New Phytologist Supporting Information
Article title: Spatio-temporal patterning of arginyl-tRNA protein transferase (ATE) contributes
to gametophytic development in a moss
Authors: Christian Schuessele, Sebastian N. W. Hoernstein, Stefanie J. Mueller, Marta Rodriguez
Franco, Timo Lorenz, Daniel Lang, Gabor L. Igloi and Ralf Reski
Article acceptance date: 14 August 2015

The following Supporting Information is available for this article:
Fig. S1 Plasmid used for intracellular localization of ATE.
Fig. S2 The Physcomitrella patens ATE gene.
Fig. S3 Amplification of the ATE CDS using protonema and gametophore cDNA.
Fig. S4 Phylogenetic tree of plant ATE proteins.
Fig. S5 Phylogenetic tree of NTAN proteins.
Fig. S6 Phylogenetic tree of NTAQ proteins.
Fig. S7 Phylogenetic tree of PRT6 proteins.
Fig. S8 Phylogenetic tree of PRT1 proteins.
Fig. S9 ATE:GUS knock-in construct.
Fig. S10 FCM analysis of WT, three d|ate mutant lines and three ATE:GUS knock-in lines.
Fig. S11 Analysis of 5´- and 3´- integration of the ATE:GUS lines.
Fig. S12 ATE:GUS reporter lines #3 and #14 show the same staining as ATE:GUS reporter line #9.
Fig. S13 ATE knock-out construct and absence of transcript in d|ate.
Fig. S14 d|ate forms caulonema, shows normal gravitropism and delayed senescence.
Fig. S15 Quantification of starch content in Physcomitrella patens WT and d|ate #1.
Fig. S16 Gradual accumulation of starch in d|ate #1 protonema.

Fig. S17 Staining of oil bodies in wild type and d|ate leaflets.
Fig. S18 d|ate growth is not influenced by sugars or day length.
Fig. S19 Chloroplasts of the ate1ate2 mutant in Arabidopsis show no difference in starch
accumulation.
Table S1 Primer list.

Fig. S1 Plasmid used for intracellular localization of ATE. bla (red), ampicillin resistance; hpt
(black), resistance cassette containing a hygromycinphosphotransferase; Act5-P (grey), PpAct5
promoter; ATE (blue), ATE CDS without stop-codon; GFP (green), green fluorescent protein;
nos-T (black), nos (nopaline synthase) terminator.

Fig. S2 The Physcomitrella patens ATE gene. Grey, untranslated regions (UTRs); green, exons of
the coding sequence sizes: 5´UTR, total: 1065 bp, exons: 672 bp; CDS, total: 3655 bp, exons:
2104 bp; 3´UTR, total: 1045 bp, exons: 738 bp.

Fig. S3 Amplification of the ATE CDS using protonema and gametophore cDNA. ATE CDS of four
different protonemal cDNA and four different gametophoric cDNA samples (expected fragment
size c. 2200 bp). A plasmid containing the complete ATE CDS was taken as positive control.

Fig. S4 Phylogenetic tree of plant ATE proteins. Based on previously established family
definitions (Zimmer et al., 2013), protein sequences of members of the ATE gene family were
aligned using MAFFT L-INSI (Katoh & Standley, 2013), mapped to CDS and used to infer speciestree informed ML phylogenies using PHYML as implemented by the TreeBest algorithm with
subsequent tree reconciliation analysis to infer duplication events based on a species tree
established previously (Lang et al., 2008). Five-letter species nomenclature: Arath, Arabidopsis
thaliana; Chlre, Chlamydomonas reinhardtii; Orysa, Oryza sativa; Phypa, Physcomitrella patens;
Poptr, Populus trichocarpa; Selmo, Selaginella moellendorffii. The numbers at the branchings
represent bootstrap values.

Fig. S5 Phylogenetic tree of NTAN proteins. Based on previously established family definitions
(Zimmer et al., 2013), protein sequences of members of the NTAN gene family were aligned
using MAFFT L-INSI (Katoh & Standley, 2013), mapped to CDS and used to infer species-tree
informed ML phylogenies using PHYML as implemented by the TreeBest algorithm with
subsequent tree reconciliation analysis to infer duplication events based on a species tree
established previously (Lang et al., 2008). Five-letter species nomenclature: Arath, Arabidopsis
thaliana; Chlre, Chlamydomonas reinhardtii; Orysa, Oryza sativa; Poptr, Populus trichocarpa;
Selmo, Selaginella moellendorffii. The numbers at the branchings represent bootstrap values.

