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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 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 rRNA 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 II
and clade III. 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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BEZGT (BAr K el 3D SRV T4 (Semiliquidambar cathayensis) W1 FE5y, & SR HENZE . w5 A ERE. 7SI
TR (Yang et al., 2019; FEHIEE, 2020, HEFAETHE DS AMARE AR LX, AEZK D LAEY, B T e i isg 2
BEVE 2> FARIC 24 ISSR (FUNHESE, 2021). SSR (425, 2020, 2021a) 1 SRAP (H0H2%, 2021b), FUEWAHE RS MARE, AT,
AR R 2R R EOLW G, RIS T2 00T 0 & BT RS AR 2L, B AR SR AR %l ([EA2E, 1991; Ye et al., 2020b) . 4 A H 172
SR EEA R BRAE P B MM RIS R ST B T & 248%) (Hamanelidaceae) #EFM LR} (Subfam. Ligquidambaroideae) )@ (H EFH2= B
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VE NG AT o DA [R) 4 R IS A S B 7 J8 14 5 CEPE S, 2018), PRI 75 0 AR R M IE AR WVR B TR . 4> F RGLEW L4
BRI 2 N Z T B T EM R (Altingiaceae) WA JE (Semiliqguidambar) (Angiosperm Phylogeny Group, 1998; Shi et al., 2001). H FI# & 2407 115
T RGEHEIT, W E A S 2R AN EL R R 2 8] SR & R R 1) R 4K B < & (Shi et al., 1998, 2019; Ickert-Bond & Wen, 2006; Wu et al., 2010; Xiang et
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T R R EE R AH 7 A I LU i A R G R B IR 56 07 ATV Rl R B R B AL B AL ISR (Sloan et al., 2014; Williams et al., 2019), £ b
filh b, R FH S Ak g i 25 R (1) 3R A 6 22 ST DA AN R R R B 2R TR AR S IR B IR (I G R, nIE RIRZ B 25U 1244 (Waldvogel et al., 2020; Zhao et
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A AR IE R A SRR IR R, AR IS e . B RSt — e AR S =
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1.1 HEkE

81T NCBI %45 £ (The National Center for Biotechnology Information) #u2Ffar . BRI & 2R S SRR AR BE 2 P 2B B . IR &R
BT PR & AT 1) 2 SR 5, B 3 AN, IERE 4 DMF, AR RER 2 NMMETA, Rk, SN . KL 10 N2k
MR AP PR AR 1 ANAh. ZEA/EWE L AR, BER 2 MR, B3 22 AR 24 NHSHASERIA 5. R 250k 2R B BP0 Fh I SR R 2
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1.3 RERE I

AW FEFFHTELE MAFFT v7 (Katoh et al., 2002) Chttps://mafft.cbre.jp/alignment/software/) ELX} T M NCBI _EAG 2R 2 1) 22 ANIFRET 24 2% M-SR R 40
Frol (3R 1). FIH] DMABE v6.4.29 X FUX Fp 1 & 53 & F 1 R G0 8 W Sk AT Fe A B AR AT B 70 i, PPAS AN I B Cindex of substitution saturation) &
BT Lo fH C(critical index of substitution saturation) (Xia et al., 2003; Xia & Lemey, 2009). - I XA 530N Lscsym CFRMEBAREFFEED F Lsasym

CHEXS Rt AR AN FE 250« R FHAE 2R X 3% CIPRES Web Portal 2.0 Chttp://www.phylo.org) ] RA x ML #17 f KAUSAM (maximum likelihood, ML) ¥4
. KRR HTRH GAMMA A, HRid H 7% 1000 K. FJH jModelTest (Posada & Crandall, 1998; Darriba et al., 2012) 5 AIC 1B VB ik
B AR M AL . R A MrBayes v3.2.6 (Ronquist & Huelsenbeck, 2003) #4% DU i (Bayesian, BD), 8% 3 | G, % 1,000 fAHFE—R, H#RE
BIFASIIHT 25% 18, AR R 55 IR .

