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Taxonomické zhodnoeceni diverzity

na prikladu celedi Potamogetonaceae




Druh — soubor populaci s jedineChym
vyvojovym puvodem a historii,

tvofeny navzajem si podobnymi
jedlnm kteri se mezi sebou mohou
plodne kr|Z|t a jSOU reprodukcne
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Fig. 2. Potamogeton alpinus from MalSova Lhota, Czech Republic; a — specimen KAPLAN 96/681 collected in the field, b — specimen KAPLAN C 338 from
cultivation; scale bars = 5 cm.




Fig. 3. Poramogeron ¥fluitans from Fubach, Austria; a — specimen KapLanN 98/129 with floating leaves collecied in the field. b - specimen KarLan C 983
with submerged leaves from cultivation; scale bars = 5 em,
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Fig. 4. Potamogeion gramineus from Ceska Skalice, Czech Republic; a — specimen KAPLAN 97/831 collected in the field, b — specimen KapLan C 887 from
cultivation; scale hars = 3 em.
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Stem anatomy of Petamogeton
examined by Z. KAPLAN, 2003

typcofsiele:  prote_trio_oblong four bundies circalar
endodermis Otype  O-Uype  U-type
interiacunar bundiex absemt  prese
subepidermal bundies abseni  presemt
pseudohypodermis bseat  present

Potamogeton schweinfurthii A. BEnx.
2003 det./rev. Z. KAPLAN

y 4

HERBARIUM PRETORIA

2528 AD Gria | | mape TRANSVAAL

MC Steynberg Loy | | Avsa 1980.11.10
6 - 1

Potamogeton thunbergii Cham. & Schlechtd.

Rust-der-Winterdam. By inloop. In volle
sonlig

Humusryke grond.

Hidrofiet, kom hier-en-daar voor

0,31 cm hoog met groen blomme

ex UP Herb.

C.Reid
T

HERB. HORT. KEW.

Potamogeton richardii SOLMS
[syn. P. thunbergii auct.]

2002 det./rev. Z. KAPLAN

Stem anatomy of Petamogeton
examined by Z. KAPLAN, 2002

type of stele:  proto_trio_oblong four bundles  circular
endodermis O-ype O-Letype _U-type
interlacunar bundles: sbsent _present
subepidermal bundles absent  present
pscudohypodermis absent _present
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HERB. HORT. KEW.

Potamogeton richardi

stanoveni po¢tu chromozomu:

2n = 8x =104

multigenové sekvenovani:
sekvence druht P. nodosus a P. natans

inkongruence mezi stromy zalozenymi
na jaderne a chloroplastove DNA

zaveér: alopolyploidni druh, ktery obsadil
volnou niku



Tabls 5
Gpecies of Poramoseion showing varation n chromosoms momber”

Gpecies Euploid Aneuplend

P. compressus In= 16, 28, 3841

P. crispus In=26, 51, 78 In =350, 56

P. distinctus In=351 56

P. fiiiformis In=ca. 66, 78

P. foiiosus In=14, 18 In= 16

P. fyar: In=41 48 52

P. indicus In =42 50, 52

P. magckianu: Im=28, 52 In =356

P. nxrans In=41 51

P. oxyphyiins In= 26, 28

P. pecitnatus In=41 B4 1n=ca. 56, 76, 78, 80, 82, 35"
P. perjbiiatus In=26, 51,7 In=14, ca. 40, ca. 48
P. polveongaifus In= 216, 18

P. pusilius In= 16, 28

P. richardsomii In=24 51

P. vaginarus In=T8, ca B8

“Within a species, chromoseme numbers with 2 common denominater of 13 or 14 are arbitrarily classified as
showing euploid vanaton, whilst those wibout thess common denommators are classified as aneuploid.
Asmatoploid variation has been ienored.

"Reslts from preparations regarded as poor by Kalkman and Van Wik (1984) have been omitted.




