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Abstract
Background: The phylogenetic relationships for Ipomoeeae species are incongruence in previous studies.
Comparative chromosome painting (CCP) can provide valuable information for phylogenetic
relationships among species. Results: In this study, 31 Ipomoea species were analyzed by oligo-based
chromosome painting (CP) technique to better understand their phylogenetic relationships. The results
indicated that the distribution patterns of oligo probes in three species with 28 chromosomes were
signi�cantly different from the other species with 30 chromosomes. Therefore, we proposed that the
difference of chromosome number should be foremost factor in determining the phylogenetic
relationships among species and the previous division of two large clades in Ipomoeeae wasn’t
supported. The division of smaller clades within the Astripomoeinae in Ipomoeeae was generally
supported with a few exceptions, whereas the division of smaller clades within Argyreiinae wasn’t
resolved by our CP results. In addition, species relationship for the species belonging to same smaller
clade with same CP pattern was further resolved by physical mapping of the 5S and 45S rDNA using
�uorescence in situ hybridization (FISH) technique. Conclusions: This study is the �rst phylogenetic
analysis of Ipomoea species based on CP technique. Our results provide intuitive and reliable resolution
of phylogenetic relationships for 31 Ipomoea species and demonstrate the validity of oligo-based CCP
analysis in phylogenetic study.

Background
Ipomoea L., the largest genus in the Convolvulaceae, and nine other genera make up the Ipomoeeae tribe
in Convolvulaceae [1]. Ipomoea is known globally for the sweet potato (I. batatas (L.) Lam.). The sweet
potato and its wild relatives are included in Ipomoea series Batatas [2–4]. Phylogenetic studies
demonstrated Ipomoea was not monophyletic, and nine other genera in Ipomoeeae tribe were derived
from within Ipomoea [5–9]. Therefore, the option is proposed that Ipomoea in broad sense can be de�ned
as the only genus of Ipomoeeae [5]. Stefanovic et al. [1] divided the Ipomoeeae into two large clades,
Astripomoeinae and Argyreiinae, based on phylogenetic analyses of four chloroplast loci. At the most
current classi�cation of Ipomoeeae, the Astripomoeinae clade was further divided into �ve smaller clades
(i.e., the Batatas, Murucoides, Pes-caprae, Quamoclit, and Cairica clades), and the Argyreiinaeas was
divided into two smaller clades (i.e., the Pes-tigridis and Obscura clades) based on whole chloroplast
genome sequences [10]. However, no obvious morphological features can be used to distinguish the
members of Astripomoeinae and Argyreiinae clades [1, 8]. Moreover, the taxonomy and phylogenetic
relationships for Ipomoeeae species are often incongruence in previous studies [5–6, 8–13].

Taxonomy and phylogenetic study should be based on as many characters as possible. CCP can provide
valuable information for phylogenetic relationships among related species through cross-species CP
using chromosome-speci�c DNA sequences as FISH probes [14–15]. Unfortunately, CP has been
impossible for most plant species due to the lack of methods to develop chromosome-speci�c DNA
probes [16] except for a few successful reports using a large number of repeat-free BACs [17–21] or
single-copy sequences [22] as FISH probe. Recently, we have developed CP technique in plants using
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oligos speci�c to an entire chromosome or a chromosomal region as FISH probe [23]. At present, oligo-
based chromosome painting probes have been developed in several plant species and applied in various
types of chromosomal studies [24–32]. The draft genome of I. nil (Japanese morning glory, 2n = 30) was
published and Scaffolds covering 91.42% of the assembly were anchored to 15 pseudo-chromosomes by
Hoshino et al. [33], which provided good opportunities for developing oligo-based chromosome painting
probes in I. nil, a model species in Ipomoea.

In this study, 31 Ipomoea species were analyzed by oligo-based CP technique to attempt to better
understand their phylogenetic relationships and develop a well-resolved phylogeny for Ipomoeeae. In
particular, we wanted to determine whether or not the smaller clades recognized in Astripomoeinae and
Argyreiinae clades by Eserman et al. [10] based on molecular data were supported by present cytogenetic
results.

