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Genes for intermediate filament proteins and the draft
sequence of the human genome: novel keratin genes
and a surprisingly high number of pseudogenes
related to keratin genes 8 and 18
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SUMMARY

We screened the draft sequence of the human genome for fragments and processed pseudogenes. Surprisingly, nearly
genes that encode intermediate filament (IF) proteins in  90% of these inactive genes relate specifically to the genes
general, and keratins in particular. The draft covers nearly  of keratins 8 and 18. Other keratin genes, as well as those
all previously established IF genes including the recent that encode non-keratin IF proteins, lack either gene
cDNA and gene additions, such as pancreatic keratin 23, fragments/pseudogenes or have only a few derivatives. As
synemin and the novel muscle protein syncoilin. In the parasitic derivatives of mature mRNAs, the processed
draft, seven novel type Il keratins were identified, pseudogenes of keratins 8 and 18 have invaded most
presumably expressed in the hair follicle/epidermal chromosomes, often at several positions. We describe the
appendages. In summary, 65 IF genes were detected, limits of our analysis and discuss the striking unevenness
placing IF among the 100 largest gene families in humans. of pseudogene derivation in the IF multigene family.
All functional keratin genes map to the two known keratin ~ Finally, we propose to extend the nomenclature of Moll and
clusters on chromosomes 12 (type Il plus keratin 18) and colleagues to any novel keratin.

17 (type 1), whereas other IF genes are not clustered. Of the

208 keratin-related DNA sequences, only 49 reflect true Key words: Human genome, intermediate filament proteins, keratins,
keratin genes, whereas the majority describe inactive gene lamins, neurofilament proteins, pseudogenes, disease.

