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Glossary of Scientific Images

This glossary provides additional information on the biological images used and the 

techniques employed to generate and acquire the images.

Trees of embryonic neurons. The sensory neu-

rons of the peripheral nervous system of 

a 14- hour- old fruit fly embryo connect to 

the central nervous system, seen as a lad-

der at the bottom. They transmit informa-

tion from external sense organs and inter-

nal muscle stretch receptors. The structure 

of the neurons is repeated accurately at 

every segment of the embryo. A process of 

“whole-mount” staining is used to visual-

ize the global organization of the tissues. 

The specimen is fixed with a solution that 

generates chemical links between adjacent 

proteins, converting the soft tissue into a 

solid matrix. In parallel, the membranes 

that separate the cells are dissolved, such that all parts of the specimen, including 

the interior ones, are now accessible to molecules that are introduced from outside. 

The specimen becomes a “sponge” that can be bathed in different solutions. Anti-

bodies recognizing a specific protein expressed in some neural cell nuclei (red) or 

a protein associated with nerve membranes (gray) are used to mark distinct aspects 

of the nervous system. Finally, for optimal visualization by a fluorescence micro-
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scope, the embryo (measuring 0.5 × 0.2 mm) is sliced with a sharp tungsten needle 

along its back side and flattened, so that the entire structure of the nervous system 

can be visualized in one optical slice. Page ii.

Human sperm and egg at the moment of penetra-

tion. The head of the sperm, which contains 

the nucleus, is buried in the follicular cells 

that surround the egg. The sperm must 

penetrate a membrane covering the egg in 

order to reach the female nucleus and ini-

tiate fusion of the male and female nuclei. 

Note the dramatic size difference between 

the sperm and the egg. The image was pro-

duced by a scanning electron microscope. 

The sample is coated with conductive ma-

terials such as gold and is targeted by an 

electron beam. The energy exchange between the electron beam and the sample 

results in a reflection of high- energy electrons, which can be traced by specialized 

detectors. This method allows high- resolution imaging of the outer surface of ob-

jects. The images are produced in black and white. The colors in this photo were 

added after acquisition. Page x.

Diagram of protein structure. The backbone structure of 

the enzyme alcohol dehydrogenase that was puri-

fied from the bacterium Thermoanaerobium brockii. 

The active enzyme is composed of four identi-

cal protein chains (displayed in different colors) 

that combine to form the active enzyme. Both 

the assembly of the units and the recognition of 

the substrate require a specific and reproducible 

three- dimensional structure. This type of display 

is termed a ribbon diagram because it shows only 

the central backbone of the protein. In reality, the 

atoms and side chains that are connected to the 

backbone generate a structure that fills the space 

around the backbone. Page 13.
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Skeletal muscle of mouse. Thou-

sands of repeated units, called 

sarcomeres, are present within 

a muscle cell. Each sarcomere 

contains thin filaments (com-

posed of actin polymers) at 

both edges, and thick fila-

ments (composed of myosin 

proteins) at the center. The 

coordinated sliding of fila-

ments in all sarcomeres gen-

erates the contraction of the muscle. A muscle cell specifically expresses the RNAs 

and proteins that are necessary to build the sarcomeric unit. Although this image 

was visualized with a scanning electron microscope, it does not show the outer 

surface of the muscle. Rather, the muscle was embedded in a resin that hardened. 

The resin was then broken, such that the surface now depicts the inner part of the 

muscle. Page 14.

