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Supplemental material and methods 
Plasmid constructs 
 
pCaSpeR4-EGFP-Mpskd 
Construct for expression of kinase-dead Mps1 N-terminally tagged with EGFP under control 
of the cis-regulatory region of Mps1. pCaSpeR-EGFP-Mps1 (Fischer et al., 2004) was cut 
with NotI and Asp718. The resulting EGFP-Mps1 fragment was transposed into the 
corresponding sites of pBluescriptIIKS(-) resulting in cloning intermediate 1 (pBluescript-
EGFP-Mps1). The point mutation A1778C in the Mps1 coding sequence leading to the amino 
acid exchange Asp478 to Ala (D478A) was introduced into cloning intermediate 1 using the 
QuikChangeII site-directed mutagenesis kit (Stratagene) and the primers AF5 
(GTTGATCGCTTTTGGCATAGCCAG) and AF6 (GCTATGCCAAAAGCGATCAACTTC). The resulting 
cloning intermediate 2 (pBluescript-EGFP-Mps1kd) and pCaSpeR-EGFP-Mps1 were digested 
with BglII, followed by replacement of the relevant BglII fragment in pCaSpeR-EGFP-Mps1 
in order to arrive at pCaSpeR-EGFP-Mps1kd. 
 
pCaSpeR4-EGFP-Mps1N 
Construct for expression of the N-terminal domain of Mps1 (aa 1–332) N-terminally tagged 
with EGFP under control of the cis-regulatory region of Mps1. Inverse PCR was performed 
with cloning intermediate 1 as template using the primers AF1 
(ATTCTCGAGTTTTAAAATATTAGATGTCTTGTG) and AF2 
(AACCTCGAGTAAGCACGAAAGCTCAGCTA), which introduced an XhoI site instead of the 
sequence of Mps1C. Cutting of the product with XhoI and ligating resulted in cloning 
intermediate 3 (pBluescript-EGFP-Mps1N). Cloning intermediate 3 was digested with NotI 
and Asp718, and the excised fragment containing the EGFP-Mps1N sequence was transposed 
into the corresponding sites in pCaSpeR4 resulting in pCaSpeR4-EGFP-Mps1N. 
 
pCaSpeR4-EGFP-Mps1C 
Construct for expression of the C-terminal domain of Mps1 (aa 325–630) N-terminally tagged 
with EGFP under control of the cis-regulatory region of Mps1. Inverse PCR was performed 
with cloning intermediate 1 as template using the primers AF3 
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(TCCCCCATGGCATCTAATATTTTAAAAATCAAGAA) and AF4 (CGGGGCACAGGCGTGG), which 
introduced an NcoI site instead of the sequence of Mps1N. Cutting of the product with NcoI 
and ligating resulted in cloning intermediate 4 (pBluescript-EGFP-Mps1C). Cloning 
intermediate 4 was digested with NotI and Asp718, and the excised fragment containing the 
EGFP-Mps1C sequence was transposed into the corresponding sites in pCaSpeR4 resulting in 
pCaSpeR4-EGFP-Mps1C. 
 
pUAST-EGFP-Mps1 and pUAST-EGFP-Mps1kd 
Constructs for ectopic expression of wild type or kinase dead Mps1 N-terminally tagged with 
EGFP by the UAS/GAL4 system. EGFP was amplified from pUAST-EGFP-Cenp-C(C) 
(Heeger et al., 2005) using the primers AF9 (GGGAATTGGGAATTCGTTAAC) and AF10 
(GGATTTCTGGCGGCCGCCTTGTACAGCTCGTCCATG), which introduced a flanking NotI site. 
After digestion with BglII and NotI, the PCR fragment was transposed into the corresponding 
sites in pUAST resulting in cloning intermediate 5 (pUAST-EGFPΔTAA). The Mps1 and 
Mps1kd sequences were amplified from pCaSpeR4-EGFP-Mps1 or pCaSpeR4-EGFP-Mps1kd 
using the primers AF12 (GAATAAATCGGCGGCCGCGATGACCACGCCTGTGCC) and AF13 
(TTGGTACCTTAATTGCTGTTGGCGGTTC), which introduced flanking NotI or Asp718 sites, 
respectively. After digestion with NotI and Asp718, the PCR fragments were transposed into 
the corresponding sites in cloning intermediate 5 resulting in pUAST-EGFP-Mps1 and 
pUAST-EGFP-Mps1kd. 
 
pUAST-EGFP-Mps1N 
Construct for ectopic expression of the N-terminal domain of Mps1 (aa 1–332) N-terminally 
tagged with EGFP by the UAS/GAL4 system. The Mps1N sequence was amplified from the 
EST plasmid LD04521 (Rubin et al., 2000) using the primers AF12 
(GAATAAATCGGCGGCCGCGATGACCACGCCTGTGCC) and AF39 
(GTATAGGTACCTTACTTGATTTTTAAAATATTAGATGTC), which introduced a flanking NotI or 
Asp718 site, respectively. After digestion with NotI and Asp718, the PCR fragment was 
transposed into the corresponding sites in pUAST-EGFP-MCS (Schittenhelm et al., 2007) 
resulting in pUAST-EGFP-Mps1N. 
 
pUAST-EGFP-Mps1C 
Construct for ectopic expression of the C-terminal domain of Mps1 (aa 325–630) N-
terminally tagged with EGFP by the UAS/GAL4 system. The Mps1C sequence was amplified 
from the EST plasmid LD04521 (Rubin et al., 2000) using the primers AF13 
(TTGGTACCTTAATTGCTGTTGGCGGTTC) and AF40 
(CTCCAGAGCAGGCGGCCGCCAAGACATCTAATATTTTAAAAATC), which introduced a flanking 
NotI or Asp718 site, respectively. After digestion with NotI and Asp718, the PCR fragment 
was transposed into the corresponding sites in pUAST-EGFP-MCS (Schittenhelm et al., 2007) 
resulting in pUAST-EGFP-Mps1C. 
 
