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Abstract; Semiliquidambar cathayensis is treated as a grade-two protected plant in China. However, its phylogenetic
relationships with species from Hamamelidaceae and Altingiaceae remain unclear. In order to analyze the phylogenetic
relationships and adaptive evolution of chloroplast genomes between S. cathayensis and its closely related taxa including

species from Hamamelidaceae and Altingiaceae, we reconstructed the maximum likelihood tree and the Bayesian tree to
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discover the phylogenetic relationships between S. cathayensis and its closely related taxa from 24 sequences that
representing 22 species, and further detected the correlation between adaptive sites and selective pressure of protein
coding genes under varying models including site model, clade model and branch model. Altingiaceae clade was chosen
as the foreground clade. The results were as follows: (1) A total of 133 genes were annotated, including 88 protein-
coding genes (11 genes with intron) , 37 tRNA genes and eight TRNA genes. (2) Eight chloroplast genomes representing
eight species from S. cathayensis and Altingia, Liquidambar were relatively conservative in sequence length, gene
number and composition, GC content, and there was not obvious diversity in the four boundaries. Relatively high
variation interspecific were also detected in LSC and SSC regions among these eight chloroplast genomes, while the IR
regions were high conservatism. (3) Phylogenetic trees showed that S. cathayensis and sampled species of Altingiaceae
clustered a group, which further divided into three clades, namely Clade I, Clade Il and Clade Ill. The phylogenetic
relationships among these clades remain unclear due to hybridization or incomplete lineage sorting (ILS) according to the
results of test of ILS. (4) The chloroplast genes such as ndhA, ndhG and rps12 were subjected to selection pressure
under the clade model and branch model. Furthermore, 28 sites of ten genes were detected under positive selection with
P-value greater than 0.99 based on the site model, which may be related to the adaptive evolution of Altingiaceae. In this
study, the results of plastid phylogenomics supports that S. cathayensis belongs to Altingiaceae. Several coding genes

among these species of Altingiaceae may have adaptive evolution. These results will provide data for the further resource

protection of homonym drugs and pharmacognostic researches of ethnodrug.
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Table 1  GenBank accession numbers and characteristics of chloroplast genomes of species in the present study
S AL P A KREPFEDX NP IX I 1) F 4 X
Chloroplast Large single Small single Inverted repeat
G B k . ~ . SaTal
ot " é{n%i% genome copy (LSC) copy (SSC) (IR) -
Sreies Fomil GenBank GC GC GC GC SCHR
P ¥ accession K s KE &85 KE &5 K “H Reference
number Length GC Length  GC Length  GC Length  GC
(bp) content (bp) content (bp) content (bp) content
(%) (%) (%) (%)
L fof EL MN837678 160 444 37.9 88969 36.1 18913 32.4 26281 43.1 Tang et al.,
Semiliquidambar cathayensis Altingiaceae 2020
2 WRUAf 2R MN782512 160430  37.9 88991 36.1 18917 32.4 26261 43.1 Zhanget al.,
S. cathayensis Altingiaceae 2020
WAER R RL KC588388 160410  37.9 88945 36.1 19037 32.4 26214 43.1 Dongetal.,
Liquidambar formosana Altingiaceae 2013
i) BRI MT079213 164 426  37.9 88958 36.1 18920 32.4 26274 43.1 —
L. formosana Altingiaceae
TN A R MT079212 160 433 37.9 88963 36.1 18922 324 26274 43.1 Laietal,
L. acalycina Altingiaceae 2020
WER B A MT079214 160 771  37.9 88882 36.1 18947 32.4 26471 43.1 —
L. orientalis Altingiaceae
JLE WA R RL MT079215 160750  37.9 88891 36.1 18977 32.4 26441 43.0 —
L. styraciflua Altingiaceae
0] AR MT193687 160 401  37.9 89988 36.2 18917 32.4 25222 43.1 Yeetal.,
Altingia chinensis Altingiaceae 2020a
MG K HRF MN106247 160861  37.9 89126 36.0 19011 32.2 26362 43.0 Yang et al.,
A. excelsa Altingiaceae 2020
Z F A R MN106248 160 860  37.9 89126 36.0 19008 32.2 26325 43.1 Qiuetal.,
A. yunnanensis Altingiaceae 2020
i) 2R MH191387 159 731 38.0 88301 36.1 18882 32.5 26274 43.1 Dong et al.,
Hamamelis mollis Hamamelidaceae 2018
k22 HL S 2R MR} MT323104 159093  38.0 87841 36.2 18911 32.4 26171 43.1 Penget al.,
Sycopsis sinensis Hamamelidaceae 2020
A4 G SR MK533616 159 441  38.1 88124 36.3 18781 32.9 26268 43.1 Xuetal,
Fortunearia sinensis Hamamelidaceae 2019
IFEE) oYy MF687003 158 741  38.2 87507 36.4 18768 32.8 26233 43.1 Renetal.,
Sinowilsonia henryi Hamamelidaceae 2018
U AR AR gz syt MK942341 159 507 38.0 88243 36.1 18836 32.7 26214 43.1 Kimetal.,
Corylopsis spicata Hamamelidaceae 2019
i fef AL iz MG835449 159398  38.0 88168 36.1 18812 32.7 26209 43.1 Choi et al.,
C. coreana Hamamelidaceae 2018
iz P 2R MG457805 158 706  38.0 88216 36.1 18586 32.7 25952 43.1 Zhang et al.,
Loropetalum subcordatum Hamamelidaceae 2019
WAEA SR MK411769 158 149 37.9 87140 36.0 18291 323 26359 43.0 Yuetal.,
Disanthus cercidifolius Hamamelidaceae 2019
Tt d SR MN106252 159 941 37.9 89016 359 18127 32.8 26399 43.1 Wang et al.,
Mytilaria laosensis Hamamelidaceae 2019
ZLAEfif T MK834325 159 115  37.7 88123 35.8 18131 323 26420 429 [Lietal.,
Rhodoleia championii Hamamelidaceae 2019
G % K iR MH191390 160 137  37.9 88075 36.1 19085 32.1 26486 43.0 Donget al.,
Daphniphyllum oldhamii Daphniphyllaceae 2018
R i AR MK564061 159 871 37.9 88023 36.0 19106 32.3 26371 43.1 Zhuetal.,
Cercidiphyllum japonicum Cercidiphyllaceae 2019
USRS EEFR MH191384 153 119  38.4 84564 36.6 17059 32.6 25751 43.2 BRBIgEE,
Paeonia suffruticosa Ranunculaceae 2020
AjEl EBHE MK860971 152 731 38.4 84402 36.7 16969 32.7 25680 43.1 Lee et al.,
P. lactiflora Ranunculaceae 2019

