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RNA-seq= 0| &% NGSE

| =
/mRNA sequencing Expression profiling \
Novel transcriptome mRNA known transcriptome
(reference construction: = (Identify expressed genes
identify expressed genes) el and quantification)
Long read cDNA sequencing Short read cDMNA Sequencing
using Roche/454 using llumina/Solexa
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(2)reF AAe] RNA-seq =7FsAl 13 ZREE AFed F5% Calmodulin (CALM),
Equatorin (EQTN), Cytosolic 5'—nucleotidase 1B (NT5C1B), Ras-—related protein




Rab—2A (RAB2A), NADH dehydrogenase [ubiquinone] iron—sulfur protein 2
(NDUFS2), Triosephosphate Isomerase (TPI), Spermadhesin (AWN), Lysozyme-—like
protein 4 precursor (LYZL4), Carbohydrate—binding protein (AQN—3), L—amino acid
oxidase (LAAO), Malate Dehydrogenase 2 (MDH2), Tubulin Beta Class I (TUBB),
Ubiquinol—Cytochrome C Reductase Core Protein 1 (UQCRC1), Ubiquinol—Cytochrome
C Reductase Core Protein 2 (UQCRC2), Shadow of prion protein precursor (SPRN),
Seminal plasma sperm motility inhibitor precursor (SPMI), Glycoprotein 2 (GP2),
Hydroxyacyl—CoA Dehydrogenase Trifunctional Multienzyme Complex Subunit Alpha
(HADHA), Heat Shock Protein Family D (Hsp60) Member 1 (HSPDI1), Beta—actin
(ACTB), Actin Related Protein T2 (ACTRTZ2), Actin Related Protein T3 (ACTRTS3),
Pyruvate Dehydrogenase E1 Beta Subunit (PDHB), Acrosin Binding Protein (ACRBP),
Prohibitin (PHB), Glutathione S—Transferase Mu 3 (GSTM3), ATP synthase subunit d
(ATP5H), Glutathione peroxidase 4 (GPx4), vasopressin V2 receptor (AVPR2), Chain
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2—1. A7UE 2 4
Loge) A% W WA s
b Selvet E QAL LDYadAA FECE olgut Asdols 9 234 F 4 o
WAAA S0, YA AZe] tjst 7R A% gAF 53
(D 1,2,3% W% 3de] dx F 49701712 4 AE &dx (F 9871A1e] ) ME B
71 B - dEgo)A 2157, 23X 265F/F 49F
19zt - d=gol A 175, £3M 18%F/%F 35%
oda} - AWEgo) A 5%, QM 9%/EF 14%
(2) #4%5I5 =
D A A2 in vitro $FASHAES 5= heparing o] &l FASHS IS
@ CTC/Hoechst 33258 °©]% GM& o] FATHISAE, HANSHE, 244
ANYAE FFEste] HlEZ UER
(3) +4585 A% 449 54 0 olgt W =74
D FAEEE A 4R $54 9 o g
1 MOT HYP VCL (u | VSL (u | VAP (u LIN BCF WOB ALH (u
S (0g) o | m/s) | mie | mss) (%) (Hz) (%) m)
A 85.12 18.37 148.89 65.19 75.65 43.83 11.41 50.83 6.42
B 87.95 14.61 146.69 63.82 79.88 43.54 12.02 54.5 6.59
C 96.96 26.92 168.04 73.42 87.83 43.83 10.43 52.18 7.42
D 78.96 12.97 136.71 63.17 72.79 46.93 11.59 53.24 6.02
E 86.18 20.98 149.91 58.34 72.35 38.92 11.68 48.277 6.46
F 79.54 3.6 118.28 73.21 77.01 61.94 13.7 65.16 5.53
G 87.36 .72 138.86 75.95 85.82 54.7 12.14 61.79 6.47
H 89.72 1291 151.21 77.06 86.01 50.95 1191 56.89 6.9
I 86.58 14.84 142.33 60.69 75.6 42.63 12.17 53.12 6.19
J 90.22 21.48 154.83 61.08 76.5 39.45 11.8 49.41 6.71
K 92.14 11.48 140.49 69.01 &80.73 49.12 11.84 57.46 6.38
L 64.71 9.78 118.02 48.84 58.74 41.43 12.98 49.79 5.19
M 72.85 9.52 138.68 74.4 79.73 53.64 12.22 57.48 6.27
N 95.23 6.87 132.65 77.83 84.43 58.71 12.41 63.68 6.22
O 79.01 13.24 131.61 48.38 62.19 36.76 12.44 47.25 5.79
P 95.84 28.73 177.26 84.36 98.34 4759 10.93 55.49 7.96
Q 94.83 36.64 181.87 75.25 91.22 41.38 10.51 50.16 7.83
R 91.44 10.55 143.24 5.7 86.82 52.84 11.93 60.62 6.55
S &83.41 18.35 147.15 62.25 74.05 42.31 11.7 50.34 6.42
T 90.28 16.81 152.34 72.24 85.54 4741 11.7 56.15 6.75
U 91.52 24.25 173.22 90.14 100.44 52.05 10.26 57.99 772
\Y% 74.3 11.33 130.75 52.09 63.48 39.79 12.17 4852 5.67
W 91.8 14.13 162.3 101.14 103.35 62.29 11.06 63.7 761
X 82.44 11.47 149.21 85.71 92.52 57.46 10.96 62 7.02
Y &85.95 17.26 160.04 &7.17 93.66 51.46 10.84 58.5 7.37
Y4 74.23 12.28 126.78 4974 61.25 39.23 12.61 48.3 5.54
a 89.43 25.89 164.8 75.82 &5.12 4597 10.88 51.62 7.22
b 61.76 5.07 109.76 53.12 60.61 48.23 13.02 55.13 4.89
C 72.04 12.16 141.91 72.14 81.69 50.82 11.7 57.56 6.36