INTRODUCTION approach is best exemplified by the pioneering work of Moll
and Franke, who in 1982 established the ‘catalog of human
The increase in specific cell types represents one hallmark oytokeratins’ (Moll et al., 1982). They laid the groundwork for
metazoan evolution. It is paralleled by the acquisition okeratin expression profiles and provided a rational
multigene families, which often encode proteins of similamomenclature. Their data were based on the isolation of
structure but distinct function. One such family is representelleratins from microdissected normal and tumor tissues, as
by the intermediate filament protein (IF) family. Its membersseparated in high resolution 2D gels. The numbering system
form part of the cytoskeleton of most metazoan cellsfor type Il keratins ranges from 1 to 8 with letters for later
Vertebrate |IF are organised into five distinct gene familieadditions and from 9 to 21 for type | keratins. Hair keratins
according to sequence identity and expression patterns (Fuclere named in an analogous way with letters Ha and Hb
and Weber, 1994; Herrmann and Aebi, 2000). These includadicating type | and Il hair keratins, respectively (Langbein et
keratins (K), which represent the type | and Il homologyet al., 1999; Rogers et al., 2000). Subsequent work established
groups encoded by more than 20 genes, and a further 15 htkat all IF proteins, with the exception of a few polymorphic
keratin genes (Langbein et al., 1999; Rogers et al., 2000), thariants (Mischke and Wild, 1987; Korge et al., 1992), are
type Il proteins desmin, vimentin, GFAP and peripherin, ane&ncoded by single copy genes (Fuchs and Weber, 1994). One
the type IV homology group, which encompasgséasternexin,  difficulty of the classical biochemical and genetic approach is
syncoilin (Newey et al.,, 2001), nestin, synemin and thehat potential minor keratins and other IF proteins, present in
neurofilament proteins NF-L, -M and -H. The nuclear laminonly a few cells of a tissue, or expressed transiently during
A/C, B1 and B2 form the type V IF, whereas the eye lenembryonic development, may have escaped detection.
proteins phakinin and filensin constitute a separate group. All Gene mapping studies revealed that genes coding for non-
16 known non-keratin IF proteins, including syncoilin (Neweykeratin IF proteins are not clustered (International Human
et al., 2001) and synemin (Becker et al., 1995; M. Titeux et alGenome Sequencing Consortium, 2001). All type | keratin
unpublished), were identified by biochemical, immunologicalgenes (except K18; Waseem et al., 1990) are clustered on
and cDNA cloning methods. The power of the classicathromosome 1721 and type Il genes on 12q13 (International
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Chromo- # Pseudo- # Gene Chromo- # Pseudo- # Gene
IF Gene some genes Fragments IF Gene some genes Fragments
Type | Hair Type Il
K9 17 - - Hb1l 12 - -
K10 17 - - Hb2 12 - -
K10b* 17 - - Hb3 12 . .
K10c* 17 - - Hb4 12 } B}
K1od* 17 - - Hb5 12 _ _
K12 17 - - Hb6 12 B B
K12b* 17 - - whHbA 12 - -
K13 17 - - yhHbB 12 ; ;
K14 17 1(17) 1(17) WhHbC 12 B -
K15 17 - - YhHbD 12 ; ;
K16a 17 2(17) -
K17 17 2(17) 2(17)
Type lll
K19 17 3(6,15,12) vimentin 10 - 1(6)
K20 17 R _ desmin 2 - -
K23 17 _ _ GFAP 17 - -
* 17 R 2 peripherin 12 - -
Fig. 1. Classification and Hair Type | Type IV
chromosomal localization of KRTHA1 17 - . NF-L 8 - 2(Y)
intermediate filament genes and  KrTHA2 17 ; B NF-M 8 - 1(10)
pseudogenes. The table lists KRTHA3a 17 - . NF-H 22 2(20,1) -
intermediate filament genes, KRTHA3b 17 B } a-Internexin 10 - -
pseudogenes and gene fragments kRrTHA4 17 - - Syncoilin 1 - -
identified in the draft of the human krTHAS 17 } B} nestin 1 - -
genome. Keratin genes 8 and 18, yRrTHAG 17 - - synemin 15 - -
which gave rise to 62 and 35 KRTHA7 17 } }
processed pseudogenes, KRTHAS 17 ) ) .
respectively, are marked with a red k rTHaa 17 . . ype
bar. Potential novel keratin lamin A/C 1 . .
genes/gene fragments in the type | o4 laminB1 ° . .
and Il clusters are indicated by an "} 12 i i laminB2 19 . .
asterisk. Chromosomal localization |, 12 B B
of pseudogenes is indicated by k2p 12 ) ) Others
numbers in brackets. Pseudogenes K3 12 ) ) Filensin 20 B )
related to hair keratin genes are K4 12 ) ) Phakinin 3 - -
denoted byyp; ¥ indicates type | Ks 12 ) )
keratin genes recently identified Kba 12 i i Novel Type Il
(Bawden et al., 2001). These are K6b 12 i i keratins
most closely related to K10. We K6ht 12 112) ) K1b 12 - -
propose to name them according to 12 K5b 12 - -
the Moll nomenclature as indicated - . K5c 12 - -
in the text (Moll et al., 1982). The K6h 12 - -
; * 12 - 1 X
expression pattern of the newly K 6i 12 - _
identified keratin genes remains to K6k 12 - B
be determined. Kl 12 B B,

