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AFET, RUH AL R FERT B bk AR B AISP3 By Rk Bk 24 C Xt B B E & (P < 0.01); 7 & B J5 By M |4
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Expression Patterns of the Serine Protease Gene AISP3in Apolygus lucorum (Hemiptera:

Miridae) at Different Temperatures

SHENG Yang*% SUN Yang?, BAI Li-xin? ,XIAO Liu-bin*, TAN Y ong-an?

(1. College of Plant Protection, Nanjing Agricultural University, Nanjing 210095, China; 2. Institute of Plant Protection, Jiangsu
Academy of Agricultural Sciences, Nanjing 210014, China)

Abstract: As an important digestive enzyme gene, the serine protease gene AISP 3 plays a key role in Apolygus lucorum for di-
gesting conventional cotton. To understand the effect of different temperatures on the expression level of AISP 3, we anayzed
the expression patterns of AISP 3 in A. lucorum reared at different temperatures using real-time polymerase chain reaction. The
results showed that at the normal temperature of 24 C , the expression of AISP3in A .lucorum &t different nymphal stages was
similar. The expressions of AISP 3 in the female adult at the pre-mating stage and the male adult at post-mating stage were
19.71- and 7.16-fold higher than their contral at the 1% nymphal stage, respectively, which were significantly higher than at any
other stages. However, expression in the 4" to 5" A. Jucorum at the nymphal stage increased with rising temperature in the
range of 21~ 30 C . At 30 C, the expression of AISP 3 in the 2¥to 5" A, lucorum was the highest. The expression levels of
AISP 3in adult A. lucorum reared at different temperatures during the new emergence and pre-mating stages were significantly
higher than that of the control reared at 24 C (P < 0.01), whilethe expression during the post-mating stage at 18°C was higher than
that at other temperatures. When incubated at extreme temperatures (4 ‘C and 40 C ), the expression of AISP 3infemale and male
adult A. lucorum was significantly higher thanthat at 24 C (P < 0.01). Taken together, our results showed that the externa envi-
ronment temperature and the internal stage of A. lucorum or its sex all had significant effects on the expression of AISP3in A. lu-
corum (P<0.01), and that there was some interactions between them. Therefore, AISP 3 isvery important for the female adult A.
lucorum to obtain nutrition at the early stages and temperatureisan important limiting factor for the expression of AISP3.
Keywords: Apolvgus lucorum; serine protease; expression pattern analysis; temperature
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L % (Apolvgus lucorum) @K H H 15,
RZEERE FET0T 2, BRAFMIEIL, &
HEEAE SR L A A SR Y
TERSH 25 I LU 7 O e 7 20 A Ak 40
PRCERASE TV, 385 IR Sk e - B T 7 | DT
RRAEW ™ . SEAEk bl B Al A K TH AR, i
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EXTEFRY T HALA R R AR E Y
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FRYEFY BV, BIERHR JUE A
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5 HARRIRRY D AME A A G, ana] DAY B 5
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AISP 3 RIS AT, b A PR 5 2 5 IR T
EIH AR O REEHLAFFTSERY
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1.1 i HiE
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L) S IedpfmSR 3 SR (25 £ 1) C A
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10%H4 5K
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1.2.1 24 C Tl 4% 5 AN o] 1L 45 40 #2352 22
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AT DL R R . R A 10:00 P A
(H) &, Fr g i L (H OB IER %S, N
4:00 B, AU AR BN BT 0 e R
1~ 5 L, RS BRI 5 3k EEE 5 Ik, BB A
ek b ] — e e 3k 25 Sk o B U
W R A — SR BRI SR, RN AN N H4)
AERERIPIA (L H 8 5R) SERCHT(S H ki) |
RRCS (11 H 4 p% )3 A e Ak o A4 4b
53k HE 5K, MR E A AL R — A
B ME HERLHUIA S 25 3k
1.2.3 45 B 5 A A 10 i i 2 P R 3640 P 188
PEREPIMLSE 2 d A L AT 4 °C Fi1 40 °C 14 g
TEFEALEE 1 h, IR AL BE Y BRI Y 45 5
Sk, TR 5K, RIREAN I BE A A A 45
253k,
124  HAbGFRFRAT S5 HEARWERGFRT, Lk
2% RS ) 4] 77 Ak B 56 24 18 B TR A R
70%:+5%, Y6 JE ] 120L:12D 56 Fadh . A0
2.d #— R PUZE R AU ST 109%04 5K, AN
T A 3L () 2 e AN (] R p g e
FEARST I 1.5 mL 250 A IAE | TR ARV -
70 C PRAALI 2 H
13 ZFEBARLEMNERR RNA RIS R
R