SP. A sp.B sp. C Sp. D sp.E sp.F

X=[=———x=-113 X=F—=x-13 X=T—>x=-13

2n=26, 52, 78, 104 2n-28, 42
2n-13

p et

single origin hypothesis multiple origin hypothesis
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Fig. 1.— Chromosomes (photograph of the cytological preparation on the left with its interpretation on the right in
each pair) of selected species and hybrids of Potamogetonaceae at the metaphase of the first meiotic division of
the pollen mother cells (a) or at mitotic metaphase in somatic cells (b—o), arranged according to increasing chro-
mosome number: a— Potamogeton gramineus, sample 2072, n = 26; b — Potamogeton berchtoldii, sample 1648,
2n=26; ¢ —P. berchtoldii s. 1., sample 1619, 2n = 26; d — P. foliosus, sample 1593, 2n=26; e — P. pusillus, sample
1715, 2n=26; f— P. trichoides, sample 1903, 2n= 26; g — P. acutifolius, sample 321,2n=28; h- P. cheesemanii,
sample 950, 2n=28:i & j— P. compressus, sample 1962, 2n= 28; k — P. polygonifolius, sample 1535, 2n = 28;
1- P. spirillus, sample 1695, 2n = 28; m — P. zosteriformis, sample 1491, 2n= 28; n — P. pusillus, sample 1133,
2n = 39; 0 - P. xgessnacensis, sample 1286, 2n = 40. Scale bar identical for all figures = 10 pm.

Fig. 2. — Chromosomes (photograph of cytological preparation on the left with its interpretation on the right in
each pair) of selected species and hybrids of Potamogetonaceae at mitotic metaphase in somatic cells, arranged
according to increasing chromosome number: a — Potamogeton alpinus, sample 338, 2Zn= 52; b — F. gramineus,
sample 885, 2n = 52; ¢ — P. maackianus, sample 1768, 2n = 52; d — P. natans, sample 977, 2n = 52;
e — P. perfoliatus, sample 985, 2n = 52: f— P. perfoliatus, sample 1002, 2n = 52; g — P. richardsonii, sample 1056,
2n=52; h— P. xnitens, sample 879, 2n=52; i — P. xundulatus, sample 1025, 2n=52; j— P. xlintonii, sample 2119,
2n = 65; k — P. xsalicifolius, sample 1017, 2n =78: 1 — P. xtorssanderi, sample 1006, 2n = 78; m — Stuckenia
filiformis, sample 1187, 2n="T8; n— Potamogeton illinoensis, sample 856, Zn= 104; o— P. schweinfurthii, sample
861, 2Zn= 104. Scale bar identical for all figures = 10 pm.




Informal species group
(in Potamogeton)

Species

Chromosome

Literature records

number determined (2n)

in this study (2n)

Groenlandia

G. densa

30

30

Potamogeton

I. linear-leaved species
(excl. P. compressus group)

P. berchtoldii
P. clystocarpus
P. foliosus

P. friesii

P. gemmiparus
P. groenlandicus
P. hillii

P. obtusifolius
P. ochreatus

P. oxyphyllus
P. pusillus

P. rutilus

P. strictifolius
P. trichoides

26

26
26
26
26
26
26
26
26
26
26
26
26

26

26 (28)

26 (28)

I. P. epihydrus group

P. epihydrus

III. P. compressus group

P. acutifolius
P. compressus
P. zosteriformis

(26)
26, 28 (38-41)

IV. P. diversifolius group

P. spirillus

V. P. octandrus group

P. octandrus
P. cristatus

28
28

VI. broad-leaved species
of the P. polygonifolius group

P. cheesemanii
P. coloratus
P. polygonifolius

28
26
26,28

VII. majority of broad-leaved species

P. alpinus

P. amplifolius
P. crispus

P. distinctus
P. fryeri

P. gramineus
P. lucens

P. maackianus
P. natans

P. nodosus

P. perfoliatus
P. praelongus
P. richardsonii
P. robbinsii

P. sarmaticus
P. wrightii

[ S
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tnoLh ot Lhoth
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h

*RY
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Ln
[¥]

52
52

52 (26, 48, 50, 56,78)

