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Analysis of the midgut microbial community structure in adult ticks
of Haemaphysalis punctata
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(1. Diebu County Animal Disease Control and Prevention Center, Diebu 747400, China;
2. College of Veterinary Medicine, Hunan Agricultural University, Changsha 410128, China)

Abstract; In this study, we aimed to investigate the characteristics of and differences in the midgut microbial community structure of female
and male Haemaphysalis punctata. The female and male H. punctata were collected from the body of sheep in Shawan, Xinjiang. The midgut
contents of both sexes were collected under sterile conditions, the total bacterial DNA of each sample was extracted, and the bacterial 16S
rDNA V3-V4 region was amplified by PCR and sequenced using Illiumina NovaSeq high—throughput double—end sequencing. After splicing
and filtering the data, denoising with ASVs, and species annotation, the composition of and differences in the midgut microbial community
structure in female and male H. puncitata were compared and analyzed. The results showed that the diversity of midgut microbial community in
the female ticks was higher than that in the male. At the phylum level, the relative abundance of Proteobacteria, Firmicutes, Deinococcota,
Bacteroidota, and Actinobacteriota was high in the midgut of the female and male ticks, with Proteobacteria having the highest abundance and
being the dominant phylum in the two samples. And the relative abundance of Proteobacteria in the midgut of the male ticks was higher than
that of the female. At the genus level, the relative abundance of Schlegelella, Acinetobacter, Bacteroides, Lactobacillus, Brevundimonas,
Romboutsia was high in the midgut of both male and female ticks, with Schlegelella having the highest abundance and being superior in the
female (41.7%) compared with those in the male (0.8% ). Annotated to the species level, the bacteria species common to the two samples
included Meiothermus silvanus, Acinetobacter baumannit, Coxiella endosymbiont, Lactobacillus intestinalis , Bifidobacterium longum, and Bac-
teroides barnesiae. The present results indicated that the midgut microbial community structure was relatively similar in both female and male

H. punctata, but the relative abundance of each bacterium varied greatly at different taxonomic levels, which might be related to the different
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blood-sucking and physiological characteristics of female and male H. punctata.
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Z) 5, i 4 ( Haemaphysalis punctata ) J& T hi
BE mE, wHETA . B FERE, 2o
THE, EE, WA, BRM, UEHEEY,
FEFR L F B0 A T X A AT R,
20 5 I W AT A R R EL DU HU ( Babesia major) | BEEG
E DT (B. motasi) . REFE DT (B. bigemina) |
THANHE RS2 SR [CAE (Rickettsia burneti) . B i FAHE
SRR (Spotted fever group rickettsiae ) | = Z% 8y By
( Theileria sp.) 259 JEAKRZ3 0y T e Ak 1% >
PR AT WM AR R B BUR R
A TR A A TR A 45 M R IR ] 4 Choubdar
SEDINE sz /N FE IR 8 ( Hyalomma anatolicum) M W
T BEZREME R TR, Kim 25 & BUR R H:0) K
FIIMIR (H. longicornis) NI A RELS M AETE 12 35 25
S, FOERA Y A ST IR IE AR T ( Coxidella endo-
symbiont) AR THEM, Pt T EAS R
W g T A ) S 22 S5 o B S WRT AL 3 LR

AR, BEAE mol Il BRI, F TR
AR R AR LT BB, AFHLGE . A
RS AN [F] A i BR A b i TR R 4 A AT T R & B
?—EU_]O: o Portillo /—:jfjf[”] A Mlumina Miseq @ B E
FAR, WG TG HEFFr HEL B Al DA [] P 531 221 o o
WRA R I ERE G R T TRSE, IAEME | HEZ] A
WP ZASIETET] (Proteobacteria) HLHVET], #3758
& (Ehrlichia ) L% W &, B A B B E &
( Borrelia miyamotoi ) A L ¥ F, H 3 70 KK &
(Rickettsia)) TEMEREH i P4 1 A0 X 35 B o A, 3%
SRR . KRR TERAK)E  ( Wolbachia) 7 I 45
J i s TRERE B BESRIESS, MBS A
[Fi K52 ) A0 B R 5 A PO AL BRI, ARSI
FH Mliumina NovaSeq =y i I 5 F AR X R A T3 E B
S5 b DX 50 S AR 3R R A T ) 220 i 0t b g R R 45 A
Fro0hr, TRICHAFFIERIZE 5, SR A& 1Y) B 42 4
BERLA AR

