2 % R 2014, 41 (12): 2481 - 2488 http: // www. ahs. ac. cn
Acta Horticulturae Sinica E-mail: yuanyixuebao@126.com

Rz P 40 W61 15 5 R 2% 32 #3 K AR AR 7 e AR 57 3R
EEE
WA, FAK, H2ZB, BRAL PRL, AET, HELE

CR AR EBEAT A OE T, B SRS TREBAR L, BSHARS Fh e Rty JR 400712)

B E: LS AMYRALSUHE R RIAEER, DARIR RNA HIRK4], tF RNA JIRzhA, W7
BRI o IZTH IS EE P LA E T 1 177 A, v B R E A A1E 200 ~ 500 bp; J741HF
BR8] 455 NAEELTA, ok 245 NS CASEHITE, BATZA TR MAE RIS S Y
e, WS HEMMARE . @R MERE . DR N YR S E i PCR RTINS R
IR G PR T ) - LA 1 ISR A R ORI DL AR R A B A R R TR A T e Rk

KRR A HURR SRR I A BR s E & PCR

RESES: S666 XEFRERE: A XEHS: 0513-353X (2014) 12-2481-08

Identification of Root-specific Genes with Subtractive Suppression
Hybridization from Poncirus trifoliate
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(Citrus Research Institute, Chinese Academy of Agricultural Sciences; National Citrus Engineering Research Center;
National Citrus Improvement Center, Chongging 400712, China)

Abstract: A suppression subtractive hybridization (SSH) library of Poncirus trifoliata was successfully
constructed for screening the citrus root-specific genes by using the root RNA as Driver and the leaf one as
Tester. Of 1 362 sequenced clones, 1177 ESTs (expressed sequence tags) in good quality were acquired
from the SSH library and assembled into 455 Unigenes. Among them, 245 Unigenes were homologous
with the genes in GenBank database, which have biology function such as catalytic activity, transporter
activity, carrier activity and so on. They play the important roles in biology process such as metabolic
process, cellular process, developmental process, response to stimulus and so on. The 17 genes were
further analyzed by real-time PCR and confirmed that they were highly expressed in the roots, but very
low in the leaves. Bioinformatic analysis indicated that they are the major latex protein gene, the early
nodulin-like protein gene, the ent-kaurenoic acid oxidase gene and etc.
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MR FIOK I MVE TR LR T, L EERMR I 7 BB R DA (1 2 58 S LT RE 2 M i g ik

2009b)  EMB HEISEAIMIC-3 (Buriev et al., 2010) 4 fEEERA Gt £ 1 5L [RIEXPB (Won et al., 2011)
A5 FEEE ) (Wall-associated receptor-like kinases) FE:[AIWAKs (Kaur etal., 2013) 41 fEETE A
FHOC P E IR & RS KT GSLS (XiIRR 4, 2013)  FHAIPLAR W IE )1 A8 B 584l (Alternative oxidase)
JEIAOX (Mhadhbi et al., 2013) %5, Jf HARK: PR 8 ) P A EY S R A L E, JCILAem
YpUmE B I R R, DAAER SRS B A L R RO ST T 5 R N A AL
— e RIS B B T, WAtPky10 (Lietal., 2009) . RCc3 (Jeongetal., 2010) . PsPR10 (Xu
etal., 20100 . AtMDK4-20 (Lilley etal., 2011) . AtNRT21 (Kongetal., 2013) %5 £ 4% 1T
MDA FE I ST rh o ARARS T35 2 88 8 A e A2V et Ja 2 1, 8RNI FH AR SRy
FPER BT IR RA R D> (RO &, 2012) .

