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W E. ARSIk A ImAE ( Coffea liberica) . HokiAPumafE ( C. canephora) . /NEiFfmAEE ( C. arabica) . T &Ml
ME (C. eugenioides) Jz BtRMMME (C. racemosa ) 5 FuinmE & A 4 (1) i SRR IE N AR R sR 0F 42, X Hab AT Ge i F EL 3 4
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Comparative Analysis of Chloroplast Genome Sequences of Five
Coffee Speciesand Its Related Species

LIU Cheng, MA Guanrun, ZHAO Mingzhu, L1 Meifang, CHEN Tianming, WANG Jingmin, JANG Xinlei,
BAI Xuehui, ZHOU Hua
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Abstract: Taking the chloroplast genomes of five coffea plants, namely Coffea liberica, C. canephora, C. arabica, C.
eugenioides, and C. racemosa, as the research objects, a series of statistical and comparative analyses were carried out.
The results demonstrated that the lengths of the chloroplast genomes varied from 154 751 bp to 155 189 bp, with C.
arabica a possessing the longest genome and C. canephora having the shortest. The average GC content was determined
to be 34.98%. Both C. liberica and C. arabica encoded 130 genes, while C. eugenioides had the largest number of genes,
totaling 138, and C. racemosa had the least, with only 121. Upon comparing the border regions of the chloroplast ge-
nomes of the five coffee plants, it was observed that the directional sequence arrangements were consistent, thereby
reflecting the high conservation of the chloroplast genome structure. The analysis of SSR sequences indicated that the
five coffee plants exhibited a pronounced AT bias, and the types and quantities of SSRs differed among them. Through
the analysis of nucleotide diversity variation sites, five segments with relatively significant nucleotide variations were
identified, namely PetN-PsbM, accD, accD-Psal, rpl16 and ndhF-rpl32. Furthermore, based on the combined analysis of
the chloroplast genomes and the five highly variable nucleotide regions, a phylogenetic tree of 19 Coffea plants was
successfully constructed, which shed light on their genetic relationships. This study can serve as a valuable reference for
the identification of germplasm resources, the exploration of origin and evolution, as well as the hybrid breeding of
Coffea plants.

KF B 2024-10-31; #EFHHE 2025-01-07

EELTE A EMAIITLI (No. 202401AT070027 ) 5 = M4 B ABHE L IR 4 0 & i B S LB 83 £ 100 (No.
202202AE090002) .

EERBN x| W (1994—) , B, Wit, ByEEERIE R, W57 M. ks F R, {5 /E#H ( Corresponding author ) :
J&# 4 (ZHOU Hua) , E-mail: 315946349@qg.com,



1044 o AE A F AR

% 46

Keywords: Coffea; chloroplast genome; phylogenetic; hypervariable region

DOI: 10.3969/j.issn.1000-2561.2025.05.003

M R A BR A TR, G ORI R i
HE( Coffea liberica ) . HRiFifiiifE( C. canephora) .
/NRL AP ME ( C.oarabica) . T FWIME ( C.
eugenioides) FLEVIRINME ( C. racemosa) %5, Hrp
PA/NBERD . rFoRERR i Kz Kok B et
UTAEAC, PR REMET 37 Aok & 8, AT
Jit JBEC R 7B 0 SR o T B g B A
32 H SRR R 7R b, ik
RAEZE EEAE A, AR R A o i S
ANy, HIEERA/NHEER R, 3 FEHE—
R RBAE RS H DNA S 4 3504 3R
IREEM), KEAE 120~217 kb Z ], HAEYIFIZEA
R A TR sk, SRR
HAEAEY) oy F AR b AT I %, Tz
T R Gt A Fg Lo h B pe i
FR WA &R, R i i it SR IE R 405 B
BAAR, AR T A R 41 B M SR 5
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NI B K /IR IR Bz R AT T A S
PR 20 %5 R - Ao i, S5 SRR, ki
1] S S v 1) 1 S Y v ol 1 | =y O =R e
PRI AR BIE A B, ST IR AT L AIT 25
B s /IR RS i 2 A S PR 4 2 - ) R PR R
55, fi T AT 25BN JvRinHEek K gk
FE B TR TS, il AU g5 R0
TESFAYE “£13I5f T F miin ff -2 (A 56 [X) 4 3 A7 10F
5%, FEBHZ /N AP e — N EZ R AR R,
it S oRiFmMERR L, KEEZYSh 155 kb, A
ERERARSE . AN, BRIReiEE ( C. racemosa )
PRI T R, E—A AR,
55 5 7 = S 71 i 1 N A1 | P I 9 s R
B RS T IO B PR, 7R SRR A
20 )5 ThT BT 5 ff DL A4S