1 #EETE

1.1 FEKA

% Barcode [W4HTE 16S tDNA V3-V4 [X#1#45]4),
341F: 5' = CCTAYGGGRBGCASCAG -3'; 806R: 5' -
GGACTACNNGGGTATCTAAT-3", 5% FifgA T4
YT ABRAR A K., DNA F Btk alifb/ [nji
AN G H Qiagen A AL 24 DNA HEHGAF]
B A KRR AR ARA A (JLE); Phusion®

High - Fidelity PCR Master Mix, NEB Next® Ulira™
DNA Library Prep Kit J 4 H New England Biolabs
NS
1.2 Z=mMmigFEAR

20 L a2 p5 i A E RN 30 B 20 A o R e SR
H TS ma £ ARSR, Jfk 2Rl K=3h Y
B 2 e 5 AE S B H IR
1.3 Zf7E DNA 12E

HUEmR 5 H 0 R 10 H, 75% 05 A X Bk S
HEATIRE, JCR/KIPYE, KBRIARRIE, 7eH TIE
& o K G IR AR B W0 AR B FACRE | R MR |
TN INEE R 2 A 1 mL 3.8% rIFEIR
BT TR A BEER K R K A T, 800 1/min 75
> 10 min; EXJ:{%{&‘, 12 000 r/min &> 1 min; EE
B, R R R 8 g DN S TCTE W) 3 i e A
Hp. F Fil Hp. M, & MRANPE 3L 4] DNA $2 B30 & ik
W -F B A RE S A B R 2 DNA
1.4 16S rDNA EE¥ B R SEENF

DUME MR S DNA A, LA 341F Al
806R N 5| W4 Wi 40 B 16S tDNA V3-V4 X, X
BiRZ (50 pL): DNA #4271 pL, Phusion® High-
Fidelity PCR Master Mix 25 pL, b . F##31% (10
mmol/L) 452 wL, ddH,0 20 wL, §#E &M 98 C
1 min; 98 °C 10s, 50 °C 30 s, 72 °C 30 s, 1L304
G35 72 °C 5 min, PCR P48 1. 5%Bi G BRI
TKJG VIS I Wi, K P8 B 22 NEB Next® Ultra™
DNA Library Prep Kit &4fi . ¥4k, 3/ Qubit
@2. 0 Fluorometer & fll qPCR Kl &4 )5, i H 11-
liumina NovaSeq ¥ & #E47 XCR 5l
1.5 HEAE

FR 4 Barcode JE 5 F1 PCR #7345 | 915 51 N R HLEL
s o i A FEAR R, #8025 Barcode F1 514 T 4
J&, fff F§ FLASH ( V1.2.11, http://ccb. jhu. edu/
software/ FLASH/ ) B 4E ) XFFEAR B reads #EAT PEHE,
B#| Raw Tags [ J5 {8 fastp AN Raw Tags AT
Fits, 153 %3] Clean Tags, #ix /)5 i F Vsearch K ¥
Clean Tags 5 5045 22 AT F X DURE I 3 A (A I 1647 2=
[ , 183 Effective Tags,
1.6 HIEFFEILTR (ASVs) FEEFYFTR

XA A4S B Y Effective Tags, ff F QIIME2 #K {4
T DADA2 BEHHEA TR IR U8B /N T 5 Y
FEHIN 3k ASVs DL K R AE 3, B JE, fl A
QIIME2 %k classify—sklearn' ™" B Hu ) ASVs 5
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BARFELLXT, SR RAS ASY IIRME B, IR ilE
AR Gt 2 DREARRRER AL, LIRS
Bl it die /DR BRI AT Y — AL B, #E4T Alpha £
FEPE T .
1.7 Alpha &#HES

i QIME2 #1154 Observed otus ( ELX AL
FIFFECH ), Shannon (FF & oG 028 B K S HE
ditk), Simpson (RAERETE PRI 1) Z FEPE R
AJFE), Chaol (AliTHHEFEFE S L& YYD SED) ,
Goods coverage (7 75 J%) # Pielou_e (J2JJF) 18
%, Izt Reih L,