A FEH] PR ASEAOL A DU A 58 A 1 28 J3 38 X6 T A% ik DRI AR - AR (1) 1 SAFAE 2 K52 o B S, 7R I AH B 28 R 344 DendroPy v4.1.0 (Sukumaran
& Holder, 20100 X} 24 ANH-Sf A3 K 4L SRS 2] 10000 #RIH-ZRAEYIFHE, FIH ASTRAL MEYIFBAE NS, XTIX 10000 SRR AT, 135
BN SAE (clade frequency). TEATEAWE RPIERITEN T, (EMTELKMHSEAM (empirical plastid tree) H TS RS0 K B K R H A% LRI 24K
P (simulated plastid tree) HARIL, K& 0 SINIZ B AR SRR, WRARZE T, QIR K180 70 ST IR R o SR R R B AT
7E (Garia et al., 2017; Morales-Briones et al., 2018).


https://mafft.cbrc.jp/alignment/software/）比对了从NCBI上检索到的22个物种的24

Table 1 Genbank accession numbers and characteristics of chloroplast genomes of species in the present study
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H EasyCodeML (Gao et al., 2019) JEEA LLAG 7 AL B4 pml #550. HIET 24 %t
LR B DR A K T2 11 i R AUSR AR A S0 Conwk #3%0), R 4 #F EasyCodeML 43 il i %
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MGG TERMEB R B S B RL 2 SCARIE N BT R
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~18917 bp, IR }y 26 261 ~26 281 bp, GC &N 37.9%, TTZEF. FWia5EME 7 M)
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Mé«ﬁ¢7¢ﬁﬂ&@,EEE%@%H@%%¢%§¢7¢EH&@,ﬁ¢%ﬁ%ﬁ
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Fig.1 Comparison of borders of IR and SC regions in eight species of Semiliquidambar
cathayensis and its related taxa
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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

HE SR BRI P | A XHAVAME  BURER R P A
Gene LnL LRT P-value Gene LnL LRT P-value
atpF. -898.074 195 rpoC2 -9 958.877 522 0.034 220 524
-901.350 088 0.010 477 893 -9961.119 348
atpF -1291.364 566 rps2 -1427.898 042 0.023 202 398
-1288.559 188 0.017 850 560 -1430.474 686
ndhA -2514.008 221 rps3 -1 624.303 334 0.044 710 820
-2522.610 159 0.000 033 575 -1626.318 091
wdhl -940.492 126 rps4 -1345.749 023 0.038 016 496
-944.404 780 0.005 151 967 -1347.901 165
PpsbM -194.029 138 rps12  -1434.578 086 0.004 549 296
-196.727 559 0.020 173 222 -1 438.603 299
rpll4 -758.863 479 rpsl4 -643.595 456 0.041 753 463
-763.337 761 0.002 776 878 -645.668 041
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Table 3 Selection analysis of 75 genes in chloroplast genome based on the site mode

F[H AR ELA 58 P A IEIEFEAL

Gene LRT P-value Positive selcetion sites

accD 5.93x10° 86 0 0.998**

atpE <1016 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 L0.986*116 G 0.986*,118 H 0.995*%* 213 1 0.953*,294 4 0.989*

ndhB 1.69x102 367 R0.977*

rbcL <1016 95 50.994** 142 P 0.985*,145 § 1.000**,251 1 0.995**,279 5 0.970*,309 M 1.000%*,328 4 1.000**

rpl22 2.85x10* 3 P0.999*%* 12 0 0.981*
3 F0.995*%*295 F 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 4 0.971*,580 P 0.999** 630 1 0.978*,632 V' 0.985*,765 K

yefl <1016 0.971*,777 G 0.963*,783 L 0.997**,789 G 0.991**,795 K 0.975*,796 F 0.974*,826 Q 0.975*,852 1 0.989*,910 H 0.989*,929 A4

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 §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° 429 4 0.962*,778 W 0.972*,1131 L 0.973*,1516 4 0.959%*,1527 A 0.959*,1705 1 0.955*

VE: BRI S * P> 95%; #* P> 99%

Note: Positively selected sites (* P> 95%; ** P> 99%).
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(Ickert-Bond & Wen, 2013), {H (HH[EREYE) FeT F A 10 EME SRS R 00007 &

R JE AR VT BT S 2R RS W TR . I 28 J 1 TS S0 B A, i 14 A
TEAR S AR AE S KB SR 7 I =0 K R S i YRR AE R R AR ) B0E 2 s AR (e
F, TR RGEVE AP HE, TNz 2000 J R A B AT [R) R B a8 R AR 8 A 47 )i T
ATEIR, IR MEAR TS A R AT B AR S E B . AR BT X 45

