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Abstract; Helicoverpa armigera (Hiibner) saliva play important roles in insect-host plant interactions. In
this study we constructed a ¢cDNA library of salivary glands of H. armigera larvae where saliva is
secreted. We randomly sequenced 1 501 expressed sequence tags ( ESTs), and clustering resulted in a
total of 821 unigenes. Blast2 GO program was used to do BLASTx, functional annotation and metabolism
analysis. Finally, we classified mRNAs in salivary glands of H. armigera larvae. By annotation of these
ESTs, genes encoding 17 enzymes for digestion of fat, 5 enzymes for digestion of carbohydrates, and 20
serine proteases ( of which 16 are newly reported) were identified, suggesting that the function of salivary
glands is secreting saliva for predigestion. The cuticle protein, odorant-binding protein and chemosensory
protein genes were identified in salivary glands of H. armigera larvae for the first time. The results will
lay a foundation for studying predigestion system in H. armigera.
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5%, BEREY R O ES WY (R PR
B-HINEHEE . A AL NERYERR
FRVBGY, C &R AT LIS A W RO, £
FR4 1L Helicoverpa zea Wi YR H 4 % B S8 AL B 7T LA 4%
MR P JE il T3R5 (Musser et al., 2002) ; 1%
BB ER P 2 R A NERERREG . O o FR T 1 |
RERERE . 2 A (UEESE BLo) FT RE R S S ) 5 8
PR UK § (85, 2008) o Bealfoxd 22 SR BF
Diuraphis noxia . % 5.5F Acyrthosiphon pisum FIAJk 4%
Myzus persicae MEWR 2 H L4 #0 B K B, EATHE
WP EFECHTZ THRIKEBHS, XATHE
EHTEMN&BSHFENERATAXE M
(Harmel et al., 2008 ; Carolan et al., 2009 ; Cooper et
al., 2010),

K344 B8 Helicoverpa armigera J&— Fh itk 544 43 4
FIEZE ML F R (FBTFIT, 1998) , BIRITLAE H
T Bt ZEF AR R FAE, A ROEE R TR R A
A, (EARE XS Bt ER MRS W H R R, B
WEIHF RS SRR, W RHLRS
HIPT SR B TR R FBIIA SR, Mg R i E
H 4221 ESTs R ik 1% K B9 © A 418 ( Pauchet et
al., 2008 ; 4REH=5E, 2011) , REEiR AR BT 53 S
A iE, Celorio-Mancera Z£(2011) & 7% 5 T1&
I AR % R &l e R R R 34— 4K cDINA. ST 2 5 %) Wi
WA EB RS 0T, 33815 8 289 /> ESTs f7
Fo ABESH, WATEET R B T ZHRE
High B VR R cDNA SCFE, 3E3£15 821 4> unigenes,
AMUFTHRME RS HFEERESHE T, wall
SRR IR R G FT N AL, RIREATS5E
A I ESTs SCEEHATX LG, B ST [R] F B A 428 o D
WATTHZES

1 #RERZE

1.1 BH##

e 3 H. armigera 2000 4% B o E R LA
EHME R AR R RGRE, —EZEANATLH
BHRFE (RIFRIA R IR BE R I 7E 27 £ 1°C, X R
FEHI7E 60% ~85% , JEJAHH 14L: 10D) , F 2010 4
FEHL 4 184 200 3k, T oK bA# R SR EER AR, R
BRI R IR E TRA T . REGERE, B
BEE T RNA $25,

1.2 RNA 25
R4S B RNA B & BUf A Invitrogen /3 ]

Trizol 157, $RBCEBRIZ UL B AT, IRIA RNA
T 20 66 BE T RN B IR W S5 s Pl oK EA T AL T
1.3 cDNA XERHE

SC JE #4973 fi ] In-Fusion® SMARTer™ cDNA
Library Construction Kit i&3] &, SCHEM & i fE W
T B2 pL AL B AR AL RNA, AKIKANA 1 pL
3’ SMART CDS Primer I A, 1.5 pL JC RNase £ 5
TR, BRIESEE.L, 72CHFE 3 min, 2CHF
2 min JFEL, BEFMA 2.0 pL 5 x First-Strand
Buffer, 0.25 pL DTT (100 mmol/L), 1.0 pL dNTP
Mix (10 mmol/L ), 1. 0 pL SMARTer II A
Oligonucleotide ( 12 pmol/L, 0. 25 pL RNase
Inhibitor, 1.0 pL SMARTScribe™ Reverse Transcriptase,
Z AN 10 pL, BRESE LG4 PCR U
42°CHFE 90 min, 7EIK EZILE—ERE R, 2
F—Ea RSE M. TEE B 8RR B H ] LD-
PCR ¥, 4 /X H dscDNA { fi CHROMA SPIN™
DEPC-1000 {a,i%+: I L BRI AT AL Tt 1k o

i fk B dscDNA {#f F§ In-Fusion £ R 5
pSMART2IF {47, EHE Wil BT
AL AR Z S Y1 DHS o H . ARG B V5 1T
BT T PCR %558 SCPEH BEFE AR RAEA R
B/
1.4 EST FHIMES 547

