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ATy /RIFBENO I /KIERX ESTs 0B S VT 0
W qNE, AK, HHBE, YEBL, TRAL HEE

A A2 58/ P4 e KA RS TS TRT . B SR ARG S RS B oy, B SRS TREHORBE ST Ly, HEEK 400712)

B O WG S S e AR RS AR SR R R R SR A O, AL /R RS (Citrus Sinensis
Osbeck) R4 J& ik 22 1 DAL 7K SRS S A I3 75 (Tester), DARICRH S SR A A 8KE) 77 (Driver),
K FHIYE 25984248 (Suppression Subtractive Hybridization, SSH) HAALEI R T 5k AR 52 2298 cDNA
SCHE, kA 656 AN BAME o F o BEATHR I S FEBEAT B PCR 2047, dfi N 7 B B - B 78 100 ~ 1 000 bp.
JRIINT 213 A EBEREATI, SPAFERTH) 143 55, L5558, 133 53 4% uniESTs /¥4, 7E NCBI
L ZEHIX 53 A uniESTs 4T BLAST 70477, LUXT 4552 [ MIPS 532851k, $eDhResnrh 14 25, H
5. R EAG N ESTs &%, 00l di BT 43 ESTs [ 17%. 11%F1 13%.

KERIF: MG RS K ﬁﬂfﬁU’fJﬁﬁﬁ%ﬁé EST

HESES: S666 XHEFRIRTE: A XEHS: 0513-353X (2011) 06-1153-08

Isolation of Granulation-related ESTs in Newhall Navel Orange Fruit Storage
and Primary Analyses of the Sequences

XU Lan-zhen, LIU Xiao-feng, HE Yong-rui, YAO Li-xiao, PENG Ai-hong, LEI Tian-gang, and CHEN
Shan-chun’

(Citrus Research Institute, Chinese Academy of Agricultural Sciences/Southwest University, National Citrus Improvement
Center, National Citrus Engineering Research Center, Chongging 400712, China)

Abstract: In order to analyze the differentially expressed genes in the post-harvested citrus fruit, a
subtracted cDNA library was constructed by suppression subtractive hybridization (SSH) between the fruit
pulp of post-storage (experimental group, the Tester) and that of pre-storage (control group, the Driver) .
The library included about 656 clones which were 100 - 1 000 bp in size, among which 213 clones were
selected randomly and sequenced. Totally 143 useful ESTs were acquired, and 53 uniESTs were finally
obtained. Sequence similarity searches via BLASTx and BLASTn on NCBI showed that the ESTs were
sorted into 14 functional categories according to the Munich Information Center for Protein Sequences

(MIPS) . The ESTs involved in metabolism, energy, protein synthesis accounted for 17%, 11% and 13%
of the total ESTs, respectively.

Key words: citrus; fruit; granulation; suppression subtractive hybridization; EST
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Fo WK EZRIN R L 5 R A8, B A, vk, By BURERD>, R,
R R, BT A AB E e e g B AR G Pk (A 4448, 1988 ERH] 45, 1991).,
A Y AN I SR AR T 9T £ B4R E ABA. GAs. TAA 2533 F1 SOD. POD. PE.
PG S5l IR A LA S A5 R a5 I 7 10, 6P AS ZK IR S BRI LBE 3 648 — A (Lowell et al., 1967;
BRI 45, 1991; Seymour & Gross, 1996; BREA 45, 1997). A REZEMFE NN, MK
WEMAT N R EEM O, REEMRARINLFERMILA, L CHMER . BT,
BT AR A AR N K . R 7AW T BOAE R ERFRCRKPLEE, 352 H®
RIS = o

AT G0 H LA 2L A7 2 RS 7 98I 2 Ay A R S SR il 1 5 SR R MR, AT A 2 R A AL
(Suppression Subtractive Hybridization, SSH), HJEI 5 S Ik cDNA SCFE, kil 17—t
TSI GRS S R IA SE R EST, Ay o AT T 96k 3 2247 G HE DR S R Th e 20 7 B ikt , YRR N8
TR AR K 23 LR A

