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Structure of U2 small nuclear RNA genes of rice genome *
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Abstract Three new U2 small nuclear RNA (U2snRNA) genes from rice { Oryza sativa) were isolated and se-
quenced. The upstream sequence elements, TATA elements, monocot-specific promoter elements and the conserved
four-stem-loop secondary structure shared by all plant snRNA genes were identified . The rice U2snRNA genes are
shown to be present as a multi — gene family in the genome. The homology of the rice U2snRNA genes is high, with the
minimum of 80% . Two pairs of the U2snRNA genes with the same transcriptional direction are found to be linked. One

pseudogene in rice was firstly discovered.
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In eukarytic cells, small nuclear RNAs (snRNAs) are involved in pre-mRNA splicing, and the
genes encoding snRNAs are usually presented as gene families with certain number of genes linked.
The amount of snRNA in plant cells is 10—100 times less than that of animal cells, but their genes
in plant cells are more diversified!"’ . Only UsnRNA gene families of several plants have been charac-
terized, including 7 U2snRNA genes from arabidopsis'®!, 8 UlsnRNA genes from tomato'®! and 6
U2snRNA genes from potatom . The members of UsnRNA gene families in animal usually scatter at
one locus in the genome with distance between genes ranging from several hundreds to several thou-
151 In plant, the structure of UsnRNA gene needs to be further studied. It has
been known that monocots and dicots share high homology in the U2snRNA gene coding regions,

sands of base pairs

while the upstream regulatory regions differ considerably[(” 7, this indicates that there are different
regulation mechanisms of gene expression between these two types of plants. We previously reported

7, based on this work, we isolated in pre-

the isolation and characterization of a rice U2snRNA gene
sent study the other 13 positive clones containing rice U2snRNA genes using arabdopsis U2.2snRNA
gene as the probe, among these clones there are two pairs of linked U2snRNA genes and one pseudo-

gene. Five U2snRNA genes were sequenced and further characterized .
1 Materials and methods
1.1 Southern blot analysis

Genomic DNA was isolated from the etiolated seedling of rice Guang Lu Ai 4 (seeds were provid-
ed by Chinese Rice Research Institute). Of 10 ug EcoR 1 and Hind Il digested rice genomic DNA
was separated on a 1% agarose gel by electrophoresis. The DNA was then transferred to Hybond N
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( Amersham) nylon membrane and probed with the [ a-*P]dATP-labeled Hind Il -EcoR 1 fragment
(about 500 bp) of arabidopsis U2.2snRNA gene.

1.2 Isolation of rice U2snRNA genes and sequence determination

The clones containing rice U2snRNA genes were isolated from a genomic library using in situ
hybridization as described by Benton and Davis'®) . The probe used was the same as used in southern
hybridization. The positive clones were completely digested with EcoR I and Hind M, then the
fragments containing U2snRNA genes were cloned into the M13mp18/19 vector and sequenced by

Sanger’ s method!®’ .
1.3 Linkage analysis of U2snRNA gene in rice genome

PCR method was used to analyze the linkage of rice U2snRNA genes. Two primers, U2d (s’
TGC TGC AGA AAG GCC GAG AAA GGT AT 3’) and U2u (5’ ACG GAT CCA GTG TAG TAT
CTG TTC 3’ ) were designed based on the conserved sequence of plant U2snRNA genesm . PCR was
performed using different combinations of the primers (U2d + U2u, U2d + U2d or U2u + U2u) to am-
plify the intergenic fragments from each positive clone isolated from the ge- [
nomic library. The amplified fragments were analyed by restriction enzymes
mapping, and partially sequenced at the both ends. The pattern of linkage
was determined from the combinations of the primers, the sizes and partial

sequences of the amplified fragments.

1.4 Sequence analysis of rice U2snRNA genes

Rice U2snRNA genes were analyzed with the FSTNSCAN program of

— 44kb
the PCGENE6. 9 package' . The sequence analysis included homology
comparison between the coding regions, the variation of the upstream regu-
latory elements and the deduction of RNA secondary structures. “ —23kb
2 Results and discussions ‘

— 2.0kb

2.1 Rice U2snRNA gene family
More than 10 bands were probed with the arabidopsis U2.2snRNA /m

gene fragment when rice genomic DNA was completely digested . It suggests
that U2snRNA genes present as a multi-gene family in rice genome(fig.1) .
According to the restriction maps of the individual rice U2snRNA genes and .
the facts that U2snRNA genes are linked to each other and there is no in-
tron within the genes, we propose that there are at least 15 U2snRNA genes

