W 4ELF 2020, 46(4):81 - 90

Plant Protection

Wolbachia 3%+ H HRTB -4 4 5H 25 0m HY
R AN F DT

KaEaE, ®OfF, REES
CAMF KA, AF 832000)

WE Ak —FRE N AT Wolbachia 3¢ £ B 473 vk A& 28845 69 % of, KR8 0 i B A B F Wolbachia Fo %4
TRty LT HATID et 5 R BATHE AN 5, R A B Wolbachia )G »»T 3R — 2 5 A AR K 69 R B X A 2
T4, 2P 3 810 AR M F X B Rvm 2 885 AN RIS T 2B Hvh s o — R R AR RACE R B
AR R 6 R B B PR R AR A, XA N Wolbachia 3| 4258 A& JH R4 34 T #769 BRIE,
XgER X FEAmebss; Wolbachia; #FM; A AE

mESES: S476 XEKARIRAZ: A DOIL:  10. 16688/j. zwbh. 2018389

Transcriptome sequencing and analysis of the effects of Wolbachia on the
reproduction of Tetranychus turkestani
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Abstract To further explore the effects of endosymbiotic bacteria Wolbachia on reproduction of Tetranychus
turkestani , the completely single-infected and uninfected T'. turkestani lines were established and their transcrip-
tomes were sequenced. The results showed that after infection with Wolbachia , some genes related to reproduc-
tion in the mites showed significant change, in which 3 810 genes were affected in female adult mites and 2 885
genes were affected in male mites. Some of the genes involved in lipid transport, redox reaction, digestion and de-

toxification were closely related to gender specific. Our study provides a new theoretical basis for the host repro-

ductive regulation by Wolbachia .
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1.1 36 I i R0 1R 5= R A R &

H B . 2016 4F 6 R A AT T K2F
Ae2E B i gt i 5w [, 76 A T K28 B A S
FEIRIEFRAE(25°C,L/D=16 h//8 h,RH 60%)
M EL G Vigna sinensis 1) 3F 24, (/3¢ o B p &
AT 2557
1.2 +TEHHBEM Wolbachia B 155

- FHA 0 A DNA AY4RBCR F i 24 Y
T PRI S O M BRI B e 25 pl STE ZZ v
i (100 mmol/1. NaCl, 10 mmol/L Tris-HCl, 1 mmol/L
EDTA ,pH=38. O/ 1. 5 mL B0 N JHERIARRE 767>
BERE RIS A 2 p B K10 mg/ml), D) Fid ##
TEVK E5E . SRIEH B0 T 37°CHEE 30 min, 95°C
WA YE 5 min, B0 1~2 min 5. — 20°C R 7£ 8 R
2 pl A2 PCR N AR , 57 BRI T PCR 4734,

it Wolbachia 1) wsp FE R4 SR 51 4 WSP/
F236 (5'-GACAGTTTAACAGCATTTTCAGGA -3")
1 WSP/R44 (5'-GTTTGATTTCTGGAGTTACAT-
CAT -3"),DNA §" 88 £45 0 211 bp, [ KR N
25 pl:2 pl DNA 4R, 14. 8 pl ddH, 0,2, 5 L 10X
buffer,1. 5 pL. MgCl,, 2. 0 pL. dNTPs, 0. 2 pL. Tag
DNA R A, F RS 18 1 pls 344 94°C
WA 2 min; 94°C 30 s,55°C 45 s,72°C 45 5,35 M
PR3 72°CHEMI5 min, BUPCR 724 15~20 L, f10. 5%
B AR E I L DK A, Bio-RadGel DocEQ #ERE LS
RY TSR,

1.3 TEHHHIEM &S RGiE

SR PV 25 22 1 9 0 1k SR e Wolbachia 1)+
HLC T A il AR < R R VA R 8 R L (AR
9 cm) AT EE BT i U 2 S0 R AR S I R RN
TR AR A LRI 20 i 3~5 AN HTBLE BRI /N
NS 2 it 72 A R (] 25 A 282k ¢ T A o 96 Tl A
AN R (LA T b PIOME A B L R i A
Wi AT R G I o BRI AR Rl A2 . mlAg2 d
J& NS EH ) /NE PR EE, 7 d JE X EHASE T
PCR K, Bk Ye Wolbachia MERS T =5 ER
DI b B 3~5 405, $RHL 50 3k 2247 i#E 47 PCR, £l
Wolbachia JEGLA, iR 3] s T 5 22700 .

