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This compilation of histones and histone genes is an attempt to gather, align and briefly analyze all
histone sequences available in the NIH-GENbank and EMBL nucleic acid sequence databases, and the
NRBF protein data base as of late 1985. In addition, an attempt was made to include all recently
published sequence data not currently available in these data bases. The facilities at IntelliGenetics were
usedto collect sequence data using the QUEST program. In addition new sequence data was entered
from original manuscripts using the GENED program. QUEST and GENED are products of IntelliGenetics
(Palo Alto). Any information regarding missing sequence data or erroneous presentation is encouraged.

PROTEIN SEQUENCES

Data from direct amino acid sequence analysis along with data from translated gene sequences are
presented for each of the histone subtypes (Figures 1-5). Consensus sequences were generated for
each histone subgroup and numbering is based on the consensus sequence. For the H1-H5 alignments
(Figure 1) only the central conserved hydrophobic region (Levy et al., 1982) could be aligned with any
degree of certainty. A dash (-) indicates unsequenced or ambiguous regions compared to the
consensus. Blank spaces in the protein alignments indicate deletions with respect to the consensus. An
asterisk (*) in the consensus indicates the absence of a consensus amino acid for that position. A blank
space in the consensus indicates an insertion in one or more of the protein sequences at that point. A
dot () below a consensus amino acid indicates identity with that amino acid.

GENE SEQUENCES
Histone gene alignments are displayed for each of the five subtypes with the coding, upstream, and
downstream regions displayed separately. In an effort to draw some functional conclusions from these
alignments, genes known or presumed to be nonfunctional have been excluded from this compilation.
Codi .

The coding regions of the histone genes were aligned using the alignment-analysis program MULTAN
(Bains,1986). MULTAN was run on the SUMEX-AIM DEC 2060 computer at Stanford University. In each
alignment the consensus (cos) sequence is displayed on the top line followed by each individual histone
gene sequence (Figures 6-9). The numbering begins at the first base of the consensus and only bases
within the consensus are numbered. A dot () under a consensus base indicates identity with the
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consensus. A dash (-) indicates an ambiguous or unsequenced base. A blank space under the
consensus indicates that a deletion in the sequence was introduced to maximize alignment. A gap in the
consensus indicates an insertion was introduced into at least one of the sequences to maximize the
alignment. Consensus sequences that are underlined indicate codon positions that are largely invariant
despite the vast evolutionary distances represented. These coincident codon positions have been
observed previously for H4 genes (Turner and Woodland, 1982) and for H3 genes (Wells et al.,1986).
These observations have been extended to H2A and H2B genes and updated for the H3 and H4 genes.
Although conserved regions within the coding sequence could be of great interest, it should be pointed
out that the formal demonstration of the statistical significance of these of these regions has yet to be
demonstrated.

Flanki .

Where available, sequences upstream and downstream of the coding region were compiled (Figures
10-14). The upstream sequences include the 5' untranslated portion of the mRNA and the proximal
promoter regions up to about 220 bases upstream of the ATG initiation codon. The downstream
sequences include the 3' untranslated portion of the mMRNA and other downstream sequences up to
about 150 bases downstream of the termination codon were included. No precise alignments were
attempted for these flanking regions and no consensus sequences are shown. The upstream
sequences are numbered backward away from the ATG and downstream sequences are numbered
beginning with the termination codon. The initiation and termination codons are displayed in bold type.

CONSERVED FLANKING BEGIONS
Conserved upstream and downstream sequence blocks of all histone subtypes have been aligned and

displayed together in figures 15 an 16. The numbers between the conserved blocks indicate the
number of bases between individual blocks. Where possible, the conserved regions suggested by the
original authors were used in figures 15 and 16.
Upstream sequences

The upstream consensus sequences for each subtype is shown in italics below each group. These -
conserved blocks have been for the most part described elsewhere. The CCAAT, GATCC, TATAA, and
CATTC upstream homology blocks have been reviewed (Hentschel and Bimstiel, 1981). The H2B
specific sequence (CTCATTTGCATAC) has been previously identified (Harvey et al., 1982). The H1
specific sequence (AAACACA) has been previously identified (Coles and Wells, 1985). In addition,
there is a purine-rich region, specific to vertebrates, presentin H4 genes immediately upstream from the
CCAAT sequence. As can be seen in figure 15, the degree of similarity within the upstream consensus
blocks varies greatly, and the actual significance of most of these regions has yet to be demonstrated.
Downstream Sequences

The downstream regions of most histone genes are unique in that they lack the canonical AATAAA
transcription termination motif usually present in polymerase |l transcribed genes. Instead they contain a
highly conserved 23 nucleotide sequence at the 3' end of their mMRNA containing a hyphenated dyad
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symmetry motif (figure 16). The 3' end of the mature mRNA occurs immediately following this sequence
and immediately prior to a purine rich region. These conserved sequence blocks have been previously
reviewed (Hentschel and Birnstiel, 1981) and are updated here. Interestingly, the non-cell cycle
regulated vertebrate histone gene variants (22, 62, 66) along with the fungal histone genes ( 27, 28, 51,
52, 78, 79, 80, 100, 101, 103) are conspicuously missing this highly conserved motif. In addition the 3'
untranslated region of the H4 mRNAs is pyrimidine-rich, and the 3' untranslated region of the H1 genes
contain a spatially conserved TCCPy motif.
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JIable 1, Sequence List
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Chicken H1-1A1 (Sugarman et al., 1983)
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Newt Hl (Stephenson et al., 1981)

Xenopus H1-C8 (Turner et al., 1983)
Xenopus H1-C2 (Turner et al., 1983)

Sea Urchin H1-Sp (Levy et al., 1982)

Sea Urchin H1-Pm (Busslinger et al., 1979)
Human Hl (Carozzi et al., 1984)

Drosophila Hl (Goldberg Ph.D. Thesis, 1979)
Rabbit H1-3 (Jones et al., 1974)

Rabbit Hl-4 (Rall and Cole., 1971)

Bovine H1-1 (Liao et al. 1981)

Trout Hl (McLeod et al., 1977)
Echinolampus Hl (Strickland et al, 1982)
Parachinus H1 (Strickland et al., 1980)
Goose H5 (Yaguchi et al., 1979)

Chick H5 (Krieg et al., 1983)
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Human H2A (Zhong et al., 1983)

Mouse H2A (Sittman et al., 1983)
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Trout H2A (Connor et al., 1984)

Bovine H2A (Sautiere et al., 1974)

Rat H2A-1 ( Laine et al., 1976)

Rat H2A-2 ( Laine et al., 1976)

Chicken erythrocyte H2A (Laine et al., 1978)

Sea Urchin gonadal H2A-Pm (Wouters et al., 1978)

Tetrahy H2A-1 (F hi et al., 1983)
Tetrahy H2A-2 (F i et al., 1983)
Wheat germ H2A (Rodrigues et al,. 1979)
Cuttlefish H2A (Wouters-Tyrou et al., 1982)
Starfish H2A (Mertinage et al., 1983)
Sipunculus H2A (Kmiecik et al., 1983)

Human H2B (Zhong et al., 1983)

Mouse H2B (Sittman et al., 1983)

Chicken H2B-A2B (Harvey et al., 1982)
Chicken H2B-B (Harvey et al., 1982)
Chicken H2B-2BA (Grandy et al., 1982)
Newt H2B (Stephenson et al., 1981)

Sea Urchin H2B-E3 (Sures et al., 1978)
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Bovine H2B (Iwai et al., 1972) .
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Trout H2B (Kootstra et al., 1978)
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HISTONE H3

Human H3-5B (Zhong et al., 1983)

Human H3-26H (Clark et al., 1981)

Human H3-B2 (Wells and Kedes, 1985)
Mouse H3-1 (Sittman et al., 1983)

Mouse H3-2 (Sittman et al., 1983)
Chicken H3-3D (Engel et al., 1982)
Chicken H3-4A (Engel et al., 1982)
Xenopus H3-LA (Ruberti et al., 1982)
Xenopus H3-BOR (W. Bains Ph.D. Thesis 1982)
Trout H3 (Connor et al., 1984)

Sea Urchin H3-E3 (Sures et al., 1978)
Sea Urchin H3-PA (Schaffner et al., 1978)
Sea Urchin H3-PB (Birnstiel et al., 1979)
Sea Urchin H3-PC (Busslinger et al., 1982)
Sea Urchin H3-LP19 (Childs et al., 1982)
Sea Urchin H3-Lp2l1 (Roberts et al., 1984)
Drosophila H3 (M. Goldberg, PhD. Thesis 1979)
Wheat H3 (Tabata et al., 1984)
Neurospora H3 (Woudt et al.,1983)

Yeast H3-1 (Smith et al., 1984)

Yeast H3-2 (Smith et al., 1984)

Sea Urchin H3-LpE (Roberts et al., 1984)
Bovine H3-1 (Delange et al., 1973)
Bovine H3-2 (Patthy and Smith, 1975)
Shark H3 (Brandt et al., 1974)

Pea embryo H3 (Patthy et al., 1973)
Buffalo Fish H3 (Hooper et al., 1973)
HISTONE H4

Chicken H4 (Sugarman et al., 1983)
Drosophila H4 (Goldberg Thesis, 1979)
Mouse H4 (Seiler-Tuyns et al., 1981)
Newt H4 (Stephenson et al., 1981)

Sea urchin H4-Pm (Schaffner et al., 1978)
Sea urchin H4-Sp (Grunstein et al., 1981)
Xenopus H4-B (Turner and Woodland, 1982)
Xenopus H4-L (Turner and Woodland, 1982)
Xenopus H4-LB (Moorman et al., 1981)
Human H4-Al (Heintz et al., 1981)

Sea Urchin-Lpl9 (Roberts et al., 1985)
Sea Urchin-Lp2l (Roberts et al., 1985)
Wheat H4 (Tabata et al., 1983)
Neurospora H4 (Woudt et al., 1983)

Yeast H4-Sc (Woudt et al., 1983)

Human H4 (Sierra et al., 1983)

Yeast (Smith and Andresson, 1983)
Xenopus H4 (Clerc et al., 1983)
Tetrahymena H4 (Bannon et al., 1984)
Xenopus H4-2 (Zernik et al., 1980)

Trout H4 (Winkfein et al., 1985)

Pig Thymus H4 (Sautiere et al., 197la)
Bovine hepatoma H4 (Wilson et al. 1970)
Pea seedling H4 (DelLange et al., 1969)
Rat chloroleukemic tumor H4

(Sautiere et al., 1971b)
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Figure 1. Histone Hl and HS Protein Alignments

. 10 20

cos ASGPRVSELITKAV*ASKER*GVSLAAL
1 SETAPVAAPAVSAPGAKAARAKKPKKAAGGAKPRKPAGP SVTELI TKAVSASKERKGLSLAAL
2 SETAPAAAPDAPAPGAKAAAKKPKKAAGGAKARKPAGP SVTELI TKAVSASKERKGLSLAAL
3 memmee—eee DLSVTASPERKGVSVASI
4 TETAATETTPAAPPAEPKQKKKQOPKKAAGGAKAKKPSGP SASELIVKSVSASKERGGVSLAAL
5 AETASTETTPAAPPAEPKOKKKKQOPKKAAGGAKAKKPSGP SASELIVKSVSASKERGGVSLAAL
6 AEKNSSKKVTTKKPAAHPPAAEMVATAITELKDRNGSSLQAI
7 TDTAKKVTQKKPAAHPPAAEMVTTAIKELKERKGSSRQAI