d &80.21 13.11 133.35 55.34 67.64 41.43 11.94 50.7 5.83
e 85.58 20.78 153.32 65.99 78.8 4297 11.49 51.02 6.61
f 73.63 23.08 150.28 63.76 76.59 42.43 119 50.98 6.57
g 80.14 12.23 128.21 47 .87 62.2 37.3 12.48 48.49 5.7
h 74.41 15.93 141.99 67.23 75.49 47.31 11.69 53.16 6.23
i 72.75 5.31 120.81 63.12 72.13 52.23 13.46 59.68 5.61
] 74.25 8.65 119.74 49.1 60.32 40.98 12.95 50.37 5.3
k 94.69 33.32 181.42 83.63 96.4 46.11 10.42 53.15 8
1 78.41 15.47 136.84 53.57 64.09 39.15 11.84 46.85 5.8
m 89.93 18.69 156.23 71.81 83.42 45.95 10.94 534 6.8
n 71.48 7.19 136.56 &80.39 82.48 58.83 12.29 60.38 6.26
0 80.42 16.45 146.51 67.26 76.15 459 11.67 51.97 6.38
p 87.02 23.7 156.78 64.33 77.43 41.04 11.19 49.39 6.81
a 85.56 13.87 138.77 59.28 70.9 42.69 1148 51.06 6.06
T 93.57 19.81 160.95 77.89 90.58 48.38 11.05 56.27 7.2
S 89.04 30.66 169.87 66.46 82.33 39.1 11.05 48.46 7.33
@ $45H5 F 449 £84 9 s wg
! MOT HYP VCL (u | VSL (u | VAP (u LIN BCF WOB ALH (u
S (%) ) | ms | me | mie | () (Hz) (%) m)
A 90.61 15.98 150.05 74.71 84.66 49.87 11.16 56.6 6.75
B 86.95 9.07 133.01 72.38 79.67 54.5 115 59.93 6.1
C 79.89 2.06 111.36 75.14 75.86 67.46 13.28 63.11 5.31
D 75.66 1.63 112.77 74.75 75.67 66.34 13.31 67.18 5.32
E 9498 24.52 164.18 73.85 87.36 45.02 10.8 53.25 7.32
F 78.19 3.88 111.97 63.06 69.09 56.37 12.77 61.74 517
G 67.64 1.89 106.01 78.08 77.23 73.68 15.55 72.87 5.28
H 74.41 0.71 109.09 84.09 &81.05 7711 14.68 74.32 5.45
I 75.27 7.29 116.36 52.35 63.89 45 12.54 54.92 5.25
J 96.05 35.26 182.05 75.11 91.13 41.27 10.38 50.07 7.83
K 4947 1.74 94.69 52.45 56.64 55.46 12.98 59.85 431
L 69.5 7.68 121.48 51.37 61.6 42.27 12.61 50.71 5.3
M 84.33 1.28 111.58 7772 7.8 69.61 14.01 69.73 548
N 62.93 0.78 99.28 68.19 68.14 68.82 14.73 63.81 4.84
