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Abstract: The use of full-length cDNA libraries is an effective tool to obtain complete gene information in a high-effi-
ciency, high-throughput manner, especially in organisms with huge genomes that are not amenable to whole genome
sequencing. In this review, we outlined several methods of full-length cDNA library construction and compared their ad-
vantages and disadvantages based on their respective principles. Drawing on our own experience. we described the
Cap-trapper method in detail, with an emphasis on its application in wheat full-length cDNA library construction as well
as the determination of the ratio of full-length cDNA in a library.
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74 E % LR 2K cDNA SCEEMH 7 ik i 871

T¥ 2K ss-cDNA 5 A A ¥ £ #rid 19 3L &= driver
mRNA %222 . FH 4 Bk 0 125 156 35 2 35 19 cDNA BR 25,

A5 B A 215 B9 H.4% cDNA(ss-cDNA),

Al —L
G -
U Full-length cDNA (Testen Biotinviatcd ENA (Driven)
l Rewerse transcription 5 Y
[ Z333922 ... 33334
m?> ! ral” \
l RMA Bintinvation
*: ..azaaa. m Mixed and hybridize
Bistin \ al high RoT
- 4 ®
l RNasel digestion
'+* Add magnelic beads
2 Rare full-length cOMA
| 1l length selection
wh i - s
ﬂ\Eﬂ?.— , S l i strand cHNA ;o heayrielic baads
e swithesis i -

Magnetic cods
l RNA hydrolysis

*.gﬁsr L
‘}“-;;?I\ “-’” LY - L

l dG tailing

GGGEGEGEGE

As lasler NNA

I
: Restriction digestion

l Yector ligation

6 EKH—/E R cDNA XTEMERE (% CHRSD
Fig.6 Schematic diagram of the normalized-subtracted full-length cDNA preparation (Reference [5])

2 4K cDNA HE

2K cDNA 1 L] 2 5% M 424 cDNA S PR Jit &
(R S HE R L W] F 5E cDNA 7 81 1) 58 B 1 — 4>
R OGO R P Ay N TS i o e o1 1}
PEMY, — MR, K A cDNA SCE (75 81 37 i 4R 5
# poly(A) R, i poly (A) B EL sk /& cDNA 3’ ¥ 5¢
FVER AR BT L) cDNA 19 33 UTR K 2 #R 2 56 %
L TR ) 57 st L DU SR F O [R) A O i i LA
Wi, AREFE Tk AR TR AT DO L S, — 2
LIRS 5 — R AEUE Bk, T
T8 T A HE B A BT S T X R B Y
AbFH, ARSI E TF R T KA/ 4 K cDNA Wl 7
TAE 8] 1 7 25 /N4 cDNA 741, 78 S i 2 1F
Wi FATTIE R IE 3 F T 7 9 78 Bk 437

K e BB iR Y ik 2 5 GenBank
BAE AT AL, R BURE AR e S H i R B
JIE ) 8 B 4 K JE IR T AR GE i 3R IR R O e K,
HK i ) v AT B A1 L T SR 2 SR L ROk 0 £ 85 D13

% JEEATS GenBank H Y ] I T 51l 78 K
2R WA BE AR H YRR R K,

by — 07 VR R AR S mRNA 573 (1 45+ A L 20
A E 4K . MRNA 5755 UTR 252 mRNA 4% 5% 1Y
HENE,BBFEN T (ATG LiiF—3 M Fiif+4
AL BREAR R AR B b e 1k ATG 7 5 % st il
U RE 2 GRIGH T L UTR K .G
+C F P ATG W AEAE 5 A5 A 23 52 i /i 4R 2L
R AN WF I R IR i 3R A TR A 2Rk B A Z [
5°UTR A9 1 B2 L 77 75 58 K 22 5%, Kochetov A V
SR L2 6 R ) A U B WO Y R S AR T 4 T
FR 43 AT I X6 B I X A A R AT T S A
B, 1A, B Y Kozak J3 81 1) — 3T 41
4 gccRccATGGeg. 5 UTR AY K JE7E 40~ 120 bp &
], A A (RT2/GT) , TR AT Ih %5 A 7 PG 00 1 3
I RAR i . AR AT N B BIF 9 45 51, 45 A SE PR O
PEPEAE 14K cDNA 1Y #0351 7 v, S B 3 4 4
B e 2



872

W & HEREDITAS (Beijing)2006

28 &

3

NG

41 oDNA SCJZE 2 o Bk K LA 3R 45 2 [ 4 )y

SIME BB IERL 2 TT % 2 BE AL N AL B S0 Y — A B

WAL .