RS R0 e s D AN vyl 11375 R e
Z 2R Z 8] R ST o X AN LAt i R
HIBF SR AFAE— R B, WASF] FRELE T Rl

MEZ4 2 B Fl . R, AWFFEHE I eI R 4 22 F
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T A ECIR B R R G, AT SRR L N 2
PR o B, B S i J A 4 i SR A i R 4 )
FIEA(EE, % LSC X (large single copy
region, KEHZ I [X ) . SSC [X.( small single copy,
/NEAPEDLIX ) F1 IR X (inverted repeat, J[i]#
BIX) EKE, GC &, gene XA LEKH; T
fif LSC. SSC il IR # A IXI 2 (8] 784k s o3 br
SSR i 1 5 i R AR X By dE R 5 el K L
UL R R G, DL e AT 22 R A 2R
KR, I Rix)mn R G0t i o8 52 g A 20 45
Fhrid.

1 #RERE
1.1 ##

M NCBI ##i /% ( https://www.ncbi.nlm.nih.
gov/ ) TFEESKIFRNMEE (MWO70411.1) | HRiFf
miE ( KU500324.1 ) | ZIVRE ARk ( EF044213.1) |
TAIMME(NC083907.1 ) L IR IHE ( MK577911.
1) %5 5 Rl A G SRR I R 2 5
12 FHik
121 "G AA RSN ARFHAER  FIH
IR Scope ( https://irscope.shinyapps.iof/irapp/ ) 7£4k
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122 IR RiaRepiks S5y ka4 FIH IR Scope
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AR MEE 19 SRR AL (R 1) B
TR £ A (nucleotide diversity, Pi) . B &
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Tab. 1 Chloroplast genome for hypervariable region and
phylogenetic analysis

2% =R .
Yy GenBank Q%E‘ s
Speci GenBank accession
pecies Note
number
Tk NC083907.1 i
C. eugenioides
SRL A MW970411.1
C. liberica
rpORL A HE KU500324.1
C. canephora
ZIVRLRH EF044213.1
C. arabica
SR e MK577911.1
C. racemosa
VKRR 2T CM061598.1
C. arabica cultivar
Red Bourbon
= Je ik MK577918.1
Coffea mannii
B W IR R FE g MK577917.1
C. horsfieldiana
TCAL Fmn g MK577916.1
C. ebracteolata
KA K MK577915.1
C. benghalensis
KA SR IR L B A v MK577914.1
C. benghalensis
var. Bababudanii
VU £ WA MK577913.1
C. tetragona
et ufnE MK577912.1
C. stenophylla
1 3R 5 TR mhn e MK577910.1
C. pseudozanguebariae
FAR A MK577909.1
C. macrocarpa
o3I S MK577908.1
C. humilis
A U AR MK577907.1
C. humblotiana
K - mE MK577906.1
C. dolichophylla
A P 5 MK577905.1
C. brassii
HiE MW160432.1 N

Gardenia jasminoides

125 ook BAE NG 2 AL 2 2 NCBI
B e 5 AN AR EOE S 14 Fi ) 0 - A L R
HpHl, LIEEREE TR ( Gardenia) HIHEF1E
( G jasminoides ) MM NHE, >k H phylosuite i {4
F1H MAFFT F1 Gblocks T E. % -4 14 5L R 41 )%
FIHEAT LR34, YE$E Model Finder i 76 f (A5
A, M 1Q-TREE #1THER, £ Figtree #4314k
JE A5 19 FhummE & AL B AR 25 SR I e T
AR R B X, [FFERA phylosuite 4
F1H MAFFT F1 Gblocks X 55728 X 551 #E 47 Ho X
43#)5 ., H Concatenate Sequence #1735 Df 42,
P Partition Finder2 A7 HiRIGH %, %5 H
IQ-TREE #4718, £¢ Figtree 3k {4354k J5 45 21| min
M J 725 7% X A HE AL 45

2 #ERE5HMH
21 MEREERBAKRNMNSLEN

b X T E . ER e L SR RR b
oA IEE | /N i R Y A S PR A A R
PR (% 2) o 45RER. Mk
FERZH K A 154 751~155 189 bp Z i) ; KMy
/R AhuiHE (155 189 bp ) , R Ay ok A
ME (154 751bp) , & Z[AJ4H2% 438 bp; i Hok:
TRl A R A i =2 (R {AH 22 48 bp, T A Wik
AR FpneE 22 B AR 22 66 bp., 1X 5 Fh ik & 1
WYy AR IE R 20 ) GC 345 1344 34.98%. 1L 4h,
LSC XKk 84 868~86 474 bp; SSC XK J& Ky
18 114~53 243 bp, HRIFpIMHER K (53543 bp) ;
IR XK Sk 7517~25 943 bp, Hokifhmm ki

