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Isolation, in silico characterization and chromosomal localization
of a group of cDNAs from ciliated epithelial cells after in vitro
ciliogenesis
������������	
�������������� ���������������������	

�����������	��������������������������� ��� �����!������
�"��� �������#�������
�$����������% ��������������&���'
�(����)����*�  ��

"+�&�������,�-(
�"�����.��%����������������� �/���0�*� �/�#���
�%��1�������#�������
�2�!����������34
��+5---�������
��� ����.

%�����1���������������������.�0+��� ������.�����6��������.�����.�#7�����6�1 ����.�#

Abstract

Background: Immotile cilia syndrome (ICS) or primary ciliary dyskinesia (PCD) is an autosomal
recessive disorder in humans in which the beating of cilia and sperm flagella is impaired. Ciliated
epithelial cell linings are present in many tissues. To understand ciliary assembly and motility, it is
important to isolate those genes involved in the process.

Results: Total RNA was isolated from cultured ciliated nasal epithelial cells after in vitro
ciliogenesis and expressed sequenced tags (ESTs) were generated. The functions and locations of
63 of these ESTs were derived by BLAST from two public databases. These ESTs are grouped into
various classes. One group has high homology not only with the mitochondrial genome but also
with one or more chromosomal DNAs, suggesting that very similar genes, or genes with very
similar domains, are expressed from both mitochondrial and nuclear DNA. A second class
comprises genes with complete homology with part of a known gene, suggesting that they are the
same genes. A third group has partial homology with domains of known genes. A fourth group,
constituting 33% of the ESTs characterized, has no significant homology with any gene or EST in
the database.

Conclusions: We have shown that sufficient information about the location of ESTs could be derived
electronically from the recently completed human genome sequences. This strategy of EST localization
should be significantly useful for mapping and identification of new genes in the forthcoming human
genome sequences with the vast number of ESTs in the dbEST database. 
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Table 1 

Homology with mitochondrial DNA

Clone names Homology to normal Homologous Homology to Chromo- Homologous In between Distance 
database (identity), region, extent human clone some region, extent markers from P-tel
accession number of similarity (HTGS) of similarity (kb)

(bp)*, identity accession (bp)*, identity 
(bp/bp)† number (bp/bp)†

34-18, 356 bp L00016.1 Hs urf4 24-336, 313/313 AC021965 5 35-333, 271/299 D5S2400 & 124831
gene, mitochondrial SHGC-141614

AC008670 5 24-145, 111/123 D5S2056 & A007G12 82616
AC012363 2 80-246, 136/137 stSG60109 & 30855

RH120618

36-62, 100 bp NC_001807.2 Hs 13-87, 74/76 AL160031 13 18-87, 70/71 D13S1223 & D13s943 96955
mitochondrion

AC008670 5 30-77, 45/49 D5S2408 & E8-Sp6 96746

5R22, 244 bp NC_001807.2 Hs 19-224, 206/206 AC021965 5 19-217, 169/199 D5S2400 & 124831
mitochondrion SHGC-141614

AC016571 5 13-269, 253/260 RH122707 & stSG3646 206852

36-105, 70 bp NC_001807.2Hs 15-51, 31/36 NSH NA NA NA NA
mitochondrion

24-16, 215 bp NC_001807 Hs 1-196, 195/196 AC021965 5 1-196, 178/196 D5S2400 & 124831
mitochondrion SHGC-141614

AC018806 5 1-167, 151/167 D5S409 & RH119908 90813

5R16, 56 bp NC_001807 Hs 20-37, 18/18 AC055801 2 19-35, 16/16 RH112539 & 110180
mitochondrion D2S2002

AC010290 5 37-53,17/17 G-7042470 & 171125
GDB:187625

AP000686 1 11 37-53,17/17 RH79933 & D11S3991 176404

9625, 135 bp NC_001807.2 Hs 16-64, 48/49 AC068619 17 35-114, 66/80 NMF 124848
mitochondrion

9639, 179 bp NC_001807.2 Hs 13-169, 137/149 AC025380 X 55-140, 72/86 stSG9218 & 78184
mitochondrion HSSTS293

6085, 111 bp NC_001807 Hs 31-100, 69/70 AL359496 1 31-100, 68/70 NMF NA
mitochondrion

36-16, 105 bp NC_001807 Hs 24-82, 57/59 AC008670 5 27-82, 51/56 D5S2056 & 82616
mitochondrion A007G12

36-100, 342 bp NC_001807 Hs 36-175,140/140 AC024033 12 36-175, 140/140 stSG62230 & 73482
mitochondrion 172-320, 146/150 172-320, 146/150 RH47270

AC010270 5 36-175,140/140 D5S2408 & E8-Sp6 96746
172-320, 146/150

36-34, 72 bp NC_001807 Hs 18-55, 37/38 AC021914 11 21-52, 30/32 sTSG4656 & 26100
mitochondrion sts-N93614