H v, 78 4K cDNA SCFE M4 25 1 B 4 IS

TARK 2k, B0 Sk Uk, BT AT ik IR T BAZ AR
¥ mRNA 53 (1 I ¥ 4544, {3 & B gz b, 24
BT A 42 K cDNA SCJE A4 8 7 15 #1047 #E — a2 1) Bk
B o E SC TR AL) g IsF o7 AR 40 552 56 9 A S0 56 = 1 T AR
MRS A A C T,

% % X Wk (References):

(1]

[2]

[3]

[4]

[5]

[6]

[7]

(8]

Haas B J, Volfovsky N, Town C D, Troukhan M, Alexandrov N,
Feldmann K A, Flavell R B, White O, Salzberg S L. Full-length
messenger RNA sequences greatly improve genome annotation.
Genome Biol s 2002, 3(6) :RESEARCH0029.

Burge C B, Karlin S. Prediction of complete gene structure in
human genomic DNA. J Mol Bio, 1997, 268.78~94.

Lukashin A V, Borodovsky M. GeneMark. hmm: new solutions
for gene finding. Nucleic Acids Res . 1998, 26(4):1107~1115.
Salzberg S L, Pertea M, Delcher A L, Gardner M J, Tettelin H.
Interpolated Markov models for eukaryotic gene finding. Genom-
icss 1999, 59(1):24~31.

Carninci P, Shibata Y, Hayatsu N, Sugahara Y, Shibata K, Itoh
M, Konno H, Okazaki Y, Muramatsu M. Hayashizaki Y. Nor-
malization and subtraction of cap-trapper-selected cDNAs to pre-
pare full-length cDNA libraries for rapid discovery of new genes.
Genome Res, 2000, 10(10): 1617~ 1630.

Seki M, Carninci P, NishiyamaY, Hayashizaki Y and Shinozaki
K. High-efficiency cloning Arabidopsis full-length cDNA by bioti-
nylated CAP trapper. The plant Journal . 1998, 15(5).707 ~
720.

Carninci P, Waki K, Shiraki T, Konno H, Shibata K, Itoh M,
Aizawa K, Arakawa T, Ishii Y, Sasaki D, Bono H, Kondo S,
Sugahara Y, Saito R, Osato N, Fukuda S. Sato K, Watahiki A,
Hirozane-Kishikawa T, Nakamura M, Shibata Y. Yasunishi A,
Kikuchi N, Yoshiki A, Kusakabe M. Gustincich S, Beisel K,
Pavan W, Aidinis V, Nakagawara A, Held WA, Iwata H, Kono
T, Nakauchi H. Lyons P. Wells C. Hume D A. Fagiolini M,
Hensch TK, Brinkmeier M, Camper S, Hirota J, Mombaerts P,
Muramatsu M, Okazaki Y, Kawai J, Hayashizaki Y. Targeting a
complex transcriptome: the construction of the mouse full-length
cDNA encyclopedia. Genome Res. 2003, 13 (6B): 1273 ~
1289.

Stapleton M, Liao G, Brokstein P, Hong L, Carninci P, Shiraki
T, Hayashizaki Y, Champe M, Pacleb J, Wan K, Yu C, Carl-
son J, George R, Celniker S, Rubin G M. The Drosophila gene

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(171

collection: Identification of putative full-length cDNAs for 70 % of
D. melanogaster genes. Genome Res, 2002, 12(8): 1294~
1300.

Kikuchi S, Satoh K, Nagata T, Kawagashira N, Doi K, Kishim-
oto N, Yazaki J, Ishikawa M, Yamada H, Ooka H, Hotta I, Ko-
jima K, Namiki T, Ohneda E. Yahagi W, Suzuki K, Li C J, Oht-
suki K, Shishiki T, Otomo Y, Murakami K, lida Y, Sugano S,
Fujimura T, Suzuki Y, Tsunoda Y. Kurosaki T, Kodama T, Ma-
suda H, Kobayashi M, Xie Q, Lu M, Narikawa R, Sugiyama A,
Mizuno K, Yokomizo S, Niikura J, lkeda R, Ishibiki J,
Kawamata M, Yoshimura A, Miura J, Kusumegi T, Oka M, Ryu
R, Ueda M, Matsubara K, Kawai J, Carninci P, Adachi J,
Aizawa K, Arakawa T, Fukuda S, Hara A, Hashizume W,
Hayatsu N, Imotani K, Ishii Y. Itoh M, Kagawa |, Kondo S,
Konno H. Miyazaki A. Osato N, Ota Y. Saito R, Sasaki D, Sa-
to K, Shibata K, Shinagawa A, Shiraki T, Yoshino M, Hayash-
izaki Y, Yasunishi A. Collection, mapping, and annotation of
over 28 000 cDNA clones from japonica rice. Science, 2003,
301(5631):376~379.