BERDEECFHE e R g TAYM TEARL
R AT R SIINRE , TRE B 46 e 1) 6 AT 5 Bk
K359k, RIGHITRES . BREBIK
unigenes {iff Fj Blast2GO T E. #4171 B 431 ( Conesa
et al., 2005) ,

2 HBRE5HH

2.1 1REEHERRS RNA RIIREY

FR %8 o 0 % IR A RNA e 9k 8] Fp it B 28S Al
18S ZKAFIEMT (B 1: A), Ayy/Ay7E 1.87 ~2. 10,
PYLHLE RNA 2 RIS B )5 S 20K .
2.2 1R HERE cDNA WEN S

DL RNA 5% 5% 43 %] dseDNA, H 3k 4577 3R HL
¥5(E1: B), AHBHEN, BAERENFERE,
2.3 1REHEERIR cDNA EREN

HRAE T & B B AR S o BRI ik, TR
WAL R ) SCRET BE Ol 4. 9 x 10° pfu/mL, [ B Bk
50 NPEMETORE, KB M EH N 100% , HAH
EifE 0.4 ~2.0 kb ZJA],
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Fig. 1 Agarose gel electrophoresis of total RNA (A) and
dscDNA (B) from salivary glands of Helicoverpa armigera larvae
M: DI2000 Plus Marker; 1; & RNA Total RNA; 2: X %% cDNA
Double stranded ¢cDNA.

2.4 EST 3RS

ARIAEAFH] 1 502 A EST J751, & KA
KA IE15 3] 821 4 unigenes, S HIKYL, H
56.1% B unigenes K & 4LF 901 ~1 200 bp X Bk,
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M
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MEEXZH 1001 ~1 100 bp &K%, 5§ 25.0%,
HoA A B2 X Bt 1) unigenes F2A4< FHRAE 50 A (&
2. A), i3 Blast X 437#1, M GenBank JETT4%L
I8 FE b 8 R ok 1 B X 4K unigenes, 7E 821 4~
unigenes H1, A 213 4 unigenes (25.9% ) ¥% A 3|
HENHRMERFS; 608 4~(74.1% ) unigenes BE
T2 S ENELIERKFS, Hd 495 1~(60.3% )
REGCHIGEM AR, FRARMIGERERH (&
2: B),
2.5 IRHMERM ESTs WEEE

HRES MR VR AR ESTs U AR M+ 5 E
AT DMAT 125 R 7E e Y B N R B, TR
ESTs XX FEH, A 245 /> unigenes B 2 MU E
ESTs, 576 4> unigenes &/ —-~ EST 44 %, 7Ef4
HMER ESTs U, SRARFERHH —-RRELE
H, A 78 /> ESTs i XFRKEH. 7, ©F
Contig\12 FI Contig\16 P 3 & H7EMEVR IF ESTs
SRR BA R R M FEEE, ESTs M550 58 AH
20 4, —FHERAEMI BRI BN EE W EAE S
FHEE, A 57 ESTs wiEXMEHGER L),

14%
‘.%Q\Z‘%

B IR Function unknown
O KA1 H Gene unknown
M YIGEEL Al Function known

B2 e mh R IR EST FFHIKBE M (A) FIZREHRE (B)
Fig. 2 Distribution of ESTs in each contig in cDNA library of salivary glands of Helicoverpa armigera larvae (A) and

contigs and singletons with or without match in NCBI database using BLASTx (B)

2.6 RS HMER AR ESTs BUTheE iR

i@ Blast X 4387, 54540 B HE VR IR unigenes
AHVCHC ) B S A L7 23R kA7 2 5 R 7 i B
B O IRE Y, HEZERT S PR R RS %
B R M Drosophila

