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Analysis of the chloroplast genome of Incarvillea
younghusbandii Sprague

ZHANG Yaying, JIAO Wanyao, JIAO Wenrui, QIAO Tianle, SU Zhiyang, Yixizhuoma,
FENG Shuo

State Key Laboratory of Plateau Ecology and Agriculture, Qinghai University, Xining 810016, Qinghai, China

Abstract: Incarvillea younghusbandii Sprague is a traditional tonic herb. The roots are used as
herbal medicine for nourishing and strengthening, as well as treating postpartum milk
deficiency and weakness. In this study, the chloroplast genome of I. younghusbandii was
sequenced and assembled by the high-throughput sequencing technology. The sequence
characteristics, sequence repeats, codon usage bias, phylogenetic relationships and estimated
divergence time of I. younghusbandii were analyzed. The 159 323 bp sequence contained a
large single copy (80 197 bp), a small single copy (9 030 bp) and two inverted repeat sequences
(35 048 bp). It contained 120 genes, including 77 protein coding genes, 8 ribosomal RNA genes
and 35 transfer RNA genes. AAA was the most frequent codon in the chloroplast coding
sequence of I. younghusbandii. A total of 42 simple sequence repeats were identified in the
chloroplast genome. Phylogenetic analysis revealed I. younghusbandii was mostly like its
taxonomically close relative Incarvillea compacta. The divergence between 1. younghusbandii
and /. compacta was dated to 4.66 million years ago. This study was significant for the scientific
conservation and development of resources related to I. compacta. It also provides a basic
genetic resource for the subsequent species identification of the genus Incarvillea, and the
population genetic diversity study of Bignoniaceae.

Keywords: Incarvillea younghusbandii; complete chloroplast genome; codon usage bias; simple
sequence repeats (SSR); phylogenetic; estimated divergence time
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Figure I Gene map of the Incarvillea younghusbandii chloroplast genome.
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Table 1 Structure and composition of Incarvillea
younghusbandii chloroplast genome

Location Length (bp) GC (%)

LSC 80 197 39.23

IRB 35048 42.34

SSC 9030 34.70

IRA 35048 42.34

Total 159 323 40.34
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Table 2  List of genes of the Incarvillea younghusbandii chloroplast genome

Category of genes Group of genes Gene name Number
Photosynthesis related Subunits of ATP synthase atpA, atpB, atpE, atpF, atpH, atpl 40
Subunits of photosystem 1l psbA, psbB, psbC, psbD, psbE, psbF, psbl, psbJ, psbK,

psbL, psbM, psbN, psbT, psbZ, ycf3**
Subunits of NADH-dehydrogenase ndhAx2*, ndhC, ndhHx2, ndhJ, ndhK
Subunits of cytochrome b/f complex petA, petB*, petD*, petG, petL, petN

Subunits of photosystem | psaA, psaB, psaC, psal, psaJ
Subunit of rubisco rbcL
Self replication Large subunit of ribosome rpll4, rpll6, rpl2x2* rpl20, rpl22, rpl32, rpi33, rpl36 27
DNA dependent RNA polymerase 1poA, rpoB, rpoCI1*, rpoC2
Small subunit of ribosome rpsll, rps12X2, rpsid, rps15%2, rpsi8, rps19, rps2, rps3,
1ps4, rps7x2, rps8
Other c-type cytochrome synthesis gene cesA 5
Envelop membrane protein cemA
Translational initiation factor infA
Protease clppP*
Maturase matK
Unknown Conserved open reading frames yef1x2, ycf2x2, yef4 5
Total 77

* means one intron; ** means two introns; X2 indicates genes with two copies.

x3 BRFTEMFEERAPTEAL FHNERULINEFRMAS FHKE
Table 3 The genes with introns of the Incarvillea younghusbandii chloroplast genome and the length of the
exons and introns

No. Genes Location Exonl (bp) Intronl (bp)  Exonll (bp) Intronll (bp) ExonllI (bp)
1 rpll6 LSC 9 872 399

