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[ Abstract | Objective; To determine the chloroplast genomes of Liriope spicata var. prolifera, Ophiopogon
Japonicus in Sichuan and Zhejiang, analyze their sequence characteristics and complete the screening of specific
DNA barcodes. Method: The chloroplast genomes of L. spicata var. prolifera, O. japonicus in Sichuan and
Zhejiang were sequenced, spliced and annotated through high-throughtput sequencing technology, and the
structural characteristics and phylogenetic relationships of chloroplast genomes were analyzed by bioinformatics.
Result: The total length of chloroplast genome of L. spicata var. prolifera was 155 998 bp, the total content of
guanine and cytosine (GC) was 37.7% , and 85 protein-coding genes, 37 transfer RNA (tRNA) genes and 8
ribosomal RNA (rRNA) genes were successfully annotated, a total of 274 simple sequence repeats ( SSRs) were
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detected, the number of codons encoding leucine was the most, while the number of codons encoding tryptophan
was the least. The total length of chloroplast genome of O. japonicus in Sichuan province was 156 078 bp, the total
content of GC was 37.8% , and 85 protein-coding genes, 37 tRNA genes and 8 rRNA genes were successfully
annotated, a total of 265 SSRs were detected, the number of codons encoding leucine was the most, while the
number of codons encoding tryptophan was the least. The total length of chloroplast genome of O. japonicus in
Zhejiang province was 156 207 bp, the total content of GC was 37.7% , and 85 protein-coding genes, 37 tRNA
genes and 8 rRNA genes were successfully annotated, a total of 274 SSRs were detected with the highest number of
codons encoding leucine and the lowest number of codons encoding tryptophan. Conclusion; The phylogenetic trees
show that compared with O. japonicus in Sichuan province, L. spicata var. prolifera is more closely related to O.
Japonicus in Zhejiang province. The variation of non-coding regions of L. spicata var. prolifera, O. japonicus in

Zhejiang and Sichuan is greater than that in the coding region. The entire chloroplast genome can be used as a

super barcode for identifying species of Ophiopogon and Liriope.
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Table 1 Primer verification sequences for SC and IR frontiers of chloroplast genomes of L. spicata var. prolifera, O. japonicus in Sichuan

and Zhejiang provinces

Wb X 3 ET G145 (5'-3") R 5145 (5'-3")

1L F & LSC-IRa GGGTTGTACCAAGTCTGAAACC GCTACATCCGCCCCTTATCC
TRa-SSC ACCAAGTTCAACGTTAGCCA TTGTAAAGAGGGGCCCCAAG
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IRa-SSC ACCAAGTTCAACGTTAGCCA TTGTAAAGAGGGGCCCCAAG
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Fig.1 Ring analysis of complete chloroplast genomes of L. spicata

var. prolifera, O. japonicus in Sichuan and Zhejiang provinces
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a8
Table 2 Length and GC content of chloroplast genomes of L.

spicata var. prolifera, O. japonicus in Sichuan and Zhejiang

provinces
L& 4 N2 4 b 4
BB g Gomit K GCmE K G
/bp 5380/ Y% /bp 5380/ Yo /bp 48/ %

2K 155998 37.7 156 078 37.8 156 207 37.17

LsC 84 555 35.8 84 677 35.8 84 649 35.8

SSC 18 489 31.5 18 457 31.6 18 604 31.4

IRa 26 477 43.0 26 472 43.0 26 477 43.0

IRb 26 477 43.0 26 472 43.0 26 477 43.0

£3 BEELEHZEEERAESNSFHHEFHERMCER

KE

Table 3  Gene locations and lengths of introns and extrons in

chloroplast genome of L. spicata var. prolifera bp
. m?ﬁﬁ W?? %%% wi% ﬁbif';?—

atpF LSC 145 820 410

clpP LSC 71 809 292 654 255

ndhA SSC 559 1 060 539

ndhB IR 777 696 756

petB LsC 6 755 642

petD LSC 8 734 505

rps12 IR 114 - 232 544 26

rpsl6 LSC 40 866 215

rpoC1 LSC 453 741 1617

pll6 LSC 9 1 032 399

rpl2 IR 391 666 431

trnA-UGC IR 38 826 35

irnG-GCC LSC 23 708 58

trnl-GAU IR 37 947 35

trnK-UUU LSC 37 2 587 36

trnL-UAA LSC 37 616 50

trnV-UAC LsC 39 634 37

yef3 LsC 126 748 228 739 153

BUAZ A WS AR L 20 5 & AT (AT Jit i 43 5053 3 R

62.3% ,61.9% J% 62.3% ) — %, X Fh i i P 7T B

5 AT [ GC HAEL RAR K, WES,

2.4 LRI SE P AL H KRR S DNA 50 % i i
DLl Z & 2 BB, FIH mVISTA Xf 4 & 4%

RILR AT 2R X, WWE 2, 53R B, £ 4
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JLFBAZES . BT NELB yofl PSS AR,
At FE AR 143 PR ST o FE IR XA 25 S /N T R 1A ] o
X, traF-ndhJ , ndhF-rpl32 0 rpl32-trnl , 2% 55 K H)
DX 5l 7T R S 1 A M 0 1| 22 4 1 R S 1 DNA R B 1
Fo 51 AEL 1 At 22 4 55 b 22 A XE LS ), i ¢ A R TR 2
RN AIE RS, S S A 22 4 N 24 bt £
A PR BEKE

