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Limited fertility at both younger and advanced ages
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What mechanisms may shape this fertility curve?
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Leading cause of pregnancy
loss in humans

10-30% of all pregnancies
are aneuploid
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Chromosomal errors (aneuploidy) shape natural fertility in humans
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Current leading hypothesis on aneuploidy formation
Two-hit model: Vulnerable COs and cohesion weakening




Recombination & sister chromatid cohesion
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Second Hit: Cohesion deterioration during prolonged arrest stage

Bivalents Microtubules ~ TWO E_Ssc:ciar’:ed
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Second Hit: Cohesion deterioration during prolonged arrest stage

Cohesin functions as Cohesin dissociates Abnormal interactions
‘glue’ between chromosomes with spindle microtubules
Cohesin © 0,
Microtubules Kinetochore 0© (9]

Young Female Older Female



Cohesion deterioration speculated but not known:
Indirect connection to segregation patterns

Fertility rate

Clinically recognized
pregnancies

1.0
0.91
0.8+
0.7+
0.6+
0.51
0.4+
0.31
0.2+
0.1+

Human
Fertility !

0.0

0 5 10 15 20 25 30 35 40 45 50

Age (years)

(Hassold et al, Human Genetics, 1985; Gruhn, Zielinska, Shukla, Blanchard, et al., Science, 2019;
Duncan et al, Aging Cell, 2012; Zielinska et al, eLife Sciences, 2015; Patel et al, Hum. Reprod. Update, 2015; Lagirand-Cantaloube et al, Sci Rep, 2017)



Chromosome-centric origin in young oocytes?
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Female origin in young oocytes?
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Shaping natural fertility across the whole age spectrum
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Population age range (2.5 —42)

>3,000 oocytes, 256 women, 218 aneuploidy analysis
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Single cell technologies to explore aneuploidy
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U-shaped curve of aneuploidy in oocytes
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U-shaped curve of aneuploidy in oocytes
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U-shaped curve of aneuploidy in oocytes
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** All autosomal monosomies, and a
majority of trisomies are not viable, and
only a single chromosome error is
needed to lead to failed implantation
and/or pregnancy loss.

(Gruhn, Zielinska, Shukla, Blanchard, et al., Science, 2019)
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What chromosome-centric mechanism could shape both ends of the
aneuploidy curve?
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Loss of centromeric cohesion & PSSC: Linear with age
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Loss of centromeric cohesion & PSSC: Linear with age
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(Gruhn, Zielinska, Shukla, Blanchard, et al., Science, 2019)



(Gruhn, Zielinska, Shukla, Blanchard, et al., Science, 2019; Ottolini, et al., 2015)
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More extreme cohesion loss (centromere & arm) & Reverse Segregation: AMA
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More extreme cohesion loss (centromere & arm) & Reverse Segregation: AMA
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More extreme cohesion loss (centromere & arm) & Reverse Segregation: AMA
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More extreme cohesion loss (centromere & arm) & Reverse Segregation:
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More extreme cohesion loss (centromere & arm) & Reverse Segregation: AMA

Acrocentric chromosomes
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Largest chromosomes & MI NDJ: ‘young’

0.04

Error rate (per oocyte)
o o
o o
N w

o
o
a

0.00 . I
<20 20-32 >33
Age (years)




Largest chromosomes & MI NDJ: ‘young’
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