8 SETAPAETATPAPVEKSPAKKKATKKAAGAGAAKRIAAGPPVSELITKAVPASKERN
9 AAPPATVEKKVVQKKASGSAGTKAKKASATP SHPRGGSSLLAIKKYITA--—-==—m==——
10 SEAPAETAAPAPAEKSPAKKKKAAKKPGAGAAKRKAAGPPVSELITKAVAASKERNGLSLAAL
11 SEAPAETAAPAPAKSPATPVKKARKKKSAGAAKRKASGPPVSELITKAVAASKERSGVSLAAL
12 SETAPAAPAAAPPAEKTPVKKKAAKKPAGARRKASGPPVSELITKAVAASKERSGVSLAAL
13 AEVAPAPAAAAPAKAPKKKAAAKPKKSGPAVGE LAGKAVAASKERSGVSLAAL
14 AASPQKRAASPRKSPKKSPRKSPKKKSPRKRKARSAAHPPVIDMITAAIAAQKERRGSSVAKI
15 PGSPQKRAASPRKSPRKSPKKSPRKASASPRRKAKRARASTHPPVLEMVQAAI TAMKERKGSSAAKI
16 TDSPIPAPAPAAKPKRARAPRKPASHPTYSEMIAAATIRADKSRGGSSRQSI
17 TESLVLSPAPAKPKRVKASRRSASHPTYSEMIAAAIRAEKSRGGSSRQSI

30 40 50 60 70
COS KKALAAGGYDV*EKNNSR*IKLALKSLV*KGTLVOTKGTGASGSFKLNKK

1 KKALAAGGYDV EKNNSR IKLGLKSLVSKGTLVQTKGTGASGSFKLNKKPGETKAKATKKKPAAKPKK
KKALAAGGYDV EKNNSR IKLGLKSLVSKGTLVQTKGTGASGSFRLNKKPGEVKEKAPRKRATAAKPK
K CLSAEGYDV DKNNSR VKVALKSLVRKG:
KKALAAGGYNV ERNNSR LKLALKALVTKGTLTQVKGSGASGSFKLNKKQLETKVKAVAKKKLVAPKA
KKALAAGGYDV ERNNSR LKLALKALVTKGTLTQVKGSGASGSFKLNKKQLETKVKAVAKKKLVAPKA
KKYIAT NFDVOMDRQLLFIKRALKSGVEKGKLVQTKGKGASGSFKVNVQAAKAQASEKAKKEKEKAKL
ANYIKA HFDVEIDQQLVFIKKALRSGVAKGTLVQTKGTGASGSIKL-TRLDRTLSKKVTQPK
9 ------- TYKCDAQKLAPFIKKYLKSAVVNGKLIQTKGKGASGSFKLSASAKKEKDPKAKSKVLSAEKK
10 KKALAAGGYDV EKNNSR IKLGLKSLVSKGTLVETKGTGASGSFKLDKKAASGEAKPKPKKAGAAKPK
11 KKALAAAGYB
12 KKALAAAGYDV EKNNSR IKLGLKSLVSKGTLVQTKGTGASGSF-----
13 KKSLAAGGYDV EKNNSR VKIAVKSLVTKGTLVETKGTGASGSFKLNKKVEAKKPAKKAAAPKAKKVA
14 QSY IAAKYRCDINALNPHIRRALKNQVKSGALKQVSGVGATGRFRVGAVKRSAASANKLKATREKARA
15 KSY MAANYRVDMNVLAPHVRRALRNGVASGALKQVTGTGASGRFRVGAVAKPKKAKKTSAAAKAKKAK
16 QKY VKSHYKVGQHADLQ IKLAIRRLLTTGVLKQTKGVGASGSFRLAKGDKAKRSPAGRKKKKKAARK
©17 QKY IKSHYKVGHNADLQ IKLSIRRLLAAGVLKQTKGVGASGSFRLAKSDKAKRSPGKKKKAVRRSTS

SNSo0hse W

1 PARKKPAAAAKKPKKAAAVKKSPKKAKKPAAAATKKAAKSPKKATKAGRPKKTAKSPAKAKAVKPKAAKS
2 KPARKKPAAARKKPKKAAAVKKSPKKAKKPAAAADQEGGQEPQEGRQGWPPQEGRQEPGQGKGGEAQGCQ
4 KKPVAAKKKPKSPKKPKKVSAAAAKSPKKAKKPVKAAKSPKKPKAVKPKKVTKSPAKKATKPKAAKAKIP
S5 KKPVTAKKKPKSPKKPKKVSAAAAKSPKKAKKPVKAAKSPKKKAVKSKKVTKSPAKKATKPKAAKAKIAK
6 LAQREKAKEKGCSEEGETAEGSRPKKVKAAPKKAKKPVKKTTEKKEKKKTPKKAPKKPAAKKSTPKKTPK
9 VQSKKVASKKIGVSSKKTAVGAADKKPKAKKAVATKKTAENKATKARKPKAAKPKKAAKSPKKVKKPAAA
10 KPAGATPKKPKKAAGAKKAVKKTPKKAPKPKAARKPKVAKPKSPAKVAKSPKKAKAVKPKAAKPKAPKPK
13 AKKPAAAKKPKKVAAKKAVAAKKSPKKAKKPATPKKAAKSPKKATKAAKPKAAKPKKAAKSPKKVKKPAA
14 RAKAKKAKAAARRKAAAAKRKAAAAKRRAAKKARKAKAKP
15 AAAAKKARKAKAAAKRKAALAKKKAAAAKRKAAAKAKKAKKPKKKAAKKAKKPAKKSPKKAKKPAKKSPK
16 STSPKKAARPRKARSPAKKPKAAARKARKKSRASPKKAKKPKTVKAKSLKTSKPKKARRSKPRAKSGARK
17 PKKAARPRKRSPAKKPKATARKARKKSRASPKKAKKPKTVKAKSRKASKAKKVKRSKPRAKSGARKSPKKK

1 KAAKPKAAKAKKAATKKK
2 AQGDQTQGGQGEEDGSQEEV
4 AKPKIAKAKAAKGKKAAAKK
5 AKAAKGKKAAAKK
6 KAAAKKPKTAKPKKPA-KKAAKSK
9 KKKTEKAKAKDAKKTGIIKSKPAATKAKVTAAKPKA
10 AAKAKKTAAKKKK
13 AKK
15 KKKAKRSPKKAKKAAGKRKPAAKKARRSPR-KAGKRRSPKKARK
16 SPKKK
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Figure 3. Histone H2B Protein Alignments
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Figure 4. Histopne H3 Protein Alignments
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Figure 5. Histone H4 Protein Alignments
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92 ... Ceseseaans sesssssensane cieereeas et
93 ... cetsanaane e sesesseccscnns ettt
94 e Ceeeeenn e et e
95 ... N Cetecetestatareeacsatseennn
96  c.iceieeea. D -

107 ...eaea.. PPN P
108 P Cedieeeane
109 SN et et ettt e

60 . 80 . 100
cos EETRGVLKVFLENVIRDAVTYTEHAKRKTVTAMDVVYALKRQGRTLYGFGG
87 Ceeiee ittt Ceeeei e teectec st aans e

88 ettt -- -—-- -
89 cetteesctentecacaeeesenes Cecetetesceanesenrsesenenn
90 ceereeceaeans PN - -——- -
91 ......... - e e e e L c bttt s e
92  ..... A
93 B IR AT S P
94 cececterseseas O Crsecestsretssaceres
95 ceereeaaes et e eaeeeaseseseescste et sreartesonon s
96 DRI T N R R S R R R R R I IR RN s ee s s s s s s e et st
97  L..e... P

98 ... D & Cecrtessenrenaacaaennn

99 s S Cetereeatsaaeanns
100 O S - 3
101 A O TS - R - B 2 ceeee .o
102 cereserereensan PN
103 A S L - T T - 3
104 T e ssscsccrevecsenn Ceeteecesseetasetananne
105 DDS.D.ccveannn VeeeeeeoeodReciiiiiiiiiiiiiininaanns
106 B i PP ceeestssesaetenens
107 ceeneneen ceeerescsenns cesecessiststsrtets e o .

108 S ee e eseeea s eat et ettt sttt ettt es et et s a0 s oo
109 A Cecseesacesrerennne cesenen
110 T T 2 N
111 ceeescessans Cecteestsesren ceeciesesna Ceeetseatsanana
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Figure 6. H2A Coding Sequence Alignments
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A.A,..TG.TAAA..T...T.AACA........ T..TA.T
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GTTCACCGGTTGCTGCGCAAGGGCAAC TACGCAGAGAGGGTCGGCGC
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o ...T7.C...C.C.....G..

P s L & T S I € ]

«eG.ooolllCl

cececececnns cee veeeeGe i CiiilGaL

A.C..T...CAC...ARG.C.C...C.ACGAG.CAT.G.C.......G..
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cesesess s C.CT..A.G........T ..T..C...C....G..A..
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..G...A..C..

..AA.A.GA,..T... «e...CC.A..AA.T..TT.
..AA.A.GA,..T... ee...CC....AA.T..TT.
..C..G.....A... ceeesesessC.T..T..T..
eeeseToALLees eeeesC..C.T..Counes
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TGGCGCTCCAGTCTACATGGCTGCCGTCCTGGAGTACCTGACTGCCGAAA

veeee.C..G.
...A.....C..
C.....C..GC.
CAC...CG.C..
«oA ... T.
«eeG. AL L.
C..A.....G..

cedTeneneass

[SPEP

A.ciienennns

ceeessAl...

G..TC.C..G..G..G..TecveenesessCi...G.
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G...C.A..G.....G.civeeeeacnneeGeas.aG,
G....GC......A....C.....T..C.....T..GG

ceeecsssssssscssesBAiiiiieeCiiiiiannn

T O L

...7C....C..A..G..C.....T.....C..T..G.
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Figure 6. (cont)
200 220 240

cos TCCTGGAGCTGGCTGGCAACGCTGCCCGCGACAACAAGAAGACTAGCATC
18 ....A........G.uuts TeoGovvenninnnnnnn I o{ o N
20 .. .T....A..C..A i iiitnnnnn ceesecesseees AT....G...
3 R N ¢ O € ceeee.GCLLLL
22 ........T....A........CT..AAG...CTG...GT..AGC.....
23 - B it O ¢ o o
24 L. T....A..C..G.itiiiinrernnnannns eeeee...AT....G...
25 .T..C.....Civivviinnnnnnns Y - | ¢
26 ..T.....T....C...... P T ¢ T A.....CC.....
27 .TT.A..AT.A..... T..7.....TA.G..T...........C..A..T
28 .TT.A..AT....... T..T.....TA.A..T.....A..A..C..A..T
29 .T..C...T...... ceeeTe T T it iii i iieeses s JALLT
30 ..o T....C..A.....cvvee.Tiiiiiineeneeea.C.T.. .

