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Supplemental table 1. Uniprot accession numbers, gene codes, description, abundances and fold-changes of 1,445 seminal
plasma proteins in bulls with low and high sperm freezability phenotypes. Proteins were identified by multidimensional protein
identification technology, mass spectrometry and tools of bioinformatics. Proteins differentially expressed (p < 0.05) in the seminal
plasma of LF and HF bulls are marked with an “X”. Relative abundance: the abundance of a specific protein as the percentage of
total abundance of all proteins. AVG: average; LF: low sperm freezability; HF: high sperm freezability. Freezability scores:
percentage deviation of frozen-thawed sperm viability of each bull relative to the average frozen-thawed sperm viability (54.7 +
5.4%) measured in the population.
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zona pellucida receptor complex

binding_of sperm to zona pellucida

positive regulation of protein localization to
Cajal body

positive regulation of establishment of
protein localization to telomere

positive regulation of telomerase RNA
localization to Cajal body

toxin transport

scaRNA localization to Cajal body

positive regulation of telomere maintenance

via telomerase

positive regulation of telomerase activity

Heat shock protein 70, conserved site
Heat shock protein 70 family

Spliceosome

PINT

Proteasome component (PCI)_domain

subcomplex
domain:PCI

Winged helix-turn-helix DNA-binding
domain

Fatty acid metabolism
Valine,_leucine and isoleucine degradation

Fatty acid degradation

fatty acid beta-oxidation

Thioredoxin-like fold

cellular oxidant detoxification
Antioxidant

Redox-active center
Thioredoxin domain

cell redox homeostasis
Peroxidase

Peroxiredoxin, C-terminal

Alkyl hydroperoxide reductase subunit C/

Thiol specific antioxidant

peroxiredoxin activity

active site:Cysteine sulfenic acid (-SOH)
intermediate

thioredoxin peroxidase activity

domain:Thioredoxin

Milk protein

response to dehydroepiandrosterone
response to 11-deoxycorticosterone
response to progesterone

Golgi lumen

response to estradiol

Casein,_alpha/beta

proteolysis involved in cellular protein
catabolic process

Thiol protease
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Cysteine peptidase, asparagine active site

Pept C1

SM00848

Proteinase inhibitor 129, cathepsin
propeptide

cellular response to thyroid hormone
stimulus

propeptide:Activation peptide

G-protein beta/gamma-subunit complex
binding

SM00275
G-protein coupled receptor binding

G protein alpha subunit, helical insertion

Guanine nucleotide binding_protein (G-
protein),_alpha subunit

G-protein alpha subunit, group I

heterotrimeric G-protein complex
signal transducer activity

coupled receptor signaling_pathway

Long-term depression

Transducer

2-Oxocarboxylic acid metabolism

SM01329

RT
RT
RT
RT
RT
RT

RT

Isopropylmalate dehydrogenase-like domain RT

Isocitrate/isopropylmalate dehydrogenase,
conserved site

site:Critical for catalysis

Isocitrate dehydrogenase NAD-dependent

Isocitrate and isopropylmalate
dehydrogenases family,

isocitrate dehydrogenase (NAD+)_activity

isocitrate metabolic process

metal ion-binding site:Magnesium or
manganese

Cell junction
Synapse

cell junction

RNAse Pc

Ribonuclease A, active site
Ribonuclease A
Ribonuclease A-domain
endonuclease activity
Endonuclease

Nuclease

RNA phosphodiester bond hydrolysis

ribonuclease A activity
ribonuclease activity

chain:Angiogenin-1
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chain:Angiogenin-2
chain:Ribonuclease 4

RNA phosphodiester bond hydrolysis,
endonucleolytic

nucleic acid binding

Pyruvate metabolism

Cysteine and methionine metabolism

Lactate dehydrogenase/glycoside hydrolase,

family 4, C-terminal

Lactate/malate dehydrogenase, N-terminal
Lactate/malate dehydrogenase, C-terminal
L-lactate/malate dehydrogenase
L-lactate/malate dehydrogenase

