Supplementary information

Supplementary Methods, Fig 1-4 are included.

Supplementary Methods

Production of antibodies

Polyclonal antibodies against mouse Rad21L(a.a.175-487), mRad21(a.a.181-500),
mRec8(a.a.194-561), mCENP-C(a.a.1-403), mSA3(a.a.1031-1241), mScpl(a.a.1-160) and
mSMClo(a.a.821-1015) were produced by inserting cDNA fragments in-frame with pET28¢
(Novagen, Madison, WI) in E. coli strain BL21-CodonPlus(DE3). All the His-tagged
recombinant proteins were solubilized in a denaturing buffer (6 M HCI-Guanidine, 20 mM
Tris-HCI [pH 7.5]) from the inclusion body and purified by Ni-NTA (QIAGEN) under
denaturing conditions. The recombinant proteins were used to immunize ICR mice or rabbits.
The antibodies were affinity-purified from the immunized serum with immobilized peptides on
CNBr-activated sepharose (GE healthcare). The affinity-purified antibodies against Rad21L and
Rad21 were further purified by adsorption to Rad21 and Rad21L-conjugated sepharose

respectively to remove cross-reactive IgG.

Antibodies and reagents

The following antibodies were used: rabbit polyclonal antibodies against Rad21L, mRad21,
mRec8, mCENP-C, SMC1 (Abcam), SMC3 (Abcam), SCP3 (Abcam), CENP-U/MLF1
phosphoT78 (Abcam); mouse polyclonal antibodies against Rad21L, mRad21, mRec8, mSA3,
mSMCla, mScpl, a-tubulin DM1A (Sigma), mScp3 (Kawashima et al, 2010); goat polyclonal
antibodies against SA2 (Abcam); and human polyclonal antibody against ACA (MBL).

Immunostaining of chromosome spreads from spermatocytes and fetal oocytes
Chromosome spreads were prepared from spermatocytes and fetal oocytes as described (Peters
et al, 1997). For fetal oocytes immunostaining, ovaries from E13.5-19.5 embryos or postnatal
day2 newborn mice were removed and treated with collagenase and trypsin. Sex type of each
fetal embryo was determined by PCR using primer sets as follows;

Sry-F: 5’-CAGCCCTACAGCCACATGAT-3’;

Sry-R: 5’-GAGTACAGGTGTGCAGCTCTA-3’ ;

Rapsyn-F: 5’-AGGACTGGGTGGCTTCCAACTCCCAGACAC-3’ ;

Rapsyn-R: 5’-AGCTTCTCATTGCTGCGCGCCAGGTTCAGG-3’ .



For immunofluorescence staining of meiocytes at zygotene/pachyten transition, chromosomes
were spread by cytospin. Immunofluorescence staining was performed using rabbit
anti-Rad21L (1:500), rabbit anti-mRad21 (1:500), rabbit anti-mRec8 (1:500), rabbit anti-mScp3
(1:500), rabbit anti-mCENP-C (1:1000), rabbit anti-CENP-U phospho-T78 (1:500), mouse
anti-Rad21L (1:1000), mouse anti-mRad21 (1:1000), mouse anti-mRec8 (1:1000), mouse
anti-mScp3 (1:1000), mouse anti-mScpl (1:1000) and human polyclonal ACA (1:100)
antibodies. DNA was counterstained with 3 pg/ml Hoechst 33342. Images were captured with
Deltavision and processed with DeltaVision SoftWorx software (Applied Precision). Line scan

plots were obtained using ImageJ program.

Immunostaining of Metaphase I chromosomes from GV oocytes
Oocytes were fixed 2 h and 6 h after release from GV stage by withdrawing IBMX from M16
medium (Sigma) supplemented with 10% FBS. Images were captured with an FV1000 confocal

laser scanning microscope and processed with FLUOVIEW software (Olympus).

Culture of OA-induced Meta I spermatocytes

Culture of OA-induced Meta I spermatocytes were performed as described (Wiltshire et al,
1995). The isolated spermatocytes were cultured in the presence or absence of 10 uM
GW843682X (TOCRIS) for 2 h and then induced to undergo metapahase I by the addition of 5
uM okadaic acid (OA) for 6 h.

