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@ E: AfEEM (Parispolyphylla var. alba) HZE /%l ( Melanthiaceae ) TAEE 25 Y, HER —HE S AP Y .
Rifi 7 B G OB G TR R I Lk, IR EE RS R A R B AR . A R IR E R R AR IR AT A G RS
B, AR AEESN IR AT S e, W R R AR S A SR RS R P A1) X LI PRI 4 2
FIRFERIR G R T RRZ N E R R, AEESI G AIEF A 2K 163 944 bp, KHFENIX (large single-copy, LSC ), /Nt
& U1[X ('small single-copy region, SSC ) FIJ [i) H #hE & X (inverted repeats, IR ) 1 EE43%]°0 84 179, 12967, 33 399 bp,
S BRI DU SR SE R o AR B  SR AR SE R 2 I w134 AR, 45 88 M i4mASAEIN, 38 > tRNA LK il 8 4
rRNA 2 [H [ 78 RIS Rk 3 R 21 ILAG I B 645 M E KPS 97 4~ SSR ( simple sequence repeat ) fii,&, KERF
FILLIE R EE P SCESE N F, SSR LIAEEER A/T KM £, FETFEME 34 f CEATERAL) M-Sk 25 R4
HW RGBT BN, ERENRRERE, RISk S AR, LM —BIES R BRI TRKRG, HIFAK
R, AERSEEEEZXRRIE, AFHE S A7 E0dE H 2048 T 588 1 L E AR R IR 4 )7 51,
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Characterization and Phylogenetic Analysis of the Complete Chloro-
plast Genome of Paris polyphylla var. alba (M elanthiaceae)
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Abstract: Paris polyphylla var. alba, a medicinal plant of Melanthiaceae, is classed as the national second-grade pro-
tected species of China. With the increasing demand for raw materials of Rhizoma paridis, the wild resources of P.
polyphylla var. alba have been seriously damaged. In order to protect the genetic resources and clarify the systematic
positon of this species, [llumina Hiseq X Ten platform was used to sequence the chloroplast (cp) genome. The structural
characteristics of the complete cp genome sequence and phylogenetic relationship of P. polyphylla var. alba in Paris
were analyzed. The results showed that the cp genome was 163 944 bp in length with a typical quadripartite structure
with a large single-copy (LSC) region of 84 179 bp, a small single-copy (SSC) region of 12 967 bp, and a pair of 33 399
bp inverted repeats (IRs). The genome contained 134 genes, including 88 protein-coding genes (PCGs), 38 tRNA genes
and 8 rRNA genes. A total of 645 long repeats and 97 simple sequence repeats (SSRs) loci were detected in the complete
cp genome, in which forward and palindromic repeats were the mainly long repeat types, and most of SSRs had A/T
base preference. Phylogenetic analysis based on the complete cp genomes showed that Paris formed a monophyletic
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group, and could be further divided into five major clades corresponding to five sections, respectively. The varieties of P.
polyphylla are located in Sect. Euthyra, but are not clustered a monophyletic group, and P. polyphylla var. alba is
closely related to P. mairei. This study would provide a scientific basis for studying the phylogeny, species identification

and resource conservation of Paris.
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EAEERET A AR (Liliaceae ), MRignT R
Greritai a5, IHE 7228 ( Melanthiaceae ),
NEMR (Paris) YIISGR, SERAA 26 Fpl'),
FE A FRENURESE (X ), BELAER
WL HME, HEidsk, e 11 AR (FEFT
Hfr, A PRZEREAH, R,
7 MR G L Ryt EEN (P polyphylla var.
yunnanensis ) FlI*EE# ( P. polyphylla var. chinensis)
T E 2020 AERRT R EZG ) Bl

HAETE# (P polyphylla var. alba) k-t —
k4t (P polyphylla) ()—ANA8F, F2504 T3
EPRmE X =m . 5. P, R A
Al FAEEARLIARZEAZE, H TR T BN
B, B, mER . TBIRR. FLRR. R
05 IS 92 T i A A 100 AR Sk fh Al X
REIFORE 2 75 SR BB il bk, B A EE R 3 4 2 X
RAZ, BUEER S AL A 25 I E ) E AR E A
(1) B A4 T 05, 1 ) ™ S R R o AR A i & A 9K
FE SR B R &) U, AR R E Ak