L-lactate dehydrogenase,_active site

L-lactate dehydrogenase
binding site:NAD
L-lactate dehydrogenase activity,

carboxylic acid metabolic process

binding site:NAD or substrate

GroES-like

Alcohol dehydrogenase, C-terminal

SM00829

Polyketide synthase, enoylreductase

type
Alcohol dehydrogenase GroES-like

Cilium biogenesis/degradation
cilium morphogenesis

cilium assembly,

ATP-citrate lyase/succinyl-CoA ligase

Succinyl-CoA synthetase-like

ATP-grasp fold, subdomain 2

conserved site

ATPase, alpha/beta subunit, nucleotide-
binding_domain,_active site

ATPase, alpha/beta subunit, N-terminal
ATPase, F1/V1/A1 complex, alpha/beta

subunit, nucleotide-binding_domain

ATPase, F1/V1/A1 complex, alpha/beta

subunit, C-terminal

Complement alternate pathway

Staphylococcus aureus infection

cytochrome-c oxidase activity

mitochondrial electron transport,
cytochrome c to oxygen

respiratory chain complex IV

mitochondrial respiratory _chain complex IV

defense response to Gram-negative
bacterium

Lyz1i
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Lysozyme-like domain
cell wall macromolecule catabolic process

lysozyme activity

Glycoside hydrolase, family 22, conserved
site

defense response to Gram-positive
bacterium

Lactate dehydrogenase/glycoside hydrolase,
family 4, C-terminal

L-malate dehydrogenase activity

malate metabolic process

Mitochondrial carrier protein

Mitochondrial substrate/solute carrier
Mitochondrial carrier domain
repeat:Solcar 1

repeat:Solcar 2

repeat:Solcar 3

structural constituent of ribosome

translation

transmembrane transport

Mitochondrial carrier protein

Adenine nucleotide translocator 1
short sequence motif:Substrate recognition
repeat:Solcar 3

binding site:Nucleotide

subcomplex

nuclear proteasome complex

ATPase, AAA-type, core

26S proteasome subunit P45

positive regulation of proteasomal protein
catabolic process

proteasome-activating_ATPase activity

cytosolic proteasome complex

positive regulation of RNA polymerase II
transcriptional preinitiation complex
assembly

TBP-class protein binding

ER-associated ubiquitin-dependent protein
catabolic process

AAA

AAA+ ATPase domain

Kringle-like fold

FN2

sperm capacitation
domain:Fibronectin type-II 2

domain:Fibronectin type-II 1

metal ion-binding site:Manganese

protein dephosphorylation
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Metallophosphoesterase domain
phosphatase activity

PP2Ac

Serine/threonine-specific protein
phosphatase/bis(5-nucleosyl)-
tetraphosphatase

protein serine/threonine phosphatase

activity

Protein phosphatase
Glycogen metabolism
MLL5-L complex

Biological rhythms
glycogen metabolic process

PTW/PP1 phosphatase complex

entrainment of circadian clock by
photoperiod

metal ion-binding site:Iron
mRNA surveillance pathway

circadian regulation of gene expression

regulation of circadian rhythm

nuclear chromosome,_telomeric region

Insulin resistance

translational elongation
Elongation factor

translation elongation factor activity

eukaryotic translation elongation factor 1

complex

Translation elongation factor EFTu/EF1A,

domain 2
Elongation factor, GTP-binding_domain

Translation elongation/initiation

factor/Ribosomal,_beta-barrel

Transmembrane beta strand
Porin domain

Eukaryotic porin/Tom40

Protein biosynthesis

Ligase

Aminoacyl-tRNA synthetase

Rossmann-like alpha/beta/alpha sandwich

fold

Aminoacy!-tRNA biosynthesis

conserved site

Aminoacyl-tRNA synthetase, class II (G/ H/

P/ S),_conserved domain
Aminoacyl-tRNA synthetase, class II
short sequence motif:"KMSKS" region

short sequence motif:"HIGH" region

Thiamine pyrophosphate
SM00861

Transketolase-like, pyrimidine-binding
domain

Transketolase, C-terminal/Pyruvate-
ferredoxin oxidoreductase, domain 11

Serine protease

active site:Charge relay system
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Tryp SPc

Trypsin-like cysteine/serine peptidase
domain

domain:Peptidase S1
Peptidase S1

Glycosidase

Other glycan degradation

Glycosaminoglycan degradation

Carboxypeptidase

peptide catabolic process

metallodipeptidase activity

Growth factor binding
B

Insulin-like growth factor binding_protein

Insulin-like growth factor-binding_protein
family _1-6, chordata

insulin-like growth factor II binding

insulin-like growth factor I binding

Insulin-like growth factor binding_protein,
N-terminal, Cys-rich conserved site

Insulin-like growth factor-binding_protein,
IGFBP

=

positive regulation of insulin-like growth
factor receptor signaling_pathway

regulation of insulin-like growth factor
receptor signaling_pathway

domain:Thyroglobulin type-1
regulation of glucose metabolic process
domain:IGFBP N-terminal

