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I. INTRODUCTION 

I) Human Genome Project 

In 1958, a theory, called the "central dogma" was proposed ''· It 

describes the general flow of the genetic information. Ln this theory, the 

hereditary information of all organisms is encoded as a nucleotide 

sequence of DNA (genome sequence), which is transcribed to RNA A 

class of RNA, called m.RNA, conveys the information to the cytoplasm. In 

cytoplasm it serves as a template when the genetic code of DNA is 

translated into the protein. The protein constitutes the most part of the cell 

structures and catalyzes the chemical reactions that are essential to keep 

the homeostasis. 

According to the central dogma, the DNA sequence is the original 

source of every gene. It codes the structure of RNA and protein. ft 

pro ides the blueprint of gene functions . Since DNA sequence maintains 

all the primary information, in a sense, it can be said DNA defines the 

organism. One of the ultimate ways to describe the organism may be the 

determination of its genome sequence2
'· 

3>. 

In 1970s, technological innovations were made concerning with the 

DNA manipulation <md the DNA analysis. ln the early 70s, the DNA 

cloning technique was introduced4
)· 

5
'. This teclmique made it possible to 

amplify and modify DNA arbitrarily . It became one of the most powerful 

tools in the molecular biology. ln 1975, the DNA sequencing methods 

were reported6>· 7>. They became further useful tools for the analysis of the 

DNA sequence. 

With the powerful technology of the molecular biology, the first 

example of the genome sequence was produced for ~XI74 in 19778>. 1t 

consisted of5,386 base pairs (bp) of DNA. In 1981, the DNA sequence of 

human mitochondria was determined (16,570bp/ >. Through the 1980s, the 

sequence analyses gradual ly came up to the larger genome. The genome 

sequencing of Epstein-Barr virus (172,000bp) and human cytomegalo 
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virus (229,000bp) was finished in 1984 and in 1989, respectively10
'· " '. In 

the late 1980s, the possibility of the human genome sequencing (3,000Mb) 

came to be seriously discussed12l. 

The genome sequence was also expected in the cancer research . The 

researchers had to detect the genetic reatTaugement that occurs during the 

cancer progression. It required the genome sequence as a standard control. 

In 1986, Dulbecco mentioned the significance of the genome sequencing 

in his paper in Science 13l. He said, "If we wish to leam more about cancer, 

we must now concentrate on the cellular genome." 

Around the end of 80s, the stage seemed to be set to sequence the entire 

human genome. Introduction of the YAC (Yeast Artificial Chromosome) 

vector and the pulse field gel electrophoresis had accelerated tl1e physical 

mapping of the rnicroorga11ism genomes, such as S. cerevisiae and C. 

elegans14l-' 8
'. PCR had made it possible to qtlickly amplify the DNA 

fragment witl1 a faint amount of starting samples at a low cost' 9
'· 

20
'. The 

step of the sequence analysis had been simplified by the development of 

the DNA auto-sequencing machines2
''. 

In 1988 an intemational organization, called the HUGO (Human 

Genome Organization) was established. It was organized to carTy out the 

project smoothly with the cooperation of many countries. In 1990 the 

"Human Genome Project" started in ilie United States. It set its final goal 

i.n the complete determination of the hwnan genome sequence22l. 



II) eDNA analysis in the Human Genome Project 

IJ1 Japan the human genome project also started in the international 

cooperation. The Ministry of Education, Science and Culture, the Ministry 

of Hea lth and Welfare a11d the Science and Technology Agency took the 

central role in the early project. Receivu1g the report of the Science 

Advisory Counci l, the Ministry of Education decided to take part in the 

genome project in 199 J 23>. 

The plan of the Ministry of Education had one distinctive feature 

compared with the plan of the United States. It set the eDNA (a faithful 

copy of mRNA) analysis as one of the central parts of the project241
. Jn 

1992 Matubara, a leader of the genome committee, said in hi s paper, 

"Large scale sequencing of eDNA provides a complementary approach to 

structural analysis of the human genome." 25l 

It cannot be directly deduced from the genome sequence bow each gene 

is expressed and canies out various life activities in a cell. Additional 

efforts should be paid to elucidate the mRNA sequence and the protein 

functions. The analysis of mRNA has great advantages, since information 

about the gene functions is concentrated on the mRNA sequence. Through 

the mRNA analysis, we can obtain the sequence i11fonnation such as : 

a) The mRNA transcription start site, which is indispensable for the 

exact identification of its promoter region. 

b) The 5' untranslated region (5'UTR), which is related to the translation 

efficiency and the cellular localization of mRNA26l- 27
), 

28 >. 

c) The protein coding region (CDS). 

d) The 3' untranslated region (3 'UTR), which is related to the translation 

efficiency, the cellular localization of mRNA and its stabi litl 6
l-J I ) 

Thus, the mRNA sequence contains the precious information to presume 

the gene function. The annotation about the gene expression and the 

protein function could be put to tl1e genome sequence through the eDNA 

analysis251• 32)_ 

In the middle of 90s, the eDNA analysis also prevailed outside Japan . 
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Several projects were formed for large-scale eDNA sequencing. In tl1e 

United States the Washington University EST Project started in 1994, 

funded by Merck & Co. and tbe National Cancer lnstitute33
) At the NCB I 

(National Center for Biotechnology Information), a database, called the 

dbEST was constructed. It contains tl1e one-pass sequence data and other 

information on randomly selected eDNA clones. As a result of inte11Sive 

efforts, more than 1 million entries have been accumulated in the 

dbEST34
) 
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III) Construction of a full-lengtb-enricbed and a 5'-end-enricbed 

eDNA library using the "Oligo-capping". 

A large drawback exists in the eDNA libraries that are widely used for 

the cun·ent large-scale eDNA analyses. On many occasions, reverse­

transcriptase can not make a f·ull eDNA copy of a mRNA but tops in the 

middle leaving an incomplete copy. The eDNA libraries made by the 

conventional methods contain many incomplete eDNA clones (Fig.l-1 ). 

They usually lack the 5'-end sequences of the template mRNA. Thus, 

current eDNA data mainly covers the 3' -ends of mRNA and the 

information around the 5' -ends still remains poor. Additional work would 

be required to detennine the sequence arow1d the 5'-end for each mRNA 

species. There are not many genes among the database entries whose 

transcription start site is clearly defined . To complement this drawback, I 

considered we should analyze the full-length eDNA, which contains all 

the sequence of mRNA between the cap structure and the polyA . The 

eDNA libraries consisting of full-length clones should be essential for tbat 

purpose. 

Maruyama and Sugano previously reported a new method, called the 

"Oligo-capping"35
) This method made it possible to replace the cap 

structure with the synthetic oligo-nucleotide (5'-oligo). I applied it to the 

construction of a eDNA library. Usi11g the "Oligo-capped" mRNA as a 

starting material , I constructed a "full length-emiched eDNA library". 

The full length-enriched eDNA library may not include eDNA of long 

mRNA because the distance between tbe cap structure and poly A could be 

beyond the limits of reverse-transcriptase or DNA polymerase for long 

mRNA molecules. In case that the full-length clone is not obtained at one 

time, I constructed a " 5'-end-enriched eDNA library '. This library is 

expected to cover the 5 ' -ends of long mRN A. 

