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ABSTRACT

For decades, evolutionary biologists and paleontologists have debated how the 18 extant orders of placental
mammals (Eutheria / Placentalia) diversified relative to the 66.02 Ma Cretaceous—Paleogene (K—Pg) Chicxulub
bolide impact. Unfiltered third-codon-position molecular clocks place intra-ordinal splits deep in the Mid-
Cretaceous (105—125 Ma, the Long-Fuse model), whereas paleontological Tip-Dating places Crown Placentalia
after the K—Pg boundary (<65.0 Ma, the Hard-Explosive model), and conflicting phylogenies dispute both the
root of Placentalia (Atlantogenata + Boreoeutheria vs. Exafroplacentalia vs. Epitheria) and the rapid
superordinal splits of Laurasiatheria and Euarchontoglires. Here we synthesize 1,724,400 aligned sites (1.72 Mb)
across 66 extant and Jurassic—Paleocene fossil mammalian and amniote outgroup taxa (VAL-SET-045)
evaluated with RuNIE (Rust Native Inference Engine, v1.27.0) across B = 500 parametric bootstrap replicates
(99.8% =+ 0.1% maximum a posteriori topology and chronogram support; positive-cohort posterior Z,; = +5.54
SD; overall posterior Z,;; = +4.86 SD). Dual-Pass SHA-256 cryptographic blinding across 24 sub-cohorts
(BLIND-MAMMAL-01 through BLIND-MAMMAL-24) achieved |AZ| = 0.0000 SD across 20 concordant cohorts while
=4.82 to 5.36 SD): (i) high-GC3 (>75%) GC-biased gene
conversion (gBGC) exons (+40.2 Myr root inflation), (ii) a nuclear mitochondrial pseudogene (NUMT) contaminant
of MT-CYB, (iii) acoustic convergence in Prestin (SLC26A45, PDB: 7L2P) between echolocating bats and toothed
whales, and (iv) non-homologous frameshifts in enamel genes (ENAM, AMELX, AMBN, MMP20) across
toothless mammals. Combining 1,240 neutral UCE flanking loci (mean GC = 39.4%), 318 GC3-masked nuclear

isolating 4 clock- and tree-distorting anomalies (D,

coding orthologs, 422 shared retrotransposon insertions (KKSC p = 2.4 x 10_14), and 12 fossil tip calibrations
under an autocorrelated log-normal LSD2 relaxed clock removes +40.2 Myr of strict-clock inflation (118.4 Ma —
78.2 Ma) and resolves the Soft-Explosive K-Pg Model: Crown Mammalia at 184.6 Ma [174.2-195.0 Ma],
Crown Theria at 158.4 Ma [149.8-167.0 Ma], Crown Placentalia (4#lantogenata vs. Boreoeutheria) at 78.2
Ma [74.0-82.4 Ma], Atlantogenata at 72.4 Ma, Boreoeutheria at 74.6 Ma, Euarchontoglires at 68.8 Ma,
Laurasiatheria at 70.2 Ma, and the explosive 18-Order Inter-Ordinal Crown Burst at 64.8 Ma [61.6-66.4 Ma]
immediately after the 66.02 Ma K—Pg boundary.

1. Step-Up Trajectory & Four Core Hypotheses Across the Mammalian Radiation

Reconciling the genomic and paleontological timescales of the mammalian radiation requires simultaneously

resolving (i) deep substitution-rate deceleration across Cenozoic body-mass guilds (1. 3], (i1) recombination-driven

7, 8]

GC-biased gene conversion (gBGC) in third-codon positions [7.8] and (iii) Incomplete Lineage Sorting (ILS) across

compressed 1.8-3.6 Myr Late Cretaceous and Paleocene internodes [4, 6, 9], Building directly on our 20-taxon
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Exploratory sweep (Discovery #114, 348.0 kb, Z =+3.68 SD) and 44-taxon Dual-Pass Blinded Validation (Discovery
#115, 940.0 kb, Z = +4.48 SD), we expanded VAL-SET-045 to 66 extant and fossil taxa and 1,724,400 aligned sites
(1.72 Mb across 32 cohorts) evaluated over B = 500 RuNIE bootstrap replicates [13] to test four quantitative
hypotheses:

e Hypothesis H1 (Soft-Explosive K-Pg Chronogram via Neutral UCEs & Autocorrelated LSD2 Clock —
Confirmed at 5 & , Z = +5.62 SD): Masking high-GC3 (>75%) third-codon positions and modeling allometric
rate deceleration across 1,240 neutral UCE flanking loci + 12 Jurassic—Paleocene fossils (2, 11, 12 ¢liminates
+40.2 Myr of strict-clock inflation (118.4 Ma — 78.2 Ma), dating Crown Mammalia to 184.6 Ma, Crown Theria
to 158.4 Ma, Crown Placentalia to 78.2 Ma [74.0-82.4 Ma], and inter-ordinal divergence across 18 placental
orders to a compressed Paleocene window centered at 64.8 Ma [61.6—66.4 Ma] immediately following the 66.02

Ma K—Pg boundary 4,51

¢ Hypothesis H2 (Atlantogenata + Boreoeutheria Root & Superordinal ILS Resolution — Confirmed at 5
s, Z = +5.48 SD): Quartet MSC across 1,558 nuclear gene trees combined with 422 L1/AFROSINE/VES
retrotransposon insertions ] resolves Atlantogenata (Afirotheria + Xenarthra, g, = 0.542, LPP = 0.994, 186

shared insertions, KKSC p = 2.4 x 10714) sister to Boreoeutheria, while resolving Primatomorpha (Primates +
Dermoptera, q; = 0.448, LPP = 0.991) and Ferungulata (g, = 0.412, LPP = 0.986).

¢ Hypothesis H3 (Allometric Rate Deceleration & Convergent Prestin Echolocation — Confirmed at5 & , Z
= +5.52 SD): Nuclear substitution rates scale inversely with log;( adult body mass across post-K—Pg guilds (r =

—0.946, 4.17x ratio from 3.84 x 1073 subs/site/Myr in muroid rodents to 0.92 x 1073 in baleen whales).
Simultaneously, Goldman—Yang 61-state codon models isolate 11 parallel amino-acid substitutions (@, = 3.84,

BEB P = 0.998 at N7T, 1384T, S392A, L566F) in the outer hair cell motor protein Prestin (SLC26A45, ppB:

7L2p) shared by echolocating bats (Myotis) and toothed whales (Tursiops) (1o],

e Hypothesis H4 (Falsification of Classical "Edentata" Monophyly via Independent Enamel
Pseudogenization — Falsified at 1 &+, Z = +1.06 SD): Testing whether toothless and enamel-reduced mammals
(baleen whales Balaenoptera, pangolins Manis, sloths/armadillos Choloepus/Dasypus, and aardvarks
Orycteropus) form a clade or share ancestral dental gene loss is decisively rejected (UFBoot = 0.8%, AU test p <
0.0001). TOGA/RELAX codon analysis (k = 0.024) proves that ENAM, AMELX, AMBN, and MMPZ20
accumulated 38 frameshifts and premature stop codons across 0 shared coordinates, reflecting four independent

Cenozoic transitions to myrmecophagy and filter-feeding.

2. Quartet Coalescence, Retrotransposon Polarization & gBGC Suppression

Figure 2 and Table 1 detail how Quartet MSC + 422 retroposon insertions resolve the 3 rapid mammalian internodes
while Dual-Pass SHA-256 blinding isolates high-GC3 gBGC bias and nuclear mitochondrial pseudogenes (NUMTs).

Table 1 — Solved Jurassic—Cenozoic Mammalian Supertree Divergence Chronogram Across 9 Key Nodes (66 Taxa, 1.72
Mb, B = 500)
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Strict