Human Genome Sequencing Consortium, 2001). Transcriptiomas the genetic proof for a true cytoskeletal function of these
analysis has demonstrated that the diversity of keratins is nptoteins. Desmin mutations analogous to those in epidermal
increased further by alternative splicing. keratins were connected to myopathies of skeletal and heart
Knowledge of IF genes and expression patterns stimulateduscle (Goldfarb et al., 1998), whereas point mutations in
the discovery of point mutations in a still growing number of GFAP are now known to cause Alexander’s disease (Brenner
IF genes, which has provided evidence for their pathogeniet al., 2001). At least two reports have linked NF-L mutations
relevance in human disorders (Bonifas et al., 1991; Coulomide Charcot-Marie-Tooth disease type 2E (Mersiyanova et al.,
etal., 1991; Lane et al., 1992; reviewed by Irvine and McLear2000; De Jonghe et al., 2001). Finally, mutations in the genes
1999). Such ‘experiments of nature’ have demonstrated thabding for the nuclear lamins A/C give rise to several tissue-
mutations in at least 14 epidermal keratin genes cause fragilitgstricted disorders termed laminopathies (for a recent
syndromes of epidermis and its appendages that seem to reslificussion, see Hutchison et al., 2001; Wilson et al., 2001).
from a collapse of a mutant keratin cytoskeleton. Formally, thi¥hese data support the view that IF proteins also serve non-
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cytoskeletal functions (Quinlan et al., 2001; Wilson et al.analyses have identified pseudogenes for keratins 8, 14, 16, 17,
2001). 18, 19 and hair keratins (Kulesh and Oshima, 1988; Rosenberg
Additional insight into IF protein function comes from et al., 1988; Waseem et al., 1990; Troyanovsky et al., 1992;
genetically altered mice (H. Herrmann et al., unpublished)Ruud et al., 1999; Smith et al., 1999; Hut et al., 2000; Rogers
One common theme that emerges from such studies is thettal., 2000; Winter et al., 2001). The peudogenes coding for
there are essential and nonessential IF protein function§l4, K16 and K17, which arose by gene duplication, are
depending on the tissue context. Ablation of keratins leads focated outside the type | keratin cluster.
extensive tissue fragility in the basal but not in the suprabasal Unexpectedly, processed pseudogenes, which are cDNA
epidermis (Lloyd et al., 1995; Peters et al., 2001; Reichelt aterivatives, show a strikingly uneven gene relatedness. By far
al., 2001). Moreover, knockout studies have demonstrated thtite highest number of processed pseudogenes relates to keratin
certain IF proteins compensate each other (Magin et al., 200@enes 8 and 18, which map adjacently on chromosome 1213
In addition, the phenotype of some IF gene knockout mice hagithin the type Il gene cluster. K8 and K18 are typical of
shed light on new pathologies (Ku et al., 1999; Caulin et alinternal epithelia and represent the earliest intermediate
2000; Hesse et al.,, 2000; Tamai et -
2000).
The analysis of diseases with A
involvement as well as the understant
of IF function and evolution will be aid
by the knowledge of the corresponc
genes. Given that currently about
functional keratin genes had b =
identified, we were surprised by the le
number of keratin genes in the rece
published draft of the human genome
clarify whether 111 keratin genes exis
the human genome (International Hur
Genome Sequencing Consortium, 20
we have set out to analyze the dat:
available in the public domain.
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RESULTS

Number and organisation of
keratin genes

We have used the NCBI and the Ce
genome database for our search B
included the most recently publist
keratins expressed in the inner 1|
sheath (IRS) of hair follicles (Bawder
al., 2001). We found 208 keratin-rela
sequences in the draft (Fig. 1). Of th
49 represent single copy genes for ty
and Il keratins. The type | keratin clus E
contains at least 25 functional genes
2 pseudogenes spread over nearly 1
of DNA,; the corresponding type 1l ge
array harbours at least 24 functic
genes and 5 pseudogenes distrib 0 =
along 1.2 to 1.3 Mb. “

1 1
B ——
1 11 1 ]
L S, ——————— ]
| . 1
00— —
1] | .
B C——
T I C——
(]
I ——
I ——
]
00— —
i 1401
BN C——

3
w 2
'S
-k

b. y . b2 a2 . 3“ i
The gene density in the two ker: -0 0 I [ By
clu_sters appears much higher t 1 1% 46 47T & 19 @ 2 22 % ¥  MInot placed
estimated for the overall genome an 1 1 2 & 1 1 2 1 2 5 1 12

approximately 35 kb per gene. There
111 pseudogenes plus 47 gene fragn
for all keratins. Intron-containir

pseudogenes are mostly contained w Fig. 2. Chromosomal localization of keratin 8 (A)and 18 pseudogenes (B). Chromosomes
the two keratin clusters, whereas tt  mpers are marked in blue. Integration sites per chromosome are marked in red. Coloured
with fgatures of processed pseudog bars along chromosomes indicate the integration sites. The extent of sequence identity to K8
have invaded most chromosomes, ¢ and 18 is indicated by red (alignment score >200), blue (alignment score 80-200) and green
at several positions (Fig. 2). A few ear (alignment score 50-80) bars.
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K6l

