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Frequent Changes of 3' UTR Sequences in the Genes Expressed During Hematopoietic
Differentiation Implicates the Importance of 3' UTR in Regulation of Gene Function
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Abstract — The 3' UTR (3' untransiated region) plays important roles in controlling gene expression through regulating
3' polyadenylation, mRNA export, subcellular localization, translational efficiency, and mRNA stability. Changes in the 3'
UTR sequence in an expressed transcript can result in functional changes of the genes that are expressed in pathological
conditions compared with those genes expressed in normal physiologic conditions. A genome-wide survey of 3' UTR vari-
ation was performed for the genes expressed during hematopoietic differentiation from CD34+ stem/progenitor cells to
CD15+ myeloid progenitor cells. Wide-spread differential usage of the 3' UTR was observed from the genes expressed dur-
ing this cellular transition. This study implies that the 3' UTR can be a highly coordinated region for post-transcriptional

regulation of the function of expressed genes.
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Q1ZtellA 3 UTRE] Aol= HFA oz oF 700 bp7t HEZ,
SAGE tage ¥Ax o=z 3 UTR Y& ZAsA Pt 28 &
AxERE HdEE ARl oA HF CATG ther E714
d9o] gz ¢l t2 SAGE tage]l AdS 9U7] wiEo, Fof
%1 SAGE tage] ThE taghh F55A] = 790l SAGER A}
£3lod AHH 0T 3 UTRE FRIE 4 ¢k, 7283 UniGene
database= 5% cDNASS FoiA Z42ke] 34 448 v
)= cluster® A A-S dl=9l, i silico’y ol ©] UniGene
cluster'¥ol] L& =)o} gl= cDNAE FE] SAGE tagsS =58
5 9tk B Ao M= CD34+ 282 A9 CD15+ myeloid
ATAFZRE $7% SAGE taghliz, B-48l0] & ko] ¢t
E Aol gt ARE A53a, 3] in silico’dolA BS3H
SAGE tags} AAld o2 927 SAGE tag2 vl ¥-48le] Y
FAelA HHER| TE 3 UTRE 7 ZAAIE ERISIT).
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AZ2} CD15+ myeloid A7AEM272E B=3 SAGE 2
75 SAGEmap database$} ¥]i23l0] z}712] SAGE tagell 3%
e {34 4rE 4%eH, IDEG6(http:/telethon.bio.unipd.it/
bioinfo/IDEGE) & AH§-31 FAXA £42 a5l

cDNA synthesis. Triozol(Invitrogen, CA USA) & A}&-3+o]
2]® CD34+ ZHRAEL} CD15+ myeloid A 7PAIES 44
3}, Invitrogenrk2] A3l wet total RNAE &35t
mRNA= Dynal(Oslo, Norway)AHe] ¥ o] wa} oligo(dT)25
beadZ AHgslo] &)kt ¢cDNAE Invitrogen A12) cDNA
synthesis kitg ARESIIoH, Azl WS HEs Felst
o

GLGI confirmation. SAGE tag® 2] olo]| d|dsl= 3' cDNA
£ 87] 93+ GLGI(Generation of longer cDNA fragments
for Gene Identification) £ AM-3}3iT}. o] o4 SAGE tag
£ sense primerZ AFEH 1 cDNAY 3 Webel) EA)sl=
universal anti-sense primer F-¢] PCR(polymerase chain
reaction}2 93t anti-sense primere AMEEo] Atk GLGI &
o]zl 3' EST(expressed sequence tagy= GenBank<] BLAST
48] A (httpy//www.ncbinlm.nih.gov/BLASTHE o]-&38te] H)m,
A8

dz % 0%

CD34+ 3 CD15+ AIXE2FE Z}z} 1421257 9 13,5595
#9] ) UniGene clusters} €7149g0] Ax|3= SAGE tag
£ 8IS, 28] HolE F $572 SAGE tag¥ dA|sh=
3,420702] UniGene cluster® 5743193 20 (Table 1A), & 39%
9] SAGE tago] ©)5 clustere] St AA 3,420
UniGene cluster 5 1,15955F7} CD34+ data setol], 108955