52(56)
52 (42, 48)
52

52

52 (56)
52(42)

52

52(78)

52

52

52

52 (48, 50, 51)

VIII. broad-leaved species
of the P. illinoensis group

P. illinoensis
P. richardii
P. schweinfurthii

2

104
(42)

Stuckenia

§. filiformis
§. pectinata
S. striata

§. vaginata

78
78 (70-87)

78 (ca 88)




ancestor:
2N = 2X = 26

~ G. densa 970

Groenlandia:
2n=2x=30

I'G. densa 988
% r S. pectinata 1650
* S. pectinata 2026

S. vaginata 1976

Stuckenia:
2n=060x=78

.3

*

S. vaginata 2141
951 S. amblyphylla 2602
=194 S. amblyphylla 2603
S. filiformis 1187
S. filiformis 1703

Potamu*gefon:
2n = 2x = 26/28

94

99
— Lp,

P. coloratus 1545 (28)

— P. spirillus 1632 {231{
— P. bicupulatus 1627 (28)
P. cheesemanii 1070 (28)
suboblongus 2553

* P. polygonifolius 1533 (28)

P. confervoides 1670

P. epihydrus 1635 (26)
90r P. oxyphyllus 1765 (26)
B2 P. ochreatus 1071 {26%
P. cristatus JF977889 (28)
P. trichoides 2668 (26)
P. sibiricus 2493
P. berchtoldii 930 (2!‘5) 89
P. gemmiparus 1696 (26) | s7
— P. acutifolius 321 (28)
ﬂE P. compressus 2049 EZB
99 —P. zosteriformis 1491 (28
— P. octandrus 1915 (28)
— P. vaseyi 1697
— P. obtusifolius 2567 (26)
P. rutilus 2115 (26)
P. strictifolius 1707 (26)

-1 P. friesii 1658 {262
P. pusillus 1712 (26)
P. hillii 1607 (26)
P. foliosus 1608 (26)
0.1




E. g{cupuﬁa;us 1627 }z
icupulatus 1680 1 * H o H
2P sl 1632 P. diversifolius group (IV)
P. spirillus 1695 P. confervoides 1737
P. confervoides 1670

3 B Gotyaris 5516 | P> epihydrus group (1)

86 4 P. maackianus 1768
* 0.95[1P. maackianus 1570
61 ssly P. robbinsii 1667
0.93 0 9g9' P. robbinsii 1596
' P. crispu
P. crispL

i P. cheesemann 1070A
x P. cheesemanii 950
P. subobiongus 2553 (V|)

P. coloratus 15
P. po."ygomfohus 1533
P. distinctus 2

P. n
| o wnghm 1239
P. wrightii 1759
P. perfoliatus 985
P. perfoliatus
nchardsonn ‘JUESG

P.
8% P n
94"xL'P, natans 977
* | P. praelongus 881
*1P. praglongus 1530
P. oakesianus 1628
* f: gramineus 885

mine
P gramineus 1156
97 gramineus 837
ao[*Ly P. Iucens 858 }94
* P. lucens 1762
x| P. sarmaticus 1913
P. sarmaticus 1917
P. groenlandicus 1153 cX1
g sibiricus 2494

P. obtusifolius 1051
P. obtusifolius 2567
P. compressus 1012

*
E3
8
*
*

*

P. terif 1591
A z‘?ﬁ&‘:’;‘?’é’fiﬁssz1 group (1)

P. acutifolius 213
£ P. trichoides 1903
... P. trichoides 2668
P. hillii 1607
P. ochreatus 2214
P. ochreatus 1071
X oxyphyﬂus 1765
a9 P. foliosus 1994
¥ P. foliosus 1608
¥ P. pusillus 1712
P. friesii 1658
. pusillus 1159
P. rutilus 2115
* 1P, strictifolius 1707
.99 P berchtoldii 930
A P. berchtoldji 1848
521 P, berchtoldii 1641
% |7 P. groenlandicus 1153 cX2
* - P. clystocarpus 1671
P. berchtoldii 174