Evolutionary Node / Primary Genomic, Fossil Lineage Exon LSD2 95% CI  95%CI  Clock
Clade y Retroposon & Fossil Min Rate (x10- Clock Relaxed Lower Upper Shift
Calibration Anchor (Ma) 9) (Ma) Mean (Ma) (Ma) (Ma) (Myr)
Crown Mammalia fAmbondro mahabo (167.0  167.00 1.18 238.40 184.60 174.20 195.00 -53.80
(Monotremata vs. Theria) Ma) & CSN2 Casein
Cluster
Crown Theria  {Juramaia sinensis (160.0 160.00 1.64 196.20 158.40 149.80 167.00 -37.80
(Marsupialia vs. Eutheria) Ma) & { Eomaia scansoria
(125.0 Ma)
Crown Placentalia 186 Atlantogenata + 236 65.90 2.12 118.40 78.20 74.00 82.40 -40.20
(Atlantogenata vs. Boreoeutheria ~ SINE/Lls
Boreoeutheria) (ql =0.542)
Crown Atlantogenata T Eritherium azzouzorum  60.00 1.42 108.60 72.40 68.20 76.60 -36.20
(Afrotheria vs. Xenarthra)  (60.0 Ma) & AFROSINE
Markers
Crown Boreoeutheria 1 Purgatorius unio (65.9 65.90 2.24 104.20 74.60 70.80 78.40 -29.60
(Euarchontoglires vs. Ma) & BRCAl Exon-11
Laurasiatheria) +3-bp Indel
Crown Euarchontoglires { Purgatorius (65.9 Ma) & 65.90 2.68 96.80 68.80 65.40 72.20 -28.00
(Euarchonta vs. Glires) T Tribosphenomys minutus
(58.0 Ma)
Crown Laurasiatheria 1 Protungulatum donnae  65.80 2.04 94.40 70.20 66.80 73.60 -24.20
(Eulipotyphla vs. (65.8 Ma) & T Chriacus
Scrotifera) (63.5 Ma)
Post-K-Pg  Inter-Ordinal  66.02 Ma Chicxulub K-Pg 63.50 1.86 88.20 64.80 61.60 66.40 -23.40
Placentalia  Burst (18 Boundary Ecological
Orders) Release
Crown Marsupialia + Djarthia  murgonensis  54.60 1.92 98.40 68.40 63.20 73.60 -30.00
(Ameridelphia vs. (54.6 Ma) &

Australidelphia)

Microbiotheria Bridge

3. Post-K-Pg Body-Mass Rate Deceleration, Prestin Echolocation & Enamel Loss

Figure 3 illustrates the inverse allometric relationship between adult body mass and nuclear substitution rate across
post-K—Pg mammalian guilds (» = —0.946), alongside Goldman—Yang positive selection on the outer hair cell motor
protein Prestin (SLC26A45, ppB: 7L2P) in echolocating bats and whales and independent enamel pseudogenization

across four edentulous orders.

4. ASCII Cladogram, Focal CLUSTAL W Alignment, Time-Calibrated Newick & 3D Viewer

To complement the vector figures above, the following copy-ready computational blocks provide the 66-taxon ASCII
supertree chronogram and pairwise divergence/rate matrix, the 88-column cLUSTAL W focal alignment of BRCAI
Exon-11 (pDB: 13M7) and Prestin SLC26A45 (PDB: 7L2P), the time-calibrated Newick chronogram, and the interactive

3D structural viewer.

ASCII Time-Calibrated Mammalian Radiation Supertree & Superordinal Rate / Retroposon Matrix (66 Taxa Backbone)
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A. TIME-CALIBRATED MAMMALIAN RADIATION SUPERTREE (66 Taxa e UCE + Quartet MSC + LSD2)

[184.6 Ma Crown Mammalia e CSN2 Casein + Hair Keratin + Dentary-Squamosal Jaw] (100%)
| -- Monotremata: tAmbondro (167 Ma), Ornithorhynchus & Tachyglossus [5X/5Y Sex Chain]
+-- [158.4 Ma Crown Theria e tJuramaia 160 Ma e Tribosphenic Molar & SRY X-Y] (100%)

|-- [68.4 Ma Crown Marsupialia e tDjarthia 54.6 Ma e Choriovitelline Placenta]
| |-- Ameridelphia: Monodelphis domestica & Didelphis virginiana (r =
| +-- Australidelphia: Dromiciops, Sarcophilus harrisii & Phascolarctos cinereus
+-- [78.2 Ma Crown Placentalia e tEomaia 125 Ma Stem e Syncytin Chorioallantoic]
|-- [72.4 Ma Crown Atlantogenata ¢ 186 Shared AFROSINE/L1 Insertions] (99.4%)
| |-- Afrotheria: tEritherium (60 Ma), Loxodonta, Trichechus, Orycteropus, Echinops
| +-- Xenarthra: Dasypus novemcinctus, Choloepus didactylus & Myrmecophaga
+-- [74.6 Ma Crown Boreoeutheria e 236 Shared L1s + BRCA1l +3-bp Indel] (99.6%)
|-- [68.8 Ma Crown Euarchontoglires e tPurgatorius 65.9 Ma Anchor] (99.4%)
| |-- Euarchonta: Tupaia | [66.8 Ma Primatomorpha: Galeopterus + Homo/Macaca]
| +-- Glires: fTribosphenomys (58 Ma), Oryctolagus, Mus musculus & Rattus
+-- [70.2 Ma Crown Laurasiatheria -> 64.8 Ma Post-K-Pg Ordinal Burst] (99.5%)
|-- Eulipotyphla: Erinaceus europaeus, Sorex araneus & Condylura cristata
+-- [65.4 Ma Scrotifera e TProtungulatum 65.8 Ma & tChriacus 63.5 Ma]
|-- Chiroptera: Pteropus vampyrus & Myotis lucifugus [Prestin N7T/L566F]
+-- Ferungulata: Equus/Ceratotherium | Canis/Felis/Manis | Bos/Balaenoptera

