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Abstract: [Objective]l Chloroplast genome structure and phylogeny of the endangered Impatiens omeiana Hook.f. endemic
species in China were studied. [ Method] Gene assembly, annotation, characteristics, sequence duplication, and
phylogenetics of /. omeiana were analyzed based on the chloroplast genome sequence using bioinformatic software.
[Results] The genome was 152527 bp consisting of 130 gene, including 86 protein-coding, 8 rRNA, and 36 tRNA genes. It
had a GC content of 37% and a conservative tetrad structure with regions of a large single-copy of 83 150 bp, a small single-
copy of 17903 bp, and two identical reverse repeats of 25 737 bp. Thirteen of the genes had one intron, and two had two. There
were 76 SSR sequences detected in the genome mainly of A/T single nucleotides with a length ranging from 10 bp to 91 bp. A
total of 50842 codons were found in the entire genome. Among the amino acids, leucine (Leu) was the most numerous and

tryptophan (Tyr) the least. A codon bias analysis showed those of 33 RSCU>>1 had A/U on their ends. Using the Neighbor
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Joining method (NJ), a phylogenetic tree was constructed based on the chloroplast genomes from different plants to show a

close relationship of 1. omeiana with 1. guizhouensis belonging to the subgenus Clavicarpa. [ Conclusion] The chloroplast

genome of /. omeiana had a typical tetrad structure of many SSR repeated sequences with A/T single base. Phylogenetically, /.

omeiana was a Clavicarpa subgenus. These results provide important molecular information for the phylogenetic status and

species identification of 1. omeiana.

Key words: Impatiens omeiana; chloroplast genome; sequence structure and characteristic analysis; phylogeny
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Fig. 1 Chloroplast genome map of 1. omeiana
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Table | Information on chloroplast genome of I. omeiana
HE R R IPiES E PSR
Category of genes Group of genes Name of gene
LA 1) /0N T rpsll rpsl4. rpsl5. rpsl6. rpsl8. rps2. rps3. rps4. rps8.
Small subunit of ribosome rps7 (X2) .\ rpsi2 (X2) . rpsl9 (X2)
H R (3 NN

Self-replication Large subunit of ribosome

WA T DNAIRNA R A
DNA dependent RNA polymerase

rpll4. rpll6. rpl20. rpl22. rpl33. rpl36. rpl2 (X2) . rpl23 (X2)

rpoA~ rpoB. rpoCl. rpoC2

RS A
Subunits of photosystem [

YRG5
Subunits of photosystem II

psaA~ psaB. psaC. psal. psaJ

psbA. psbB. psbC. psbD. psbE. psbF. psbl. psbJ. psbK. psbL.
psbM . psbN. psbT. psbZ. ycf3

NADHIi &0 A A& ndhA. ndhC. ndhD+ ndhE. ndhF. ndhG. ndhH. ndhl. ndhJ. ndhK.
N Subunits of NADH-dehydrogenase ndhB (X2)
JeE1ER
=]
Photosynihest AN R/ & 1 etd. petB. petD. petG. petL. petN
Subunits of cytochrome b/f complex petd~ pett. petls peth. petl. p
ATP &I
Subu:its of AlTP synthase aipd aipB. aipk. aipF's aipH. aipl
TRERRAZ R R AL bel.
Subunit of rubisco e
RNA %t
rRNA IRNA ;r:s rrn5S (X2) .\ rml6S (X2) . rrnd.55 (X2) . rrn23S (X2)
tRNAZE
tRNA tRNA:e:eS 36 trn FEE (5 ANET)
ZTRAH R A TR A 7 A n
Subunit of Acetyl-CoA-carboxylase acc
CRIYN AL (3% 5 il y
c-type cytochrom synthesis gene ces
ShIBER o
. Envelop membrane protein cem
Fofhs
Others B .
Protease cp
[Tl G i
Translational initiation factor inf:
Maturase matk
RENIDIRE PRSF I T B B AR
f1+ yefds yef2 (X2
Unknown Conserved open reading frames yefls yefts yef? )