# (Poncirus trifoliata) &3 &) 12 ARG IE A At 2 — o H A7 C AR e B R AH DG 1)
PtCBF (Wangetal., 2009a) . PtrHOS1 (Liuetal., 2010) FlIPtcorp (Longetal., 2012) %55t
LB 5 11 5 A 5% 11 3 R PtrABF (Huang et al., 2010)  PtrMAPK (Huang et al., 2011) fIPtADC (Wang
etal.,, 2011) 5. AT, MR RBUSEVER M B, WEFUIR R EF R IA L R 2R D e s
B o AW DB R RNA R AL . T RNA K RS AR 8 T T 9cDNA S, USRS
R e IR LR A L, I A G e A B DR 1) i e S R S 3 201 1) ot e AR P B Bt

O VR RS DARES

1.1 #Hl

RS2 T 2011 SERKER B b BEARN RN E BEH RS IE T “ B BR R RO MG 7, Fhr
M UREEMER A HE 5, B TR CREIEAt LA ZE, fFKR 1 em B EREFR b, Kihs~6
SRR, B A 3 R ERADER, 7E B ROK Nt B DEPC KAREE, TEREUE
YRR 2R 100 [ 7K 5 T R AT

FREL 100 mg FREGHZHZY, &MY S RNA ChaD #idiln & (BB YHE R AR A,
Bins W7021) BB EEEEE RNA. 7E58 1 IRINA L E AW E 05, M DNase (RNase-free)
7637 CALEE 30 min, PR EEAWAATE, DLEERFES T H DNA. Prid RNA N EAMEE
ASCRI Bt i B V8 f L S AR D o
1.2 EHRERBCDNA E

SEAMIELT ng BURCRIIT .5 RNA B4, W] Super SMART ™ PCR cDNA Synthesis Kit (Clontech,
Cat. No. 635000) #%# LD-PCR J7i% 5 cDNA, PCR #1 24 MEF . LUFTIRIFHIMR cDNA 4 ik
4, W cDNA RIRENZ, $ M PCR-Select™ ¢cDNA Subtraction Kit (Clontech, Cat. No. 637401) X5l
ST Rsa | BRI AL $23L3% 8. 298, PCR ¥ &4/, KA ACTIN LR 519 (/b
25, 2011), JH PCR KpillZLas 2%, 20 ml4E 184 23+ 28+ 33 MFEIAHL PCR 2= HyHEA Tk L vk A o
FIFH DNA [P & (bt =1 &) [ 2 K PCR Z Ik )i%E 82 8] pGEM-T easy ik, ¥4k
T2 AR IM109, B BE A

PRSI E A 1 362 ANt Bk A A TR (i) B BRA AT . KB4
IR P4, B A B KT 150 bp ) ESTs A1) ] DN Astar #44-3E4T B2, 3545 Unigenes . #] ] Blast2GO
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(WA V.2.7.0) SE A AT AEY) = D e i B AN 4r 28, R BLASTn 7EAH % T B L D 4 . Chtp:
//bioinfo.ibmcp.upv.es/ genomics/cfgpDB/) H AT [FJHIE &R .
1.3 E=ZPCRHO#H

S i PrimeScript” RT Reagent Kit W H AW TR (Ki%E) HHAR (TaKaRa Code:

DRRO37A), &% PCR #% SYBR® Premix Ex Tag™ (TaKaRa Code: DRR420A) #tH]H#fE,
Mal (& D b S SRR AT G K. €5 PCR RN HN 95 CHAZTE 90 s;
95°C 10s, 61 °C20s, 72°C 20s, L40 MEFr; SOVE5A G AT thZe WPk k. 3
AR, RIAAAC VL NI, 052 5538 IR AR AR A v (R AR ) A =

*1 FASIHRES

Table 1 Primers used in the experiments

FE[R Unigene 514 Primer 1E 7% Forward sequence S I 731 Reverse sequence

contig 1 CIF/CIR 5'-TGATCGCAGTTGCGGACGACT -3’ 5'-AGGGACCCCAATGATGAAACCCCA-3’
contig 8 C8F/C8R 5'-ACGCGGGGAAACCAGAAGCAAA-3’ 5-AGTCCAACCCTCCGACCACTCAT-3'
contig 12 CI2F/CI2R 5'-TGTGATAGCTCATGGGCCAAAT-3' 5'-ATTCTCAGGGGCAGAGTGGG-3'

