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Short interspersed elements (SINEs) may be found in th& be of different genetic ages (Slagel et al. 1987; Willard
genomes of a wide variety of mammals (Deininger andet al. 1987; Britten et al. 1988; Jurka and Smith 1988;
Batzer 1993). The Alu family of SINEs is one of the Quentin 1988; Deininger and Slagel 1988; Labuda and
most successful mobile genetic elements, having arise8triker, 1989; Shen et al. 1991; Jurka and Milosavljevic
to a copy number in excess of 500,000 within the human991; Batzer et al. 1990; Matera et al. 1990a,b; Batzer
genome in approximately 65 million years of primate and Deininger 1991; Jurka 1993; Hutchinson et al. 1993;
evolution. (For reviews see Deininger 1989; OkadaBritten 1994). These observations have led to the sug-
1991; Schmid and Maraia 1992; Deininger and Batzelgestion that the vast majority of Alu amplifications were
1993.) Alu sequences are thought to be ancestrally dejerived from a small subset of active Alu “master”
rived from the 7SL RNA gene (Ullu et al. 1982) and to genes (Deininger et al. 1992). However, it is clear that
mobilize through an RNA polymerase Ill-derived tran- several Alu subfamilies are currently undergoing ampli-
script in a process termed retroposition (Rogers 1983).fication from multiple “master” genes within the human
Alu sequences within the human genome can be digenome (Matera et al. 1990b; Leeflang et al. 1992; Jurka
vided into subfamilies of related elements based upon993: Hutchinson et al. 1993; Hammer 1994; Batzer et
diagnostic mutations shared by subfamily members. Seva|, 1995: Deininger and Batzer, 1995).
eral groups have independently identified a series of The younger subfamilies of Alu sequences contain
overlapping subfamilies of Alu repeats (Slagel et al.individual members that are restricted to the human ge-
1987; Willard et al. 1987; Britten et al. 1988; Jurka andnome, some of which are polymorphic (Deininger and
Smith 1988; Quentin 1988; Deininger and Slagel 1988;5|agel 1988; Batzer et al. 1990; Matera et al. 1990b;
Shen et al. 1991; Jurka and M”OS&VljeViC 1991, Batzer egtoppa_Lyonnet et al. 1990; Batzer and Deininger 1991;
al. 1990; Matera et al. 1990a,b; Batzer and DeiningeBatzer et al. 1991, 1994, 1995, 1996; Muratani et al.
1991; Jurka 1993; Hutchinson et al. 1993) which appeangg1; Perna et al. 1992; Hutchinson et al. 1993; Jurka
1993; Blonden et al. 1994; Hammer 1994; Kass et al.
1994). Some of the young subfamily members have
* Present at.Jd.ressDepartme'nt of' Patholggy, Stanley S. Scott Qancer arisen as the result of de novo insertions in the NF-1 gene
Center, Louisiana State University Medical Center, 1901 Perdido St., .
New Orleans, LA 70112. (Wallace et al. 1991) or factor IX gene (Vidaud et al.
Correspondence taWl.A. Batzer 1993) within the human genome, clearly demonstrating
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L ALUT ittt e e 1 Alud  coieiiiiiieen Gevvvrnnnn Govvvnvns TC....C.....
2 AluSx GGCCGGGCGCGGTGGCTCACGCCTGTAATCCCAGCACTTTGGGAG 2 AluSx GCTGAGGCAGGAGAATCGCTTGAACCCGGGAGGCGGAGGTTGCAG
3 BLUSH et ee et e et 3 ALUSG ot ittt
4 BLUSD ottt 4 BLUSD ettt G.
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8 ALUYAB 4ttt ittt e, 8 AluYa8 ........ceunnnnn L R c e Covunnn
9 ALUYDB ittt e 9 AluYb8 ......... ...l GeuGuvvvnnnnn A...... Covvnnn
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3 AlUSG  aieiennen.. PP 3 AlUSG .. T A.
4 AlUSP s eeeettiie e e Gevt et 4 AluSp ...l T A
5 AluSC  ..i.ieiiiniiiienn e AL LAl T.. 5 ALUSC ..ttt T L -
6 AlUY i e Acvvvienn. T.. 6 AluY ... e TTTT T T
7 AluYa5 ..., RN Avivinnnnn T.. 7 AluYaS ............ Covn T
8 AluYa8 ...........eiennn.. N Avciinnnn. T.. 8 AluYa8 ............ Coneii T
9 AluYb8 ........... Tevunn. Tom e Aveennnn. T.. 9 AluYb8 ........... Tt ieennn G...GCAGTCCG. . .vun....
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1 AluJ  ...Geu.... At Aceiiineeeannn -
2 AluSx TGGCCAACATGGTGAAACCCCGTCTCTACTAAAAATACAAAAA-TT 264 288
N I e -.. 1 Alud T CTevivinnnnnn
4 AluSp ..A......... A e et e - 2 AluSx CA-GAGCGAGACTCCGTCTCAAAAAA
5 BLUSC ittt ettt -.. 3 AluSq ..A...... Ao,
6 AlUY L T iCht et A.. 4 AluSp ..A...... Acciiiiiiian,
T AlUuYaS C..oluiBC ittt ettt e e eaeaeananenenansn A.. 5 AluSc LR R RN
8 AluYaB C...T..A.C.iuirininrnenenennennnns Covinnnnn A-. 6 Aluy BRI
9 ALUYDS .. T B A 7 AluYaS ..-.....i.iiiiiiiiiiian.,