- = P. gemmiparus 1696
W 2nh=2x=28 P. octandrugwﬁp

W 20 = 4x= 52 praseyies | P octandrus

R P. cristatus FJ 03
10 P. cristatus FJ4955 group (V)

bl
o
o+

P. compressus 2049
961 P. zosteriformis 1491 = compressus

(I1A) se10ads paAes|-peo.q

(1) se10ads paAes|-ieaul|




sp. C sp. D sp. p. F

X=T—»x-1 =T—>x=-13

2n=26, 52, 78, 104

|

Jle origin hypothesis multiple origin hypothesis




Figure 3. Principal component analysis of the Potamogeton compressus group based on ten morphological characters and
the complete set of data. Heart, P. acutifolius; spade, P. compressus; club, P. hennin&i:‘ ; circle, P manchuriensis; diamond,
F. zosteriformis (see also Table 3: PCA1). The first two axes explain 57.1% and 11.6% of the variation, respectively.
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Fig. 8. (A) — RFLP of the #rnK-irnQ) intergenic spacer of chloroplast DNA. The P. perfoliatus-specific (P)
fragment (650 bp) 1s cut into two fragments in the P. crispus-specific (C) samples; the smaller one (300 bp) runs
— according to the relative brightness of bands in samples with similar DNA concentration (e.g. compare 1-4 to
15-18 or 7 to 14) — along with a fragment of similar length that is present in both species. The ﬂmplc ]-1-?0
originally suspected to be P. Xcooperi but later identified as a narrow-leaved form of P. perfoliatus (*X
track 9 shows the P. perfoliatus pattern (for discussion see text). The two true hybrids (X) show the P. cris pm
haplotype indicating their maternal origin from this species in both cases. [dentity of sampl mpare Table 1):
1-1002,2-979,3 -985, 4— l—lﬁ? ‘i—]-Lﬁ') 6—840,7-1481,8—-1471,9—-1470,10—- 1248, 11— 1420, 12—
1463, 13 — 1485, 14— 148: ) 4. 16 — ]-1ﬁﬁ 17-1473,18 - 1472. tB} RFLP of the mtcrm] transcri
spacer. 1-8 (P): P. pufnfm.fm 9 (*X7): sample nnun’t]h 1r1u"-rrmth suspected to be P. Xcooperi (see text)
showing nn]\. the P. perfoliatus pattern (uncut PCR product, 768 bp); 10—11 (X): true hybrids showing the I'TS
variants of both parental taxa; 12—18 (C): P. crispus (273 and 495 bp fragments, respectively). Sample 3 was
degraded for un}\nnu. n reasons, but also had the P. perfoliatus pattern (not shown). Identity of samples (compare
Table 1): 1 — 1002, 2 - 979, 3 — 985, 4 — 1467, 5 — 1469, 6 — 840, 7 — 1481, 8 — 1471, 91470, 10 — 1248, 11 —
1420, 12 — 1463, ]_1. - ]—LHS, 14 — 1483, 15— ]46—1, 16 — 1466, 17 1473, 18 — 1472.




AAT 6PGDH

nod nod sch nat pol gra luc
AR S nod sch nat nat pol gra gra Iuc
—_——  Aat-3

B Cc A A

AL A A A B C A D E

LAP

nod sch nat pol gra gra luc Iuc

Lap-2

¢c D A B E B

nod nod ] a g ¢ lue lue luc

Fig. 8. — Enzyme phenotypes of AAT, ADH, LAP, EST, SOD and 6PGDH present in samples of Potamogeton
nodosus (nod), P. xschreberi (sch), P. natans (nat), P. polygonifolius (pol), P. gramineus (gra) and P. lucens (luc).
All enzymes migrated anodally (towards the bottom of the figure). Size of the bands and distances between them
within an enzyme system are printed in 72% of the actual size they were on the gel. In the dimeric systems AAT,
ADH and 6PGDH, supposed mono- and homomeric bands are illustrated in black, bands corresponding to sup-
posed heterodimers are given in grey. The secondary bands that appeared in some samples at ADH and SOD are
not shown. Alphabetical codes below the banding patterns denote the different locus or enzyme phenotypes of
polymorphic enzymes.




