Homeoboksit
]a
homeodomain

Tarkastelemalla yhden saatelygeeniperheen fylogeniaa
saamme yhden valaisevan nakokulman siihen, miten
evoluutio on monimutkaistanut eligita sattumanvaraisten
mutaatioiden ja niita "jalostavan" luonnonvalinnan kautta

ing: “if it could be demonstrated that any complex organ existed which

could not possibly have been formed by numerous, successive, slight D arwin
modifications, my theory would absolutely break down.”



900 RO
Q H. sapiens
800 i
. melanogaster
700 0 | & !
600 | @ C. elegan
500 | Q S. cerevisiae

Figure 1 Genome-wide comparison of transcriptional activator families in eukaryotes,
The relative sizes of transcriptional activator families among Homo sapiens,

D. melanogaster, C. elegans and S. cerevisiae are indicated, derived from an analysis
of eukaryotic proteomes using the INTERPRO database, which incorporates Pfam,
PRINTS and Prosite. The transcription factors families shown are the largest of their
category out of the 1,502 human protein families listed by the IPI,
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Figure 1 Genome-wide comparison of transcriptional activator families in eukaryotes.
The relative sizes of transcriptional activator families among Homo sapiens,

D. melanogaster, C. elegans and S. cerevisiae are indicated, derived from an analysis
of eukaryotic proteomes using the INTERPRO database, which incorporates Pfam,
PRINTS and Prosite. The transcription factors families shown are the largest of their
category out of the 1,502 human protein families listed by the IPI,
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Ed Lewisin juhlandyte: kaksoismutantti bithorax-postbithorax



Antennapedia



abdominal-B on homeoottinen geeni, mutantilla jalka genitaalien paikalla
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Homeodomain (aminohappojakso)
Homeoboksi (tunnistettava nukleotidisekvenssi)

ovat homeoottisten selektoriproteiinin (-geenin) osia

Homeoottiset selektorigeenit saatelevat eldinten kehitysta
maaraamalla, mita kustakin alkion alueesta ja jokaisesta

solusta tulee ’isona’
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Figure 7-22 Molecular Biology of the Cell 5/e (© Garland Science 2008)



Figure 7-13 Molecular Biology of the Cell 5/e (© Garland Science 2008)

homeodomain sitoutuu spesifiseen sekvenssiin



Figure 7-21 Molecular Biology of the Cell 5/e (© Garland Science 2008)

2 homeodomainia heterodimeerina



Homeodomain-protelinit
ovat helix-turn-helix
proteiineja, jotka sitoutuvat
spesifiseen DNA:n kohtaan,
usein

S TAATAATAATAA
STATTATTATTATT

Homeodomain on 60 aa, joten
homeoboksi on 180 bp
(Joskus 61/183)

A FIGURE 10-40 Homeodomain from Engrailed protein
interacting with its specific DNA recognition site. The
Engrailed transcription factor is expressed during Drosophifa
embryogenesis. Base pairs in the recognition site that directly
contact the protein are shown in white type. Lighter regions ir
the protein contain residues that contact the major groove.
[Adapted from 5. C. Harrison, 1981, Nature 353:715.]



Chapter 9 : Control of Gene Expression

Homeodomain on se homeoboksin koodaama motiivi eli aihelma,
joka sitten proteiinina tunnistaa ja sitoutuu DNA:n target-sekvenssiin
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Fig. 1. Alignments of homeobox sequences for 7 zebrafish hox genes with their likely murine
Hox homologues. In each case the first few amino acids of the zebrafish sequences are taken
from Misof et al. (1996; the PCR primers used to clone these cDNAs were based on these
sequences). The sequences are compared to the Drosophila Antennapedia sequence. Black
boxed residues are conserved with Antp. All sequences have been submitted to the EMBL
database: accession nos Y 13944-13950.

Seeprakala (Danio rerio) on selkarankaismallina hyvin tykatty. Tassa
on ylinna Drosophilan Antp homeobox ja sitten vuorotellen hiiren ja
kalan. Tama systeemi saatelee etupda-takapaa -erilaistumista



Antp HE NGy LR IR RiE TALPNL ML idE R QMK I W F O NRR M KUK K B BS

Hoxb-1 HFNIGYLERI'NRRVE IALSNL L IMEMOVAK IW FONRR MK [oJK K 1180514
hoxbl HFEREY LWRINRRVE TALSNL IHLIMESOVAK IW FQNRR MK [oJK K 118083
Hoxa -2 HFNiGYLMRI|ZRRVE IALSAL M dE R Q V4K FOQNRRME K j;@eRe

hoxa2 HFNISYLMRZRRVE T'AISAL PILME R Q 4K {4W F Q NR R M K |:§K ;:le i oo
Hoxb-2 HFNISYLMR)FRRVE T AMSAL PILME R Q4K \/4W F Q NRR MK K ;8o &
hoxb2 HFNIAYLMRIFRRVE I AMSAL BILE R Q 4K AW F Q NR R M K K 1;3{eR g
Hoxb-3 HFNIYLSMRIFRRVE [HARNPAL MLEJER QK I W F QNRR MK P4K K h)eRs

hobe HFNMYLSMRIZQRRVE NEAL IMLEIER QI SK TW FQNRR MK pK K 10XeR 3
rr v AT i-lwr v FoEm [.¥W™ ™ ¥F ™ . _ ™ AT (T TS M TrTTTﬂQHRRHKKK
I M4: Alignment Explorer {\tynnyri. univ.yo.oulu. fi\lutk$\jlumme\My Documents\PERUSTEET .. E@E INRR MEKMKK Iy Q K

Data Edit Search  Alignment Web  Sequencer Display  Help 2 N R R H K W K K DH K
D™ | =& wo 2Rk el ) NRR MK |[JK K [a):@:
By X ¥ BB A oR 5:8: 88 4W 1. 94D H K
Praotein Sequences l 2 NRRME|IK K 038

FlFE[FFFIFFFFFEFF R FE[F|FEFIFIFIFFFFFEEFEFEE e el ol o

. reric = |fl----=--- VEMANLLEL IWMIME

D

5 sola FIIYLIIIIIVIMAILLILIIIIIIIIF““Ml‘fl““H‘
M. wusculus e CRNEN B~ §- o8- BENE: - 0- B0EE- - REEEHS-

FE. norvegicus FIIYLIIIII‘JIMAILLILIIIIIIIIFIIIIMIYIIIIIH_
M. domestica Mr{f¥rENNENEv-§- o8- BENE: N-0- BNEE-E-REEEHS-
G. gorilla | FRAs ||| E e aad b (b b ] | | ] ER
P
H
e
E
¢

. troglodytes (e Al EREEE B -0 - EENE:- - i- BERN-N:HNEENE-
. sapiens | FRAe ||| ElEN aad b [ ] || ] ER
. gallus r R EREEE B~ 8- o8- BENA: §- §- SEEE-§-AEEARS-
. caballus  [fr [l ENEEEVE 8- - 0= BENE: B 8- SNEE- N HNEENE-

>

Site # 28571 & with " wlo Gaps




Antp mRmnm:EﬂmacmT@xmmEm

Hoxb-1
hoxbl
Hoxa-2
hoxaz
Hoxb-2
hoxb2
Hoxb-3
hoxb3
Hoxd-3
hoxd3
Hoxa~-4
hosoed

Trmwels A .

Eoll lE|IFIFIFIFIFIFIFIFFFFIFIF=*F el el ol 1

rerio 00 |m—-=——====- VEIMARNLLEL IRNIWE

salar FIIYLIIIII"*J’IMILLILIIIIIIIIFIIIIMI‘fIIIIIi

musculus [ {RE- EHRENE-~--0-HE08- 1-§- SEEE- D-NNEEN

norvegicus e A% - SHEEN-E~H--§-SENE: - - BNEE- - NEE

domestica i {l¥- SRENNE~H--H-SENE-N-§-SENE-H-NEEE

soriiia W+ Al¢-CMNAN- B ~0- 8- BE08- §- - NN D DNEE

gqallus

|
i
1
croatoayees [ MNe- ENNRN-E~-- - BENA- N- 6- SNAN-HeNNEEN
cepiore i e GRRRR-Br~B-- 0 BENE- N 6 BUA- N ANRON
EHNNN- B -§-H- i E:AREl

F

caballus



bithorax- ja Antennapedia -kompleksit ovat vain yksi
Drosophilan homeoboksin sisaltava geeniryhma.

Sama aihe, homeoboksi, l0ydettiin sitten monista muistakin
kehitykseen liittyvista geeneista: fushi tarazu, even-skipped,
engrailed, bicoid, vain tuttuja mainitaksemme

Y hteensa homeobox -geenejé tunnetaan Drosophilasta yli
sata; 22 ennestaan tuntematonta I6ydettiin vasta koko genomin
sekvensoinnissa (Science 24 March 2000)
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The HOX and HOM Complexes

Directions of ANT-C and BX-C gene transcription
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Evolution of Homeobox Genes

96

99, Human-a-1

57 Mouse-a-1
99 99 Human-b-1
Mouse-b-1

96 — Human-d-1

Mouse-d-1
Mouse-a-2
100 Human-a-2

Mouse-b-2
L Human-b-2

. Mouse-a-3
99 Human-a-3

96

83

62

Human-a-5
56 gg| Human-b-5
Mouse-a-5
Mouse-b-5
10

63

89, Human-b-3
Mouse-b-3
Human-d-3

Mouse-d-3
74, Human-a-4

Mouse-a-4

Human-d-4

Mouse-d-4

91, Human-b-4

Mouse-b-4

Human-c-4

Mouse-c-4

0, Human-c-5
Mouse-c-5

97, Human-c-6
Mouse-c-6

94, Human-a-6
Mouse-a-6
66

Human-b-6
Mouse-b-6

89, Human-a-7

Mouse-a-7

73r Human-b-7

Mouse-b-7

67, Human-b-8
85f Mouse-b-8
g0 72, Human-c-8

96, Human-a-9

64

Mouse-a-9

84, Human-c-9

70 Mouse-¢-9
88, Human-d-9

98

99

Mouse-d-9
Human-b-8
Mouse-b-9

95, Human-a-10
Mouse-a-10
80— Human-d-10
Mouse-d-10

96 -
Human-c-10

Mouse-c-10

Mcuse-c-8

82— Human-d-8
— L Mouse-d-8

73 Human-a-11

60 Mouse-a-11
100 90, Human-d-11
Mouse-d-11

90

95l Human-c-11
Mouse-c-11

100; Human-c-12

97]

1 Mouse-c-12
98 ————— Human-d-12

Mouse-d-12

0.1

99; Human-a-13

90 Mouse-a-13

100 99, Human-c-13
Mouse-c-13

96 —— Human-d-13
Mouse-d-13

FIGURE 3. —Phylogenetic tree of 76 human and mousc Antp-class homeobox genes.

