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W OE. Rk (Syzygium grijsii) ZHES IR Myrtaceae ) i BEE ( Syzygium ) H ERFEA , HIF &0 38 4,
B L S A PR 20 P AIE B2 R G0 R T DR 3R W AR A A DG o SR Rk ikl B B R 4 2 T 1 25 e, 1% SO A
I3 Ak ) I 2R AR L R AU AT T R BE ST . 38 Nlumina =38 w7, -7 GetOrganelle - 5 £ 1758 88 41
e [R) AR P A 2 A B 43 B e I S R I SR RS TR A A S5 MR R N R G R B R &, R HR e sl pk et
SRARFER S50 DI e SRR B R O 4 1k 53 B I SR AR DR A 1 LU B A R R B R B A BT, AR R
W1. (1) F iRk SR AR L L4 K /Nl 158 591 bp, A8 129 AN JER . Hir rRNA K [H 8 4~ tRNA AL [H 37
A ARSI 84 A, A MrkE] 39 NEE T HIM 84 A SSR A5, (2) B TFIREr kM & BLES i
BErH SRR E R A rp AR S AFAEXT A/U (R, 2 0 R w2 /RN T, (3) 54 i, f2nt
TRk 14 30 A B RS 0 Ak 1) BE DR b 28 5 Z2 A Bk T A R AL %8 il Bk - AR L PR 4L AE LSC AT SSC X
S BERER A 45 40 0.010<P,<0.015, B R ZHEE K P, (4) RGKE /iR W, 56w il Ak 5 vl bk
(S. jambos) JELGEHk (S. forrestii) M1 5% (S, cumini) 2% 5 Z it , R JE DS H Ak (S. malaccense) , A
W 12 SO S WA il Bk 10 e A R DR 20 25 A0 DR AR I L 5 () oA L, 7 3 B AR A
e BLAT Z 060 OF HHS Z Rk S IR B A Z RIFETE R O R o 3% SO 56 il B - ¢ 1A 56 DX 21 ik A7 56 DR 24
FRIEFN RS8R B ST, 8 Ak A o 5 9 50 46 8 N 4RI T 28 5 BV Al
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Abstract: Syzygium grijsii, an evergreen shrub of Myrtaceae and Syzygium, has good prospects for exploitation, but its
chloroplast genome characteristics and phylogenetic relationships have not been reported. To fill the gap in the genomics
of S. grijsit, a systematic study of the chloroplast genome of S. grijsii was conducted in this paper. Illumina high-
throughput sequencing was used to perform complete assembly in the GetOrganelle platform, and the assembled data
were also used to analyze the structural features and phylogenetic relationships of the S. grijsii chloroplast genome,
including the structure, function and characteristics of the S. grijsii chloroplast genome, codon preference analysis,
comparative analysis of the chloroplast genome and phylogenetic analyses. The results were as follows; (1) The
chloroplast genome of S. grijsii was 158 591 bp in size, which contained 129 genes. Among them, 8 were tTRNA genes,
37 were tRNA genes and 84 were protein-coding genes. The analysis detected 39 repetitive sequences and 84 SSR
loci. (2) Codon preference analysis revealed that there was a bias towards A/U at the ends of the S. grijsii chloroplast
genome, and the most used codon was the one encoding leucine. (3) In comparison with closely related species, the
boundary length of S. grijsii was conserved, and the gene species at the boundary were similar to several Syzygium
species; the S. grijsii chloroplast genome had a high degree of variability in the LSC and SSC regions, with 45 sites of
0.010 < P,< 0.015 and a high level of nucleotide diversity. (4) Phylogenetic analysis showed that S. grijsii was most
closely related to S. jambos, S. forrestii and S. cumini, followed by S. malaccense. The study concluded that S. grisii had
a conserved chloroplast genome structure with distinct features, sequence similarity and nucleotide diversity compared to
Syzygium species, and affinity between it and various Myrtaceae species. In this paper, the genomic characterization and
phylogenetic analysis of the chloroplast genome of S. grijsii are conducted to lay the theoretical foundation for the
identification and exploitation of the germplasm resources of S. grijsii.

Key words: Syzygium grijsii, chloroplast genome, phylogenetic characteristics,

relationship,  genomic

43 %

comparative analysis

244K ( chloroplast, cp) f=&k OAEY) AT E
YERIR 37 P, 0 S (B A8 ) B e A 0 4 s, it
LR AT A F ARG RS, A A CREEY
J, e 2172 A MR H (Xue et al., 2019)
TE = SR ) v, K 22 B0 ) 1 i e A R TR 2 A 4
— R EAEE ] [X (large single copy, LSC) . —~/N
FAPE DL IX ('small single copy, SSC ) FlH A 2 1]
& [X (inverted repeats, IRs) (Li et al., 2013)
W23 {AHE PR 20 #5 DU RE T 43S 2 5 AR A= W 6
AL 25 e R R I R B R BRI 2 506 1
JH P18 35 R R — S 1) 8 A R0 198 30 ) 1 AFE (P R
55,2022) , SRR S A TR B L AL 50, B A
TR WAL (5 ., 2 DR 20 oA ol i A 48 1) 3 Ak
T K 43 Ak R T G A DX AR G B X
(149 22 AR K, Jir DA S K 5 DR 4t g ) 32 1) 7
FRGE R T MW AR AR 35 4% 2 45 A (OB 9% 4
2022) . VD4R, BE A i 0 R R R L
I 6 000 4 Filr iy - 2% A J [R] 26 B ) i 24 24 R i
B, HET, SRS H A BT © & as T R
B ALY, B U 2 Bl ( Zingiberaceae ) ( Liew et al. |
2022) . 2%} ( Orchidaceae) ( Xie et al., 2022) AT

