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Abstract: Objective To understand the chloroplast genome characteristics, degree of variation and phylogenetic relationship of medicinal
plants of Incarvillea. This study will provide a reference for molecular identification, phylogeny and conservation resources of Incarvillea.
Methods Chloroplast genomes of /ncarvillea compacta were obtained by highthroughput sequencing, and combined with chloroplast
genome sequences from four species of Incarvillea medicinal plants. Structural characteristics and variation degree of chloroplast genomes of

five medicinal plants of Incarvillea were compared by bioinformatics method. And the phylogenetic relationship of Incarvillea was analyzed
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with Campsis grandiflora as an outgroup. Results  The chloroplast genomes of five species of Incarvillea had a double stranded ring structure,
including a long single copy region, a short single copy region and two reverse repeats. The chloroplast genome sequence length of I. compacta
was 150, 154 bp with a GC content of 40%. A total of 119 genes were annotated, including 76 protein-coding genes, 35 tRNA genes, and eight
rRNA genes. Sequence repeat analysis showed that only /. arguta contained four repeat types, and the repeat sequence number and repeat types
of the other four medicinal plants were the same. There were 44 SSRs in I compacta, and SSRs were mainly single nucleotide (A/T).
Chloroplast genome comparative analysis found that the degree of variation the non-coding region of chloroplast genome revealed a greater
degree than the gene coding region of five Incarvillea medicinal species. Compared to the other four medicinal species, 1. /utea had higher
sequence variation, but I arguta is the most evolutionarily conservative. It was also found to have high sequence similarity between I
younghusbandii and I. compacta. Collinearity analysis showed that gene rearrangement was found to varying degrees in /. sinensis, I. compacta
and I. younghusbandii. Results of selection pressure analysis showed that ps2, rps7 and psbN genes were positively selected in five medicinal
plants of Incarvillea. Phylogenetic analysis revealed that I. compacta and 1. younghusbandii were the closest in the genetic relationship, and
the furthest relation between 1. compacta and I. arguta. Conclusion The chloroplast genome structure of the five species of Incarvillea is
conservative, but the degree of variation is different. Among them, /. arguta has the lowest degree of variation and is the most evolutionarily
conservative. In terms of kinship, the relatives of . compacta and I. younghusbandii are the closest. The chloroplast genome-based phylogenetic
tree can reveal the phylogenetic relationship of Incarvillea species to a certain extent.

Key words: Incarvillea Juss.; Incarvillea compacta Maxim.; Incarvillea arguta (Royle) Royle.; Incarvillea lutea Bur. et Franch.;

Incarvillea younghusbandii Sprague; Incarvillea sinensis Lam.; chloroplast genome; variation; evolution; phylogeny
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Table 1 Chloroplast GenBank accession numbers of

species in Incarvillea and other genera

Wb GenBank &t 5
PWkE L arguta MG763885.1
f5 L sinensis MT937254.1
BB AL L lutea MG674921.1
& C grandiflora NC _061042.1

T BLE Nyctocalos pinnatum Steenis NC 061699.1
WA EA Dolichandrone spathacea (L. £.) K. Schum. NC _054307.1
W Crescentia cujete L. KT182634.2

KIEH Spathodea campanulata P. Beauv NC_049000.1
FEW Catalpa ovata G. Don NC_047416.1
T4 W Catalpa speciosa Teas MT319818.1

KEREM Catalpa bignonioides Walter MW148805.1
Kk LEREM Catalpa purpurea Griseb MW148798.1
TE %G Tecomaria capensis Spach NC_037462.1
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Table 2 Basic information of chloroplast genomes of five plants of Incarvillea

Yy WikE P il SIS A WP
23 A L (R 2 K/ bp 159 135 159 032 162 086 159 323 150 154
LSC K& /bp 87 192 86 538 82 632 80 197 81527
SSC K E/bp 19 023 18 926 8 666 9030 21925
IR KJ&/bp 26 460 26 784 35394 35048 23 351
GC “E/% 39 40 39 40 40
FE[R S /A 117 121 126 120 119
£ A Yn b I K A~ 71 77 81 77 76
tRNA &R #/A 38 36 37 35 35
rRNA JER Y4 8 8 8 8 8
A% N
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Incarvillea compacta
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Fig. 1 Gene map of I. compacta chloroplast genome
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Table 3 Annotation information of cp genome in 1. compacta
S Bl B! HE R A R e
HeAVEHER Subunits of ATP synthase atpA, atpB+ atpE- atpF atpH. atpl 42
Subunits of photosystem II psbA~ psbB+ psbC- psbD- psbE- psbF '\ psbH.
psbl. psbJ psbK - psbL psbM~ psbN- psbT~
psbZ. ycf3™
Subunits of NADH dehydrogenase ndhA* ndhBX2"\ ndhC- ndhE- ndhH. ndhJ.
ndhK
Subunits of cytochrome b/f complex petd. petB*. petD*. petG. petL. petN
Subunits of photosystem I psaA- psaB. psaC. psal. psaJ
Subunit of rubisco rbeL
SEia= i B3N Large subunit of ribosome rpll4. 1pll6* rpl2 X2, 1pl20. rpl22. 1pl32, 25
rpl33. mpl36
DNA dependent RNA polymerase rpod~ rpoB. rpoCIl*
Small subunit of ribosome 1ps2~ 1ps3~ rpsd~ rps7 X2+ 1ps8. rpsil rpsi2 X
2"\ rpsl4. rpsl5. rpsi8~ rpsl9
HoAth E A c-type cytochrom synthesis cesA 5
Envelop membrane protein cemA
Maturase matK
Protease clpP*
Translational initiation factor infA
AN T e HE Conserved open reading frames yefl~ yef2X 2. yef4 4
S 76

EHIANET: CEH2ANET.
“means one intron; ““‘means two introns.

