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AR FIEEFEMR

AWK, TIEN, kT, FTW, £H%, EFs, FE
Moo, FRE, HAFR

WK AR S EORERE, AR EEN TREGLRE, 5EA5% 830017

WE ¥ (Aleurites moluccana) 2 KA BB I S AR, BARER. 28 A BN E . 3B T Sk L [R]
HtamrE, B —AREEESEEANT, HIAMER T AR SRR, HTERARIEMRARKE . 4
WREIR, £ B SRR L DR 4 o R DU Be g7, 2K S 163 298 bp, LSC. SSCKIRMIK FE 4375491 301, 18 501F1
26 748 bp. fZEMGEAFKHILE 1314, W8 RNAKEN, 37/MRNAKE[K, 86/ & A MmiTEKN . Wit kBl145
ANSSRALA, MMB|EL FLE HEFR. TR, —ZHRMUZTR, $H /20880, 53, 10124, Lkt
GERFH, AR R B R AR B R G A I R . R S AL RVE A DU i i T RGER B, s A SR AR
(Vernicia fordii)Fl %< 5 il (Deutzianthus tonkinensis)sk 4 ¢ RER, HILSUMEGREE . FIH A AT 2 F 04, REA R

JB IR JE AN A S JE i AL ] 925.94 Ma (95% HPD: 24.71-63.32 Ma). A EE 1A EREHE R, oA M
JR IR T R S AL R s AL S, MR AASRRYIF S E R R A K EMARES S

XEiE A, MaERA, REKE

A&, TEN, HET, W, £HR, £5E, i, XHEE, FHE, HHR (2023). £ K SARERAHT.

Y14k 58, 248-260.

£ 58 (Aleurites moluccana)/& KBl 52 J& (15
SRR TR, MR, AKHE R, MEETE20 me A
SR T Dy R v 0 S R By, A0 AT T A K
WX, ERESMTEE. 6. &R, .
TR R EFEE X ASAER R, R, &
T ARREEIE IR PE 2 rp P 1, B SR R (R S,
2011). AZEM FK15-20 cm, RS AZR, BAAR
JR AT R R A SR Ry, RS A =3k  (E1)
P AR A (R E R A A R ) & & 5 1£21.6%,
FHL 6 i & B 5 1566.22%, & B T K S S
(£, 2013). 1A, A E S A A 57 B8 T Bk
1 A0 3 2 (01 B % 4%, 2008), 3 P B2 23 B 2 B 4L
B REG . PR (S, 2007) 0L H il =
fi5(Radunz et al., 1998). X LeH) 45 LR T 41 S A%
K25 ARRIG S MG AT BB, Bl
MG HREY) . AENERNAED), 1 FH YA AT IER
AR TE B P 5, R — P A AN E 1 T 2R
ek B 0: 2022-02-10; 4% H i 2022-05-10

HEUIH: EXARFHEE(No.31601782)
* JEIREF . E-mail: tianxm06@lzu.edu.cn

B, B RTAE B KU D LA R . AR SRR IR AE D,
AEMAMN TR, S aifhidnl /£ R E
Yise. BEARM, SRAMIIAYSSAELL, SR
JL ¥ 7 (deep eutectic solvents, DESs)4li4k )44
S T B A B o, R T R OR AR e
A, ¥R B A S v] DA 32 Kb v FRAFL (Villarante
and lbarrientos, 2021), & —Fi#HIF RN EFKIARA
THORLBEVE A Tl . A1 SRR B 5T B T 41 4R 2 FL 45 H
F A R 14 0 526 MR DR A W B 770 R
KR A B 4% 57 (Vilarante et al., 2018). 1EN
ZiHMEY), AR AN E, W
A TR YT BN, 8BRS T R vT TR T
W S (BT I 4%, 2007)o A1 SRR N BL2 77 0, AT 2K
TRIT R ST 28 A e 18 M (Quintdo et al.,
2019). A FEH, FH0.5%F11.0% 41 SEHE B
RIIHIFIBE R SSRGS BURE A R D& S
7l)(Cesca et al., 2012).
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Bl GRARFR
(A) 1E/7; (B) B3k, (C) kA%t (D) sk

