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Mitochondrial and plastid genome analysis of the heteromorphic red alga
Mastocarpus papillatus (C. Agardh) K€utzing (Phyllophoraceae, Rhodophyta)
reveals two characteristic florideophyte organellar genomes
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ABSTRACT
Analysis of the marine red algal species Mastocarpus papillatus (C. Agardh) K€utzing using paired-end
36bp Illumina sequences resulted in the assembly of its complete mitochondrial and plastid genomes.
The mitogenome is 25,906bp in length and contains 50 genes, and the plastid genome is 184,382 bp
with 234 genes. The mitochondrial and plastid genomes show high gene synteny with published
Florideophyceae.
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The marine red algal family Phyllophoraceae N€ageli has a
worldwide distribution and consists of 14 genera and
approximately 123 species (Schneider & Wynne 2007; Guiry &
Guiry 2016). One of these genera, Mastocarpus K€utzing, is
currently circumscribed to accommodate species with hetero-
morphic life histories in which upright gametophytes
(with carposporophytes) alternate with crustose tetrasporo-
phytes previously known as Petrocelis (Guiry et al. 1984). The
life history has also been shown to be apomictic (Polanshek
& West 1977). Mastocarpus currently contains 15 well-defined
species, however, no mitochondrial or plastid genomes have
been reported for the family. Here, we describe the organellar
genomes of M. papillatus, a well studied entity distributed
from northern Vancouver Island, British Columbia to Cambria,
California (Polanshek & West 1977; Lindstrom et al. 2011).

DNA was extracted from M. papillatus (Specimen Voucher-
UC2050562) collected from the high intertidal at Baker Beach,
San Francisco, California (37�47054.100N, -122�28053.900W), the
species type locality, following the protocol of Lindstrom
et al. (2011). The library construction and sequencing was
performed by the High-Throughput Genomics Center (Seattle,
Washington) yielding 17,782,094 filtered reads. The data were
assembled using default de novo settings in CLC Genomics
Workbench 9.0 (VR 2016 CLC bio, a QIAGEN Company,
Waltham, MA) and annotated following Hughey et al. (2014).
Alignment of the M. papillatus mitogenome to
other Florideophyceae was accomplished with MAFFT

(Katoh & Standley 2013). The maximum likelihood analysis
was performed using complete mitogenome sequences in
RaxML (Stamatakis 2014) with Galaxy (Giardine et al. 2005;
Blankenberg et al. 2010; Goecks et al. 2010) set to 1000 fast
bootstraps with the GRTþgamma model. The tree was
visualized with TreeDyn 198.3 at Phylogeny.fr (Dereeper et al.
2008).

The mitogenome of M. papillatus (GenBank KX525587) is
25,906 bp in length, AT skewed (65.0%), and contains 50
genes including 22 tRNA (trnG, trnL, trnM, trnR occur in dupli-
cate, trnS occurs in triplicate), five ribosomal proteins (rpl 16,
rpl 20, rps 3, rps 11, rps 12), 2 rRNA (1 rnl, 1 rns), tatA, and 19
other genes involved in electron transport and oxidative
phosphorylation. The mitogenome is highly conserved in
organization compared to other Florideophyceae (Yang et al.
2015). Phylogenetic analysis of M. papillatus resolves it in a
strongly supported clade with Chondrus crispus Stackhouse
(Figure 1).

The complete plastid genome of M. papillatus (GenBank
KX525588) is 184,382 bp in length and contains 234 genes.
The genome is AT rich (70.9%) and contains 47 ribosomal
proteins, 36 ycf, 30 photosystem I and II, 29 tRNA, 10 phyco-
biliprotein, 10 cytochrome b/f complex, 9 ATP synthase,
5 RNA polymerase, 3 orf, 3 rRNA, and 52 other genes.
Examination of the M. papillatus plastid gene content and
organization indicates high-gene synteny to other
Rhodymeniophycidae.
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Figure 1. Maximum-likelihood phylogram with M. papillatus and other Florideophyceaen mitogenomes. Numbers along branches are RaxML bootstrap supports
based on 1000 nreps (<75% support not shown). The legend below represents the scale for nucleotide substitutions.

