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YLPY B 3410005 3. dbatMolk K2 RS AR %5, L3 100083 )

B E. BN TRELE (APG IV) R UMK EE (Sloanea L.) FACE B F1EIEEL ( Elacocarpaceae ) FT7E
H SR B H (Oxalidales ) 9% B F 5284337 (Fabids) , H5 T8 H ( Celastrales) .4 & & H ( Malpighiales ) 2H ili— 32
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The complete chloroplast genome of Sloanea sinensis
and the systematic status of Elaeocarpaceae
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Abstract: Angiosperm Phylogeny Group IV ( APG 1V ) revealed Elaeocarpaceae represented by Sloanea sinensis
belonging to Oxalidales includes the COM clade with Celastrales and Malpighiales, while the status of COM clade is not
well supported based on phylogenetic calculation results of multi-molecular fragments. In order to improve the bootstrap

of COM clade, with Sloanea sinensis ( genus Sloanea, family Elaeocarpaceae) as materials, we used Illumina Hiseq
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2 500 platform to sequence, and then assembled, annotated, and analyzed by Geneious 11.0 PGA and Shiny. Analysis of
chloroplast genome characteristics was used by MISA and IRscope. The phylogenetic tree of Fabids was reconstructed by
using PhyloSuite. The results were as follows: (1) The complete chloroplast genome of Sloanea sinensis was 157 546 bp
in length including two inverted repeats (IRs) of 25 984 bp, which were separated by large single copy (LSC) and short
single copy (SSC) of 87 904 bp and 17 674 bp, respectively. The GC content was 37.0%. (2) The genome encoded 113
functional genes, including 79 protein-coding genes, 30 tRNA genes, and 4 TRNA genes. 81 SSR loci were detected in
the S. sinensis genome, and most of SSR was composed of nucleobase A and T. Through IR expansion and contraction
analysis, we found that there were obvious differences between Elaeocarpus japonicus and Sloanea sinensis in LSC/IRB
and TRA/LSC boundaries. (3) The whole chloroplast genome phylogenetic studies showed Sloanea sinensis and
Elaeocarpus japonicus were sister to Averrhoa carambola, Oxalis corymbosa and O. drummondii. Sloanea sinensis and
FElaeocarpus japonicus representing Elaeocarpaceae belonged to Oxalidales, Fabids, and a strongly support for COM clade

in Fabids group. Based on the chloroplast genome of genus Sloanea, the phylogenetic status of Elaeocarpaceae and the

42 3

COM clade is confirmed.

Key words: Sloanea sinensis, chloroplast genome, phylogenetic analysis, genome comparison, COM clade

Mg AR AR NIRRT R MR S 5
BCRY EE 4 M 2% ( Palmer 1985; Shinozaki et al.
1986) o MERAR 13814 4 J5t hy - S (A B R 28 3
FEIN U KA G54, PR A B AR R s B DR ST
(4852 XI5 (TRa #1 IRb) , — > K L85 DL X S8R 575
— /NP DT X (40 5 O LSCO A SSC ) i
(Pogson et al., 1847; Raman & Park, 2015; Cheng
etal., 2017) , &gk I 20 PR A5 A PR 5T | TR A%
BEPTE By T AR A HL A B PR 20 — ik 2 B 03 st
18,55 T 4% Br (B WS T 45, 20175 Li et al., 2018;
Zhang et al., 2018; Jeon & Kim, 2019), ff &
NCBI o4 i rp it S R B DR 20 B8040 19 H 42 394K,
IS L A B TR 2 343 T B i R R i
ARG RE M oy F R G2 A% R0 4 i F
BEPR 5t 4% 20 R D T ¥ 3 % K (Zhang et al.,
2017) . BS54 (2019) FET 34 445 )& ( Vitis)
Mok 2B NABEEERELER, &R 5%
4i /325 —%% ; Bhati 25 (2018) Ji JH} Illumina Miseq “F-
5 X5 16 A ( Foeniculum vulgare) W 5% {4 5k K 4 #E47
MR L, FEAR AT 23 X FhRic o, Herb 21 %)
1Y) & T B W A R T2 5 Marechal &
Brisson (2010) 9% & ¥ IR 1 F X A9 9~ 5Kk 55 Uk 48
SR S A L PR 20 25 4 (%) J ZERRAIE 5 Su 45 (2020) L1
BN @ B SR AR R TR A 45 R R B TR IX AR H
b 33 4% 25 5 K, A8 S B W X AT BB R &R
INFZ B G ZAEVERROC