260 280
cos ATCCCCCGCCACCTGCAACTGGCCATCCGCAACGACGAAGAACTCAACAA
8 ..... G..... ceesess Tl s Tl GLL.GLLTL LT, .
19 ~emmmre e L.Galll
20 ... AL T o Gl TG G T T Tt i e
2 ¢ O €
22 .CT........TT....G..... G......GG.evvtn. GT.GG.TTC
23 ......A.G..... C..G..C.—=.......C-..... G..G.....ut

27 ..T..AA.A,.TT.....T....T...A.A..T..T..C...T.G.....
28 ..T..AA.A,.TT.A...T........A,A,.T..T..T...T.G.....
PR € B ee...G..GT.A.....
O P ¢ PN AG....T........G..G..G.....

300 320 340
cos GCTGCTGGGAGGGGTGACCATCGCCCAAGGTGGTGTTCTGCCCAACATCC
18 A..TT....GC.T...........G..G..... c...T.G..T..T..T.
19 ....T....CC.C...evveeG..G..C..CLiCiiiiiieeennns
21 ...... ...CAA........ cee:G..G..CL.G..Gli it
22 C..CA.CAA.---.CC.....A..GGGG. .A..C..CA.C...C......

25 ...C..C..ivvinnnn G.iviiii it B O
26 A.....C.....A..C..T.....T..G..C..G.bvvrru.. ee...T
27 ...AT....TAAC..T..... Tevewewneweenae.Too AT
28 L. AR, ... TAAT..T. ..ttt tiinnnneenennnn T....A.....T
29 ..., CTCC..C..C..A..T..A....... .C..GT....T..T..A.
30 A..... T..C..C..C........ €

360 380 400
cos AGGCCGTGCTGCTGCCCAAGAAGACCGACAGCCAC AAGGCCAAGGCCAAG

21 L. P R R T I Tr S AP cee et et eaane TGA

22 .CAAGTCT...A.CGGG...... GG.C.GCAGA.A .CC..GTAG

24 .A....... ee..Coal ..A... ..T..AT.A.GCTAG

25 Ao, S GGT ..A..AT.G...TGA

26 .. TT.eeeeennnnnnns ... ALl G...TC.AAGTCG......AG....TGA

27 .TCAAAACT..T....A...... T.T.CC.AGGCTACC.....TTCTCAAG.ATTATAA
28 .CCAAAACT..T....A...... T.T.CC.CGACTGCC..... TTCTCAAG.ACTGTAA
29 ... T.. ... Tt G.AG-—==—=-———=-————————— -

30 ....AL L. Coernnnnnnns T..G.AGGC. .T...A......TAA

r129



Nucleic Acids Research

Figure 7. Histone H2B Coding Sequence alignments
20
cos ATGCCTGAGCCGGCCAAGTCCGCTCCCGCCCCCAAGAAG
42 L. A..... A..G..... R G..A
5 Covinnnnnnnnnns T..... Geveunn
4 Ll Covennnnn Tevivnnnn Gevernnnn Gevurnn
45 i et - N
46 i i eeei e ALttt it
48 ATG..TC.AA.A....AA.TTG.T..... A
50 e AviBeiiniinnnenns A...G.A..... A
51 ATGTCTGCTAAA . CCGAAAAG.AAC.A. .CT. .AAAG. .CCAGCT
52 ATGTCCTCTG.C.CCGAAAAG.AAC.A...T..AAAG. TCCAGCT
40 60 80
cos GGCTCCAAGAAGGCGGTCACCAAGACCCAGAAG  AAGGGCGGCAAGAA
% G..T...G.G...... AA.......
43 ........ e CC.G...... Gevennnnn G.A.eovvnnn.
44 .. ... ottt ieneeneeennenneanas e e A......
45 .C...... ettt e A......
46 ittt Ceeteerr et e seeeeee A......
48 e A....AAGGC .C.GCC:GC..T...... ..
49 —-mmmmmmmm e CT GC..T. ievennn
50 tiiiiienan. A....CA........ T. .A.A...G..A..
51 .AAAAG..ACCA..C.CT.AA..... TTCC.CTTCC.CT.AT. .T.....
53 .AAAAG...CCA..T.CC.AG..A..ATCA.CCTCCGTC.AT..T.....
100 120
cos GAGCAAGAAGAGCAGCAAGGAGAGCTACTCGATCTACGTGIACAAGGTGC
42 .GCAGC.CA.C...... T, A o S b
43 .C..... CGC...C..... e . (eI J .
44 C.vivinnnn.. Chovevenennann ettt e e
45 Ciivivnnnnn. (S Ce e s ettt Ce et
46 .C.vvrrennnn o e
48 ...G..C.G..AA..G........ T..TGGA......A.C.....A..C.
49 ...GC.T.G..AA..G...vevvuunnn GGT......A.C.....A..C.
50 .C...G..... CA..G.vvrunnn TeoTG.CuuTeeenennnnnnnns
51 ...A.GC...GCT..A.....A.CA.....TTCT...A.T.....A..TT
52 ...ATCT...GTT..A....... C...T..CTCT..TA.C.....A..TT
140 160 180
cos TGAAQQAQGTGQAQCCCGACACCGGCATCTCCTCCAAGGQQATGGGCATC
42 ..... . ol J D R c
43 ....... 1 N e ..
4 ........ Cttinnennnannns U B e e
45 e e Geverrnnn Goeveeieiennennann
Y - e Gevrrnnns Gevteerenenennnnnns
47 —mmmmmmmee Gevererennn R e .....AA..
48 .C.iveuvnn. bR R W, AGTCG........ T..
49 .C........T..... T..... T..7G..... AG.CG....... ACA...
50 ciieennn et L Y ¢ P P
51 ... AACT.....T..... T..T..T...CAA...T.....TCT...
52 ....... AACT.....A..... T..T..T...CAG...T.T...TCT..T
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Figure 7. (cont)
200 220
cos ATGAAQTCGTTCGTCAAQGACATCTTCGAGCGCATCGCCGGCGAAGCGTC
42 .....T..... T..Govvrnn S A..T..G..T
43 e TR G..A..G.....
44 ....... .. ettt ettt et G.....
45 e e et [ ¢ P
46 .. ... ettt e ettt T ¢ TR
47 ceeeetCuuin (C I i e D D D L DL DL Pt
48 ...... AGC. == == ittt et A..T.vovnen.. T.T.
49 ...... AGC..T........ Teveerennnnn Govvvrnnnn ....C..
50 ........ C..T..vvvnnn TG.G..Teveverennn A..G.....C..
51 T....... b PR P T..AA.A.....TACT.....T..
52 T O T.....T.....T..AA.A,.T..TACT..... T..
240 260 280
cos CCGCCTGGCGCATTACAACAAGCGCTCGACCATCACGTCGCGGGAGATCC
| et eerae et C..CA.........
43 ...... . T
44 G........ O et te it
45 G.......o0.Ciiiiinnn et ettt
46 G........ cedCiiiiii i e ettt
47 e ———— e HI o WA S
48 ...... C..T..G........ AAAG.--..--...GCAGT..C.....T.
49 T..CA.C..G......... AAG..A.......GTAGC........T.
50 ...... A..Teiiiiiennns C..... C..eevvvlCiCuivinene
51 TAAAT ...TGCG T ...... AAG..T..T...T.TG.TA. A JA..T.
52 TAAAT .CGC...T...... AAA..C..T..TT.TG.TA.A. .A.
300 320
cos AGACCGCCGTGCGCCTGCTGCTGCCCGGCGAGQIQGCCAAGCACGCCGTC
42 Goveiinn.. Cereeeee T..G...T...... B
43 ..G ....................... G.otvvrnnnnnnn e G
44 ALl Gttt it e R ¢ T
45 B C et e G..
46 Ao Govervrnnnns et tee st ettt G.
47 R L N A D L DL D DL B Lttt
48 ... C..... CA.T..C..... A........ A..oovenn T..G
49 i eiieeee T..T..C..A..A...T. . it iirnrncnns G
50 ....... G..C..A e T..G...T..ounn A....oo... G
51 A..... T..TA. AT..A CT.A..A..T..AT....T.....T..T..
52 A..A..... TA.AT..A.CT.A..T..T..AT....T..A..T..
340 360 380

cos TCCGAGGGTACCAAGGCGGTCAQQAAGIAQACCAGCTCCAAGTAA

L 7 2 Gevevennn

43 G.o.... C. . T .................... T. G

44 G.... Covennnnnnnnns . et eet e

45 ........ Gttt ittt etnesosesasensnensnssans G

L et e e G

48 AG....:ivrvenonns A..G..G..A..... T.Covieveennn G

49 AGT..... G..... A..A..G....ivivennnn C.GT.......

50 ........ Covivnnnn S Govvvnnnn

51 T..A..... T.GA..T..T..vveeenn T.TTC...T.CTC...C.TAA
52 ..... A..... T.G T..T..... A,..T..TC...T.CTC..GC.TAA
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Figure 8. Histopne H3 Coding Sequence Alignments.

20 40 60
COS ATGGCCCGTACCAAGCAGACCGCTCGCAAATCCACCGGAGGTAAGGCTCCCCGCAAGCAGCTGGCCACCA
60 .....T.....T..A.....A .. iinnnnnnnnn C..... A..G..A.... ... SCTel.
61 .....G.....G........ G..G..T..G..G..G..C........G..A..T..............T.
62 .....T.....A....... T..Coeeiet Gl Tl l A..A...A.G.....A.....T..A.

71 ——...A..A...iiinnnn Gevevennnnnn T..A........A..C.ooiiiennnns c...AL...
A T S o D S Y

80 100 120 140

COS AGGCTGCCCGCAAGAGCGCCCCCGCCACCGGCGGAGTGAAGAAGCCTCACCGTTACAGGCCTGGTACCGT
60 .......T oo G..G..T. ..o T lAliiiiiiiennennn C.T..G.....T..
61 ....G..TA.A
62 .a..c..T........T..G...T.T..T..A..G........A.....T.......oeueeee . Te
63 ....Ciiiiinnnnnnn. F P D o e C...C.T..C..C..T..
64 ....Ciiiiiiiiiiiiaa. Goverrrnnnnn Coevvve Ao, C...C.T..C..C.....
65 ....G.....T........G..G..... G..... Geverennnn ..A ... 0 TCL.L.Clll LGl
66 ....G........A.....G...T.T..T..... Geverrnnnnnn G.....C...Ceivvvn...T..