Mouse limb. The mouse limb 

contains an intricate array of 

muscles that are connected to 

the bones by tendons. Muscle 

contraction is triggered by 

nerves. A process of “whole-

mount” staining is used to 

visualize the global organi-

zation of muscle, nerve, and 

tendon tissues. Because each 

tissue expresses a different set 

of proteins, these proteins can 

be used to mark the position 

and structure of each of the tissues. In this case, the specimen was incubated with 

three antibodies, each recognizing a distinct protein in muscle (red), nerves (blue), 

or tendons (green). Each of these antibodies is tagged with a fluorescent probe 

that displays a different color. When imaged under a microscope that can simul-

taneously detect all three fluorescent colors, each of the tissues is distinctly out-

lined. Page 16.
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Spemann- Mangold transplantation experiment. In 

the classic 1924 Spemann and Mangold ex-

periment, cells that will give rise to the 

head and trunk of a newt embryo about ten 

hours after fertilization were transplanted 

into a host embryo of a comparable or 

younger stage (bottom, left). This manipu-

lation induced the cells of the host to form 

a Siamese twin within two days after the 

manipulation (bottom, right). The normal 

embryo (top) is 4 mm long. Page 21.

Outer “shell” of a fruit fly embryo. 

It takes 24 hours from fertil-

ization until the fruit fly em-

bryo hatches as a larva that 

contains 50,000 cells. Toward 

the end of embryogenesis, the 

outer cell layer secretes a hard 

shell called the cuticle, which protects the larva from drying and from mechani-

cal insults. The cuticle is patterned according to the cells that secreted it; it displays 

the outlines of segments and a distinct polarity. In mutant embryos, defects in the 

structure of the cuticle imply a parallel flaw in the tissues that secreted it. Because 

the cuticle acts like an external skeleton and is highly resilient, it was technically 

much easier for scientists to identify defects in the cuticle than in the embryo itself, 

which has disintegrated. To visualize the cuticle, the internal tissues of the embryo 

are dissolved and the imaging is carried out with a light microscope using “dark 

field microscopy,” which outlines the structures more distinctly. The size of the em-

bryo is 0.5 × 0.2 mm. Page 31.

Developing eye of the fruit fly. The compound eye of the adult fly contains 800 repeated 

units called ommatidia, each of which contains: eight neurons that sense light 

(photoreceptors), cells that make up the lens, and pigmented cells that insulate 

each ommatidium. The formation of this elaborate organ starts at the larval phase 

in a tissue that is initially unpatterned. In a highly organized spatial and tempo-

ral manner, a new row of ommatidia is progressively generated every two hours. 

The global pattern is defined as regular spacing between ommatidia by inducing 
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the formation of a “founder” 

photoreceptor cell for each 

ommatidium. The regular 

spacing between founder cells 

is determined by the local 

interactions among cells. In 

this way, the neighboring cells 

are inhibited from assuming a 

similar fate. After the position 

and fate of the founder cell is 

established, it instructs its im-

mediate neighbors to form the 

other photoreceptors of the 

ommatidium. The process of whole-mount staining uses antibodies that bind with 

and mark a nuclear protein of the founder cells, shown here in blue. Page 36.

Developing sense organs of the fruit 

fly thorax. Hairs that cover the 

thorax of the fly serve as sense 

organs that detect mechanical 

and chemical stimuli. These 

hairs are positioned at regular 

intervals that are determined 

during pupariation (the pro-

cess that dissolves the larval tissues and assembles the future tissues of the adult). 

The image shows the future thorax in a pupa, wherein one antibody detects the 

membranes of the cells (white) while the other antibody detects a protein that is 

specifically expressed in the nuclei of future sense organs (red). The regular spacing 

between the sense organs is achieved through cell communication, which locally 

inhibits neighboring cells from assuming the same fate. Page 38.

Monitoring mutant cells. The role of cell communication in establishing the regular dis-

tribution of sense organs in the fruit fly pupa can be unraveled when we follow the 

consequences of obliterating this communication. Eliminating the receptor that re-

ceives the signals from neighboring cells makes the cell “deaf” to these cues. How-

ever, because the same receptor is required for earlier processes of development in 

the embryo, development will be arrested at embryogenesis if it is completely re-
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moved. To overcome this problem, scien-

tists use genetic tricks to eliminate the 

receptor in a small group of cells in the 

pupa while leaving most of the cells in-

tact. Green marks the normal cells, so the 

absence of green indicates the mutant 

“clone.” Because all cells have the potential 

to become sense organs, when the com-

munication among cells is absent, the en-

tire clone of mutant cells assumes the fate 

of the sense organ (red). The neighboring 

cells of the same tissue that contain the re-

ceptor display the normal spacing of sense 

organs. Page 39.

