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Abstract

Inheritance of the single mitochondrial nucleoid (kinetoplast) in the trypanosome requires 

numerous proteins many of whose precise roles are unclear. By considering kinetoplast DNA 

(kDNA) as a template for cleavage into two equal-size networks, we predicted sets of mutant 

kinetoplasts associated with defects in each of five steps in the kinetoplast cycle. Comparison of 

these kinetoplasts with those obtained after gene knockdowns enabled assignment of proteins to 

five classes - kDNA synthesis, site of scission selection, scission, separation, and partitioning. 

These studies highlight how analysis of mutant kinetoplast phenotypes may be used to predict 

functional categories of proteins involved in biogenesis of kinetoplasts.
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Kinetoplast biogenesis and inheritance cycle

The single-cell eukaryote Trypanosoma brucei causes human African trypanosomiasis 

(HAT) and the cattle disease nagana in regions of sub-Saharan Africa. T. brucei is spread to 

vertebrates through the bite of an infected tsetse fly which harbors insect stage (procyclic) 

trypanosomes. The mitochondrial genome of T. brucei is comprised of circular double-

stranded DNAs (minicircles and maxicircles) catenated into a disk-like network in a single 

“kinetoplast” (see Glossary). Loss of kinetoplast DNA (kDNA) disrupts mitochondrial 

functions in bloodstream T. brucei and interferes with development in the tsetse fly, breaking 

vector-to-mammal transmission that is needed to spread disease [1, 2]. Bloodstream 

trypanosomes may lose kDNA, becoming dyskinetoplastic, in which case their long-term 

survival is only possible if they acquire a mutation in the γ-subunit of ATP synthase [3]. 

Naturally-occurring dyskinetoplastic Trypanosoma equiperdum and T. evansi strains are 
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known (reviewed in [1]). Trypanosome basal bodies are “modified” centrioles found near 

kinetoplasts. The region between basal bodies and the kinetoplast constitutes a tripartite 
attachment complex (TAC) [4]. We term proteins that associate with TAC “TAC-associated 

proteins (TACAPs)” (reviewed in [5]).

“Segregation” is widely-used in the field to describe aspects of the kinetoplast cycle. Given 

our current state of knowledge about proteins involved in biogenesis and inheritance of 

kinetoplasts, the meaning of the word “segregation” is ambiguous, at best. Originally used to 

describe scission of kDNA networks, inferred from examination of electron micrographs [6], 

“segregation” has also been used to describe movement and/or duplication of kinetoplasts [4, 

7].

Biogenesis of kinetoplasts is coordinated with the cell cycle. Trypanosomes in G1 have a 

single kinetoplast (K) and one nucleus (N) (1K1N, Figure 1). kDNA is synthesized in S-

phase [8, 9]. Two kinetoplasts per cell are observed in G2 in 2K1N trypanosomes [10]. 

Kinetic analysis using pre-S phase enriched trypanosomes indicates that duplication of 

kinetoplasts peaks 1 h after termination of kDNA synthesis [11]. The period between 

termination of kDNA synthesis and division of kinetoplasts may be termed kinetoplast G2 

(G2K). Nuclei of 2K1N trypanosomes divide to generate 2K2N cells that produce two 1K1N 

cells after cytokinesis [12]. Restriction of kinetoplast duplication to G2 indicates that a 

kinetoplast is “licensed” for scission or separation at this stage of the cell cycle.

A long-term goal of the field is to provide a molecular description of the kinetoplast cycle 

(Figure 2) [11, 13-18]. That objective calls for assignment of roles to proteins at specific 

steps of the kinetoplast cycle. In this context, we suggest that investigators try to avoid the 

term “segregation” because of the ambiguity in its meaning. We offer terminology that the 

field may consider using to describe the major steps in the duplication cycle of kinetoplasts. 

Further, we provide guidelines for analysis of mutant kinetoplasts from gene knockdowns 

that allows placement of proteins into one of five steps in the kinetoplast cycle (Figure 2).

