


Plant Reproduction





ثزتزی ٍاریتِ ّبی. ّذف اس افلاح  ًضاد گیبّبى ، ایجبد ٍاریتِ ّبی هطلَة اعت

افلاح ؽذُ ٌّگبهی هؾخـ خَاّذ ؽذ وِ ثذروبفی اس آًْب تَلیذ ٍ در هٌبطمی

.وِ ٍاریتِ تَلیذ ؽذُ عبسگبری دارد وؾت ؽَد 

رٍثزٍ اعت وِ ًِ تٌْب ثب تَسیغ اٍلیِ ثذرثب هؾىلاتی  اعتفبدُ اس ٍاریتِ ّبی جذیذ

افلاح ؽذُ ثیي سارػیي پبیبى ًوی پذیزد ثلىِ پظ اس تَسیغ  ثبیذ وَؽؼ ًوَد   

ًگِ داؽت تب سحوت ّبیی وِ درایجبد ٍ تْیِ آى  خبلـوِ ٍاریتِ افلاح ؽذُ را 

.آى وؾیذ ؽذُ اعت اس ثیي ًزٍد

افلاح ًضاد ایجبد ٍاریتِ ّبی جذیذ ٍ افشایؼ ثذر آًْب  هتخققیي  هغئَلیت هْن

.در همیبط هحذٍد هیجبؽذ



اّذاف افلاح ًجبتبت

:وِ ػجبرتٌذ اس هؼوَلاً در افلاح گیبّبى ثبغی یب سراػی چٌذ ّذف افلی دًجبل هی ؽَد

افشایؼ ػولىزد  -

ویفیت هحقَل  -

همبٍهت ثِ آفبت ٍ اهزاك  -

(تَعؼِ حَسُ وؾت) همبٍهت ثِ اعتزط ّبی هحیطی  -

تغییز در ًحَُ رؽذ گیبُ  -

اعتفبدُ ثْتز اس فقل رؽذ  -

تَلیذ ٍاریتِ ّبی جذیذ ٍ ثزتز  -



























علَل ّبی. هیگزدد  اتلاقوزٍهَسٍم ّب حبٍی صى ّب ّغتٌذ ٍ ثِ هجوَػِ آًْب صًَم 
. هی ثبؽٌذ............ ّبپلَئیذ دارای یه صًَم ٍ علَل ّبی دیپلَئیذ دارای دٍ صًَم ٍ  

هجوَػِ . ًِ تٌْب ّغتِ ثلىِ عیتَپلاعن ّن  در اهز ٍراثت اّویت  فَق الؼبدُ دارد
.ًبهیذُ هی ؽًَذ  Plasmonلغوتْبئی اس عیتَپلاعن وِ در ٍراثت دخبلت دارًذ 

ٍ   پلاعتیذ ّباس اجشاء عیتَپلاعن وِ در اًتمبل ففبت صًتیىی دخبلت دارًذ هی تَاى 
.پظ ثطَر ولی در ّز علَل گیبّی دٍ ًَع صًَم یبفت هیؾَد. را ًبم ثزدهیتَوٌذیْب 