(7517 bp) ; IR X GC & Bk ki ApunmEsy, H
A9 T LSC X Hl SSC X,

TR Ao P R /N e i P 1 S K 4 PR 2 )
it 130 ~FE, #AL 8  rRNA JE[H | 37 A4~
tRNA JE [} 85 MR H S 3E A ;T FFmmrEnt- 2%
R AL H gt 138 LR, 17 8 4~ rRNA
FE[H | 45 4~ tRNA K 85 N H 4w 3L A 5 Lotk
M IH- 2 R 42 L PR 240 He 4 i) 121 L1436 1 tRNA
K 85 AN A ZmB LA, JC rRNA JE[H ; AFokifhmin
MEH- 3 R 4 B 40 He i 131 N IER, 5 8 4
rRNA L[ | 37 1 tRNA K 86 & Fgnid KL
Eb I R R R EEL> 1A A it L .
22 IRRBFNKHESY 3K

AR K EN S IR KW
s Wi AR SO g 5 Rl AR 4 - 4
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Tab. 2 Chloroplast genomes of five Coffea species
Jse- a5k 2 i 35 A
W SR ALK LSC K ssC K IR Ko i R PR
Species Genome length/bp LSC length/bp SSC length/bp IR length/bp otal humber o rotein-coding
genes genes

L 155123 85 159 18136 25914 138 85
SR R 154 942 85 128 18114 25 850 121 85
oz A 154 799 84 868 18121 25 905 130 85
HpORL i 154 751 86 474 53243 7517 131 86
7N o g e 155 189 85 166 18 137 25943 130 85

Wy rRNA F K £ tRNA L [F 4 GC it LSC /Yy GC &= IRM GC & &  SSC GC &=

Species Number of rRNA  Number of tRNA GC content/% GC content of GC content of GC content

P genes genes 0 LSC/% IR/% of SSC/%
T &k 8 45 37.4 35.4 43.0 31.3
SR nfr e 0 36 374 35.3 431 314
L A nf e 8 37 313 35.4 431 313
vk ok 8 37 375 355 37.9 40.6
N A nf 8 37 313 35.3 43.0 313

RIERA R AR (B 1) KB, 5 FpnEE fE
Yyt SR AR BE A 7 [ P HES — 2, 4 NI BR
rRORL I HE A A ORI ME R A AEAS [ LR AL, T A
MR ANRLRRIEE | SPR e R — B, SR
L Y sk B, PoRLAR IR JLA Fi ILB
i F rpl2 FEFE P, Hin IR XY kA BN
824 bp; il ISB il ISA ¥Jfii T ycf2 FHNEE, H
) IR a X 3k [+ & & 6067 bp, 1] IR b X ik
M EE Sl 6065 bp; T AFMim . SERIME . ORI

WEFP . /NRLFP I 4 FpREYE ILB B4 T rps 19
FEEAES, Him IR ¥ 5k MK 43 90, 92,
94, 88bp., JSB 5 ycfl (W E YN 1bp, JISA 5
ndhF BIFE RS R 8 bp, Ho T HmIMER LA 5
trnH YRS 2 bp, FREH 5 FmmE)E 2 8] i 2k
FEPRZH 5 R0 FRIN A 12 B DR AT DA S SR TR 2Rk
2.3 SSR 447

5 At A A i SRR L R 1Y) SSR 81 41
Mr (K 2) LB, 3FIEHAY SSR 73 R 751,

JLB JSB JSA4 JLA
rps3 “‘L"Ru‘,l? bp 25 N i
C. eugenioides 85 159 bp /] 25914 I 18136 I W
155123 bp wp" o e slo
ps3 167bp45% bp 1mH
C. recemosa S5 128 bp /, 25 850 I 18114 /) _-nw
154 942 bp m - 9 mﬁm j =P
ps3 183 bp P4bp
C. liberica 84 868 bp /35905 l 18 121 —//M
154799 bp T v TN
psl! 660 bp, 824 bp 779 bp_,6067 bp
C. canephora 86474bp | I 7517 bp /T 53243 bp /[ as1aep |
ycﬂ 6845 bp ‘lrk’]‘l 12 1483 bp
154 751 bp ———awnlmy N 1™ T
ps3 19150 886p trnH
C. arabica 85166bp | /] 25943 / 18137 25943
155 189 bp o cop R P

