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Abstract: [Objective] Citrus maxima (L.) Osbeck ‘Majiayou’ was approved by the former Ministry of
Agriculture as a national geographical indication agricultural product in 2010. At present, all counties
and cities in Shangrao City are vigorously developing the C. maxima (L.) Osbeck ‘Majiayou’ industry.
It is urgent to trace the origin of C. maxima (L.) Osbeck ‘Majiayou’ to ensure its authenticity. There

have been some studies indicating that the genetic relationship between C. maxima (L.) Osbeck ‘Maji-
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ayou’ and C. maxima (L.) Osbeck ‘Xinmuyou’ in the surrounding areas is relatively close, and it is
quite likely that C. maxima (L.) Osbeck ‘Majiayou’ is a variant strain derived from the bidirectional
(natural and artificial) selection of local pomelo. However, the above research has not yet solved the
phylogenetic problem of C. maxima (L.) Osbeck ‘Majiayou’. The study aimed to rectify the source of
C. maxima (L.) Osbeck ‘Majiayou’ and explore the phylogenetic relationship with other Cifrus plants
through surveying the characteristics of the chloroplast genome of C. maxima (L.) Osbeck ‘Majiayou’
and its codon preference. [Methods] The total DNA extraction from the leaves of C. maxima (L.) Os-
beck ‘Majiayou’ was performed using an improved CTAB method. The purity of the DNA was detect-
ed using the NanoDrop 2000 spectrophotometer method; Preliminary quantification of the DNA library
using Invitrogen Qubit® 2.0 fluorescence quantitative instrument method; The detection of inserted frag-
ments in the DNA library was carried out using the Agilent 2100 biological analyzer system; The accu-
rate quantification of the effective concentration in the DNA library was carried out using real-time fluo-
rescence quantitative PCR method; The DNA library was sequenced using the DNBSEQ-T7 sequencer
method. The assembly of the chloroplast genome was carried out using Noveplastys and CAP3 soft-
ware; The annotation of the chloroplast genome was performed using GeSeq and tRNAscan- SE soft-
ware; The production of the chloroplast genome map was carried out using OGDRAW software. The
analysis and statistics of GC content in the large single copy region (LSC), small single copy region
(SSC), and reverse repeat region (IR) of the chloroplast genome were conducted using CGViewServer
software; The SSR analysis of the chloroplast genome was performed using MISA software; The Lon-
grepeat analysis of the chloroplast genome was performed using REPuter software; The calculation and
analysis of the RSCU of the chloroplast genome were carried out using CodonW software; The drawing
of chloroplast genome variation circles and the calculation of sequence similarity for C. maxima (L.) Os-
beck ‘Majiayou’ and its 18 congeneric species were performed using Gview software; The mapping of
IR structural variations in chloroplast genomes of C. maxima (L.) Osbeck ‘Majiayou’ and its 18 conge-
neric species was performed using IRscope software; The calculation of the chloroplast genome Pi of
C. maxima (L.) Osbeck ‘Majiayou’ and its 18 congeneric species was carried out using NADnaSP6.0
software; The sequence alignment and tree construction of chloroplast genomes of C. maxima (L.) Os-
beck ‘Majiayou’ and its 85 same family species, as well as three outer groups of Glycosmis, were car-
ried out using MAFFT 7.0 software and FastTree 2.1.10 software, respectively. [Results] The chloro-
plast genome of C. maxima (L.) Osbeck ‘Majiayou’ had a total length of 160 186 bp, including 1 LSC
region (87 791 bp), 1 SSC region (18 395 bp), and 2 IR regions (including IRa and IRb, both 27 000 bp).
Its structure presented a typical closed circular double stranded structure. The average GC content of
the chloroplast genome of C. maxima (L.) Osbeck ‘Majiayou” was 38.47%, with the GC content in the
IR region being higher than that in the LSC and SSC regions. The chloroplast genome of C. maxima
(L.) Osbeck ‘Majiayou’ annotated 133 functional genes, including 88 coding sequence (CDS) genes, 8
ribosomal RNA (rRNA) genes, and 37 transporter RNA (tRNA) genes. A total of 79 simple repeat se-
quences (SSRs) were detected in the chloroplast genome of C. maxima (L.) Osbeck ‘Majiayou’, in-
cluding only single nucleotide repeat sequences and trinucleotide repeat sequences. The single nucleo-
tide repeat sequences were mostly A and T repeats. A total of 34 long repeat sequences were detected in
the chloroplast genome of C. maxima (L.) Osbeck ‘Majiayou’, including 13 dispersed repeat D (1739~
135 819 bp) and 21 palindrome repeat P (421-125 236 bp). The chloroplast genome sequences of C.
maxima (L.) Osbeck ‘Majiayou’ and its 18 congeneric species were highly conserved, with significant

