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# FE UHAE AR R638 R I K & 2 AN IR UN MR, R SMARTH AR MG 194 H-FA 41
WERE 45 K.cDNASCZE . 2ok, BTt s 4h SCIEH R }92.25% 100 pfu/mL, T412495.13%, 334 30 FE 1 242.65%10° pfu/ mL,
FEANF B S B 7E0.5~2 kb2 0], P850 bps FTi i SCHERet Fl T H AR R 43 B it ik SRk . WIAR SC1E
REALHRE 16N T REREAT I, Thill 7154, & LRI /741D 2, 384313 unigenes, 4§ 24 contigsF111/>singletons,
HA34 K 1Tl BEunigenes, 2/Munigenes LA HEN IIAE, 2/ unigenesIEAR SN, 7346 MunigenestE & 115 £ s A 1 G A
JEFH, A I SO G T /K P B4R 7 vk i R R A VR i R B LI, E 20 RIS 1A R O B BE R T e R L R IA B e
W) A

FHRIA VAR RAIIENR; 4K cDNA SCJ%; SMART

Construction and Primary Analysis of a Full-length cDNA Library for Larix
Somatic Embryo
Li Ting 12’ Zhu Caihong 22, Qi Liwang 22, Han Suying 1=

1 Institute of Forest Ecology,Environment and Protection, Chinese Academy of Forestry, Beijing 100091, P.R. China
2. Laboratory of Cell Biology,Research Institute of Forestry,Chinese Academy of Forestry, Beijing 100091, P.R. China
= Corresponding author, syhanqi@yahoo.com.cn; = Authors

Abstract Using the embryogenic callus at different stage of somatic embryo development of cell line 638 of larix leptolepis, The
full length cDNA library of Larix leptolepis somatic embryo was constructed through SMART method. After identification, The titers
of the primary library and amplified library were 2.25x10° pfu/mL and 2.65x10° pfu/mL,respectively. The recombination rate was
95.13%. The lengths of most cDNAs in the library ranged from 0.5kb to 2kb, and the average size of insert fragment is about
850bp.These results indicate that the library is qualified for cloning and expressing target genes.A total of 16 clones randomly chosen
from the cDNA library were sequenced and these expressed sequences tags(ESTs) were analyzed. A set of 15 sequences were
obtained.Clustering and assembly of these cDNA sequences resulted in 13 unigenes,including 2 contigs and 11 singletons.Among
them, 3 unigenes were predicted to have known functions, 2 unigenes have putative function, 2 unigenes are unnamed or have
unknown function and 6 unigenes which have not high similarity sequences in the GenBank protein databa se have unknown
function. The cDNA library we constructed is a good source for cloning cDNA of rare mRNA and identifying functional genes from

Larch somatic embryo.
Keywords Larix; Somatic embryo; Full length cDNA library; SMART

MRE=R T A T A A5 1 22 IR A R N T M (K R A
RV BRI R AR R D A A e tE R 2009; B 5FJ55%, 2003), oG KR & I i & i
SRR, AN FOSRAE . BMEEIE.  AEYr R AR R . 124, BfF
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HH% N (Steward et al., 1958). RIS+ (Ikeda-Iwai et
al., 2003). /3 (Cuming and Lane, 1979). /KF&(Litts
etal., 1992). T >K(Williams and Tsang, 1991). K5
(FEHEEE, 2004). Fift.(Davidonis and Hamilton, 1983)
S5 22 MR 30 A IO VR ity e A SR A PR AR AR A
AR L, WAk CL % A2 i (Abies) ¥ 2 &
(Larix). =12 & (Picea)fs J& (Pinus)5s 2 Ml
RAFRAN MO o P AR AR Dy F BB i 3 AR HT A4 B
R, FEARLN B RNG A R R AR R T T 2 IS
TERMI(B ¥ 555, 2005), HGIRZ 4 FAEYIMILL,
SoAR G R IR R AEAFAE TR AN . RS, H
M LR AL S5 R BB )i, B A v A KA G
PRI SO AL AL (5 57 055, 2004, MolkR}
ST, 17(3): 392-404). 17 M4 4440 i A fity %
AL SR DT T ST Bl s S%
JE T 2 M AR R AR A O B BE R (5K 4%, 2006,
Pullman and Webb, 1994; Palovaara et al., 2010). 1H
AR 15 T SO PR R P PR R R B A
I — DA, 124, YR 40 ik
N3 FALB R FUR N 99, U B B 444 i
JRMLEEAH TR 2D

