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ABSTRACT

In animal and viral pre-mRNAS, the process of polyadenylation
is mediated through several cis-acting poly (A) signals present upstream
and downstream from poly (A) sites. The situation regarding polyadeny-
lation of higher plant pre-mRNAS, however, has remained obscure so
far. In this paper, a search for putative poly (A) signals is made
by considering the published data from 46 plant genomic DNA sequences.
Certain domains in the 3' untranslated regions from nuclear genes of
higher plants were compiled and occurrence of sequence motifs such
as AATAAA, CAYTG, YGTGTTYY and YAYTG was scored in relation to

poly (A) sites. Moreover, consensus sequences for impertant regions
in the 3' untranslated sequences and poly (A) signals were also deduced
from the data. It was inferred that sequence motifs similar to poly

(A) signals exist around poly (A) sites but some of them are in entirely
different spatial relationship than observed in other eukaryotes. This
indicates their probable non-involvement in the process of polyadenylat-
ion in higher plants necessitating a functional analysis approach to define
the plant specific poly (A) signals.

INTRODUCTION

In eukaryotes, the primary transcripts (pre-mRNAs) of nuclear
genes are longer than the mature and translatable mRNAs present in
the cytoplasm. The synthesis of pre-mRNA is followed, therefore,
by extensive processing which includes 5' capping, intron splicing
and polyadenylation. Our limited knowledge regarding the mechanism
of polyadenylation stems from studies of animal and viral systems.
Higher plants have been investigated for this purpose only recently.
The polyadenylation or 3' processing involves two steps, namely endonuc-
leolytic cleavage at a specific point in the 3' untranslated region (ter-
med the poly (A) site) and addition of several A residues to the cleaved
end. The selection of the poly (A) site is presumed to be regulated
by cis-acting poly (A) signals located upstream and downstream from
the poly (A) site (41, 42).
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The hexanucleotide AATAAA 1lying 10 to 30 bases upstream from
the poly (A) site represents the almost ubiquitous poly (A) signal in
animal or viral pre-mRNAs (43). Deletion of this sequence motif (44),
point mutations substituting one or more bases in this signal (45, 46)
and varied spatial relationship between poly (A) signal and normal
poly (A) site (44) resulted in abnormal or inefficient processing of
the 3' termini of such pre-mRNAs. Moreover, it has been suggested
that this string of bases is involved in the cleavage site selection
through association with small nuclear ribonucleoproteins (snRNP) (47)
or some factor in the crude nuclear extract (48). It would, however,
be difficult to imagine that this signal alone can be sufficient for the
complex process of polyadenylation in eukaryotes. Recently, Kessler
and co-workers showed that the presence of the consensus AATAAA sequ-
ence and the downstream sequences are obligatory for efficient and corr-
ect polyadenylation (49).

The experimental evidence, obtained from deletion analysis in
the 3' untranslated region, has indicated that a region of 30 to 80 bases
downstream of the poly (A) site is required for efficient post-transcri-
tional 3' processing (50-53). On the other hand, Mason et al. assigned
the role of cleavage site selection to these downstream sequences (54).
The signal CAYUG, flanking the poly (A) site has been generally obser-
ved in over 50 animal pre-mRNAs (55). On the basis of sequence
complementarity, it has been suggested that the U4 snRNP forms a comp-
lex with AATAAA for the primary site selection and with CAYUG for
precise cleavage site selection (See (56) for the controversial views).
A second signal YGTGTTYY located approximately 30 bases downstream
from the AATAAA signal has been observed in 67% of the mammalian
pre-mRNAs (57). Alteration in the spatial relationship between these
signals reduced the levels of processing of the mRNA 3' termini while
the deletion of the YGTGTTYY motif caused a marked drop in the effi-
ciency of polyadenylation to below 5% (57).