7} CD15+ data setell3t SAISF8 1, 1,172577F 744 data
setell ] A3}, o & cluster Fol 55%7F F7HA] FE
tagell tigt G7IEE eI, YA 45%= Holx A 7}
7] o)k tagell tist 71X EE 7HAAL YUK Table IB). ©]
£ 3 Hs. 256309(DKFZp434D179)%= 160572 SAEG tagsS
HH3h et o] £ 6357 CD34+ AlXolA, 7157+
CD15+ Ao, T8lx 2657+ CD34+ A|EoA #ut o}
Yz} CD15+ HZAME AHATH Table ).

Genomic ¥ Ao 3k ASS H3H], 100552 UniGene
clusterZ F292 At} o] 1008572] UniGene cluster
ol 281%F2] SAGE tags 9.2, o] SAGE tagel] Lx7t

£ cDNA ¥71Xg & 250%F Aeste] 17+ H-44 (human
genome)?} G7|MES vlwst A3, 2445572 cDNAE= A7
A A FAx A 6579 cDNAE A= F71A
dol A7HFHAA BAHA] g}, mgt 244572 YA
T cDNA Zoll= 4655771 22 clusterel] &3 Gr7iMdd &
2] Z7] T XA AR e H, 204572 cDNAE 22
clusterete] thg Q7ML a} 22 Gax] ol A8t 202 1}
BT 204559 cDNA Foll 197/ genomic €714 <4
100 kb FellA] SR, WA 785 374 kbitel] Ex)s}
At 7757 cluster’t FLE FAA $A]o Y& (DNAS
BE3 QAQE, 525572 dusters 2 ZF AX|h= shie)
cDNAE, 728]1 25579 clusters @714 He] Uxsl= F F
F o3 (DNAE EA-Zch(Table OI). ol AAH o= 77%
9] UniGene cluster’} T 433 §X] o] EAlsHs 2& 1
o ZolH, FPH 2= SAGE tage] FUT A &
WA G 3' UTRS %= UniGene cluster®] o) -2
cDNASH 715 gl GAlsh= AL oladt 471 go] ¥l
genomic origin® ZHE LT AUE BT Flolvh

Table I - Relationship between SAGE tags and matched UniGene clusters

A. Number of SAGE tags and UniGene clusters identified in the analysis

Items Only in CD34+ Only in CD15+ Both Total
UniGene clusters 1,159 (34) 1,089 (32) 1,172 (34) 3,420 (100)
SAGE tags matched UniGene clusters 2,618 (24) 2,535 (23) 5,668 (52) 10,821 (100)

B. Number of SAGE tags distributed in matched UniGene clusters

No. UniGene clusters No. UniGene clusters (%) CD34 CD15 Both*
>10 tags/cluster 56 (2) 0 (I 56

9 tags/cluster 19 (0.6) 0 0 19

8 tags/cluster 47 (1) 0 0 47

7 tags/cluster 70 (2) 0 5 65

6 tags/cluster 97 (3) 3 2 92

5 tags/cluster 180 (5) 12 17 151

4 tags/cluster 373 (11) 40 49 284

3 tags/cluster 683 (20) 172 175 336

2 tags/cluster 1,894 (55) 932 841 121

*The SAGE tags in this group may be present or absent in each cell type.
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Table II - Transcripts with the same or different 3' UTR from Hs.256309 in CD34+ and CD15+ cells
UniGene SAGE tag ——we—— Description UniGene SAGE tag —M— Description
cluster CD34+ CD15+ cluster CD34+ CD15+