80 ........A.A..ATC......AT.T.....T..T..T............ A.A..T.A...A..... T..
81 ....G...A.G..... T.....A.....A..G.....T..A.....A.. TAG........... A.....
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Figure 8. (cont)

160 180 200
GGCTCTCCGTGAGATCCGTCGCIACCAGAAGTCCACCGAGCTTCTGATCCGCAAGCTGCCCITCCAGCGT
...... G....oovveeCieii. ALLL..G.lll .. TG .. T..G. el l el Gl Ll C
ceeGivecnans A..TA.A..T..T........... T..Ac..ooann T..... A..T..ecieennnn
J R . S O Geevvrnnn Gieieeresosnsonans [ P C
«e.G..G..C....... G..... ceesesnes Geveennn [ G.evevvnnn C
...G..G..C..A..... Geevevoononns ceeesG.ALLGail il Ao, A..C
ceeCuniennn A...A.G..... Toveooenn A..... A...T.A........... b ..
...... TA.A...........T ... ToeeeGeeeeeee sl AL Tl C
C..C..GA.A..... T..C...... ceseas AG...T........ C..... A..A..... A.........
C..AT.GA.A..... P ..AG......A.....T.....A..... Aol C

eeseCoe ACLALL L LALLL L

C..C..GA.A..... TeCovenennnnnnn AG......A..... Co.ont A..A..... A.........
Ceveerennnonsnnnse Ceeecceeeenans AG...ovevnnnnn [ [
Cititiiteteeenenacsoncasonannns AG....oveunnnn Covevennnnns [
...CT.G.....A..Te..vtn A...AG........... Al iiaiiaae Teveeenens
ceeGoo o Clial CAAG......... AG...G.....G..C.....vvnn CoevvevennlC
Civeennrnnnnnns Teeeonnn ceesretensnan P ceeeseesesCiiiiinn...
T...T.GA.A..A...A.AA.A.T...A..A..T..T..A..GT.....A.A...T....T..... AA.A
T..CT.GA.A..A..TA.AA.A.T...A..A..T..T..A..GT..... A.A...T.A..T..... AA.A
C..C..GA.A..... T..Covvvvnnnnn. AG..cievrnnenannnnn ALLALLCLLALLLLL.. ..
220 240 260 280
CTGGTGCGTGAGATCGCTCAGGACTTCAAGACCGACCTGCGCITCCAGAGCTCCGCTGTCATGGCTCTGC
........ A..A.....C..A........ee . T..Teeeiieeeee e .. T..G..A.....G....
cesesnas A..A..T...........T..A..A..T........ccvv...G.A. . .A..GGT...T...
S A ¢ feceetsetrtesteseeanane G..C..... ceeeeens
Teeeeonn [N G..oonn Ceteteseceteettsetacsesetsnnn G..C.vvvvnnnnnnnn
........ [ ¢ I U S Y ¢ P o NI ¢ P o 8
........... A..T.......coc0...AL.A.. Tt . .G.T...A..GGT...T..
.......... T...T..A.G........TG.A...A.TGGT.....T

b P A..G.oovvnnnnn G..C...... .o .

........ A..A..T..C........T.....T..ieteneneee. . T LA .G.....C.l L
L . S S ..A..G..A..T........ S G..... cC..T
..... - S L B N U Y o N o8
] S A..G..A..T........ Teeeevene G..... C..T
F - S S A..G..A..T........ S G..... c..T
..... L e N U o o P o4
..... L N o o o
........... - O P P ¢ S B
AL Civevnnnn Cieitteeoeentesocaoscccosanannns TC...... C...TCC..C....
..C..Ciuii. b Y o Tovennnn Cevrnrennonennns T..CA..GGCCTC..C.
T....CA.A..A........ - S T..A.A..T..ATCT..T..CA..GGT..CT...
T....CA.A..A........ A..T...oiiiennn T..A.A..T..ATCT..T...A..GGT...T.
.A...A.G..... T..Covvvrnnnnn. A..A..G..C.......... T..... C..G..... Cc..T
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Figure 8. (cont)

300 320 340
AGGAGGCCAGCGAGGCCTACCTGGTCGGTCTCTTTGAGGACACCAACCTGTGTGCCATCCACGCCAAGCG
....... TT.T..ceeeee.Tee e AiiGeveeveeneeee AL o TolConennl JTL LTl Ll
....... A..T........T.....T..C..T.....A......ivveueeses.To L T L LAL,
........ S L o A S 0N
....... L A ¢ ¢ S &
....... I L ¢ o L A 0
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.ALALLT.L ... P NN, N < T W e Covvvvrn.T..T...A.

360 380 400
TGTCACCATCATGCCCAAGGACATCCAGCTCGCCCGCCGCATCCGCGGAGAGCGTGCTTAA
A..G..T..T........ - b O AA.A..G...

Ceiveeverencsennsans [ T..C...A.G..C..G
cereeeesssCAAG. .ttt ittt enanane C. ...T.....CAAC...
«+se..T...CAAAAG..... T...A..T.G..TA.AA.A .A..T..AA.AT.A..G
«..T..T...CAAAAG.....T...A.AT.G...A.AA. AC .A.

B

r134



Nucleic Acids Research

Figure 9. H4 Coding Sequence Alignments
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Figure 9. (cont)
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Figure 9. (cont)

220 240
CGCCGTCACCTACACCGAGCACGCCAAGAGGAAGACCGTCACCGCCATGG
et ettt ceeecracsnenns ceeeeGai i GalaL

N P ¢ J I N
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T.T..T..T.....C..A....cvvvnn A.....T..T..TT.TT...
D Cr ettt IS S
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Figure 10A. Histone H1 5' Upstream sequences

=200 -180 -160 -140
TCGTGTTGGCGGAATTGTAGAAAAAACGCGCTTTTTCGCCTGTTAAGTTAAGAAACACARAATAGCGGGGAG
GGGGCGATTTGGTGGCAGAAATTCCGAGGAAAATACACTTTTGTTAGTCCAAAGAACACAAATCGAGCA
AACCCCCCATTTTCCAGACTCTAAAAACACAGACTCCCACCTGCCCATAGTTTCCACCAGCGAGAATTAATG
AACCCCCCATTTTCCAGACTCTAAAAACACAGACTCCCACCTGCCCATAGTTTCCACCAGCGAGAATTAATG
CAAAGTTTTCTGTTATAATCATCTGCTTGTCAGCAATTTCACTCAAGTTTCGACCTGCAAACAC

NN

=120 -100 -80
CGAAGGGAGCTCTGCGCCGTGCGGCGGGGCGGGCTCTGCAGCGCACCAATCACCGCGCGGCTCCGCTCTATA
CACCGAAGGGCTCCCCGGCCGTGCAGCGGGGCGGGTTAGCAACGCACCAATCACCGCGCGGCTCCTCTTCTA
GGCGGGGTTTGCTTCTCAACCAATGAAGGTTTAACTATAAAAGCTGGCCAATCAGGGACCCAGAAAAGATGA
GGCGGGGTTTGCATCTCAACCAATAAAGGTTTAACTATAAAAGCTGGCCAATCAGGGACCCAGAAAAGCTGA

CGGACGACCCGGGACTGTCTCCTCCCACGTACGCAACAATGCC
ACGCTGATCGGCAGTGAGGCAAAACAGACAAATCGGACAAATTGTTTCCCACCACGTACGCAACCGCGCGGG
CCCGGGCCCGAGC

W J o s N

-60 -40 =20
AATACGAGGCCGCCGACTTGCTCCGGGCCCAGTGGTTCCCCCCGATCTGTGGAACGACGTCCGTCAC ATG
AAAATACGAGCATCTGACCCGCGCCAGCCCAATTGTGTTCGCCTGCTCCGCAGAGGACTGCGCCGCG ATG
ATATAAGGAGGTTCGATATAAACTGAAAGTTTAGATTTTAGTTCGCGTGAGTGAATTTACTTCAAAG ATG
ATATAAGGAGGTTCGAGACAAACAAGAACTTTAGATTTTAGTTTGCGTTAGTGAATTTACTTCGAAA ATG
TTATATTGAGCGTTGCCGAGCCGATGGTTATTCGTTTTGTTAACCTCCCGACGCACCGTATATCAAG ATG
ATATAGGTGAGGTTGCCGTGAGGGCCGTCACTTGTTTTGTTAACTCCGCTACGCAACGTTTACCAAG ATG
ATAGCAGCAACGCAAAACCTGCTCTTTAGATTTCGAGCTTATTCTCTTCTAGCAGTTTCTTGCCACC ATG

@ J U N

Figure 10B. Histopne Hl 3' Downstream Alignments

20 40 60
TAA GATGACAGAAGAAATTCGAGTCTGCTCATTTAAAAACCCCAAAGGCTCTTTTAAGAGCCACCCAT
TAA GTTATCCCAGAAGAGTCCTGCTCTACCTATTTTGATATCCAACGGCTCTTTTAAGAGCCACCCAC
TAA CTTGGTTCCGGTGTCCCTGTCCATCCCCCCCCAACCTCAAAGGCTCTTTTCAGAGCCACCACCAA
TAA CTTGGTTCCGGTGTCCCTGACTATCCCCCCCCAACCTCAAAGGCTCTTTTCAGAGCCACCACCAA
TGA TTTGCACGCCAACTTTCCCATCCTACCAAAACGGCTCTTTTCAGAGCCACCACATACCC
TGA TGTTGCACGTCCTACTCGTGTCACCACAACACAAACGGCTCTTTTCAGAGCCACCACATTTCCAC
TAA ATTGTGAAAAAGTGCAGTATTTGGTACATGTTCGCAATTAAAATTTTAGATTTATGATTTAGTAG

O N

80 100 120
TTATTCTCAGAAAGAGCTGGAATGCTGCGGGAACCGCGGCAGCACAACTAATTATCTCAGTTGCAGAGAT
ACTTTCCCTAAAGGAGCTGAGGCACCGAGGTCGTCAGAAACTTCCAGCACGGAGGCAGCAATTCGTAAGT
CTCAGTGAGAAGAGCCGATACTGTGACTGCTCATTGGCTCCATTATGTCAGGGAGGCTTTCTGGTATCTG
CTCCGTCAGAAGAGCCGATACTGTGACTGCTCATTATGTCAGGGAGGCTTTCTGGTATCTGCTGAATTGT
GTAAGACC
ATCTGTAAATTTGTTTAAACAAGTCCTTTTCAGGGCTACAACGTTCCGTTGCAAGAGAAAAAAACTTTTA

[Y-REN BN I VI
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Figure 11A. _H2A 5' Upstream Sequences

200 180 160 140
18 CTAAAGGAATGAGAAAGCTGTACTCCACTACATACTCTGGTGTACTCTGGCTCAGTTCTTGGACTCCTCT
19 GGCCTCGAGAACACGCCTTTCCTCCCTTATAACTGCTTTTCATTGGTTCAAATTCGATTCGCTTTCTCAT
25 GATGGCGGTATTCATGAAATCGAGGTGCGGGCAGCGTCCCGCTGATTGGACAATTGTCACAATGCCCTCG
26 CCGTTGGTGCCGAATACACT
27 ATACTAGCAATAAGTCTTGACCTAAAAAATATATAAATARGACTCCTAATCAGCTTGTAGATTTTCTGGT
28 TCARACATAACTCTATATATAAGGGATGAAGATGTATGCTTTCTTAGAATTTCAAACATATTCCGTTAAA
29 ATTTTCACAAACACAATTCACTTATCGAATGGGCCGAACGCGTTCACGTTTATACTTTTTTTCGAGCAGT
30 CTCGTCACTCTGCTGCCTGCCTGCCTGCGGGTGGGTGGGGGCGGGCTTGGCTGACTGCCTGTCTGTCTGT

120 100 80
18 TTTCTTGGCGAACTCAACTGGTATGAATTCCTCACAGCCTACCTCCAGTCAGTATAAATACTTCTCTGCC
21 TGGCTGCCCAGAGCGGACCCAGACGTCAGCCCATCAGCGCAGAGGCGAGGAGCCAAAGCGAGACGTAGCG
22 ATTGT
24 TCCATTCA
25 CTGACCGGTCTCTCCGATCCCGACGTTTGGTATAAATAGCCAGCAAAAAAGATAGGTGGTCAACCATTCA
26 GTGTTGGCTGGTCGAACTCATCCAATTAAAGAAGAGAGGTGTGTCCTGCGCTGCCTATAAATATCAGTAA
27 CTTGTTGAACCATCATCTATTTACTTCCAATCTGTACTTCTCTTCTTGATACTACATCATCATACGGATT
28 GTTTTACTTTTCGATTTCAATTTCGACTGCATGATGCTTTTCTTAGGTAGTTTTTTGTTATTAAATAGTA
29 CAATTCAGGTCTAAGTCACCCACCCCTAACTGAATGCGCGGGCAAACGGAAAAGTATAAATATTTCGCTG
30 CCCCTCCCTCACTCCAATGGATAGGCCACACCGGTCCGGTGGCCAATCGATGGCTTTTGTGGCGAGGTAT

