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What is the amylase?
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Amylases are secreted enzymes that catalyze
the first step in digestion of dietary starch and
glycogen

There are three types of AMYs in human
genome: AMY1s express exclusively in
salivary glands (BB %), while AMY24 and
AMY2B in pancreas (FRAR)
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Why AMY has been Wldely noted?
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> Extensive copy number variafion (CNV) has been
000900000 documented at the amylase lo¢us in humans
34567809 ;Lm 2 The CNV had significant population-stratification, e.g.,
> for AMY s, the East Eurasia/significantly harbors higher
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3 2 3 a 5 * The CN of all three amylase genes was higher in
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Diploid copy  The AMY CN has increased in the past 4000 years among
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Remaining questions
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Why am I interested?

* AMYs 1s a good example illustrating gene-culture co-evolution that links genomic landscapes
with the trajectory of human civilization

* Convergent evolution will be documented in my study

* Omer Gokcumen is good at telling CNV and diets story

Omer Gokcumen Cited by VIEWALL
Professor - Biological Sciences, University at Buffalo All Since 2021
Verified email at buffalo.edu - Homepage
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Recurrent independent contraction and expansion
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Reconstruction of the amylase duplications

Ancestral —-
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\ < \
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mylase

The primate ancestor possessed a single amylase

gene, orthologous to human AMY2B

In the Catarrhini ancestor, an insertion of the 3’

untranslated region of a y-actin pseudogene insertion

Retroviral Insertio occurred 5’ upstream of the ancestral amylase gene
(~39 MYA) * The y-actin-AMY2B duplicated, thereby generating a

Great Apes ST— new amylase copy (AMY1")
fﬁ \‘ Duplication * In the great ape lineage, an endogenous retrovirus

AMYZB -

(ERV) inserted into the y-actin region

T —— G — . . , . .

* This y-actin—-ERV-AMY1’ duplicated into AMY and
Retroviral Ectopic | Stepwise Triplication ™= the precursor of AMY24 in great apes
Deletion l L\, (BOOKYA) - -
* The progenitor of AMY2A underwent an ectopic
Humans el e . . .
AMY28 AMY2A > AMY15 de!etlon of a portion of the ERV element, leading
aTT—AMY T C to 1ts current structure
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QueStiOnS (from the article)

* What was the initial mutational driver of these duplications?
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The mutational mechanisms driving
additional duplications, following the
initial structural changes in the
Catarrhini ancestors, have been
characterized as non-allelic
homologous recombination (NAHR)
However, the origins of primary
duplications, which arose from a
single-copy ancestral haplotype, remain
poorly understood.

2-->3+ NAHR
1->2 29992



QueStiOnS (from the article)

* What could be the adaptive and functional impact of these lineage-specific duplications?

Ancestral sl Amylase
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Retroviral Insert * The observation that AMY1’ represents the ancestral copy
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What was the initial mutational driver of these
duplications?
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Schloissnig et al., Nature, 2025

Recent studies have shown that TE-
mediated rearrangements can arise
through diverse molecular mechanisms
and induce structural instability

The researchers hypothesized that TEs
might contribute to the formation of
primary duplications in primates,
thereby predisposing the amylase locus
to structural instability



Amylase-locus TE %
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TE depletion? No correlation?

TE Content in the Amylase Locus Relative to Genome-Wide Proportion
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Annotated transposable
elements across 53 primate
genomes with standardized
primate repeat dataset
However, they found that the
amylase locus is generally
depleted in transposable
elements compared to
genome-wide averages



LTRSs correlated with the CN of AMYs

TE family % of amylase locus vs. amylase copy number

Genome-Wide LTR Proportion vs. Amylase-Locus LTR Proportion
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LTRs, LINEs (LINE1, L3/CR1) and ERV1 show positive correlations with AMY CN,
whereas MIRs and DNA transposons (Charlie, Tigger) are negatively correlated
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Question: why they only focused on LTRs? Why LINEs show positive correlations?
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LTRs contributed to AMYs CNV
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LTRs are proximal to the breakpoint junctions
Identified orthologous LTR insertions across primates
Elevated LTR gain events on the branch leading to Catarrhini,

Breakpoint
junction for
AMYpZ overl:
LTR element

coinciding with the initial amylase duplication events in this lineage

Weak! Just association!
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What could be the adaptive and functional impact

 Function

of these lineage-

-

rhesus macaquel

specific duplications?