Ihmisen ja hiiren hox-
geenien sukulaisuus

Geenit on nimetty
kirjaimella a, b, c, d ja
numerolla 1, 2, 3 ...

Samanumeroiset ovat
laheistd sukua
toisilleen, kirjaimesta
riippumatta

Se osoittaa, etta
numerolla merkityt
sarjat kehittyivat
erilaisiksi ensin, ja
sitten tapahtui sarjojen
monistuminen
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FIGURE 3.—Phylogenetic tree of 76 human and mouse Antp-class homeobox genes.
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Homeoottisten selektorigeenien sarja on monisoluisten
elididen yhteista perintoa

Selkarankaisten syntyessa (suikulaisen kaltaisesta,
Amphioxus) koko sarja on tupla-tuplautunut, luultavasti
koko genomin tupla-tuplautuessa

diploidi > tetraploidi > oktoploidi

Naista polyploidisaatioista on runsaasti muitakin merkkeja
selkarankaisten genomissa



Tuplautumisten jalkeen jotkut sarjan geeneista ovat
voineet rapautua tunnistamattomiksi, koska niita el enka
tarvittu

Jaljelle jaaneet, aluksi ylimaaraiset geenit ovat
hankkineet uusia tehtavia, ja sen seurauksena
selkarankaisten kehityksessa on ’voitu nostaa’
erilaistumisastetta

Huomatkaa, etta duplikaatiot eivat ole darwinistisen
evoluution tuotetta, vaan sattuman, mutta darwinistinen
evoluutio on sitten voinut tarttua uuteen materiaaliin,
mikali sen muutokset ovat tuottaneet edullisia
uudismuodostumia
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Zebrafish (42) Pufferfish (31) Mouse (39)
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PHYLUM CHORDATA: LOWER CHORDATES
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Suikulainen (Branchiostoma) eli amphioxus tai lancelet

ing: “if it could be demonstrated that any complex organ existed which
could not possibly have been formed by numerous, successive, slight
modifications, my theory would absolutely break down.”

Nain kirjoitti Darwin. Meista kaksi perattaista genomin duplikaatiota
el 1han tayta "hienoisen modifikaation" maaritelmaa, mutta ne
kuitenkin tuottivat vasta materiaalia, josta lisatyt pienet modifikaatiot
Ja luonnonvalinta yhdessa saivat aikaan melkoisia muutoksia.



Vertebrate
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Figure 1 The cephalochordate amphioxus compared to a primitive vertebrate (similar to a modern-
day lamprey). The overall construction of the organisms is very similar, with a dorsal nerve cord,

a more ventral axial skeleton known as the notochord, and a ventral digestive tract. Both creatures
have gills in the pharyngeal region, structures that are designed to capture food or remove oxygen
from the water. The notochord extends right to the front of amphioxus, but the vertebrate has a
prominent head at the anterior end, extending beyond the notochord. Early in development, human
embryos have a notochord that subsequently becomes greatly reduced, giving rise to the discs
between the adult vertebrae.




Naturel5 Feb 2001
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Figure 21 Two regions of about 1 Mb on chromosomes 2 and 22. Red bars, interspersed
repeats; blue bars, exons of known genes. Note the deficit of repeats in the HoxD cluster,

which contains .a collection of genes with complex, interrelated regulation.

Ihmisen (nisakkaan) Hox-klusterien kohdalla ei genomiin ole

paassyt iskostumaan joutavia toistojaksoja, koska
homeoboksigeenien valitkin ovat saatelyn kannalta oleellisia.

Drosophilalla niitda Gypsy, 412 ja Doc [Holliday] insertioita
muutama oli, rauhallisissa labraoloissa. Luonnonvalintaa ne

elvat kestaisi.



Antennapedia-bithorax -kompleksi (HOM) kaavamaisesti
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8 homeoottista selektorigeenia Emmm
650 kb

I 0 saatelyalueen sekvenssiaihe, joka “lukee” paikkatietoa

(paikkatietoa on napaisuus-gap-segmentaatio- ja dorsoventral-geenien proteiinit,
niinkuin eve-esimerkissa: porkkana, sitruuna ja tomaatti)

m selektorigeenin koodaava alue, jossa 60 aa homeoboksi



Eri elioiden Hox-geenit ovat vielakin niin samanlaisia, etta ne
voidaan saada toimimaan vieraassa ymparistossa

Seuraavassa kuvassa nakyy, miten hiiren Hox2-2
Drosophilaan siirrettyna aiheuttaa jalan tuntosarven tilalle,
vaikka se geeni on liipaistu kayntiinkin lampdshokki-
promoottorin avulla



wt (wild type)

-karpanen

hsp70-Hox-2.2

eli heat shock
promoter ja hiiren
Hox-geeni
istutettuna
Drosophilaan

Malicki et al. (1990)
Cell 63: 961



Pax6 otettuna
squidista eli
mustekalasta
Istutettuna
Drosophilan jalkaan
alheuttaa
ektooppisen silman

Eyeless ja Pax6 ovat homologeja

Figure 7-77b Molecular Biclogy of the Cell 5/e (© Garland Science 2008)



Ilhmisen (nisdkkaan) hox-geenit

- sijaitsevat neljassa ryvaksessa

- valiin el ole voinut tunkea mitdan roskaa

- mutaatiota vahan (koska mutaatiot tappavat)

- slis myo0s valit ovat tarkeita: roska tappaa

- Virheet ovat dominolvia ja tappavat jo heterotsygoottina

- ovatpa harvinaisen tylyja geeneiksi!



HoxB2 HoxB4

dorsal view side view dorsal view side view

Figure 22-47 Molecular Biology of the Cell 5/e (© Garland Science 2008)

Hox-geenien ekspressio hiiren alkiossa el

W omen vol olla than samanlaista kuin karpasella,
mutta samoja saantoja siina on: antero-

posteriorijarjestys ja geenien jarjestys
kromosomissa ovat samat (kautta koko
eldinkunnan)

branchial
arches




IVOSSa

a

taka-

5

kehittyvass

10

len ekspressi

geen

Seeprakalan Hox



Development March 2004 Sensory system diversity 1265

Hox and Sensory Interneuron Domains ‘ l Hoxb1" ‘ ‘ Hoxa3"b3" [ L Hoxa2" ‘

r2

Hoxb1
Hoxa2
Hoxb2
Hoxal
Hoxb3
Hoxd3

Visceral
Somatic
Proprioceptive

090 ONEEERD

A B C D

Fig. 7. Summary. (A) Schematic view of a flat-mount hindbrain showing Hox gene expression on the left (bars) and first-order visceral
(noradrenergic), somatic and proprioceptive sensory relay interneurons (circles) on the right. The loss of HoxbI (B) and the combination of
Hoxa3 and Hoxb3 (C) result in a specific loss of visceral interneurons in r4 and r5, respectively. The loss of visceral sensory interneurons in
these Hox mutant embryos is associated with the expansion of the somatic sensory interneuron domain. In Hoxa2 loss-of-function (D), somatic
sensory interneurons are completely eliminated in r2 and significantly reduced in r3, presumably through the redundant role of Hoxb2 in this
rhombomere (see A). Although Hox genes are expressed throughout the early neuroepithelium, the present finding suggests a specific role for
Hox genes in the generation of cellular diversity in the developing hindbrain.

Hox-geenit maarittavat taka-aivossa syntyvien sensoristen vélittdjaneuronien kohtalon. Mité ne
tekee, kuuluu fysiologian alaan, mutta luulen, ettd ne muuttaa aistimuksen "tiedoksi”, joka on
koodattu aivojen topologiaan. Kts Purkinjen solu CELL 597
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Figure 2 Targeted deletions induce regulatory reallocations. Comparison between digit
phenotypes (top) and expression of 5° Hoxd genes (bottom) associated with either the
disruption or the deletion of the corresponding loci. Crosses indicate gene inactivation;
brackets indicate deletion breakpoints. a, Inactivation of Hoxd13 leads to an overall
reduction in the size of digits, partial fusion between digits Ill and IV, and a supernumerary
digit in most cases®, b, In contrast, deletion of the same locus has little effect (compare
with control in €). In this latter case, a strong gain of expression of Hoxd12 was scored,

Hd11] [a10]
Haii] [¢10]

resembling the Hoxd13 expression pattern (b, ¢). f, Deletion of both Hoxd73 and Hoxd12
loci induce a severe polydactyly, and fusions (arrows) indicate an even larger number of
pre-chondrogenic condensations. e, This phenotype is not observed in the carresponding
double inactivation allele. In this case, a robust gain of Hoxd7 7 expression is associated
with deletion of both Hoxd73 and Hoxd'12 loci (d, f), whereas it is absent from the
disruption of both laci (). In both gains of expression (b, f), the profiles are reminiscent of
wild-type Hoxd13 (), including in presumptive digit | (white arrowheads).

Nature 14 Nov 2002



4 del(13)

e

Hoxd12 Hoxd11 Hoxd10

Figure 3 The evolutionarily conserved region RXII cooperates with the Hoxd13 locus for

positioning the enhancer in the 5' end of the cluster. a, Expression of three neighbouring

Hoxd genes in the limbs of 13.5-day-old embryos carrying a deletion of the Hoxd13

locus. Although there is a gain of Hoxd712 expression in the entire distal domain, both

Hoxd17 and Hoxd70 transcription remains virtually unchanged. b, In contrast, further

deletion of region Xll, in the absence of the Hoxd13locus, induces a gain of expression for Nature 14 Nov 2002
all three genes, including in presumptive d|git I {hlack arrows), thus abrogating

quantitative collinearity.



100 kb HoxD cluster

Figure 21 Two regions of about 1 Mb on chromosomes 2 and 22. Red bars, interspersed
repeats; blue bars, exons of known genes. Note the deficit of repeats in the HoxD cluster,
which contains .a collection of genes with complex, interrelated regulation.

