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Abstract: Objective To clarify the structural characteristics of chloroplast genome in Amomum tsao-ko and its evolutionary status within
the Zingiberaceae. Methods The chloroplast genome of A. tsao-ko was sequenced by Illumina Hiseq 4000 sequencing platform, and then
assembled, annotated, and characterized by bioinformatic methods. The ML phylogenetic tree was constructed by MEGAG6 software with
Costus viridis as outgroup, and the phylogenetic relationship among Zingiberaceae species was analyzed. Results The total length of
chloroplast genome was 163648bp and the GC content was 36.0%, including a pair of 29776bp reverse repeat region (IRs), a large single
copy region (LSC;88741bp) and a small single copy region (SSC;15355bp). A total of 113 genes were annotated, including 4 rRNA genes,
30 tRNA genes and 79 protein coding genes. 123 SSR loci were detected in the A. tsao-ko chloroplast genome, and most of the SSR was
composed of A and T. The chloroplast genomes of genus Amomum are similar in size and structure, and the IR boundary is highly
conservative. The cluster analysis showed that A. tsao-ko was closely related to A. longiligulare, A. villosum, A. villosum var. xanthioides, A.
compactum and A. kravanh. rpl20, rps11, ccsA, clpP, ycfl and ycf2 are undergoing positive selection in the process of evolution. Conclusion
The complete chloroplast genome sequence of A. tsao-ko was obtained in this study, which clarified the genetic relationship among species
of Zingiberaceae, and provided scientific basis for the study of phylogeny and species identification of genus Amomum.
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Fig.1 Gene map of Amomum tsao-ko chloroplast genome
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Table 1 Genes encoded cp genome in Amomum tsao-ko
B o2 SHSA B ATSEYS B K
HEEH  RNA rm4.5¢, rmse, rmi6e, rm23 8
tRNA tmA-UGC®, tmC-GCA. tmD-GUC. trnE-UUC. tmF-GAA. trnfM-CAU. trnG-GCC?*. 38
trnG-UCC. trnH-GUGE. trnl-CAUC. trl-GAU®, trnK-UUU?, trnL-CAAS, trnL-UAA?,
trnL-UAG. trM-CAU. trN-GUUS, tmP-UGG. trmQ-UUG. tmR-ACG®. trnR-UCU.
trnS-GCU. trnS-GGA. trmS-UGA. trnT-GGU. tmT-UGU. tmV-GACS¢. trV-UAC?,
trnW-CCA. trY-GUA
T PR /N T rps2. 1ps3. rpsd. rps7°. rps8. rpsll. rps12, rpsid. rpsi5. rpsl6e. rps18. rps19¢ 15
(3 LN rpl2ee, rpli4. rpl16e. rpl20. rpl22. rpl23¢, rpl32. rpl33. rpl36 11
RNA R A rpoA. rpoB. rpoC12, rpoC2 4
ARG RS 1 psaA. psaB. psaC. psal. psaJ 5
tE RS 2 psbA. psbB. psbC. psbD. psbE. psbF. psbH. psbl. psbd. psbK. psbL. psbM. psbN. 15
psbT. pshZ
HREEREEY petA. petB®. petD®. petG. petL. petN 6
ATP &1 atpA. atpB. atpE. atpFe. atpH. atpl 6
AT AN 3 1
NADH Jii & ndhA?2, ndhB¥. ndhC. ndhD. ndhE. ndhF. ndhG. ndhH. ndhl. ndhJ. ndhK 12
HARER A matK 1
BEBEN cemA 1
CTRG A BRACEEIER  accD 1
¢ BHAREAFEE M CCSA 1
fkig ATP RIS EBEETTp clpP® 1
eI T infA 1
RHTIGE BT S R A yefle, ycf2e, yef3d, ycf4 6

aEEEE LMNET b-EREH2AMNET o 2R

a-genes with one intron  b-genes with two introns  c-genes with two copies

W& PR R RIE R PR EREER, FR
MR SE R AR 18 ME NS FIIER, B35 6
AN tRNA %[ (trnA-UGC. trnG-GCC. trnl-GAU.
trnK-UUU. tmL-UAA. trnV-UAC) # 12 & i
Yt LR (rps12. rpsl6. rpl2. rpll6. rpoCl. petB.
petD. atpF. clpP. ndhA. ndhB. ycf3), HH rps12.
clpP Flyef3 B AE 2 M ET (K D).

