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HeFlee, T4%, AAE, FRA, #28, $F4, G4BT, BEE
KM BFIE AT, TRSCHTR LA, [ SCHERS BB b0, TG 400712)

B OE. TG RASARE (Poncirus trifoliata) HREFHIEERI A B, BT SMART FiA K 2
TR A K cDNA SCFE . Kl 45 5L 2R BT AR JSUAG SCPR 28 B0 1.08 < 100 cfu - mL™, 445 5C
JEZEHEHy 1.30 x 10° cfu - mL", FAIFN 95%. MWL SCHERHLINT 3RS 182 MK E AT 100 bp 1) ESTs 7
% (GenBank 354 JK316116 ~ JK316297), JF4IHH: 5153 96 /> Unigenes, 4 12 4~ Contigs 1 84
A~ singletons. LH1, 68 4 Unigenes 15 GenBank "33 (WL RIAHILEL, 56 A5 TG SE AR TR,
36 NN AKIER . X 24 NI SE R T DR ERE, IR IR T AME BAE T, RIA 6 AR
SRR 3 AR B AH G RE A o

KEIF: B ML 2K cDNA PR RiBJFFIbRE: EWE R0

FESES: S666 XEIRERE: A XEHS: 0513-353X (2015) 01-0149-08

Construction and Analysis of a Root Full-length cDNA Library of Poncirus
trifoliate

YAO Li-xiao, WANG lJin-ping, HE Yong-rui, LEI Tian-gang, XU Lan-zhen, PENG Ai-hong, ZOU
Xiu-ping, and CHEN Shan-chun"

(Citrus Research Institute, Southwest University; National Citrus Engineering Research Center; National Citrus
Improvement Center, Chongging 400712, China)

Abstract: For understanding the gene expression information in roots of trifoliate orange (Poncirus
trifoliata), an excellent citrus rootstock, a full-length cDNA library was successfully constructed with the
root material. According to the quality analysis results, the library reached 1.08 x 10° cfu - mL™ in capacity
with a recombinant efficiency as high as 95%. One hundred and eighty-two expressed sequence tags

(ESTs, GenBank No.: JK316116 - JK316297) were obtained from 200 clones that were randomly
selected from the library, and then subjected to further assay. Among 96 unigenes obtained from those
ESTs, which included 12 contigs and 84 singletons, 68 unigenes were homologous with the genes in
GenBank database while 56 unigenes were homologous with the citrus genes published. These unigenes
may have biology function such as binding, catalytic activity and so on, and may play important roles in
biology process such as cellular process, metabolic process, response to stimulus and so forth. Twenty-four
unigenes were annotated among the 36 genes with the open reading frame (ORF) and 9 genes might be

related with stress responsing or root developing.
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A (Poncirus trifoliata) & B AL RPUPERIHIREAR Z —, AMXTE, i im0 BPTEE . 2l
Wi AR R B0 MG e 2O 55 2 s 35, PRIMTZEAARG ™ X AG 20 T 2 . T AR Ll
REFEEAL, UL AR Ll i 5 PR ) 3 0 JEORE A7 B T S8 4 bR LA R AR

N T MR AR I R IAME B, MG hREIE 0 H (Citrus Functional Genomics Project,
CFGP) DLyl T . FHfE. BURE. MRS, MRS NATRL, #5179 MRCcDNASCE (Forment et al.,
2005) , HESTHIPFHKELE 510.5 ~ 698.9 bp, Unigenes¥h 141 ~ 1 595 4. HJ, MEAEIEEY
JPp i AR A L D ) B S DS B OV, IR SRR . Frs. IRl BRENITERHE (Boscariol-
Camargo et al., 2007; Yangetal., 2012; de Ollas et al., 2013; Martinez-Cuenca et al., 2013; Luetal.,
2014) o HET, EARMRAIRAG 2800 R P ER],  inPtCBFANI FEAH S K515 Hs f 15 3 A HOS1
(Champ etal., 2007; Wangetal., 2009; Liuetal., 2010; Heetal., 2012). il FAHH 2 & Rk
Mg FERIPtADC £ [l Ak KT PtrMAP K &5 1 — L8 i S AH DG i s PR - 2L R PtsrMYBHIPtrABF 45 (Huang
etal., 2010, 2011; Wangetal., 2011; Sunetal., 2014). {HIXEEHIE Ik 5 THURH 402,
MARRRZHZR, AR R i A 3 ] 3K 6 e D] ) e A 00 AT 7 23— i

