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Supplementary figure 1.  

Location of repeats in the plastid genomes of Ericaceae and two species from Ericales (Actinidia 

chinensis and Camellia sinensis). The dot-plot charts are built based on BLASTN self-alignment 

of the genomes. Detailed plots for regions that are particularly rich in repeats are shown in blue 

frames. Genomic positions are subscribed on the axes. 

Supplementary figure 2. 

Location of repeats within open reading frames containing an accD-like fragment. Dot-plots 

were built based on BLASTN self-alignments of respective sequences. Axes denote nucleotide 

positions within the open reading frames. 

Supplementary figure 3. 

Picture of a gel showing the expression of ORF357 in Pyrola rotundifolia. 1 – DNA ladder (0.1 

– 1 Kb), 2 – empty, 3 – ORF357, 4 – no reverse transcriptase control, 5 – empty, 6 – petB, 7 – no 

reverse transcriptase control, 8 – empty, 9 – psaB, 10 – no reverse transcriptase control, 11 – 

empty, 12 - DNA ladder (0.1 – 1 Kb).  

Supplementary figure 4.  

Support of plastid genomes structure by mate-pair reads. The X-axis denotes a position in a 

plastid genome. The left Y-axis and a red line denote coverage by mate-pair inserts, i.e., how 

many mate-pairs reads there are in which the left read lies to the left of this position and the right 

one to the right of this position. The right Y-axis and a blue line denote the average insert length 

of such mate-pair reads over this position. 
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Supplementary table 3. Comparison of substitution rates in Ericaceae. 
 
Species Distance to the closest common ancestor of 

the five species (measured as an average 
number of substitutions per position in shared 
protein-coding genes) 

Monotropa uniflora 0.320 
Hypopitys monotropa 0.139 
Arbutus unedo 0.024 
Vaccinium macrocarpon 0.08 
Pyrola rotundifolia 0.057 

 





Supplementary table 5. Comparison of effect of an alignment tool on a selective pressure estimate for 

accD and clpP. 

 

Percent of 

codons under 

negative 

selection 

Percent of 

codons evolving 

neutrally 

Percent of codons 

under positive 

selection 

P-value for 

presence of 

positive selection 

accD 

PRANK in the codon 

alignment mode 
67% 32% 1% 0.13 

PRANK with 

TranslatorX 
56% 41% 3% 0.087 

MUSCLE with 

TranslatorX 
42% 47% 11% 2*10-9 

MAFFT with 

TranslatorX 
55% 42% 3% 9*10-4 

ClustalW with 

TranslatorX 
38% 30% 32% less than 10-16 

T-coffee with 

TranslatorX 
48% 47% 5% 2*10-4 

clpP 

PRANK in the codon 

alignment mode 
37% 57% 6% 0.011 

PRANK with 

TranslatorX 
43% 51% 6% 0.14 

MUSCLE with 

TranslatorX 
36% 49% 15% 0.004 

MAFFT with 

TranslatorX 
32% 61% 7% 0.03 

ClustalW with 

TranslatorX 
32% 45% 23% 6*10-6 

T-coffee with 

TranslatorX 
26% 50% 24% 5*10-7 

 





Supplementary note 1.  

Characteristics of the transcripts of Hypopitys monotropa with significant similarity to accD and clpP and 

sequences of contigs containing clpP and accD ORF (ORF are marked by asterisks and sequences are 

italicized).  

accD 

Contig name Length 

E-value of a 

BLASTN 

match 

between the 

Hypopitys’ 

plastid accD 

and this 

transcript. 

FPKM 
Matching region in the 

plastome 
Commentary 

c36330_g1_i5 3577 0.0 33.73 

BLASTN alignment to the 

plastome indicates that this 

transcript matches to a 

region with coordinates 

from 27,598 to 31,174. 

There are no mismatches 

with the plastome 

sequence. 

Includes clpP and a part 

of accD gene 

c36330_g1_i7 3594 0.0 0 

BLASTN alignment to the 

plastome indicates that this 

transcript matches to a 

region with coordinates 

from 27,598 to 31,174. The 

only difference in an 

insertion of 17 base pairs, 

that falls into an intergenic 

region. 

 

 

Includes clpP and a part 

of accD gene. Seems to 

be a rare form of the main 

isoform c36330_g1_i5. 

c37588_g2_i1 1230 0.0 32.89 

BLASTN alignment to the 

plastome indicates that this 

transcript matches to a 

region with coordinates 

from 31,405 to 32,634. 

