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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
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problems of subg. Quercus and Castanea in the Fagaceae, but there are few researches on solving the phylogenetic
problems of Quercus subg. Cyclobalanopsis with chloroplast genome information. To reveal the chloroplasts genome
characteristics and phylogenetic relationships of Quercus ningangensis, Q. oxyodon, Q. gambleana and Q. 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 (. ningangensis,
Q. oxyodon, Q. gambleana and Q. neglecta were 160 906, 160 883, 160 832, 160 784 bp, respectively. They all
encoded 133 genes, including 88 protein-coding genes, 37 tRNA genes and 8 TRNA 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 sequences. (3) According to IR boundary analysis, ycfl 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 llex 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 ). gambleana as a subspecies
according to the characteristics of leaves. The phylogenetic status of (. 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.

Key words: Fagaceae, Quercus subg. Cyclobalanopsis, genome comparison, chloroplast genome, phylogenetic study
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WSR2 A7 T SRR B R
RO EEN T, ik A 55
A ST s A ) 5T, FLHE R 2H S DO S AR S5 e —
AR DL X 35 ( long single copy, LSC) ,—4~/
PAPE D] X 35k (small simple copy, SSC) M P4~ K [H]
A X I (inverted repeat, IRA and IRB) #4 i, %
PK 2 7 47 F0 45 4 A 4 - 5F ( Zhao et al., 2018)
SR A e g5 R oR, iSRRI 4 2L A 4
PRI BA o3 dE /I | DR ) A 4 R AR L B 48 DL 4
¢ 15 ( Korpelainen, 2004 ; Kwak et al., 2019), T
SRR, WA ARG e I R] R AS Y I B Bk 22
FiRy I £ A DR AL 00 e 3 T 445 2R 2 8 P T A 00 i
MEEMRGE LB, HET, BACH A
FH - 2 K 55 )20 A e 76 3k BE AR E & ( subg.
Quercus) 52 )& ( Castanea ) W) 22 52 & & 0] @& ( 1 B
L, 2018 =D, 2020) , {EFI S (AL PR 24 £
SRR T MR RS K B R R R Z

5¢ 3} Bl ( Fagaceae ) £k J& & X W J& ( Quercus
subg. Cyclobalanopsis ) I 4 122 Ff ( Frodin &
Govaerts, 1998) & 150 Ff ( Huang et al., 1999) , &
L3 AR Y By R0 BT X 3R S R R
XIS 1) B 53 A XM A v 22— (B R

JAHTEL, 2001a) 34 77 FhLL K 3 A8 Fh RIS
] DL o B 7 X JE A 9 2200 A X, Dk E
2o ] DA 1 S AR o 22— (R A9 08 1 RE, 1998
Huang et al., 1999) , 7 X2 9 A b B A7 57 1 1B
R T T 450 S DI A S T 2 A H A T
B RIFAM RS NER S EFE, SEAN
50% ~60% (S AT, 1995) , 0] JH T BRI | il 4 1)
HE BB Tl UE 9 45 5 B B b S B ] AR
P, H MY B RSk T ALK A
W, BB AR e 2k 1 HE S O 20K 7 X2 AE )
Vg —A> Bl i) Jes Ak BE (AR AR SE B, 19765
KB, 19855 B M 5 A1 ¥ Bk, 1998 ; Huang et
al., 1999) ;1 228024 & M4l A6 K B A 351 24 S TE 2
FRIE B ITS J7 51, 3455 X ZSAE A AR 8 T Y —
AN J Ab 3 (b [ 2 B A W A ST, 19725 %0 2%
J5 R D IR 1986 ;v A KT, 19925 % Ha Fl R i B
2001b) o T X1 280 9 A 50 245 4 A8 A A K, i
(R AR IR A8 A 34— | AN (] 2 3 (] 7 70 BE R | T ik
(bR AS S AT PR, S 51 48 3 B 40 SRR IE M DL £ (XS
fg, 2007) , R @ T %A B0 00 o 4L, 3 o B
(AR DG &R B, i oy IR R E R R 2
W, HEl, X FHEHKIER%E LT MR £
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SRRFEN A5 B, RS T AE: (1) 4 Fh RS
T ISV Ja A ) ) I A R D) 2] R AR AR A e G 2
55 (2)4 FivRJE 55 I AL 1) 6 0 ol ] i 4
P (3) B2 FHRMEH K EEZ RN, LU
2 PR DR 2 )2 T MR T 7 X s R 4 2 7 1)
figp ke Fof ] S 2R AR R o3 ) 88 E R R LR B
1% B R AUH TR