J& ( Dianthus) (Lin et al., 2022) % X 255087 Ry 0f
FEPFIAL S MRS AL R G R E OC &R A TH K
T BB BTER

k4 IR B (Myrtaceae ) 243 A7 T 7 Fl T #1
HHLIX, Z T AR HHEA 204 150 J& 5 600 F,
FEBA I 100 Fh, HHEE (Syzygium ) 2k 4 17
FER W —DEEE, 2R 24 500 F, v E 2494
72 F (BRA, 2007 ) o PR SA T B R A AP B 36
Prasivhsm | BT LLR 2 ] 3 3lii g 4k, (E Bl 5 3 4F AF
FERITRA T BEJE v i e SRk T Ak R S Pk S
WG T2 (A, S v i REAR At mr ] T
BEAETE I LA, 697 BRAT 845 | 5 KU R AN
KR K, BA B R R I A& R A 8 (2 18
4,2020) , HAET, EWBEE L AUE 8 AW Rl ik
e L Y ARAT T S B i SRR R R A 2R E A
XTS5 A IR 114 T BT Y AR A A A o3 1
B E DL S W R S5 DT T, — e R i
MERBMARELT LR, BRIERTRELKT
Ot (ESRFAE,2021) o TESEBEE T AU H Rk
{18 - A 5 DT 28 0 3 A0 4 i e, E 0 465 4 et 3 Ak
TEN B HR YR AR L AR IE MRS R T
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A S B 55 77 T AR RIE 5 BSGR D) i oR DL TE A4 4

ASSCE YO e AR R AT I O X 4
RAATHFE T, AT NA W TR A
DIRE S RRAE P 51 SSR /M M R G & B A
SFZ 07, I HE OO Fe i b H R S bk
(ERON= A 0 N7/ R L 1B R et A VT L B
FE WS OT K BT S5t B, g A R D 4 S D AT L
Sy HE e R AR B A AR R (EL R ol Ak i R AR
e DR 2H R R MR G R 48 K O A i R A G A
R TP — 2 I BRI, AR5 i
1 308 5 P 3 AR il B ) e 2 A I DR 2 AT
iR, I LA E e 3 1 5 U1 AH OG0 B S G i 2%
PRIE NP 94 o 2 2% BEAT D, 1 B o2 B 1 4
WS B I SR R RE (R 20, O 7 AL b R4 T A0, i
Hrée m i w55 Ak S IR B Y I R Gk B R
Z, R B AR A R K T A R P A A A 8 AL A
AR S () AR CHETT e T 2R GE bt T 4 (A BRI S

1 #H 57 *

1.1 SEIe R} P FO4E 3%

RN B AT LR AR T AR AR e v, FUR AR R
WG 2S5 TR R ARA RA A,
Ilumina NovaSeq 6 000 F 5 i 5% ( H E #77L) ,
WAL 31T 4.8 G Bdli &, WP 2K PE 150,
il GetOrganelle (v 1.6.2) 347 K4t 41 2% (Jin et
al., 2020) . 4% 5 M 75 £ B fF CPGAVAS 2
(http://47.96.249.172: 16019/ analyzer/ view ) #£ 17
HEFE (Liu et al., 2012) ,ffiH Geneious(v 9.0.2) i
FFNTRCIE . WP 7™ A 19 4G 2 4% ( Submission
ID. SUB11257174; BioProject ID: PRJNA826323)
FIEH 2 58 g A I g 1 Bk I 21 f5 B ( GenBank
accession number: ON243764) ] | & & NCBI %X
e
1.2 HEEEREBLEE EES

W it 7E 2k K CPGAVAS2 (hitp://47. 96.
249.172:16019/analyzer/ view ) T B¢ & i Bk i 22
PRI J5 , MR 3 R A5 B, H Geneious (v 9.0.2)
X %6 i R P gt 2 5 R 20 4y 2 TR 26 i R R )
REAMHT (BRI 4% ,2020) , 38 i FELR #AF OGDRAW
( https://chlorobox. mpimp-golm. mpg. de/OGDraw.
html) 25 1 %6 M i Bk i S 0 3 R 28 09 9 B IR
(Lohse et al., 2009) .

1.3 EEF 51 SSR L R4 #ff

i FH 78 28 2/ REPuter ( Kurtz et al., 2001)
(https ; //bibiserv.cebitec. uni-bielefeld) %] 4% I ji Ak
-2 R L DR 41 B 52 P 5 R AT 0, v A 4 [ 1)
Beliy CHANIBI SCHE S, AP SHOcE N &
SIFHEE FBR R 1000, e/ KR 30,7
R 3 (7R — X 857 9 AR BLEE AN RE /N T
90% ) , 4 # B B BRIN S KL

I ELRFIE MISA (v 2. 1) A6 00 5 i il Bk o
LR PR D A 19 ] B H 52 )7 91 ( Beder et al., 2017)
SROCE T AL IR TR =R LY
BRI IR 75 A% 1 R Y B 52 Y B0y i) 15
H710.5.4.3.3 3, HAK NN, 1H2H9%5 R
14 Krait(v1.3.3) WA AT F B IE (Du et al.,
2018) .

