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Ectopic expression of cell-specific 

markers in Arabidopsis embryo.   

Embriogenesis, asal embrio, tanaman 

adalah proses yang menghasilkan suatu 

bakal tanaman dari suatu ovule yang 

difertilisasi dengan pembelahan sel 

asimetris dan differerensiasi dari sel yang 

belum terdiferensiasi menjadi jaringan 

dan organ.  Embrio adalah fase awal 

perkembangan suatu organisme eukariot 

diploid multisel. 

Basal cell-specific marker pWOX8gΔ:NLS-vYFP3 and apical cell-specific 

marker pWOX2:DsRed2 are expressed in the wild-type (A-F ).  zy, zygote; 

ac, apical cell; bc, basal cell; em, embryo; su, suspensor;. Bars = 10 μ m. 

Yu et al. (2016) 

 

Asymmetric cell division is a fundamental process which produces daughter 

cells with different size and cell fate during embryonic and postembryonic 

development. 
 
 

LECTURE OUTCOME 
Students, after mastering materials of the present lecture, should be 

able 
1. to explain the initial stage of development in the life cycle of 

plants. 

2. to explain the process and function of embryogenesis in plants. 
3. to explain the five stages of plant-linked embryogenesis. 

4. to explain the specific difference between the apical end and the 
basal end of the zygote. 

5. to explain the function of position-dependent signaling in 
embryogenesis. 
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1. INTRODUCTION 
 

1. Plant Life Stages 
 The life of a plant can be considered to start from a zygote which is a single, 

diploid cell produced from a haploid egg cell fertilized by a haploid sperm. 
 The following stage in the life cycle of a plant or an algae is the formation of 

diploid multicellular structure (sporophyte). 

 The development of the seed plant sporophyte can be divided into three 
major stages (Fig. 2). 

- Embryogenesis 
- Vegetative development, and 
- Reproductive development. 

 
 

Adult plant

Seedling

Zygote

Stament Carpel

Sepal

Petal

 
Fig.16.2. Major phases of sporophyte development. During em-bryogenesis, 

the single-celled zygote elaborates a rudimentary but polar organization that 
features groups of undetermined cells contained in the shoot and root apical 

meristems 
 

2. Asymmetric Cell Division 
 During embryonic and postembryonic development, asymmetric cell division 

is a fundamental process which produces daughter cells with different size 

and cell fate. 
 Irrespective of cell types or organisms, it requires a common set of 

coordinated events including the establishment and transduction of polarity, 
and cytokinesis. 

 Cell polarity can be set up by intrinsic or/and extrinsic factors which should 

be integrated prior to and/or after fertilization. 
 During early embryogenesis, the zygotic polarity is established either by 

maternal determinants prior to fertilization in Drosophila, or by sperm entry 
at fertilization in Caenorhabditis elegans. 
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 In higher plants, studies have been largely focused on easily accessible 

epidermal and root cells, little is known about molecular mechanisms 
underlying the asymmetric division of zygote.  

 In Arabidopsis, a YODA-mediated MAPK pathway was shown to be critical 
for asymmetric cell division in stomata and zygote development. 

 Further studies showed that the arabidopsis receptor kinase zar1 is required 
for zygote asymmetric division and its daughter cell fate. 

 The ZAR1 (zygotic arrest 1) functions as a membrane integrator for 

extrinsic cues, Ca2+ signal and G protein signaling to regulate the division of 
zygote and the cell fate of its daughter cells in Arabidopsis (Yu et al., 2016). 

 

 
Fig 1. Early embryo development in the wild-type plants and zar mutants. 
(A) A mature wild-type embryo sac showing the egg cell (ec), central cell 

(cc) and synergid cells (sc) under confocal microscopy. (B-F) Early embryo 
in wild type showing zygote (zy) (B), elongated zygote (C), the first zygotic 
division to produce a small apical cell (ac) and a large basal cell (bc) (D), 

early globular embryo (em) (E), and globular embryo (F). (G-I) Early 
embryogenesis in zar1-1+/- seeds showing normal globular embryo (G), 

elongated and arrested zygote (H), and symmetrically divided zygote (I). 
(J-M) early embryogenesis in zar1-2 seeds showing elongated zygote (J), 
symmetric division of zygote (K), asymmetrically divided zygote (L), and 

globular embryo (M). dp, division plane; su, suspensor; red arrowheads 
indicate nuclei. Bars = 10 μm. 

 
 

2. EMBRYOGENESIS 
 

1. Definition 
 Embryogenesis is the process by which a single cell (zygote) is transformed 

into a plant embryo that is 
 a multicellular entity having a characteristic, but typically rudimentary, 

organization. 
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 In most seed plants, embryogenesis takes place within the confines of the 

ovule, a specialized structure formed within the carpels of the flower.  
 The overall sequence of embryonic development is highly predictable, 

perhaps reflecting the need for the embryo to be effectively packaged within 
the maternally derived integuments to form the seed. 