K1
Klb

K5b
K5¢
Kéa
Kéb
Kéh
K6i

K6k
Kel

K1
Klb

K5b
K5¢c
Kéa
Kéb
Kéh
K6i

K6k
K6l

K1
Klb

K5b
K5¢
Kéa
K6b
K6h
K6i

Kék
K6l

401

Klb
K5

~~SRQFSSGSGYRSGGGFSIBFAGIINYQR RTTSSSTRRSGGGGGRFSSS

~MBRQSS/SF
~~~~~~ MBLS
~MBRQNIKS
MASTSTTIRS
MASTSTTIRS
MASTSTTIRS
~MBRQFTKS
~MBRQ. THFP

RSGGSRSFSTASAITPSVS.
PCRAQRGFSARSACSAR..

. SGOKGNFY HSAVVPRKA
HSSSRRGFSASSAR.PGVS.
HSSSRRGFSANSAR.PGVS.
HSSSRRGFSANSAR.PGVS.
GAAAKGGFSE&SAVLS....

. RERLGFSG CSAVLSGGI.

. RTSFTS/SR SGGGGGGGFG

...... SRGRSRGGFSS.
...V G9.AS YCAAGRG.
. RSGFSSISV/ SRSRGSG
. RSGFSSISV/ SRSRGSG
. RSGFSSIS/ SRSRGSG
GGSSSSFRAGSKG.
GSSSASFRAR.....

~~MRSS/SRQ TYSTKGGFSSNSASGGSGS@ARTSFSYTV SRSSGSGG

GGGGGSFGAGGFGSRISAG SGGSIASISG ARGGGGGSGEGGYGGGGF

R

LS

GVGSTGAGGRSGG.....
GAGAGGGYGEGG...

PVCSPGGICQE VTINQSLLQP LNVEI DPEIQ KVKSREREQI

. AG AGFGSRBYS LGG.
.. GLGGAGG AGFGSRBYG LGG.
.. GLGGAGG AGFGSRBYG LGG.
. GLGGAGG AGFGSRBYG LGG.

F

GGFSSRENS FGR.

GGFGSRISYS LGG.

150
GGGGFGGGEEGGGIGGGGBGFGSGGGGEGGGFGGGG.. GYGGGYG
GFG

... GR.GVRF
. SGFAGSF

. SGFAGSF

. GFG. GAGF GTSNFGG.
AG SGFGFGGGAGGFGGGGAG:GGGFGEGF

FGSRAFMGQGAGRQT ..

OQGGBG GF GGGR.. GF

. SKRISIST RGGSFRNRF

.. CLEG.. SRGS...

.. NRRISFNV AGGGBRAGGY
.. SKRISIGG GSCAI. SGGY
.. SKRISIGG GSCAI. SGGY
. SKRISIGG GSCAl. SGGY
V R. SLNV ASGSGKSGGY

GEWSG®G.
GSVALGPAC. ... L.

AG lSGFGFGGGAﬂBFGLGG(R ALLCFG@GF
AG SGFGFGGGAGSFGLGGGAGLAGGFGEGF
AG SGFGFGGGAGSFGLGGGAGLAGGFGEGF

GSVALGPVC.

i:G...

v Coil 1A 200
QY.NNQFASF
M\LNNKFASF

K5b
K5¢
Kéa
Kéb
Kéh
K6i

K6k
K6l

Klb

K6l

QLHGDRMQET
SRHGDILKHT

KVQISQLHGE IQRLQSQEN
RSEM\ELNR IQRIR CEIGN

LKKQNASQA AIT DAEQRE
VKKQRASET AIA DAEQR®

GRHGDLLRNT KGEIA EINRM IQRLRSEI DH VKKQCANLQA AIA DAEQRE
GRHGDLLRNT KCEIA EINRM IQRLRSEI DH VKKQCANLQA AIA DAEQRE
GRHGDLLRNT KCEIA EINRM IQRLRSEI DH VKKQCASLQA AIA DAEQRE

GRAGDOLKNT
GQHGDOLKLT
GKHGDNLRDT

451
NALKDAKNK.
QALQDAVQKL
L'ALKDARNK.
LALKDAQAR/
NALKDAQAK.
MAL KDAKNK.
VAL KDAKNK.
VAL KDAKNK.
NALKDARAK.
CALKDARAK
LALKDAQKK.

LLEGEESRVB
LLEGEESRVS
LLEGEECRLS
LLEGEECRVS
LLEGEECRMS
LLEGEECRLN
LLEGEECRLN
LLEGEECRLN
LLESEECRSR
LLESEECRMS
LLESEESRVB

. GG..

KNEIS ELTRL IQRIRSEI EN
KAEIS ELNRL IQRIRS EIGN
KNEIA ELTRT IQRLQGEADA

Coil 2B
NDLEDAL QQA KEDLTRLLRD
QDLEEALQQS KEELARLLRD
AELEEALQKA KQDVARLLRE
DELEAALRVA KQNLARLLCE
DELEGA HQA KEELARM_RE
EGLEDALQKA KQDLARLLKE
EGLEDAL QKA KQDLARLLKE
EGLEDAL QKA KQDLARLLKE
DELEGA HQA KEELARM.RE
DELEGA HQA KEELARM.RE
GDLDVALHQA KEDLTRLLRD

550
GECAPNVSVT VSTSHTSISG
GELQSHVSIS
GEGVGPWNIS
GECTSQVTIS