In tbis thesis I will describe the construction and characterization of a 

full length-enriched and a 5 ' -end- enriched cDN A library in the chapter 

III-A. With this system, r constructed the "Oligo-capped" eDNA libraries 
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mRNA 
----------AAAAAA 

~ ................. TITnTCZlii:CJ 
Not I primer-adaptor 

lJ. First strand synthesis 

------------AAAAAA 

---------- TnTJTc:::!iil::J 

--------- TlTnT~ 

--- TnTJTc:::3lill::J 

n Second strand synthesis 

-----------~~ 
ll Sa/1 adaptor ligation 

ll Not I digestion 

~----------------------- AAAAAA~ ------------TrnnT 
ll Vector ligation 

~-----------~~~ 

Fig.J-1 Conventional method to construct a eDNA library (Gubler-HolTman method). 
Also see the section UIA-V. 
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from various kinds of tissues and cultured cells . Through the one-pass 

sequencing of these libraries, I could reveal several detail features around 

the 5' -ends of mRNA. ln the chapter ill-B, 1 will also report the result of 

statistical and tl1ermodynamic analyses of our eDNA clones. 
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II. MATERIALS AND METHODS 

I) Cells. 

Human neuroblastoma cell line SK-N-MC was obtained from 

American Type Culture Collection and grown as described361
• 

II) Isolation of RNA. 

Cytoplasmic RNA and Poly A+ RNA were isolated according to the 

standard method'7J. Oligo-dT cellulose was from Collaborative Biomedical 

Products and Roche . 

III) Oligo-Capping. 

Oligo-capping was performed as described35>· 38> with some 

modifications . Jn brief, 5 to 1 01-lg of poly A+ RNA was treated with 1.2 

units of bacterial alkaline phosphatase (BAP· TaKaRa) in l OOf.l] of 

I OOmM Tris-HCI (pH 8.0), 5mM 2-mercaptoetbanol with I 00 units of 

RNasin (Promega) at 3TC for 40 min. After extraction with 

phenol:chloroform (1: 1) twice and ethanol precipitation, the poly A+ RNA 

was treated with 20 units of tobacco acid pyrophosphatase (TAP? 5
> in 

100).11 of 50mM sodium acetate (pH 5.5), 1mM EDTA, 5mM 2-

mercaptoethanol with 100 units of RNasin at 37°C for 45 min. After 

phenol :chloroform extraction and ethanol precipitation, 2 to 4)lg of the 

BAP-TAP treated poly A+ RNA were ligated with 0.4)lg of 5' -oligo (KM-

02; 5' -AGC AUC GAG UCG GCC UUG UUG GCC UAC UGG-3 ') 

using 250 units of RNA ligase (TaKaRa) in 100!-ll of 50mM Tris-HCI 

(pH7.5), 5mM MgCI2, 5rnM 2-mercaptoethanol, 0.5mM ATP, 25% 

PEG8000 with 100 units ofRNasin at 20"C for 3 to 16 hours. 

IV) eDNA synthesis. 

After removing unligated 5' -oligo, eDNA was synthesized with 

RNaseH free reverse-trru1scriptase (Superscript II, Gibco BRL). For the 
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full length-enriched library, lOpmol of dT adapter-primer (5'-GCG GCT 

GAA GAC GGC CTA TGT GGC CIT TTT TIT TIT TTT TTT-3 ' ) was 

used in 50J..Ll with 2 to 4J..Lg of oligo-capped poly A+ RNA. The reaction 

conditions were as recommended by tJ1e supplier and incubated at 42°C 

for I hour. For t11e 5' -end-enriched eDNA library, lOpmol of random 

adapter-primer (5'-GCG GCT GAA GAC GGC CTA TGT GGC CNN 

NNN NC-3 ') was used and incubated at l2°C for J hour and 42°C for 

anoilier hour. 

V) eDNA amplification. 

After first strand synilies is, RNA was degraded in ISmM NaOH by 

tncubating at 65°C for I hour. The eDNA wb.icb is made from I J..Lg "Oligo­

capped" polyA+ RNA was amplified in a volume of lOOJ..Ll using an XL 

PCR kit (Perkin-Elmer) w itl1 16pmol of 5' (5 ' -AGC ATC GAG TCG 

GCC TTG TTG-3' ) and 3' (5 ' -GCG GCT GAA GAC GGC CTA TGT-3') 

PCR primers. For dT-adapter primer primed eDNA, amplification cycles 

were 5 to 10 cycles at 94°C for 1 min , 58°C for l min, and 72°C for 10 min. 

For random adapter primer primed eDNA, amplification cycles were 25 to 

30 cycles at 94°C for 1 min, 58°C for 1 min, and 72"C for 2 min. PCR 

products were extracted with pbenol:chlorofonn ( I: I) once, ethanol 

precipitated and di gested with Sfli. Sjil-digested PCR products were 

separated by an agarose gel electrophoresis and products longer than 

l ,OOObp were isolated and cloned into Draiii-di gested pUC19-FL3 or 

pME18S-FL3 . In iliis way, we could clone the eDNA Lnto the vector in an 

orientation-defined manner'•>. 

VI) Sequencing. 

Plasmid DNA was isolated using Pl-100 and Pl-200 auto-plasmid­

isolators (KURABO). Sequences were determined by the dideoxy 

termination method7
> usi11g an AutoCycle sequencing kit (Pharmacia) and 

a reaction robot R. 0 . B. DNA processor (Pharmacia) or BigDye 
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sequencing kit (ABI). The sequence was read by ALF DNA (Pbarmacia) 

and ABI 377XL (ABI) auto-sequencers. 

vm Sequence similarity test. 

Sequence similarity of eDNA was tested against GenBank none­

redtmdant nucleotide library (Rei ease 98) using BLASTN'"' or FAST A'1
> 

program. 

VIII) Database construction. 

Database construction was performed using the sequence clustering 

program, DYNACLUST (DYNACOM). 

IX) Secondary structure calculation. 

The distribution of the IocaJ binding energy of the 3 ' -end of l8S rRNA 

to the 5' UTR sequences were calculated by the thermodynamic program, 

SECDYN2, which calculates the optimal secondary structure composed of 

more than one RNA molecules, using the algorithm based on the dynamic 

programming42
' . 
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IliA. RESULTS AND DISCUSSIONS (I) 

Construction and Characterization of the "Oligo-capped" eDNA 

libraries. 

I) Scheme for the con truction of the "Oligo-capped" eDNA libraries. 

Eucaryotic mRNA has a speciEc structure at its 5' -end, called the "cap 

structure" (Fig. illA-1)43>. As shown in Fig. IITA-1 , tobacco acid 

pyrophosphatase (TAP) hydrolyzes the cap strucutre and leaves the 

phosphate group at the 5' -end of mRNA 44
) Bacterial alkaline phosphatase 

(BAP) can remove the phosphate group that s6cks out from the mRNA 

5' -end, but cannot destruct the cap structure itself. T4 RNA ligase shows 

its activity only towards the 5' -end phosphate group. 

Making use of these enzyme features in the successive reactions, ti1e 

"Oligo-capping" enables the replacement of the cap tructure witi1 the 

synthetic 5' -oligo. First, BAP hydrolyses the phosphate group at the 

truncated rnRNA 5'-end from which the cap structure has been taken 

away. Second, TAP removes the cap structure, leaving the phosphate 

group at ti1e 5'-end. Finally, RNA ligase binds 5'-oligo to ti1e phosphate 

group (Fig.ID.A-2Al5>. 