Generating segments in the fruit fly embryo. A pat-

tern is formed by a series of successive 

decisions that increase the complexity and 

refine the pattern. This image shows three 

stages in the generation of a pattern along 

the head- tail axis (from left to right, the 

future head is at the top). In these stages, 

which take place two to three hours after 

fertilization, the embryo contains 5,000 

nuclei that are positioned along its periph-

ery. First, a protein is distributed in a gra-

dient that displays maximal levels at the head region (blue). This gradient, which 

represents the first symmetry- breaking event and triggers the patterning process, 

instructs the expression of target genes in distinct parts of the embryo. For ex-

ample, the protein marked in green is expressed only in regions of high or low 

levels of the gradient, with sharp boundaries. Communication driven by proteins 

that are expressed in distinct zones of the embryo leads to the expression of the 

next cohort of genes. The protein shown in red is expressed in a repeated pattern 

of seven stripes, which will serve to define the 14 segments of the embryo. Page 45.
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Convergence of signaling pathways. This image 

shows distinct groups of cells that were 

defined in a five- hour- old fruit fly embryo. 

Within every segment, each group is de-

fined by a different signaling pathway and 

expresses distinct sets of proteins. Repre-

sentative proteins are shown here in red 

and blue. In the next step, a new cell fate 

that requires simultaneous activation of 

the two signaling pathways will be in-

duced. This will take place only in the cells 

in which both signals converge. Page 48.

Responses of cells reflect their his-

tory. Cells of a quail embryo 

were grafted in a duck em-

bryo. The quail cells are shown 

in black in the left panel and 

were marked using antibodies 

that recognize a quail pro-

tein. A gene that is present in 

both quail and duck genomes 

is expressed only in the quail 

cells (displayed as white spots 

on the right panel). Thus, even 

though the duck and quail cells are present in the same environment, their different 

histories lead to distinct responses. Page 52.



glossary of scIentIfIc Images

156

Vertebrae represent repeated units with subtle modifi-

cations. The skeleton of a killer whale shows 

the modular nature of the vertebrae. We 

can also see the specific alterations that 

are introduced along the head- tail axis to 

comply with the distinct structure and 

function of body parts that are formed at 

different locations. Page 53.

Segments in the fruit fly larva display 

a repeated unit with subtle modifica-

tions. The body of invertebrates 

is divided into segments. In 

the larva of the fruit fly, a visu-

alization of the nerves (green) 

and the body wall muscles they associate with (blue) shows a segmentally repeated 

structure. A closer look identifies subtle modifications along the different segments, 

to comply with the distinct functions of each segment. Page 54.

Patterning over long distances by 

morphogens. This image shows 

the cells in the fruit fly larva 

that will give rise to the adult 

wing. At this stage, the cells 

form a single layer. The in-

formation on the global posi-

tion of each cell is provided by a protein that is expressed by a small group of cells 

(white, on the left side) and secreted to the extracellular milieu. The protein’s dif-

fusion to neighboring cells generates a gradient of decreasing concentration based 

on the distance from the morphogen source. According to the level of morphogen 

each cell encounters, the cell can assess its position. This tissue preparation shows 

the morphogen (white) in a spotted form inside the cells that received the signal, 

after it has been captured and incorporated into specialized organelles. The level 
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of morphogen inside the cells is presumed to reflect the corresponding quantities 

outside the cell. Page 61.

Scaling pattern with size. When flies are grown 

under altered nutritional conditions, they 

grow to different sizes but maintain their 

relative proportions. This image shows the 

patterning of the wing by the stereotyped 

positions of the veins. Scaling causes the 

relative position of veins to be fixed re-

gardless of the total wing size. Page 63.