Naturel5 Feb 2001



Ilhmisen hox-geenien sijainnit

hoxa -kompleksi /p15-pl4.2
hoxb 17921-922
hoxc 12913

hoxd 2031-932
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G GenE!IanP: See 142950, In vertebrates, the genes encoding the class of transcription factors called homeobox genes are found in clusters named A, B, C, and
ol D on 4 separate chromosomes. Expression of these proteins is spatially and temporally regulated during embryonic development. Hong et al.

U UniGene (1995) determined the structure of the first gene in the homeobox A cluster, HOXA1, by cloning its full-length cDNA, which predicts a protein of

335 amino acids. In vitro translation produced the expected 36-kD protein. An alternatively spliced cDINA was also obtained. In PA-1

LinkOut
- IUE. teratocarcinoma cells, HOXA1 was induced by retinoic acid earlier than other HOXA cluster genes. G

MAPPING

Apiou et al. (1996) used fluorescence in situ hybridization to localize the HOXA gene cluster precisely to Tpl5.3.

MOLECULAR GENETICS
Autism Spectrum Disorder Susceptibility

Ingram et al. (2000) identified a common polymorphism in the HOXA1 gene: an A-to-G substitution at codon 218, changing the codon for one
histidine in a series of histidine repeats to an arginine at position 73. The frequency of the G allele was 20 to 60% among the Coriell Human
Diversity Panel, but was not identified in any individuals of Asian origin including Indians, Japanese, and Chinese. The frequency of the G allele was
0.202 in 57 probands with autism spectrum disorders and 0.203 in their 32 affected relatives. The frequency of the G allele in 134 unaffected
relatives of subjects with an Asperger spectrum disorder was (0.164. The frequency of the G allele in the convenience population for this study was
0.109. In the autism spectrum disorder families, there was a significant deviation from the HOXA genotype ratios expected from Hardy-
Weinberg proportions. Among affected offspring, a significant deviation from mendelian expectation in gene transmission was observed. Ingram et
al. (2000) suggested that there was evidence of an interaction between HOXA1, HOXBI1, and gender in susceptibility to autism spectrum
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Links HOMEOBOX Al; HOXAl

Autism Spectrum Disorder Susceptibility

Ingram et al. (2000) identified a common polymorphism in the HOXAL gene: an A-to-G substitution at
codon 218, changing the codon for one histidine in a series of histidine repeats to an arginine at position
73. The frequency of the G allele was 20 to 60% among the Coriell Human Diversity Panel, but was not
identified in any individuals of Asian origin including Indians, Japanese, and Chinese. The frequency of
the G allele was 0.202 in 57 probands with autism spectrum disorders and 0.203 in their 32 affected
relatives. The frequency of the G allele in 134 unaffected relatives of subjects with an Asperger
spectrum disorder was 0.164. The frequency of the G allele in the convenience population for this study
was 0.109. In the autism spectrum disorder families, there was a significant deviation from the HOXA1
genotype ratios expected from Hardy-Weinberg proportions. Among affected offspring, a significant
deviation from mendelian expectation in gene transmission was observed. Ingram et al. (2000)
suggested that there was evidence of an interaction between HOXA1, HOXB1, and gender in
susceptibility to autism spectrum disorders.


http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?cmd=entry&id=142955
http://www.genetests.org/query?mim=142955

Links HOMEOBOX Al; HOXAl

Bosley-Salih-Alorainy/Athabaskan Brainstem Dysgenesis Syndromes

Tischfield et al. (2005) carried out SNP-based linkage analysis in a Saudi Arabian family with Bosley-
Salih-Alorainy syndrome (BSAS; ) and identified a single, fully informative 8.5-Mb region on
7p15.3-p14.3 in which only the affected children were homozygous. Further analysis narrowed the
linkage to a region of homozygosity of approximately 300 kb on 7p15.2. Because of similarities between
the BSAS phenotype and the pathology of the Hoxal -/- mouse, and because the HOXA cluster falls in
the haploidentical region, Tischfield et al. (2005) analyzed the HOXAL gene in Saudi Arabian individuals
with BSAS and found a homozygous guanine insertion, 175-176insG, predicted to result in a reading
frameshift and the introduction of a premature stop codon ( ). A Turkish individual with
BSAS had a homozygous 84C-G transversion resulting in the substitution of a stop codon for a tyrosine
residue (Y28X; ). Noting the phenotypic overlap of BSAS, the Hoxal knockout mouse, and
Athabaskan brainstem dysgenesis syndrome, Tischfield et al. (2005) analyzed genomic DNA from 5 of
the reported individuals with ABDS and 4 of their phenotypically normal parents. All 5 affected
individuals were homozygous across the HOXAL locus and carried a homozygous 76C-T HOXAL
mutation resulting in substitution of a stop codon for arginine (R26X; ). Tischfield et al.
(2005) pointed out that to their knowledge this was the first report of viable homozygous truncating
mutations in any human HOX gene and of a mendelia%;disorder resulting from mutations in a human
HOX gene critical for development of the central nervous system.
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12g13 HOXCI12 HOX3F Homeo box-C12 142975 RE
fosed with
12q13 HOXCI13, HOX3G Homeo box-C13 142976 NUP98in RE
AML
on 8§ near
12g13 HPV18I2 Human papillomavirus type 18 integration site-2 167960 MYCin |REa A
Hela
12ql3 HRG1 Heme-responsive gene 1 612187 REc
IK7F4, ZNFN1A4, .
% : : 2
12ql3 EOS, KIAA1782 Ikaros family zinc finger 4 606239 E,.REc
12q13 ITGA7 Integrin, alpha-7 600536 | Myopathy, congenital (3) A
Potassium voliage-gated channel, subfamily H (eag-
% 452
12g13 KCNH3, BEC1 related). member 3 604527 REc
T"TCEA WL LI A DT hs




The OMIM Gene map presents the cytogenetic map location of disease genes and other expressed genes described in OMIM_ See the OMIM Morbid Map for a list of disease

OMIM

Hopkins
University

Taxonomy

genes organized by disease. For more refined maps of genes and DNA segments click on the Location to imvoke NCEI Entrez Map Viewer.

Search for: HOXD

[ Find ” Find Next l(fmm the current location)

+ Enter gene symbol, chromosomal location, or disorder keyword to search for, e.g. "CYP1", "5", "lpter”, "Xq", or "alzheimer".

+ You must capitalize X and Y to search for those chromosomes.

2q31-q32, HOXD3 to 2q31.1-g31.3, PIVK

Location

2q31-g32

2q31-g32

2g31-q32

Symbol

HOXD3, HOX4A

HOXD4. HOX4B

HOXDS, HOX4C

HOXDI10,
HOX4D

HOXDE. HOX4E

HOXDI11. HOXA4FE

HOXDI1, HOX4G

HOXDI12,
HOX4H

HOXDI13, HOXAL
SPD. EDSD

Homeo box-D3

Homeo box-D4

Homeo box-D9

Homeo box-D10

Homeo box-D8&

Homeo box-D11

Homeo box-D1

Homeo box-D12

Homeo box-D13

MIM #

142980

<<Move Up Move Down=>
Disorder Comments Method Mouse
RE _gﬂom.l )
. . peak at
{Lmﬂcemﬁf__ acute lymphoblastic, 29323by |ALRE |2
susceptibility to} (3) A (Hox4.2)
RE 2
(Hox4 3)
Vertical talus, congenital, 192950 (3);
Charcot-Marie-Toothdisease, foot REa RE|Z .
RE 2
(Hox4.5)
RE 2
(Hox4 6)
RE 2
(Hox4.7)
upstream 0
from REc =
HOX4A-G (Hoxd £)
Synpolydactyly, type II, 186000 (3);
Brachydactyly, type E, 113300(3);
Brachydactyly, type D, 113200 (3); upstream 5
Synpolydactyly with foot anomalies, from REc, Fd -

186000 (3): Syndactyly. type V. 186300 HOX4A-G

(Hox4.9)

W

2
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#186000 GeneTests, Links
SYNPOLYDACTYLY 1; SPD1

Alternative titles; symbols

SYNDACTYLY, TYPEI
SYNPOLYDACTYLY WITH FOOT ANOMALIES, INCLUDED

Gene map locus 2g31-q32
TEXT

A number sign (#) is used with this entry becanse of evidence that synpolvdactvly-1 (SPD1) is cansed by mutation in the HOXID13 gene (142989
Synpolydactyly with characteristic foot anomalies is likewise cansed by mutation in the HOXID13 gene.

See also SPD2 (608180, cansed by mutation in the fibulin-1 gene (FBLIN1; 135820) on chromosome 22q13, and SPD3 (610234), which has been
mapped to chromosome 14gl11.2-ql2.

