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PC1

Horn size

Horn length 0916 <0.001
Spiral length 0.967 <0.001
Basal circumference 0.709 <0.001
Eigenvalue 228
Variance explained (%) 75.89

Horn asymmetry

Horn length 0923 <0.01
Spiral length 0909 <001
Basal circumference 0361 <0.05
Eigenvalue 181
Variance explained (%) 6029

PC, Principal component. Horn asymmetry was calculated as the signed value of the
difiorecics Betwnart it and Yot sides. of sk fosit.
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Sertoli cell efficiency

log SEI 0997 <0001
’ log SSEI 0.968 <0001

log RS/SC 0.986 <0001

log ES/SC 0.968 <0001

log GC/SC 0998 <0001

Eigenvalue 484

Variance explained (%) 96.74

Intramale variation in sperm head size

log head width CV 0938 <0001
Head area CV 0937 <0001
Head ellipticity CV 0901 <0001
Eigenvalue 257 ‘

Variance explained (%) 85.64

CV, coefficient of variation; SEI, Sertoli cell index; SSEI, spermatozoa-Sertoli cell index; RS/
SC, ratio of round spermatids to Sertoli cells; ES/SC, ratio of elongated spermatids to Sertoli
cells; GC/SC, ratio of germ cells to Sertoli cells. PC, principal component.
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<30 months old (Mean + SE)

>30 months old (Mean + SE)

Biometrics

| Body mass (kg) 22750 + 9.4 33933 £ 23.93 0.001
Horn length (cm) 5321 % 119 58.14 % 1.58 0019
Horn spiral length (cm) 64.56 £ 1.58 72.53 £ 2.07 0.006
Horn basal circumference (cm) 2562 + 043 2628 £ 0.35 0276
Testes mass (g) 106.09 + 7.38 14847 £ 9.48 0.002
GSI (%) 0.05 +0.00 0.04 +0.00 0734
Blood testosterone levels (ng/mL) 0.35 +0.07 041 +0.07 0442
Spermatogenic cells
Spermatogonia (%) 200 +0.36 257 +0.30 0041
Primary spermatocytes (%) 2413 £ 095 2068 £ 1.23 0027
Secondary spermatocytes (%) 082 +0.15 095 +0.12 0553
Round spermatids (%) 37.35 £ 0.95 3771 £ 1.06 0807
Elongated spermatids (%) 1639 £ 1.03 1727 £ 0.78 s
Spermatozoa (SI, %) 1930 £ 119 2083 £ 0.79 0332
Spermatogenic indices
SEI (%) 1469 £ 3.11 711 £ 0.84 0002
SSEI 176 £ 0.23 351 +057 0001
MI 159 +0.08 190 +0.13 0044
ES/RS 045 +0.03 047 +0.03 0705
ES/GC 016 £ 0.01 017 + 0,01 0529
RS/SC 330 +0.36 6.6 +1.29 0.004
ES/SC 145 £0.17 285 +0.43 0001
Gerse 879 +0.89 1715 + 2.94 0.004
Testicular architecture
Area seminiferous tubule (jm?) 25,578.69 + 1,802.32 27,671.06 + 750.57 0303
Area seminiferous epithelium (um?) 2085438 + 1,574.66 2347456 + 605.62 0145
Area seminiferous lumen (um?) 472431 £ 36158 419650 + 189.29 0253
Proportion of the seminiferous epithelium to the tubular area (%) 8144 %127 85.06 £ 0.45 0003

Sample size of <30 months old eland group is n = 13 except for blood testosterone levels (n = 10), spermatogenic indices (n = 12), and testicular architecture (n = 11). Sample size of >30 months
old eland group s n = 9 except for blood testosterone levels (n = 3). GSI, gonadosomatic index; S1, spermatic index; SEL, Sertoli cellindex; SSEI, spermatozoa-Sertolli cell index; MI, meiotic index;
ES/RS, ratio of elongated spermatids to round spermatids; ES/GC, ratio of elongated spermatids to germ cells; RS/SC, ratio of round spermatids to Sertoli cells; ES/SC, ratio of elongated
siariatids 10 Satell cills: GU/SC. st of gai colls: i Sertoli calli
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‘ Biometrics and blood testosterone levels

Body mass (kg) 27325 +1623 2
Horn length (cm) 5523+ 1.07 2
Horn spiral length (cm) 67.82 £ 1.50 2
Horn basal circumference (cm) 2589 £0.29 2
Testes mass (g) 12343 £ 7.28 2
GSI (%) 0.05 £ 000 2
Blood testosterone levels (ng/mL) 0.37 + 0.06 [ 13