FIFHBARTI e L R A 27 T B TRy 1A%
W 2T M A e DNA ST W] B 4%
RMUABRAFRE R P A5 S, S e, T
W AN BEREAT 4 2k DRI AL P (R Ao B, R EAT HE )
RESE IR FE I — S 7 RO AR (BB H 45, 2006). H
i, O 2SS KcDNAER ik, HdE
¥ H : CAPture 7% . Oligo-capping % . SMART
(Switching Mechanism At 5 end of RNA Transcript
method/SMART method) %+ Cap-jumping ¥% PA J&
Cap-trapperi%5. SMART(Zhu et al.,, 2001; http:/
www.clontech.com/images/PT3000-1.pdf) £ K J&
Clontech A ] (1) — LA, & H Fir = W N H 5%
B R A — P K cDNASC R RO, FIE H
He M4 K eDNA S ER R AR AR L, A3
MRF AR 15 : SMARTScribe™ MML Vi % Sl 1 A
Uity 4 B G ME DA R XU BE cDNA IR 43 0 43 B ARALE T 3
R BN, A, R SR,
JIT 5 & A R 2D (0.025-1.0 ug I mRNA B &
0.05-2.0 ugfERNA) H AT SEHLRE ) v B o 1% 7 15
HWLOEAERIR. &V AU BRI, AFSUEH

SMART 43 A 4 2 7% I #2440 i I8 Jif: 4 K cDNA
L.

AT LA H A& - Fa (Larix leptolepis) /IR
PEAH i 2638 JEUM [ I HH S iR Sk s st ARk, R
SMARTHIAR, F4JEV% HHFA 7R 20 f I Jif 4= K cDNASC
i, R TR AR AR A IS R o LB,
IR RFE I RE . RT3 E B . W TS
AT R AN AR 22 4

1ER55H
1.1 2 RNA % mRNA R &

RNA Ji1 2 (1) e K B i 21 SC R ) i, 32X
(15 RNA 8 1% Bl F bR U 5 38 7 B A2 1) 28
18S. 4%, 28S. 18S SiisufE L&l 2:1, KW
RNA 53 (& 1); ND-1000 ¥3ill#53 A260/A280 ELAiE
BI7E 2.1 JeAi, A260/A230 LLAEIIZE 1.8 LLE(E 1),
YiMH RNA 2l 5, & DNA. & (RN Y5
Yoo WSS RNA FFICH 2 pl, T 37°CHEL# 2h LA
b, HUKASIN S 55 RNA SIS0, SiEA
RNase FI75 5K 2). 41k )5 i) mRNA1%E5 igh i
PRI 45 B R R AT ) mRNA L35 7R Uk, %W
mRNA TCFEf#E, Tiahf.

K1 &I IRRLE RNA DK
Figure 1 Electrophoresis of total RNA from three development

stage of embryogenic callus

1.2 mRNA & M 5% cDNA

HY SpL &8ss cDNA T 0.8% 135 I B ik
JBSEL VKA I, XE cDNA S FREOR, VR B [ 4
S3AAE 0.5kb—2kb 2 [7](& 3), Nano-Drop1000 il
73, A260/A280 LLAE K 1.86, A260/A230 LUAE K 1E
1.84, WRJEN 546.6 ng/uL. XL W% cDNA 4
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a 2 b 3 [

P 2 AT E ) RNA HLGK A

7E: M: 1kb DNA marker; 1. 2. 3: JRAB AR ELE RNA; a.
by c: WAL ELS % IFULE RNA K

Figure 2 Electrophoresis of total RNA after incubation

Note: M: 1kb DNA marker; 1. 2. 3: the primary total RNA
from the three development stage of Embryonic tissue; a. b.
c: the total RNA after incubation from three development stage
of Embryonic tissue

# 1 i RNA NanoDrop—1000 3l 45 5
Table 1 NanoDrop—1000 analysis of total RNA

Ml S M2

4000 bp

2000 bp
600 bp

500 bp
300 bp

P13 mRNA J % s o0 i cDNA HL Ik ]