( P. verticillata ) ZM 4145 51 by ] 8 — 9% o A OR3P AT

Y, AfeEERIEA Y R AR R A
Z 5% ) (IUCN) 3 R 5 fafh ., SR, 2IHHTHA -,
A K AL TR IR R AR 10

AT R AR AR T . PR BTRER
PRI R R G kBT, A5 A EE
PEHEAT T A B AL @ M, A I 20 ¢
SERE SR ARIE R AL, IEXF AR R SRR S ]
L EERRIE S AR R B R G BT T 0

1 MRlEF=E
1.1 ##

K 25 B 44 TN VT HR VT AR LRy el A R IR
B (100°11'E, 27°00'N ) (1) FH 48 54 e it B -
B ANMUREAS J5 37 BV I AR RE e ifb AT T4, =
MRARAE
12 Ak
12.1 A BEZY% DNA #RRFs L BAmN 5
WA A6 AR R A T4 H, AL CTAB 3:U R H

LN 4 5 DNA 39l 5% 35088 B 55 M F 9k Al
NanoDrop-2000 it 43 6% BE THHG IS DNA Jit
FITH B o Xy ey 308 I b o R SO R I
B34 B/ A 9 Tllumina HiSeq X Ten -5 52 A%, il
JF 5 6 Gb,

122 gk A RaemElizg  FAH SPAdes
v3.6. 1" LUER A B B0 4 I 1 K08 18 A5 Sk 2
B i — F 4 contigs. #JH Bandage!'F5l% A
) contigs FEAT A, Az B 0T HE A SE L I SRR S
R, PigZdEik (P. delavayi, &35 : MN
125581) WBHIENAL, FIFH PGAI x5t 17
DIREVERE . 1ERE G 10 50 B i S A 56 DN 4 B 2 A8
% GenBank (3¢5 : MW980523 ), Flf OGD-
RAWIZEZ: T A ( http://ogdraw.mpimp-golm.mpg.
de/index.shtml ) 2 il 1 48 5 A SRRk DA 20 53
123 rrgAhkBasEsH  FIH Geneious
v8.0. 2 S i A6 RS FE A AR AR (S B A
Fl REPuter! " % 5 I S 4 I [R 20 b (i K 8 42 7
5, f/NEERE N 30 bp, /NEEFIIKER
BN 30 MISA U (1 6 dtl PR S R
HIETT B A (simple sequence repeats, SSR ) iz
SR, SRR B . I .
= SN E 8 S T R | AN 8 S 5 A i E- R
110, 5. 5. 5. 5.5, 2/ SSR i 5 [al /i
BIUCE N 100 bp,,

124 BT -S4 FIFH Geneious v8.0.2°
PRI A6 TR I SR PR 4 25 P 5 G i 35 R 47
( coding sequence, CDS) , HFTHIFE—1 IR
X %) 52 S A R K <300 bp 1951 . FIIH
Codon W 1.4.2 7EZ& ¥ ( http://codonw.sourcefor-
genet/ ) SMHTLL ATG M IREI T, LI TAA.
TAG. TGA %% b5 1) 2 ith 3 PR ) ] S i
FHIXTE B (relative synonymous codon usage,
RSCU ) . RSCU J&Hi H— e B i1 7E  F A%
5 I Al de e ol P At B0 AR = ) g e AT, 2
RSCU>1 W}, FREZEHE T HBRE S 4
RSCU=1 W, BiIIZ %S JChdrt ; 24 RSCU<I1
B, FR B (R AR AR
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1.2.5 E#EtgAkARMES M FH Gene-
ious v8.0.2' VS B B & O A i 33 AN ARk
FERAFRIEAE B, X 34 DR IER 41 RN | S
HECH . g EH | 7%z RNAH | #%
BEAR RNA 50 H Al GC & &7 b8 0T .
12,6 A%RAH AWITHAEREN RGN
, M\ NCBI T 2022 L 48 AW iy -2k 4
WP FEEERRNRRELT LR, O
HAEIE 33 4%, #)MJm (Veratrum) 3 5%, FZ4H
J& ( Chionographis) 1 #%. {H41{tJ& (Helonias) 2
. MERYEE (Trillium) 6 4%, RERHJE ( Xero-
phyllum) 1 ZH1 Y £ 46)8 ( Ypsilandra) 2 %%, ##
PEAI I FE 4 R0 AL & 3 MRE N
SN AHE L FESI X A MAFFT v7.2450%°
( https://mafft.cbrc.jp/alignment/server/ ) 52 i, Dl
S ( Bayesian reference, BT ) ZERJE S £5 10
AR AU R AR it R SR E ( Akaike in-
formation criterion, AIC )F| ] Modeltest** >3 +%:
RS EE ( maximum likelihood, ML ) ZA4 Fsf{di
F RAXML v.8.2. 110058 pig, B R R A QAR 1 388
7 GTRGAMMA, 1000 Yt (AL 54 43 3 1932
& (bootstrap, BS) . DI mf3rfi e 2w ff

