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Molecular phylogeny of Elsholtzia ciliata in Japanese alps: Discovery of the
alpine ecotype and genetic differences from the Eurasian continental £. ciliata

Tsubasa Toji' & Takao Itino!
'Faculty of Science, Shinshu University.

Abstract:

We report molecular phylogeny of Elsholtzia ciliata collected in the Japanese alps. We
collected DNA samples from nine E. ciliata populations in Japanese alps and constructed
phylogenetic trees based on nuclear ITS region and chloroplast DNA (¢trnH-psbA)
sequences. As a result, the relatively large-sized E. ciliata which is widely distributed in
Nagano Prefecture, Japan was placed in a different DNA phylogenetic lineage from the
Korean E. ciliata. The plant specimens collected at 1900 m a.s.l. in Japanese alps were
small-sized and was phylogenetically distinct from other, larger E. ciliata from Nagano.
Larger E. ciliata from Nagano grows in grasslands, whereas the smaller ‘alpine ecotype’
grows in gravelly rocky areas. Our results suggest that the Japanese Elsholtzia species

contains ‘alpine ecotype’.

X—U—R:@l, =maxA4 7, FxXFExavTa)g, H1RR
Keywords: Alpine, Ecotype, Elsholtzia, Molecular phylogeny

1. [XLHIC
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Thodre~7VHEBIZHALTWD(L et al
2017). AARTEREDO T X FHavvai3FXF
X aw Yo E ciliata, 7 hARFTFFHXavda
E. argyi nipponica, =% XX avya E.
splendens @ 3 FENH 5 1L TV 5 (Kitamura &
Murata 1957, 67K & 43 1994).
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Fig. 1 (a) Japanese Elsholtzia ciliate in Asamaonsen 860m (a.s.l.) (b) Elsholtzia flower (alpine ecotype) in
Omoidenooka 1900m (a.s.l.). White scale bars indicated 10cm.
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Fig. 2 Location of the studied Elsholtzia populations.

Population name and altitude (a.s.l.) are indicated.
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CTAB ¥ (Doyle & Doyle 1990) {2 X » £HEL L 7=
BeH 7 h DNA Z il L7z, Bk K OVERR R
DY —lr v AN AT 2. EOFXF X ay
T o BAEY) D 5y R AAEAT (Lee et al. 2011) TH
Wonim27 54 ~—+k& v bk (ITS4-5,5'-TCC TCC

_29_

GCT TAT TGA TAT GC-3', 5'-GGA AGT AAA AGT
CGT AAC AAG G-3"; trnHR-psbA, 5'-CGC GCA
TGG TGG ATT CAC AAA TC-3', 5'-GTT ATG CAT
GAA CGT AAT GCT C-3") % PCRICHW=. Zh
DT T A~ —IZ ITS ik, ZERIKR trnH-psbA
D A=Y — G 2 ) E & % (White et al. 1990,
Sang et al.1997). ZN 6D F3A4A ~v—%HWT,
SeATHEZE (Lee et al. 2011) O FYEITHE > TPCR 24T
o7, bz PCR ¥ % ExoSap-IT (USB,
Cleveland, OH, USA) IZ X W FH U 7=, H A A1
BigDye Terminator v1.1 Cycle Sequencing Kit (ABI,
Weiterstadt, Germany) DIEHER) 72 7" 10 k =2 L2 HE
VY, ABI 3130 Genetic Analyzer (ABI, Weiterstadt,
Germany) |2 K VD P& L 7.

57z ITS fHIK 470bp B X OVEE R
trnH-psbA O A~ —H —FHIK 383bp DT — X & »
k% AT, maximum likelihood (ML) {£1Z L % %
WAERL 24T - 7. RmeHER I I D . 0 5
B & AR D B D A 15 MEGAT software
(Kumar et al. 2016) ] L, #% & EikIARGEE A
A A -84 1% TREEFINDER (Jobb et al.
2004) 2 E M L7z, SR B ERL D BR, JeATHTZE (Lee
et al. 2011, Li et al. 2017) THEHT S AL 7= Fl 31 %
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T, Fex OB TR & AR R MO &R A 75
. ZThozadD CTRMBIERZIT- -



(Supplementary Table S1). RMEEK DEE, 1000
BOT—hARNZ Yy TEHRAICED 7 L— PR
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¥ ITS FHIE D 22 H S\ 72 R CIik B AR pE
FXF & 27 ¥ =2 (Japanese E. ciliata) & & FE & %
A 7 (Alpine ecotype), FEEETFFF¥a vy
(Korean E. ciliata) \ T8 A= HIIZ X5l & #u72 (Fig. 3) .
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ciliata) & miE = % A 7 (Alpine ecotype) 1LiE {5
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Kappelle et al. 1995, Wilcke et al. 2008). F 7=, &
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DEIBEEBOT LA TOHNRE — T
VI Fva v TRRICBESNTEY, 20
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FCTIdel st 3 DO ag 4 FRIEHRG
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2013, Toji & Itino 2020, Toji et al. 2020) . 3£+ JFUIT
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H5.
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& AIF 1994). i, KFRETIET —FN—2A
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Z & &R LTV (Fig. 3-5).
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BT AH/NHOFXF2avya BEMERRLL,
REREOFTXF 2 av o E ciliata 13572 <
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Rl — VRS, AEOE TR 720> oo
ARFESTX T Zavra@iElasas o TR
HZEIZEY, BARIIFGICB TS FXFFH2avy
= B DO ERIEOEREEZWALNITT D I LA
T&EHEAD.