P A PR AN Y Wolbachia W) & - Bk
B A 7 o ol i O A 1 )y i Gl R L 3
) TR 45 ) A BB TN HEL L 0. 3 %6 ) DU B 28 I T 1l

A8 h, fERAMWAMEEIRILA (HA 9 ec) LA
SERE A DU 2= L R, O BB Y RS A 2% B
IRk, A0 BRI B A PR M R LA
SRAERIFEIEE . UG & H mIE SR I i A Z£ 18
K AP 28 AR, I B oy SR A e (g i o 418G
B PRI 50 Sk 245 i#4T PCR, Kl Wolbachia 1Y
JRYE L A 2R RN Wolbachia , ¥ %
i FJa AR EE R 3 & 5 A0 T a2y ik .
1.4 HikEmBERANF

B SR G FIAS B Y Wolbachia B+ B-H HrH
I MER (o3 2w 5 ACW_F Fl A_F, F 3RoR M
W R FEWolbachia) F I (a5 A_W_M F1 A_M,
M R MEM . 3 WA . HEamIELr e Pl E T
WA TR . R AR TRNzol Univer-
sal i RNA $2IGR7] (DP431) $2 B i 1 - H b7
S RNA P IRSZ U, F sk dd i)y T/EZ
FEAL RO AR B A VIR FR A A 58
1.5 SKBTRKEEE PCREE

1IN RNA-Seq 43 B B THEAA 7 » AR 408 5% SR 4H
I s i e B PR 5], #1 F Primer Premier 5 #£47
IO IR R D SRR AR RNA i
TaKaRa /37 Prime Script™ 1st Strand ¢cDNA Syn-
thesis Kit e#5 55445 cDNA 25 —45. 0 5 pL &%
FEPRRE 10 A5 TalEe, A4l TaKaRa 23w SYBRY
Premix Ex Tag™ (FhZi 5 A DRRA20S) i 3#E 12¢
JrE it PCR [ (ABI 73000, AN 84 3 Ik, fiff
2T AR ek

1 Wolbachia B3t/ B ELHTIE -5 A 4
E A qRT-PCR 5|#)

Table 1 qRT-PCR primers for female and male

Tetranychus turkestani after Wolbachia infection

- THRNTIN
S alsE BIMFIIG3) RS
. . Length of
Sex  Primer name Primer sequence
fragment

Mg 107372304-F  TCCACTTTGCCTTTCTCACA

Female 107372304-R CTGGCAAGTGCGGTAAGT
107367239-F ACGCCAGCACATGGAC
107367239-R - TCACCAGGAAGAA
107359874-F ATTAACCCTCACTAAAGG
107359874-R  ACCAATTCACCAGGAAGAAGATC
107361808-F GACTTTCCAAAATGTCGTAA
107361808-R  ATTTCATTCCATCGTCGTCACC
107369744-F CGTTTTAAAACCTAAGAGTCAC
107369744-R  TCTCCGCCATCAAATGTGGTTCG
107360201-F TCTTTCGCACCTGGCGATTTGTT
107360201-R  GCGTGATATGCCACAAGCTATGC
107367654-F ATTAACCCTCACTAAAGGGA
107367654-R  CTTCATAGCCATCAGATTGACCT
107363160-F TGCTAGTTATTGCTCAGCGG
107363160-R - GCAACAGATACCTTTGATTCAGT
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ZE3R 1 Table 1(Continued)