O &83.89 854 127.65 63.23 71.54 49.54 12.39 56.05 5.8
P 71.77 2.98 118.16 82.68 83.11 69.91 13.09 70.3 573
Q 85.73 2.75 123.15 79.25 &81.16 64.37 12.59 65.91 5.84
R 86.67 472 118.15 67.06 73.18 56.78 12.21 61.95 5.53
S 92.16 13.17 138.81 64.78 75.45 46.68 11.45 54.37 6.27
T 96.73 32.55 179.31 77.22 91.98 43.09 10.43 51.31 7.87
U 54.87 2.54 89.16 48.57 53.68 54.5 14.1 60.21 4.2
Vv 92.69 24.89 162.05 67.9 82.38 41.93 11.05 50.86 7.08
W 38.04 1.9 104.58 68.7 69.22 65.89 13.31 66.36 4.95
X 86.6 .72 138.25 85.19 88.96 61.68 11.95 64.4 6.52
Y 85.22 10.95 150.58 91.42 9 60.68 10.87 62.41 6.85
7 87.21 17.82 151.82 74.83 83.98 49.36 11.03 55.37 6.81
a 90.74 94 139.51 &80.12 85.11 57.44 11.25 61.02 6.36
b 81.46 6 126.67 76.19 79.25 60.16 12.34 62.56 5.81
c 81.69 4.88 131.13 83.45 &5.07 63.63 11.98 64.86 6.1
d 96.74 41.36 190.47 77.26 95.38 40.58 10.22 50.08 8.28
e 74.24 6 120.83 70.44 75.25 58.26 13.02 62.27 5.56
f 86.67 10.02 130.17 69.37 76.3 53.31 114 58.63 5.92
g 81.92 11.24 127.11 51.44 64.47 40.47 12.16 50.72 5.73
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h 54.67 4.25 106.47 57.6 61.25 54.11 13.17 57.52 472
1 78.02 3.22 121.41 77.41 80.1 63.82 13.41 66 5.79
j 96.67 42.5 192.47 69.28 90.32 36 10.85 46.93 8.21
k 78.8 11.63 131.88 66.05 73.43 50.11 11.74 55.72 5.87
1 70.75 6.95 111.91 53.62 61.1 47.89 12.83 54.6 5.02
m 97.09 4492 194.56 70.99 90.73 36.49 10.54 46.64 8.37
n 82.5 4.32 131.53 92.05 90.11 69.96 12.09 68.5 6.26
0 86.2 13.01 137.69 63.27 73.54 45.99 11.6 53.47 6.13
D 92.47 16.93 147.19 67.4 79.37 45.79 11.19 53.92 6.59
q 96.51 20.06 155.63 71.49 83.67 45.94 10.75 53.76 6.92
r 80.66 4.08 126.99 80.85 82.76 63.75 12.16 65.18 5.93
S 94.48 23.66 165.86 77.41 89.13 46.67 10.74 53.74 7.38
@) FA%AS A 9 F AW, SRS, AL, FEAA g 24
TAEIE A TAEAE T