FI Mrbayes 3.2.6" " PE5E l, PUSC S RBER — 52
FR¥%45% ( markov chain monte carlo, MCMC ) iz
150 JIAR, B 100 FRHUFE—¥K, % A B sk
I, Tl 25%MFEANE Ry B A B 255 . BIRFEA
HE Y 50% 19 28— (50% majority-rule con-
sensus tree ) , 4 B89 S B9 5 04K ( posterior
probability, PP ) .

2 ZBRERW
21 BHEE#MFREEEABSEHEFE
FBREE L R BT B P B e, A AL
IRAG 34 225 418 25K R 150 bp [A)F51] (reads ).
FI| ] SPAdes /b T41%¢ , Bandage F T 45
133 AL MR e B SR IR SE R L7 91 25 SR
FIAE BRI SR R BE R 2 B K B 163 944 bp, GC
TR 371% (£ 1), EEARIEEARK, 1 4
KEAPE DX (large single-copy, LSC ) il 1 ~/NEf
P& DX ( small single-copy, SSC ) # 1 XJJz [f] T 4b
& X (inverted repeats, IRs ) 43 F a7 ) pU 43
Rkt (1), GC FETE 4 A XA e W i 22
5, IR X1 GC Fitas (39.7% ), HIRJE LSC
[X (35.7%) Ml SSC X (32.2%) (F 1),

X1 ARERMEEERALEHAR
Tab. 1 Chloroplast genome features of Paris polyphylla var. alba

[X I8, Region A% T% G% C% GC% K J& Length/bp
FKEHLPE DL X 31.6 32.7 17.5 18.2 35.7 84179
INELPE DL X 35.7 32.1 16.8 16.8 322 12 967
R ERHELIX a 31.7 28.6 20.9 18.8 39.7 33399
R EARELX b 31.7 28.6 20.9 18.8 39.7 33399
R A 31.3 31.6 18.3 18.8 37.1 163 944

22 BHEEZEMERGEEERAERINGERSE
FIH PGA KA ERMF IR G, HIEEE
2R R L PRI 2H I B 134 NI, £ 45 88 1R
HgifgFE A . 38 MFEiz RNA (tRNA) A 8
MR RNA (rRNA ) JEB (K1) o MR4EIEE
DIRerT LI B4 4 K2, 512 45 41~ 508G
YERARSCHYIE . 74 5 A IR HIAH Y SEA |
6 M5 MM HAL LR, D& 8 AR A
e AR (£ 2) o AEXEIEHAF, f
10 & A T g F A (ndhB., rpl2. rpl22. rpl23,
rpsl2. rpsls, rpsi9., rps7. yofl, ycf2 ), 7 /)~ tRNA
FH(trnA-UGC. trnH-GUG. trnl-CAU . trnL-CAA
trnN-GUU | trnR-ACG. trnV-GAC) #il 4 4~ rRNA

FER (rrnl16S. rrn23S. rrnd.5S. rrn5S) i T %
) BANE A X, O DL (% 2), HAEEME
2R R SE R 2 A TR B B HE DUBOR T 2 3R . [
B A AL R I 23 ML S H NS T, K
19 AR (B 11 AMEARMSEEA 8 4
tRNA ] ) &7 1 NN T, 4 AR A TGS It
A (yef3., clpP, rps12x2 ) &H 2 MNE T (F£2),
23 BHEEE#KEESF5IT SSR o