1 AR5 77 %

1.1 R84 #

TERF AR AE T K 75 K] ( Quercus ningangensis) |
Z2H5 X (Q. oxyodon) .\ E=Z T X (Q. gambleana) T
35 X Q. neglecta) Fr i i) T HH A I Fr
(£ 1), IR A 60U B T8 A7 22 ORI
AR B T R AE, TR 58 T -80 CHYIKAE N &
35 P 1 R N 2 G =T N NS 23 7 N
(Herbarium, College of Life Sciences, China West

Normal University) ,
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Table 1  Information on the collection of samples from four species of Quercus subg. Cyclobalanopsis
- o4 T A A L
Hi 4 Rt G W SRR A
. ) . . Altitude Voucher
Plant name Collection place Latitude/Longitude .
(m) specimen
THTEM W E % T 8 110°07'54.40" E
Quercus ningangensis Suining County, Hunan Province 26°22'24.74" N 1233 HT211016
gang: 8 y
2K PR A A X B LI 110°27'58.79" E | 498 HT210925
Q. oxyodon Mao’er Mountain, Xing’an County, Guangxi Zhuang Autonomous Region 25°54'21.67" N
EE2HK PR X 107°11'18.90" E 771 HT211014
Q. gambleana Nanchuan District, Chongging City 29°00'58.46" N
i X SEM A A= AR L 108°43'19.03" E
Q. neglecta Fanjing Mountain, Tongren City, Guizhou Province 27°53'48.29" N 1363 HT210917

1.2 £F 4 DNA RIS F

FHBCR Y CTAB 5\ 4 Bk e 75 X s A 4 v
R PR ECE DNA, A H Nlumina Hiseq X $& BT
DNA FEATRGIF . AR a3 20 DNA A $H
50 e 2 ph Rt B AR PR BRA RS2 1
1.3 AR5ER

HIH] FASTQ B A7 Kl o s, o445 2 Y
Clean data FI|H GetOrganelle 214 (Jin et al., 2020)
PEA A% B AR R map B2 G T4 AR
74 15 %It 454 Gapeloser M4 ( Zuo et al., 2017) , #b
FFe % B 25 B (gaps) . 7E NCBI (https://
www. ncbi. nlm. nih. gov/) I T 2% # it & K
(MN199023) (1) I g (A L PR 4 A S 25 LR 4L, )
H CPGAVAS2 ( Shi et al., 2019) ( http://www.
herbalgenomics.org/ cpgavas/ ) HEATIE RS, T B U 194K
WEFIH Geneious At (Kearse et al., 2012) #47F3h
JE B A& 2, A OGDRAW #k 4 ( hitps://
chlorobox. mpimp-golm. mpg. de/OGDraw. html ) % 1| 4

AR 7 X I Ja AL ) ) i R R PR 2 ) L 4 4 1
o FeJEREE R A RR R 2 5 NCBIL TR K
SN EE T X AT X8R T a0l o
ON303301 ,0N258628 ,ON258629 ,ON258631
1.4 HEREEFERALLLR ST

FIH Geneious ( Kearse et al., 2012) & Editseq
BAFGETT 4 ik s T X JE AE ) i 2 A 5E TR 40
J¥ %1 SSC LSC | IRS XA ICHE | GC & i SFREAE
Ho M NCBI LR #/h 35 X (MN199025 ) | #6 it
X (MN199023) | P4 B4 75 X (NC_036941) . 7 X
(NC_036930) [ i & {4 B K 4H 5 A SC 4 Mk g
IX] IV 5 A JT D0 1 W R 5 R A 6 A L350 A