pUAST-EGFP-Mps1Ckd 
Construct for ectopic expression of the kinase dead C-terminal domain of Mps1 (aa 325–630) 
N-terminally tagged with EGFP by the UAS/GAL4 system. The point mutation A1778C was 
introduced into the EST plasmid LD04521 (Rubin et al., 2000) using the QuikChangeII site-
directed mutagenesis kit (Stratagene) and the primers AF5 (GTTGATCGCTTTTGGCATAGCCAG) 
and AF6 (GCTATGCCAAAAGCGATCAACTTC). This step resulted in cloning intermediate 6 
(LD04521-Mps1kd). The Mps1Ckd sequence was amplified from cloning intermediate 6 using 
the primers AF13 (TTGGTACCTTAATTGCTGTTGGCGGTTC) and AF40 
(CTCCAGAGCAGGCGGCCGCCAAGACATCTAATATTTTAAAAATC), which introduced a flanking 
NotI or Asp718 site, respectively. After digestion with NotI and Asp718, the PCR fragment 
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was transposed into the corresponding sites in pUAST-EGFP-MCS (Schittenhelm et al., 2007) 
resulting in pUAST-EGFP-Mps1Ckd. 
 
pUAST-EGFP-bub1 
Construct for ectopic expression of Bub1 N-terminally tagged with EGFP by the UAS/GAL4 
system. The bub1 sequence was amplified from the EST plasmid LD22858 (Rubin et al., 
2000) using the primers CS6 (CGCGTCGGTACCAGATGGCCATGCACTCGTA) and CS7 
(GAATATCTAGATTATCGTCGATGCAGGATGT), which introduced a flanking Asp718 or XbaI site, 
respectively. After digestion with Asp718 and XbaI, the PCR fragment was transposed into 
the corresponding sites in pUAST-EGFP-MCS (Schittenhelm et al., 2007) resulting in pUAST-
EGFP-bub1. 
 
pUAST-EGFP-mad2 
Construct for ectopic expression of Mad2 N-terminally tagged with EGFP by the UAS/GAL4 
system. The mad2 sequence was amplified from genomic Drosophila melanogaster DNA 
using the primers RaS232 (CGACTGCGGCCGCAATGTCAACTGCCCAGGCG) and RaS233 
(GGTACGGTACCTTAAGTGCTCATCTTGTAGTTG), which introduced a flanking NotI or Acc65I 
site, respectively. After digestion with NotI and Acc65I, the PCR fragment was transposed 
into the corresponding sites in pUAST-EGFP-MCS (Schittenhelm et al., 2007) resulting in 
pUAST-EGFP-mad2. 
 
pUAST-EGFP-STOP 
Constructs for ectopic expression of EGFP by the UAS/GAL4 system. These plasmids were 
designed to serve as control plasmids for the expression effects of EGFP-BubR1. The point 
mutation A3611G in the bubR1 coding sequence leading to the amino acid exchange Lys1204 
to Arg (K1204R) was introduced into the EST plasmid LD23835 (Stapleton et al., 2002) 
using the QuikChangeII site-directed mutagenesis kit (Stratagene) and the primers CS10 
(GTCGCGCTCAGGCAGGAACGG) and CS11 (CCGTTCCTGCCTGAGCGCGAC). This step resulted in 
cloning intermediate 7 (LD23835-bubR1kd) The bubR1 or bubR1kd sequences were amplified 
from LD23835 or cloning intermediate 7, respectively, using the primers CS8 
(TTGAGGCGGCCGCTATGGACTTTTGACAATGCGAA) and CS9 
(CAAGACTCGAGCTATTTCTGCAATATCGTGTTAA), which introduced a TGA stop-codon by a 
frameshift directly after the start codon of the bubR1 sequence and a flanking NotI or XhoI 
site, respectively. After digestion with NotI and XhoI, the PCR fragment was inserted into the 
corresponding sites in pUAST-EGFP-MCS (Schittenhelm et al., 2007) resulting in pUAST-
EGFP-STOP constructs. 
 
pUAST-EGFP-bubR1 and pUAST-EGFP-bubR1kd 
Constructs for ectopic expression of wild type or kinase dead BubR1 N-terminally tagged 
with EGFP by the UAS/GAL4 system. Both pUAST-EGFP-STOP constructs were digested 
with NotI, and a primer hybrid of CS22 (GGCCCGCCCTCGAGCAATCG) and CS23 
(GGCCCGATTGCTCGAGGGCG) was ligated in order to reverse the frameshift causing the 
premature stop in the pUAST-EGFP-STOP constructs. This resulted in pUAST-EGFP-bubR1 
and pUAST-EGFP-bubR1kd. 
 
pUAST-Mps1 
Constructs for ectopic expression of wild type or kinase-dead Mps1 by the UAS/GAL4 
system. 
pUAST-EGFP-Mps1 was digested with Acc65I and NotI, and the resulting fragment 
containing the Mps1 sequence was transposed into the respective sites in pUAST, resulting in 
pUAST-Mps1. 
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pUAST-10myc-Mps1 and pUAST-10myc-Mps1kd 
Constructs for ectopic expression of wild type or kinase dead Mps1 N-terminally tagged with 
10xmyc by the UAS/GAL4 system. 10myc was amplified from pCaSpeR4-10myc-Nuf2 
(Schittenhelm et al., 2007) using the primers AF56 
(TCTGGATTGCGGCCGCATGGGCGGCGCCCATG) and AF57 
(ATATCGCCGCGGCCGCGCCTGGGTTTTCGAATGCC), which introduced flanking NotI sites. After 
digestion with NotI, the PCR fragment was transposed into the NotI site in pUAST-Mps1 or 
pUAST-Mps1kd, respectively, resulting in pUAST-10myc-Mps1 and pUAST-10myc-Mps1kd. 
 