KEZIFI MR, AEE BRI A
PAFERE 4 FRER T, HiiEmEE )P
305 &, RImEEFH 21 4, HANEEFY) 19
%, BISCEEFY) 300 &5, MKEN 68889 bp
(£3) .
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Fig. 1 Chloroplast genome map of Paris polyphylla var. alba

B IR XAh, HEKEEERHIAE 30~152 bp Z[E], &
FAEPRTE 30, 31, 43, 55, 77bp (F2) ., fij
FEEJFH IR, AL S A I R 20 S A
WF] 97 4~ SSR i i, HHHRZHTREL ST 66
A, THTFREBEERF 2340, SBHREE LT
44, NETREEILT 4 4, KERUZETTR
MAZAREE LT (K 3) . SSR ZRAILL A/T
R, HUON AT/AT, 439004 65 A~F 18 4, 5
K 2] SSR #a ) 67.01%H1 18.56% (F 3) &
E— 2 7E HEXTIY 49 ANZE PR S A S PR 21 £ s
ik (525 LB PTREEMR ) rhEAEE
B 97 4~ SSR i s A, (GGAAGA)s B K RI{Y
FE AT AR S R SL R Al rp B, T o
Y AT

24 BRHEZMFREERAZBEFRTFESHR

F A F R I (A TR 28 i 3o 1 1 50 1 O
HHEATRY 50 £5 CDS b4 64 A%, Hop
61 DT 4l 20 P LR, Ha 3 AN IE
HT . BT R 20 818 ¥k, b4
i & FR( Leu )Ry %14 F( UUA, UUG, CUU, CUC,
CUA, CUG) i MR i, 2076 ¥k, 5 AL
) 9.97%; Sufih MR (Cys) AYEEFSF 0 FH 4G
WA, M 245 Wk, HEEEY 1.18%. HAEERE
4Kk CDS i RSCU<1 #5151 35 34 Fh, Hop
31 FhLL G/C 452 ; RSCU>1 Wy &% 11k 30 F,
Hrp 29 FiLL A/U 458 (K 4) , RUIFEES%M
SRARFE A X A/U 5 R B 05 i w41 = T G/C 46
T
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Tab. 2 Functional classification of genes in chloroplast genome of Paris polyphylla var. alba
Uitesr2k TR B 2B
Functional classification Gene group Gene name
A ARG KRS 1 psaA, psaB, psaC, psal, psal
YRS psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbl, pshJ, psbK, psbL, psbM,
psbN, psbT, psbz
HiH (02 b/t A PetA, petB’, petD°®, petG, petl, petN
ATP 4l atpA, atpB, atpE, atpF®, atpH, atpl
NADH fi % ndhA®, ndhB**, ndhC, ndhD, ndhE, ndhF, ndhG, ndhH, ndhl, ndhJ, ndhK
THERRALEBE A A T R LR 3 rbcl
EEIA=Kilki: P90 RNA R4 rpoA, rpoB, rpoC1°, rpoC2
2B /N 3 rps2, rps3, rps4, rps7?, rps8, rpsll, rpsl2*c, rpsld4, rpsls, rpsl6®, rpsis,
rpsl9®
AR 3 rpl2*®, rpl14, rpl16°, rpl20, rpl22°, rpl23°, rpl32, rpl33, rpl36
3% RNA trnA-UGC™®, trnC-GCA, trnD-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, trnS-GCU, trnSUGA, trnSGGA,
trnT-GGU, trnT-UGU, trnV-GAC?, trnV-UAC®, trnW-CCA, trnY-GUA
A RNA rrn4.5°%, rrn5%, rrnl6?, rrn23*
F At FE A LA I [ matK
BRR LG A T infA
C AU 5 3 G I CCcsA
CRHEEG A FR A EG I FE acch
A I 1 cemA
s)E | clpP*
KRNI e FE PRSF IR ] L AE yefl?, yef2?, yef3*, ycf4

T CHRUEIUER, PHE L ANETEN, & 2 MNE TR,

Note: * means double-copy gene, ® means genes with one intron, © means genes with two introns.