36-36, 87 bp AF134583 Hs 19-67, 49/49 AL049739 6 26-46, 21/21 S78653 & 39448
mitochondrial stSG46623
DNA-like

9694, 150 bp L00016.1 Hs urf4 19-132, 114/114 AC021965 5 19-121, 95/103 D5S2400 & 124831
gene, mitochondrial SHGC-141614

34-47, 103 bp NC_001807.2 Hs 16-82, 67/67 AC022223 5 16-82, 67/67 RH12239 & 95113
mitochondrion WI-18379

*Extent of similarity, the number corresponds to the starting and ending base pair in the respective homologous gene with the EST. †Identity, the number
corresponds to the identical base pair of EST/homologous gene. NA, not applicable; Hs, Homo sapiens; Dm, Drosophila melanogaster; Dr, Drosophila
radiodurans. NSH, no significant homology (identity less than 20 bases); NMF, no matches found.
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Table 2

Complete homologies with known genes

Clone names Homology to Homologous Homology to Chromo- Homologous In between Distance 
normal database region, extent human clone some region, extent markers from P-tel
(identity), of similarity (HTGS) of similarity (kb)
accession (bp)*, identity accession (bp)*, identity 
number (bp/bp)† number (bp/bp)†

14-49, 336 bp NM_004228.2 Hs 22-317, 296/296 AC073131 19 110-225,116/116 D19S902 & 68477
coiled/coil domain 2 223-317, 95/95 sTSg58178
(cytohesin-2)

24-51, 234 bp NM_000943.1 Hs 33-220, 186/186 AC012424, 5 99-220,121/122 RH101603 & 153095
peptidylprolyl RH103740
isomerase C 
cyclophilin

3s-1, 121 bp NM_006870.2 Hs 20-109, 90/90 Al132765, 20 20-109, 90/90 WI-22195 & 25762
(actin depolymerizing RH123144
factor)

6034, 82 bp NM_004447.1 Hs 18-66, 49/49 NSH NA NA NA NA
epidermal growth 
factor receptor 
kinase

6086, 115 bp M27024 Hs 19-115, 91/97 AL133223.3 14 19-115, 91/97 H14a433 & 119103
heat shock protein D14S305

AC024731 11 21-117, 90/97 NMF NA

6092, 71 bp NM_004602.1 Hs 29-71, 41/43 AC068845 19 29-71, 41/43 NMF NA
staufen(STAU) 
(Dm RNA-binding 
protein)

9661, 257 bp M31516.1 Hs 17-236, 218/220 AL355527 1 17-236, 218/220 NMF NA
decay-accelerating 
factor mRNA

968, 104 bp AF203815 Hs 23-87, 63/65 AP000769 11 23-87, 63/65 NMF NA
alpha gene sequence

*Extent of similarity, the number corresponds to the starting and ending base pair in the respective homologous gene with the EST. †Identity, the number
corresponds to the identical base pair of EST/homologous gene. NA, not applicable; Hs, Homo sapiens; Dm, Drosophila melanogaster; Dr, Drosophila
radiodurans. NSH, no significant homology (identity less than 20 bases); NMF, no matches found.
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Table 3 

Partial homologies with known genes

Clone Homology with Homologous Homology with Chromo- Homologous In between Distance 
names normal database region, extent human clone some region, extent marker from 

(identity), of similarity (HTGS), of similarity P-tel 
accession (bp)*, identity accession (bp)*, identity (kb)
number (bp/bp)† number (bp/bp)†

24-17, 389 bp AL137022 Histone 125-145, 21/21 NSH NA NA NA NA
(H3) pseudogene

24-4, 323 bp AF078904 Zeta 84-105bp, 22/22 AC058816 6 1-135,121/122 stSN21216 and 7798
globin gene D6S1442

26-1, 138 bp AE003672 Dm genome 56-78, 22/23 AC022237 15 1-20, 20/20 NMF NA
scaffold binding protein

3R1-2f, 429 bp AE001826 Dr R1 6-32, 26/27 NSH NA NA NA NA
megaplasmid MP1

36-5, 225 bp NM_002888.1Hs 52-190, 136/139 AC025033 3 51-190,137/140 stSG53537 and 197037
retinoic acid receptor R95445
responder

36-50, 104 bp NM_014666.1| Hs 32-84, 48/53 AC026407 5 32-84, 48/53 D5S1853 and 123950
KIAA0171 gene product RH101108

36-98, 195 bp AF068299  170-193, 24/25 AC069530 3 164-182 19/19 NMF NA
A. thaliana gamma 
glutamylcysteine 
synthetase gene