Fig. S6 Phylogenetic tree of NTAQ proteins. Based on previously established family definitions
(Zimmer et al., 2013), protein sequences of members of the NTAQ gene family were aligned
using MAFFT L-INSI (Katoh & Standley, 2013), mapped to CDS and used to infer species-tree
informed ML phylogenies using PHYML as implemented by the TreeBest algorithm with
subsequent tree reconciliation analysis to infer duplication events based on a species tree
established previously (Lang et al., 2008). Five-letter species nomenclature: Arath, Arabidopsis
thaliana; Chlre, Chlamydomonas reinhardtii; Orysa, Oryza sativa; Poptr, Populus trichocarpa;
Selmo, Selaginella moellendorffii. The numbers at the branchings represent bootstrap values.

Fig. S7 Phylogenetic tree of PRT6 proteins. Based on previously established family definitions
(Zimmer et al., 2013), protein sequences of members of the PRT6 gene family were aligned
using MAFFT L-INSI (Katoh & Standley, 2013), mapped to CDS and used to infer species-tree
informed ML phylogenies using PHYML as implemented by the TreeBest algorithm with
subsequent tree reconciliation analysis to infer duplication events based on a species tree
established previously (Lang et al., 2008). Five-letter species nomenclature: Arath, Arabidopsis
thaliana; Chlre, Chlamydomonas reinhardtii; Orysa, Oryza sativa; Poptr, Populus trichocarpa;
Selmo, Selaginella moellendorffii. The numbers at the branchings represent bootstrap values.

Fig. S8 Phylogenetic tree of PRT1 proteins. Based on previously established family definitions
(Zimmer et al., 2013), protein sequences of members of the PRT1 gene family were aligned
using MAFFT L-INSI (Katoh & Standley, 2013), mapped to CDS and used to infer species-tree
informed ML phylogenies using PHYML as implemented by the TreeBest algorithm with
subsequent tree reconciliation analysis to infer duplication events based on a species tree
established previously (Lang et al., 2008). Five-letter species nomenclature: Arath, Arabidopsis
thaliana; Chlre, Chlamydomonas reinhardtii; Orysa, Oryza sativa; Poptr, Populus trichocarpa;
Selmo, Selaginella moellendorffii. The numbers at the branchings represent bootstrap values.

Fig. S9 ATE:GUS knock-in construct. Grey, untranslated regions (UTRs); green, exons of the
coding sequence; white, homologous regions (HR); blue, coding sequence of betaglucuronidase (GUS). Sizes: 5´UTR, total: 1065 bp, exons: 672 bp; CDS, total: 3655 bp, exons:
2104 bp; 3´UTR, total: 1045 bp, exons: 738 bp; HR, 800 bp each; GUS: 3418 bp.

Fig. S10 FCM analysis of WT, three d|ate mutant lines and three ATE:GUS knock-in lines. Ploidy
analysis on a Cyflow®Space flow cytometry system of protonema grown in liquid cultures. The
labelled peaks represent cells in different stages of the cell cycle. Haploid plants show a
dominant G2 peak, while the minor peaks at G1 and 2CG2 represent young caulonema cells and
buds (G1) and older diploid caulonema cells (2CG2), respectively.

Fig. S11 Analysis of 5´- and 3´- integration of the ATE:GUS lines. (a) Analysis of 5´integration of
the ATE:GUS lines (expected fragment size c. 2500 bp). (b) Analysis of 3´integration of the
ATE:GUS lines (expected fragment size c. 3000 bp).

Fig. S12 ATE:GUS reporter lines #3 and #14 show the same staining as ATE:GUS reporter line #9.
(a) ATE:GUS reporter line #3. Bar, 500 µm. (b) ATE:GUS reporter line #14. Bar, 500 µm.