#: M1: 1 kb DNA marker; S: #f 5 XU EcDNA; M2: 100 bp
DNA marker

Figure 3 Electrophoresis of dscDNA

Note: M1: 1 kb DNA marker; S: dscDNA; M2: 100 bp DNA
marker

L ARACIEF7 48 h R PEZH L PAEETE 15 d k2 SR 48 h IR PE4LZY

Material Embryonic tissue of 48 h on Embryonic tissue of 48 h on Embryonic tissue of 48 h on
maintenance medium maintenance medium maturation medium

A260/A280 2.15 2.14 2.17

A260/A230 2.00 1.82 1.89

IEH HE R, e dEEKR, 1.4 cDNA X ERELEE

1.359 4% 57 B I WiEcDNA

YO JE EE cDNA S5 T 1.1% 8
JERH BRI r VKA U (1] 4), 21 1-6 5 JL-F- G DNA
J B MWER-BIKIE TR H B cDNA 7B, . cDNA
KB /Ny 7-10 [ BUEAKT 500 bps 11
LUG %A /N T 500 bp [ 7B, i faid 2 (17 i
BESERIER:, RUFSCEMAKE, &7 10 LA
(] cDNA =4, WHEAIH 7. 8. 9. 101X 4 =¥,
F T 5 6525

M 1234567 8 91011121314 15

500 bp

Kl 4 53205 55 cDNA HLKE

1:: M: 1 kb DNA mareker; 1-15: 4224 2 5 75 cDNA
Figure 4 Electrophoresis of dscDNA after size fractionation
Note: M: 1 kb DNA mareker; 1-15: represent the dscDNA
after size fractionation

7E 3 /> ¢cDNA 5 ATriplEx2 #Ai$% [e v,
AR THE BT A3 SC PR BRI, R R A JE B
4. cDNA SEARMILLHIN 0.5:1, %55 FhoRe B b
PEECH A, 4 OSCER A SO AR B 4R SRR
WA 2.25%10° pfu/mL (& 5), 3758 SCPERE A
2.65x10° pfu/mL. ¥ A BEHE0 & 45 2 S0 R4 H
4 95.13%.

BEMLBEEN 22 ANEETHBEHEST PCR 718 %558 , il
TSR BN . HL vk &S R (8 6) B, H

P 5 A1J%A SO L E
Figure 5 Titer the primary library
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MCK'l1 23 45678

910111213 14151617 18192021 22

4000 bp
2 000 bp
1 000 bp

500 bp

K6 ST B BEHLPCRAS I
7: M: 1 kb DNA marker; CK: FI1EXT H (EDNABAR); 1-22:
B PCR AT BL
Figure 6 PCR insert screening of the primary library
Note: M: 1 kb DNA marker; CK: negative control (no DNA
template); 1-22: colony PCR products

Bl &

& RAR A&, — 4 BLATE200 bp /ity ,
AR B AR B AW L mT B o S8k, e By
7E500 bpll I, AETE0.5~4 kb [f], FHJKJEL
0.85 kb

2 cDNA W A T 51 LX) 5 R

Table 2 Result of comparison of effective sequences of cDNA clones

1.5 ESTSHI S 47

B ATL 8 BT 46 ST 164 v [ 2 Ak o ook s
WF, FAFH TINS5, WP ) %8 94.0% .
275 9182 )5 14 5134 Unigenes, 7124 >Contigs.
HoAp L 55 K [ Unigeneix 1 077 bp. HH8 5 K151
Unigenes 5 GenBank 71 1) & [ it 45 22 EE 6, &R
Horp A5 2 403 B8 Unigenes 34>, HA7 #EM T &g
Unigenes 21>, Ky 44 SR %N D fig Unigenes 24,
18R E g 1 b G RIS 7 2100 D g K ATUnigenes
61M(#2)

2 11

2.1 24 cDNA X EHE
SARNATT f B 52 M 21 S 0, 1T REIRNA

FEMEEEES =4 R EEREW 20 h

T594DNA. HEAN M) =ik

s gy W Ef8 A

Clone Locus Score  E-value Function predictions

Contigl gb/BT102973.1| 252 2e-63 Picea glauca clone GQ0204_E15 mRNA sequence(blastn £ %)