The generalizations made on the basis of animal studies are usually
regarded as ‘'eukaryotic features' assuming that plants would follow
the same mechanistic rules. How far this dogma of similarity in gene
structure, function and regulation between animals and plants is valid
has remained unanswered due to the paucity of corresponding information
on plant nuclear genes. Over the past five years, however, a large

number of genomic DNA sequences encoding various proteins in plants
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have been isolated and sequenced. Recent compilation and analysis
studies with plant leader sequences (58) and exon-intron junctions (59)
have suggested that even though plant and animal genes show overall
conservation in their structural characteristics, several minute differe-
nces do exist to enable one to postulate a difference in their 'modus
operandi'. No attempts, however, have been made previously to compile
and analyse data regarding polyadenylation signals from the available
published information and to assess if poly (A) signals in plants are
present in the same manner as in animal pre-mRNAs,

In this paper, certain domains of the 3' untranslated regions in
forty-six nuclear genes of higher plants have been examined and a search
made for putative poly (A) signals. Further, the structural features
of the region immediately downstream of translational stop codon and
the context sequences of poly (A) sites have also been analysed. Such
studies can be of value in formulating the general norms in polyadeny-
lation of plant pre-mRNAs, Extensive deletion and mutation analyses
would be required before a functional significance can be attributed
to these poly (A) signals in plants and these are, therefore, designated
as putative in this paper.

MATERIALS AND METHODS

1. Selection of plant genes for the present compilation :

a) Only nuclear genes of higher plants have been included.

b) Genes with abnormal structure or unknown function have been
excluded.

c) Since the interest of this analysis is centered on upstream
and downstream sequences from poly (A) site, only those genomic DNAs,
analogous to pre-mRNAs except that they have T instead of U, having
known or predicted poly (A) site have been included (Table 1). Poly
(A) sites had been proposed in published papers on the basis of
S1 nuclease mapping or cDNA/closely related gene comparisons.

2. Collection of data and methods of analysis : The 3' sequences
of forty-six published nuclear genes fulfilling the above criteria have
been collected. The features of certain domains of these sequences

are presented in Table 1:-
a) Domain I:- The twelve bases downstream from the translational
stop codons were aligned with the TAA/TAG/TGA triplet as a reference

point. The consensus sequence for downstream context of stop codon
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(Table 2) was deduced using the method of Cavener (60) as given below.

b) Domain II:- Taking aligned AATAAA or its derivative as a
reference point, 10 bases upstream have been listed and a search for
YAYTG signal was made (window size 5, minimum 60% match). (Fig.
1 a). Moreover, a consensus for upstream context of AATAAA was
also deduced (Table 3).

c) Domain III:- The AATAAA signal (minimum 4 out of 6 bases
match) 1lying upstream of known/predicted poly (A) site was aligned
and a consensus was worked out (Fig. 1b).

d) Domain IV:- The fifty bases (when available) downstrean
of AATAAA signal were compiled and screened for putative poly (A)
downstream signal YGTGTTYY (minimum 5/8 matches) (Fig. 1 d). In
addition, a consensus sequence for 10 bases following an AATAAA motif
was also derived (Table 4). Moreover, 12 bases flanking the poly
(A) site on either side were aligned taking the poly (A) site as a