sequence differences between genes such as petN, petL, psbl, psbK, psal, pafll, trnT-GGU, trnR-UCU,
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trns-GGA, and trnL-UAA in the LSC and SSC regions. The variation ranges of the nucleotide diversity
in the chloroplast genome of C. maxima (L.) Osbeck ‘Majiayou’ was from 0 to 0.00629; The degree of
variation in the non coding region of the chloroplast genome of C. maxima (L.) Osbeck ‘Majiayou’
was higher than that in the gene coding region. The overall variability was higher in the LSC region, fol-
lowed by the SSC region. The IR region had the lowest variability and was the most conservative re-
gion; The SC/IR boundaries of the chloroplast genomes of C. maxima (L.) Osbeck ‘Majiayou’ and its
18 congeneric species were relatively conservative. The bias analysis of synonymous codons showed
that the variation trend of GC content at three positions of the chloroplast genome codon of C. maxima
(L.) Osbeck ‘Majiayou’ and its 18 related species was GC3<<GC2<<GCl, with an ENC value ranging
from 26.309 to 61 and an average of 48.04. The codon bias was weak, and all codons except UGG,
UUGQG, and AUG ended in A and U. Neutral plot analysis showed that the GC3 and GC12 contents of the
chloroplast genes of C. maxima (L.) Osbeck ‘Majiayou’ and its 18 congeneric species were mostly dis-
tributed above the diagonal, with an internal mutation contribution rate of only 2.5% and a natural selec-
tion contribution rate of 97.5%. The codon usage bias of the chloroplast genome of C. maxima (L.) Os-
beck ‘Majiayou’ and its 18 congeneric species was mainly influenced by the natural selection, and was
less affected by internal mutation pressure. The ENC plot analysis showed that there were significant
differences between the actual and expected values of most of the genes ENC in the chloroplast genome
of C. maxima (L.) Osbeck ‘Majiayou’ and its 18 congeneric species, and the distribution of GC3 val-
ues was relatively concentrated, indicating that natural selection was an important factor affecting the
codon usage bias of chloroplast genome. The PR2 plot analysis showed that the chloroplast genomes of
C. maxima (L.) Osbeck ‘Majiayou’ and its 18 congeneric species exhibited C>G and T>> A phenomena
at the third synonymous codon position, indicating that the codon usage preference of C. maxima (L.)
Osbeck ‘Majiayou’ was influenced not only by internal mutations but also by natural selection. There
were a total of 10 optimal codons in the chloroplast genome of C. maxima (L.) Osbeck ‘Majiayou’,
including AAU, UGU, AAA, UUU, GCU, GGA, CCA, ACU, CGU, and AGU, all ending in A and U.
C. maxima (L.) Osbeck ‘Majiayou’ was closely related to C. maxima (Dongshizaoyou in Xishuangban-
na, KY055833, source: Yunnan), Japanese summer orange (C. natsudaidai, ON193075, source: South
Korea), C. maxima ‘Liuyuezao’ (MT527726, source: Fujian), and C. maxima (Burm.) Merr. ‘ Guanxi-
miyou’ (MN782007, source: Fujian). [Conclusion] C. maxima (L.) Osbeck ‘Majiayou’ is a relatively
unique variety in the Citrus genus. The research results would provide a theoretical basis for further re-
search on the genetic resources, species identification, and phylogenetic analysis of C. maxima (L.) Os-
beck ‘Majiayou’.