Fig. S13 ATE knock-out construct and absence of transcript in d|ate lines. (a) ATE knock-out
construct. Grey, untranslated regions (UTRs); green, exons of the coding sequence; white,
homologous regions (HR); blue, resistance cassette containing a coding sequence for a
neomycin phosphotransferase (npt). Sizes: 5´UTR, total: 1065 bp, exons: 672 bp; CDS, total:
3655 bp, exons: 2104 bp; 3´UTR, total: 1045 bp, exons: 738 bp; HR, 800 bp each; npt, 1516 bp.
(b) Absence of transcript in d|ate. Upper part: ATE transcript (Exon5 + Exon6, 611 bp) is visible
in wild-type cDNA and in d|ate #4, which was a false-positive survivor of selection. Wild-type
gDNA yields the expected fragment at 904 bp. d|ate #1, #2 and #3 were chosen for further
analysis. Lower part: EF1a control (411 bp) is visible in all cDNAs, in gDNA the expected larger
fragment (1,346 bp) is visible.

Fig. S14 d|ate forms caulonema, shows normal gravitropism and delayed senescence. Wildtype and d|ate plants were grown horizontally in light for 2 wk and transferred vertically for 2
wk in darkness. All plants show a gravitropic growth of caulonema filaments. Although equal
amounts of plant material were used, the d|ate plants showed a reduced growth rate both in
light and in darkness. In contrast to wild type, the d|ate mutant plants stay green after
prolonged cultivation in the dark.

Fig. S15 Quantification of starch content in Physcomitrella patens wild-type (WT) and d|ate #1
as mg per gram fresh weight. WT, wild-type plants contain 0.83 +/- 0.29 mg starch/g fresh
weight (n = 6). d|ate: d|ate plants contain 9.96 +/-1.13 mg starch/g fresh weight (n = 12). This is
statistically significant by a P-value < 0.0001.

Fig. S16 Gradual accumulation of starch in d|ate #1 protonema. (a) Wild-type protonema shows
hardly any starch staining. (b) d|ate protonema filament shows a starch gradient, ascending
from the tip of the filament. Bars, 20 µm.

Fig. S17 Staining of oil bodies in wild type and d|ate leaflets with Sudan Black B. Arrows indicate
visible oil bodies. (a) Leaflet of a wild type gametophore, Bar, 20µm. (b) Leaflet of a d|ate
gametophore. Bar, 20µm.

Fig. S18 d|ate growth is not influenced by sugars or day length. (a) On minimal medium the
wild-type shows normal growth with usual gametophore development, while d|ate plants grow
very slowly and show no gametophore development. If glucose or sucrose is added, wild-type
plants show denser growth, with normal gametophore development, while d|ate plants are
hardly affected in growth. (b) Transferred to continuous light, wild-type plants as well as d|ate
plants show similar growth as in regular light to dark regime on minimal medium. If glucose or
sucrose is added wild-type plants show denser growth, with normal gametophore
development, while the d|ate plants remain unaffected.

Fig. S19 Chloroplasts of the ate1ate2 mutant in Arabidopsis show no difference in starch
accumulation (long-day conditions). The plants grown in short-day conditions did not differ in
the chloroplast phenotype. (a) Detail of Arabidopsis wild-type leaf cells. Bar, 5µm. (b) Close-up
of chloroplast of Arabidopsis wild-type. Bar, 2µm. (c) Detail of Arabidopsis ate1ate2 leaf cells.
Bar, 5µm. (d) Close-up of chloroplast of Arabidopsis ate1ate2. Bar, 2µm.

Table S1 Primer list. Primers are given in their 5´ to 3´ orientation
Name

Sequence

Application

ATE-KO-HS1_fwd

TTCTCGAGTTTGCTGCAATTCTCACAGG

ATE-KO-HS1_rev

GCTTTCCCGGGTTTATTTAGTTAC

ATE-KO-HS2_fwd

GAGTTGTCGACATACTGCCTTGT

ATE-KO-HS2_rev

Arg_cDNA_fwd

TTCTCGAGTCAGCTTACACACCTCGA
ATG
GATCCCCGGGATCGGATCCTGTCAAACA
CT
GATCGTCGACATCAAGCTTGACAGGAGG
C
CTCGAGGGGGGAGGAGGAGAAGGAA

amplification of 5´ homologous region of KO
construct
amplification of 5´ homologous region of KO
construct
amplification of 3´ homologous region of KO
construct
amplification of 3´ homologous region of KO
construct
neomycin resistance insert of KO construct