Figure 1 Natural population of Aleurites moluccana

(A) Inflorescence; (B) Branches; (C) Young branches and leaves; (D) Fruit

KLUk, X TARERBYFNRFHEALKR —H
TFEG L. 17764, Aleurites’ f1 %2 (Aleurites mol-
uccana (L.) Willd)e ~J&, Bif1 52 (Aleurites Forst).
IMJoannis de Loureiro X & 7.1/ iiffA J& (Vernicia
Lour). 18664, Mneller-Argoviensis 3UK 28 & 4 1)E,
R v 4 J& (Aleurites Forst). 19664F, Airy Shaw i
Aol Ja& 45 43 S i el Jg A0 A SR R (E RS, 1986). T
5 AT A R AEAR AL, A S 4 Kl 43 D9 it el fR 1A
Pl (284 Ar %, 1997), (HZ R A 525 AR 8 4 Fh 1 i
k. FIERE . DNAFIRNA S &M (F5 4 =
¥, 1988) LA S M i1 45 1 LU IR (1 SR 45, 1995) 2
J&, 15 A SR S i JE A R E R

2R A4 A e SEAELAA) 40 A R AR b, JE
AR K R BH e S AL oK A &4, iRt &
Tl A= a0 B B 7 I RE B (MR SR, 2017; B H M4k,
2019). WZRAdIn AT H R T A AL R R SRR S
5, Bl 4715 5 (Krause, 2008), &M &R iH ¥ ik 4E
AU =P 16 RO T B A EEAEH . M2k & sk
18 % A AR A 0T T HE P i v T e A A i R
WEE, 19864, MH% (Nicotiana tabacum)filh L
(Marchantia polymorpha) ) i &3 44 5 P8 25 ) 75 25 4

RA, IX A SR AR B DR ZH R TR OB R B (2R T T A
2018). tEY S RDNA— N RS IR 40 1, Kb
JEH1E120-170 kb2 [, FRRcpDNARE & & M EE
[XA (inverted repeat region A, IRA)RIIRB. K #$% Il
[X (large single-copy region, LSC)5 /) ##% 1 [X
(small single-copy region, SSC), & PU B = 45
(Shaw et al., 2007). 5t%FEF AL, H2RpARIE A
BN, (BTN, S5 Hth EbA% S R Ra e I GhA
FEDRZH 7 9 v BE RS, G B ZH 2K, BT BRI AT,
M2 AA IR A2 P FEGIE N T RAKESH T
A AW T IR A AR IE (Nie et al., 2012; Zhang et
al., 2017).

B A 5 R AL PP BRI R R, TR 22 f i 4 A
B[R N T & Gk AL ik 78 413 (Daniell et al.,
2016). T ARAAEEZPEHMLHME, Bl
X AT 2 SRR TR 2 RO 1 2GR0 RS e 7
MR SR EER b, MERFKE . Btk 2R
R AR EL R 2 T T ST 8 . HAT, AR YR AN
B 5T ARBYF SRS R I 2R L ]
HRHEMANTE R

A AFH AR EEENFHEA, K57 AER
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SRR A G, WA ERER T RN A, I
gh OOR BRI R P i S R 5 R A0 2508, A 5
i 2 A 5 (R 20 o i B B R JF 4 (simple  sequence
repeat, SSR). & ¥ ¥ FI 255 i F R HEAT /0 #,
HETRAKEW, HHEIZEN KRB . &
W 70K A0 SR B A% (R4 S AR 77 F & PR i e
PR S

1 #MH5EE

1.1 SEIGHHR K DNA R £ B A

£12E (Aleurites moluccana (L.) Willd)/Mi& R & T
AP EDIE, brA 5 R82017-s1-001. 8 HAED
DNAR G & CRARAE R SR U I 4IDNA. 285 H
TR R B I H kR DN & 4E AT A K DNAZS i 75
TR AR ASCRBCAE J S ol 42 S, BB /S I DNAVIS
BLHPCR MiAk #2474 14, FHCASpure PCRA4fifl
WA Al . WSO, EEE T 350 bp DNA/N
B o Mt i S E A AL v R BUEAE M E B R
AR A FRI A S, K Alllumina HiSeqPE150 X
Ui WU SR HEAT W e, W0 R FE 9101