HH ST Sl ) ’?jg‘f/fp
Sex  Primer name Primer sequence ragment
HEPE  107361067-F  CACACTCTGCCAACACAAGC %
Male  147361067.R ACCAACCATCAAATCTGCTCC
107362499-F GGGCACGGTTTTCAATGTTTACT 101
107362499-R  AGAGCTGAGCACAATACTAACGA
107364853-F  GCAGCATTCCGTTCACTGAC .
107364853-R  TCCCATGCATAGCCTCTGGA
107366335-F CTACTGCTGTCGTTGAACCT 119
107366335-R  GAGATTAGTATAAGTTGGCCGCTCA
107360662-F CTTCAAGCGGCATCAGAGC 105
107360662-R  CGCATCTGACCCTTGAACTTC
107364811-F  CGGTTTGCTCACTCATGTTTCA o7
107364811-R  ATTAGCCACAAGACGTCCCA
107369943-F  GTCTCCGTGGTGGAATGC 107

107369943-R TTGGATTTTGGCTTTCACG
107367654-F AGCTGCCGCACTCGTTC
107367654-R - AGCATAAGCAGGAGCAAT

121

2 ERE5HM

2.1 HSHRFZANFERTT

FIA Tlumina Jl 7745 AR X &G Wolbachia Rl
JE&YE Wolbachia 1)t B JH 056 1y s s 496 710 2 i
W5 93 | AT 3 AR Y s Wolbachia M RS-
345 24 117 129 clean reads. b % 35 2 3L R 411
reads £ H & 40 957 849, 5 clean reads [ 84. 91%, HLXst
BN S FLIA 2 e — (L B 1Y reads BCH 2 39 924 187,
FIFA reads B9 82. 78%, GC ¥y 36. 93% ., JEiL
Wolbachia FIHERIH 3545 21 783 386 clean readss kb
X125 % KL R 20 14 reads X H g 35 671 706, 5 clean
reads [ 81. 8970, Lt X 51 27 S A1 ME— {37 B 1) reads
BH N 34 743 136, (T A reads 11 79. 75% ., GC -
YIf ol 36, 240(FK 2),

2 TEHEEEM RN FBERETME"

Table 2 Summary of transcriptome sequencing results of Tetranychus turkestani

A Sample Clean reads Q30 GC/% Total reads Total map Unique map
A W F1 24 675 796 93. 38 37. 39 49 351 592 41 989 474(85. 08%) 40 897 384(82.87%)
A W_F2 25 505 369 93. 30 37. 32 51 010 738 43 236 872(84.76%) 42 083 943(82.50%)
A W_F3 22 170 221 89. 84 36. 08 44 340 442 37 647 200(84. 90%) 36 791 235(82.97%)

SF-14){8 Mean 24 117 129 92. 17 36. 93 48 234 257 40 957 849(84. 91%) 39 924 187(82.78%)
A W_Mil 21 723 614 05 15 36. 02 43 447 228 35 127 231(80. 85%) 34 235 001(78.80%)
A_W_M2 20 967 579 93.45 36. 72 41 935 158 34 643 283(82.61%) 33 674 218(80. 30%)
A W M3 22 658 966 90. 01 35. 97 45 317 932 37 244 604(82.19%) 36 320 190(80. 15%)

S Mean 21 783 386 92. 20 36. 24 43 566 773 35 671 706(81. 89%) 34 743 136(79. 75%)

1) A W_F &Yt Wolbachia FIMERMEE, A W_M YUY Wolbachia WHE B ; Total map: fE & A7 2 55 B 4 a9 7 5 B8R 4811 ;s Unique

map: {EZ%FF A ME— LA I T P B gt

A W_F. Female adult infected with Wolbachia; A_W_M: Male adult infected with Wolbachia ; Total map: Statistics of the number of
sequences against the genome sequence; Unique map: The number of sequences with unique alignment positions on the reference sequence.

2.2 EZRRIEEEM GO 53T

GO INEE 28 K& P 18 ME B85 Hh B G Wolbachia
i AT 2 LUT LA i A fi
RN I SV AN PR s i e G LR (SN 7
A A R SRR 5 3 S RE Y AL
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Yrid B b A LA S P AR R L e i KA )
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PEVEEE 7458 MR TRYS & (B 1b) . 7EREA L
T O Sl R PG A AR TR I ) RSN
2.3 E[FIEER KEGG BEEAT

X2 SRR EE R AT KEGG 38 B 70 i RE, I
XY Wolbachia 1 MERERS Y 22 57 36 K8 36 R | 4R
R 10 AN 38 B AT UG, S5 R R T 7R fE i ik