8 AlUYAB .-ttt
9 ALUYDS .=ttt

136 180
A L€
2 AluSx AGCCGGGCGTGGTGGCGCGCGCCTGTAATCCCAGCTACTCGGGAG Fig. 1. Multiple alignment of Alu consensus subfamily sequences.
2 iﬂgg : Sequences from various Alu subfamilies are aligned beginning with the
5 AluSc oldest (J) and proceeding downward with decreasing age to the young-
? 2%3585 est Alu subfamilies (Y). Thelotsbelow each consensus represent the
8 AluYas8 same nucleotide. Mutations are denoted with the appropriate base while
9 AluYbs8

deletions are denoted by tliashes.

that these elements are still actively inserted within hu-classes of repeats (J and S) has been described previously
mans. The identification of young Alu repeats provides(Jurka and Smith 1988; Jurka and Milosavljevic 1991),
new information about the biological properties of thesealong with a series of subbranches of the S family (x, p,
elements as well as genomic fossils for the study ofg, c¢). The intermediate and older subfamilies all have a
human genetic diversity. Therefore, the recent or youngsignificant amount of heterogeneity, and there are also
Alu insertions represent a very important group of Alu many examples of intermediates between these various
repeats dispersed throughout the human genome. subfamilies. Thus, this selection is not meant to be an
The nomenclature describing Alu repeats is not stanexhaustive selection of all possible subfamilies, but sim-
dardized. As an ever-increasing proportion of the humarply a reasonable working nomenclature for those older
genome is sequenced it has become imperative to deriv@ubfamilies.
an accepted nomenclature for classifying newly se- With the younger subfamilies, there is less general
guenced Alu family members. We have attempted toheterogeneity but still the possibility of finding interme-
combine some of the preexisting nomenclature withdiates between the previously identified subfamilies. The
newer names to provide a basis for naming Alu se-current scheme utilizes lineages starting from the Y sub-
guences. In the universal nomenclature a logical (alphafamily consensus sequence. The Y subfamily is consid-
betical) progression from the oldest (J) to intermediateered a “gold standard” since it has been previously
(S) and young (Y) Alu sequences using capital letters igdentified as a subfamily by a number of different labo-
used to denote major subfamily branches (Fig. 1). Theatories (outlined in the synonyms below). All Alu re-
primary nomenclature to be used for the two olderpeats presently known to retropose differ from the Y
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subfamily consensus sequence by only a few additionabatzer MA, Kilroy GE, Richard PE, Shaikh TH, Desselle TD, Hoppens

diagnostic mutations, suggesting that the younger sub- C'-'t %e'z‘l'”ger !ID'- (1998) Str"ilcmlre_ a:d_(;/ar;{abn%%f?;egceg;ggn-

families of Alu repeats were ancestrally derived from the ~ S€"¢¢ AU Tamily members. Tucleic Acids es 186785

Y subfamily. Therefore, young subfamilies are definedB2e" MA, Gudi VA, Mena JC, Foltz DW, Herrera RJ, Deininger PL
l that d ded f thi Id standard. Th (1991) Amplification dynamics of Human-Specific (HS) Alu fam-

as lineages that descended Irom this gold standard. 1hey jy mempers. Nucleic Acids Res 19:3619-3623

are defined by a lowercase letter chosen in alphab.etlcaéatzer MA, Stoneking M, Alegria-Hartman M, Bazan H, Kass DH,

order (a, be . . .)based solely on the order of publication  shaikh TH, Novick GE, loannou PA, Scheer WD, Herrera RJ,

of the different lineages. In addition to the lineage, a Deininger PL (1994) African origin of human-specific polymorphic

number is assigned to each subfamily based on the num- Alu insertions. Proc Natl Acad Sci USA 91:12288-12292

ber of diagnostic changes relative to the Y consensusiatzer MA, Arcot SS, Phinney JW, Alegria-Hartman M, Kass DH,