GENPSSVSIS
GEGVGQINIS
GEGVGQUNIS
GEGVGQ/NVS
......... ss
GEYPNSVSIS
GECPSAVSIS

VIS STN..
VTGNSTVCG

SGGGYGGGRSYR GGGARGR

GG.GGEAGG SSGSY. YSS SSGHAG....

VQNS@SVNG G..
VVTSSVSSGY G....
SVGGSANEG G..
VIS . SSSYSY H..
VVQSTVSSGY G....
VVQSTVSSGY G....
V\/QSTISSGY G....

VKKQASNET AIA DAEQR®
VKK ET AIA DAEQR®
AKK@QQQT AIA EAEQRE

500
YGELMNTKLA
YQALGVKLS
YCELMNTKLA
YGELTSTKLS
YGELMBLKLA
YGELMVKLA
YGELMVKLA
YGELMWVKLA
YCELMSLKLA
YQELVSLKLA
YGELMWKLA

LDLEIATYRT
LDVEIATYRQ
LDVEIATYRK
LDVEIATYRR
LDMVEIATYRK
LDVEIATYRK
LDVEIATYRK
LDVEIATYRK
LDMVEIATYRK
LDVEIATYRK
LDVEIATYRK

GGSRGGGGGEESGGSSYGS
AGGGGSYGSGG YG
SGSG YGGGGGEG
V GGGG STCAG...
HPSSAG VDLGAS...
GASGVGSGG...
GASGVGSGG...
GASGVGSGG...
.. HPTG@ LQQSK....
A.. GAGGAGFSNGFG...
G... GAASFGGGIS...

600
GGGSYGSGGGGGGRGSYGSGGSYGSGGSYGSGGGGGHAGSYGSGSSS
SGGG.

YGSG.

PYCPPGGICE VTINQSLLEP
PVCPPGGIGE VTVNQELTP
SLCPPGGIGE VTINQNLLTP
SVCPPGGIHQ VTVNKILAP
PVCPPGGIGE VTVNQSLTP
PVCPPGGIGE VTVNQSLTP
PVCPPGGIGE VTVNQSLTP
TVCPPGGIHQ VTVNESLLAP
VTVNKSLAP
PGGIGE VTVNQSLTP

is

201

| DKVRALEQQ NQVLQTKAEL
| DKVQALEQQ NQVLQTKAEL
| DKVRALEQQ NKVLDTKWIL
| DKVRALEQQ NKVLETKWHL
| DKVRALEQQ NQVLETKWEL
| DKVRALEQQ NKVLDTKWIL
| DKVRALEQQ NKVLDTKWIL
| DKVRALEQQ NKVLDTKWIL
| DKVRALEQQ NQV/LETKWEL
| DKVRALEQQ NQ/LETKWAL
| DKVRALEQQ NKVLETKWAL

251
DQLKSDQSR. DSELKNVIQDM
DLL SAEQVRQ NAEVRSVQDV
DSI VGERGR DSELRNVDL
DAELKACRDQ
DSELRSVRDL
DSELRNVIDL
DSELRNVDL
DSELRNVDL
DSELRNVRDV
DSELRNVIQDL
DRLQSERGR DSELRNVQDL
301

KKDVDGAWT
KKDVDAAWS
KKDVDAAYMN
KKDVDAVFLS
KKDADAAYA/
KKDVDAAYMN
KKDVDAAYMN KVELQAKAT
KKDVDAAYMN KVELQAKAT
KKDVDAAYAN KVEL QARVES
KKDVDAAYMN KVELQAK/DS
KKDVDAAYMG RVDLHGK/GT

KVDLQAK_DN
KVDLESRVDT
KVEL EAKVDA
KVELEGK_EA
KVELQAKR/DS
KVELQAKAT

351

\ LSNDNNRQFIllBIIA EV
VI LEMDNNRS LDLDSII DAV
VVLSMDNNRNLDLDSIIA EV
VVLSMDNNRY LDFSSIIT EV
VI LSNDNNRD LDLDSIIA EV
VVLSMDNNRNLDLDSIIA EV
VVLSMDNNRNLDLDSIIA EV
VVLSMDNNRNLDLDSIIA EV
VI LSMDNNRNLDLDSII DEV
| VLSVMDNNRD LDLDSIIA EV
VVLSMDNNRNLDLDSIIA EV

GRHGDSVRNS KI EIS ELNRV
GRAGDIOLKNS KNMEIA ELNRT
GRAGDOLRNT KHEIT EMNRVI

LHLEVDPEIQ RIKTQEREQI
LNLQIDPSIQ RVRTEEREQI
LKI El DPQFQ VVRTGETGEI

KTLNNKFASF
RTLNNQFASF

v
LQQ/D..

LNVELDPEIQ
LNLQIDPAIQ
LNLQIDPAIQ
LNLQIDPAIQ
LNVELDPEIQ
LNVENDPEIQ
LHVEI DPEIQ

TST
TST
TKT

LQQN..
LQEQG.
LQQQG
LQQD..
LQEQG.
LQEQG.
LQEQG.
LQQD..

LQQD..
LQEQGQNGV

TKT
TKT
TKT

VEDYRNK..
VEDYKSK..
VEDFKNK..
EEEYKSK..
VEDYKKR..
VEDLKNK..
VEDLKNK..
VEDLKNK..
VEDYKKR..

VEDYKNKKKQI W(EVEI NRR

VEDFKNK..

LQ@I DFLTA

LTGEVNALKY LF...
