Journal of Life Science 2004, Vol. 14. No. 6. 1028~1039 ©JLS
Alu NI} EXMESE S EY-

Received November 24, 2004 /Accepted December 4, 2004

Alu sequences and molecular features, Eun-5il Park, Kyung-Won Hong and Heui-Soo Kim. Division
of Biological Sciences, College of Natural Sciences, Pusan National University, Busan 609-735, Korea — During
the past 65 million years, Alu sequences have been amplified through RNA-polymerase MMderived
transcripts, and have reached the copy number of about 1.4 million in primate genomes. They are the
largest family among mobile genetic elements in human genome and consist of ten percent of the
human genome. Alu sequences are thought to be functionless genetically, but many researchers have
proved new function and disease implication. Alu elements make the genome insertional mutation,
Alu-mediated recombination events, and unexpected splicing site and change gene structures, protein
sequences, splicing motifs and expression patterns. In this review, the structure and origin of Alu,
consensus sequences of Alu subfamilies, evolution and distribution of Alu, and their related diseases
were described. We also indicated new research direction of Alu elements in relation to evolution and

disease.
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a. 7SL RNA

FLAM FRAM

\ FDA (~280) ﬁlmerlzatlon

Master
Alus

Fig. 1. Origin of Alu sequences and evolution of Alu subfamilies. a. Birth of dimeric Alu. b. Differentiation of Alu subfamilies.
FAM; Free Alu Monomer, FLAM; Free Light Arm MonZomer, FRAM; Free Right Arm Monomer, FDA; First Dimeric Alu,

An; poly A.

a.

Aludo GGCCGGGCGC GGTGGCTCAC GCCTGTAATC GCAGCACTTT GGGAGGCCGA GGCGBGAGGA T(T;gCTTGAGC ;0
AlUdb o e LCA ... 0
AUSX o e e C... .CAC....8 70
AIUSD o C... .CAC....6 70
ATUST o e e T... .CA.C....& 70
MuSe ..o e i G CA— .. 6 70

Fig. 2. Contmued
Aludo CCAGGAGTTC GAGACCAGCC TGGRCAACAT AGCGAGACCG CGTGTCTAGA AAAAA-TACA AAAA—-TTAG 140

Aludb ... GT..A ... .......... ... e ) 140
AMuSx T . C..... GT. . A... ......... 1. - ... —. ... 140
AluSp T.G....... ... L AG...... GA.A ... ......... T.... e - ... 140
AMuSq T......... ... ... C..... GT..A. ... ......... T..... e — ... 140
AluSe T.. AL AL ....... T.. ... C..... GT..A... ......... T..... e — ... 140
/R Ing (CGGGGGTGG TGGOGCGGGG GTGTAGTCGC AGCTACTCGG -GAGGCTGAG GCAGGAGBAT CGCTTGABCC %}0
ludb .o T e 0
AuSx ..o A e - N £. 210
AluSp ... ol AT.. ..., Ao ol e e - &. 210
AluSg .......... ..... G.... ..... Ao o e e A. ..., A. 210
AuSe T, .o e S A. 210
Aludo D—AGGAGTTC GAGGCTGCAG TGAGCTATGA TCGCGCCACT GCACTCCA-— ————~GCCTG GGCGACA—GA 280
Aludb .-G....G. .......... ..... CG... ... — e 280
AluSx .—G....GEG....T .......... CGA.. .......... ... ... . — — e e -.. 280
AluSp .-G....GEG ... . T...G ..... CGA.. ........ T ... ———— . ... A A 280
AluSq .-G....G06 ....T..... ..... COA.. ... ... . A A, 280
MuSc .-G....G0G ... T..... ..... CGA.. .......... ... .CGAC—-A.. 280
Aludo GCGAGACGCT GTCTCA 296
AMudb ..o L 296
AluSx ....... T.60...... 296
AluSp ATG...... 296
AMuSq ATG...... 296
AluSc ....... T6...... 296

Fig. 2. Continued
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b.
ﬂujg GGCCGGGOGC GGTGGCTCAC GCCTGTAATC CCAGCACTTT GGGAGGCCGA GGCGGGAGGA TTGCTTGAGC 10

