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Figure 1 Amplification of rps2 and ndhC of CRRI 10 by
PCR and RT-PCR

(A) Amplification of rps2 M: DNA marker DL2000; 1: The
control of rps2, without DNA and cDNA,; 2: Amplification rps2
from DNA; 3: Amplification rps2 from cDNA; (B) Amplification
of ndhC M: DNA marker DL2000; 1: The control of ndhC,
without DNA and cDNA; 2: Amplification ndhC from DNA,; 3:
Amplification ndhC from cDNA
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Figure 2 Distribution of RNA editing sites in gene clusters in
cotton chloroplast genome
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Table 1 Comparison of RNA editing sites between CRRI 10 and C310

Codon position ~ Conversion C310 CRRI 10 Codon position ~ Conversion C310 CRRI 10
accD-271 S(uCg)—L(uUg) + +/— ndhF-97 S(uCa)—L(uUa) + +
accD-468 P(cCa)—L(cUa) - + ndhG-17 S(uCg)—L(uUg) + +/—
accD-474 P(cCu)—L(cUu) + + petB-24 V(guC)—V(guU) * *
atpA 305 S(uCa)—L(uUa) + + petB-160 R(Cgg)—»W(Ugg) + +
atpA-383 S(uCa)—L(uUa) + + petl-2 P(cCu)—L(cUu) + +/—
atpF-31 P(cCa)—L(cUa) + + psal-28 S(uCu)—F(uUu) + +
atpl-207 S(uCa)—L(uUa) + +/— pSbF-26 S(uCu)—F(uUu) + +
ndhA-114 S(uCa)—L(uUa) + + psbJ-20 P(cCu)—L(cUu) + +/—
ndhA-189 S(uCa)—L(uUa) + + psbN-10 S(uCu)—F(uUu) +/— -
ndhB-50 S(uCa)—L(uUa) + + rpl20-103 S(uCa)—L(uUa) +
ndhB-156 P(cCa)—L(cUa) + + rpl23-24 S(uCu)—F(uUu) +
ndhB-181 T(aCg)—M(aUg) + + pi23-30 S(uCa)—L(uUa) +/— +/-
ndhB-196 H(Cau)—Y(Uau) + + rpoB-113 S(uCu)—F(ulu) +/— +/—
ndhB-204 S(uCa)—L(uUa) + + rpoB-184 S(uCa)—L(uUa) +/— +/—
ndhB-246 P(cCa)—L(cUa) + + rpoB-189 S(uCg)—L(uUg) +/— +/—
ndhB-249 S(uCu)—F(uUu) + + rpoB-809 S(uCa)—L(uUa) +/— +/—
ndhB-277 S(uCg)—L(uUg) + + rpoC1-14 S(uCa)—L(uUa) + +/—
ndhB-279 S(uCa)—L(uUa) + + rpoC1-163 S(uCa)—L(uUa) - +/—
ndhB-419 H(Cau)—Y(Uau) + + rps2-45 T(aCa)—l(aUa) +
ndhB-494 P(cCa)—L(cUa) + + rps2-83 S(uCg)—L(uUg) +
ndhC-108 S(uCa)—L(uUa) + + ps12-74 S(uCa)—L(uUa) +
ndhD-1 T(aCg)—M(aUg) + + rps14-27 S(uCa)—L(uUa) + +/—
ndhD-128 S(uCa)—L(uUa) + + rps14-50 S(uCa)—L(uUa) + +/—
ndhD-225 S(uCg)—L(uUg) + +/— rps18-74 S(uCg)—L(uUg) +/—- +/—
ndhD-293 S(uCa)—L(uUa) + + clpP-187 H(Cau)—Y(Uau) + +
ndhD-433 S(uCa)—L(uUa) + + matK-153 H(Cau)—Y(Uau) +/— +/—
ndhD-437 S(uCa)—L(uUa) + +/— matK-212 H(Cau)—Y(Uau) +/— +/-
ndhE-78 S(uCa)—L(uUa) + + matK-235 S(uCu)—F(uUu) +/— +/—
A F ARG I FBMRE R AR G AL TR, +1 SERmEAI T, — ZEDNAJK L TREC, (HA KA gt +— fargiBar o * Ul
B

Capital letters in codon triplets indicate target nucleotides; +: Totally edited sites; —: No editing, although a C exists in DNA level;

+/—: Partially edited sites; *: Silent edited sites

1, T L% ER A g S ) o- et B 1 n (14B) .
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AU B R B 25 g R — 1), R AT ) R xt
B H R I I g DL e = 2 4 R 3 AN 3 B R Y
M o

24 IRRIERTEB SR

IR AE T A7 1 - 2 AR RNAGR 4847 i L3l 41 o, JF
RIBIAT 0 —BUF 58— 2 45 K (Hirose et al.,
1999), R M A LERNAG AT i w] A LALLM
VERITCAF MR X 23 AN 2RE, IR AL AT BE