CLINICAL FEATURES

In the hands there is usually syndactyly of the third and fourth fingers associated with polydactyly of all components or of part of the fourth finger in the
web. In the feet there is polydactyly of the fifth toe included in a web of syndactyly of the fourth and fifth toes. The most extensive pedigree is that
described by Thomsen (1927 showing 31 affected males and 11 affected females in 7 generations. Other kindreds were reported by Alvord (1947) and
Pipkin and Pipkin (1946) among others. Cross et al. (1968) observed a kindred with 27 affected persons. Two persons transmitted the gene without
showing any effects themsebres. All persons with clinically evident malformation in the hand showed anomalous palmar dermatoglyphics. No linkage with
any of 12 loci was demonsirable. An excess of affected males has been a consistent feature. Cross et al. (1968) found, in the literature and in their
kindred, 133 females and 174 males affected. The 'original' case of Fabry disease (301500) reported by Anderson (1898 had this anomaly: "The fingers
of both hands are contracted at the middle and distal phalanges of the fourth finger on each hand are duplicated, the two digits being enclosed in one
cutaneous investment. .. his mother and sister, and three out of four of his children, had congenital deformities like his own.' Merlob and Grunebaum (1986)
found the anomaly in 16 persons in 6 generations of a family. G
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The OMIM Gene map presents the cytogenetic map location of disease genes and other expressed genes described in OMIL. See the OMMIM MMorbid I ap for a list of disease genes

organized by disease. For more refined maps of genes and DA segments click on the Location to invoke NCEI Entrez Ilap Viewer,

Search for: | hoxa [ Find ] [ Find Mext ] (from the current location)

+ Enter gene symbol, chromosomal location, or disorder keyword to search for, e.g "CYPL", "5", "1pter", "Eg", or "alzheimer".
+ Toumust capitalize 3 and ¥ to search for those chromosomes.
7p15-pl4.2, HOXAL to Tpld.2, RP9 <<Move Up Move Down>>
Location Symibol Title DI # Disorder Comments | Method Rouse

homolog of

Tpliplal HOXEAL HOXIF Homeo box-Al 142855 Diosophila  |EE aHoxl
lah
homolog of

Tpliplald HOXAZ HOXIE Homeo box-AS3 142854 Diogophila  |REE ArHoxl.
zenl, zend
homolog of A RE

Tpliplad HOXA4 HOXID Homeo hox-44 142953 Diosophila H, R_Ea, AHoxl .
Difd ’

A REa
Tplipldd (HOXAS HOZIC Homeo box-AS 142053 H FE GrHoxl .
A REa

Tplipldd HOEAG HOZIB Homeo box-A6 142051 H BE frH ol
homolog of 4 RE

Tplipldd HOXAT HOX1A Homeo box-AT 142850 Drosophila H, R_Ea, BrHoxl .17
Antp ’
homolog of
Diosophila
&hd-B;

Tplipldld HOEAD HOHIG Homeo box-4A9 142056 fused to EE.Ch |6Hoxl Ty |+

:Ej hitkp: w3, ncki. nlm. nib, govfentreziquery . Fogivdb=CmMIM 8 Internet
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The OMIM Gene map presents the cytogenetic map location of disease genes and other expressed genes described in ODMIM. See the OMIM Morbid Map for a list of disease genes organized by disease. For more refined maps of genes

atd D& segments click on the Lecation to invoke NOBI Entres MW ap Viewer,

Search for: |hoxa Find Mext | (from the current location)

+ Entet gene symbol, chromosomal location, of disorder keyword to search for, e.g. "CYFPL", "5, "1pter”, "Eg", or "alzheimer”.
o Toumust capitalize 2 and ¥ to search for those chromosomes.

Tpl5-pld.2, HOXA]L to Tpld.2, RP9 zzllove Up Move Down>>
Location Symhbol Title M & Disorder Comments Method  Mouse
homolog of
Ipls-pld2 HOXAL, HOELF Homeo box-&1 142055 Drosophila  |RE BH ozl
lah
homolog of
Tpli-pldd HOXAS HOFILE Homeo hox-A3 142954 Diosophila  |RE BHoxl.
zenl, Zend
homolog of A& BE
Tplipldd HOZA4 HOELD Homeo box-A4 142053 Dirosophils H, R.Ea, AHoxl .
Dfd )
A FEa,
Tplipldd HOZAS HOELIC Homeo box-&5 142052 H EE aHoxl.
7 A FEa,
plipldd HOX A6, HOXLE Homeo box-A6 142051 H RE GHoxl .
homolog of A& BE
Tplipldd HOZAY HOZ1A Homeo box-AT 142950 Drosophila H, R’_E,a, tHoxl 1
Antp ’
homolog of
Drosophila
&bd-B,
Tplipld 3 HOXA9 HOZLG Homeo box-AP 142056 fused to RE,Ch |é(Hoxl.
NUPYE ity
tryeloid
lewketnia
A FEa,
Tplspldd HOZA10, HOXIH Homeo box-&10 142057 H EE
Radiouwlnar synostosis with ame gakarsyocytic A, REa,
Tplipldl HOXALL, HOXII Homeo box-&11 142058 thrombocytopenia, 6054320 H RE
] ]
Tplipld2 HOXALLS Homeo box All, antisense 07530 REc il
Hand-foot-uterus syndrome, 140000 (3); Guttmacher tHoxal 3
Tpli-pld2 HOEA13, HOXLT Homeo box-&13 142059 syndrome, 176303(9 RE, Fd He)
Tpli-pld ARZ Asthma susceptibility 2 G058 | { Asthma susceptibility}, 600807 (2) Fd
. . at 5 end of
Tpli-pld EVil Even-skipped homeo box-1 (homolog of Drosophila) 142994 HOXI cluster =

@ B nternet
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Maps & Options as.2; LOC246724 dl Tpl5  DHA directed RNA polymerase [l polypeptide I-related gene
25 3t BI15E5
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275 [Em—— | TRGIZ sv dlevean  Fpls T cellreceptor gamma joining 2
274 6H
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27.5H] JRZFL BIE24G i i
P LOC2E5943 dl Tpli2  hypothetical protein LOCZE5943
b I T LOC285044 dl Tpl52  hypothetical protein LOCZE5944
EERTY
25, 0H3 LOC41 3T LOC340281 dl Tpli2  hypothetical protein DOC340281
28,3
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2545 HOZAE  OMIM sv pr dl ev mm hun Tpls-pld homeo box A6
23.6H;
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Region Displaved: 24M-298Mbp DownloadMWiew SequenceBEvridence
Total Genes On Chromosome: 1383 [E not localized
Genes Labeled: 48 Total Genes in Region: 48
Track 2: OMIL Mothid Table View

| £

Reminn MHanlawed TnlS53-Tnl 5.1

@ hkkpe e, nchi. nlm. it gov mapeyiews # Internet



Tdeogran

Fp22
T2l
FElS

Trld
)

el

Tall.2
7321
T322
7331

g

T30

O default

W master

25+6
257
258
25+

26
2B+l
2642
2B+ 5
26+ 4
2B+ 5
2B+ B
264+ 7
2B+
26+9

27
27+l
272
P
27+ 4
2745
27+
277
278
27+49

25
25+1
28«2
el
25+ 4

HFEZ2L
HHRPA2E1
CExS

2 B
Loc4n]si4
LOC255941
ZCAPZ
LOocsaz200e
LOcSi4641 6
LOC221575
Locsa20n7
HO=AL
HO=A2
HO=AS

HO= A4
HO=AS
HO=AE
HO®AT
HO=AS
aHORALD
HO=AL1
HO=ALL =
HO=ALS
Loc4n1 1S
ELl=1
LOcEa200s5
Loc4nl3i6
Locsaznn9
Locsa201n
HIEBADOH

TAX1EP1

JARZFL

LOoc4p2z252

Loc4nl317

CREES

153560

i I e L
71429549

B0 6246



NCBI Sequence Viewer - Microsoft Internet Explorer

File Edit “iew Favorites Tools Help

@Back M > | \j ﬂ f (O Search ‘i\ o Favorites wMecha e‘t <~ .:5 N - _I @

Address |$§| http: f s, nchi, nlm, ik gov/entrez)viewer Fogitview=graphsal=MNT_007319, 14&_gene=EV¥1

Links **

V|Go

> e @

L

P 1bMed Nickctae Pk : stieam
semh| Mucleatide V| fgr“ |
Litnit= Previewinde: Histary
[ Display ] | Graphics vl Show:| 1 vl [ Sendto ] |Fi|e v| [ Get Subsequence ]
[1: HT_007819. Homo sapiens chro.. [gi37532470]
Wiew on mitus strarnd Brotein coding genes Hide Toolbar
CLS with zene and mBN A
. zene, tRM A, promoter..
= £ Find ’ i
s “ ] Other features
] Hide sequence
N 1 20H e 47493548 +
iy K - 7 -
%;1&5_}32_38939*&;0 P}_i{? A QZQ‘%P)<Q _(%?QE;});{Q: ¢—_;}<_‘: i 3 ‘@;—: —
_—a)—‘ 1t A= -, L 1e ( . ) - 1
s k %§ E

¥ 26+F4H EBfFSH 26+F5H 26+F?H rgp.;sn 2&.F9H 26460 25«P1H 26+P§H

LOC39Za6s

EV

SLOC4EIBIS 0 e RHL18SES '+ i
N R . < O
[ 'SHGC_IB?4BS ”'GDB:ISISSZS' LR R N T I O I R R | o
Legend:
- zegment boundaries = COE e — BHA s — gere
e = pegionSHP ——other feature
—— - sequence fragment shoun
Sequence: ‘ ’
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MRHA-ewe, ever—

26576231 CCCCCGCATG GAGAGCCCAR AGGACATGET TETCTTTCTE GATGRGGCTC AGCTTGGCAC

EMK1
nRMA-ewe, even—

M E S REE DMHW ¥ FL DGOGG@ L GT

26376311 TCTGGTTGGC AAGAGAGTCT CAAATTTGTC CCAAGCCGTG GRCAGCCCGC TGCCGLAGCC -
5 nREMA-gve, even—

L v G K F W S H L S E A Y G 5 PFP L P E F

Cliphoard Details

Links



2} MIM Gene map - Microsoft Internet Explorer

File Edit \Miew Favorites Tools  Help ﬂ'
. L — !
- 3 ] = i i £ S . - 4
G Back. ?, IiLI IELI | 2 Search 7. Favorites @ Media 6’-* = @
Address féj bkt a3, nobi. nlm. niby, gos Bkbin-post Qi getmap Fchromosome=hoxb b a 50 Links *
AR RSN (Oyline Mendelian Inheritance in Man BRES=e University A
P ioMed NicEoteE ProE N Ge ome smicte Pepsat Tamermy OMIM
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otgarized by disease. For more refined maps of genes and DN A segments click on the Location to itvvoke NCEI Entrez Dlap Viewer.
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+ Enter gene symbol, chromosomal location, or disorder keyword to search for, e.g "CYPL", "3", "1pter”, "Eqg", or "alzheimer".
+ Youmust capitalize 2 and ¥ to search for those chromosomes.