Key words: Citrus maxima (L.) Osbeck ‘Majiayou’; Chloroplast genome; Sequence characteristics;
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Ps16 = : PR , A A (0.68)
H —I : : Majiayou S ’,‘é’n (0.64)

i = C . = rpl36 (051)

tmK R Plastid Genome . ~RointA (0.57)

matK (0.54) B . i . 5 SR\ Ps8 (0.64)
: 88 genes; 8 rRNAs; 37 tRNAs ; \}¥:533(0,51)

psbA (099) w22t : 160 186 bp I F_g;fa((gjiu

Ao . , 7
GC: 38.74% gy r;:’Q(O.SJ

fg.‘?a (O.s;)

o

Bt 7% | Photosystem [

m Z‘ﬁ 2411 Photosystem 1
i)

a ({;H Q%(%r%?n? /%Ec%rﬁ%lex

] A¥P & hk@% ATP synthase

O NADH Jii %/ NADH dehydrogenase

i

B %R 3E Rubis CO large subunit &

219

B RNA K47 RNA polymerase g &8 \\ ‘ ]

O A% fA /I8 F £ 25 (15T Small ribosomal proteins (SSU) & _[TTT TIV ] %
B AR ORI 42 15 Large ribosomal proteins (LSU) = Sf Z @ %§.§ g Gl
B clpP, matK, infA 3R clpP, matK, inf4 genes g 5_}_-9 = Ehg% % )
O % B EAE S Hypothetical reading frame g3 SRR

B /%32 RNA Transfer RNA g

B} BE K RNA Ribosomal RNA
B LAl Other
FIEH I3RS GC & i .

The ring in the graph represents the GC content.
E1 DREMEAERELEEE
Fig. 1 Chloroplast genome map of C. maxima (L.) Osbeck ‘Majiayou’

BE, M SRR SE RN A R R T R RS 8 — AR T, B — IR 40T LSC Xk, 575 4h A~ 4b
KRG AGEHERI44MER - REARE B FM T IR XD 5E47E LSC X 1 F A 80 4
H 77 FPIED s 55 = 2R HAR T RE AT 6 FPSEIA 2650 (21 AN RNA LKA 59 4~ CDS % (KD , 58 4 7F SSC [X.
FoERININREM 6 FhIEH . HoA, 4nH-GUG trnK-  BIFERE 114 A~ (RNA LK A1 10 4 CDS S A1),
UUU. trnl-GAU. trnA- UGC- trnG- UCC- trnV-UAC. 564 1E IRB F1 IRA [X B2 A5 18 4~ (4 4~ rRNA %
trnL- UAA- rpoC1 . ndhB- ndhA- rpl2 - rpl16- petB- at- VTN RNA £ [KF17 4~ CDS 2 [A]) , £ SSC-IRB i
pFpetDrps16.rps12 Z: R HAG 2 NIMNE T, rps1 24 AL IR 24 CDS 2 Kl (ndhF Fl yef1) , 75 LSC-
clpP1pafl 3K BAG 3 NNEF Gps 125 2 M 0L, IRB & #: 4 FI 2 A 14 tRNA 2 K (rmH-GUG)
BANEINEAIANIE T, AR NI EE - 7ESSC-IRA EHEAAMERF A 11> CDS HH (yefD .
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Table 2 Gene composition of chloroplast genome of C. maxima (L.) Osbeck ‘Majiayou’

. LR $E
SEBTh R A B4 R
i Number
Gene function Gene type Gene name
of genes
YA 1EH J&4 1 Photosystem | psaA psaB psaCpsal psaJ 5

Photosynthesis FZ& S 11 Photosystem 11

psbA - psbB psbC. psbD . psbE \ psbF \ psbH . psbl . ps- 15
bJ\psbK \psbL \psbM \psbTpsbZ .psbN (pbf1)