sample AR (%) F(%) B(%) AR (%) F (%) B(%)
A 1.60 97.76 0.64 5.32 72.70 21.99
B 1.50 95.50 3.00 7.53 70.61 21.86
C 2.17 91.95 5.88 5.06 76.79 18.14
D 1.48 93.33 5.19 5.97 63.43 30.60
E 0.94 96.54 2.52 2.70 64.09 33.20
F 0.62 94.72 4.66 8.39 72.03 19.58
G 0.30 95.44 4.26 1.27 80.89 17.83
H 1.10 96.69 2.21 3.64 68.18 28.18
I 1.07 94.66 4.27 9.00 81.50 9.50
J 0.66 93.07 6.27 8.19 65.09 26.72
K 1.52 84.76 13.72 18.69 54.21 27.10
L 10.48 70.16 19.37 8.60 80.65 10.75
M 1.16 89.28 9.57 5.44 78.23 16.33
N 0.67 95.62 3.70 2.90 74.27 22.82
@) 9.15 83.80 7.04 4.04 67.65 28.31
P 3.88 85.97 10.15 5.28 71.54 23.17
Q 1.05 88.95 10.00 4.37 53.35 42.27
R 2.43 88.11 9.46 1.11 59.61 39.28
S 1.88 92.23 5.90 1.36 58.54 40.11
T 2.03 95.64 2.33 1.62 64.72 33.66
U 1.57 83.70 14.73 5.04 61.15 33.81
\Y 3.90 83.77 12.34 4.72 71.65 23.62
W 0.69 91.72 7.59 2.31 60.77 36.92
X 2.28 89.17 8.55 1.56 68.87 29.57
Y 0.00 93.73 6.27 4.95 53.47 41.58
Z 0.86 87.68 11.46 5.36 56.55 38.10
a 1.99 80.34 17.66 2.96 61.58 35.47
b 0.00 93.87 6.13 1.68 59.66 38.66
c 0.00 92.46 7.54 1.30 59.57 39.13
d 0.29 96.81 2.90 3.31 69.54 27.15
e 0.00 93.08 6.92 0.84 56.96 42.19
f 0.61 96.05 3.34 2.36 60.85 36.79
g 0.00 93.13 6.87 5.06 50.00 44,94
h 0.00 74.01 25.99 3.94 42.52 53.54
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1 0.00 90.30 9.70 1.55 41.09 57.36