17q21-q22, HOXBI to 17q21-922, SHCL1 ==Move Up Move Down=>
Location Symihol Title MTM # Disorder Comments Meihod | RMouse
u
172 -2 HOEE1, HOXAI Homeo box-Bl1 1420638 EE Hox s
1
172l - 22 HOXEZ, HOXEZH Homeno box-B2 143967 EE Hox2 3
u
172l -gdd HOEE:, HOXZG Homeo box-B3 142966 EE sy
u
172 -2 HOER4, HOXZF Homeo box-B4 142065 EE Hoil6
RE= & |11
172l -gdd HOEES, HOXEZA Homeo box-BS 142960 II;IJ,EFd\, Hox2 7
1
172l -gdd HOEEA, HOXEB Homeo box-Bé 142961 EE e
172 -dd HOEET, HOXEC Homeo box-B7 142063 EE u.:,xg
172l - 22 HOXEBE, HOEZD Homeno box-Ba 142963 EE u,:,ﬂ
172l -gdd HOEES, HOXZE Homeo box-B9 142364 EE uuﬂ

Epidermolytic hyperkeratosis, 113800 (30,

Mesmia anidermal enidermnlortin i rhnater
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Search for: |hoxe [ Find ] [ Find Mext ] (from the current location)
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12q13 HOXC4 to 12q13, METTL1 oM ove Up Mowve Down==
Location Symihol Tiile RIIDI Disorder Comments [ethod RMouse
13913 HOXC4, HOXSE Homeo box-C4 142074 RE
15
1313 HOICS, HOXESED Homeo boxC3 143073 RE Hot.2
15
1213 HOXICs, HOXSEC Homeo box-Cé 142072 EE Hox. 1
1213 HOXICE, HOXSEA Homeno box-C8 142070 EE uuﬂ i
1313 HOXC0, HOXSE Homeo box-CO 1420771 RE unﬂ
1213 HOXC12, HOESF Homeo box-Cl12 14207 5 EE
fused with
1313 HOXCL3, HOXSEG Homeo box-C13 142074 NUP?Ein RE
AML
oL 8 fieat
12913 HFV1EIZ Human papillomavitas type 18 integration site-2 167960 MVC in FEa A
Hela
12g13 ITGAT Integrin, alpha 7 600536 | Myopathy, congerital (3 &

Epidermolytic hyperkeratosis, 113200 (3,
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Homeo box-D13
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HOMEO BOX Al1l; HOXA1l
Alternative titles; symbols
HOMEO BOX 1I; HOX1lI

Thompson and Nguyen (2000) observed 2 families with autosomal dominant inheritance of
radioulnar synostosis in association with amegakaryocytic thrombocytopenia
( ).

Because HOXA10 and HOXAL11 are involved in forearm morphogenesis, and HOXA10 is
expressed in megakaryocytic bone marrow precursor cells, Thompson and Nguyen (2000)
studied these genes in this family. They found that the fathers and affected children were
heterozygous for a single nucleotide deletion in a highly conserved region in exon 2 encoding
the homeodomain of HOXA11 ( ). The authors stated that this was the first reported
germline HOX gene mutation associated with a human nonneoplastic hematologic disorder, and
only the third HOX gene implicated in a human syndrome, the others being HOXD13 in
synpolydactyly ( ) and HOXAL13 in hand-foot-genital syndrome ( ).


http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?cmd=entry&id=142958
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=omim&cmd=Display&dopt=omim_omim&from_uid=142958
http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=605432
http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=142958&a=142958_AllelicVariant0001
http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=142989
http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=142959

HOMEO BOX A13; HOXA13
Alternative titles; symbols
HOMEO BOX 1J; HOX1J

HAND-FOOT-GENITAL SYNDROME [HOXA13,
TRP369TER]

Mortlock and Innis (1997) found that patients with the hand-foot-genital syndrome ( )
in the family reported by Stern et al. (1970) had an A-to-G transition in a highly conserved
tryptophan codon in the HOXA13 homeodomain, which, in addition to causing a trp369-to-
ter substitution (TGG to TGA), also destroyed a NlalV restriction site. The nonsense
mutation was predicted to produce a truncated protein missing 20 C-terminal amino acids
based on homology to other homeodomains whose 3-dimensional structures had been
determined. This portion of the normal homeodomain folds into the last of the 3 alpha-helices.
This helix is critical for DNA binding.

The authors noted that the tryptophan that was mutated in this family is the only amino acid
which is invariant in all known homeodomain proteins.


http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?cmd=entry&id=142959
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=omim&cmd=Display&dopt=omim_nucleotide&from_uid=142959
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=omim&cmd=Display&dopt=omim_omim&from_uid=142959
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=omim&cmd=Display&dopt=omim_protein&from_uid=142959
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=omim&cmd=Display&dopt=omim_pubmed&from_uid=142959
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=omim&list_uids=142959&dopt=ExternalLink
http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=140000

HOMEO BOX D13; HOXD13
Alternative titles; symbols
HOMEO BOX 4l; HOX4I

See HOXD12 ( ). Muragaki et al. (1996) sequenced the HOXD13 gene and determined that
the 5-prime region of the HOXD13 protein contains 2 serine stretches and 1 alanine stretch.
Amplification of the gene region encoding the alanine stretch showed an additional larger band in
the affected individuals in 3 pedigrees with synpolydactyly ( ). Muragaki et al. (1996)
noted that the mutation found in these pedigrees did not disrupt an evolutionarily conserved domain.

Akarsu et al. (1996) analyzed the genomic structure of the HOXD13 gene. They determined that it
consists of 2 exons and that it encodes a polypeptide of 335 amino acids which has high homology
to the chicken Hoxd13 gene. Akarsu et al. (1996) reported that the more 3-prime exon encodes the
highly conserved homeodomain sequences and that the upstream 757-bp exon and the downstream
248-bp exon are separated by an intron of 950 bp, within which lies a stretch of polymorphic CA
repeat sequences. They noted that the 5-prime end of the gene contains 15 alanine residues.
Akarsu et al. (1996) reported that in 2 unrelated Turkish families with synpolydactyly ( ),
duplication of 9 residues of this polyalanine tract ( ) was transmitted from affected
parents to their affected offspring but not to their unaffected offspring. This duplication was also
found in 2 affected individuals who were recombinant for the HOXD13 CA repeat polymorphism.


http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?cmd=entry&id=142989
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=omim&cmd=Display&dopt=omim_nucleotide&from_uid=142989
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=omim&cmd=Display&dopt=omim_omim&from_uid=142989
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=omim&cmd=Display&dopt=omim_protein&from_uid=142989
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=omim&cmd=Display&dopt=omim_pubmed&from_uid=142989
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=omim&list_uids=142989&dopt=ExternalLink
http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=142988
http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=186000
http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=186000
http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=142989&a=142989_AllelicVariant0001

On muitakin Drosophilan kehitysgeeneja, jotka
toimivat ihmisessakin. Joskus niista tunnetaan
mutaatioita (= vaivoja), joskus ei

Vaivattomuus viittaa niin keskeiseen toimintaan,
ettd alkio kuolee anivarhain
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Mental retardation and epilepsy often occur together. They
are both heterogeneous conditions with acquired and
genetic causes. Where causes are primarily genetic, major
advances have been made in unraveling their molecular
basis. The human X chromosome alone is estimated to harbor
more than 100 genes that, when mutated, cause mental
retardation’. At least eight autosomal genes involved in idio-
pathic epilepsy have been identified?, and many more have
been implicated in conditions where epilepsy is a feature. We
have identified mutations in an X chromosome-linked,
Aristaless-related, homeobox gene (ARX), in nine families
with mental retardation (syndromic and nonspecific), various
forms of epilepsy, including infantile spasms and myoclonic
seizures, and dystonia. Two recurrent mutations, present in
seven families, result in expansion of polyalanine tracts of
the ARX protein. These probably cause protein aggregation,
similar to other polyalanine® and polyglutamine?® disorders.
In addition, we have identified a missense mutation within
the ARX homeodomain and a truncation mutation. Thus, it
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would seem that mutation of ARX is a major contributor to X-
linked mental retardation and epilepsy.

West syndrome consists of infantile spasms, an electroencephalo-
gram pattern of hypsarrhythmia and subsequent mental retarda-
tion. The etiology is heterogeneous and, for the most part,
unknown™®, An X-linked subgroup’ of West syndrome was
recently identified (ISSX, MIM 308350). The ‘causative’ gene
was mapped® to a region of approximately 7 Mb between
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EVEN-SKIPPED HOMEO BOX 1; EVX1
HOMEO BOX EVX-1

Faiella et al. (1991) isolated and mapped the human equivalent of the Drosophila EVX1
gene. The gene encodes a protein of 407 amino acids containing a homeodomain closely

related to the Drosophila even-skipped (eve) segmentation gene of the pair-rule

class. EVX1 belongs to a small family of vertebrate eve-related homeo box genes
including human EVX1 and EVX2 ( ), their murine homologs Evx-1 and Evx-2,
and the frog Xhox-3 gene. The human EV X2 gene is located at the 5-prime end of the
HOX4 locus on chromosome 2 (see HOXD13; ). Faiella et al. (1991) showed
that the EVX1 gene is located at the 5-prime end of the HOX1 locus (see HOXAI,;

) on chromosome 7, 48 kb upstream from the most 5-prime of the 11 HOX1
genes, namely HOX1J (HOXAL3; ). Both EVX genes are transcribed in an
opposite orientation as compared to adjacent HOX genes.


http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?cmd=entry&id=142996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=omim&cmd=Display&dopt=omim_omim&from_uid=142996
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=omim&list_uids=142996&dopt=ExternalLink
http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=142991
http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=142989
http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=142955
http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=142959

EVEN-SKIPPED HOMEO BOX 2; EVX2
HOMEO BOX EVX-2

Genetic analysis of early embryogenesis in Drosophila provided insight into the molecular events
controlling body plan formation; in particular, the process of segmentation and the specification of
segment identification was shown to be controlled by a limited number of genes. These genes
exist in several homeo box families that encode homeo domains with different primary sequences.
For example, Drosophila homeo domains belong to at least 7 classes, including Antennapedia (see

), engrailed (see : ), and even-skipped (eve). Murine homologs of most
Drosophila homeo domain classes have been described. In particular, Bastian and Gruss (1990)
reported 2 murine genes containing an eve-type homeo box, evx-1 ( ) and evx-2. The evx-1
expression pattern during mouse embryogenesis was considered consistent with a role in
establishing the anterioposterior embryonic axis. D'Esposito et al. (1991) demonstrated an Evx-2-
type of homeo box on human chromosome 2, 13 kb upstream from HOX4I ( ). That the
EVX2 sequences belong to an active gene was indicated by the fact that they are transcribed and
properly processed in cells and tissues. The human EVX2 homeo box is homologous to the
Drosophila eve homeo box identified by Macdonald et al. (1986). In all, 9 homeo boxes are
included in a 100-kb region of DNA on the long arm of human chromosome 2. Bastian et al.
(1992) demonstrated that the murine 'even-skipped-like' gene Evx-2 is closely linked to the Hox-4
complex in that species also, but is transcribed in the opposite direction.