. — REZPFICAE NCBI L ATREE R B RA SR AR,

Note: — represents that sequence is only published in NCBI.
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270 bp/ 9y | 4Se8bp10B9bD 21bp
ﬁm E
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160 401 bp ycfl 1076 bp
1069 bp| 7 bp
263 bp,(16 bp 4595 bp, 1051 bp 20P \ pom
jt%ﬂ%} rpl22 ps19 pi2 ndhF
Liquidambar styraciflua 88 891 bp / 26 441 bp /, 18 977 bp / 26 441 bp
160 750 bp yoft 1085 bp T T |
1051 bp | 34 bp
263 bp, 16 bp 4586 bp,, 1054 bp 2600 e
HE rpi22 N mps19 1pi2 ndhF yef 5639 bp
Deorientalis 88 882 bp /, 26471 bp i 18 947 bp /, 26471 bp
160 771 bp yeft 1103 bp T |
[m—————
1054 bp 49 bp
270 bp, 9 bp | 4568bpy10689bp LA
WA rpi22 || rps1® pl2 ndhF ycﬂ 5 636 bp
L. formosana 88 958 bp / 26274 bp /, 18920 bp / } 26274 bp
160 426 bp yeft 1118 bp
1069 bp 49 bp
11by
— 270 bp, 9 bp \__ 4568bpi0s9bD P
BRI A B 22 | ipst9 Pl ndhF ycr1 5 636 bp
L. acalycina 88963 bp il 26274 bp | . 18 922 bp / ] 26274 bp
160 433 bp Y Ll
1069 bp 49 bp
o | 4568bp 1089bp 2100 g
WA ndhF it 5 636 bp
Semiliquidambar cathayensis 88 991 bp / 26 261 bp / 18917 bp /[Z 26261 bp
160 430 bp ycft 1118 bp N
1069 bp 49 bp

JLB. REBFEIX A mMEL b KIEHX ; JSB. /NEFE I XFIZ M EE b KEHEX ; JSA. NP XA B E T a KEHEX;

