PO IR B R I B M G A R FRASE R RS B

W, EAR, BRBENN, 2 b, KE
(PRI RS AamAlyybe, DU 7S 637002)
RE: FNLBHEYNRGKE A KRS P U, F M ER RN T . AR T
XI& X (Quercus ningangensis) ~ 2 X (Q. oxyodon) « B2HFNX (Q. gambleana) « 17
M5 X (Q. neglecta) WM SRAAIERIHRFIE X RGE KB KRR, ABFEFEFELL E 4 T X H) g
A B EAT AR, O F - SRAREE DR 2 S5 K MVRFAEREAT 20 B, RS SRR EAT RGK
. GREH: (D TREX. 2HX. B2H X T X BSR4 7 5K
FESr 505 160 906 bp. 160 883 bp. 160 832 bp. 160 784 bp, ‘EAIHI%S 133 DML, A4
88 MEHE M MITEEE . 37 M tRNA FE [, 8 4> rRNA FE[K.  (2) DUFT5 X B fidif L A/T 45
RN, AR RIHAR S X i 32 AR T e g X 8. (3) @l IR LA i3l 14
Ry X B AEAE yefl LR, HAE IRb/SSC XA 5k, (4) REK A HEMH,
e R, KENE (Fagus) F1=#¥RJE (Trigonobalanus) 54k >k, #RIEJ&E (subg.
Quercus) RIEH—ANFRRHE, Mo DR 2 &5 RAZ AR ARSI —2 AR R
Hex 4A Cerris HAIHILFHFEIR . (5 (HEEME) K577 EY S E2FH NIE
N A E R AL B, R B XREBEE AR M AR 2 MR N 2 5 X — S A
TR, BEEF N RGK B MRS i A TLI0 AR i 2 A4 2R R 2045 2R 45 & A A TE
BOMEER, XFFEEF NEN ML AR A AR F MR RGEKE
b, FHXEJE ARG ARBEMA R O¢ R I il SR A T AL BTk
Kegin): bR, HXE, R, meEiEREA, REKFHR

Comparison of chloroplast genomes and phylogenic analysis

of four Species of Quercus subg. Cyclobalanopsis

HUANG Ting, TANG Meng, CHEN Xiaoli, LI Puyu, ZHNAG Xuemei*

(College of Life Sciences, China West Normal University, Nanchong 637002, Sichuan, China)
Abstract: The phylogenetic status of Quercus subg. Cyclobalanopsis has long been controversial
and the interspecific relationships of some species are unclear. At present, chloroplast genomes
have been used to solve the phylogenetic problems of subg. Quercus and Castanea in the
Fagaceae, but there are few researches on solving the phylogenetic problems of Quercus subg.
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Cyclobalanopsis with chloroplast genome information. To reveal the chloroplasts genome
characteristics and phylogenetic relationships of Q. ningangensis, Q. oxyodon, Q. gambleana and
Quercus neglecta. In this study, mature leaves of the above four species of Quercus subg.
Cyclobalanopsis were selected for Next-generation sequencing, and the chloroplast genome
structure and characteristics were analyzed, Phylogeny was studied in combination with related
taxa. The results were as follows: (1) The chloroplast genome sequences of Q. ningangensis, Q.
oxyodon, Q. gambleana and Q. neglecta were 160 906 bp, 160 883 bp, 160 832 bp and 160 784
bp, respectively. They all encoded 133 genes, including 88 protein-coding genes, 37 tRNA genes
and 8 rRNA genes. (2) The codons ending in A/T were preferred by the four species of Quercus
subg. Cyclobalanopsis, and the variation regions of plastid genome mainly existed in non-coding
regions. (3) According to IR boundary analysis, ycf! pseudogene was found in four species of
Quercus subg. Cyclobalanopsis and expanded in IRb/SSC regions. (4) Phylogenetic analysis
showed that Fagus and Trigonobalanus were differentiated early in Fagaceae, while subg Quercus
did not form a monophyly. The results of phylogenetic tree based on chloroplast genome were
consistent with the nuclear marker plasmid markers. Interspersed between Ilex group and Cerris
group in subg Quercus. (5) The Flora of China and some local flora treated Q. gambleana as a
separate species, while Zhou Zhekun and Deng Min et al. treated Q. gambleana as a subspecies
according to the characteristics of leaves. The phylogenetic status of Q. gambleana is still
controversial. Based on the chloroplast genome information and previous morphological analysis
results, the present study supported the idea that Q. gambleana existed as an independent species.
This study provides basic data for discussing the phylogenetic status of the Quercus subg.
Cyclobalanopsis, the division of its groups, and the resolution of doubtful relationships among
them.
Keywords: Fagaceae, Quercus subg. Cyclobalanopsis, genome comparison, chloroplast genome,
phylogenic analysis