2 petD LSC 9 721 474

3 petB LSC 6 680 642

4 clpP LSC 59 681 613

5 rpoCl LSC 435 769 1 608

6 yef3 LSC 126 701 228 725 159
7 trnL-UAA LSC 43 485 50

8 trnV-UAC LSC 38 583 37

9 trnK-UUU LSC 37 2 473 35

10 rpl2 IRB 391 657 434

11 trnl-GAU IRB 42 915 35

12 trn4-UGC IRB 38 806 35

13 ndhA IRB 553 1013 539

14 ndhA IRA 553 1013 539

15 trn4-UGC IRA 38 806 35

16 trnl-GAU IRA 42 915 35

17 rpl2 IRA 391 657 434

&B: 010-64807509 B: cjb@im.ac.cn
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of codon usage of the 1. younghusbandii chloroplast genome. B: Relative synonymous codon usage (RSCU)
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chloroplast genome.
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Figure 4 Phylogenetic tree constructed using chloroplast genome of 12 species. Bootstrap values are shown

near each node. The bold species indicated the Incarvillea younghusbandii.
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Figure 5 Divergence time tree constructed using chloroplast genome of 12 species. Divergence times and
95% confidence intervals were shown near each node. Solid circle indicated the three calibration points. The

bold species indicated the Incarvillea younghusbandii.
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YN A TREDMHNRGEE BT XRRD, 1E
R LS 2=, S I 5%
W B ARy s T e B A6 g i A Y, B
LA AR TE S 244 A0 . Bln, % % 46 &
10-20 cm, fEEELLE8, fEHAH 5-8 F 5 AR
B 20 em /o4y, FEIRZLE, 5, AEHIh
5-7 Ao BUET, BRZHSEPIST R i Ak
BN P, BERPINERIES N
R ERIE ZERIE , MR 2 AL W ERE L
W B AEACH K INRE KT 286 A= I B e A by . ix sk
FRL B TE A5 2 R AR P B 2 [l i 2R LB
B AW LT R S LN i R G K
BRFR, HA P e P P e H O b ik
T HHZMEN 100, WEKAE 466 1 FHI 7
fbo BLAL, O B AR T E A A T 3R E P R A G
X MHFEEER 3 600-5 500 m AYHLIX , J& 5040
VAR S e O AR s TR AR s AR I P AR F By
ATIRE SIS . P, Fi% . )i vEEs
DL H R BT AR 2 6004 100 m (LXK, 5
WA B A AL B B, R AL AT
W AR SR I, SRR IE N AR O 4 A
BB, RIEEPIOR RN, M EYTE
FE4> 200-300 JTAEFT BRI M AR 1E#, &85
P b X 0 A TR, B A AE BT L X £
JE AEL P T R 2 v A T JE R A o3 Ak R 4B
B, Rana ZEPURESE M, 204 T2 DRIk
VOSBRI P SL BRI T2 792 4R, RWHIZY
Fii b 55 R0k . BEIBr L K B AR A G .
ARG I T B A A RN A FE RS
KB RZAMGALE E AT, AN CZ R )
YE R TR, oA R A 1Y ot st
Rt —E S %, R, HFEERNE &
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RIS EEN AR AR, RN RG L
HURAAVFZINME . TERK, HEE 2
TEEEEEMNNRELT LR

4 Hik

Xof I S AL DR 2 19 43 A B T 1 il i 24
FERA S5 K . YR iy 508 FIRf E REEKE K
F o AT XL 2 A6 50 HE - S (A KL DX 21
7T r fgase . 25 oR, O % e Sr ik
FE DA 2H R I SR A SRR VO R 5 4, B B
159 323 bp, & GC FiEh 40.34%. F RS
BT 120 DR, X S 8 SR BE R 2H
FTEHBETERE . RGEK T o0 M B oAbt [a) £ 1145
30, SRR R G K WEST R OR R I 1Y
il PRt T B S (R S
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