JLA. RPN XA IELE a KIEREIX,

JLB. Junction of ILSC and IRb; JSB. Junction of SSC and IRb; JSA. Junction of SSC and IRa; JLA. Junction of LSC and IRa.
1 ¥WERELSEES MMM RERERAMN IR 5 SC iaFR L&

Fig. 1 Comparison of borders of IR and SC regions in eight species of Semiliqguidambar cathayensis and its related taxa
SN 37.9% , o2, P SRR T M ARSI R HER SRR GO i S AR X

ol ) I S A R PRI ZELAH LG, SR PRLEVERCA 133 A4, rRNA
Jg 8 AN (HF 4 ANFE IR X) ,tRNA S 37 AN (Hirf 7
AFE IR X)), 85 o o 1 3 R 5k 88 AN (Hip 7
AFE IR X)), HAp s 11 s NS FrEA
G FL K, B rps16 | atpF  rpoC1 . yef3 . clpP | petB .
petD rpl16 rpl2 .ndhB  ndhA , H ™ rpl2  ndhB 4317
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Fig. 2 Alignment of eight species of Semiliquidambar cathayensis (reference sequence) and its related taxa
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Table 2 Selection analysis of 75 genes in chloroplast genome based on the clade model
N XL SR (B IR LRG3 P {H N X SR (B ISR LRGSR P {H
Gene Ln L LRT P value Gene Ln L LRT P value
atpE —898.074 195 0.010 477 893 rpoC2 -9 958.877 522 0.034 220 524
-901.350 088 -9961.119 348
atpF —1291.364 566 0.017 850 560 ps2 -1 427.898 042 0.023 202 398
-1 288.559 188 -1 430.474 686
ndhA -2 514.008 221 0.000 033 575 ps3 -1 624.303 334 0.044 710 820
-2 522.610 159 -1626.318 091
ndh] -940.492 126 0.005 151 967 rps4 -1 345.749 023 0.038 016 496
—944.404 780 -1 347.901 165
psbM —194.029 138 0.020 173 222 rps12 -1 434.578 086 0.004 549 296
-196.727 559 -1 438.603 299
rpl14 —-758.863 479 0.002 776 878 rpsl14 —-643.595 456 0.041 753 463
—-763.337 761 -645.668 041
®3 MEREEERATANEEETAURERNEREHSR
Table 3 Selection analysis of 75 genes in chloroplast genome based on the site mode
e ISR LA SR P 1E IEBEPEAL A
Gene LRT P value Positive selcetion site
accD 5.93x10° 86 () 0.998**
atpE <10 104 @ 0.999%** 134 K 1.000 **
atpF 1.88x10" 108 W 0.999
clpP 2.4x107 12 N 0.999#** 37 E 1.000%**, 87 R 0.999** 110 K 0.986%*, 130 S 0.976*, 153 1 0.957*
ndhA 6.81x10° 31 L 0.986%*, 116 G 0.986%*, 118 H 0.995%** 213 ]0.953%*, 294 A 0.989+*
ndhB 1.69x107 367 R 0.977*
rbel. <10 95 5 0.994%* 142 P 0.985*, 145 S 1.000%* | 251 1 0.995%** 279 § 0.970*, 309 M 1.000%** 328 A 1.000%*
pl22 2.85x10" 3 P0.999%% 12 () 0.981%*
3 F0.995%% 295 E 0.976*, 362 W 0.995%**, 370 § 0.994%** 389 § 0.991%*%*, 396 S 0.999 **
411 D 0.968*, 431 K 1.000%** 437 H 0.957*, 440 F 0.969*, 499 T 0.999** 533 G 0.975%,
560 S 1.000%*, 572 A 0.971*, 580 P 0.999** 630 70.978%*, 632 V 0.985%*, 765 K 0.971*, 777
N 1076 G 0.963%*, 783 L 0.997**, 789 G 0.991** 795 K 0.975%*, 796 F 0.974%*, 826 () 0.975%, 852 ]
yefl < 0.989%*, 910 H 0.989%*, 929 A 0.989*, 957 D 0.966*, 979 T 0.982* 1007 H 0.970*, 1068 R
0.986%*, 1141 K 0.999** 1163 T 0.983*, 1176 D 0.996** 1230 K 0.962%*, 1238 Y 0.963 *,
1249 S 0.986%*, 1260 V 1.000**, 1274 W 0.955%*, 1283 C 0.985%*, 1377 G 0.953*, 1425 N
0.979*
yef2 7.98x10° 4294 0.962% 778 W 0.972*, 1131 L 0.973*, 1516 A 0.959%*, 1527 A 0.959%*, 1705 1 0.955*

T IERPEALET* P>95% , ** P>99%
Note: Positively selected sites * P>95%, ** P>99%.

