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Antone Jacobson, a committed embryologist in the age of genetics, passed away in 2017. In this issue of Developmental Biology,
 we honor his legacy
by re-publishing two seminal papers. Antone and his lab made major contributions to our understanding of a wide swath of developmental biology, so it
is fitting that the two papers tackle radically divergent problems, the first examining cell and tissue movements during amphibian neural tube closure
(Burnside and Jacobson, 1968) and the second, the mechanism of Drosophila cellularization (Fullilove and Jacobson, 1971). These papers represent the
starting point for his most lasting legacy: Working in a time when serious computation required feeding paper cards into room-sized computers, Antone
foresaw by decades that highly interdisciplinary studies blending biology with mathematics and computer simulation would be crucial for under-
standing tissue morphogenesis in animals.

Antone was born in Salt Lake City, Utah in 1929, and both his parents were teachers. After graduating at the top of his class in rural Utah, Antone
received his bachelor's degree with Honors from Harvard in 1951. As a PhD student with Dr. Victor Twitty at Stanford, Antone developed a passion for
embryology and anatomy that would define him from his first paper (on induction of the optic vesicle), to his last (on gill slits in a fossil vertebrate)
(Dominguez et al., 2002; Jacobson, 1955). He was drafted after completing his PhD, and always considered his time at Walter Reed Army Institute for
Research as a “weird post-doc.” In 1957, he joined the faculty of the University of Texas at Austin, where he remained for the rest of his career,
contributing his insights to several generations of trainees. He rose through the ranks and was promoted to Professor in 1968.

The same year, Antone and Beth Burnside published a paper in Developmental Biology that through the lens of hindsight might be considered to mark
the beginning of our modern, quantitative understanding of tissue morphogenesis (Burnside and Jacobson, 1968). Cinematography had been
sporadically applied to embryonic development since the invention of the medium (Landecker, 2006; Wellmann, 2018). What made the paper by
Burnside and Jacobson so revolutionary was its systematically quantitative approach. From time-lapse movies of amphibian neural tube closure, the
authors generated high-resolution data on the speed and direction of individual cells' movements while at the same time systematically quantifying the
deformation of the entire tissue using D'Arcy Thompson grids. By complementing these temporal data with spatial information from histological
sections, the paper presented an unprecedented quantitative description of tissue morphogenesis across multiple length- and time-scales (Burnside and
Jacobson, 1968).

In subsequent years, Antone and Richard Gordon would use the data generated from this and similar studies to develop a computational model of
neural morphogenesis. In a landmark paper in The Journal of Experimental Zoology in 1976, Antone put forth his notion that morphogenesis research
should proceed as a closed loop of experiment, formal mathematics, and computer modeling, whereby modeling generated predictions that could be
experimentally validated and also inform further experiments in order to improve themodel (Jacobson and Gordon, 1976). With over 50 figures (and an
appendix that is remarkable even with today's insatiable appetite for supplemental data), this paper coined the term “morphodynamics” and laid out
what remains the standard blueprint today for studies of embryonic morphogenesis.

Antone continued these pursuits for over a decade, collaborating with leading mathematical biologists George Oster and Garrett Odell to develop
formal mathematical models of cell behaviors (Jacobson et al., 1986). He also and made efforts to explain the mechanics of neural morphogenesis,
positing roles for eulerian buckling of the elongating tissue and for fluid pressure inside the closed neural tube (Desmond and Jacobson, 1977; Jacobson,
1978). The long shadow of those studies can be glimpsed in the recent surge of interest in embryomechanics (e.g. (Mongera et al., 2018; Neumann et al.,
2018; Savin et al., 2011; Sedzinski et al., 2016).

In addition to his crucial contributions to the study of morphogenesis, Antone maintained a strong interest in the inductive interactions underlying
specification and commitment of vertebrate tissues. With a focus on the lens, embryonic placodes, and heart, Antone spent decades interrogating the
spatial positioning of induced tissues (Jacobson, 1963; Sater and Jacobson, 1989, 1990; Zhang and Jacobson, 1993). Most of his studies of induction
were carried out before we had any understanding of the molecular language of cell-cell interactions, or of the mechanisms underlying cell fate
specification. Thus, his questions addressed the spatial and temporal dynamics of inductive interactions, often at a relatively fine scale. He viewed these
tissue interactions as an ongoing “conversation”, with a cumulative impact, in which the eventual establishment of individual cell fates emerged as a
result of a sequence of inductive signals; the spatial restriction of these signals allowed for progressive refinement and fine tuning of the placement of the
fully committed tissue (Jacobson and Sater, 1988). It is nearly unthinkable now for us to envision these interactions without any sense of their molecular
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identities or the underlying mechanisms, as Antone did.
Over the span of 50 years at UT Austin, Antone taught over 8500 undergrads, graduated 13 PhDs, 11 postdoctoral fellows and 9MS students. He was

funded by the NIH continually for 38 years. He was an astute and remarkably generous mentor, who valued independence in his trainees. A beginning
graduate student could be greeted with: “Here's your dissecting scope and your incubator. There's your lab bench. We get chick eggs on Mondays and
Thursdays. Let me know when you come up with a project.” Nonetheless, he was also attentive and happy to provide guidance and feedback. Antone
remained active in his lab even as a full professor, and he drew a distinction between his own projects and those of his trainees. The latter group's work
spanned a broad range of developmental processes and organismal systems, ranging from Drosophila and the ghost crab to the full spectrum of vertebrate
model systems: fish, frogs, newts, lizards, chick, quail, and mouse.