Includes one single-

nucleotide differences from 

the plastid genome within a 

tRNA gene. 

Includes a part of accD 

and three tRNA genes. 

Due to a similarity of 

FPKM with the FPKM of 

c36330_g1_i5, we 

suppose that this is a part 

of the same transcript. 

The inability of Trinity to 

assemble them as a whole 

may originate from, for 

example, an RNA editing. 

 



c82722_g1_i1 269 10-26 3.12 

BLASTN alignment to the 

plastome indicates that this 

transcript matches to a 

region with coordinates 

from 31,061 to 31,188 with 

a sequence similarity of 

80%. This is a region 

within accD. 

We suppose, this is a 

pseudogene within the 

nuclear or the 

mitochondrial genomes. 

The best match of 

BLASTN alignment 

against NCBI NT with 

default parameters is 

within a plastid genome 

of Actinidia chinensis 

isolate AD-6 

c95803_g1_i1 122 2*10-23 0 

BLASTN alignment to the 

plastome indicates that this 

transcript matches to a 

region with coordinates 

from 30,911 to 30,987 with 

a sequence similarity of 

92%. This is a region 

within accD. 

We suppose, this is a 

pseudogene within the 

nuclear or the 

mitochondrial genomes. 

The best match of 

BLASTN alignment 

against NCBI NT with 

default parameters is 

within a plastid genome 

of  Monotropa hypopitys 

isolate 2KALR 

c60384_g1_i1 294 3*10-21 1.89 

BLASTN alignment to the 

plastome indicates that this 

transcript matches to a 

region with coordinates 

from 31,819-31,906 with a 

sequence similarity of 

86%. This is a region 

within accD. 

We suppose, this is a 

pseudogene within the 

nuclear or the 

mitochondrial genomes. 

The best match of 

BLASTN alignment 

against NCBI NT with 

default parameters is 

within a plastid genome 

of  Monotropa hypopitys 

isolate 2KALR 

c136046_g1_i

1 
125 9*10-15 0 

BLASTN alignment to the 

plastome indicates that this 

transcript matches to a 

region with coordinates 

from 30541-30601 with a 

sequence similarity of 

90%. This is a region 

within accD. 

We suppose, this is a 

pseudogene within the 

nuclear or the 

mitochondrial genomes. 

The best match of 

BLASTN alignment 

against NCBI NT with 

default parameters is 

within a plastid genome 

of  Monotropa hypopitys 

isolate 2KALR 



c31896_g2_i1 1361 4*10-6 88.38 

BLASTN alignment to the 

plastome returns a short 

match (35 bp) with a region 

from 31,852 to 31,886 

bp. This is a region within 

accD. 

Alignment by BLASTN 

to NCBI NT indicates the 

closest match to Vitis 

vinifera’s clathrin gene 

with e-value 3*10-128 and 

a similarity of 78%. This 

is, possibly, a transcript of 

Hypopitys’ clathrin, with 

a random coincidence of 

its short region to a short 

part of accD. 

clpP 

Contig name Length 

E-value of a 

BLASTN 

match 

between the 

Hypopitys’ 

plastid clpP 

and this 

transcript. 

FPKM 
Matching region in the 

plastome 
Commentary 

c36330_g1_i5 3577 0.0 33.73 

BLASTN alignment to the 

plastome indicates that this 

transcript matches to a 

region with coordinates 

from 27,598 to 31,174. 

There are no differences 

from the plastome 

sequence. 

Includes clpP and a part 

of accD gene.  

c36330_g1_i7 3594 0.0 0 

BLASTN alignment to the 

plastome indicates that this 

transcript matches to a 

region with coordinates 

from 27,598 to 31,174. The 

only difference in an 

insertion of 17 base pairs, 

that falls into an intergenic 

region. 

 

Includes clpP and a part 

of accD gene 



c61870_g1_i1 367 7*10-25 0.74 

BLASTN alignment to the 

plastome indicates that this 

transcript matches to a 

region with coordinates 

from 28,765 to 28,654 with 

a sequence similarity of 

85%. This is a region 

within clpP.  

We suppose, this is a 

pseudogene within the 

nuclear or the 

mitochondrial genomes. 