DU AR A R A 32 00 i 51 2 TR 48 35 o k)
H)E T8 2% H 2L B 55 ( Takhtajan, 1980; 5K 7
ik, 1989;Thorne, 2000) , Crayn %5 (2006 ) 343

- H A 4 W AL 95 B ( Elaeocarpaceae ) 5 i 1 # R}
( Cephalotaceae) 18 4% f£ £} ( Brunelliaceae ) %) 3% %
KAREAT, WS JE T RBER T H, Bfiny APG
IV RGBS ERIEEE R H  IF B &SRR
H(COM 7330) Jit 8 F 22, {H COM 73 3211 32
FR 8K ( Chase et al., 2016)
EERAFEFRTHERERNMRAREKLE
KRS, B rbel. A BN ernL-trnF (8] i [X ) 2
T ft B Bl Aceratium . Elaeocarpus . Plotytheca .
Crinodendron Valea 1 Sloanea W J& 8] R 4. k& & XK
%, Xl 53 4 ( Crinodendron + Valea) + Sloanea 532
1 ( Aceratium + Elaeocarpus ) + Plotytheca 43 3
( Bradford & Barnes, 2011) , ##&JE & Fl 4> FiiE
B, B k3 B 43 b Sloanea  alliance  ( Vallea,
Aristotelia and Sloanea ) . Tremandraceous
and Tremandra ) Fl

( Sericolea

genera
( Platytheca, Tetratheca

Elaeocarpus  alliance Aceratium  and
Elaeocarpus) = 4~ 43 3Z ( Phoon, 2015; iff ‘H &,
2018 ) ., Sloanea alliance ( Vallea, Aristotelia and
Sloanea) 4337 F 40 A7 76 53 52 PN VG A1 AL &8 L A
A M FTR YH ZRFR A BIF 58 LA X Sl B L, 3 i
I g R e [R] 2 v 1 e 00 5 2 28 AR B DR B, ) )
=R NS N R 2 3N o A B N = R

B SRR COM 4 1S
1 e 5 7=

1.1 SR
I 7 44 KL A M 3K - ( Sloanea sinensis) , T 2017
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‘F4 H 22 BfE =M A R E KRS
(104°43’12" E ,23°0'36" N) R 4 Hopr &t A%
BHEUERR A DR AF T JE 5t MOl K7 FR A1 (BIFC) ,
KA B E K T4 XW1956, %8 AN E €,
1.2 EFE 4 DNA =K N F

SR I R Y oS b Bk = T BE VR 1k 8% (CTAB)
B4R BUG W E B DNA (Li et al., 2009) , 2 J5 FI
By B WH R 5 HL K AT NanoDrop-2000 f 12 43 ' o B
TR DNA 4l A 2 45 0 (19 DNA G5 &
JERUE R Y BOR A R 7] IFlE ] Tlumina
HiSeq (TM) 2000 #4758 &l 37, K 45 21 9 Ji
U % 8088 SC M 4 CASAVA B 3% 37 51l ( base
calling) 43 M54 N JE 46 I 7 7 31 (raw data) |, B J5
Al ) ok e 4 Sk Y AR BT R Y reads, SR TG
6.04 Gb 4 clean reads, 3 H 7y 4 5y DMS14627-
S.fq. gz L4 ( Cock et al., 2010; Hansen et al.,
2010) .
1.3 BEEAALEEER