With "oligo-capped" mRNA as a starting material, I constructed two 

new types of eDNA libraries. One is full length-enriched eDNA library, 

for which the first strand eDNA was synthesized witi1 dT primer. The 

other is 5'-end-enriched eDNA library. For this library, random primer 

was used instead of dT primer for the frrst strand eDNA synthesis. The 

first strand eDNA was amplified by PCR with the cap-replaced 5' -oligo 

sequence for ti1e 5' primer. After the size fractionation, the PCR products 

were cloned into the vector plasmid, pUC19-FL3 or pME18-FL3 in an 

orientation defined manner (Fig. IllA-2B, 2C) 38l, 39
l. 
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CAP(7-methylated GTP) 

0 CH3 ..(), 

N~~, UUU s· A )_ 7 CH2-0 - P- 0 - P- O - P- 0 - CH2 

H2N ::::::,._N ~ 6H 6H JH ~®&~@ril 
OH 0 

3' 

O 0 OCH3 
I 

O= P- 0 

0- CH2 

Tobacco Acid Pyrophosphatase I ! 
I I 

(TAP) 

0-
1 5' 

O= P- O- CH2 

I q~@d~ 0 -

3' 

0 OCH3 
I 

O=P- 0 
I I 
0 - CH2 

I 

Fig.IDA-1 Eucaryotic cap structure and the TAP activity. 
TAP hydrolyzes ihe eucaryoticcap structure at the position suggested by a red arrow. 
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Oligo-Capping 

BAP 

~·p ·~~:::::::::~ 
HO AAAA.AAAM 

HO 1>J>,JW;;AAA mANA 

TAP 

--:~~:::::::::~ mANA HO--....-.. ~ 
RNA ligase J]. .~r - OllgoRNA 

HO 

HO 

dT adapter primer 

=- ~ 
============~ 

----------------~-
PCR primers 

=======,www.-= -

--==== AMAAA-- = · c Vector " ,[} 

Full length-enriched 
eDNA library 

~ Random adapter primer 

RT 1 - -
;.AAAAAAAA 

,[} 
... .,..,.......__ 

NaOH 

'"""""-
PCR ,[} .II 

PCR primers 

===~= 
Sfil ~ 
-~-NNNNNN • 

DNA ligase D .1' Vector 0 
5'-end-enriched 

eDNA library 

Fig.UIA-28 Scheme to construct a full length-enriched and a 5'-end-cnriched eDNA 
libraries. 
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Fig.IIJA-2C eDNA cloning and the plasmid vectors. 
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II) Construction of a full length-enriched and a 5'-end-enriched 

eDNA library from the human neuroblastoma cell line. 

According to the scheme shown in Fig.IIIA-2B , l constructed a full 

length-enriched and a 5' -end-enriched eDNA Jjbrary using poly A+ RNA 

from the human neuroblastoma cell line, SK-N-MC. The size of the 

eDNA library was about 20,000 clones/1-lg of polyA+ RNA for the full 

length-enriched eDNA library and about 200,000 clones/Jlg for the 5' ­

end-enriched eDNA library. The average length of eDNA inserts was 

about l ,500bp for the full length-enriched library and about 1 ,OOObp for 

the 5' -end-enriched eDNA library. 

I then randomly selected eDNA clones from both eDNA libraries and 

determined the one-pass sequences of the 5' -ends of these clones. Since 

the 5' PCR primer (5 ' -AGC ATC GAG TCG GCC TTG TTG-3 ' ) has only 

a part of the 5' -oligo sequence (5' -AGC AUC GAG UCG GCC UUG 

UUG GCC UAC UGG-3'), the sequence GCCTACTGG at the 5' -end of 

the clone indicates the ligation of the 5' -oligo at the RNA level. Of 243 

clones sequenced, all had the sequence GCCTACTGG. Thjs result 

suggested tl1at eDNA clones in these libraries were derived only from tl1e 

"Oli go-capped" mRNA, and the sequences following the 5' -oligo should 

have come from the mRNA 

The sequence simi larity test using these sequences showed that about 

40% of the clones matched known genes, about 17% of the clones 

matched only with expressed sequence tags (ESTs) and the rest did not 

show any significant similarity with the sequences in the database (Table 

IIIA-1 ). The lists of the clones that matched known genes are shown in 

Table ITIA-2 . 
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Table lilA- I. eDNA clones from the full length-enriched and the5'-end-eoriched 

eDNA library. 

full length-enriched eDNA library 

number of clones(% ) 

known total 35 (42%) 

5'-fuU 28 (80%) 

not full 7 (20% ) 

EST 15 (18%) 

new 34 (40%) 

total 84 (100%) 

5' -eod-enrichcd eDNA library 

number of clones(%) 

19 

62 (39%) 

51 (82%) 

11 (18%) 

27 (17% ) 

70(-l4%) 

159 {100%) 



TablelliA-2 lilt of clones thai matched nith lmonn genes. 

Clones from fuO leogtJHruichcd CDNA library 

Qoncnumhff HO!JJOiogy' l.oa.ISIWDlC· 5' fuU:t mRNA k:nglh' ~ 

zt\6Xi(k} ratMG-160!H>nXrio mt0!136 0 5519 -1961 

m60495 DNA topoisomcra.<£2 bumtnpii 47')2 -W20 

zt\60495 DNA~~2 bumtopii II 4792 -W20 

m'IJ0326 TEGf INcgt D 2600 -T/1 

zt\60212 ~ fudor 1-alpha II 1703 -493 

Zl\60320 M.mus. E25 homolog m111C25a 1635 -11 

mfflill 2(S p~S4 rcgulatory ;ub!lllit hiiJ112&jJSiv n 1599 -2~ 

mill548 Ah t"CCCjJ(Or h!llltahre l' 3317 -+62 

m6120l Human protein tyrOsirekiru~ b.<.u02680 l' 3(0) +13 

zh60351 peptide binding protein humpbp y 2M5 0 

zt\60389 Tm1 INral y 2780 +2 

Zl\0078 TEGf hst£gt y 2(,00 +44 

zt\60424 hsp90 bunthsp!X) y 25'0 +12 

m<i0614 hsc70 l!shsc70 y 2400 () 

lt\(ffi4() pre Bail enhancing fitctor h.<.llbtf y z.r/6 +75 

zMi0542 pre B 0111 enhancing fitctor hsplxf y z.r/6 +75 

Zl\60544 pre B 0111 cnl•mcing f.'ldor hsplxf y z.r/6 +75 

m<JOI42 ETS2 hlllllCI!Upr y 1169 0 

Zl\ffl462 protein phospbata!ie 1~tntt hspt~Jicc l' 2263 +30 

zt\6024{) IH:!> 1 a ')'llaptophy!.in homolog l!slbl>l y 2130 +8 

zt\~7 M-T..I).Cydohydrol.~ hsnmtdc y 2102 +20 

zt\60255 Ulthe¢nB humctsb y 2002 +32 

m{iOO]I icf7442 hsicf7442 y 19-3 0 

m«l427 ATP'~ bum.-llpsas y 1&!7 +2 

Zl\(,0152 ~n f.'ldor 1-alpha y 1703 0 

Zl\(,()3(11 ~n fitetorl-alph.1 l' 1703 0 



zMi0343 ~nfilctor 1-alljJI\~ y 1700 0 

m<:.0589 ~nfudo.-1-alpha y 1703 0 

:m<«>29 ~llionfuctor 1-alpha y 1703 0 

m<mJJ riOO;cnlal protein [A humi'S)) y 1418 0 

zt\®10 ribosonlal protein [A humi'S)J y 1418 0 

zt\60278 ferritin humtcrrith y U98 +1 

m60220 tJ'3Rlilllionally controlcd tumor pro. hstwnp y 830 +17 

zt.6!221 p2lbomolog hsmp21hom y 819 +26 

:mans mdoolCf lllzro{l y 676 ±t 

Clout~ from 5' -oxl-mriched eDNA librruy 

Ckuouml!a: Homok!g)" kl!:!:iO:IIDC :S fll01~ o:iRNA k:ngjb' p<><itiooJof:l"""' 