AL D EBIL R IR CHREE N KF)
DB VEONE Lz, RHEBHERIZ OV
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F L. M OPFER L OB 2 THV - R
BRAAR B IRBR BB T, AREF T HE RARE B I
B L 9. RBFIEIT ISPS BHAFE 19]22443,
19H03300 DBk # =T 72 b DT .
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Fig. 3 Phylogenetic tree using maximum likelihood method analysis of Elsholtzia species ITS (470bp)

sequences. Bootstrap values at major nodes are attached. Scale bar indicates a nucleotide substitution rate.
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Fig. 4 Phylogenetic tree using maximum likelihood method analysis of FElsholtzia species noncoding
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Supplementary Table S1. List of sample details and GenBank accession numbers for all sequences.

Sample Sampling location

Taxon Country ITS trnH-psbA  Reference
No. (m a.s.l.)
1 Elsholtzia spp. Omoidenooka (1900) Japan LC605832 LC605867  This study
2 Elsholtzia spp. Omoidenooka (1900) Japan LC605833 LC605868  This study
3 Elsholtzia spp. Omoidenooka (1900) Japan LC605834 LC605869  This study
4 E. ciliata Onosawa (810) Japan LC605843 LC605878  This study
5 E. ciliata Onosawa (810) Japan LC605844 LC605879  This study
6 E. ciliata Onosawa (810) Japan LC605845 LC605880  This study
7 E. ciliata Onosawa (810) Japan LC605846 LC605881  This study
8 E. ciliata Asamaonsen (860) Japan LC605839 LC605874  This study
9 E. ciliata Asamaonsen (860) Japan LC605840 LC605875  This study
10 E. ciliata Asamaonsen (860) Japan LC605841 LC605876  This study
11 E. ciliata Asamaonsen (860) Japan LC605842 LC605877  This study
12 E. ciliata Inekoki (940) Japan LC605855 LC605890  This study
13 E. ciliata Inekoki (940) Japan LC605856 LC605891  This study
14 E. ciliata Inekoki (940) Japan LC605857 LC605892  This study
15 E. ciliata Inekoki (940) Japan LC605858 LC605893  This study
16 E. ciliata Yokokawa (950) Japan LC605859 LC605894  This study
17 E. ciliata Yokokawa (950) Japan LC605860 LC605895  This study
18 E. ciliata Yokokawa (950) Japan LC605861 LC605896  This study
19 E. ciliata Yokokawa (950) Japan LC605862 LC605897  This study
20 E. ciliata Ushifuse (980) Japan LC605835 LC605870  This study
21 E. ciliata Ushifuse (980) Japan LC605836 LC605871  This study
22 E. ciliata Ushifuse (980) Japan LC605837 LC605872  This study
23 E. ciliata Ushifuse (980) Japan LC605838 LC605873  This study
24 E. ciliata Norikura (1150) Japan LC605851 LC605886  This study
25 E. ciliata Norikura (1150) Japan LC605852 LC605887  This study
26 E. ciliata Norikura (1150) Japan LC605853 LC605888  This study
27 E. ciliata Norikura (1150) Japan LC605854 LC605889  This study
28 E. ciliata Sanjiro (1410) Japan LC605863 LC605898  This study
29 E. ciliata Sanjiro (1410) Japan LC605864 LC605899  This study
30 E. ciliata Sanjiro (1410) Japan LC605865 LC605900  This study
31 E. ciliata Sanjiro (1410) Japan LC605866 LC605901  This study
32 E. ciliata Superrindou (1450) Japan LC605847 LC605882  This study
33 E. ciliata Superrindou (1450) Japan LC605848 LC605883  This study
34 E. ciliata Superrindou (1450) Japan LC605849 LC605884  This study
35 E. ciliata Superrindou (1450) Japan LC605850 LC605885  This study
36 E. ciliata Taebaeksan Korea JN578057  JN577989 Egjlet al.
37 E. ciliata Samcheok, Odujae Korea JN578058 JN577990 ;(c;:c:let al:
38 E. ciliata Taebaeksan Korea IN578059  IN577991 I;g::let al.
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48

49
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E. splendens var.

fasciflora

E. springia

E. argyi

Collinsonia

canadensis

Gwangju

Gwangju

Chuncheon

Munkyeong,

Joryeong

Hallasan

Hallasan

Samcheong,
Baekbyeongsan
Seogwipo-si,
Daepodong
Seogwipo-si,

Doneorioreum

Lin'an, Zhejiang

West Virginia

Korea

Korea

Korea

Korea

Korea

Korea

Korea

Korea

Korea

China

USA

IN578060

IN578061

IN578062

IN578052

JN578063

IN578069

IN578073

IN578065

IJN578084

KY552491

IN578085

IN577992

IN577993

IN577994

IN577984

IN577995

JN578001

JN578005

IN577997

IN578016

IN578017

Lee et al.
2011

Lee et al.
2011

Lee et al.
2011

Lee et al.
2011

Lee et al.
2011

Lee et al.
2011

Lee et al.
2011

Lee et al.
2011

Lee et al.
2011

Li et al.
2017
Lee et al.
2011
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