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Editing in plant mi to chon dria con sists in C to U changes and mainly af fects mes sen -
ger RNAs, thus pro vid ing the cor rect ge netic in for ma tion for the biosynthesis of mi to -
chon drial (mt) pro teins. But ed it ing can also af fect some of the plant mt tRNAs en -
coded by the mt ge nome. In di cots, a C to U ed it ing event cor rects a C :A mis match into 
a U :A base-pair in the ac cep tor stem of mt tRNAPhe (GAA). In larch mi to chon dria,
three C to U ed it ing events re store U: A base-pairs in the ac cep tor stem, D stem and
anticodon stem, re spec tively, of mt tRNAHis (GUG). For both these mt tRNAs ed it ing
of the pre cur sors is a pre req ui site for their pro cess ing into ma ture tRNAs.

In po tato mt tRNACys (GCA), ed it ing con verts a C28 :U42 mis match in the anticodon
stem into a U28 : U42 non-canonical base-pair, and re verse tran scrip tase
minisequencing has shown that the ma ture mt tRNACys is fully ed ited. In the
bryophyte Marchantia polymorpha this U res i due is en coded in the mt ge nome and
evo lu tion ary stud ies sug gest that res to ra tion of the U28 res i due is nec es sary when it
is not en coded in the gene. How ever, in vi tro stud ies have shown that nei ther pro cess -
ing of the pre cur sor nor amino acylation of tRNACys re quires C to U ed it ing at this po -
si tion. But se quenc ing of the pu ri fied mt tRNACys has shown that Ψ is pres ent at po si -
tion 28, in di cat ing that C to U ed it ing is a pre req ui site for the sub se quent
isomerization of U into Ψ at po si tion 28.
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RNA ed it ing

RNA ed it ing is usu ally de fined as a mod i fi ca -
tion of the RNA pri mary se quence, thus caus -
ing a di ver gence from the cod ing DNA se -
quence. Rather than an un usual phe nom e non
re stricted to a few ge netic sys tems, RNA ed it -
ing ap pears more and more to be an es sen tial
step in gene ex pres sion in a wide va ri ety of or -
gan isms such as protists, an i mals and plants,
and in dif fer ent com part ments such as mi to -
chon dria and chloroplasts (re viewed by Smith 
et al., 1997). This was again re cently il lus -
trated when ed it ing of an RNA from HIV was
de scribed by Bourara et al. (2000).
For each type of RNA ed it ing the same ques -

tions have to be con sid ered: How did RNA ed -
it ing ap pear and evolve? How do nu cle o tide
de le tions and in ser tions or nu cle o tide con ver -
sions oc cur? What is the func tion of RNA ed it -
ing?

RNA ed it ing in plant mi to chon dria

In plants, a sim i lar kind of RNA ed it ing, con -
sist ing in C to U con ver sions, has been iden ti -
fied in both chloroplasts and mi to chon dria
(re viewed by Maier et al., 1996). One of the
strik ing dif fer ences, how ever, is the num ber
of ed it ing sites per ge nome. In a chloroplast
ge nome only a few ed it ing sites can be iden ti -
fied. In plant mi to chon dria, stud ies based on
sin gle tran script led to the pre dic tion that sev -
eral hun dreds of ed it ing sites could be pres ent 
in a ge nome. This was re cently con firmed by
Giegé & Brennicke (1999) who found 441 ed it -
ing sites in tran scripts cov er ing the whole mi -
to chon drial ge nome of Arabidopsis thaliana.
Editing has been ob served in all the ma jor
groups of land plants, but not in al gae (Hiesel
et al., 1994; Malek et al., 1996).
A hy poth e sis to ex plain how RNA ed it ing ap -

peared and was main tained in plant orga -
nelles is to con sider that the fac tor(s) re spon -
si ble for this nu cle o tide con ver sion first de -

rived from an other RNA pro cess ing ac tiv ity.
Fol low ing this event, mu ta tions were con -
served in the ge nome while be ing com pen -
sated at the RNA level. This idea orig i nates es -
sen tially from the fact that ed it ing of ten
makes it pos si ble to main tain se quence con -
ser va tion at the pro tein level.
The ques tion of how RNA ed it ing oc curs has

only par tially been an swered. Yu & Schuster
(1995) were able to dem on strate that ed it ing
re sults from the deamination of a C res i due
into U, rather than nu cle o tide re place ment,
but un til now at tempts to iden tify a nu clear
gene cod ing for the cytidine deaminase in -
volved have been un suc cess ful (Faivre-
Nitschke et al., 2000). An other ma jor as pect of 
the ed it ing mech a nism re mains com pletely
un known in plant mi to chon dria: the
deamination re ac tion has to be re stricted to
spe cific C res i dues and the cis - and/or
trans-act ing fac tors in volved in the se lec tion
of these ed it ing sites still have to be iden ti fied.
The func tion of ed it ing can vary. Most of the