regulation of cell growth

Biotin/lipoyl attachment

Single hybrid motif

Lipoyl

site T T
metal ion-binding site:Magnesium 2
metal ion-binding site:Magnesium 1

Inositol monophosphatase

metal ion-binding site:Magnesium 1; via
carbonyl oxygen

Lithium

Inositol monophosphatase, _metal-binding
site

Inositol phosphate metabolism

Phosphatidylinositol signaling_system
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Thioredoxin domain

response to endoplasmic reticulum stress
Protein disulphide isomerase

Disulphide isomerase

Thioredoxin, conserved site

protein disulfide isomerase activity
domain:Thioredoxin 1

domain:Thioredoxin 2

growth factor activity
Mitogen
Growth factor

positive regulation of cell division

Carbon-nitrogen hydrolase

nitrogen compound metabolic process

domain:CN hydrolase

Multifunctional enzyme
ATP-grasp fold, subdomain 2

ATP-grasp fold, subdomain 1

domain:ATP-grasp

Rudiment single hybrid motif

ATP-grasp fold

Pre-ATP-grasp domain

Flavoprotein

FAD

fatty acid beta-oxidation using_acyl-CoA
dehydrogenase

Lipid metabolism

nucleotide phosphate-binding region:FAD

fatty-acyl-CoA binding

Acyl-CoA dehydrogenase/oxidase, N-
terminal

Acyl-CoA oxidase/dehydrogenase, central
domain

Acyl-CoA dehydrogenase/oxidase C-
terminal

Acyl-CoA dehydrogenase/oxidase

lipid homeostasis

oxidoreductase activity,_acting_on the CH-
CH group of donors, with a flavin as
acceptor

flavin adenine dinucleotide binding
binding site:Substrate; via amide nitrogen

acyl-CoA dehydrogenase activity

binding site:FAD

binding site:Substrate; via carbonyl oxygen

nucleotide biosynthetic process

Phosphoribosyltransferase domain

Nucleotide biosynthesis

nucleoside metabolic process
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pyrophosphatase/phosphate transferase
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Nitrophenylphosphatase-like domain

HAD-superfamily_hydrolase, subfamily IIA

HAD-like domain

mitochondrion organization
PHB

Band 7 protein

Phospholipase D/Transphosphatidylase

domain:PLD phosphodiesterase 2

domain:PLD phosphodiesterase 1

Rotamase

protein peptidyl-prolyl isomerization

Cyclosporin
peptide binding

Cyclophilin-type peptidyl-prolyl cis-trans
isomerase

isomerase domain
chaperone-mediated protein folding
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isomerase,_conserved site

type
FK506 binding

domain:PPIase cyclophilin-type

actin-dependent ATPase activity
calmodulin binding

Motor protein
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domain:IQ 2
Calmodulin-binding

IQ

domain:Myosin head-like
Myosin

1Q _motif, EF-hand binding_site
MYSc

Myosin head, motor domain

myosin complex

Thioester bond

Alpha-2-macroglobulin, conserved site

SM01361

Alpha-2-macroglobulin,_thiol-ester bond-
forming

A-macroglobulin complement component

Terpenoid cyclases/protein
prenyltransferase alpha-alpha toroid
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Heat shock protein Hsp90, conserved site

Heat shock protein Hsp90

Heat shock protein Hsp90, N-terminal
Ribosomal protein S5 domain 2-type fold
HATPase ¢

heat shock protein, HSP90/HTPG types

Histidine kinase-like ATPase, ATP-binding
domain

Prostate cancer

HSP20-like chaperone
CS-like domain

domain:CS

Gamma-carboxyglutamic acid
GLA

Coagulation factor, subgroup, Gla domain

Gamma-carboxyglutamic acid-rich (GLA),
domain

domain:Gla

activity

Thiol protease inhibitor

Proteinase inhibitor 125, cystatin

[i4

positive regulation of early endosome to
late endosome transport

establishment of endothelial barrier
Ezrin/radixin/moesin
Ezrin/radixin/moesin, C-terminal

positive regulation of protein localization to
early endosome

Moesin

ezrin/radixin/moesin

positive regulation of cellular protein
catabolic process

domain:FERM

Ezrin/radixin/moesin like

EERM/acyl-CoA-binding_protein,_3-helical
bundle

FERM conserved site
SM01196
FERM,_N-terminal

FERM, C-terminal PH-like domain

B41
EERM domain

EERM central domain
Band 4.1 domain

extrinsic component of membrane

structural constituent of ribosome
large ribosomal subunit rRNA binding
cytoplasmic translation

cytosolic large ribosomal subunit
preribosome,_large subunit precursor

Ribosomal protein
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Ribonucleoprotein