2.5 Rttt M NCBL R4 19 Fnt ik
K 7 9 4 45 1 & B DLBE & 5 5 U1 B [ Fritillaria
unibracteata ( KF769142 )1, Ul & )8 JI| 0l & [ F.
cirrhosa ( NC _ 024728 )], Nl # & H A N [ F.
przewalskii (NC _044636) ], Dl & Jg K 4 W £ [ F.
dajinensis(NC_044632) ], NI &)@ 4 DL [ F. sinica

(NC_044631) ], MA@ 4 Dl & [ F. sichuanica
(NC_044628) ], Il & wr i [ F. thunbergii
(MH244914) ], Il B RXEN [ F. taipaiensis
(MH244910 )], 0 & J& % 0 £ [ F. karelinii

(KX354691) ], fi 4 7 J&@ BT /K %% fif 4 % [ Tulipa
altaica(NC_044780) ], & & J& [ Lilium pardanthinum
(MG704135) ], G &JB &k 0 & [ L. fargesii (NC_
033908) ], B & mw & A& [L
(KU230438 )], o & @ % & & [ L
(KX347245) ), B &M E & [ L. martagon ( NC_
039162) | , A& B T 4 [ L. washingtonianum
(NC_037699) 1, B &Ll & [ L pensylvanicum
(NC_043876) ], 1l Z & J&@ 1L 22 4 [ Liriope spicata
(NC_042227) |, i &2 B2 2 J& e /& 41 42 [ Huperzia
serrata ( KY609860 ) 1, UL wg & A #2 H HM 25 8F, 1
IQ-TREE #J#t ML &, W& 3,

TEM H 1) & Ge e B, A T R B
100% SCH5 3% RGEIAM B, TaFHEY R —
SCLAMEREIE R AL — 3, W H RS OC RALIE
TG B [ 19 ) Bl 25 5 O — S A 0 T, 323
2 100% , Ut A B R & SR T, ILEA ¥
JeF & N EA SH AL RN — 3 HA I, 308
K 100% , W] I & & & A I EZ & ShE &
MRS RBOE, WAL E A (LA Shid & R
N —/INSE, HI A2 2 L A2 240 UL IR A, 2 I 5011
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Table 4 Application of codons in chloroplast genomes of L. spicata var. prolifera, O. japonicus in Sichuan and Zhejiang provinces

