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% & B AR R EAHHE & R
i

WK, EEE, ATIE, TR R, AT
(%ﬁk%ﬁﬂﬁi%&*#%ﬁi%,%@é%%ﬁkﬁﬁﬁéi%i,ﬁM3www
BE: T REEFEAFI N THREE IR, HNET RN EgFE N EE xRS R
HFEEZEN. B ENFHRANFRELRE, #57T EY-H G EHENNF TIE. EE5H
R EEAN T EFEE LB AT SR DNA By AL B, BEEH, ERHERK. ¥
T A kR E H A DNA F R eIk B R sr 7 %, VIR 2 B9 A& (Oryza rufipogon) #%k
AR, TELBETEE DNA, FIAGRENFRENEHAEFY (reads) KP4k
EEEAGERTNENE, 55%F7#ATHRAT, MTTE 2B 8 354K DNA JF 5], 3 o
FREMEEFFEMPRYEHTIE. RAKBR S HEREZETEREEREARFT, K
/N 134537bp, A (LSC) . /I (SSC) #4 NI Ao & 15 B4 E £ X (IR) A/N4 Al %4 80585bp.
12346bp #1 20803bp, FIEBeGEAEERE 1652 . ETHBNA 2 AR A ZEER
HFH, BREHEHRMAN 2N, ERETFTERAKEF AHE KM (Dendrocalamus
latiflorus) AZ& LA (Panicoideae) ¥4% X A=, HHEFELEATABNELERR
RIT, FEAES ARG AE R AR H A,

KIEIE: EREF; R HAN;, TRAXEYH; sEENF; #MEt
FESES: S511.9

Assembly and phylogenetic analysis of Dongxiang wild rice
chloroplast genome

LIN Zhangxiang, WANG Yingying, FU Fei, YE Chuyu, FAN Longjiang
(Department of Agronomy, College of Agriculture and Biotechnology, Zhejiang Key Laboratory
of Crop Germplasm, Zhejiang University, Hangzhou 310058, China)

Abstract: Complete chloroplast genome sequence is very useful for studying the evolution of species.
The rapid development of high-throughput sequencing technology promotes the plant chloroplast
genome sequencing. For traditional chloroplast genome sequencing method, it is necessary to isolate
and purify the chloroplast DNA before sequencing. Due to low concentration of chloroplast DNA, it is
difficult to separate it from nuclear genome DNA. Therefore, chloroplast DNA isolation-based method
is tedious and time consuming. This study employed a simple and rapid method for chloroplast genome
sequences acquisition without isolation of chloroplast DNA. Based on conservation of chloroplast
genomes, the whole genome short reads generated by Illumina Hiseq 2000 were directly used to map
against chloroplast reference genomes. Subsequently, the aligned reads were collected and further did
de novo assembly. Finally, the chloroplast genome sequence of Dongxiang wild rice was obtained. The
chloroplast genome is 134537bp in size, and has a typical quadripartite structure with the large (LSC,
80585bp) and small copy (SSC, 12346bp) regions separated by two copies of an inverted repeat (IRs,
20803bp each) region. In total, 152 chloroplast genes were successfully annotated. The phylogenetic
tree of Dongxiang wild rice and 14 Poaceae chloroplast genomes shows that Dongxiang wild rice has a
closer relationship with Dendrocalamus latiflorus and Panicoideae. Furthermore, we build a
phylogenetic tree based on SNPs of Dongxiang wild rice and other 22 Oryza chloroplast genomes. The
result illustrates that indica has a closer relationship with wild rice-I, while japonica are closer to wild

rice-111, suggesting that indica and japonica were domesticated during different periods
Key words: crop genetics; donxiang wild rice; chloroplast genome; high-throughput sequencing; fresh
green leaf
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0 51%

MERAAE B B EBUE R RN AR, et T e S ER I E 2L . 4Rk
FEDRVA BT TR R A A3 B BRI, B B e s fitie 1498, PR T
120~180kb, & —NERIEIIXEEL ), T DNA JEF1 s B A s, 244 i R 20 (14 /N iz /s
FRFERAL, BILAER A HE DIE T 1000~10 000, M4 IR 45 MR 51 A WE 54
Pt A S 5 B AN TR P 2 TR RIS 2 0% B it T L (0 W JRRIAE o

