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Fig. 2. Domains and protein function of matk in L. ledebourii (Top) and L. regale (Below).

IPR024942, PF01824: The function of thisregions is unknown. IPR024937: Group II introns use intron-
encoded reverse transcriptase, maturase and DNA endonuclease activities for site-specific insertion into DNA.
PF01348: This entry represents a sequence region known as domain X, which is conserved in group II introns

and is required for maturase function.
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Table 1. Maximum Composite Likelihood Estimate of the Pattern of Nucleotide Substitution for mark gene.

A T C G
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Fig. 3. The phylogenetic tree based on matk sequence according to the maximum likelihood with the support of

1000 replications.
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Table 2. Matrix of genetic distance between the Lilium species according to matk gene based on K,P method.

The distance of either species with itself is zero.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1 L. bakerianum

2 L.superbum 0.011

3 L.michiganense 0.011 0.001

4 L. columbianum 0.011 0.006 0.005

5 L. washingtonianum 0.010 0.004 0.003 0.003

6 L. callosum 0.011 0.013 0.012 0.009 0.011

7 L. concolor 0.011 0.013 0.013 0.010 0.012 0.001

8 L. pumilum 0.011 0.013 0.013 0.010 0.012 0.002 0.003

9 L. leichtlinii 0.011 0.013 0.012 0.009 0.011 0.001 0.002 0.002

10 L. duchartrei 0.005 0.011 0.011 0.010 0.010 0.010 0.011 0.011 0.010

11 L. bulbiferum 0.011 0.013 0.012 0.009 0.010 0.003 0.003 0.003 0.003 0.010

12 L. leucanthum 0.007 0.013 0.013 0.013 0.012 0.013 0.013 0.013 0.013 0.007 0.013

13 L. sargentiae 0.008 0.014 0.013 0.013 0.013 0.013 0.014 0.014 0.013 0.008 0.013 0.001

14 L. martagon 0.009 0.011 0.011 0.011 0.010 0.004 0.005 0.005 0.004 0.009 0.004 0.011 0.012

15 L. medeoloides 0.011 0.013 0.012 0.009 0.011 0.003 0.003 0.003 0.003 0.010 0.003 0.013 0.013 0.003

16 L. maculatum 0.009 0.013 0.012 0.009 0.011 0.001 0.002 0.002 0.001 0.009 0.003 0.011 0.012 0.004 0.003

17 L. mackliniae 0.004 0.010 0.009 0.009 0.009 0.009 0.010 0.010 0.009 0.004 0.009 0.006 0.007 0.008 0.009 0.008

18 L. fargesii 0.008 0.014 0.013 0.013 0.013 0.013 0.014 0.014 0.013 0.007 0.013 0.010 0.011 0.012 0.013 0.012

19 L. philadelphicum var 0.010 0.016 0.015 0.015 0.015 0.015 0.016 0.016 0.015 0.009 0.015 0.012 0.013 0.014 0.015 0.014

20 L.regale 0.013 0.019 0.018 0.018 0.017 0.018 0.019 0.019 0.018 0.013 0.018 0.005 0.006 0.017 0.018 0.017

21 L. taliense 0.001 0.011 0.010 0.010 0.009 0.010 0.011 0.011 0.010 0.005 0.010 0.007 0.007 0.009 0.010 0.009

22 L. nepalense 0.006 0.012 0.011 0.011 0.011 0.011 0.012 0.012 0.011 0.006 0.011 0.008 0.009 0.010 0.011 0.010

23 L. pyrenaicum 0.010 0.013 0.013 0.011 0.012 0.006 0.007 0.007 0.006 0.009 0.006 0.013 0.014 0.006 0.006 0.006