pUAST-EGFP-Cenp-CC-Mps1 and pUAST-EGFP-Cenp-CC-Mps1kd 
Constructs for ectopic expression of fusion proteins of wild type or kinase dead Mps1 with the 
C-terminal domain of Cenp-C N-terminally tagged with EGFP by the UAS/GAL4 system. 
EGFP-Cenp-CC was amplified without stop codon of Cenp-C from pUAST-EGFP-Cenp-CC 
(Heeger et al., 2005) using the primers AF9 (GGGAATTGGGAATTCGTTAAC) and AF11 
(CAAAGATCCTGCGGCCGCACTGCGTATACACATCAGCA), which introduced a flanking NotI site. 
After digestion with BglII and NotI, the PCR fragment was transposed into the two 
corresponding sites in pUAST resulting in cloning intermediate 8 (pUAST-EGFP-
CenpCCΔTAG). The Mps1 sequence was amplified from pCaSpeR4-EGFP-gMps1 (Fischer et 
al., 2004) and the Mps1kd sequence was amplified from pCaSpeR4-EGFP-gMps1kd with AF12 
(GAATAAATCGGCGGCCGCGATGACCACGCCTGTGCC) and AF13 
(TTGGTACCTTAATTGCTGTTGGCGGTTC), which introduced a flanking NotI or Asp718 site, 
respectively. After digestion with NotI and Asp718, the PCR fragments were transposed into 
the corresponding sites in cloning intermediate 8 resulting in pUAST-EGFP-Cenp-CC-Mps1 
and pUAST-EGFP-Cenp-CC-Mps1kd. 
 
pUAST-EGFP-Mps1-Nuf2 and pUAST-EGFP-Mps1kd-Nuf2 
Construct for ectopic expression of fusion proteins of wild type or kinase dead Mps1 with 
Nuf2 N-terminally tagged with EGFP by the UAS/GAL4 system. The Mps1 and Mps1kd 
sequences were amplified from pUAST-EGFP-Mps1 and pUAST-EGFP-Mps1kd using the 
primers RaS27 (TCGTGACCGCCGCCGGG) and CS13 
(GCTTTGCGGCCGCATTGCTGTTGGCGGTTCTGC), which introduced a flanking NotI site. After 
digestion with NotI, the PCR fragments were transposed into the corresponding site in 
pUAST-EGFP-Nuf2 (Schittenhelm et al., 2007) resulting in pUAST-EGFP-Mps1-Nuf2 and 
pUAST-EGFP-Mps1kd-Nuf2. 
 
pUAST-Torso(EC/TM)-EGFP-Mps1 
Construct for ectopic expression of a fusion protein of Mps1 with the extracellular and trans-
membrane domain (EC/TM) of Torso receptor tyrosine kinase internally tagged with EGFP 
by the UAS/GAL4 system. The EGFP-Mps1 sequence was amplified from pUAST-EGFP-
Mps1 using the primers AF42 (CCTCCTGGGTCACCATGGTGAGCAAGGGCGAGG) and AF43 
(AGCTGGCTAGCTATCTTATAAGTAAACGCAAATTA), which introduced a flanking NheI or Eco91I 
site, respectively. After digestion with NheI and Eco91I, the PCR fragment was transposed 
into the corresponding sites in pUAST-Torso-HA-CycA (Dienemann and Sprenger, 2004) to 
replace the HA-CycA sequence resulting in pUAST-Torso-EGFP-Mps1. 
 
pUAST-Torso(EC/TM)4021-EGFP-Mps1 
Construct for ectopic expression of a fusion protein of Mps1 with the extracellular and trans-
membrane domain (EC/TM) of Torso receptor tyrosine kinase carrying a point mutation to 
allow receptor-independent dimerization internally tagged with EGFP by the UAS/GAL4 
system. pUAST-Torso(EC/TM)-EGFP-Mps1 was digested with NotI and the resulting 
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Torso(EC/TM)-EGFP fragment was inserted in the corresponding site in pBluescriptII KS(-) 
resulting in cloning intermediate 9: pBluescript-Torso(EC/TM)-EGFP. The point mutation 
A980G in the Torso coding sequence leading to the amino acid exchange Tyr327 to Cys (as in 
the gain-of-function allele Torso4021 (Sprenger and Nusslein-Volhard, 1992)) was introduced 
into cloning intermediate 9 using the QuikChangeII site-directed mutagenesis kit (Stratagene) 
and the primers AF47 (CCGGATAACTGTACACTTCACATC) and AF48 
(GTGAAGTGTACAGTTATCCGGC). This step resulted in cloning intermediate 10: pBluescript-
Torso(EC/TM)4021-EGFP. Cloning intermediate 10 and pUAST-Torso(EC/TM)-EGFP-Mps1 
were digested with NotI and the resulting Torso(EC/TM)4021-EGFP fragment from cloning 
intermediate 10 replaced the respective fragment in the pUAST-Torso(EC/TM)-EGFP-Mps1 
construct resulting in pUAST-Torso(EC/TM)4021-EGFP-Mps1. 
 