zn~ beta-adaptin bwnbadj:Ma n 5'701 -53 

zn60ll9 ubiquitin activating enzyme E1 hmnubiqrul 3419 -1827 

zn6!l107 Thl-1 1\\tral n 2'ml -::!J 

zn6ID4 ll'iC70 hshsc70 II um -1ffi'.l 

11:W0171 tramcriplioo fudor SLl hUJIII:&Uc n 1703 -44 

zn6!XXJ2 OXAJHS hsomlhs n 1551 -82 

zn60012 pmmRNA splicingfilctor hump1;182 (o/ -32 

zn6!Xl57 mitodlOII(bia n 

zn<m6S mt dyncin heavy cllllin' rdtdyneinc y 14279 +.5' 

zn60190 ~mtin hsmnc y 10000 -15' 

zn60225 PDGF recqJtor hiiii1JXIgfrn y 5427 -t% 

zn&278 transiCrrin receptor hmnufr y 5010 0 

zn6!l281 lnln!.1Crrin m:cpiQr hmntJfr ) ' 5010 0 

zn6!l141 bc!ix-loot}-hC!ix)Jrotein bmnhl'b y 4126 +35 

m6!l147 hc!ix-loott-Wix protein hmnbeb y 4126 -141 

zn60131 2-oxoglutar'.ttedehydrogma<x: hun12og!llt y 4l22 0 

m&217 pl~A bumpigfl y 3589 0 

zn6!0>4 PM'SCil(&l nucleolar protein humaW\ y 2834 +43 



m61Km pi proifin hspl h y 'l:::J/5 +33 

zn6!126 m(J90 bumhs{tlO ) ' 2543 +U 

zn60292 thyroid hormone bindingprotfin (!55 humtllbp y 2514 +29 

:tnffl161 nudeolin humnudeo y 2:'1);1 0 

zn~ nudeolin bumnucloo y 2:'1);1 0 

m6(WS hsc70 hshse70 y 24ffi +3 

znG0'-69 nuclear protein p68 hsnp(&l y 2323 0 

m(,(Jl()t nuclear proifin 1!68 mnp68m y 2323 -15 

mWJ29 491«lproifin hum49l<da y 21Jl1 0 

;,n(,(ff,S ~ rcgulutal protein Bip humgrp78 y 2182 0 

zn60228 AML2 hsrunl2 y llni +114 

m60055 IJcta.adin hs.'ldb y 1002 +12 

zn(,()136 l:Jcta.tubufin humthbnl'lO y um 0 

zn<m36 l:Jcta.tubufin bumtbbm40 y 1800 0 

ZJ,(,(K)J9 l:Jcta.tubufin humthbm40 y 1800 0 

zn(ffl35 P~ooro-ccr:ttekin.~ ~ y 1767 +7 

zn(,()JJ9 cloogillion fudor l-nlplu1 y 1703 0 

m(,()J37 elo<~n £.'1dor l-alpl1.1 y 1703 0 

zn-60232 cloogillion ftldOr 1-ulpha y 1703 0 

:tn<>0205 hnRNPA2 humn~J82a y 1700 +14 

zn(,()051 bPGI humbpgi y 1685 +26 

m(,()037 r.ibbitproge.tcronc induced protein nlbepip y 1600 +2 

m&»> alpha-lublin hnmtubak y 15% +28 

zn(,()222 nlpha-lubufin hnmtubak y 15% +28 

m(l()2$ nlpha-lubufin humtubnk y 15% +34 

mffl230 endooexin2 hwncnn y 1::1)2 +5 

znffl255 ~ hun!bsg y 1475 +10 

m(l()(83 ref:. I S'I3L"7 y 1402 +13 

zn<>0026 elo<~n fuctor 1-gamrna hseflgmr y 1401 +18 

mffll93 ciF4AJ hmn4ai y 1383 0 

zn(,()ll7 Mus.mll!!CUius BMG-.1 lffii31 y 1301 0 



mffl150 nudeopb!mlin bumnpm y .1296 +5 

m60036 GAPDH htmlfWdh y 11.68 +14 

m«m7 lactaledcltydrogmasc A hskll•u· y 1160 +1 

m<>0066 bldO!C31lhydroga•liCB hsldllbr y 1260 -145 

mffl184 GTP bindingprolein GB< humgpg15k y 1175 +18 

mffl1J9 riOO;onJ>d tll-otein LIS hsn149G6 y <:Arl +44 

mffll&l taXTCSjlOOlCclcnuJt bindingprolfin humtrl07 y? 921 -3 

m60E3 actin capping t>rolein alplllHiubnnit. llsu03169 y 918 +3 

m60043 aklehydedcbydrogm.'l\lC humalddll y 7'7-) +J 

mffl185 ~proleinS18 bsrpsl8 y 549 +3 

mffll42 acidic ribusorml prolein P2 hlUI1fltl!llll2 y 460 +3 

m60129 ~ t>roteioSlSa hsrps!Sa y .t50 +31 

mffi2W ribosom.'ll prnlfjo SJSa hsQJSISa y 450 +31 

'Theln11doro'~w:lipcnomnlulingBJ.ASTN"lorFASTA <l~Jinstthc GmBaokcrJtris 

' ThecDNAdoocsthatwm:~>l'l"fuul"or''rclr.full'' """' s:oout :li"y". 

' The length;.. that in the(;m]JaR< drill. Theocn•'lllength fl cDNAfn:m thefuD ~eDNA libml)' i<lsmiliu·ro 

llle:'ie IJllllbcn Theocnw length flthecDNA frun the.S'-axknridlfd cDNAiibmryis Ulll3lly ntth shJrtcr. 

' Thep!litioo fltheS' -end is indi'a~l bythel1lllllln<i rudctii!lcs ni:Iilc to thcknolm 5' ends Pkls~ mcansourl'blcs 

wereOigcrfhan thechltab>t~C~ 

• Aklll.'Ctheted. 
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Ill) Evaluation of the content of the eDNA clones that have the 

mRNA start site in these libraries. 

To evaluate the content of eDNA clones that have the mRNA start site, 

I first analyzed the 5' -end sequences of eDNA clones that came from an 

abundantly expressed and well-studied lnuuan polypeptide chain 

elongation factor 1 a. (EF-1 a.) gene. I found 6 eDNA clones of EF-1 a. 

from the fu ll length-enriched eDNA library and 3 clones from the 5' -end­

enriched eDNA library. The 5' sequences of these clones are shown in 

Fig.illA-3 . The EF-1 a. mRNA is 1753bp long, starts witl1 the sequence 

CTTTTT and its exon I consists of 32 bases•sJ_ Most of the clones had the 

sequence CTTTTT immediately downstream to the 5' -oligo sequence. 

They also showed microheterogeneity in the number ofT residues after 

the first C residue and/or tbe lack of the C residue, which were known 

from the previous studies»). 46147>. The clone ztv602 12 seemed to be 

non-"fu ll-length", because it totally lacks the CTTTTT sequence. Other 

clones seemed to have the mRNA start site, because they bad the T stretch 

or retained the first C residue. Thus, 8 clones out of 9 (89%) bad the 

mRNA start site . 