SRR )2 A7 T S AR B R B 2, R AT e e E I . 4Rk
A ML s 5, HEER A R E5H,  H— AN K #E DX, (long single copy,
LSC) . —AN/INERFE DX 38, (small simple copy, SSC) M /™ [7] H & [X 45, (inverted repeat, IRA
and IRB) #4J8, F& R FP 91 A S5 K #AHXS R~ (Zhao etal., 2018) o HAZFEFIA LLALSE R
SR PRI R 20 FLAT G5 R T B8 1 B/ S R TR ) 5 e 3R LI | B % D48 R 1 (Korpelainen,
2004; Kwak et al., 2019) o UT4F, Rl A7 I [RRTSA ) FRAR,  BORBE 1 2r R 2 [
AN s REEH TRMA N S EMRGERKFII. BT, ST Mgk R
Ui e L RRILJE (subg. Quercus)  &J& (Castanea) MZBKE M (5%, 2018;
A, 20200 5 EUR g R ZH A5 B R o T XDE R RK B R KR R 2 W

763 % (Fagaceae) #R/EH WJE (Quercus subg. Cyclobalanopsis) 3t4 122 #f (Frodin
& Govaerts, 1998) 1 150 F' (Huang etal., 1999) , EE/pAi T WA AW A X .
12 75 X SEJ8 11 2 2 A7 XA 2 B e 2 — (BRI R, 2001a) , 36 77 FBAK 3
AR, ZRWe . WEIT LA AT X SR A B R B0 X, O Sk AR A 2 — (R o
FNEE AL, 1998; Huang etal., 1999) o T XIEMEMIAM BAT U HL RAE, if f53 ok, it 5 52 55 A0
Mo AR ERERAN AL TR RIFAM, HRENTER EEFE, SEAN 50%~60% i
ARHT, 19950 , WTFHTERIE . HIFETEDRE. ORI Tk & Wk b &G e, aTllER .
T XISAED N R GER B AL 530 0 A8 iR 52 RS 7 20K B M SR 1
N R AL I (GRKERMESE B, 19765 F8T5#, 1985; BRIGHEAITE 0k, 1998; Huang
etal, 1999) ; {HZHAFMRAALBIRL ARG 55T S RHE 2 ITS 81, SCRE MREME N
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BRJE T B — NI J AR B Crp R 22 A AR FE BT, 19725 X122 950155 25 08, 19865 S A KT, 1992;
FHAHATE, 20010) o 175 RSSED RSB, HARERON Y —, AFESEHE
[RIFFERE RIS, IR A B A IR, RS E 20 KRR EME OISR (X8, 2007) , #H
J& B IR AL, B A AR ] S R AN, AR BIRTEAER VR Sl HETRT
MR RS0 A I 2 AR i . Bk, 728 2 (7)1 R G055 1k
PR O B fif ok 7 XIS 1) 2R G 5 S AR D OG 2R

AHE TR 4 T X J@ A At 3EAT — AR, AKFE 4 Fh i XL R 2 ik
FEAGEE, PERTTCLT R (1) 4 P XL R A ) A 2R I DR 2 B AR AIE e HL 22 57
(2) 4 M3 WL BV E RS T mEF . (3) B2HFNMEHFXRELRMA? LU
N MR R GURCH A ey R E] 6 R AR 20 Rl 355 S A R MR Ik B M2tk
SEAAZ RO TSR

1 MRS 57k
1.1 2GR

TEHFANRAEE T K X (Quercus ningangensis) « 25 X (Q. oxyodon) « BZ2EHNX (Q.
gambleana) YT E X (Q. neglecta) ). Jofm HEM AN K (& 1D, HIBEWZ
MER)E ETRA R OERNE R RO, THEET-80CHIUKEN &M FIE A
T PE 42T 5 K %% #r AR TE ( Herbarium, College of Life Sciences, China West Normal
University)

F 14 MF X BB RERE R
Table 1 Information on the collection of samples from four species of

