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Mass spectrometry is one of the oldest
analytical techniques used by chemists
for unambiguous characterization of a
chemical compound. This technique is
being routinely used since a long time by
organic chemists. Earlier it was consid-
ered that only volatile compounds that
can be charged by electron ionization or
other techniques could be investigated
using mass spectrometry. The path-
breaking discovery of soft ionization
techniques such as electrospray ioniza-
tion (ESI) and matrix-assisted laser de-
sorption ionization (MALDI) in the late
nineties opened the window for mass
spectrometric studies of large macro-
molecules such as proteins, lipids and
nucleic acids.

This book is a nice account of the ba-
sic methods used in different mass spec-
trometric techniques for the study of
proteins. It begins with a chapter on sam-
ple preparation for mass spectrometry,
which indeed is a critical step as the soft
ionization methods in protein mass spec-
trometry often suffer from formation of
ion-pairs at the surface of the bio-
molecules by non-volatile buffers and
counter ions, decreasing the sensitivity of
the technique. The author describes vari-
ous ionization techniques used in protein
mass spectrometry and outlines the
newer techniques such as laser-induced
liquid beam/bead ionization desorption
(LILBID) and laser ablation with elec-
trospray ionization (LAESI). Desorption
electrospray ionization (DESI) is also
rapidly becoming a powerful method for
rapid imaging of a wide range of biologi-
cal samples, which could have also be
outlined. Multidimensional protein iden-

tification by combining multiple chroma-
tographic methods to separate peptides
from the mixture followed by tandem
mass analyses in shotgun proteomics has
immensely improved the sensitivity of
the technique. The author highlights im-
portant applications of selective labelling
methods and electrophoretic separation
methods which have added further im-
provements in the separation of pep-
tides/proteins. He discusses various
developments in the ionization methods
such as electrospray, MALDI, LILBID,
LAESI with examples, which provides a
nice overview of the applications of
these techniques in macromolecular mass
spectrometry. Latest developments in the
mass spectrometric instrumentation have
been well described, giving a brief out-
line of the principles of mass analyses by
various techniques. This would indeed be
helpful for understanding the fundamen-
tals of the mass spectrometric techniques
for a beginner as well as a practising
user. The author has outlined the basic
electrodynamics in the quadrupole mass
filter, ion trap, orbitrap as well as ion
mobility techniques. He has described
basic instrumentation and technical fea-
tures of some state-of-the-art commercial
instruments and highlighted the multidi-
mensional tandem analyses methods,
which are also a useful compilation of
information in one reference book.

Mass spectrometry of peptides and
proteins has grown far beyond just de-
termination of the molecular mass of the
intact molecule (or the protonated spe-
cies). Sequencing of peptides by mass
spectrometry has become an extremely
important tool in modern proteomics.
The identification of peptides by tandem
mass spectrometry from the fragmenta-
tion pattern of the secondary ions pro-
duced by collisional dissociation of the
peptide ions is now a part of the routine
application of mass spectrometry. This
method is based on different models of
fragmentation of the peptide ions, which
have been nicely discussed giving simple
examples. The major challenge of mass
spectrometric sequencing methods is the
distinction between various isobaric
amino acids. The author has highlighted
some of the known methods of selective
identification of such isobaric residues.
However, there are new methods evolv-
ing rapidly, and it is indeed not easy to
have all such methods covered in one
book. The author has also outlined the
use of multiple reaction monitoring
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methods for making selective fragmenta-
tion of peptides. The label-free, as well
as various labelling approaches for quan-
titation of proteins or peptides form
important component of proteomic appli-
cation of mass spectrometry. The book
has dedicated a section in the fourth
chapter to provide details on various
types of labelling methods used for rapid
quantification of peptides by mass spec-
trometry.

The most significant benefit of mass
spectrometric techniques in proteomics is
the high-throughput detection and quan-
tification of proteins in biofluids. The
development of newer methods in mass
spectrometry primarily aims at improv-
ing the sensitivity and resolution to reach
a level of quantitative determination of
various components and to identify the
relative level of expression in a cell or
tissue sample. The issue of quantification
of proteins is possibly the most challeng-
ing problem, and there have been several
concerns about accuracy of the methods
of peptide/protein quantification by mass
spectrometry. Various iTRAQ methods
have been developed, which have been
found to give satisfactory results for
many isobaric residues in peptide frag-
ments. Several other approaches have
also been discovered, some of which are
specific for certain types of instrumenta-
tion. The book gives a nice background
of these methods and highlights the in-
teractions of different reagents in achiev-
ing efficient tagging of the peptide
fragments.