TFHK, A 1642bp, 1M tnE-UUC RF &M, H
32 bpo
22 EBERLEERESFIISH

Uk JE XUAIN AE I 2 A 35 PR 41 rp 3R A T B 76 A
SSR AL, FEALFT 4FER (£3), HpLIp
RPN AR RZ, LHF 614 (F210MEE
L), L 88.16%, ¥k A/T KA AR TS

44, dith 526%; =T 24, R
2.63%; VUETRRIFHIA 34, (L 3.95%. JFFIK
FEFE 10~ 12 bp, H P EHEFHI 4 10 bp, K ¥4
91 bp, FHIKEE K 12.51 bp, Hir SR T 51
APFEI BN 1114 bps B GBI TTIRIT 5 T4
4 56.50 bp; —AZATERIF I R 13.00 bp; —
A R Y 90 R DU A 4 1 1 910 %) - 359K B 359 24 12,00 b,
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Table 2 Positions and lengths of introns and exons in chloroplast genome of I. omeiana
K
FEH 4 AL fE & frE Length of sequence/bp
Gene name Start/bp End/bp ST HomaT BT BoWAT HEHET
Exon 1 Intron I Exon II Intron II Exon III
trnK-UUU 1642 4242 37 2528 36
rps16 4905 5950 40 809 197
atpF 10711 11913 145 648 410
rpoCl 19925 22723 432 750 1617
yef3 41988 43909 124 711 230 704 153
trnL-UAA 46816 47428 35 528 50
trnV-UAC 50658 51332 38 602 35
accD 56549 58045 648 33 816
clpP 69103 71130 71 795 294 645 223
rpl2 83406 84895 391 665 434
ndhB 93523 95728 775 673 758
trnE-UUC 101206 102209 32 932 40
trn4-UGC 102273 103 146 37 801 36
ndhA 118162 120335 547 1088 539
yefl 122240 127192 1642 30 3281
trn4-UGC 132532 133405 37 801 36
trnE-UUC 133469 134472 32 932 40
ndhB 139950 142155 775 673 758
rpl2 150783 152272 391 665 434
R=3 EBERAEMREEEE SSR XK 5
Table 3 SSR types and distribution of chloroplast genome of 1. omeiana
TEK WL W wi AFRESSRIY L Al it
Repeat type Repeat unit Repetition frequency Number DlStleuthn initiation loci
of different SSR types/bp
A 10 Is 5313,6149,7515,7680,7924,31792,44011,46201,50989,
55996,70336,80231,108 748,133 991,137 883
A 11 3 7807,44377,69 853
A 12 5 1803,11479,29832,108 859,111 109
A 13 1 111913
A 14 1 60218
N R 7133,25317,26410,30416,31 579,47 674,48 233,49 787,
Moi:fizides T 10 14 97786,101678,113939, 126 921,69 853,126 569
T 1 14 7300,10671,13405,17614,34889,45803,75910,81 044,
113373,116058,118964,124 837,124 972,125993
T 12 3 11343,26853,29527,53 623,59969,81 205,
124351,126 808
T 13 3 77265,79172,109 650
T 14 2 2906,77053
T 17 1 64052
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gk
N RV . - NGBS G Sy A
T A BT TR 5 AFPRIESSRI 3 A el
R tr R ¢ unit Renetition fi Numb Distribution initiation loci
epeat type epeat uni epetition frequenc umber
peat byp P P 4 v of different SSR types/bp
— B AT 6 2 46389,53926
Dinucleotides TA 7 2 96 020,139 645
ZHER
o ATT 4 2 65188,119570
Trinucleotides
AATA 3 1 114206
';,‘ 53
lﬂl’uﬁﬁg AATT 3 1 62783
Tetranucleotides
TTCT 3 1 56243
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e JEF IXUA A6 I 2 4 35 R 201 19 2 P9 5 4 ) 35 R 3
ity 50842 MR F (FLIEEM T ), 20 Fh
Mg, HimZmESEER (Leuw), A 52341 (5
10.29% )5 HIRZEZ AR (Ser) M FwEAMR (lle),
SR 4626 4~ (5 9.10% ) A1 4310 4 (7 8.48% ) ;
UM EARAKR (Trp), A 7091 (i 1.40%);
He 202 ERABEIANFEL T, HANN
2~6 MEHF,