Hs.256309 CTTAGTTTTA 1 1 Homo sapiens GTGCAACCCT - 2
mRNA; cDNA TGACTAATTG 1 1

DKFZp434D179 TCCAAGAAAA 2

(from clone GAGAGTAAGT - 1

DKFZp434D179)/ AAGAAATAGA 2 -

cds=UNKNOWN/ TTGGCTCTTT 1 -

CCAAGGTTGA - 1 TCAGTAAACT - 1
AATTTCATAT 1 - TATTCCAGAA 1 1
CTGGAACAAA - 5 TGGTATATGG - 1
CCATTACTGA - 1 ATGCTAAATG 1 -
GCGTAATGGG - 1 TAAGGTACTC 1 -
TATTCTCAGT - 1 AGGTGAGTGG 2 3
GTCTTCCACC 1 1 GAATTGTAAG 1 -
GTTTTATTAT 1 - CCTCCTTAGG 1 -
CCAAGCGTGC - 1 CCTATGGTCC 3 -
GGACACGTTT 1 - AGAGTTTCTT - 1
CCATCACACT 1 - TTTATGGTAC - 5
CACTCTAAGA - 1 CCACCCCCAA 1 -
TGGTCAATGG - 1 ACAAAGTAAT 1 -
GCTACCCATA 2 - CTGTGGCTAA - 1
GAAAACTCTG - 1 CTGTAGCTGC 2 1
AAAACATCAA 1 - TTACAGTAAT 2 2
TTTATCTGAT - 1 GCCGACTTCA 1 -
CTGGCAGGGG 1 4 TGCCAGCTAC - 1
CTGGCCCTAG - 5 TTCTACTGAG 2 -
GGTAGCTCAG - 2 AGTTAAAGGG 1 -
TGAAAACAGC - 1 AACGTATCTA 7 1
TAATTTTGAA 24 10 CTCACTAATG - 1
AAGTAAGTCT 1 - CGGAGCCGGC 1 2
AAAAAGAAAC 4 - TCAAAAGTGT 1 -
ACAGAAACAA - 1 GTTGCAAAAT - 1
AATATTTTGG - 1 AGTCTTCTAT - 2
AAACCATTCA - 1 GTCTGATATT -
GTGTGTAACA - 1 AGATCAGGAG 2
TGTTGCAAGA - 1 CTGCTCCTGA - 1
TAAATTTTAT 1 - TCTTCTGTAG - 1
GCATTGAGTG - 1 CTTTAAATCC 1 -
AGTCTGTTGT - 1 CTGATGGGAT - 1
ACCCAGAGCA 1 - TTTGCAAATA 1 -
TGGTCTTCTG - 1 GTGGCGGACA 4 1
CTTACATTGA - 6 AATAAGGATG 1 -
ACAGATACTG 1 3 ACTTTGTTTA - 1
ATACAGTTTG 4 2 AATAATCATA 1 -
ACCAGGTTTT 1 - CTAAATACAT - 1
ATTCAACAAT 5 - CCGGACCTGT - 8
AGCTTGAGTT 2 - ATGGCAAGGT 1 1
GATGCAGTGC 1 1 CAAGCCTACA 1 -
AGCATTCAAT 1 - GGTGGATCAC - 1
GTAGGAAAAA - 1 GCCTTTGTAG 2 -
GGAACGAAAT 1 - CATCTAGTAA 1 -
TTAATGATGT 2 - TATTTTACAC - 1
GGAAGGACAT - 1 GTTTGGATAG - 1
GACGTTATGC - TGAAAAGAGA 1 -
CAATATACTT - 1 AAACTCGAGC 3 1
GGGAAGTTAT - 1 TCAACTTCTT - 1
GTGTGCTGCA 1 - AAGCCCTTTC 1 -
ATGATTATTT 1 - TTCATTTGAA - 2
GTGTGAAAAA 1 - ACAAATGTGT - 1