60 40 20
18 TTGCGTTCTAATGTAGTTTCATTACATTTTCTTGTGGCGATTTTCCCTTCTTATCAGAAGTAGTT ATG
21 GAGCCCGTAGGTTGCGCGCTGCGTTCTTGGCTTGTTTGCTCTCCTGAGTGTGTTCAGTCGCTGCG ATG
22 CTGGCGGCTCCTGAGGCGGT TCGAGCGGCGGATTCGGGGACCGGGGCTCGGGCGGCGGCGGCACC ATG
24 AGTCATCGAACATTGTTACGTTCTGAACTTCGTCTTCCGATTTATTCTAACTCATCAACAACATC ATG
25 AGCCAGCGCACATCGCTTCGTTCACAACCTCGCTTCGCTCTCAGCTCGTTAACCAACCAACCATC ATG
26 GTAGGGGAGTGCAGCTTCAGTCTACAACATCTTCTTGATTGTGGTTGATTTGTAGCACAGTAATC ATG
27 TGGTTATTTCTCAGTGAATAAACAACTTCAAAACAAAACAAAATTTCATACATATARAATATAAA ATG
28 TCATAAATTCTTGCCTTTTACATAAGAATTAGGAAAGTACAGAACAAGAGCAARATTTAATATATA ATG
29 TCGGGGTTAGGCGAGCATTCGTGTTCGTGTGTAAAGTGAACTAAGTGAAATAAACGCTGAGCAAA ATG
30 AAGTAAGGCTCTCGAGGTGCCCAGCGGCTCATTCAGACTTTCTGTCACATACTGAAGCTACCAAT ATG

Figure 11B. Histone H2A 3' Downstream Sequences

20 40 60

18 TGA AGAGTTAACGCTTCATGCACTGCTGTTTTTCTGTCAGCAGACAAAATCAGCCTAACAGCAAGGCT
19 TAA GCCAGTGAGCTAAGTTTTTTTTTTTTTTTTTTTTTTTTTTTAAACAAAACCCAAGGCTCTTTTCA
21 TGA GCACCGGCGAGGCAGCGCTGTCTGAGAGAACAGTCCAAGCTCTTTTCAGAGCCACCCACAGCATC
22 TAG AGGACGGGGGGTCCCACCCGGCGCCCGTCGGCGGCCCAACGCGGCCCAACGCGGCCGGGCTGCGC
24 TGA AACCTCAACGGCCCTTATCAGGGGCCACCAATTACTCACGAAAGAATTGTTTCATTTATGAATTC
25 TAA ATTTGTTTGCTACCTCTTGCAACCTCAACAACGGCCCTTATCAGGGCCACCAAATATTCAAGAAA
26 TGA AATGCCCAGCTTCCCAGCGCCCCCATCAGGGACAACACAAGGGCTCTTTTCAGAGCCGCCACACC
27 TAA GATCGGTTCTGGTATTTTAAAGAAGGCGGAAGGAATTAAATTGCTTCTCCATTGT

28 TAG TATTACTATTAATAAAGAAAATAAAAAACGTATCAAGTTTACGG

30 TAA AATCGCTGGTGCGGCTGCAACCTGACTACTCAACCCCCAAAGGCTCTTTTAAGAGCCAACCACCT

80 100 120 140
18 CTTTTCAGAGCCACCTACGACCTTCCATTAARATGAGCTGTTGTGCTTTGGATTATGCCGCCCATARAAG
19 GAGCCACCACTTCTTCATATAAGAG
21 GCAGGAGAGCTCAGAARATCCGCAATACAGTCGTGCAGGTCTATGAATTACTCGA
22 GGCGCCGCTCCGCTCCGCGGAGGGAGGAAACGTTTCTATGGCTTTTGTGTTCCCCGCCGTGGGCGGCGG
24 CCTTCCCCCACTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCTCCC
25 GATAAAAGTCTCTG
26 CGCAAATCAGAGCTCACGTGATCACATGGGATTACGAGGAGAGATTTGTAATAAGAGAATGAATAGCGC
30 AGCTCAACAAAAGCGCAAAGTGTCC

r139



Nucleic Acids Research

Figure 12A. Histone H2B S5*' Upstream Sequences

42
43
44
48
51
52

-200 -180 -160
AGTTTAATTTCAACCAATAGTAGTGCGTCTTCTGGATTTGCGAATCCTGATTGGGCAGACCTGACCTCTGACG
TGATACTTACGCAACTAACCACTGAGCGAA
CAGCCAATGAGAAAGCGAATCGAATTTGAACCAATGAAAAGCAGTTATAAGGGAGGAAAGGCGTGTTCTCGAG
CTCTAGGCAGGGGATGGAACAGGCACTAANCTGCGACGCCTAAGACCAATGAAAGGATCGAGACCGAGGCTCA

ACCTTGGTTGGTTATCTTGAACGATTGGTAAGAAAGGGGCATCTCTGTTTTCTTGATG
GTAACTGTTATTTGAGCATAACACAGGTTTTTAAA

-140 -120 -100 -80
TTACCCTGAATAACTACCAATCAGACACAAGACTTCAACTCTTCACCTTATTTGCATAAGCGATTCTATATAA

TATGCTTCCTTGATGGACAGTTAGTGCTTGACGTTTGCAGACTCTCTGACAAGGACAGCCACCGCTTTATTTA
TCCGACCAATGAAAGAGTGCGAAAGGAATGCTTCTCATTTGCATAGA( TATAAATAAATGCCTACGACC
CTGTTATCCAATCAGAGAGCAGATACAGAAGGCACTCGATTTGCATACTGCCC
GCGACACGTCACGGACTCTGTTATCCAATCAGAGAGCAGATACAGAAGGCACTCGATTTGCATACTGCCC
TTTGCATACGGACCGCAGCATACGGATCCGGCCCCGTGTATAAAAAGGAAAGGTTCTCGCTGGCCATTCACAG
TTATACCATGTGACAAAACCTACCAGTAATATTACAAGATATCGGACTGCCTTATTTGCATGGGAAG
TATATAAACAACATGATTTGATCATCTCAAGATGGTCAGATTTATTAAAGACGTTTCTCTTTCCGCATTTTTG
ATTATTATATATCATGGTATATGTGTAAAATTTTTTTACTGACTAATTTTGTTTATTTATTTAGCTTTTAAAA
ACTTTTCCGTTTGCCCGCGCATTCAGTTAGGGGTGGGTGACTTAGACCTGAATTGACTGCTCGAAARRAAAGTA

-60 -40 =20
AAGCGCCTTGTCATACCCTGCTCACGCTGTTTTTCCTTTTCGTTGGCGCTTTATAGCTACACAGTGCT ATG
AAAGAGCAGGAAAGGAACGGAACAGTTCAATATCTCTTTTCTTGGCCTACCTTCATTCTCTGTTCACT ATG
CCTTCGTTTCCATTCAGCGTCTCCTGGTCGTTTTTGTTCGCCTCGCTTCGTGAGCGCGTTGTGCCACT ATG
CTATAAATAGGCGAGCAGTGCTCGCAGCCGGCACTCCGCTGCGCCGAAGGGATCGTGGAGAGTTCGAC ATG
CTATAAATAGGCGAGCAGTGCTCGCAGCCGGCACTCCGCTGCGCCGAAGGGATCGTGGAGAGTTCGAC ATG
TATCCAAAGAATATTGCTTGACATACTCGTTTCGCTGCATCTTTACAGACCAGAAAACCTCAATTCAT ATG
GCTATAAAAGCAGGAGCCCGGGAGGCGAAGGAAACAGTTTTGTAGGCTGAGAGAGAAGCAGCACAATT ATG
CATTATTGTTATATTAAATTTATCCTATATAGACAAGTCAAACCACAAATAAACCATACACACATACA ATG
ATTTTACTTTCTTGTTAATTTTTCTGATTGCTCTATACTCAAACCAACAACAACTTACTCTACAAATA ATG
TAAACGTGAACGCGTTCGGCCCATTCGATAAGTGAATTGTGTTTGTGAAAATATAAGTAACGTGAACA ATG

Figure 12B. H2B 3' Downstream Sequences

20 40 60

TAA ACAGTGAGTTGGTTGCAAACTCTCAACCCTAACGGCTCTTTTAAGAGCCACCCAATGTTCTCAAAGA
TGA GTGCTCAAGACTCAGCTCTTAACCCAAAGGCTCTTTTCAGAGCCACTCAAGACTTCAAAATTGGAGC
TAA GCTGTTTTCATCCCCCGTGCCAGAGTCGCTCGACCCAAAGGCTTCAGAGCCACCCACCTTGCCAGAG
TAG AGCGGTGCGGATTACTCGATTTTAACCCAAAGGCTCTTTTCAGAGCCACCATTTGTTCTAATAAAAG
TAG AGCGGTGCGGATTACTGATTTTAACCCAAGGCTCTTTTCGGAGCCACCATTTGTTCTAATAAAAGGG
TAG ACAGGTCATATCCTGCTCTAATTGGACAATAATACAACGGCCNNACAAATAATCAAGAAAGAATGAT
TAA ACGGTTACACNNNNNNNNNNNNNNNNNNNNGGCCACCAAACATCCAAGAAAGAATTGTGTCATAAAT
TAA TTGCTGCTGCCCGACCCCTGTCCGACTCCAACACAAAGGCTCTTTTCAGACCACCCATCTTCTCCCG
TAA TGAAATCACTTC

TAA GTCACTCACTAG

80 100 120
AAGAGCTGGTGCTTGTATTTCCTCCTC
TTTAATGCTACCAAGCGACTTAGTGACTACCGGGAAAATAACCGACTTCATGCAGGATGTGTGACAACAC
AAAGAGCTGTAGTCATATCAGAAGAAAATAGCATAAGTTAATCCGGCTTTCTACTTCACATCTTTAAATAC
GGCTGTATTACTTTTTTTCTTTTTTTCCTGAGGGGTATAGCGTGGGTTAACTGAGTGAATGGAAAGCGAGT
CTGTATTACTTTTTTTCTTTTTTTCCTGAGGGGTATAGCGTGGGTTAACTGAGTGAATGGAAAGCGAGTGC
ATCCGTAGTAATGTAGCGTAGTTGTTTATTAAATAAATAATGTTGTATAACGAATATTAAGATATAATCAA
CAGATGAAGAGAGTAGTCAGCTATTACATAACACATAAGGGGTGCAAATTACATATAAGCACCACCATGAA
AAAAGATCT
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Figure 13A. Histopne H3 5' Upstream Sequences