Nuclear Genome   صًَم  ّغتِ ای  -  

Organellar Genome صًَم  ارگبًلی  -

وبرثزد ػلن صًتیه در افلاح ًجبتبت



 اعت درگیبّبى صًتیىی  تٌَع هذیزیت  ًجبتبت افلاح هتخققیي وبر

  ویفی ففبت ثب ّن دارًذ ٍوبر عز ووی ففبت ثب ّن ًجبتبت افلاح هتخققیي

 ّغتٌذ ووی ففبت جشء التقبدی هطلَة ففبت اوثز

  صًتیىی تغییز یب تٌَع Genetic Variability  ّیجزیذاعیَى ،هَتبعیَى اس

ؽَد هی حبفل ّب صى تفىیه ٍ         

وبرثزد ػلن صًتیه در افلاح ًجبتبت



  صى ّب وِ ٍاحذ ًْبئی درتفىیه ففبت ّغتٌذ اس یه عزی لَاًیي خبؿ

ثؼذ اس ّیجزیذاعیَى  Behaviourٍ یب رفتبری     Inheritanceٍراثتی              

تجؼیت هی وٌٌذ              

    در یه هىبى صًی ٍ یب در هىبى ّبی صًیاثزات صى ّب رٍی یىذیگزچَى

  ایجبد فٌَتیپ ّبی جذیذ صى ّب ثؼذ اس ثیبى ؽذى.هختلف هتفبٍت اعت                

.هی وٌٌذ           

وبرثزد ػلن صًتیه در افلاح ًجبتبت



 ففبت)ته صى لَاًیي ٍراثتی ٍ رفتبری در یه جوؼیت گیبّی ثزای ففبت

هی ثبؽٌذ( ففبت ووی) پلی صىعبدُ تز اس ففبت ( ویفی           

  هیؾًَذ ثِ همذار سیبدی تحت تبثیز وٌتزلچَى ففبت ووی تَعط چٌذ صى

.ػَاهل هحیطی لزار هی گیزًذ            

فٌَتیپ  آٍرًذُ گیبُ ثَجَد در( Genome)صى ّبی تؾىیل دٌّذُ ّز صًَم              

آى هی ثبؽٌذ صًَتیپٍ          

وبرثزد ػلن صًتیه در افلاح ًجبتبت



    صى ّبExpression ففبت را ثِ ػْذُ دارًذ

    آگزًٍَهیه  ،آًبتَهیه  ، هَرفَلَصیه ایي ففبت هوىي اعت ،

ثبؽٌذ ثیَؽیویبیی  ٍ یب فیشیَلَصیه            

     ظَْرAppearance  ًغل اٍّل یه ّیجزیذ هٌطجك ثزInteraction  

ٍ یب درهی آیٌذ  هختلفصى ّبئی اعت وِ اس ٍالذیي  هتمبثلیب اثز              

صًَم ّبی آى گیبُ ٍجَد دارًذ             

وبرثزد ػلن صًتیه در افلاح ًجبتبت



Mechanism) هثل تَلیذ هىبًیغن of Reproduction ) ٍ ًحَُ ّوچٌیي  

Mode) ففبت  ٍراثت of Heredity) رٍػ اًتخبة وٌٌذُ تؼییي گیبُ ّز 

  . اعت گیبُ آى ثزای هٌبعت افلاحی

 رٍاثط ٍ ثبرٍری ، لمبح ،افؾبًی گزدُ هبًٌذ هثل تَلیذ هىبًیغن ثب هزتجط ّبی پذیذُ

  اسًحَُ فحیح ؽٌبخت رٍ ایي اس ّغتٌذ افلاحی رٍؽْبی ًیبس پیؼ ًبعبسگبری

.وٌذ هی ووه آى ٍراثتی هىبًیغن ثْتز درن ثِ گیبُ هثل تَلیذ

  گیبُ افلاح ثزای هٌبعت رٍػ اًتخبة اس لجل Breeder وِ اعت ضزٍری ثٌبثزایي

  وبفی آگبّی آى هثل تَلیذ ًحَُ ثب هزتجط ولیذی ػَاهل اس تؼذادی چگًَگی اس

  .ثبؽذ داؽتِ

ًحَُ تَلیذ هثل ٍ رٍػ ّبی افلاح ًجبتبت



Plant Reproductive Biology

What is it?

Study of sexual and asexual reproduction

Pollination mechanisms

Gene flow

Genetic variation

Propagule dispersal

Why study it?

Insight into adaptive significance & homology of systematic 

characters

Insight into delimitation of species and subspecies.



Function of flower

• To attract pollinators with colorful petals, scent, 

nectar and pollen

Carpel/



Overview of floral organs



Reproductive floral organs: female

• Carpel or pistil – female reproductive organs; contains:

• Stigma – is where pollen sticks to

• Style – is the long tube that connects stigma to ovary

• Ovary – enlarged structure at the base of carpel/pistil 

where the ovules are located; it will become the fruit.

• Ovules – contains female 

gametophyte, becomes 

the seed

• Plants have style!

carpel

or

pistil
ovary



Reproductive floral organs: male

• Stamen – male floral organ, consists of:

• Anther – part of the stamen that produces pollen

• Filament – stalk-like structure that holds anther

• Pollen – immature male gametophyte



29

Sexual 

parts 

of a 

flower



Pollination and Fertilization
• For pollen sperm to successfully fertilize the 

egg, there must be pollination: a method to get 

the pollen from the male anther to the stigma.