®3 BRERKEEFIIS 25 BRI REEERLESH
Tab. 3 Long repeat sequences in complete | § =
chloroplast genome of Paris polyphylla var. alba T ﬁ%i&e% 1] i Al j}, iAo e 3
K Hoit Bk TR A HEAT LL B AT, SR, B R Mk
Type Number Total length/bp  Average length/bp M:%éﬂ E/‘J GC ﬁ%ﬂjﬁ? 37%LL | , %éﬂj(/J\
EREE 305 17 436 57.17 4 155 957~163 944 bp, EREELH 133~137 4>, FR
RFER 21 680 32.38 FAEERE (88 4>) Ab, HEHAALEER KN 87 4,
HAbER 19 595 31.32 tRNA K Wy 38~42 /4>, rRNA F:PRIBCR 5 5F 2k
MR 00 0178 167,26 84 (K 4) . AL IR ARIEN 44 2 450
B i 08 589 10680 [ yefL S0 (P 1) BRICHIAT ik il 2
180

160 W EESR

140 W HEAES

120 W REES

100 EmEL

TEEFHI$E Number of repeats

0
30 32 34 36 38 40 43 47 49 53 55 59 61 67 69 72 77 84 86 91 95 99 103107112115118122127140
K& Length/bp

2 AREENZGEERNAKESFISH
Fig. 2 Long repeats of Paris polyphylla var. alba chloroplast genome
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3 BREXMHFEERAGRESFIISH
Fig. 3 Simple sequence repeat of Paris polyphylla var.
alba chloroplast genome

AL P9 K
26 EREMHREERERZLZEIN

HT 49 S5EEE NS AR I R AT B A
PR ML i BI RS aEeR (&1 5) AL, &k
J&HY 34 DFERI—D0 L, W — R IEHE
( BS/PP=100/1.0 ), MEWRF R 5E SR FEZ LR
O, PR AR E IR . FEARE T — 25K
R 5 A SLFRRE R4 (BS/PP=100/1.0 ),
SR 5 A (/AR Sect. Euthyra, 4§
FEZH Sect. Axialis, HEAFZH Sect. Thibeticae, H A
FAE Sect. Kinugasa FlJL B4 Sect. Paris ),
BRI JE T ARG, (HIF A
WA, e EE S EEE(P. mairel )

(] ST T AR O R
RSCU

HABGERREGRR (F5).

3 iTig

AHE 5T R )T . S B TR
BEFNTEREARAG T AE S e B b R SE R A, 3L
KN 163 944 bp, WEK TizJE CREW R
LRARSEINALS, (A5 0t ik S R 41 e
A EE SO L R Y R PR A
—XF IR X8 A g H AL A g4 (A B R
33399 bp, HAhF/NT 28 000 bp ), 4L T KM
SRR PR A HLA R Y FOIR DU AR 254, LR 1
A LSC X, 14~SSC XM 24 IR X, H GC &
H37.1%, 5EHGE W IZE Y R sk RS 4 25
FFI GC &AL, FFH LSC X (35.7% ) Fll SSC
X (32.2%) [ GC & WEMT IR X (39.7% ),
HIF P 558 2461 IR X1 8 4 GC & ik & 1
rRNA LA K (H7E 48.5%LL | ), FfE BN
SRR R A IR 134 D IEIN, 4045 88 MK 1 4
THEE . 38 > tRNA JEHI AT 8 4~ rRNA JE[H ., 7¢
HMEE O RGE SRR R A, B A A
F rRNAs ZIEH -7 1Y, (B (RNAs FECH 7EP)
BIfFEE S, R4 unique tRNAs EH AR Z 30
Ao yefl FEPRE SR R EE R 2 R 5 — K3 R L
TP REHY M RSN P (BEs Hf
— DL, FIEEEECE IR XY 5k S 80E R

4 BREEMFEERARNZEDFEXNERE

Fig. 4 Relative synonymous codon usage of Paris polyphylla var. alba chloroplast genome
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Tab. 4 Comparison of structure and characters of Paris chloroplast genomes