O PR PO R R, ) TR SIS R AL ST . 1 1986 SE 1 IR RkAGHE
£ (Marchantia polymorpha) PFI4HEL (Nicotiana tabacum) By iH-& 4 ik BH 41 1) 52 4 5 51 L
of s W ERARIE D 2H Hicdia 122 AN 0 78 52 #R 2 2013 4 8 H 9 H, EE E K AEMH AR 0 (The
National Center for Biotechnology Information, NCBI) [14HJfid 2% 3L R 41 %5 % (Organelle
Genome Resources)  Chttp://www.ncbi.nim.nih.gov/genomes/) JLIist T 3k A ARG 285
S SRR 2

SRR 2 (R R ) SRR SE DRI 200 1 58 1, ARAR SR 10 D7 VA R 281 S oy B Al A - S
DNA, P56 Hdh 47w i 0 sl SR v o 1 pl TSR AAE IR 4 DNA S ik, A TR
LR DNA 735, DI AR GE IR D5kl B s i F BFEITR K . 2009 4F, & MR 55 ORI H
—FPfAE LT PCR 57, ASH 43 B4tk 284k DNA, 3k13 74T (Dendrocalamus
latiflorus) F1%£E1T (Bambusa oldhamii) PIfRIH-4RASE R4, 2 5 HIZ 308 730024

(Oncidium) PURIH-LRAATE RS o Bl S ARMFEAR KRG, 2010 4Frp [FRFERT 5T
FIH Roche GS FLX il J5F & MBB A (Phoenix dactylifera L.) 43 B8 20 I 5 o4 h 345
T M SRAIE R AP A . ALK 2 85 4ERG (Oryza rufipogon) SR Eafifim: bk, e /T
TF e 4 2 B AR R AL AL ST a0, R POk (- 4R A JE DRI 21 DNA J3 51 SRR 2
Jiid, R1G T B AREN SRS R AL ST A, SRR AT T B AR R G T
1. MEEGE
11 APRS YR

ASLE LUK 2 WA A% (Oryza rufipogon) SRELEEI 7T R BARE v K RSB 5T
PR, Mumian w5 05 5o ok B AR B R IT 4G R, e Bl s NCBI
Chttp://www.ncbi.nim.nih.gov/) [ AATIK 7 2578 J& AN [F R 1) ARk IR 417 41 (NC_017835,
JN005833. NC_008155. NC_001320. NC_016927. NC_005973. GU592209) , wixi il
2 R A I T ARG USRI SR 350 Kb Chttp://www.ebi.ac.uk/ena/) ®1 (ERX046456.
ERX046479. ERX046720. ERX046828. ERX046846. ERX005522. ERX014265. ERX002911.
ERX014455. ERX046332. ERX046915. ERX046902. ERX046903. ERX046905) , DA
% (Festuca arundinacea; NC_011713) . A% (Lolium perenne; NC_009950) . BYJI5i
(Agrostis stolonifera; NC_008591) . “AkZ2 (Hordeum vulgare; NC_008590) . /N4 (Triticum
aestivum; NC_002762) . £¢17 (Bambusa oldhamii; NC_012927) . %G44 % (Brachypodium
distachyon; NC_011032) . J##T (Dendrocalamus latiflorus; NC_013088) . #it%# (Panicum
virgatum; NC_015990) . K (Zea mays; NC_001666) . & &k (Coix lacryma-jobi; NC_013273).
HE (Saccharum offcinarum; NC_006084) . &% (Sorghum bicolor; NC_008602) . KA
RERIH PR (Anomochloa marantoidea; NC_014062) %% 14 SR ARL (Poaceae) AS[HJE
(SR AR LR A P41
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1.2 ik
1.2.1 FRHESCERE XNP
SRBUE R0 2 BHERGT F DNA, W ER 5 BT ISR R BE 1 DNA B, il

LB VKBRS B O 500bp ) DNA, #J%E Illumina Hiseq 2000 -~ &30, RJa
FEFEE DNA J1 B B3k FEE AT 18, o Ja 0 SCPEEA T XUR Sl o

1.2.2 JRIRHE AL E

FeE R R AR B GO CTIFD kAR s B RN AT AL, VA X
SRR HEAT VR, MRIEVEIT AR, KBRS RO IRAE 8, AR JE R s ds (raw
data) LR IIARTUR By, IEEM 2T (clean data) -

12.3 W aRhR R A Y&

W AN 7 S /KRR SRR SE R AL P 54 2 2% 17 51) (reference) , K DA 3 1) 5
B S SHFAEE . BT %A% 4 Bowtie2 Chttp://bowtie-bio.sourceforge.net/index.shtml)
O, SHUR RN, 3 R0FTH 10 sam SCPE. SRJEH perl 15 % 5 AR, $RIF4 305
W 522 A BRI LR E S (reads) , 2B fastq Ko S0:, HF RS20 BH%