In contrast, I found more than 5000 entries that matched the EF-1 a. 

mRNA within the EST database, the dbEST. Of those clones, one clone 

started with CTTTTT (locus name: SSC26X5 ) and 25 1 clones had a paii 

of the exon 1 sequence. Thus, less tha11 0.02% of the eDNA clones 

sequenced for EST work had th.e mRNA start site, and abo ut 5% had exon 

l of EF-1 a.. Since the eDNA libraries used for EST work were made 

mostly by conventional methods, this is a good estimation for the content 

of the "full-length" eDNA clones of EF-1 a. in the conventional eDNA 

library. Thus, our eDNA libraries seemed to have made a significant 

improvement in the content of "full-length" eDNA clones at least for the 

EF-1 a. gene. 
I then evaluated the content of the eDNA clones with the mRNA start 

site for other genes. Since the exact mRNA start site is not determined for 
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Genomic sequence 

TA TAT AAGTGCAGTAGTCGCCGTGAACGTTCTTTTfCGCAACGGGTITGCCGCCAGAACACA 
TATA box mRNAstartsite 

Clone name 5'-oligo sequence eDNA sequence 

ztv602 12 GGCCTACTGG GGGTTTGCCGCCAGAACACA 

ztv60 152 GGCCTACTGG CTTCGCAACGGGTTTGCCGCCAGAACACA 

ztv6030 1 GGCCTACTGG CTTTTTCGCAACGGGTTTGCCGCCAGAACACA 

ztv60343 GGCCTACTGG CTTTTTCGCAACGGGTTTGCCGCCAGAACACA 

ztv60589 GGCCTACTGG CTTTCGCAACGGGTTTGCCGCCAGAACACA 

ztv60629 GGCCTACTGG TTTTTTCGCAACGGGTTTGCCGCCAGAACACA 

zrv60137 GGCCTACTGG CTTTTTCGCAACGGGTTTGCCGCCAGAACACA 

zrv60 119 GGCCTACTGG CTITrCGCAACGGGTTTGCCGCCAGAACACA 

zrv60232 GGCCTACTGG TTTTTCGCAACGGGTTTGCCGCCAGAACACA 

Fig,.lllA-3 The 5'-end sequences of the clones that matched with the EF-la mRNA. 
The 5' sequences of all the eDNA clones that matched with the EF-la m.RNA are shown. Clones 
whose name starts with ztv are from the full length-enriched eDNA library and clones with zrv 
from the 5'-eod-eoriched eDNA library (see also Table IUA-2). The sequences derived from the 
S'-oligo are aligned with each other. The sequences corresponding to the El''- la gene were 
aligned along with the genomic sequence shown above. Gaps shown between the sequence 
derived from the S'-oligo and the sequence corresponding to the EF-la m.RNA do not exist in 
the real sequence. Genomic sequence is corresponding to the EF-ta promoter region. TATA 
box and the m:RNA start site arc marked blue and red, respectively. 
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many genes, a eDNA clone was tentatively scored as "full " if the 5' -end 

of the clone matched with the putative start site in the promoter data or 

had the same or longer 5' -end than the "complete eDNA" data in the 

database. A eDNA clone tbat had shorter 5' -end but still contained the 

predicted translation initiator ATG was scored as "near-full". Using these 

criteria, 28 clones out of 35 (80%) from the fuJI length-enriched eDNA 

library and 51 out of 62 (82%) from the 5'-end-enriched eDNA library 

were scored as "full/near-fuU" (Tables IliA-1 and IIIA-2). This is in good 

agreement with the EF-1 a. result. Thus, I concluded that the content of 

eDNA clones with the mRNA start site was arotmd 80% for both libraries. 

As described in section I, 1 00% of the eDNA clones had the 5 ' -oligo. 

This indicates that the cloning step itself is I 00% specific. Thus, the 

oonte.nt of the full-length eDNA clones noted above (about 80%) reflects 

the specificity of the "Oligo-capping". At present, I do not know why the 

"Oligo-capping" is not 100% cap specific. Several possibilities include 

the escape of RNA breakdown products from the BAP treatment and/or 

RNA breakage during the TAP and the RNA ligation reaction. 

IV) eDNA clones of long mRNAs in the 5'-end-enriched eDNA 

library. 
In general , the length of the eDNA in the eDNA libraries was usually in 

the range of 1,000 to 4,000bp and clones longer than 4,000bp were rare. 

This could be a serious problem when isolating the mRNA start site of 

long mRNA using the full length-enriched eDNA library. I constructed a 

5' -end-enriched eDNA library in order to by-pass this problem. As shown 

i11 Table IIIA-2, the longest clone among the 28 "fulllnear-fu!J" clones 

from the full length-enriched eDNA library was about 3,300bp (ztv60542). 

Tn contrast, 7 out of 51 clones from the 5' -end-enriched eDNA library had 

the start site of mRNA whose length is more than 3,500bp. Thus, the 5' ­

end-enriched library seemed useful for isolating the start site of long 

mRNA. 
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I found 2 eDNA clones whose mRNA are more than 1 O,OOObp long 

from the 5' -eod-enriched eDNA library (Table III-2). One is the eDNA of 

giantin mRNA (zrv60190). The 5' -end of the eDNA clone is about 50 

bases short of the putative mRNA start site determined by the primer 

extension method48l. Thus, I scored this clone as "near-full". However, the 

eDNA still had llSbp of the S'UTR. Since 80% of the eDNA clones in 

this library had the mRNA stmi site, it is possible that the clone might 

represent the 5' -end of mRN A that has been transcribed from a minor start 

site. 

The other clone, zrv60265, showed strong homology with rat dynein 

heavy chain mRNA. I found two rat dynein heavy chain sequences in the 

database. As shown in Fig.IUA-3, the 5'-end of clone zrv60265 matched 

with the 5' -end of the 14,279bp rat eDNA data (RATDYNEINC)'"l. The 

actual insert size of the clone was about l ,SOObp. The sequence of the 3'­

end of the clone also matched with a sequence around 1,300-I ,SOObp of 

the 14,279bp clone (Fig.IllA-4). Though the mRNA length estimated by 

the Northern analysis was 16,000 to 16,500bp and lS,SOObp data of rat 

dynein heavy chain mRNA, which has 1,200bp longer S' UTR, has been 

reported10l, it is noteworthy that both rat and human eDNA (zrv60265) 

gave a sim ilar 5' -end. Considering the high content of eDNA clones with 

the mRNA start site, it is possible that tll.is clone may actuaUy have the 

mRNA start site of human dynein heavy chain mRNA. 
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a 

b 

zrv60.:!65 
RATDYNE:INC 

zrv60265 
RATDYNEINC 

:n•60265 
RATDYNEINC 

:rv60265 
RATD'iUEINC 

zrv60:65 
RA7'DYNE.INC 

:rv60:65 
RA.:DYNE:NC 

zrv60265 
R.~TDYNEINC 

:rv60:!65 
R.ll.TDYtlE::-.JC 

:rv60265 
RA:DYNEINC 

zrvE0265 
RAT~Y!JE:NC 

zrv60265 
RATDYNEINC 

:n60265 
RA':'DYNEINC 

:rv60265 
RATDYIIE!NC 

I'.GTCTGCGGTGGGCT.•.ACGGACGGTCCGGCTTCCGGCGGCCGTTTCTGTCTCTTGCTGGC 
--- --GCGG---- -- -AC--.~CAG- -CGTCTTCTGTCGCCGGTTTCTTTCGCTCACTG-C 

TGTCTCNCT--GAA---------TCGCGGCCGCCT-TCTCATCGCTCCTGGAAGG---TC 
TCCCTCGTTCCGGAGGTAGCTCTTCTCGGCTCTCTCTCTC-TCTCTTCTCTATCTCTCTC 

.. .. "·~. + ... ~ 1-. * .. 

