Supplementary Tables
Supplementary Tables 1–6 accompany "What alcohol-related brain differences are made of: a multimodal twin study of structure, function and dynamics." Supplementary Table 1 (dynamic fluidity, complete evidence) supports the dynamics analysis summarised in Fig. 5; Supplementary Tables 2–6 provide full per-metric detail for the within-pair, permutation, static-connectivity, network-control, and dynamic-robustness analyses.
Supplementary Table 1. Dynamic functional fluidity — complete evidence for the dynamics analysis.
	Network
	Surrogate frac P<.05
	Surrogate Wilcoxon P
	Raw β (95% CI; q)
	Excess β (95% CI; q)
	Heritability A (95% CI)

	Global
	1.00
	8.5×10⁻⁴¹
	0.153 (0.04–0.27; .011)
	0.167 (0.04–0.29; .011)
	0.69 (0.39–0.77)

	Reward
	0.89
	1.5×10⁻⁴⁰
	0.154 (0.04–0.27; .011)
	0.177 (0.05–0.30; .008)
	0.70 (0.51–0.81)

	Salience
	0.89
	1.3×10⁻⁴⁰
	0.175 (0.06–0.29; .010)
	0.186 (0.06–0.31; .008)
	0.58 (0.26–0.76)

	DMN
	0.96
	9.1×10⁻⁴¹
	0.172 (0.06–0.29; .010)
	0.200 (0.08–0.32; .007)
	0.62 (0.32–0.71)

	Limbic-olfactory
	0.52
	5.1×10⁻³⁸
	0.098 (−0.02–0.22; .11)
	0.125 (0.00–0.25; .06)
	0.59 (0.35–0.75)


Fluidity is genuine non-stationarity: the phase-randomised surrogate null is exceeded in essentially every subject globally (100%) and in the large majority per network, with group Wilcoxon P ≈ 10⁻³⁸ to 10⁻⁴¹. The population association with degree of alcohol use is present on the raw metric (four of five networks survive FDR) and modestly sharpened — not created — by surrogate correction. Fluidity is strongly heritable. Within-family robustness is in Supplementary Table 6. CI, confidence interval; FDR, false discovery rate; q, FDR-adjusted P.
Supplementary Table 2. Within-pair decomposition, full per-metric detail (MD, RD, AD).
	Network
	Metric
	Pooled BF β (P)
	Pooled WF β (P)
	MZ BF β (P)
	MZ WF β (P)

	Limbic-olfactory
	MD
	0.18 (.008)
	0.01 (.86)
	−0.01 (.91)
	0.09 (.10)

	Limbic-olfactory
	RD
	0.18 (.008)
	0.01 (.88)
	−0.01 (.94)
	0.08 (.11)

	Limbic-olfactory
	AD
	0.17 (.01)
	0.01 (.81)
	−0.02 (.87)
	0.09 (.089)

	Reward
	MD
	0.21 (.001)
	−0.03 (.58)
	−0.12 (.23)
	−0.04 (.36)

	Reward
	RD
	0.21 (.001)
	−0.04 (.58)
	−0.13 (.20)
	−0.05 (.33)

	Reward
	AD
	0.21 (.001)
	−0.03 (.59)
	−0.11 (.28)
	−0.04 (.43)


BF, between-family; WF, within-family; AD, axial diffusivity; MD, mean diffusivity; MZ, monozygotic; RD, radial diffusivity.
Supplementary Table 3. Monozygotic-discordant oriented permutation, all metrics.
	Network
	Metric
	Pairs
	Positive %
	Perm P
	FDR q

	Reward
	MD
	21
	38
	.06
	.12

	Reward
	RD
	21
	38
	.06
	.12

	Reward
	AD
	21
	43
	.09
	.12

	Limbic-olfactory
	MD
	21
	48
	.12
	.12

	Limbic-olfactory
	RD
	21
	43
	.12
	.12

	Limbic-olfactory
	AD
	21
	62
	.12
	.12


Oriented sign-flip permutation within the 21 MZ-discordant pairs (10,000 permutations). AD, axial diffusivity; FDR, false discovery rate; MD, mean diffusivity; RD, radial diffusivity.
Supplementary Table 4. Static functional connectivity, task activation, and mediation (all null after correction).
	Test
	Estimate (β)
	P
	FDR q

	Static FC within-network, Limbic-olfactory
	−0.05
	.48
	—

	Static FC within-network, DMN
	0.01
	.84
	—

	Static FC within-network, Reward
	0.06
	.43
	—

	Static FC within-network, Salience
	0.03
	.68
	—

	DMN segregation
	0.09
	.16
	—

	Task activation, Limbic-olfactory (gambling)
	0.01
	.018
	—

	Task activation, Limbic-olf. in DZ (same sign)
	0.01
	.15
	—

	Mediation (structure→function), LON ACME
	−0.02
	.09
	.37


Static within-network functional connectivity shows no association with degree of alcohol use in any network (all |β| ≤ 0.06, P ≥ .43). Task activation persists in dizygotic pairs with the same sign — the signature of genetic mediation rather than within-person exposure — and no mediation pathway survives correction. ACME, average causal mediation effect; DZ, dizygotic; FC, functional connectivity; LON, limbic-olfactory network.
Supplementary Table 5. Network control theory — heritable architecture, no within-person alcohol effect.
	Quantity
	Finding
	Severity P (q)
	MZ perm P (q)

	Control-metric heritability (mean A)
	MIND 0.21–0.23; structural connectome 0.34–0.37
	—
	—

	Peak heritability
	up to A ≈ 0.85 (reward structural)
	—
	—

	Control energy ~ severity (all networks)
	No association (both substrates)
	≥ .34 (≥ .34)
	≥ .43 (.89)

	Modal / average controllability ~ severity
	No association
	≥ .34 (≥ .34)
	≥ .43 (.89)


Network control theory on morphometric-similarity (MIND) and structural-connectome substrates. Control architecture is heritable (mean additive-genetic A = 0.21–0.37, peak ≈ 0.85) but shows no within-person alcohol association on any metric or substrate. A, additive genetic; MIND, morphometric inverse divergence; MZ, monozygotic; NCT, network control theory.
Supplementary Table 6. Dynamic fluidity — within-family robustness battery.
	Network
	MZ WF raw β (q)
	MZ WF excess β (q)
	DZ WF excess β (q)
	Coef. perm P
	Discord. perm P

	Global
	0.057 (.34)
	0.117 (.047)
	0.230 (.057)
	.076
	.142

	Reward
	0.045 (.34)
	0.120 (.054)
	0.153 (.156)
	.125
	.157

	Salience
	0.076 (.34)
	0.143 (.047)
	0.230 (.057)
	.147
	.217

	DMN
	0.087 (.34)
	0.145 (.047)
	0.141 (.160)
	.102
	.158

	Limbic-olfactory
	0.028 (.56)
	0.084 (.229)
	0.202 (.057)
	.403
	.662


The within-family fluidity signal is real but fragile and fails assumption-free testing. The MZ-only within-family effect on the excess metric survives FDR in three networks (global, salience, DMN; q ≈ .047) but does not survive permutation of the within-family coefficient (all coefficient-permutation P ≥ .076). The signal is carried as much by dizygotic as by monozygotic discordant pairs. Oriented discordant permutation is null in every network (P ≥ .14). Leave-one-pair-out jackknife on the global effect: full-sample P = .028, range across removals [.012, .195], with Pair58 (QC-passing) accounting for the upper extreme. DZ, dizygotic; MZ, monozygotic; WF, within-family; q, FDR-adjusted P.