AW Velvet FAE VT8, Wit 54068 P52 M E& X Coverlap) K
SR P AP ST (contig) SRS KT I RLIT 21 e AL BIPFLF (1 T S 1751

(scaffold) |-, P4l PE (pair-end) ¢ HN H S HHEFL K scaffold /741 RIS BT

Velvet [Fis47T 45 RAR KIS, JoI0E K-mer (B M178 259K 5 (coverage) (¥ . T LASK
BWE T 2SR, K-mer ¥4 31~61 Jt 13 ANKF, Bk ¥k 100~400 St 4
A, BILBEE T 42 ABHL RIGRI perl BIA TS A — A S50 HE45 B N0 (F8
i 50% T A R AT IR IV 5 K7 A1 T S, I NSO S K1 — 41 280 S i i 4% ] K-mer
H 4 33, 7 IRREBEN 100, BEI ) NS0 oK, k69 539bp.

K2 scaffold J¢ 41 N A7 AE LR AP B (gap) I BASEES 18 FH AN B A
Gapcloser!!(http://soap.genomics.org.cn/soapdenovo.html) 347 ¥, 35— L4 )71

(consensus) , ZEFLRAFERNGCE . [RIF, AR P o (K7 5108 UF 5 | 384T PCR 4734,

W AT 20 AT R Sl e, AT AR5 JEL 27 AN R 45 SRR AT T 30 .

TR AP HERA I, SIS T 7 AN AL T PCR BiiE.  DACUANN 7 457K
T AR LR 2 50 2 2% 541, FIH] SAMTools! # £F (http://samtools.sourceforge.net/ )
WFIRACAT 2011 sam STAE by vef SO, 152128 2 By AR T AT (R AR S A7 e SIEER B I T ) 7
AT IRZ A PEAT S (Single Nucleotide Polymorphism, SNP) #EATIGE, FRRH 45 5
Pt A RAEX T, A2 R & B AR fa AL R 4781
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ik e gL R
Clean Data Reference
""""" )
= _ _ _ 3 HREHsowe2it THE. |
| Mapping I shERaRileE J
s |
Mapping sam -
pm—————————
m | 'JF'|H‘_-'1P'L-L-1EP$1EE.?|:E.3_§_'J: I
- = =y WM (reads) . HE
Extraction I ﬂf’ifastqﬁﬁ I
Muppisg 1B | S ——— s
Mapping_2 fa
P e R B o s
— I F A velvet iR 4T 3535 .1
Bk - == Kmerfi 533, WEF
i Assembly | B {coversge) #H100
N e e e -
SaciTold =5
Scaffold fa go—mm————— .
I @ F| A 4 4 Gapeloser it
48 H., SHFEABU
1l M—— by i
Gap closure I @ é’l" 214, FEpcR I
¥ Mol 1
A |__oreds
Consensus. fa
v KA SNPALA, #it3l )
= - === 1, EHPCRY . #F.
Verification l ot iR B T ;
wagEREEs | 209000 T T T TTTTTT
Chloroplast.fa

Bl 1 R Z BRI S R A D R

Fig. 1 Assembly process of Dongxiang wild rice

1.2.4 MR AR

TR B 1 DOGMA Chttp://dogma.cchb.utexas.edu/) U} 5 2 B A 8 i 444 Ji
AP A AT R AR . RIS 4 5 S AN 3505 7 )7 41 T T %% DOGMA ¥)2b 7Tk
(gt 2 DR [, 19 2 5 28 TR 45 348 Genbank (KF562709) o Kf 7k £ 7 A #7
-4 A 5 R 20 75 2k 222 € T GenomeVx Chttp://wolfe.gen.tcd.ie/GenomeVx/) U2zl 434
ee PNEEEY/BEN SIS

1.2.5 HEALze

WK AR SIS 14 K ARABIAFRE 1) SR 3L R 41)P ST Hoet, 18 FH AR Bk
(Neighbor-Joining, NJ) K% R4k, Bootstrap i&4T 1000 KA I &3 37 ) B A
FFLATR & BFLE R SR AR SE IR AL 7810 225 17 91, 3 B Xl R A 20 8 A PR DG T AR 5 Rk Y5 (1 AT
FEHARE T 15 AN AT A SRR LI P EdE . ) Bowtie2 B34 ) 5 S TSI AR £ B AR R
2RI AL P FIERL, A SAMTools #1324 AN B R SNP A7 55 B, R
i A SNP {7 s R B, B AR E R — 4 SNP S, 4R )5 Clustal X2
Chttp://www.clustal.org) ¥ TN 7 S K RE SR R SE N2 7 51 5 2R 2 B AR Rt s A8 D 4 5
YIBEAT 2 P BERC, P2 b3 B0 SNP A7 s I B, it A2 7 4 SNP 471,
SR AT 19 SNP 3145 F— A fasta SO« 45 JH MEGAS.0 % £1°) Molecular Evolutionary

]
SN
]
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Genetics Analysis) XJ /KAt 4x 4k SNP i#E4T 734, RH Kimura-2-Parameter £ v 55 A% 1112
ZESAE, B AR, Bootstrap 1247 1000 K.