W, Wolbachia JBYe i Z7 ) 25 5 3R FE IR 2 4
HiE| 80 4~ KEGG i 12, Hivh it 2 & £ iy AilhE 2
T AR A AL BERR fL  AF RN RNA #5158 5%
(22, FEMERUE Y, 22 5 R 5L 248 2 81
A KEGG g, Hop B35 w A Al id A2 1200 )
B ARG AL RNA %8 85 A i 1 MAPK {5
538 % S mRNA W& 42 (E 2b),
2.4 ERFIEEATIE

DA S 2510 B 1Y 22 S 3R IR BE A i) FPKM
B R KK, vE47 2 K B 25 Chierarchical cluste-
ring) 34T » A [ B €8 1) X3l A 3R AN [R) i SR 28 4 4
EY SR GE A B YIS SvN oS w i Bl =18 = & S R )
M INREEL S 5 A [A] i A= W 22 B 5 3R R
R ER SN AWME5AMEA W_F
5 A_F Z A LR BT, B — A SO AR MR 1Y)
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GO functional enrichment map of differential expressed gene in female (a) and male (b). Green represents biological processes; orange
represents cellular composition, and blue represents molecular function. Histograms are drawn according to the three categories, biological

processes, cell components, and molecular functions, and up- and down-regulated genes
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Fig. 1 Gene ontology (GO) enrichment analysis of differentially expressed genes of Tetranychus turkestani
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Fig. 3 Hierarchical clustering heat of the differentially

expressed genes of Tetranychus turkestani
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Fig.2 KEGG enrichment analysis of differentially expressed genes between female (a) and male (b) Tetranychus turkestani
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NIRA T BN LA 3 Wolbachia W1k 1 %2
M) 3R AT R AR Ak W G Y 25 S 3 5K 3 R A 3 43 A
(£ 3), CHIMMEZ PASO BB H K S5 il
T ABC #3225 12 I i 4 P B DL 1) L b i B¢
RSB , 52 Wolbachia J&YL )G 1 ME RIS PG 4 Fh
P450, HE B A 6 FfF PASO, B TR ZH0Ch Lk

Ko 3 H K S5 Tl 3 DR 70 Mk A v 8
L IRFIE AR R b 2 e K S AR g
I (107360606) 8 N K., 4 4> ABC iz & 13
1E M (novel. 5873, novel. 11318, 107366618 #
107362311) JfEiE (107366618 1 107362311) Hi#4 2k

L E S
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Table 3 Differentially expressed genes in response to Wolbachiainfection in Tetranychus turkestani