Fig. 4. Shape of leaf apex: a, P. crispus (Kaplan 08-646), b, P. crispus (Kaplan 08-384),
c & d, P. xjacobsii (Hellquist 17201 ¢ Sainty), e & f, P. ochreatus (Kaplan 1071). Scale bar identical
for all figures: 2 mm.




Table 3. Nucleotide sequence variation and ITS ribotypes of Potamogeton crispus, P. ochreatus and their hybrid, P. xjacobsii.

Position in alignment!

06
613

70
87
130
198
222
247
249
250
274
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! position 86: intra-individual polymomhism in the hybrid sample (also apparent in direct sequencing); positions 198 and 602: intraspecific polymorphisms in P crispus
differing between Australian/indian and European samples; positions 274 and 525: intra-individual polymorphisms in Indian R crispus (K = G or T); position 469: polymerase
error in P xjacobsii clone 6. The alignment starts with the first base after the forward primer sequence. Only positions that differ among the sequences are shown.




Table 3

Character states in the IT5 region differing between the parents, and cloned sequences of hybrids.

Taxon

Position in alignment *

11112222222244444444444444555555556666666666666667
55788912380244556704455566667777112236790013455556667881
58014530022279011322727803460179343847152635134580124564

P. perfoliatus 979
P. perfoliatus 985
P. perfoliatus 1002
P. perfoliatus 1470
. *cognatus 1226 clone 10
. *cognatus 1226 clone 1
. *cognatus 1226 clone 2
. ®cognatus 1226 clone 7

. *cognatus 1226 clone 5

. *coonatus 1226 clone 4

. *cognatus 1226 clone 12
P. praelongus 881
P. praelongus 1530
P. undulatus 1025 clone 14

P. *undulatus 1025 clone 1
P. *undulatus 1025 clone 3"
P. *undulatus 1025 clone 4
P. crispus 1463

P. crispus 1464

P. crispus 1472

P. crispus 1473

TTATCTTTCTTGGACTTAYGTCACATC-TTGTCC—CGTGT TGCGATCGC——TTTCC
TTATCTTTCTTGGACTTACGTCACATC-TTGTCC-CGTGTTGCGATCGC—TTTCC
TTATCTTTCTTGGACTTACGTCACATC-TTGTCC-CGTGT TGCGATCGC——TTTCC
TTATCTTTCTTGGACTTACGTCACATC—TTGTCCCGTET TGCGATCGC——TTTCC
TTATCTTTCTTGGACTTACGTCACATC-TTGTCC-CGTGTTGCGATCGC—TTTCC
TTATCTTTCTTGGACTTACGTCACATC-TTGTCC—-CGTGT TGCGATCGC——TTTCC
TCATCTTTCTTGGACTTACGTCACATC-TTGTCC—-CGTGT TGCGATCGC——TTTCC
TCAAGGACTTGGGACTCACTGCTCACCCCCGCCT-CATACCATAG———CCACCCAC
TCAAGGACTTGGGACTCACTGC TCACCCCCGCCT-CATACCATAG———CCACCCAC
TCAAGGACTCGGGACTCACTGCTCACCCCCGCCT-CATACCATAG——CCACCCAT
TCAAGGACTCGGGACTCACTGCTCACCCCCGCCT-CATACCATAG———CCACCCAT
TCAAGGACTCGGGACTCACTGCTCACCCCCGCCT-CATACCATAG———CCACCCAT
TCAAGGACTCGGGACTCACTGCT CACCCCCGCCT-CATACCATAG——CCACCCAT
TCAAGGACTCGGGACTCACTGCTCACCCCCGCCT-CATACCATAG———CCACCCAT
TCAAGGACTCGGGACTCACTGC TCACCCCCGCCT-CATACCATAG———CCACCCAT
TCAAGGACTCGGGACTCATGATTTTCT-TTACTTTTA-GCCATGGTCCA-ACCCCT
CCTAGGACTCACTT TATGTGAT TTTCT-TTACTTTTA-GCCATGGTCCA-ACCCCT
CCTAGGACTCACTT TATGTGAT TTTCT-TTACTTTTA-GCCATGGTCCA-ACCCCT
CCTAGGACTCACTTTATGTGATTTTCT-TTACTTTTA-GCCATGGTCCA-ACCCCT
CCTAGGACTCACTTTATGTGATTTTCT-TTACTTTTA-GCCATGGTCCA-ACCCCT
CCTAGGACTCACTTTATGTGAT TTTCT-TTACTTTTA-GCCATGGTCCA-ACCCCT