BN T R R AT E . FRE A BB F N R W5 3 (E. Asia Clade), 1H
I3 NS IFISE LG R RN, TR TR 2 — P K s  HEER B AL R i &R &R
G ERFH (Ickert-Bond & Wen, 2013) . AHF FL b T SRR 20 LU I A0 B, RILE M EL 8
MBS R AR SR R 250 HEFUFIEE , IR F SC I X ¥ B A B IR, &
Wb I R A R BE AR A S AR IR A B 1 B G A X 81 (K FE AR A, S5 SR ] AR Jk [
P i A X5 o8 X S5 X 1 28 S DX SO v 70 1 28 1) 1 i e FH T2 AT 1) 40 360 | it
TE T
3.2 ¥R RHIEGRBRRAKERR

AT 503 T I SR A L DR 06 2 ey e LI R BRI R G0 B R RIAT 00T, 45 AR B
R 207 A A VAT ) BSCFR RISHE, ~FRAT 5 AR AR R SR 2 A A% A4 B Clade 1099/1.00),
R P AL 5 R P gt DR A A N 5 SR I, AR RE I 2N 40 SO 3 SO IS, B R R
W79 3R] BEAFAE A4 A8 B SRARAN T8 A1 R 70108, R - WU IR S AT N AN e o2« IX ST
NI T RAEFER I, PG SIER . BERE R SR R 03, (HCRFRA S, #E
0= H0 A T BE S N4 A PR (Shi et al., 2001; Ickert-Bond & Wen, 2013). HTIVAMFIEH T
DR BOMIAS R FIRE AR, 2T 5 R 0 Jag R AR S8 ) b ) 2 S R BEAT SRR, R LG 75
B JRFEKF BRI FE AT RS T 5
3.3 ERAHEYIHE N L

FH T PRI A R DA S AR A7 2 DR 7R3 R idE Ak (Kelly, 2019), BRI AR B 72 R HUAS [A] F)
ARG B AR S T G 2 D RSP e 32 2R B 0, DURAR I B PR A7 s i %
5GP, R SRR — € FHRME

BT AR T AR AR 25 ORI LA EE M B 73 S N AT , 24 atp 2R ndh 5
RIFN rps JEPR A B B RIE R 1, IR SE LRI FE HARAE YR P K2 5 GE R e
SEDIREAH K . BN ndh FREER KRG P A & 2 OCEZNERH, RINAFAT A5 k) 5k
AP 32 B B R ), 1ZRRE R WS HURR &K A2 F (Martin & Sabater, 2010; Zhao et al.,
2020); ZHEAR S RN IEIE rpl B rps & SHEY) SRR FE R I B LK, rps12.
atpF FRER W FAMS 58 T NS TRV R (Vogel et al., 1999), .1 ATP
GRS EER AT D M rpoC2 FEH i 284k RNA KA BRI AL, 1EF
TR REREREEH . FEREIPR 2 0 AT E P X, Bt 1O &4 F Dh RE AT R
N T IE AR il ER A, TS SR YA R X S AN T 1 s 4
BAREERIL, Pt el A 92 A Unigene WL 7E A 7B H A, 32 /> Unigene
WL 26 A F—R LB AEE (HBEIHSE, 2018). HULAWF I8 AT N TE KK T B 5T
MR P 1 HE e 1 42 fE LAt

AHIE FUHETA7 s 73 At AN [F) i DR R S R R o s e R P 8 5 ), 45 SRR W] aceD.
clpP+ rbcL ycfl Hl yef2 56 10 ML) 45 ML S5z B IRk PEKT 0.95, 28 M P
ER T 0.99, LRI B k£ R WA S H 2, A RIERE R, RERRFELE
YER . YRR S5 2 AT HORIEE R, 1 mn AT 745 R B aceD F:K 9wt L
G A RUERRIBILEE, FENGNTERIAEM & b KIEVER, DRI, FER AR SR iz ik
DRl o 2 B 8 BN R SR A )38 B A 53 (1) 45 S 2 — (Slabas & Fawecett, 1992), HEMIZ 3 K 1484k
A REFE B EE M RHEY)E N AR s clpP JE R & i SR AR BE R 4H N 9 b clpP £ 1 T 1) 265 DR e
D, REFEARZ K, REREHE B w0 AU R I W 21T, ]RBLEARE Y AR P piadi i b Ok
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