NADH Jlit ndhA ndhB*.ndhC.ndhDndhE ndhF .ndhG.ndhH, 12
NADH dehydrogenase ndhlndhJndhK
MR E b/f B AR petA petB petD \petG petL .petN 6
cytochrome b/f complex
ATP & il atpAatpB.atpE atpF ~atpH \atpl 6
ATP synthase
AR T2 HEAA R 8 rpll4. 1pll6 rpl2*, 1pl20. rpl22%*, rpl23*, pl32. 12
Self-replication Proteins of large ribosomal subunit rpl33.rpl36
T2 HE A /N3 8 rpsll. rps12*. rpsi4. rpslS. rpsl6. rpsl8. rps19%. 15
Proteins of small ribosomal subunit rps2rps3.rps4drps7*.rps8
IR AR R rbel 1
Large subunit of rubisco
RNA R &1 rpoA~rpoB.rpoCI .rpoC2 4
RNA polymerase
%M RNA Ribosomal RNAs rrnl 6% rrn23% . rrnd. 5* rrn5* 8
112 RNA Transfer RNAs trnA-UGC*. trnC-GCA trnD-GUC  trnE-UUC\ trnF- 37
GAA trnfM-CAU \trnG-GCCtrnG-UCC +trnH-GUG
trnl-CAU*. trnl- GAU*. trnK-UUU . trnL- CAA* trnL-
UAA trnL-UAG «trnM-CAU .trnN-GUU* . trnP-UGG .
trnQ-UUG . trnR-ACG*. trnR- UCU. trnS- GCU. trnS-
GGA~ trnS-UGA  trnT-GGU . trnT-UGU  trnV-GAC*
trnV-UAC \trnW-CCA trnY-GUA
HoAth R A matK 1
Other genes Maturase
EEL" clpP1 1
Protease
TEA cemA 1
Envelope membrane protein
LA A B AL aceD I
Acetyl-CoA carboxylase
-T2 i 7 3 A B ] cesA 1
c-type cytochrome synthesis gene
RSN T infA 1
Translation initiation factor
KA HEHE K PR AR B I SR AR [ AT 42 yef1*\yef2*.yef3 (pafl) ~ycf4 (pafll) 6
Unknown function gene  Conserved hypothetical chloroplast Reading Frames
&1l Total 133

RN 2 ML

Note: * represents 2 copies.

2.3 DM LRAEEZH SSR 1 Longrepeat 434
Il GROp P 4 A K DR 2H A I 21 79 > SSR (R
3, AUFERZ TR EL T = HRES T,
BRHIREE I 78 1(97.44%) , K 774 A
AT HEE(98.72%), | NN G CEE (1.28%); =
BHBREEFI1A.27%) . L5 h 184N fh
- 25 44 3 A 2H (KJ865401. KY055833. LC147381+

MN782007. MT106672. MT527726. MT880607-
MT880608. MW722946. MW770450. OK513184.
ON065548. ON065551. ONO065553. ON169959.
ON193075.0N597621.0N641345) 435l .45 77,76+
84.79.80.79.76.79.76.76.80.76.76.76.76.79.77
A 764~ SSR, HIEJLLA R T H R ELEFHN
F, B I S S H 18 A [R] J& i i £ 4 = [K1 4 SSR
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Table 3 Type and distribution of SSR in chloroplast genome of C. maxima (L.) Osbeck ‘Majiayou’

ENCE Tl 5 LG E U Repeat number of repeat units B
Repetitive unit base type 5 ¢ 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21  Total
A - - - - - 6 10 7 5 2 5 1 2 - - - 38
C - - - - - 1 - - - - - - - - - - - 1
T - - - - - 11 7 7 5 4 1 1 1 1 - - 1 39
ATT - 1 - - - - - - - - - - - - - - - 1
A/T - - - - - 17 17 14 10 6 6 1 2 3 - - 1 77
C/G - - - - - 1 - - - - - - - - - - - 1
AAT/ATT - 1 - - - - - - - - - - - - - - - 1