32 EEEFIISH

I A 2 R 4L 1) B 5 91 A 68 S 7E 22 5 e A7
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AR AR R, B AT Ik ) B R R S X 2
Fire b, TEPPAEHTE A K IE 1 S R B i
%, 136 A, HEMARECT HoAth 4 MM @YD, 15
e D AER SR AR I R A 25 5 R AR T AR e

AP E R F4] (simple sequence repeats, SSRs) &
—BERERAR/N DNA 31, K/NY 1~6 bp, 1EMHE%
PRIERZH AT V2 0419, SSRs MHTREH, 5 FhZiFfE
Vi) SSRs EAE 42~51 > (R 4), Jis P 1 SSRs
Mg by 424>, Mt SSRs MEHREZA 511 5
M SSRs R ZAEPE AL IR S, Hrp AT
HERZ, HZRAT T. ZEHRER RTERLERM
I =R EE L EDE AAG F1 TCT.

CEREY RATE Y ESCER
Wik
HAEBTE
B
it
Mk B

0 10 20 30 40 50

B2 sHEERMEEERENESFT!
Fig. 2 Repeat sequences in chloroplast genomes of five

plants of Incarvillea
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LAY A5 R EYdAT R, AR EH, &
W TEW) rps19 FEKIFE JLB 145 56 bp, 2 1E
(1) rps19 JERIEE 2 JLA 145 40 bp, 1M A&+ rps19
BRI .
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Table 4 Statistical analysis of SSRs in chloroplast genomes of five plants of Incarvillea

SSRs 7 Pk HRD I & A D AL, EL W B
B/ 26 27 30 24 25
ZREERA 2 0 7 0 0
=HERA 10 3 3 4 4
VAL R /A 11 4 9 3 4
hZE /A 1 4 0 3 3
NIZE /A 0 8 2 8 8
S 50 46 51 42 44

Wik B JLB W FHAE rps19 F rpl22 2 6],
rps19 BRI PEES JLB 115 3 bps P L1 JILB
WHAE rpl22 LK E (B 3). fAEEN S MEH
T AE LK 416 JLB. JSB. JSA. JLA 7 I3
DAL P WA 4 AN kA7 6 BE I8 25 5 T rpl2 FE RN ALE
Pk B A B Ae Rk AR T WS, H rpl22
FRTEX AP FhA AT B F 5k . RS
16 JER D AR B B 6 ) SSC X AFTE ndhF
FER B, EPIL T LSC X AFEAE trnH R B2

JLB

mps3
Bk E l—-v"r%m/

JSB

A, rpl2 FERIIALT 5 Rk R 2 R 41
IR X, rpl22 B KZ AT LSC X, {HEH WD
e, ZEEKEE T LSC XA IRb X o 75 sk E A
T e AR R A, rps 19 BRI T IR X,
yefl ZERBEE JISB T 1bp. [FS, yefl ZHTE
Wik BB P L AR R R KRR, (HAE H
£ 3 AR yefl TR Bk o 555 4 3 B e F
WAL AR FE R A, psbA. trnH FE K7
LSC [X .

JSA JLA

\—819bpi1206bp

/_m%-m_%:’

159 135 bp
" Gz 7
I R /[_M_j/_-_m e
162 086 bp c
rps3 354 bp, g P IPIZ 2139!_32 1158
WD IE 86,538 bp //—/ml—l
159 032 bp "ﬁ% —
28 bp
o o / z
1;%”%?% 80,197 b /) go‘wl_:g /1 9,030 bp 1 ﬁmi . l
trnH g pp 129 K‘ww
56 bp 1by
'Z.EEI:‘JBZ?T lm i Rr 15914
150 154 bp 81,527 bp // ? bp /f 21,925 bp // ﬁ E l
E3b

3 SMBERMEFERARDFIN

Fig. 3 Chloroplast genome boundary analysis of five plants of Incarvillea
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ndhD- ycf2 %5 FE R ) Y i [X A7 1E 235 %2 75 atpH

petN~ psbM- rbcL pasC %R 1) 4m b [X 2 A
B . 5 HALR B AL, P ERA R
M7 5028 e, Hosk 2 A8 A0 2 A2 i B e T B A
(PG

XA E BN 5 T2 AR I - S R PR 21
AT LN, Al — DRI A B AN R A
SEREER A Z MR 2R . EREH, FH 7N Rk
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Fig. 4 Collinearity analysis of chloroplast genomes of five plants of Incarvillea
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Fig. 5 Ku./Ks values of some common protein-coding genes in Incarvillea
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A B RO R K/K AN 0. K
MR G B AE RGAH KM EE, W1 petd psbA -~ atpA-
atpB. atpE. atpl. rbcL psbE- psbB~ psbC-~ psbD.
psbF\ ndhH. ndhJ ER:H 1) KJKABYNT 1, &
B3 6 5 it Ik [R] 33 52 B Al A e 356 o bk ik PRI A ¢
PREE R HAT D RE A AR b B AR AR,
L TE R B LGE RS . [RIRE, JEER rps2 BR T 7E
TR M A B ) Ko/ K LU /N T 14, AE
HARMM KoK LERT 1, R Em=kE
AN ) Ko/ KABIE R T 2.437 7 IX R A
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Fig. 6 Maximum likelihood (ML) tree constructed based on complete chloroplast genomes
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