* Positions are numbered from the first base after the forward primer
* Recombinant clone (not submitted to GenBank)




Fig. 1. Identification of hybrid origins by
cloned ITS sequences. Bayesian conse;
tree with posterior probabilities above
branches. Bootstrap support for parsimony

ysis (106 parsimony-informative
characters 300 trees [because of

v identical sequences] of length 147,
consistency index = 0.891_ retention index

1s given below branches. The

MP strict consensus tree 1s identical to
the Bayesian tree except that it does not
show the poorly supported subclades with
bootstrap values below 60%. Different
genotypes of P. gramineus are indicated
as gt 1 and gt 2. Cloned hybrid sequences
are in boldface along with numbers of
the respective a ons and clones. All
hybrids cluster with the parental species
except for clones of P. * lanceolatifolius
1974 which show only the P. nodosus nibo-
type. The maternal parent of this accession
1s P. gramineus (Fig. 2).

0.

nodosus 1309

nodosus 1

nodosus 16
P. nodosus 1807

P. x lanceolatifolius 1005 c1
P. x lanceolatifolius 1005 c10
nodosus 1867

tifolius 1974 c4
eolatifolius 1‘1741€£

P. schweinfurthil 1
P perfoliatus
P. perfoliatus
P. perfoliatus 1002
P. perfoliatus 1470
P. perfoli

alpinus 2100 cl1
P. natans x P. alpinus 2099 c1
P. natans x P. ai

natansx P. alpinus 2104 c3
P. natans x . alpinus 2104 c2
P, natans x P. af:nus 2100 c4

P. natans x P. alpinus 2100 c3
P. natans x P. arpmus 2100 c¢13
P. natans x P. alpinus 2099 c2
P. natans x P. a{pmu:. 2104 c1
[pinus 2100 c5

P. nstan.; 1281" =
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016 P. nafans 1855
P. natans 2018
P. x vepsicus 1739 c2
P. x vepsicus 1739 ¢13
P. x lanceolatifolius 1005 c4
P. gramineus 897
P.gramineus 1008
P. gramineus 115
P. gramineus 14
P. gramineus 1
P. gramineus 1611
ols2—F_gramineus IbE?
T gramineus 1
F. gramine
P. gramineus
P. gramineus
P. gramineus
P. gramineus
P gramineus
P. gramineus
P. gramineus 1975
P. gramineus 2015
F. gramineus
P gramineus 2102
P. gramineus 2110
P gramineus 2174
99 = P. sarmaticus 1917
B620=F. sarmaticus 19

a8

551
P fur:erm 1762
lucens 2109

P. lucens
P. lucens 2163
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u} .u. A‘au‘l“l i 4‘!‘;‘1“1“. lul. il .‘i IM“ m ‘hhluﬂutv‘ ‘hi‘d“‘nlu‘h‘
310 320 330 340 350 360 370 380
GATACTTGGTGTGAARATTGCAGAATCCCGTG AACCATCGAGTTTT TGAACGCAAGTTGCGCCC TAAGCTTCCG]

MRS e




A

perf-979 TACGTTGCTCGTTCACCCTCCACGAGGTCCATTTTCTTGAGGTCTCTTGGTTAAG
perf-1002 TACGTTGCTCGTTCACCCTCCACGAGGTCCATTTTCTTGAGGTCTCTTGGTTAAG
torss-1006 TACGTTGCTCGKTCACCI&TCC CGAGGYCCCATTCTCTTGAGGCCTCTTGGTTA