1.2 FFARIER

% T lllumina HiSeqill 7 3k 1541 S 4 F R 4L 51, il
Fe IR 6 % © B 5 E NCBIELHE B, B 5 N
ON206671; H7ESDB (Science Data Bank)## %
#1y, B35 N10.57760/sciencedb.07992. NI
215 3 = on B SRR B A 7 81, IR CLC Ge-
nomics Workbench v7 .53 {4 X J5 46 I 77 2 2047 ik
JE, 1835 FiEclean reads. T E R EHE, EH
GetOrganelle v1.7.5 (https://github.com/Kinggerm/
GetOrganelle) % 2 1T 7 5 - £ 4 3 PR 41 1) M S 2
B, Hiofreadsif #seed, 454 Seed Database
‘Heseed readsH AT ZE b1, AL EAIEH
A3 2 5507 5 K Mireads, $:4 HEHAT Mk 2E,
4t Label Databaseffls i I UL 7 41 () contigs,
[ i A F SPAdes #i 4 i clean  reads i 47 M Sk 4124
13 %ICleaned and Labelled Target Assembly Graph;
I J5 R H drcontigs I 5 T A7 45 4, 159 3 4 4% 45
H, [Fi fBandage v0.8.1 (http:/rrwick.github.io/
Bandage.) A Xt M Sk 2H 6 15 21 14 5 D] 2H 45 4 FRL R AT

AR, DR E A AR A IR . FEH R AN
(get_organelle_from_reads. py-Fembplant pt-t 1-R
15-0 out_1-w 0.5-k 105,115,125,127).

75 3L R 1B #1GeSeq (https://chlorobox.mpi-
mp-golm.mpg.de/geseq.html) # T FF fasta 3C 14, 44
Ja % rhannotate plastid IRflannotate plastid trans-
spliced rps12, ¥iblast identity () {f % & ~85. N
DRI, 223V ERE S I 5 5 FHDOGMA T3l A -

1.3 MERFEFEAFHES

F F MISA (http://pgrc.ipk-gatersleben.de/misa/) %
AR Ay S S R TR 4H 7 41 PRV AR I s T R 4
ek 3fFReputer (https://bibiserv.cebitec.uni-bie-
lefeld.de/repuer) 4t i1 41 S - L 44 ik K 26 vh 8 55 7 471
PR A &, & K EE KB (maximum computed
repeats). I/ #E & K J (minimal repeat size) il
Harming i 25 43 5] % & 450, 30f13. f{ii ] Codon
W1.4.4 5 A (linux ARAS ) R - 25 4 5 R 20 971 o 7 22
TR B b M 247 B8 1T, #ECondon WA 4A BT T
Hi%$Ecodon usage indic, ¥ B &ML H S, ik
$select all, f&%¥E 4 ARun c-condonsiz {7 &
J¥, AW EYARIASH. HMauveidtiT fL 45y
W, FARILEAE 4 B FH B A fasta) 7 41, 1847 J5 %
H S SO, R A SR A R R R A R AR A
Bk, i IRscope (https://irscope.shinyapps.io/
irapp/)1E 2 FR AT 73 BT A0 S S AR Tk DR 2H IR X 38k ) 9 5k
HIRAEM %, EALRTE GBI, MdisubmitZE i H
iR,

14 REREGHH

B T35 OB M A4S i (Vernicia fordii). 7R
HUHf (Deutzianthus tonkinensis). A i (V. mon-
tana). K (Hevea brasiliensis). /> ¢4 5k
(H. pauciflora). #4: /N2 (H. camargoana). A
% (Manihot esculenta). Jik X#f (Jatropha curcas), PA
K+ R I (Brassica juncea). &%k AL
(Pyrus pyrifolia). ##Z£5}HFEAE(Gossypium thur-
beri). Z=#&F}KE (Citrus x aurantiifolia). 7 %) £
%j(Vitis vinifera). k& W £} 75 B (Erythropalum
scandens). ZHIE LRSS (Dovyalis caffra). KA
JU% K (Flacourtia rukam). #j#(Scolopia chinen-
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sis). JUARFRIMK(S. saeva)f4L E5E Rk /1K (Mesua
ferrea). DL FRYIFR A A gnhd 7 AE N EHELE, 8
FPhylosuite v1.2. 1%, FI|H & KALLER (maximum
likelihoods, ML)#1 L1 (Bayesian, BI)i:iE &40
REW . ¥ T8 RZ AR AR 0T A &
1 % B9 7 51) 48 4 7F fasta SCF b, fd P 7 28 B
MAFFT X 20 % & A ga i 7 51 3047 Lok, Pt &5 A
MEGA 7k Clustal WX 55, SR J B4 i it o 5o 5%
B, o L 45 SRR A7 Nfastaki 3, I 4 545
IQ-TreefiIMrBayesi#E 47 MLAIBIZ 7. fdi F N B L P
Modelfinder i B2, 4 J5 FHIQIG 4 ML R 4 K
H M . bootstrapfE % 420 000, A NGTR+
F+R3, HEZH AP, ITHIHERMLRSG K E
# . FiMrBayes i {4 #4@BI#, MCMC (Markov Chain
Montechains) 410 000 0001%, HEEHIZ 1 000,
B NGTR+F+I+G4, 12172+ Average stan-
dard deviation of split frequenciesft KX T0.01i, 7
I HIMCMCAC %, B & %A /N T0.01, 45 Rsy,
ERIEAT,