contig 22 C22F/C22R 5'-GCTTTGGGGGATGATGGGCTTCG-3' 5'-TCAAGCCATTCCGAAGGGTGAACA-3'
contig 28 C28F/C28R 5'-ACTACCAGAGCTGCAGGGCTTCA-3’ 5'-CTTCAAGCCAGCTTCGCAATGGC-3'
contig 38 C38F/C38R 5'-TGCCTGGAGTAGTCTGCGCAC-3’ 5'-TCGGTCCCCCTTTTCGTGAACC-3'
contig 54 C54F/C54R 5-AGCCAGAACCTTCCCATGCCAA-3' 5'-AGTGAGGTCACCGGATTCACTCTTC-3'
contig 56 C56F/C56R 5'-CGCTGAGGAAAGCTAAGGAGGAGC-3' 5-ACGGTGACAGATTGGTCATGCGT-3'
singleton 52 S52F/S52R 5'-TGCCTACAACAAGGCCCTCCGA-3' 5'-GGCCGCATATGTAATGCGCG-3’
singleton 60 S60F/S60R 5'-CCATGTTGAGGGCGAAGTGTCAC-3' 5'-CAGGGCCAAGAATTTGTGTGGGC 3'
singleton 73 S73F/S73R 5'-TGAAGGCACAGCAACATGCGT-3' 5-TCCAAAACTCAACCTTGCAGCCA-3’
singleton 86 S86F/S86R 5'-GATGATGGCAGTTTGGTGCACTGG -3’ 5'-GGCCTACGGCTGCTGAGAAAGG -3'
singleton 169 S169F/S169R 5'-TGCGTTCGATTTGGAACCCACC-3' 5'-TTGCAGCGATGGGATCACCGA-3’
singleton 247 S247F/S247R 5'-CTACCCACCCCATCCGACTGGG-3' 5'-CTGCTTTGCAAGGTGGCATGCC-3'
singleton 265 C265F/C265R  5-GCTTGTGGCTTGGACGCCAAAC-3’ 5'-CCCAGTAGGACCACCTCCACCAT-3’
singleton 283 S283F/S283R 5'-TTCCACGCCTTTGAAGATGGGGC-3' 5'-CAGCGGCTTGTTGATGTTGGTGG-3'
singleton 297 S297F/S297R 5-TGACAGTGCCTGGTTTCCCCCAT-3' 5'-GTGCTTAGCTGCAGGCCACACC-3’

ACTIN

actinl/actin2

5'-CATCCCTCAGCACCTTCC-3'

5-CCAACCTTAGCACTTCTCC-3'

2 HiR50Hr

2.1 cDNAHRBXEFRIINHTER

DU 28 BEDET ACTIN 0 AR 98 S 8 R T 9B 3 b AT Al BT 98 cDNA 71 PCR 4734 42 33 AN
IR A I H 1461, T ATH k) cDNA 7E 23 MG R AT AL 2] ACTIN [ (] 1), R
AR FE PR AR AR Y 93 S PR T B 3 3L 1 o

T R, PRI e BEREATI, HET 1362 Ao RBREARITF IR v BN T 150 bp
WIFEH, RAFAROFH 1177 4, Hv BelK B 25046 {E 200 ~ 500 bp. FJ ] DNAstar #/F3E4T 7
HIPFEE, 343 455 4 Unigenes, HH 5 contigs 121 /™. singletons 334 /™. F|H Blast2GO # A%}
Unigenes JTFI AT [FY#8 2R (BLASTx, E < 1.0E-6) FIIJREVERE, 5 245 4 Unigenes 15 B AN3E
DR () S IR P A DC I, Ik G PR 22 SRt TR A S LI S A, o X EJEERIY) 87.3%, WisiAlg
T (Citrus clementina) [R]J5ZEK 206 4>, &#E (C. sinensis) 4 4~ #1 (P. trifoliata) 2 />, Hi# (C.
medica) 14> RFE (C.aurantium) 1/>; 5545 193 4> Unigenes JLATAT XA B .

SR D RR IR A AR W], IR I R S R AR R RN HUAE R A
PN EAL NN AR KRB SRR ZAA MU ARG S INEYE
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TReH, LB KL A IIRe. AR TEMBLIS TGS IRk A 2 it £ 1 5 A7 AL T 40 i A 4
fuds gk, ATEOAAAE T AR 7> 1 = i, Ay 1 40 1) BURBE s P AL (P 2D

1 RHRCERERR
Fig. 1 Reduction of ACTIN abundance by PCR-select subtraction

1 cDNA A cDNA
Subtracted cDNA Unsubtracted cDNA
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2000 bp
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120 7 e L Sur | 5T IhhE 4 s
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5 i
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B 24 24 o 3 3 23
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o LWL LA Az LA A 2.2 0 dLTTLALS
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GO 432k GO classification