Pl A5 P AFH T B o 5 M P 2 AR i [R] 2 A
F| 34 4~ Longrepeat( 4) , f45 73 5 # & (Dispersed
repeats , D) 1 [7] 3 # & (palindromic repeats, P) , 1
Hh o ELE &2 D 4 N IE ) B & (forward repeats, F) %
7] # & R (reverse repeats, R) Al % # & C (comple-
ment repeats, C)3 F. I S At SR L R 4H 2 A 13
A4y B E 2 D (30~50 bp) A1 21 4N [\ 3L & P (30~
27 000 bp) -
24 MEREEEBRFMERICHIE
5 KJ865401. KY055833.
MK250977. MN495932. MT106672. MT106673.
MT880606. MT880607. MT880608. MW147176.
MW207297. MW207298. MW478804. MW722946.
MW770450. MZ929414. OK513184. OM773610.
ON065546. ONO065547. ON065548. ON065549.
ONO065550. ONO065551. ONO065552. ONO065553.
ONO087692. ONO087694. ON169959. ON193074.
ON209170. ON209171. ON597621. ON641345.
ON872190. ONS872191. ON872192. ON872193.
ON872195.ON872196 LL#5 , By Z Al - 3¢ A ik [X] 20
(3B 70 e S AR I LR 5 B S SRR R R 2 1
rps18-rpl36psbZpsbJpsbF 2 KA 1 N8 547 5,
rps7~ rpl23. rpll4. psbK. psbH psaC- psaJ. atpE.
ndhB- petL - pafl petN~ ndhE J£ K 2 A8 747 /5,
atpH 3L A 3ANE R A7 13, rpl32rpl33 psbLndhC
petA~ndhK petD JEKH 4 N8 5467 5 rps 1 rpl 16+
clpP1 JE KA 542 F A7 1, rps 15~ rps12ndhlatpB
HERE 6 N FAL AT, ndhJ rps4~rps2rpsl6infAd %
KA 7 ANAE AL 05, ndh G cemA B A 8 A48 S Air
B, rps8~ psbD. atpl petB FE K H 9 /™48 S AL 14,
rpl20pafll ZER A 10 NS FAL S, ndh A FEREH 114>
AR SF AL R atpF < psaB pshA 3£ R 12 A8 5067 /i,

LC147381+

rps19+ rpsl4~ rpoA- psbB 3 R 14 A8 55 461 /5,
rps3psbC.atpA B[R H 15 AL AL ndhH B[R
16 M2 5467 £ 5 psad BRI 19 N8 7467 5, aceD %
K 23 N8 A6 1, rpoClB: R 25 N8 e o7 1
rbeL BRI 28 A8 S A6 R, cosA BRI 29 MR Sfir
R rpl22 FE KA 34 AR 54 KL ndhD 2R 36
AR ST B matK FER A 42 NS A7 05, rpoB BT
44 NAE AL R yof2 B 5248 L A, rpoC2 J
A 69 A28 AL 8 ndhF B2 A 71 ANA8 5407 85
yefl B2 R 254 N8 A7 f .
2.5 RERBEELBLEXS 5

L il b G 18 A [R] Ja A - ¢ A ke [R] 4 0 A% SR
Rl (18 2) mVIST £ #4257 B (I 3) AT Pi 2 #E A
Hoor b B (B 4D 2, 1 5K K I 18 A [F) Ja iy
2R AR B R 40 7 41 v BE AR ST, LSC A SSC X H1 perN
petL- psbl. psbK . psal pafll trnT-GGU. trnR- UCU.,
trns-GGA~trnL-UAA F5 R Z A AFAE R T 4 22
Fto M4 TA, 55 SR R AL IR 2 A
P 1) A 4K 785 L R 0~0.006 295 T S Al I G 4k TR 21
ARG b X (048 S R v T 2R R m B X, LSC X ) A2
SRR, FLUGR SSC X, IR X AR S PE e fik, A
e AR S 0 X 5 5 38 5 Pi(=0.003 6) §i ik H 10 4N 5
AR5 IX 3, ¥ F LSC A1 SSC X, LSC X 47 8 M8
S IX A : IntertrnS-GCU_trnG-UCCtrnT-UGU _trnL-
UAA~accD-psalpsbE-petLrps18-rps3-rpl22.rpl22;
SSC XA 24N 28 5 X ek : rpl32_trnL-UAG\ycfi-2.
2.6 MEREERFEBR SCIRADR 531