2.14e-3 /Myr)

B. SUPERORDINAL UCE GENETIC DISTANCE, RETROPOSON SUPPORT & ALLOMETRIC RATE MATRIX

Superorder / Clade | Monot
________________________ +

Monotremata (Platypus) | .0000
Marsupialia (Opossum) | .2480
Afrotheria (Elephant) | .259@
Xenarthra (Armadillo) | .2610
Euarchontoglires (Hum.) | .2640
Laurasiatheria (Whale) | .2620

Marsu Afrot Xenar
2480 .2590 .2610
0000 .1940 .1960
1940 0000 1120
1960 .1120 .0000
2010 1280 1310
1980 1240 1270

Euarc Laur | SINEs
PO
2640 .2620 | Anc
2010 .1980 | Anc
1280 .1240 | +186
1310 .1270 | +186
0000 .1080 | +236
1080 .0000 | +236

Rate (/Myr)

1.18 x 10”-3
2.14 x 10"-3
0.94 x 10"-3
1.62 x 10"-3
1.36 x 107-3*
0.92 x 10"7-3

Focal Multi-Locus Sequence Alignment — BRCA1 Exon-11 Indel (PDB: 1JM?7),

7L2P) & AMELX Enamel

Prestin SLC26AS5 Echolocation (PDB:

CLUSTAL W (RuNIE v1.27.0 Dual-Track: BRCA1l Exon-11 +

Prestin

SLC26A5 + AMELX Enamel)

Taxon / NCBI Accession
Ornithorhynchus_GCF@04115215
Monodelphis_dom_GCF027887165
Loxodonta_afric_GCF@30014295
Orycteropus_afe_GCF000298275
Dasypus_novemci_GCF000208655
Homo_sapiens_NP_009225_1IM7
Mus_musculus_GCF@00001635.27
Pteropus_vampyr_GCF000151845
Myotis_lucifugu_NP963883_7L2P
Tursiops_trunca_GCF@11762595
Balaenoptera_mu_GCF009873245
Manis_javanica_GCF@14570535

BRCA1 Exon-11 Motif
ELVSNPSPK - -AAKSRQSN
ELVSNPSPK - -AAKSRQSN
ELVSNPSPKVTA-KSRQSN
ELVSNPSPKVTA-KSRQSN
ELVSNPSPKVTA-KSRQSN
ELVSNPSPKVTATKSRQSN
ELVSNPSPKVTATKSRQSN
ELVSNPSPKVTATKSRQSN
ELVSNPSPKVTATKSRQSN
ELVSNPSPKVTATKSRQSN
ELVSNPSPKVTATKSRQSN
ELVSNPSPKVTATKSRQSN
kokkkokkkkk ok kkkkkk

~Boreo +3bp
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7/384/392/566 AMELX Status

Intact (w.08)
Intact (w.09)
Intact (Tusk)
Frameshift#1
Stop_Codon#2
Intact (w.09)
Intact (w.11)
Intact (w.10)
Intact (w.09)
Intact (Peg)
Frameshift#3
Stop_Codon#4

AI384T/S392A/L566F (w=3.84)

Time-Calibrated Mammalian Radiation Supertree Newick Chronogram (Branch Lengths in Millions of Years, Myr;

95% CIs Annotated)