• Pollen sticks to the stigma, starts growing a 

pollen tube

• Fertilization begins when

tube begins to grow 

toward the egg



Double Fertilization

• Double fertilization occurs: One sperm nucleus 

(1n) fertilizes the egg, producing a zygote (2n) 

which becomes the plant embryo inside the seed

• Another sperm nucleus fuses with the polar nuclei, 

resulting in a triploid endosperm (3n)

• Endosperm is a source of food for the young 

embryo.

Endosperm
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• What is pollination?

– To reproduce sexually, you need to fuse a male sex cell 
(gamete) with a female sex cell (gamete).

– The male gamete must be brought to the female gamete.  
In animals, there is the mating process.

– How about for plants?  They can’t move from place to 
place!

– They need an external agent and since it is the male 
gametes which are contained in the pollen grains that 
gets transferred , the process of transferring the pollen 
grains from the male part of the flower to the female 
part is known as pollination.

– Pollination must occur before fertilisation can occur.

POLLINATION



Pollination Mechanisms

INSECT (entomophily)

Bees (melittophily/hymenopterophyly): 

fls. showy, colorful, fragrant, with:

nectar guides

landing platforms

Butterflies (psychophily): 

fls showy, colorful, fragrant

no nectar guides

long tubes or spurs



Pollination Mechanisms

Moths (phalaenophily): 

large, white, fragrant

no nectar guides

usually tubes or spurs



Pollination Mechanisms

Flies (sapromyiophily)

maroon / brown in color

foul smelling (like rotting flesh)



Pollination Mechanisms

Birds (ornithophily):

red (often, not always)

tubular (often)



Pollination Mechanisms

Bats (cheiropterophily):

nocturnal anthesis

large, colorful or white

produce copious nectar or pollen



Pollination Mechanisms

Wind (anemophily):

flowers small, numerous, often unisexual

perianth absent or non-showy

flowers often produced in mass



Pollination Mechanisms

Water (hydrophily):



Pollination

• Pollination is the transfer of pollen grains 

from the anther to the stigma of a flower.

– The pollen grains can be transferred within  the 

same flower.

stigma
pollen grains 

from anther



ClickBiologyClickBiology

Self-pollination occurs when pollen falls from the 

anther onto the stigma of the same flower

• Self-pollination is 
not desirable as it 
reduces variation



Pollination

• Pollination is the transfer of pollen grains 

from the anther to the stigma of a flower.

– The pollen grains can also be transferred from 

one flower to another.



ClickBiologyClickBiology

Pollination is the transfer of pollen from the anther 

to the stigma

• This is an example of cross-pollination as the 
pollen travels from one flower to a different flower. 
This is desirable in plants as it promotes variation.
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Self-pollination vs 

Cross-pollination
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Self-Pollination vs Cross Pollination
• SELF-POLLINATION

– Pollen grains falling on the 
stigma of the same flower 
or of a different flower but 
of the same plant 

– less adaptable to changes in 
the environment.

– Analogy : Marrying within 
same family

– If parent plant has a genetic 
disease, it will be passed on 
to offspring.

• CROSS-POLLINATION

– Pollen grains falling on the 

stigma of another flower of 

the same kind but on a 

different plant

– offspring has more variety. 

 Genetic variation.

– Offspring inherit traits from 

both parents  can be good, 

but can be a bad thing too! 

E.g. genetic defect, disease, 

etc.
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only ~ 4% of flowering plant species are dioecious – so how do they 

avoid inbreeding depression?









Incompatible and compatible pollinations in Senecio squalidus. Squash preparations of 
stigmas stained with aniline blue and viewed under UV light. (A,B) Incompatible 

pollination; pollen tube (arrow) blocked from entering papillae (P). (C) Compatible 
pollination; pollen tubes penetrating stigma tissue. (D) Compatible pollen tube 

growing through transmitting tissue (arrow). Scale bars = 0·25 µm.

