I T_II N__
01)Pea/rbes, 3A TAAGTTTGAGTATTA | GATAAGA rw‘rca'?nécraéﬁﬁd-rg aTTCTCAMTTATIATEATCE G GTTTTTA
02)Pea/rbes, 3C TAAGTTCACTGEATT | SATArGAGTTAATGAATGARATGGTTACHTATICCEMETTACTTAMGAN T GTACTGTGT GO
03)Pea/rbes, E9 TGAGTTCGAGTATTA cncancacTTATGAARGATATeree R Rt aTTeTeAnnTTARIATIAR S T TTTC TC
04)Pea/rbes, 3.6 TAAGTTTGAGTATTA | GAGAAGAGTTAATGAATGATATEGTEETTTGRTCATTCT
05)Pea/rbes, 8 TAAGTTTGAGTATTA | GATAAGAGTTAATGAATGATATAGTCCTTCTGAACACAAG
06)Tobacco/rbes, Ntss23 TAAGTTTCATATTAG | TaTGAGAACTAATAATAATIATGARITSGEGE I ricrTcTARATETTSTTGTTICACATTCGTGT
07)Tobacco/rbes, 8B TAAGTTTCATATTAG | ATGAGAACCTAATAATTATGARITGGTGCITTGITRGTAMTETT ST GTTTCACATTATTGTGOC
08)Wheat/rbes TAAACTATGAGTTGA | AMACETGTGTANTATTEGITATATACAACAS G GaacE AT Grerr&ctarTatTaR e TTTTTT
09)Pea/Cab, AB8O TAMCACTCITATAT | TacoTTACTAATACARGATGAR GRS R trrrradamarrTRamaTi T AT GTTTCATGC
10)Petunia/Cab, 37 TGAATTTAGTAATCT | TGGAAAAGCCAATATTASATGCTGRITAATTCAGICTCTTTCAGAAATTTCGTCATTAAAAAGTTT
11)Wheat/Gliadin, pW8233 TGAGAAGAAAATAGE | CAAMCTTGGGAATAAAAGACAAACAEASGIETTGTCTACATARTIATGITGEATCTATTTATATAT
12)Wheat/Gliadin 6¢/p TGAGAAGAGAAACAA | CAAACTTGGGAATAAAAGACAAACACAAGTATIGTCTACATATCATTGTTTGITTGACTTCCATTC
13)Wheat/Gliadin? Y TGAAAAACTGAAGAG | CAAGTTGGGAATAAAAGACAAACAAAGTTETTGTTTGCCAGCATTACTT GTCATTGTTCCATTCA
14)Wheat/Gliadin, YAM-2 TGAGAAGAAAATAGE | CANRETTOOOAATARAKAGACARACAASCH T GTCTA NEATTHATGTTGRATCTATTTATATA
15)Wheat/Glutenin, §C11 TGATAGAACTCTCTG | THATCTATCCAATAAAE GTGATGEGTGTTC AR AGTTTTTEATGT AACTAGAGTAAAACCCAATAAT
16)Barley/Hordein TAATGATAAGAAATC | TARATTCTAAAATAAAATATAAATAAAGTTCATGAT GACTACCTGGAAAGTTTCTCAACAAGTTGA
17)Maize/Glutelin TGAAGAAACTATGTG | GAACAATTGAAATGAAAAGAAAAAAGTATTGTTCCAAATTAAACGTTTTAACCTTTTAATAGGTTT
18)Maize/Zein, 24 TAGATTGCTTATGAG | GCTTCCCAGAAATAAGAAAGTACATTTCTAGATTCTIATGTGCTICTAGT
19)Majze/Zetn, 2G99 TAGATTGCTTATGAG | GCTTGCCAGAAATAACAAAGIACATTTEFAGATTCTTATGTGCTRETAGTCTCCARATGTGGTTGA
20)Kidneybean/Phaseolin TGATAAGTATGRAC. | HCTTETATCAATARC ARAGEATTTATGAT
21)Pea/Legumin, LegA TAGATTTGGCACCAA | GCGGAAACAGAATAAATAAAA ccruun-?cﬂacc%c#ﬁ-&cﬁrkrmm?: AAGTTATAACC
22)Viciabean/Legumin TGAGATCATGCTAAG | ATAATAAAACAATAAAGTATGGCETTATTATCCCAATE TTAATCTAAATTTGEATGCATTTATAAG
23)Soybean/Conglycin TGAATAAGTATGTAG ﬁi‘ncunurulcAoc&u&,«’mﬁﬁﬁcr?ﬁc}crmncuc‘}c%c-rocnwc‘ru
24)Potato/Patatin, ST-LS1 TAGATGTTATCCTGT | FTTTASTGTGGATAATATTACACCTAATGTHECTGITITAGGTTCTIATAATE TTAATCTTTAAGT