Vol. 49. No. 3. 2005



208

Table II - Continued

UniGene SAGE tag ——M— Description UniGene SAGE tag _Celil?e__ Description
cluster CD34+ CD15+ cluster CD34+ CD15+
CATTTGGAAA - 1 AACATAAAAA 2 -
GTATATGCAC 2 - CCACAGCTCT - 1
ACGATTGATG 3 - GTTTTAATAT - 2
CCCCCCCAAA 1 - CACTGCCAGT - 1
TACTCAACCA - 1 ATCAAAGTGG - 1
TTTTCCTGAG 1 - TTGTATTCCT - 1
GTTTTTTAAA - 1 GTTCCTAAGT 2 -
CCTGTCATCT 1 1 CAAACATAAG 1
CCCAGCTTGA 2 - AAGCTAAAAC - 1
CTGGCGTGTG 1 1 CAGTTTGTCC 1 -
GCTTTCCTCC 1 - CTCTGTAGTG 1 -
GTGTGGAGGT - 1 GTGTCACTTG 2 -
AGTGGACCCT 3 - TCTCTGGGCT 1 -
AATTCCAACT 1 - CATATTCCAG - 1
AATGCTGTTG 1 - CATACGCAGA - 1
GGAGTTTTGA 2 2 TCAAAGAGGA - 1
AATGCCTCTC 1 - CCACACAAAA 1 1
TGGTAACTAA - 1 TAATTTTGGA 16 12
CTGCTAGGGG 4 3 TATTGAGTTA 1 1
ATAGGATTCC 1 - CAGACAAAAC - 1
ATATTGCCAG 1 1 GCAGGATGAA 1 2
TTCCCGCAGT - 1 AGCCGAGATG - 1
AATGCTGTTT 3 - TGAACCCGGG - 4
AGCTTGCGCT 2 - TTTCATACAC - 1
ATTTGACAAT 1 -

ZEAME BeagelA EaEE f34k] 3 UTR Hik= 2
Aol o8l thRIEE AZHYeH, o1& thad 22 A7t
7| B52 8E 4 9l

A, ThE 3 UTRE Ze= 5 3R] oy AHIE $7t
A AEZAAT EXshs Folt). & S9, fragileX
syndrome¥} FHAYE FAXR] FMRI1(fragile X mental
retardation protein 1 homolog)¥ A3 ¢! FXRl(fragile site
mental retardation 1)2] 73-9- translation I4& F28% 4= glo.
, ol ARAE B3kl oA w9 Fa3 28-S sk
Zog Bl H3ich >0 2 deld= CD34+ AIE 9] FXR1
FAERE 6572 217 e 9714EE 7= 3 UTRS
AT, ol fragile X F3APF ZEMER}] 27 &
Aot o8 F72] 3 UTRE 7Ed AAMIE Zdgths R
< vehdE Zlolth Hgo] A7t A myeloid AlE AXR
H31E S ws o]E AARIE WEEA goksd, o)l AX
3 WAVt A 5 o] 3R Ve AZEHE 02
T} 28y CD45 /3R] A9 ol AlEE A4S
7HA 3 Stk CD45 BAR= AlZAE AlA] oA 2444
& 3H= tyrosine phosphatase 24119 o) f22H= coding
region WH-olx9] alternative splicing® $1510] o8] £ A
AHEE 7RG B ATl YsAl CD15+ AlFEe ARt &
sk 3872 3 UTRS 7R @71M9-& E-88t=t(Table

B

IV), 93714 CD45 +-82R= CD34+ AZNM= HAP} o]FR]
uhE | myeloid A% AE2 312 Alol= 7] T 4|
74 3' UTRE ZH= multiple isoform® 2 HAE T},

A, Y% FUAZTE AR FYg 3 UTRS 2=
oe] e T AE e E vlsdt 7o) 2d
< YeERYT 2 9], prothymosin oa= thymusell SA81=
thymosin-o-19] ATAZA o]= T AEE3}] Befsh=) 20
£ 7ol prothymosin adlld BAE= 7579 2] o
3' UTRE 7IK 714 de] 27E 0 o, o}E0] CD34+ %8
BAES}L CD15+ myeloid 7~ AEoA L FE07 E4)
S = A Kol oldt 7] i U AX J)E
ol AR g k= Ao W),