2 H#R

2.1 HEALIEIN ASVs Fit

2 FMEWAEA (Hp. F) FRASJRLAFS 106 252
ok, MEMEAEAS (Hp. M) ZRASJEEGTF 9 114 803 4%,
ek M S AR5, Hp. F A1 Hp. M 2 HAEA
SATHIA BTS20 87 395 451 98 740 4%, Kl
BRCR WL E) 82. 3% 1 86. 1%, ¥4 % 51 #k 47
MRS Hp. F, Hp. M 34519 ASVs 020k 523 il
4154, Hi 219 A8 2 MEEA R (B 1),

Hp.F Hp.M

304 219 196

1 ZEMmiE 2 NEERBEER ASVs S E EE

2.2 @AEENKELHSH

AT ASVs 2R, 7el 1K P F, Hp. F
A Hp. M LB 11 AT, BB TTHE 2 4L
A EE LR 1, R 1 Al UL, Hp. F 5 Hp. M
hEARIATETT N 8 A, . IBHET], JERERE
[T (Firmicutes), FH ERFE ] ( Deinococcota), FUAFT
B (Bacteroid-ota), JUZEH ] ( Actinobacteriota) ,
WA ] ( Cyanobacteria) , BUAREE ] ( Desulfobacte-
rota) FIPERLE T ( Verrucomicrobiota) , H A28 2
FTRgART ) e, HAE Hp. M N & & (81.1%)
BT Hp. F (65.2%), 22 ARG, JERE
W], 5 % K] (Deinococcota ) . 8L B [ 1E
Hp. F HAG AT EBE (16.9% . 10.5% . 4.7%) =T

Hp. M (13.0%., 0.2%., 2.3%); W 11 Hp. M
AR S (2.4%) BT Hp P (1.1%) . B3t
HHEITHN, BT (Campilobacter-ota) 1R Jig {4
I"] (Spirochaetota) A Hp. F %A W [1; BRFFHE ]
(Fusobacteriota) &7 Hp. M JHAH[ ],

®1 2AEMREKFELEHYTHEXNFEE

HTR ] Hp. F Hp. M
AL 1T Proteobacteria 0. 652 0.811
JERET ] Firmicutes 0. 169 0.130
SR ERE T Deinococeota 0.105 0. 002
HUFFE T Bacteroidota 0. 047 0.023
LTI Actinobacteriota 0.011 0.024
WA T Cyanobacteria 0. 006 0.004
JRBR ] Desulfobacterota 0. 001 0. 002
2 #1] Campilobacterota 0. 002 0
PERMH 1T Verrucomicrobiota 0. 002 0.001
WA 1] Fusobacteriota 0 0. 000
BZiE{AK T Spirochaetota 0. 000 0

2.3 HEERKTELNSH

Hp. F A1 Hp. M 2 ZHAEAR LRGN 2] 189 A4 1 )
Hrp It E o 119 A4, M AT 10 B934 4w
JEAE 2 HFEA Y 23 A RF 5 DLIRT 2, i 50 BRAT 10 2
HMHAR 40 Fh I 40 T JE AR X F2 B LR 2, MK 2
AL, 2 AR A R O R A e Y A T R
Schlegelella &, NS (Acinetobacter) , FF
J& (Bacteroides) , AFTHJE (Lactobacillus) , %55
MEE)E (Brevundimonas) F% WAT R EJE ( Rombout-
sia) %, HPLLFEJELE Hp. F PN EEY & T
Hp. M. R BRFREESNEIESN, 162 dieArhiy
R BT AT SRR (Coviella) , STFCRIAIE (Rick-
ettsia) , BF P EJE  ( Stenotrophomonas) , 5 & I
YN R & ( Sphingomonas) , 1Z W J& ( Pantoea) , W
FFHJE (Enterobacter) , #ZERFJE ( Staphylococcus)
FIEEERTA B ( Streptococcus ) 55 AT = BE B AL A 2L 4R
WAAEURE R, S5, Hp. F WA R 39 #, Hrh
X FEEREOEIEA . N\EKEE (Sarcina), 12
FF# J& ( Helicobacter ) , Rikenellaceae RC9 gut group
J&, Quinella J&, Prevotellaceae UCG—-003 J& Fl/NMT B
J& (Dialister) %5; Hp. M NAFA IR 31 F, HAAH
SR R B AL . CAG-352 g, H e
( Megamonas ) , 55 % W J& ( Lawsonia ), 4T & J&
( Microbacterium) , Rubellimicrobium Jg& #1 + Hii ZF Mg #T
WE (Terribacillus) 25, IXFEHAME . w7 P R HE
SEMTEIR KT FAFTEROR 22 5%
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F568 FH4H <57 -