BEFELL ATG S B 3% % 1 < B2 KT 300 pb
MRS A, iR ) S IS 2R 4% 52 4% CDS
FE51) . FIH Codon W %44 ( Sharp & Li, 1987) 15
4 PR s XL & A ) S S p Y [) S
A XF i FH BE ( relative synonymous codon usage,
RSCU) . % % F & W 45 L ( codon adaptation index,
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CAD) A % %S T %0 ( effective number of codons,
ENC) | % % ¥ fw & 1 5 2% ( codon bias index,
CBI) 35 1t %5 A% i F 450 %2 ( frequency of optimal
codons, FOP) LA M2 4§ 4% CDS 4 ENC { .RSCU
(B S 1 5 =00 2% Wk Hh B RO ME S (A2 A3
T3.C3.G3), iz H 78 £k 4K {4 EMBOSS ( https://
www. bioinformatics. nl/emboss-explorer/) i1 . %
CDS J¥41 GC1.GC2.GC3 Wy & i, P4 18 43
PLGC1 Al GC2 BFIIMH (GC,,) WALAR, LA GC3
Eo AR bR, 22 ) R P T A y =« 19 eR R
8. ENC-plot 43 #7 22 il it B 5 B #F GC3 {H  ENC
EZr IR R IR AR, G5 N B8 ENC T2k, A5
HEM 2 S8 ENC=2+GC3+29/ [GC3>+(1-
GC3)2], PR2-plot 43 Hr Lk G3/( G3+C3) Jy i 4k
bR, A3/ (A3+T3) Y\ AL bR il s K, 438 AT,
C .G By FH A0 5 A g Ay M, PR 22 ] ENC-plot
2 PR2-plot 2 #11di FH Origin 3144,

FH mVISTA % 4 ( https : //genome. 1bl. gov/
vista/mvista/instructions. shtml ) ( Mayor et al.,
2000) X 4 TR & 5 X & 4 1) K H i S A i i
SRR I P A1 R AT T AL XS e 4 . {8 TRscope
( https : //irscope. shinyapps. io/irapp/) ( Amiryousefi
etal., 2018) 2 THHNK 2HX BE2HFN AT
75 )] B HGGT G R il S (R R L 2 IR 3 5
1.5 RE R BEHH

PEWOF N 878 NCBI Hh A JF R 8 Fhoe sl Bt
FE 0 - 2 A 5 PR 20 1 910 0 45 31 B 55 X Q.
obovatifolia, MG356785.1 ) . JIl JH & b # ( Q.
aquifolioides , KX911971.1) JillM-&5 1LAR( Q. spinosa,
MG678038.1) L Z-A% ( Q. engleriana, MZ196209.1) |
¥ B KR (Q. variabilis, NC031356. 1), = # ¥k
( Trigonobalanus doichangensis, NC023959.1) . &5 &
K X ( Fagus hayatae, MW846258.1) K > K T
X (F. engleriana ,NC036929.1) , & & 75 /K ¥ X
KK T RIAE S AP RE B ik 8 Fhe 3 BHAw
PR S A R 4 5 A SCZ 3610 4 F ik R 7 X I
R R R B 2 — B R R EW, I
Fir 5 o &5 Ak (] 4 7 81 i ] MAFFT ( Katoh &
Standley, 2013 ) AT XF LG, B XoF LU 47 (0 1 S 4 5 K]
A7 FFIH MEGA 7 84 ( Kumar et al., 2016 ) X}
e 3 T Sk FIZE B oR X 55 0 o0 #E AT 8 i B 57, i
FI MEGA 7 #fF+h Models T 4% LA ¥ 5132
ML B R 58 % B WA SR (GTR+GI) |, LA

i K K ¥ ( maximum  likelihood, ML) , ¥ &
bootstrap i1 000 R G & B . 73 K& 35 4 1Y
P9 #4532 il MEGA 7 #fF LA 4R 2 1% (neighbor-
joining method, NJ), ¥£ i Maximum Composite
Likelihood #5 %1 5% ¥ bootstrap >4 10 000 44 % #H 3¢
YR R G RK B,

2 HER 5

2.1 HEGERANEREFE

THEN . 25X, EB25 K A7 KX
LRAASEDI A B —> LSC X4 A~ IRs X3
—> SSC DX Al B, S SR B U 3 IR S5 R (P 1)
H P ZH K J R 160 681 ~160 906 bp , Hirf 2 % X]
ME 2 FH X gk 4 5 HW A K E 55 R
160 883 bp#il 160 882 bp, U #1221 /A%, LSC
X f4 K B2 7 Bl A 90 245 ~90 360 bp, SSC X [ fE
JEFE M 18 891 ~ 18 929 bp, IRs AY K J& 15 [ K
25 816~25 840 bp, ASLIGIASH 4 Fh 7 X AT &
GC & HE(36.9%) IRs X GC 71t (42.8% ) I
CDs XA GC 45 (37.9%) ¥ — 3, LSC X I K
SSC IXHRAY GC FHEWAHZEAR (K 2),