Tribolium  castaneum

melanogaster, % %5 Bombyx mori, 3 B Aedes
aegypti FAX] LIV F% 8L Anopheles gambiae, 75k, B
132 /> unigenes 5% RAHVCHEDS, HEZESE 29 12 (A
3)o
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F1 WMEHPHERR ESTs X ERREFERSH 11 N EEK
Table 1 List of 11 largest contigs assembled from 1 502 ESTs from the salivary glands of Helicoverpa armigera larvae
HR BAFR HE R B KB (bp) ESTs % - W —B: (%)
-value
Sequence name Sequence description Sequence length ~ Number of ESTs Mean identity
Contig\26 REEA 1232 78 2.22E -55 65.90
Cuticle protein
Contig\12 REEA 1254 58 2.77E -46 80.50
Cuticle protein
g ¥
Contig\20 IRIREREREE 1258 57 0 62.05
Pancreatic lipase-like protein
Contig\74 MR 1734 37 0 99.40
Actin
b
Contig\17 MRER 1217 34 1.55E - 148 91.60
Cytochrome b
LIM
Contig\23 Wi &H 757 21 1.18E -36 94.40
Muscle lim protein isoform 1
Contig\16 REEE 1553 20 1.38E -51 66.10
Cuticle protein
ATP & i
Contig\9 1189 19 1.70E -93 88.75
ATP synthase fO subunit 6
. ¥
Contig\80 1 500 19 - -
None
jchge09076
Contig\79 A Sl 1 001 18 5.32E -46 67.00
sjchge09076 protein
R E Y
Contig\116 = 1139 16 1.12E -48 93.40
Chemosensory protein
-+ Jo¥{E None.

Others
Helicoverpa armigera
Manduca sexta
Glossina morsitans
Anopheles darlingi
Drosophila sechellia
Acyrthosiphon pisum
Solenopsis invicta
Drosophila pseudoobscura
Pediculus humanus
Drosophila erecta
Drosophila yakuba
Drosophila willistoni
Drosophila mojavensis
Drosophila grimshawi
Bombus impatiens
Acromyrmex echinatior
Drosophila virilis
Drosophila ananassae
Harpegnathos saltator:
Camponotus floridanus
Bombus terrestris
Apis mellifera
Culex quinquefasciatus
Nasonia vitripennis
Anopheles gambiae
Aedes aegypti
Bombyx mori
Drosophila melanogaster
Triboli 4

S

Species

1000

2000

BlastX VT g%
BlastX hits

B3 g% Hgh e R ESTs 5 HAth B s A AR DL
Fig. 3 Similarity of salivary gland ESTs of Helicoverpa armigera

0 3000 4000

larvae with those of other insects

2.7 1R HMERER ESTs B GO iR

g3 N 53« 53 F I RE A R A R 5 TH
X A4S HUME VR IR L 1T BB unigenes #8417 T 402%, H
HIEM AR A A 6 K, HEBRLZHA 3
K, BERZH AN, H 262 1 unigenes, 125
M ZH B, unigenes SLELH 42.60% ;5 UK AHALAR
AHI179 4, H 25 90 M4 8 unigenes & 3 1)
29.11% ; JJERKRGFEY, H133 4, Hizh
ZHMIZH B, unigenes EEUAY 21.63% (£ 2),

S50 FoRkaED, ZH5EEEEN
unigenes B £, A 213 1, HiZ 54T #
unigenes ¥ 38.45% ; H IR NS SHEMTEER
unigenes, A 185/, 52 54 Y32 unigenes F5
) 33.45% ; Z5t0rFIEHER 68 4, & 540
#2 unigenes DB 12.27% ; ¥iaiEHERA 39 14,
52 54Y)d 2 unigenes ALK 7. 04% ; BA HA
15 unigenes $U & (55 54 ¥)3 #2 unigenes S5
2.0% LT (£2),
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Mg MR unigenes 25 AT BMAEE 251 1240 4~ BT i HUGIZE 5% LA ER S 2K, &
Z, B2 M2Z%, Hppnh WelrE 20% LA LRy FIRZSHARBELSRE, EAIE. EYRESE.
S5 MM RAHRABE K unigenes, 51H  RELSEMAMRHASATIRGEEL),

R2 R HYPHERLR ESTs 9 GO FRBL %
Table 2 Distribution of salivary gland ESTs of Helicoverpa armigera larvae annotated at GO level 2