Reading gradients over time. This image shows a 

ten- day- old mouse embryo, in which the 

future fore- and hind limbs can be seen as 

petals. A morphogen termed Sonic hedge-

hog is expressed only in the very posterior 

part of the limb (the future “pinkie”). The 

protein is secreted outside the cell and dis-

persed along the entire limb bud. In this 

image, the RNA of sonic hedgehog is labeled 

(purple) within the cells, specifically mark-

ing the small group of cells in which it is 

produced. A similar protocol to whole-

mount protein labeling was used, but in this case the specific RNA was identified 

by tagged DNA or RNA sequences that bind to the sonic hedgehog RNA. As a result, 

cells that express this specific RNA molecule can be identified within the context of 

the entire organism. These cells are visualized by an enzyme that deposits dye only 

in the cells where it associates with the tagged probe that detected the sonic hedgehog 

RNA. Page 69.
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Evolution of patterns. This image 

depicts the wings of fly species 

that diverged over the past 60 

million years. The strikingly 

different designs of pigmen-

tation are derived from alter-

ations in the pattern generated 

by enzymes that produce the 

pigments. Although the pat-

terns differ greatly, the struc-

ture of the enzymes them-

selves has not been modified 

over this period. This indicates 

that mutations that alter the 

expression of key genes can lead to dramatic changes in pattern while leaving un-

altered the protein machinery that executes the process. Page 76.

Predictable cell lineage in the worm. The embryo 

of the worm displays a highly stereotyped 

developmental program in which the 

position and fate of every cell is invariant. 

The orientation of cell division, as well as 

asymmetric segregation of proteins be-

tween daughter cells, is coordinated based 

on the global position of the cell within 

the embryo. The images represent snap-

shots of a movie of the same embryo, in 

which specific structures termed P granules are marked by the expression of a 

green fluorescent protein that can be visualized in live cells and embryos. Future 

head structures are to the left. In the two- cell stage (upper left), P granules are con-

centrated in the more posterior cell. Upon each division, these granules continue to 

be further concentrated only within a single cell. The cell that will eventually con-

tain these granules will give rise to the tissue producing sperm or egg. Page 83.



glossary of scIentIfIc Images

159

Generating reproducible patterns. 

These images depict the re-

gion connecting the wing to 

the body in six different fruit 

flies of the same species. When 

we follow the hair structures 

formed, every minute detail is 

identical, including the num-

ber, position, and type of each 

hair. Such patterning can be 

achieved accurately by cell communication because intricate regulatory and feed-

back mechanisms operate to keep all processes in check. Page 88.

Vestibular hair cell. The cells shown here are 

located in the inner ear of the mouse. 

Each cell displays multiple hairlike struc-

tures that project to the fluid- filled canal. 

The direction of these hairs provides the 

organism with a sense of orientation in 

three- dimensional space, and hence with 

balance. The hairs marked by an artificial 

coloring emanate from a single cell. The 

image was acquired by a scanning electron 

microscope. Page 102.

Formation of the tracheal tubular network. This 

image shows an interconnected network 

of tubes that delivers air directly to the dif-

ferent organs of the insect. This network is 

formed from clusters of designated cells in 

each segment, there are a total of 800 cells 

in this tissue on each side of the embryo. 

During embryogenesis these cells migrate 

in a stereotypic fashion, following cues 

provided by their environment. The final 
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pattern of the tissue reflects the history of migration of these cells. In the image, the 

cells forming the trachea were visualized in a 12- hour- old fruit fly embryo through 

the detection of a protein (brown) specifically expressed in this tissue. Page 106.

Formation of lens cells in the com-

pound eye. The compound eye 

of the adult fly is generated 

during the larval and pupal 

stages. The cells that will form 

the lens of each ommatidium 

are adjacent to each other (left 

image). The tissue was incu-

bated with a stain that marks 

the membranes of the cells and thus allows the visualization of their outlines. The 

arrangement of these cells is dictated by the physical surface tension of their ad-

joining membranes. Thus, it is possible to generate an identical arrangement by a 

similar number of adjoining soap bubbles (right image). Page 108.