CCGAGCGCGA---CACCATGTCNGANCCCGGGGGCGGCGGCGGCG~.AGACGGCTCGGCCG 

CCTTCCGCGGATCCGCCATGTCGGAGACC-- ----GGCGGCGGTGAGGACGGCTCGGCCG 

GATTGGAANTGTCGGCCGTGCI'llAATGTGGCGGACGTGTCGGTGCTGD.NI'.AGCACCTGC 
GCCTGGAGGTGTCCGCGGTGCAGAATGTGGCGGACGTGTCGGTGCTGCAGAAGCACCTTC 

GCAAGCTGGTGCCGCTGCTGCTGGAC-GACGGCGGCGAAGCGCCGGCCGCGCTGGA.~GCGG 

GT.~GCTGGTTCCGCTGCTGCTGGAGGACGGCGGCGACGCGCCGGC:GCGC:GGAGGCGG 

TGCTGGAGGAG~J\GAGCGCCCTGGAGCAGI'.TGCGCA.>.GTTCCTTTCGGACCCGCAGGTCC 

CC-CTGG.AGG.n.G.~GAGCGCCCTGG.~GCAG.>.TGCGCAAGTTCCTGTCAGACCCG AGGTCC 
..,,..,.; .... ~,,,. ........ ,..*'"''"'t*?-) • k ..... ., ••• ++~•+~7;+,-+) •• • 1 ~ ............ .,. 

.>.CACGGTGCTGGTGGAGCGCTCCACGCTCAAAGTGGACNTCGGTGATNAAGGAGA.AGAAG 
1\C.l>,CGGTCCTGGTGGAGCGCTCCACCCTCAI'-•.GAGGACGTTGGTGATGAAGGAGAAGAGG 

~.AAAAGAATTCATTTCCT 

AGhAAGAATTCATTTCCT 

--- ---- ------ -------- -------- --- --- -----CTTTG.>.AGTTTT --AA.O.CT"i: 
ATGTAGCGTATGAI'.GAGTTTGA.~.GGTCATGGTGGCTTGCTTCGAAGTCTTCCAGACG: 

GGGATG.ATGAGTAT.n-•.--.n_>.CTT-I'.GGTI'.TTGTTGAGAG.•AJ>,CCGTCAJ>.I'J\Gr..>_r..A>,GGG 
GGG.l'<TGATGAGTATGAGI'-~CTCCAAGTGCTGCTC-.O.GGGACATCGTCAAGAGG.>.AGAGGG 

1\.AGAAAATCTGAAGATGGTGTGGCGTATCI'.ACCCTGCCCA-AGGAA-CTGCAGGCCCGCC 
.Z<GGAGAACCTGA. .. GATGGTGTGGCGCATCI'Jl.CCCTGCTC.>.CAGGAAGCTGCP.GGCCCGCC 
., ..-r • '1- *"'*~,..,..,.,..., . •. ,.~.t~ .. +,...,,. ... , .. -.. ...... •· ., .... .. + --~<+•+·"~"""'·:--. ..... 

TTGACCAGATGAGAAAATTTAAC-GCCAGCATGA.O.C.O.GCTI'J\GAGCTGTTAT-------­
TGGACCAG.>.TGAGGAAGTTCCGCCGCCAGCACG.>.GCAGCTGAGAGCTGTCATTGTCAGAG 

---------CTCAGG 
TCCTGCGCCCACAGG 

Fig.mA-4 Sequence alignment of the 5' and 3' sequences of zn •60265 against the rat 
dynein heavy chain mRNA sequence. 

The homology was searched against the GcnBank using BLASTN. The alignment with one of rat 
dynein heavy chain mRNA sequence gb:RATDYNEIN C is shown. a: Alignment of the 5' 
sequence of the zrv60265: The sequence of 260 bnses just downstream of the 5'-oligo sequence 
was used for the search. b: Alignment of the 3' sequence of zrv60265: The sequence 
co mplementa ry to the sequence of 195 bases just downstream of the rnndom 1>rimer sequence 
was used for the search. 
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V) Comparison with other methods for eDNA library construction. 

On many occasions, reverse-trallScriptase can not make a full eDNA 

copy of mRNA but stops in the middle leaving an incomplete copy. Thus, 

eDNA libraries made by the conventional methods such as the Gubler­

Hoffman method"> and the Okayama-Berg method52
> contain many 

incomplete eDNA copies of mRNA. The essence of our metJ10d described 

above is to isolate the "fuJI-length" eDNA from the majority of the 

incomplete eDNA based on the "Oligo-capping" and PCR. 

Kato et al. combined the Okayama-Berg method and an "Oligo­

capping" method, which uses a DNA-RNA chimera as 5' -oligo46>. The 

Okayama-Berg method requires delicate use of enzymes (especially that 

oftenninal transferase). Furthermore, it may be difficult to make a 5'-end­

emi.clled type library by the Okayama-Berg method, because it uses vector 

primer for the first strand synthesis. Our PCR based method is relatively 

simple and the same procedure can be used for the construction of both 

the full-length library and the 5' -end library. 

Edery et al. made a full length-enriched and a 5' -end-enriched eDNA 

library based on their "Cap Retention Procedure"' 3>. Recently, Caminci et 

al. also made a full length-enriched eDNA library using their "CAP 

Trapper" method•''- Both methods use the cap dependent retention (or 

trapping) to some solid supports for the selection of "full-length" eDNA. 

Only 1nRNA-cDNA hybrids whose eDNA extended to the cap were 

retained (or trapped) to solid supports and then can be selectively cloned. 

This selection principle can be modified for our "Oligo-capping' based 

method using biotinylated 5' -oligo. 

Our PCR based method also has an advantage in the selective 

amplification of eDNA that bas both 5' -oligo and adapter primers . 

Initially PCR had a high mutation rate and difficulty in amplifying long 

DNA However, introduction of the long PCR method greatly improved 

both the fidelity of the reaction and the lengtl1 of PCR products5">· 55>. The 

majority of the eDNA in our full lengtl1-enriched library ranges from 1000 
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to 4000bp, similar to the inserts of most eDNA libraries made by non­

PCR methods . PCR has other drawbacks, such as bias in the profile due to 

the difference in PCR efficiency among eDNA clones, and the generation 

of a high number of sister clones. At present, 1 do not have enough data to 

assess the extent of these problems. Judging from the clones listed in 

Tab leiiiA-2, the libraries seemed divergent enough to use for the 

generation of 5' ESTs. 
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IIIB. RESULTS AND DISCUSSIONS (II) 

- Analyses of the "Oligo-capped " eDNA libraries. 

l) Construction and the large-scale sequencing of the "Oligo-capped" 

eDNA libraries. 

The large-scale analyses of the 5' -ends of mRNA were attempted using 

full length-enriched and 5' -end-enriched eDNA libraries ("Oligo-capped" 

eDNA libraries). The ' Oligo-capped" eDNA libraries were constructed 

from about 30 kinds of human tissues and cultured cells (Table IIJB-1 ). 

the eDNA clones were randomly selected from the "Oligo-capped" eDNA 

libraries and the 5' -end sequences of about I 0,000 clones were determined 

in totaL The most intensively sequenced were the full length-enriched 

eDNA libraries of ileum and colon, and the 5' -eud-enricbed eDNA library 

of SK-N-MC. (3150, 3374, 1660 clones respectively). 

ln order to evaluate how many fractions of the eDNA clones from each 

library contains the full-length clones, I employed the same criteria shown 

in the chapter lllA I selected the clones whose sequence matched with 

function-known genes . Sequence similarity tests showed about 50% 

matched with known genes. Among them, in general, about 50-60% had 

the same or longer 5' -ends than the "complete eDNA" data in the database 

("full " clones). About 5-l 0% had shorter 5' -ends but still contained the 

predicted translation initiator ATG codon ("near-full" clones). The others 

lacked the initiator ATG ("not-full" clones) (Table IIIB-1 ). 