RT-PCR

Total RNA was isolated from tissues using Trizol (Invitrogen). cDNA was generated from 0.5
ng of RNA using Superscript III (Invitrogen) followed by PCR amplification using Ex-Taq
polymerase (Takara). Sequences of primers used to generate RT-PCR products from cDNA are
as follows:

mRECS8-1504F: 5-’ctgcccatgetgectgaacttectg-37;

mRECS8-1732R: 5’-gcttctgttgttccacaagaaggate-3’;

GAPDH-F: 5’-ttcaccaccatggagaaggc-3’;

GAPDH-R: 5’-ggcatggactgtggtcatga-3’;

Rad21L-1306F: 5’-ggaatgatttctccagctgttgag-3’;

Rad21L-1651R: 5’-tcacatcttatagaacattggtcce-3’;

mRad21-1745F: 5’-ctatcagtttgcttgagetgtgtcg-3’;



mRad21-1908R: 5’-tcagataatatggaaccgtggtec-3;
mSA3-3537F: 5’-ttcaggctctggcttgggcaageage-3’;
mSA3-3722R: 5’-cagaaatcctccatgttcagetetg-3’;
mSMC1b-3516F: 5’-ttacatcaaggaacagtcaacttgc-3’;
mSMC1b-3702R: 5’-ctattgttcattggggttggggttg-3°;
mScp2-86F: 5’-tgcgeccacagectaaagtgtetge-37;
mScp2-309R: 5’-tattaagtcatccaacttgcggagg-3’;

Preparation of testis extracts and immunoprecipitation

To prepare testis extracts, testes were removed from male C57BL/6 mice, detunicated, and then
resuspended in extraction buffer (20 mM Tris-HCI [pH 7.5], 200 mM KCI, 0.4 mM EDTA,
0.1% TritonX100, 10% glycerol, 1 mM p-mercaptoethanol) supplemented with Complete
Protease Inhibitor (Roche). After homogenization, the cell extracts were filtrated to remove
debris. The soluble cytoplasmic/chromatin-unbound fraction was collected after
ultra-centrifugation at 100,000g for 30 min. The insoluble pellet was washed 2 times with buffer
(10 mM Tris-HCI [pH 7.5], 1 mM CaCl,, 1.5 mM MgCl,, 10% glycerol) and digested with
Micrococcus nuclease (0.008 units/ml) at 4°C for 60 min. The solubilized fractions were
removed after centrifugation at 20,000g for 10 min at 4°C. The chromatin fractions were
extracted from the insoluble pellet by high salt extraction buffer (20 mM HEPES-KOH [pH 7.0],
400 mM KCI, 5 mM MgCl,, 0.1% Tween20, 10% glycerol, 1 mM (-mercaptoethanol)
supplemented with Complete Protease Inhibitor. The solubilized chromatin fractions were
collected after centrifugation at 100,000g for 30 min at 4°C.

For immunoprecipitation of cohesin complexes, 5 ug each of affinity-purified anti-Rad21L,
anti-Rec8, anti-Rad21 and control rabbit IgG antibodies were added to the cytoplasmic extracts,
and the extracts were incubated for 1 h at 4°C followed by incubation with the
ProteinA-Dynabeads (Invitrogen) for 1 h at 4°C with rotation. The bead-bound proteins were
eluted with 90 ul of elution buffer (100 mM Glycine-HCI [pH 2.5], 150 mM NaCl), and then
neutralized with 10 ul of 1 M Tris-HCI [pH 8.0]. The immunopreciptates were run on the
NuPAGE Tris-acetate 3-8% gradient gel using Tris-acetate-SDS running buffer with NuPAGE
antioxidant (Invitrogen). Co-immunoprecipitated proteins were probed with anti-Rad21L,
anti-Rec8, anti-Rad21, anti-SMC3, anti-SMCla, anti-SMC1, anti-SA3, anti-SA2, and Tubulin.
For immunoprecipitation of mouse CENP-C from the chromatin fraction, 20 pug of

affinity-purified anti-mCENP-C and control rabbit IgG antibodies were crosslinked to 200 ul of



protein A-Dynabeads by DMP (Sigma). The antibody-crosslinked beads were added to the
solubilized chromatin extracts, and the extracts were incubated for 2 h at 4 °C with rotation. The
beads were washed with high salt extraction buffer. The bead-bound proteins were eluted with
90 ul of elution buffer (100 mM Glycine-HCI [pH 2.5], 150 mM NaCl), and then neutralized
with 10 ul of 1 M Tris-HCI [pH 8.0]. The immunopreciptates were run on the NuPAGE Bis-Tris
4-12% gradient gel using MOPS-SDS running buffer with NuPAGE antioxidant (Invitrogen).