24 L. lankongense 0.005 0.011 0.010 0.010 0.008 0.010 0.011 0.011 0.010 0.003 0.009 0.007 0.007 0.009 0.010 0.009

25 L. ciliatum 0.010 0.013 0.013 0.011 0.012 0.006 0.007 0.007 0.006 0.009 0.006 0.013 0.014 0.006 0.006 0.006

26 L. candidum 0.011 0.015 0.014 0.013 0.013 0.007 0.008 0.008 0.007 0.012 0.007 0.015 0.015 0.007 0.007 0.007

27 L. nobilissimum 0.007 0.013 0.013 0.013 0.012 0.013 0.013 0.013 0.013 0.007 0.013 0.009 0.010 0.011 0.013 0.011

28 L. davidii 0.009 0.013 0.012 0.009 0.011 0.001 0.002 0.002 0.001 0.009 0.003 0.011 0.012 0.004 0.003 0.000

29 L. henryi 0.007 0.013 0.012 0.012 0.011 0.012 0.013 0.013 0.012 0.007 0.012 0.002 0.003 0.011 0.012 0.011

30 L. cernuum 0.010 0.012 0.011 0.009 0.011 0.001 0.001 0.001 0.001 0.009 0.002 0.012 0.013 0.003 0.002 0.001

31 L. canadense 0.011 0.000 0.001 0.006 0.004 0.013 0.013 0.013 0.013 0.011 0.013 0.013 0.014 0.011 0.013 0.013

32 L. pardalinum 0.013 0.007 0.006 0.006 0.003 0.014 0.015 0.015 0.014 0.013 0.013 0.015 0.015 0.013 0.014 0.014

33 L. philadelphicum 0.010 0.016 0.015 0.015 0.015 0.015 0.016 0.016 0.015 0.009 0.015 0.012 0.013 0.014 0.015 0.014

34 L. amoenum 0.003 0.010 0.009 0.009 0.009 0.009 0.010 0.010 0.009 0.004 0.009 0.006 0.007 0.008 0.009 0.008

35 L. brownii 0.011 0.013 0.013 0.010 0.012 0.005 0.005 0.005 0.005 0.011 0.005 0.013 0.014 0.006 0.005 0.005

36 L. hansonii 0.011 0.013 0.012 0.009 0.011 0.001 0.002 0.002 0.001 0.010 0.003 0.013 0.013 0.004 0.003 0.001

37 L. rubellum 0.007 0.013 0.013 0.013 0.011 0.013 0.013 0.013 0.013 0.007 0.011 0.009 0.010 0.011 0.013 0.011

38 L. auratum 0.007 0.013 0.012 0.012 0.010 0.012 0.013 0.013 0.012 0.007 0.011 0.009 0.009 0.011 0.012 0.011

39 L. speciosum 0.007 0.013 0.012 0.012 0.011 0.012 0.013 0.013 0.012 0.007 0.012 0.009 0.009 0.011 0.012 0.011

40 L. japonicum 0.007 0.013 0.013 0.013 0.012 0.013 0.013 0.013 0.013 0.007 0.013 0.009 0.010 0.011 0.013 0.011

41 L. lancifolinm 0.009 0.013 0.012 0.009 0.011 0.001 0.002 0.002 0.001 0.010 0.003 0.013 0.013 0.004 0.003 0.001

42 L. ledebourri 0.010 0.013 0.013 0.011 0.012 0.006 0.007 0.007 0.006 0.011 0.006 0.013 0.014 0.006 0.006 0.006
53 4ealdesl YOV L L. taliense U |, «lis o 50S

Bz o weel Aol Y (Ao ys £4/YY) @ zobe
L mle wenl Aol VEA 5 (Lo £/89)
YOY Uss Lls U L. sargentiae 5 (dsys YA/AN)
awnl Lol V4 (Asys £4/YY) 0 zobe 3 el sl
gl 3 deol Al V00 5 (Ao YVY) B &=

(0 58 gl JSK2) 3505 (o To/YA) slas

0.007
0.009
0011
0.003
0.005
0.010
0.003
0.010
0.011
0.006
0.008
0.005
0.009
0.010
0011
0.009
0.003
0.010
0.009
0.006
0.005
0.005
0.006
0.009
0.010

0.013
0.015
0.007
0.009
0.013
0.006
0.014
0.015
0.010
0.012
0.009
0.013
0.014
0.015
0.013
0.007
0.014
0.013
0.010
0.009
0,009
0.010
0.013
0.014

0.017
0.009
0.011
0.015
0.009
0.015
0.017
0.012
0.014
0011
0.015
0.016
0.017
0.000
0.007
0.016
0.015
0.012
0.011 0.014
0.011 0.014
0.012 0.015
0.015 0.013
0.016 0.019

0.012
0.013
0.019
0.012
0.019
0.020
0.015
0.017
0.007
0.017
0.019
0.020
0.017
0.011
0.019
0018
0015