ed it ing sites are in the cod ing se quences of
mes sen ger RNAs, so that ed it ing re sults in a
mod i fi ca tion at the pro tein level and of ten in -
creases the con ser va tion of pro tein se quences
be tween dif fer ent spe cies. How ever, the ques -
tion of their ne ces sity should be ad dressed for
each pro tein. The role of ed it ing in non-coding 
se quences is even more dif fi cult to iden tify, as 
the im por tance of 5′ and 3′ un trans lated re -
gions of mi to chon drial mRNAs in mech a -
nisms such as RNA sta bil ity, pro cess ing or
deg ra da tion and trans la tion ini ti a tion re -
mains poorly doc u mented. How ever, a study
of an ed it ing event in an intron showed that it
was a pre req ui site to splic ing (Börner et al.,
1995).
Al though ed it ing mainly af fects mRNAs, ed -

it ing sites have also been iden ti fied in three
dif fer ent plant mi to chon drial tRNAs. In this
re port, we sum ma rize the re sults ob tained on
the ed it ing of these three tRNAs.
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tRNA EDITING IN PLANT
MITOCHONDRIA

The three ed ited tRNAs

In dicot mi to chon dria a C to U ed it ing event
cor rects a C :A mis match into a U :A base-pair 
in the ac cep tor stem of tRNAPhe (GAA)
(Binder et al., 1994; Maréchal-Drouard et al.,
1993). In the mi to chon dria of the gym no -
sperm Larix leptoeuropaea, three C to U con -
ver sions re store U :A base-pairs in the ac cep -
tor stem, D stem and anticodon stem, re spec -
tively, of tRNAHis (GUG) (Maréchal-Drouard
et al., 1996b). The third ex am ple is the na tive
tRNACys (GCA) ex pressed in dicot mi to chon -
dria where a C28 :U42 mis match is con verted
into a U28 :U42 non ca non i cal base-pair
(Binder et al., 1994; Fey et al., 2000). These ed -
it ing sites are in di cated in Fig. 1.

About the mech a nism con fer ring spec i fic ity

As ed it ing oc curs in dou ble-stranded re gions 
of these tRNAs and re stores base-pairing, it
could be hy poth e sized that tRNA ed it ing is di -
rected by the pres ence of a mis match in a
tRNA arm. How ever, sim i lar mis matches are
pres ent in tRNAGly (GCC) and tRNASer

(GCA) of pea and po tato mi to chon dria, but no

ed it ing event could be ob served (Schock et al.,
1998) Thus, a mis match alone in a tRNA arm
is not suf fi cient to lead to a spe cific ed it ing
event.

Func tion of tRNA ed it ing

In the case of both tRNAPhe and tRNAHis,
ed it ing of pre cur sor tran scripts was shown to
be a pre req ui site for 5′ and 3′ pro cess ing to
gen er ate ma ture tRNA (Maréchal-Drouard et
al., 1996a, 1996b; Marchfelder et al., 1996,
Kunzmann et al., 1998). These ex per i ments
were con ducted by in cu bat ing in vi tro syn the -
sized RNA (cor re spond ing to a tRNA pre cur -
sor tran script) in the pres ence of par tially pu -
ri fied mi to chon drial pro teins con tain ing both
RNase P and RNase Z pro cess ing ac tiv i ties
(Fig. 2). In the case of mt tRNAPhe, since ed it -
ing of the C4-A69 mispairing into the nor mal

U4-A69 base pair ap peared to pro mote ef fi -
cient pro cess ing of the cor re spond ing pre cur -
sor RNA in vi tro, we won dered whether the
same ef fect would be ob tained when this mis -
match is changed into an other base pair
C4-G69. Al though less ef fi ciently, a ma ture
tRNA-size prod uct was also ob tained when the 
C4-G69 in vi tro tran script of this mu tated
gene was in cu bated in the pres ence of the mi -
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Fig ure 1. Editing sites in plant mi to chon drial tRNAs and their func tions.



to chon drial lysate, sug gest ing that proper
fold ing of the tRNA pre cur sor is prob a bly re -
quired for rec og ni tion by RNase P and/or
other pro cess ing en zymes.
More re cently we have stud ied the ed it ing of

po tato mi to chon drial tRNACys (Fey et al.,
2000). In that case, in vi tro pro cess ing ex per i -
ments showed no ev i dence that ed it ing was re -

quired for tRNA mat u ra tion. Other in vi tro as -
says were de vel oped, but again ed it ing
seemed to af fect nei ther the aminoacylation
of this tRNA, nor the ad di tion of the 3′-CCA
se quence. We then de cided to study the evo lu -
tion of this tRNA se quence. Hav ing no ticed
that the C to U ed it ing at po si tion 28 re stores
the an ces tral se quence found in the mi to chon -
drial trnC gene of the Bryophyte Marchantia