 

2. Process of Embryogenesis 
2.1 Basic Architecture 

 The basic architecture of the plant is established during embryogenesis 
through various develop-mental processes, including  

- the elaboration of forms (morphogenesis),  
- the associated formation of functionally organized structures 

(organogenesis), and  
- the differentiation of cells to produce various tissues (histogenesis).  

 An essential feature of this basic architecture is the presence of apical 

meristems at the tips of the shoot and root axes. 
 The development of the embryo features complex changes in physiology 

that enable the embryo to withstand prolonged periods of inactivity 
(dorman-cy) and to recognize and interpret environmental cues that signal 
the plant to resume growth (germination). 

 

2.2 Stages of Embryogenesis 
 The development of embryo in plants can be divided into several stages 

such as: 

1. Polarized Growth Stage 
 Polarized growth of this cell, followed by an asymmetric transverse 

division, gives rise to a small apical cell and an elongated basal cell 

(Fig. 16.3A). 
 

2. Globular stage 
 The apical cell undergoes a series of divisions to generate a spherical, 

eight-cell (octant) globular embryo exhibiting radial symmetry.  

Additional cell divisions increase the number of cells in the globular 
embryo, and create the outer layer, termed the protoderm, which will 

become the epidermis. 
 

3. Heart stage 

 Rapid cell division in two regions on either side of the future shoot 
apical meristem form the cotyledon primordia, giving the embryo 

bilateral symmetry (Fig. 16.3 E & F). 
 

4. Torpedo stage 
 Cell elongation throughout the embryonic axis and further 

development of the cotyledons occurs (Fig. 16.3G). 

 
5. Mature stage.  

 Toward the end of embryogenesis, the embryo and seed lose water 
and become metabolically inactive as they enter dormancy. Storage 
compounds accumulate in the cells at the mature stage. 
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Fig. 16.3 The stages of Arabidopsis embryogenesis are characterized by 

precise patterns of cell division. (A) One-cell embryo after the first division 

of the zygote, which forms the apical and basal cells. (B) Two-cell embryo. 

(C) Eight-cell embryo. (D) Mid-globular stage, which has developed a 

distinct protoderm (surface layer). (E) Early heart stage; (F) late heart 

stage; (G) torpedo stage; and (H) mature embryo. (From West and Harada 

1993; photographs taken by K. Matsudaira Yee; courtesy of John Harada, 

American Society of Plant Biologists, reprinted with permission.) 

 

 
Notes: 
 

 
 

 
 

 
 
 

 



 

Page 6 of 15 
 

Botany/Embryogenesis/S.M. Sitompul  2017 The University of Brawijaya 

 
WUSCHEL (WUS), PLETHORA (PLT), and REVOLUTA (REV) genes 
 
 

 
https://learning.uonbi.ac.ke/courses/SBT403/scormPackages/path_2/lecture_3_plant
_embryogenesis.html 

 

 

2.3 Apical-basal polarity 
 Apical-basal polarity is established early in embryogenesis, 

and is a characteristic feature of seed plants with tissues and 

organs arrayed in a stereotyped order along an axis (shoot-
root). 

 This apical-basal axis is seen in the zygote which elongates 

approximately threefold and becomes polarized with respect 
to its intracellular composition. 

 The apical end of the zygote is densely cytoplasmic, in 
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contrast to the basal end, which contains a large central vacuole. 

 These differences in cytoplasmic density are captured when the zygote 
divides asymmetrically (Fig. 16.3A and 16.4)   

 

 

 
Fig. 16.4 Pattern formation during Arabidopsis embryo-genesis.  
- A series of successive stages are shown to illustrate how specific cells 

in the young embryo contribute to specific anatomically defined 

features of the seedling.  
- Clonally related groups of cells (cells that can be traced back to a 

common progenitor) are indicated by distinct colors. 
- Following the asymmetric division of the zygote, the smaller, apical 

daughter cell divides to form an eight-cell embryo consisting of two 

tiers of four cells each (8-cell). 
- The upper tier gives rise to the shoot apical meristem and most of the 

flanking cotyledon primordia. 
- The lower tier produces the hypocotyl and some of the cotyledon, the 

embryonic root, and the upper cells of the root apical meristem.  

- The basal daughter cell produces a series of nonembryonic cells that 
make up the suspensor, which attaches the embryo to the embryo sac.  

- The uppermost cell of the suspensor becomes the hypophysis (blue), 
which is part of the embryo.  The hypophysis divides to form the 

quiescent center and the stem cells (initials) that form the root cap. 
 