Kato S, Sekine S, Oh S W, Kim N S, Umezawa Y, Abe N,
Yokoyama-Kobayashi M., Aoki T. Construction of a human full-
length cDNA bank. Gene . 1994, 150(2):243~250.

Edery |, ChuL L, Sonenberg N, Pelletier J. An efficient strategy
to isolate full-length cDNAs based on an mRNA cap retention pro-
cedure (CAPture). Mol Cell Biol » 1995, 15(6): 3363~3371.

Suzuki Y,Sugano S. Construction of a full-length enriched and a
5’-end enriched cDNA library using the oligo-capping method.
Methods Mol Biol , 2003, 221(1) . 73~91.

Suzuki Y, Yoshitomo-Nakagawa K, Maruyama K, Suyama A,
Sugano S. Construction and characterization of a full length-en-
riched and a 5 -end-enriched cDNA library. Gene, 1997, 200
(1-2):149~156.

Zhu Y Y, Machleder E M, Chenchik A, Li R, Siebert P D. Re-
verse transcriptase template switching: a SMART approach for
full-length cDNA library construction. Biotechniques, 2001, 30
(4).892~897.

Efimov V A, Chakhmakhcheva O G, Archdeacon J, Fernandez
J, Fedorkin O N, Dorokhov Yu L, Atabekov J G. Detection of
the 5’-cap structure of messenger RNAs with the use of the cap-
jumping approach. Nucl Acids Res, 2001, 29 (22): 4751 ~
4759.

Carninci P, Kvam C, Kitamura A, Ohsumi T, Okazaki Y, Itoh
M, Kamiya M, Shibata K, Sasaki N, Izawa M, Muramatsu M,
Hayashizaki Y, Schneider C. High-efficiency full-length cDNA
cloning by biotinylated CAP trapper. Genomics, 1996, 37(3):
327~336.

Carninci P, Westover A, Nishiyama Y, Ohsumi T, Itoh M, Na-
gaoka S, Sasaki N, Okazaki Y, Muramatsu M, Schneider C,
Hayashizaki Y. High efficiency selection of full-length cDNA by
improved biotinylated captrapper. DNA Res, 1997, 4(1). 61~



74 E % LR 2K cDNA SCEEMH 7 ik i 873

66. [24] Pesole G, Liuni S, Grillo G, Saccone C. Structural and compo-
[18] Clepet C. Le Clainche |, Caboche M. Improved full-length cDNA sitional features of untranslated regions of eukaryotic mRNAs.

production based on RNA tagging by T4 DNA ligase. Nucleic Gene ., 1997, 205(1—2):95~102.

Acids Res, 2004, 32(1) :e6. [25] Pesole G, Mignone F, Gissi C, Grillo G, Licciulli F, Liuni S.
[19] http://dbtss. hgc. jp/docs/oligocap. html. Structural and functional features of eukaryotic mRNA untranslat-
[20] http://www. clontech. com. ed regions. Gene. 2001, 276(1-2):73~81.

[21] Wellenreuther R, Schupp |. Poustka A. Wiemann S. The Ger- [26] Mignone F. Gissi C. Liuni S and Pesole G. Untranslated region
man cDNA Consortium. SMART amplification combined with cD- of mRNAs. Genome Biol, 2002, 3(3). reviews0004. 1 ~ re-

NA size fractionation in order to obtain large full-length clones. views0004. 10.