JLA: LSC 5 IRamy#%#4, B junction of LSC/IRa; JLB: LSC 5 IR b (344, B junction of LSC/IR b; JSB: SSC 4 IR b 3%
5, B junction of SSC/IRb; JSA: SSC 5 IR al®i%4 4, HJ junction of SSC/IR a,
JLA: The connection point between LSC and IRa, namely junction of LSC/IRa; JLB: The connection point between LSC and IRb, namely
junction of LSC/IRb; JSB: The connection point between SSC and IRb, namely junction of SSC/IRb; JSA: The connection point between SSC
and IRa, namely junction of SSC/IRa.

EH1 MHEREERABRSHT
Fig. 1 Chloroplast genome boundary analysis
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SralERETTRR (PL) . &R (P2) MEA
B (C) . Hrh, P HREEEMERL, FE
BOA T BRI A A, A R T A ]
H¥Rm AT EEERE, RUIX 5 FpoidkE s A
HRCRM AT MRk, Besh, 5 FEPIMY SSR 2%
RUFEL H A AHTR], Hodr, SetkemmE 3 4~ SSR 26
R, A 294 PL, 34 P2, 14~ C, $HIT
334~ NVRLFRIMME 34~ SSR 2K, 418 27 4~ P1,
11 P2, 24 C, FHILTF 3045 HoRiFpummE 2
A~ SSR LAY, Uy 234 PL, 14~ C, ¥HII
244~ FORIMIERR 2 4~ SSR 28 A, A F 324 P1.
24 C, B H 3t 34 45 Tk 34~ SSR ZE#Y,
f55 2440 PL, 14 P2, 34~ C, $HIIT 28 1
o Aok e AR ME R X PL A C
Pl SSR 27, W fs P2 27,

34 -

P1

EHc

32 - 1
30
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20Md 13 2 2 3

[ | B [og
: O

K

SSR 7% Number of SSR type
[\]
N
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Fig. 2 Types and numbers of SSRsin chloroplast genomes
of five Coffea plants
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BI(E, ik 5 MR R KX B,
PetN-PsbM . accD . accD-Psal . rpl16 1 ndhF-rpl32.
SA AR B, 3 RN R B, 2400
i L ] 7 B o 3150 Y 25 R] [ o DX sl 3R 00 o
L G A DX B Ry A A% IR 22 FE 1
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Fig. 3 Nucleotide diversity analysis of 19 species of Coffea
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T D) B R AR — 3 TR TR R XA
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T g s 245 S U B T A W mE 5 /N R i e EL A B
RS I FR, TN bl AN o i e 21 38 8
MRS RN, BRI, TR X A Bk
BRI R R L BN 5E T gk e 3L H 4
MR RGEREWRINSEAE—E £, W
E—E R R TUMMEE YRR LR

3 itig

ATHFEXT 5 Fhun A 4 ) A R PR A
7T BT, B T HAESEA KN, 454,
SSR 43 . BHRREHM L R ARG LB RR T
MIPRSFIE R 22 520 . AFST R, 5 Fhommk ) rk-2¢
RBP4 /Ny 154 751~155 189 bp, Rk £ 4%
FRSF, HA MR EES RMEZX (IRX )
PP 5K AR A e, A HAth AR B R A 5k A
FEDS Hovpr /N f i 4 P-4 A 5 PR 4 e K
IR R e B e, —E RN R
FHEEPRTE IR X LSC X, X34 KR
Z R TRE S YR AR S EAL | BRBE I P el g
DR T A ) S el 2 | Ao Ak Y 1R X
JEJE R B3 LA FILB i BT rpl2 K PR,
YT 824 bp, 1M JSB 1 ISA 1 50435 H IRa
1 IRb X4 & T 6067 bp F1 6065 bp., ix
RiARINMER) IR XY R, 55 H At ik A 4 A1
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CM061598.1 C. arabica cuitivar Red Bourbon

84

100 EF044213.1 C. arabica

NC083907.1 C. eugenioides

100
#MKSWMZ .1 C. stenophylla

MK577908.1 C. humilis
MKS577911.1 C. racemosa

100

{100
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L MW970411.1 C. liberica

MK577917.1 C. horsfieldiana

100
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MK577914.1 C.
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B4 ETHSZREL2EREBMENRZLEN

Fig. 4 Phylogenetic tree constructed based on complete chloroplast genome
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Fig. 5 Phylogenetic tree constructed based on hypervariable region sequences
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