FEF FE[H 1D ik WERU Female IRl Male
Gene category Gene 1D Description log; (FC) P value logz (FC) P value
W@EfE 107359215 cytochrome P450 2J6-like 2. 40 2. 19E-22 — —
Detoxification  novel. 6027 PF00067: cytochrome P450 1.52 1. 69E-13 — —
107360960 cytochrome P450 2]2-like 1. 54 0. 000 24 — —
107360212 cytochrome P450 4Cl-like — — 1. 62 0.000 8
107365376 cytochrome P450 4Cl-like — — 1. 44 3. 71E-07
107368633 cytochrome P450 18al-like — — 1.18 0.0010 0
107371796 cytochrome P450 2C31-like — — 1. 05 0.0010 0
107370208 cytochrome P450 3A8-like —2.89 6. 64E-10 —1.02 2. 90E-07
107360159 ABC transporter G family member 23-like — — 1. 56 0.010 0
107369561 ABC transporter G family member 20-like — — 1. 22 3. 09E-07
novel. 11641  PF00005.: ABC transporter — — 1.08 0.010 0
novel. 5791 Lr00005: ABC transporter| PFO0G64: —6.63 1ISE-15  —7.06 2. 63E-08
ABC transporter transmembrane region
novel. 5873 PF00005: ABC transporter —6. 05 2. 38E-11 — —
novel. 11318  PF12698.: ABC-2 family transporter protein —4.95 3. 82E-06 — —
107366618 ABC transporter G family member 23-like —3.56 9. 33E-05 —2.00 0.001 0
107362311 ABC transporter B family member 7-like —1. 26 0. 000 38 — —
107364600 S-formylglutathione hydrolase-like 1. 88 4. 68E-16 — —
novel. 613 PF13417. glutathione S-transferase 1. 34 5. 19E-05 — —
107360789 glutathione S-transferase Mu 1 1. 38 0. 001585 — —
107360606 glutathione S-transferase Mu 1-like = — —1. 30 0. 000 3
AR 107372239 histone H3. 3-like 2.07 2. 61E-12 — —
Reproduction- 107372222 histone H3. 3-like 1. 80 9. 96E-06 = =
related 107360331 histone H2A 1. 05 5. 85E-05 — —
107362196 innexin inx2-like 1. 32 2. 53E-05 — —
107370220 vitellogenin-4-like —3.00 0.010 0 — —
107360201 histone H2B-like —7.61 1. 06E-12 —5. 10 3. 89E-07
PF16211. C-terminus of histone H2A [PF00125: _
novel. 9493 core histone H2A/H2B/H3/H4 | 4. 35 8. 04E-45 —3.36 6. 56 E-55
novel. 114 PF00850: histone deacetylase domain —3.38 8. 00E-05 — —
novel. 6374 PF08214: histone acetylation protein —2.28 0. 000 1 — —
107366746 histone acetyltransferase KAT7-like —1.07 8. 29E-05 — —
107359821 histone H3. 3 —1. 06 6. 13E-09 — —
107365091 epididymal secretory protein El-like 3. 05 7.62E-13 — —
107365137 epididymal secretory protein El-like 1. 81 9. 68E-05 — —
107369361 epididymal secretory protein El-like 1. 65 2. 12E-09 — —
107365136 epididymal secretory protein El-like 1.59 0. 000 5 — —
107366133 innexin inx2-like —1.59 0. 000 1 — —
107365265 innexin inx2-like —1.44 0.012 0 — —
107366816 innexin inx2-like —1.05 3. 89E-08 — —
107364383 cathepsin L1-like — — 1. 38 0.010 0
107371849 cathepsin L1-like — — 1. 30 0.009 0
107371482 cathepsin B-like — — 1. 04 0. 006 0
107364338 cathepsin L-like — — 1. 00 4. 62E-05
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FEBE G [ ID iR WA Female e Male
Gene category Gene 1D Description logs (FC) P value logz (FC) P value
novel. 5290 PF13857: ankyrin repeats (many copies) 2.03 1. 19E-05 — —
novel. 15743  PF12796. ankyrin repeats (3 copies) — — —3.30 1. 22E-05
novel. 2605 PF12796;: ankyrin repeats (3 copies) - — - -
107370028 SOX domain-containing protein dichaete-like —1.88 0.002 0 — —
novel. 8471 PF06585: haemolymph juvenile hormone . . a4 8. 45E-08

binding protein (JHBP)