Contig2 ref]XP_002489002.1| 78.6 3e-07 hypothetical protein SORBIDRAFT 05315002010 [Sorghum
bicolor]

S1 gblACY06319.1] 95.5 2e-18 class II chitinase 2-3 [Pseudotsuga menziesii]

S2 No hit found

S3 gb|ACF06522.1| 135 4e-30 60S ribosomal protein L44 [Elaeis guineensis]

S4 gb|FJ071360.1| 219 2e-53 Pinus taeda isolate 1658 anonymous locus 0 3696 01 genomic
sequence

S5 ref]NP_001168316.1| 111 le—22 hypothetical protein LOC100382082 [Zea mays]

S6 gb|ADE77919.1| 127 le-27 unknown [Picea sitchensis]

S7 gb|ADM78576.1| 56.6 le-06 glycosyl hydrolase-like protein [Picea sitchensis]

S8 gb/BT122572.1| 279 3e-72 Picea sitchensis clone WS0452_003 unknown mRNA (blastn &5 1)

S9 No hit found

S10 gblADE76290.1| 153 le-35 unknown [Picea sitchensis]

S11 No hit found

FATEAE, 2008) RNAMEI R REAAAE R FERNAREAF BRI TITS 98, PR RN S PR K H

PR, AR PR RNA R RO CL R itk
KM A T RNAFEMR ) JLE: K [ A Rnasei® Fi
Ffll(Surface RNase Erasol)#HIRH G B Hi#s
B A ORI SR B K R AL FR A s
TR i e F4 . 7EHE TAE G PR ERNA.
ARG h 205, Z2mEais, A T

(. AR Z M EPEA L. I H ™K 4% I Total
RNA Purification KitflOligotex ' mRNA Purification
Kit i ] T 52 UM RNAFI 73 Y mRNA,  JRAEFF 21 5
Fiit . ol I B RNAFIMRNA. #4HcDNA S
I, DARA IR A E = AN IR IR 20 Bk
Iy BEATHORE ,  PHIE TSR U B RNASE SR
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DAERAIE A 40 Jf I K B AH OCRN AR 1) 58 3

SCPEIRIG R A2 i v BUR RN & 5
cDNA S it ¥ B 2R hn (A E AR, 2007). 42
SR 7B B HAR T B mRNA RIS R 99 % i, ST )
To RN NAR T-1.7310°4N o SCIZE I T4 P 40 Nk
F1180% LA I (http://www.clontech.com/images/PT3000
-1.pdf), ASCPEE K2.25%10° pfu/mL, FL4LE N
95.13%, Ut WAL 1t (1) v A 4 41 B IR Jit cDNA S %
WA i PR SRS, SRR MR
BNy, AEW LA WA . R, BERESRE T
PolyA+RNA 7} i E0.5~3.0 kb2 [H](JA+ERZE, 2007).
ARSI vh XU CDNA IR 46 i HL vk 1] 4 7R cDNA 73 A
1£0.3-4kb2 [i], X BHHLPREL K22 S pE A TPCRY™
Bk, SRR  Ba b 0.5-4kb 2 (1], 3X
BHJZE A [F cDN AP 51| LA e 21k

2.2 BB e bEFII DT

T RS AR) 3t 9 R 440 i JVR VR i 4 K cDNIA SC
JEREERE b, 6 DB 53 e 5 HEAT BEHL ve BE FIES Ts
WP 5 FXF I 45 A T 157 525347, {21345 Unigenes
HAT 655 7 A1 AN BEAE 2 1 58t 1A vh 4 3L [R5
o Gl fe A LRI EobEa s A
B, L R R 500 e o AN A RIS o 1 o (1
&, 2008); Mok, BEFUERW], EEEERIERRIG R E
gy HEP IR EEALEA B T U IR B AU R T
& 1R K ZE 5 (Cairly and Pullman, 2007). Hi -k
B REIAAE L, AR R D e N B Ak DRI 2 2
P02 B RG,  BLET B iR 5 e 2 SR A
ik FA 55 ANF (Ralph et al., 2008), 3X#S 1] fE
T BN T B2 AR 20 IR (1) cDNA P 41 45 44
PETCIRE P4 s FRa] e H £ 5 B2 38 A
g, BLASTXHI A & IEMR e FI A, i 5k
T2 7 4 22 S ORI 2 1 AT e o FAT AR IR D e (1
&5, 2008). BHAG S RO EAE AN KT R ST
AR — B GN Dy RESE DR S5 159 207 R

T FA AR A1 I R 4 K cDNASC I (R £, Ky
TR T A PR 40 VR I 7 e 2 B4 0 kil Al m)
AR E MR IRR IR R E . AT IR E R
PERLE A, AR SIEEG 5 AR 2 v B R 4
A 4 J IV i % B AH DG BE R . microRNA 2 [X]
&, B DR IR T A R A VR I A R A
PHIEHLHEL .