Results
Among our analyzed 31 species, 28 species had 30 chromosomes (Fig. S1 and S2) except that I.
hederifolia (Fig. S2 f1-f3), I. coccinea (Fig. S2 g1-g3) and I. pes-tigridis (Fig. S2 l1-l3) had 28
chromosomes. The probes of 7 − 1 (green)/7 − 2 (red) (Fig. 1a1-m1; Fig. S1a1-m1; Fig. 2a1-n1; Fig. S2a1-
n1; Fig. 3a1-d1) and 15 − 1 (red)/15 − 2 (green) (Fig. 1a2-m2; Fig. S1a2-m2; Fig. 2a2-n2; Fig. S2a2-n2;
Fig. 3a2-d2) hybridized to only a pair of chromosomes in all analyzed species but with different signal
distribution patterns. The sites number of 45S (red) and 5S rDNA (green) showed a great difference
among species (Fig. 1a3-m3; Fig. S1a3-m3; Fig. 2a3-n3; Fig. S2a3-n3; Fig. 3a3-d3). The detailed results
were described as follows in the order of smaller clades in phylogenetic tree constructed by Eserman et
al. [10]. For higher resolution, the chromosomes with signals in Fig. S1 and Fig. S2 were cut out and
arranged at Fig. 1 and Fig. 2, respectively.

The Batatas clade includes I. setosa and all species in Ipomoea series Batatas. In I. setosa, the
chromosomes had 7 − 1 (green)/7 − 2 (red) (Fig. 1a1) and 15 − 1 (red)/15 − 2 (green) (Fig. 1a2) signals at
the distal regions, the middle regions remaining unpainted. In I. splendor-sylvae, the chromosomes also
had 7 − 1 (green)/7 − 2 (red) signals at the distal regions (Fig. 1b1), whereas had 15 − 1 (red)/15 − 2
(green) signals along their entire lengths (Fig. 1b2). In other species in the series Batatas, the
hybridization signals of 7 − 1 (green)/7 − 2 (red) (Fig. 1c1-m1) and 15 − 1 (red)/15 − 2 (green) (Fig. 1c2-
m2) covered the whole lengths of the chromosomes and no difference was observed among species.
FISH results with 5S and 45S rDNA as probes showed that all species in the Batatas clade had 5S rDNA
(green) signals on two chromosomes, located intercalary near to the centromeres (Fig. 1a3-m3). However,
these species showed a great difference of 45S rDNA (red) sites number (Fig. 1a3-m3). Four sites of 45S
rDNA were observed in I. setosa (Fig. 1a3), I. splendor-sylvae (Fig. 1b3) and I. littoralis (Fig. 1c3), six in I.
tri�da (Fig. 1d3) and I. lacunose (Fig. 1e3), eight in I. triloba (Fig. 1f3), I. cordatotriloba (Fig. 1g3) and I.
tiliacea (Fig. 1h3), ten in I. grandifolia (Fig. 1i3), I. cynanchifolia (Fig. 1j3) and I. tenuissima (Fig. 1k3),
nine in I. leucantha (Fig. 1l3), and fourteen in I. ramosissima (Fig. 1m3). The 45S rDNA hybridization
signals occurred at the distal end of the short chromosome arm in all species. Based on 45S rDNA
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distribution pattern, the homologous pairs of chromosomes with 45S rDNA signals could be identi�ed
and distinguished from each other in all species except for I. leucantha. In I. leucantha (Fig. 1l3), two
extremely weak signals among nine 45S rDNA signals localized to morphologically different
chromosomes and one chromosome was obviously longer than the other. The intensity of two 5S rDNA
signals was also different in I. leucantha. This con�rmed that I. leucantha was of hybrid origin as
suggested before by Austin [34].

Three species of I. �stulosa, I. saintronanensis and I. platensis in the Murucoides clade had identical
distribution patterns of 7 − 1 (green)/7 − 2 (red) (Fig. 2a1-c1) and 15 − 1 (red)/15 − 2 (green) (Fig. 2a2-c2)
to I. setosa (Fig. 1a1, a2) in the Batatas clade with signals only at the distal regions of chromosomes, the
middle regions of chromosomes remaining unpainted. In I. �stulosa (Fig. 2a3) and I. saintronanensis
(Fig. 2b3), there were four chromosomes with 45S rDNA signals and two chromosomes with 5S rDNA
signals, which was also identical to I. setosa in the Batatas clade (Fig. 1a3). Whereas in I. platensis
(Fig. 2c3), six chromosomes had 45S rDNA signals and four chromosomes had 5S rDNA signals.

