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Abstract 

Two genes, BE2S 1 and BE2S2, coding for methionine-rich albumins of Brazil nut (Bertholletia excelsa 
H.B.K.) have been cloned and their sequence determined. The genes are members of a multigene family 
and one of them, i.e. BE2S 1, codes for one of the dominant 2S isoforms. Its expression is highly regulated 
during seed development and with respect to tissue specificity. Sequence analysis has shown that the 
genes contain one intron and that the promoter of BE2S1 shows a canonical TATA motif. The 
transcription initiation site is located 26 nucleotides downstream from the TATA box. Sequence 
comparison of the promoter regions of 2S genes from Brassica napus, Arabidopsis thaliana and B. excelsa 
revealed the presence of TGCA palindromic sequences that appear to be arranged in a 2S-specific 
manner. 

Introduction 

The biosynthesis of plant storage proteins offers 
an interesting model system for studies concern- 
ing the regulation ofgene expression during devel- 
opment and with respect to organ specificity [see 
reviews in 10, 12]. 

There are multiple classes of seed storage pro- 
teins; the 2S albumins are prominent among these 
in dicotyledons. In several species the genes cod- 
ing for 2S albumins have been characterized; in 
the case of B. napus and A. thaliana they are 
encoded by multigene families [13, 14] and 
contain two subunits joined by disulphide 

bridges. We are interested in a family of 2S albu- 
mins which are found abundantly in seeds of 
B. excelsa (Brazil nut). The amino acid composi- 
tion [26], the sequences of various isoforms of 
Brazil nut 2S albumins and the nucleotide se- 
quences of cDNAs coding for two isoforms have 
been described [1, 2, 6]. On the basis of these 
results it was concluded that the primary tran- 
scripts of these genes, like those of other 2S albu- 
mins, code for prepropolypeptides and that com- 
plex events at the translational and/or posttrans- 
lational level are required for the formation, trans- 
port and storage of the mature protein. The amino 
acid sequence of 2S albumin precursors from 

The nucleotide sequence data reported will appear in the EMBL, GenBank and DDBJ Nucleotide Sequence Databases under 
the accession numbers X54490 (BE2S1) and X54491 (BE2S2). 
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various species have been compared [14]. The 
one from B. excelsa diverges substantially from 
other 2S species: the 2S albumins from B. napus 
and A. thaliana display homologies of 86 and 66 ~o 
in their processed and mature region while a com- 
parison of the corresponding regions ofB. excelsa 
albumins with those ofA. thaliana reveals,homol- 
ogies of only 22 and 24 ~ respectively. However, 
the position of the cysteine residues in all 2S 
albumins described are conserved, suggesting that 
these residues are responsible for a similar tertiary 
structure. 

Unlike the 2S albumins found in Ricinus [23], 
Brassica and Arabidopsis, the amino acid analysis 
of Brazil nut 2S albumins revealed the presence of 
18~o methionine residues. Amino acid and nu- 
cleotide sequence analysis subsequently showed 
that the methionine residues occur in two clusters 
in a domain of the large subunit between the 4th 
and 5th cystein residue, the region least conserved 
in 2S sequences from different species [6, 14]. 
This is the only intercysteine stretch showing sig- 
nificant length variation between different 
species, supporting modelling studies suggesting 
that this region is located outside the domains 
critical for the stability of the secondary and ter- 
tiary structure (G. Neshich, pers. commun.). 

The fact that the Brazil nut 2S albumins have 
a high methionine content make them interesting 
candidates for correction of methionine-defficient 
crop plants via recombinant DNA technology. 
Studies involving the introduction and expression 
of B. excelsa 2S structural sequences in host 
plants have demonstrated that the expression of 
Brazil nut cDNA using the phaseolin promoter in 
tobacco can increase the methionine concen- 
tration in tobacco seeds [ 1 ]. Similar results have 
been obtained using a 2S promoter from 
A. thaliana (De Clerq, pers. commun.) and 
Guerche etaL [9] have expressed a Brazil nut 
albumin in Brassica using the soybean lectin pro- 
moter. 

However, all these studies involve exclusively 
the Brazil nut coding regions and thus far no 
promoter or entire 2S gene from B. excelsa has 
been analysed. 