R A unigenes $( H (1) unigenes 4} Lt unigenes &7 (4>)
Classification of annotated genes Number of unigenes Percentage of unigenes Total number of unigenes
S A 262 42.60 615
Cell component Cell
2x
a 1 0.16
Synapse
HRAE 23 3.74
Membrane-enclosed lumen
AhIX
B 17 2.76
Extracellular region
A
RIPFREH 133 21.63
Macromolecular complex
il 179 29.11
Organelle
T == ¥
srFIIRE TR A 0 L3l ss4
Molecular function ~ Molecular transducer activity
e SRR A TG 8 -
Transcription regulator activity '
2k i
IR TR 68 12.27
Structural molecule activity
I EAR 4 N T . 0.18
Proteasome regulator activity '
HL T R " 199
Electron carrier activity
f A VT
PrAMTE ; L6
Antioxidant activity
‘p a3 by
BRNTEE . Lo
Enzyme regulator activity
ZEA
. 213 38.45
Binding
B I T . 0.18
Translation regulator activity '
5
ks 185 33.39
Catalytic activity
= oy
BB BT T 39 704

Transporter activity
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43R 2 Table 2 continued

RS unigenes % H (14~) unigenes %)t unigenes S 5% (1)
Classification of annotated genes Number of unigenes Percentage of unigenes Total number of unigenes
0 ZH4H 1
2 7/poK LY M SRR s 5 60 082
Biological process ~ Multicellular organismal process
HIrRHE
ke 30 3.05
Cellular component biogenesis
TR 2 0.20
Rhythmic process
FOAA
AW ; 071
Biological adhesion
EZ A NEpriz i ; 071
Multi-organism process
2
=h 73 7.43
Localization
Rae 240 24.44
Metabolic process
o
frs 21 2.14
Signaling
i 251 25.56
Cellular process
IR
i 42 4.28
Response to stimulus
LY
17 1.73
Reproduction
idal 82 8.35
Biological regulation
BepE RYGLHRR 9 0.92
Immune system process
5 11 1.12
Growth
=
e 6 0.61
Death
ERER 53 5.40
Developmental process
it
BxsiE 1 0.10
Pigmentation
4 A
LB R s6 570
Cellular component organization
4 8
U BE L FR N AR ) 0.20
Cell wall organization or biogenesis
bil
. 8 0.81
Cell proliferation
v
s 9 0.92

Locomotion
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2.8 1REQHMER FHIER

TEMRES R YRR ESTs SUE AP, FRAF AR AR
THALEEREN 17 4, SRS ENEE . ISR . A5 K
PR . PRPRTRIG | R T MEL i i g A B PR bk A S
FEMRIER, BRGERMKHLARR 5
A, EERGHEKBEER. ERBHEAMERSD,
BN EREABRER 1 1, WIDLARE
AR A 20 A, Horp 16 DNIVHTRR . X3k
1Y 20 A 22 R R EE B B0 2 R EAT R b
KB, 20 22 R PRE F R KRBT LA 5 2K,
HPAMRRE-ERNZAREAERNN KR
Z, #WATA(E4) .

b107

{00188
—L_

@ a772
@ d164
Contig2281
® 624

® ContigAll77
® 798

® 4205

® 1155

® Contig529
Contig1439

——® 486
L @ Comig2342

)

——®bl4l
L @ Contig2026

® 163
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@ (348

@ #i%H New gene

B4 ek IR IR - 2 R B R B I R O
Fig. 4 Neighbor-joining tree of serine protease genes from

salivary glands of Helicoverpa armigera larvae

2.9 5CFRLHEREENLE

Celorio-Mancera 25 (2011) ¥ T E WL R
WE VR R 1 2 — 4K cDNA SCPE (LA T #% Celorio-
Mancera 3CJE) , 2:3k75 8 289 4~ EST [£%1], 7F NCBI
A5k JK126269 ~ JK145657, fifi Fl A4 ) 15 B,
FHEAR, BENWASXEDHILEERNFETT
Xt o

Celorio-Mancera % (2011 ) 33815 3 MRS &
EEAEEM S MEFRZERRER . MAPTRE L
MISCRER LG 5 NMRG G E AR R 2 ML

BREZEHERN, HpRmigSReS G ERRRERMAE
5 Cebrio-Mancera 2 (2011) 4338 i R 2E 2L R ER A4
A, gmidib2 iz B B WERA — M, I HH
W3 ANRREGEA E H A 3 A (GenBank % 5%
= JQ753074 ~ JQ753076) , Witk rE2E FER
Wl A, Celorio-Mancera 3 JE A KA K 2
470 1, 7 29.8% , ABFFHEE I SCPER AR ML H
2134, 5 25.9% , Celorio-Mancera 3 FEA & Fi i
FKHEE 1600 1, 519.3% , AFFRMWEER K
FhEGASEL A 202 4, 5 24.6% , Celorio-Mancera 3L
PEH AR i & R AE R RE 257 1, 53.1%,
ABIF ST 2 SCPE A G i A S M TR B B R 54
A, 15 6.6% , Celorio-Mancera 3 JFEA #W 2 [ &
K264, d0.3% , ABFFRMESEDE T A, &
0.8% ,