1R

11 REMR SRR

7 B ANV R B A RS 75 BT I R SR el v e 48 R SR/ RIS (0 S5 MR — 3 ‘iR i
#& (Citrus sinensis Osbeck) RS, 2 RS0A e (23 RIMEFHHE) I, EFIEL: 3 M
RIGHI A, 78R R AR 3. T 2006 4F 12 /1 4 HERSE, 32y (21 sk, BUR
WD TWAE TR E - 80 CHlBARMLIKFAIRAE, TEAETIRLEE - i —iar (123 A8 R
WG SR 0.05% M M R 1 min, 38 KUK ZEH 5, 3 d & G B SR Al L0 i A8 o
AL, I X EE R 4 AN R R ST IR AR AR, SR A LR R KRR,
B ik e B S () SR ) I U R S BT - 80 CHlBMRIR VK AR ARAE,  AF Rl o #4461

1.2 5 RNA HJ$E2ELS mRNA py4fi{L

R R RNA $2I0Z% Tao 55 (2004) [W7775, FHEGE S, R - 80 CHMKE A RN
B 7 BB T ECR R, T JE KRS /K 5 N RNA SRV, 28 4 ~ 6 ORIy E A Al 2
UK LIC1 YLVE » 20 BIHRBUE 38 5T Jo 5 L RNA, H Oligotex mRNA Mini Kit (QIAGEN, cat. No.70022)
ML RNA 43 #4141 mRNA.

13 MHERRR . XERMMERIAEREEE

DLIF B AT S A mRNA E24 Driver, LA HUE 5 A mRNA 15 Tester, %% PCR-Select’™ cDNA
Subtractive Kit (Clonetech, USA) HHAE T ERATINHIE AAT . 79 o0l [ e sk A5 2 XUiE cDNA, 1
37 ‘C'FH Rsa I MgV B 1) J5 ) Tester (1) cDNA 73 B A7, 430 5453k 1 A1 2R 1% 4%, B 1) J5 1) Driver
(1) cDNA N5 16 68 C NI MY 5 1) Driver [ cDNA 43 5 AN A4k Mg V) 5
[¥] Tester [¥] cDNA 2448 8 h J&, KW HAHIRGTE 68 C FA%4C 20 hy A JHHMHITE PCR 22 R4 Fp
H), HEAXGIWIATE 2 % PCR ¥4, DIt D e zm B

H PCR F=#[a ik 71 £ (TaKaRa DNA Fragment Purification Kit Ver2.0 cat. No. DN807A) X #!
T 2 A A e () P AT RIS 4 D™ ) 5 48048 pMDIS-T IERGS A, HEH ™ Wk FH il e A
A E.coli DH5a ', - LB ¥i 59705, IRATET X-gal #1 IPTG ) LB/Amp Bl 5975 PAR L,
37 CIFEREA, PRBUGHE I (b, Befh T 80 uL LB WiAkR 4L (%47 100 pg - mL™!
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Amp. 20% H ) 1) 384 FLEEFEMR T, 37 CHpER:FE 36 h JG, MIEFRCS LT HUE 20 uL B o) $¢
XG5 PCR &, 4 CLORAFE M 384 FLEFIRMC (DRAF A RIEZY 60 pL) JH Parafilm £47,
T - 80 CKIAMRAE R RV PCR V20 SCEEREAT BH I ZC R L , B 1 51400 4 il ) & 3241k Nested PCR
Primer 1 fl Nested PCR Primer 2R, #EATE 7% PCR, Frillfdi A5 B KN o

1.4 PRMESEREFFFINE K& 55 B IR 1% EL A o 1

BEALPEIZL B 70 28 BRI PCR J6AIE R 25 B S BE R TR, 32 It =1 7S A W BOR A BRSTAE 22 )
J, REFTINFR AR, BR LA SIS, P BT A Sequencher 4.6 ik 25 52 Bk
HAMAFFA, 3B JEE R EST JP41 KX L ESTs /3741 BLASTn Fl BLASTx 474/ Chttp: // www.
ncbi. nlm. nih. gov), HATIIREIERE, JFZ M MIPS (Munich Information Center for Protein Sequences,
http: //mips.gsf.de) )73 FArEEAT DhfiE 732

2 HiR50H

2.1 R RNA 5 mRNA RE#M

B RNA 2 K% 5 (R, Tester £ s RNA ] ODogo/ODago HUAE 4 1.98, Driver ¥4
1.98, HWKJZHGEA 1 pg - uL'e 2.0%B0iEMEER vk 4h B (B 1) T LUE I, AR FER 28S rRNA
H1 18S rRNA £, SciirefEz thian 201, FFHEIEREMNS, W RNA 152 8RR
FEFLAR WATAT 24 0%, UL PTA3 5 RNA WA 2R e s B, 5 RNA 2l SR e ~—%
PRI B