25)Soybean/Lba TAATTAGTATCTATT | $ARAGTATTGGATAAMAATCTTAAGETTAATATICTATATTTGE GRAGGT T ATGC TT GTGAATC A
26)Soybean/Lbel TAATTAGGATCTACT | &ATTGTATTGGATAAACACTTTIAAGITATATATITCCATATATTTAC GTTTGTGAATCATAATCG
27)Soybean/Lbc2 TAGGATCTACTATTG | ATAC céaﬂlanufu'rcﬁ-dcrnnnﬂnmc?: ATATACTAAAGTTTGTGAATCATA
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I o m N
26)Parasponta/Legh¥moglobin TGAGAATTTTTATAG A..-..:u_r and: .Armﬂmﬁu’:mccnmcacamamaitun 2
29)Soybean/Nodulin, 23 TAMTTATITCAGE. | CCRACRAATATATAMCARGETTATICTATTTTIE STTGATC TAG 2
30)Soybean/Nodulin, 24 TAACCGCCCTACATG AmAxAHGAAATM‘IICT;CTGrG:A:A*A*I’*GI‘ﬂTAAMﬂ‘Z&‘ZGAETTTT&‘T‘;CTAﬂAﬂ 25
31)Soybean/Lectin, Lel TAAATGTGACAGATC | TGTTATATATAATAATGTIATCTTTCACAACTTATCGTAATGCATIGTGAAACTATAACACATTTA | 26
32)Soybean/Lectin, dlecl TAGACTCAATCTCCA | TGTOACAGAAAATAAAATAARATAGGGTGATGATAGCTTACACTCAGTGTICHTTGCTeTACTICC | 27
33)Soybean/Lectin, dlec2 TAGACTCCAAACTCC | TGTCACAGAAAATAAAATAAATAAAATGGGAGCTEATATATTATTATACTATTAAAAGGAAGCTGT | 27
34)Kidneybean/Lectin TAGACTCCAAAAACC Xu:-rMMranmcMocﬁA'hnmncmumncm?a?ﬁmn;mcmcnuc |2
35)Castorbean/Lectin TGATAGACAGATTAC | SclACHATCTAATANGRGCACARCE AT Te TS CRaATTCTARATTTATGGATGAATGTATOAAT | 20
36)Arabidopsis/Adh TGAAGCCATTCTCTC | TTGAGATTTGAATATA. M“I‘AAAM'ZACA'I"C(.:AHTI“:C‘}G}GHCNAACATTCAGAATG:AAAC 30
37)Matze/GST 1 TGAAACGGTTGCCCT | CGGTeAATGGAATAAGECARGICTGTIC GeT et TTarTcAGTéATGRaTeTTCTATGAC | 31
38)Tobacco/ATP synthase TAGATAGATTATAAA ';Arcx?:;é}rlurimmmmraocmr&ﬁc'mh’rﬁhnn&ic’n’:rnmmcu 32
39)Malze/Triose isomerase TAAGATGCTACGCTG | TGAACGYATCAATAATOOTGCTIATGTATCCES T HHTTHTTGTOCE GAATTACGGTGEATCCGTC | 33
40)Matze/Sucrose synthase TAG frrictrrccaaTanaiatcicrdtdorrcatearerTechcacTac Aat aGaTaTTCTGTTG | 34
A1)Matze/Waxy TGAAGAGTTCGGCCT | ATTGCGAGTAAATAAATGGASCTGTAGTGGTGGAGTAMATAATCECTOCTGTIcSGTGTTCTTATE | 35
42)Antirrhinum/Chalcone syn. TAATTAAAAGCCCGG | TGATEATTGAAATAAAGGCTATATAAAMATAATTTAYGTEAtTé T coTTTatctateTarTTrT | 36
43)Alalfa/Glutamine syn. TAAGCCACCACACAC | TAAATGTCAGAATAATAATGTAATATTTGTCCGTAAAATAATTATIGTTGATTATGTTTATT 3
44)Potato/ Proteinase Inhib.T TGACCCTAGACTTGT | TAATTATCTGAATAAGAGAAAGAGATCATCCATATTICTTATCCTAAATGAATGTCASGTGTCTTT | 38
45)Soybean/Gmhsp17.5 TGATCCATGTTATGG | TATIAACGTGAATTAATAGAS GTCTAATGTGTTCCCATAAACTAAGAATATAGATETTTATCTGTA | 39
46)Carrot/Extensin TAATAAAAACTCTCC é,«Aﬁ.«hmln-ruc-w?ﬁcrc.ﬁ'u'm-n-Mroccl«nmnocucrlchnlunrcrm "