= Schlegelella (41.7%)
«AEITEE (8.1%)
HIFEE (27%)
HATERE (2.0%)
SHEHREEE (1.5%)
FBBAKERE (14%)
fURREEE (0.7%)
a Fub, mm D 7,
= SUEH BB (0.6% )
SEM R (0.6%)

group (0.6%)

B.;!VA

= Schlegelella (0.8%)

s AHHEE (1.3%)

BIHEE (1.4%)
HATERE (0.9%)

EHEREERE (1.0%)

FRAKERE (1.1%)

= RRRFEE (0.5%)

» Eubacterium cop ligenes group (0.5% )

= NEHEE (1.1%)

W EEE (0.6%)

E 2 Hp.F (A) f1Hp.M (B) #H@e 10 L EFEMNBEXTFEE

R2 BI50 40 MEFERE

(BT 10 BR5M) RIMEXTFE

i) Hp. F Hp. M EiNES)E Hp. F Hp. M
KIAFF RS R B Escherichia—Shigella 0. 002 0.043 L RH R Massilia 0. 002 0. 002
KR Bacillus 0. 001 0. 020 Anaerostipes 0. 001 0. 001
A B Faecalibacterium 0. 004 0. 007 W 5 5 T & Akkermansia 0. 002 0. 001
T S8t AJE Coniella 0.010 0. 002 Terrisporobacter 0. 002 0. 001
SLIRRNRSE Rickettsia 0. 006 0. 004 Clostridium sensu stricto 1 0.003 0.001
IR Collinsella 0.001 0. 006 % [CHH & Roseburia 0. 002 0.001
FESAT TR Psychrobacter 0.001 0. 005 Dorea 0. 001 0. 001
Methylobacterium—Methylorubrum 0. 003 0. 005 Y S A 1 Sphingomonas 0. 002 0.001
FUL/NER T J® Subdoligranulum 0. 004 0. 004 MR IR B Desulfovibrio 0. 001 0. 001
HIRERTEJE Ruminococcus torques group 0. 000 0. 003 Turicibacter 0. 002 0. 001
Agathobacter 0. 002 0.003 AR 2 AT TR Lysinibacillus 0. 001 0. 001
1Z W& Pantoea 0. 000 0.003 EHHARE Comamonas 0. 005 0. 001
AT JE Enterobacter 0. 002 0.003 S HEFFHB Chryseobacterium 0. 001 0. 001
BEFRJETE)E Stenotrophomonas 0. 004 0. 002 Lachnospiraceae NK4A136 group 0. 002 0. 001
L 5REEFT B Fusicatenibacter 0. 002 0. 002 Monoglobus 0. 001 0. 001
RIPIFF 8@ Parabacteroides 0. 004 0. 002 BEBRTEJE Streptococeus 0. 001 0.001
Muribaculaceae 0. 005 0. 002 FERFFEEJE Corynebacterium 0. 000 0. 001
HIEERTE )& Staphylococeus 0.001 0. 002 Colidextribacter 0. 001 0. 001
Clostridia UCG-014 0. 004 0. 002 Ruminococcus gauvreauii group 0. 001 0. 001
B4R G & Sutterella 0. 000 0. 002