W b i AN A A BN S I 4 % 5 sk
R, SHEAMERE, WA, TRIzol %
(Invitrogen, SanDiego)#i£ i &l RNAZ

S A PrimeScript RT reagent Kit with
gDNA Eraser(Perfect Real Time)izt 7 & , Kb fdi ]
TR RNA, TR BR300 & i
B AT, )R H) cDNA fin A PCR 7K #i B
T-20 C ORAFA .
14 WHREEPCREIMHARS T EMEN
il

ARHFFE TR AISP3 514 (R KGR B H7E
50~ 60 C )4l cDNA SCFZE TS 3] A JE R 351 i
I, AR E IR K IE B-actin hy P br kA
(GenBank % 554 . IN616391), 5|¥)i%itia
Primer 5.0 £ i 4= A9 T2 g & i &
B 5T H R 1,

F1 RHEEPCRREKSIMEFEF
Table 1 Oligonucleotide primers designed for
Real-time PCR reaction

A 5191)%%(5-3)
Gene Primer sequence
AISP3 F. GTCGTTGCGTCTTGTTTAT

R: TGAAAGGCGGTGAGAAT

F: ACCTGTACGCCAACACCGT

B-actin R: TGGAGAGAGAGGCGAGGAT

HUA [ 128 A B B9 4% B s cDNA i, T
SE He B IF R B 100,10,1,0.1 1 0.01 ng-pL?,
SR L L 2 %55 | it A 743, R B 5 ik
#E, FHARX E=10"Sope (E W HBE,
Slope i 5 AN BE -3 Cr (T A Al EL 2k i HR
) THE S Y 808 | i Reill 2 AR &
fiti 3 Al AISP 3 5 AR LA B-actin 97 3 A1
BAE, A AT T B 98O6E = PCR 51411
IRFNER
1.5 ZWHEE PCR R

7 )t i PCR 3 5 Bt H 1k 3% R H SYBR
Premix Ex Tag Kit (TaKaRa, Tokyo, Japan), {{ #%
4y iCycler iQ(Bio-Rad) , 43 #r 4k -4 Version 3.0a
(Bio-Rad), #¢)6E R PCR U Ll RNase-free 7K
(TaKaRa, Tokyo, Japan) A B E XTI d2 17 cDNA
W 40 ng- L™ B 2 pL, BEFEA BIRE R,
RN AR 3L M EL 40 1,
1.6 BIESEITS SR

FRUERE i 978G E B PCR 988 i 4% e 1
PCR 1Y [ 12E A, 2% B i AN ) I b 34 )5 4% i K]
R AL 27T T G AR
)R EE AL BRS , AISP 3 M ek i Y 2 5 i Pk
SR G A DPS V8.01, Jf:3% i LSD %6
RHTZ R, e RS 54 H 6 45 ik
AISP 3 AN 3k B 2 [B) A AR S , 3] 52 $ctie
SR PR B 55 R sl e 1 1 TR R 3R T 2 0 T 9 i
UIR-SESORIe S i oA NS R R (i)
R,