THEN . 25X EB2%5 K ATHE Xt
SRARFE AL BEAS R oR 4 PPk s 7 X Al
YA 133 AW oA A 37 4> (RNA R A
(transfer RNA genes) , 8 1~ rRNA 3 [A ( ribosomal
RNA genes) , LA & 88 A~ 4 I it 4 5 5 [H ( protein-
coding genes) ,(F 2), A 15 PMEHFF 1 N E
F (rpoC1 .ndhA .ndhB rpl2 . rpl16 atpF .rps16 irnl-
UAA . irmK-UUU ., trnl-GAU ., trnA-UGC ., trnG-GCC
trnV-UAC .petB .petD) ,( 15 2 DN & FHIEKRA 3
A~ (rps12 elpP \yef3) (% 3) .

2.2 B FRIFIES

22,1 BT ABRLSH 4 FERIE T XL & A Y
LT AU 20 996 ~20 977 Z[a] 5 47 R 5 F 5L
(effective number of codons, ENC) 7E 49.91 ~49.81
Z 8], % 5% & W 48 % ( codon adaptation index,
CAT) ¥175 0.167; T 75 X, B 2 75 K AT 55 X
%5 18 7 fi 3 P 48 X ( codon bias index, CBI) H
-0.099 , &7 X B % 5 1~ fi 47 P 45 K - 0.097 ;4
FRRJE & XL & A Y 1Y B 2 B 4 A R
(frequency of optimal codons, FOP) 34 0.355,GC
FHE37.93% ~37.95% 2 6] . 4 FERIE X TR
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Quercus ningangensis 160 906 bp
2HN
Q. oxyodon 160 883 bp

BE2FN
Q. gambleana 160 832 bp
PrmE X
Q. neglecta 160 784 bp

W Yt %% 1 Photosystem I

W A &SI Photosystem 11

B (a3 2 A4 Cytochrome b/f complex

@ ATP4 i ATP synthase

[0 NADH it 4(/if NADH dehydrogenase

I R BERR R AL AR KI5 RubisCO large subunit
W RNAZR i RNA polymerase

O #8544 % /N7 2 Ribosomal proteins (SSU)
[ % KT8 Ribosomal proteins (LSU)
W %32 RNAs Transfer RNAs

W #%5E1K RNAs Ribosomal RNAs

W cipPv matK3ER ClpP, matK

152 Pl P A1 9 K0 ke 227 R s D5 1 5 AN TR B AU R [RI DU RE R 2 I3 N BT I (R0 GC i K (AR AT & i,

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.

1 4#EEENITEEMH M REEEARE

Fig. 1 Gene map of chloroplast genome in four species of Quercus subg. Cyclobalanopsis

L0 1) %8 B 4 P 45 48 B8R 22 8 K, U B E AT
RS HAE AL R 4) . 4 FIAR)R F X &
MY GC3 & 1E 29.85% ~29.88% 2 [6] , ¢ HH
BEJE S X R Y R LA A/T 45 B 0% ST,

WK 2 FiR, 5 &R (Leu) (22 & R (Ser) K5 &
MR (Arg) H 6 NNE UEM T, AR (Trp)  FHRA
% (Met) A H —Fh 2% 55+ 4 i, o AR S SRR ¥ i 2
AR UL R SRS S, X 8 FiARJE H X
J& AE W B %R i 4 PR AR L, o ACU L UCU
UUA .GCU ,UAU ,GAU ,AGA 4 i 4 & 8% v, Thi
CUC, CUG, GCG, UAC, CAC, CAG, AAC . AAG,
GAC .GAG ,CGC . CGG ,AGC . GGC Ay fii i 41 R 45
X, 7 K k& ( Castanopsis carlesii ) . & £ ]
( Lithocarpus longinux) " UAA W fifi FH 451 R 45 iy 51|
1) FCAAG AR

2.2.2 PHLBE A N4 FERE T XOEE R
SRR ZH B 1k L DL ATG R BR B F K BE K
T 300 pb AL & )7 50 34T 2 I g5 0L (A
B, THREX . 2EFX E2EX M EKX
GC3 1 GC,, BYAH & R %43 5124 0.01,0.05,0.01 ,
0.06, 1719 Z ¥ 43 1 °40.12 .0.34 ,0.34 ,0.36, B E
K g6 45 R 3 P<0.01, R GC, Fl GC3 Z [H] Y AH
KRR ES , 2 A T A 15 2 S RER 3
PLZ B A TE W2 25 5. B LD, A SR FEXT 4
FiRR I T X I A 4y - ¢ A 5 R 20 % 08 = 1 ol
i -1 1 B e K