2 GRS
2.1 MERpAR R PR

ASERE I A0 7 SR8 S E AT 5 22 1741, 2R & B AR R A S R A v
RIS R RS (reads) SILECAL, FRYE SRR R AR 7 PE, A ik 4R
S B ERE I SR ARSE R AU 781, IR R B N 15 2 e B P A

R B AEREI T YR Bk 55, I 15 21 1 R ds 467 91 h o 4.36% R85 2
Z PG, Velvet Pf42 5 3643 21 scaffold4 4%, N50 24 69 53%bp, &4 134 469bp, Xk
PP A= FEN LR AR IE P2 7 41) (NC_017835) 178 o5 [ 1A 2 100%. i i Gapcloser M, #5%]—
e HEN AT )P, K3t 134 537bp, GC &k 39.01%, FI] PCR #MI 45 5L —5L.
IEAh, SCAEE T 7 A SNP 7 SiE4T PCR &iE, b 5 AMy S SHHEa R 5, 24
P RAE S R S S P58, HIF I EEW, w5 R e, X R4 T mse.
IR AIEIX AN A A FEE, 5256 SR CLC Genomics Workbench #5471 BB 9%, $f4%
gh 5 Velvet Pf4h I3, K el 50715 2 10 )P 2 B 2 PR 200 v 41 1,
Tablet Chttp://bioinf.scri.ac.ukitablet/) MUt BIE 45 AT AR, KL AL S8 T2l
A TRAC IR P AN SRR A B 3 X Bl 2 R SR R TR PR, (HSRI i 20
T Ptz 45
2.2 WERARZERERE

R 2 WA REN SRR IR AL R R ROR S50, DU AL: K DUXIE (Large
Single Copy, LSC) , K~k 80 585bp, 7 iii 3£ K141 59.9%; /)N 4% DX 35 (Small Single Copy,
SSC) , K/NA 12 346bp, ZEdIEN4 9.2%, PN Iq) A X (Inverted Repeats, IRs) ,
K/Nh 20 803bp, 7 idEN4] 155% (K2) o RSB AERI A R0 152 ML, 4
15 95 NEAMILEE, 49 4N tRNA FEKIAT 8 4> rRNA LR, LAy 24 NEERAE IRs X877
e 2 NI, HFTAE T rRNA %78 IRs X1, HR#E CpBase

Chttp://chloroplast.ocean.washington.edu/) #3X 152 ANJERIBEATIIRE /228, W o A 561

FHRISEIIZER 50 A, 5B < FE N 87 4, HAEMA A SRR 2 4, TR
TEAE R AL A gm g R 4L 13 4

R SWERAEL, RS SARERIZ (NC_008155) i 134 525bp, K. /Nd
DX i) . A3 X3 ) K S 43 1) 2 80 592bp. 12 335bp i1 20 799bp, 7 i ik R 41 ) B 441 i
AERSEER 8 RIS IL L 162 4~ (LR 2842 101 , Hp&R
HYmid A 114 4, tRNA R 40 4, rRNA JE[K 8 4. HR¥E CpBase Dhfig/r2s, W4
VERIMISEIEIN 32 A4S, BESERHIRANDCHEN 80 A, TR LHE RN Hofh 4w i LA 4t 50 4, Hirp
FEBURTARE AN BOE KT AR 2 B ARG
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WIREE AR 2 KR I [ A X8k (IRa AT IRD) , R RERZH A R4 DX (LSC) FI/NAFE DX (SSC)
I3 T e HNIR LR FE RSN 5 T e 53, PN ) 3k [RIZ2 0908 I 4 ) 5%

The thick black lines in inner ring indicates the extent of the inverted repeats (IRa and IRb), which separate
the genome into the large single-copy (LSC) and small single-copy (SSC). Genes on the outside of the map
transcribed in the clockwise direction and genes on the inside of the map are transcribed in the counterclockwise
direction.