2 RS9
2.1 24 CAMETFEESEH AISP3 RiXiLHHr
WHARFER B-actin Z 3 K AT UL SR R 79¢
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it PCR R, EHIREQR4 C) T, ZEH%HA
[ AR BT AISP 3 SRk ik AT I, 27 4% i
Rk A ES , HARRF B E K (P> 0.05),
IR R AZ EC RGN AISP 3 36k B fery | IR EI X I
(LR 1971 F%, W3 mE THAMA (P<

0.01), Mz At J5 H: AISP 3 [ F A ERHK, W &K
FHAth H #& pE H (P < 0.05),, i HUNIFIAL  SEBLAT
LG AISP 3 (A &g F T, ik 3 i
KV (P<0.01), ZCHC/FBENF AR (1847 )
7.16 f35(3 2).

K2 24 CHRUTHREHESMEK AISP 3 X RIEE
Table 2 Relative expression levels of AISP 3 from Apolygus lucorum of different stages at 24 C

Bt Stage AISP 3 RN ik it
Relative expression levels of AISP3

£ H Nymph 1#% 1%instar 1.00 + 0.00eF

2 i 2dinstar 1.09 = 0.05deE

3% 3vinstar 0.97 + 0.10eE

4% 4% instar 0.82 + 0.07efE

5% 5" instar 0.55 + 0.03efE
B Femaleadult 1 H #&RIFIfIHE 2t New emergence (1-day-age female) 0.93 + 0.05eE

5 H #4352 FifME . Pre-mating (5-day-age female) 19.71 +1.383A

11 B #452 E 5 i B Post-mating (11-day-age female) 0.23 + 0.01fE
TR Male adult 1 H R HE 5 New emergence (1-day-age male) 1.88 + 0.09dD

5 H i A2 Bl wTiE R Pre-mating (5-day-age male) 3.03 + 0.16cC

11 H 225 e B Post-mating (11-day-age male) 7.16 + 0.25bB

T RSB EAREAR/NG RS 115303 7R7E 0.05 A1 0.01 KT F2557 3
Note: Values followed by different small and capital |etters mean significantly different at 0.05 and 0.01 levels, respectively.

22 AREESEHBRASHETREEER
AISP 3 Rk

e SRR R H 47 . AISP 3 Y& ik i
Z W 5 PREE IR BE AR E 0, AASTE] He i £ B
F LA SRR AN B /Y AISP 3 ik
A%, Hor 24 °C ZhRRAY 3 T AR A (P
<0.01), Ifif 2~ 5 #&+#5 HU7E 30 C Y AISP3 ik
i, Yk F] 24 CXF IR 10 5 LA L, s ik
20 15 DA, B i 2 v T LA R B AR 3P < 0.01) 5
MR TR 3] 33 °C I, 3~ 5 AT L AISP3 %Kik
1 30 C WA i 2 T R (P < 0.01), {H4754b T4
fe P I i 2 v T LAt IR B AR 3L(P < 0.01)
MR AR A6 0 FA B2, B A IR R 1 e (21~ 30
C), Lk E % 4~ 5 i L AISP 3 YR IA A HT L
T 1~ 3 i ) S B — AR B A X (R
3)., AR 55 45 HOt& I e LR AH DG BT 22 B
Bt A BN r (B 5 1S TR A 15 I Bl P i 71
HENNIREE S XY AISP 3 Fk i R Mol ik, H