2.2.3 ENC-plot 2B 247  HEl 4 85 R o, KEB
AR ER ENC IEEARHEMZZ T, BT A 48
B 428 X 3 38 35 DA ) 2 il Al e ) R g o
K5 Do FE N A 52 B ENCAE A8 AR v i 28 B 3T 55
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Table 2 Comparison of chloroplast genomes among

four species of Quercus subg. Cyclobalanopsis

four species of Quercus subg. Cyclobalanopsis

Table 3 Composition of complete chloroplast genome of

THREN HW BEEN MHER
Quercus Q. Q. Q.

ningangensis oxyodon — gambleana  neglecta

Wwh

Species

FERZH K
Genome size (bp)
KEAE DX K
Length of LSC (bp)
NP DL IX K
Length of SSC (bp)
1) AT XA
Lengh of IRs (bp)
SRR ik 88 88 88 88
Number of protein-
coding genes
iz RNA JEHH 37 37 37 37
Number of tRNA genes
BOBEIR RNA BB 8 8 8 8
Number of rRNA genes
Total number of genes
B GC

GC content of
overall (%)

KX GC & it
GC content
of LSC( %)
/NEAFE DL IX GC A i
GC content
of SSC (%)
I E X GC i
GC content
of IRs (%)
HNRX GC i
GC content
of CDs( %)

160 906 160 883 160 832 160 784

90 297 90 360 90 259 90 245

18 929 18 891 18 905 18 895

25 840 25 816 25 834 25 822

133 133

36.9 36.9

34.8 34.8 34.7 34.8

42.8 42.8 42.8

07, U BH 5 A o L% R - A A O 4 1 2 e B
koENcwEwW%%ﬁ(%S)ﬁn-TT] RN
HX L EB2H X ATHE X AT -0.05~0.05 X
[) Y 56 R 230 A 19,18 .18 .19 A4~ 43 Jil 5 37%
35% 35% \37% , 3% W 58 78 %k 33X 26 K& PR 1 52 Wil %5
Ko X 4 FPERE S KB AP AT 33 ~34 AL
M%ﬁﬁmmﬁ%%ﬁmmﬁ%ﬁ?k XA Kk
2 HARBE RS AR H A K, ENC-plot 43 #7 45
%ﬂmw%@ﬁ%%ﬁﬁ%Aﬁ%E%MEﬁ
L0 110 - g R 5 PR 4 % S 7 Ml - 1 B TR B A2 28 A
GINER S rEedivs-A IV ERSRINTTR=INE R 7 e3Pl
R GEAR R M5
2.2.4 PR2-plot 2B 541 MK 5 AIH, 4 T
O s, 1 Bl PR T R DR 2 B2 AR (R I, K 2

SRR B4 E P Kkt
Category of gene  Group of gene Name of gene Number
EE 4R KM RNA JEN3E rmd. 5S (X 2) 5 rmSS (x2); 8