2.4 HEAEMKF LS

HERERIFKF-H Hp. F #l Hp. M 2 MEEAH A
MITERNA 28 4>, £ T AR 32 B2 DLk 3, AXS R
WE RS . PR LT WA ( Meiothermus
silvanus) . 3SR ZNFF B (Acinetobacter baumannii) .
i TE 3 FCAR I A= T ( Cowiella endosymbiont) | B FLAT
W ( Lactobacillus £ WK B
( Bifidobacterium longum) . B RATFEAFTE (B. bar-
nesiae) %, BRULLALAG RIS, 2 DFEA L 555
AR A TR, AXOAE H BRE  ( Ruminococcus bicir-
culans) . ZKPFFE (B. dorei) . ZEFLAFHE (Lac-

tobacillus faecis) . Butyricicoccus sp. . Paenibacillus dar-

intestinalis ) |

winianus , Dialister invisus %5 {XAE Hp. F gk 2], 28
ZEMUAT B ( Paenibacillus pasadenensis) . A JE JUFT 7
(B. uniformis) . S ERE (S. equorum) . i 41
FFAE (B vulgatus) . ZEERIFTE (B. stercoris) . =
MEMCHE  (Prevotella melaninogenica) “F{NAE Hp. M
ARGl
2.5 Alpha ZHEMSH

X} Hp. F 1 Hp. M 2 MEA ) Alpha 2 FE P48 %L
HATGE, AUREY] (R 4): 2 AR Goods cov-
erage Y01 B 100% , AW 5T 6900 1 78 55 R 5,
DN Fr 45 R B AT G W e L A O N R (R
Hp. F iy Simpson 540 1 Shannon 84439 kT Hp. M,
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% 1] O T 2 R PR T

®3 2HABEREMKTE ERYHEFEE

il Hp. F Hp. M
PR BL VST A S o
Meiothermus silvanus 0104 0-002
1% AN BT Acinetobacter baumannii 0. 059 0. 002
ol e $4 A A B
Coxiella endosymbiont 0-010 0-002
W LA B Lactobacillus intestinalis 0. 006 0. 002
K XU AT B Bifidobacterium longum 0. 001 0. 004
B FCHF B DR B Bacteroides barnesiae 0. 003 0.001
Brevundimonas staleyi 0. 000 0.003
KA N PRI Comamonas aquatica 0. 002 0. 001
% % Wi IS B Roseburia intestinalis 0. 000 0. 001
FERIKF I Parabacteroides merdae 0.001 0.001
Bacteroides coprocola 0. 001 0.001
Alistipes putredinis 0. 001 0. 000
MR BEERTA Streptococeus salivarius 0. 000 0. 001
PURST A SIAT B
Acinetobacter radioresistens 0-001 0-000
SH UK B Bacteroides plebeius 0. 001 0. 000
Bacteroides caccae 0. 000 0. 000
19 B BR T Ruminococcus callidus 0. 000 0. 000
15T Corynebacterium stationis 0. 000 0. 000
Bacterium New 0. 000 0. 000
el 22 SR 2 T
Chryseobacterium greenlandense 0000 0000
Ruminococcus sp. 0. 000 0. 000
PAETE B Trichinella pseudospiralis 0. 000 0. 000
(R BRE Ruminococcus flavefaciens 0. 000 0. 000
Aquabacterium citratiphilum 0. 000 0. 000
Bacterium YES57 0. 000 0. 000
I AR 45 18 Parasutterella secunda 0. 000 0. 000
HEIREABIRTE Anaerostipes hadrus 0. 000 0. 000
Alistipes finegoldii 0. 000 0. 000