Synthesis of kDNA refers to incorporation of nucleotides into the mitochondrial DNA 

network (Figure 1). “Scission” involves cleavage of kDNA into two networks. “Separation” 

denotes movement of cleaved kinetoplasts away from each other inside a single 

mitochondrial (Figure 1). “Partitioning” is the sorting of kinetoplasts into daughter 

trypanosomes (Figure 2). Minimally, the kinetoplast cycle has five steps (Figure 2): (1) 

Replication of kDNA; (2), selection of a site for scission of kDNA; (3) scission of kDNA; 

(4) separation of cleaved kinetoplasts; and (5) partitioning of kinetoplasts into two 

trypanosomes.

Five classes of mutants for kinetoplast biogenesis and inheritance

On the basis of the steps involved in the kinetoplast cycle (Figure 2), protein roles may be 

categorized as follow: First, identify and quantitate all trypanosome cell types produced 

within three cell division cycles after knockdown of a gene. Second, compare unusual cell 

types to those predicted after loss of genes at different steps of the kinetoplast cycle (Figure 
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2). Third, assign a gene to the class with the closest set of predicted abnormal trypanosomes 

(Table 1).

Class I - kDNA synthesis mutants

Due to failure to synthesize a full component of mitochondrial DNA, kDNA content of a 

mutants is less than normal at the end of kinetoplast S-phase. This smaller kDNA 

intermediate (KL*) is cleaved into two, and the immediate product (1KS1N) has less kDNA 

than normal kinetoplasts. In contrast nuclei in the cells have normal content (N) compared to 

control cells (Figure 3A).

When 1KS1N nuclei divide, the products are 1KS2N. Thus, the early unusual products of 

this class of mutants are 2KS2N and 2KS1N. Should these cells proliferate, loss of kDNA 

continues until the nucleoid is no longer detectable and the trypanosomes are 

dyskinetoplastic (0K1N, Figure 3A) [19]. Class I mutants are exemplified by Pol1B [20], 

p38 [21], MIRF172 [22], TbKAP6 [23], mitochondrial Topo II [19], and Tb927.2.6100 [17].

Class II - site of scission selection mutants

During trypanosome proliferation, kinetoplasts are divided into two equal-size networks 

before partitioning into two cells (Figure 2). Thus, it stands to reason that trypanosomes 

have molecular machinery to recognize correct sites of scission on kinetoplasts. Erroneous 

selection of the site of scission would lead to cleavage of kDNA into two kinetoplasts of 

unequal size; one large (KL) and the other small (KS) in the same cell (KL/KS1N, i.e., 

asymmetric kinetoplast division [24], Figure 3B). After mitosis, KL/KS1N cells produce 

KL/KS2N trypanosomes. Thus, the abnormal early products of mutants in scission site 

selection are kinetoplasts that are either oversized (KL) or undersized (KS) (specifically, 

KL/KS2N, KL/KS1N, 1KLN and 1KS1N, Figure 3B). Sustained proliferation of these early 

cell types will produce dyskinetoplastic (0K1N) trypanosomes (Figure 3). Examples of 

Class II genes are TACAPs p166 [25], p197 (in procyclic T. brucei) [26], TAC65 [27], and 

TAC60 [28]. Acyl carrier protein (ACP) [29] is a Class II protein.

Class III - kinetoplast scission mutants

Scission of a kinetoplast entails the conversion of one double-size kDNA into two networks 

of equivalent size. From kinetic analysis of chemically-synchronized trypanosomes, and the 

use of molecular markers [30], the earliest time when two kinetoplasts are detected in a 

population of trypanosomes is G2 [11]. Should scission of a kinetoplast fail, the immediate 

product is a 1KU1N trypanosome (Figure 3C) in which the kinetoplast contains two 

equivalents of kDNA. After mitosis, 1KU1N yields 1KU2N trypanosomes since failed 

kinetoplast division does not prevent mitosis (Figure 4). Documentation of this “failed 

kinetoplast division phenotype” is compelling when 1KU2N comprise 5% or more of the 

total trypanosome population. If 1KU2N trypanosomes divide, 1KL1N and 0K1N 

(dyskinetoplastic) cells are the earliest products (Figure 3C). Extended proliferation of these 

initial cells will produce more dyskinetoplastic trypanosomes (Figure 3C).