The best match of 

BLASTN alignment 

against NCBI NT with 

default parameters is 

within a plastid genome 

of Monotropa hypopitys 

isolate 1VOLR 

c37530_g3_i1 233 3*10-10 0 

BLASTN alignment to the 

plastome indicates that this 

transcript matches to a 

region with coordinates 

from 28,497 to 28,536 with 

a sequence similarity of 

98%. This is a region 

within clpP. 

We suppose, this is a 

pseudogene within the 

nuclear or the 

mitochondrial genomes. 

Although the similarity to 

the plastid clpP is high, 

the length of the matching 

subsequence is very short 

(40 bp). The best match 

of BLASTN alignment 

against NCBI NT with 

default parameters is 

within a plastid genome 

of Monotropa hypopitys 

isolate 1VOLR 

c81526_g1_i1 150 10-8 0 

BLASTN alignment to the 

plastome indicates that this 

transcript matches to a 

region with coordinates 

from 28,787 to 28,536 with 

a sequence similarity of 

74%. This is a region 

within clpP. 

We suppose, this is a 

pseudogene within the 

nuclear or the 

mitochondrial genomes. 

The best match of 

BLASTN alignment 

against NCBI NT with 

default parameters is 

within a plastid genome 

of Monotropa hypopitys 

isolate 1VOLR 

c67804_g1_i1 165 10-8 0 

BLASTN alignment to the 

plastome indicates that this 

transcript matches to a 

region with coordinates 

from 28,653 to 28,719 with 

a sequence similarity of 

81%. This is a region 

within clpP.  

 

We suppose, this is a 

pseudogene within the 

nuclear or the 

mitochondrial genomes. 

The best match of 

BLASTN alignment 

against NCBI NT with 

default parameters is 

within a plastid genome 

of Monotropa hypopitys 

isolate 1VOLR 



c54708_g1_i1 238 5*10-8 0 

BLASTN alignment to the 

plastome indicates that this 

transcript matches to a 

region with coordinates 

from 27,982 to 28,030 with 

a sequence similarity of 

88%. This is a region 

within clpP.  

We suppose, this is a 

pseudogene within the 

nuclear or the 

mitochondrial genomes. 

The best match of 

BLASTN alignment 

against NCBI NT with 

default parameters is 

within a plastid genome 

of Monotropa hypopitys 

isolate 1VOLR 

 

 