pUAST-Cenp-CC-bubR1 
Construct for ectopic expression of a fusion protein of BubR1 with the C-terminal domain of 
Cenp-C N-terminally tagged with EGFP by the UAS/GAL4 system. pUAST-EGFP-Cenp-CC-
Mps1 was digested with EcoRI and NotI and the resulting EGFP-Cenp-CC fragment was 
transposed into the corresponding sites in pUAST resulting in cloning intermediate 11 
(pUAST-EGFP-Cenp-CC-MCS). The bubR1 sequence was amplified as described for pUAST-
EGFP-STOP. After digestion with NotI and XhoI, the PCR fragment was inserted into the 
two corresponding sites in cloning intermediate 11 resulting in cloning intermediate 12 
(pUAST-EGFP-Cenp-CC-STOP). Cloning intermediate 12 was digested with NotI, and a 
primer hybrid of CS22 (GGCCCGCCCTCGAGCAATCG) and CS23 (GGCCCGATTGCTCGAGGGCG) 
was ligated in order to reverse the frameshift causing the premature stop in pUAST-EGFP-
Cenp-CC-STOP. This resulted in pUAST-EGFP-Cenp-CC-bubR1. 
 
pCaSpeR4-i2xtdTomato-Cenp-C 
Construct for the expression of Cenp-C internally tagged with 2xtdTomato under control of its 
cis-regulatory region. The tdTom (tandemTomato) sequence was amplified twice from 
pRSET-B-tdTom  first using the primers SN1 (GGGGGTACCTGGTGAGCAAGGGCGAGG) and SN3 
(AGCCGCGCTAGCCTTGTACAGCTCGTCCATGC), which introduced a flanking Acc65I or NheI 
site, respectively, and second using the primers SN4 
(ATTGGGGCTAGCGTGAGCAAGGGCGAGGAG) and SN5 
(CGCGGATCCGGTACCACTTGTACAGCTCGTCCATG), which introduced a flanking NheI or BamHI 
site, respectively. After digestion of the first PCR product with Acc65I and NheI, the 
fragment was transposed into the corresponding sites in pSLfa1180fa (Horn and Wimmer, 
2000) resulting in cloning intermediate 13 (pSL-tdTom). After digestion of the second PCR 
product with NheI and BamHI the fragment was transposed into the corresponding sites in 
cloning intermediate 13 resulting in cloning intermediate 14 (pSL-2xtdTom). The 2xtdTom 
sequence was excised from cloning intermediate 14 with Acc65I, and the fragment was 
transposed into the BsiWI site in pCaSpeR4-Cenp-C (Heeger et al., 2005) resulting in 
pCaSpeR4-i2xtdTom-Cenp-C. 
 



6 
 

Supplemental Tables 
 
Table S1: Drosophila strains 
 
Genotype (all in w* background) Abbreviation Reference 
P{w+, matα4tub-GAL4-VP16}V2H/CyO mat-GAL4 (Hacker and Perrimon, 1998)  
P{ry+, 2xsev-Hs-GAL4}332.5, ry506 Hs-GAL4 (Ruberte et al., 1995)  
P{ry+, 2xsev-Hs-GAL4}332.1; ry506 sev-GAL4 (Ruberte et al., 1995)  
P{GawB}BxMS1096 Bx-GAL4 (Capdevila and Guerrero, 

1994) 
P{w+, His2Av-mRFP1} II.2 His2Av-mRFP (Schuh et al., 2007)  
P{w+,gcid-EGFP-cid} II.1  Cid-EGFP (Schuh et al., 2007) 
P{w+, mRFP-Cenp-C} III.1  mRFP-Cenp-C (Schittenhelm et al., 2007)  
P{w+, gi2xtdTomato-Cenp-C} II.3  Tom-Cenp-C this study 
P{PTT-GA}JupiterG00147 Jupiter-GFP (Morin et al., 2001)  
P{w+, UAS-EGFP-stop-BubR1} II.1  UAS-EGFP this study 
P{Ubi-GFP.nls} 3L1, P{Ubi-GFP.nls} 
3L2, P{FRT(whs)}2A 

Ubi-GFP (Luschnig et al., 2004) 

P{hsFLP}22, yw; P{neoFRT}82B, 
P{ovoD1-18}3R/TM3, Sb 

Hs-Flp; OvoD1/ 
TM3, Sb 

(Chou and Perrimon, 1996)  

w*; stg7B, P{w+, Hs-stg}/TM3, Sb, P{w+, 
Ubx-lacZ} 

stg7B, Hs-
stg/TM3 

(Sauer et al., 1995)  

rad21ex3/TM3, Sb, P{w+, Ubx-lacZ} rad21ex3/TM3 (Pauli et al., 2008) 
2xtub>rad21(271-3TEV)-myc  rad21TEV (Pauli et al., 2008) 
10UAS-nls-v5-TEV-nls2 II.83  UAS-TEV (Pauli et al., 2008) 
dp, mad11/CyO mad11/CyO (Emre et al., 2011) 
Df(2R)w45-30n, cn1/CyO Df(mad1)/CyO (Konev et al., 1991) 
P{w+, mCherry-mad1}II Cherry-mad1 (Emre et al., 2011) 
P{w+, mad1-GFP}X mad1-GFP (Emre et al., 2011) 
P{EP}mad2G6595 mad2P (Buffin et al., 2007)  
yw; bubR11, P{w+, RFP-bubR1KEN} bubR1KEN (Rahmani et al., 2009) 
P{w+, GFP-bubR1}X  GFP-bubR1 (Buffin et al., 2005)  
P{neoFRT}82B, aldB4/TM3, Sb, P{w+, 
Ubx-lacZ} 

Mps1aldB4/TM3 (Page et al., 2007) 