The two species in Pes-caprae clade showed different distribution patterns of 7 − 1/7 − 2 and 15 − 1/15 − 
2. In I. gracilis, 7 − 1 (green)/7 − 2 (red) (Fig. 2d1) and 15 − 1 (red)/15 − 2 (green) (Fig. 2d2) signals only
hybridized to the distal part of the chromosomes, the middle regions remaining unpainted, which was
same to I. setosa (Fig. 1a1, a2) in the Batatas clade and all species (Fig. 2a1-c1, a2-c2) in the Murucoides
clade. While in I. amnicola, 7 − 1 (green)/7 − 2 (red) (Fig. 2e1) and 15 − 1 (red)/15 − 2 (green) (Fig. 2e2)
signals nearly covered whole chromosomes except 7 − 2 interrupted by the centromere regions without
FISH signals, and minor 7 − 2 signals localized at same chromosome arm with 7 − 1 signals (Fig. 2e1). In
addition, the two species differed from each other in 45S rDNA sites number. In I. gracilis, four
chromosomes had 45S rDNA signals (Fig. 2d3). While in I. amnicola, six chromosomes had 45S rDNA
signals (Fig. 2e3).

The analyzed four species in Quamoclit clade also showed different painting patterns. In I. hederifolia
(Fig. 2f1, f2) and I. coccinea (Fig. 2g1, g2) with 28 chromosomes, 7 − 1 (green)/7 − 2 (red) and 15 − 1
(red)/15 − 2 (green) colocalized at same chromosome arm, respectively. Whereas in I. nil (Fig. 2h1, h2)
and I. hederacea (Fig. 2i1, i2), the FISH signals of 7 − 1 (green)/7 − 2 (red) and 15 − 1 (red)/15 − 2 (green)
uniformly covered whole chromosomes without unambiguous signal gaps. Moreover, both I. nil and I.
hederacea had 45S rDNA signals on seven pairs of chromosomes (Fig. 2h3, i3). The only difference
between I. nil and I. hederacea was that they had different 5S rDNA sites number (Fig. 2h3, i3). In I. nil,
two chromosomes had 5S rDNA signals (Fig. 2h3). While in I. hederacea, four chromosomes had 5S rDNA
signals and two 5S rDNA signals were located syntenic to the 45S rDNA signals (Fig. 2i3). In I. hederifolia,
there were twelve chromosomes with 45S rDNA signals and six chromosomes with 5S rDNA signals, and
two 5S rDNA signals were located syntenic to the 45S rDNA signals (Fig. 2f3). In I. coccinea, ten
chromosomes had 45S rDNA signals and four chromosomes had 5S rDNA signals (Fig. 2g3).

I. cairica (Fig. 2j1, j2) and I. aquatica (Fig. 2k1, k2) in Cairica clade showed same distribution patterns of
7 − 1 (green)/7 − 2 (red) and 15 − 1 (red)/15 − 2 (green) signals to I. amnicola (Fig. 2e1, e2) in Pes-caprae
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clade, i.e., 7 − 1/7 − 2 and 15 − 1/15 − 2 signals nearly covered whole chromosomes except 7 − 2
interrupted by the centromere regions without FISH signals, and minor 7 − 2 signals located at same
chromosome arm with 7 − 1. The difference between I. cairica and I. aquatica was that they had different
45S rDNA sites number. In I. cairica, six chromosomes had 45S rDNA signals (Fig. 2j3). While in I.
aquatica, four chromosomes had 45S rDNA signals (Fig. 2k3).

The Argyreiinae has been divided into two smaller clades of Pes-tigridis and Obscura. In I. pes-tigridis
with 28 chromosomes, 7 − 1 (green)/7 − 2 (red) (Fig. 2l1) and 15 − 1 (red)/15 − 2 (green) (Fig. 2l2)
colocalized at same chromosome arm, respectively, which was identical to I. hederifolia (Fig. 2f1, f2) and
I. coccinea (Fig. 2g1, g2) with 28 chromosomes in Quamoclit clade. Whereas, I. eriocarpa in the Pes-
tigridis had same distribution patterns of 7 − 1 (green)/7 − 2 (red) (Fig. 2m1) and 15 − 1 (red)/15 − 2
(green) (Fig. 2m2) to I. obscura (Fig. 2n1, n2) in the Obscura clade, i.e., 7 − 1 and the major 7 − 2 signals
only ccupied one arm of same chromosome and 7 − 2 interrupted by the centromere regions without FISH
signals, and 15 − 1/15 − 2 hybridized to distal regions of the chromosomes, the middle regions remaining
unpainted. The three species had different rDNA sites number. In I. pes-tigridis (Fig. 2l3) and I. eriocarpa
(Fig. 2m3), six chromosomes had 45S rDNA signals. In I. eriocarpa (Fig. 2m3) and I. obscura (Fig. 2n3),
four chromosomes had 5S rDNA signals.