& RNA H] Oligotex mRNA Mini Kit 73 2414k mRNA J5, ZE2S TR AE, B & AR
W5E, FrARERIRIEL 1 ug - pL' L E, ODag/ODago HUAETE 2.0 Z247: mRNA 28 1.2%[1 B IS HE e
MUk R 8A RS (B 20, B DA tH mRNA Jis R4, #F4 SSH @4k,

Tester Driver M Tester Driver

2kb —
™ 1kb
188 0.5 kb
0.25 kb
0.1 kb
1 & RNA BkE 2 mRNA HkE
Fig. 1 Electrophoresis analysis of the total RNA Fig. 2 Electrophoresis analysis of mMRNA

2.2 SSH XEERyHIE

}% 1% Clontech PCR-Select™ ¢DNA Subtractive Kit #/EFEF 31T mRNA & 5 H1 cDNA Xk 4
W, ¢ Rsal M), $e3kifEde. WA e ilPE PCR §735 ., PCR J=¥4t s B4tk ja wo b+
pMDI8-T #ifkrh, R oAk 784k 315 T4 E. coli DHSa. 4L )5 (175 321 E. coli DH50 £2°F
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BCREFE, FLIRTFREBE 676 A, L FIBE 656 A~ PRUN (A BE B B VA B IR A T RN 656 /ST
Z20k cDNA SCFE o BEALPkk B M v ) SSH A7 & $2 £ 1¥) Nest PCR primer 1 #1 Nest PCR primer 2R
HEATY 14, B 10 4R v I A i N B BE 2 A £E 100 ~ 1000 bp 2 [7], FEAEHLE 150 ~ 750 bp LAWY,
A5 F BT 1000 bp (3D

M 1 24 M

2 kb

1 kb
0.5 kb—

0.1 kb —

B 3 ®% PCREEXER&MERE
M: DL 2000 marker; 1~24: H{a7ipe.
Fig. 3 Identification of the positive clones of the subtracted cDNA library by PCR
M: DL 2000 marker; 1 -24: White positive clones.

2.3 EST ¥% BLAST S #ifaThae)az

BEMLERIZE 213 A2 PCR U0 1 FH P v B EAT B g U, #4331 143 457 %% ESTs. A A Sequencher
4.6 BAFXT ESTs BHTHEEEHT, KBRER WA EANATH], 33 53 4 uniBSTs, Hf KK &
EST J 732 bp, #Filf2h 111 bp, 5 PCR KIS FAH 5. & NCBI ZEHZEH %X 53 4~ uniESTs
HEAT BLAST 2081, LUXTEs M MIPS B4 Fehnife, $&Ihfesr b 1438 GR D, Hh S ERY, fei
KA EA ) ESTs i 2, 730l d7 31 7488 ESTs (1) 17%. 1% 13%.

R1 ESTHIRSHAER
Table 1 Functional analysis of citrus EST unigenes

keSS Ok Dyhefiig DIEAEEN FE 451 /%

Clone No. Source Function description Function class Percent

IBIl AR IS IEHE 0 PR A W 7 AR 17
Arabidopsis thaliana Amidophosphoribosyltransferase Metabolism

1c8 T A REREBEIR G Rt
Citrus unshiu Sucrose-phosphate synthase 1

1C12 Al B w5
Citrus x paradisi Putative terpene synthase

1 E13 I il i
Perilla frutescens var. Putative sesquiterpene synthase
frutescens

1F3 g RZRAG -0 i
Citrus sinensis Valencene synthase

Icr B A AR £ 1
Citrus unshiu Flavonol synthase/flavanone 3-hydroxylase (FLS)