In this work the sequence of two Brazil nut 2S 

genomic clones including their promoter regions 
are presented. In addition, along with the determi- 
nation of the transcription initiation site, the 
developmental profile and the tissue-specific ex- 
pression of one of these genes is demonstrated. 

Materials and methods 

Plant material 

Brazil nut seeds and leaves were obtained from 
the 'Centro de Pesquisa Agropecufiria do Tropico 
Humido (CPATU/EMBRAPA)' in Belrm, Parfi, 
Brazil during the first quarter of the year. During 
this period embryos covering the entire develop- 
mental spectrum can be obtained. The material 
was stored at - 80 °C or used immediately. 

Genomic library and DNA sequencing 

A genomic library was established in the cloning 
vector Charon 35 using Sau 3A partially digested 
Brazil nut seed DNA (13-15 kb fraction). The 
calf intestine phosphatase-treated fragments were 
ligated into Bam HI-created Charon 35 arms ac- 
cording to standard procedures [ 15]. The phages 
were plated out and transferred to nitrocellulose 
filters; recombinant phages were detected using 
radiolabeUed nearly full-length cDNA [6]. DNA 
sequencing was performed using the chemical 
degradation procedure [ 16]. 

Northern analysis of total seed and leaf RNA 

Total RNA from seeds at different developmental 
stages and from leaves was prepared using the 
CTAB method [24]. After the analysis of the 
samples on 1.5~o agarose-glyoxal gels [17] and 
transfer to nitrocellulose filters, the blots were 
probed with 5 × 10 6 CPM of radiolabelled 2S 
cDNA. 

$1 nuclease mapping 

RNA (50 #g/reaction) from seeds and leaves was 
hybridized to labelled probes (8 × 104 CPM/ 
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Fig. 1. Fruits and seeds of B. excelsa, a (top). Fruits at various developmental stages, b (bottom). Cross-section through an 
apparently mature fruit. 
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reaction) in 30 #1 of  a solution containing 50yo 
formamide,  0.4 M NaC1, 0.04 M P I P E S  (pH 6.4) 
and 0.001 M E D T A  [5] at 47 °C for 18 h. At this 
temperature  R N A  : D N A  rather  than 
D N A : D N A  hybridization is favoured. The  

D N A  probe was prepared by end-labelling a 
D N A  fragment f rom a Brazil nut  gene with T4 
polynucleotide kinase and 32p-ATP. The samples 
were heated for 10 min at 85 ° C in order  to ensure 
denaturat ion prior to hybridization. After 18 

Fig. 2. Northern blot of B. excelsa seed and leaf RNA. Four seed developmental stages (a) and leaves were used for RNA 
extraction. After fractionation on glyoxal gels the RNA was transferred to Hybond N membranes (Amersham) and probed with 
labelled 2S cDNA (b and c). Columns I, II, III and IV represent RNA from stages I, II, III and IV, respectively and 'L' represents 

leaf RNA. 



hours the samples were digested with 30 units of 
S1 nuclease [25] in 0.3 ml of $1 buffer [7] for 
30 min at 37 ° C. Protected D N A  fragments were 
resolved on 8 ~  urea-polyacrylamide gels [21]. 

Southern analysis 

D N A  from Brazil nut seeds (10 #g) was restricted 
with HindlII and EcoRI and sized on 0 .8~  
agarose gels. The D N A  was transferred to nitro- 
cellulose and the filters were prehybridized for 3 h 
at 60 °C in 5 x SSC, 5 x Denhardt's. Hybridi- 
zation was done against 3 x 106 CPM of nick- 
translated, 32p-labelled 2S c D N A  in 5 x SSC, 
5 x Denhardt's, 10~o dextran sulphate and 
0.1 mg ml - 1 salmon sperm D N A  at 60 ° C over- 
night. The filters were washed in 5 x ,  2 x ,  and 
0.1x SSC containing 0.2~o SDS at 60 °C 
exposed to Kodak X-ray films. 
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Most  plant storage protein genes are strictly 
regulated in time and in space, but over a much 
shorter period of  development than that available 
to B. excelsa. Therefore it was of interest to 
evaluate at what stage of seed development the 
Brazil nut 2S albumin genes are expressed. Total 
RNA from seeds at different developmental 
stages (Fig. 2a) and from leaves was subjected to 
northern blot analysis (Fig. 2b) using as a probe 
nearly full-length c D N A  coding for one of the 2S 
albumin isoforms [6]. 