AW T B 4K cDNA SCIE, JF AR ERAT T — L83 RTI0AH S D ek DURAR A 7 A OG0
DAL, D BRIy S A e DA 1) 3 I R 365 5 B T Al

1 MRS A

1.1 ##ERRNARJIRE

AL T 2009—2010 FE7E B SAHAS it Pl 1A CoEAT o A BH /N AR (1) SR S 1 ] 5 R ol i 2 PR
MRS ], A5 A7 2obh B, AEIRI e 4R L 28 CHEZE. iR IR TR T8 75k, =i FRER,
R KL 10 em B, BUBRBIMRAR 1 ~2 em, /KPEEGBIRE, 7RISR A DR AT -

IR RNA D) Sl alin G vl i P AR ZH 215 RNA . 1%B IEHH B e rR oSl
RNA (5380, A 6 B TS I HL 4l B Rk i

12 XEWE

HU 1 pg B RNA VRN BERR , 2 IO S AR AR P 10647 ) % 5% )4 LD-PCR, 437/t LD-PCR 14,
16, 18+ 20+ 22, 24, 26. 28. 30 MEIRLE AR FHL 5 ulL N =847 LKA . BX 50 pL LD-PCR
P, N2 pL AR K (20 g - LY, 142 "CitH 20 min £ Taq B, 2tk cDNA. T Sfi |
fifT- 50 CHED) 2 h P2 AR A S, NN 2 pl 1% EERIE U8, 780 TRA) SR D=9 ik CHROMA
SPIN-400 ¥, BRE ISRV 3 pL WL VKA, #45 500 bp LA I cDNA J B &8 & 9F, #pndt
ATUTHE Ja %R . B 5 uL cDNA 15 1.0 uL pDNR-LIB #&4£ 16 “C R 157, P sk 2 2541 i IM109,
P A3 B AR AT T WA Y LB AR R LF AR cDNA SCPEY 38 5 IR AF

WS uL BRAGSCPEAR IR AR 10 F5 80 FERRRE, % A A SCEZ = (colony forming unit, CFU),
SO (cfu-mL™") = PR RS < BB x 10°/FRe BB A A AR AR

BEALPRE 20 e BEREAT B PCR %858, P51 A &t 1 M13 514, B PCR 4714



WeRIE, LA, k%, HRRI, W28, WELA, 4081, BRbEsE.
HUR cDNA 4K SCPE IR 2 5 00 1
il 25244), 2015, 42 (1): 149 - 156. 151

%AFH 94 °C 5min; 94 °C 1 min, 55°C 1 min, 72°C 1 min, 35 ME#; 72 ‘CHEM 10 min. BHYE
BN R SRR 2 LU RIA SCE A 3R
1.3 FIIMEMS

BEALPEE 200 A ye bt A TAY TR R Beha AR AT, LB 45 8 ik
FFHFS1 A . A 7SI H DNASTAR 3K AR HEAT P40 LE o FPf % . K 43 201 Unigenes H
BLAST2GO #AFHAT £ Dy REVERE A 4328 . FJJH] ORFFinder Chttp: //www. ncbi. nlm. nih. gov/gorf/

gorf. html). ProtParam Chttp: //www. expasy. org/tools/protparam. html). InterPro Scan Chttp: //www.

expasy. org/tools/protparam. html). ScanProsite Chttp: //www. expasy. org/tools/scanprosite/) 54K X}
AR BEAT A5 B i

2 HiIR50Hr

21 [RIAMEIRS

B L RNA Byl B0 i vk 45 R S/ 28S T 18S 4%, JLELBIZI N 201, FRBAPFTHEELH)
RNA SE8MEES o AN O LTI R Dago n/Dasonm A 1.96, 78 RNA 20, ATHI T4
KMk

4% %I LD-PCR W 14, 16, 18, 20. 22, 24. 26. 28. 30 MEHI~4, Lykial, K
L 24 ANMIE IR S5 RIS 7= 4 BRUK AT 5% « B 24 MR FR 25 )N () LD-PCR =4 H Sfi 1 li§ V), i CHROMA
SPIN-400 ¥E /N B, HLIKSE SRR ER 5~ 8 B P& KT 500 bp M A BL, KX 4 8 IRIEE W
It H QAT IR .

cDNA 74 5 84k pDNR-LIB &4 5 A2 2 IM109 4, $RAT JR4h S0

22 NEREMEIEHE
S5, TR AR cDNA JEUESCEZ B K 1.08 x 10° cfu - mL", F 885 CEZ &K 1.30 x 10°

cfu-mL™',
MGG SCEE A BENLEEEL 20 N 5a BT B PCR Kll, HyKAGIEE R (& 1) BoRAEBEHLHEE
(1) 20 DNFefEH 19 MY R, THE AR cDNA SCEMEA %2 95%.