Ribosome

>
4

D

Actin-binding,_cofilin/tropomyosin type
domain:ADF-H

C
0
<

c
]
<

domain:UBX

HIT-like domain
short sequence motif:Histidine triad motif

domain:HIT

domain:EGF-like 1

Insulin-like growth factor binding_protein,
N-terminal

EGF-like domain

domain:EGF-like 3; calcium-binding
domain:EGF-like 2; calcium-binding
domain:EGF-like 5; calcium-binding
domain:EGF-like 6; calcium-binding
domain:EGF-like 2
domain:EGF-like 4

EGF CA

EGF

EGF-like calcium-binding

EGF-like calcium-binding,_conserved site

EGF-type aspartate/asparagine
hydroxylation site

EGF-like, conserved site

Epidermal growth factor-like domain

DEFSN

Defensin

Beta defensin/Neutrophil defensin

Beta defensin type

®

=3

pti

=3

septi
binding site:GTP

binding site:GTP; via amide nitrogen and
carbonyl oxygen

SM01394

S$100/CaBP-9k-type, calcium binding,
subdomain

S100/Calbindin-D9k,_conserved site

calcium-binding region:1; low affinity

calcium-binding region:2; high affinity

Synapse
Postsynaptic cell membrane
postsynaptic density

postsynaptic membrane
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HAD-like domain

SM00831

terminal
P-type ATPase, transmembrane domain

Cation-transporting_P-type ATPase, N-
terminal

T-tubule

P-type ATPase, cytoplasmic domain N

Cation-transporting_P-type ATPase

P-type ATPase, A domain
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Cadherin prodomain
domain:Cadherin 2

domain:Cadherin 1

domain:Cadherin 5

domain:Cadherin 4

domain:Cadherin 3

Cadherin-like

CA

Cadherin

Cadherin conserved site

homophilic cell adhesion via plasma
membrane adhesion molecules

repeat:HEAT 4
repeat:HEAT 1
repeat:HEAT 3

repeat:HEAT 2

EBG
Fibrinogen,_alpha/beta/gamma chain, C-
terminal globular,_ subdomain 2

Fibrinogen, alpha/beta/gamma chain, C-
terminal globular, subdomain 1

Fibrinogen,_alpha/beta/gamma chain, C-
terminal globular domain

domain:Fibrinogen C-terminal

positive regulation of osteoblast
differentiation

negative regulation of extrinsic apoptotic
signaling_pathway

Signaling_pathways regulating_pluripotency

of stem cells

xenophagy,

positive regulation of defense response to
virus by host

mitophagy_ in response to mitochondrial
depolarization

Low-density lipoprotein (LDL)_receptor class

A repeat

LDLa

TSP1

AR|
repeat:ARM 2
repeat:ARM 3

Armadillo

TPR repeat
Tetratricopeptide TPR-1
Tetratricopeptide-like helical
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TPR
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repeat:TPR 4

Tetratricopeptide repeat-containing_domain

Tetratricopeptide repeat

TSPN
LamG

Laminin G domain

Concanavalin A-like lectin/glucanase,

subgroup

domain:Fibronectin type-III 3
domain:Fibronectin type-III 2
domain:Fibronectin type-III 1
EN3

Fibronectin,_type III

domain:Ig-like C1-type
I1Gcl
Immunoglobulin C1-set

Immunoglobulin/major histocompatibility,
complex, conserved site

Transforming_growth factor-beta, N-
terminal

positive regulation of pathway-restricted
SMAD protein phosphorylation

TGFB

Transforming_growth factor-beta-related

Transforming_growth factor beta, conserved

site
SMAD protein signal transduction

transforming_growth factor beta receptor
binding

Transforming_growth factor-beta, C-terminal

cytokine activity
regulation of MAPK cascade

cell development

SNARE complex

SNAP receptor activity

SNARE interactions in vesicular transport
topological domain:Vesicular

vesicle fusion

metal ion-binding site:Calcium 2

metal ion-binding site:Calcium 1

metal ion-binding site:Calcium 2; via
carbonyl oxygen
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G-protein beta WD-40 repeat
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repeat:WD 2
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