60
61
63
64
69
70
74
75
76
77

=200 -180
ACGGTAATGACAGGAATCTCTCTTAATCTGCAACTAGGCACAGA
TCTTTGCAACCTGGGACAGGACAGGA
CTCAGCCAATAGGACTACTGCGCGGGACACTTGAAAA
CACAAATTTG
AAGCGCGCCTCGGCGAGGGTGGGGGTTGCATTTTGGGGCGGCACGGGAGGCCGAGCCTCCCGTCCAATGGGGC
TCGACACATTTTATTGACTTTGCACATACGGCATCGCCAAGCCCCCTTCCCGTCACGCGCTAAACAAAAGAGC
AGCAAAATAAGATTCAATTTTTCGTGTTGGAAGCGAACAGATGGACCGCATGACTAATGCGTAATGCATGAGG
CTGAAARTGGTAAATTAATTCCTAGATTCATGTCAGACGACACGCAGACGATGGTTGCCAAGATCGTGAGTGG
TATTTATAGGTAAAACGACAAAAACCCGAGAGTACGAACGATATGTTCGTTCGCTTTTCGCTCGTCAAATGAA
GCATTCCTACCCGGATCGCCATCTCGACCGTCCACTCCATCCGCATCCAACGGCAAGTACATGCCTCTCGTTC

-140 -120 -100 ' -80

GATGGGCCAATCCAAGAAGGGCGCGGGGATTTTTGAATTTTCTTGGGTCCAATAGTTGGTGGTCTGACTCTAT
GGACAGGCAGAAGGCTTAGAGTTAGCCGGTTAAATTCATTGATTTATTGACCAATGAGAGGCGAATGGGCGGG
TGTTCGCAGCCGCCGCCGCGCCGCCGTCGCTCTCCAACG
GCAGACACGCCTATCAGGATGCTTTCTCGGTGGGAAGGAGGGGTACGAGCGCGGGTACGTGTGTTGCGCGTGT
AAGTTGAGACCTGTTATCCAATTACCAAGTACTTCCGCATACATGATCATAGGCATTTGAAGATTTCAACCAA
GGAGGAGGCCTCCGCAACGGGCCAATCA GGGCGGTGCGGGGATGGTGACCAATGAGCAGACGCCGCTGCCGG
AACCCGGTTGACCAATCAAGAGAGCTTTACAAACGGCACCAGGATCCCGCAGCACATATAARTAGCTGAAAAT
TTGCGCCG
GGCAGCGATCCGTAGAGGAAGCGACCAATGAGGAGTGATCTGAACCTCTATTCACTGGTATAAGCCAAAAGCG
AACATCATGAATGGTCAACTCGAGTGAACCAATGGGACTGGACAGTTTCACTATCCAATCAACGCGCACGATA
ATGGCCTCTGTTTTTCTCTCTCTCTCTCTCCTCTTTCACCGTCCACGATTGCTATATAAGTAGGTAGCAAATG
CGAAAAACCAAAACCCAAACCCGCCCGCTCTCTCGGTGTCCCTCCTATTTAACTCCGCCCCGTCCCCTTCTTC
TCGACCACCA

ACTGTGTATTCTTCGGGATACATCTCTTT

TTCTTGTTCTTTTATATAGGACCACTGTT

GATCTCTCGGAGCTCTTATAAATAGCGGTCATATTT

-60 -40 -20
AAAAGAAGAGTAGCTCTTTCCTTTCCTCCACAGAACGTCTCTGGAGGGAAGCTTTTCTGTGGTTTTGCC ATG
GTTTCATCTACTATAAATAAGAGCCGTGCAACGAGACCGCCTACTTTCGGTTGCAGAGCAGTTCTGCGA ATG
CCAGCGCCGCCTCTCGCTCGCCGAGCTCCAGCCGAAGAGAAGGGGGGTAAGTAAGGAGGTCTCTGTACC ATG
GCGACGCAAGCGTACTAAAGGCCAAAGTGCGCTACTTAGGTATCTCACTTTTCCCTACGGTTACTTGCC ATG
TCAGGAGCATGTTCCTTCTTATAAAGGAACCCAGAACCTAACCTCTGCATTTCCTATTTCTTTGTAGAA ATG
CCTTATAAACTTCACATAGGCATTTTGAGGCTATACTCCGACTGTGAAAGAAGGAAGCTAGCTAGCGCC ATG
TGCCAGTGGTTCTCATTCATCCCGTCACTCGTATTTGAAGTACTGAATTACCTACTGTCCCAAGCAACT ATG
TGCGACACCTCTTCATCTCGTACACCCTACGTTTGAAACACACTGANTCCAACTGTCTCCCAATCAACC ATG
CAGTCTGGAGGTATAAATACGTCGCGGTTACTTTGAAAATTTATCAGTTGACTATCTGAAAAATCAACA ATG
CCATAGCTATAAAGATCAGCCGGGAATTTCGAAAATCAGTTTTCGTCTCATCAACGATCAATCAACAAA ATG
CTCTGATCGTTTATTGTGTTTTACAACGTGAAGTAGTGAACGTGAACTTTAGTGAAACCCAAATCGGAG ATG
CCTCCTCACCCCAATCTCCCCAGCCCCCAACCACCAGAGCCTCCTCCTCCCCTCCGGCGCATCGACGAC ATG
GCGCAGGTCATCACTTAATCATCGCTCATCCATCAAAAAACACGTTATCAACACACATAAACCATCACA ATG
CCTCAACCTTTATATTCTTTCTTTCTAGTTAATAAGAAAAACATCTAACATAAATATATAAACGCAAAC ATG
TTGTGACTTCACTTTGGCCCTTCCAACTGTTCTTCCCCTTTTACTAAAGGATCCAAGCAAACACTCCAC ATG
TCAGCGGCAGTCACTCATCTCGTCTTCTACGTTCGATTCGCAGACTTACCATCAGACAAGTAACCAACC ATG
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Figure 13B. Histone H3 3' Downstream Sequences

60
62
63
64
66
69
70
71
74
75
76
77
78
79
80
81

20 40 60
TAA ATGTAAAGTTACTTTTTCATCAGTCTTAAAACCCAAAGGCTCTTTTCAGAGCCACCCACTTATTCCAA
TAA GAATCCACTATGATGGGAAACATTTCATTCTCAAAAAAAAAAAAARAATTTCTCTTCTTCCTGTTATT
TAA GGGTTTCTGTTAATCCACACAACCACTTTAAAGGCTCTTCTTAGAGCCACCCATCTTCCAAAAAAAGA
TAR TAGGTACGCTTTCTACACTGGCACGTAAACCAAAACGGCTCTTTTAAGAGCCACCTCCATTATCCACC
TAA ACTTCACCTTGGTGGGTTTGTCATTCTCGAGCAAACTTCTTCCGTTATTGGTAGTAATGAACGTTAGA
TAA ACGATGACCTGATCTCCAAAATCCCCCAAAGGCTCTTTTAAGAGCCACCTCCATATTTCAGTCAAAAA
TAG AACCATCGGTACAGCATGTAGCCCATGCACCGCATACACAAACGGCTCTTTTCAGAGCCACCACAACC
TAG ATC AATCTCGTTTAAATAGTTATATATTACATTATATGGT
TAA ATTGTCTTCTTTGACTGACACAATATAAACGGCTCTTTCGAGACCACCAAAAGCTCAAGAAAGAATCA
TAA GTCGTTTAACCTTGTTTGAACGCAAAACCGGCTCTTTTCAGAGCCACTAAATTTACAAGAAAGACACA
TAA GCTGACACGGCATTAACTTCGAGATAAAGCGCTAGCGTACTCTATAATCGGTCCTTTTCAGGACCACA
TAG GCTGCTGCACCTGCAATCCGTGTTAGGCTGAGTTCATCGGTGGAAAATAGTGGTGTTTCAGAATGTGC
TAA GCGACTCTTCGATATGGAGTAGTTTGCTTTGGGTTTTCGGGGTAGTCTAGTCAGATTCTGGGGTTATA
TAG TTTGTTGATTGTCATCAGTTTTAGTAAAAAACGAACAAAAACACAATAARATATAAATCAATATATTT
TGA ATATAAAGCGGGAATTTTTTTTTTTCTATGCATTTAGACTGGGGGGACATCATACAAACATCCTTTTT
TAG AGGCAATGCACTACAGCCTGTAGGGCATATAACCAAAACGGCTCTTTTCAGAGCCACCATAACATCAC

80 100 120 140
CGAAAGTAGCTGTGATAATTTTTTGTTGTCTCAA
GGTAGTTCTGAACGTTAGATATTTTTTTTCCATGGGGTCAAAGGTACCTAAGTATATGATTGCGAGTGGAAAA
ACTGTGCGCTTTTTCCAAACTTGTGGGTATTAATCAGTTTCATTTGTCAAAAGTGCTAGGTCTCCTAGGGGAC
AAAGATGCTTGAAGTACAAGTTGTGAGAGTTTTCTAGGGTTTCCTATTATAGCCTTTCTTGACAATGTGAGC
TATTTTTTCCAATGGGGTTGAAAGGTACCTAAGTATATGGTTGCAAATGGAAAARAAGGGGTCAGAATTGGGT

GACACAATTGTTCCATTTGTACACGCCCCTTTCCCACCGTGTATGTTCCCTGTTCTCGAGTCACTACAGACCG
CCAAGAAAGAXTCATTGATTTCTAAAATGAACACGATGATGCATGACAATCGACGCTATTATAAGAAGAAAGA
ACTATCCTTAAACATACTAGTAATAAATTTATAAATTACAGTCATTCACGACCACGATAAGTACATCCGTACG
AATGATCGATCTTCTTTGTGTTGTCTTTGTGTTTTTATATCCTTTTTCGCACTGTAATTACCAGTTCATTTTA
ATCTGATTTTTATATAGTGTTCATAAATAACTTATTCTTGAAATGATGGGCATCATAATAAATGTCAATCAGT
AAACCAGATTCAATGAGATAAATTTTGCGTTGCCGACTATTTATAACTTAAAAAAAATTAGAACAAAATTCCA
GTCGTGTTAGATCCATGTTAGATCCCTGTTCCTCTCATGGTGGGTGGATGTGTTATGCCTAATCTGATGGTAC
TCACGGGGCGGTCATGACAACTTTTCTCGCGTCACACTTCGCACTACATTTGGG

GAAAGAATCACTGATATTATATGCAGTATATATGAATAATTGGTAAAAAATAATGAATCCCTGGGGTAATTGA
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Figure 14A. Histope H4 5' Upstream Seguences

87
89
91
92
99
101
102
104
107

105
107

-200 -180 -160 -140
ARACAGACTGTAATAGGAAATGAACGCATTGCAGCCAGGAGAAAAAAAACAATTAGCTAGGAGGAGGCCCCG
AAAAAAATAAAGGCTTGAGACTGTAAGGAACCGGTAGAGGGCAGAGAAGAGAAAAGAAAAACAGGAAGATGA
GTCAGTTGTGTGCGCGGCCTCCAGTGAGCTACCACCGGGCCGTCGCGGAGGGGCGCACCTGTGCGGGAGGGG
GCTAGCGAATACTCGCCACAAGGGGGCGCAACTCGAATGGGGAGTCTCCGCACTCCAGTCCCGCATACCGTA
TCTCGGCCACGTCACCGATCCGCGGCATCTCTCCCCCGGATCGCCGTCTCGACCGTCCACTCCATCCGCATC