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1o 17 18 19 20 M

2 000 bp —e

1 000 bp—e-
750 bp—e
500 bp—m

250 bp—a-
100 bp—e

1 XERBARBMEEHZRN
M: DNA marker DL2000; 1 ~20: Ffifll 5% PCR 74,
Fig. 1 Detection of inserted fragments and recombination efficiency by PCR
M: DNA marker DL2000; 1-20: PCR products from random clones.
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23 XESH

BEHLMAR cDNA SCEEBRE 200 AN e i AT I, 4520 182 MKCEEKT 100 bp AU B, 4
N R BRAFE2)K 2 560 bp. GenBank 5524 JK316116 ~ JK316297

L AP G, 182 A4~ EST 41/ 96 4~ Unigenes, JLH' 12 4~ Contigs, 84 4™ singletons. 7EiX 96
> Unigenes ', L4 68 N1 Y5 GenBank H &g REAHULAL, Horr 56 AN 5 AN ARG & DRAH L
e, e SRR T 5 A2 T (Citrus clementina) (51 M), Hif#& (C. sinensis) (2 4N, i HZH (C.
unshiu) (2 4~) RIS (C.aurantium) (1 ).

GO Uifevike4i R (B 2) Wor, XL HRALEGIRE. MEAEYE. Ha i PR s 5%
EYEEhRe, S5 R NN KBS .

35 ¢ EEERR S 14y AHRALSY
30 Biological process | Molecular function | ] Cellular component
I | |
8 26 127 |
&
LI = | 24
w B |
gE 00 | H | 16
2 15 | |
'gf‘: B M 12 1 : ]
5 5 ! ‘
g 10 | 8 g | i
2 7 | |
= 5 L 5 5 ! |
H H H L 204 g 2 1
0 L L L L L ﬂ ﬂ L V_‘ } L L ’_‘ L ’_‘ 1 I } L L L ’_‘ I o
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

GOsFk

GO classification

2 RS ICEEERS Unigenes GO 3R
1: dNfatfe; 2 ARMHER 3. NBURM; 4: BAEHAERLR; S: ﬁﬁiﬁi 6: ENL: 7: ZAMNAHUAERR:
8: WA 9. BRI 10: MM G 11 ALK 1 F"ﬁwﬁ 13: ZAAHURE R
14: 55068 15: AN 16: Fizimtk; 17: zm T 18 HeRET
19: 3 TEME; 20: 40ML; 21 A0MIE%; 22: 4B
23: KT HEAEMH: 24: MRERE: 25: Bk,
Fig. 2 Distribution of some Unigenes in the root library according to the GO consortium
1: Cellular process; 2: Metabolic process; 3: Response to stimulus; 4: Single-organism process; 5: Developmental process;
6: Localization; 7: Multicellular organismal process; 8: Biological regulation; 9: Reproduction;
10: Cellular component organization; 11: Growth; 12: Signaling; 13: Multi-organism process;
14: Binding; 15: Catalytic activity; 16: Transporter activity; 17: Structural molecule activity;
18: Nucleic acid binding transcription factor activity; 19: Molecular transducer activity;
20: Cell; 21: Organelle; 22: Membrane; 23: Macromolecular complex;

24: Extracellular region; 25: Membrane-enclosed lumen.

24 E=REAMNEMEEEZSR

LEFTR AR cDNA SCPZER) 96 4N Unigenes H1, AILAKIEK 36 4, 5 37.5%. 24 A~3E
RISER T heEERS, JRit— 2 e T HAGE B abr, HEASBK. FFRb seEK . Xt o1
. BRSNS 5 R LK 1,