The other four species, I. alba, I. albivenia, I. digitata and I. heterophylla, were also analyzed in this study.
I. alba had similar painting pattern of 7 − 1 (green)/7 − 2 (red) (Fig. 3a1) and 15 − 1 (red)/15 − 2 (green)
(Fig. 3a2) to I. nil (Fig. 2h1, h2) and I. hederacea (Fig. 2i1, i2). The difference among three species was
that they had different 5S rDNA sites number. In I. alba, six chromosomes had 5S rDNA signals and four
5S rDNA signals were located syntenic to the 45S rDNA signals (Fig. 3a3). The I. albivenia and I. digitata
showed same distribution patterns of 7 − 1 (green)/7 − 2 (red) (Fig. 3b1, c1) and 15 − 1 (red)/15 − 2
(green) (Fig. 3b2, c2) to the species in Cairica clade (Fig. 2j1, j2, k1, k2). Interestingly, the odd numbers of
45S rDNA arrays were observed in I. albivenia and I. digitata. In I. albivenia, three chromosomes had 45S
rDNA signals (Fig. 3b3). While in I. digitata, seven chromosomes had 45S rDNA signals (Fig. 3c3). The I.
heterophylla had identical distribution patterns of 7 − 1 (green)/7 − 2 (red) (Fig. 3d1) and 15 − 1 (red)/15 − 
2 (green) (Fig. 3d2) to I. eriocarpa (Fig. 2m1, m2) and I. obscura (Fig. 2n1, n2) within the Argyreiinae. In I.
heterophylla, only two chromosomes had 45S rDNA signals (Fig. 3d3). Thus, these four species were
accurately assigned to different clades of Ipomoeeae tribe based on painting pattern of 7 − 1/7 − 2 and
15 − 1/15 − 2 probes.

Discussion
The chromosome number is considered of importance in determining the evolutionary and genetic
relationships among species. Having same chromosome number between species is often indicative of a
close evolutionary relationship [35]. Previous cytological analysis revealed that the species in genus
Ipomoea contained the diverse chromosome numbers of 2n = 28, 30, 32, 60 and 90, and the majority of
the species had chromosome number of 2n = 30 [36–39]. Among our analyzed 31 species, 28 species
had 30 chromosomes and three species (I. hederifolia, I. coccinea and I. pes-tigridis) had 28
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chromosomes, which was in conformity to previous reports for the same species [35–39]. However, three
species with 28 chromosomes were divided into different smaller clades within Astripomoeinae and
Argyreiinae together other 2n = 30 species by Eserman et al. [10]. The present study indicated that I.
hederifolia, I. coccinea and I. pes-tigridis had identical CP patterns with 7 − 1/7 − 2 and 15 − 1/15 − 2
signals at same chromosome arms, which were signi�cantly different from the remaining species.
Therefore, our results fail to support the division of two large clades in Ipomoeeae [1], nor completely
support the division of smaller clades within Astripomoeinae and Argyreiinae proposed by Eserman et al.
[10]. We propose that the Ipomoeeae species should �rstly be divided into distinct large clades based on
the difference of chromosome number. Then, the species at each large clade were further divided into
different smaller clades.