107362682 protein kinase C-binding —1.81 6. 90E-05 — —
AN T novel. 7788 PF00102: protein—tyrosine phosphatase 4.52 0.002 0 — —
Apoptosis novel. 6235  PF07525. SOCS box 3.79 0. 003 0 = =
107368235 protein D2-like 2.83 0.010 0 — =
107372304 heat shock protein 105 kDa-like 2.81 0. 005 0 — —
107367239 protein argonaute-1-like 2.54 0.010 0 — —
107359874 protein argonaute-4-like 2.25 6. 10E-21 1. 01 2. 78E-14
107365809 zinc finger protein 271-like 1.92 2. 23E-08 — —
107369599 apoptosis regulator BAX-like 2.44 6. 35E-06 1. 16 0. 000 7
107359187 cholinesterase 2-like 2.15 2. 22E-10 = =
107361446 acetylcholinesterase-like —6.67 8. 15E-07 —7.72 2. 58E-09
107362926 acetylcholine receptor subunit beta-like 1 —2.04 0.001 0 — —
107364800 acyl-protein thioesterase 2-like —1.84 2. 00E-13 —1.35 8. 28E-11
107362928 acetylcholine receptor subunit beta-like 2 —1.63 0.007 0 — —
107363807 chymotrypsin-2-like — — 2.68 0.002 0
107362797 chymotrypsin-1-like —4.89 2. 22E-11 —2.10 1. 12E-05
107363691 multidrug resistance-associated protein 1-like —1.74 8. 68E-08 —1.13 2. 58E-07
107361599 multidrug resistance-associated protein 1-like —1.66 1. 14E-10 = =
107365725 down syndrome cell adhesion molecule-like —2.12 0. 008 0 —1.17 0. 005 0
107366084 down syndrome cell adhesion molecule-like —2.09 0. 000 2 —1.00 0. 000 4
107366690 down syndrome cell adhesion molecule-like —2.05 0.002 0 —1.16 4. 71E-06
107361954 down syndrome cell adhesion molecule-like —1.85 8. 21E-05 —1.07 3. 51E-05
107364695 down syndrome cell adhesion molecule-like —1.76 0. 000 2 — —
novel. 7521 PF07679: immunoglobulin I-set domain — — —1.27 0. 006 0
HISES 107359538 apolipoprotein D-like —4.48 0. 000 2 —1.90  0.0010
Apolipoprotein 107369351 apolipoprotein D-like —3.22 0. 000 3 = —
107359541 apolipoprotein D-like —2.54 0. 001 6 — —
107369114 apolipoprotein D-like —1.78 0.002 0 — —
107367815 apolipoprotein D-like — — 1.58 0. 005 0
g 107369405  cystatin-B-like 1.42 4. 82E-09 — —
Humoral immunity novel. 5543 PF00031: cystatin domain —1.58 0.002 0 — —
ZEEE novel. 764 PF00379: insect cuticle protein 1.75 0. 000 10 — —
Structural protein 107362770 pupal cuticle protein 36-like —2.90 3. 79E-18 — —
107362526 adult-specific rigid cuticular protein 15. 7-like —2.29 1. 65E-05 —1.37 0.001 0
107360092 cuticle protein 38-like —2.27 8. 71E-16 — —
107361067 cuticle protein 16. 8-like — — 3.83 0.002 0
107370378 cuticle protein 16. 8-like — — 2.50 0.010 0
novel. 6457 PF00379: insect cuticle protein — — 1. 74 0. 008 0
107360454 keratin-associated protein 21-1-like — — —2.09 6. 94E-06

D) S5 P R A TN REHEIT » FC R AR 1.

Genes are ranked by biological process and/or molecular function. FC indicates fold change.
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PFEAOYEMER 4 AN P 2 4 3, —S8 545 (107371482,107364383 £5) 2557 N I A= B Wolbachia J&%
DIREAHOCHY SE R gl 2 36 R At DR e A (2 B Qe RAE T A BR sk N AR b, X nT Resg g 1



« 88 . 490 44 25 2020

YF SR HG I TE A
2.5 ERFIZEEEHR qRT-PCR KAXEEH
BEAIL O 8 W I 0 4% 8 22 SRR S (il
54 T 3 ) R ZOEE & PCR Kk RNA-Seq
MFF2E R, 859 IR, LR e i PCR 55524
D B 25 RAEFE R IR AR IR LA — 8 22 5 (H 2
IR ) kb B — B0 (B 5) , B0 0IE 1 % s 40l iy
SR AT SEE,

4r [_IRNA-seq
I Real-time

BACREEL
Fold change
)

|
)
T

< [N < o0 < — <t [=3 a
S &@a o 3 ¥ oS w ©
on N o0 o0 [ (o] O —
o~ [ g (=N — D (=] [ oy [3a)
= © ®» © v v v ©
on o o on on on o o
o~ [ SR SO S =~ o~
(=} S S (=} (=) (=] (=] [~
6F RNA-seq
I Real-time
4}
)
B g 2r
s
270
B2
XS L

107364853
107366335
107360662
107369943
107367654

o~ o
) N
S <
= t\!
) °
o o
o~ o~
=) =)

B S TEHHETEMHEE () fiiE(b) ZREER
qRT-PCR 3&iE
Fig. 5 Validation of RNA-sequencing data by real-time
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quantitative-PCR analysis in females (a) and males (b) of

Tetranychus turkestani
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