In rnce. Fig. 1. Southemn blot analy-

2.2 Linkage of rice U2snRNA genes sis of rice U2 snRNA gene.

Rice genomic DNA was digest-

Thirteen positive clones hybridized with the arabdpsis U2.2 snRNA ed with EcoR [ (lgft lane)
and Hind [l (right lane).
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gene probe were isolated from a rice genomic library, named as U2-1-—U2-13 respectively. Their re-
striction maps differ from each other (data not shown) . Five clones (U2-1, U2-3, U2-4, U2-5 and
U2-6) with the greatest variation were selected for further analysis. The sequence analysis shows that
U2-1, U2-4 and U2-6 contain two linked U2snRNA genes, while U2-3 and U2-5 contain only one
gene. U2-3 has the same sequence of U2-1A. PCR-based linkage analysis indicates that the distance
between the linked genes is the same in U2-4 and U2-6, which is about 1.6 kb. In addition, the re-
striction maps of the amplified intergenic fragments from these two clones are identical, and the linked
U2snRNA genes in both clones are arranged in tandem repeat. We consider that these two pairs of
genes belong to one subgroup since the intergenic sequence is usually specific. We were unable to de-
termine the distance between the two linked genes in U2-1. It is probably because these two genes are
located apart and the ordinary PCR method cannot amplify such a large intergenic fragment. In consis-
tent, no single positive band smaller than 10 kb in U2-1 was obtained in the restriction map. More-
over we observed different sizes of fragments when using rice genomic DNA as the template to analyze
the linkage pattern of U2snRNA genes, besides an 1.6 kb band, a 3.2 kb and a 3.5 kb fragments
were all observed. This provides an evidence that there are other types of linkage for U2snRNA genes

in rice genome (figure 2) .

@ e — 2.3 Sequence analysis of rice U2snRNA genes
U2-4A U2-4B

The homology of coding regions of U2-1A,

b) ———— e - - — — e - - - i i
Q) A o U2-4A, U2-4B and U2-5 genes is 85.1% , while
the homology between linked U2-4A and U2-4B is
Fig. 2. Linkage map of rice U2 snRNA genes. (a) Linkage 95.5% . All the four U2snRNA genes share the

map of rice U2-4 genes, blackboxes represent coding region of

. typical features of plant U2snRNA genesm . Their
genes, open boxes represent regulatory region, the arrows show \
the direction of gene transcription, the space between the two first 124 nucleotides (nt) at 5° end are identical,
genes is 1.6 kb approximately. (b) Linkage map of rice U2-1 and the difference in the sequence is only found at
genes, shaded boxes represent coding region and regulatory re- 3’ and of the gene. Their RNA-RNA interaction
ion of U2-1 , th bet the t is estimat- . . .
gion ol U genes € space between € WO gEenes 18 €s 1mat reglon located at 5 ’ end is hlghly Conserved ,
ed at 1.6 kb or a eittle bit larger. ] . . i ,
while the stem-loop region which is located at 3
end and interacts with ribosome proteins varies greatly. It suggests that the binding of the proteins to

[10) " The studies on

different U2snRNAs may form specific splicesome performing different splicing
plant UsnRNA gene expression by Hanley and schuler''"'! have shown that at each developmental
stage , the expression patterns of U2snRNA genes are distinct. Therefore, the expression of individual
U2snRNA gene is strongly associated with the splicing of pre-mRNAs which are specifically expressed

at different developmental stages.

Two elements specific for plant UsnRNA genes, USE (upstream sequence element) and TATA-
like element, were identified from U2-1A, U2-4A, U2-4B and U2-5 genes, they are located at
— 70 nt and - 30 nt respectively. In the upstream region of USE, there are 2 or 3 conserved G/AC-
CCA/G sequences located between — 180 nt and - 120 nt (fig.3). This element is termed MSP
(monocot-specific promoter). Each of U2-1A, U2-4A and U2-5 contains two MSPs, with the se-
quence of GGCCCA. In U2-4B, three MSPs were identified, two with the sequence of GGCCCA and

one with the sequence of AGCCCG. The difference at upstream regulatory regions between monocots
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Monocot-specific Pramoter Monocot-gpecific Pramoter
U2-1A TAAATACGGCCCAGATTTCGGCCCCAARAGGAAAACTCCGGCCCA-—-—---
U2-4A AAAGGCCGGCCCATTTGAGAAGGCCTCGACGAGT-CAGCGGCCCACACAG
U2-4B ARAGGCCGGCCCATTTGAG---GGTTTCGCCGAGCCAGCGGCCCACGCAA
U2-5 GTTCATGGGCCCAACTACTCGGCCACTTGGGCTGNTGCGAGGTTTCAGGC
U2-1B @ —m s e e e oo e e e e e - -
U2-1a ----TGAATGCGTTTAARACGATAGCACCTGACGGGATCCGAGATGGATGG
U2-4A GCACAGCARAAC G- —=—— - m e e m e~ e m e e e e - - — cca
U2-4B GCCCGCATCGCATGATGTATTGTATCCCCCTCCCGTTTG---~~-~- TTCGT
U2-5 CCAACCGCCCAAGCAGTGGAANGNCCGCGGCGCAGGTTGCTGCTTTGCTC
U2-1B @ — - - - m s m o e m o e e e e ——— e o

