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Point Counter Point

UAR COdonS for G|utamine Keeling PJ, Doolittle WF (1996) A non-canonical genetic code in an
early diverging eukaryotic lineage. EMBO J 15:2285-2290

P.J. Keeling and W.F. Doolittle (1996) reported thatOsawa S, Jukes TH (1989) Codon reassignment (codon capture) in

UAR (TAR) codons incorporate glutamine in Hexamiti- Os:v\\;zlgm?]tk‘(]esM?LE\\;\;)elltzﬁfgel_Kzﬁuto A (1992) Recent evidence for

dae. They state that “the particular variation of the ge- : e P _

netic code observed here has previously been observed evolution of the genetic code. Microbiol Rev 56:229-264

only in very AT-rich nuclear genomes, where it is T.H. Jukes

thought to have been favored by the same directional Space Sciences Laboratory

?(‘)“St:\tl'v‘;”a?]rgf]iulggstqgth;afed the genome’s composition University of California, Berkeley
But in our 1989 article, we said, “A possibility would g;?(}aﬁgrgsl;lzeg\é?tugp‘

be that in ciliated protozoans, ERF (eukaryotic releasing

factor) evolved to become specific for UGA so that UGA S. Osawa

became the sole chain termination codon and UAA and Biohistory Research Hall

UAG were removed from the terminator sites as a result 1-1 Murasaki-cho, Takatsuki

of this eventrather than by AT or GC pressutdem- Osaka 569, Japan

phasis added). Our proposal for UAR-bearing codons for

glutamine was (and is) as follows (Osawa and Jukes

1989; Jukes et al. 1991; Osawa et al. 1992):

1. UGA becomes the sole termination codon for ciliates,
and has a specific ERF.

2. UAA and UAG become untranslatable nonsenseX€SPONSe
codons.

3. Anticodon UUG (UmUG) for Gln duplicates. Jukes and Osawa have expressed two main objections to
4. One duplicate mutates to UmUA, pairing with UAA our discussion of the evolution of the genetic code: that
and UAG so that these become translated as Gln (anf¢ Mmisrepresent their model by implying that AT-

are no longer untranslatable). pressure is required for TAR loss, and that our model is
5. A duplicate of UmUA becomes CUA by a transition no different from that which they proposed many years
mutation. This provides a second anticodon for UAG.290, and maintain today.
6. AT pressure may Subsequenﬂy contribute to the use AnSWEring the first criticism rests in the distinction

of UAR for GIn by converting some CAR codons to between AT-pressure involved in codtmssand codon
UAR. reappearanceWe did not assert that Jukes and Osawa

. _ . believe that AT-pressure may drive TABss,but rather
We recapitulated this proposal in Osawa et al. (1992)that the high AT content of ciliate anticetabulariage-
The scheme proposed by Keeling and Doolittle (1996)nomes “led to the suggestion [by Jukes and Osawa] that

does not differ from ours. the AT mutation-pressure that biased the overall compo-
sition of these genomes has also driven the conversion of
References many CAR codons to TAR” (from Keeling and Doolittle

1996). In other words, AT mutation-pressure is evoked

Jukes TH, Bessho Y, Ohama T, Osawa S (1991) Release factors arfdy Jukes and Osawa to explain tieappearancef TAR
genetic code. Nature 352:575 as glutamine codons. Indeed, this claim is made repeat-
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edly in the literature (Osawa and Jukes 1989; Osawa ettage where some genes end in TAR, but neither TAR-
al. 1992), and in the present debate itself (step 6). recognizing tRNAs nor TAR-recognizing release factors
This distinction is relevant because the coding regionxist in the cell. The outcome of this state in eukaryotes
of the diplomonad species where we discovered thiss not known, but in eubacteria the cognate tRNA of the
code are not AT-rich. This led us to propose that AT-penultimate codon remains covalently attached to the
pressure is not actually essential for codeappearance carboxy-terminus of the protein (Oba et al. 1991). Our
either; we argue instead that any mutation that is suffisuggestion is simply that TAR termination codons are
ciently frequent (in this case the single transition be-drastically reduced in number, or even lost, and that this
tween CAR and TAR) can fix a variant code (Keeling allows the loss of release factor recognition without del-
and Doolittle 1996). In this respect, then, our discussioreterious effect. Why these codons would become re-
does differ from their model, which explicitly evokes duced in number is not obvious, but the frequency of
AT-pressure. termination codons in a genome can fluctuate a great
Moreover, our discussion also disputes the recapturdeal in the same fashion as sense codons (see the Trans-
of both TAA and TAG codons by a single tRNA dupli- Term data base: Dalphin et al. 1996), suggesting that it
cation event (steps 3 and 4 of their letter). We suggesinay be possible.
that the capture of the two codons may be fixed in the
genome semi-independently based on the observation
that Tetrahymena thermophila, Hexamita inflatand  References
Hexamita 50330 all contain both tRNA"UUA and
tRNAC"CUA (Hanyu et al. 1986; Keeling and Doolittle Bjsrk GR (1995) Biosynthesis and function of modified nucleosides.
1996). Since unmodified U can wobble with all four In: Sdl D, RajBhandary U (eds) tRNA structure, biosynthesis and
bases, in codon pairs such as CAA and CAG, the first fuené:ti;JgéAmerican Society for Microbiology, Washington, DC, pp
pOSItI_On U must be modified to re.strlct m|§mgtch|ng. In Dalphin ME, Brown CM, Stockwell PA, Tate WP (1996) TransTerm:
practically every case known, this modification leaves a database of translational signals. Nucleic Acids Res 24:216-218
the first position U specific for A, necessitating a secondHanyu N, Kuchino Y, Nishimura S (1986) Dramatic events in ciliate
tRNA to decode NNG codons (B]b 1995)_ Jukes and evolution: alteration of UAA and UAG termination codons to glu-
Osawa argue that UUA could recognize both UAA and tamine codons due to anticodon utations in tWetrahymena

. . L. s . tRNAS®", EMBO J 5:1307-1311
UAG if the first position Uwas modified to Um (Um will Keeling PJ, Doolittle WF (1996) A non-canonical genetic code in an

s_pe_(_:ifically reC(_)gnize A and_ G) .ThiS is a diStinc_t POS- early diverging eukaryotic lineage. EMBO J 15:2285-2290
sibility, but Um is a rare modification, and if the original oba TY, Andachi Y, Muto A, Osawa S (1991) CGG, an unassigned or
capturing tRNA™UUA was sufficient, then why do we nonsense codon iMycoplasma capricolumProc Natl Acad Sci

also find tRNAS™CUA in every one of these organisms  USA 88:921-925
that has been examined? Osawa S, Jukes TH (1989) Codon reassignment (codon capture) in

Lastly, although we agree that the nature of eukary- evolution. J Mol Evol 28:271-278
Y g 9 y Osawa S, Jukes TH, Watanabe K, Muto A (1992) Recent evidence for

otic release factors is one key to the origin of this par-  eyolution of the genetic code. Microbiol Rev 56:229-264
ticular genetic code, we did not advocate the loSs ofschultz DW, Yarus M (1994) Transfer RNA mutation and the mallea-
release factor activity prior to the loss of TAR codons bility of the genetic code. J Mol Biol 235:1377-1380

(step 1 of letter). This is a difficult point of codon-

capture to explain (and has been avoided altogether by Patrick J. Keeling
other models such as that of Schultz and Yarus 1994). School of Botany
The model outlined by Jukes and Osawa here and else- University of Melbourne

where would lead to a potentially awkward intermediate Parkville VIC 3052, Australia