; 0.43 95.24 133 1.35 60.87 31.78

k 0.00 61.15 38.85 3.57 60.27 36.16

I 0.00 97.57 2.43 3.31 80.11 1657

m 0.31 94.14 5.56 1.86 46.51 51.63

o 0.31 91.28 841 273 53.18 39.09

0 0.00 85.08 14.92 1.89 50.94 47.17

b 0.00 77.35 22.65 315 18.20 18.65
a 0.00 92.88 7.12 2.06 58.44 39.51

r 0.00 52.90 15.10 2.69 17.08 19.33

S 0.00 81.72 18.28 2.63 46.99 50.38

(5) WZ YA AA Y FAL o] &3 AFFAL B3 WA FE

o0 [ B (oo aE ] AnT O] SaE | RuE | s
sample | an | mgaap w = | = @ | @ A

a 48 1.5 (3.4) 26 1 21 80.8 50 14.2
A 78 1.3 (2.8) 43 3 41 95.3 58.1 11.3
b 53 1.4 (3.3) 27 1 26 96.3 74.1 13.1
B 32 1.5 (2) 17 0 14 82.4 35.3 10.5
C 35 1.3 (2.3) 18 0 18 100 44 .4 12.8
C 55 1.5 (4.6) 28 2 27 96.4 25 13.1
d 106 1.6 (3.3) 55 3 43 78.2 38.2 12.4
D 60 1.3 (3.6) 33 1 30 90.9 66.7 11.5
E 41 1.3 (2.5) 22 4 17 77.3 68.2 12.7
e 45 1.3 (2.3) 24 3 20 83.3 75 13.4
f 58 1.5 (2.7) 30 1 29 96.7 66.7 13.3
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G 35 1.5 (3.7) 21 3 20 95.2 28.6 10.3
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] 43 1.4 (3.4) 23 2 18 78.3 60.9 12.8
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S 12 1.1 (0) 6 1 6 100 0 0
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X 60 1.6 (3.2) 30 1 26 86.7 20 10.3
Y 36 1.4 (4) 19 1 17 89.5 42.1 11.8
Z 28 1.4 (2.8) 15 1 15 100 66.7 12.8
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@ 7] £4E-2 PLEK (pleckstrin), CD53(CD53 molecule), ABCC1(ATP Binding
Cassette Subfamily C Member 1), RAB7L1 (RAB7, member RAS oncogene
family—like 1), MCMBP (minichromosome maintenance complex binding protein),
CRIM1 (cysteine rich transmembrane BMP regulator 1), TAF12(TATA—-box binding
protein associated factor 12), PTPRC (protein tyrosine phosphatase, receptor type
C), STRIP2 (striatin interacting protein 2), DGCRS8 (microprocessor complex subunit
DGCRS8), ASXL2 (additional sex combs like 2), RAB11FIP2(RAB11 family interacting
protein 2), JARID2 (Gumonji and AT-rich interaction domain containing 2),

CXCR4 (C—X~-C motif chemokine receptor 4), DUSP2(dual specificity phosphatase
2), RAB11B(Ras—related protein Rab—11B), LCP1 (lymphocyte cytosolic protein 1),
SLA-DQA1 (MHC class II, DQ alpha 1), HOMERZ2 (homer scaffolding protein 2),
ANOG6 (anoctamin 6), EPHB2 (EPH receptor B2), CELF6(CUGRBP, Elav—like family
member 6), EGR2(early growth response 2), CNPY1 (canopy FGF signaling
regulator 1), MYL6 (myosin light chain 6), GANAB (glucosidase II alpha subunit),
RMDNI1 (regulator of microtubule dynamics 1), GIPC2(GIPC PDZ domain containing
family member 2), MS4A2(membrane spanning 4—domains A2), BUB3 (mitotic
checkpoint protein BUB3), ITGAG6 (integrin subunit alpha 6), FMR1 (fragile X mental
retardation 1), GXYLT2 (glucoside xylosyltransferase 2), PFDNG6 (prefoldin subunit
6), RPS28 (ribosomal protein S28), RPS20 (ribosomal protein S20), SSR4 (signal
sequence receptor subunit 4), SGK1 (serum/glucocorticoid regulated kinase 1),
SORD (sorbitol dehydrogenase), ZDHHC2 (zinc finger DHHC—type containing 2),
MDK (midkine), NFKBIA (NF— ¢ B inhibitor alpha), TMEM170B (transmembrane
protein 170B), KLF6 (kruppel like factor 6), TRIMb59 (tripartite Motif Containing 59),
CYFIP2 (cytoplasmic FMR1 interacting protein 2), UTP15(U3 small nucleolar
RNA—associated protein 15), ST13(suppression of tumorigenicity 13), %
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7}. Elevated aminopeptidase N affects sperm motility and early embryo development
(PLoS One, 2017)

L}, Comprehensive analysis on the homology, interaction, and miRNA regulators of human
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deleted In azoospermia proteins: updated evolutionary relationships with primates
(Genes & Genomics, 2017)

t}. Peroxiredoxin activity is a major landmark of male fertility (Scientific Reports, 2017)

2}, Determination of Highly Sensitive Biological Cell Model Systems to Screen
BPA—Related Health Hazards Using Pathway Studio (International Journal of Molecular
Sciences, 2017)

v} Clinical assessment of the male fertility (Obstetrics Gynecology Science, 2018)

v}, Effect of Aminopeptidase N on functions and fertility of mouse spermatozoa in vitro
(Theriogenology, 2018) *JCR Al 10%

AL 2,3,7,8=Tetrachlorodibenzo—p—dioxin can alter the sex ratio of embryos with
decreased viability of Y spermatozoa in mice (Reproductive Toxicology, 2018)

o}. Applications of capacitation status for litter size enhancement in various pig breeds
(Asian—Australasian Journal of Animal Sciences, 2018)

