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Bovine ovarian follicles contain a layer of granulosa cells which produce two hormones: estra-

diol (E2) and progesterone (P4). E2 and P4 are the main hormones responsible for regulation of

the growth and decay (atresia) of the follicles and for ovulation. The information required for the

production of these two hormones is communicated through mRNA concentrations of enzymes

involved in the steroidogenesis pathway [4], [5]. We have created models of mRNA and hormone

concentrations in the granulosa cells.

The data used to build these models was obtained from in vitro primary cultures of bovine

granulosa cells with data collected every 8 hours for 24 hours. The cells were stimulated by adding

50ng/ml IGF-1, 25ng/ml FSH or 100ng/ml IGF-1, 25ng/ml FSH and control. The granulosa cells

were obtained from follicles of diameter 5− 8mm.

Gene Regulatory Matrices (GRMs) are a well known technique for modelling the interactions

(promotion and inhibition) between genes [1], [3], [6]. This assumes that the process is a Markov
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process. This technique is used here, but with genes and hormones, to create Gene and Hormone

Regulatory Matrices (GHRMs). In addition, a network (a directed weighted graph) is constructed

from the underlying interactions of several mRNA coding enzymes and receptors (BCL2, CYP

19A1, HSD 3B2, IGF 1rec, BAX, CYP 11A1, FSHrec, HSD 17B1, RIPK3, LH-rec, StAR) and

two hormones (E2 and P4). Four such matrices/networks are presented, depending on environ-

mental conditions (hormone supplementation regimes).

Apart from differential equations techniques (which require knowledge of rates of decay of

proteins and mRNA) there is no existing technique to accurately predict the concentration of pro-

teins based on the concentration of mRNA. This novel approach using GHRMs permits the use of

three nodes/variables to accurately model the concentration of the remaining ones over 24 hours.

The three nodes used are E2 (or HSD3B2), P4 (or CYP19A1) and IGF1R. This permits compari-

son of the strength of the impact of each of the three genes (or hormones) on the concentration of

the genes responsible for the atresia of the follicles (BAX, BCL2), the gene directly responsible

for progesterone production (HSD 3B2) and genes directly responsible for estradiol production

(HSD 17B1, CYP 19A1). This also permits comparison of the impact of each given environmen-

tal condition on E2 and P4 production in follicles with diameter 5 − 8mm. This will also help to

understand the role of IGF-1 in twinning since IGF-1 peripheral concentration is about 47% higher

in twinning cows compared to control [2].
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