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Figure S1. Selection of pf18 for comparative proteomic analysis to identify novel CA proteins. (A) Flagellar length of pf mutants. pf15 and pf18 have
normal flagellar length, whereas flagellar length is reduced in pf19. n, number of cells scored; error bars indicate standard deviation; **, significant difference
(Student’s t test, P < 0.001) compared withWT cells. (B and C) Analysis of WT and pfmutant axonemes by TEM. 97% of WT axonemes contained a normal CA.
pf15 and pf18 axonemes lacked the CA, which was replaced by electron-dense material in the lumens of 31% of pf15 axonemes and 7.5% of pf18 axonemes.
Consequently, pf18 axonemes were selected for the comparative proteomics analysis. Bars, 0.2 µm.

Zhao et al. Journal of Cell Biology S1

Proteome of a ciliary central apparatus https://doi.org/10.1083/jcb.201902017

https://doi.org/10.1083/jcb.201902017
https://doi.org/10.1083/jcb.201902017


Figure S2. Venn diagram of known and candidate CA proteins in replicates 1 and 2. The diagram shows the number of proteins from each of the two
biological replicates (Rep.) that met our criteria for candidate CA proteins based on pf18:WT ratio and protein abundance as determined by IBAQ and Top3
methods. A total 63 proteins were identified by these criteria. 19 (including PP1c) are previously known CA proteins, and 44 are candidates for being novel CA
proteins. 48 (76%) of the proteins met both criteria in both replicates. Proteins in each subgroup are as follows: (a) FAP348, FAP415; (b) FAP72; (c) FAP99,
FAP412; (d) FAP312; (e) FAP105, FAP123; (f) FAP108, FAP139, FAP275, FAP289; (g) FAP125, FAP345, FAP413, KLP1; (h) FAP194, FAP411; (i) FAP39, FAP380,
FAP414, FAP416, FAP417, DPY30; and (j) all other proteins. Protein abundance and ratios are detailed in Tables S2 and S3.
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Figure S3. Confirmation that NAP is present in WT axonemes and absent from pf18 axonemes, and HA-tagged proteins are expressed in the ax-
onemes of rescued strains. (A)Western blot of axonemes isolated fromWT and the mutant pf18 probed with an antibody to NAP. NAP is greatly decreased in
pf18 axonemes relative to WT axonemes. The outer arm dynein intermediate chain IC2 was used as a loading control. 5 µg of protein were loaded in each lane.
(B)Western blot of axonemes isolated from WT and mutant strains rescued with constructs designed to express the indicated proteins. The blot was probed
with anti-HA antibody and with an antibody to the outer arm dynein intermediate chain IC2 as a loading control. 1 µg of sample was loaded in each lane. Arrows
indicate proteins of the expected masses. (C)Western blot with samples from the FAP196-HA strain. Cell bodies (CB) and flagella (Fla) were probed with anti-
HA antibody; anti–α-tubulin was used for the loading control. Lanes were loaded with protein from an equal number of cells or 10× that number as indicated.
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Figure S4. Confirmation of mutant insertion sites by PCR. (A–F) Models for the indicated genes in WT and the Chlamydomonas Library Project mutants;
the models are based on Phytozome gene predictions (https://phytozome.jgi.doe.gov/pz/portal.html). The strain names, numbers, and mating types of the
original strains and the progenies used for further study are listed in Table S7. (G)Mutant insertion sites were confirmed by PCR with the primers indicated in
A–F; mating-type primers (MT) were used as the positive amplification control. Primer sequences are detailed in Table S8.
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Table S7. Strains used in this study

Strain name/allele Strain number Mating type Source

CC-124 mt− Strains from Witman laboratory or Chlamydomonas Resource Center

g1 mt+

pf15 CC-1033 mt+

pf16 CC-1034 mt+

pf18 CC-1036 mt+

pf19 CC-1037 mt+

fap47-1 LMJ.RY0402.172093 mt−
fap47-2 LMJ.RY0402.112485 mt−
fap70-1 LMJ.RY0402.051955 mt−
fap76-1 LMJ.RY0402.089534 mt−
fap99-1 LMJ.RY0402.183993 mt−
fap196-1 LMJ.RY0402.146355 mt−
fap246-1 LMJ.RY0402.135524 mt−
dpy30-1 LMJ.RY0402.074963 mt−
wnk1-1 LMJ.RY0402.151678 mt−
fap47-1 172093-6H mt− Strains generated by mating or rescue

fap47-2 112485-2B mt+

fap76-1 089534-2G mt−
fap99-1 183993-5A mt+

fap196-1 146355-1B mt−
fap246-1 135524-8A mt−
dpy30-1 074963-9F mt+

fap47-1 FAP47-HA 172093-6H-HA-B81 mt−
fap76-1 FAP76-HA 089534-2G-HA-20 mt−
fap99-1 FAP99-HA 183993-5A-HA-70 mt+

fap196-1 FAP196-HA 146355-1B-HA-87 mt−
fap246-1 FAP246-HA 135524-8A-HA-2 mt−
dpy30-1 DPY30-HA 074963-9F-HA-7F mt+
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Provided online are six tables in Excel. Table S1 lists all the proteins quantified in two independent biological replicates comparing
WT and pf18 axonemes. Table S2 contains the MS data for the proteins in Fig. 2. Table S3 contains the MS data for the candidate CA
proteins. Table S4 contains the MS data for Fig. 3. Table S5 contains the MS data for the immunoprecipitation experiments of
Table 3. Table S6 contains the MS data for the comparative proteomics experiments of Table 4.