Examples of gene knockdowns that led to accumulation of 1K2N are TbBB46, TbCEP57, 

KMP-11, TbUMSBP1/TbUMSBP2, TbCK1.2 and GCP3 (γ-tubulin) [31-35]. Electron 
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microscopy of KU is predicted to show one undivided kDNA (larger than unit size) as 

observed after knockdown of UMSBP1/2 [32]. Genes that perturb flagellum biogenesis 

(e.g., produce detached or shortened flagella on 1K2N trypanosomes) are excluded from our 

list of potential Class III proteins, to limit digression into studies of proteins with multiple 

functions in T. brucei. We recognize that “asymmetric cytokinesis” of normal 2K2N cells 

can produce 1K2N and 1K0N (anucleate trypanosomes) [36, 37]. However, these 

kinetoplasts have normal amounts of kDNA; they are not 1KU that is easily identified by 

quantitation of kDNA content [18, 28, 38].

Class III genes encode kinetoplast scission factors (KSFs), a knockdown of which causes 

accumulation of 1KU2N trypanosomes. After division of 1KU2N cells, a new population of 

1KU1N and dyskinetoplastic trypanosomes are produced. However, kDNA synthesis, basal 

body duplication, and flagellum biogenesis will be normal in cells lacking KSFs (Figure 4). 

Class III genes may encode polypeptides that (i) regulate trypanosome entry into G2 of the 

cell cycle, or (ii) cleave kDNA into two. Thus, for a better understanding of KSF function 

we need to learn whether 1KU2N trypanosomes obtained from knockdown of Class III genes 

are in G2 or M-phase of the cell cycle.

Finally, we considered a possibility that a protein could inhibit cleavage of kinetoplasts 

without accumulation of 1KU2N if trypanosomes proliferated efficiently. Such a scenario is 

only possible if loss of the protein has three concurrent effects; (i) blocks scission of a 

kinetoplast, (ii) accelerates nucleus mitosis, and (iii) promotes rapid cytokinesis, such that 

all traces of 1KU2N are lost from the population. There is no genetic support for this model.

Class IV - separation of kinetoplasts mutants

After cleavage of a double-size kinetoplast network into two, daughter kDNAs are presumed 

to be next to each other initially. Separated kinetoplasts are observed in G2 (Figure 1) [11, 

30, 39], implying that daughter kDNAs move apart in G2 of the cell cycle. Based on these 

facts the initial products from mutation of a gene that is important for separation of 

kinetoplasts will include 1KU1N and 1KU2N that after dividing produce 1KU1N and 0K1N 

cells, similar to Class III genes. However, although kinetoplasts of 1KU2N in Class IV 

knockdowns appear to have one kDNA network in fluorescence microscopy, electron 

microscopy analysis of the nucleoids will reveal two kDNA disks juxtaposed to each other. 

Currently, we have not identified any gene for which convincing data is available for its 

classification as a Class IV mutant. However, we suspect that some genes producing 1K2N 

trypanosomes when knocked down might belong to this class.

Class V - partitioning mutants

Kinetoplasts in 2K2N trypanosomes are sorted into two 1K1N cells during cytokinesis. 