3R1-32, 182bp AE003819 Dm 102-121, 20/20 NSH NA NA NA NA
genomic scaffold

5R29, 506bp AE003568 Dm 465-491,26/27 NSH NA NA NA NA
genomic scaffold

5R5, 83 bp AE003650 Dm 22-42, 21/21 AC027364 6 19-66, 48/48 RH112849 & 6789
genomic scaffold stSG47852

AC024731 11 21-117, 90/97 NMF NA

9010, 440 bp AF218906.1 Hs 215-408,192/194 AC015847 17 215-408,192/194 NMF NA
attractin precursor 
(ATRN)

9014, 396 bp AF095856 Hs 373-394, 22/22 AL133245.2 2 109-358,247/250 stSG60109 and 36134
asthmatic clone 4 mRNA RH120618

AC010968 2 109-358,247/250 stSG22421 and 30222
RH120618

905, 485 bp X73004.1Hs EWS gene 173-415,237/239 AF121897 21 176-415,238/240 NMF NA

906, 130 bp AF144028.1Hs 19-72, 54/54 AC019009 14 19-67, 49/49 NMF NA
MDM2 gene

AC022305 15 19-67, 49/49 NMF NA

907, 391 bp AB026436 Hs for 12-64, 52/53 AL049696.9 6 92-371,279/280 D6S1762 and 88638
dual specificity D6S1856
phosphatase MKP5

9640, 271 bp AB024935 Mus 106-200, 89/96 AC073620 12 13-249, 237/237 RH44840 and 9861
musculus Sid3177 mRNA RH83752

9646, 249 bp NM_014928.1 Hs 17-124, 107/108 AC006207 12 17-235, 216/219 B568G1/T7 and 1911
KIAA1046 protein D12S2049

9667, 262 bp AF119664 Hs 130-216, 86/87 AC019214 17 1-179, 177/179 D17S609 and 87186
Transcriptional regulator D17S1769
protein HCNGP mRNA

c2s-3, 348 bp AF207550 Hs 49-86, 34/38 AC019099 Y 4-286, 252/254 DYS215 and 21795
protein translocase DYS197

*Extent of similarity, the starting and ending base pair in the respective homologous gene with the EST. †Identity, the number corresponds to the
identical base pair of EST/homologous gene. number of base pair identical in EST with homologous gene. NA, not applicable. Hs, Homo sapiens;
Dm, Drosophila melanogaster; Dr, Drosophila radiodurans. NSH, no significant homology (identity less than 20 bases); NMF, no matches found.
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Table 4

No significant homology in the normal database

Clone names Homology to Homologous Homology to Chromo- Homologous In between Distance 
normal database region, extent human clone some region, extent markers from 
(identity), of similarity ( bp)*, (HTGS) of similarity ( bp)*, P-tel
accession identity (bp/bp)† accession identity (bp/bp)† (kb)
number number

123-12, 324 bp NSH NA NSH NA NA NA NA

24-16n, 401 bp NSH NA AC015927 9 4-390, 378/395 NMF NA

24-37, 170 bp NSH NA NSH NA NA NA NA

26-16, 226 bp NSH NA NSH NA NA NA NA

26-6, 280 bp NSH NA NSH NA NA NA NA

26-6bis, 188 bp NSH NA AC009086 16 30-146,114/117 NMF NA

34-2, 175 bp NSH NA NSH NA NA NA NA

36-39, 72 bp NSH NA AC008670 5 30-77, 45/49 D5S2056 and 1007G12 82630

3R1-4F, 278 bp NSH NA NSH NA NA NA NA

3s-16, 56 bp NSH NA NSH NA NA NA NA

5r9, 310 bp NSH NA AC009554 15 22-114, 91-93 WI-14756 and D15S553 65614
113-268,155/156

6054, 285 bp NSH NA NSH NA NA NA NA

904, 200 bp NSH NA AC003072 22 18-124, 106/107 sts-M27288, stdJ2478f24 27298

9678, 156 bp NSH NA AC009127 16 18-139,119/122 D16S2969 and D16s2943 68750

9682, 282 bp NSH NA AC023885 5 1-179, 178/179 D5S1982 and RH118984 85497

9685, 420 bp NSH NA AL359997 9 1-420, 415/420 stSU25414 and stSH67867 55819

3R1-6f, 328 bp NSH NA NSH NA NA NA NA

14s-19,169 bp NSH NA NSH NA NA NA NA

26-12,120 bp NSH NA NSH NA NA NA NA

3R1-2f, 429 bp NSH NA NSH NA NA NA NA

36-79, 164 bp NSH NA NSH NA NA NA NA

*Extent of similarity, the number corresponds to the starting and ending base pair in the respective homologous gene with the EST. †Identity, the number
corresponds to the identical base pair of EST/homologous gene. NA, not applicable; Hs, Homo sapiens; Dm, Drosophila melanogaster; Dr, Drosophila
radiodurans. NSH, no significant homology (identity less than 20 bases); NMF, no matches found.
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