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Abstract

RNA editing is a post transcriptional RNA modification process that alters genetic information
on mRNA of both mitochondria and chloroplast. Commonly, specific cytosine residues in mRNA
molecules are substituted with uracil residues to provide coding sequences for functional proteins.
However, the mechanism of this RNA editing process is still unclear. ATP-synthase genes encode
ATP complexes, which are important enzymes synthesizing ATP in mitochondria. In this study, we
investigated RNA editing sites in the members of ATP-synthase genes in the mitochondria of
Borassus flabellifer. RNA editing sites of atpl atpé and atp9 transcripts were analyzed by using
both RNA editing prediction program and gene cloning and sequencing of using mtDNA and cDNA.
The analysis showed 11, 25 and 10 RNA editing sites in atpl atpé and atp9 transcripts, respectively.
All of the editing sites were C bases substituted with U bases. These mostly occurred at the second
base of each codon, and occasionally at the first base position. Consequently, these U substitutions
caused amino acid changes from original transcripts in all edited mRNA. These results support the
essential of RNA editing process for controlling the production of functional ATP-synthase in the

mitochondrial inner membrane.
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2.1 Aegeanalaun
\iufegnslugeuvesmalaunnaile
wazinAgviaag 510819 3NUNIINYITY
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First Strand cDNA kit (NEB, UK).

2.3 Ujiseanlawadiuaisa (PCR) uag
AFIATIEHAAULUE

s o

8@ﬂLLUU1W§L3JE]§V]’i]’]LW']$

1Y

Audu atpl,
atp6 wax atp9 Lieldiinusunafisuienazd-
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Jumay fio (1) Uuiigamgil 95 ssrniwaidoa uu
5unft §1u3u 1 50U (2) Yuilguugdl 95 sarn
WALy d Uy 30 IU1W, gunqi 55-60 8aAN
wm%aas’ﬁyuaauiﬁu melting temperatures vo4lws
Wes U 30 W uazgugll 72 A Al
uIu 1 U7 $1uIu 35 59U wag (3) Unilgumngd
72 DAwaldsd W1l 5 W 91U 1 58U wazi
Aduefifiusuulduuenlnanisvididniag-
NolsTa v 1 % Lasynilsd Laginlaalavanag
LSuLaiﬁU%qwéaﬂﬂﬁmaﬁmLﬁlamaw%ﬁw Flavogen
(Taiwan) Mdsantussddiaseiafuuadaeds
Sanger sequencing (Macrogen, Korea)
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anunsaesiiluvesdu atpl, atpé
L8 atp9 TeneukaraInIsAin RNA editing 117
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(https: // npsa-prabi.ibcp.fr/cgi-bin/npsa_autom
at.pl?page=/NPSA/npsa_phd.html)
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1) Ineluswnsy PREP-Mt Lflum%iaﬁﬁaﬁﬂu Magnolia tripetala, Mimulus guttatu, Citrallu
Uslowdanusairunediuniaiinniseile lanatus way Cucurbita pepo [21-23]
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A15197 1 fAunidanileoisiueaInn1syunsLarTATIEREIRULUEYRSEU atpl, atpb way atpd