Quercus subg. Cyclobalanopsis

i-kyES KA R G TR (m) FEUERR A
Plant name Collection place Latitude/Longitude  Altitude (m) Voucher specimen
THEKX .
W N26°22'24.74"
Quercus 1233 HT211016
Suining, Hunan E110°07'54.40"
ningangensis
B P e B LI
2% M N25°54'21.67"
Maoer Mountain, 149 8 HT210925
Q. oxyodon ) ) E110°27'58.79"
Xingan, Guangxi
TEHK TR X N29°00'58.46"
771 HT211014
0. gambleana Nanchuan, Chongqing E107°11'18.90"
SR AT AR
Py K T N27°53'48.29"
Fanjin Mountain, 1563 HT210917
Q. neglecta ] E108°43'19.03"
Tongren, Guizhou
1.2 ZFH 4 DNA RIS F

M R ) CTAB LM 4 F i XIEJ@ )M o 52 BUE. DNA . F A Tllumina Hiseq X #2 HX
] DNA AT 00 7o HERAAR 4 L R 20 DNA (I3 HCS 00 77 320 B R 0t B 4 f 2L R R H A R
YNEIERY
13 HESER

FIH FASTQ # A AT 8B 4%, #4215 211 clean data F|H GetOrganelle X ff (Jin et
al., 2020) HHATHEE, BHIEGEPE map BB H) EEEE 8GR I 456 Gapeloser A



(Zuo etal., 2017) , #hFFHEEHBLZH (gaps) o £ NCBI  (https://www.ncbi.nlm.nih.gov/)
BT X (MN199023) i 2k iR R 21 25 FE A, FIH CPGAVAS2 (Shi et al,
2019)  (http://www.herbalgenomics.org/cpgavas/) HEATVERE, FRIFIIEHE R Geneious
f ( Kearse et al, 2012 ) #E 17 F 3 # % M & % . F H OGDRAW # fF

(https://chlorobox.mpimp-golm.mpg.de/OGDraw.html) 2] 4 Fh 55 [X] V. J& A5 40 ) e 5% 4k 52 [A]
PR . BRI BRI B NCBL, THEX. 25 K. B2H X 71
H XI5 545 58 ON303301. ON258628. ON258629. ON258631.

1.4 FrSR AR EE R A BB
FIH Geneious (Kearse et al., 2012) X Editseq ZXF 411 4 Fi XV J@ AE ) 1 SR AR JL [A]
FF%) SSC. LSC. IRS XM KEZ. GC & EEREAMFEE . M NCBI LT #HhHEKX

(MN199025) . #i X (MN199023) . Pl X (NC _036941) X (NC_036930)

(14 et 53 Ak 25 AT 2H -5 FRAT 10 75 DU Ao 5 R) STV i A A2 P P A 5 R 2L 3R 47 B L 93

RN ATG AR IRE ST KB KT 300 pb WEAEE S /T, BrA WFh ik 5 % & 52
% CDS 741 FIF Codon W {4 (Sharp & Li, 1987) {15 4 Fird X 0@ i 4 S Fobr b 1
[R) RS FFHXSE FH E (relative synonymous codon usage, RSCU) . Z4Fi& MFE4L (codon
adaptation index, CAD) . 2% T4 (effective number of codons, ENC) . %515 i 14
544 (codon bias index, CBD) . SALE LT HAZ (frequency of optimal codons, FOP) LA
L AF5% CDS F41f#) ENC fE. RSCU i J %158 = - Bk tH L2 (A2 A3 T3,

C3. G3) , IEBHELHM EMBOSS ( https://www.bioinformatics.nl/emboss-explorer/ ) 115 %

CDS /¥4 GC1. GC2. GC3 & &E. THELE 2l GC1 A GC2 K F#ME (GCi) N
AFR, B GC3 fE AR, 2B B, IR y=x IR &R . ENC-plot 43 #r 4 I K
B GC3MH. ENC H ME . HALKE, @inFe ENCEMZ, friEh 4 AN
ENC=2+GC3+29/[GC3%+(1-GC3)*]. PR2-plot 34T L G3/(G3+C3) N AL R, A3/(A3+T3) NI
ARFRZ B R B 08T AL TS Cy G B AR A e 1% o P22 ] ENC-plot 22 /8] PR2-plot
=8 origin #AF .