. 2
AluYgb ... . A..T.C...... 296
AluYi6 ....... T.¢...... 296

Fig. 2. Diagnostic mutation of Alu subfamilies. a. AluS subfamilies, b, AluY subfamilies. Symbols on the left indicate subfamily
names. Diagnostic sites were shaded. The dots represent same nucleotides as the Alu Jo consensus sequences and hyphens
show alignment gaps. Mutations are shown as the correct base.
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b & & g & Qo So q?{;q? ég,
@
i Yg | Lo G AR ARSI SUNNSY A a3 1 V13
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b snnaNfazsngunnanfonanafananunnsnnnnngfsnncnnad 15 Myr

25 Myr

..Tt.......‘.)...........é............ tesscsreninnsassennensp 35 Myr
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First Alu

Fig, 3. Shematic description of Alu expansion during primate evolution, dotted arrows indicate insertion time of each Alu subfamilies.

AN
AS
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Fig. 4. Neighbor-joining (NJ) tree of all Alu consensus sequence. The branch lengths are proportional to the distances between the
taxa. Above branch numbers indicate the bootstrap value.
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Table 1. Alu associated disease
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Mechanism Locus Distribution Subfamdly Disease extra
CiR Familial Yad Hypocalciuric hypercalcemia z'm.d
neonatal severe hyperparathyroidism
Mivi-2 De novo (somatic?) Ya5 Associated with leukemia
NF1 De novo Ya5 Neurofibromatosis
PROGINS About 50% Yab Linked with ovarian carcinoma
IL2RG Familial Ya5 XsCID
) Linked with protection
ACE About 50% Ya P
Alu insertion
Factor IX A grandparent Yab Hemophilia
EYAl De novo Yab Branchio-oto-renal syndrome
2 * FGFR2 De novo Ya5 & Yo Apert's syndrome
Cholinesterase One Japanese family Yb8 Cholinesterase deficiency
APC Familial Yb8 Hereditary desmoid disease
Btk Familial Y Xlinked agammaglobulinaemia
C1 inhibitor De novo Y Complement deficiency
BRCA2 De novo Y Breast cancer
GK ? Y Glycerol kinase deficiency
LDIR Kindreds Hypercholesterolemia Germ-Line Disease
a-globin gene cluster Kindreds a-thalassaemia GermLine Disease
Adenosine deaminase Ore patient ADA deficiency-SCID GermrLine Disease
Apolipoprotein B gene One patient Hypo-betalipoproteinemia Germ-Line Disease
a-gal A One patient Fabry disease Germe-Line Disease
HPRT One patient Lesch-Nyhan syndrome GermrLine Disease
Plat. Fibrinogen Receptor Kindred Glanzmann thrombasthenia ~ GermrLine Disease
a-Glucosidase One patient Glycogen storage disease type2 ~ GermeLine Disease
Deletion GALNS One patient Mucopolysaccharidosis type VA~ Germ-Line Disease
b-HEXA Classic form of disease Tay Sachs GermrLine Disease
HEXB 27% of patients Sandhoff’s disease GermrLine Disease
BRCA1 Somatic and kindreds Breast and ovarian cancer Cancer
MLH1 Two kindreds HNPCC Cancer
RBL Common Glioma brain tumors Cancer
MSH2 human DNA Hereditary nonpolyposis cancer
Alu/Alu mismatch repair gene colorectal cancer
Recombination FANCA fanconi anemia
MLL dup (11) (q23) Somatic Acute myelogenous leukemia Cancer
Duplication Lys Hydrox. Kindreds Ehlers-Danlos syndrome Germ-Line Disease
Dystrophin Kindred Duchenne’s muscular dystropy ~ GernvLine Disease
C1 inhibitor gene Kindred Angioneurotic adema GernvLine Disease
t (1122) Ewing's sarcoma
Ph translocation (%22) CML, Ph-positive acute leukemias
t (411) Trearment-related
acute lymphoblastic leukemia
Translocation t (14,18) Somatic Follicular lymphomas (FLs) Cancer
t 911) De novo acute myeloid leukemia
t (28) Burkitt lymphoma cell line
t (1419 Chronic lymphocytic leukemia (CLL)
t (1L,2)c der (22) syndrome
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