ML A%
3.1R5a Ay

Fa A2 A5 B A 4 i IR I A 5 I A Dy =
BB JEE B 3 (proembryogenic mass). M Jif
JE 1 5 1 (early  embryogeny) A1 £ fifi JE Ji 1 JH (1ate
embryogeny) (Filonova et al., 2000). A T KFEE
SRATVR AR ARGV 5 B A S TE B, AR A2 R
PRI MR 638" 4RI 48 hy 15 d LUK ML R g
BT B 48 h TR U0 A B S 05 4,
2005). FSARHBOR Ja T s R A A H

32MRFTE
3.2.1it 7

Total RNA Purification Kit)J H Norgen/A 7],
Oligotex ™ mRNA Purification Kit/J [ Qiagen’A 7,
SMART cDNA Library Construction KitfllAdvantage
2 PCR KitJ#J [ Clonetech’A ], MaxPlax™ Lambda
Packaging Extracts/i i 14 19.%% 8 11 4 H Epicenter A
7). DL10 000 DNA Marker)¥ Fl TaKaRa /s . Surface
Rnase Erasol ([HA{RNaseii B 7)1 H b 5t KB FHRE
BHEA A

322ERNARREIRRELE

H 50 mg AR G PRI B 1ok AR
SR G IR Total RNA Purification kit iR 77 &2 HUE
RNA, H ND-1000 #ll5& & RNA IR EERILEE, 1%
D ARRE LKA I RNA 58385 B 2 L 5 WA k)
SLRNA, 37°Cid# 2h Lk, 1%B Bt s gkl
5JF G RNA LEES, W7 JC RNase 7544,

3.2.3MRNAKISE

¥ ik 3 ANEHAAMELE RNA & s, KH
Oligotex"™ mRNA Purification Kit, M.t RNA 14y
25 mRNA, ND-1000 5@ )% L4/, 1%I 50
HEL KRG Y mRNA Jfi e .

3.2.45ECDNARY & B

B3 uL#ifk i mRNA (2136 ng), HIA1 uL
SMART IV Oligo nucleotide (10 pumol/L). 1 pL
CDSIII/3" PCR Primer (10 pmol/L)% B30 IR 4], 72
C 2 min/i & TUK LBCE2 min, FERRIIA2 pLi
SxEf—BE S N 1 uL DTT (20 mmol). 1 pL
dNTP Mix (10 mmol). 1 uL SMARTScribe™ MMLV

1193



DG, 2011, VERHAARAN IR 42K cDNA SCPEREE S A8 40 #r, 0 FAEAE P Vol.9 No.26 (doi: 10.5376/mpb.cn.2011.09.0026)

Reverse TranscriptaseZlESMART™ cDNA Library

Construction KititB, & icDNAZ—#E, PCRXV 5k

2 95°C 20 sec, 31MEH: 95°C 5sec, 68°C 6 min;
SERRN, VAR FRA50 pL.

1Y) R SERZER  BUR AR -

SMART IV Oligo nucleotide
5'-AAGCAGTGGTATCAACGCAGAGTGGCCATT
ATGGCCGGG-3';

CDSIII/3’PCR Primer
5'-ATTCTAGAGGCCGAGGCGGCCGACATGA(T)30
N N-3';

5'PCR Primer
5'-AAGCAGTGGTATCAACGCAGAGT-3'

T3 cDNA 5 HIESE S NI 3

Table 3 Reaction systems of ligating cDNA to vector

3.25 cDNAD LN E
L RIS cDNA 28758 11 K ‘Iﬁ'ﬁc%n SfiI 11537
Jriid CHROMA SPIN-400 ¥ #7290 2% 43 25, FLlk

155, BEI 3 uL AT 1%Z0IR0E f vk,
PRI FL Ik 45 R, HUKT 500 bp (14 BOR & 44 e
SMART c¢DNA Library Construction Kit i\ 4,
WT 7l LETKT.