The division of smaller clades within the Astripomoeinae with 2n = 30 species was generally supported by
our results with a few exceptions. The species from different smaller clades showed different painting
patterns and all species from same smaller clade had basically identical painting patterns. The
congruence provides compelling support for the phylogenetic relationships established by previous
studies based on morphological and molecular data [5, 10, 40]. However, the I. gracilis and I. amnicola in
Pes-caprae clade showed same painting patterns to the species in the Murucoides clade and Cairica
clade, respectively. In addition, I. setosa in the Batatas clade had same painting pattern to species in
Murucoides clade. The close relationship between I. setosa and the species in the Murucoides clade was
also supported by Miller et al. [8]. Therefore, we suggested that the Pes-caprae clade within the
Astripomoeinae should be canceled, the I. gracilis in Pes-caprae clade and I. setosa in the Batatas clade
should be reassigned to the Murucoides clade, and the I. amnicola in Pes-caprae clade reassigned to
Cairica clade, respectively. Contrast to Astripomoeinae, the division of the Pes-tigridis and Obscura clades
within Argyreiinae wasn’t supported by present results. Two species in the Pes-tigridis had different
chromosome number and painting patterns of 7 − 1/7 − 2 and 15 − 1/15 − 2 signals. Instead, I. eriocarpa
in the Pes-tigridis had same painting patterns to the I. obscura in the Obscura clade.

Although CCP provides good phylogenetic resolution at the clade level in Ipomoeeae tribe, it is di�cult to
distinguish species and estimate the species relationship at each clade with same CP pattern.
Comparative mapping of the 5S and 45S rDNA by �uorescence in situ hybridization technique can also
provide valuable information for species identi�cation and species relationships, especially for closely
related species [41–44]. To date, the distribution of 5S and 45S rDNA loci has only been reported in I.
setosa and a few species in Ipomoea series Batatas [45]. The present results showed that most species
at same clade had different 5S or 45S rDNA sites number, especially 12 species in the series Batatas
showed a great difference of 45S rDNA sites number although they had same CP patterns except I.
splendor-sylvae had different CP patterns of 7 − 1/7 − 2, which supports the hypothesis that I. splendor-
sylvae is prototypical in the series Batatas based on morphological evidence [3, 46]. Based on that closely
related species will have more similar distribution pattern of rDNA loci than will distantly related ones [42,
44], our rDNA FISH results indicated that the I. littoralis was closely related to the I. splendor-sylvae, I.
tiliacea was closely related to I. triloba and I. cordatotriloba, and I. ramosissima was more distantly
related to other species in the series since it had the highest number of 45S rDNA sites. Similar species
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relationships were also suggested by previous studies [3, 46–48], although the other phylogenetic studies
for the series Batatas obtained incongruent results [12, 49–50]. Other close relationships in the series
Batatas, such as I. grandifolia, I. cynanchifolia and I. tenuissima, as revealed by other evidence [12, 48,
51], were also con�rmed. In addition, previous studies showed that I. hederacea was closely related to I.
nil and it was di�cult to distinguish these two species [52–53]. Our FISH results showed that the only
difference between I. nil and I. hederacea was that they had different 5S rDNA sites number. Thus, 5S
rDNA can be used to a reliable marker to distinguish I. nil from I. hederacea.

Conclusions
This paper reports the �rst phylogenetic analysis of Ipomoea species based on CP tecqnique. Our study
provides intuitive and reliable resolution of phylogenetic relationships for 31 Ipomoea species and
demonstrates the validity of oligo-based CCP analysis in phylogenetic study. Further molecular
cytogenetic studies using more wild species are needed to further clarify phylogenetic relationships
among Ipomoea species.

Methods

Plant materials
The species included in this study were representatives of �ve smaller clades (i.e., the Batatas,
Murucoides, Pes-caprae, Quamoclit, and Cairica clades) within Astripomoeinae clade and two smaller
clades (i.e., the Pes-tigridis and Obscura clades) within Argyreiinaeas in Eserman et al. [10]. Some species
as sisters to the species in Eserman et al. [10] identi�ed by Miller et al. [7] were also sampled. Twelve
diploid species in Ipomoea series Batatas were analyzed for a more focused examination of relationships
among various species. Four other species not sampled by Eserman et al. [10] were also analyzed. One
accession of each species was used and 31 species used in this study were listed in Table 1. The seeds
were obtained from the US National Plant Germplasm System, commercial suppliers, and Xuzhou Sweet
Potato Research Centre, China, respectively.