BeFle, EME, KA, HRNL, 2B, BEL, 4MB1, BREE

BUR cDNA KI5 34T
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*1 A1 EENURERRFENEKER
Table 1 Twenty-four unigenes homologous with known-function genes
i K- YN SN A
b Genbank s RS U Bk
Unigenes No. No. Protein name Length aa MW ol GO biological process Frequency
Contig 2 JK316196  MLP43 770 156 17.6 5.5 I35 40 5z v 4
Defense response, response
to biotic stimulus
Contig 6 JK316290  Dormancy associated 1278 152 17.2 9.1 S0/ 20 TR R Y. 1
protein Response to fructose/
glucose/sucrose stimulus
Contig 8 JK316286  Two-component 1033 242 27.4 5.0 Fig Ak, RSy 1
response Signal transduction,
regular ARR9 regulation of transcription
Contig 9 JK316181  Defender against 626 115 12.6 9.1 PrAn e T 1
apoptotic deathl Anti-apoptosis
Contig 11 JK316173  O-methyltransferase 1274 366 40.0 5.6 WERLS O, RRES |1
LR
Flavonol biosynthetic process,
lignin biosynthetic process
Contig 16 JK316154 Nucleic acid binding 1129 251 27.8 10.5 L2331 4
Regulation of transcription
Contig 18 JK316131  Metallothionein-like 561 68 7.1 42 < T TR 3
protein 1A Response to metal ion
Contig 21 JK316274  Coatomer delta 1963 533 58.4 5.7 1o JR A A R A T 1
subunit Intra-Golgi vesicle mediated
transport
Contig 24 JK316220  DNA binding 440 49 5.4 3.8 DNA &iil, AT 1
protein DNA endoreduplication, root
development
Contig 25 JK316258  DNA binding 436 51 5.6 4.1 DNA &iil, AT 1
protein DNA endoreduplication, root
development
Contig 30 JK316287  DYLI 732 122 13.3 9.5 SR AR 2R TR IV S 1
Response to fructose/glucose/
sucrose stimulus
Contig 42 JK316187  Peroxidase 1384 335 37.8 8.5 EZNiS) AN 1
Response to oxidative stress
Contig 47 JK316236  Zinc finger protein 990 172 18.3 8.0 GRSy 1
Biological process
Contig 53 JK316251  DNA polymerase 539 59 6.6 5.8 DNA £l 1
epsilon P17 subunit DNA replication
Contig 60 JK316125  Cytochrome C 639 165 18.2 5.7 I 1
oxidase subunit Vb Translation
Contig 66 JK316278  PhyH family protein 1 199 282 31.8 5.2 JIE D5 B AR 14 1
Fatty acid metabolic process
Contig 72 JK316256  Ubiquitin-binding 689 159 18.0 47 ShEes 1
protein Postreplication repair
Contig 73 JK316293  Nydroxyproline-rich 743 131 14.5 8.7 )20 o B A 1
glycoprotein family Plant-type cell wall
protein organization
Contig 74 JK316270  Chaperon protein 1524 216 24.0 49 AU 5 1
Dnal Response to very low light
intensity stimulus
Contig 77 JK316117  Flavonol synthase 1160 337 38.0 5.9 BT 75 L 1
Flavonoid biosynthetic process
Contig 82 JK316273 60S acidic ribosomal 700 113 11.3 4.4 e 1
protein Translation
Contig 84 JK316172  Ubiquitin-like 521 77 9.0 7.8 HABM 1
protein 5 Protein modification process
Contig 87 JK316179  Alcohol 1257 346 38.1 5.9 I3 AR I 1
dehydrogenase Alcohol catabolic process
Contig 88 JK316268  Profilin 825 131 14.1 5.0 W3 & [ % 45 Actin 1

nucleation
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TEIX 24 MK EER T, 7 6 AN SHEDIN R NVAT, ©A1e EZIAME H MK Contig 2. K
HICAH < 2R (135 M Contig 6+ 4@ AR A% F1FE K] Contig 18 DYL1 X Contig 30+ i AL WBEFE A Contig
42. Dnal %ifihE[X Contig 74; 3 MK FH MR, B Profilin 433X Contig 88 1 DNA &54
T %A Contig 24, Contig 25.

Btif5, X gmides A R REdE4T 7 70 #H. Contig 2 46y MLP43 (major latex proteins) [, J
A Betv 1 A IGE I IABCARS, 51 55« Contig 6 Ga i RIRAH DG EL 11, A W MEYE K FE LS G500 0
I3 T 5 ~ 33aa Fil 81 ~ 150aa X [H], 34 ~ S4aa T K 5K . Contig 8 ifith 5 11 HL A s Wil 15 45
¥4 (response regulatory domain) (51 ~ 187aa) Fl— M MRALA7 55 (121aa). Contig 11 gahd FJL#%
i, N i B A RS DNA 4551 X . Contig 16 ZwfHii )& T Alba (acetylation lowers
binding affinity) BT, ZHE 05 DNA SRR RIEHE S 45 G, fE R O R 4L Re b ml fig R AT
Y. Contig 21 gt 2 11 1¥) 285 ~ 533aa 4 MHD (Mu homology domain) £i#gla, J&#) 8 &
IEAL#S Cclathrin adaptors) [ mu Wi, Z5EEAMRANEHIIR . Contig 42 HifbEAHAES
ik (1 ~25aa). 4 %F —#i (42aa/121aa. 75aa/80aa. 127aa/325aa Fl 206aa/233aa). 4 MG & T 45 &
£ (200aa. 249aa. 252aa fll 257aa) 1 MEEF45EG0 A (199aa) F 1 ADMTF2 i (73aa), S
— o W L S A - Contig 47 b HAT W/ NMEEFR S5 13k ZF_A20 (12 ~ 46aa) I ZF_ANI
(110 ~ 153aa), &5 #{bi&1t. Contig 60 Jwfdh ik H HAT MR 145500 (114aa. 138aa
141aa) {5 5 KXk (1 ~24aa). Contig 66 Zifi phytanoyl-CoA dioxygenase (PhyH), HA Neuraxin
I MAPIB 2 I FRRFIERT A5 (65 ~ 74aa), MEACHELKEIR o 28415 1 AP, Contig 73 4ifid & 4 H
FlE 5K (1 ~39a) FEEREIX (22 ~ 42aa) 458, Contig 77 gt 1 BAT 3 NMRE 45547 8
(218aa. 220aa I 274aa) Fl—/> 2 - SR RN L AL S (284aa), S5 28815 o