B /A RSCU B /A~ RSCU

ST AR WAL 0 K e 0 g (EETRER e o0 s w0 ke
UUU  ZEWNZRE(Phe) 2133 2130 2159 1.16 1.17 1.20 || AUU ==& (le) 1763 1793 1756 1.21 1.23 1.22
UUC  Phe 1541 1515 1449 0.84 0.83 0.80 | AUC Ile 1171 1105 1066 0.80 0.75 0.74
UUA  Leu 998 1004 1072 1.17 1.21 1.28 || AUA Ile 1436 1493 1510 0.99 1.02 1.05
UUG Leu 1089 1072 1057 1.28 1.29 1.26 || AUG ZH% R (Met) 928 918 894 1.00 1.00 1.00
CUU Leu 1043 1032 1009 1.22 1.24 1.20 | CGU *54 M2 (Arg) 380 394 402 0.70 0.70 0.72
CUC Leu 702 652 627 0.82 0.79 0.75| CGC Arg 253 259 256 0.46 0.46 0.46
CUA  Leu 797 780 792 0.93 0.94 0.94| CGA Arg 575 584 609 1.05 1.04 1.09
CUG Leu 486 438 486 0.57 0.53 0.58 || CGG Arg 380 431 398 0.70 0.77 0.71
UCU 225 i (Ser) 1122 1163 1214 1.41 1.43 1.47 | AGA Arg 1045 1095 1054 1.92 1.95 1.89
UCC  Ser 919 932 916 1.15 1.14 1.11 | AGG Arg 639 609 623 1.17 1.08 1.12
UCA  Ser 969 984 1019 1.22 1.21 1.23 ACU 754 R (Thr) 645 647 721 1.14 1.13 1.17
UCG  Ser 635 640 626 0.80 0.79 0.76 | ACC Thr 547 611 624 0.97 1.06 1.01
AGU  Ser 659 690 722 0.83 0.85 0.87 | ACA Thr 700 660 722 1.24 1.15 1.17
AGC  Ser 473 478 462 0.59 0.59 0.56 || ACG Thr 372 379 395 0.66 0.66 0.64
UAU %% 2 ( Tyr) 1445 1464 1476 1.30 1.35 1.36 || AAU KA®EEM(Asn) 1732 1811 1818 1.35 1.38 1.40
UAC  Tyr 770 701 687 0.70 0.65 0.64| AAC Asn 836 814 773 0.65 0.62 0.60
UAA 21} (Stop) 1179 1143 1058 1.17 1.17 1.16 | AAA HiZ 2 (Lys) 2071 2021 2027 1.35 1.36 1.33
UAG  Stop 818 779 701 0.81 0.80 0.77 || AAG Lys 991 952 1031 0.65 0.64 0.67
UGA  Stop 1037 1006 981 1.03 1.03 1.07 || GUU #i&fz(Val) 792 738 784 1.37 1.27 1.35
UGU k%R (Cys) 728 757 713 1.20 1.24 1.23| GUC Val 413 442 419 0.71 0.76 0.72
UGC  Cys 488 466 448 0.80 0.76 0.77 || GUA Val 702 732 710 1.21 1.26 1.22
UGG  Trp 719 705 700 1.00 1.00 1.00| GUG Val 410 414 408 0.71 0.71 0.70
CCU  F#H %R ( Pro) 637 650 668 1.04 1.06 1.09 || GCU HN&#z(Ala) 457 501 530 1.23 1.34 1.34
CCC  Pro 613 629 602 1.00 1.03 0.98 GCC Ala 339 335 373 0.92 0.89 0.94
CCA  Pro 765 774 774 1.25 1.27 1.27 | GCA Ala 432 407 446 1.17 1.08 1.12
CCG  Pro 428 389 403 0.70 0.64 0.66 || GCG Ala 253 258 239 0.68 0.69 0.60
CAU  #H % (His) 951 961 967 1.39 1.39 1.44 || GAU KL (Asp) 1022 1113 1218 1.41 1.42 1.47
CAC His 414 418 373 0.61 0.61 0.56 || GAC Asp 430 452 437 0.59 0.58 0.53
CAA A& MBEM(GIn) 1056 1016 1056 1.38 1.34 1.38| GGU HHEM(Cly) 568 537 546 1.01 0.97 0.97
CAG Gln 472 503 474 0.62 0.66 0.62 || GGC Gly 323 346 366 0.58 0.63 0.65
GAA % (Glu) 1319 1367 1301 1.35 1.38 1.38| GGA Gly 808 797 789 1.44 1.44 1.41
GAG  Glu 637 609 589 0.65 0.62 0.62| GGG Gly 544 531 544 0.97 0.96 0.97
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Table 5 Types, amounts and ratios of SSR in chloroplast genomes of L. spicata var. prolifera, O. japonicus in Sichuan and Zhejiang

provinces
SSR %t/ K A L/ % SSR it /K & TG0 LA/ %
R SSR W R
dem maps WAL 0 B WAL N A yom  SSREEFA g o0 w0 owat 0w
Eh EK EER OEK EE EX Ea E& KK OER EE EX
PR TR A/T 131 118 131 94.24 95.93 94.24 AGC/CGT 5 5 5 6.25 6.17 6.25
G/C 8 5 8 5.76  4.07 5.76 AGG/CCT 2 2 2 2.50 2.47 2.50
ZEATR AC/GT 1 1 1 2.22 2.00 2.22 ATC/ATG 6 6 6 7.50 7.41 7.50
AG/CT 17 19 17 37.78 38.00 37.78 CCG/CGG 1 1 1 1.25 1.23 1.25
AT/AT 27 30 27 60.00 60.00 60.00 |[PUAZH R AAAT/ATIT 3 3 3 37.50 33.33 37.50
=i AAC/GTT 12 11 12 15.00 13.58 15.00 AATG/ATTG 2 2 2 25.00 22.22 25.00
AAG/CTT 21 21 21 26.25 25.93 26.25 AATG/ATTC 3 3 3 37.50 33.33 37.50
AAT/ATT 28 30 28 35.00 37.04 35.00 AAAG/CTTT - 1 - - 11.11 -
ACC/GGT 3 3 3 3.75 3.70 3.75 || HAZTFER AAACG/CGTTT 2 2 2 100 100.00 100.00
ACT/AGT 2 2 2 2.50 2.47 2.50
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Fig.2 Global comparison of chloroplast genomes of L. spicata var. prolifera, O. japonicus in Sichuan and Zhejiang provinces
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Fig.3 Maximum likelihood (ML) tree of Liliaceae and other species based on complete chloroplast genomes
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