Identification by mass spectrometry

Fractions containing the CENP-C immunoprecipitates were concentrated by precipitation with
10% trichloroacetic acid. The derived precipitates were dissolved in 7 M HCI-Guanidine, 50
mM Tris-HCI (pH 8.0), 5 mM EDTA solution, with S mM DTT at 37°C for 30 min, and
cysteine SH groups were alkylated with 10 mM iodoacetamide at 37°C for 1 h. After alkylation,
the solution was desalted by methanol/chloroform precipitation, and the precipitates were
dissolved in 2 M urea, 50 mM Tris-HCl buffer and subjected to trypsin gold (Promega) or
Lysil-end peptidase digestion overnight at 37 °C. The resulting mixture of peptides was applied
directly to the LC-MS/MS analysis system (Zaplous, AMR, Tokyo, Japan) using Finnigan LTQ
mass spectrometry (Thermo Scientific, Waltham, MA) and a reverse phase C18 ESI column (0.2
x 50 mm, LC assist). The protein annotation data were verified in the mouse NCBI sequences
using Bioworks software (Ver. 3.3; Thermo Scientific) with quantitation featuring the

SEQUEST search algorithm.
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CENPC LC-MSWS analysis T Trypsin 1 [Trypsin 2 LysC1 ysC2 mKIAAQ788 protein 2182844 50510635 330 4 270 3
Reference MW| Accession | Coverage|Peptide| Coverage|Peptide |Coverage| Peptide [Coverage|Peptide| |MTA1_Metastasis-associated protein 80747.4 26396585 320 2 180 1 150 1
‘mago-nashi homolog T7080.8  13385002] 4660 6 3640 4 1030 1 7530 3 retinoblastoma binding protein 7 477602 157909799 310 1 260 1 560 2
MIS12 241153 21313120| 4560 6 4560 6 bromodomain-containing protein 1 98845.3 74204110 310 1
mKIAA1334 protein 1102439 37360330| 4310 34 3520 30 4100 27 2570 20 tudor domain containing 1 isoform 4 102983.9 13878217 290 2 880 4 250 1 250 1
MRIP_Myosin phosphatase Rho-interacting protein 116336.4  88984467| 3340 27 4170 30 1410 9 16.80 10 Pinin 82298.4 2570049 290 2 150 1 620 2
CSK21_MOUSE Casein kinase Il subunit alpha (CK II) 45132.9 3024067 3320 9 30.40 8 12.00 2 21.70 5 germ cell-specific gene 2/ haspin 841448 7106329 29 1
fragile X mental retardation-related protein 1 isoform 1 76175.3 163954941 3280 16 2970 12 21.10 6 21.00 6 mCG123871 62694.3 148664895 290 1
Pmf1/Nnft 231069 13385420 3120 6 1780 4 790 1 DEAD (Asp-Glu-Ala-Asp) box polypeptide 1 82447.9 19527256 280 1
Centromere protein C1 (CENP-C) 1021629 1345729 2950 21 3480 23 29.20 16 2140 13 AU014645 protein 83151.3 33585617 280 1
nudix (nucleoside diphosphate linked moiety X)-type motif 21| 26223.7 13386106 2910 6 28.60 3 7.50 1 15.40 1 JC5583 85K SH3 domain-containing proline-rich protein 73048.1 7513581 260 1 5.60 2
lactate dehydrogenase C 35889.1 7305229 2740 7 2650 7 5.10 1 510 1 karyopherin (importin) alpha 1 60144.5 31543047 260 1
centromere protein M isoform 1 200265 13385104 2500 3 2000 2 1280 1 PAK-interacting exchange factor beta isoform ¢ 729842 31980859 260 1
casein kinase 2, beta polypeptide 249260  7106277| 2470 3 2980 4 3630 3 1400 1 DHX9_ATP-dependent RNA helicase A 149379.8 71153505 250 2 330 3
protein L 223837  2760632| 2360 3 4020 4 1710 2 heat shock 70kDa protein 1-like 70593.3 124339838 250 1 250 2
histone cluster 1, H3f 153785  7305139| 2350 1 ting finger protein (C3H2C3 type) 6 74047.1 21311909 250 1 250 1
retinoblastoma binding protein 4/RbAp48 476261 5032027| 2310 3 1580 2 2190 4 3480 5 GIT2_ARF GTPase-activating protein 78747.5 18203126 250 1
HDAC2_Histone deacetylase 2 55266.8 3023934 1910 6 11.70 4 7.80 2 10.20 2 RNF17_RING finger protein 17 69582.5 17368629 240 1 4.60
piwi like homolog 1 98511.9  10946612| 1810 9 1250 6 160 1 valosin-containing protein 89265.9 6005942 240 1 240 1
zinc finger protein 291 100676.5 26339548| 1660 11 670 5 120 1 600 2 retinoblastoma-associated protein 140 168717.5 163838637 240 1
MYST histone acetyltransferase 2 602130 29244000 1610 5 1000 2 290 1 MYEF2_Myelin expression factor 2 632542 62900726 220 1 220 1