2 MUGHRBCEEYSRRMRIE Unigenes GO £ R
R L RIS, 2.0 AMERR, 3. BANMTHURIERE, 4. WSS, 50 e, 6. NURN, 7. MBS R, 8. KRB,
9. ZAMAHMAIETE, 10. F5E, 11, AR, 120 IR, 130 2AMAHRER: TR 14 4550068, 15, gk,
16. #zmiftk, 17. Wiy, 18, BesgtlHo, 19. 4r 7, 20, B deiftk, 21, 4ik5>1, 22, %4k, 23, BRE Y
MMy 24, AL, 250 AARAE, 26, AMUBL, 27. KoTEGE, 28. AR, 29. B AIR.
Fig. 2 Distribution of differentially expressed Unigenes according to the GO consortium
Biological process: 1. Metabolic process, 2. Cellular process, 3. Single-organism process, 4. Biological regulation, 5. Localization, 6. Response
to stimulus, 7. Cellular component organization, 8. Developmental process, 9. Multicellular organismal process, 10. Signaling, 11. Growth,
12. Reproduction, 13. Multi-organism process; Molecular function: 14. Binding, 15. Catalytic activity, 16. Transporter activity,
17. Electron carrier activity, 18. Nucleic acid binding transcription factor activity, 19. Molecular transducer activity,
20. Antioxidant activity, 21. Structural molecule activity, 22. Receptor activity, 23. Enzyme regulator activity;
Cellular component: 24. Cell, 25. Organelle, 26. Membrane, 27. Macromolecular complex,

28. Extracellular region, 29. Membrane-enclosed lumen.

22 TEEPCRZR

4 455 /> Unigenes 7EM7 DI RESE K U1Kl (Citrus Functional Genomics Project, CFGP) [#] EST #{
PP HE4T BLASTn 8%, KHI45 14 4> Unigenes 5 CFGP HAR K ESTs ILACH %, KiX 14 4>
Unigenes F153 4k 3 ANBfiHLIEFE ) Unigenes contig 38. singleton 86 Al singleton 265 17 % & PCR 4
B, RIVAEMR P REE R TR REE (R 2). X059 di R CFGP h EST ¥k
AIE R FE LR RIE I AW AsdE, 53— 71, contig 38, singleton 86 Al singleton 265 (4141
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BT R FEE T CFGP 15 .

2 R4 Unigenes EE PCR &R
Table 2 The real time PCR result of partial Unigenes

CFGP AR ZUR YR ESTs %1 AR R A 2
FEH R EST numbers from different tissues in CFGP (24 1D
Unigene Nr_annotation Jics n B2 Wiy Relative fold
Root Leaf Abscission zone Fruit expression in root
contig 1 DNA 454811 DNA binding protein 16 0 0 1 16.14
contig 8 OPAT TR R PE R R 13 1 1 1 3.97
Tartrate-resistant acid phosphatase type 5
contig 12 FEAKEA 2 0 0 1 322
Senesence-associated protein
contig 22 FTFIBEA 6 0 0 0 19.81
Major latex protein
contig 28 TG 3 0 0 0 117.57
Blue copper-binding protein
contig 38" FKH#EH Unknown 0 0 0 0 14.50
contig 54 PR A 1 0 0 0 3.75
Calmodulin-binding heat-shock protein
contig 56 WAL NG TR A T 1 0 0 1 10.77
ent-kaurenoic acid oxidase
singleton 52 DL SEAZ I R S AT 1 0 0 0 129.66
ent-kaurenoic acid oxidase
singleton 60 41l 438 P450  Cytochrome P450 2 0 1 1 271
singleton 73 il 5 2 9 4 0 4 2.90
Low temprature induced-like protein
singleton 86" bet v I FEH 0 0 0 0 16.88
bet v I allergen family protein
singleton 169 M3 P450  Cytochrome P450 1 0 1 1 2.75
singleton 247 14-3-3 £ [ 14-3-3 protein 4 1 2 0 2.03
singleton 265" ATP 454 % ATP-binding cassette 0 0 0 0 4.29
singleton 283 FJLEF5H O-methyltransferase 1 8 1 1 5 72.47
singleton 297 EEFLIE A Major latex protein 20 0 1 1 46.37

* BIHLEE

* Random selection.