o IR BEXT 3 AT R R IR B T B S KOE (P <
0.05) , X 4~ 5 #&#7 HUAY 52 A ik 2] T 4 i 257K
(P<0.01), ARl S BrA A e i il e {6 1\
R P TR TN s S =L - N L GV
SP3 Fik it i SR OCHEER (R = 0.99), H 52
ERFEM(P<0.05),
23 AEEBESEREASRETREERA
AISP 3 Riki& i
M3 4 AT, AN R EE A 3 1 o 5 0
T AERI PR (L B R R SEBECHT (5 H i Al
H) . ZRLE (11 H A R)3 A~ 2T AISP 3
AT 235 7K 48 24 °C X FRALFEYS e 1 1 B 3%
St o HrR RIS 5 BC A A e s e K se e fe
) f 1 R ALSP 3 YRR X 3R 38 K F 8 3 T
1.7~7.01%5(P<0.01), 2ZBC)5 HMERR LA AISP3
HYAIRT TP AAE 21 °C (33 °C g A T %,
HA B E T 1.49~ 4.76 15 (P< 0.01) . ANFlE
54 B H 0 {EL] 9 RH 5G4 BT 2R B E AR



6 b B TEAE TR BE RN 2 i 22 EME F1E AISP3 9 ATE /T 545

AR (r<038), [HEIRAF BEKFE (P>
0.05), AN[FliH 5 MERE R R A H I (R A 2 AH
KOTHTEERFR R SEE IS USR] B i AISP
3 RN AR IR = (R=089),, FHILAT L, I

HAERPICET ) AISP 3 1235 7K - 5 i B AR 1k
AIAHSCHERIN(r = 0.26) , 7E2EBLHT 5 38 BLfa 1Y Al-
SP 3 R IKKF- 51 EEAZ A ARG R (r=
0.5) ; T A HL AR Bz, TENIZPIALIS (1) AISP 3 14
IR BRI AH DGR (r =0.82) 1658 BERRRTRENaSk HIB iR i) AISP3 kil [H3E
BCHT S 2CBCIR Y AISP3 HURIA/K- -SSR WV EFIRY OIS UM A —E K &R
R3 TREBETREHEAEHREHIR AISP3 HEXNRILE
Table 3 Relative expression levels of AISP3 from Apolygus lucorum nymph at different temperatures

i HE Nymph stage

Tanpffjre /C 1o 2 il 3l 4 5 il
1% ingtar 2" instar 3Yinstar 4" ingtar 5"instar
18 0.25 + 0.02C 0.35 + 0.05C 1.78 + 0.19C 2.16 + 0.25C 2.46 + 0.33C
21 0.23 + 0.03C 1.72 + 0.22B 0.52 + 0.06DE 0.59 + 0.06D 0.62 + 0.07D
24 1.00 + 0.00A 1.00 + 0.00BC 1.00 + 0.00D 1.00 + 0.00D 1.00 + 0.00CD
27 0.10 + 0.01E 0.39 + 0.03C 0.30 + 0.02E 2.98 + 0.16C 1.69 + 0.17CD
30 0.34 + 0.03B 10.14 + 1.06A 12.30 + 0.74A 15.04 + 1.39A 21.14 + 1.21A
33 0.17 + 0.01D 1.11 + 0.08BC 2.95 + 0.32B 10.40 + 0.59B 15.34 + 1.59B
AHCHRE - 0.16 0.40 047 0.78" 0.76"
BHERER 0.99°

1 [FFV BB G ARE AR RS E R FORIA 2 R KT+ 5 * 330K 1% 5% % 1
Note: Values followed by different capital letters in the same column represent extremely significant difference(P < 0.01);
** and * represent extremely significant difference (P < 0.01) and significant difference (P < 0.05), respectively.
R4 TEEETREEMHEEBIR ASP3HENREE
Table 4 Relative expression levels of AISP 3 from Apolygus lucorum adults at different temperatures

i 2R, H i Female adult stage A B # Male adult stage
N=N5 M1k EBLHT LA N1k AEBEHT )G

Temperature/C (L HieUR) (5 Hilkpl) (11 Hilpiik) (1 Higph) (5 High) (11 HEgh)

New emergence  Pre-mating Post-mating New emergence  Pre-mating Post-mating

(1-day-age) (5-day-age) (11-day-age) (1-day-age) (5-day-age) (11-day-age)