http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?cmd=entry&id=142991
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=omim&cmd=Display&dopt=omim_omim&from_uid=142991
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=omim&list_uids=142991&dopt=ExternalLink
http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=142950
http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=131290
http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=131310
http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=142996
http://www.ncbi.nlm.nih.gov/entrez/dispomim.cgi?id=142989

Evolution of Homeobox Genes
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Homeoboksit

ja 

homeodomain

Tarkastelemalla yhden säätelygeeniperheen fylogeniaa saamme yhden valaisevan näkökulman siihen, miten evoluutio on monimutkaistanut eliöitä sattumanvaraisten mutaatioiden ja niitä "jalostavan" luonnonvalinnan kautta 



Darwin













Homeoboksin sisältävät geenit ovat sinkkisormien jälkeen yleisimmät transkription säätelijät kaikilla eläimillä













Homeoboksit







toiseksi yleisin luokka meillä ihmisillä;



niistä lisää kehitysgenetiikan puolella













Ed Lewisin juhlanäyte: kaksoismutantti bithorax-postbithorax













Antennapedia













abdominal-B  on homeoottinen geeni,  mutantilla jalka genitaalien paikalla













Kaikista näistä geeneistä jotka viallisena aiheuttivat oikeita elimiä väärissä paikoissa löytyi homeoboksi













Satajalkaisen (Centipede) Hox
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Hämähäkit

Äyriäiset

Myriapodit

Hyönteiset

samassa vihkossa













Homeodomain (aminohappojakso)

Homeoboksi (tunnistettava nukleotidisekvenssi)



ovat homeoottisten selektoriproteiinin (-geenin) osia



Homeoottiset selektorigeenit säätelevät eläinten kehitystä määräämällä, mitä kustakin alkion alueesta ja jokaisesta solusta tulee ’isona’















CELL 425













homeodomain sitoutuu spesifiseen sekvenssiin

CELL 421













2 homeodomainia heterodimeerinä

CELL 425













Homeodomain-proteiinit ovat helix-turn-helix proteiineja,  jotka sitoutuvat spesifiseen DNA:n kohtaan, usein



	5'TAATAATAATAA

	3'ATTATTATTATT

Homeodomain on 60 aa, joten homeoboksi on 180 bp

(joskus 61/183)













Homeodomain on se homeoboksin koodaama motiivi eli aihelma,

joka sitten proteiinina tunnistaa ja sitoutuu DNA:n target-sekvenssiin













Seeprakala (Danio rerio) on selkärankaismallina hyvin tykätty. Tässä on ylinnä Drosophilan Antp homeobox ja sitten vuorotellen hiiren ja kalan. Tämä systeemi säätelee etupää-takapää -erilaistumista





































bithorax- ja Antennapedia -kompleksit ovat vain yksi Drosophilan homeoboksin sisältävä geeniryhmä. 



Sama aihe, homeoboksi, löydettiin sitten monista muistakin kehitykseen liittyvistä geeneistä: fushi tarazu, even-skipped, engrailed, bicoid, vain tuttuja mainitaksemme



Yhteensä homeobox -geenejä tunnetaan Drosophilasta yli sata; 22 ennestään tuntematonta löydettiin vasta koko genomin sekvensoinnissa (Science 24 March 2000)















Kun tämä homeoboksi oli tunnistettu, sitä etsittiin muista eliöistä, ja kas kummaa, löytyi. Mutta ei siinä kaikki.



Niistä löytyi koko Antennapedia-bithorax -kompleksi, vieläpä useampana kopiona!





































Ihmisen ja hiiren hox-geenien sukulaisuus



Geenit on nimetty kirjaimella a, b, c, d ja numerolla 1, 2, 3 …



Samanumeroiset ovat läheistä sukua toisilleen, kirjaimesta riippumatta



Se osoittaa, että numerolla merkityt sarjat kehittyivät erilaisiksi ensin, ja sitten tapahtui sarjojen monistuminen















6 ja 7 myöhään erilaistuneet

1

2

3

4

5

6+7

8













9

10
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13

6+7
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Drosophilan labial ja nisäkkään ykkönen



proboscipedia ja nisäkkään kakkonen







































Homeoottisten selektorigeenien sarja on monisoluisten eliöiden yhteistä perintöä



Selkärankaisten syntyessä (suikulaisen kaltaisesta, Amphioxus) koko sarja on tupla-tuplautunut, luultavasti koko genomin tupla-tuplautuessa 



diploidi > tetraploidi > oktoploidi



Näistä polyploidisaatioista on runsaasti muitakin merkkejä selkärankaisten genomissa













Tuplautumisten jälkeen jotkut sarjan geeneistä ovat voineet rapautua tunnistamattomiksi, koska niitä ei ehkä tarvittu



Jäljelle jääneet, aluksi ylimääräiset  geenit ovat hankkineet uusia tehtäviä, ja sen seurauksena selkärankaisten kehityksessä on ’voitu nostaa’ erilaistumisastetta



Huomatkaa, että duplikaatiot eivät ole darwinistisen evoluution tuotetta, vaan sattuman, mutta darwinistinen evoluutio on sitten voinut tarttua uuteen materiaaliin, mikäli sen muutokset ovat tuottaneet edullisia uudismuodostumia













esim. Hydra

Laakamadot

Selkäjänteiset

Niveljalkaiset

Monisukamadot

Nilviäiset













Vertebraattien Hox-evoluutio













Suikulainen (Branchiostoma) eli amphioxus tai lancelet

Näin kirjoitti Darwin. Meistä kaksi perättäistä genomin duplikaatiota ei ihan täytä "hienoisen modifikaation" määritelmää, mutta ne kuitenkin tuottivat vasta materiaalia, josta lisätyt pienet modifikaatiot ja luonnonvalinta yhdessä saivat aikaan melkoisia muutoksia.
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Ihmisen (nisäkkään) Hox-klusterien kohdalla ei genomiin ole päässyt iskostumaan joutavia toistojaksoja, koska homeoboksigeenien välitkin ovat säätelyn kannalta oleellisia. Drosophilalla niitä Gypsy, 412 ja Doc [Holliday] insertioita muutama oli, rauhallisissa labraoloissa. Luonnonvalintaa ne eivät kestäisi.













Antennapedia-bithorax -kompleksi (HOM) kaavamaisesti

8 homeoottista selektorigeeniä



650 kb 

säätelyalueen sekvenssiaihe, joka “lukee” paikkatietoa

(paikkatietoa on napaisuus-gap-segmentaatio- ja dorsoventral-geenien proteiinit,

niinkuin eve-esimerkissä: porkkana, sitruuna ja tomaatti)

selektorigeenin koodaava alue, jossa 60 aa homeoboksi

jatk.













Eri eliöiden Hox-geenit ovat vieläkin niin samanlaisia, että ne voidaan saada toimimaan vieraassa ympäristössä



Seuraavassa kuvassa näkyy, miten hiiren Hox2-2 Drosophilaan siirrettynä aiheuttaa jalan tuntosarven tilalle, vaikka se geeni on liipaistu käyntiinkin lämpöshokki-promoottorin avulla













Malicki et al. (1990) Cell 63: 961

wt (wild type)



-kärpänen

hsp70-Hox-2.2

eli heat shock promoter ja hiiren Hox-geeni istutettuna Drosophilaan













CELL 466,  1306

Eyeless ja Pax6 ovat homologeja

Pax6 otettuna squidista eli mustekalasta istutettuna Drosophilan jalkaan aiheuttaa ektooppisen silmän 













Ihmisen (nisäkkään) hox-geenit



- sijaitsevat neljässä ryväksessä



- väliin ei ole voinut tunkea mitään roskaa



- mutaatiota vähän (koska mutaatiot tappavat)



- siis myös välit ovat tärkeitä: roska tappaa



- virheet ovat dominoivia ja tappavat jo heterotsygoottina



- ovatpa harvinaisen tylyjä geeneiksi!













Hox-geenien ekspressio hiiren alkiossa ei voi olla ihan samanlaista kuin kärpäsellä, mutta samoja sääntöjä siinä on: antero-posteriorijärjestys ja geenien järjestys kromosomissa ovat samat (kautta koko eläinkunnan)













Seeprakalan Hox-geenien ekspressio kehittyvässä taka-aivossa
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Hox-geenit  määrittävät taka-aivossa syntyvien sensoristen välittäjäneuronien kohtalon. Mitä ne tekee, kuuluu fysiologian alaan, mutta luulen, että ne muuttaa aistimuksen ”tiedoksi”, joka on koodattu aivojen topologiaan. Kts Purkinjen solu CELL 597













Hoxa ja Hoxd -geenien rooli hiiren kehittyvässä raajassa
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Ihmisen hox-geenien sijainnit



hoxa -kompleksi	7p15-p14.2



hoxb			17q21-q22



hoxc			12q13



hoxd			2q31-q32
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*142955 GeneTests,  Links HOMEOBOX A1; HOXA1











Autism Spectrum Disorder Susceptibility

Ingram et al. (2000) identified a common polymorphism in the HOXA1 gene: an A-to-G substitution at codon 218, changing the codon for one histidine in a series of histidine repeats to an arginine at position 73. The frequency of the G allele was 20 to 60% among the Coriell Human Diversity Panel, but was not identified in any individuals of Asian origin including Indians, Japanese, and Chinese. The frequency of the G allele was 0.202 in 57 probands with autism spectrum disorders and 0.203 in their 32 affected relatives. The frequency of the G allele in 134 unaffected relatives of subjects with an Asperger spectrum disorder was 0.164. The frequency of the G allele in the convenience population for this study was 0.109. In the autism spectrum disorder families, there was a significant deviation from the HOXA1 genotype ratios expected from Hardy-Weinberg proportions. Among affected offspring, a significant deviation from mendelian expectation in gene transmission was observed. Ingram et al. (2000) suggested that there was evidence of an interaction between HOXA1, HOXB1, and gender in susceptibility to autism spectrum disorders. 
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Bosley-Salih-Alorainy/Athabaskan Brainstem Dysgenesis Syndromes