polymorpha, we first se quenced this gene from 
sev eral plant spe cies. While the an ces tral U
cod ing se quence was also found in a fern and
in the Prespermaphyte Gingko biloba, two Cy -
cads (also Prespermaphytes) and Mag no lia
grandiflora (be long ing to the ear li est dicot
sub-class) ex hib ited a C in the same gene at po -
si tion 28. If this tRNA was not ed ited in the

two Cy cads, it would have sug gested that this
ed it ing site is not es sen tial. On the con trary,
we found that tRNACys is also ed ited in the
two Cy cads. As this study clearly in di cated
that ed it ing has al lowed the con ser va tion of a
U res i due at po si tion 28 dur ing evo lu tion, we
re con sid ered the im por tance of this tRNA ed -
it ing. The iden ti fi ca tion of ed it ing sites is usu -
ally based on re verse tran scrip tion of tRNA
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Fig ure 2. Editing is a pre req ui site for the pro cess ing of tRNAHis and tRNAPhe pre cur sors. 

The up per part of the fig ure shows sche matic rep re sen ta tions of the gene con structs used as tem plates for the syn -
the sis of A) tRNAHis and B) tRNAPhe pre cur sors. Lower part: in vi tro-syn the sized la beled pre cur sor RNAs cor re -
spond ing to the nonedited (NE) or ed ited (E) forms of A) tRNAHis and B) tRNAPhe were in cu bated in the pres ence (+) 
or ab sence (–) of a po tato mi to chon drial pro tein ex tract. Pro cessing prod ucts were an a lyzed on 15% polyacrylamide
gels.



and se quenc ing of the re sult ing cDNA. To
check the in vivo se quence of tRNACys, we pu -
ri fied it from po tato mi to chon dria and found
that the res i due at po si tion 28 was not a
uridine but rather a pseudouridine (Ψ). This
re sult raises the ques tion whether the mech a -
nism al low ing the con ver sion of a C res i due
into Ψ could still be con sid ered as RNA ed it -
ing. Only one sim i lar case has been pre vi ously 
de scribed in Esch e richia coli, where tRNASer

(GGA) un der goes a con ver sion of the C20 res i -
due into dihydrouridine (Motorin et al., 1996), 
prob a bly due to a two-step mech a nism in volv -
ing first a C to U deamination (per sonal com -
mu ni ca tion of H. Grosjean in Price & Gray,
1998). As C to U deamination and U to Ψ
isomerization (by a Ψ synthase) af fect dif fer -
ent at oms in the py rim i dine ring, we pro pose
a two step model to ex plain how Ψ28 can be
gen er ated in po tato mt tRNACys (Fig. 3). The

ne ces sity for this ed it ing event could be re -
lated to the func tion of this Ψ28. It is gen er -
ally as sumed that Ψ res i dues pro vide a fine
im prove ment of the tRNA struc ture. For in -
stance, it has been shown that Ψ res i dues can
sta bi lize RNA by im prov ing RNA stack ing
(Da vis, 1995).
Sta bi li za tion of tRNA struc ture by a Ψ res i -

due at po si tion 39 was also shown in the case
of E. coli tRNAPhe  (Da vis & Poulter, 1991)
and hu man tRNALys-3 (Durant & Da vis,

1999). More gen er ally, these res i dues could
rep re sent fa vor able sites for tRNA hydration,
where a wa ter mol e cule can be in volved in hy -
dro gen bonds with the phos phate back bone
and with the Nl atom in the Ψ py rim i dine ring
(Arnez & Steitz, 1994; Westhof & Moras,
1988).

CON CLU SION

We have come to a point where a more de -
tailed un der stand ing of the func tion of ed it ing 
in these three tRNAs is re lated to other bi o log -
i cal pro cesses. In the case of tRNAPhe and
tRNAHis, the iden ti fi ca tion of the se quence
and struc tural fea tures re quired for a tRNA
pre cur sor to be rec og nized as a sub strate by
RNase P and/or RNase Z will prob a bly ex -
plain the im por tance of these ed it ing events.

In the case of tRNACys, more ex per i men tal ev -
i dence for the im por tance of Ψ res i dues in
tRNAs will be re quired be fore one can con -
clude on the ne ces sity of this ed it ing site to
sta bi lize the struc ture of this tRNA in vivo.
Other ed it ing sites in mt tRNAs might be

iden ti fied in the fu ture, but our stud ies have
al ready pro vided ev i dence that the im por -
tance of RNA ed it ing is not re stricted to mes -
sen ger RNAs in plant mi to chon drial gene ex -
pres sion, but also to struc tural RNAs.
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Fig ure 3. A two-step model pro posed to gen er ate Ψ at po si tion 28 in po tato mt tRNACys.
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