3.2.6 cONAS HikREZ R B3

cDNA 5 ATriplEx2 FAKMIER B 3 AN IR
JEEE 3), RNAKRA 5 uL, 16°C NS . &
J5 #%  MaxPlax'™ Lambda Packaging Extracts J5%
{2, H 500 uL phage dilution Buffer #B¢ 5 I
25 uL # i BHRIRIEES, T 4ChiR.

J8 53 SV A (uL) SV B (uL) SV C (uL)
Component Reaction A (uL) Reaction B (uL) Reaction C(uL)
cDNA 0.5 1.0 1.5

Vector (500 ngepL™") 1.0 1.0 1.0

10 G 0.5 0.5 0.5
10xConnection Buffer

ATP(10 mmol) 0.5 0.5 0.5

T4 DNA & #:1H 0.5 0.5 0.5

T4 DNA Ligase

LETK 2.0 L5 1.0

Deionized water

BTN FEREM BRI 15

BB R cDNA S 102, 107, 107
10 HEATHRORE, BEBRIEBEE 3 AN, B 100 ul (1
FREMAN 100 uL OD {HZ4 0.8-1.0 ] XL1-Blue
A, 37°CH 15 mine 55 2 mL _FJZ BRI,
BILETHAA LB S, 37°CHiS% 6~18 h, f5IEH
R, TR B, AKX CERE=T
BR L 7 o i< s B 3% H <1000/ 4% B AR A (uL) v 5
cDNA SCPEJHE . K34 cDNA SCPEE, %M 0%
P g A U B, 75 TUZ B IR Hh N PTG F X -gal,
T W BV EOEAT AR I . WIS SR
BENLERI 22 AR BE, A 5'%5(5PCRCTCGGGA
AGCGCGCCATTCTCTTGG)#! 3'%i(3' PCRATACG
ACTCACTATAGGGCGAATTGGCC)5 |4 #E4T PCR

YE, M SO B

SRR B AR AR F I Clontech 147 &5 i HA
P VA AT, BUE B YR S0 LL 107, 107
10, 10 FOFRRESE M E 19 SCPERE , AN RS
FEWCE 3 ANER . AR 5 T, TR
SCPET

328 EFFIMER 2

MHIUGSCPEF BEHLERE 16 MW TCE, b
BAEDTIE, Je¥eix 16 A e B 73 e A0 ok JooRL v e -
o B BH A v B R 2] 350 pL ) 1xLambda dilution
Buffer. JWhERA], 37°C, 200~250 rpm F15% 3-4h
JaHCH 150 uL AT 200 pL ) Bm25.8 (ODgy {HIA
11-1.4) 40 & B 2R A5, 31°CHE 30 min, FHIIA
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400 pL LB ARG IR 5L, ARG E TRIK T 31°C,
225 rpm REEFE 1 h, ZJEHUS pL G40 R 5 7%
YIEATH) LB/Carb “EAR I, 37C FIFHAK H M
B, HA0pE R rbE T LB MUAR R IR, 1k
invitrogen 2 7 5 o

WP SR 7 S0 BR B e 41 514 e 51 i
PolyA Ji %% ¥ i FASTA #% X sckdmh, FIH
contigexpress KT FHINIPHE, SECHFETER
IME, PHERMAR 3078, BFEHZ 4 ESTs #f
2 J 1Y) 1% B BF (contigs) M 5. — J7 1) (singleton) .
Blastn I Blastx %43 /5413547 L) S Ay R .

{E& oIk

SRR N R AL AW T S BT M SR T R A T
N HEse s, RSCHIRI S FF IS 55K
Beik, WRER T RIS H R LA TN, $R/
T, BT, WICEE LB AR A
I R B AR SOA

gt

A5 E % <9737 H (2009CB119100), 2% [k %
2 5L 4 S 00 H (30830086),  [F K863 10 H (SQ2010AA
1000687004, 2006AA 100109, 2008AA10Z126)F1 [E Z bl =)
948 5 H (2007-4-03) %t )

S50k
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