3.2 SSR 4#h

SSR [z A TSR AR BRI A . B AA
SRR ZH Fp LA I ) 123 A SSR, H A HIRER
SSR % (624), MKz _t%H SSR (37 1),
PUAZ 7R SSR A 20 4>, =A%TFER SSR /b, 1k
WE 4 A, FEFTREMIR SSR L A/T. AT/AT Al
AAAT/ATTT NEF FITH f 83.74%, K HIH RN
£%4& SSR fmir i A FI T Bl (3R 2),

33 EEBEMEFFERBLLE

W FE R SRR R 2 5 OOl 1 5 R R I BH

Wb GESERD. WEEERD. AU (G R AT I

B3, g5 RRW G5 B Fh A R KN 22
BN, HABAERD AL R A 5K, 2 164 069
bp, SR 5N 162 766 bp; [ A E#E LSC X
AN, HA 5 AR LSC XK £ R 1N, 1M
SSC X KJEAE 6 MR AHT; RO ILE R H) IR
XK, A 29 776 bp, THRHERPH IR XK,
29959 bp; HL. PHEW. SRR RIRbITSE
R A IS 133 MR, AR RAE: (G5
M2k 135 AN 6 MR SRR ZERIZH GC &
AL, $57E 36.0%~36.1%.

W kSR JE R 4 1 IR-LSC A IR-SSC i 7
HORkiER 5 M EREYF TR (Bl 2), T5E
Ja& S AR DR 2 1) 6 NI T v IR S, Foh LSCYIRa
A1 LSC/IRb i 7 #E AL R AH[R], LSC/IRa 21 5+3%)
TERELA rpl22 F1 rps19 FE K 2 [A], 1fi LSC/IRb i1 5447
F rps19 il pshA F[H 2 [f]. SSC/IRa 1417 IRa —{l]
HAFAE—AS yefL BFE A Cwyefl), BRERAN, HA
5 MR wycfl JE K3 #5 8k SSC/IRa X, wycfl {7
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Table 2 SSR in the Amomum tsao-ko cp genome
K
EERM (HE HBHET BH
- " 3 4 5 6789 10 11 12 13 14 15 16
PR (62) AT - - - —-—---13316 8 2 59
CIG - - - —-——-—-—-1 1 1 3
B (3D AGICT - - 2 2
AT/AT - - 207332 35
—“HR (D AAG/CTT - 3 3
AGG/CCT - 1 1
PTG (20D AAAC/GTTT 1 1
AAAG/CTTT 4 4
AAAT/ATTT 9 9
AACT/AGTT 1 1
AATG/ATTC 2 2
AATT/AATT 2 2
ACAT/ATGT 1 1
#3 6 NEREBMFRAEREE—MFFELLR
Table 3 Comparison of the general features of the six genus Amomum chloroplast genomes
TEDZLFFL R [ B P Bk T P 728
GenBank &5 MK926774.1 MH161418.1 MH161417.1 MNO067434.1 NC_036935.1 MG000589.1
2K/bp 163 648 164 069 163 985 163 608 162 766 163 553
LSC K J&/bp 88 741 88 798 88 857 88 680 87728 88535
SSC K& /bp 15 355 15 353 15 369 15288 15390 15370
IR KB /bp 29776 29 959 29 948 29 820 29824 29 824
MEER 133 133 133 133 135 135
ESE RS 79 79 79 79 80 80
tRNA J& K% 30 30 30 30 30 29
rRNA & [R5 4 4 4 4 4 4
GC & &/% 36.0 36.1 36.0 36.1 36.1 36.0
58bp, | ,130bp 1546bp| 3134bp  130bp. | 109bp
N 519 wyefl ndhlF yefl msl9 |l psbA
e S ﬁﬁ_ -ﬂh
88741bp 29776bp 15355bp 29776bp
47bp~\ 136bp 17bp 1584bp| 3876bp 136bp. | ,126bp
W / rs1'9 wefl B ndhF yefl 1319 /) psbA
88798bp 29959bp 15353bp 29950bp
47bp 136bp 13bp 1592bp| 3868bp 136bp. | 125bp
88720bp 29948bp 15369bp 20948bp
47bp | ,136bp 33bp 1510bp| 3896bp  136bp. | 110bp
N s19 wycfl N ndhF yefl rs19 ] psbA
M N
il 883680bp 29820bp 15288bp 29820bp
47bp | 136bp 23bp 1620p. | 3734bp_ 136bp. | 109bp
g sI 9 wyefl | ndhF yefl sI 9Nl psha
87728bp 29824bp 15390bp 29824bp
46bp_ | 136bp 54bp 459bp [31790p  136bp /109bp
JIE 57 7%  Et— " —— "
88535bp [ 29824bp | 15370bp [ 29824bp |