Mutations in genes encoding partitioning proteins or their regulatory factors will cause 

inappropriate sorting, producing 2K1N and 0K1N (dyskinetoplastic) trypanosomes as early 

abnormal trypanosomes (Figure 3D). After many rounds of proliferation, 0K1N 

trypanosomes become a major population in Class V mutants. Genes whose products qualify 

as partitioning factors include TACAPs p197 [18], TAC102 (in bloodstream T. brucei) [18], 

and TAC40 [40]. Protease PNT1 [14], and α-KDE2 [41] are also partitioning proteins.
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Although one could consider 2K0N and 0K2N (binucleate dyskinetoplastic) trypanosomes 

as products of severe defects in partitioning (Table 1), that decision is debatable. 

Knockdown of a protein involved in sorting of kinetoplasts should not affect mitosis. 

Therefore, 0K2N cells cannot be products of partitioning defects; they are products of 

asymmetric cytokinesis (aberrant cleavage furrow placement) of 2K2N cells [42], with 

2K0N as the other abnormal product. One expects anucleate 2K0N cells to be short-lived 

and probably undetectable in an RNAi knockdown study, because it takes days for data to be 

collected. The considerations above illustrate the importance of examining a full panel of 

early abnormal trypanosomes from gene knockdowns before concluding that 

dyskinetoplastic cells originated from improper partitioning of kinetoplasts (Table 1).

Concluding Remarks

In the last four years the field has been seen excellent papers describing the involvement of 

proteins that localize between the kinetoplast and basal bodies (TACAPs) in inheritance of 

the nucleoid [14, 18, 22, 28, 40, 43]. It seems likely that TACAPs execute their functions by 

forming sub-complexes instead of acting together as one massive macromolecule complex 

comprised of all proteins that localize to TAC. Proteins (e.g., KSFs) that are not found on 

TAC can have profound effects on kinetoplast scission and/or separation. Several potential 

KSFs are encoded in the genome, from evaluation of published literature [31-35]. An effort 

to integrate KSFs into models of the machinery for mitochondrial genome scission and 

sorting will be well-received, since TACAPs are not essential for scission of kinetoplasts.

Our phenotypic analysis of early products from “loss of function” mutants allowed us to 

assign them to different steps in kinetoplast biogenesis and inheritance (Figure 5). This 

ordering of proteins enables investigators to develop new hypotheses on whether (or not) any 

subset of proteins function sequentially or interactively in vivo. Studies of possible 

interactions between TACAPs [18, 27, 28], as well as proteins that are not TAC-associated 

will be bolstered by functional categorization of genes. For example, do the postulated 

Partitioning Proteins TAC40, p197, PNT1, TAC102, and alpha-KDE2 interact physically? 

Similarly, do Site of Scission Selection Factors p197, p166, ACP, TAC65 and TAC60 form a 

sub-complex in trypanosomes (Figure 5)? Since techniques for testing protein interactions in 

vivo are available it should not be long before we obtain answers to some of these questions 

(see Outstanding Questions). We anticipate that the initial protein categorization 

summarized in Figure 5 will be expanded with new information provided by other 

investigators. It is possible that the initial assignment of proteins to different classes of 

mutants (Table 1) will be revised as more comprehensive data becomes available. These 

developments will help the field move closer to a more detailed molecular understanding of 

mitochondrial genome biogenesis and inheritance in the African trypanosome.

Concerning the systematic phenotypic analysis of gene knockdowns (Table 1, Figure 3), 

three issues are worth raising for discussion by the field. First, for a compelling quantitative 

description of the phenotypic observations, one should expect that a major diagnostic 

abnormal trypanosome cell type comprises at least 5 percent of the total population. Second, 

a Chi-square test of the statistical significance of the differences in distribution of cell types 

before and after gene knockdown returns a p-value < 5 × 10−3. The suggested higher 
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threshold for the p-value is influenced by knowledge that most investigators use 

unsynchronized cells for these studies. Day-to-day variation of proportions for cell types in 

unsynchronized trypanosome populations can produce a distribution of cell types between 

the same control cells that gives p-values close to 5 × 10−2, a threshold that is frequently 

accepted for statistically significant differences. In addition, it will help if in work with 

kinetoplast biogenesis and inheritance, the trypanosomes are analyzed at fixed times after 

RNAi induction, so that changes in phenotypes and morphology can be documented as early 

as possible. Third, recognizing the power of microscopy images to sway readers to a 

particular point of view (e.g., proposed pathway of events), we kindly request, for the sake 

of reproducibility of observations between laboratories, that images of abnormal cells should 

only be presented in publications if those cell types constitute at least 5% of the total 

population of trypanosomes.