2 Geneious 11.0 34 Trim Ends 2% Bf # 3k ™
st AR S5 5k P 81 ) A 5 5T 3 M7 81, LA Brunellia
trianae (R ¥E AL B8 4 /£ )& , GenBank % 5% 5 .
MN585217) FH- & (S [K 2 S 2 25 7 91 R AT 413 Al
TR, FIH SPAdes v3.6.1 TEERIN S50 T #E47T M3k
PREE, IF A L — & 41 Contigs ( Prjibelski et al.,
2020) B KT 1 000 bp Y Contigs F T - 4%
AR PRI 20 2 2%, DG THC 34 422 Ay 7t 5 K ) I S AR R TR
¥ %) (Kearse et al., 2012) , AR ¢ 4% AR #b 55
AAESF A B, (i PGA R 4 TR B T A
SRR BL A ZH HEAT DY RETE R, JF0E 1 Shiny 4R 4F
22 il A U I AR L TR 2H [ ( Liu et al., 2018
Zheng et al., 2020) , MJF¥J5 1Y clean reads 1% %
NCBI 1 SRA % #i# & ( PRINA661695,
SRR12599358) , {#i i Bankit #4714 19 17 91l 4 52
% NCBI, 38153 Genbank & 55 : MW004670
1.4 MHEEERBRFES W

e e (A R D 20 e 51 Sl L, A T MISA
B A4 (http ://pgre. ipk-gatersleben. de/misa/misa. ht-
ml) % 58 M W B I g A R DR A b PR R A )T 4
(SSR) , ZHCR HERMA, BD PR R \ TR
SRR VU R | LA R IS R Y f /]
TR M 10.6.5.5.5.5,2 4 SSR Z [H] ()
/NI B S 100 bp (Sahu et al., 2012), f#
IRscope ( https: // irscope. shinyapps. io/irapp/) %

il A W = FH Bk . Oxalis corniculate . O. drummondii
A1 H AFEDE SRR SL R 2 31 L ( Amiryousefi et al. |
2018) ,
1.5 FAlkMRELEE DT

M NCBI %88 %2~ ##% ( Corylus heterophylla) |
K& 18 HMi ( Carpinus tientaiensis ) . 13 B ( Betula
nana) % 52 A~y Fh 58 F G ARIE R A7 5, H
Lo AYRR AR H 4 N AMOR B #TAH L9
YRR A 2 DMAOR A ELH 4 )b
RABERFH 2 MRk A T H 19 A9k
HEREA,3 MR AERAAR=H(ED), A
MEGA 7.0 34 bt 7 41, 2 B P o AS 3% 5% 75 31
(Kumar et al., 2016), f#i F§ PhyloSuite %k {f
ModelFinder #4715 1 53 17, 314 1 e KALSR 1k &%
SRBEW, F%8 A EAH bootstrap A 1 000,517 it
S E] 2y 168 h, Ho Al 2 H oy BROAE #4735
Tree SCAFH A FigTree v1.3 BEHL ( Price et al.,
2009 ; Zhang et al., 2020) ,

2 R 59

2.1 EEAEREE

ek E kg R FE R 4] 4 K 157 546 bp, LSC,
SSC 5 IR B J& 43 9 24 87 903 bp 17 675 bp,
25984 bp, @M A K GC & &N 37.0%, H
GC i W2 I M H A X (42.9%) , KHL.4E I
DX /IS DUIX 4350 8 35.1% 1 31.4% (3% 2, K
1), ks g R S Al S A 65 132 A3, 3R
BEREIN 1131 (FE3),
2.2 SSR 43 #f