2 6 NEREBMERAERELNA LSC. SSC M IRIAFLLE
Fig.2 Comparison of LSC, SSC and IR borders among six chloroplast genome of genus Amomum

FERIHEN SSC X HIK M 13 bp F| 54 bp, HAR
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WEEFRD IO (9 5 2% 9 SSC/IRb 447 T yefl J: R,

A &5 yefl FEF 25249 5k 2 IRa X .
34 RGHUSH
N T AR ZRHEI R RS & A At
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Ka/Ks 415 4> %) v 0.169. 0.168. 0.170. 0.158 Al

R (E 3,

550 (MH161417.1)
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JICEE (4 55%% (MG000589.1)

% (NC_036935.1)
—ER

Hili2% (IX088668.1) 25|
_r T (KY98523.1)
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Fig. 3 Phylogenetic tree of 15 species based on chloroplast genomes
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Fig. 4 Ka/Ks values of different functional genes
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0.166, H A4 KL HIN Ka/Ks<1, £HTEE
W SR A R DR E A R A R 2 B T
Atk £ . H—0 oW R LG A A
(1) Ka/Ks 35/ 15 RIS RHE R rpl20 7EH S vs
FHERDFIER vs G552 mbHh Ka/Ks>1, BRER vs
R I rps1l FEPK Ka/Ks<<1 4h, BHRE 5 HAhE
RE BRI rps1l A Ka/Ks ¥ kT 1 HAhohfg
FEHH cesA FERIAEFL G vs g rd b R KalKs> 1.
clpP JE[AI/E R vs g R AP AEL AL vs JTUHE | 525
h Ka/Ks>1. ycfl Al ycf2 JEPE 3576 B 5 vs JTURE
5 Ka/Ks>1, 3% B X b 5 R 7E 3 b ot 72
Z R E G FRER
4 TIig

I I bl A B R T 22 R 5 A e ) et
SRR, RIGEBAE SRR A E AR
mE RS, CREMEREE cp ERAKETE
162 766~164 069 bp®-11, AHF L 25 (1) 5 F cp
[RIZH 4 51 K 2 ol 163 648 bp, BB R IH- Gk
BRI KN SRR AR v . CRIE M R
244 L R R AE 133~135 (IR & B A w3t
K 79~80), fEAHBIFLH, FAH SR FER HIER
F 133 MEER (113 MEHEEGER, A4 79 MEH
i AL . 30 N tRNA ZEEFT 4 4~ rRNA 2D
GREJRYIA SRS R GC S EMLL, BHE
36.0%~36.1%, JfH LSC [X (33.7%~33.9%) fl
SSC X (29.8%~30.1%) ff] GC 4 ®EZEET IR
X (411%), HFZFRFELYE 8 4~ GC FEK&EM
rRNA 2R A e IR XA K.

—RRAUL, IR DX M SR Ik R 20 i R ST 1Y X
. IR [X. LSC XHl SSC X9 Tk AU s & 3k4k
PR WL, AR R A A S R A K
R FEEE ERFIF, K6 AN Gk EYF
4R FE R IR 5 LSC 5 SSC 2 [8] i A8 1k,
RN 6 NEREJEMYIN LSC/IRb i A ¥TE SR
rpl22 Al rps19 K 2 [6], IRA/LSC il F 3400 T rpsl9
FEDR I psbA BE[RI 2 8], HZERMME 22, BfEZEis.
A BMAFIERML, WHERM IR X5
LSC/IRa. IRa/SSC- IRb/LSC [X {13 FLff syt i isl,
EHAZRME IR AL FAAE RO 2 5, a1
I S 221 IRD/LSC i 5 R rps19 JEPH, H ik
fLF LSC [X, 1fii LSC/IRa i1 5+ 11) IRa —fll% A rps19
BEPRIOOL, e SR ERHE R R AR R HEAEAE X — I
%[18»19]0

HapfAr SSR#5 DU AL ot — FhEE L 7
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