A} Effect of endocrine disruptors on the ratio of X and Y chromosome—bearing live
spermatozoa (Reproductive Toxicology, 2018)

2z}, Fms—like tyrosine kinase 3 is a key factor of male fertility (Theriogenology, 2019)
#*JCR A% 10%

7}, Sperm solute carrier family 9 regulator 1 is correlated with boar fertility
(Theriogenology, 2019) *JCR A% 10%

3}, Porcine seminal protein—I and II mRNA expression in boar spermatozoa is
significantly correlated with fertility (Theriogenology, 2019) *JCR A9 10%




3. S 4T I #E 20| 7|0
L%

FE 0
gpng [FE A $5 3 B A Bl A o AR 9 olF ol8d 7t
T Gzelde A 3y

A e 3% A7

= A0
22 715 s PO
VAP A S SFA] ] 3Q .5
ZH)?_]’;E E] ]’ﬁﬂ' 7] —qu]‘ a7 ?_] éo ) E]—
J— Gik)) N o | = B (
PR e T F AR R I I N
S| 71 AW 5 2l o~ | A A
A A F| A o g lala B ST E o AR
55|50 glalal ® &S 2|7 B2
- S|
% % % b ha % ;-(] I .31_;_ % }\] Z_l)
HEEE | 2| 1 1|5 5 6 3
g9E | 5 3 1|5 10/ 113 4 22| 4
NE A AZA AAEEE RE A Ay SRy 100% oY ZXE 2Ae 53], A7)
AFEo A ol AP aE SCI =82 200%, Sh&TE 216%, FHAA 733%5 24595, &
g T AAor AASA ¢ AT Vs 1040 o AREHY sHFAAETAE 2FS
1=
Tl |
2. ALY HEHE ST
AgNEe] A HFHE: AR 157 ol T, d-nkA 4F o) e
-2 e v 65 AN

P oka} o U}ﬂ_ ALEA] AR S 7hEE
T (3285 %))

Equatorin EQTN 1.01 (60%)

Peroxiredoxin—4 PRDX4 1.55 (95%)

Porcine seminal protein I PSP-1I 1.08 (90.5%)

Porcine seminal protein 2 PSP—I1I 1.61 (88.2%)

Solute carrier family 9 regulator 1 | SLC9A3R1 | 1.5 (90%)

Zona pellucida binding proetein 4 | ZP4 1.3 (85%)

RNA-seqS =3 28t wp# PSP-I, I, SLCI9A3R] 3%, 7|& Z2HE nAZE AAHE AbA4
of d3& =+ v EQTN, PRDX4 2%, wH7ish npA o] Add oz /st vl ZP4 15, F 6
F AR 150l A vpAE ksl on srte| A8 HIS7HA] ekn




=
=

4. A7ZEIO| W

xr
®

o7
N

&

Ho

—_—

1. GGP % 7HQ

& 3l g=4 719del Z1seld, 71 i vf

E
=

SEER
FHAT W A913




	돼지에서 정자 전사체 마커를 활용한 산자수 향상 기술 개발 최종보고서
	요약문
	목차
	1. 연구개발과제의 개요
	1-1. 연구개발 목적
	1-2. 연구개발의 필요성
	1-3. 연구개발 범위

	2. 연구수행 내용 및 결과
	2-1. 연구내용 및 결과
	1. 정액 샘플 및 번식성적 확보
	2. RNA-seq
	3. 정자 전처리 및 RT-qPCR 최적화
	4. RT-qPCR
	5. 개별 mRNA 마커의 수태율 예측능력 개선
	6. 새로운 마커 발견
	7. 다중 마커 방법을 이용한 산자생산능력 진단 현장 적용을 위한 방법 개발

	2-2. 연구개발 성과
	1. 기술실시
	2. 특허 등록
	3. 논문


	3. 목표 달성도 및 관련 분야 기여도
	3-1. 목표
	3-2. 목표 달성여부

	4. 연구결과의 활용 계획 등