KO-5int-npt_rev

TCGTTTCCCGCCTTCAGTTT

confirmation of 5´ integration of KO construct

KO-3int-npt_fwd

TAAATTATCGCGCGCGGTGT

confirmation of 3´ integration of KO construct

Trans-Ate_rev

CTCGAGTCATCTTGGAACCAAAAGCATG

confirmation of 3´ integration of KO construct

npt_fwd

GCCGGGGCAGGATCTCCTGT

npt_rev

CCACGAAAATATCCGAACGC

ATE-GUS-Fus_fwd

CTCGAGCCCTTTTGAAAAAGCACGTC

ATE-GUSFusOE_rev
ATE-GUSFusOE_fwd
ATE-GUS-Fus_rev

ATAGCTCCACCTCCACCTCCTCTTGGAAC
CAAAAGCATGC
CGGCTACAGCCTCGGTGGGGAATTCTTT
AGGAAAGAAATG
CTCGAGCAGGATCGGTGAAGTCCAAC

GUS+Linker_fwd
GUS_rev

GGAGGTGGAGGTGGAGCTATGGTCCGT
CCTGTAGAAAC
CCCCACCGAGGCTGTAGCCG

detection of CDS of neomycin resistance
cassette
detection of CDS of neomycin resistance
cassette
amplification of 5´ homologous region of GUS
construct
amplification of 5´ homologous region of GUS
construct
amplification of 3´ homologous region of GUS
construct
amplification of 3´ homologous region of GUS
construct
amplification of GUS with 5´ Linker

Arg_cDNA_rev

CTCGAGATCTCCTTGCCACATGTCAAAG

Ex7-8_fwd

ATGGGTCCCTTTTGAAAAAGCA

qPCR-ATE_fwd

CAGCAGTTCCTGTGGCTATTG

confirmation of 3´ integration of GUS (with
GUS+Linker_fwd)
confirmation of 5´ integration of GUS (with
GUS_rev)
qRT-PCR analysis

qPCR-ATE_rev

CCACATTCCTTGCGAAACA

qRT-PCR analysis

qPCR-TUA_fwd

CGTAGGAGGGACCAGTTTGG

qRT-PCR analysis

qPCR-TUA_rev

TGCATTCATCCCCGAGTCA

qRT-PCR analysis

qPCR-LWD_fwd

CACTGCAGGAGCTGAAATCAATC

qRT-PCR analysis

qPCR-LWD_rev

CGTAGTATCTGGAGCTTGGTGGA

qRT-PCR analysis

qPCRDEHYDRIN_fwd
qPCR-

GGCTACGGCTATGATCAACAAACG

qRT-PCR analysis

TGTGCTGTGTTCCGGATTCCAAG

qRT-PCR analysis

ATE-KO-npt_fwd
ATE-KO-npt_rev

neomycin resistance insert of KO construct
confirmation of 5´ integration of KO construct

amplification of GUS

DEHYDRIN_rev
qPCR-IAA2_fwd

qRT-PCR analysis

qPCR-IAA2_rev

TGCCTTGGGACTGGTTCATC
CACAGCACCTTGGGCTTTCA

Trans-ATE_fwd

CTCGAGATGAGCAGCATGAGGAGG

amplification of ATE-transcript

Trans-ATE_rev

CTCGAGTCATCTTGGAACCAAAAGCATG

amplification of ATE-transcript

Tr-ATE-GFP_rev

CTCGAGTCTTGGAACCAAAAGCATGCGA

Ex5-6_fwd

GTGCATCTGGAGAACGAACA

amplification of ATE-transcript without stopcodon
RT-PCR analysis

Ex5-6_rev

ATGTACTTCGAGGGACAAAGAA

RT-PCR analysis

PpEF1a_fwd

AGCGTGGTATCACAATTGAC

RT-PCR analysis

PpEF1a_rev

GATCGCTCGATCATGTTATC

RT-PCR analysis

qRT-PCR analysis
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