dynein light chain Tctex-type 1 12475.0 6678265 1590 1 1420 1 spermatogenesis-associated protein 5 97179.0 74201504 220 1
fibrillarin 342857 31982373| 1590 2 myelin basic protein expression factor 2, repressor 571284 27819594 210 1 1000 2 280 1 280 1
metastasis-associated gene family, member 2 74982.8 51491880 1540 7 10.80 6 BiP 724326 2598562 210 1 240 1 9.50 3 3.20 1
domain containing 1 (testis specific) | 49438.5 74221465 1520 3 2090 5 940 2 1520 2 similar to YTH domain containing 2 160990.0 82997081 200 1 200 1
NSL1, MIND kinetochore complex component, homolog 31719.2 56711343 1490 3 13.90 3 570 1 ubiquitin associated protein 2-like 103884.2 26327735 200 1 2.00 1
histone cluster 1, H2ah 139418 30061327|  14.80 1 1480 1 NU133_ Nuclear pore complex protein Nup133 1286059 29427843 200 1
histone deacetylase 1 55039.8 6680193 1470 5 1040 3 390 1 75 3 peripherial benzodiazepine receptor associated protein 264110.8 158749615 190 2 090 1
lactate dehydrogenase A 364752 6754524 1360 3 270 1 unnamed protein product 104093.3 74147567 180 1
mKIAAQ310 protein/SEC16 homolog A 982856 39104615| 1350 8 920 5 390 2 640 2 PRP4B_Serine/threonine-protein kinase PRP4 homolog 116876.4 23831386 170 1
G protein beta subuit like 349966 475012 1260 2 880 2 1670 2 serinefarginine repetitive matrix protein 2 2832413 26354955 160 2 2 080 1 080 1
GATA zinc finger domain containing 2A 524541 26354216 1240 4 2320 6 1360 3 1360 4 piwi like homolog 2 109417.8 10946610 160 1 1
G protein-coupled receptor kinase-interactor 1 85247.4 51921285 1230 5 1270 5 1.70 1 270 1 RPB1_DNA-directed RNA polymerase I subunit 217037.6 133327 160 1
RuvB-like protein 1 50182.4 9790083 1230 3 900 3 5.30 1 karyopherin (importin) beta 1 971222 88014720 1.50 1 1.50 1
matrin 3 94571.7 25141233 19 6 1020 5 450 2 mKIAA0225 protein 233664.5 37359850 150 1
histone cluster 1, H2ba 142278 28316750|  11.80 1 180 1 2200 1 2200 1 tuftelin interacting protein 11 962445 10190660 140 1
interleukin enhancer binding factor 2 18673.7 26327701 160 1 160 1 1690 1 1690 1 elongation factor Tu GTP binding domain containing 2 isoforn| 1092914 6755594 130 1 480 2 210 1
hect domain and RLD 4 1175119 32451488 150 8 1020 7 zinc finger protein 638 214327.1 6679098 120 1 120 1
chromodomain helicase DNA binding protein 4 217612.6 39204553 1140 13 10.10 11 8.20 6 49 3 MSH6_DNA mismatch repair protein 150980.4 2506881 110 1 110 1
tudor domain containing 6 2377611 38250208| 1120 15 120 13 33 4 220 3 TOP2A_DNA topoisomerase 2-alpha 1727683 267150 100 1 100 1 090 1
ATP synthase gamma-subunit precursor 32831.1 11041632 11.10 1 11.10 1 clathrin, heavy polypeptide (Hc) 1914337 51491845 100 1
unnamed protein product 50024.2 26328693 970 4 1820 4 2010 7 1280 5 chromodomain helicase DNA binding protein 5 2225433 124487025 080 1 080 1 180 1
CAPR1_Caprin-1 73502.8 2498734 960 5 79 3 460 1 210 1 NKTR_NK-tumor recognition protein 163340.5 8039799 080 1
casein kinase 2, alpha prime polypeptide 41189.2 6753540 940 3 940 3 690 1 H3 histone, family 3A 153185 4504279 2350 1
nuclear receptor coactivator 5 65279.9 21450271 900 3 170 1 spindle pole body component 24 homolog 234016 21312862 850 1
centromere protein N 392154 21312392 890 2 5.90 1 3.30 1 149707 germ cell specific gene 3 protein 320459 7448800 7.70 1
BUB3_Mitotic checkpoint protein BUB3 36961.1 7387559 860 1 14-3-3 epsilon 291704 31981925 750 1
testis nuclear RNA binding protein 678610 673456 840 3 650 3 parkin co-regulated gene protein 27708.4 66392180 660 1
centromere protein | 85348.8 22122337 820 3 400 1 hypothetical protein LOC66282 25766.4 13384880 630 1
centromere protein A 154994 6680920 820 1 970 1 Nice-4 protein homolog isoform 2 112383.4 23943918 600 2
replication factor C (activator 1) 4 39841.8 21703948 800 1 800 1 tyrosine 3/tryptophan 5 -monooxygenase activation protein | 291554 5803225 470 1
centromere protein L 37673.0 74959804, 760 2 760 2 unnamed protein product 58347.9 26346424 440 1