Table S8. Primers used in this study

Name Sequence (59–39) Note

F0 CTGCTGAGGCTGAATCTACTC Confirmation of mutant insertion site

F1 GCCGTGGAGAAGCTGCTCAT

R1 ATGGGTTGGAGTGATGGAAC

R2 ATCTGCATCATCACGCTCTG

F3 TGGACTCGTTTGTGAGCACAC

R3 CTGATGCGATCCACAAACAC

F4 GGCAGTCATTGCTTGCCTTC

R4 ACACTGTCTCGCCTAGCCAT

F5 AACAGACGGGTCCATCTACG

R5 GGCTGATACCCGAAAACTCAC

F6 TGTTGTGCCGCGCCTGCGAG

R6 TCTTGGCTCAGCGGCTCTTG

R7 GATGGGCAGCAGAGTGTTGA

F8 CTTCCCTCTACCTGCGACTG

R8 ATTTGTAAGTCCGTGTCGCC

Mid1 ACCGGTGTTTACCGTCGAGT Mating type

Mid2 CCTTTCTGTAGGGCCACCTG

Fus3 TCCAACGCATAGCCATCAAC

Fus4 TGTTTGCTAGGGGTGCAATG

F9 CGGCTGGCGCGCCCGGGAGGCCTGTCGCGATACC Gene cloning and rescue constructs

R9 GTCGGGGCGCGCCTTGCGAGTACTGCTAGCG

F10 AGCCGCGCGCGCCCGGGGAGGCCTGTCGCGATAC

R10 ACTCGCGCGCGGGCCGGCGAGTACTGCTAGCG

F11 GGCATATGTTGAGCTGCAGCCCTTCGCAAC

R11 GACATGCCGTATGTCACGATC

F12 AGCTGGCGCGCGCGCCCCGGGGAGGCCTGTCGCGA

R12 CTTGGCCGCGCGCGGGGGCCGGCGAGTACTGCTAGC

F13 CGGGTCCAGGAGCTGTCGCGATACCCCTACGACGT

R13 TGGGCTCCTGGACCGGGGGCCGGCGAGTACTGCTA

F14 GCTTAATTAATCAGCTGCGCTGGACATGTG

R14 CTCACCATGCTGGGTTGGAAG

F15 AACGGATCCTAGAGACATCAGGCGTTG

R15 CGGAAGCTTCCGCCATGAGCCCCACTC

F16 TTCGCCCGCGGCCGGAGGCCTGTCGCGAT

R16 GCACCGCGGCGGGCCGGCGAGTACTGCTA

F17 CCCCCCGGGGCCATATCCTGCGGCACTTAC

R17 CCTTAATTAAACGGTATCCGCCAAGGTATG

F18 GCGGGCGCGCCCGGAGGCCTGTCGCGATACC

R18 GCGGGCGCGCCGCGAGTACTGCTAGCGGCGTA

Zhao et al. Journal of Cell Biology S6

Proteome of a ciliary central apparatus https://doi.org/10.1083/jcb.201902017

https://doi.org/10.1083/jcb.201902017

	Proteome of the central apparatus of a ciliary axoneme
	Introduction
	Results
	Selection of pf18 for comparative MS analysis to identify novel CA proteins
	Quantitative MS accurately reports abundances of known axonemal proteins in WT and pf18 axonemes
	44 novel CA candidate proteins were identified by MS analysis
	Assignment of candidate novel CA proteins to the C1 or C2 microtubule
	Selected candidate CA proteins were confirmed to localize in the CA
	Interacting partners of novel CA proteins and assignment to specific projections of the CA
	Proteins missing or reduced in axonemes of insertional mutants

	Discussion
	The ensemble of CA proteins is likely to be at least three times greater than previously known
	Assignment of proteins to the C1 or C2 microtubule
	Some candidate proteins can be assigned to specific CA projections
	NAP
	Mutants with defects in novel CA proteins reveal new roles for CA structures
	Estimated mass of CA projections versus predicted mass of CA proteins
	Concluding remarks

	Materials and methods
	Strains and culture conditions
	Flagella preparation and fractionation
	Genetic crossing
	Immunofluorescence and EM
	Gene cloning and vector construction
	Immunoprecipitation and identification of interacting partners
	Western blotting
	Motility analysis, photobehavioral assays, and flagellar length measurement
	MS
	Data analysis
	Domain predictions
	Online supplemental material

	Acknowledgments
	References

	jcb201902017si.pdf
	Outline placeholder
	Supplemental material
	Zhao et al., https://doi.org/10.1083/jcb.201902017
	.






<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue true
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 299
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 299
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