An outstanding example of the breadth of Antone's work -and of his commitment to his trainees-is provided by his work on Drosophila cellularization.
As early as the mid-1960's, Antone's PhD student Janice Kinsey was using time-lapse cinematography to follow up on John Patterson's studies of lethal
hybrids of Drosophila (Kinsey, 1967). The project was Kinsey's, so Antone was not an author on these papers. Shortly thereafter, another PhD student,
Susan Fullilove combined time-lapse imaging with electron microscopy to perform a comprehensive analysis of cellularization of the blastoderm, which
was published in Developmental Biology and is reprinted here (Fullilove and Jacobson, 1971). The work suggested a key role for actin in the initiation of
cellularization and formalized the problem of membrane addition to the elongating furrows. Roughly 30 years later John Sisson's lab would take a
genetic and biochemical approach to the very same problem (Papoulas et al., 2005), just two floors below the old Jacobson Lab in Patterson Laboratories
at UT, Austin. Sadly, John Sisson passed away too soon, leaving much of his work unfinished. But the dynamics of Drosophila cellularization remains a
key paradigm in developmental cell biology, and the questions Antone and his students asked are still being answered today (e.g. (Figard et al., 2016;
Figard et al., 2013).

Even outside of UT, Antone was a powerful influence on generations of developmental biologists. Notably, as faculty at the MBL Embryology Course
in Woods Hole in 1969, Jacobson discussed his work on morphogenesis with one curious young student in particular: Eric Wieschaus, now a Nobel
Laureate, who was a pioneer of quantitative studies of morphogenesis in Drosophila (e.g. (Irvine and Wieschaus, 1994; Sweeton et al., 1991), and he
counts Burnside and Jacobson's 1968 paper in Developmental Biology as a major influence. He continues this work today (e.g. (Martin et al., 2009;
Streichan et al., 2018)), even asking the kinds of physical/mechanical questions that Antone was so enthusiastic about (e.g. (Doubrovinski et al., 2017;
Polyakov et al., 2014).

Antone likewise had an outsized impact on Ray Keller, who as much as anyone else who charted the course of quantitative cell biology and me-
chanics in vertebrate embryo morphogenesis. Ray interviewed for a job at UT, Austin almost exactly 40 years ago, in February of 1979. He recalled how,
with Antone as his host, he was ferried around in a Volkswagen “California Hippie Bus” and drank his first Pearl beer (in a shortneck bottle). Ray would
start his lab in Berkeley, though, and he recalled Antone's visit in 1984 as the beginning of “one of the most interesting periods, lasting through the
1980's, in developmental biology and morphogenesis.” During that period, Ray's lab laid the foundation for our current understanding of diverse
collective cell movements, including epiboly by radial intercalation (Keller, 1980), invagination by apical constriction (Hardin and Keller, 1988), and
convergent extension by mediolateral intercalation (Shih and Keller, 1992a,b). This work continues in the Keller lab today.

Antone retired and became Emeritus Professor at UT in 1997, but continued to attend seminars and interact with colleagues in Patterson Labs until
only a fewmonths before his death. In 2018, a symposium entitled “Changes in the Shape” (taken from the title of his 1976 paper) was held in his honor at
UT Austin, with talks from Ray Keller, Lance Davidson, Bob Goldstein, Ondine Cleaver, Danelle Devenport and others. Beth Burnside, who rose through
the ranks at U.C. Berkeley and retired recently as Provost, attended and spoke about life in the Jacobson lab back in the day. Acknowledging Antone's
lifelong support of women in biology, Dr. Burnside has established the Antone Jacobson Memorial Fund, which supports the Women in Sciences
Program at UT, Austin. The symposium and the memorial fund highlight the remarkable durability of Antone's vision for developmental biology, and
this despite a constitutive resistance to anything relating to molecules!

Indeed, Antone's decidedly old-fashioned approach to embryonic anatomy still resonates, and he even contributed TEM data on eye development to
a paper published after his death (Hocking et al., 2018). He refused authorship on that paper, which is notable because he might also be considered as a
silent co-author for this piece. Several years ago, he walked into my (JBW's) office and said, “I'm going to die… Oh, not anytime soon, but eventually.”
He went on to explain that, no doubt, someone would ask us to write something about him. “I know y'all are really busy” he said, “so I took the liberty of
writing a draft for you. It's on this thumb drive.”

He always was ahead of his time.
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