It is evident that the expression of 2S albumin 
genes is restricted to seeds that are close to 
maturity, since a signal is detected only in RNA 
from stages III and IV; Fig. 2c demonstrates that 
the genes are not expressed in leaves. The size of 
the transcript, about 500 nucleotides, corresponds 

l~sults  

Developmental and organ-specific expression of 2S 
genes 

B. excelsa belongs to the family Lecythidaceae 
which includes about 200 neotropical species. It 
grows in the Amazon basin and can reach a height 
of 50 to 60 m. Brazil nut fruits take from 9 to 
12 months to ripen. In Fig. la fruits at various 
developmental stages are shown. The seeds 
develop in groups of 12 to 25 in the horizontal 
plain of the fruit as is illustrated in a cross-section 
of a 'mature' fruit (Fig. lb). From this figure it is 
also evident that seed development is not syn- 
chronized; among mature seeds (arrow 3), in- 
dividuals at various developmental stages are 
encountered (arrows 1 and 2). The embryos be- 
long to the macropodial type, i.e. no cotyledons 
are differentiated and almost the entire seed mass 
consists of hypocotylar tissue. In contrast to 
many other plants where either the endosperm or 
the cotyledons serve as storage organs, in 
B. excelsa this function is taken over by the hypo- 
cotyl. 

Fig. 3. Genomic Southern blot ofB. excelsa DNA. B. excelsa 
DNA was digested with EcoRI (E) and HindlII  (H) and 
sized on a 0.8% agarose gel together with digested lambda 
D N A  as a size marker. Hybridization was against a labelled 

2S cDNA. 
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Fig.4a 

Nucleotide sequence of gene BE2SI 

TCCAGACTAAAAAATCAATGCTTCGATCAGTTTGATAAGCAAACAGACAA 

CGTTTTTGGCAACGTCTGCATGAAATTCGACGTGGAAGCTCCGTTCCGCC 

ACCTCATCTCAGCCCACTCCCGCCATCCTCCACGTACTCCCACGTGCAAA 

GTTCCAAAAGCCCGAAAATCCACCA~AAATA~AGAAACCCCCACCACCAA 

GCTCTCCATCCACCACTGCTCTGTATCACATATACCAACCCACGCTTATA 

fhqE 

CCCAGAATCACC ATG GCG AAG ATT TCA GTT GCG GCA GCA GCC 
M A K I S V A A A A 

P R O  

CTC CTT GTC CTC ATG GCC CTC GGC CAC GCC ACC GCC TTC 
L V L L M A L G H A T A F 

CGG GCC ACC GTC ACC ACC ACA GTG GTG GAG GAG GAG AAC 
R A T V T .T T V V E E E N 

ss 
CAG GAG GAG TGT CGC GAG CAG ATG CAG AGA CAG CAG ATG 
Q E E C R E Q M Q R .Q Q M 

D- 

CTC AGC CAC TGC CGG ATG TAC ATG AGA CAG CAG GTTAGTTA 
L S H C R M Y M R Q Q 

TTATACAAAAGAATATGGAATCTC TTTTATATTTC TTAATTTAATGCC TT 

SS 

ATATCTTGATGCGAAATGAACCCTGGTGCAG ATG GAG GAG AGC C~-~ 
IP M ~ E E S 

LS 

TAC CAG ACC ATG[CCC AGG CGG GGA ATG GAG CCG CAC ATG 
Y Q T M ] P ~ R R G M E P H M 

AGC GAG TGC TGC GAG CAG CTG GAG GGG ATG GAC GAG AGC 
S E C C E Q L E G M D E S 

TGC AGA TGC GAA GGC TTA AGG ATG ATG ATG ATG AGG ATG 
C R C E G L R M M M M R M . . . . . . . . . . . . . . . . . . . . . . .  

CAA CAG GAG GAG ATG CA_A CCC CGA GGG GAG CAG ATG CGA 
Q Q E E M Q P R G E Q M R 

AGG ATG ATG AGG CTG GCC GAG AAT ATC CCT TCC CGC TGC 
R M M R L A E N I P S R C 

AAC CTC AGT CCC ATG AGA TGC CCC ATG GGT GGC TCC~ATT 
N L S P M R C P M G G S I 

GCC GGG TTC TGA ATCTGCCACTAGCCAGTGCTGTAAATGTTAATAAGGCT 
A G F • • • ..... 