LMDEINF MKM FF...

LREYLYFLKH
LDKDIKF LKC

LTDEINFLRA LY...
LTDEINFLRA LY...
LTDEINFLRA LY...

MDQEIKFFRC
LTDEIKFFK C

LSG SQQGEPVFE
LNN CKKNLEPI LE

LNN CKNNLEPI LE
LNN CRKNLEPIY E

KVRAGEREQI
RIGAEEREQI
RVRAEEREQI
RVRAEEREQI
KVRAGEREQI
RVRAGEREQI
RVRTQEREQI

KVLNDKFASF

KTLNNKFASF
KTLNNKFASF
KTLNNKFASF
KALNNKFASF
KALNNKFASF
KTLNNKFASF

250
SFINNLRRG/
NYIGDLRRQY
QYINNLRRQ
ACLDQLRKQ
GYISNLRKQ
QYINNLRRQ
QYINNLRRQ
QYINNLRRQ
GYISNLRKQ
GYISNLQKQ
AYLGSVWRSTL

v
RTHNLEPYFE
GTNNLEPLLE
VRQNLEPLFE

VRQNLEPLFE
VRQNLEPLFE
VRQNLEPLFE

TRNNLEPLFE

Coil1 B 300
.. YEDEINKR TNAENEFVTI
.. YEDEINKR TGSENDFVML
.. YEDEINKR TTAENEFVM.
.. YEEEAHRR ATLENDFV\L
.. YEVEINRR TTAENEFVVL
.. YEVEINKR TAAENEFVTL
.. YEDEINKR TAAENEFVTL
. YEDEINKR TAAENEFVTL
YEEEINKR TAAENEFVLL
TAAENEFV\L
. YEDEINKH TAAENEFVVL
v 350
QAELS QUQTQISETN
LTELS QVQTHIS DTN
DAELS QVQTHVSDTS
EEELG QLQTQASTS
DAEIA QIQTHASETS
DAELS QVQTHIS DTS
DAELS QVQTHIS DTS
DAELS QVQTHIS DTS
EAEIT QIQSHIS DVB
EGEIT QIQSHIS DTS

LY.

LN...
LY.

LF...
LY...

LTGEl DFLQQ LYEMHDAELS QVQTHVSNTN

Coil
KAQNEDIAQK
RTQ¥ELIAQR
KAQ¥EEIANR
RAR¥EEIARS
RVHYEEIA LK
KAQ¥EEAQR
KAQ¥EEAQR
KAQ¥EHAQR
RTQ¥EHA LK
RAQEEIA LK
KAQ¥ELIAQR

IQRLRSEI DN
VQR.QAEISN
IQRLRAEI DN

2A 400
SKAEAESLYQ SKYEELQITA
SKDEAEALYQ TKYCELQITA
SRTEAESWYQ TKYEELQQTA
SKAEAEALYQ TKVQELQVSA
SKAEAEALYQ TKIQELQLAA
SRAEAESWYQ TKYEELQUTA
SRAEAESWYQ TKYEELQITA
SRAEAESWYQ TKYEELQUVTA
SKAEAEALYQ TKFGELQLAA
SKAEAETLYQ TKIQELQVTA
SRAEAEAWYQ TKYEELQUTA

450
VKKQISNLQQ SIS DAEQRE
VKKQIEQMQS LIS DAEERGE
VKKQCANLQN AIA DAEQRE

601 650
GGYRGGSGGGGGSSGGRGSGGSSGGSSGRGSSSOGEK SSGGSSBKF
CGG GGGSYGG . SGRS... GRGSSRV Q IIQTST ...

G... GG SVGGSGFSASSGRGGY GFGSGGGSSSVKFVSTT..

CC TSIVTGGSNI | LGSGIOPVL DSCSVSGSSA GSSCHTI LKK
. TQSGQTKTTEARGBLKD TQGKSPASI PARKATR~~~
SA.GVGG GF SSSSGRATGGLSSVGGGSSTIKYTTTS..
SA.GVGG GF SSSSGRATGGL SSVGGGSSTIKYTTTS..
SA.GIGG GF SSSSGRAIGGGLSSVGGGSSTIKYTTTS..

.. TAAADVKT KGSCGELKD PLAKTSGSE ATKKASR~~~
. GATKGG F STNVGYSTWK G GPVSAGTS | LRKTTTV..

651 662
VSTTYSG/TR ~~
. NTSHRRILE ~~
. SSSRKSFKS~~
TVESSLKTSI TY
. SSSRKSYK ~~
. SSSRKSYK ~~
. SSSRKSYK ~~

KTSSQRY~~~~

Fig. 3.Comparison of type Il keratins identified in this study. An
alignment of the type Il keratin sequences is given in the single letter
code (residue numbers on top) with gaps introduced to maximize the
amino acid alignment (dashes). Ends ofdHeelical subdomains of

the rod (1A, 1B, 2A and 2B) are indicated by solid arrowheads. For
comparison, sequences of human keratins 1 and 5, the closest