Spermatogenic cells

Spermatogonia (%) 225£025 21
Primary spermatocytes (%) 22,65 + 0.83 2
Secondary spermatocytes (%) 0.88 + 0.10 21
Round spermatids (%) 3751 £ 0.69 2
Elongated spermatids (%) 16.76 + 0.67 21
Spermatozoa (SI, %) 1995 £ 0.76 21

\ Spermatogenic indices

SEI (%) 1144 + 1.96 21
SSEI 251£033 21
M1 172 £ 0.08 21
7 ES/RS 046 + 002 21
ES/GC 017 £ 001 21
RS/SC 474 £ 068 21
ES/SC 205 £025 21
GCIsC 1237 % 1.61 21

Testicular architecture

Area seminiferous tubule (um?) 26,5206 + 1,050.76 20
Area seminiferous epithelium (um?) 22,033.46 + 936.32 20
* Area seminiferous lumen () 448680 + 219.69 20
Proportion of the seminiferous epithelium to the tubular area (%) 83.07 £ 0.82 20

GSl, gonadosomatic index; S, spermatic index; SEL, Sertoli cel index; SSEI, spermatozoa-Sertoli cellindex; MI, meiotic index; ES/RS, ratio of elongated spermatids to round spermatids; ES/GC,
satio of slonzated spernstide i penny celle: B/SC: yatio:of round warmstide: 1o Sartol colls: RSVSC, rathc:of slorgated srennatids to: Sertl cell: GL/SC. ratio-of pari: calls 1o Sectol calle;
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Sperm number and morphology

Sperm concentration (10°/mL) 755.32 £ 100.76 21
Normal sperm (%) 68.79 + 7.01 17
Sperm size
Head width (um) 592 +0.04 17
[ Head length (um) 9.66 + 0.07 ;1§
Head perimeter (jum) 2484+ 013 17
Head area (m?) 44.95 + 0.44 17
Head ellipticity 163 £ 002 17
Midpiece length (jum) 1452 £ 0.10 17
Principal plus terminal piece length (m) 47.66 + 0.38 17
Flagellum length (um) 6217 + 0.42 17
Sperm length (jm) 7184 £ 043 17

Intramale CV in sperm size

Head width (%) 3.29£ 020 17

Head length (%) 285+ 015 17
Head perimeter (%) 221010 17
Head area (%) wszoa | v
Head ellipticity (%) 446 £ 020 17
Midpiece length (%) 268 016 17
Principal plus terminal piece length (%) 207 + 008 17
Flagellum length (%) 1.57 + 0.07 17
Sperm length (%) 149 £ 006 17

CV. coefficient of variation.
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Property of adaptive

radiations

Conventional perspective (neglecting
development)

Incorporating developmental bias

Rapid evolution

Parallel evolution

Radiating lineages have a “competitive
advantage”

Facilitated by ecological release

Repeated emergence of “ecotypes”

Radiating lineages are characterised
and facilitated by common ancestry

Adaptive divergence i often seeded
through phenotypic plasticity

Adaptive evolution occurs through random mutations that are
unguided in their phenotypic consequences. Additional role for
relaxed selection in a novel environment

Similar selection regimes lead to similar phenotypic outcomes

Certain lineages radiate because they claim a competitive
advantage. Often, such successful colonisers are described as
“generalists”

Adaptive radiations begin when a lineage invades a new
environment. This “ecological release” from competition allows
diversification into previously uninhabited niches

Radiations are characterised by the repeated emergence of
“ecotypes” (or “ecomorphs”), characterised by the co-occurrence
of several ecologically-relevant traits. Ecotypes emerge due to
selection on this “complex” of traits

Genetic similarity will increase the likelihood of parallel
evolution

Plasticity-led evolution can accelerate adaptation and ensure
phenotype-environment correlations

Phenotypic consequences of mutations and environmental inputs

are non-random (biased), and evolution can be accelerated if such

biases align with axes favored by selection. Biases can evolve, and
this may be facilitated by the release of competition

In order to evolve in parallel, lineages must have similar patterns
of bias, or be able to diverge along similar trajectories. These
biases can evolve. If a lineage encounters an environment an

ancestor has already adapted to, evolution may be accelerated if

“current” biases reflect past selection

Lincages that gain a competitive advantage may do so if biases
align with selection or evolve to do so before competitors.
“Generalists” may show flexibility in these biases

Shifts in developmental biases may break constraints. This

“developmental release” would allow invasion into novel regions

of morphospace. Thus, adaptive divergence and radiation may
not require environmental changes

Ecotype emergence is driven by patterns of covariation that link

such traits, and thus represents different points on a “line of least

resistance.” Once these patterns of covariation evolve once within

a lineage, future divergence along this axis will be facilitated and
acclerated

Common ancestry may correspond to more similar patterns of
developmental bias, thus increasing the likelihood of parallel
evolution