YIRalaUA
5 5 | 5 5 i
° © S 9 © experimental ° o S S © experimental
ie] (9] (e} o (9] o 5 q n ie] @) o o (U] o |. o q
=} @ o o @ O | identification = ® o o @ O | identification
S| o| © o o| & g o| © ° o § ©
Ll | g £ 9| £ £1 73 eS| g £ g £ £ 4 3
o | 2 E1 3| 8| 39 £ | 5 [Male|Female] & | 2 E1 3| 8| g £ 4 & |Male|Female
670 | 224 1 C-U [cca-Uca| P-S + + + 514 | 177 1 C-U [cct-Ucu| P-S + + +
971 | 324 | 2 | CU |tcg-uUg| S-L | + + + 517 [ 178 | 1 | C-U |cat-Uau| H-Y + + +
1039 | 347 1 C-U [ccc-Ucc| P-S + + + 539 [ 185 | 2 | C-U |tca-uUa| S-L + + +
1064 | 355 | 2 | C-U |tcg-uUg| S-L | + + + 581 [ 199 | 2 | C-U |tca-uUa| S-L + + +
11681390 | 1 | C-U [cgc-Ugc| R-C | + + + 602 | 206 | 2 | C-U |tct-uUu| S-F + + +
atpl [ 1178 393 | 2 | C-U |tca-uUa| S-L + + + 653 [ 223 | 2 | C-U |cct-cUu| P-L + + +
1262 421 | 2 | CU |ccccUc| P-L | + | + + |atP6 689 | 235 | 1 | CU |ccocug| PL | & | + +
1292 | 431 2 | CG-U |ccccUc| P-L + + + 710 [ 242 | 2 | C-U |tca-uUa| S-L + + +
1415|472 | 2 | C-U |cca-cUa| P-L + + + 718 | 245 1 C-U |[cat-UaU| H-Y + + +
1490 | 497 | 2 | C-U |cca-cUa| P-L | + + + 725 247 | 2 | CU |tct-uUu| S-F + + +
14991 500 | 2 | C-U [tctcUt| S-F + + + 734 | 250 | 2 | C-U |tca-uUa| S-L + + +
91 31 1 | CU |cca-Uca| P-S | + + + 761 1259 | 2 | C-U |aca-aUa| T + + +
101 | 34 2 | C-U |tct-uUu| S-F + + + 772 1263 | 1 | C-U |caa-Uaa|Q-stop| + + +
170 | 57 2 | C-U [tca-uUa| S-L + + + 20 7 2 | CU [tca-uUa| S-L + + +
208 | 70 1 C-U [cat-Uau| H-Y | + + + 50 17 2 | CU |[tca-uUa| S-L + + +
221 | 74 2 | CG-U |ccg-cUg| P-L | + Ci Ci 82 | 28 1 | CGU |ctc-Uuc| L-F s s Ci
227 | 76 2 | CGU |ccgcUg| P-L | + + + 92 | 31 2 | CGU |tcg-uUg| S-L + + +
atp6
278 | 93 2 | CGU |tcc-uUc| S-F | + + + - 134 | 45 2 | CU [tca-uUa| S-L + + +
atp
283 | 95 1 | C-U [cgc-Ugc| R-C | + + + 182 | 61 2 | C-U [tcg-uUg| S-L + + +
290 | 97 2 | CU |tcguUg| S L | + + + 191 | 64 2 | CU [cca-cUa| P-L + + +
308 | 103 | 2 | CU |[tcg-uUg| S L | + + + 203 | 68 2 | CU [tct-uUu| S-F + + +
316 | 106 1 | CU [cgt-Ugu| R-C | + + + 212 | 71 2 | CU [tca-uUa| S-L s s Ci
323 | 108 | 2 | C-U [ccecUc| P-L | + + + 223 | 75 1 | CG-U |cga-Uga|R-stop| + + +
¢ < = & A o A
3.2 Naﬁ]']ﬂﬂ'ﬁLLm"UE)'ﬁLauLE)‘UEN?J‘U atpl, YRUNUR LLa%WUﬂWiLLm‘UW(ﬂ’WLLMUQW 1 hag 2 U84
& o " A
atp6 wag atp9 Tanouintiu lngnsunlaaunusd 1 vedlanau

A15WALY5LBULDYIY 46 ALNUe VITU T 16 AN wagn1SkAbINR1LAUIA 2 V3

atpl, atp6 wag atp9 \Wunsiwdsuua C 1y U Taneudl 32 duvida nMsnsuileensidulesinan
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funvis wazwesududidu (S-L) 16 fuvis uag
Aeduafeulaneu 2 dumis (Uil 1)
3.3 navaensuAlveniidulenalasedsng
TshuszauyRend
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fiFeTUsunsy SOPMA Tharteunasvdensudly
91510ULD WUINRILMUS atpl 670, atpl 1168,
atpl 1490, atp6 91, atp6 101, atp6 208,
atp6 211, atp6 518, atp6 653, atp6 689,
atp6_710, atp6 718, atp6 725, atpb 734,
atp6 772, atp9 20 atp9 82 wag atp 9 92 dua
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nsanndgiueanilulusiu atpd (3U7 2 uag 3)
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B vdansiia RNA editing