3 e

AW P A AR B O, PRt — 2 N2 B PCR 70 M, 13 BIFEMR h m Rk i L A
T IR N contig 22, WA 45 A B I HE A contig 28, LSRG IR AL EE LA contig 56 Al
singleton 52 4.

IR (A BOCE S AL A R (Nessler et al., 1985), &2 SEFLM M EE & M
194 BEJGAEIEREY), WlR T R, EG Bk BIAE. BEAE. B BURRUR G B
FRFLBE RN . YRR A 2= R R, R T LR 1 B DR AN [ ) K B
AW R R EEFRE A SR E S, e, RS PR ki, 2R, LR
F (Aggelis et al., 1997; Kloos etal., 2002; Ruperti etal., 2002; Dowd et al., 2004; Wu et al., 2008;
Guoetal., 2011). FEIEEAS SN EY SR BT s N, il IR, T5
SEOGHIRIEE AR EE T, HRA RIS EE 5 (Nametal., 2003; Hwangetal., 2004;
Kimbrough et al., 2004; Chen & Dai, 2010; Sunetal., 2010); 7EH7JEYHET N EEIMWE IR
FIASE, SHYIMPURTEM IS (Chen & Dai, 20100, AHIFFE A AE RV I I8 SC 28 P e 32 5L
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WA L, HAER A Rk s 1 46 £, RWNZIER AT REER P HE R Rk .

WA 255 R R — R AR TR AR AT T i S A KR, e A T e 1. MY
WA 45 R B S th A& 22 R Phytocyanins (PCs) WS/ R A IRALK, "EATT A 2 K8 7 41 A
BAERAR N 20%), HiZEFEE AL 1A 6k, AR 8 A p - frS4ik. PCs H
KGN 4 NS : B IE S (Stellacyanins)« JiifA = 2% (Plantacyanins). {£ 751 (Uclacyanins)
FHR AL #ZFESE H Cearly nodulin-like proteins, ENODLs). HREIC M KEZ /KGR A FE A
YL 43 T 4500 HE 84 ANFI 62 A PCs 4mfi &Rl (Maetal., 2011; Lietal,, 2013). PCs fERIYHIHTIN
MR EEEZEERH, 5340, iT5. HE KE. 288 7SR N FE (Ruan et al.,
2011; Wuetal, 2011). {HEEH45 68 E KD ResRr a2 TR 458 = A 5 A I D et i 4L b, ARwEoT
HOR I contig 28 Zh A SE R SRR, MARTEAE T R AR DGR RIE .

ISP IR AL R T 41 (0 2% P450 (CYP450) HAXKIET I CYPSSA WKIK, RAFAHER
JIGE R P AN B, ML USSR IR B GA12 [ =20 WL FE (Helliwell et al., 2001) o Ul5%
AR SEAL B IO 9T 2 PR T2 484K, 12K dwarf3 FER2 W F AR 1 MBI E I (Winkler &
Helentjaris, 1995) , FifiJa IR 7+ R Z2 A8 b0 v 2 H %25 K] (Helliwell et al., 2001; Davidson
etal.,, 2003) o AU FAZIRIRAEABGIE AL AT IR P 41| (1) S8 AL 23 1 A R (R Ak, St 7T A B0 DL
TSR IR BN G R L A BB SR ) AR TR 1 s, TR R bk (BRET 4%, 2013)
BUEAEFIRKE (Guoetal., 2012) o DG IRIRAAIEIL I AE DA M A 2R R R B I B R
ik, HEr AL H 5 e R A AL BRI N HaKAO2 FEE/EM K IA (Fambrini etal., 2011) o A
ST R R IR AN AE AR A s R IR 1) DL S A2 IR S AL B 2 [K] singleton 52 Fi1 contig 56, JLAE AR H (113
IETE P AL R 130 F 1T A, (RIS AEAR I g S e bt R I IL 2 1) P450 2R, IR IA Y
PE M AR BT IR -

AHIE T A AL AR BT O, R IR SR v s AR JE R, AN R R TR A
B ARG AMEDRESED, W n] B e S ) I e BRI S 2
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