FIH mVISTA 3/ (https://genome.lbl.gov/vista/mvista/instructions.shtml) (Mayor et al.,
20000 X 4 B X0 JE R A Je FLIi b i it S A ik DR AH R AT rT AL G B2 AT o (8 TRscope

(https://irscope.shinyapps.io/irapp/)  (Amiryousefi et al., 2018) 2T XEHENX. 2FX. &

SH X Pt X R T SR AR SR R4 IR 5
1.5 RGKE

U T #AE NCBI H AR 8 Ahae L BHE I SRR BRI H 7 51, A B et
H X (Q. obovatifolia, MG356785.1)  JINEE LEK (Q. aquifolioides, KX911971.1) KI5
ik (Q. spinosa, MG678038.1) « B2 4Kk (Q. engleriana, MZ196209.1) « ¥ Ji#k (Q. variabilis,
NC031356.1) « —#&#k (Trigonobalanus doichangensis, NC023959.1) . & /KEH X KK
HXIEH GEKE X (Fagus hayatae) FKIKE X (F engleriana) {ENINERE, ¥ ik 8
s 2FRHE A 0 - g AR SR R 20 5 AR SCE 3E 1Y 4 PP X0 JE AR A B SR AR SR TR 4 — R i R
GRBEW. BIrE SRR R4 5 5ic ] MAFFT (Katoh & Standley, 2013) #HTXFEE, ¥
X EE A g 2R AR BE R 2H 17 BRI A MEGA 7 804 (Kumar et al., 2016) X/ F1IF S fi4h B R
F o ATE M EEY, 12 MEGA 7 344+ Models Digg -4 LA EF%1lia F ML VAR & &
GuR B W IR AR (GTR+GD , LA KL% (maximum likelihood, ML) , ¥ bootstrap
N 100 0 F9%E RGUK B W 73 FAZ BY 1147 71 F32 -l MEGA 7 344 LLAT #297: (neighbor-joining
method, NJ) , i%H Maximum Composite Likelihood #57%, #4# bootstrap ¥ 100 00 4 #H%
VIR R AR E W
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2 g5 R 5508

2.1 &4 B DR 40 Y B A e i

THREX. 2HX. BE2EHX. TTHE KBRS R 456 B —4 LSC X, B4
IRs X4, —/> SSC XM i, B IY 7 fA 2 (1 1) o HEEPRIAAKE Dy 160 681~160
906 bp, AT XIFIE 2 T X S 4 JE DR 2 1K 5 43791 160 883 bp A1 160 882 bp, X
FZE 1AM . LSC X BIK EETE A 90 245~90 360 bp, SSC X (K EETEE A 18 891~18 929
bp, IRs K EETEH Y 25 816~25 840 bp. ASLIRMITFHIIUMH X E GC & (36.9%)
IRs XIH ) GC & & (42.8%) & CDs X[ GC & & (37.9%) ¥J—5(, LSC X SSC
XIH M GC FrEHMEAK (R 2) .

THREX. 2EKX. B2EFX. THE XA SEERAT RS RER, 4 HEXTE
YA 133 MR, HAE 37 4 (RNA LK (transfer RNA genes) , 8 /> tRNA JE[K]
(ribosomal RNA genes) , LA 88 MR E i 4ifidHE A (Protein-coding Genes) , (& 2) .
HISADERNEG 1 ANNET GpoCly ndhA. ndhB. rpl2. rpll6. atpF. rpsl6. trnl-UAA .
trnK-UUU. trnl-GAU, trnA-UGC. trnG-GCC. trnV-UAC. petB. petD) , B 2 NNET
I 34 Gpsi2s clpP. yef3) (R 3) .

TRER
Quercus ningangensis 160 906 bp

IR
0. oxyodon 160 883 bp
BEHN
Q. gambleana 160 832 bp
Tt
Q. neglecta 160 784 bp

WM Ei kR FE R SR TT 1) ARG R AN R DI RERIBE R ;. WREIR K (38R GC & i, i
KB AT &,
Gray arrows inside and outside the circle indicate the direction of gene transcription; Different colors represent
genes with different functions; Dark gray in the inner circle represents GC content, the light gray represents AT
content.