BMC Genomics , 2004, 5(1).:36. [27] Rogozin | B. Kochetov A V. Kondrashov F A. Koonin E V.
[22] MAO Xin-Guo, KONG Xiu-Ying. ZHAO Gang-Yao, JIA Ji-Zeng. Milanesi L. Presence of ATG triplets in 5” untranslated regions of

Construction of a Full-Length cDNA library of Aegilops speltoides eukaryotic cDNAs correlates with a ‘weak’ context of the start

tausch with optimized cap-trapper method. Acta Genetica Sini- codon. Bioinformatics, 2001, 17(10) :890~900.

ca, 2005, 32(8):811~817. [28] Kochetov A V, Ischenko | V, Vorobiev D G, Kel A E, Babenko

ERE . ALFI, RO, BTAkES . R H 2k K Cap-trapper V N, Kisselev L L, Kolchanov N A. Eukaryotic mRNAs encoding

F B BRI 22 5 (Ae. speltoides) 4= 1< cDNA SCJE , i# abundant and scarce proteins are statistically dissimilar in many

&4k, 2005, 32(8).:811~817. structural features. FEBS Lett, 1998,440(3):351~355.

[23] Pesole G, Gissi C, Grillo G, Licciulli F, Liuni S, Saccone C. [29] Kochetov A V, Syrnik O A, Rogozin | B. Context organization of

Analysis of oligonucleotide AUG start codon context in eukaryotic mRNA 5 -untranslated regions of higher plants. Mol Biol

mRNAs. Gene,2000, 261(1):85~91. (Mosk) , 2002, 36:649~656.

A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A N N N A A N A N N AN N N N NN

(P FEDNFELRIE)-FHEHE

AREILRFERASRE A&

(Or A FE T )— 45T 2006 4 1 H i g R I Dol R i Rkt i R, 5 2 AR i e 2 M R Dok R A B2 5 1
TR T AR T HOW, ML AT A Y B MR 2 4F O E SR B2 GU R A F R e i R ¥ ENE
Z 5P B AR LR XUHE B A G BB R R R T A W TR AR R U 2 SO SF B IR

AR EHEFA, RFEMRE

Ao E T LA BT B 5 DR AR WA A S B PN A 5 T PN A T A 23 T A W A O B MR RO — B, LUBUB B
AR R e T AA U R Ll I DU R X SO A T T SR R T LU R UL, R R A 21 A,
W LAY /Ny DNARNAGE F IS5 19 5 D B8 SE D R 2 G SRl R A A, ) e 3 IR A R 4

158 52 ek 8 i 0 ik B 52 98 0 ) B R 3t 5 T 5 P A B B AR 0 S 2 ST BAE O el D T B v R R A B 3 A R
R, Hh Koy 7 ik RNA T35 53R PUER B S i DU REFE R4 &5 B B2l AR AR B S0 JE TR T KR
e e TR i A5 L S B AR SR 00 T L W 2 A TR B R T S HE R L B A 2 A S SUR R B SR R

2 MM ERRY,EFGE

B TE R B e B b T84 5 BN (6] )2 U B B, 7R Rl B 3 o0, R e % [ AN I AT B AR B A BT A Bk
AR DG N 2, LU W) R 23 1 IO 45 4 15 D RE O B A, U 5 U0 O T2 4, 6 20 7 R 90 2 9 0 0 0 TR 45 A A S 3R i HL b B AR O
fff A3 TE AR L b S T Y [R] I 4R 2l

TE AR 23 A 5 1 A B A T T M2 R R R ATHT 5 B T S R, X — WA e MR R PR B 5 R
il 1] 352 948 20 A BT AN ) 00 A A 3 9 4R 40 T A W A R A IR P i TP RN B B RA T S WA G D L MR 2
e E AN Hbt s Jn B ARG TR 2 O RS DI A TN RS BT, N AR B e v SR R

3.2 EEMNRE

%A B AR IE B A5G PRUEMEY) SOV R RS WL S B A K R B S W O R N TE IR R AR R L R A Y R A
%o AP RN R L HRIE — £ R T E A, Dihb B U o 324, ) DNA Z) RNA B8 19 57, A DNA 52 1 21 5% 5% . #)
P A DR 2 B e SR 21 B AR 5 B AR B R S R R R BN R A A A AR . (RIS T AR R AR A A i g AR
PALTE B AR LI 2R A AR A AR EL TR 29 B R 2R ) ORI T 53R B4R TR 5 58—

A A5 0] B 153 1AL W 0 0 U i A ) L SRR B S AR U AL A O 4 T A AR I, A A LY TR R A8 TR AR K
ZA IR B UE Y WL AR [R] IRE 45 3 O 2 A S R H O B )

4 EEEFRG,ERER

AR SCT R R TR S S BOR ) . EISCECA S L BRI ER AT O AT S AT E AR, xRl
5 B A M T BEI R TE R VI T,