CTCACAAAC TAGC TCTTTGTTGGC TTTTGGCC GGAGAC TAGGGTGTGGGATTAA 

TAATAATAGCACACTATCGTGTGTTCTCAGCTTCAAGGACACCTCTCTCTCTCT 
.,. 

CTCTCTCTCTCTCTCTCTCCCTCTCTCACTGGTTTAGCTTCTCTTTCATGTTG 

Fig. 4. Nucleotide sequence of BE2S1 and BE2S2. Fig. 4a: BE2S1; Fig. 4b: BE2S2. The TATA box is underlined, transcription 
initiation site is marked with an asterisk; PRE: start of'pre'-sequence, PRO: start of'pro'-sequence; S S: small subunit, LS: large 
subunit; the sequence coding for IPF is boxed, methionine- and arginine-rich stretches are marked with dashed lines. A vertical 
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Fig. 4b 

Nucleotide sequence of gene BE2S2 

GCCACCTCGCCTGCGCCTGTCCTTACCGCCCTCCTXGTACTTTCTCGTGC 

AAAGTTGCCACCTCCCCCCTGCCTGTCCTTACAGTCATCCAXGTACTTTC 

CCATGCACAGTTGCTAGCCTGCAAAAC GCACCATAAATAGAGATTCTCTC 
i t 

CACCATCCTCTTCGCCCACCACGGCTGCAGATCATACACCCACACCCAAG 

,.t 
TACAGCTAGAATCACATCACC ATG GCA AAG ATG TCA GTT GTG 

M A K M S V V 

GCA GCA GCC CTT CTC GCT ?C CTT GTC CTC GGC CAA GCC 

A A A L L A L L V L G Q A 
PRO 

ACT GCC TTC AGG ACC ACT GTC "C ACG ACG TTG GAG GAG 

T A F R T T V ~ T T L E E 

GAG CAG GAG GAG AAC CCC CGC GGA CGG TCC GAG CAG CAG 

E ~ E E N P R G R S E e Q 

TGC CGC GAG CAG ATG GAG AGG CAG CAG CAG CT~ AAC CAC 

C R E Q M E R Q Q Q L N H 

TGC CGG ATG TAC TTA AGA CAG CAG GTTAATTATTGTGCAAGA 

C R M Y L R Q Q 

AAGTATTGAACTTATTTTATATTTCCGAATTTAATGACG..~ rTTTTCCGT 

SZ 

M E E S i P Y Q N LS 

CCC CGG CCC CTG AGA CGG GGG GAG GAG CCG CAC CTG GAC 

P R P J L R R G E E P H L D 

GAG TGC TGT GAG CAG CTG GAG AGG ATG GAC GAG ATG TGC 

E C C E Q L E R M D E M C 

AGA" TGT GAA GGC TTA AGG ATG ATG TTG AGG AGG CAA CGG 

R C ~ G L R M M T R R ~ R 

GAG GAG ATG GAG CTC CAG GGC GAG CAG ATG CAG AGG ATA 

E E M E L Q G E Q M Q R I 

ATG AGG AAG GCC GAG AAC CTC CTC TCC CGC TGC AAC CTC 

M R K A E N L L S R C N L 

AGC CCA CAG AGA TGC CCC ATG GGT GGC TAC ACG GCC TGG 

S P Q R C P M G G Y T A W, 

CTC TAA TCAGCTAGCCCTGCGCATATGTTAATAAATCACAGACCAACTACC 

L • 

TGTTTTGAATGCAGAGGTTAGGGTGAGATTAATAATAGTAATAAAGCACATTA 

TCGTGTGTTTTCCTGTCCAAGCTCCCCCCCCCCCCCCACCCTCTCTCGTTTCC 

ACCATCTTGATGCCTTCATGA~TTCTTTAATTACATTTATAATT 

TACTAAATGGAGAAAAAAGAAGACTACGAGAGAAGCAAAACAGAAAAACGA 

arrow denotes the end of the mature large subunit; stop codons are marked with dots and polyadenylation signals are pointed 
out. Horizontal  arrows denote the start of coding regions. 
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well with m R N A  cod ing  for a p rep ropo lypep t ide  

of  146 a m i n o  acid residues.  