Table 1 :

Compilation of certain domains in 3' untranslated regions of 46 higher plant gesomic DNA sequences.

a) Domain I : Twelve bases dowastream from stop codons (Boxed).

Dots above the nucleotide, mark the beginning of a YAYTG

b) Domain II : Ten bases upstream from AATAAA like wmotif.

like motif (minimum 60% watch).

¢) Dowmain III 1 AATAAA like motif.

the of poly (A) sites.

d) Domain IV : Fifty nucleotides downstream from AATAAA. Arrows

Dots above the nucleotide denote the beginning of YGTGITYY like motif (minimum 60t match).

The references numbered at the right end. of each sequence are listed in reference section.

reference point and a search for CAYTG was made and scored (Fig.
2).
(A) site were deduced (Figs. 1 c § 2).

the exact

The consensus sequences for CAYTG signals and context of the poly
It should be noted that some
poly (A) site and AATAAA
sites and AATAAA signals were

ambiguity does exist regarding
signal location when multiple poly (A)
present in 3' untranslated regions.

3.

suggested by Cavener

Criteria for consensus sequences : as
(60),

included in the consensus:

The following guidelines,

were used for deciding the bases to be

a) The relative frequency of a single nucleotide at a certain pos-
ition should be greater than 50% and greater than twice the relative
frequency of the second most frequent base. A single base satisfying
these conditions was assigned the status of consensus nucleotide.

b) When no single base fulfilled the above mentioned condition,

a pair of bases was suggested as co-consensus nucleotides at a position
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Table 2: Frequency of nucleotide occurrence at 12 positions following a
stop codon (arrowed).

V WV W 1 42 43 44 +5 +6 +7 +8 +9  +10 +11 +12
A -- 61 78 44 27 36 27 33 44 24 40 33 27 33 20
Gy -- 39 22 33 9 11 24 22 13 20 9 11 11 18 33
c§ - -- -—- 4 20 11 22 24 13 11 27 18 22 18 27
T§ 100 -- -- 18 44 42 27 20 29 44 24 38 40 31 20

Total number of observations : 45.
Consensus:TAAAtlt aatattag

(Plant) G G Aa

Table 3 : Nucleotide frequencies at 10 positions, upstream from AATAAA

like motif.
-10 -9 -8 -7 -6 -5 -4 -3 -2 -1
A% 17 48 33 43 35 28 50 26 17 26
G% 17 17 17 15 20 26 2 33 24 37
C% 17 13 9 11 26 17 11 11 15 9
T% 48 22 41 30 20 28 37 30 43 28

Total number of observations : 46
Consensus : t ataa ?‘;gtg
(Plant)

if the sum of the relative frequencies of those two nucleotides exceeded
75%.

c) If no single nucleotide or pair of nucleotides satisfied these
conditions, the position was denoted by the most frequent nucleotide
in lower case.

RESULTS AND DISCUSSION

1. Domain I: Out of the three possible translational stop codons,
the TGA and TAA were each present in 39% of the genes while TAG was
under-represented. There was obviously no clear bias for any one
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Table 4 : Nucleotide frequencies at 10 positions downstream from AATAAA

like motif.
+1 +2 +3 +4 +5 +6 +7 +8 +9  +10
A% 46 37 48 30 46 37 39 35 33 28
G% 13 37 15 24 13 13 17 26 15 17
C% 15 7 9 11 24 11 11 20 9 22
T% 26 20 28 35 17 39 33 20 43 33
Total number of observations : 46
Consensus : a 2 AtaTaaTt
’ g T A A
(Plant)
of them. The downstream context of the stop codons was examined

to see if any particular order of base occurrence could be deduced
similar to the upstream context of translational start codon (58) where
adenine was conserved at -3 position from ATG. As evident from Table
2, the first downstream position (+1) was occupied by a purine in 77%
of the genes, while no consensus or co-consensus nucleotide could be
assigned for position +2 onwards, except at +3 showing preference for
thymine or adenine. However, all these positions had adenine or thym-
ine as the high frequency nucleotide except at +12 position where guanine
was preferred. The reason for this AT-rich tail following the stop
codon is not apparent although the presence of less labile secondary
structures, if formed, can be proposed (58). It can, therefore, be
inferred that nucleotide sequences following stop codons (up to +12 posit-
ion) show non-conserved bias except at +1 and +3 positions.