ARG R M 5 - S A L DR 21 v AR AE 81
SSR( Simple Sequence Repeat, fij B8 &2 JF 5 FRic) ,
Hr Ko R BT TR T4 (76 1~,93.83%) ,
THHRERTIE 4 4 (4.94%) , BT RER
FEH A 1A (1.23%) AR 2 DU AT IR | A%
FRFI /SRR TS, 88.89% 1Y SSR Hi A 5% T ZH )i,
X FE I SSRFE K4 ] A/T JEH, SSR PAK B
10~12 bp M FH) 8 &, 21 75.31%, 16 bp
DL BRI A7 9.88% (R 4) . LSC XIRM TR E E
JFH1Ik 65 1~ (80.25%) , Horh KR4 2 BA% 1 IR
HIFH], SSC XN TR EEZ ¥4 A 10 4~
(12.35%) , H#ES 2R PAATIRE L ¥4, w4~ IR X
WA 6 1(7.41%) B IRER T,
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Table 1  The sequence of species download from NCBI
GenBank GenBank GenBank GenBank
BT BT BT BT
8 ﬂl GenBank . ﬂl GenBank , ﬂl GenBank . ﬂl GenBank
Species . Species . Species . Species .
accession accession accession accession
number number number number
3 KX822769 KA HA NC034910 THAE NC033978 BRI A MF136501
Corylus Carpinus Betula nana Alnus glutinosa
heterophylla tientaiensts
ki KY476637 AR KX868670 Juglans hindsii MF167459 KE PR AR MF135621
Myrica rubra Platycarya Quercus
strobilacea tarokoensis
Ed KY951992 iy I MG022622 K NC036506 EAW)IN KX147311
Castanea Momordica Cucurbita Coccinia grandis
mollissima charantia moschata
[LPIN NC035727 Sorbus KY457242 Malus trilobata KX499858 H AR NC035566
Citrullus lanatus torminalis Chaenomeles
Japonica
AL KY626169 R NC033979 R AP017911 R KY794808
Pyrus pashia Ficus religiosa Aphananthe aspera Hippophae
rhamnoides
e MF781071 INELZE KY926621 Pithecellobium KX852444 Acacia 1.N885279
Ziziphus jujuba Berchemiella Slexicaule Jibberdingensts
wilsonii
FH Bk KU569488 Bevt T KY511610 P S KT861471 Wi -4 KX425622
Averrhoa Euonymus Catha edulis Populus
carambola schensianus adenopoda
1A ¥ KX229742 XA R KX290855 il KX256287 FLIE KK KY000001
Idesia Passiflora edulis Erythroxylum Euphorbia esula
polycarpa novogranatense
FE R JF937588 JRR RS FJ695500 A EU117376 Y KY419133
Ricinus Jatropha curcas Manihot Hevea
communis esculenta brasiliensis
P JFR NC036356 7% i i KX822787 Dactyladenia NC030556 Angelesia NC030545
Linum Garcinia buchnert splendens
usitatissimum mangostana
Afrolicania NCO030544 Neocarya KX180088 Parastemon KX180089 Magnistipula KX180084
elaeosperma macrophylla urophyllus butayet
Maranthes KX 180086 Maranthes KX 180085 LLAE I L NC048890 Oxalis NC043802
glabra gabunensis Oxalis drummondii
corymbosa
H A0 MT683335 i fEE % NC020318 HE2 NC023238 e NC018357
Elaeocarpus Magnolia Yulania Yulania
Japonicus grandiflora lilitflora denudata
2.3 IR AFRX S M AR R GTR+F+1+G4, REKR T £ W

& Bl TRscope 1. H.E ji 5 Fi ik 2% & H A Y0 19
PR 2) ,5 R IRa/SSC i1 B 1Y 3k K 43 A1
RN, oAb X A H A ML 1Y) ndhF 5 DA
IRb/SSC #1 A3 4E . 7F LSC/IRb il IRa/LSC i1 %t
B AU TH) 3 R IR R R AR W BT S ik TR AH TR
(rps19 Fl rpi2) , T H A At 9 783X W A4~ i A |2
rps3 F rpl22.,

24 RERE S

e ecs: e S5 53 Rl W) i AR 58 K 4

SRR DR EMERGE R TR (K 3) , 517

Wk = W B OA b 98 R A — 1, o SRS
100% , J& FAEERE, HeAh, 0 = 5 BBk | 21 16 B
IR Oxalis drummondii BN —3 , 0 X LR R
100% , 156 W] A W & [A) R 3% 5 B B A B0 1) 2% &

3 Wik 5 4k

Mo B i S R R R A A
IR MYl 25 984 bp, GC & &} 37.0%),

157 546 bp B 3,
54t
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Table 2  Characteristic features of Sloanea

sinensis chloroplast genome

FE R H R

Genome feature

FHIE(E

Feature value

LKA

Genome size (bp)

Sz 1) A XA
The length of IR (bp)

HREPE DX A
The length of LSC (bp)

/NP DL IX AR B
The length of SSC (bp)

JEFA GC it
GC content of genome (%)