Preparation of mitotic chromosomes
Young root tips were excised from the plants and treated with 2 mM 8-hydroxyquinoline liquid at room
temperature for 2 h. The treated root tips were then rinsed in distilled water before being �xed in Carnoy’s
solution (acetic acid : ethanol = 1:3, v/v) and stored at − 20◦C in 70% ethanol solution. The �xed root tips
were washed in distilled water prior to the enzyme mixture (2% cellulose and 1% pectolyase) at 37◦C for
2 h. The digested root tips were macerated on glass slides in 50% acetic acid solution with �ne-pointed
forceps and then “�ame-dried” over an alcohol �ame.

rDNA probes and oligo probes
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Preparation of 5S rDNA and 45S rDNA oligo probes followed our previous procedures [44]. The 5S rDNA
probes were 5′-end labelled with 6-carboxy�uorescein (6-FAM) and the 45S rDNA probes were 5′-end-
labelled with 6-carboxytetramethylrhodamine (TAMRA). These oligo probes were synthesized by the
Sangon Biotech (Shanghai) Co., Ltd..

Four oligo-based painting probes for I. nil chromosome 7 (7 − 1 and 7 − 2) and 15 (15 − 1 and 15 − 2) were
developed using the oligo selection software Chorus (https://github.com/forrestzhang/Chorus) [25]. Each
probe library contained all oligos speci�c to half pseudochromosome at the densities of 2–3 oligos per
kilobases based on the draft genome assembly of I. nil [33]. The oligo libraries were synthesized by
MYcroarray (Ann Arbor, MI). Each synthesized oligo contained 48 bp of genomic sequence, a 5′ F primer,
which included the T7 RNA polymerase promoter sequence, and a 3′ R primer. Ampli�cation and labeling
of oligo libraries was the same as the protocol developed by us [23]. The biotin- or digoxigenin-labeled
single-stranded oligos prepared from the libraries were directly used as FISH probes. Biotin-labeled probes
(7 − 1 and 15 − 2) were detected by Alexa Fluor 488 streptavidin; digoxigenin-labeled probes (7 − 2 and 15 
− 1) were detected by rhodamine anti-digoxigenin.

Fluorescence in situ hybridization (FISH)
FISH was performed according to the published protocol [54]. The chromosomes were counterstained
with 4,6-diamidino-2-phenylindole (DAPI) in a VectaShield antifade solution (Vector Laboratories). Images
were digitally captured using Leica DM6000 B fully automated upright microscope system. Gray-scale
images were captured for each color channel and then merged. Final image adjustments were done with
Adobe Photoshop (Adobe Systems).

Abbreviations
CCP: Comparative chromosome painting; CP: Chromosome painting; FISH: Fluorescent in situ
hybridization; BAC: Bacterial arti�cial chromosome.
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Table 1 Plant materials used in this study
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Species Plant ID Plant Name Source

I. alba     Commercial suppliers

I. albivenia     Commercial suppliers

I. amnicola PI553010   US National Plant Germplasm System

I. aquatica     Commercial suppliers

I. cairica     Commercial suppliers

I. coccinea     Commercial suppliers

I. cordatotriloba PI 518494 DLP 2934 US National Plant Germplasm System

I. cynanchifolia PI 549093 CIP  #460149 US National Plant Germplasm System

I. digitata     Commercial suppliers

I. eriocarpa     Commercial suppliers

I. �stulosa     Xuzhou Sweet Potato Research Centre

I. gracilis PI 538270 7544 US National Plant Germplasm System

I. grandifolia Grif 9066 CIP 460106 US National Plant Germplasm System

I. hederacea PI 618969 Grif 6216 US National Plant Germplasm System

I. hederifolia Grif 6263 Grif 6263 US National Plant Germplasm System

I. heterophylla     Commercial suppliers

I. lacunosa PI 634785 Grif 6302 US National Plant Germplasm System

I. leucantha PI 540735 DLP 3007 US National Plant Germplasm System

I. littoralis PI 573335 Cape York #1 US National Plant Germplasm System

I. nil     Commercial suppliers

I. obscura     Commercial suppliers

I. pes-tigridis PI549258 J 355 US National Plant Germplasm System

I. platensis     Commercial suppliers

I. ramosissima PI 552785 CIP 460005 US National Plant Germplasm System

I. saintronanensis PI 538278 7527 US National Plant Germplasm System

I. setosa PI 686433 Grif 6153 US National Plant Germplasm System

I. splendor-sylvae PI 561557 McDonald 1989 US National Plant Germplasm System

I. tenuissima PI 553012 84.3 US National Plant Germplasm System
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I. tiliacea PI 518489 Campanilla US National Plant Germplasm System