BRI TN - L T ACGTTGCTCGGTCACCATCCTCGAGGCCCCATTCTCTTGAGGCCTCTTGGTTAR
BRITIY - B i I T A CGTTGCTCGGTCACCATCCTCGAGGCCCCATTCTCTTGAGGCCTCTTGGTTAR
ebachub B RN M LW TACGTTGCTCGGTCACCATCCTCGAGGCCCCATTCTCTTGAGGCCTCTTGGTTAR
ef Lt R R B LY A TACGTTGCTCGGTCACCATCCTCGAGGCCCCATTCTCTTGAGGCCTCTTGGTTAR

B

perf-979-rv GTGGIGGGTTGAAGTTTTTAGTGCCGCCGGAATTCGTGCAAGGGCATGA

perf-1002-fw TGGGTTGAAGTTTTTAGTGCCGCCGGAATTCGTGCAAGGGCATGACGG]
perf-979 GGTGGGTTGAAGTTTTTAGTGCCGCCGGAATTCGTGCAAGGGCATGACG
torss-1006-fw (eleuelelelwierv.Neswnyv:(elelolo/elsloleler. v\ bielel elor.V.(elei:Tor.ier-Nole;
el - E- RN RV o A GG T GGG TTGAAGT TYTTAGTGCCGCCGGAATTCGTGCAAGGKCATGACG
lucens-858 GGTGGGTTGARGTWITTAGTGCCGCCGGAATTCGTGCAAGGTCATGACG]
lucens-317 GGTGGGTTGAAGTTTTTAGTGCCGCCGGAATTCGTGCAAGGTCATGACG
gramin-1285 GGTGGGTTGARATTTTTAGTGCCGCCGGAATTCGTGCAAGGGCATGACG
gramin-897 GTIGGGTTGAAGTTCTTAGTGCCGCCGGAATTCGTGCAAGGGCATGACG

C

perf-979-rv TTCCTAGTTCATGGCATTTTGCCTTGATCAACATC
= a1 -ES L N CCTAGT TCATGGCATTTTGCCTTGATCAACATCGCG
e L [ B T C C TACAGTYCATGGCACTTTGCCTTGAYCAACATC
torss-1006-rv YUYAGTYCATGGCAYTTTGCCTTGALICAACATC]
lucens-858 'CCTACAGTCCATGGCACTTTGCCTTGAACAACATC
lucens-317 'CCTACAGTCCATGGCACTTTGCCTTGAACAACATC
gramin-1285 'CCTACAGTCCATGGCACTTTGCCTTGACCAACATC
gramin-897 'CCTACAGTTCATGGCACTWIGCCTTGACCAACATC)
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A P. floridanus (P. oakesianus x P. pulcher)
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Moak_ 1628
flor_DQ786478
flor_2536
pul_1681
Mpul_1681

Position in alignment

«— Lindqvist et al. 2006
«— Kaplan et al. 2018
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P. nivea
P. muitifida
P. chinensis
Ivesia gordoni
Horkelia fusca
P. norvegica
P. fragarioides
P. dickinsii
— P. indica
L— p. reptans
P. micrantha
I_E P. peduncularis
P. stenophyilla
P. anserina
I I_DAIchemma alpina
Alchemilla mollis
% | Aphanes arvensis
P. palustns

P. salesowianum
P. tridentata
Sibbaldia procumbens
P. bifurca

P. arguta
—B Chamaerhodos erecta
P ico

Fragaria virginiana

Polylepis tarapacana

Polylepis hieronymi

Tetraglochin cristatum
Acaena laevigata

Acaena cylindristachya
Sanguisorba officinalis

Leucosidea sericea
4|__:Aremonia agrimonioides
Agrimonia eupatoria
_EROSE majalis
Rosa persica

Rubus chamaemorus

— Geum urbanum

—l_ L— waidsteinia geoides
Fallugia paradoxa

Filipendula vulgaris
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