0.005
0.011
0.004
0011
0.
0.007
0.009
0.006
0.009
0011
0.012
0.009
0.002
0.011
0010
0.007
0.006
0.006
0.007
0.009
0.011

0.011
0.005 0.011
0,011 0.001
0.013 0,004
0.008 0.013
0.010 0.006
0.007 0.013
0.011 0.005
0.012 0.013
0.013 0.015
0.011 0.015
0.005 0.010
0.012 0.007
0.011 0.006
0,008 0.013
0,007 0.013
0007 0.013
0.008 0.013 0.007 0.013 0.015 0.001 0.011 0.009
0.011 0.006 0010 0.006 0.007 0.013 0.001 0.012

o.onn [N o.on2 NN .01 .006 0.3

0011
0.012 0,004
0.007 0.013
0.009 0.006
0.006 0.013
0.009 0.005
0.011 0.013
0.011 0.015
0.009 0.015
0.003 0.010
0.011 0.007
0.010 0.006
0.005 0.013
0.005 0.013
0.006 0.013

0.015
0.007
0.014
0.007
0.015
0.016
0.017
0.011
0.008
0.007
0015
0014
0014

0011
0.009 0.011
0.012 0.001
.013 0.013
0.015 0.014
0.012 0.014
0.006 0.008
0.013 0.005
0.013 0.001
0.009 0.011
0.009 0.011
0,001 0.011

0.011
0.013
0.014
0.011
0.005
0.013
o
0.009
0.008
0.008

0.012
0.013 0.007
0.015 0.016
0.009 0.010
0.004 0.013
0.001 0.013
0.012 0.013
0.011 0.013
0.011 0.013
0.012 0,013
0.001 0.013
0.005 0.013

0.017
0.011
0.015
0.014
0.013
0.013

0.007
0.016 0.010
0.015 0.000
0.012 0.006
0.011 0.005
0.014 0011 0.005
0.015 0012 0.006
0.014 0015 0.009
0.015 0016 0010

2 0.005
0.013
0.013
0.013
0.013
0.005
0.007

0.013
0.012
0.012
0.013 0.009
0.001 0.013
0.006 0.013

0.001
0.009 0.008
0.009 0.001
0012 0.012

0.013 0.013

0.013
0.013 0.006

Oy s )bmatk J‘j}' CJJ )t?'Lw ‘UL:»: B
o ol YYY (gl s opl S ol OLES Pl
B@)b WT J?A‘Yi L(J..p)b 20/0\)(1@)& DL

L c:b ol sl (8 Ji..'z) Sl (s s Yo /VE)
olas Lijf Rl s 05 ol g s £33 Sl

LfébLa; @)La BE WT v\:.«-ﬂ‘ Yo 9 (M)b i/-\Q)

O poe Sl BBl Elad s oS00

i

ol

1

3600

il - <~

4 BT it A e, e
b o B A e

el

|

il

s -

ISl

20

3600

||"m||]u(|:u

Slge B Oluiv @ sl padd Ko GLa S S0 Ll G s matk o5 e HlEle awlie —f S

ilodd 03l OLES iy 5 o 508 0l gt b i Bolas slagobe 5 B
Fig. 4. Comparison of the secondary structure of matk in L. ledebourii with those of the other Lilium species. Alpha
helix, Beta bridge, Beta turn, and Random coil are shown with blue, red, green and violet lines, respectively.

YA



ub&»&sd“‘@u&gﬁ?ﬁ

s L. nobilissimum L. ciliatum 5 L. japonicum
L. canadense s L. rubellum L. ciliatum
Lilium  michiganense 5 L. rubellum
L. ciliatum L. pyrenaicum 5 L. pyrenaicum

L. superbum L. rubellum L. speciosum

(-\ J‘i‘:') L edalie

10 20

1 mEELQe¥YLKkprsPaaHFLYPLLL@eEYi¥TLAubbsLNGSI FYE

st yoNKFSLVEVKRLIIRMYQ@aNFLI YLVNDSNQNRLGGHTNYFYS
0 MW skeFsvivel PFEEIRLVvsssEEKEI PKsaNLGs 1 Hs I FRFLE
o WNIVISI D 1 L P w1 VA W o v S R v @ N L
WNfsvviseEcerttVEFHKkascYLRSTS