1.4 ZRFRFES T

iH 1L CodonW (v 1.4.2) BRAFXF 48 w36 #k i 2%
PR DR A A7 %5 8 I 2 MR A B S T b R
2 AW ST R Y A 1 5 4 % XK B =300 bp, JF
EAHSE T 5 3l Bk S A R 1 G 5 R BT %) A X
) %% 5 - {fi ] B RSCU {H. ( relative synonymous
codon usage) , ZEIE N WI LR BRINE
1.5 BEERAMILR S

fif 7 28 ™ % JSHYCloud ( http://cloud.
genepioneer.com:9929) L 5 M3 Bk 5 4 4N T %
Yy, B E S5 Bk (Syzygium album ) | 575 H JH Bk
(S. malaccense) . 7 3 Bk (S. odoratum ) Fl 1 i #k
(S. acuminatissimum ) B IR #1 5 ( LSC/IRb ., IRb/
SSC.SSC/IRa Fil IRa/LSC) {5 H. .

18 3 7E 28 B4 mVISTA ( https : //genome. 1bl.
gov/vista/index.shtml) 1 ] Shuffle-LAGAN £ # [,
BRSPS DL 4 A S Rl B R 7 5 25 7
( Frazer et al., 2004)

i1 Geneious(v 9.0.2) XJ 4 M- 3di Bk & 4 4~ ik
Z P FEAT MAFFT X (BRE 55, 2017) , FFfd ]
DnaSP ( DNA Sequence Polymorphism ) #f 17 # g 2%
S 4 HT (Librado & Rozas, 2009) , ¥ sh & 0 K B
4 600 sites, 25 K H 200 sites, e TG S50 R
BN TR P
1.6 REXE S

“hy W B A o A B 4 R A ) b Y R B
KB KR, N GenBank % ¥ FE ( https://www.
ncbi.nlm. nih. gov/nuccore ) 1~ 2% T Bk 4 1R FF 22 4>
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43 %

Pyt it S AR SE N 4 5 91, >R H Geneious (v 9.0.2)
B (MAFFT 3£ ) Hoxh 23 il 4 {58 5 4 40 )
5, g RAXML( v 8.2.12) kg & gt R BIAR kAL
AR K GTR+F+R2 , bootstrap {H 1% & A 1 000,
DAAE DT 25 9 A S 4

2 HXRERM

2.1 HEEERALEN . e RIS

AR Ak i SR R JE P 4 42 K 158 591 bp (A
1), g 129 DR, H A 145 8 4~ rRNA FE[H
37 A~ tRNA L [H, 84 M A dm b FL A, 6 i il Bk
MR AR R 2 R BRAR . o, KOs DL XA K B
J 88 046 bp,GC &1 34.8% ; /NFALPE DL IX K JiE
4 18 409 bp,GC & 4 30.9% ; FALAN [ 0] H & X
BN 26 068 bp, GC &N 42.7% , W & T
LSC X Fl SSC X, 7 % i 7 Bk i 4t A 35 PR 41 o
SGC &N 37.0%, K T AT (63.0%) & &,
P2 AT, A K 6 RN 2R DX 3 A S, Bk
FOREEHR B W, ks T 3 AN T,
FLrh AN Ah S R AR 2 1) 2 DX 43 S LA 2 A
01,5 om0 T LSC X, 3 s T IR X, Bb4h, 48
MRk SRR SE A 22 NS A NS T
B, HA e 19 AN ER P LRI AN E T, B3 A4
AP EMAMANE T (F D), b, mps12 /8
Ry s S U BEA
2.2 EEF5F0 SSR 43 #7

T T b I S A 35 PR 41 T ARG 3] 39 A4~
K/NK30~45 bp MEEZFH,BET 1 SR ME
519 ANESCEE K 19 AN E W EE, R E)
HELZ(KE3), XEERLFHN M), A6 181
(BEFIANRFmMESR, ANESCEE) T v,
psaB psaA trnS—GCU .trnS—UGA | ycf1 FEH [, 9 4~
B X 4, 8 A~ i T A [E] X ( IGS, intergenic
spacer) , 4 N T N & F X, 4 MKW EE T
G (45 bp) &HALT yef2 A L,

TE 5 I 3 Bk P 2 R 35 IR 4 o SRR T ) 84 A
SSR i 5, F K B (SSR K JE/SSR B8 A
11.34 bp, H B H R 60 4>, — AR 2 1,
SRR 8 4, UL IR 13 4, IR 1 4, Itk
A, FE S Bk S A 3 R 21 H RS 43 SSR A A5 7
T IGS IXIH (64 4>) , DA for TR E (20 4>)
MR A TR (TATC) , KB h 10

bp, “HEH BRI E R 12 bp, WEHF R ER K
FEAA —0 16 bp, HAR ¥R 12 bp, ME— 1 FLA%
TR K JE R 15 bp,