* Identified a significant positive selection signal on the internal

| branch leading to baboon and rhesus macaque paralogs

compared to great ape paralogs (aBSREL, p = 0.038)

* Detected strong evidence for positive selection specifically on
AMYp2 in olive baboons, supported by both aBSREL (p < 10-6)
and RELAX analyses (p < 0.0001)

* Identified six codons exhibiting episodic positive selection
that Itkely contribute to this overall selection signal

........................................................

nnnnnnnnnn




What could be the adaptive and functional impact
of these lineage-specific duplications?

Function

1)

Feature/Sites

Maltogeni
C-terminal domain
350 400 450

c Amylase,
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Al # 17 'Y

[ Baboon AMYp2 mutations

Glycosylation target

FUBAR positive selection [l Catalytic binding sites

A

Al
OWM specific mutations [ MEME divers |fy|ng L|E‘ ctig

Ca binding sites [l Active Sites

Identified one strongly selected codon (p
=0.01, MEME) in AMYp?2 predicted as
an active site, which may reflect fine-
tuned functional divergence in the
olive baboon lineage.

Detected a premature stop codon

/ mutation in the ancestral AMY2B gene

A AMY?2B Olive Baboon

e

5
E—U ﬂ’ Intron Intron Intron
o

i—Di:/vr

AMY2B premature stop codon

copy within baboons

It is plausible here that the newly
derived gene (AMYp2) functionally
compensates for the observed loss of
function in the ancestral gene (AMY2B)

Interesting but weak! Only predicted in silico!



Take home messages

1. aBSREL (Adaptive Branch-Site Random-Effects Likelihood)

o ENER: WNEMIERNRENLSZ (Branch) BEEH TEAINEMM#HKE BIEXE) . o

o SRFEE: EHREMRIE (RE), SRIGRZD X LMBENURIMREARFERN, BARRAERN (v <1) . EFEBEEEAFZSZ LB
PIRE w > 1 . aBSREL RIEHIN LHE—19D%, #HITUALLKIE (Likelihood-ratio tests) , FHfER Holm-Bonferroni FERIEZELLR o @41

o« XERW: mRTBRBNEIRSARFEENAS TR AN T EENEREREES (p=0.038), HEEFGRBBEFEN AMYP2 2EASZ EA
MTRENEREES (p<107°) o 0w

4. RELAX

o ENER: RIIERENEKS X E, BAEZENBEZHRIT (Relaxed) EEMIET (Intensified) . o

o SEFEEE: EERIBIBN AMYP2 BENBIRAR", HRGEN'BESNT" . RELAXEME—MERSH K. IR K > 1, HEREEHN (TiEE
FEFEARAIEE) WoatkT, R K < 1, #EEEENBRNT (FEBRTFPEHE) . oq

o« XEEI: AMYp2 BER R EE%EE (aBSREL), MAHZEFRBEHLLRETEENZT (p < 0.0001) . &4 AMY2B BUIRRIZLE (BRERWK), 1FE
I AMYp2 BIBEIETE R A #INEETL (Neofunctionalization) , LIAMEERBIINEE . 2.0