1.5 FiitSHaESE

¥ 5 91 Lot 45 5 S FH Phylosuite 2 14 5 8 nexts
A, FIFBEAST v1.8.4% {1 IBEAULti % & 2 4,
% # Site ModelZ#, tR4lPhylosuite v1.2. 1511
Model Finder#fi {13 F| LI GTR. AR5 & E 7T
BT, 3 B AL 5t 4 T % B B Relaxed clock log
Normal, Z¥URERIN . ik Yule tree prior A S Ia A
B, BT AEEEANA, G5 E RO R 1R
H R 52(66 Ma) (Reback et al., 2022), F|fH M Tim-
etree (http://www.timetree.org/) 2 ) B KRB A E &
(6.6 Ma). #1iI%H43 Ma). #HIEHRIE AR (11.9 Ma)
HIA AT (] 1547 bR € « MCMCHE K 152 B 2925 000 000
£, BRI 91 000, 58 AT 2 80 B S A2 Bixml
SCHE, AEFIBEAST v1.8.41817xmIsC . BT 45
5 Fllog ), #ETracer v1.7 1 2% Tracer /) A7 & LA
A BFE K /N (effective sample size, ESS), #7
ESS# <200, i@ it 1& i MCMC 1t % f# ESS i >200,
Mgty 2 Ul . F TreeAnnotator v1.8.4 1]
Maximum clade credibility treefq B!iz 1745 1 1,
fRRiMedian heightsff, 121745 W J5 7EFigtree v1.4.3

LS AR ARSERAM T 251

A i I TR

2 ZR5i1e

2.1 ARMHFREEFEBEE

JE A 0T Ay R g A e R 10 4 2 R R A B 8 B R
SRARFERZH B, R WA SEH SRR R A S e RS
BT YR, Dy DY Be gy, 55 5
X LSCHISSC LA 1%} = 7] # 5 )7 5| IRAFIIRB (K&
2). AR SRAREL R H S B 163 298 bp, HH12
MRKJEYIH26 748 bp, & A S SR AR R 4H (1)
16.38%, LSCHISSCHIKE 7177991 3014118 501
bp, 73l i A1 S AR (K 411K 55.91%F1111.33%.

A RS R A SIS 131N R, 584 rRNA
FE[H, 37TMRNAEEH, 861 H g LK (1), 241
£ H(ndhB, rps12. trnL-GAU. rrn23. trnA-UGC.
ndhA. rr23. trnA-UGC. trnL-GAU. rpsl12. ndhB.
rpl2. trnK-UUU. rps16. trnG-UCC. atpF. rpoC-1.
trnL-UAA. trnV-UAC. rpsl2. petB. petD. rpll6
Airpl2) G 1AW &7, 24 FE H (clpPFlycf3) 24 P &
To AT EREE2M I, 056/ CDSHERE(rpl2.
rpl23. rps7. rpsl2. ndhBFlycf2). 7/MRNAZE X
(trnL-CAU . trnL-CAA | trnL-GAU . trnV-GAC .

trnA-UGC. trnR-ACGHItrnN-GUU) A4/ rRNAZE [A]
(rrn16. 23, rrn4.5%1rm5). trnK-UUU5 matK PA
S psbD5pshCZ A1 iy &, HE P
W1 542F153 bp.