relatives, are co-aligned. For K6i, a different C-terminal sequence
has been determined (M. Rogers, personal communication). Starting
from position 443, it reads MSGEFPSPVS ISIISSTSGG
SVYGFRPSMV SGGYVANS SNCISGVCSV RGGEGRSRGS
ANDYKDTLGK GSSLSAPSKK TSR*. Asterisk indicates

termination codon.
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A = B

Fig. 4. Phylogenetic relationship of the human type | and Il keratins. The phylogenetic tree shown was generated following theadlignmen
human type | (A) and type Il keratins (B). Multiple sequence alignments were performed using the CLUSTAL program. Evdhegonary
construction was prepared using the CLUSTREE program. For the alignment, sequences published in the human genome dfaft were use
(International Human Genome Sequencing Consortium, 2001).

filament expression pair in embryogenesis. There are 62lated to K1 and one was highly similar to Kéb (Fig. 3). This
processed pseudogenes plus 15 gene fragments for the keratgw member of the K6 family has 99% protein sequence
18 gene, and 35 processed pseudogenes plus 26 gene fragmealgstity to K6b, but at the genomic level it contains a
for the keratin 8 gene (for a previous notion of pseudogenespmpletely different intron 3. The evolutionary relationship of
see Kulesh and Oshima, 1988; Waseem et al., 1990). Theseratins is outlined in Fig. 4. Owing to the incomplete
processed pseudogenes are dispersed over all chromosorakbgnment of contigs, a few additional keratin genes and
(see Fig. 2). None of these pseudogenes contained an intaseudogenes may exist.
open reading frame. Other keratin genes are either true singleThe total number of keratin genes amounts to 49. Our survey
copy genes or are accompanied by one to four pseudoger@sthe current draft of the human genome conforms well with
(Fig. 1). the view of 22 keratins expressed in various epithelia, 15

In the present draft, no gene for keratin 11 (Moll et al.trichocyte-specific, 5 inner root sheath and 7 novel keratins
1982), which may represent a polymorphic variant of K1Qdescribed in this report. Together with the 13 genes for the non-
(Mischke and Wild, 1987; Korge et al., 1992) or for K6c-f keratin IF proteins, the number of genes encoding cytoplasmic
(Takahashi et al., 1995) were found. The status of the lattéf proteins reaches 62. The three nuclear lamin genes bring the
may have to await the completion of the human genome. entire IF multigene family to 65.