Upstream Sequence Element
U2-1a ATGGTTCTTGGGTTTAATACCACCTCGGAGACGGAGGACGTAGGAGGGCG
U2-4A ATGCTGTCTTCGTTTTGIACCACATCGCAGGATCAAGGAGAGTAGTACCA
U2-4B TCATTGTCACAGTTTAGTACCACATCGCGCGATCAAGACGAGGAGATGTA
U2-5 TTCGTTGCGTAGTTTAGIACCAC-ICGCTTGTTCAGCTCGGTGAGGCGGT
U2-1B @ —m oo oo oo m o e - - -
TATA-like Box +1
U2-1a CTGCGCTCTGIATATAGGCAAGCAGGGTTGCACGTTTCAACTCATACCTT
U2-4A G-GAAGAGGCTAGAAAAGCAGGGTGTAGCCAAGAATGCAACTCATACCTT
U2-4B C-GGAGAGGCIACAAAAGCAGGAGGTGAACGTGATAGCAACTCATACCTT
U2-5 C-GCGGAAGGIATAAAAG-GAGSGCAGGGCTCCGTTCCGAAGCATACCTT
U2-1B & mmm s oo oo m oo o e e e e e - G
) loop I RNA-RNA Interaction Site
Uu2-1a TCTCGGCCITTTGGCTAAGATCAAGTGTAGTATCTGTTCTTATCAGTTTA
U2-4a TCTCGGCCITTITGGCTAAGATCAAGTGTAGTATCTGTTCTTATCAGTTTA
U2-4B TCTCGGCCITITGGCTAAGATCAAGTGTAGTATCTGTTCTTATCAGTTTA
u2-5 TCTCGGCCTITTGGCTAAGATCAAGTGTAGCGTATCTGTTCTTATCAGTTTA
U2-1B TCGACCTGCAGGTCAACGbATCAAGTGIAQIATCTGTTCTTATCAGTTTA
Loop II
U2-1A ARTATCTGATATGTGGGCCATGTGCTCACTACGATATTAAATTTATTTTTT
U2-4Aa ATATCTGATATGTGGGCCATGIGCC-ACTTTGATATTAAATTTATTTTTT
U2-4B MRTATCTGATATGTGGGCCATGTGTCTACTTTGATATTAAATTTATTTTTC
U2-5 ARTATCTGATATGTGGGCC-TGTGTCCACTTCGATATTAAATTTATTTTTT
U2-1B ARTATCTGATATGTGGGCIATGTGCCCATTGTGATATTAAATTTATTTTTT
Loop III
U2-1A GTGGGG-AGGGTCCACCACAGTGGCTTGCCACTGGGGCCCTCACGCGTTG
U2-4A GTGGGGGAGGGTCCACCATAGTGGCITGCCACTAGGGCCTTCGTGTGTCG
U2-4B GCTGGGGGAGAGTCCACCATAGTGGLTTGCCACTAGGGCCCTCATGTGTCG
U2-5 GTGGGGGAGGGTCCACCACAGTGGLTTGCCACTGGGGCCCTCGCGTGTCS
U2-1B GTGGGGGAGGGCTCACCACAGTGGLCTTGCCACTGGG—CCCTCACGCGTCG
Loop IV

U2-1A CCCAGGCGITGCACTGCTGCCCGGGCCTGGCGCACCCCAACICAAAACAA
U2-4A ICCTAGGCGITGCACTACAGCCTTGGC-TGGCGCACCCCAAC|ICAAATCCA
U2-4B CCTAGGCGTTGCACTACAGCCTTGGC-TGGTGCACCCCATC|ICAAATCAA
U2-5 ICCAAGGCGITGCACTACAGCCTGGGCCTGGCGCACCCCAACICARATCAA
U2-1B CCAGGC-TTGCACCGCTGCCCGGGCCTGGCGCACCCCAACICAATACAA

Fig. 3.  Sequence homology of different U2snRNA from rice. The predicted coding region is within the

frame, bold letters represent regulation elements or domains of genes.
and dicots indicates the difference in transcriptional machinery. It has been reported that monocot Us-
nRNA genes (even without MSP) can be expressed in dicot protoplasts. However, dicot UsnRNA

genes generally cannot be expressed in monocot protoplas[s[m . Therefore, MSP is essential for the
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expression of monocot UsnRNA genes and there is significant difference in the transcriptional factors

required by UsnRNA gene expression in monocots and dicots.
2.4 Rice U2snRNA pseudogene

Among five identified rice U2snRNA genes in this study (fig. 3), U2-1B has no upstream regu-
latory region, besides, there is a deletion of 25 nt at its 5’ end of the coding region, and its 3’ end

is distinct from any of the known rice U2snRNA genes. The pseudogenes are generally presented in

[5,13—1

UsnRNA gene families, which is the result of gene rearrangement 51, The common features of

these pseudogenes include the absence of upstream regulatory region and partial deletion of the gene.

In our case, U2-1B has all of these properties so we conclude that U2-1B is a pseudogene.

The diversity of U2snRNA genes indicates the complexity of pre-mRNA splicing in plant devel-
opment. Studies with the aim to characterize plant UsnRNA gene families will shed light on the

molecular mechanisms in gene regulation during plant development.
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