>c36330_g1_i5 - includes clpP and a part of accD 

GAGGCTCTTGCTCAGTCTTATCTTTTGCTTCTGCAGCAAGATGCTCTTGCTCAGCCTTCTC

CCTTTCTTTTATAAGTTCTTTTAAGTTCTCGTGTATCTCCTCAATTATTTCGTCTACCCCAGA

CTCCCATTTAACAAAATCAAAAGGCTTCACTTCTTTTTCATAATCAAATTCAATGGGATCCAG

AGAGAACATGTCCTCATCCATAGGAGACCAAGTGTCTGAATCAACCAAAAAGCCTATTCTA

TCTGAACTATTCATTTGCACATGTGATTGGCACCATTCACAAATATACAGTTTTGAATTAAAA

AGCGATTTATAATTTATTCCATAACAACTTTTGCATTGAACCCACAAATGGCTATAATCGGG

ATGACTCTTATTATCACTGCCCTCTTCATTGCTTTTTTTATCTGGATCTATTTCGTTCTCCTG

ATCTATTTTTTTCTGTTGAAAAGGACCATTATCAGGACCATTATCAGGGTATATTATTTCTCT

TTTATAATATTGCAAGCCGTCCTCTATTTTATTGAGCTTTTTATCTATCTCCTCGTCTTTACTT

TGATCTAATTCGTACTGTAGCTCACTTAATTTAATTTTATTCCTTAATCTCTCTATATCCAGG

GTGTATTGGTCAAAATCCCCCATCGATATCTCCCTGGTTCTCCTTTGATCTAATGCACGCTG

TTGCTTTCTTTCTTTCAGTTGATTCCTTGCACCCTCTAGATCTAGGATGCGTTGTTCTAAATC

TTCTTTAAATCGATCGGTGTCTCTAAAGTAATTGATAACAACACTTAGATGTTCGGATGCCA

GTCCACGGGTTTTATTCTCTAGATCTACTATATCAAAATTTTTATCAAATTTTTTATGTTTCCT

TCTATGATTATCCGACACAGACTCATCCCGCCTCTTGGCATTACCTAAATTTTTAAAATTAG

AGGATATTTGTGTCTGCTTCAATTTACTAAGTTTGTAGCTCCAAATAGCAAAAATACTGAAA

GGAACTACCCCTATATTGCCGATTAATTTTTTTATTTGCAT*ACTATATACCTCAGGTGTA

AAATATAATTTTTAATTAAAAATAAAAAGTATGGTAGATTCAAACGAGCGTTCTATC

TAATCGTATGGTTAAGATTTAGTTTTCCCATACAATTAGTTTTCCCATACAATTAGTT

TTCCCATACAATTAATTTAATAATTCGTCCGCATAAACTAAAACTATTAAAAATTTTT

AAGAACCCTTTAAGAATGCGTCCACAGATAACCAAAACCAGACAAGTCCGATATAA

AATAAAACTATTAAAAAAAATTTTACCAACCCTTTTAAAAACCAGATTACTAAAGTC

CAAAAAGATTTATCCATATAGGCTCTCCTAATTTTAATTTTTAATATTTAATAGTAGA

AATAATAGTCTACTTCTACGTTTGACAACAAACATGCCCAGAGAAGATTGAATAAA

GAAAGAATTAAAATTAATATTGGAAATTTTTTTGTCAAATAGGCAAAATAGAATGG

ATCTACTTTATCTATTTTGCAAGCGTGTCCATGGTCGAGAATTACCCAAACTGCTATG

TAATCTTTTACATTACACAGGACAAAGATAATAAGAATTCGCATTATTATGTCAACT

TTCTTGCTCAACAGTTTGAATACTATAAACAGTGGAATATTAAGGAAAAAAGTAATC

ATATAGATTCTATAGAAATATCCTACTTGATCCGTGTTGATAGGGTTAACTTTTTTAA

GATATAAAACTAAAACAATAATAAGAGACTTGAACAAGTCCTTAATATTCCAGTGG

TTAAAGGTAAAACTATTAACGAACTCTCTCTTATAAAATCTTTGAGTTTTATAGTCA

AATTTATGAGTATAGAAGTCGTCTGGTTCTGTGTCCACAAACAACCAAGCCCATACA

AAATTGACTAAACAAGTAATCAAAAAGATTACAGGTAGATTTTTAATTATATAGTTA

GGATCGGCGACTTGGAACAGTTGAAACGAAGTATACTTTTTCAGACCATGGATACAT

ATCCAACCTGCCAGCCAATCTTTGCTAGTCCAAATTGCACAAATAATAGCAGCTCGT

GTTACACTGTTGTTCAGCGGGTTCACGATAAATACCGCTATAACAGTGCAAAAAGTC

ATAACTTTGAGAAGATTCAAGTAATAATAGCTGAGGATATCTACATATAAATAGGA



GGATTTCATATTATGAAACTTTCGCAAATAATAGAATACCGGCCAGATCTTTACCGC

ATCTTTTAGAATACAAAGTAATACTATATCTAATTTAAGCATTTT*TTATTCCCCATTTT

TGTCTGATTTTTCCTGGGTTTCATCCTCAGGTTTTTTAAAATTAAAACCACGTATGATCTCGT

CGATAATTCCGTACTCTCGGGCTTCTGCCGCGGACATATAACGCACTCTTCTTCCTATATC