) Based on the numbering system introduced by Moll and

Novel keratin genes and nomenclature colleagues (Moll et al., 1982), we propose to name novel type
We discovered seven new type Il keratins. Of these, fivl keratins according to their sequence relationship with one of
displayed homology to K6a, K6b and K5, one was most closelthe existing eight type Il genes, followed by a small letter. The
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type Il keratin genes reported in this study are therefore namétbwever, a future analysis of their integration sites may yield
K1b, K5b, K5¢, K6h, K6i, K6k and K6l. Type | keratins should further information about the structural properties of human
be named in the same way (see also Fig. 1). Novel genes mbiromatin and the mechanisms of recombination.

related to existing proteins should be given new numbers

starting with K21. We are grateful to D. Paulin (Paris) for providing the human
synemin gene sequence, and to J. Schweizer and M. Rogers
Non-keratin IF genes (Heidelberg) for helpful discussion and for providing sequence

All 13 genes encoding the non-keratin cytoplasmic IF proteinggg[)ng'eors'e%rr'cﬁsg ivésa\'/igrlih@g'; sDLip?)I(?r?: d(E)c/)r':fr‘ll)e f&r: gd("s";':eBOZ”M
are covered by the draft sequence (Fig. 1). Given thg, i 1M ' ’
considerable sequence drift among these genes, the chicken) T

sequence of synemin was non-informative for thenote added in proof

identification of human synemin. The human orthologue wagniie this manuscript was under review, Mizuno et al.
identified by D. Paulin (M. Titeux et al., unpublished). NO cparacterized desmuslin, an IF protein that interacts avith

additional fun_ctional IF gene was recognized in the curreny <irobrevin and desmin (Mizuno et al., 2001). When we
draft. Interestingly, pseudogenes are very rare among the ”_Ot%mpared its sequence with that of human synemin, we found
keratin genes. Only the neurofilament NF-H gene g o pe nearly identical to the synemin splice variant

accompanied by two pseudogenes. Also, the genes fQggerined by M. Titeux et al. (unpublished). Therefore, we

the three nuclear lamins (lamins A/C, B1 and B2) Iacl:Rropose to use the established name synemin.
pseudogenes. If the completed version of the human genome

lacks an additional lamin gene, the oocyte-specific lamin of
certain amphibia (Déring and Stick, 1990) has no orthologu
in the human genome. &EFERENCES
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