Self-replication rRNA genes rm16S(x2) ; rrn23S(x2)
iz RNA B trnA-UGC(X2) # 5 tmC-GCA; 37
tRNA genes trnD-GUC; trnE-UUC; trnF-GAA;
trnfM-CAU;  trnG-GCC * ;  trnG-
UCC; trnH-GUG; trnl-CAU(X2) ;
trnl-GAU(X2) * 3 tmK-UUU *
trnl-CAA ( X 2); trnl-UAA *
tnl-UAG; tmM-CAU; traN-GUU
(% 2); tmP-UGG; trnQ-UUG;
tmR-ACG(X2) ; trnR-UCU; trnS-
GCU;  tnS-GGA;  tmS-UGA;
tmT-GGU; tmT-UGU; trnV-GAC
(x2); trnV-UAC * ; trnW-CCA;
trnY-GUA
RNA R4 rpoA; rpoBj; rpoCl * 5 rpoC2 4
RNA polymerase
KRR/ N3 ps2; mps3; 1psd; rpsT(X2) 5 rps8; 14
Small subunit pslly  mps12(X2) % 5 rpsld;
of ribosomal ps15; mps16 * ;5 rps18; rps19
[ L INZ mpl2(x2) * 5 plld; mll6 =; 11
Large subunit pl20; rpl22; mpl23 (X 2);
of ribosomal pl32; mpl33; mpl36
SeAEM NADH-flit & ndhA * 3 ndhB(x2) #* ; ndhC; 12
Photosynthesis NADH ndhD; ndhE; ndhF; ndhG;
dehydrogenase ndhH ; ndhl; ndh]; ndhK
| psaA; psaB; psaC; psal; psa] 5
Photosystem [
bl psbA s psbB; psbC; psbD s psbE; 15
Photosystem Il psbF; psbH; psbl; psb]; psbK;
psbL; psbM; psbN; psbT'; psbZ
MM E b/EBEY petA; peB * 5 perD * ; peiG; 6
Cytochrome b/f complex petL; petN
ATP A atpA; atpB;  apk;  atpF 6
ATP synthase atpH ; atpl
WAL EBR AL rbeL 1
PR HE AL (K]
Large subunit of rubisco
HAbFEH Sl =90 clpP % 1
Other genes Protease
AR LA matK 1
Maturase
LI CoA BRALEEN  accD 1
I
Subunits of Acetyl-
CoA-carboxylase
(ol =S cemA 1
Envelope
membrane protein
CRMMEARTIR oA 1
C-type cytochromesynthesis
AR 4G T infA 1
Translation initiation factor
RAREIES TP ke V(X2); 92(x2) s yef3 e ;8
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23 MHEHERABERLER S
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Length (bp) Gl B I P U oS 7 N S PR A e |
C%g%%ﬁ&z ) 20990 20977 20980 20 996 mVISTA Xf & % X | & &% K AT & X 55
odon number N
s s oo ae P HRITTEI PG D 0 3 A 2
Effective number SIHAT AT AR LE B A . N i 45 2R T LA
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IR M JE T XV J& AL 0 i e R 35 R A EL A v 1 R
e Yk (=% 0.167 0.167 0.167 0.167 N N
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adaptation index TEHR 0T g A X 35 & AR AR S R . LSC X 3k g A
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ﬁ%%ﬁ%%ﬁﬁﬁ 0.355  0.355 0355  0.355 SE/ANT LSC X3, 8 FiAR)E T XL R AE Y ) rRNA
IR B e pu— ST Y N P :
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codons 2.4 IR itﬁﬁﬂ‘ﬁ
gg é‘i; o 37.93 37.95 37.94 37.95 i FAE 28 Wk IRscope 43 HT1 4 F Ak & & X
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o o aets sl aeny  TEVHUERCHCIE GRS IR IE R 4L TR KA
GC1 content (%) it O, LA KR LSC IR SSC 1Y 341 v i (
PoE=N . N
ggg (:E:)int - 37.84 37.87 37.85 37.85 7). AE 8 FhTFIXI T, 4530 S BT 40 A6 B L R — B
GC3 Frit 29.85 29.87 29.87 29.88 (LR 1 5% () B 5 W AT AN ), e, rps19 DA B
GC3 content (%) SSC/IRb ¥4 11 bp, UM XA X0 trnH
i T T R 1 RN AWIKER Fagus hayatae MW846258.1
i ANF NRNCNNN-NAN NENCN HORRNCRONCHRNR SN F uida NCO43838.1
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L “‘I L[] || || || I =HMiME Trigonobalanus doichangensis NC023959.1
| LR I BN RERCEC RN B Castanea seguinii MK248944. 1
L RN ERRRERRNEN IR Va5 X Quercus sichourensis NC036941.1
] NEERCNNNERNRCEN I BCRCECEERCEENR #K 0. glauca NC036930.1
] B RS I E E8HK 0. gambleana ON258629
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| [ R I C RN ncn WHER Q. stewardiana MN199023.1
L | 1] || || || i'n B TXEH X Q. ningangensis ON303301
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[y DI ARI RIS TSIELII IS
. 333333 $335335383358382838

FEARIZE AR R BARRIEGR B RSCU i, B2 H M 23 X A5 T M XA ABT AR, HAW i3 NCBI |
T#E,
White and red indicate lower and higher RSCU values, respectively. Quercus gambleana, (. oxyodon, (). neglecta and (). ningangensis were

assembled and annotated for the study, and the remaining species were downloaded from NCBI.
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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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Fig. 6 Visualization alignment of four chloroplast genomes in Quercus subg. Cyclobalanopsis and its related species
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