CBF1 interacting corepressor 51806.1 157042778 760 1 Ythdc1 protein 41871.3 18490765 4.30 1
centromere protein Q 30741.5 13994186 740 1 11.50 1 unnamed protein product 64424.2 26346733 4.30 1
FXR2_Fragile X mental retardation syndrome-related protein | 73697.8 25090383 730 3 530 2 180 1 180 1 unnamed protein product 53656.1 74139645 410 1
centromere protein K isoform 1 35414.2 11140827 720 2 720 1 UBE-1C2 protein 76022.0 50054188 400 1
mKIAA0324 protein 188565.5 28972153 710 6 890 9 490 4 cohesin loading complex subunit SCC4 homolog isoform 2| 69435.6 157823733 400 1
synaptonemal complex protein 3 29327.9 6755704 710 1 7.10 1 3.90 1 unnamed protein product 77231.6 74209075 3.90 1
DAZL_ Deleted in azoospermia-like 33291.5 27805452 700 1 700 1 mKIAAQ425 protein 175291.2 37359938 290 2
unnamed protein product 33507.0 12843074 690 1 H1 histone family, member N, testis-specific 44354.9 24111224 280 1
NUP50_Nucleoporin 50 kDa 49464.6 20455188 640 2 3.20 300 1 unnamed protein product 52211.9 74221550 270 1
hypothetical protein LOC52846 54924.4 26553441 630 1 isocitrate dehydrogenase 3, beta subunit 42167.7 18700024 260 1
centromere protein P 33266.8 29789150 590 1 peripherin 526550 2253159 240 1 000 1 000 1
DSN1, MIND kinetochore complex component, homolog 39542.0 13385332 570 2 1150 2 16.40 5 1030 3 ATAD2_ATPase family AAA domain-containing protein 2 117869.3 78099817 210 1
Fxr2h 714237 5360752 560 2 980 3 ATAD3_ATPase family AAA domain-containing protein 3 66700.7 78099818 190 1
unnamed protein product 91955.8 74141071 560 3 860 5 unnamed protein product 774833 74178650 160 1
RuvB-like protein 2 51080.6 6755382 560 1 560 1 DEAH (Asp-Glu-Ala-His) box polypeptide 15 isoform 2 90949.3 110835723 150 1 230 1
synaptonemal complex protein 2 172013.8 109689713 510 5 5.10 5 270 1 typr Il DNA topoisomerase beta isoform 181750.0 1066004 1.50 2
retinoblastoma binding protein 6 1736969 3858885 500 6 340 4 180 2 180 2 SON protein 261262.6 20139953 120 1 060 1
Blinkin/Cancer susceptibility candidate 5/AF15q14 1792015 51593321 480 4 370 4 3.70 3 090 1 ankyrin repeat domain 32 120963.4 148705172 120 1
LAP2A_Lamina-associated polypeptide 2 isoforms alpha/zeta 75285.6 46576894 480 1 250 1 nuclear membrane binding protein NUCLING 103469.1 32140537 000 1
zinc finger protein 541 148203.4 149944583 450 2 450 2 peptidyl-prolyl isomerase G (cyclophilin G) 88271.7 124487333 1.20 1
helicase DNA binding protein 3 80360.1 26337379 420 1 420 1 RING finger protein 17 short transcript 127181.2 61676227 250 1 250 1
LMNB1_Lamin-B1 66744.9 17865719 410 1 thyroid hormone receptor associated protein 3 1081135 68533246 260 2 180 1
exonuciease NEF-sp isoform 1 54585.5 51921367, 400 1 WDR34_WD repeat-containing protein 34 579352 88909720 260 1
unnamed protein product 65769.7 74138225 39 1 DEAD (Asp-Glu-Ala-Asp) box polypeptide 5 692228 83816893 3.30 1
cdc2/CDC28-like protein kinase 3 58476.4 2645854 370 1 370 1 FMR1_Fragile X mental retardation protein 1 homolog 68946.9 544329 340 1 340 1
EWS_RNA-binding protein 683757 2500583 370 1 unnamed protein product 61550.5 74180954 410 1
dipeptidase 3 542130 21313683 370 1 PREDICTED: proline-rich polypeptide 6 isoform 1 27523.8 82934627 560 1 560 1
RNA binding motif protein 14 69406.1 86262142, 360 1 210 1 130 1 centromere protein O 341327 29336049 670 1
hypothetical protein LOC668929 62305.3 123234701 360 1 vimentin 515332 2078001 740 3 470 2
cell division cycle 2-fike 1 91457.7 33695123 360 1 BRCA1/BRCA2-containing complex, subunit 3 33318.8 22165366 1070 1 1070 1
WD repeat domain 33 1451759 21362285 35 3 640 4 110 1 110 1 ATP synthase, H+ transporting, mitochondrial F1 complex | 59715.7 6680748 540 2
exonuclease NEF-sp isoform 2 50229.2 53292637 340 1 340 1 TCPA1_T-complex protein 1 subunit alpha A (TCP-1-alpha) | 60302.7 1351207 380 1
importin alpha S2 59565.4 2507661 340 1 DEAD (Asp-Glu-Ala-Asp) box polypeptide 25 54841.3 163914388 390 1
RBM39_RNA-binding protein 39 59456.9 28201882 420 1