[

JUN 3 nsieuiieuesdusenaulassaimfegineusagnamisuilensidueludungu ATP-synthase

U
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4. 3150l

ATP-synthase LJulusaulululnasunse
wazmaelsnatad vndiinda ATP iiuwad
oulyyd ATP-synthase va9lulanouin3aazilny
oefsvminstuveadovudulu Tnslassainsszney
Tuaeniieges 2 niie laun F, kay F, 1UsAu
atp1, atp6 uay atp9 Wussrusenauveslaseasng
Fo wagiinsudludsuivauuaneduesiouenau
WAANTZUIUNTNITUELATUY INHANITNARDINY
nsudluensiduievewia 3 fu wileufuszuing
waduazineidle lnani1suilue5iduiereives
atpl, atp6 uay atp9 VOIMALAUARTINUATLAUS
mmf’ﬂwmmw%’nvm@hLwnin Ll atp9 203
[24] 981 iunsuiluensiduedaeifiunis
ouindvemeddulndndulsluladafusening

79ae9riin tievlglunisSnwiniinveslusiu
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waruliailudlunwedlalnasunis win
nszuaunsuilvensidueludungu ATP synthase
UnwsadlUgaudINananITUIUNITES 1INA 19U
warnsasaivlavesiiv wu Wedanisunnses
vosnasuntaludu atpd-59, nad7-383
way ccmPN-302 Tudlnadinanon15anasves
AAN35UY89 mito-chondrial complex |, complex
Il waz complex IV Turuziisliuasdinanonis
Fufansiasyvenduuslonazioulaadsuly
ars1Unanda [25]
nan1suilyensiduevesBulungu ATP
synthase vasaalauminlugunied 1 was 2
vaslanoudinalfiinnisiudeunlatvensa
avfiluanmnsawvadu 3 ngu auaudfng R veq
nsnezdlufidsundacly 1éwd (1) n1siudey

wlasluilulanounygnludu atps 772 uas
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atp9 223 vlvanewedindlndfvunnduandu 6
wag 9 nsmezdlu muainu Tudanadsienuns
wilvedidue Tudu atpo Ransdsuulasua
CvJu U lulanauvasensatdu CGA Tuilu UGA
dsmalianeweaidlntduas 6 nsnozilu [26] (2)
nsUdsunvasldidunsnosilunguiivevi
Tsauduweiu (P-5) dadnuulnlsdu (H-Y)
ware1d3dududamsy RO srustady 10
fumis waz (3) nmsidsuuvasiuidunguills
youth vlefudulelegTu (1), gfudufifaes-
a1y (L-F) wosSwiuidassaiilu (S-P) 1usau
Hudadu (P-) wazwoiuiludndu (5-L) sausau
34 funds nsiasuulaswesnsnosilutiudy
Tnginlafidswdunsnesdluiilivevi
Fandefuivsngnsalludungu ndh Tudlua
maslsnatanvesmalaua [27] nsiUasuudas
vadlaneunnnsneziluiiveuiduliveuthina
soAuLanysUeslUsAuagslitudAny [28]
naannIsuiAlyesisuedivinldiannns
Wasuwamensaeriluitldveuthuniuduly
Tufienaieafufuiiniiindsaueaniunniuly
lassadramfsgdvedusiu Gﬁqﬂﬂmé’aaymﬂ
nseeziiluiilireuihezfussdussnaulnsadie
\nAguean [29] AnHan1sNRaestltiuiang
Lﬂ?iauLLUaﬂmqa%ﬁmaagﬁiudaumaqLﬂﬁm
weafiunumddey iiesnuifivesnden
woardulassadrsiivhlilusiusianuadios (28]
Fatunisiinnisuiluersiiuedwinlaliusivly

nau ATP-synthase vinthiilaegnsauysal

5. agd
N13MTIE0VBY atpl, atp6 waz atp9 WU

nsuAlasisiduiedanardanalyiiinnasg
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