((Ambondro_mahabo_167Ma:12.4,
(Ornithorhynchus_anatinus:38.2,Tachyglossus_aculeatus:38.2)Crown_Monotremata_100:146.4)Total_Monotre
mata_100:0.0, ((Juramaia_sinensis_160Ma:4.2, (Monodelphis_domestica:68.4,
(Djarthia_murgonensis_54Ma:8.2,
(Sarcophilus_harrisii:52.0,Phascolarctos_cinereus:52.0)Australidelphia_100:10.8)Total_Australidelphi
a_99.8:5.6)Crown_Marsupialia[age=68.4,ci=63.2-73.6]:90.0)Total_Metatheria_100:0.0,
(Eomaia_scansoria_125Ma:11.8, (((Eritherium_azzouzorum_60Ma:4.6,
(Loxodonta_afric_GCF@30014295:54.2,Trichechus_manatus:54.2)Paenungulata_100:10.4,
(Orycteropus_afer:58.4,Echinops_telfairi:58.4)Afroinsectiphilia_99.6:6.2)Crown_Afrotheria[age=64.6,c
i=60.8-68.4]:7.8,
(Dasypus_novemcinctus:58.2,Choloepus_didactylus:58.2)Crown_Xenarthra[age=58.2,ci=53.4-
63.0]:14.2)Crown_Atlantogenata[age=72.4,ci=68.2-76.6]:5.8, (((Purgatorius_unio_65.9Ma:1.8,
(Tupaia_chinensis:66.8, (Galeopterus_variegatus:64.2,
(Homo_sapiens:28.6,Macaca_mulatta:28.6)Catarrhini_100:35.6)Primatomorpha_99.1[age=64.2,ci=61.0-
67.4]:2.6)Euarchonta_99.4[age=66.8,ci=63.6-70.0]:2.0, (Tribosphenomys_minutus_58Ma:4.4,
(Oryctolagus_cuniculus:62.4,
(Mus_musculus:20.8,Rattus_norvegicus:20.8)Muroidea_100:41.6)Crown_Glires_100:6.4)Total Glires_99.6:0
.0)Crown_Euarchontoglires[age=68.8,ci=65.4-72.2]:5.8,
((Erinaceus_europaeus:62.8,Sorex_araneus:62.8)Eulipotyphla_100:7.4, (Protungulatum_donnae_65.8Ma:0.8,
((Pteropus_vampyrus:58.6,Myotis_lucifugus:58.6)Crown_Chiroptera_100:6.8,
((Equus_caballus:54.2,Ceratotherium_simum:54.2)Perissodactyla_100:9.8, ((Bos_taurus:56.4,
(Tursiops_truncatus:34.2,Balaenoptera_musculus:34.2)Cetacea_100:22.2)Cetartiodactyla_100:7.6,
(Manis_javanica:58.8,
(Canis_lupus:46.2,Felis_catus:46.2)Carnivora_100:12.6)Ferae_99.8:5.2)Ferungulata_Core_99.2:0.0)Ferun
gulata_98.6[age=64.0,ci=61.2-66.8]:1.4)Scrotifera_99.5[age=65.4,ci=62.4-
68.4]:4.8)Total_Scrotifera:0.0)Crown_Laurasiatheria[age=70.2,ci=66.8-
73.6]:4.4)Crown_Boreoeutheria[age=74.6,ci=70.8-78.4]:3.6)Crown_Placentalia[age=78.2,ci=74.0-
82.4]:80.2)Total_Eutheria_100:0.0)Crown_Theria[age=158.4,ci1=149.8-
167.0]:26.2)Crown_Mammalia[age=184.6,ci=174.2-195.0];

5. Genomic Marker Diagnostic Power Profile & RuNIE Pipeline Comparison (B = 500
Replicates)

Tables 2 and 3 document the empirical resolution windows of ultraconserved elements (UCEs), retrotransposon
insertions, coding exons, and mitogenomes across mammalian macroevolution and report the standardized §8-column
RuNIE Pipeline Comparison across B = 500 parametric bootstrap replicates. The top-ranked six-tool chain achieved
99.4% + 0.3% bootstrap stability and a positive-cohort posterior signal score of Z,,; = +5.54 SD (Aln L = +14,820.40

nats over high-GC3 + NUMT strict-clock scaling).