P{w+, gEGFP-Mps1}  
II.1 
II.2 
III.1 
III.4 
recombinant II.1, II.2 

gEGFP-Mps1 (Fischer et al., 2004)  

P{w+, gEGFP-Mps1kd} 
II.3 
III.1  

gEGFP-
Mps1kd 

this study 

P{w+, gEGFP-Mps1N} 
II.2 
III.1 

gEGFP-Mps1N this study 

P{w+, gEGFP-Mps1C} 
III.1  
recombinant II.3, II.4 

gEGFP-Mps1C this study 

P{w+, UAS-Mps1} II.4  this study 
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P{w+, UAS-EGFP-Mps1} 
II.1 
III.1 

E-Mps1 this study 

P{w+, UAS-EGFP-Mps1kd} III.1 
recombinant III.1, III.2 

E-Mps1kd this study 

P{w+, UAS-EGFP-Mps1N} III.1 E-Mps1N this study 
P{w+, UAS-EGFP-Mps1C} III.1 E-Mps1C this study 
P{w+, UAS-EGFP-Mps1C,kd} III.1 E-Mps1Ckd this study 
P{w+, UAS-10myc-Mps1} II.6 myc-Mps1 this study 
P{w+, UAS-10myc-Mps1kd} III.1 myc-Mps1kd this study 
P{w+, UAS-EGFP-Cenp-CC-Mps1} II.1 EC-Mps1 this study 
P{w+, UAS-EGFP-Cenp-CC-Mps1kd} II.1 EC-Mps1kd this study 
P{w+, UAS-EGFP-Mps1-Nuf2} II.1  this study 
P{w+, UAS-EGFP-Mps1kd-Nuf2} II.1  this study 
P{w+, UAS-Torso(EC/TM)-EGFP-Mps1} 
II.1, II.2/CyO; III.1, III.2, III.7 

 this study 

P{w+, UAS-Torso(EC/TM)4021-EGFP-
Mps1} II.1 

 this study 

P{w+, UAS-EGFP-bub1} 
II.1  
III.1 

E-bub1 this study 

P{w+, UAS-EGFP-bubR1}  
II.1 
III.1 

E-bubR1 this study 

P{w+, UAS-EGFP-bubR1kd} 
II.1  
III.1 

E-bubR1kd this study 

P{w+, UAS-EGFP-Cenp-CC-bubR1} 
II.1  
III.1 

EC-bubR1 this study 

P{w+, UAS-EGFP-mad2}  
II.1  
III.1 

E-mad2 this study 
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Supplemental Table S2: Genotype of displayed data 
 
Figure Genotype Comments 
   
Figure 1 
A gEGFP-Mps1 II.1, II.2; mRFP-Cenp-C  
B 

wt 
N 
C 
kd 

 
gEGFP-Mps1 II.1, II.2 
gEGFP-Mps1N II.2 
gEGFP-Mps1C II.3, II.4 
gEGFP-Mps1kd II.3 

 

C 
wt/wt 
kd/wt 
wt/kd 
kd/kd 
 
-/kd 

 
UAS-myc-Mps1 II.6; UAS-EGFP-Mps1 III.1 
UAS-myc-Mps1 II.6; UAS-EGFP-Mps1kd III.1 
UAS-myc-Mps1kd III.1, UAS-EGFP-Mps1 III.1 
UAS-myc-Mps1kd III.1, UAS-EGFP-Mps1kd 
III.1 
UAS-EGFP II.1; UAS-myc-Mps1kd III.1 

Extracts from larvae with 
one copy of Hs-GAL4 
and one copy of each of 
the listed UAS 
transgenes. 

D 
wt 
N 
C 
 
kd 

 
Hs-Flp/+; gEGFP-Mps1 II.1, II.2/+; Mps1aldB4 
Hs-Flp/+; gEGFP-Mps1N II.2/+; Mps1aldB4 
Hs-Flp/+; gEGFP-Mps1C II.3, II.4/+; 
Mps1aldB4 
Hs-Flp/+; gEGFP-Mps1kd II.3/+; Mps1aldB4 

Embryos derived from 
mothers with germline 
clones of the listed 
genotypes. 

   
Figure 2 
A 

Mad1-GFP 
GFP 

 
mad1-GFP 
Ubi-GFP 

 

B 
wt 
kd 
N 
C 
- 

 
Cherry-mad1; gEGFP-Mps1 III.1 
Cherry-mad1; gEGFP-Mps1kd III.1 
Cherry-mad1; gEGFP-Mps1N III.1 
Cherry-mad1; gEGFP-Mps1C III.1  
Cherry-mad1; Ubi-GFP 

 

C 
wt 
mad1- 
mad2- 

 
gEGFP-Mps1 III.1 
mad11/Df(mad1); gEGFP-Mps1 III.1  
gEGFP-Mps1 II.1, II.2; mad2P  

Embryos derived from 
mothers with the listed 
genotype. Additional 
genotypes analyzed for 
the bar diagram: 
- gEGFP-Mps1 III.4 
- gEGFP-Mps1 II.1, II.2 
- mad11 Df(mad1); 
gEGFP-Mps1 III.4. 

D 
wt 
Mps1- 
mad2- 

 
mad1-GFP 
mad1-GFP; Mps1aldB4 
mad1-GFP; mad2P 

Embryos derived from 
mothers with the listed 
genotype, in case of 
Mps1- only in germline 
clones. 
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Figure 3 
A stg7B, Hs-stg  
B w1  
C 

wt 
kd 
N 

 
Hs-Flp/+; gEGFP-Mps1 II.1, II.2/+; Mps1aldB4 
Hs-Flp/+; gEGFP-Mps1kd II.3/+; Mps1aldB4 
Hs-Flp/+; gEGFP-Mps1N II.2/+; Mps1aldB4  

Extracts from embryos 
derived from mothers 
with germline clones of 
the listed genotypes. 