Supplementary Fig 1. The hypothetical protein Loc668929 was identified in the co-immunoprecipitates of CENP-C.

(A) Immunoprecipitates from the chromatin bound fraction of spermatocytes obtained by anti-mCENP-C antibody or control IgG,
were silver stained and subjected to LC-MS/MS analysis. Arrowhead: CENP-C. (B) Proteins detected by LC-MS/MS analysis of two
independent digestions either by trypsin or Lysil-end peptidase of mCENP-C co-immunoprecipitates are listed. The number of
identified peptides and coverage for each protein are shown. As CENP-C itself is a DNA binding protein, a minor population of SC
components and cohesin subunit might be co-precipitated through CENP-C bound small DNA fragments from the chromatin fraction
extracted by high salt after MNase digestion. (C) Our cloned cDNA of Rad21L from a mouse testis cDNA library revealed it to have
3 amino acids inserted and one amino acid change at a.a.247-250 compared to the predicted amino acid sequence of the hypothetical
protein Loc668929 in the database. This discrepancy is assumed to be due to an incorrect prediction of the intron6-Exon7 junction on
the genome sequence of Loc668929. The Rad21L sequence has been submitted to the DDBJ/EMBL/GenBank databases under
accession No. AB602048.
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Loc512408[Bos taurus) l ——mrmrrrr e = MFYTHVLMSKRGPLAKIWLAAHWEKKLTKAHVFECNLEITIEKI SPKVKIALRTSGHLLL
Loc689823[Rattus norvegicus] l —— e e - MFYTHVLMSKRGPLAKIWLAAHWEKKLTKAHVFECNLEITIPKIpMSPKVKIALRTSGHLLL
LOC419269[Gallus gallus] l ————— e —_— -
LR e e N P A G VVRI YNRKAKYLLADC SEAFLKMKMTFRPGLVDLPKENFEARAYNWITLPEEFHDF| S {NEES{N|{ID}{SE|JHIONOSRPE
Rad21Ll[Homo sapiens] 62 GVVRIYNRKBK!I.LADCSEBFLKMKMTFEPGLVDLPKENFEA YN\ ITLPEEFHDFDT N NAIDVSELIFTONQSRPE
B E T L R 2 e et e N A G VVRI YNRKAKY LLADC SEAFLKMKMTFRPGLYVDLPKENFEAN YN\ ITLPEEFHDF DT NG  NAIDVSELIFTONQSRPE
Py P Re LR EL AR R S B GV VRI YNRKAKYLLADC SEAMLKMKMTFRPGLVDLPKENFEAAYEE\ITLPEEFHDF DT} NEES NAIDVSEFTENQSRPE
Loc512408[Bos taurus] 62 GVVRIINRKBK!I.LADCSEBELKMKMTFRPGLVDLPKEEFEAB'.‘IITLPEEFHDFDT JNAIDVSESERMONQOS|{PE
R E VA i e T e e e e N P A GV VR I YNRKAKYLLADCSEAFLKMKMTFRPGLYVDLPKENFERAYNWITLPEEFHDF D} Ym—— NEI DESE IHIONQSRPE
pelel B R NN R - CR S L e N I GV VR I Y [RKpWK YLLE DC SEABKMKESI\FRPGLVDLP|HEFEEAAYE ITLPEEFHDF|ATid A3 #NA IDVEELIF TIAN O S REE
Rad21L[Mus musculus] 140 EITLRENDI.I.FQAGSFGEPEILRRHSFE‘DDN ILNSSGLUAYEHSSGS|EYEKSLF3DL
Rad21L1[Homo sapiens] 140 EITLRENDLEFQA SFGEEEEILRRHSFFDDNILLNSSG|JLMEHSSGSLTGE{SLF}{DS
AR TR R 2 et e e S I I E I TLRE L ND LLFQA|4SFGEEEEILRRHSFFDDNILLNSSGIJLMEHSSGSLTGERISLF}{DS