BRI SR AR L R 4 (1) LSCHISSC I GC & & 43 il
433.0%#129.6%, IRFICGT; £ N42.4%, SAGCH
B N35.7%. HHETLSCHISSC, IRMICGH & B
i, HABANTRNAZN A T IR IE S I 5 1) B2 [

22 BEEFISH

il LEDNAX IR B L 741, fefa B4 h1-6
AN TR 4 R 3 A B0 EE AT 22 VA B — BEDNA,
J iz A TR A AR B o 3l i A SR e A g
KHSSRFATS I, KT TR ML ES T
I E S HIu I H 1450, IERXE R ER. %
B A E R R VU E R, ERERAFEHE 0k
80. 53. 10M12 (%2). HIZHRZ VANT., &1
i % IATRITA N EE 54, AGRICT/EAEE T
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tmG-Gee
psbz

) N
§5 ¢
g KN
N

RV
rrnG‘Ucc'
=)
Chloroplast genome of
Aleurites moluccana
163298 bp
Do
72,
)
&&
&
§
W Photosystem | M RubisCO large subunit M Transfer RNAs
Bl Photosystem Il [ Photosystem assembly/stability factors B Ribosomal RNAs
m Cytochrome b/f complex W RNA polymerase E CIpP, matK
I ATP synthase @ Ribosomal proteins (SSU) W Other genes
1 NADH dehydrogenase M Ribosomal proteins (LSU) [ Hypothetical chloroplast reading frames (ycf)

B2 Sk R R 2 P i

FRAEAE KR A0 8 1 22k PR R WTIN §1- 77 R e 53, AR e KR P9 BB IR 28 RHZ IR I BT R ok . AN BEARR SRR ZhsE A Al . 93T
AR S A R R A GC L. LSC: REHEMIX; SSC: NMRFE X, IRA: RAELXA; IRB: RAEKLXB. * &FH
WE T IR .

Figure 2 The chloroplast genome map of Aleurites moluccana

Genes on the outside of the large circle are transcribed clockwise and those on the inside are transcribed counterclockwise. The
genes are color-coded based on their function. The dashed area on the inside represents the GC composition of the A. moluc-
cana chloroplast genome. LSC: Large single-copy region; SSC: Small single-copy region; IRA: Inverted repeat region A; IRB:
Inverted repeat region B. * for genes containing introns.
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R SR AR R A T e ik PR R

Table 1 Annotation of functional genes in the chloroplast genome of Aleurites moluccana

Categories Group of genes Name of genes
of genes

Genes for Subunits of photosystem | psaA, psaB, psaC, psal, psaJ

Eho.tosynt- Subunits of photosystem Il psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbl, psbJ, psbK, psbL, psbM, psbN,
esis

psbT, psbz
Subunits of ATP synthase atpA, atpB, atpE, atpF, atpH, atpl

Subunits of cytochrome petA, petB, petD, petG, petL, petN

ATP-dependent protease subunits P gene clpP

Large subunits of Rubisco rbcL

Subunits of NADH dehydrogenase ndhA, ndhB, ndhC, ndhD, ndhE, ndhF, ndhG, ndhH, ndhl, ndhJ, ndhK

Self repli- Small subunit of ribosome rps2, rps3, rps4, rps7, rps8, rpsll, rpsl2, rpsl4, rpsl5, rpsl6, rpsl8, rps19
cation Large subunit of ribosome rpl2, rpl14, rpll6, rpl20, rpl2, rpl23, rpl32, rpl33, rpl36, rpl22
DNA dependent RNA polymerase rpoA, rpoB, rpoC1, rpoC2
Ribosomal RNA genes r5, rrn4.5, rrnl6, rrn23
Transfer RNA genes trnN-GUU, trnR-ACG, trnH-GUG, trnL-CAU, trnA-UGC, trnL-GAU, trnV-GAC, trnL-
CAA, trnL-CAU, trnP-UGG, trnW-CCA, trnM-CAU, trnV-UAC, trnF-GAA, trnL-UAA,
trnT-UGU, trnS-GGA, trnfM-CAU, trnG-GCC, trnS-UGA, trnT-GGU, trnE-UUC,
trnY-GUA, trnD-GUC, trnC-GCA, trnR-UCU, trnS-GCU, trnQ-UUG, trnK-UUU,
trnL-CAA, trnV-GAC, trnL-GAU, trnR-UGC, trnL-UAG, trnR-ACG, trnN-GUU
Other Maturase matK
genes Envelop membrane protein cemA
Translation initiation factor IF-1 infA
C-type cytochrome synthesis gene cCcsA
Unknown Conserved open reading frames ycfl, ycf2, ycf3, ycf4, ycfls
function