I. tri�da PI 618966 DLP 4379 US National Plant Germplasm System

I. triloba PI 618965 DLP 4374 US National Plant Germplasm System

 

 

Supplemental Figures
Fig. S1 FISH of I. nil oligos probes, 5S and 45S rDNA in 13 species included in the Batatas clade. a1-m1
FISH oligos probes 7-1 (green) and 7-2 (red) on metaphase chromosomes of I. setosa (a1), I. splendor-
sylvae (b1), I. littoralis (c1), I. tri�da (d1), I. lacunose (e1), I. triloba (f1), I.cordatotriloba (g1), I. tiliacea (h1),
I. grandifolia (i1), I. cynanchifolia (j1), I. tenuissima (k1), I. leucantha (l1) and I. ramosissima (m1),
respectively. a2-m2 FISH oligos probes 15-1 (red) and 15-2 (green) in same species as a1-m1,
respectively. a3-m3 FISH 45S rDNA (red) and 5S rDNA (green) probes in same species as a1-m1,
respectively. Bars=5 um

Fig. S2 FISH of I. nil oligos probes, 5S and 45S rDNA in 14 species included in other smaller clades within
Astripomoeinae and Argyreiinae. a1-n1 FISH oligos probes 7-1 (green) and 7-2 (red) on metaphase
chromosomes of I. �stulosa (a1), I. saintronanensis (b1), I. platensis (c1), I. gracilis (d1), I. amnicola (e1),
I. hederifolia (f1), I. coccinea (g1), I. nil (h1), I. hederacea (i1), I. cairica (j1), I. aquatica (k1), I. pes-tigridis
(l1), I. eriocarpa (m1) and I. obscura (n1), respectively. a2-n2 FISH oligos probes 15-1 (red) and 15-2
(green) in same species as a1-n1, respectively. a3-n3 FISH 45S rDNA (red) and 5S rDNA (green) probes in
same species as a1-n1, respectively. Bars=5 um

Figures
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Figure 1

FISH of I. nil oligos probes, 5S and 45S rDNA in 13 species included in the Batatas clade. a1-m1 The
chromosomes with the signals of the oligos probes 7-1 (green) and 7-2 (red) in I. setosa (a1), I. splendor-
sylvae (b1), I. littoralis (c1), I. tri�da (d1), I. lacunose (e1), I. triloba (f1), I.cordatotriloba (g1), I. tiliacea (h1),
I. grandifolia (i1), I. cynanchifolia (j1), I. tenuissima (k1), I. leucantha (l1) and I. ramosissima (m1),
respectively. a2-m2 The chromosomes with the signals of the oligos probes 15-1 (red) and 15-2 (green) in
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same species as a1-m1, respectively. a3-m3 The chromosomes with the signals of 45S rDNA (red) and 5S
rDNA (green) probes in same species as a1-m1, respectively.

Figure 2

FISH of I. nil oligos probes, 5S and 45S rDNA in 14 species included in other smaller clades within
Astripomoeinae and Argyreiinae. a1-n1 The chromosomes with the signals of the oligos probes 7-1
(green) and 7-2 (red) in I. �stulosa (a1), I. saintronanensis (b1), I. platensis (c1), I. gracilis (d1), I. amnicola
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(e1), I. hederifolia (f1), I. coccinea (g1), I. nil (h1), I. hederacea (i1), I. cairica (j1), I. aquatica (k1), I. pes-
tigridis (l1), I. eriocarpa (m1) and I. obscura (n1), respectively. a2-n2 The chromosomes with the signals
of the oligos probes 15-1 (red) and 15-2 (green) in same species as a1-n1, respectively. a3-n3 The
chromosomes with the signals of 45S rDNA (red) and 5S rDNA (green) probes in same species as a1-n1,
respectively.

Figure 3
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FISH of I. nil oligos probes, 5S and 45S rDNA in other four species. a1-d1 FISH oligos probes 7-1 (green)
and 7-2 (red) on metaphase chromosomes of I. alba (a1), I. albivenia (b1), I. digitata (c1) and I.
heterophylla (d1), respectively. a2-d2 FISH oligos probes 15-1 (red) and 15-2 (green) in same species as
a1-d1, respectively. a3-d3 FISH 45S rDNA (red) and 5S rDNA (green) probes in same species as a1-d1,
respectively. Bars=5 um
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