R4 TEME Alpha ZREES TR

FEAS Chaol Goods coverage Observed otus  Pielou_e

Shannon Simpson

Hp.F 523 1 523 0.508 4.585 0.807
Hp.M 415 1 415 0. 46 4.002 0.797
3 e

A5 A FH NMumina NovaSeq 15 i 12 I 7 4% A

XF 2 L | R bl TR R AR AT T A, R
2HMEARE R Z A B 2 5, HWEES 1
AT, 189 DNANEJE . 28 AR A, AE[TKF
e, ASTERT] O 220 i O e g R O SR
1, XN S R A A8 il
(H. ﬂava)m] I 5% 45 SR AH— 2, Portillo 4 & B
W HEZ R AR SR KT EAFTENI R 25 5, X AT
FERIFBITIFTE AR — 2, WART I B S S A R
T 20 1 00 O A DAY %R R = B G e TR, 17T ST
AR & it 2 AV A i, C RN [ g o
YW J& ( Dermacentor) . WY& ( Haemaphysalis) . 118
J& (Ixodes) . K3k W& ( Rhipicephalus) . 5 HE W)
( Hyalomma ) 2% B vb i AR 206 A6 ) 2] 12122 A fIF 55 v
WE | HEZ s Rl N RS I B R R, U [
S92 S BT 5T ST AR, H T e R
HYJRFRTE, R RERAZ R % 5E BT K-

AFF IR A F LR, S a4 R
ik 38 A, MR N ARBUR B, WA TR R
TR DB TR SR BN R, W] SR
MR R G0, WIRR G, TP 4 R G R MR G™,
AR E 7R A A I B W e A D B, B O LR
&Y, XEARTIRGE R B BRILZA, AR5
3 2R IR 20 R i e i D ) A Sl T TR TR AR R
(8.1%) mTHEM (1.3%), AWHIEEN, K3
R ZAFAE T g, HAE A A 1 ) R 2 o
TR I ) B T R AR R, X SR AR AT
T AR SR 0 i ) 1) 58 DR T MR ) A= 35 T 1A — 2

I T P R e Ay o SR O 2 B AT R, A
103 ARFNERN, Tz oA T FOK AR TR 45
X G R IEL AR B I S 207 IR A Y g
A — 2 fE P, 2 3 B A B (S
paucimobilis) f&—FPAAFBURTE, TG G K A
TG AL I R BEBE Y, R R | R
R WCIMAE SR SR AL Mk 1597 S, 1A R AR P
V7 EWe (Apis mellifera) PRNBAGIN S ARSI B
AN 2 /Dy i BB T, H O R e A T
TEZ i M | R eb iz N SR, I 20 A it AT
Az e, X SEROE MM (H. wellingtoni) | 5%
YEIMME (H. hystricis) . —BRIMAE (H. bispinosa) "HY
RBA—3

55 Portillo 251 A AG 51] 36 46 BR 14 & (A 5% 45
ANIE), AT ST | 22 s i A 3 T A K
R, H AR MRl P AR R i T A
BREA R TR 2 R A EEBORTE, RImIR FERE I
AR PR, HorP s O A K (S aureus) J2
—FPRET DR | T AR 55 22 Al R P ) Tl e 1
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IR HOTEE M L ( Tenebrio molitor) ™",
JKii: ( Hermetia illucens) ", KRUEWE ( Galleria mel-
lonella ) ™ 25 B R YRS I 2] AR 56 K600 M 1) 4
IR A AR TE,  ELIZ AR H7E 20 i i gk dgrp
FEAE, 1% W B[R RE B A T8 7E B0/ B Sk B (R
microplus) F1—S6 | WE | B HE R WA N AR

AT GRS 2 e | e e i P AT s R R
TR A e T COR LA B, LI g P A A ) =
FF M, Ao 7 i EC A e 2 TR 7E Bl B Sk
Amblyomma nuttalli"" | Ornithodoros maritimus, 1%
MW (D. marginatus) TN (1 hexagonus) ™
SEMEFMA BRI B, A BRI R R AR
Wi AR, TR R A, SEAN B
WoarTEIFRITER, B BGAEAER, MR i [
AR IELF A S Rt B R 4EA: 2, DT A2 i I Y
ERKER, RIEEFILEREN ., AU R, ]
e 34 AR I A TR A 220 i e e v %) 5 B T
WR, ATRER T ERR AR O B R R R, L
WEAE T AR A L A BT 2 I W B T AR i T b
ZEP

Zi b, I X AN [ ) 22 A it e v i TR R
¥y, REEAETT, B, ROk AR RES, X]
AE S R I B A BRI AN TR A G
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