+R2 A TEMHGEREL R 4 L E B F5(SSR)E B
Table 2

Information of simple sequence repeat (SSR) identified in the chloroplast genome of Aleurites moluccana

SSR repeat type

Number of copies

SSR repeat sequence

(number of copies) 6 7 8 9 10 11 12 13 14 15 16-30 Total

Mononucleotide (80) AT 24 17 7 14 3 3 68
CIG 7 3 2 12
Dinucleotide (53) AT/TA/AC/CA/AG/GA 18 7 6 4 6 2 2 45
CG/GC 4 2 1 1 8
Trinucleotide (10) CGG/AAG 2 2 1 5
TGT/TTA 1 2 3
ATT/AAT 1 1 2
Tetranucleotide (2) TACA/TGGT 1 1 2

B, EH5SSRA3TA, IXUESSRIEH: K 4H44 X 15 HER(K4). Hima R m ez iR S8 H2N %501

R A, REHERTELSC, HikZSSCHIIR,
ZALTAEmID X o 7E A SR SR AR B [N 20 %5 5E 50
ANEFFH), HhEMANERESE, 164 R CEL.
IEMERRZ(168%), EEKEE40-111 bpZ [d.
[ 3 5 A B (1432%), B KZFE48-111 bp il
TG J= 1) 8 52 A H kb # T (BI3A, B).

2.3 EBEFRFESHT

SR AR L R S g hD 20 PP AR L R, & PR LR
A8 A K A5 1.46%—10.37%2 1], “F391E 5%
SERM AR R, HIRAFTER . 2% RN

AUGHIUGG. &R 2% R AK 2B (f H 6%
B, REER. BER. AER. BER. K&
[ O SN I =N 73 O N NS N )
flE 24N %7 BB %0 i i, R R
i 5 F A Z B 1) 73 il 2 UGU . GAUL GAA.
UUU. CAU. AAA. AAU. CAAFIUAU. HZ .
HER. WER. HAEARNGEREHINFEL .
5 g R AE I 3N B Y 1, A A A A e 1 M AUU
(K3)o HIME A, SRS AU A FH A e 0,
H 205 R i Bl s 22 (s HHARIU, 3% B %5 35 %5 AR
Ut 2k B A i 4 1k
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Figure 3 The length and type of repeat sequences in the chloroplast genome of Aleurites moluccana
(A) The length of repeat sequences; (B) The type of repeat sequences

12

8 763 730

6.92
6 5.79

44 297
279 2.51

24 1.46

Usage frequency (%)

2.28

3.96

10.37

9.45 9.21

452 5.04

4.47 436 429

2.94
1.73

0
Ala Asp Phe His Lys Trp Asn Arg Cys Glu Gly lle Leu Pro Thr Val Tyr Met GIn Ser

Amino acid

B4 SR g R A R S I A T A3

Figure 4 Usage frequency of different amino acid in the chloroplast genome of Aleurites moluccana

24 HZEMSR

FL 2k 1 (collinearity) & 5 24 W) B L A5 4 [ (1 382 4% B
W BB ATE M R A B A E B (Liu et al.,
2014), X %8 Ik K] 7 45 f A ol g B A AR AR AR
Yo TSR MIRh 1) BT o A AL, Rl 3 I R A
AR SRR, (HBAAE IR S . AR
TR 2 5 R AR T B HE IR R s AG. HE L BIfr
FGAL, AT A7 58 e HAn b A . AhA . 43
WHEAT SLLRE 0T . SRR, BRA LA L B34
VPR R ZHLSCRISSCHI LU AR T, %A KA R
SN EHE, BT H eI, A AR SR 4
o DR R AR TR B R E B B (KI5, SRR
BERIY)e MRS, A0 b H e 3 W g A% R B
K, FRER A B K AT RE PR A T B R R
A%, AT AE RS 5 F 5 8(Song et al., 2015).