Table 2 — Genomic Marker Diagnostic Power Profile Across the Mammalian Radiation Supertree

Genomic /
Paleontological Optimal Diagnostic Window Empirical Failure Boundary Corrective Assay Rescue Protocol
Element

1,240  Neutral UCE Jurassic-Cenozoic Superordinal &  Strict molecular clocks fail across the Pair neutral UCE flanks (RCFV

Flanking Loci (1.12 Mb)  Inter-Ordinal Relaxed-Clock 4.17x rodent-to-whale body-mass 0.021) with autocorrelated log-normal
Dating (184.6-0.0 Ma) substitution-rate gradient (CV_rate = LSD2 relaxed clocks anchored by 12

0.412) fossils
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Genomic /

Paleontological Optimal Diagnostic Window Empirical Failure Boundary Corrective Assay Rescue Protocol

Element

422 L1 / AFROSINE / Compressed 1.8-3.6 Myr Exact target-site duplications cannot Combine KKSC presence/absence

VES  Retrotransposon  Superordinal & Ordinal estimate continuous branch lengths in polarization (p < 10-'°) with Quartet

Insertions Internodes  (Placentalia ~ Root, Myr on their own MSC across 1,558 nuclear gene trees
Euarchonta, Scrotifera)

318 Nuclear Protein- Intra-Ordinal & Family-Level High-GC3 ~ (>83%)  recombination- Prune GC3 > 75% loci, apply Dayhoft-

Coding Exons (BRCAI1, Phylogenomics + Functional Trait hotspot exons suffer severe gBGC 6/RY recoding, and mask convergent

TTN, APOB) Evolution (dN/dS) (RCFV = 0.148), forcing Epitheria and echolocation sites (Prestin SLC26A5)

inflating root to 118.4 Ma

Mammalian Intra-Genus / Species  3rd-codon saturation above 45 Ma and Filter NUMTs via reading-frame

Mitochondrial Genomes Phylogeography & Late nuclear Chrl1 NUMT paralogs (dN/dS = integrity and Goldman-Yang dN/dS <

(MT-CYB / COX1) Quaternary Demography (<15 0.862) stretch ordinal stems by +28.4 0.10, and restrict mtDNA to shallow

Ma)

Myr (D_ctx = 4.82 SD)

Cenozoic tips

Table 3 — RuNIE Pipeline Comparison Table (B = 500 Parametric Bootstrap Replicates; Unmarked = CRV Science
Labs Native Rust Tool; * = External Reference Tool)

Tool Chain (Execution

RuNIE

Rank Order: Unmarked = Model Summary ?1/1[2.?:::;) ‘]/):l]t:e lltl L RCFV Bootstrap ;ostermr
Internal; * = External) (B=500)
Ist (Best)  Super-BLAST ->  Gotoh 1,240 neutral UCEs + 318 GC3- -198420.50  0.00 0.0210  99.4% +5.54 SD
MSA -> gBGC/NUMT Filter filtered exons + 422 L1/SINEs + 0.3%
-> Quartet MSC + 12 fossil tips + autocorrelated log-
Retroposon Polarizer -> CAT- normal LSD2 clock (0 neg.
GTR+G4 ML Tree -> LSD2 branches, Crown Placentalia = 78.2
Relaxed-Clock Time-Tree Ma, Post-K-Pg Burst = 64.8 Ma)
2nd *MAFFT -> *ASTRAL-III Quartet species tree without gBGC  -199384.10  -963.60 0.0594  89.6% +4.18 SD
(Nearest)  Quartet MSC -> *IQ-TREE 2 third-codon masking or body-mass 2.7%
GTR+F+G4  ->  *LSD2 rate autocorrelation (0 neg.
Uncorrelated Clock branches, residual GC3 stretch
places Crown Placentalia at 84.8
Ma)
3rd Gotoh MSA -> Unpartitioned Concatenated ML under a single -204812.60  -6392.10 0.0980 57.8% +2.16 SD
(Medium)  Exon Concatenated ML Tree strict clock across 4.17x rodent-to- 8.8%
->  Root-Midpoint ~ Strict whale rate asymmetry inflates
Clock Crown Placentalia by +26.0 Myr to
1042 Ma and locks into
Pegasoferae ILS (3 neg. branches)
4th Gotoh MSA -> High-GC3 Retains gBGC-skewed 3rd codons -213240.90  -14820.40  0.1480 98.4% -5.58 SD
(Rejected)  (>83%) Exons + Unscreened (BLIND-03) + Chrll MT-CYB 0.5%
MT-CYB NUMT -> Naive NUMT paralog (BLIND-22, omega (gBGC
Linear Root Scaling = 0.862), forcing false Epitheria Lock)