Finally, how could TACAPs regulate scission site selection or partitioning of kinetoplasts 

when they lack DNA-binding domains (Figure 5)? The answer to the question may lie in 

three kinetoplast-binding proteins highlighted in our analysis, namely protease PNT1 [14] 

and universal minicircle-binding proteins UMSBP1 and UMSBP2 [32]. PNT1 is a 

partitioning protein (Figure 5), whereas UMSBP1 and UMSBP2, together, are KSFs (Figure 

5) [32]. We hypothesize that PNT1 and UMSBP1/UMSBP2 have “moonlighting” functions 

[44, 45] as scaffolding proteins that anchor kinetoplasts to protein complexes needed for 

scission and partitioning of kDNA. Hence, two experimentally testable hypotheses from our 

phenotypic analyses of kinetoplasts and placement of genes in the kinetoplast cycle are (i) 

PNT1 is a scaffold for a partitioning complex on kinetoplasts (Figure 5), and (ii) UMSBP1/

UMSBP2 anchors kinetoplast scission complexes to kDNA (Figure 5). We look forward to 

reading about answers to some of these questions in the near future.

Glossary

Basal body
Microtubule organizing center for flagellum axoneme. Movements of basal bodies are 

associated with division of kinetoplasts. Some proteins that are found between basal bodies 

and kinetoplasts (i.e., TAC-associated proteins) are important in aspects of the kinetoplast 

biogenesis cycle.

Kinetoplast
Mitochondrial nucleoid consisting of kDNA and associated proteins. During trypanosome 

proliferation, a second copy of the kinetoplast is detected by light microscopy in the G2 

stage of the cell cycle. At cytokinesis two kinetoplasts are sorted, one each, into two 

daughter trypanosomes.

Kinetoplast DNA (kDNA)
Mitochondrial DNA network in trypanosomes. Composed of interlocked (i.e., catenated) 

circular minicircles and maxicircles. Maxicircles encode the mitochondrial genome. Many 

genes encoded by maxicircles are incomplete until edited at the RNA level to incorporate (or 

remove) nucleotides. Information (guide RNAs) for editing maxicircle transcripts are found 

predominantly in minicircles. Edited pre-mRNAs can be translated to proteins by ribosomes.
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Kinetoplast scission factor (KSF)
Protein required for cleavage of kinetoplast DNA networks, generating two daughter kDNA 

networks each of which retains catenated minicircles and maxicircles.

Partitioning
Distribution of cleaved kinetoplasts into two daughter trypanosomes during cytokinesis. 

Scission of a double-size kinetoplast with replicated kDNA is required ahead of partitioning 

the nucleoid.

Scission (cleavage) of kinetoplast
Endonuclease cleavage of a double-size (i.e., replicated) kDNA network into two networks 

of approximately equal size. Daughter kDNAs retain catenated minicircles and maxicircles 

but they are not substrates for further scission reactions.

Separation
Movement of cleaved kinetoplasts away from each other inside a single mitochondrion.

Tripartite attachment complex (TAC)
A region of the trypanosome between the kinetoplast and basal body. Some proteins that 

associate with TAC affect kinetoplast inheritance. However, not all TAC-associated proteins 

are important for kinetoplast scission and/or partitioning.
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Outstanding Questions

What is the value of an initial assignment of genes to specific steps in the kinetoplast 

cycle through phenotypic analysis of mutant kinetoplasts?