2.4 Position-dependent Signaling 
 Position-dependent signaling guides embryogenesis as a fixed 

sequence of cell division and might be essential to the embryogenesis 

suggested by the reproducible patterns of cell division during early 
embryo-genesis in Arabidopsis. 



 

Page 8 of 15 
 

Botany/Embryogenesis/S.M. Sitompul  2017 The University of Brawijaya 

 Some limited variation in cell division behavior during normal 

embryogenesis in Arabidopsis can be seen by following the fates of 
individual cells with sensitive fate-mapping techniques (Fig. 16.5) 

 The extreme examples, provided by certain Arabidopsis mutants, have 
markedly different patterns of cell division, but still retain the capacity 

to form basic embryonic features (Fig. 16.6). 
 

 
Fig. 16.5 Fates of specific embryonic cells are not rigidly determined. This 

analysis tracks the fates of individual cells present in young embryos. The top 

diagram shows that activation of a GUS gene by the random excision of a 

transposon leads to activation of GUS in a single cell, providing a heritable 

marker for that cell and its clonal descendants 

 
 

Notes: 
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Fig. 16.6 Extra cell divisions do not block the establishment of basic radial 

pattern elements. Arabidopsis plants with mutations in the FASS 

(alternatively, TON2) gene are unable to form a preprophase band of 

microtubules in cells at any stage of division. (Top) Wild-type Arabidopsis: (A) 

early globular stage embryo; (B) seedling seen from the top; (C) cross section 

of a root. (Bottom)  Comparable stages of Arabidopsis homozygous for the 

fass mutation:  (D) early embryogenesis; (E) mutant seedling seen from the 

top;  (F) cross section of a mutant root,  showing the random orientation of  

the cells, but a nearly wild-type tissue order: an outer epidermal layer covers 

a multicellular cortex, which  in turn surrounds the vascular cyl60 prn inder. 

(From Traas et al. 1995.) 

 

 

2.5 Chemical Signal of Auxin 
 Auxin (indole-3-acetic acid, IAA), or its synthetic analogs, can be used to 

induce the formation of embryos from somatic cells for many plant 

species, and may function as a mobile chemical signal during 
embryogenesis. 

 Later stages of embryogenesis are also sensitive to auxin levels, as 

demonstrated by the effects of auxin or its inhibitors on immature 
embryos propagated in vitro (Fig. 16.7A & B).  
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 The cup-shaped apical regions induced by artificially perturbing auxin 

levels show a striking similarity to those of PIN1 mutants, which are 
defective in auxin transport (Fig. 16.7C). 

 

 
Fig.16.7 Evidence of a role for auxin in embryonic development. (A) 
Altered morphology of a Brassica juncea embryo, caused by culturing it in 

vitro for 10 days in the presence of trans-cinnamic acid (a flavonoid that 
has been shown to reduce auxin levels and inhibit auxin transport).  (B) 

Wild-type Arabidopsis embryo. (C) A pin 1-1 mutant Arabidopsis embryo. 
Note the similar failure in cotyledon separation caused by chemical 
inhibition of auxin transport in vitro and by disruption of auxin transport by 

mutations in the PIN gene. (From Liu et al. 1993.) 
 

 
 This suggests that auxin is essential for normal embryogenesis. 
 By applying various measures of auxin, provisional maps can be developed 

that suggest how the directed transport of auxin might contribute to a 
patterned distribution of auxin across the developing embryo (Fig. 16.8). 

 

 
Fig. 16.8 PIN-dependent movement of auxin (IAA) during early stages of 
embryo-genesis. Auxin move-ment, as inferred from the asymmetric 

distribu-tion of PIN proteins and the activity of DR5 auxin response 
reporters (see Chapter 19), is depicted by arrows. Blue areas denote cells 

with maximum auxin concentrations. 
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2.6 Genes and Embryogenesis 
 Results of various studies showed that, at least, 250 EMB genes are 

required for normal embryo development in Arabidopsis. 

 

 
Tzafrir et al. (2004) 

 

 
 The cloning of several of these genes by map-based techniques has 

offered some insight into their molecular functions. 
- GURKE (GK) gene is required for normal organization of the apical 

region ion the Arabidopsis embryo.  This gene encodes an acetyl-CoA 

carboxylase that is required for the proper synthesis of very-long-chain 
fatty acids (VLCFA) and sphingolipids.  These molecules or their 

derivatives appear to be crucial for proper patterning of the apical 
portion of the embryo. 