B 2 7% % BRI U AL R

Fig. 2 Gene map of Dongxiang wild rice chloroplast genome

2.3 REKE I

ARSI IR 2 WA RES 14 DN ARABIA R & SRR IE K 4P R AT R R, R 2%
REER, ERARINER 2 B4R 5 81T (Dendrocalamus latiflorus) F1Z A} (Panicoideae)
(IPSZ SF 51

ASEIGTE T 23 AN /KA SERFE R8s, SR AR bt (LI 3D o AdE
PR 45 T LU, RIAE AN | SR AERE SR GO R, FIRERN 1 2RI AR oie o R il
L2125 N BB RS IS 2 S0P 2020, DR SR SR st R A 4 5 Tk RE 9
PR R B s RS 1 4 e v [ R 7 RV TR ) et B A R I T e, SR R 1) AR R A
AR, 5 AR AL, TR BCRIRE,  DRIHRERE AR RS I [ I I8 B .
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gy — 0. satva indica
= [0 sativa aus

g 0. gativa Indica China
— O nivara Sn Lanka

a2 a7 |: 0. nufipogon Or--1

10 Q. nufipogon Or-1-2

47  O- nfipogen OrIl-2
1wl o whpagen Orl-1

g [ 'O, nfipogon Vietnam
—S'EE'? rufipogon Or-lil-1
Domgxiang wild nice

a9 |— 0. nufipogon Or-lll-2

] P Q. sativa aromatic
ﬂq_[E salva tropical japonica
@0 Q. sativa tamperats japonica
97 - 0. sativa Japonica Japan

— 0. glabemma
100 — 0. barthii

0. australiensis Australia
4|¢B 0. mendionalis Australia
100 0. meridionalis
41III|_—D rufipegon Australia

0. longistaminata

—_
0o

MR 2 BFEAR Y 22 26 H G S A S AR DX A 91 ) A IR 22 A RS kg S ) R VR AR
The phylogenetic tree based on SNPs of Dongxiang wild rice and other 22 Oryza chloroplast genomes using
NJ method.

Bl 3 BT ax RSN A SR IR 4R & BFAERAN L e R AR 1 R Geidt AL

Fig. 3 The chloroplast genome-based phylogenetic trees of Dongxiang wild rice with other members from the

grass family (Poaceae)
3itig

IH-E AR DRI 45 W) R0 54 A A B AR T Rl A A A2 A4t 77 J 2 R RN 6L o 7k
4201348 H 13 H, FEH K AW+ H0(The National Center for Biotechnology
Information, NCBI) JFifAJE R 20 5#5 % Chttp://www.ncbi.nlm.nih.gov/genomes/)  (Organelle
Genome Resources) &Ik T 285 &4t (Viridiplantae) 2R AAFE R AL 5248741, {HAH
XA T PR, XA AR/ 553 o B el I BRI IR R T, BT
WM BEERAT I TF R, A3 5 2 (PAE ) I S AR SE DRI AL 0 37 e By o R FH v 30 0 AR e
BT 2 2 WP B IR, T TARGE I 7%, ihakddk DNA 53 25 alifb 2 il
OB E RGN 2R o SRR AL 2 g BER ML, BT m BRI, AR TR i
PE, MRAEYE BT B A 7 P AR K 770, RIS e 4 5 DT 20 v 30
JP A PR D SR AR L AP A1) o X RO VEAN TR EE A By alifb - 244 DNA, P8 T
SR MERE, AiKE T SIS I A), (A T AR DR 2H 22 4 DUIRIREE PR T A S DRI A R
JERIEK o BIHIZINEANI S IR ARG T 2R 2 By LRt SR 2 3R A e 71, JF il BB s
) Ry SRAR IR, 20 AT T /KRR DI S i B, AT 9 &5 SR S 2012 A7l RS2 7

(Nature) b % F I T KREILATIE R e
N5 DR 2H HS 8 b SR S A PRI AT 1) 7 vk AR TR AT DR, (H AT e AN W e s P
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Ko FEMUHZRARSE AL P PR 3 TS IE S % P UK, R 2 1 B A AE R ok R A
IR ERARBE AL P81, R TR GRS RBER NS PP ANE o BEAh, %Ik R
ZRARSEIN AL PR ST, SRS 225 PP SRR PP S BEA T DFRE, (B vt S AR D) v S AR L IR
AN FRZFE DN AL IR BN W, RIS I (R 910 0 5 3 70 ik A DR N B A% R D 2L 1
JBL RIMEm- 2k DNA (85 DB, X587 BORT AR I B A K, (AR AN REHERR
RZFEDHE AT REdE

B
S TR AR BT RIS 0 S B BB TR R, DI I /M BT Ky 2
R AN LT D).
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