How many kinetoplast scission factors are there, and what are their precise functions?

How are kinetoplasts attached to the machinery for scission or partition?

How are the functions of kinetoplast scission factors and TAC-associated proteins co-

ordinated and/or integrated?
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Highlights

• Kinetoplasts (mitochondrial genome nucleoids) are important in bloodstream 

trypanosomes for establishment of mitochondrial membrane potential.

• Many proteins involved in segregation of kinetoplasts have been identified.

– A region between a kinetoplast and basal bodies is described as a 

tripartite attachment complex (TAC)

– A set of TAC-associated proteins (TACAPs) has been proposed as 

the machinery for kinetoplast segregation

– Sub-complexes of TACAPs that form in vivo have been described

• Several proteins that do not associate with TAC are involved in maintenance 

of the kinetoplast. New kinetoplast-associated proteins have been identified

• We are approaching an exciting period in the field when a molecular 

understanding of how all aspects of kinetoplast biogenesis is executed seems 

achievable.
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Figure 1. Kinetoplasts inside mitochondria
Mitochondria of bloodstream trypanosomes were labeled with mitotracker (green) [46], and 

DNA in the nucleus (N) or kinetoplast (K) labeled with DAPI (4,6-diamino-2-phenylindole). 

Images were captured with a fluorescence microscope. Panel A, 1K1N; B, 1KU1N 

trypanosome; C, 2K1N trypanosome; D, 2K2N trypanosome.
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Figure 2. Five steps in kinetoplast biogenesis and inheritance
Major steps in the kinetoplast cycle are depicted. Shown are; (1) kDNA synthesis, (2) 

scission site selection, (3) scission (cleavage), (4) separation of cleaved kDNAs, and (5) 

partitioning (at cytokinesis).
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Figure 3. Predicted sets of kinetoplasts in mutant trypanosomes follwing failure of specified steps 
of the kinetoplast cycle
Kinetoplast DNA (kDNA) (hollow red circle) was considered as a substrate for synthesis to 

produce a double-sized kinetoplast (KU). Cleavage of a kinetoplast precedes mitosis, and 

normally produces two equal-sized kDNAs and one nucleus (2K1N) in one trypanosome. 

Mitosis of 2K1N trypanosomes results in 2K2N cells that can go through cytokinesis and 

generate 1K1N cells. Early abnormal kinetoplasts predicted for each class of mutant in 

kinetoplast cycle is illustrated. In all cases sustained proliferation of early mutant 

trypanosomes leads to an increased fraction of dyskinetoplastic (0K1N) cells, but the path to 

this end result, as revealed by the panel of abnormal kinetoplasts that accompanies each 

mutation varies. A, Class I, kDNA Synthesis Mutants. After loss of a protein that is essential 
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for synthesis of kDNA the total amount of DNA per kinetoplast decreases. Hence after 

scission of that kDNA the progeny has less than one kinetoplast’s equivalent (i.e., Ks) 

whereas the nucleus has a regular amount of DNA, making the cell a 2KS1N trypanosome. 

After mitosis, a 2KS2N trypanosome emerges which can go through cytokinesis. Following 

multiple rounds of division, the trypanosome gradually loses all of its kDNA and becomes 

dyskinetoplastic (i.e., 0K1N). B, Class II, Site of Scission Selection. After synthesis of 

kDNA in a normal cell a double-size uncleaved kinetoplast (KU) is the product in a 1KU1N 

cell: the kDNA is cleaved normally into two equal-sized progenies, before mitosis. Faulty 

choice of the site of scission resulting from knockdown of a factor that is import for 

identification of the scission site will cause cleavage of kDNA into two networks of unequal 

size (i.e., asymmetric scission of kinetoplast). The larger kinetoplast (KL) and the smaller 

kDNA (KS) can be found in premitotic (1KS/KL1N) cells or in post-mitotic 1KS/KL2N 

trypanosomes. Repeated asymmetric kinetoplast scission and proliferation of progeny 

eventually leads to a population of trypanosomes with a significant fraction of 

dyskinetoplastics (0K1N). C, Class III, Kinetoplast Scission Factors (KSFs). Cleavage of a 

double-size kinetoplast (1KU1N) into two networks is essential for inheritance of 

kinetoplasts. After knockdown of genes encoding KSFs, 1KU1N remains uncleaved in 

premitotic trypanosomes. However, failure of kDNA scission does not foil mitosis, so 

nuclear division results in 1KU2N trypanosomes that may accumulate in the population. 