18 6.19+ 0.85AB 1.83+ 0.26D 4.76 + 0.24A 1.71+0.11D 6.45+0.40AB 3.85+0.38A
21 5.26 + 0.47B 2.68 + 0.40C 0.99 + 0.03D 2.87 +0.29C 5.60 + 0.70C 217 £ 0.19C

24 1.00 + 0.00C 1.00 + 0.00E 1.00 + 0.00D 1.00 + 0.00E 1.00 + 0.00D 1.00 + 0.00E
27 6.06 + 0.38AB 3.26+ 0.34B 1.49 £ 0.04C 3.90+0.24B 581+0.39BC 240+0.16C
30 6.99 + 0.41A 4.04 + 0.22A 2.56 + 0.16B 415+ 0.44B 6.86 + 0.23A 2.86 +0.16B
33 6.29 + 0.56A 342+ 0.34B 0.86 + 0.11D 5.25+ 0.39A 6.48+055AB 1.78+0.17D

FHXZRE - 0.26 0.68 0.50 0.82 0.21 0.38
EMKFER 0.98 0.89

TE: RSB S AREA RS TR A 22 il B K 5 * 73530 1% 5% 2 #41E
Note: Vaues followed by different capitd letters in the same column represent extremely significant difference(P < 0.01);

** and * represent extremely significant difference (P < 0.01) and significant difference (P < 0.05) , respectively.



546 i

S

25 %

24 AEERE AREKEEHEITEEE A-
SP3 RIFXEHMAFHEREREZ ST

25 L RTIR SR E e B S MERE R AN ALSP
3 Ik H T AL B B 5 BRI R X P R
UIASC, [F)y % BARAE 25 . g, % B
TR AN [ 20 5 40 B I 7 50 R SO IR 3R 7 220
At , LLBH B 2% DA 20000 25 2R 08 sk o/ e — 3
HARMRREE, a5 ] UL, R EE IR B A~ A
FON A HULL R MERFE R U AISP 3 [R5 B 4 RE
PR R E R (P < 0.01), {HAEAT U, 5%
T BE A SMESE A BT B JU RN RS2, 7E
Y], R R B Y RS BT P il
BYINERENA o ORI 5, b U AISP 3
A8 52 A PRSI A S O RO MR
e EEFINTE A BB BEAEX s B A LS
W FSC AR I ALSP 3 1 35 Bt 47 LR A 1 3
FISEIR (P < 0.01), # HUHPREEIR I R SMER I 5
FI B U Y TR S e B R A TR
Y, TR EE A AMERZ I 5 3 B HOR N TR
S BT B o8 F) T A A R e ok, R A ) 4 ) 1) 22 S
AR,
®5 AREBEREKZEMETREE AISPIRIZE

MEARFEF TR (EEER)
Table 5 Two-way ANOVA table of AISP 3 expression
at different temperatures and stages (fixed model)

F

A - — —
Variance of source ey B HE Rty
Nymph Female adult Male adult
IR Temperature  1790.02° 325.35" 269.46”
HEREENB Stage . 733.96”  123955"  1451.75”
SE BE 2 TN BIL
WEOCERBTIE 00y o7 o770+ 104517
TemperaturexStage

TE o FoRER BB R EKF,
Note: ** represent extremely significant difference (P <
0.01).

25 WimREAETRESEHRE AISP 3 Rikik
SHT

L 24 C AL HEAEXT R | 200 W o iR BE (4 °C A
40 C)AbFRS ) AISP 3 FRik i i & L TH(P<
0.01), 1H 2 M s AISP 3 By MK i BE 777
WS Hi Gt 4 °C b PFRHE R K AISP3 3
KRR R E S T4 40 CRFpFRER (P<