FRAIN WAkl $A 3 UTRE 27t

#) p=

-
ol

it

=

-

A, FL
52 thE 3 UTRE ZitjEle ¢ o 702 TdsE &
ARt 9= T AXY BF oM EAIt dE &

cathepsin S& MHC class II ©2}-2] peptide &8-S T AL
A sted Qo FoTd BN 2 M=
cathepsin Sell thdt Z7] ©h& 3 UTRS 7= 4559 97
Aol FejElo} Fon, olF F 27K F5+ 24 CD15+ A
EoMrt SAISATHATTAATGTGT; 3 copy, GTGTACTTGT;
35 copy). ACCAGTGAAG} dAJek= A71MEe F714] A=
oA B EA sl oL}, CD34+ AZAN AL 2 copyt

J. Pharm. Soc. Korea



ZZAE B3N BEE #8719 3' UTR 971M@9] #sh} §3x) 7159 2ol o)z S30 st 37 209

Table III - Sequences in a UniGene cluster represent alternatively spliced forms of the same gene

A. Summary of genomic location for sequences in 100 clusters matched by SAGE tags

Items Numbers

Total UniGene clusters 100
Total SAGE tags within the 100 Unigene clusters 281
Total qualified cDNA sequences matched by SAGE tags 250
cDNA sequences matched to known genomic location 244
Total UniGene clusters with sequences matched to the same genomic location 77

one cDNA sequences within a cluster 52

more than one cDNA segence within the same cluster 25
Total UniGene clusters with sequences matched to different genomic locations 23
cDNA sequences within the clusters 40

B. Examples of genomic location of ¢cDNA sequences matched by SAGE tags in one UniGene cluster

Unigene cluster SAGE tag Matched cDNA Genomic Location of cDNA
Hs.111801 GAGACTGGCT BE646076 chr7q22.1:102295048-102296207
(Arsenate resistance protein ARS2) TATGGGCTGG AT333756 chr7¢22.1:102293595-102294043
CCCCGTATGG BC000082 chr7q22.1:102296224-102299624
Hs.195453 CACAAACGGT BC002658 chr12p13.32:3412203-3412545
(Ribosomal protein S27) TTCTCGTGTG BF445045 chrl12p13.22:3412236-3412545
CACAAACCGG AA689560 chr12p13.32:3412219-3412439
CATCTGCTTT T50144 chr12p13.32:3412217-3412304
CACAAGCGGT AW440664 chr12p13.32:3412208-3412454
CACAAACGGG N22458 chr12p13.32:3412217-3412490
AAGTAGGAAT BE045254 chr12p13.32:3412216-3412453
CACCAACGGT BE965291 chr12p13.32:3412204-3412536
Hs.87409 GCTTTCTTTG AW193072 chr15q14:35051280-35051641
(Thrombospondin 1) AATAATCCTT AB040372 chr15q14:35050989-35051310
ATAATTCAGG AV660617 chr15q14:35050760-35051190
AAGTATATGC AW769422 chr15q14:35051911-35052307
Hs.289052 AAGGCAGGGA R74420 chr19q13.42:66457438-66457785
(Bcl-2 related proline-rich protein) TAACTGGAGG AA814616 chr19q13.42:66457809-66458014
TCTCTAAAAA H69813 chr6p21.1:46907934-46908103