25 IRIAFHEAGESH K

TR AR T DR 2H A IRAELE AR « 9 5K B 2R (R 1% 000,
DA REIR X B A 3 B S i 2k Tk PRI 28 DR /N A% [ o
JH o Wi (Pisum sativum)Fl— S8 21 78 {3 A I [R 21
ZRTIRXE, SEHKERE. BT RAEE AR
A3 BT RS I A B DR 20 e DX 3, TR b 25 2R ) R
5 B SR AADNA ) T3 2 HE . IRX B E %
o3 A A GBS rRNAFIRNAR ZE R, L p a6 4 5 16S
rRNA. 23S rRNA. 4.5S rRNAFI5S rRNAKZERA .
I AT A SRS R A IR B IR 5 3 ) 545 D
DX SR, R X R N4, 9F HAEIRKJ
RAABA I A, DR ZH H R R R A T SR (1816)
trHEERITEA T ARZ . BRI FERR I A
LSCHEUT IRA KL, 17 1 A A1 4R 52 Al o I 7F LSC % it
IRBAL. rpl22 5trH B AA AR S o 7647 TERRR R,

© 0000 Chinese Bulletin of Botany



3 A S AR DR A ) A P A 12

BLEWEE: A RM aR R IERI A RT 5T 255

Table 3 Codon usage bias in the chloroplast genome of Aleurites moluccana

Amino acid Codon No. of codon RSCU Amino acid Codon No. of codon RSCU

Ala GCU 431 1.20 Cys uGu 698 1.20

GCC 306 0.86 uGC 468 0.80

GCA 427 1.19 Glu GAA 1416 1.40

GCG 267 0.75 GAG 611 0.60

Asp GAU 1073 1.41 Gly GGU 534 0.93

GAC 448 0.59 GGC 382 0.67

Phe uuu 2457 1.26 GGA 803 1.40

uuc 1452 0.74 GGG 572 1.00

His CAU 874 1.36 lle AUU 1927 1.19

CAC 412 0.64 AUC 1184 0.73

Lys AAA 2578 1.38 AUA 1728 1.07

AAG 1162 0.62 Leu UUA 1299 1.46

Trp UGG 748 1.00 UuG 1125 1.26

Asn AAU 2122 1.43 Cuu 1021 1.15

AAC 843 0.57 cuc 577 0.65

Arg CGU 341 0.58 CUA 844 0.95

CGC 246 0.42 CUG 442 0.50

CGA 590 1.00 Pro CCuU 568 1.02

CGG 412 0.70 CCC 556 1.00

AGA 1253 212 CCA 699 1.25

AGG 702 1.19 CCG 408 0.73

Thr ACU 683 1.18 Met AUG 887 1.00

ACC 550 0.95 Gin CAA 1041 1.38

ACA 696 1.20 CAG 463 0.62

ACG 383 0.66 Ser ucu 1070 1.36

Val GUU 737 1.34 ucc 840 1.07

GUC 402 0.73 UCA 1002 1.27

GUA 667 1.21 UCG 565 0.72

GUG 393 0.71 AGU 720 0.92

Tyr UAU 1842 1.43 AGC 521 0.66
UAC 737 0.57

RSCU: #ixt[H X% E . RSCU: Relative synonymous codon usage.

B, rps1958 447 FLSC; 7E i, rps19Ml] € 447
TIRBH; TMAEAE . DTERREH AR 5 A, rps19
I TLSCEIRBIA G I, 4l FIRBIEAH 7187, 97
F1204 bp. ycfl#£IRB5SSCHISSCHIRAfMAF F
B oA, RS YR b, IR R AR AR (9 yefl Rl
ndhFIEER AR T RA7, fEAR R, yeflE5ndhFRE A
B EE, EIRASLSCILA b, RA IR
MIrpl2[AILSCHEH T 114 bp, HARSAPFH 5 2 I
HIRAILAE B S

26 RGEABHM

PLZE & R B (C. aurantifolia)fF Jy#h 2 5E, T
T A7) P S A4 B 1 O B e 410 ) S DL B0 o R BA AR R
GRBEM (KT, E8). NI RGKEM &1 R
FEHENT5%—100%, ios A1 555 i Al Jag 1 ek Al A0 A
T 2R R DA R RR R S — 32, BB SR S
] Je8 11 2R S5 A Jo D 5 5 0% 2R B0 o R FH e K ABM SR VE )
IR G AR R P S5 R 5 DL R Gk A e 4
— .
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27 FRMHTSHAZESE