A database, named DYNACLUST, was con tructed witl1 the 5' -end 

sequence data. ln the database, about 1,200 species offull/near-full eDNA 

5 ' -ends for the flll1ction-known genes have been accLrmulated so faL The 

average length of the corresponding mRNA was 2.0 kb. Though tl1e 

majority of the mRNA were less tl1an 3 kb long, I found the 5 ' -ends of 

mRNA whose length is more than 5 kb among the entries from the 5' -end­

enriched eDNA library (Fig.lliB-1 ). 
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Table DIB-1 l.Nof the "Oligo-Capped" eDNA tamuies COilSiruded from hwnan tMu:s ruld cultun•l cclls.. 

Qdgjn blmnm>e" Uhc~Name Au~.lns.Sizi:Olbl" known# fid~!Kllr-full# 001 full# fiJII•t. ESIIi NEW~ 
Ae6pocyte(A) tiT FATh 20 :13 9 4 w 3 6 

Adipocyte(B) dT AsfA 1..7 IS 8 7 53 7 5 

AdipOC.)1c(Q dT f.'lta 1 .. 4 16 14 2 88 2 8 

Fmbi)'Oitd Bnlin dT lmlb 1.4 18 10 8 56 7 10 

WholeFmbl)'O dT JfunB 1.5 21 14 67 7 17 

Colon dT OJIF 1..5 1923 886 1037 46 533 918 

Colon Mucosa df HgtA 1..9 6 6 0 100 8 6 

lnml df k<'li:l 20 937 568 3W 61 546 1667 

Duodenum dT JYUf 1.6 21 J.j 7 67 8 18 
[j,..,. tiT HlvA 1.6 15 u 3 80 3 3 

ll1arnn1al)• gland df NYUb 1..9 8 5 3 63 6 12 

Uurus err WmbA 1..5 21 u 10 52 .j 13 

~m1~101101le dT htlb 2J ll 7 4 6.j 6 2 

auuBI:soma(A) err NbiC 23 9 4 5 44 10 u 
Nauu Bla§toma (B) tiT NbiG 1.3 14 9 5 64 7 17 

NruroBia\toma(Q dT NbiL 1.8 37 26 u 70 12 1-l 

Ooo2 err caoa 22 5 5 0 100 2 9 

HepG2 dT HEPa 22 8 5 3 63 0 

JCRD df jcrd 1..7 18 ll 61 10 2 

KATO-DI dT ktJa 1..7 23 19 4 83 5 3 

MKN28 tiT MKNa 20 10 7 3 70 2 I 

NT-2 err w 1.7 293 184 100 63 lll ~ 

NT-2(~1) tiT otra 22 18 ll 7 61 4 6 

Y79 dT )'79<.1 22 33 25 8 76 13 6 

SK-NMC tiT :zt,~ 20 35 28 7 80 15 34 

SK-N-MC em. 7n6 2.:1 ]00 812 268 zs ~ Ill 
' <ffrt'poe<DisthcfulblgjiH>'UrlnlrulddRtbcS'-oxkruiiledcDNAibtm')! 
"lk~unltocalrulacthcma~lcnglhisdoa£ind~eGcnBan<d.'ltl1'bea:tuallcq:dlcicDNA'!fm:nthcfiilllenglb-6u'dmcDNAiib<:ll)' is.'imiarto 

tll!'l!ounbct" llle;-=tuailcq:dlcithccDNAfiiindleS'-oxkruiiledcDNAibmryisU'IJallyou:bmm· 
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Fig.fllB-2 Comparison of the 5'-end of the "Oligo-Capped" eDNA clones with the 
GenBank entries. 

The position of the 5'-ends were compared between the "Oligo-Capped" full/near-full clones and 
the GenBank entries. The X-axes shows the position of the 5'-end of the "Oligo-Capped" clone 
relative to the known 5'-endof the GenBanl< entries. The red bars represent our clones had longer 
5' -end. The blue bars represent our clones were shorter. Yellow bars represent tl•e differences 

were within 10 bp. 
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The mRNA start site has not been determined for many of these genes. 

As shown in Fig.IllB-2, our clones had, i11 average, 45bp longer 5' -ends 

than the Genbank entries. The 5 ' -ends of our clones can represent the 

mRNA start sites that have not been reported. Consideri11g the first exon is 

a short exon in many cases, ma11y of the Genbank entries may miss the 

first exons. lt could be a serious drawback when an identification of the 

promoter region is attempted with the CLUTent database entries. 

II) Comparison of the database between the DYNACLUST and the 

dbEST. 

Using our eDNA clones that matched known genes, I compared the 

DYNACLUST with the dbEST about the content of full /near-f1JII clones. I 

selected the genes that I found among the DYNACLUST entries more 

than 10 times (Table IIIB-2). I compared the content of full /near-full 

clones for these genes. Figure lllB-3 shows the result of the comparison 

for the polypeptide chain elongation factor 2 (EF-2). According to our 

criteria, 9 out of 13 clones (69%) from the DYNACLUST entries were 

full/near-full clones. l foLmd 140 entries for EF-2 in the dbEST but none 

of them hit within the 50bp of the 5' -ends of the full/neaJ·-full clones. I 

made the same comparison for the other genes listed in Table fTlB-2 . ln 

most of the cases, the difference was significant. The DYNACLUST 

could complement the dbEST with the sequence around the mRNA start 

site. 

Tt is also intriguing that the content of full/neaJ·-full clones varied 

between mRNA species. Among the genes listed in the Table IIIB-2, ome 

genes a1·e known to have long mRNA half-life26
l· m 30J. Considering these 

genes had high content of full/near-full clones, it is possible that the 

difference reflects the stability of the mRNA molecule. The error of the 

cap-replacement with the "Oligo-capping" might increase if only a small 

fraction of mRNA remained intact. 
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EF-2 mRNA .... [[ ==~~~~~----~----~~~--_-..Jc"5o!§s=~~~~-----~_j·--:AAAAAA 
1 

a 

b 

2577 3075 

Jiig.ITIB-3 Compari~on of the 5'-ends of EF-2 eDNA between the "Oiigo-CapJ>ed" 
clones and the dbEST entries. 

The distribution was compared between the "Oligo-Capped" eDNA clones and the dbEST 
entries along the EF-2 mRNA. The sequences derived from the 5'-ends of "Oligo-Capped" 
eDNA clones (a) and the dbEST entries were aligned along with the EF-2 con1plete eDNA 
sequence shown above. Tbe length of each bar corres1>0nds to tbe reported sequence length. 
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III) The sequence analysis around tbe transcription start site. 

The most freq uently isolated gene from the "Oligo-capped" eDNA 

libraries wa EF- la(Table IITB-2).I found 165 full/near-full EF-

1 a eDNA among the DYNACLUST entries. Again , 1 checked the 

microheterogeneity of the 5' -end ofEF-la mRNA as shown in the chapter 

ITIA. Figure IITB-4 shows the change in the number of T residues 

following the start site C. It varied from 2 to 12 . The majority of the EF­

la clones contained five T residues, which is identical to its genome 

sequence, but a ceiiain fraction of our clones consisted of those whose 

number ofT residues was not identical to its genomic sequence. 

Using the redundant clones for other genes, the 5' -ends of the clones 

were compared with each other. The exact 5' -ends slightly differed 

between the clones for mru1y genes. I selected the genes whose 

transcription machinery was well-studied runong the genes listed in Table 

IIIB-2 . For 35 genes in the list, the promoter sequence was available. 