Fig. 5. Nuclease S 1 mapping of the transcription initiation 
site. The Nco I-Nco I fragment containing the entire available 
2S promoter region of BE2S1 was end-labelled. The 1.6 kb 
Hind III-Nco I fragment was annealed, after denaturation, to 
30 ng of either total seed or total leafRNA. S 1 nuclease-resis- 
tant DNA fragments were sized on a 8% polyacrylamide- 
urea gel using end-labelled pBR322/Hae III DNA fragments 
as size markers (b). Column S: 58 nucleotide fragment pro- 
tected by total seed RNA. Column L: hybridization with 

total leaf RNA (= negative control). 

B. excelsa 2 S  proteins are encoded by a multigene 

fami ly  

In  order  to es tabl ish  whe ther  the 2S a lbumins  of  

Brazi l  nu t s  are e n c o d e d  by a mul t igene  family, 
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Southern blots with Hind Ill  and Eco RI restricted 
genomic DNA from B. excelsa were performed 
(Fig. 3). Although it is unknown if these enzymes 
cut within other genes (the genes described below 
have neither EcoRI nor HindlII  sites), it is 
reasonable to conclude from the hybridization 
pattern that at least 5 genes coding for 2S albu- 
mins are present in the genome of B. excelsa. 

Cloning and sequence analysis of  genes coding for 
B. excelsa 2S albumins 

A genomic library constructed in the vector Cha- 
ron 35 was screened using the nearly complete 
cDNA described by De Castro et aL [6]. Of 20 
initially positive clones, two remained after high- 
stringency washing. These were subcloned into 
pUC18 and sequenced. 

One of these, BE2S 1 (Fig. 4a), is 100~o homol- 
ogous to an abundant cDNA [9] while the other, 
BE2S2 (Fig. 4b), shows a sequence homology of 
67 To- As expected, both genes encode a prepro- 
polypeptide consisting of a small (S S) and a large 
(LS) subunit joined together by a peptide of five 
(BE2S 1) and seven (BE2S2) amino acids that are 
post- or co-translationally processed (=  internal 
processed fragment). In addition the previously 
observed amino and carboxyl terminal processed 
fragments are present [14]. In both genes the 
coding region for the small subunit is interrupted 
by an intron of 89 and 87 nucleotides respectively. 
The introns conform to the GT-AG rule and in 
both a branch site (TTTAAT) starting 47 nucleo- 
tides downstream from the left junction is present. 
Within the sequence coding for the large subunit 
of BE2S1 two regions are remarkable (under- 
lined): they consist of 7 and 6 triplets respectively 
coding for either methionine or arginine. In gene 
BE2S2 these regions, though identifiable, are not 
particularly enriched in methionine and in fact, 
while in BE2S1 the methionine concentration 
reaches 18~o, in BE2S2 only 10~o of the amino 
acids are methionines. 

Determination of the site of  transcriptional initiation 

In order to determine the transcriptional initiation 
site, nuclease S 1 mapping was performed using as 
probe an end-labelled coding strand of 1636 nu- 
cleotides spanning the 5' upstream region starting 
at the initiation codon of the 2S albumin open 
reading frame (Fig. 5). Seed and leaf total RNA 
were hybridized to the probe under conditions 
favouring RNA : DNA over DNA : DNA hy- 
bridization and subsequently treated with S 1 nu- 
clease. The resulting protected fragment, not de- 
tected when leaf RNA was used, was 58 bp long, 
demonstrating that transcription starts 55 nucleo- 
tides upstream of the initiation codon (Fig. 4a, 
asterisk). In gene BE2S 1 a canonical TATA box 
is located 25 bp upstream from this position 
(Fig. 4a, underlined); in gene BE2S2 this se- 
quence is slightly modified, i.e. from TAAATAT 
to TAAATAG. Further particularities of the pro- 
moter regions as well as a comparison with the 
promoters of 2S genes from other species will be 
dealt with in the discussion and in Table 1. 