B 14 Fhi X o R0 ) o R e PR 4 1)

Fig. 1 Gene map of chloroplast genome in four species of Quercus subg. Cyclobalanopsis
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Table 2 Comparison of chloroplast genomes among four species of
Quercus subg. Cyclobalanopsis

R 34 M XN R A7) I S A P AL PR 4

o TR BEK  EBEN iR
Species Quercus ningangensis Q. oxyodon Q. gambleana Q. neglecta
FEF RN
160 906 160 883 160 832 160 784
Genome size (bp)
R LXK
90 297 90 360 90259 90 245
Length of LSC (bp)
N DX
18 929 18 891 18 905 18 895
Length of SSC (bp)
S A A XA
25 840 25816 25834 25822
Lengh of IRs (bp)
R A FE R
88 88 88 88
Number of protein-coding genes
15 RNA JE[N %
37 37 37 37
Number of tRNA genes
T2 A RNA JE [R5 g g g .
Number of rRNA genes
RO
133 133 133 133
Total number of genes
B GC g &
36.9 36.9 36.9 36.9
GC content of overall (%)
REHEINX GC FHi
34.8 34.8 34.7 34.8
GC content of LSC (%)
NEFEDIX GC F
31.1 31.1 31.1 31.0
GC content of SSC (%)
RAELZX GC F&
42.8 42.8 42.8 42.8
GC content of IRs (%)
ERmIGX GC &
37.9 37.9 379 379
GC content of CDs (%)
Table 3 Composition of complete chloroplast genome of four species of
Quercus subg. Cyclobalanopsis
e PSS B A A AR HE
Category of gene Group of gene Name of gene Number
. . 11rn4.58(%2); rrn5S(x2); rrnl6S(x
H A IZRE R RNA JE R .

Self-replication rRNA genes
2); rrm23S(x2)




trnA-UGC(x2)*; trnC-GCA;

trnD-GUC; trnE-UUC; trnF-GAA;
trnfM-CAU; trnG-GCC*;
trnG-UCC; trnH-GUG;

trnl-CAU(X2); trnI-GAU(X2)*;

trnK-UUU*; trnL-CAA(X2);

14 RNA 2 FH trnL-UAA*; trnL-UAG; 3
tRNA genes
trnM-CAU; trnN-GUU(X2);
trnP-UGG; trnQ-UUG;
trnR-ACG(x2); trnR-UCU;
trnS-GCU.;trnS-GGA;
trnS-UGA; trnT-GGU; trnT-UGU;
trnV-GAC(x2); trnV-UAC*;
trnW-CCA; trnY-GUA
RNA SR A B CI* C2 4
rpoA; rpoB; rpoC1*; rpo
RNA polymerase
rps2; rps3; rpsd; rps7(X2); rps8;
A /N T ”
Small subunit of ribosomal rpsll; rps12(X2)**;
rpsld4; rpsl5; rpsl6*; rpsl8; rpsl9
rpl2(Xx2)*; rpll4; rpll16*; rpl20;
BRI 2 .
Large subunit of ribosomal rpl22; rpl23(x2);
rpl32; rpl33; rpl36
ndhA*; ndhB(*2)*; ndhC; ndhD;
NADH-flit 2§
ndhE; ndhF; 12
NADH dehydrogenase
ndhG; ndhH; ndhl; ndhJ;
ndhK
JeEEH MRS A psaB saC msals psa) 5
psad; psaB; psaC; psal; psa.
Photosynthesis Photosystem |
psbA; psbB; psbC; psbD; psbE;
HRE 2 psbF; psbH; psbl; s
Photosystem II psbJ; psbK; psbL; psbM;
psbN; psbT; psbZ
petA; petB*; petD*; petG; petL; 6

MR b/f S5




Cytochrome b/f complex petN

ATP 4 i atpA; atpB; atpE; atpF*, atpH; ;
ATP synthase atpl
TR A BRI R R bl X
rbc.
Large subunit of rubisco
gl
clpP** 1
Protease
matK 1
Maturase
LT CoA FR ATl HA MY 5%
Subunits of accD 1
FoAtn
Acetyl-CoA-carboxylase
Other genes .
(NI 4SS
cemA 1
Envelope membrane protein
C AP EEREK
cesA 1
C-type cytochromesynthesis
A T
infA 1
Translation initiation factor
ARV REHE N, yef1(%2); yef2(%2); yef3*%; yef4;
_ T
Unknown function 8
Open reading frames
gene yefl5(x2)
S Total 133

e (X2) IR ARG T DN E T
Note: (x2) two copies; * One intron; ** Two introns.

