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Abstract: Transforming growth factor-B(TGF-8) gene family plays a key role in a variety of biological processes such as cell
growth, differentiation,apoptosis,and extracellular matrix synthesis and deposition. To investigate the expression of TGF-§ gene
family in donkeys,we performed a systematic survey of the donkey TGF-f gene family,including gene identification,expression
analysis,and discussion of their functional and evolutionary relationships. The members of the donkey TGF-§ gene family were
identified using the HMMER software package and BLLAST tools,and the sequences were analyzed in depth in combination with
a variety of bioinformatics tools. Furthermore,the expression patterns of this gene family in different tissues were analyzed u-

sing transcriptome data. The results showed that the TGF-§8 gene family consisted of 33 members,encoding proteins with amino

acids ranging from 153 to 507 aa, molecular weights ranging
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from 16. 19 to 55. 67 kD, and isoelectric point distributions

ranging from 4. 84 to 11. 66. All members were hydrophilic

x [BEEE] WHE,E-mail:dangruihua@nwsuaf. edu. cn the secondary structure of TGF-f gene family members was
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dominated by random coil,followed by a-helix,and finally -
fold. The results of subcellular localization showed that 31
members were located in the extracellular matrix, BMP2 was
located in the endoplasmic reticulum, BMP10 was located in
the plasma membrane, and BMP7 was located in the mito-
chondria. Phylogenetic analysis showed that the TGF-3 gene
family was divided into two subclasses,in which the donkey
and human gene family members were clustered separately,
indicating a close evolutionary relationship. The transcrip-
tome data further showed that most TGF-8 gene family
members were expressed in 13 tissues of the adult donkey,
with the NODAL gene showing high expression levels in all
tissues. These results lay a foundation for further under-
standing the biological functions of TGF-8 gene family in
donkeys.

Key words: donkey; TGF-3 gene family; phylogenetic e-

volution;analysis of expression
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Fig. 1 Phylogenetic tree of donkey, human and mouse