2. Domain II: The consensus sequence for ten nucleotides lying upstr-
eam of AATAAA, as decided on the basis of Table 3, was

Y48 248 41 243 335 228 As0 833 43 837,
t T37

This was remarkable because of the occurrence of adenine or thymine
at most of the positions. The cause and consequence of such a bias
remains to be elucidated. In addition, this region was also scanned
to see if any particular sequence motif occurred commonly. Interestingly,
a motif similar to CAYTG, namely YAYTG, was observed in 40 out of
46 genes (Table 1). This sequence was scored 75 times in an overlapp-
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(a) (b) (c) (d) °

100
75
50
25

100
75
50
25

100
75
$0
25

100
5
S0

25 e —— —_

Y AYTG A ATAAA CAYTG Y6 T 6T T VY Y
(75) (46) (168) (386)
ATTG A ATA AA c A TT G T o9 T T TT T

PROBE
(SIGNALS)
CONSENSUS |
(PLANT)

T
Fig. 1 : Frequency distribution of nucleotides at some putative poly (A)

signals in higher plant genes based on data in Table 1.

ing manner and the consensus sequence being
tATTG...vvvvviinennneenn.. . (fig. 1 a).

On the basis of sequence analysis, Berget (55) had suggested the
probable pairing between U4 snRNP and the CAYTG motif to be important
for cleavage site selection prior to polyadenylation. The presence of
a similar motif at an unexpected place such as upstream from AATAAA,
raises doubts about the real significance of these signals being in the
cleavage process. The common occurrence of this signal in 3' region
as discussed below -suggests that this motif could have some hitherto
unrecognised function.

3. Domain III: The consensus AATAAA or its close derivatives are
present most generally in the 3' regions of animal pre-mRNAs in a defi-
nite spatial relationship to the poly (A) site. Fig. 1b clearly indicates
that the consensus for this signal in nuclear genes of higher plants
is identical to that in animal pre-mRNAs. In fact, the consensus nucleo-
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43 . . .
46 . 04
T ST SR WS S TR WA S TR SN WA U A SN TS SR SR SN S N SR S N
PROBE:CAYTG ~'2 -" -10-9 -8 -7 -6 -5 -4 -3 -2 -1 |1 2 3 4 5 6 7 & 9 10 u 12
CONSENSUS ¢ ¢t t ¢t T T T ¢ ¢t T ¢t yl|A t T t T T T ¢ t T ¢
(PLANT) 4 T . ¢
Poly(A) site

Fig. 2 : Distribution of CAYTG motif (marked by dots) around putative/
observed poly (A) sites present downstream of AATAAA motif.
The suggested consensus sequence is mentioned below the figure.
When more than two sites are located in the vicinity, it is
regarded as one site by taking the central nucleotide as
approximate site of polyadenylation.

tides were highly recurrent in the first five positions while adenine
occurred at the 6th position in 65% of the genes. A critical examination
of these signals, however, showed that the unaltered AATAAA motif
was present in only 18 out of 46 genes (39%) whereas one base substitu-
tion occurred in 54% of the genes. Two base mismatches, a rare event,
appeared in only 3 genes in the present compilation. When one or more
base substitutions were observed to affect the polyadenylation efficiency
in animal pre-mRNAs (45, 46), it was highly intriguing question how
a majority of the plant genes ( =y 61%) work efficiently (?) without
an AATAAA motif. The two possible explanations are: a) plant genes
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are less selective than animal genes for the obligatory presence of
AATAAA, and b) there are other sequence motifs or nuclear factors which
compensate for any point mutations in AATAAA. The location of AATAAA
at 27 £ 9 bases from poly (A) site, however, appears to be similar
in both plants and animals.