2.2 TG i
2.2.1 B2 B Bt

4 T X JE@ R A B B S - BUAE 20 996~20 977 2 ] 45 %3519 1% (effective number of
codons, ENC)TE 49.91~49.81 X [A], %41 1& M. #5 5 (codon adaptation index, CAD )4 0.167;
THEX. B2HXMTHE X% EFE%0 (codon bias index, CBD 4-0.099, 2
X I m I PR ECN-0.097; 4 Bl X @ A A 1) S S 1 F AR (frequency of
optimal codons, FOP) J°5 0.355, GC & #: 37.93%~37.95% 8], 4 Fh75 X3 J& fE4 (1) %
M fm i PE SR EOH Z AR, BB EA S T A AL (R 4) o 4 0 KL JEEY
GC3 % &1 29.85%~29.88% 8], FWITH X J@HE Y wlf LA A/T 45211

W =, R (Lew) « 220K (Ser) M&IR (Arg) A 6 NMESUHIE ¥, A2 K (Trp).
HimEiR (Met) fUH—MEEF9mid, HRZIERS M 2 RO M ESCEE 7RG, X
8 i X J& A ) 1 5 T w i e AR AL, Ho ACUL UCU. UUA. GCU. UAU. GAU.
AGA If# FI#iZ 45, CUC. CUG. GCG. UAC. CAC. CAG. AAC. AAG. GAC. GAG.
CGC. CGG+ AGC- GGC [P)fs I Z UK « 7E KK ( Castanopsis carlesii) ~ KSR M (Lithocarpus
longinux) H UAA [ IS4 B 91 R AR IR
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Table 4 Codon preference index of four species of Quercus subg. Cyclobalanopsis

Eie1 THH M 2HN EEHK i X
Index Quercus ningangensis Q. oxyodon Q. gambleana Q. neglecta
K
63021 62 982 62 991 63 039
Length (bp)
BT
BRTH 20990 20977 20980 20 996
Codon number
A R4
49.89 49.90 49.91 49.91
Effective number of codons
B RS UINEE
o 0.167 0.167 0.167 0.167
Codon adaptation index
TR 4 AL
o -0.099 -0.097 -0.099 -0.099
Codon bias index
s 0 B R ik A AR
) 0.355 0.355 0.355 0.355
Frequency of optimal codons
GC &
37.93 37.95 37.94 37.95
GC content (%)
GCl1 & &
46.12 46.12 46.11 46.12
GCl1 content (%)
GC2 & &
37.84 37.87 37.85 37.85
GC2 content (%)
GC3 i
29.85 29.87 29.87 29.88

GC3 content (%)

AWK Fagus hayatae MW846258.1

KR F. lucida NCO43858.1

KoK R F. englerianaNC036929.1

ZHHR Trigonobalanus doichangensis NC023959.1

HHE Castanea seguinii MK248944.1
VWG X) Quercus sichourensis NC036941.1

X Q. glauca NC036930.1

i
T8 Q. gambleana ON258629

BN 0. oxyodon ON258628

PR Q. neglecta ON258631

WK Q. stewardiana MN199023.1

TR Q. ningangensis ON303301
SN Q. myrsinifolia MN199025.1

210

KB R O. variabilis NC031356.1

180 i

BEAHR Q. engleriana MZ196209.1

150

it Q. dentata NC039725.1

120

S5 BR O. mongolica NC043858.1

Kbk Castanopsis carlesii MK745999.1

090

060 P
c

3335035595555 500000ah TS e T T0022 Y YaGUUGE S RREESNET OO
O ] Q. Q:
030 §g~5g='=~o-=303=3§ugg;g= 030%038383850239 :"6‘3‘555’3 5020505320 usuéo
333333332232333355388885222286553355555522425555335833832222

T BB OML )M FRR BB RSCU fH.
AUERIERE, HARWIFNI 08 NCBI £ T #.

iy

KM Lithocarpus longinux OK181903.1

cece) L1 L1 [ 1 [ 1 [ 1 | | [ | | | | | |
GGGG}III||||||||||||||||\

GGA(G)

TV S S S

2HN. 2K THER. T XE KL

Note:White and red indicate lower and higher RSCU values, respectively. Quercus gambleana, Q. oxyodon,

Q. neglecta and Q. ningangensis were assembled and annotated for the study, and the remaining species were

downloaded from NCBI.

B 2 4 Bl X e AP B3 G 1 [ SCE RS RO RE R 8 FH 2
Fig. 2 RSCU values of all protein-coding (CDS) genes for chloroplast genomes from four

species of Quercus subg. Cyclobalanopsis and its sibling species
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M 4 B X0 S8 A A A 25 (R 4 5 328 HE DL ATG A g s 7 K KT 300 pb (13E
BEFHHETHEL2EMMSERER (B 3, FREXN. 25K, B2HX. THEFKX
GC3 1 GCra2 HIFH R 2 %05 514 0.007 93, 0.053 84+ 0.005 495, 0.06, [0 R& %4 HN 0.116
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