REEHEIX GC & &
GC content of IR (%)

KEP DX GC AL
GC content of LSC (%)

NP DLIX GC F
GC content of SSC (%)

BRI EL

Number of total genes

i 2 (9 K

Number of protein-coding genes

RO RNA Sk R 5
Number of rRNA genes

5 RNA B[R4
Number of tRNA genes

IR A X
Number of genes duplicated by IR

157 546

25 984

87 903

17 675

37.0

42.9

35.1

31.4

132

79

4

30

18

FE A 2% AR SE N 41 8 A 2046 (120 000 ~ 180 000
bp) FHAF ( Wolf et al., 2010) . MWK 5= M- 2 14 J [H]
LR T 113 AR, 58 H Y SR
I H R 120 DA NI (857, 2019)
Xof L H A 3 0 i g A PR S5 ), e SR B AT
£ infA 1 ndhK PIASFE B, 78 8% FAH ) A 53
PR SRR S BAL infA F ndh i PG B 3 4%
A Qs &k FEAA ¥ ( Thalictrum ichangense ) ISR JE
BRI2H b infA B TR 3% B8 22 4% B 4K ( Millen et al.,
2001; Park & Jansen, 2015) , W44 > ( Phaiaenopsis
aphrodite) H' =~ ndh 3£ H (ndhA |, ndhF 1 ndhH)
R BIZAEVR I (Chang et al., 2006) . W41, ndh
F R 7E ¥ 25 4 J8 ( Hydnora) 322 J& ( Cuscuta) 55
A AR AN ER 43 BRI AR Y hs 2k T B S i A ad
P 3 W K 43 3ok 22 36 58 1Y 45 R ( DePamphilis &
Palmer, 1990; McNeal et al., 2007; Wickeitt,

2008 ; Wicke et al., 2011; Kim, 2015; Naumann,
2016) o H A K37 38 13 HE A0 A v i 1 4 2k
AL ER T ndhK FlinfA PIAHER ATREZT T AN
A By A= 55 97 5K

SSR HLEZ O M e BUAR XK 5 A/T il Bk &
G/CIAEHE L £ SSR TEAE gt X L i i X B £,
6 H AW SSR 40 4 ( Toth et al., 2000;
Morgante et al., 2002 ; Zhao et al., 2014 ; Srivastava
etal., 2019), MW H A/THIEELZ KL RS
By 54 1 T A 3R A G (Heissl et al., 2018)
FEFZEN A, GC 5 H g W) DNA 2 Ok, 2
JPHEARE . B E IR X GC /N 42.9%,
SSC XY GC i %5 LSC XAl IR DX ALK, #EJ H: SsC
XA H Z 1Y SSR % 48 fi & ( Ohme-Takagi et al.,
2000) o AN [EIHF Y SR AARE DRI A yof i PR3 A7
TE = AU 1Y SSR, T B3 PR 1Y) iy A8 S, 491 Gn 7 B
IRJE (Justicia ) H i 30 22 25 1 A0 50 WU 2 1 02
yefl ZEH (Kim & Lee, 2004 ; #lI57, 2020), 7¢
Mo - g AL DR 2H ) i B DX yef3 BRI B 238
PEOL iR 2  AEAE T R A P Fh i 2 5 R PR AR S
LR, BHOEE B0 5 4k SSR £ 3
AT ) B F R AR SRR A IX 2 SSR
A LAAE SRy M50 - s ) o A 3 A% 722 S R ) o 4
PR TR 73 FAnic. PR, 00 = i a4 B PR 4
1R FA B T AL RHMEY B QTL 20 B R OC &R
458 AL ZAEVERITSE (X515 FBRN 2004 )