IIF4 12 Al LTI S
Citrus x paradisi Alcohol dehydrogenase

I[F17 [l N R o SR AP 2 il
Citrus aurantium Fatty acid hydroperoxide lyase

11 Tk PH A (E) - B~ Pl g

Citrus unshiu

(E)-beta-ocimene synthase
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SR 1
oRE T R Dyhefitig DIEEEN LE B /1%
Clone No. Source Function description Function class Percent
1C14 ES/S O 22 RIS — A% 1 IR M S0 M 7 1 fit i 11
Zea mays NADH dehydrogenase subunit 1 Energy
1Cl6 WEIF L CoA MR
Arabidopsis thaliana AMP binding / acetate-CoA ligase/ catalytic
1G22 [iKios ATP 45 CF1 ¢ WAk
Citrus sinensis ATP synthase CF1 epsilon subunit
1122 Frks T - FAT IR I N
Citrus limon NADP-isocitrate dehydrogenase
MEII Kk i € R AL
Isoetes lacustris Cytochrome oxidase
1TH7 ANEN K A BEREILEA
Citrus cv. Shiranuhi Putative glutaredoxin-like protein
1 B20 AR FF LIM 45 £ 8 A Hesg 9
Arabidopsis thaliana LIM domain-containing protein Transcription
1 D5 T M A MADS-box 44544 s i 5 R 1
Citrus unshiu MADS-box protein
[ F11 PN MYB60 2L
Citrus macrophylla MYBG60-like protein
1113 ki RNA SR B WA
Citrus sinensis RNA polymerase beta subunit
1119 UFIIT DNA/RNA fift g it &
Arabidopsis thaliana DEAD/DEAH box helicase
[ AlLS T A D - Ky o EHOM 13
Citrus unshiu D-limonene synthase Protein systhesis
1 A23 ik EHiAE E S2
Citrus sinensis Ribosomal protein S2
I B19 AT o TSRO 7K A
Citrus reticulata Alpha-glucan water dikinase
1C1s R IT IR R AR E A B
Arabidopsis thaliana Small nuclear ribonucleoprotein associated protein B
1 D17 T A ML ¢ LR
Citrus unshiu Lycopene epsilon-cyclase
1 E23 gy ERRLAR TR IR 5 T 4
Citrus junos Mitochondrial citrate synthase precursor
1 F14 ik BT 4138 15 Bl
Citrus sinensis Capsorubin synthase
1 A7 A o - 1,3 - HEREEER BRI E A AR A 9
Triphysaria versicolor Alpha - 1,3 - fucosyltransferase-like protein Protein fate
1 D15 PR o BRI EZ AR L &Y
Nicotiana tabacum Alpha chain of nascent polypeptide associated complex
1 E4 AR 12 IR K A
Arabidopsis thaliana Ubiquitin carboxyl-terminal hydrolase-related
11A22 TR TR 9 - M - FRAZEHE R
Citrus clementina 9-cis-epoxycarotenoid dioxygenase 5
11BS A Z AR LK 24
Homo sapiens Ubiquitin specific peptidase 24
1C18 URIFF XUHE DNA 4G/ M4 RAL G IRESEHR T 2
Arabidopsis thaliana Double-stranded DNA binding / protein binding Protein with binding function
or cofactor requirement
s Frks IR % Sk PR T B 1 7 R R LRI & S EpYi 2
Citrus limon Aconitase-iron regulated protein 1 Regular of metabolism and
protein function
1 D13 REfE LIP3 i | 40 iz 6
Citrus macrophylla Boron transporter Cellular transport
113 mIT BT - ATP i
Arabidopsis thaliana Ca”"-ATPase
1 M22 kT BB T HA AR

Citrus x paradisi

Sodium/proton exchanger
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S 1

RS KR Lhagd PIEAZES LE 1l /%

Clone No. Source Function description Function class Percent

1B23 mIIT bHLH # [ AH G S i ERELEss 8
Arabidopsis thaliana Basic helix-loop-helix (b HLH) protein-related Signal transduction