2.3 B FIRIFES T

Xof 2 T Bk I SR A S RT ALY 41 4K F 300 bp
(AR 5T 4 5 ) 0 i AT % RS D 4 1k o3 B (R
2) o Fe Ak g iR 3k N % 65 b, RSCU > 1
(IS T4 30 4>, RSCU i fH o0 1.98, N 58 & MR
) UUA, R A8 9 0.33, &) CUG, H:
WL 29 LA A/U SR T S 0 g Bk i A
DR 4 6 A 1~ S 1) LA A/U S5, 8ISl Mkt 1A
FEH B %S RSB 17 506 A4S, Hido1 846 4
(10.54% ) Hy 4 % 52 2 W2 19 %6 %+, A 195 4>
(1.11% ) %t gt i ~F ok 20 1R, 2 W1 A %8 i il Ak
2 A 5 R 2 v (o FH B 2 1Y) 2 5 R, it FH e D
e R, A BT, R R
AUU il IR BUR 2, Bl 786, 1l FH U B e /0 1Y
SR E R R UGC, IRECH 44,

2.4 MEEER AR LLE S

it AELE W3 JSHY Cloud FLAE /0B 1 i Bk &
5 AR LSC SSC AT IR X [ A B, 4R %
HIIX 5 NI IR XK BERAR ST (26 068 ~26 472
bp) . ZERAUNE 4 iR, 5 ¥ Fh LSC/IRb 11 A7
rps19 FEI NS, JF B A sk FR B 1 — B, fe v Bk
L 7S PR ndhF 55 B2 IRb/SSC 1 3¢,
7 SRk A Bk R I S AR ndhF 55 DR R i
453 ~58 bp, 5 MR A SSC/1Ra il FH AL T
yefl LA 1, 580 Bk A1 5 7S H AR Y yer1 3 R
SSC X433k AT 4 851 bp Al 4 857 bp,#] IRa X
AT 750 bp, FIARTERE A AR E RIS A 4
857 bp fii - SSC IX .1 188 bp fii T IRa X,

Kl 5 453 R (R T Sk 2 os LR 7 ), 9\
AEFRF RN 50% 5] 100% A9 —0E ; UTR Fon Al B
PEIX, CNS R PR SFAE A% 7 51 ), DL 2R il Bk o
ZHF, 5t Rk i L R 415 55 4 4 Rt
LRAREE AL Z (B A e X, AR AR S AR Y LSC Al
SSC X, & 3 Bk 19 28 S B2 A 55 A 4 b I 5 3R
5 YRR IR XECRSY , LSC 1 SSC X1 psbM ~
psbD psbZ —trnM ( CAT) | trnM ( CAT) — aipE | ycf4 -
psbE ndhF-cesA F& R Z [AIAFER RIF I 25,

fdiJ1] DnaSP A #1753 #r H 4 ik MAFFT [t
XF 55 Fbk 4 AR BT 4 i 2 AR S DR 41 ) 1) &5
mE 6 s, X MR R ZITRNAIE, Y #hRnk
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bl ey U 2 37 S P
Syzygium grijsii

chloroplast genome
158 591 bp

“nticyy,

36 %45 1 Photosystem I / ] l]” ‘ 1 ”
36 % %5 11 Photosystem IT 4

4 K b/E5 A fk Cytochrome b/f complex ? &

ATPA i ATP synthase
NADH4({Li% J§{#§ NADH dehydrogenase
Z BB RS R /LA K JE RubisCO large subunit
RNAKAESIEJE RNA polymerase subunit

el (2 9/ IE I Ribosomal protein small subunit

A% {42 9 K IEJE Ribosomal protein large subunit
#%JZRNA Transfer RNAs

A2 M RRNA Ribosomal RNAs

clpP, matKHEH clpP, matK genes

FAl B Other genes

B Bl 43 £ [ 1A Hypothetical chloroplast reading frames

1 R ERM R E EAEE
Fig. 1  Chloroplast genome map of Syzygium grijsii

LS N | m Exon 2> Exon 3 >

Transcript 1

7356 75¥ \aa 038 TRV 144 86! . A7 1 Exon 1

W) Exon 2 > Exon 3 > I:' AMEF 2 (IRa) Exon 2 (IRa)
Genome (1) (Il <CH €EH [ ] #hs73(1Ra) Exon 3 (IRa)

73469 1517 101892, 3% (02580 s 058 W28 836 (aaget . AME+- 2 (IRb) Exon 2 (IRb)

. AMEF- 3 (IRb) Exon 3 (IRb)
Ak 2 Exon | g [ Exon 2 g Exon 3 &

Transcript 2

T T T T T T
n 469 7 52 \0’13‘\9 W02 530 100 1 10\ Q02

B2 ®BHERHEREERANRAXTTERASHREE

Fig. 2 Schematic diagram of the trans-sheared genome structure in Syzygium grijsii chloroplast genome



1854 L 43 &
x1 RIERHEREERAEFEINGELSE
Table 1  Summary of chloroplast genome gene functions in Syzygium grisit
H M IIREs 2 FEIH 43¢ 2R i

Category for gene Group of gene

Name of gene

Z 5 ER

Gene involving in photosynthesis

e RGWHE
Subunit of photosystem

ML A ZR b/ f A AT R

Subunit of cytochrome b/f complex

psaA, psaB, psaC, psal, psaJ,psbA, psbB, psbC, psbD, psbE,
psbF, psbl, psbJ, psbK, psbL, psbM, psbN, psbT, psbZ

petA, petB*, petD*, petG, petl, petN

NADH-JJii & i IV 3 ndhA*, ndhB*(2), ndhC, ndhD, ndhE, ndhF, ndhG, ndhH,
Subunit of NADH-dehydrogenase ndhl, ndhJ, ndhK
ATP A J i 7 3% atpA, atpB, atpk, apF*, atpH, atpl
Subunit of ATP synthase