P IELY PN IR L AR R B F T TLRE|Y [CNDLLFQAGSFGEEPEILRRESFFDDNILLNSSG| LEHSSGS]’.EGEKSLDS
Loc512408[Bos taurus] 140 |&e®:$4D| NDLLFEA\GSFGEEPEILRRHSEFDDEILLESSGLLEHSSGSETGEKSLFS
Loc689823[Rattus norvegicus] 140 |H&dMNIAEN4S ThRAy GSFGEEPELRRI‘ISFFDDN IL INSSGLEIISSGSLTEEKSLFD
LOC419269(Gallus gallus] 142 DEsfKIADMESHNVIPLCDRN|FDIFASDAIRIKQOIF IV S VIAM SEHCHIAVADLEFAE VS EDINPALHES SYCLE QRCIFaAERLNGA DI
Rad21L[Mus musculus] 215 @l dBNAHE - STFIAAEAY — IMESLPPEAPREISEg L
Rad21Ll[Homo sapiens] 215 ps i Bl Do EEH A 305 WEISLPEE|JPH L 2
Loc749340[Pan troglodytes] 215 pRsh:pM®elslele] b M $rllii (- EISLPEEP 2
Loc609572[Canis familiaris] 394 Rl fM®elslele} BB Fslii (- EIELPPEP E'.'I'.'I A
Loc512408[Bos taurus] 215 IDNLLQDDQNILLEEMH EISLEPEP TV V|
Loc689823[Rattus norvegicus] 215 LITFF|yTY - IMEVS3L P P E\yP S VMG———DDHYIDIT MSHEEEGFTLDPIDDIAIIRK
LOC419269[Gallus gallus] 222 EIREGETNGILDMEELPHSQDLQE
RECVIR AP E R R A A IKE KR RLL|YDPVKEISS KEMHIOLES FUIDTLMVLp LAPPTOQRLMMWKKRGG
Rad21L1[Homo sapiens] 293 KRRLLIDPEKE SSKp{HKQLTSFLRWDTLMVLELAPPTQRLMMWKKRGG
Loc749340[Pan troglodytes] 293 M KRRLLIDPVKESSK|S{HKOLTSFE\DTLMVLELAPPTORLMMWKERGG
Loc609572[Canis familiaris] 471 KR LLIDPVKEISSKMHKQLTEFDTLMVLELBPPTQRLMMHKK GG
Loc512408[Bos taurus] 292 o R SLLIDPVKEISSKpMHOLTSFSNDTLMVLELAPPTORLMMWK|
Loc689823[Rattus norvegicus] 289 REA-E3: 538G ) 20 SR EF-FATII PR AL ML GBI ADIFN 3 5ide) FHIEIH - Tele) TLLSTBEQDLI@LKML
LOC419269[Gallus gallus] 301 NEARISAKIAAVLADISALELSATIYHMIANNSVGEeAV TIADIAN B ZVK O TUEAWIE S[IAYE s A 10 PEX HIAFL EVNSAOTVKIFSLLF|3A
Rad21L[Mus musculus] 364 L DX AK-LTL VREK N-[{«JOAIAPVMG SHS TDE FQ V- MRV
Rad21Ll[Homo sapiens] 365 ELEGF GREKMIOQ VREE%N—ENEVETEHHQ ¥QoQ ::E EIGG ESHETE—KEIE
Loc749340[Pan troglodytes] 382 =————— - — e e e e e e e e e e e e e e e e - = —
Loc609572[Canis familiaris] 840 ——==— e e e e e == =
Loc512408(Bos taurus] 364 VEGF GRKLIQ vxr: s KN LET MME| FLQ| zE ETDG
Loc689823[Rattus norvegicus] 361 N L) DY AK-LTL)| LRE| LDPIVVE] SHS TDE
LOC419269[Gallus gallus] 381 ERGRFAMGRNVTOM EVEKTRKEEDBTEMLITD SSYLOQ DCSEAERKTDNDLFALTB SSSETV GFGGTLQD
Rad21L[Mus musculus] 441 SKQ T Q)
Rad21Ll[Homo sapiens] 443 MMERWHNEERILOMLN};!
Loc749340[Pan troglodytes] 368
Loc609572[Canis familiaris] 546
Loc512408[Bos taurus] 442
Loc689823[Rattus norvegicus] 438
LOC419269([Gallus gallus] 461
Rad21L[Mus musculus] §Q9
Rad21Ll[Homo sapiens] §13
Loc749340[Pan troglodytes] 438
Loc609572[Canis familiaris] 626
Loc512408[Bos taurus] 512 M
Loc689823[Rattus norvegicus] 605 NSDRKQLWGVAKFYTALIL|AKHRAIELSQSAPYADVIATVGPMFHKL
LOC419269[Gallus gallus] §33 NSWE\FVIQMV@VECEFEVTW&EWSBH