Ly S S L 18 A [ g Ao i 2 4 3 PR 2H DY 734
LR ) SC/R A FH A3 5k A5 0 (P 5O W - 1 5
oI 18 A [R) Jag A i g A 5 DT 2 #) 4 A3 BN IR
5F . LSC/IRb[LSC F1 IRb 2 [A] [ 4% & s (junction
sites) , JLB)IA 07 F rps19 FE RN 5 rps 19 FE [ 7E



%5

FHERAE S5 TGRSR JE R R ALE S LB Yl 4 TR 43 BT 833

T4 SERMMHZAEEZ Longrepeat 5347

Table 4 Longrepeat analysis in chloroplast genome of C. maxima (L.) Osbeck ‘Majiayou’

MM MEE KL

FoMor ARG E  ULEC R A TR BT R A E  ZEE R ZEE TN e

Repeat length of the Starting position Match Repeat length of Starting position of Distance of Calculated e-

first part of the first part direction  the second part the second part this repeat value of this repeat

27 000 87791 P 27 000 133 186 0 0.00E+00
54 421 P 54 421 0 2.22E-23
50 39790 D 50 39814 0 5.69E-21
48 31388 P 48 31388 0 9.11E-20
53 93 80 P 53 31856 -3 5.63E-17
51 10 495 P 51 10 495 -3 8.00E-16
40 78 469 P 40 78 469 0 5.97E-15
41 103 014 D 41 125236 -1 1.84E-13
41 125236 P 41 144 922 -1 1.84E-13
44 42 037 D 44 44261 -3 8.34E-12
38 64 534 P 38 64 534 -2 6.04E-10
36 28 193 P 36 28 193 -2 8.66E-09
34 9399 P 34 31856 -2 1.23E-07
34 112 092 D 34 112 124 -2 1.23E-07
34 112 092 P 34 135 819 -2 1.23E-07
34 112 124 P 34 135 851 -2 1.23E-07
34 135819 D 34 135 851 -2 1.23E-07
30 8736 P 30 48 368 -1 5.63E-07
32 10617 D 32 10 621 -2 1.75E-06
32 51960 D 32 103 425 -2 1.75E-06
32 51960 P 32 144 520 -2 1.75E-06
34 39 544 P 34 39552 -3 3.95E-06
33 13 957 P 33 13 957 -3 1.44E-05
30 1739 D 30 1742 -2 2.45E-05
30 10618 D 30 118 353 -2 2.45E-05
30 10 622 D 30 118 353 -2 2.45E-05
30 72 051 P 30 72 051 -2 2.45E-05
30 81313 P 30 81315 -2 2.45E-05
31 4472 P 31 103 435 -3 1.90E-04
31 4472 D 31 144 511 -3 1.90E-04
31 30347 P 31 30 347 -3 1.90E-04
31 12 0267 P 31 120 267 -3 1.90E-04
30 8736 D 30 38 494 -3 6.86E-04
30 23782 D 30 85752 -3 6.86E-04

WD, P M E S .

Note: D. Dispersed repeats; P. Palindromic repeats.

IRb [X P £ 4 46 bp, £ LSC X 4 K}y 233 bp; IRb/
SSC(SSC I IRb . [8] {1 &5 & s, ISB) i A ¥4 47 F
IRb [X [1] yef1 H K F1 SSC X 1] ndhF 5 R 2 1] , yef1
FE [ FE 25 IRb/SSC 11 7439 °4 2 bp.  SSC/IR (SSC Fll
IRa 2 [A] {1 45 & 55, ISAD I AL T yefl R,
yefl R RTE SSC [X K: 18 264~18 283 bp, yefl 3 [H 7E
IRa [X K 5607~5622 bp. IRa/LSC(LSC il IRa 2 |f]
(456 /i, JLA) 11 5 3060 T TRa [X 1) rpl2 J PR HN

LSC [X 1) trnH 3£ K 22 [8] , trnH & [R5 B IRb/SSC i1
F+3559 1 bp.