GCTGTTGTTATTCGGCTAGATACATACGTGTTTGTGCGTATG
TTAAAAAAAAAAAAGAGTGAGAGAGGGACTGAGCAGAGTGGAGGAGGAGGGAGAGGAAAACAGAAAAGAAAT
CTCCGCCTCTATGGAGTGAGTTCTCTGTCAGGTCCTCTCCAGCTGCATATAAAGAGGTGGAGCGGTCCTGAA
GTGTTTCGCCGCGCATGCAAGTAGCTTTGATTTCTTCTTCCTCCATAGTTCCCTAGAACGAACGCCCTCCCC

-120 -100 -80
CCCTCCAGGAGGAGGAGGCAAGTGGCGCTCCCGCCCCCGCCTGGGGCCCCGCCCCTGGTTTCAATCGGTCCG
GCGAAAAGCGAACGAACATATCGTTCGTACTCTCTCGGGTTTTTGTCGTTTTACCTATAAATAGGGGCACAG
TGCAACATCCAGAGCCCGGATAATTTAGAAAGGTTCCCGCCCGCGCGCTTTCAGTTTTCAATCTGGTCCGAT
TCATCGGAGGGCGATCGAGCCTCGTCATCCAAGTCCGCATACGGGTGACAATACCCCCGCTCACCGGGAGGG
ACGATGCCGCAATCTCGGTCACCCAAGTCCGCAATGGTGTAACAATACTCGGTGCAATCCGGTTGAGGCATC

GCGGGACTCGGGACTTCCCGCCGACTTCTTTCAGGTTCTCGTTCGGTCCGCCAACTGT
CCCTCTACGTTTGATGAACAGAGAGAGCTCATTGATCCAGAGAGCATTACTATTCCTTCGACGTCCGGAATA
TTGGTTTTGTGACGGGTTGCTGTATTCGCGGAACAAAGGAATTAGTCGAGTGGTCACTCACGTTCGCATAAA
CAACGGCAGCCACACGCCTCCTCCAACCTCTCGACCCCTTTAAGACGCCCTTCGCCCCACCCAGCAAATCAC
AACCGCGTTCCCGTACTTAAAGTCCGCTCTCTTCCCCGCCTTCTTCCCACCTTCCACGAACGACTTCCAATC
TAGTTATATCATATATAAGTATATTAGGATGAGGCGGTGAAAGAGATTTTTTTTTTTCGCTTAATTTATTCT
GACGAAATGTCGAGAGGGCGGGGACAATTGAGAACGCTTCCCGCCGGCGGCTTTCGGTTTTCAATCTGGTCC

AAAAGGTCTAATTCTTTTTCCTATAAATACCGAGATATTTTTTCTATATGATGGTTTCCGTC
CAATCAGAAATTACATGACGAACACACTGATATACTCCGCCTCTATGGAGTGAGTTCTCTGTCAGGTCCTCT
AAATTAGATTAATTATTAATCATGATTTGAATAGGATAGCAAGAATATTTGTTGGTTTAAACGGGTAATTAT
TTTGCAGCAGAGGCCAGGCAAAAGCGCGCGCTTTCTGTGCCACTGGGCTCAATCAGGTCCACCAAACGCAGA

-60 -40 -20
ACCATACGCATAACACCCGGCGCGCGCCCCGCCACATCCTCACTGGGTGTCGACTCAGGCTCTCGGC ATG
AAACGTTGAAATTAGTTCTTTAGTGACTTTCGTGCTGTGCGTGTATAATAGTATAGAACAGTGAAAA ATG
CCTCTCATATATTAGTGGCACTCCACCTCCAATGCCTCACCAGCTGGTGTTTCAGATTACATTAGCT ATG
TTGGTCAATCGCTCAGCGAAACGTCCAGTCGTCAGCATCGCACTAAGACTCTCTCTCAATCTCCATA ATG

ATTCGCTTAGCGTAATATCCAGTCTACAGGATCACACAGAACTCGCTCTCAACTATCAATCATCATC ATG

GACTATGTC ATG
CGTATTAAAGGCCTGCCTCAGGTCAGAGGCCACAAAGCGTTGGGTGAGACGCCTCTTGCTCGTCGTC ATG
GGGGTATATATACCGGTCGAAATCCTATCACGTCAATTCGACTCGTCGATACCAAATAAATCTAATC ATG
GGCTATATATACCGCACGAACAGCAGAATTGAGTATCAGTTTGAATCTCAAACAGGAAACTATCAARC ATG
AGCACCAGACGCCACCCACCACCGTTCCTCCCATCCCACACTCGCTCGCAGCTCGAGATCGTCGGCC ATG
TCCCAAACGACCGCTTCAGCCTTACCACCTACACCACTTTCACTTTCACCCCCCAACACATATCAAA ATG
TTTCTCTATCTTTTTTCTACATCTTGTTCAAAAGAGTAGCAAAAACAACAATCAATACAATAAAATA ATG
GATATCTCTGTATATTACGGGGAAGACGGTGACGCTCCGATCGANCNNCTATCGGGCTCCTGCGGTC ATG
GCATTATTGTACTCTATAGTACTAAAGCAACAAACAAAAACAAGCAACAAATATAATATAGTAAAAT ATG
CCAGCTGCATATAAAGAGGAGGAGAGGCCCTGATACGTTATATTGTGTTTCAAGAGCTCAAGAAAGA ATG
CAAAAATTTATAAATAATTTTAAAACAATAAATAGAAAAACAAATAAGATTATAAAAACTTACAAAA ATG
TAATAAGAGCACCGAGCACCGAAAATTAACGTCATTAATTCACTTGAACTCAGCTAGTGAACACACG ATG
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Figure 14B. Histone H4 3' Downstream sequences

104
105
106
107

107

20 40 60

TAA ACTCGTCTCCGATTCCGGCCACCCGAACTCGTTTTTAGCAACCCAAAGGCTCTTTTCAGAGCCGCCC
TAG ACGCCGCCGCTTCAATCCCCCCCCCCCCCCATCCCTAACGGCCCTTTTTAGGGCCAACCACAGTCTC
TAA GTGAAGCAGACTTGGCTAGAATAACG

TAA GTGTAGCAGACCTGCTAGAATAACAAACGGCTCTTTTCAGAGCCACCAAATAATCAAGAAAGAATAC
TAA GCCATCGCTCCTCTTTTCCTATCACAACGGCCCTTTTAAGGGCCACA

TAA AGGCTCGCTTCTGTTTCCTCATCAAAACGGCCCTTTTAAGGGCCACCA

TAA ATCTCTTCCTTCCCACTAATCTTATACCCAAGGCTCTTTTCAGAGCCCCCCAGCTCTCACTCCTAGA
TGA GCGTCCTCTCTACCAATAAGAGGCCTTTTCAGGGCCCCTACTTCCTCAGCTGAAGGTGGTAACACTG
TAA GAAGTTCATCTCTTCAAACCCATCAACAAACCGGCTCTTTTCAGAGCCACCAAATATTCAAGAAAGA
TAA GAAGTTACTTCTAACCAACGGCTAAACGGCTCTTTTTAGAACCACCAAATACTCAAAGAAAGAATCA
TAA GGGCCGGCCGGCCGACGGGAGTCACTCTTTGTCGCCGCCTGCAGATTCCAGAAGCCTGATGAAGCCC
TAA ATGTCTCGCCGTCATTAGCAGCAGCGTGTCTTTTTTCTTTTTTCTTCACCATAACGACGACGAATAA
TAA ACAATCGGTGTTTGAAATTATTTTCATGCCTTTCAAAARATAAAATAACGATCATTCTATTGGGAAT
TAG GCCGCCGCTCCAGCTTTGCACGTTTCGATCCCAAAGGCCCTTTTTGGGCCGACCACTTGCTCATCCT
TAA TTTAGCTAATTCTAAGAAAACGGTTTCAACAAGCAAATATTTGGGATTCGTATTCAACTGCCCGGTT
TAA ATCTCTTCCTTCCCACTAATCTTATACCCAAAGGCTCTTTTCAGAGCCCCCCACACTCTCACTCCTA
TGA ACAAAATATTTATCTTAAAAAATTAAAAAGTAAAAAGCTGCATGCTTACTCAAAGGTAATAGTGTAA
TAA AGGCTCGCTTCGGTTTTTTCTGTTTTTTGCCCCCCACAATCAAGATAAGCCCTTTTAAGGGCCACAA
TAA ACGCACTCTTCTCGGAACGTCAACATCCCGACTTGAACCCAAAGGCTCTTTTAAGAGCCACCCACAT

80 100 120 140
ACTTGGTCCAACAAAGAGCATGAATT
TTCCTCAGCTGAAGGTGGTAACACTGACGAGGTGTTTTGGTAGGTACGGAATTTTGCTTGGTTCTGAGTCAG
TTCAGGAGAGCTGACACTGACTTGGGTCGTACAGGTAATAACCGCGGGTTTAGGACTCACGCTACTAGGTGT
TGTTGTATGTTATGTTACTACCGTAAAGAAAGTAAAGAAAGAAGAAGAAGAA
GCTGTTACTGCTTTTTTTACATATTTAT
GGAGGTGTTTTGGTAGGTACGGAATTTTGCTTGGTTCTGAGTCAGT TCTGGGGGGAACAGTTTTTTGAACAC
AACAATTTGAATGTCTCTTATTTATGTGTTATAATTTATGTAC
ATGGTTATTTCTCTGTCATCAATGATAATTTTTTTTGTGTTATTCAAGTCAAATCCCCTTTCCAAAAGAAAA
CGACTTGTTTAGTTCGCTATTTCCTCTGTAGTTTGAACTCAATCCGTGGAACAAAGTTATTCGCAATATATT
TCAGTTTC
ATAATAGAACCTTTATGTATGCATTTTTCGGTTTTTTATTATTATTTCATGTACTATATATATTAAA
GAGGAGTTGGACACTTGACTGCGTAAAGTGCAACAGTAACGATGTTGGAAGGTAACTTTGG
TTTCTTCTACAAATATTGAGTGTATTATAGCGGGTTTAGGAGAAATATGTACAATTATAAACATATAAAGGG
GAGCTGTTACTGCTTTTTTTACATATTTA
TTATCTAGTTCTTTTATCTGAGAGAGTATGCTTTTTTCTATCGAGTGTTAGTGTAGCAATTTTCTAAAGTGC
CCGCTTCAAAAGGGTCAAATCCATTATCGTAGGAAACCATGAGCCACTCTTGAGTGGACAGGGAGGGAGTAT
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Figure 15. Conserved Upstream Sequences

1 AAACACA..5.GC.42.ACCAATCA..7.GCTCC..3.TATAAATACGAG.20.CCAGTGGT.28.CACATG

2 GAACACA..5.GC.42.ACCAATCA..7.GCTCC..3.TAAAAATACGAG.18.CCAATTGT.28.GCGATG

4 AAACACA.40.GC.34.GCCAATCA. .2.GACCC..9.GAATATAAGGAG.27. TTAGATTT.20.AAGATG

5 AAACACA.40.GC.38.GCCAATCA..2.GACCC..9.GAATATAAGGAG.27.TTAGATTT.20.AARATG

6 GTACG. .8.CCTTATATTGAG.17.TTATTCGT.29.AAGATG

7 AAACACA....35....ACAAATTG.11.GTACG.11l.GATATAGGTGAG.16.TCACTTGT.29.AAGATG
A4 a ¢ R a4 4 ( Alalaal : NITTGI AAGA

GNNC

18 CTCAACTG.21.CCTCC.4..AGTATAAATAC. . 6.TTCATTAC. .37.GTTATG
21 TTTCC.3..CTTATAACTGC. 21 .TCGATTCG. 141.GCGATG
22 ATTGT. .62.ACCATG
24 TCCATTCA. .62 .ATCATG
25 GACAATTG.29.GATCC.8..GGTATAAATAG. 23 .ACCATTCA. . 62.ATCATG
26 TCCAATTA.13.TGTCC.7..CCTATAAATAT.19.TTCAGTCT. .39.ATCATG
29 GTCAATTC.....47......AGTATAAATAT.20.AGCATTCG. .41.AAAATG
30 GCCAATCG.....16......GGTATAAGTAA.21.CTCATTCA. .27.AATATG
H2A YCAATT NNTCC ___ TATAAATA _ YCATTC _ ANNATG