3 g

B B AR T O T D S B 2 AR, 4%
HAERBANIFORALE, 78 EFR. T IR
TER(EHRMARTE 2, 2003) . #HEHZIRRNE
B, TERAHEYAR, BhaERERLR R,
B AR R R TR R, R X 258 F 1
HYUAERRY, XTELEARRNBERRE,
TEMRES R A GRS, B SR T I, 7ENH
WA KRR ERO Y HR BT, R
Ja—EAHHE . FEX P, AMETERXE
PIHLR B BUHAL , dx Y H R B B AT
VI AL,

Rt MRV AR KB TR LS, 7R &
xR BiE. PR aEER
B, JERVEG . WRAG. AR A HUE R AP T AL RS A
RRMEAENFEHTHTE, B RMERNTHEL
BT REEA SRR, T HL A 2B 2 A A Ak
BARSE, BT LMRMERE AT HER ) o0 28 eifh, HREXT I
—REEHINRERATHITS, WA BEXT Fr 2 PP 2SI H
BV BT TS o ATEE4E, il 52 AR 5% ML I Yt
IR R — S AR, AT SR AT LUE
HiAR B SR VR R P I AL BB AR R E K, T H 2t
TBOLEZ, DRI R A R i el
R B A B O o

SRR R H NS E cDNA XU, #
FTRAE ESTs Jll 7 B Bk B 2 —Fh T 8 3 R 25k
MBI R AR . APTTELEIAREE R
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4 W R AEAI AR, FERER 1 ~3 B4 sk
BN, MERBRSEECRME, TS #4h AR IR R
W AR, RN T BB R AR, ARBARSET
b S BRAR RS IR 4l B TE R AR T R R AL, TE
WA B 2 HUME VR IR ESTs SUEEH, 3R45 il
BEFEARRIE LB B 17 4>, S BEEAHCE 1L
BEREEE S A, WS EMAREOBHER 14,
iS22 H R HEG IR A 20 A, o 16 A
Ao XA T 2B ReS HE R 1 AL PR AR T
T EEA

TEMRES B R SO, SERER R REM R &
REEBAMXRED, PR fUR K& B
REBERRREREXEHHER, TUFET
PR AL BB IR R B BOBOR , FFRESE HI AR I B
FB . RATETEM L R MER AR ESTs SCEH3KG 5
MRRGEEEARERM 2 M RZEAER, H
3 NSRS EEAERERER, hFRZEH
AT HER ., KRG EEAMLFRZER
REIBHMSHRIFFSHEREL, FEFET
BB E , ArbixE [ R AAE TR
H . TR A R P E— R RS B E
H, R A AC A 2 He ik Py, T B E ZEAR AL
PP _F(Sun et al., 2012) , BRI A. aegypti
ARG & B A LE T A i A B
1 1 AT C % 2 B E B A A (Sirot et al., 2008) . 7EH
Ik Mamestra brassicae P —Fp b ¥ B HF
ETER RSP (Jacquin-Joly et al., 2001), 7EXK
BPUAEZM UMY RZEORFRETHFERERE KD
(Dani et al., 2011) , PG Z & Apis mellifera i) 50
MRa AW EMERR, HbWA7EE KBNS
BR4EEE H (lovinella ef al., 2011) , KRG EGEH
EAE A ETSIEE, EL KB Solenopsis invicta
W, BBR— M FERER A M) OBP R )G, F=A: 20
Ja A (Krieger and Ross, 2002) , F4, OBPs ik A
PRAPIRIEAS B % B HESE EY R EWIEM
(Grolli et al., 2006) , A4S HLME IR iR 38 B A Hi3H fE
BEREER, MG RERIR P AESKRSEEEH
b FRZEOERNBEERAIN, AULEXSHE
H PR YR R PP A A X SE SRS B R AL 2
B EERERF TR

W ABITY, AT 4L o v v i b BE R R ik
TEOAE TR TR, WEERRIRERL RER
HOH LA G BB LR . DA BRGS0 A % H e VR AR
HAE B A AL T RERIF ST 4T T 250, 53 AL AT AR 3 e

BT RS T E AR EARER, S
BRGMAEZE AR, NI BI6 HH
FARFT T 2kt
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