4. Domain IV: a) The region 10 bases downstream of AATAAA (Table

4) showed the following consensus

46 337 48 '35 246 T30 239 %35 T4z 33
g T28 A37 A33
which continued its less conserved adenine-thymine bias. The co-consen-
sus nucleotides ',Ar were present at +3, +6 and +9 positions. Whether
this A-T richness has any functional significance or not needs to be
investigated.
b) Context sequences of poly (A) sites: Twelve bases on either

side, as shown in Fig. 2, delineate the thymine richness of the region
encompassing the poly (A) sites. This span of 24 bases was also scan-
ned for the CAYTG motif (as described under Materials and Methods)
and a total of 168 putative signals were found around 53 poly (A)

sites situated downstream of an AATAAA-like motif. These signals,
however, were not exclusively distributed around poly (A) sites but
were detected upstream (up to -12 position) and downstream (up to
+8 position) of poly (A) sites. A general survey of domain IV has
shown a common presence of CAYTG like sequence all over (data not
shown). This raises the doubt if U4 RNPs are really involved in clea-
vage site selection and therefore, CAYTG were located in the vicinity
of the poly (A) sites (55). Recently, Berget and Robberson (56) used
cleaved U4 RNAs for in vitro studies to see if polyadenylation was
affected. Contrary to the earlier suggestion (55), they did not find
any involvement of U4 RNA in process of polyadenylation. However,
the nearly ubiquitous occurrence of this or similar motifs in 3' untrans-
lated region cannot be without significance even though this is not prese-
ntly understood. As deduced from the data in Fig. 1c, this motif has
cATT,(I;, sequence as consensus. A word of caution is necessary before
I conclude these observations. This paper deals solely with the struc-
tural features of certain domains in 3' untranslated regions of higher
plant genes and has no bearing on actual functional analysis. The feat-
ures that emerged from structural and functional analysis in animal and
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viral pre-mRNAs were simply extrapolated to plants keeping in mind
that they might not be identical.

c) YGTGTTYY motif: The presence of this signal was examined
in the 50 bases (when available) downstream from AATAAA. In 46 genes,
a total of 386 signals were recognised, as shown in Table 1, and were
found to be distributed throughout domain IV. A signal can have some
significance if it occurs in a particular relationship with a fixed refer-
ence point. For example, the YGTGTTYY motif was detected in 67 of
the animal genes at about 30 bases downstream of the AATAAA motif
(57). When attributing the recognition of signals by nuclear protein
factors involved in polyadenylation, their absence at other unexpected
positions should be the basic premise. Otherwise, several nuclear
factors can be imagined to form complexes with several signals thus
apparently requiring some additional factor(s) or signal(s) to decide
which of them are in proper orientation with respect to poly(A) site
selection. Considerable overlapping of YGTGTTYY - like signals and
their clustered arrangement around the poly (A) site were also observed.
The consensus sequence for this signal in plants was

B o o Fig. 1d
which interestingly matches with the TTGTTT motif observed in the
3' region of some rbcs and cab genes in higher plants except at a few
positions (61-63). The wide distribution of this signal throughout do-
main IV raises a doubt about its specific role in accurate cleavage site
selection and efficient polyadenylation.

In conclusion, after surveying the available data from 46 plant
genes, it appears that the features in the 3' untranslated regions of
plant genes are distinctly different in the minute specific details from
those of the animal genes. Even though similar motifs are present
in both these sub-groups of eukaryotes, their distributional pattern
show significant differences. This is expected for two kingdoms which
diverged early in the evolutionary time scale. A detailed functional
analysis would be highly desirable tc clarify the structural and functi-
onal relationship between putative poly (A) signals and the process
of polyadenylation in plants. Recently, Hunt et al. (64) had come
to similar conclusions when they observed that tobacco cells could not
properly and efficiently recognize the animal and viral poly (A) signals.
Moreover within angiosperms, wheat rbcS genes representative of monc-
cotyledons, and pea rbcS genes representative of dicotyledons, showed
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deviant behaviour in relation to polyadenylation when expressed in toba-
cco cells (65). This supports the hypothesis that even though 3'

processing might be a universal feature in eukaryotes, the mechanisms
by which it operates might follow different specific paths in different

eukaryotic species.
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