U S RN B I SRR L R 1 64 Fh i F b, &8
RSCU {H =1.00 1Y %147 33 4>, ol S0 % 5

HU AUZRMENFA 284, LCGHERENA
57~ ; RSCU{H & /& (1) % 5%+ 13 BLFE g 09 RS 20 R
(Arg) M AGA (2.03) 1, BLAb, WRJE RUAlIAER 2%
IR A7 20 AU R, 5HEA 8K
GC FEHH—5 (£4),
24 BERMERZELZESH

BT iR e SR Ay 5ok AR (NT) 54
EARGKREF W, KHJE RALFE S 520 XD 1E
I guizhouensis R 7y —32 , BV RUAIET &, XFRFR
H96%, RKHIMH N EG L RERIE (K2).

F4 BERALTEFAEEAZLF RSCU S HIER

Table 4 RSCU distribution of chloroplast genome codons of I. omeiana

IR T e A IR T & AR TR e
Amino acid Codon Number RSCU Amino acid Codon Number RSCU
R uuu 2298 1.24 ccu 649 1.10

Phe

uuc 1397 0.76 e cce 571 0.97

N

Pro

UUA 1197 1.37 CCA 743 1.26
UUG 1013 1.16 CCG 388 0.66
PR Ccuu 1058 1.21 ACU 645 1.22
Leu cuc 659 0.76 S, ACC 512 0.97

Ptz
CUA 838 0.96 Thr ACA 649 122
CUG 469 0.54 ACG 316 0.60
AUU 1770 1.23 GCU 522 1.32

(===l

”*’I“f\ﬁ" AUC 1033 0.72 GCC 349 0.88
¢ PR
AUA 1507 1.05 Ala GCA 474 1.20
g
e AUG 812 1.00 GCG 241 0.61
Met
GUU 786 1.36 GGU 538 0.95
I GUC 409 0.71 A, GGC 344 0.61
R R Ham
Val GUA 709 122 Gly GGA 866 153
GUG 413 0.71 GGG 513 0.91




~= Y Yoo >
180 @R AR %3845
SER
IR YT s TR I IR YT $= T I (e
Amino acid Codon Number RSCU Amino acid Codon Number RSCU
uCu 1130 1.47 O CAU 836 1.39
ucc 854 1.11 His CAC 365 0.61
SR UCA 1050 1.36 A CAA 1011 1.36
Ser UucG 559 0.73 Gln CAG 474 0.64
AGU 612 0.79 A AAU 1657 1.40
AGC 21 0.55 Asn AAC 705 0.60
S UAU 1346 1.37 W AAA 2241 1.38
Tyr UAC 618 0.63 Lys AAG 1005 0.62
L UGU 649 1.21 R A GAU 1070 1.46
Cys UGC 425 0.79 Asp GAC 397 0.54
UAA 1135 1.13 CGU 332 0.64
A UAG 806 0.80 CGC 244 0.47
TER
UGA 1072 1.07 CGA 603 1.17
KRR
S GAA 1323 1.39 Arg CGG 340 0.66
Glu GAG 585 0.61 AGA 1046 2.03
15 il
AR UGG 709 1.00 AGG 534 1.03.
Trp

88 WEAERMIAE Impatiens cyananthNC 058204.1

40

JAAIAE Impatiens balsaminaMZ902354.1

WK 4 A Impatiens uliginosaNC 059760.1
FE45 1L RAITE Impatiens fanjingshanicaNC 059944.1
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— Uk JE AL AE Impatiens omeiana

B

b

98

96; SN AAITE Impatiens guizhouensisNC 059945.1
JKSfi Hydrocera trifloraNC 037400.1
21 %5 25 Stewartia rubiginosaMH753080.1
2525 Stewartia sinensis KY406748.1

— Bl LA Symplocos prunifoliaNC 058288.1
741— HA EIH Symplocos paniculataMG719832.1
JII¥Hi Adinandra bockianaMW699853.1
BTG %A Diospyros celebicaNC 046040.1
| — J\SM Alangiun chinenseMG524996.1

100—— = /\ bt Alangium kurzii NC 044826.1
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I JKFJE Hydrocera
FASTEH

% ewarti 1L %%%} Theaceae
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Fig. 2 Neighbor Joining phylogenetic tree constructed from chloroplast genome sequences of 15 species
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