Tischfield et al. (2005) carried out SNP-based linkage analysis in a Saudi Arabian family with Bosley-Salih-Alorainy syndrome (BSAS; 601536) and identified a single, fully informative 8.5-Mb region on 7p15.3-p14.3 in which only the affected children were homozygous. Further analysis narrowed the linkage to a region of homozygosity of approximately 300 kb on 7p15.2. Because of similarities between the BSAS phenotype and the pathology of the Hoxa1 -/- mouse, and because the HOXA cluster falls in the haploidentical region, Tischfield et al. (2005) analyzed the HOXA1 gene in Saudi Arabian individuals with BSAS and found a homozygous guanine insertion, 175-176insG, predicted to result in a reading frameshift and the introduction of a premature stop codon (142955.0001). A Turkish individual with BSAS had a homozygous 84C-G transversion resulting in the substitution of a stop codon for a tyrosine residue (Y28X; 142955.0002). Noting the phenotypic overlap of BSAS, the Hoxa1 knockout mouse, and Athabaskan brainstem dysgenesis syndrome, Tischfield et al. (2005) analyzed genomic DNA from 5 of the reported individuals with ABDS and 4 of their phenotypically normal parents. All 5 affected individuals were homozygous across the HOXA1 locus and carried a homozygous 76C-T HOXA1 mutation resulting in substitution of a stop codon for arginine (R26X; 142955.0003). Tischfield et al. (2005) pointed out that to their knowledge this was the first report of viable homozygous truncating mutations in any human HOX gene and of a mendelian disorder resulting from mutations in a human HOX gene critical for development of the central nervous system. 









































































Seuraavat leikkeet ovat jo vanhoja, ja uusia "geenivirheitä" on löydetty













































































































*142958     Nucleotide, Related Entries, PubMed, LinkOut 

HOMEO BOX A11; HOXA11

Alternative titles; symbols 

HOMEO BOX 1I; HOX1I



Thompson and Nguyen (2000) observed 2 families with autosomal dominant inheritance of radioulnar synostosis in association with amegakaryocytic thrombocytopenia (605432). 

Because HOXA10 and HOXA11 are involved in forearm morphogenesis, and HOXA10 is expressed in megakaryocytic bone marrow precursor cells, Thompson and Nguyen (2000) studied these genes in this family. They found that the fathers and affected children were heterozygous for a single nucleotide deletion in a highly conserved region in exon 2 encoding the homeodomain of HOXA11 (142958.0001). The authors stated that this was the first reported germline HOX gene mutation associated with a human nonneoplastic hematologic disorder, and only the third HOX gene implicated in a human syndrome, the others being HOXD13 in synpolydactyly (142989) and HOXA13 in hand-foot-genital syndrome (142959). 













*142959   Nucleotide,   Related Entries,   Protein, PubMed,   LinkOut 

HOMEO BOX A13; HOXA13

Alternative titles; symbols 

HOMEO BOX 1J; HOX1J  



HAND-FOOT-GENITAL SYNDROME [HOXA13, TRP369TER]

Mortlock and Innis (1997) found that patients with the hand-foot-genital syndrome (140000) in the family reported by Stern et al. (1970) had an A-to-G transition in a highly conserved tryptophan codon in the HOXA13 homeodomain, which, in addition to causing a trp369-to-ter substitution (TGG to TGA), also destroyed a NlaIV restriction site. The nonsense mutation was predicted to produce a truncated protein missing 20 C-terminal amino acids based on homology to other homeodomains whose 3-dimensional structures had been determined. This portion of the normal homeodomain folds into the last of the 3 alpha-helices. This helix is critical for DNA binding. 

The authors noted that the tryptophan that was mutated in this family is the only amino acid which is invariant in all known homeodomain proteins.  













*142989   Nucleotide,   Related Entries,  Protein,  PubMed, LinkOut 

HOMEO BOX D13; HOXD13

Alternative titles; symbols 

HOMEO BOX 4I; HOX4I         



See HOXD12 (142988). Muragaki et al. (1996) sequenced the HOXD13 gene and determined that the 5-prime region of the HOXD13 protein contains 2 serine stretches and 1 alanine stretch. Amplification of the gene region encoding the alanine stretch showed an additional larger band in the affected individuals in 3 pedigrees with synpolydactyly (186000). Muragaki et al. (1996) noted that the mutation found in these pedigrees did not disrupt an evolutionarily conserved domain.  

Akarsu et al. (1996) analyzed the genomic structure of the HOXD13 gene. They determined that it consists of 2 exons and that it encodes a polypeptide of 335 amino acids which has high homology to the chicken Hoxd13 gene. Akarsu et al. (1996) reported that the more 3-prime exon encodes the highly conserved homeodomain sequences and that the upstream 757-bp exon and the downstream 248-bp exon are separated by an intron of 950 bp, within which lies a stretch of polymorphic CA repeat sequences. They noted that the 5-prime end of the gene contains 15 alanine residues. Akarsu et al. (1996) reported that in 2 unrelated Turkish families with synpolydactyly (186000), duplication of 9 residues of this polyalanine tract (142989.0001) was transmitted from affected parents to their affected offspring but not to their unaffected offspring. This duplication was also found in 2 affected individuals who were recombinant for the HOXD13 CA repeat polymorphism.  
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*142996    Nucleotide, Related Entries, Protein, PubMed, LinkOut 

EVEN-SKIPPED HOMEO BOX 1; EVX1

HOMEO BOX EVX-1  



Faiella et al. (1991) isolated and mapped the human equivalent of the Drosophila EVX1 gene. The gene encodes a protein of 407 amino acids containing a homeodomain closely related to the Drosophila even-skipped (eve) segmentation gene of the pair-rule class. EVX1 belongs to a small family of vertebrate eve-related homeo box genes including human EVX1 and EVX2 (142991), their murine homologs Evx-1 and Evx-2, and the frog Xhox-3 gene. The human EVX2 gene is located at the 5-prime end of the HOX4 locus on chromosome 2 (see HOXD13; 142989). Faiella et al. (1991) showed that the EVX1 gene is located at the 5-prime end of the HOX1 locus (see HOXA1; 142955) on chromosome 7, 48 kb upstream from the most 5-prime of the 11 HOX1 genes, namely HOX1J (HOXA13; 142959). Both EVX genes are transcribed in an opposite orientation as compared to adjacent HOX genes.  













*142991  Nucleotide, Related Entries, Protein, PubMed, LinkOut 

EVEN-SKIPPED HOMEO BOX 2; EVX2

HOMEO BOX EVX-2  

Genetic analysis of early embryogenesis in Drosophila provided insight into the molecular events controlling body plan formation; in particular, the process of segmentation and the specification of segment identification was shown to be controlled by a limited number of genes. These genes exist in several homeo box families that encode homeo domains with different primary sequences. For example, Drosophila homeo domains belong to at least 7 classes, including Antennapedia (see 142950), engrailed (see 131290, 131310), and even-skipped (eve). Murine homologs of most Drosophila homeo domain classes have been described. In particular, Bastian and Gruss (1990) reported 2 murine genes containing an eve-type homeo box, evx-1 (142996) and evx-2. The evx-1 expression pattern during mouse embryogenesis was considered consistent with a role in establishing the anterioposterior embryonic axis. D'Esposito et al. (1991) demonstrated an Evx-2-type of homeo box on human chromosome 2, 13 kb upstream from HOX4I (142989). That the EVX2 sequences belong to an active gene was indicated by the fact that they are transcribed and properly processed in cells and tissues. The human EVX2 homeo box is homologous to the Drosophila eve homeo box identified by Macdonald et al. (1986). In all, 9 homeo boxes are included in a 100-kb region of DNA on the long arm of human chromosome 2. Bastian et al. (1992) demonstrated that the murine 'even-skipped-like' gene Evx-2 is closely linked to the Hox-4 complex in that species also, but is transcribed in the opposite direction.  



































Chapter 9 : Control of Gene Expression
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A FIGURE 10-40 Homeodomain from Engrailed protein
interacting with its specific DNA recognition site. The
Engrailed transcription factor is expressed during Drosophila
embryogenesis. Base pairs in the recognition site that directly
contact the protein are shown in white type. Lighter regions ir
the protein contain residues that contact the major groove.
[Adapted from S. C. Harrison, 1991, Nature 353:715.]
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Figure 1 Genome-wide comparison of transcriptional activator families in eukaryotes.
The relative sizes of transcriptional activator families among Homo sapiens,

D. melanogaster, C. elegans and S. cerevisiae are indicated, derived from an analysis
of eukaryotic proteomes using the INTERPRO database, which incorporates Pfam,
PRINTS and Prosite. The transcription factors families shown are the largest of their
category out of the 1,502 human protein families listed by the IPI.
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Mental retardation and epilepsy often occur together. They
are both heterogeneous conditions with acquired and
genetic causes. Where causes are primarily genetic, major
advances have been made in unraveling their molecular
basis. The human X chromosome alone is estimated to harbor
more than 100 genes that, when mutated, cause mental
retardation’. At least eight autosomal genes involved in idio-
pathic epilepsy have been identified?, and many more have
been implicated in conditions where epilepsy is a feature. We
have identified mutations in an X chromosome-linked,
Aristaless-related, homeobox gene (ARX), in nine families
with mental retardation (syndromic and nonspecific), various
forms of epilepsy, including infantile spasms and myoclonic
seizures, and dystonia. Two recurrent mutations, present in
seven families, result in expansion of polyalanine tracts of
the ARX protein. These probably cause protein aggregation,
similar to other polyalanine® and polyglutamine® disorders.
In addition, we have identified a missense mutation within
the ARX homeodomain and a truncation mutation. Thus, it

would seem that mutation of ARX is a major contributor to X-
linked mental retardation and epilepsy.
West syndrome consists of infantile spasms, an electroencephalo-
gram pattern of hypsarrhythmia and subsequent mental retarda-
tion. The etiology is heterogeneous and, for the most part,
unknown®$, An X-linked subgroup’ of West syndrome was
recently identified (ISSX, MIM 308350). The ‘causative’ gene
was mapped® to a region of approximately 7 Mb between
DXS1226 and AHC (adrenal hypoplasia, congenital).
Preliminary transcription mapping of this interval indicated the
presence of about 20 genes. ARX was identified in the genomic
sequence of the PAC clone 258N20, in the vicinity of the gene POLA
(DNA polymerase-0; Fig. 1a). It was considered a candidate gene
underlying ISSX, primarily on the basis of its expression pattern in
fetal, infant and adult brain (Fig. 1b and Unigene clusters
Hs.257648, Hs.157208 and Hs.103538). ARX was screened for
mutations in four previously undescribed families with 1SSX$10
and one Norwegian family described here. Alterations in ARX were
detected in four of these families (Table 1).
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Hoxd12 ~ Hoxd13