Discussion 

In this paper we present data on the isolation and 
characterization of two genes, BE2S1 and 
BE2S2, from B. excelsa that code for 2S albu- 
mins. They belong to a multigene family responsi- 
ble for the various 2S isoforms encountered in 
B. excelsa seeds. One of them, BE2S 1, codes for 
an isoform with a methionine content of 18~o. 
This gene shows 100~o homology with a cDNA 
prepared from an abundant mRNA species [9] 
suggesting that it is actively transcribed. Southern 
blots, however, indicate that at least four other 
genes are present. One of them, BE2S2, has also 
been isolated and characterized. It codes for a 
putative 2S albumin with a methionine content of 
only 10~o and its sequence homology with the 
cDNA is 67~/o. No stop codons interrupt its 
coding regions indicating that BE2S2 could be 
transcribed and translated. However, so far no 
isoform corresponding to its sequence has been 
described [2]. 



The degree of homology in the coding region of 
various 2S genes has been discussed elsewhere 
[ 14]; it has also been pointed out that 2S genes 
from B. napus and A. thaliana contain no introns 
[13, 14, 22]. In contrast to these genes, both 
B. excelsa 2S genes described here have an inter- 
vening sequence located in the coding region of 
the small subunit. 

Northern analysis (Fig. 2) clearly shows that 
2S m R N A  accumulates in substantial amounts 
only in mature seeds. Not  even traces of these 
molecules can be demonstrated in preparations of 
total leaf RNA. This is an indication that the 
expression of Brazil nut 2S genes, like that of 2S 
genes from other species, is highly regulated with 
respect to organ specificity and during seed devel- 
opment. Such specificity of expression is presum- 
ably due to sequences in promoter and/or enhan- 
cer regions involved with positive or negative 
control of transcription through interaction with 
specific DNA-binding proteins. One such se- 
quence, the G-box of a gene coding for ribulose- 
1,5-biphosphate carboxylase/oxygenase, centres 
around the palindrome T G C A / A C G T  [ 11 ]. Such 
palindromes are also present in the promoter 
region of S. napus and A. thaliana 2S genes 
[ 13, 14] as well as in all other 2S genes examined 
(Table 1). Upon  alignment with the TATA box, 
four TGCA domains stand out (Table 1); they are 
located between 10 to 16 (domain I), 25 to 28 
(domain II) and 38 to 40 (domain III) nucleotides 
upstream from the TATA box. In all genes a 
stretch of at least 38 to at most  94 nucleotides 
separates domain III from the next region, 
domain IV, where TGCA motifs again occur with 
high frequency. The first three domains are 
located at spatially the same or nearly the same 
position in all 2S genes described. Interestingly, 
gene BE2S1 domain I is absent. Finally, at 
variable distances in the various promoter regions 
a pyrimidine stretch is close to (in AT2S1) or 
associated with a TGCA motif. 

For comparison, we have also analysed the 
promoter regions of two constitutively expressed 
genes coding for protein elongation factors of 
A. thaliana (EFla -A1 and EFI~-A4)  and two 
light-regulated genes (rbcS-3A and rbcS-3C). In 
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all these promoters the situation is drastically 
different: the TGCA palindromes occur with no 
greater frequency than could be expected statisti- 
cally (PrTGCA = 0.003) (Table 1). 

In contrast to that finding in constitutively and 
light-regulated promoters, a preliminary survey of 
promoter regions of other storage protein genes, 
i.e. patatins [ 19, 20] and Gl-glycin and fl-congly- 
cinin 4 (R. B. Goldberg, pers. commun.)  reveals 
the presence of TGCA sequences at elevated fre- 
quencies. However, no spacing pattern compar- 
able to that found in the 2S promoters could be 
discerned. 

It appears that the massed occurrence of 
TGCA palindromes in the promoter regions of 
storage proteins is a common feature and the 
tropical spacing pattern described here an intrin- 
sic characteristic of genes coding for 2S albumins. 

As mentioned in the introduction, the mature 
2S proteins from the phylogenetically closely re- 
lated Arabidopsis and Brassica (order: Cappar- 
ales) display a homology of about 70Yo. On the 
other hand, the evolutionarily distant 2S proteins 
from B. excelsa (order: Lecythidales) and R. com- 
munis (order: Euphorbiales) are only 24 and 36~o 
homologous with the proteins of the other group 
[20]. We believe therefore that the close to 100~o 
homology with respect to the TGCA spacing in 
all 2S promoters cannot be explained with a mere 
phylogenetic relationship but rather reflects the 
functional homology of these sequences. 

Ongoing functional tests in our lab are aimed to 
provide evidence as to the biological significance 
if any of these TGCA palindromes. 
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