0.01); %t 40 C AbBRAHEHUE) AISP 3 ik
e T2 4 C AP Rk R (P< 0.01), %
BRI BE 5 1l e S R TR 2R T 25 A W 4 SR 3R P i
PRLJL T I 35 S M 4 i iR LR AISP 3 1 R GA
(F=355.77,P< 0.01), X S5aiid A FIEE AFH
W X4k E i AISP 3 FIk i RZ M IR 2 25 5 1o
M0 B b T A 2 1 I R R 2R 0T R A A e
AISP 3 (IR A RE ™ A A i B S I 2518 % —
00 BN, BRI AT T AR s AISP3 (1)
FikiIER (F=18476, P< 001), HRFRIE St
ST R H AR B 35 (F= 11889, P< 001),

4  RFR NN EIE

(=]

ALSPIH A F ik B
Relative expression of ALSP3

] _. I i .
& Ly

T AR SRR IR 22 50 KT
Note: Different capital letters represent extremely
significant difference (P < 0.01).
E1 BimRE TS HE AISP 3 HEMNRILE
Fig. 1 Relative expression levels of AISP 3 from adult

Apolygus lucorum at extreme temperatures

3 itib

B A K & F 2R 2 R =
HriR R REENHERZ—, £ 10~30 CiE
FEL PN, 2% U O RN 7 IR0 R B R B TR Y I
Frmi iz et H A E DNk, AR
W, 5k H i 4~ 5 14 HUAE 21~ 30 C Y [ N B IR
BERTEE, H AISP3 A BB Wi T . MR
T2 33 CHY, ZrREMHAH AISP3 HRIA T
30 °C i B E AR (P < 0.01), HAF HAET- R ik 7
50%LA 1, AR B AR EE S P R R SR
U A R B R B AR R, HE e i = A
. AEXRMIEOL T, G i ] BETE B R R A
(A AR , in i T HRCRT 3 32 B 5 I T AL R WA B
TIPSR A K T B TS5 AISP 3 ik
TR T A B, 2l T AT
B HORE AR, B AISP 3 Feik L 2 R
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P M A~ 5 1~ 3 I dL AISP3 13
R IR TCIA A X T REJE Tt B A
4 HIE RS A I ARG, T 1~ 3 e H
AR AISP 3 (I Fe ik S I ALY
ML,

AR EEFREE AT, 4% 5 6 M s 7E KRk
I, HE S PEAS BT, AISP 3 (yFeik i MR
i, IR X 2 AN AT S R e e
AE AN R A ORI, B Ry TR B R
SR, PRI & B B AN T e i g e A
IR VAR O0 e R e R
S IAEAF B, A 0T e M d e A i A
HOEEARRIEIA 55, 18 CHFRAMN T, 85
WA HE RIS AISP 3 By ek, 2
W T HAMRE , XATREH T 18 C T R4k E
WA SRR R R R A
AISP 3 ¥ ik LA R L RE

fE 24 CElRRFRAME T, X EHNAA
BT AISP 3 ki #E4T T 4307, 45RERH 1~5
A7 RN 25 A B 3 (P> 0.05) . ACRLHT Y
O H 2R A et B 2 R T A A ST RS
i M R A8 I B T AR B A ok e R
ZRLA=HE, AHCHEFE AR I, B R 7E s Tl 40 )
HIAT R 50 Sh ANEC AR A48 5 S RCsE B LA SRR
BRIEGIBEATEAT R RN GEED, d—
kB AZ T T3 AT 2 M i HR B e AR SR ) O B
9, TASTC A M R s e R, X T REE
B TR RAT Ry v, fl HR B AR o 1) 5 SRR U
£ LA HR AR A O 5 0 P T 3 S8 L AR O
ZHVEFRYEE, NI R, AH T,
T s ARIPIAE B AE BE 5 AISP 3 B2 3k % |-
Tt 35 T e e i 1 R R A R A Stk
—AEHL , AT , S M R A R A AR
HH R E A TR A TE A SR SS |, ik
P AR & LASSRCXT GAE R e o7 FAREY, e
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