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Widespread variation in molecular interactions
and regulatory properties
among transcription factor isoforms
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SUMMARY

Most human transcription factor (TF) genes encode multiple protein isoforms differing in DNA-binding domains,
effector domains, or other protein regions. The global extent to which this results in functional differences be-
tween isoforms remains unknown. Here, we systematically compared 693 isoforms of 246 TF genes, assessing
DNA binding, protein binding, transcriptional activation, subcellular localization, and condensate formation.
Relative to reference isoforms, two-thirds of alternative TF isoforms exhibit differences in one or more molecular
activities, which often could not be predicted from sequence. We observed two primary categories of alterna-
tive TF isoforms: “rewirers” and “negative regulators,” both of which were associated with differentiation and
cancer. Ourresults support a model wherein the relative expression levels of, and interactions involving, TF iso-
forms add an understudied layer of complexity to gene regulatory networks, demonstrating the importance of
isoform-aware characterization of TF functions and providing a rich resource for further studies.
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Figure 1. Sequence and expression diversity of annotated TF isoforms

(A) Study schematic.

(B) Number of protein isoforms per TF gene.
(C) Percent of amino acids altered via deletions, insertions, or frameshifts in alternative isoforms compared with their cognate reference isoforms.

(D) Observed fraction of alternative isoforms with >10% removal of protein domains (blue X) compared with the null expected fraction (black error bars, 99% Cl).
DBD, DNA-binding domain; NLS/NES, nuclear localization/export signals.
(E) Maximum expression of alternative TF isoforms compared with their cognate reference isoforms across re-sampled GTEx and developmental RNA-seq

datasets.

(legend continued on next page)
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(legend on next page)
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Figure 4. Transcriptional activity and protein-binding preferences of TF isoforms

(A) Change in transcriptional activity for alternative relative to reference isoform, categorized by their effect on effector domains. Points are colored by the size of

annotated effector domains.
(B) Categories of PPI partners that interact with >1 TF isoform.

(C) Change in transcriptional activity associated with change in PPIs with various categories of partners. p values from one-sided Mann-Whitney tests.
(D) Left: exon diagrams of CREBS isoforms. RD, repression domain. Middle: PPI results for the 2 CREB5 isoforms. Right: transcriptional activity of CREB5

isoforms.

(E) Schematic of the calculation of the fraction of isoforms interacting, using the PPI results for the partners successfully tested against all isoforms of ATF2.
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