Heterosis





































































Inbreeding



Inbreeding depression in white clover (non-inbred on left, 
inbred on right)



The plant at the far left is non-inbred, the plant second from left 
was produced by one generation of self-pollination, and the two 

plants on the right were produced by two generations of self-
pollination. 



Inbred plant B73 (left), inbred plant Mo17 

(middle), and hybrid plant B73 x Mo17 

(right). (University of Nebraska-Lincoln, 

2004)



B73 ear (left), B73 x Mo17 hybrid ear (middle), and Mo17 ear (right) 



Crosses types in cross pollinated plants

Inbreeding

Top cross

Polycross

Diallel cross
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Necessities of the processor, growers and consumers and some associated 

breeding objectives in tomato for processing



.1

.2Growth Habit

.3Machine Harvestability

.4

.aFusarium Wilt

.bAnthracnose fruit Rot

.cTobacco Mosaic Virus

.5

.6Nematode Resistance 

Earliness

Disease Resistance

Insect Resistance

اهداف اختصاصی اصلاح گوجه فرنگی 



.7Fruit Quality

.aAppearance

.bFruit Color

.cTexture and Firmness

.dFlavour

.eNutritional Value

.8Processing Quality

.aColor

.bFruit pH

.cTitratable Acidity

.dSoluble solides

.eViscosity

اهداف اختصاصی اصلاح گوجه فرنگی 



The main attributes of the tomato as an ideal research 

organism are:

1.    Short life cycle ( 65 to 75 days seed to seed )

2. Self pollinates but it is easy to hybridize (easy 

to emasculate, collect and store pollen) 

3.    Many seeds per plant. 

4.    Large, recognizable chromosomes .

5.    Good array of wild relatives, 8 species. 

Research organism





Wild relatives in tomato 

Classically,

The Lycopersicon species are divided into two major 

subgenus according to fruit color  

subgenus Eulycopersicon for red-fruited ssp.

subgenus Eriopersicon for green-fruited ssp.

These are also classified by their hybridization affinity 

to cultivated tomato into two main complexes 

Esculentum complex

Peruvianum complex  



The Lycopersicon species 

A. Red fruited species    Eulycopersicon

L. esculentum SC

L. esculentum var cerasiforme Red Cherry  SC

L. pimpinellifolium SC

L. cheesmanii form typicum SC

L. cheesmanii form minor SC

SC  Self compatible



B.  Green fruited species   Eriopersicon

L. peruvianum , races glandulosum, dentatum SI

L. chilense SI

L. hirsutum form typicum SI

L. hirsutum form glabratum SC

L. parviflorum SC

L. chmielewskii SC

L. pennellii SI / SC

The Lycopersicon species 

SC  Self compatible SI  Self incompatible



The Species of the Genus Lycopersicon



Characteristics of interest of wild tomato relatives 

in tomato breeding



































Onion Breeding
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Scientific name  : Allium cepa L.

Family : Alliaceae (Amaryllidaceae)

Onions are grown in just about every country in the world.

They are used in salads, as a raw or cooked vegetable, and 

as a condiment.

Iran to Pakistan, cultivated in very ancient times & possibly

never found in the true wild state. 

Introduced to the Americas by the Spanish very early and

quickly spread throughout most of North & South America.

Origin



Parts Used for Food

Bulb, sometimes leaves. The bulb consists of enlargements 

of the leaf bases in which food reserves are stored. 



Allium

Allium cepa

2n=16  Onion

Allium moly

2n=14

Allium neopeitanum

2n=14

Allium fistulosum

2n=14 Welsh onion

Allium schoenoprasum

2n=16, 24, 32 chives

Allium ascolonicum L.

2n=16  Shallot

Allium porrum L.

2n=32

Allium sativum L.

2n=16 Garlic



Floral biology

The floral structure consists of : three carpels united into a single 

Pistil,  six stamens (3 inner and 3 outer) 3 inner perianth segments 

(petals), 3 outer perianth segments (sepals),  Sepals and petals are 

alike and sometimes called tepals. The ovary is superior.



Inflorescence

An umbel composed of many smaller 

inflorescences (cymes) of 5-10 flowers 

each. 

The flowers open in a sequence within 

each of the cymes with a delay between

flowers.

Flowering may be in progress within a

single umbel for two weeks or more. 