EEEEiki:PE 5 DNA K #i % RNA 4 rpoA, tpoB, rpoC1*, rpoC2

Self-replicating related gene DNA dependent RNA polymerase
AR 1R 3 pll4, mpll6 *, mpl2 * (2), pl20, ml22, mpi23 (2), ml32,
Ribosomal protein large subunit ml33, ml36
TR R (/N 2 psl1, rps12%%(2) , mpsld, msl5, msl6*, mpsl8, msl9, ms2,
Ribosomal protein small subunit mps3, rpsd, rpsT(2) , rps8
K BEIR RNA rrm16S(2), rrm23S(2), rmn4d.55(2), rrn5S(2)
Ribosomal RNAs
32 RNA trnA-UGC*(2), trnC—-GCA, trnD-GUC, trnE-UUC, trnF-GAA,
Transfer RNAs trnG-GCC*, trnG-UCC, trnH-GUG, trnl-CAU(2) , trnl-GAU *

(2), tmK—-UUU *, trnl.— CAA (2), trnL — UAA *, itrnl — UAG,
trnM—-CAU, tmN-GUU (2), trnP-UGG, trnQ-UUG, trnR-ACG
(2), trnR-UCU, trnS-GCU(2), trnS-UGA, trnT-GGU, trnT—-
UGU, trnV = GAC (2), trnV = UAC *, trnW - CCA, trnY —
GUA, trnfM—-CAU

HoAt e LT —CoA— R ALt . 1k aceD
Other functional gene Subunit of acetyl-CoA carboxylase
FAILAL TR A cesA
C-type cytochrome synthesis gene
F 5 PR R cemA
Envelop membrane protein
sl clpP**
Protease
AT matK
Maturase
RATIRESE R PRSP IR Bl 132 HE yefl, yef2(2) , yef3**, ycfd

Unknown functional gene Conserved open reading frames

I *FRE NN EF IR
Note :

multi-copy gene.

AR IR 2R, Al 3 2 B IR X AR 7
JE LK LSC 1 SSC X HAK . P, {H #5520 0.015, i
F LSC X Y psbZ —psaB Fe N [6) X, EHH 2 4
P.=0.015 fJ#A 4,45 40 0.010<P,<0.015, 7T LI FH
AL R Z AR PE A3

HRINA PN T IR D 555 N RO R 298 DU 995 DU A0

* indicates the gene with one intron; ** indicates the gene with two introns; the number in parentheses indicates number of copies of a

25 RERESM

g nE 7 FJ?%,%EZLE’J%&?% 1 000 X H
JREZFeH, RHEKBEM P EA 20 LR H
100% H)# $h 4 #Jw,m, 3157 S 0.01, AT {5
B, Bk K8 (Eucalyptus ) A b ¥ g
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SSR¥t & Number of SSRs
=
I

_________
SEEE S9LES9sR325EE B 8

HEE R (bp) MEK 77

Length of repeats (bp) and repeat sequences

B3 RHFERMFREEEAPHE SSR KBS H
Fig. 3 Types and distribution of SSR in

Syzygium grijsii chloroplast genome

( Corymbia) FIP R A J& (Angophora) 7% % K R
VT, TR PR b, v Ak S TR kA O A ok
G R Al HUGR bk

3 W54 ®

SR Bk I g AR 3 PR 4 4 K 158 591 bp, &
GC T H 37.0% , 5 B &R Bk & IR B Fh il 2%
TRIER 4 (B FE4E,2021) AHRL, %03l dk g %
SR AR IE DI 2 X A/ T AT O G- 1 (400 mT f8 2
JA/T W G/C ARG sk ) (22 3CHI5F,2019;
HEAE 2021) o 340, 5 i3 Bk o B i S 0K 35 1R 2
HA 129 A3 PR Bt 2 5, X SE 3 [ B 2R L e
3 [ 84 A~ il (RNA 3£ [ 37 A4, 5 X[ 3 3¢ %%
(2021) BYIF 45 — B, 2R B 5 0 il Bk it 2 {4 56
L2 AR PR SF o T AR 90 3K — PR A I o ) 2
FEAETHE Bk it S AR L R 417 91, OF B 5 kB

R = =l I T R R TS
PR S R B HE R A | R G kRN R TR A Ak
A % AE H (Smith et al., 2002; Nie et al.,
2012), fertiEpknt iR A b T 3 FpE

HFHNRR, K TRR b, Hd f Ky
ANERFIIINLT yof2 FeH L, A58 5 Bk Ay
SRIRSLR 2 rp RN 2] 84 A SSR v, BEE I F K
JERBE TN, SSR MR FEL, B A 248, SSR £
SYERMEE oMK esgms i, ZHT
TR 1% Z2 FEVESOMAE 20 28 0 HT (Xu et al., 2004
Zhao et al., 2019) , FMEME A TR N A/
T &Y, 5Bk JE A B Tk — B0 (P S0 AE, 2021)
FH AT 52 AT 41, DI S A 6 PR 21 o S 5 A
BT AN SSR AT LIAE R A ok AR M A= 452 iE LN
B ERIFFE A AR IC (F MR AR 552021 B DR 55
2022) .