251 RIS ¥e/kmEH 1 1 1 VWecNNFHRTLWEPI KDPLI HYVRYQGKAI LAS

200 NKTI YVFSKENKRLEFWEL

0> e Dbl 5 Gdman Ll

O blize i1 ey 3 Shas 2 Soo L dal
oioes 3 ONA sy el s ol L
booletl s bt (Sewipd Ol o g
LiksuduéjfngiJMﬁQﬁilg.M:un)\}
] A4/ ¢ OB ol axllle 340
On e VY a4 alis Ol wj;(,s

30 40 50
PIERE & 50
H F [E¥s@ 100

D KL s H[E 150
NKTI Qs 20
s BREDE 20
R & T [HEE 30

@Yy rHFrwsaprPyRrRMHINSLLNYsFNEMeYLILR VLI NPVIA 350

1K KE ; T e RLes s K

Y S GSSsSKKas

AKFCTFSGHPI S KPI w 400

LivRICKY LR Lsc/aRITLARK 0

451 niKlsmARALL@RLcLeLLEEFFTEEEQV[LS/FI FPKTTLFTLHGSHRERI Ws 50

01 L DI I RI NDL VNN
10 20
10 20
+ mEEVaE

51 Y DNKF|§
101 MVs KGcFESEV1I VEI PF s
151 ININVS o1 L1 pH P HEERLV

KDPLIHYVRYQGKAI LAS
Sy s F MEMENEEE v 1~ e NA
WNKED TiiiirllilPLiclsLfslkKA K FCTFSGHPI SKPI1 W 40

H¥Hsesskkas L MRIKNVICRLE s c s XX L AR K 450

512
30 40 50

30 40 50

Kporspl@anr L ¥PLtte@eEN i ¥TLAHDDSLNGSI FYEPI EFI1 G 5

Ml@aNFLI YLVNDSNQNRFGGHSNY FN[SHFEFENS@E w00

VSSSEEKEIPKSQNLGS I Hs 1 FRFLE

[0 7110 ] @ o v [ R

201 NKTI1 YVFsSKENKRLFWELVNSVYVSECEFRLDLVFFHKkascYLRS TS

2zt RS nFEVEKMER 1 11 vieennE@kTCWEW
W

W YFHFWS QP YRMHI N

D KL s H[E 150
NKTI as 20
s EREEE >
R & T [H[LL 300

51 ks TXVPLLeRLcesELLEEFFTEEXQV[LSFFFPKTTLFTLHGSHRERI Ws 50

01 L DI I RI NDL VNN
10 20
Strand [ Helix Coil

D Disordered, protein binding [ Putative Domain Boundary [ ]

512
30 40 50

[pisordered

[ Extracellular [l Re-entrant Helix

Cytoplasmic

| Helix

Signal Peptide

(W) L. regale 5 (3) L. ledebourii ;> matk o554, Jg-0 |

Fig. 5. Protein sequence of matk in L. ledebourii (Top) and L. regale (Below).

.6)_”-0 r‘*_J._J )ématk "J{."S,’j, G-L'J.M )b’.'L‘ﬂ_.\ JS«:A
Fig. 6. Tertiary structure of matk protein in L. ledebourii.

AR



IYAA (£) ylowsd (YY) s (ALS S5 (slagsirg iy & puld

L L. candidum 5 L. ciliatum L. pyrenaicum
o el o sl Le s AV gl )
0F ol sle b Slosdilsn sladdes a5 same
s ot padd Ciloe el S s ks
5 &2 SNes (ol bLl s 5 sl

A as S e Sl

1.Amandita, F.Y., Rembold, K., Vornam,
B., Rahayu, S., Siregar, 1.Z., Kreft, H. and
Finkeldey, R. 2019. DNA barcoding of
flowering plants in Sumatra, Indonesia.
Ecol. Evol. 9: 4. 1858-1868.

2.APG. 2009. An update of the Angiosperm
Phylogeny Group classification for the
orders and families of flowering plants:
APG III. Bot. J. Linn. Soc. 161: 105-121.

3.Bakker, F.T., Culham, A., Gomez-
Martinez, R., Carvalho, J., Compton, J.,
Dawtrey, R. and Gibby, M. 2000. Patterns
of nucleotide substitution in angiosperm
cpDNA trnL (UAA)-trnF (GAA) regions.
Mol. Biol. Evol. 17: 8. 1146-1155.