G b -
- Genbank 535 WAL RpEH U s RNAKE RO RNABE GC i
Species GenBank acces- Genome Number of Number of Number of GC con-
P sion number size/bp genes I\_Iumbe.r of pro- tRNA genes rRNA genes tent/%
tein-coding genes
Paris axialis MN125591 156 821 133(113) 87(79) 38(30) 3(4) 37.4
P. bashanensis MN125580 157 320 135(113) 87(79) 40(30) 3(4) 37.7
P. birmanica MN125571 157 857 133(113) 87(79) 38(30) 8(4) 37.3
P. caobangensis MN125593 158 256 133(113) 87(79) 38(30) 8(4) 37.2
P. cronquistii MN125574 158 586 133(113) 87(79) 38(30) 8(4) 37.2
P. daliensis MN125579 158 118 133(113) 87(79) 38(30) 3(4) 37.3
P. delavayi MN125581 158 575 133(113) 87(79) 38(30) 3(4) 37.2
P. dulongensis MN125566 157 342 133(113) 87(79) 38(30) 3(4) 37.4
P. dunniana MN125592 158 256 133(113) 87(79) 38(30) 8(4) 37.2
P. fargesii MN125595 158 643 133(113) 87(79) 38(30) 8(4) 37.2
P. forrestii MN125565 157 198 133(113) 87(79) 38(30) 8(4) 37.4
P. incompleta MN125572 157 610 137(113) 87(79) 42(30) 3(4) 37.7
P. japonica MH796668 155 957 133(113) 87(79) 38(30) 3(4) 37.6
P. luguanensis MN125573 157 901 133(113) 87(79) 38(30) 3(4) 37.3
P. mairei MN125598 157 753 133(113) 87(79) 38(30) 8(4) 37.4
P. marmorata MN125597 157 740 133(113) 87(79) 38(30) 8(4) 37.4
P. polyphylla MN125589 158 130 133(113) 87(79) 38(30) 8(4) 37.3
P. polyphylla MW980523 163 944 134(113) 88(79) 38(30) 3(4) 37.1
var. alba
P. polyphylla MN125588 158 060 133(113) 87(79) 38(30) 8(4) 37.3
var. chinensis
P. polyphylla MN125583 158 406 133(113) 87(79) 38(30) 8(4) 37.3
var. emeiensis
P. polyphylla MN125590 157 833 133(113) 87(79) 38(30) 8(4) 37.3
var. stenophylla
P. polyphylla MN125587 157 874 133(113) 87(79) 38(30) 8(4) 37.3
var. yunnanensis
P. giliangiana MN125576 158 354 133(113) 87(79) 38(30) 8(4) 37.2
P. quadrifolia MN125594 157 350 135(113) 87(79) 40(30) 8(4) 37.7
P. rugosa MN125570 157 239 133(113) 87(79) 38(30) 8(4) 37.4
P. tengchongensis MN125584 157 150 133(113) 87(79) 38(30) 3(4) 37.4
P. tetraphylla MN125596 156 567 133(113) 87(79) 38(30) 3(4) 37.5
P. thibetica MN125569 157 389 133(113) 87(79) 38(30) 3(4) 37.4
P. undulata MN125586 158 286 133(113) 87(79) 38(30) 8(4) 37.2
P. vaniotii MN125567 156 846 133(113) 87(79) 38(30) 8(4) 37.4
P. verticillata MH796669 157 946 137(113) 87(79) 42(30) 8(4) 37.6
P. vietnamensis MN125575 158 101 133(113) 87(79) 38(30) 3(4) 37.3
P. xichouensis MN125585 158 225 133(113) 87(79) 38(30) 3(4) 37.3
P. yanchii MN125582 157918 133(113) 87(79) 38(30) 3(4) 37.3

T SEREEG T, 155N O I B, 155 NI BT O BRI R SRR S SRR AOE
Note: In gene quantity statistics, the numbers outside the brackets are the total number of genes, and the numbers inside the brackets are
the number of genes after removing duplicate genes.

o2 DoEEERY yofl JE (e TrmERE .
X)), MR R A AR 2 1 >3 H 2 FAEE RS 2R AR N AL AG I 21 645 25K
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100/1.0 [ Paris daliensis | MN125579
52/0.98 | P. polyphylla | MN125589
99/1.0{ P. polyphylla var. emeiensis | MN125583
100/1.0 } P. birmanica | MN125571
97/1.0 P. marmorata | MN125597
73/1.0— || P. luquanensis | MN125573
100/1.0 [—P- polyphylla var. yunnanensis | MN125587
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Fig. 5 Maximum likelihood tree of 49 species from Melanthiaceae inferred from the complete chloroplast genome sequences
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