FIFHBEAST v1.8. 450 Fi A4 43 1 Bl AR Y 11 S Kl Rt
BT T (19). A A Bsy B fiti S 285 SRR B, KRk AT
66 Ma (95% highest posterior density [HPD] inter-
val: 65.8-66.19 Ma)JF4a I, A8 SiAE. &
M JE AL I 18] 925.94 Ma (95% HPD: 24.71-
63.32 Ma), it )& H I E) e (a2 11.45 Ma (95%
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HPD: 0.47-21.77 Ma), i )& 5 7= 5l & (1 7 g
[]°418.83 Ma (95% HPD: 4.61-31.12 Ma), /&
HEL I 1A] 2,42 Ma (95% HPD: 0.43-4.5 Ma), ##i
RBHEBLES 1A 443 Ma (95% HPD: 42.8-43.19 Ma),
O 5 I A B 1K 34 R] 9 14.7 Ma (95% HPD:
0.4-27.77 Ma), H#EAMEITIH3 LRI A 51.81 Ma
(95% HPD: 0.04-3.92 Ma).
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Figure 5 Collinear analysis of Aleurites moluccana chloroplast genome
LSC, SSC, IRA, and IRB are the same as in Figure 2.
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1 Deutzianthus tonkinensis NC041102
1 Aleurites moluccana ON206671

| Jatropha curcas NC012224

1 Hevea camargoana MN781109
1 H. pauciflora NC059798
1 H. brasiliensis KY363216
0.752 Manihot esculenta NC010433
Scolopia chinensis MN078144
1 1 S. saeva MN078143
1 Flacourtia rukam MK281365
Dovyalis caffra MNO78137

! Mesua ferrea MT621164

1 Eyr s pyrifolia NC015996
I hropalum scandens MG661263
L — V/tls VInIfera NC007957

I Brassica juncea NC028272

| S

Gossypium thurberi NC015204
Citrus x aurantiifolia NC024929

2.0
B7 BT HEASMME IR A SRS e 19 R DU R 508 7
73 EHBUE N G IR

Figure 7 Bayesian phylogenetic tree of Aleurites moluccana and other 19 species based on protein coding sequence

The values on the branch are posteriori probability.
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Figure 8 Maximum likelihood (ML) phylogenetic tree of Aleurites moluccana and other 19 species based on protein coding

sequence
The values on the branch are posteriori probability.
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Figure 9 Phylogenetic dating tree of Aleurites moluccana and other 19 species based on relax molecular clock model
The values on the branch are the differentiation time (unit: million years ago).
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Analysis of Chloroplast Genomes of Aleurites moluccana

Jinbo Bao, Zhijie Ding, Haoyu Miao, Xueli Li, Shuxian Ren, Ruoyan Jiao, Hao Li
Qiangian Deng, Yingzi Li, Xinmin Tian

Xinjiang Key Laboratory of Biological Resources and Genetic Engineering, College of Life Sciences and
Technology, Xinjiang University, Urumgi 830017, China

Abstract Aleurites moluccana is an evergreen broad-leaved tree of the genus Aleurites in the family Euphorbiaceae,
with energy, medicinal and ornamental values. To fill the gap in study of the chloroplast genome of A. moluccana, we
assembled and annotated the chloroplast genome of A. moluccana by next-generation high-throughput whole genome
sequencing, and performed genomic characterization and phylogenetic analysis. The results showed that the chloroplast
genome of A. moluccana exhibited typical quadripartite and circular structures with a total length of 163 298 bp, the length
of LSC, SSC, and IR was 91 301, 18 501, and 26 748 bp, respectively. It contains 131 genes, including 8 rRNA genes, 37
tRNA genes and 86 protein coding genes. A total of 145 SSR loci were found, with mononucleotide, dinucleotide, trinu-
cleotide and tetranucleotide repeat units, and the numbers detected were 80, 53, 10, and 2, respectively. The results of
collinearity analysis showed that the chloroplast genome of A. moluccana has the phenomenon of gene inversion and
rearrangement. Phylogenetic trees were constructed using the maximum likelihood and Bayesian methods. It was found
that A. moluccana was closely related to Vernicia fordii and Deutzianthus tonkinensis, and formed a sister group. The
results of the dating analysis using fossil time showed that the differentiation time of the Aleurites, Vernicia and Deut-
zianthus was 25.94 Ma (95% HPD: 24.71-63.32 Ma). This study enriched the genomic information of A. moluccana and
provided basic genetic data for the development and utilization of A. moluccana germplasm resources, as well as a ref-
erence for species identification and phylogenetic study of the Aleurites.
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