AW AU A LR T AR 2 A K cDNA SCFE, 7F 24 N KEER ORI 9 AN
FPI SR SUR B AR, B iz F 3R (Contig 18) 7EAHE T 3R4T 7e % (Endo et al.,
2007; Nishimura et al., 2013) , H'& 8 LA Contig 2. Contig 6 Contig 24, Contig 25. Contig 30-
Contig 42 Contig 74 I Contig 88 7EAAG T M TGAHCHRIE, T — B+ HAIH € i PCR. 3 IEA5H,
ARTF-BOW HZTE I D REREATIR AT FT o

TEIMBEAZS SN LY SR S i SN, AR AR TR AR,
HERIR AR BN kS R (Chen & Dai, 2010: Sun et al, 20100 ; 7EMRP%S N ER LM E
FIEH A8, SRMMPORTERDE (Chen & Dai, 2010) o 4T RHT3E13 [FContig 2 4y 3=
T AR, AT R AR PTI A O

WA & — 2R AR T MR A D R PR BT, AR AR o A Ak W T
PN %2 s PR ParbHLHC 4%, SR R HTIEA S (Huang etal., 2013) ; JFH, 7EWBHZ G
Joi, A AR R IE I (Rizza et al., 2012) . Dnal /2 #WER Fhsp40 Kk (HFR NI
AR B, ZFER G hsp70 S5 R B PEHAT P 0, i (e 1k & 7 A PR 2R
BEME (EHE) RO E S FH A0 IE R DiRe, EROos#uig . e, E4
JR B A5 T T AT o ABUR 42 K cDNA ST T 3145 ) i S8 AL P i 1k X Contig 42 MIDnal P v fiE
Jo 1T R N Y B A



PeRIE, T4aH, fAE, TR, 2B, BEL, BBF, HER
BUR cDNA 2K SRR 5 54T
i Z244), 2015, 42 (1): 149 - 156. 155

PRAR A 22 45 2 AEA N A B0 55 1) — Rl AE BRI G, S IRARAIR IS AR R rp, ARARAH 5 B 1 L R 1)
FIE FEAK, (X R PARLEAS BRI 1Y | J5 37 F AL AT N 5 -4 AT B RE (Saito et al., 2013) 6
HOAHEIBER B,  BARZLPSDRML fEARMR IR 2F th ik iy, AR e AR A KA L Lk g i,
AR AR T R A B K THRZS (Saito etal., 2013) , XU AEMS AR 1] g AR 4 K STl 345
PRI AH DG 3£ K Contig 6 Fl1Contig 30

Profilin/& —FlHRANIZN R 45 G A, WA —NZREREKIE, EAFALFRE IR LRIL,
HAEY =T Re R 4% H 2 2R, R84 22 8 & F g 2R v LA U AE ] (Sun et al., 2013) o
e FAERHE AP EE ST MR B, ProfilinALEH & (A 28 T AL A Tl — AN e, MR EBA
K2 11 I Profilinf LN 25 A TR 25 (Braun et al., 1999) o fiEWFsy & B4 EI FFPRF3 J&— Mk
RIRIE Fprofilind& K, AR, FIREAR BA KM E LA IA T (Fan et al., 2013) o ABFFTIE
#3 ¥ Contig 88 Zfdprofilintz [, WA FEZ MK B IR, J34b, Contig 24 FContig 25 J& T"DNA
GG EAEERN, GOYIREN KB R e SR B A A B L
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