The fragmentation of peptides during
tandem mass analyses has been a subject
of immense interest. The author has
lucidly explained various pathways for
fragmentation, highlighting the chemical
reactions in gas phase of the peptide ions
that may take place in different cases. He
has described several residue-specific
reactions which may give rise to ‘anoma-
lous’ fragmentation peaks, that are in-
deed important for residue-specific
sequential identification of the peptides.
However, there are often several secon-
dary ions formed by gas-phase reactions
of the peptide ions, which are not identi-
fied unambiguously. These ions are the
key to identification of many isobaric
amino acids and can also help in the pre-
cise identification of post-translational
modifications. The book has outlined
many such reactions; however, there are
several developments in this area, and I
hope the author will include them in the
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subsequent editions of the book. The
author has dedicated a full chapter de-
scribing various applications of mass
spectrometry to protein science. Mapping
of intact protein isoforms using top-down
approach by multidimensional separation
techniques followed by mass spectromet-
ric analyses of peptides and fragments
analysed with the help of proteome data-
base has become a versatile technique
today. Combination of this technique
with differential mass spectrometric
analyses has been used to achieve label-
free detection and quantification of even
low-abundance proteins and peptides.
High-throughout mass fingerprinting is
one of the major breakthroughs in mass
spectrometric applications in proteomics.
Rapid analyses of human plasma pro-
teome by exploiting multidimensional
ion mobility mass spectrometry have
revolutionized the capabilities of this
versatile technique. Combining electros-
pray ionization travelling wave ion mo-
bility spectrometry with tandem mass
analyses has been shown to yield infor-
mation on topology along with the mass
of the large macromolecular systems.
These are some of the frontier develop-
ments in the area where the mass spec-
trometric studies are used to determine
structural properties of the biomolecular
complexes. The author has provided a
lucid discussion on such developments
citing suitable examples and also high-
lighted laser-based high-speed mass
spectrometric techniques (e.g. MALDI,
LAESI) which have been developed to
image biological materials such as tissue
samples. Some of these techniques can
provide high-throughput imaging meth-
ods for potential clinical and pathologi-
cal applications. The author has also
briefly described developments of bioin-
formatics tools for analyses and interpre-
tation of mass spectrometric results.
Several software have been developed to
identify the tandem mass spectral signa-
tures of peptides using protein or ge-
nomic databases using different models
of fragmentation pathways of peptide
ions. These bioinformatic tools have en-
abled fast analyses of a large number of
samples with significant accuracy. Some
of the software also interface with the
instrument for suitable data-dependent
acquisition of MS/MS spectra, leading to
substantial reduction in the time of ex-
periment.

Overall, this is a well-written textbook
highlighting recent developments and
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challenges in protein mass spectrometry.
The organization of the chapters in the
book has been thoughtful and is meant
for a non-expert and beginner in the area.
The author has also described some of
the most difficult methods and latest de-
velopments in the area, making the book
an important source of information even
for experts and practitioners of protein
mass spectrometry. It would indeed be a
priced collection for any science library
and would serve as a useful reference to
the latest developments in the subject.
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Since the last Annual Review of Genetics
was published, the world saw the launch
of the Human Cell Atlas—a multi-
institute, multi-country endeavour to cre-
ate a profile of all the different kinds of
cells in a human body in terms of their
gene expression and other molecules'.
This has been possible due to the un-
precedented advances made in the field
of sequencing single DNA/RNA mole-
cules. On the other hand, discovery of
ancient remains of both Homo sapiens
and other hominins continues to revolu-
tionize our understanding of human evo-
lution”*. Recent findings have pushed
the history of H. sapiens at least 100,000
years further back than that considered
earlier™® and have thrown light on the
food habits of the Neanderthals’. Genet-
ics, as it has since its inception, retains
its position at the helm of biological re-
search.

This volume opens with an article by
James Haber, in which he summarizes
his life’s work on double-stand break
(DSB) repair. For the last 40 years Haber
has been studying the role of homolo-

gous recombination (HR) and other
processes in the repair of such potentially
lethal DNA damages using the model,
budding yeast Saccharomyces cerevisiae.
A couple of other articles in this volume
also deal with HR. Gray and Cohen dis-
cuss the role of HR in meiotic crossover.
During prophase I, the number of DSBs
introduced in the chromosomes, is at
least an order of magnitude larger than
the final number of crossovers. The
process of selection of these DSBs is
known as designation. Gray and Cohen
discuss the mechanism of DSB formation
and designation, and also the proteins in-
volved in the process. On the other hand,
McVey et al. take a detailed look at the
role of eukaryotic DNA polymerases in
HR across diverse taxa. As has been
mentioned above, HR is involved in
DNA repair in a variety of contexts such
as in meiosis and DSB repair. This re-
view gives a detailed description of the
different DNA polymerases and how
they mediate such processes.

It is a delight to notice that in this vol-
ume the idea of evolution forms a com-
mon thread in majority of the reviews,
including those mentioned above. Both
McVey et al. as well as Gray and Cohen
take a comparative approach in their re-
spective reviews. A detailed comparison
of meiosis across different eukaryotes is
the focus of a review by Loidl. It also
provides some interesting insights about
the origin and diversification of the mei-
otic process. Loid argues that although
meiosis has had a single origin in the
common ancestor of all eukaryotes, there
are substantial differences in its detail
across taxa. Moreover, he notes that the
synaptonemal complex is absent in sev-
eral scattered taxa across distant line-
ages, suggesting its later origin. Loidl
emphasizes the lack of detailed study on
meiosis in non-model organisms. The
life cycle of several multicellular eu-
karyotes such as many plants and fungi
alternates between haploid and diploid
states, a phenomenon termed alternation
of generations (AOGs). The proportion
of an organism’s life cycle spent as hap-
loid and diploid is also extremely vari-
able across lineages. The genetic basis of
the origin and maintenance of AOGs in
land plants is discussed in the review by
Bowman ef al. The authors provide a de-
tailed description of the genes involved
in this process across different major
plant groups such as bryophytes, angio-
sperms, etc. The role of two homeobox
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