2.7 DR FAERAZEFERRFED T
271 R LUEBF A RAF oA D5 318
AN [A] @ Ah i 2R AR FE R 4 CDS R R % 65 1 3 ML B
GC & & P18 M 39.06%, GC1.GC2.GC3 & &4
1N 46.37%40.02%+ 30.79% , & ZX Ml K HL 18 A4 [F]
e oo g A R 21 5 05 1 3 A4 B GC B = AR Ak



834 E S B S 4 a1
RS DRMIHFREEEBRFRSFF MR
Table 5 Part specific markers of chloroplast genome in C. maxima (L.) Osbeck ‘Majiayou’
HE[F Gene  AF A 55 Variable site 5T 454k Codon change HE[F Gene  AZ A s5 Variable site 15T 484 Codon change
accD 264 GAT—GAC psbD 351 CTA—CTC
atpA 1521 TTC—TTA psbF 36 GTG—GTA
atpB 1488 TTG—TTC psbH 63 GGG—GGC
atpE 302 GCT—GTT psbJ 59 CCT—CTT
atpF 549 ACT—ACG psbK 133 GTT—CTT
atpH 135 GCA—GCG psbL 72 CTC—CTG
atpl 93 GGT—GGG psbZ 69 GTA—GTC
cesA 538 CAT—AAT rbcL 1198 TTA—CTA
cemA 339 TTT—TTC rpll4 196 TGT—CGT
clpP1 564 GGA—GGC rpll6 219 CCC—CCA
infA 22 CTA—TTA rpl20 218 CTG—CAG
matK 334 TTG—GTG rpl22 252 TAG—TAA
ndhA 753 ATA—ATC rpl23 144 ATT—ATA
ndhB 692 ATT—ACT rpl32 66 AAG—AAA
ndhC 76 CTA—AGA rpl33 146 AGA—ATA
ndhE 189 TCC—TCA rpl36 9 ATA—ATC
ndhlF’ 1842 TTT—TTC rpoA 210 ATT—ATC
ndhG 31 ATT—CTT rpoB 1146 AAC—AAT
ndhH 931 AGA—CGA rpoCl 783 CCA—CCG
ndhl 255 TTG—TTT rpoC2 2629 AAT—GAT
ndhJ 252 GTA—GTC rpsll 297 GGT—GGG
ndhK 42 CCA—CCC rpsi2 45 ATT—ATC
pafl 126 GGG—GGT rpsl4 74 CGA—CTA
pafll 171 ATC—ATA rpsls 95 ACG—AAG
petd 628 TCT—GCT rpsl6 44 GCC—GTC
petB 546 CGG—CGT rpsl8 252 TTT—TTA
petD 408 GGG—GGT rps19 31 GTA—ATA
petl 84 ATA—ATC rps2 462 GGG—GGA
petN 21 GCT—GCG rps3 609 ATC—ATA
psaAd 369 ATA—ATC rps4 107 TTG—TCG
psaB 147 TCG—TCT rps7 57 CGT—CGG
psaC 6 TCA—TCG rps8 161 AAA—AAC
psbA 543 AAT—AAC yefl 4250 ACC—AAC
psbB 670 CGC—TAC yef2 5915 GCT—GAT
psbC 873 GGG—GGT psaJ 120 CCT—CCG

Fa 3R : GC3<GC2<GC1 (6 5 I 52 fh - 45 s ik
[K 4 88 4~ CDS 4k A % i 7~ ) ENC {5 /1 1~ 28.311~
61.000 2 [a], 3518 4y 48.02, 84 AN HE[K ] ENC {H >
35,4 N FEK [ ENC 5 <35, 05 7 d P 5 55 5
XA 18 A [R] J& il it £ Ak 3[R 24 CD'S R %5 1 1)
ENC 18 /1 T 26.309~61.000 2 [a] , *F- #5118}y 48.04,
1511 AN 3E K ) ENC 18 >35, 71 AN K # ENC 1 <
35, B IR IF PERIRERLS o 1) SR S A Jik PR 2.
88 4~ CDS L [K ¥ 41 3L 4 32 /N RSCU>1 [ %151,
FEIX 32 00 F 1, B UGG UUGAUG 4, L4 #6

PLAUZS R : 5 500 18 /N [A] J& i A4 R 4 CDS
FEHFF 734 576 A RSCU> 1 %5 1S 1, #E1X 576
AT, B UGG UUG. AUG 4, H: 4> th ) L4
A USRE, 1 A i LA U R (- D