D W1  
   
Figure 4 
A 
A,B 
A,B 
A 
A 

(no UAS transgene) 
UAS-EGFP-Cenp-CC-Mps1kd II.1  
UAS-EGFP-Cenp-CC-Mps1 II.1 
UAS-EGFP-Mps1 II.1 
UAS-EGFP-Mps1kd III.1, III.2 

Embryos derived from 
mat-GAL4 mothers with 
one copy of the listed 
UAS transgenes inherited 
from the father. 

C 
wt 
E-Mps1 

 
w1 
UAS-EGFP-Mps1 II.1 

 
 
as above 

D 
E-Mps1 
EC-Mps1 

 
UAS-EGFP-Mps1 II.1  
UAS-EGFP-Cenp-CC-Mps1 II.1. 

 
as above 
as above 

   
Figure 5 
A 

wt 
Mps1 OE 

 
w1 

UAS-Mps1 II.4 

Embryos derived from 
mat-GAL4, His2Av-
mRFP, Cid-EGFP/CyO 
mothers and one copy of 
the listed UAS transgenes 
inherited from the father. 

B-G 
wt 
 
Mps1 OE 
 
mad2P 
 
Mps1 OE 
mad2P 

 
mat-GAL4, Tom-Cenp-C/CyO; Jupiter-GFP x 
w1 

mat-GAL4, Tom-Cenp-C/CyO; Jupiter-GFP x 
UAS-Mps1 II.4 
mat-GAL4, Tom-Cenp-C/CyO; Jupiter-GFP, 
mad2P x mad2P  
mat-GAL4, Tom-Cenp-C/CyO; Jupiter-GFP, 
mad2P x UAS-Mps1 II.4/CyO, mad2P  

Embryos derived from 
the indicated crosses with 
mothers providing 
maternally derived Gal4. 
Mps1 OE, mad2P: 
PCR genotyping after in 
vivo imaging for 
identification of UAS 
transgene. 

   
Figure 6 
A-C 

wt 
 
Mps1 OE 

 
GFP-bubR1/+; mat-GAL4, His2Av-mRFP/+ x 
w1  
GFP-bubR1/+; mat-GAL4, His2Av-mRFP/+ x 
UAS-Mps1 II.4 

Embryos derived from 
the indicated crosses with 
mothers providing 
maternally derived Gal4. 

D 
wt 
 
Mps1 OE 

 
GFP-bubR1/+; mat-GAL4, His2Av-mRFP/+; 
mad2P x mad2P 
GFP-bubR1/+; mat-GAL4, His2Av-mRFP/+; 
mad2P x UAS-Mps1 II.4/CyO; mad2P 

Embryos derived from 
the indicated crosses with 
mothers providing 
maternally derived Gal4. 
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Figure 7 
A 

–TEV 
 
 
 
+TEV 

 
2xrad21TEV/mat-GAL4, His2Av-mRFP, Cid-
EGFP; rad21ex3, mad2P x UAS-TEV, UAS-
Mps1 II.4; rad21ex3, mad2P/TM6 
 
2xrad21TEV/mat-GAL4, His2Av-mRFP, Cid-
EGFP; rad21ex3, mad2P x UAS-Mps1 II.4; 
rad21ex3, mad2P/TM6 

Embryos derived from 
the indicated crosses with 
mothers providing Gal4. 
PCR genotyping after in 
vivo imaging for 
identification of rad21ex3, 
mad2P and UAS 
transgenes. 

B 
–TEV 
+TEV 
–TEV/-Mps1 
 
+TEV/+Mps1 

 
see above 
see above 
mat-GAL4, His2Av-mRFP, Cid-EGFP/CyO; 
mad2P x mad2P 
mat-GAL4, His2Av-mRFP, Cid-EGFP/+; 
rad21ex3, mad2P/mad2P x UAS-TEV, UAS-Mps1 
II.4/CyO ; rad21ex3, mad2P/TM6 

Embryos derived from 
the indicated crosses with 
mothers providing Gal4. 
PCR genotyping after in 
vivo imaging for 
identification of rad21ex3, 
mad2P and UAS 
transgenes. 

   
Supplemental Figure 2 
A 

wt 
UAS-E-Mps1 

 
Hs-GAL4/+ 
Hs-GAL4/UAS-EGFP-Mps1 III.1 

 

B 
wt 
kd 
N 
C 
- 
Mps1+ 

 
Hs-Flp/+; gEGFP-Mps1 II.1, II.2/+; Mps1aldB4 
Hs-Flp +; gEGFP-Mps1kd II.3/+; Mps1aldB4 
Hs-Flp/+; gEGFP-Mps1N II.2/+ ; Mps1aldB4 
Hs-Flp/+; gEGFP-Mps1C II.3, II.4/+;Mps1aldB4 
Hs-Flp/+; Mps1aldB4  
w1 

Extracts from syncytial 
embryos derived from 
mothers with germline 
clones of the listed 
genotypes. No germline 
clones in case of w1. 

   
Supplemental Figure 3 
A 
B 
C 
D 

II.1 
III.1 
kd III.1, III.2 

UAS-EGFP-Mps1 II.1 
UAS-EGFP-Mps1 III.1 
UAS-EGFP-Mps1kd III.1, III.2 
 
UAS-EGFP-Mps1 II.1 
UAS-EGFP-Mps1 III.1  
UAS-EGFP-Mps1kd III.1, III.2 

Embryos derived from 
mat-GAL4 mothers with 
one copy of the listed 
UAS transgenes inherited 
from the father. 