IS R K PR X 28 0 B9 6 1 345 3 LA it 48
P 038 2o 25 55 19 O 4 8 S e 49 ol xof 1 5L 34
B W #E R, 7E SRR S R AL B A 95 vh R 4
HEZAEH (Morton et al., 1999 ; Asaf et al., 2017)
SR Ak I g R 3 PR A v g B S TR T B S
(1 846,10.54% ) fifi FH 1y 43 % 4 2 | 4 ) 2F bk 42 T
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AR S s AT A C R

AR A A I S R R R 2 1 A R AE S
HAoh g TR FEA —80( EF5E,2012) ,(HIE5 0
B 58 Bk S LAt 4 ol 22 1] 55 4% 56 2R YO 3T 1 S
WA, SRR A S SR 0 B Ak i 3 DR R 2K L 8
PRSF . MM ml & A sl Bk 5 S ek i i
DI LB AR B, T BE R EL A B B A R R
) ( F—FELE 2022) ., IR XEGURE P ik 1z 1%
ET 5 TRk S AR b, 84T i — 20 A Pl T L
15 7 56 Rk B A OGS A AL AR R

AP BT, 2000 5 A4 il Bk P b
[ EL A A v P R ARL P TR) B A7 7 LA S S R
R DX 8, 30 2 X3 19 22 S5 67 A AT AR o o
RIS  DNA ZIE 05 4 ¥ % LA K e 22 H Al A 5%
(Kim et al., 2004) . MR Z B0/ B vl LG
AR S P, {EAZ T 0.00 067 ~0.015 Z [A],
AEE AR R 2 M LSC X R SSC X 2
SR Bk I AR R 3 R A P 4 e A AR S A X
B, x4 X (] AT DLAE SR 1 4R 23 B i X ( Park et
al., 2019) , 47 By FAFGEAE Bk A E OC R
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Table 2 Analysis of codon preference in Syzygium grijsii chloroplast genes

LR SR wmr wm HIER SR 1S e
Amino acid atio Codon Number RSCU Amino acid Ratio Codon Number RSCU
(%) (%)
SERMR 10.54 UUA 608 1.98 HNAMR 5.43 UuU 615 1.29
Leucine e 264 g | Phenylalanine - 336 071
cuu 391 1.27 ik T R 3.83 UAU 547 1.63
cuc 127 0.41 Tyrosine UAC 123 0.37
CUA 253 0.82 AR 0.23 UAA 26 1.90
cuG 103 0.33 Termination UAG 9 0.66
SSE AR 9.03 AUU 786 1.49 UGA 6 0.44
Isoleucine AUC 305 0.58 2H A R 2.46 CAU 336 1.56
AUA 490 0.93 Histidine CAC 95 0.44
LR =N 2.30 AUG 402 1.00 RN 3.78 CAA 515 1.56
Methionine Glutamine
AR 5.15 GUU 329 1.46 CAG 147 0.44
Valine GUC 97 0.43 T4k 5.05 AAU 686 1.55
GUA 347 1.54 Asparagine AAC 198 0.45
GUG 129 0.57 AR 5.40 AAA 717 1.52
LR 7.52 ucu 389 1.77 Lysine AAG 228 0.48
Serine uce 199 0.91 KL 4.08 GAU 591 1.66
UCA 274 1.25 Aspartic acid GAC 123 0.34
ucG 130 0.59 WER 5.51 GAA 730 1.51
AGU 249 1.13 Clutamic acid GAG 234 0.49
AGC 76 0.35 |t R 1.11 UGU 151 1.55
T 2 i 4.00 cCcU 279 1.59 Cysteine UGC 44 0.45
Proline cce 134 0.77 Ry 7 1.66 UGG 291 1.00
Tryptophan
CCA 212 1.21 iTE=N 6.18 CGU 211 1.17
ccG 75 0.43 Arginine cGe 67 0.37
TR 4.96 ACU 329 1.52 CGA 265 1.47
Threonine ACC 150 0.69 CGG 67 0.37
ACA 288 1.33 AGA 350 1.94
ACG 101 0.47 AGG 122 0.68
AR 5.19 GCU 403 1.77 H &R 6.57 GGU 369 1.28
Alanine Gee 152 0.67 Glycine GGC 105 0.36
GCA 250 1.10 GGA 500 1.74
GCG 104 0.46 GGG 177 0.62

TE T R0 U7 X o 1) 5 ) F s 48 i U T I 85 S 1 (RSCU> 1)
Note; The underlined codon indicates a high frequency codon (RSCU>1).