MITOCHONDRIAL DNA PART B: RESOURCES 677

http://www.algaebase.org

	Mitochondrial and plastid genome analysis of the heteromorphic red alga Mastocarpus papillatus (C. Agardh) Kützing (Phyllophoraceae, Rhodophyta) reveals two characteristic florideophyte organellar genomes
	mkchap1219636__ack
	Disclosure statement
	References



<<
	/PreserveCopyPage true
	/MonoImageDownsampleType /Bicubic
	/MonoImageDict <<
		/K -1
	>>
	/ParseICCProfilesInComments true
	/PreserveHalftoneInfo false
	/TransferFunctionInfo /Preserve
	/GrayImageMinResolution 150
	/EncodeColorImages true
	/AutoFilterGrayImages true
	/ImageMemory 1048576
	/PDFXRegistryName ()
	/EmbedJobOptions true
	/MonoImageFilter /CCITTFaxEncode
	/PDFXNoTrimBoxError true
	/ASCII85EncodePages false
	/DefaultRenderingIntent /Default
	/GrayImageAutoFilterStrategy /JPEG
	/PDFXCompliantPDFOnly false
	/GrayImageFilter /DCTEncode
	/ColorImageResolution 150
	/DownsampleMonoImages true
	/EncodeGrayImages true
	/ColorImageFilter /DCTEncode
	/PreserveDICMYKValues false
	/GrayImageMinDownsampleDepth 2
	/ParseDSCComments true
	/ColorImageAutoFilterStrategy /JPEG
	/EmbedOpenType false
	/AntiAliasMonoImages false
	/JPEG2000ColorImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/ColorImageDepth -1
	/CreateJDFFile false
	/PreserveEPSInfo false
	/PDFXSetBleedBoxToMediaBox true
	/DSCReportingLevel 0
	/NeverEmbed [
	]
	/Optimize true
	/Description <<
		/DEU <>
		/NOR <>
		/ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
		/CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
		/KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
		/ESP <>
		/FRA <>
		/SUO <>
		/JPN <>
		/NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
		/ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
		/CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
		/DAN <>
		/PTB <>
		/SVE <>
	>>
	/CreateJobTicket false
	/EndPage -1
	/MonoImageDepth -1
	/GrayImageResolution 150
	/AutoFilterColorImages true
	/AlwaysEmbed [
	]
	/ColorImageMinResolution 150
	/ParseDSCCommentsForDocInfo true
	/sRGBProfile (sRGB IEC61966-2.1)
	/AutoRotatePages /All
	/MonoImageResolution 600
	/AllowTransparency false
	/GrayACSImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/DoThumbnails false
	/GrayImageDepth -1
	/AntiAliasGrayImages false
	/ColorImageDownsampleThreshold 1.5
	/CompressObjects /Tags
	/AntiAliasColorImages false
	/EmbedAllFonts true
	/ColorImageMinResolutionPolicy /OK
	/PDFXOutputConditionIdentifier ()
	/PreserveFlatness true
	/DownsampleColorImages true
	/MonoImageDownsampleThreshold 1.5
	/PDFXOutputIntentProfile ()
	/GrayImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/UsePrologue false
	/ColorACSImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/JPEG2000GrayACSImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/ColorConversionStrategy /sRGB
	/EmitDSCWarnings false
	/MonoImageMinResolutionPolicy /OK
	/UCRandBGInfo /Remove
	/DetectCurves 0.1
	/ColorSettingsFile (None)
	/CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
	/GrayImageDownsampleThreshold 1.5
	/CropColorImages true
	/MonoImageMinResolution 600
	/JPEG2000ColorACSImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/CalRGBProfile (sRGB IEC61966-2.1)
	/CompressPages true
	/Binding /Left
	/PDFXTrapped /False
	/PDFX3Check false
	/DetectBlends true
	/JPEG2000GrayImageDict <<
		/Quality 15
		/TileHeight 256
		/TileWidth 256
	>>
	/GrayImageDownsampleType /Bicubic
	/CompatibilityLevel 1.6
	/PassThroughJPEGImages false
	/PDFXOutputCondition ()
	/CannotEmbedFontPolicy /Warning
	/AllowPSXObjects true
	/LockDistillerParams true
	/ConvertImagesToIndexed true
	/GrayImageMinResolutionPolicy /OK
	/PDFXBleedBoxToTrimBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/AutoPositionEPSFiles true
	/PDFXTrimBoxToMediaBoxOffset [
		0.0
		0.0
		0.0
		0.0
	]
	/DownsampleGrayImages true
	/PDFX1aCheck false
	/CropGrayImages true
	/CalGrayProfile (Gray Gamma 2.2)
	/CropMonoImages true
	/SubsetFonts true
	/ColorImageDownsampleType /Bicubic
	/CheckCompliance [
		/None
	]
	/PreserveOPIComments false
	/PreserveOverprintSettings true
	/EncodeMonoImages true
	/MaxSubsetPct 100
	/ColorImageMinDownsampleDepth 1
	/ColorImageDict <<
		/VSamples [
			1.0
			1.0
			1.0
			1.0
		]
		/QFactor 0.4
		/HSamples [
			1.0
			1.0
			1.0
			1.0
		]
	>>
	/OPM 1
	/StartPage 1
>>
setdistillerparams
<<
	/PageSize [
		612.0
		792.0
	]
	/HWResolution [
		600
		600
	]
>>
setpagedevice