   
Supplemental Figure 4 
A 
 
 
B 
 
 
 
C 

gEGFP-Mps1 II.1/CyO; Mps1aldB4 x gEGFP-
Mps1 II.1; Mps1aldB4 
 
mat-GAL4, gEGFP-Mps1 II.2/CyO; Mps1aldB4 
x UAS-EGFP-Cenp-CC-Mps1 II.1, gEGFP-
Mps1 II.2; Mps1aldB4 
 
mat-GAL4, gEGFP-Mps1 II.1/CyO; Mps1aldB4 
x UAS-EGFP-Mps1 II.1, gEGFP-Mps1 II.1; 
Mps1aldB4 

Embryos derived from 
the indicated crosses with 
mothers providing Gal4.  
B: For comparison of 
fluorescence intensities 
gEGFP-Mps II.2; 
Mps1aldB4 was used as 
reference as in A. 
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Supplemental Figure 1. Mps1-Mps1 interaction. Extracts from S2R+ cells were prepared after 

transient transfection with pCaSpeR4-Act5C-GAL4, pUAST-myc-Mps1 and an additional pUAST 

construct encoding EGFP fused to either wild-type Mps1 (wt), N-terminal regulatory domain (N), 

C-terminal kinase domain (C), kinase-dead Mps1 (kd), kinase-dead C-terminal kinase domain (Ckd) or 

nothing (E). Immunoprecipitation was performed with anti-myc. Extracts (I) and immunoprecipitates 

(IP) were analyzed by immunoblotting. Immunoblotting with anti-myc (myc) revealed the presence 

of similar levels of myc-Mps1 in all of the immunoprecipitates. Immunoblotting with anti-EGFP 

(EGFP) revealed co-immunoprecipitation of myc-Mps1 and EGFP-Mps1 (wt), EGFP-Mps1kd (kd), 

EGFP-Mps1C (C), EGFP-Mps1Ckd (Ckd) but not EGFP-Mps1N (N) and EGFP (E). Only the regions 

with these different EGFP versions are displayed. Immunoblotting with anti-Mps1 (Mps1) revealed co-

immunoprecipitation of myc-Mps1 and endogenous Mps1. Anti-Mps1 also reacted with EGFP-Mps1 

fusion proteins but for clarity only the region with endogenous Mps1 is displayed. A cross-reaction of 

anti-Mps1 present in the extract lanes is marked with an asterisk. The immunoprecipitate loaded in the 

IP lanes was isolated from 60-fold more extract than that loaded in the I lanes. 

myc

EGFP

Mps1
*

I IP I IP I IP I IP I IP I IP

wt N C kd Ckd E

Supplemental Figure 1
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Supplemental Figure 2. Levels of Mps1 expressed from transgenes and endogenous locus. (A) 

Extracts from third instar wandering stage Hs-GAL4 larvae without (wt) or with a UAS-EGFP-Mps1 

transgene (UAS-E-Mps1) were prepared after 2 hours of incubation at 37°C and 1 hour of recovery at 

25°C. Serial dilutions were loaded as indicated by the numbers above the lanes which indicate larva 

equivalents. Immunoblotting with anti-α-tubulin (α-tub) served as loading control. Immunoblotting 

with anti-Mps1 (Mps1) indicated that the resulting expression level of EGFP-Mps1 is at least 30-fold 

higher than that of endogenous Mps1. The position of wild-type Mps1 is indicated by an arrowhead. 

The position of molecular weight markers is indicated on the right side. (B) Extracts were prepared 

from syncytial embryos derived from females with Mps1aldB4 germline clones (Mps1-) or from Mps1+ 

females (Mps1+). Transgenes under control of the Mps1 cis-regulatory region driving expression of 

EGFP fused to either wild-type Mps1 (wt), kinase-dead Mps1 (kd), N-terminal region of Mps1 (N), 

or C-terminal region of Mps1 (C) were present in these females as indicated. The serial dilution in 

the three lanes on the left was used for comparison of expression levels detected by immunoblotting 

in the other duplicate lanes. The numbers above each lane indicate the embryo equivalents loaded. 

Immunoblotting with anti-α-tubulin (α-tub) served as loading control. Immunoblotting with anti-EGFP 

(EGFP) and anti-Mps1 (Mps1) was used to detect expression of transgene products and endogenous 

Mps1. The position of the transgene products is indicated by open arrowheads and the position of 

endogenous Mps1 with a fi lled arrowhead. A cross-reaction of anti-EGFP is marked with an asterisk. 

The position of molecular weight markers is indicated on the left side. The results from quantifi cation 

of the expression levels of the transgene products are shown in the bar diagram.
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Supplemental Figure 3. Induction of metaphase delay by excess Mps1 depends on expression level 

and kinase activity. (A–C) The UAS/GAL4 system was used for expression of EGFP-Mps1 or EGFP-

Mps1kd from different UAS transgene insertions before mitosis 14. Embryos were fi xed at the stage 

of mitosis 14. The epidermal regions with mitotic domain 10 (Foe, 1989) are displayed after DNA 

labelling. (A) UAS-EGFP-Mps1 II.1 (E-Mps1 II.1) results in a relatively high level expression (see 

D) and an extended metaphase delay, as revealed by the drastic enrichment of metaphase plates. (B) 

UAS-EGFP-Mps1 III.1 (E-Mps1 III.1) results in a relatively low level of expression (see D) that does 

not cause a metaphase delay during mitosis 14. No enrichment of metaphase plates was observed. (C) 