I D10 #IRIIT 22 Z P ) i RO ©
Arabidopsis thaliana MAP kinase kinase 6

I D12 KHE HEM IR H
Oryza sativa Putative ring finger protein

D18 A BERFIUEY 3, mRNA
Homo sapiens Homo sapiens zinc finger homeobox 3, mRNA

1 A3 NG S ER7 RS R = I R By A 2
soybean Stress-inducible protein Cell rescue and defense

1 D6 [ikioa HEW LA 52 A B H AR 2
Citrus sinensis Putative ethylene receptor Interaction with the

environment

IBl6 i S AL Hy 6
Citrus sinensis Pectinesterase Cell structure

1 P18 [ikis AR
Citrus sinensis Expansin

1A19 Fi; HEHEAREA
Gossypium hirsutum Proline-rich protein

1F7 e nzhE = LA 73 7 K 4
Nicotiana tabacum Actin Biogensis of cellular

IIE19 IKF HEM VLR R components
Oryza sativa Putative myosin heavy chain

1 D3 R R REN REN 9
Washington Navel Orange ~ Unknown Unknown

1 D4 P2 RN
Brassica napus Unknown

[ E21 AR A
Lotus Unknown

1 HS Ko ARA
Citrus sinensis Unknown

1123 G Jek RN
Camellia sinensis Unknown

» ‘/\
3 ik
AR e A SR S PR SR O % Al AR PRSI TR AU RE R, AIKI T AL W 4 - CoA M4

(acetate-CoA ligase). ZERiAAFTIKIR & M HT /A (mitochondrial citrate synthase precursor). JIii %3k
PR I 2k 25 1~ 715 8 I Caconitase-iron regulated protein ) %5 4R L H:2 5 41 fd (1) "W /F H ( Takahashi et al.,
2006; Arnaud et al., 2007); 1 —=@ERRIRTT & M (ATP synthase). NHPE I BRI — A% 1R i S0

(NADH dehydrogenase) SEMILRFEAIHES) T A Mo A ARH, R HIG %, Rt gt a5 f A4
)] (Mccarty, 1992; Petrussa etal., 2009); FFURAER] 5| RSN E FRY) B FE, 0402 2 3
SRR AR Qe E i, 25 A N B SR R SRS S T RG] TR R IR,
Jri8 75 5 2 11 (Stress-inducible protein) bHLH £ [ 4H ¢4 5 145 K -1 [basic helix-loop-helix (bHLH)
protein-related | Rl 22 & J5UITE 1 8 B0 134 6 [mitogen-activated protein (MAP) kinase kinase 6]
LK 2R iE (Parraetal., 1996; Heim et at., 2003; Kumar et at., 2008); PEIRAEH &5
KL EZ, WRKIEE (pectinesterase ) 12 3% 7 5L Ui /K A I (ubiquitin carboxyl-terminal
hydrolase). ZJfi5z4& (ethylene receptor). 2 ZHF LM (ubiquitin specific peptidase) 555 41 /il
I3 28 R PR B B FE A% (Inari et al., 2000; Doelling et al., 2001; Maetal., 2006; Liu et al.,
2008).
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MR et FE v, Bl SR A MK o IR R, TR ROk, Bl R P 0 B 1 B i AR i, — 1%
HEFIERAHCRRERAR T BRI AR, KT JUANTER KRR ke A 1) 3 R &
AN T, WS 540 8 108 Hi R 10 g i 3 D gl 25 7 /H A8 R R 11 (sodium/proton
exchanger). 453 T-ATP fiff (Ca’"-ATPase) “53Kf3 745 5#%KJA (Venema etal., 2002; Mills et al.,
2008); LA K e 5t £ KT W MADS-box protein. MYBG60-like protein. DNA/RNA fi# i i £
(DEAD/DEAH box helicase) (West et al., 1997; Cominelli et al., 2005), LA MADS-box M#l, 1F
N, AR e 2 A AR, MADS-box HI X A PATHT & (1) o- R e TC T B
JSCRE T I ARG R, 5 H AR R LR Sy S5 R Ry 2 1) DNA /NAAH S5 G R IR SR R 2k, A
Mol AENHRRE KT, MERASTEGERBEMRGE, WEFifh S5 1898 m
LeMADS-RIN FIfE HE4E 71 43 25 1) Fv-MADS-9 3£ [H (Vrebalov et al., 2002), LLK&AESIREIF R ILT
5 BSR4 UIAR S SHP R FUL 2K (Ferrandiz et al., 2000).

AHIE T 28 SSH ARAT IR SR S50 5 il 7K 4 S P 08 EST, A0 55 R0 73 ik R LA G s R 7
HrpZ 5. fes. EES M IER G 2] 72 R R08 BEER WU B b, A I ARG A A
A [0 2 50 AN 0L g TR AR R R 2 ], W& i 40 2% € ML (lycopene epsilon-cyclase) 2
K (Ehf %5, 2010). XUE DNA 454/8 454 (double-stranded DNA binding/protein binding) &[]
(Stockinger et al., 1997), Ml W] G kBB se i, i) SR FH S 7] Northern blotting % SCJZE#EAT 5
HE—B e, IMTERAS EIE 5 SR 57895 EST.,

B, MRS 2 SRRy 5%, RV 2 IR FE I 2 A X RS R KA
K EST W34S, h RSO Ed B i FHLEALE TG, IR U R i S
FEA KM — AN EB RIS CUTkhK S HEBET . JRUR AR DL SR B 55D B T — e [ 2E
fiilf o
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