AHFFE M NCBI B 28 IF B ALY T B BT A0 4%
FemHEAE N B 23 FRAE YD G o AR 48 kAL o A i
TE TR 3l Bk A P A A M SR KOG R el
Bk Bk RN 5 SR R T — A SRR
FSZ, 5 BN TR OCR R D), RGO R K
T, R RS R R G Rk

BAN S 8 Ja /NAE T B 2H 33X 5 AR B 5T o i B
GiR B R — B, RWZSCR I M4l R H A ] S
P, EARE B JE YA AR HR FRTET A RY
ARG R E BB Rl B R G R R
FEURAN T 3 23 ik, {5 2 )5 IR 7 B E IR AR
ohr .
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Fig. 4 Analysis of chloroplast genome boundaries in five Syzygium species
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Fig. 5 Sequence comparison of five Syzygium species chloroplast genomes

JI KK, SONG XQ, CHEN CG, et al., 2020. Codon usage
profiling of chloroplast genome in Magnoliaceae [ J]. J Agric
Sci Technol, 22(11) : 52-62. [ WYL, KA, Wi,
G5, 2020, AR - A4 B PR 2 114 95 55 1 R AE 43 A
(1], sPEAPRHYE T4, 22(11) : 52-62. ]

JIN JJ, YW, YANG JB, SONG Y, et al., 2020. GetOrganelle:
a fast and versatile toolkit for accurate de novo assembly of
organelle genomes [ J]. Genome Biol, 21(1) ; 241.

KIM KJ, LEE HL,

sequences from Korean ginseng ( Panax schinseng Nees) and

2004. Complete chloroplast genome

comparative analysis of sequence evolution among 17 vascular
plants [J]. DNA Res, 11(4) . 247-261.

KUANG DY, WU H, WANG YL, et al., 2011. Complete
chloroplast genome sequence of Magnolia kwangsiensis
( Magnoliaceae ) : implication for DNA barcoding and
population genetics [ J]. Genome, 54(8) : 663-673.

KURTZ S, CHOUDHURI JV, OHLEBUSCH E, et al.,
2001. REPuter: the manifold applications of repeat analysis

Nucl Acids Res, 29(22):

on a genomic scale [ ]J].

4633-4642.

LI XW, GAO HH, WANG YT, et al., 2013. Complete
chloroplast genome sequence of Magnolia grandiflora and
comparative analysis with related species [ J]. Sci Sin (Vit) ,
56(2): 189-198.

LIANG YN, HUANG YX, WEI SQ, et al., 2022. Sequence
analysis of SSR loci in the transcriptome of purple bud Liupao
tea [J] J Jiangsu Agric Sci, 50(3): 42-48. [ 0, #&

RiZ, B3R, 48, 2022, SRR 4L SSR iy
ﬁﬂé}ffﬁ [J]. Mgl Bl2, 50(3) ¢ 42-48. ]

LIBRADO P, ROZAS J, 2009. DnaSP v5: A software for
comprehensive analysis of DNA polymorphism data [ J ]
Bioinformatics, 25(11) ; 1451-1452.

LIEW Y, CHUA KO, YONG H, et al., 2022 Complete
chloroplast genome of Boesenbergia rotunda and a comparative
analysis with members of the family Zingiberaceae [ J]. Brazil
J Bot: 1-14.

LIN S, LIU J, HE X, et al., 2022. Comprehensive comparative

analysis and development of molecular markers for Dianthus



10

SRAS I A . e Ak S R SE D AR S R G T b 1859

0.020

% psbZ-psaB
= 0.015 sbM ndhA
> rnH(GIG) P raN(GTT)-trnR(ACG)
82 . trnF(GAA) accD
o N
=
° N
=
46 -
[}
S 0.010
z N
#H
s
R |
&
i i ﬂ
B 0.005
T T T \‘
0 50000 100 000 150 000
K J¥ Length (bp)

Be BHEOSWSANFREEYMHEREERARTREHM

Fig. 6 Sliding window analysis of chloroplast genomic nucleotide diversity in five Syzygium species

species based on complete chloroplast genome sequences
[J]. Inter J Mol Sci, 23(20) : 12567.

LIU C, SHI L, ZHU Y, et al., 2012. CPGAVAS, an integrated
web server for the annotation, visualization, analysis, and
GenBank submission of completely sequenced chloroplast
genome sequences | J]. BMC Genom, 13; 715.

LOHSE M, DRECHSEL O, KAHLAU S, et al., 2013.
OrganellarGenomeDRAW—a suite of tools for generating
physical maps of plastid and mitochondrial genomes and
visualizing expression data sets [ J]. Nucl Acids Res,
41(W1): W575-W581.

LUO DZ, FU RR, GAN YF, et al., 2020. Chemical
constituents of Syzygium grijsii [J]. J Chin Med Mat, 43
(5): 1130-1133. [ ¥ &, fE5F, HFEH, &,
2020. Fer Rk AL 2 O IESE (D], hEhkE, 43(5):
1130-1133. ]

MORTON BR, 1999. Strand asymmetry and codon usage bias in
the chloroplast genome of Euglena gracilis [ J]. Proc Natl
Acad Sci, 96(9) : 5123-5128.

MU YN, 2020. Phylogenic and taxonomic research of Hypolepis
in China based on the complete chloroplast genome [ D].

Harbin: Harbin Normal University; 17 — 36. [ 2 [ 4,

2020. H& T2k 4 KL PR 2 ) e [ 4R I 19 2R 4t o3
WHFE [D]. MREE: MR/RIEIINEARY: : 17-36. |

NIE X, LV S, ZHANG Y, et al., 2012. Complete chloroplast
genome sequence of a major invasive species, crofton weed
(Ageratina adenophora) [J]. PLoS ONE, 7(5) : €36 869.

PARK I, YANG S, KIM WJ, et al., 2019. Sequencing and
comparative analysis of the chloroplast genome of Angelica
polymorpha and the development of a novel indel marker for
species [ J]. Molecules, 24(6) : £1038.