o] EAEIH L, CD15+ AIENME 12 copy’t LAHTH

3 UTRY] 24 75 o27k] 24, A8 9, 3 UTRY
o] A= cis-element,®?? cis-element$} A3 LS 3=
trans-factor”> 12]11 3' UTRS] Zo|® Fof 7]%ic), 3' UTR
27144e] WM3k= 3' UTRY topologyell F&kE m|x]11, ©]22)
3 cis-trans = ciscis A2 AL T AgS v Rk I
alternative splicing®”>%#} alternative polyadenylation®V% 722
FFAERE TEEE WA A T 3 UTRE 7Heo] Uis
o #gefsh=d, shuhe) fAReN BHEE F ArAE o
z4 IS E3}1] alternative splicing FENE Heg + Qh.
a2z 3 UTRo] vkxt exon®® Wo] F2 EA)5}7) fjEo]
3' UTRIA49] alternative splicingS 28FE¢1 exon-intron 72
& AMEBHA ¢, 71l €A QR e UE V13RS AR
20 g WehET), Differential polyadenylation 3' UTRe] 9]
3h= ThE polyA A (AAUAAA)S] ARE-E B3to] o]Fo] A=
o], genomic mapping°ll 2/3l #1H 19870 ¢cDNA & 10774
7} AAAS] 3 ddofM 5 WEke 50 bp ¢tof| polyadenylation
AFE 73 ).
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o] A= AT Ealapyell welegE= §12e 3 UTR
< genome-wided}A| FAIRE A2 2, SAGE tage] 2 A
9] 3 ZdogRE FFA0F oF 140bp A% upstream®]|
2)3}7] wjie] 3 UTRZHE T upstream A ollA dojuy=
B2 @714 Wgh= SAGEZE 1% =7 ok 22 e
& FRAAERE 2 3 UTRE 71 ddEs AR A
29l s2k= 1 wog)gt Alg g} o]gjdt 3 UTRY Tk

3 UTRe| Ld== #2Ake) 7169 A F 2o QlotA
Q3 &S sivhe AE BolFE Aol

CD34+ 2dRAELZRE CD15+ myeloid A-THEZ B3}
Hi= 3799] blockEH oM AABE S (Malignant neoplastic
proliferation)?} vlAd<3t 28 7127t S2o] Hm 3t 7
3t vl W] daHd HF 4 A3 (Immature non-lymphatic
bone marrow precursor cells)2] &72-2 A% 529 F7hel
apoptosis®} A4S fsk=d), o] F3 Wy F7 29 st
1 4 myeloidd WEHo) vehd 7 Qv & Aol x5
3t A= gejsh Sy BAlE S BskET UolA

A% ¥ 2B A2 4 9 Zolth
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Table IV — Examples of alternative splicing used for genes expressed in CD34+ and CD15+ cells

Gene SAGE tag in CD34+ cells in CD15+ cells
Fragile-X mental retardation protein 1 homolog FXR1 (Hs.82712) AGGTCTTCTT 1 -
GTAGTAACAT 3 -
TTAGTCTTCA 2 -
TTAGTTTTCA 2 -
GCCCCTTCAG 2 -
GTCCTTCAAA 1 -
Prothymosin alpha (Hs.250655) AGAATTTGCA 10 11
GTTTATATAT - 1
TAACAGGAAA 1 1
TTCATTATAA 49 71
GTGGGGCACG 22 7
TCAGACGCAG 81 119
TCAGACGCAA » 1 1
Ribosomal protein S30 (Hs.177415) TAGCCTCACT 1 -
TTGGCCGGGA 1 1
AGCCTTGATC 6 2
TACTGTGAGC 2 1
CTAAGCGGCG - 425
GTTCCCCGGC 1 -
GTGTTAGGAC 1 2
GTTCCCTTGG - 1
Transmembrane 4 superfamily member 1 (Hs.3337) TATGAAAACA - 11
AAGAGTCCAG 2 2
AAACTCACGC - 2
GAAGACTATG 2 -
AGCTTCCAGC 2 14
ACGGAAGTTT - 2
MLLT2 (Hs.114765) TATTTTACCT 4 2 -
GAGTGACCCT - 10
ATCACATTCA 1 -
GTATTTTACC - 2
GGGAAGGGAG 1 2
Lymphocyte cytosolic protein 1 (Hs.76506) GGGAAAGGAA - 3
TGGCTCCTCC 16 80
AAGCTGGTTT - 2
ATAGAGGGCG - 3
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