Thus, the HS/PV subfamily becomes Ya5, because it was Milligan SM, Kimpton C, Gill P, Hochmeister M, loannou PA,

the first Y subfamily lineage defined and has five diag- Herrera RJ, Boudreau DA, Scheer WD, Keats BJB, Deininger PL,

. . . Stoneking M (1996) Genetic variation of recent Alu insertions in

nostic changes. Thg Ya8 subfamily is in the same lineage pyman populations. J Mol Evol 42:22-29

bUt. has three ajddltlona.I change_s. M]r)or Yanants of theBatzer MA, Rubin CM, Hellman-Blumberg U, Alegria-Hartman M,

major designations which are identified in nonhuman |eeflang EP, Stern JD, Bazan HA, Shaikh TH, Deininger PL,

primates will be noted by the addition of an abbreviated Schmid CW (1995) Dispersion and insertion polymorphism in two

name in italics that denotes the genus and species of the small subfamilies of recently amplified human Alu repeats. J Mol

primate (e.g., a Ya5 variant from the common chimpan-  Blol 247:418-427

zee,Pan troglodytesbecomes YaBtr etc.). Blonden LAJ, Terwindt GM, Den Dunnen JT, Van Ommen G-JB

- . . . (1994) A polymorphic STS in intron 44 of the dystrophin gene.
This nomenclature was designed and derived during |\ "~ " 0o 70 450
the conference

. . SINEs, L.INES a,r,]d Remy{ranSp(DSEibIeBritten RJ (1994) Evidence that most human Alu sequences were in-
Elements: Functional Implications™ held in the summer serted in a process that ceased about 30 million years ago. Proc Natl

of 1994. It was agreed upon by all of the authors of this  Acad Sci USA 91:6148-6150

manuscript and will be strictly adhered to by all the gritten RJ, Baron WF, Stout DB, Davidson EH (1988) Sources and
authors. Shown below are samples of the new nomen- evolution of human Alu repeated sequences. Proc Natl Acad Sci

clature and their older synonyms. USA 85:4770-4774
Britten RJ, Stout DB, Davidson EH (1989) The current source of hu-
* AluY - CS (Shen et al. 1991), Sub (Slagel et al.  an Al retroposons is a conserved gene shared with Old World
1987), Conserved (Willard et al. 1987), Pre-  monkey. Proc Natl Acad Sci USA 86:3718-3722

cise (Britten et al. 1989), Class IV (Britten et peininger PL (1989) SINEs: short interspersed repeated DNA elements
al. 1988), Type A (Quentin 1988), Sb (Jurka in higher eucaryotes. In: Berg DE, Howe MM (eds) Mobile DNA.
and Smith 1988; Jurka and Milosavljevic American Society for Microbiology, Washington, DC, pp 619-636
1991) Deininger PL, Batzer MA (1993) Evolution of retroposons. Evol Biol

« AluYa5 - ‘new (Deininger and Slagel 1988), HS  2/:157-196
(Batzer et al. 1990: Batzer and Deininger Deininger PL, Batzer MA (1995) SINE master genes and population

biology. In: Maraia RJ (ed) The impact of short interspersed ele-
1991)’ PV (Matera et al. 1990a, b)’ Sbl ments (SINEs) on the host genome. RG Landes, Georgetown, TX,

(Jurka 1993) Dp 43-60

* AluYas - HS'Z (Batzer etal. 1990; Batzer and D_em' Deininger PL, Slagel VK (1988) Recently amplified Alu family mem-
inger 1991; Batzer et al. 1995), PV minor  pers share a common parental Alu sequence. Mol Cell Biol 8:4566—
(Matera et al. 1990b) 4569

e AluYb8 - Sb2 (Jurka 1993; Hutchinson et al. 1993; Deininger PL, Batzer MA, Hutchison IIl CA, Edgell MH (1992) Master

Zietkiewicz et al. 1994; Batzer et al. 1995) genes in mammalian repetitive DNA amplification. Trends Genet
8:307-311
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