TGF-p gene family proteins
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Table 1 Physicochemical properties of donkey TGF-p gene family proteins
e, — HHETR H U X p— ARE i 5 1t s |
Kot 5y ¥ i sk /kD Ei=ge FH K
GDF5 XP_044629204. 1 507. 00 55.67 8. 20 58.63 71.83 —0.440
BMP5 XP_014707242. 1 454,00 51.47 9.00 47.99 77.97 —0.439
BMP7 XP_014687467. 1 431.00 49. 30 7.36 53. 46 76. 26 —0.411
BMP2 XP_014684231.1 395.00 44. 89 8. 85 53.99 79. 24 —0.473
BMPSB XP_044626372. 1 402. 00 44,78 8.90 60. 58 82.04 —0.363
BMPSA XP_044626354. 1 404. 00 45.00 8.79 60. 65 82. 60 —0.358
BMP4 XP_014720200. 1 409. 00 46. 60 8.57 57.89 79. 80 —0.532
GDF6 XP_014703240. 2 461.00 51.43 9.19 69. 87 69. 87 —0.610
GDEF7 XP_044627936. 1 452.00 46. 47 9.29 55.16 79.51 —0.118
GDEF3 XP_014706486. 2 364.00 40. 76 7.11 52.09 97.25 —0.087
BMP3 XP_014691802. 1 475.00 53.46 9.62 59. 67 79.05 —0.519
INHBA XP_014720043. 1 426. 00 47.70 7.56 62.09 79. 44 —0.522
BMP10 XP_014692224. 1 424.00 48.02 4. 84 47. 26 86.93 —0.349
INHBE XP_014699477.1 351.00 38.52 9.00 63. 28 86. 78 —0.255
INHBC XP_014699475.1 351.00 38. 37 8.27 46. 82 88.12 —0.049
GDF1 XP_044629219. 1 369.00 39.18 11. 20 69. 92 89. 32 —0.059
GDF10 XP_014697015. 1 477.00 52.54 9.52 56. 44 76.77 —0.451
GDF2 XP_014697014. 2 427.00 47.43 6. 34 50. 24 75.57 —0.426
BMP15 XP_014682648. 1 394.00 45.23 9.67 52. 86 96.19 —0.309
GDF9 XP_014712290. 2 451.00 50.63 8.90 55.54 79.18 —0.350
MSTN XP_014693062. 1 375.00 42. 84 7.46 42.79 83.95 —0.406
TGFB3 XP_014696363. 1 412.00 47,17 8.13 48.59 82.06 —0.499
TGFB2 XP_014705358. 1 442.00 50.53 8. 74 53. 00 80.52 —0.396
NODAL XP_044612398. 1 350. 00 39.92 5. 81 63.07 85.23 —0.374
TGFB1 XP_014716505. 1 391.00 44,07 8.83 46. 29 89.77 —0.255
GDF15 XP_044629495. 1 300. 00 32.98 10.72 63.53 92. 20 —0.298
INHA XP_014711541.1 367.00 39.45 7.62 68. 96 90. 71 —0.042
NRTN XP_044609194. 1 197.00 22. 37 11.12 68. 83 85.79 —0.434
ARTN XP_044626547. 1 225.00 23.11 11. 66 84. 20 64. 40 —0. 385
GDNF XP_014686778. 1 211.00 23.81 9.25 64. 20 78. 20 —0.547
PSPN XP_014699167. 1 153. 00 16. 20 9.48 36.79 86.93 —0.099
LOC106844730 XP_044618896. 1 367.00 40.79 8. 40 44.02 87.14 —0.334
LOC106844732 XP_044618866. 1 367.00 40. 77 8.61 46. 35 87. 14 —0.334
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Table 2 Secondary structure prediction and subcellular localization of donkey TGF-p gene family proteins
TR EER 53 AT LA
B 2R 7.2 i 5 fir
o B8 i 3 fif % = JC L) 2 ity
GDF5 22.88 17. 95 3.35 55.82 extracellular
BMP5 23.79 16.52 2. 86 56. 83 extracellular
BMP7 24.59 17. 87 3.02 54.52 mitochondrial
BMP2 25.06 17.72 2.03 55.19 endoplasmic reticulum
BMP8B 20. 40 17. 66 2.49 59.45 extracellular
BMPSA 22.03 18.07 2.48 57.43 extracellular
BMP4 23.47 19. 56 1. 96 55.01 extracellular
GDF6 22.56 10. 20 2. 60 64. 64 extracellular
GDEF7 38. 27 11. 50 8.19 42.04 extracellular
GDF3 26. 37 17.03 5.77 50. 82 extracellular
BMP3 25. 89 14. 95 3.79 55.37 extracellular
INHBA 25.35 19. 48 4.69 50. 47 extracellular
BMP10 28.54 17.92 2.59 50. 94 plasma membrane
INHBE 23.93 19. 94 3.70 52.42 extracellular
INHBC 24.50 23.93 4.56 47.01 extracellular
GDF1 29.00 12.74 9.76 48.51 extracellular
GDF10 22.22 15.09 3. 14 59. 54 extracellular
GDF2 25.06 18.03 3.28 53.63 extracellular
BMP15 30. 46 11.93 1.78 55. 84 extracellular
GDF9 26.39 15. 96 2. 44 55.21 extracellular
MSTN 20. 80 23.73 3.47 52.00 extracellular
TGFB3 34.95 15.53 1. 46 48.06 extracellular
TGFB2 34.39 13.12 2.49 50. 00 extracellular
NODAL 21.71 16. 29 4. 00 58.00 extracellular
TGFBI1 32.74 17. 14 3.58 46. 55 extracellular
GDF15 30. 33 12.33 4,00 53.33 extracellular
INHA 14. 17 17. 44 3.27 65.12 extracellular
NRTN 41.12 10. 15 7.61 41.12 extracellular
ARTN 22.67 8. 89 4. 44 64. 00 extracellular
GDNF 30. 33 8.53 5.69 55.45 extracellular
PSPN 43.79 10. 46 5.23 40. 52 extracellular
L.LOC106844730 27.52 18. 80 3.27 50. 41 extracellular
LOC106844732 28.88 17.71 3.54 49. 86 extracellular
chr.l  chr.2 chr.3 chr4 chr.5 chr.6 chr.7 chr.8 chr.10 chr.12 chr.15 chr.19 chr.20 chr.22 chr.26 chr.30 chr.x
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Chromosome mapping of 34 donkey TGF-p gene family members
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Fig. 3 Structural analysis of donkey TGF-p gene family members
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