WA R e 204 A IR 1R ) (Chateigner-Boutin and
Hanson, 2002, 2003). tLX%FCRRI 101155/ g A A5
W EE30 ML IR 7 41, R IAT 8X g B A7 £, R
ndhF-97MpetB-24. atpA-305F1atpA-383. psbF-26
FirpoB-189. psbF-26f1psal-28. ndhF-97 FlpetlL-2.
ndhD-293#1ndhB-279. rpoC1-14%indhD-128L)
rpoC1-14H1rpl23-30, ‘EAI1 FiF-30—— 1% IR 1 ¥
G —E L F160% LL_E(E5A). 41, Hayes%:(2006)
I8 A G AL BT 34N P 41S1(AUC . AACHK
AUG). S2(AUU)FIS3(GAZLGU )X 4 11 g AR
3o 15 LA CRRI 1011554 4847 i I 30 % 1
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Figure 3 Different editing sites between CRRI 10 and C310

(A) RNA editing sites with totally edited in C310 and partially edited in CRRI 10; (B) RNA editing sites with partially edited in C310
and CRRI 10, of which the editing frequency in CRRI 10 is lower than in C310; (C) RNA editing sites with partially edited in C310
and CRRI 10, of which the editing frequency in CRRI 10 is higher than in C310; (D) Editing sites absent in C310; (E) Editing site
absent in CRRI 10. Capital letters in codon triplets indicate target nucleotides; Y in codon triplets indicates partial editing sites.
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Figure 4 Partial secondary structures changing in RpoC1
and PsbN caused by RNA editing

(A) Prediction of RpoC1 secondary structure before and after
rpoC1-163 editing; (B) Prediction of PsbN secondary struc-
ture before and after psbN-10 editing. The gray shadows
show the amino acids and secondary structures around edit-
ing sites, and the black shadows denote editing sites.

TSR RNAG AR 1RF 2L 535k, S5 A7 mith
1181.8% 4 )i #05 JE b K PR B LR o BATTAfE I I mp
REA AT AU ke e 450, IR K PR o —
AT A, M EE I S5 RO A S K
SRy, He AT e, MEN TS Bk & (De
Vos et al., 2001; Loladze et al., 2002).

- ZRAARNAG A5 73 g LS, CRRI 10
HC31073 A 194 FO0N 43 G A7 5o 5 il e
i 2 AR RNA G B A7 0 1) e X mH R A B, R AE
o G R R . CAATIUER I, YR
AN G 4 (1) 26t S AR S BRI R BB I, A BN SR R e
FEAE2MANRIE AP Y)(Lu et al., 1996; Okuda et
al., 2007; Chateigner-Boutin et al., 2008). #5424
Al e R PEE G ECE M, ] REc
B AW R L T A (Chateigner-Boutin and Small,
2010), i 6 AAN G 48 1) B 10 A0 AT R AE AN R PR AR X
SN SO R 5 e AT S A 1Y) BE (Hirose et al.,
1999; Karcher and Bock, 2002). {HH 472\ A,
3 G R T BB A G A e A T R R IR R DR S
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(Miyata and Sugita, 2004). HifeH 5% 11585 4 i
P P RE R ARA I — R 7 5, e 2 R b 2
HRBAL A, ARt PRI, Ak, T Uik
Gt BRI AAE L. Hirose 5 (1996) 1 SE K
S5 LR, UUBR G 5 i AT ROV FE AR e i Bt
F12%; Nakamuraf1Sugiura(2007)ik Ky, T2 fARFE K
HAFAE B 1 D dF- 10, JOER G 25 570 i) 3 1 o 3
MR . R ARG AH I )W A, Wi Guzowska-
Nowowiejska%(2009) ik, WiBR 45 B0 F- 1 2 R 1,
{EA JE R I B 2 B o petB-24/ERT 4624 A
AR DR G, e AR S Bk, FRATTHEN
WAL S ) G B AT T REIR, AT REX e SRS (R A E PRk
YEH