2.7.2 % B 54 (GC3-GC12 % #7) .ENC-plot
5 #7Fa PR2-plot 547 B 5 Je H 18 /> [] J& it 4¢
A Jk R ) GC3 F5 & 43 i 1 0.187 5~0.459 5 Z [H],
GC12 & A 1E 0.256 4~0.634 1 2 [a], “#H 4K %
Bt ek B oA (K 8) . BRIk PEM % R %
r=0.031 6 (R*=0.001) , A % & & (p<<0.05) , ¥ W]
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In the figure, from inside out, the first ring represents the positions of CDS (blue), rRNA (orange), and tRNA (green) on the positive and negative
chains; Then, the reference genome GC skewed (yellow, red lines) and GC content (cyan, black lines) were sequentially identified; The outermost cir-
cle digit represents genome size (kbp); The remaining circles display BLAST comparisons of plastid genome sequences, with different colors repre-
senting different species; Similar and different positions in the chloroplast genome are represented by continuous and broken trajectory lines, respec-
tively; The two shaded sections represent the IR region of the chloroplast genome.

B2 SxREZE 18 NEEMHRIAEELE Gview TRE

Fig.2 Gview variation circle of chloroplast genomes of C. maxima (L.) Osbeck ‘Majiayou’ and its 18 congeneric species

GC12 5 GC3 FHRMA R . A REN0.025,
HBRAZTTHRHAN 2.5% , H ARIEFEDTHRH N 97.5%, &
B I S5l B He 18 A (7] g ol - gt Ak Je [R) 2B 2% 1)
P i 1 32 252 E SR IE BRI I, T 52 PN 350 588 e
JIMIFEm /) o By 5 p K 3L 18 /(7] Ja o il 4 4k 2 A
R 4y F2E R T T A v b 28 16 R 7 (B 8D, R 43
LR ENC 1 sEBr A 5 MEAF RN % 57, H.GC3
E - AR R, v L ARG 43 2 R e B S B
18 A [ & Folr - 5t i 356 DR 2 5% - {36 ) A - 2 1) 2

B, MNG3/GC3 i , 5 5 A S 18 A [F] J& Fh
I 2 A 35 [R 40 P % 22 1 25 TR 93 A1 T PR2-plot I R
o (B 8) , 13 B 4 P AE [F) SU% S 128 347 A7
HEC>GHL G . MA3AU3EIE , D5 bl K 184
IFi) Ja o 4 A 5 R 4 v A 22 1) B 1R 43 A T PR2-plot
Pl 1) 7038 CPE 8D, 15 B 4 Fh i B 7 7] S35 R - 28 3 4
FHEET>AMG . W1 A i 1 52
89S TS S 54 IRy, C FI G DL M, AR THE 5 3 47 |
(19 43 A1 AR S, U BH 55 5 A S G 18 A [R] Jg i S
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Table 6 Optimal codon of chloroplast genome of C. maxima (L.) Osbeck ‘Majiayou’

T SRR AER [ SO AL i S RSCU &k RSCUIL#IA RSCU Z 14
Codon AA Relative synonymous codon usage RSCU high expression RSCU low expression ARSCU
AAU Asn 1.522 01 0.857 143 1.000 000 0.142 857
UGU Cys 1.488 67 0.000 000 1.000 000 1.000 000
AAA Lys 1.459 31 1.000 000 1.647 060 0.647 060
UuuU Phe 1.273 08 1.619 050 1.714 290 0.095 240
GCU Ala 1.716 60 1.280 000 1.800 000 0.520 000
GGA Gly 1.529 54 1.565 220 1.846 150 0.280 930
CCA Pro 1.116 86 0.666 667 1.142 860 0.476 193
ACU Thr 1.536 64 1.000 000 1.714 290 0.714 290
CGU Arg 1.172 50 0.625 000 1.500 000 0.875 000
AGU Ser 1.184 71 1.500 000 1.875 000 0.375 000
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Fig. 9 Phylogenetic tree of C. maxima (L.) Osbeck ‘Majiayou’ , 85 species in the same family and 3 outgroup species

(Glycosmis) based on chloroplast genome
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