Cytokinesis of 1KU2N cells produces 0K1N (dyskinetoplastic) and 1KU1N cells that after 

proliferation increase the fraction of dyskinetoplastic trypanosomes. D, Class IV, Separation 

of cleaved kinetoplasts. After scission of kinetoplasts the kDNA networks are detected by 

light microscopy as two entities when they move apart. Thus, in mutants where the 

separation of kinetoplasts does not take place, only one kDNA will be detectable although 

scission of kinetoplasts has occurred. Kinetoplasts in Class IV mutant 1K2N and 1K1N cells 

are only distinguishable from those of Class III (KSF) mutants in electron microscopy 

studies; they will reveal cleaved but adjacent kinetoplasts for separation factors, but show 

uncleaved kDNA in mutants of KSF’s. E, Class V, Partitioning of Kinetoplasts. During 

cytokinesis two kinetoplasts from mitotic 2K2N trypanosomes are sorted into two new 

progeny each of which has a 1K1N organelle content. If partitioning of the two kinetoplasts 

fails, the progeny trypanosomes are 2K1N and 0K1N. Thus, detection of 0K1N cells in 

absence of 1KU2N early after gene knockdown is diagnostic of partition mutants.
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Figure 4. 1KU2N trypanosomes obtained after knockdown of a KSF
Bloodstream T. brucei containing an RNAi construct were induced to knock down a KSF 

gene (TbCK1.2) [33]. After inducing knockdown of the gene with tetracycline, plasma 

membrane and flagella were stained with mCLING (green) [47], and kinetoplast (K) and 

nuclei (N) were detected with DAPI. Images were captured using a superresolution 

microscope as described [47].
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Figure 5. Distinction between functions of TAC-associated proteins and KSFs
Early abnormal trypanosomes reported after knockdown of several proteins that affected 

kinetoplast cycle were analyzed as described (see Table 1 for summary). Genes were 

assigned to one of the five steps in kinetoplast biogenesis (see Figure 2), based on a 

comparison of published phenotypic data and the predicted of expected aberrant kinetoplasts 

(Table 1 and Figure 3).
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Table 1.

Sets of unusual kinetoplast combinations predicted for classes of mutants

Category Stage in kinetoplast cycle Expected set of abnormal trypanosomes

Class I kDNA synthesis 1KS1N, KS/KS1N, KS/KS2N

Class II Selection of Scission Site KL/KS1N, KL/KS2N, 1KL1N, 1KS1N

Class III Scission of kDNA network 1KU1N, 1KU2N, 0K1N. Electron microscopy shows one uncleaved kDNA per 
kinetoplast

Class IV Separation of Cleaved kDNA networks 1KU1N, 1KU2N, 0K1N. Two cleaved kDNAs per kinetoplast, detected in electron 
microscopy analysis

Class V Partitioning of kinetoplasts into new cells 2K1N, 0K1N

Different types of kinetoplasts and the expected sets appearing together are presented for mutants belonging to classes I through V. Kinetoplast 
designations are as follows; K, kDNA containing one genomes’ worth of minicircles and maxicircles; KS, kinetoplast contains less < 0.5 of one 
genome’s equivalent of kDNA; KL, kinetoplast contains > 0.5 < 1 of one genome’s equivalent of kDNA; KU, kDNA has two genome’s amount of 
minicircles and maxicircles.
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