42 TACCAATCA.22.CCTTATTTGCATNN...5..TCTATATAAAA. .19. .TCACGCT. . 48. .GCTATG
43 AACCACTGA.33.TGACGTTTGCAGAC. . 25. . TATTTAAAAGA. .21. .TCAATAT. . 32. .ACTATG
44 GACCAATGA.21.TCTCATTTGCATAG. . .4..GCTATAAATAA. .19. .CCATTCA. . 49. .ACTATG
45 - ATCCAATCA.20.CTCGATTTGCATAC...4..CCTATAAATAG..18..GCACTCC..28..GACATG
48 ATCCAATCA.20.CTCGATTTGCATAC. . .4..CCTATAAATAG. .18. .GCACTCC. . 28. .GACATG
49 GACCAATGA.17.GCTCATTTGCATAC. .37. . TGTATAAAAAG. .14. .CCATTCA. . 68. .CATATG
50 TTACAAGAT.10.CCTTATTTGCATGG. . . 4. .GCTATAAAAGC. .20. .ACAGTTT. . 25. .ATTATG

51 eesessssess s CATGATTTGATCAT..16..TTATTAAAGAC. .12. .GCATTTT..59..ACAATG
52 eesesssssss s CATGGTATATGTGT..27..TATTTATTTAG. .10. .TTACTTT. .55. .ATAATG
53 CCGCATTCA.21.CCTGAATTGACTGC. . .9..AGTATAAACGT..12. .CCATTCG. .39. .ACAATG
H2B  CCAATNA  CYTNATTTGCATAC TATAAATA cayTCY RNNATG
60 GGCCAATCC.. 51.GGTCT..4..CTATARAAGA..20..TCCACAGA..32..GCCATG
61 GACCAATGA.. 16.GTTTC..5..CTATAAATAA..19..CCTACTTT..19..CGAATG
63 CGCCTATCA.. 59.GACGC. .4..GTACTTAAAG..18..GGTATCTC..20..GCCATG
64 ATCCAATTA.. 59.GTTCC..2..CTATAAAGGA..17..TGCATTTC..13..GAAATG
69 GGCCAATCA.. 30.GACGC.10..CTTATAAACT..18..GCTATACT..29..GCCATG
70 AGCCAATCA. 24.GATCC..8..ATATAAATAG..19..CTCATTCA..47..ACTATG
71 . TTCATCTC..47..ACCATG
74 GACCAATGA..43..AGTCT. .4..GTATAAATAC..22. .ATCAGTTG..16. .ACAATG
75 AACCAATGG..34..GATAC..5..CTATAAAGAT..18..ATCAGTTT..24..AAAATG
76 GTCAAATGA..40 .GCTCC..7..CTATATAAGT..21..TTTATTGT..49..GAGATG
77 GTCCACTCC..72 .GTCCC..2..CTATTTAACT..23..CTCACCCC..54..GACATG
81 GATCT.10..TTATAAATAG. .20..GTCACTCA..49. .ACCATG
H3 CCAATCA GATCC TATAAA TCAYTT BNNATG

87 Pu-Rich..AGGCAAGTG..42...GGTCC..8..GCATAACAC...16..CACATCCT..24..GGCATG

88 AAACATATC. .25...GTTTT. .3..CTATAAATA. . .19. .ATTAGTTC. . 33. . AAAATG
89 Pu-Rich..TTTCAATCT...5...GATCC..3..TCATATATT...21..CTCACCAG..21..GCTATG
91 GGTCATCGG. .24...AGTCC. .8..GTGACAATA. . .22. .GTCAATCG. . 54 . .ATAATG
92 GTGCAATCC. ..8...GTTTC.10. .CGTAATATC. . .17. .ATCACACA. . 21. .ATCATG
96 GGTCC.10..GTATTAAAG. . .18..GCCACAAA. . 25. .GTCATG
97 GAGCATTAC. .26...CGTCC. .9..GTATATATA. . .19. .GTCAATTC. . 25. .ATCATG
98 GAACAAAGG. .21...CGTTC.10..CTATATATA. . . 23. .ATCAGTTT. . 22. . AACATG
99 GTCCACTCC. .32...CAACC. .9..CTTTAAGAC. . .21..ATCACAGC. . 61. .GCCATG

102 Pu-Rich..GGACAATTG..37...GGTCC..9..GTATATTAC...18..CCGATCGA. .20..GTCATG
104 Pu-Rich..GAACAATCA..58...GGTCC.11..ATATAAAGA...19..GTTATATT..20..AGAATG

105 TAGCAAGAA. .24...TATCA..6..TTATAAATA...22..AACAATAA..18. .AAAATG
107 TGCCACTGG. ..9...GGTCC..9..AGATAATAA. ..18. .ATTAACGT. .32. .ACGATG
H4 CAAT NRTCC  TATAAATA  RYCA  ANCATG
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Figure 16. Conserved Downstream Sequences

TAA..15...TCGA..20..CAARAGGCTCTTTTAAGAGCCACCCA. . .8 . .CAGAAAGAGCTGGAA
TAA..15...TCCT..20..CAACGGCTCTTTTAAGAGCCACCCA. .10. .CTAAAGGAGCTGAGG
TAA..13...TCCC..20..CAAAGGCTCTTTTCAGAGCCACCAC. . .8..TGAGAAGAGCCGATA
TAA..13...TCCC..20..CAAAGGCTCTTTTCAGAGCCACCAC. . .8..TCAGAAGAGCCGATA
TGA..15...TCCC...9..AAACGGCTCTTTTCAGAGCCACCAC
TGA...9...TCCT..18..ARACGGCTCTTTTCAGAGCCACCAC. . .6..ACGTAAGACC
TAA..14...CCCA

TGA........ 55....... GCAAGGCTCTTTTCAGAGCCACCTA. ..7..CCATTAAATGAGCTG
TAA........ 48....... CCAAGGCTCTTTTCAGAGCCACCAC. . .8..TCATATAAGAG
TGA........ 30....... TCCAAGCTCTTTTCAGAGCCACCCA. ..7..GCAGGAGAGCTCAGA
TGA......... [ AP CAACGGCCCTTATCAGGGGCCACCA. ..5..TCACGAAAGAATTGT
TAA........ 25....... CAACGGCCCTTATCAGGGCCACCAA. . . 6. .TCAAGAAAGATAAAA
TGA....... 33, CAAGGGCTCTTTTCAGAGCCGCCAC. . . 4. .GCAAATCAGAGCTCA
TAA........ 33....... CAAAGGCTCTTTTAAGAGCCAACCA. . .6..TCAACAAAAGCGCAA
TAA...... 260, TAACGGCTCTTTTAAGAGCCACCCA. . .6..TCAAAGAAAGAGCTG
TGA........ 2l....... CAAAGGCTCTTTTCAGAGCCACTCA. ..5..TCAAAATTGGAGCTT
TAA........ 31l.......CAAAGG CTTCAGAGCCACCCA. . .5..CCAGAGAAAGAGCTG
TAG........ 24....... CAAAGGCTCTTTTCAGAGCCACCAT. . .5. .CTAATAAAAGGGCTG
TAG........ 22....... CCAAGGCTCTTTTCGGAGCCACCAT. . .5. .CTAATAAAAGGGCTG
TAG........ 30.......CAACGGCCN NACAAA...3..TCAAGAAAGAATGAT
TAA........ 30, .. Ceeeeeeaans GGCCACCAA. . .4..CCAAGAAAGAATTGT
TAA........ 19....... CAAAGGCTCTTTTCAGACCACCCAT. ..5..TCCCGARAAGATCT
TAA........ 29....... CAAAGGCTCTTTTCAGAGCCACCCA. . . 6. .CCAACGAAAGTAGCTG
TAA........ 25....... TAAAGGCTCTTCTTAGAGCCACCCA. . .4..CCAAARAAAGAACTG
TAA........ 28....... AAARCGGCTCTTTTAAGAGCCACCTC...9..CCAAAGATGCTTGAAG
TAA........ 22....... CAARGGCTCTTTTAAGAGCCACCTC. .10..TCAAAAAGACACAATT
TAG...... 25000000 AAACGGCTCTTTTCAGAGCCACCAC. . .4. .CCAAGAAAGAXTCATT
TAA....... J19..... . .AAACGGCTCTT TCGAGACCACCAA...4..TCAAGAAAGAATCAAA
TAA........21....... AACCGGCTCTTTTCAGAGCCACTAA. .. 4. .ACAAGAAARGACACAAA
TAA........ 31....... AATCGGTCCTTTTCAGGACCACAAA...7..TCAATGAGATAAATTT
TAG........31l....... AAACGGCTCTTTTCAGAGCCACCAT. . .4..TCACGAAAGAATCACT

TAA...Py-RICH(36) ...CAAAGGCTCTTTTCAGAGCCGCCCA. . . 6. .CCAACAAAGAGCATGAA
TAG. . .Py-RICH(35) .. .TAACGGCCCTTTTTAGGGCCAACCA. . .6..CTTCAGGAGAGCTGACA
TAA..........(24)...AAACGGCTCTTTTCAGAGCCACCAA. ..4..TCAAGAAAGAATACTGT
TAA. ..Py-RICH(24) ...CAACGGCCCTTTTAAGGGCCACA

TAA...Py-RICH(24) ...AAACGGCCCTTTTAAGGGCCACCA

TAA...Py-RICH(27) ...CCAAGGCTCTTTTCAGAGCCCCCCA. ..9..CCTAGAGCTGTTACTGC
TGA...Py-RICH(16) ...TAAGAGGCCTTTTCAGGGCCCCTAC. ..3..CTCAGCTGAAGGTGGTA
TAA...Py-RICH(27) ...AACCGGCTCTTTTCAGAGCCACCAA. ..3..TTCAAGAAAGAAACAAT
TAA...Py-RICH(23)...AAACGGCTCTTTTTAGAACCACCAA. . .3. .CTCAAAGAAAGAATCAA
TAG...Py-RICH(31) ...CAAAGGCCCTTTTTGGGCCGACCAC. . .8 . .CCTGAGGAGTTGGACAC
TAA...Py~-RICH(29) ...CAAAGGCTCTTTTCAGAGCCCCCCA. .10..CCTAGAGCTGTTACTGC
TAA...Py-RICH(43) ...GATAAGCCCTTTTAAGGGCCACAA

TAA...Py-RICH(39) ...CAAAGGCTCTTTTAAGAGCCACCCA. . .7..TTCAAAAGGGTCAAATC

CanCeecTerrTTCAGRGCCACCA
A A C G c
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