ARG R B S R DR 20 0 R/ AS ) 25 J 3
IR/SC i F X By 5K 5l B Y 48 L4, 1 IR/SC 41
TR S WcE S e EUI R, IR
A DR B9 5K B4R AT BE -5 XUE DNA A I 242
A/ 5K B 5 R R AE A G (Kim &
Lee, 2004 ; Khakhlova & Bock, 2006 ; Hansen et al. ,
2007 ; Wang et al., 2008;Ma et al., 2013; % K
45,2018 1 ,2020) , il HCEREEI L H 5 Ff
WGk k4 5 TR ALY TR 0 B IK R BT 1
IR/SC 1 X A7 T2 8 R B9 37 5K, 3X 7] 8 15 XL 5%
DNA Ry 248 52 A 5¢ s JF H I AL XIS H A
AR LE , B [ e S s B i) 320 5 DI S AR 4L, w)
AE S WA X 35 T 5 T e A ) B 5 o [ B 4 0T
200 T AR b BT AL, X LG IR 3 F X A
WCE 1 rps19 HEPIRERES LSC/IRD X, T H A it 3%
b rps3 A, Mg R RN rps19 . rps3 HHAE
B OB A ) i S AR R A A A — i 25 e TR
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Table 3 List of genes encoded in Sloanea sinensis chloroplast genome
B4y FEH 5y BER 44 FK
Category for gene Group of gene Name of gene
EE %K rRNA rrn4.5 .rrnS .rrn16 123
Self-replicati
eli-replication {RNA 1mA-UGC . trnC-GCA . tmD-GUC . trnE-UUC , trnF-GAA _ trnfM-CAU | trnG-
GCC . trnG-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 , #rnS-GCU | trnS-GGA | tmS-UGA | trnT-GGU | trn'T-UGU |
trnV-GAC trnV-UAC .trnW-CCA .trnY-GUA
F R AR /N 3 ps2 . rps3 .rpsd (rpsT (rps8 (rps11 rps12 (rps14 rps1S (rps16 (rps18 rps19
Ribosomal protein ( SSU)
2R T 2 pl2 rpl14 (rpl16 rpl20 rpl22 rpl23 . rpl33 . rpl36

Ribosomal protein ( LSU)
RNA G I

RNA polymerase
HERG]

Photosystem |

i |

Photosystem I
MpEEREZEY
Cytochrome b/f complex
ATP &

ATP synthase

Mg ATP #)ZE F T

PATP-dependent protease subunit P
TR A, BB R A Il I
RuBisCO CO large subunit

NADH Jit & filf NADH dehydrogenase
AT

Maturase

LR H

Envelop membrane protein

TR A YR AL T

Subunit of acetyl-CoA-carboxylase

o B G 3R A

C-type cytochrome synthesis ccsA gene
He st i A 1

Translation initiation factor IF-1

B P £ e Bl A

Hypothetical chloroplast reading frames

JeA ARG

Genes for photosynthesis

HoAl A
Other genes

ARANTIHE

Unknown function

rpoA (rpoB (rpoC1 rpoC2

psaA psaB psaC psal psal)

psbA psbB psbC psbD . psbE psbF  psbH psbl psb] .psbK psbL. psbM  psbN |
psbT \psbZ

petA petB petD petG petl. petN

atpA | atpB atpE [atpF atpH [aipl

clpP

rbel.

ndhA .ndhB .ndhC .ndhD .ndhE .ndhF .ndhG .ndhH ndhl .ndh) .ndhK

matK
cemA
accD
cesA
infA

yof 1. \yef2 .yef3 \yefd ycf15

T4y T A T rps19 FEPRALER M FETE T IR IX,
1M rps3 HL P B BS LSC/IRb X By BE £ AV 76 B R
( Paris , 2278} ) #1225 46 F) ( Melanthiaceae ) A4
&P (Lin et al., 2012;Sarah et al., 2013; % 75,
2019) . HICH] L, M BR85S R 08 )
HRWY BP0 T 5t AN F R Zatt b1,

PR R G R A 2 IR () A b 3 3R
h—3Z, [ JE TR EE S L H 5 Z AT Heibl &
Renner (2012) Fll Magallon 55 ( 2015) #4 & 8 R 4t
REWMMHY G, BEXEH TrHS5&RREBER
N COM %33, 5 APG IV 24 — 3% ( Chase et al.,
2016) , COM 4y Z X 5@ A X (723 B ¥ A
H.#%#H < H)FJET 5353 (Fabids) , X —
R T COM 4 LR RGN E , WEIE

TSR RGE KB NIRRT I
Prh AR,

S
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