Supplementary Fig 2. Rad21L protein homologs are conserved in vertebrates.

Multiple alignment shows the amino acid sequences of Mus musculus Rad21L protein and its homologs including
hypothetical proteins in other vertebrate species, Homo sapiens, Pan troglodytes, Canis familiaris, Bos taurus, Rattus
norvegicus, Gallus gallus.
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Supplementary Fig 3. Specificity of anti-Rad21L and anti-Rad21 antibodies.

The antigens Rad21L (a.a.175-487) and Rad21(a.a.181-500) used to generate antibodies show some similarities to each
other. To exclude the possibility that the anti-Rad21 and anti-Rad21L antibodies crossreact, the antibody specificities
were examined by western blotting against a 4-fold dilution series of recombinant Rad21 and Rad21L proteins
(0.0018ng-18.75ng). (A) Western blotting was performed with unpurified anti-Rad21 serum (upper panel),
affinity-purified anti-Rad21 antibody (middle panel), and affinity-purified anti-Rad21 antibody, which was further
absorbed with the immobilized Rad21L column (lower panel). (B) Western blotting was performed with unpurified
anti-Rad21L serum (upper panel), affinity-purified anti-Rad21L antibody (middle panel), and affinity-purified
anti-Rad2 1L antibody, which was further absorbed with the immobilized Rad21 column (lower panel). The titration
demonstrates that our anti-Rad21 and anti-Rad21L antibodies show more than 256 fold specificity to Rad21 and Rad21L,
respectively.
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Supplementary Fig 4. Rad21L is expressed concomitantly with meiotic entry.
The mRNA expression for the indicated genes was analyzed by RT-PCR. The RNA samples were taken from
juvenile male testes at 6 to 14 days after birth.