Among them, 17 genes were reported to contain the TAT A-like element in 

their promoter region . The 5' -ends of our clones were mapped onto the 

promoter sequence for each gene. Figure IIIB-5A shows the results of the 

mapping for ferritin heavy chain and lysosomal acid lipase (LAL). Ferritin 

heavy chain is a TATA-containing gene ru1d LAL is a TATA-less gene. 

Figure TDB-5B shows the distribution of mRNA start sites for other genes. 

The color intensity of the red boxes reflects the rate at which the 

corresponding base was used as a transcription start site. The mRNA strut 

sites of the TATA-cootaining genes seemed restricted in a small area. 

Compared with that, the mRNA start sites of the TAT A-less genes seemed 

scattering over a relatively wide area. This feature may reflect the 

difference in the machinery that regulates the transcliption initiation 

between TAT A-containing and T A TA-less genes. 
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Fig.lliB-4 Distribution ormRNA startsites. 
Tbe 5' sequences derived rrom the " oligo-capped" eDNA clones were aligned against the 
genomic sequence or rerrilin heavy chain (a) and lysosomal acid lipase (b). Each arrow 
represents the 5'-end or each clone. T he predicted transcription start site and TATA box 
are marked with red and blue boxes, respectively. 
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IV) Statistical Analysis of the 5' UTR. 

Using the 5 ' -end sequence of our full/near-full clones, the statistical 

an alyses of the 5' UTR were attempted. The 5' -boundary of the 5' UTR, 

which is tJ1e rnRNA start site, had been determi11ed for our full/near-full 

clones by the "Oligo-capping". The 3' -botwdary of the 5'UTR is the start 

site of the protein coding sequence (CDS). As for 1 OJ 0 mRNA species 

among our full/near-fuJI clones, the CDS start site was described in the 

database . Combination of these data made it possible to extract the exact 

5'UTR sequences from om database. The length distribution of 5'UTR 

and its relation with the m.RNA length were shown in Fig.IIIB-6A and B. 

The average length of the 5'UTR was 122bp. There was little corre.lation 

between the length of 5'UTR and that of mRNA (the con·elation 

coefficient was 0.27). Regardless of its rn.RNA length , the length of 

5' UTR seemed concentrated under 200bp. 

The UTR has been recently reported to play a crucial role in the 

translation control and the cellular localization of rnRN A26H 1 >. A database, 

called the UTRdb has been developed56l· 57 l_ It contains a collection of 

S'UTR sequences for the genes whose mRNA stari sites are described in 

the GenBank. 421 entries have been registered for the human genes in the 

UTRdb. It means ti1e description about the 5 ' -boundaries of the 5 ' UTR is 

missing from the rest of human function-known genes (7496 species) . Our 

eDNA sequences seemed useful to enrich the information about the 

5'UTR. 

V) Structural Analysis of the 5' UTR. 

According to the typical ribosome-scaTllling model, the 5'UTR is the 

path for a small (40S) ribosomal subunit. In the eucaryote, the 40S 

ribosomal subunit is first recruited to the cap structure. It linearly scans 

the 5' UTR for the initiator ATG. It pauses around the initiator ATG until a 

large (60S) subunit joins. W11en the 60S subunit is combined to the 40S 

subunit, ti1e ribosome becomes ready to initiate the translation21l. 
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It is not fully tmderstood how tl1e 40S subunit pauses around the 

initiator ATG in the eucaryote. In the procaryote, there is a consensus 

sequence, called the Shine-DaJgarno sequence (SD sequence) just 

upstream to the initiator ATG. It is complementary to the 3 ' -end of the 

J 6S ribosomal RNA (rRNA). The base-pair interaction between the 16S 

rRNA and the 8D sequence energetically stabilizes the binding of the 

mall ribosomal subunit to the mRNA58). In the eucaryote, the machinery 

that can serve to form a stable complex near the initiator ATG has not 
been reported. 

Using tl1e SECDYN2, I calculated tl1e free energy of the optimum 

secondary structure for the 3 '-end of tl1e 18S rRNA. The obtruned 

optimum structure resembled tl1e reported structure of the 168 rRNA 3' ­

end 
59

l (Fig.IIIB-7A). In 168 rRNA, the sequence marked red is predicted 

to interact with the SD sequence. lt sticks out from the stable stem-loop 

structure. The 9 bases of the 3 ' -end of the 18S rRNA also stuck out from 

the stem-loop structure and seemed free to interact with mRNA. 

I calculated the the binding energy between the 9 bases of l8S rRNA 

3' -end and the 5'UTR of mRNA. The upper panel of Fig.liiB-78 shows 

the free energy distribution of a local secondary struchtre along the 5 'UTR 

of receptor tyrosine kinase (RTK) mRNA. The lower panel shows the 

binding energy distribution between the 18S rRNA and the 5'UTR of 

RTK. I performed the same analysis for al l the 5'UTR sequences that f 

extracted from our full/ near-full clones (Fig.IIlB-7C). For many genes, the 

I8S rRNA and the 5'UTR sequence could form an energetically stable 

complex around the initiator A TG. This feature can serve to understand 

the ribosomal pausing in respect oftl1e energetic stability. 
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Fig.fliB-7B Free energy distribution of the secondary structure calculated along the 
S'UTR ofRTK mRNA. 

a: The free energy was calculated using the 20 bases of the S'UTR sequence of RTK mRNA with 
(blue line) or without (black line) the 3'-end of the 18S rRNA. The calculated sequence was slid 
along the S'UTR to the 50 bases downstream to the COS start sit.e. The X-axcs shows tbe center 
position of the sequence used for the calculation. b: The binding energy between the S'UTR and 
the 18S rRNA was plotted along the S'UTR. 

50 



Gppp---------------~7.:~------------~AT~G~::===:J 
CAP 5'UTR COS 

Fig.J11B-7C Distribution of binding energy between the S'UTR and the 188 r RNA. 
The distribution of the binding energy between the S'lJTR and the 188 rRNA were 
calcuhtted for the fulllneur-full clones in the DYNACLUST. The color intcnsit)' reflects 
the binding energy at each region of the S' UTR. The red line shows the CDS start site. 
The clones were sorted in order of their average binding energy th at were calculated 
wit h the sequences withi n the 5 bases from the CDS start sites. 
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IV. CONCLUSION 

In this thesis, I described the construction and the large-scale analyses 

of new types of eDNA libraries . 

In the chapter illA, I described a new method to construct a full lengtb­

emiched eDNA library and a 5' -end-emiched eDNA library based on tbe 

"Oligo-capping". The content of eDNA clones that have the mRNA strut 

site in both libraries was estimated at around 80%. This is a significant 

improvement of tJ1e content compared to tl1e eDNA libraries made by 

conventional methods. Furthermore, the 5'-end-enriched eDNA library 

seemed to contain tbe eDNA clone witl1 the mRNA sta.Ji site of the long 
mRNA. 

In tbe chapter IIIB, I reported tl1e results of the one-pass sequence 

analysis of the "Oligo-capped" eDNA hbraries. 

As a resuJt of the sequencing effort of 10,000 clones from tbe 'Oligo­

capped" eDNA libraries, ilie 5' -end sequences for more tban I ,000 

function-known genes have been accumulated so far. With the sequence 

data, r perfonned ilie statistical cUld thermodynamic analyses about the 

mRNA start sites and the 5' UTR. The cun·ent database may not be 

suitabJe for this purpose, since the descriptions about the mRNA start site, 

which is the 5' -boudary of tl1e 5' UTR, ru·e missing from their entries in 

many cases. Continuous sequencing of our libraries would bring fwther 

information about the mRNA start site a.Jld the 5'UTR. Our approach may 

be useful to generate the 5'ESTs that contain the information, which is 

missing from the current database. 
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