H A7
fa R AR A L3 L R AR g, Beas R S
Yi %5 (2023) MIBFIE—2, $ENE R AR
JE SRR RO TS o i Alpha ZREHE BT 45
SRAG A Al Y R S 2 e A TR 2 AR B
THERRA, WA M 5O G E | 2 iR 271

FFGE . T v R Y 5 20 T R 40 TR Ak 1
Wolbachia #fi I Py 24 (R B0 T R, AR YS
Nesvorna % (2019 ) BFFEYLHCRS T IS 6w gk
Tyrophagus putrescentiae & NI B AR —E(.
000 453 24 056 S e 5 20 P A A A O 22 R R
W, RSBl E SRS TR, REHA
B A XK,

LDA F51 54, Ryl Ad e, i
IR TR Lysinibacillus 3§ 255 TTRREE K
(LDA>4,P<0.05),Sharma A1 Kumar( 2022 )
AFF 90 3R W RO ot 22 2 28 6T 71 T ik B SR B0
WL AL AR, H5 05 R 6 AT A )
RO R AR 2 AR HBUR T ( Miranda
etal., 2024 ), APFEPRRERRESTH, IHE
TR ST T B, PR AR SRR
Wt RS S o A, e B TR AR YL 1 25
T, e AN A T T DA AR Ry SRR
it — 20 2 s i Bl D B i S B BV E - )
iRk, FATAYBRGHEY A BN gr =
S ZFRAT R, FEEN T 3 453 L ( Miranda
et al., 2024 ), WRIEIA XIEEIRIBEFE, AR5
073 6 22 R 2 FUAT B AT R X 2 096 £ SO AR
M (Pinos et al., 2021), $#AE T —FEr AP B
B, LR FeE— Do

PEREDDRE T 7, DAL REASTE D) oA gt
B LRI, H 2.7.7.7DNA R RE
A5 1.6.5.3NADH : 72 ik J5t i -F B2 7E 1 20 7
TE—E 25 5, RIS ft SR 41 A i it 1) R Tt == i 4
W= T EE R AL, HOW e S P RE i A U
P, AT RE WA A st L R PE4ERESZBH . I
W U ) S AR MR B 5 RIS, PR 4 e
S EEARAI (0 R P450 B RS 00 7 IR
FefgE e (nZ8/ 2 305 ARG ), miZedt P450
i p A TCAE AL, AT R dE N i FE B N TR AR
WAL (nZeniiA it sie il E b iE R R
5| % (Lee et al., 2022a; Zhuge et al., 2023 ),
454 KEGG HERELER, ML T2
PR ¢ 0 R 2L TRV TT i aE Aod H i e 2 RJR )
RS CInFEfgfE sy ), S
FAMN, (HIS BRI PERES, 23
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foi MR FE | 28 AIRCR R B 9
A (ZEEE, 2023 ),

i BTk, AWFFEFIH Pacbio —AUIIIFH:
AR R A N AT 16S rRNA JE R 4 K g A7l
¥, BB T R R AN R RS T B AR AR TR
B ZFEE, 15 B0 T Dihe . F5E s
TN HE— 25T R 2 ik 9 A A B 2 1R EAE
FHECRSEALHR AR S SR BRI | ki —2P
TE R P A 06500 B9 0 S o AN SR A AE— SR
JRZAL, WPTAREAR YR [ S = R SRR, R
N A SRERET H R R, T BE S ERR TEAS i
BHEIAES, SN A X |, R
SR Ry 2R, T A3 AT B A R TR TR -
VERIZM . 546, Pacbio = AR5 XM 32 B 15 1
KR AR, J5 TR0 A AR A1 5 2 41 2- B
I, EFRARS BN . AR Tk
24 6 R 2 R IV i 5 20k P e A R A B RN 6 A
FELEZE S, AR FE A e A O 2o R R = S = T
faRREZH , AN )R 25 A s 2 kb A A1 T 20 A B 22
5t o AHFGE R HE— BRI A WA R R A R
F A=A G S AR LGB TR O, TR
Wy 2R Rl 27 o B AU BT A T BB e e FE At
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