2. MEME (Mixed-Effects Model of Evolution)

« ENER: RIEMIENNS (BEF) BEEBIRUSZ LEHTELEENZHENIEE (Episodic diversifying selection) o &

o SRFEE: FHEMNUSERFRIE—MISEERN LZIMEEENE—HM, BXTHEEM (CNENSERITEITEALRSIZZIERE, £HM
IXBERT)o MEME A1F w BEEARNSDZ ERETH, MMmeEBREHGIMERRIFEITRERRAPLRAEIETEEENUR . o

o« NEXRM: £ AMYp2 EFEHREFEH—REBILAENMIR (178 UZEF, ARMRRENLER, FORRIE p < 0.10), ZASEETUNHESR
IR . @4

3. FUBAR (Fast, Unconstrained Bayesian AppRoximation)
- EMER: RIEMIENMNSESEBMNRUM LEHTHEN. FENIEIEE (Pervasive selection) o
o SREFE: XANMHHDRAXERETRE (MCMC) R, RERENEERMLEZEERN, HitE w > 1 NEEHE. »

« XEEWM: FEBEREEAT 0.90 WEBBFMAZIEEZRNMS . XMSENEERBEE MEME REHNEEMEERELN, o Gemini 3.1 pro



What could be the adaptive and functional impact
of these lineage-specific duplications?
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S Transcriptomic analysis revealed that,
similar to humans, the last gene (AMY1°)
in the amylase cluster consistently shows

E elevated expression in salivary tissues
& relative to the other paralogs

The ancestral AMY 1’ gene had already
acquired expression in both the

e ol S v il .
s - e =) - e @ pancreas and salivary glands
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Why AMY2A in humans had no expression in
salivary glands?

Ancestral =y  Amylase —— AMY IC parotid-specific enhancer/promoter —
l y-actin Insertion (~43 MYA) —
- = — AMYIC
AMY2B - _'\ / -\\Duplicatiun '/._ TAMYT -1003 -j?J +2
Catarrhini c—l- —— AMY 1C parotid enhancer
Retroviral Insertion Meisler et al., Critical Reviews in Oral Biology & Medicine, 1993
L (~39MYA)
Great Apes
buplication * Following duplication in the great ape linque,
subfunctionalization occurred: AMY] retained
S—— I —— salivary gland expression, while AMY2A lost
Retroviral Ectopic /| *_Stepwise Triplication salivary expression and became restricted to the
Deletion | /v O\, (80OKYA) pancreas. This shift may have been facilitated by
Humans ey el GEE—- 4 1Y 1 A an ERYV insertion.
AMYZB AMYZA -]m_—"'jﬂ Eg « Question: if the ERV is essential for salivary gland

expression, why AMY1’ without ERV insertion has
[ - Amylase emmm—— \-actin @ |TR ammm» | TR and ERV Elements ] eXpI'eSSiOII 1n both tissues?




What could be the adaptive and functional impact
of these lineage-specific duplications?

* Regulation " 7oge * Examined transcription factor

binding sites across paralogs and

species --> tissue-specific motifs in

1 o promoters

A ,-_’Il, * Paralogs with known tissue-specific

expression did not show consistent

enrichment of salivary- or pancreas-
biased motifs

* The presence or absence of salivary
gland or pancreas-biased
transcription factor binding sites

alone does not fully account for the

)f"%\)}% observed tissue-specific expression
Yp? o V' patterns, highlighting the potentially
os OO _ m combinatorial nature of

transcriptional regulation

Weak! No any robust conclusions!



Limitations Of the St“dy (from the article)

* Second, genome assembly quality can influence TE annotation, particularly in repetitive regions. We showed that LTR
annotations are broadly consistent between short-read and long-read assemblies for the same species and that the
significant correlation between assembly N50 and genome-wide TE content is primarily driven by satellite sequences
rather than LTRs.

These findings suggest that a more continuous genome

Intact LTR retrotransposon length assembly would result in more intact LTR elements being
Raw LAI = Total LTR 1 b X 100  identified. Thus, the amount of identifiable intact LTR
ota sequence lengt elements, in turn, can indicate the assembly quality of the

intergenic and repetitive sequence space

Conflicts!



Comments

Learned how to tell story for similar cases (e.g., my own study)
Learned phylogenetic generalized least-squares (PGLS) models
Learned a few selection signals

Learned the statements to boast the significance of the article
MBE/GBE/GIGA-SCIENCE... 1s welcoming~



Thanks and Q.A.
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