Figure 2 Targeted deletions induce regulatory reallocations. Comparison between digit  resembling the Hoxd73 expression pattern (b, ¢). f, Deletion of both Hoxd73and Hoxd12
phenotypes (top) and expression of 5" Hoxd genes (bottom) associated with either the. loci induce a severe polydactyly, and fusions (arrows) indicate an even larger number of
disruption or the deletion of the carresponding loci. Crosses indicate gene inactivation; pre-chondrogenic condensations. e, This phenotype is not observed in the corresponding
brackets indicate deletion breakpoints. a, Inactivation of Hoxd73 leads to an overall double inactivation allele. In this case, a robust gain of Hoxd71 expression is associated
reduction in the size of digits, partial fusion between digits Il and IV, and a supernumerary ~ with deletion of both Hoxd73 and Hoxd72 loci (d, ), whereas it is absent from the

digit in most cases®. b, In contrast, deletion of the same locus has little effect (compare  disruption of both loci (e). In both gains of expression (b, f), the profiles are reminiscent of
with control in ¢). In this latter case, a strong gain of expression of Hoxd72 was scored,  wild-type Hoxd13 (¢), including in presumptive digit | (white arrowheads).
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Figure 3 The evolutionarily conserved region RXII cooperates with the Hoxd13 locus for
positioning the enhancer in the 5" end of the cluster. a, Expression of three neighbouring
Hoxd genes in the limbs of 13.5-day-old embryos carrying a deletion of the Hoxd13
locus. Although there is a gain of Hoxd12 expression in the entire distal domain, both
Hoxd11 and Hoxd10 transcription remains virtually unchanged. b, In contrast, further
deletion of region Xll, in the absence of the Hoxa73locus, induces a gain of expression for
all three genes, including in presumptive digit | (black arrows), thus abrogating
quantitative collinearity.




PHYLUM CHORDATA: LOWER CHORDATES 471

Fig, 28-11. Subphylum Cvita
LocaoRnaTa. The lancelet. or
amphioxus  (Branchiosioma).
Adult_partly dissected from
eft side, Natural size about 2
inches loog.





Cnidaria

Platyhelminthes

(GoopeoesE———
(——G‘Q‘B—Qm"
ooosoeEREEs (o g  ~eeses
TR Chordata
CHHYEHE Arthrgpods
4
THH HHSHSHS S HS—
THH SN H

Polychaeta

Clitellata

Mollusca
8

HH RS NN
N NN
LEGEND

T} 3-group genes THHH_ gene duplication <]-D-EH: cluster duplication
~
central-group genes
= e = e

B 5-group genes









Anus  Notochord ~ Nerve cord

Figure 1 The cephalochordate amphioxus compared to a primitive vertebrate (similar to a modern-
day lamprey). The overall construction of the organisms is very similar, with a dorsal nerve cord,

a more ventral axial skeleton known as the notochord, and a ventral digestive tract. Both creatures
have gills in the pharyngeal region, structures that are designed to capture food or remove oxygen
from the water. The notochord extends right to the front of amphioxus, but the vertebrate has a
prominent head at the anterior end, extending beyond the notochord. Early in development, human
embryos have a notochord that subsequently becomes greatly reduced, giving rise to the discs
between the adult vertebrae.
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FIGURE 3.—Phylogenetic tree of 76 human and mouse Antf-class homeobox genes.
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Fig. 1. Alignments of homeobox sequences for 7 zebrafish hox genes with their likely murine

Hox homologues. In each case the first few amino acids of the zebrafis

sequences are taken

from Misof et al. (1996; the PCR primers used to clone these cDNAs were based on these
sequences). The sequences are compared to the Drosophila Antennapedia sequence. Black
boxed residues are conserved with Anzp. All sequences have been submitted to the EMBL
database: accession nos Y 13944-13950.
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Figure 7-22 Molecular Biology of the Cell 5/e (© Garland Science 2008)
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Fig. 7. Summary. (A) Schematic view of a flat-mount hindbrain showing Hox gene expression on the left (bars) and first-order visceral
(noradrenergic), somatic and proprioceptive sensory relay interneurons (circles) on the right. The loss of Hoxb! (B) and the combination of
Hoxa3 and Hoxb3 (C) result in a specific loss of visceral interneurons in r4 and r5, respectively. The loss of visceral sensory interneurons in
these Hox mutant embryos is associated with the expansion of the somatic sensory interneuron domain. In Hoxa2 loss-of-function (D), somatic
sensory interneurons are completely eliminated in r2 and significantly reduced in r3, presumably through the redundant role of Hoxb2 in this
rhombomere (see A). Although Hox genes are expressed throughout the early neuroepithelium, the present finding suggests a specific role for
Hox genes in the generation of cellular diversity in the developing hindbrain.
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Figure 22-47 Molecular Biology of the Cell 5/e (© Garland Science 2008)
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Figure 7-13 Molecular Biology of the Cell 5/e (© Garland Science 2008)








Figure 7-77b Molecular Biology of the Cell 5/e (© Garland Science 2008)
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+ You st capitalize X and Y to search for those chromosomes.

12q13, HOXC4 to 12q13, KRT18 <<Move Up Move Down>>
tion Symbol i MIM # Comments Method Mouse
HOXC4, HOX3E | Homeo box-C4 142974 RE

ER

HOXCS, HOX3D | Homeo box-C5 142973

HOXC6, HOX3C | Homeo box-C6 142972

HOXCS, HOX3A 142970

HOXC9, HOX3B 142971

HOXC12, HOX3F 142975

HOXC13, HOX3G 142976

HPVISL2 Human papillomavirus type 18 integration site-2 167960

HRG1 Heme-responsive gene 1 612187

IKZF4, ZNFN1A4,
EOS, KIAA1782

ITGA7 Integrin, alpha-7 600536

Potassium voltage-gated channel, subfamily H (cag-
KONE3BECL | e s

Ikaros family zinc finger 4 606239

604527
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‘The OMIM Gene map presents the cytogenetic map location of discase genes and other expressed genes described in OMIM. See the OMIM Morbid Map for a st of discase
‘genes organized by disease. For more refined maps of genes and DNA segments click on the Location to invoke NCBI Entrez Map Viewer
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+ Enter gene symbol, chromosomal location, or disorder keyword to search for, .g. "CYP1", 5", "Ipter", "Xq', or "alzheimer’.
+ You st capitalize X and Y to search for those chromosomes.

2q31-q32, HOXD3 to 2q31.1-q31.3, PIVK <<Move Up Move Down>>
Location Symbol i MIM # Comments Method Mouse

2
(Hoxd.1)
peakat B

2931-q32  |HOXD4, HOX4B 142981 2q323by A.RE
i (Hoxd.2)

2931-q32  |HOXD3, HOX4A 142980 RE

2931-q32  |HOXD9, HOX4C 142982 RE 2

HOXDI0, Vertical talus, congenital, 192950 (3); B
2031-02  |fowan Homeo box-D10 142984 | Charcot-Marie- Toothdisease, foot REa,RE 2, .\ o
deformity of (3) Hodh)

2¢31-q32 | HOXDS, HOX4E 'Homeo box-D8 142985 RE e

2¢31-q32 | HOXD11, HOX4F 'Homeo box-D11 142986 RE

2¢31-q32 | HOXD1, HOX4G 'Homeo box-D1 142987 RE -

upstream
HOXD12, .
2031-632  |foran Homeo box-D12 142988 from REc

HOX4A-G

2
2
(Hox4.6)
2
2

(Hox4.8)

Synpolydactyly. type II. 186000 (3):
Brachydactyly, type E. 1133003):
Brachydactyly, type D, 113200 3); | upstream
[Sil%m;‘l)ségoxu Homeo box-D13 142989 | Synpolydactyly with foot anomalies, | from REC,Fd 2 e
g 186000 (3); Syndactyly, type V. 186300 'HOX4A-G (Hoxd.9)
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Alternative titles; symbols

SYNDACTYLY, TYPE Il
SYNPOLYDACTYLY WITH FOOT ANOMALIES, INCLUDED

Gene map locus 2q31-932
TEXT

A number sign (%) is used with this enry because of evidence that synpolydactyly-1 (SPD1) is cansed by mutation in the HOXD13 gene (142989).
‘Synpolydactyly with characteristic foot anomalies is lkewise cansed by mutation in the HOXD13 gene.

See also SPD2 (608180), cansed by mutation in the fibulin-1 gene (FBLNI; 135820) on chromosome 22q13, and SPD3 (610234), which has been
‘mapped to chromosome 14q11.2-q12.

CLINICAL FEATURES

In the hands there is usually syndactyly of the third and fourth fingers associated with polydactyly of all components or of part of the fourth finger in the
web. In the feet there is polydactyly of the fift toe included in a web of syndactyly of the fourth and fifth toes. The most extensive pedigree is that
described by Thomsen (1927) showing 31 affected males and 11 affected females in 7 generations. Other kindreds were reported by Alvord (1947) and
Pipkin and Pipkin (1946) among others. Cross ct al. (1968) observed a kindred with 27 affected persons. Two persons transmitted the gene without
Showing any cffects themselves. All persons with clinically evident malformation in the hand showed anomalous palmar dermatoglyphics. No linkage with
‘any of 12 loci was demonstrable. An excess of affected males has been a consistent feature. Cross ct al. (1968) found, in the iterature and in their
kindred, 133 females and 174 males affected. The ‘original’ case of Fabry disease (301500) reported by Anderson (1898) had this anomaly: ‘The fingers
of both hands are contracted at the middle and distal phalanges of the fourth finger on cach hand are duplicated, the two digts being enclosed in one
cutaneous investment ._his mother and sister, and three out of four of his children, had congenital deformities fice his own.' Merlob and Grunebaum (1986)
found the anomaly in 16 persons in 6 generations of a family. §
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salar

musculus

norvegicus

domestica

gorilla

troglodytes

sapiens

gallus
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