Generating compartments. Distinct domains 

within the developing organism maintain 

their integrity as distinct compartments 

and minimize contact with the adjacent 

ones. This process is executed by the ex-

pression of specific cell surface proteins 

that promote association between cells ex-

pressing the same set of proteins. Indicated 

by fluorescent green, the reporter protein 

shows the expression pattern of a gene that 

defines the posterior compartment of each 

segment in the fruit fly. Visualization was done under a fluorescence- dissecting 

microscope on a live fly. The sharp borders and lack of mixing with the adjacent 

compartments are notable. Page 110.
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Respecting compartment boundaries. In the lar-

val tissue that will give rise to the adult 

fruit fly wing, cells that descended from a 

single progenitor cell are marked in red. 

Although they mix freely with the cells in 

their own compartment on the left, they 

minimize contact with the cells in the adja-

cent compartment and generate a sharp 

border. The image was achieved by whole- 

mount staining for a protein in red that 

is expressed only in the cells that descend 

from the original founder cell. Page 112.

Defining global orientation in the developing wing. 

Each cell in the developing pupal wing 

of the fruit fly forms a single hair. The 

hairs of all cells point in the same direc-

tion. The tissue was probed for the poly-

meric form of actin, a major constituent 

of the hairs. Because the actin accumulates 

below the membrane, it also marks the 

outline of each cell. The uniform orienta-

tion of the hairs is achieved by communi-

cation between adjacent cells that amplifies 

a response to a global orientation signal. 

Page 115.
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Selective killing of cells defines the digits. To gen-

erate the digits, cells from the interdigit 

zones are removed, as shown in this image 

of a limb from a 13- day- old mouse em-

bryo. The regions of active cell death were 

identified by using a dye that specifically 

marks lysosomes, the cellular organelles 

where proteins are degraded. Active cell 

killing is achieved by a process termed 

autophagy, in which cells devour them-

selves from within. Page 117.

The stem cell niche. The lens of 

the fish eye is surrounded by 

a physical compartment that 

defines a niche for stem cells. 

This niche provides the stem 

cells with the proteins that 

maintain them in the pro-

liferative, nondifferentiated 

state. Once the cells leave the 

niche, they differentiate to 

produce neurons (black). The 

physical restrictions of the 

niche ensure that the number 

of stem cells will be fixed throughout the life of the organism. This image was ac-

quired by whole- mount antibody staining. Page 122.
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Induced pluripotent stem cells. Recent technolo-

gies enable scientists to revert differenti-

ated cells back to their nondifferentiated 

state. From there, the cells can be directed 

to differentiate in new ways. This provides 

the capacity to generate new organs, with-

out relying on the endogenous source of 

stem cells. Human skin cells were reverted 

to their pluripotent state, and then directed 

to differentiate in culture as neural cells. 

Cells that are actively dividing as stem cells 

can be identified by the expression of pro-

teins that are elevated during cell division 

(pink). Their progeny show a rosette struc-

ture that is typical of nerve cells in culture. 

Page 130.

Tissue regeneration. The planarian 

flatworm exhibits a remark-

able capacity to regenerate. A 

small part of a dissected ani-

mal can give rise to a whole 

worm. In this image, cuts 

were made at different places 

along the body of the worm. A 

new head was formed at each 

of these places, giving rise to a six- headed worm. Page 132.
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The insulin factory. Insulin is formed in the 

pancreas in thousands of cell clusters, or 

“balls,” called the islets of Langerhans. Each 

aggregate contains several cell types, in-

cluding the beta cells that produce insu-

lin. The tiny dotted white staining shows 

the insulin, stored in vesicles within these 

cells. When blood sugar levels are elevated, 

beta cells are triggered to release insulin 

into the bloodstream. Juvenile diabetes 

is caused by the pathological death and 

elimination of the islets of Langerhans. 

The red and green staining shows distinct 

proteins that were artificially expressed in 

these cells for an experiment. For our pur-

pose they help to outline the different cells. 

Page 137.