4.Combet, C., Blanchet, C., Geourjon, C.
and Deleage, G. 2000. NPS@: network
protein  sequence analysis. Trends
Biochem. Sci. 25: 3. 147-150.

5.Cozzetto, D., Minneci, F., Currant, H. and
Jones, D.T. 2016. FFPred 3: feature-based
function prediction for all Gene Ontology
domains. Sci. Rep. 6: 31865.

6.Darabi, M., Masoudi-Nejad, A. and
Nemat-Zadeh, G. 2012. Bioinformatics
study of the 3-hydroxy-3-methylglotaryl-
coenzyme A reductase (HMGR) gene

in Gramineae. Mol. Boil. Rep.
39:9. 8925-8935.
7.Hayashi, K. and Kawano, S. 2000.

Molecular systematics of Lilium and
allied genera (Liliaceae): phylogenetic
relationships among Lilium and related
genera based on the rbcL and matk
gene sequence data. Plant Spec. Biol.
15: 1. 73-93.

Y.

I (5 o
205 el b Gl sl el e
53 I3 e s e s Elals e
P olmio 5 b nSils 0 Comd g 5 ghmsn sl
S ol pre e e s LS asis
Sk S n g P s LI L e )
KoP o gy a0 (S8 ol pp rmen

5 e Ll cald e Bladn s

8.Hollingsworth, P.M., Graham, S.W.
and Little, D.P. 2011. Choosing and using
a plant DNA barcode. PloS One.
6:5.e19254.
9.Ikinci, N. 2011. Molecular phylogeny and
divergence times estimates of Lilium
section Liriotypus (Liliaceae) based on
plastid and nuclear ribosomal ITS
DNA sequence data. Turk. J. Bot.
35: 4. 319-330.
10.Kelley, L.A., Mezulis, S., Yates, C.M.,
Wass, M.N. and Sternberg, M.J. 2015.
The Phyre2 web portal for protein
modeling, prediction and analysis. Nat.
Prot. 10: 6. 845.

11.Kim, J.S. and Kim, J.H. 2018. Updated
molecular phylogenetic analysis, dating
and biogeographical history of the lily
family (Liliaceae: Liliales). Bot. J. Linn.
Soc. 187: 4. 579-593.

12.Lee, C.S., Kim, S.C., Yeau, S.H. and
Lee, N.S. 2011. Major lineages of the
genus Lilium (Liliaceac) based on
nrDNA ITS sequences, with special
emphasis on the Korean species. J. Plant
Biol. 54: 3. 159-171.

13.Muratovic, E., Hidalgo, O., Garnatje,
T. and Siljak-Yakovlev, S. 2010.
Molecular phylogeny and genome size
in European lilies (Genus Lilium,
Liliaceae). Adv. Sci. Lett. 3: 2. 180-189.

14.Nuka, G., Fraser, M., Mitchell, A.,
Potter, S., Yong, S.Y. and Finn,
R.D. 2017. InterProScan: Protein
sequence analysis and classification.
F1000 Research. 6.



Ol 5 (] el (o g0

15.Pang, X., Song, J., Zhu, Y., Xu,
H., Huang, L. and Chen, S.
2011. Applying plant DNA barcodes
for Rosaceae species identification.
Cladistics. 27: 2. 165-170.

16.Picoult-Newberg, L., Ideker, T.E., Pohl,
M.G., Taylor, S.L., Donaldson, M.A.,
Nickerson, D.A. and Boyce-Jacino,
M. 1999. Mining SNPs from EST
databases. Genom. Res. 9: 2. 167-174.

17.Sanders, E.R., Karol, K.G. and
McCourt, R.M. 2003. Occurrence

ARY

of matK in a #nK group II intron
in charophyte green algae and
phylogeny of the Characeae. Am. J.
Bot. 90: 4. 628-633.

18.Stevens, P.S.  2015. Angiosperm
phylogeny website. http://www.mobot.org/
MOBOT/research/ APweb/welcome.html.

19.Yu, J., Xue, J.H. and Zhou, S.L. 2011.
New universal matk primers for DNA
barcoding angiosperms. J. Syst. Evol.
49: 3. 176-181.