Responses to environmental and genetic perturbations are
similarly biased by a shared developmental system. Closely-
related lincages may show similarly-biased plastic responses,

driving parallelism. Plasticity-led evolution alters the
environment-phenotype and genotype-phenotype maps,
increasing the likelihood of similar plastic responses in the future
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<30 months old (Mean + SE) >30 months old (Mean + SE)

Sperm number and morphology

Sperm concentration (10°/mL) [ 661.09 + 148.02 | 908.44 + 98.48 o
Normal sperm (%) 5670 + 10.14 | 86.07 + 3.66 | ooss
Sperm size
Head width (um) 6.00 + 0.05 581+ 004 0014
Head length (um) 9.71 £ 0.09 959 + 0.1 o
Head perimeter (jum) 2504014 2456 + 021 0,074
Head area (pm?) 45.77 + 043 43.78 + 0.68 0.020
Head ellipticity 162 £ 002 | 165 £ 002 0318
Midpiece length (um) 1457 £ 0.14 | 1444 £ 015 0545
7 Principal plus terminal piece length (m) 47.19 £ 037 4832+ 071 0.147
Flagellum length (jum) 61.76  0.47 62.76 + 0.78 0258
Sperm length (jum) 7148 + 0.50 7235+ 077 0332

Intramale CV in sperm size

Head width (%) 325£018 333+ 044 0963
Head length (%) 3.01 %023 263 +0.14 0.223
Head perimeter (%) 228% 014 [ 211015 omr
Head area (%) 440 £ 020 428 £ 045 0.795
Head ellipticity (%) 455024 433035 0598
Midpiece lenglh (%) 2.89 020 237 +024 0.112
Principal plus terminal piece length (%) 217 £ 0.09 192+ 013 0125
Flagellum length (%) 165 + 0.09 147 £ 010 0216
Sperm length (%) 156 + 0.09 139+ 006 | oss

Sample size of <30 months old eland group is n = 13 except for sperm morphology and morphometry (n = 10). Sample size of >30 months old eland group s n = 8 for sperm concentration and
=Y v eniem moniliiey wl mershomttr: ¥, cocllicimt of vas stion:
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ICCs/SCPs descendants References

Smooth muscle cells Minoux et al. (2009), Arima et al. (2012)

Chondrocytes and osteoblasts Xie et al. (2019)

Melanocytes Adameyko et al. (2009), Kaucka et al. (2021)

Pulp cells and odontoblasts | Kaukua et al. (2014)

Sympathetic neurons Kastriti et al. (2019)

Parasympathetic neurons Dyachuk et al. (2014)

Sensory neurons ‘ Ito and Sieber-Blum (1991)

Enteric neurons Nishiyama et al. (2012), Hutchins et al. (2018)

Promyelinating Schwann cells Feltri et al. (2016), Michailov et al. (2004), Taveggia et al. (2005)

Remak cells Monk et al. (2015), Gomez-Sanchez et al. (2017)

Miiller glia Turner and Cepko (1987), Wetts and Fraser (1988)

Neurons and glia in ovaries McKey et al. (2019)

Glomus type I cells of carotid bodies Hockman et al. (2018)

Chromaffin cells of adrenal medulla and organ of Zuckerkandl | Furlan et al. (2017), Kamenev et al. (2021), Kastriti et al. (2019)

Prostate neuroendocrine cells Szczyrba et al. (2017)

Pericytes and all hormone-producing cell lineages of Ueharu et al. (2018), Kato et al. (2021)

adenohypophysis

Perivascular cells in thymus Foster et al. (2008)

Connective tissue of different glands Nakamura (1982), Suinara et al. (2000), Miller et al. (2008), Johansson et al. (2015), Takahashi et al. (2014),
Jaskoll et al. (2001)
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Hs_LYG2 ‘ alphafold2_ptm_model_2_seed_000 874 0815
Dg 27517 ‘ alphafold2_ptm_model_3_seed_000 970 [ 0937
Ac_LYZg3 ‘ alphafold2_ptm_model_3_seed_000 952 0896
Ta_63166 ‘ alphafold2_ptm_model_5_seed_000 978 | 0.940
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Model 1 vs. Model 2 Model 1 vs. Model 3 Model 2 vs. Model 3 RMSD exp vs. predicted

Hs_LYG2 0.183 0177 0151 0717
Dg 27517 0163 0131 0.124 0566

‘ Ac_LYZg3 0130 0.148 0.138 0644

‘ Ta_63166 0.100 0133 0.124 0503
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