SHEN XB, ZHU YJ, XU GB, 2021. Distribution characteristics
of SSR loci and development of molecular markers in Taxus
fuana [J]. J Cent S Univ For Technol, 41 (4). 139 -
147. [ f, ARWER, TREIGS, 2021. B L05AZ SSR
BLRIMATRRE B oy FARCTF & [J]. ARl R R 2
AR, 41(4) ; 139-147. ]

SUN ZX, AO PX, BI YF, et al., 2022. Complete chloroplast
genome sequence and characteristics analysis of Medica
gosativa ‘Deqin’ [J]. Acta Agr Sin, 30(2) : 320-328. [ f
AEFE, FOPRL, BEESY, 2002, ¢ AR EAEEAE I SRS
DI FPEI BAFAE AT [J]. FH2Adl, 30(2) : 320-328. ]

WANG L, DONG WP, ZHOU SL, 2012. Structural mutations

and reorganizations in chloroplast genomes of flowering plants



1860 ]

7| 43 %

———— Plinia trunciflora KU318111
¢|: P. aureana NC039557
EER P cauliflora NC039395

100
100
100

100

100

100

100

100

100

100 100

100

100

100

100

HESHME Syzygium album NC060587

&M S. odoratum NC059005
EEtk S acuminatissimum NC053640

LNHTERE S malaccense NC052867

Witk S. jambos NC052728
WH-ERE S grijsii ON243764
EIITHERE S forrestii NC044106
R S. cumini NC053327
PRAR Angophora costata KC180805
A. floribunda KC180804
Ji ks Bz A=tk Corymbia tessellaris KC180803
BETIME C. eximia KC180802
C. maculata KC180801

100

J/NWERE Eucalyptus microcorys KC180797

E. spathulata KC180793
100 E. cajuputea MW446414
E. wimmerensis MW446457
%k E. viridis MW446450
100 E. behriana MW446410
ZFi¥g E. polybractea MW446437

100

B7 ETHEREERARFIARAMREEEN 23 MRESRBDFTN REHLH

Fig. 7 Phylogenetic trees of 23 Myrtaceae species based on chloroplast genome

sequences constructed by maximum likelihood (ML) method

[J]. Acta Bot Boreal-Occident Sin, 32(6). 1282 - 1288.
[ B3, #C8, FHR, 2012, B FHEYIH SRR LY
o S U D i I P | A i R 7/ o
32(6) : 1282-1288.]

WANG XQ, SONG WW, XIAO JJ, et al., 2021. Phylogeny of
Myrtales and related groups based on chloroplast genome
[J]. Guihaia, 41(1): 68-80. [ T /7, AR, M@,
. FET SR ACRE PR 2 BTk B B T 2 2R RE R 2R
GEBXR [J]. VUMY, 41(1) . 68-80. ]

WANG YH, XIE YF, ZHANG ZX, et al. The complete
chloroplast genome of Sloanea sinensis and the systematic
status of Elaeocarpaceae [ J]. Guihaia, 42(1): 39-438. [ ;-
—JE, WHEK, SR, A, 2002, AR E TSk 4 B
Mok kIR R G AL A (D] T A,
42(1): 39-48.]

XIE H, ZHANG L, ZHANG C, et al., 2022. Comparative
analysis of the complete chloroplast genomes of six threatened
subgenus Gynopodium ( Magnolia ) species [ J ]. BMC
genomics, 23(1): 1-14.

XU XL, XU LA, HUAN MR, et al., 2004. Genetic diversity of
microsatellites ( SSRs) of natural populations of Quercus
variabilis [ J]. Hereditas (Beijing) , 26(5) ; 683-688.

XUE S, SHI'T, LUO W, et al., 2019. Comparative analysis of
the complete chloroplast genome among Prunus mume,
P. armeniaca, and P. salicina [ J]. Hortic Res, 6(1):

626-638.

ZHAO KK, LANDREIN S, BARREET R, et al., 2019.
Phylogeographic analysis and genetic structure of an endemic
Sino-Japanese disjunctive genus Diabelia ( Caprifoliaceae )
[J]. Front Plant Sci, 10: 913.

ZHAO Q, YU JX, QIN YW, et al., 2021. Assembly and
sequence analysis of the chloroplast genome of Championella
sarcorrhiza based on high-throughput sequencing [ J]. Chin
Tradit Herb Drugs, 52(6) : 1744-1750. [ @4, 4x{E%, %
TR, AF, 2021, FET m R RS AR P 4
ML BJTBI 0T [T]. The2l, 52(6) : 1744-1750. ]

ZHAO YF, 2022. Advances in the application of chloroplast
genome in botanical research [ J]. Biol Teach, 47(3) . 83—
85. [ EJ¥, 2022. M4 L AL fE A )~ P R
PR [J]. EW2R3eE, 47(3) : 83-85. ]

ZUO WM, ZENG Y, YANG CF, et al., 2019, High-throughput
sequencing of the complete chloroplast genome of Rheum
tanguticum and its application in species identification
[J]. Chin Trad Herb Drugs, 50(22): 5545-5553. [ /£3C
W, SGBH, 535, 45, 2019, JE T i 5 H AR 5 FE i
KRB UK 4 B DR 20 00 K o FHRIE S [0]. Hh ezl
50(22) : 5545-5553.]

(RfEHIE FEB)