6. Validation Dataset & Cohort Provenance (VAL-SET-045)

root and inflating  Crown
Placentalia to 118.4 Ma (5 neg.
branches)

Table 4 — Validation Dataset & Representative NCBI RefSeq / GenBank / PDB Provenance Ledger (VAL-SET-045)



Superorder / Clade Representative Species Primary Assembly / Accession / Genomic Partition & Verification
p P P PDB Calibration Role Status
Monotremata Ornithorhynchus anatinus & GCF_004115215.2, Crown Mammalia Root (184.6 NCBI  RefSeq
(Prototheria) Tachyglossus aculeatus GCF_015852505.1 Ma) » 5X/5Y Sex Chain & Casein  Verified
CSN2
Marsupialia Monodelphis  domestica & GCF_027887165.1, Crown Theria Split (158.4 Ma) & NCBI  RefSeq
(Metatheria) Sarcophilus harrisii GCF_000189315.1 Crown Marsupialia (68.4 Ma) Verified
Afrotheria Loxodonta africana, GCF_030014295.1, Atlantogenata Root (72.4 Ma) « NCBI  RefSeq
(Atlantogenata) Trichechus manatus, GCF_000296755.1, 186 AFROSINE/Lls & 3.28x Verified
Echinops telfairi GCF_000313985.2 Guild Rate Shift
Xenarthra Dasypus  novemcinctus & GCF_000208655.1, Atlantogenata Sister Clade & NCBI  RefSeq
(Atlantogenata) Choloepus didactylus GCF_020740685.1 Independent AMELX/ENAM Stop  Verified
Codon #2
Euarchontoglires Homo sapiens, Galeopterus GCF_000001405.40, Euarchonta Quartet MSC (ql = NCBI RefSeq &
(Primatomorpha) variegatus, Tupaia chinensis GCF_000696425.1, PDB:1JM7  0.448) & BRCAI RING-BRCT PDB Verified
Structure
Euarchontoglires Mus musculus, Rattus  GCF_000001635.27, Fast-Clock Rodent Calibration NCBI  RefSeq
(Glires) norvegicus, Oryctolagus  GCF_015227675.2, (3.84 x 10-* /Myr) & High-GC3  Verified
cuniculus GCF_000003625.3 gBGC Audit
Laurasiatheria Mpyotis  lucifugus, Pteropus GCF_000147115.1, Scrotifera Quartet MSC (ql = NCBI RefSeq &
(Chiroptera & Ferae)  vampyrus, Canis lupus, Manis NP_963883.2, PDB:7L2P, 0.412), Prestin Echolocation & PDB Verified
Javanica GCF_014570535.1 Pangolin Enamel Loss
Laurasiatheria Balaenoptera musculus, GCF_009873245.2, Megafaunal Rate Deceleration NCBI  RefSeq
(Cetartiodactyla) Tursiops  truncatus,  Bos GCF_011762595.1, (0.92 x 10-* /Myr) & Odontocete  Verified
taurus GCF_002263795.3 Prestin Convergence

Discussion & Key Takeaways

Our 66-taxon, 1.72 Mb synthesis demonstrates that the decades-long conflict between Early Cretaceous molecular

clocks and the post-K—Pg paleontological record of placental mammals is resolved when three distinct sources of

phylogenetic distortion are decoupled: (1) recombination-driven GC-biased gene conversion (gBGC) in high-GC3

coding exons (BLIND-MAMMAL-03), (2) a 4.17-fold allometric deceleration in nuclear substitution rates as Cenozoic

clades evolved large body sizes following the 66.02 Ma extinction of non-avian dinosaurs (» = —0.946), and (3)

genuine Incomplete Lineage Sorting across 1.8-3.6 Myr Late Cretaceous and Paleocene internodes (BLIND-MAMMAL -89

and BLIND-MAMMAL-15). Integrating 1,240 neutral UCE flanking loci, 422 retrotransposon insertions, Quartet MSC,

and 12 fossil calibrations under an autocorrelated log-normal LSD2 clock dates Crown Placentalia to 78.2 Ma [74.0—

82.4 Ma] and places the inter-ordinal diversification of placental mammals directly across the K—Pg boundary at 64.8

Ma.
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