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416 | CHAPTER 11 RNA Processing, Nuclear Transport, and Post-Transcriptional Control

5' splice site Branch point 3’ splice site

5’ Exon l Intron l l 3’ Exon
Pre-mRNA G U AG AG U € U AG A CU ig
Frequency of 70 60 80 100 100 95 70 80 45 80 90 80 100 80 80 100 100 60

9
occurrence (%) le 20-50b >
A FIGURE 11-14 Consensus sequences around 5’ and 3’ cases. The branch-point adenosine, also invariant, usually is
splice sites in vertebrate pre-mRNAs. The only nearly invariant 20-50 bases from the 3’ splice site. The central region of the
bases are the (5')GU and (3')AG of the intron, although the intron, which may range from 40 bases to 50 kilobases in lengif
flanking bases indicated are found at frequencies higher than generally is unnecessary for splicing to occur. [See R. A. Padgett
expected based on a random distribution. A pyrimidine-rich et al., 1986, Ann. Rev. Biochem. 55:1119; E. B. Keller and W. A. Noon,

region (light blue) near the 3’ end of the intron is found in most 1984, Proc. Nat'l. Acad. Sci. USA 81:7417.]
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Group Il intron U snRNAs in spliceosome

A FIGURE 11-20 Schematic diagrams comparing the
secondary structures of group Il self-splicing introns (a)

and U snRNAs present in the spliceosome (b). The first
transesterification reaction is indicated by black arrows; the
second reaction, by blue arrows. The branch-point A is boldfaced.
The similarity in these structures suggests that the spliceosomal
snRNAs evolved from group Il introns, with the trans-acting
snRNAs being functionally analogous to the corresponding
domains in group Il introns. [Adapted from P. A. Sharp, 1991,

Science 254:663.]
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| Telomerase RNA

Table 20 Known non-coding RNA genes in the draft genome sequence

RNA gene* Number expectedt Number foundt

tRNA 1,310 497
SSU (18S) rRNA 150-200
5.85 rRNA 160-200
LSU (28S) rRNA 150-200
55 rRNA

u1

U2

V23

Udatac

us

ue

Ubatac

ur

ut1

u12

SRP (7SL) RNA
RNAse P
RNAse MRP

IS

S Gl e UL S ey R e R S T

hy1

hY3

hy4

hY5 (4.55 RNA)
Vault RNAs
78K

H19

Xist

Known C/D snoRNAs 81 69
Known H/ACA snoRNAs 16 15

1
1
1
4
1
1
i)
1
1
3
1
3
1)
1
1

Number of
related genes§

324
40
1"

181

520

134
94
87
20
31

1,135
32

353
414
115
9
1
330
2

0
558
87

Function

Protein synthesis

Protein synthesis

Protein synthesis

Protein synthesis

Protein synthesis

Spliceosome component

Spliceosome component

Spliceosome component

Component of minor (U11/U12) spliceosome

Spliceosome component

Spliceosome component

Component of minor (U11/U12) spliceosome

Histone mRNA 3’ processing

Component of minor (U11/U12) spliceosome

Component of minor (U11/U12) spliceosome

Component of signal recognition particle (protein secretion)
tRNA 5’ end processing

rRNA processing

Template for addition of telomeres

Component of Ro RNP, function unknown

Component of Ro RNP, function unknown

Component of Ro RNP, function unknown

Component of Ro RNP, function unknown

Component of 13-MDa vault RNP, function unknown
Unknown

Unknown

Initiation of X chromosome inactivation (dosage compensation)
Pre-rRNA processing or site-specific ribose methylation of rRNA
Pre-rRNA processing or site-specific pseudouridylation of rRNA

“Known ncRNA genes (or gene families, such as the G/D and H/ACA snoRNA families); reference sequences were extracted from GenBank and used to probe the draft genome sequence.
+ Number of genes that were expected in the human genome, based on previous literature (note that earlier experimental techniques probably tend o overestimate copy number, by counting closely related

pseudogenes).
+The copy number of ‘true’ full-length genes identified in the draft genome sequence.

§The copy number of other significantly related copies (pseudogenes, fragments, paralogues) found. Except for the 497 true tRNA genes, all sequence similarities were identified by WashU BLASTN 2.0MP
(W. Gish, unpublished; http://blast.wustl.edu), with parameters ‘-kap wordmask = seg B = 50000 W = 8' and the default +5/-4 DNA scoring matrix. True genes were operationally defined as BLAST hits
with = 95% identity over = 95% of the length of the query. Related sequences were operationally defined as all other BLAST hits with P-values =0.001

NATURE | VOL 409| 15 FEBRUARY 2001 | www.nature.com
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Figure 17 Aimost all transposable elements in mammals fall into one of four classes. See text for details.
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Figure 1 Keeping time with small RNAs. a, Conventionally, genes are transcribed into messenger
RNAs, which are then translated into proteins. It is the proteins that do the ‘work’ specified by the
gene sequences. b, A few genes, such as the nematode let-7 gene (left), are instead transcribed in
response to upstream signals (not shown) and processed to produce small RNAs — the let-7 small
RNA is a mere 21 nucleotides in length. Here it is the small RNA that does the work: it pairs up with
the untranslated nucleotide sequence at the 3’ untranslated end of a target messenger RNA (the
in-41 RNA in the case of let-7), and probably prevents it from being translated into protein. This
relieves the inhibition on other genes, setting off a genetic cascade (not shown) that steers the
organism through a major developmental transition. This mechanism of gene inhibition by small
RNAs is probably not the same as ‘RNA silencing), which also involves small RNAs but results in the
degradation of the target RNAs. Pasquinelli ef al.’ have found the let-7 small RNA in all major groups
of bilaterally symmetrical animals, a result that hints that this mechanism of developmental
timekeeping is also conserved.
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The U1 snRNP forms base pairs with the 5’
splice junction (see Figure 6-30A) and the
BBP (branch-point binding protein) and U2AF
(U2 auxilliary factor) recognize the
branch-point site.

The U2 snRNP displaces BBP and U2AF and
forms base pairs with the branch-point site
consensus sequence (see Figure 6-30B).

The U4/U6-U5 “triple” snRNP enters the
reaction. In this triple snRNP, the U4 and U6
snRNAs are held firmly together by base-pair
interactions. Subsequent rearrangements
create the active site of the spliccosome and
position the appropriate portions of the
pre-mRNA substrate for the first
phosphoryl-transferase reaction.
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5

The U1 snRNP forms base pairs with the 5’
splice junction (see Figure 6-30A) and the
BBP (branch-point binding protein) and U2AF
(U2 auxilliary factor) recognize the
branch-point site.

The U2 snRNP displaces BBP and U2AF and
forms base pairs with the branch-point site
consensus sequence (see Figure 6-30B).

The U4/U6°U5 “triple” snRNP enters the
reaction. In this triple snRNP, the U4 and U6
snRNAs are held firmly together by base-pair
interactions. Subsequent rearrangements
create the active site of the spliccosome and
position the appropriate portions of the
pre-mRNA substrate for the first
phosphoryl-transferase reaction.

Several more RNA-RNA rearrangements
occur that break apart the U4/U6 base pairs
and allow the U6 snRNP to displace U1 at
the 5' splice junction (see Figure 6-30A) to
form the active site for the second
phosphoryl-transferase reaction, which
completes the splice.
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