TCTTATAAATTCAGGAGGTTGCCCCGTTTTTTCCGTAAAAATATCTTGTAGAGATCCACATA

TCTGCAATTTTATGTTTGCATCAACTTCATATTCTGAGGGTGGAAGACGCGGATCCAATTTA

ATGTTCGGTCGAGAAAGCAGGAACGAACAGTTAGGGAATGCTAAACGTGTCCTTCCCCCA

AGCAAGGCATAGATTCCCGGTCCTCCAACCTGCCCGCAGCCTATTGTCTCTATGTTTATGT

CTGACCCCTCATTCATGAAATTACAAAGAGTCCTTGAAGCAAGTAGGCTTCCTTTAGAGCA

GTTTATAAGAACGCTTGCCGTTTCCGTCGCATCACCATAAATATCAAGGCATATTATCAATT

TTATAATTTTATTAGCGACCTCCATAGTGAGATTTTCCCATAGAAATATAATACCGTTCTTAT

AAAGAAAAGAATATAAATCAATAAAATTTACTACTTCTTCATAATATATTTTTTTTTCATAAATT

ATTTCTGCCTCATCCTCATCCTCATCCCCATTTTCACTGTCATTAGGTTCATTTTCAATTCTT

TCTAACTCTTCAACTTCTTCTATTTCTATATAAGGAACTTTAGGGATAATTATTTTAGGCTCTT

TAGGCTCTTTTTTCTCCTTCTTCTTCCTTTTACCCTTTTTATCCTTTTCATCCCCTTCATCGTC

AAAAGGATCGTCAAAAGGATCTGCGTTTATGTAATTTCGATAAAAAATCAT*TTCCTTTTGG

TGTTGTAGTTTGTTGTTTTATTTAGGTGTTTTACCTTGGCAAGTCCCCCTTTTTACCTT

GGTAAGTTCCCCTTTAAGTCTTCTATTAAAAAACTTATATTTTCAATTAAAGGACATC

CAATATTTCAATATACCATATTTTATTTTTATACTTTGTCAAAAGAAGCCCGTCCTCA

CCCGGGCTAGACGCGTACTTATATGGTATGATTGAATTCTAATGATAATCTGGTTAC

GGAGCGATTACTTTATTTTAATCTTTTTATTTGAATATTTTGAATAGTAAAGTTTTCC

AAAAATGGAAAACGAGCAAGCTTGTAAGGTAGATGACTATTGGAGACATTCCTTTT

ATTCCTTTATTTATTAAAATATATGGATATATCCATTTTATA 

 

>c37588_g2_i1 - includes the other part of accD, plus three tRNA genes 

CCCGCAGCTTCCGCCTTGACAGGGAGGTGCTCTGACCAATTGAACTCCAATCCCAGG

GAGGCATATATTATGTTTGTCTCAGTTTATAATCTTATGGTATATGGTATATCGGTGA

ATTATTGAGCCGAGCTGGATTTGAACCAGCGTAGACATATTGCCAACGAATTTACAG

TCCGTCCCCATTAACCACTCGGGCATCGACCCGGTAAGAATAATTTTAATTTTTAGA

TTTATTGGTAATCACTGATAAAACTCCTTTATTAGTACTCTACCCCCAGGGGAAATT

GAATCCCCGCTGCCTCCTTGAAAGAGAGATGTCCTGAACCACTAGACGATAGGGGC

ACACACTTGCCCGGCTGCTACTTACATCATACTAAGATCATAGTATAAACTTCTTTTT

GTAACACAAAATATAAAGATATAAAAAAGGGTAATGATAATAAAGTTAAAGGAAC

AATAACCTCTTATCAATTCTATATCTATAAGTATAAGAACAAGAGGTTATATAAATA

TTATATAAATATATAAATTAATTTAACAAAACAGTCTATTTCATTTTCATTGACTTTA

TTTAATAATTGAATACAATTTATCAA*TTAAGCAAAAGCAAGCCGGTAATTGTGAAAGA

GATATAGCAAAGACAGAATTCTTTTAAAATACTTACGTGAAAGGATTAGATCGAAGGCGCC

CTTTTGGAATAAATATTCGGTCTCTTGGGCACCCTCAGGGACTTCTATATGCAATGTTTCTT

CAATTACTCTTCTGCCCGCAAATGCAATGACGGCCCCGGGTTCGGAAATAATTACATTCCC

CAACATACCAAAACTAGCTGTCACCCCACCAGTCGTAGGAGATGTAAGGATTGATACATAA

AATAGTTTTTTATCTAATTTATAAGTATATAATGCACAAGCTATTTTACTCATTTGCATCAAGC

TCAAACTCCCTTCTTGCATACGCGCACCCCCAGAAGCACATATTATAACAAGGGGTAGAAA

TTCTTTGATAGCATACTCGATCAAACGGGTAATTTTTTCTCCAACTACGGACCCCATAGTAC

CCGCTATAAACTTAAAATCCATAACCCCAAGTGCTACCGGAATACCCTTTATTTCAGCTATG

CCTGTTTGAATAGCATCATTTAAGCCTGTCTCGCTTTGATAATAATTGAGGCGCTCTTCATA

GGTCTTATCCTTTTCTTCTTCTTCTTCTGCATCAAGATGCTCTTGT 

 
 