EL# CRRI 10 F1C310 1 4 #1475, &5 R R
CRRI 10tt.C310% accD-468F1rpoC1-163F M i1,
R 2k pSON-10 46 o G #5057 U7 E A A (1) 24 S Fef [1]
A 225, RUIRNAGE L — MRS, dniEfr
SAERP AR 2 P 2B 4% (Freyer et al., 1997;
Corneille et al., 2000; Tsudzuki et al., 2001). 24
R IPEIRE, CRRI 10J8 T HL 80, KI8T 8544,
HA B W C310$2 1012 K (iR, 2007). H AT
CARFFR A, ANgw i 10 £ 1 L D Re W A T
1 % A il (Covello and Gray, 1990; Bock et al.,
1994; Bonnard and Grienenberger, 1995; Zito et al.,
1997; Kozaki et al., 2001). rpoC 145 RNAZE & 578
kDal)B" M4, rpoC1-163%m 45 AL A7 st Jil [ B e 22 1)
a-UETE, HENX P R T B2 4 mIRpoCA IR Bk R
MIASETE, HoRRNAZR GEEITETE, N4 mtife &
Hid SRR Rk i, (RS EE . At
FLR B, 1F rpoA ik 2k 2 4 1) 1L 79 It (Arabidopsis
thaliana)5< 2 A, RpoAtE [ IH#H 1R A1 A2 E P2 21
Y g, HoE OGS R GIN(PSII) S A AR 1 4 55 A
A ORI (1) %6 5% K1 4 %2 2% K B (Chateigner-
Boutin et al., 2008). A:#1{r & 2% B 45 Fth Bow,
rpoC1-163 1) 2 4 7] BE 2> i A 1% B 11 BTN — L4 4,
HE DAL 51T BE A B A - S 4 b 2L 0 G 4R A7 A
CRRI 10 H A7 HLAAME T BEHR 15 A 5% . PsbNZ 5 PSII
AWM G, (H 4% 5 PsbNJE 5 52 PSINFI G &
e, HHE AR WA JCHRIE o

M2 AR RNAG 4 AR . RSS20 220 UF B,
RNAZs 45 H A7 40 m RCERNE AP, 5 2 4 48 47 1
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A v v
ndhF-97 ACUU UBACEREUANUAL atpA-305  ABUCGCGECUNUUAG
petB-24 GUCC ; CHAU A atpA-383  —BUAAGCUABGARACRAGL CBEUGG
pshF-26 CBGA ;BUGU CCGLU pshF-26  cliGlilic - JGHAC! “GHU
poB-189 / JAGUU IBAUCAG G psal-28 ~HABHUC JGEAABGGEHUBUUEA
ndhF-97 CUUUAUBG CHEUARL J ndhD-293  UGGG AUGCANABAAUBUABG
petl-2 AGAACABAL ] ; “UBCABGC ndhB-279  CUGU U HAGC 8G
ndhD-128  GCEAGCAAUGHACAGUGGHE - ARAREA poC1-14  GANAL UCAACRACUC I
moC1-14 -~ UABACABCARCAACBECGARABL mpl23-30  —ANC UACUUCUBRUGL .
B 52 53 v
>ndhA-114 5’ erenes GUCAUAUC A AUUUUA---GU---U C AGUA===--- 3!
>ndhA-189 B' eeeees UCAAUAUCUCUAUUAUC-+-GU-+-U C AAGU-++---3"
>ndhC-108 B! eeeees UGCUUAUCCUAAUUGUU=+-GU+++U € AGUU=++++-3"
>rpoB-809 5' eeeees CCGGAAAC G AUUCGU-=-GU-=-U C ACAG-===-+ 3
>rpoC:§-14 5' eeeees UAAACAUCA-+-AUUG ++» GA*+*U C AGUU==+=-+ q
>rps14-27 5 eeeees AAAAUAUCA-+-AUUCGUC GA*+*U C CAAA==+=-+ 3!

5 CRRI 10gfE A i LA HI TCE T Lo Hr
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Figure 5 Analysis and comparison of cis-acting elements in upstream sequencses of RNA editing sites in CRRI 10

(A) Over 60% sequence identity in —30 upstream of RNA editing sites in 8 pairs, the gray shadows show the similar nucleotides in
each group; (B) Alignment of editing sites containing S1, S2 and S3 sequences (underlined). The arrows indicate editing sites.
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Identification and Analysis of RNA Editing Sites in Chloroplast
Transcripts of Gossypium hirsutum

Yuan Jiang', Shuli Fan?, Meizhen Song?, Jianing Yu", Shuxun Yu?

7College of Life Science, Shaanxi Normal University, Xi’an 710062, China; 2Key Laboratory of Cotton Genetics Improvement,
Ministry of Agriculture/Cotton Research Institute of the Chinese Academy of Agricultural Sciences,
Anyang 455000, China

Abstract RNA editing is one of the post-transcriptional modification processes in which the bases of a RNA molecule
are altered by the addition, deletion and alteration of nucleotides. In most higher plants, RNA editing mainly occurs in
mitochondria and plastids and converts from C to U, very rarely from U to C. We investigated RNA editing sites in
chloroplasts of Gossypium hirsutum ‘CRRI 10’ by PCR, RT-PCR and sequence alignment. We identified 55 editing sites in
27 protein-coding genes all of which were C-to-U conversion. By comparing editing sites between CRRI 10 and
Coker310FR, CRRI 10 had two novel editing sites, accD-468 and rpoC1-163, whereas site psbN-10 was absent. Bioin-
formatics analysis of the 3 sites revealed that rpoC7-163 and psbN-10 editing might affect the secondary structure of the
corresponding protein. Comparison among upstream regions (—-30 to —1) of the 55 editing sites of CRRI 10 revealed that 8
pairs share more than 60% sequence similarity suggesting that the sites in each pair may be recognized by the same
trans-acting factors.

Key words chloroplast, cis-elements, cotton, RNA editing
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