- FACKEL (FK) was originally interpreted to be required for hypocotyl 
formation. Mutants exhibit complex pattern formation defects that 
include malformed cotyledons, short hypocotyl and root, and often 

multiple shoot and root meristems. FK encodes a sterol C-14 
reductase, suggesting that sterols are critical for pattern formation 

during embryogenesis. 
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- GNOM (GN) encodes a guanine nucleotide exchange factor (GEF), 

which enables the polar distribution of auxin by establishing a polar 

distribution of PIN auxin efflux carriers. 
- MONOPTEROS (MP), necessary for the normal formation of basal 

elements such as the root and hypocotyl, encodes an auxin response 
factor (ARF). 
 

 
 
 

 
Fig 16.9 Genes essential for Arabidopsis embryogenesis have been identified 

from their mutant phenotypes. (A) The GNOM gene helps establish apical-

basal polarity. A plant homozy-gous for the gnorn mutation is shown on the 

right. (B) The MONOPTEROS gene is necessary for basal patterning and 

formation of the primary root. A plant homozygous for the monopteros 

mutation (on the right) has a hypocotyl, a normal shoot apical meristem, and 

cotyledons, but lacks the primary root. 
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(C) Schematic of four deletion mutant types. In each pair, the hatched 

regions of the wild-type plant on the left are missing from the mutant on the 

right. (A from Mayer et al. 1993; B from Berleth and J6rgens 1993; C from 

Mayer et al. 1991.) 

 
 

- KNOLLE (KN) gene KEULE (KEU) genes are required for cytokinesis in 
Arabidopsis. Mutations in two Arabidopsis genes, KN and KEU, cause 

abnormal seedlings with multinucleate cells, incomplete cell walls, and 
disturbed radial symmetry - alterations of the radial pattern of tissue 

layers. 
Other genes involved in embryogenesis based especially on studies in 
Arabidopsis are FASS (FS), KNOPF (KNF), and MICKEY (MIC) genes.  

Mutants have grossly abnormal overall shapes, but have all of the 
pattern elements along the apical-basal and radial axes.  

 

 
GURKE (GK), FACKEL (FK) ,  MONOPTEROS (MP), GNOM (GN), 
KNOLLE (KN), KEULE (KEU) FASS (FS), KNOPF (KNF), and MICKEY 

(MIC) genes. from Jim Haseloff 
http://biology.kenyon.edu/courses/biol114/Chap12/Chapter_12A.html 
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- SCARECROW (SCR) gene and SHORT-ROOT (SHR) gene in 

Arabidopsis are essential for the normal formation of cortical and 
endodermal cell layers. 

Mutants, in which either SCR or SHR activity is reduced, fail to 
undergo a round of cell division to produce the two layers that later 

differentiate as separate cortex and endodermis. 
In Arabidopsis, differentiation of tissues along the radial axis is first 
observed in the globular embryo (Fig. 16.10), in which periclinal 

divisions separate the embryo into three radially defined regions. 
Mutations in either gene (SCR or SHR ) block the round of cell 

division that creates these separate layers (Fig. 16.13).  
 

 
Fig. 16.10 A summary of the sequence of radial patterning events during 

Arabidopsis embryogenesis. The five successive embryonic stages shown in 

longitudinal section illustrate the origin of distinct tissues, beginning with 

the delineation of the protoderm (left) and ending with the formation of the 

vascular tissues (right). Note how the number of tissues increases through 

the action of stem cells. A cross-sectional view of the basal portion of the 

late heart stage embryo is shown at the far right (the level of the cross 

section is shown by the line in the longitudinal section to its left). 

 

 

Fig. 16.13 A comparison 

of normal and mutant 

radial root patterns 

shows the spatially 

defined functions of 

specific genes.  (A) 

Wild-type root. (B) 

Defective radial root 

patterns of three 

Arabidopsis mutants: 

scarecrow (scr), short-

root (shr), and wooden 

leg (wol). (After 

Nakajima and Benfey 

2002.) 
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2.7 Intercellular Movement of Macromolecules 
 Many developmental processes involve the intercellular movement of 

macromolecules. 

- The interaction of adjacent tissues to trigger specific developmental 
processes is a phenomenon termed induction. 

 Plasmodesmata can be regulated to permit the passage of large molecules 

(1 kDa) or of specific proteins, such as the transcription factor SHR 
(SHORT-ROOT).  Studies showed changes in the behavior of 

plasmodesmata over the course of embryonic development:  
- relatively large molecules move relatively freely during the early stages, 

but are restricted to more limited, tis-sue-defined domains later in 
development (Fig. 16.15)  

 

 
Fig. 16.15 Potential for intercellular protein movement changes during 

development. The distribution of small (B, H, N), intermediate (C, I, O), and large 

(D, J, P) GFP reporter proteins in embryos of different ages (early heart, A-F; late 

heart, G-L; and mid-torpedo, M-R).  

 

 
Notes: 
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