R SR AR N 52 43l R 4r ik, UL E U ISR A al., 2001; Ickert-Bond & Wen, 2013) . i FHA
PR ARERE, X SATAMD FREFSER— B 74 m 3K BOAUR [A] #FEAS, 2 30 o
P SRR B A BB R A S, SR R AR JE A Y 2 A AR B AT SRR
H 7 F FOR 5 DR T A N 2e e fh (Shi et PRI B AR R BE K WFSE 2 BUAT 3 AE 75 5
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BI85 U) i B2 ( Vogel et al., 1999) , Hi
ATP & 5L N AE A VE - AT 2D T rpoC2
Kt it 4 fk RNA RE /R B WAL, 7555 5% T.72
MR EEEEH, ERE R K Z 016 7 3K E P
T i DX O A I O A AR D RE AT BE S T3 N
R v R R W PR BT T 5 4 2 Mg R A ) A T 22
5o X5 H BB A (2018 ) 2= AT 1) %% S 4 4K
P L, 2 W far 7 Sk 4 A7 92 > Unigene BR
SR E VE R ¥ 38 3, 32 4> Unigene 5T 3]
BAEH—REE A E s, K, AR 245 L ] L)
e PR K OSF 1 AIF 5 20 AR B O BE e R 4 it
i

AT GEHE T B 53 A7 A (] 5 TR 1) 2 Bk
Pl Bk R, 4R EH accD | clpP |
rbeL ycfl Fl yef2 55 10 AFE Y 45 A 05 32 5] IE
PERE P H KT 0.95,28 i s P {H KT 0.99, ifii
B DRRG ) 2] 1F o8 B S O S B H B &, R A
SRR FE R, X S P R RE A O AV B MR AR
LEZANAHEEEM, #an, Slabas Fl Fawcett
(1992) BF 5 45 S R W aceD H& R 9 85 £ BESH B A
FRALHG B W 7 NG 5 R 1 A= ) A b & AR AR
FH PR AE 8 7 A 9 i A iz i R SRR R
B2 AR ) 305 O IR BT R 45 R 2 — A A 5T
D32z 35 R ) 78 Ak mT R 5 B B BB AR 4 35 0 A= 8%
clpP &R 2 I SR AR FE DR 4 P9 G 05 clpP 25 i 117 3
DR I R, RE R 22 K, BB i 5% B 4 1 et 4 1 AR
e AR IR AT, MOREAEAE W Y A W i aa

e 5 BRI AR AE4E ,2016) , i A B 5 4fE DU
LAE TR Bl I 10 7Y g Hi DX R X 1 B ) B 8
T RERC OGS AR 5 rocL TEAR D) 0GB VR AR SOt
B TAE BRI E 45, g b k4K T Rubisco R
WAL R C R K BTEOLE Rah BA
T X (Curmi et al., 1992) ;ycfl F yof2 KA
oA B i i A& ATP il F1 R 45 A8 )
RIKBE IR, 5 H A PG SR, BT yof
AL PR 7E A ) v A g AE AR IS W PE AR ) B 4
(Zhou et al., 2019) , &2z, XS FEE R 0] GE7E B M
BHEY) DA 28 IR ) 365 107 /A 5 1 P 5 <A ok
FRrp g T EEAEH .

LRI, F AR AT Ja8 A8 4 3 8 4 b 76 30 [ 7Y e b
DX, B W5 0 HORE 5 LR 3 Fhrac e 9% 52 B
2 Wfr J 1) i 1) ¢ R A AF RO . ABIF5E H il
LT 20 TH R 12 vh 1 i g AR i R 20 51 o3 A T
BT S H T % S TR 1Y) - o A R R 2 5 4 22 5
RYRE K FR M AL O £ 5 77, R BEAR 4 4
D A A 5 AR R e 250 AR | RS S5 4 R ) O
Fo K, KRR RBZY R AT S H T 2% 2R B 1Y
SRAETLH , V870 B R B 1 70 TR0, R 2R R
if S TR JE A JE W) Tl 1 2 22 BOR o8 43 R
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