The combination of UAS-EGFP-Mps1kd III.1 and III.2 (E-Mps1kd III.1, III.2) results in an expression 

level that is slightly higher than UAS-EGFP-Mps1 II.1 (see D) but the kinase-dead transgene product 

does not cause a metaphase delay. No enrichment of metaphase plates was observed. Bar corresponds 

to 10 μm. (D) Expression levels obtained with the transgenes and at the same stage as analyzed in A–C 

were determined by quantitative immunoblotting with antibodies against EGFP (EGFP) and α-tubulin 

(α-tub) which was used as a loading control. Serial dilutions of embryo extracts were loaded with 

numbers on top of the lanes representing embryo equivalents. The position of EGFP-Mps1 and EGFP-

Mps1kd is indicated by an arrowhead. The position of molecular weight markers is indicated between 

the panels. The two panels on the right side represent regions from the same immunoblot. The results 

from quantifi cation of the expression levels of the transgene products are shown in the bar diagram.
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Supplemental Figure 4. Comparison of kinetochore levels of EGFP-Mps1 variants. (A–C) The 

UAS/GAL4 system was either not used (A, no UAS) or used for expression of EGFP-CenpCC-Mps1 

(B, EC-Mps1) or EGFP-Mps1 (C, E-Mps1) before mitosis 14 in gEGFP-Mps1, Mps1aldB4 embryos 

(A–C) which express no endogenous Mps1 because of the Mps1aldB4 mutation but EGFP-Mps1 from 

the gEGFP-Mps1 transgene under control of the Mps1 cis-regulatory region. Embryos were fi xed 

at the stage of mitosis 14. The epidermal regions with mitotic domain 10 (Foe, 1989) are displayed 

after DNA labelling. Bar in A corresponds to 5 μm. White frames indicate the regions shown at 

higher magnifi cation in the rows below. Cells in prometaphase (PM), metaphase (M) and anaphase 

(A) are indicated in the high magnifi cations views. (A) After EGFP-Mps1 expression at normal 

levels progression through mitosis 14 is normal and transient EGFP signals on kinetochores during 

prometaphase are comparatively weak. (B) When in addition EGFP-CenpCC-Mps1 is expressed 

as well, EGFP signals on kinetochores remain detectable throughout mitosis during which sister 

chromatids fail to be segregated to the poles, resulting in DNA bridges in ana- and telophase. (C) When 

EGFP-Mps1 is overexpressed, EGFP signals on kinetochores are far stronger and remain detectable 

throughout the resulting metaphase delay. However, kinetochore signals are no longer observed during 

the eventual exit from mitosis. See main text for the results of EGFP signal quantifi cations.
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Supplemental Figure 5. Summary of UAS transgenes allowing expression of Drosophila SAC 

components other than Mps1. Schematic drawings illustrate the structure of the different variants. The 

effects on progression through mitosis 14 in mitotic domain 10 after expression of paternally derived 

UAS transgenes by maternally derived Gal4 are summarized, as well as the localization of the EGFP 

fusion proteins during mitosis. kt: kinetochore. NE remnants: remnants of the nuclear envelope.
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Supplemental Figure 6. Summary of UAS transgenes allowing expression of Mps1 variants. 

Schematic drawings illustrate the structure of the different Mps1 variants. The expression levels 

resulting during the stage of mitosis 14 when maternally derived Gal4 drives expression from 

paternally derived UAS transgenes were analyzed as described in Materials and methods (see also 

Figure 4, F and G and Supplemental Figure 3D), and are given relative to that of endogenous Mps1. 

The effects on progression through mitosis 14 in mitotic domain 10 are summarized, as well as the 

localization of the EGFP fusion proteins during mitosis. Moreover, the phenotypes of adult eyes and 

wings after expression of the EGFP fusion proteins in eye imaginal discs (by sev promoter driven 

GAL4) and in the wing imaginal discs (by Bx promoter driven GAL4) are described. kt: kinetochore. 
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Supplemental Figure 7

Supplemental Figure 7. Effects of various genetic backgrounds on successful development after 

transient Mps1 overexpression. Females providing a maternal contribution of Gal4 as well as different 

fl uorescent marker proteins (as indicated above the bars and by colors) were crossed with males 

carrying different UAS transgenes (as indicated above the bars and by color gradation) balanced over 

CyO. Progeny inheriting a UAS transgene from the father will express these transgenes transiently 

during the embryonic cell division cycles 14 – 16 because of the maternally provided Gal4. In contrast, 

there is no UAS transgene expression in the class of progeny inheriting the balancer chromosome 

from the father. Adult progeny with and without balancer chromosome was counted (n > 150). The 

bars indicate the fraction of adult progeny with the UAS transgene in percent of those without. The 

upper and lower panels describe the results obtained with mad2+ and mad2- backgrounds, respectively. 

Interestingly, both combinations of fl uorescent marker proteins protected partially from the lethal 

effects of excess Mps1 compared to the marker-free crosses, but only in the mad2+ background. These 

fi ndings are consistent with the assumption that the fl uorescent marker combinations result in subtle 

problems during entry into mitosis which enhance the SAC activation by excess Mps1 and that the 

success of faithful chromosome segregation during anaphase after SAC adaptation might be improved 

by the increased cohesion fatigue during the resulting longer metaphase delay. 

mad2-

0%

20%

40%

60%

80%

100%

re
la

ti
v
e
 s

u
rv

iv
a
l 
ra

te
mad2+

0%

20%

40%

60%

80%

100%

re
la

ti
v
e
 s

u
rv

iv
a
l 
ra

te

no UAS

UAS-Mps1

UAS-EGFP-Mps1

+
+

+

+
+

+

+
+

+

no marker

Tomato-Cenp-C,

Jupiter-GFP

His2Av-mRFP,

Cid-EGFP


