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1. Independent researcher

When discussing Gusev, Furest makes several errors:
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(1): Conflates ( UZAB ) with (7 )
POP

(2): Possibly due to (1), Fuerst misunderstands and therefore misstates the origin of the “2” multiplier.

(3) Misrepresents the paper by Edge&Rosenberg. They state “Thus, regardless of ploidy £, Qqr is obtained
from the expression in Eq. 27 by setting £ to 1”(when hA2=1). They also state “that is, if QST=FkST,

then (pA2)T=FkST(£)”
In the following derivations, I attempt to clarify the misunderstandings behind (1) and (2):

First, note that when Piffer quotes Gusev: “As a consequence, “the proportion of heritable variance in the
trait attributable to genetic differences between the populations” (Qgt) is approximately equal to the cross-
population (Hudson) Fgy (Which we rederive as Fgr)). This quantity also does not depend on polygenicity.
Note: the relationship is sometimes reported as 2*Fgp*h2, but this is only an approximation for Nei’s Fgr:

Nei’s Fgp is approximately equal to half of Hudson’s Fgp when the former is close to O or 1 (see [8.6]).”,

2
Gusev refers to (Zi )*hA2, NOT (ai ) *hA2 as Fuerst seems to(?) assume
PoP

In the derivations, I assume neutrality and that FST is small:
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We start from the standard diploid Qg definition:
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Qoy = AR ___
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Tap T 205

and, assuming nentrality, we sct
Qs = Fap.

Case 1: Using Hudson'’s Fgp

Hudson’s estimator is given by

Fe 2
R o

Pigz + P2y
with g; — 1 — p;. Note that

P19z +p2qu — pr(l —p2) +p2(l — 1) = po 4 p2 — 2P,
and
(. —p2)* — Pl — 2pp2 + .
Substitute into the nentrality assumption:

ﬂiﬂ g (m _FEF

it 2% metpq’

anmd cross-multiply:
@an (P +p2 — 2pipa) = (045 + 203w) (P — 2mp2 + P3).
Expanding the right-hand side gives
Jiﬁfpl +p2 — 2mpa) = ﬂiufp‘f — 2pipa 1‘P§} T 2“-_211.1.-' ':P? —2mps +P§}

Writing the left-hand side explicitly:
PTan + P20ap — 2Padias = Pioas — 2mPadap + Pidap + 2(p — p2)’oaw
Cancel the common —2p; paa? ;, terms:
Moap +Paoip = pioy + pioas +2(m — pa) ohw
Rearrange by gathering the o3 terms:
[p1 + p2 — (i +p2)] 05 = 2(;1 — p2) 0w
Since
ptp2—p P~ (1 —p1) +pa(l = pa) = s + pa,
we obtain
(P + paga)ofis = 2(p — p2)oiw-

Solving for a3 ,:

2(p — pa)?

2 1 2 ;
= —_— Using Hudson's Fygy).
AB = + Paga AW ( g s1)
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Case 2: Using Nei’s 1973 Fgr

Nei's estimator is given by
(p1 —p2)?
dppgy
where py is the total allele frequency (often taken as py — Z522) and g4 — 1 — py. Notice that

'F:‘i'l',Nu'Tﬂ =

+ +
dprgr — 4 (P‘ 21’3) (1 = 5 pz) = (m +pg]l(2 —{m +m]) = 2(p1 + p2) — (m + p2)’.
Substitute into the nentrality assumption:

”.‘iﬂ a (; _P:!]z
aip 205, dprgr

and cross-multiply:
rrfm[iZ{m +p2) — (1 + pz}z] = (i + 200w ) (P — p2)”.
Expanding the left-hand side:
(21 1+ 22— 1} 20— 1) = (o — 2ppa + 23) + 20w 1 — ).
Caneel the common —2p pae’ g terms:
2moan +2p20an — Pi0Ar — Pa0an = Pioan + Pioas + 2 — p)oaw.

Rearrange to bring like terms together:

(201 + 22 — 20 — 28] 0% = 201 — p2) 0

Dividing by 2:
(p1+p2 — pi — pR)odin = (o1 — p2)?oiw-
Sinee
R R T SRl AU
we obtain

(man + pega)oas = (11 — p2)oaw-

: 2
Thus, solving for a3 ,:

.7 2
o LR 2 NePs 1973 Far).
AH a1 + Pagz aw 2 s

Summary and Comparison

The two derivations yicld:

k2
Hudsomn: crf“,. = M criw,
g1+ paga

2
Nei (1973): oo = ——— maw.

Hopefully, one can easily see that it does matter which FST we plug into the QST equation! The (af1 B) is

2x larger when we use Hudson's FST compared to Nei's FST
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Next, I show how the(c? ;)

. " " 0 fﬂ 0'2
Define h? N {9'1.&11: + ?rriw]faf._ This implies —r;?:‘ — k2 4y, where Qg — m.
The derivations yiclded:

2 —p2)® o
”iu(ﬁr) Pigs T P2t Thw (1)
o2 (o1 —p2l* .
A i @

Note 0% uimy = 205 vy
Substituting (1) into the h*Qgy expression and applying small Fyp approximations (pigy + page =
P1ga + paqr; denominator 1+ --- = 1):

2 2
r},qu(;n g ( ﬂ'.qufﬂ) ) - hg( (}31 P?) ) g thm':H“djm

al, Caniny T 20w Mgz +paq

o2
—’g‘i ths-r, Hudson
Te

Substituting (2) into the h*Q)s expression and applying small Figy- approximations (2(p1q1 +paq) =
4pygy; denominator 14 --- = 1):

s : a3
AN} _ g2 (_L(NJ_) = h? ({.'Pl )’ ) = W Fep weirs

T Hiﬁ{pf} + 205 prar

Since aiB{H) = 25?;“”‘,”}, we have TABH o 25“7'_’}'-'1. Therefore, using the standard Hudson-based
3 i)

result: 2
Tas B Fsr ttudson = 2(W* Far, neirs)

i,

i 2
=== = 2h Fgy Nears
%

As we can see, Gusev's claim was correct. I hope this review clears some misunderstandings up.
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