Inflorescence

50 to 2000 florets are borne in a simple oval umbel at 

the top of the elongated seed stalk. 

The individual floret, only 3 to 

4 mm in length, a simple style leading to a three-celled 

ovary with two ovules in each cell.

The anthers of the three inner stamens open first, & one 

after another, shed their pollen. Then the anthers of  the 

outer whorl open, also at irregular intervals. 





Pollination

Onion is a dichogamous plant and largely cross pollinated 

by insects, primarily by honey bees. 

Self pollinations can occur because pollen may be transferred 

between different flowers on the same plant. 

Most of the pollen is shed between 9 am and 5 pm of the first 

day the flower is open.



When flowering begins,  only a few flowers open each day on an 

umbel, but the number increases until at full bloom 50 or more 

florets may be open on a single day. 

They continue to open over a two -week period, and 30 days or 

more may be involved in the flowering on all of the flower stalks. 

The normal flower in onions is perfect, but genetic & cytoplasmic

sterility variations were reported in a single plant segregant of the 

cultivar Italian Red. 

Inflorescence



Floral biology

Plants grown from seed usually produce only one seed stem if

induced to flower. 

Plants grown from bulbs may produce six or more seed stems

since several lateral buds may be present that formed during 

development of the bulb.

It is common for plants to produce bulbs and seed stems when

grown during the winter and into the spring.



Flowering of the onion is initiated by Environmental factors 

The primary inductive factor is cool temperature with day 

length that playing no role as with bulb development. 

Temperatures of 4.5°C or below for one week will induce 

flower formation in bulbs or growing plants with 4 or more 

leaves. 

Flowering



The larger the plant, generally the more easily it can be induced 

to initiate flower development.

When the onion plant is induced to flower, the shoot apex ceases 

to produce leaf primordia and initiates the inflorescence.

The number of seed stems produced per plant depends on the 

number of lateral buds contained on the stem. which is the 

compact base plate on the bottom of the bulb.  

Flowering



Major Breeding Achievements

Onions fall into 2 major types, Short day and long day onions. 

The third group should be recognized as intermediate day legth

types, which bulb somewhere between the two major groups.

The onion has been greatly improved in characteristics such 

as : 

 Quality

 Yield

 Uniformity



The important traits that are controlled by multiple genes 

or additive action and should be considered in the onion 

breeding  program includes :

Male sterility             Bulb shape and color

Ease of bolting           Foliage color

Bolt resiatance Foliage morphology

Long storage Disease resistance

Insect resistance        High percentage of dry matter 

Major Breeding Achievements



Progenies Resulting from Various Genetic and Cytoplasmic 

Combinations Crossed onto a Male-Sterile onion Line



The Genetics of Several traits In the 

Onion















































ثزًبهِ ای ثزای حفظ ٍ تأهیي ثذرّبی Seed certificationگَاّی ثذر  یب  
ثب ویفیت ػوَهی ثبلا ٍتىثیز هَاد صًتیىی ارلبم گیبّبى سراػی ٍ ثبغی خبؿ 
.اعت 

در ایي ثزًبهِ، ثذرگَاّی ؽذُ ثِ ٍعیلِ وؾبٍرساى خجزُ ٍ تَلیذوٌٌذگبى ثذر 
ثبسرعی هزتت درطَل، ؽجزُ ایوبؽت ثِ رٍػ ، ثب رػبیت وٌتزل دلیك ویفی

.تَلیذ هی ؽَدثبسرعی پظ اس ثزداؽت ٍ  فقل رؽذ

ؽذُ ای ثزای حفظ  ؽٌبختِرٍػ رعوی  Seed certificationگَاّی ثذر یب
گیبّبى  ثزایاس ایي رٍ، گَاّی ثذر . َّیت ثذر یه رلن در ثبسار آساد هی ثبؽذ 

ثبغی ثِ ٍیضُ  ثذٍر گل ٍعجشی ثغیبر هْن ٍ ضزٍری اعت

Seed certification 



Seed certification 

لبثلیت دعتزعیتب افلاح یه رلن الگَی ولی ثزًبهِ تَلیذ ثذرگَاّی ؽذُ اس 

ثِ فَرت سیز اعت ثِ آى تَعط وؾبٍرساى 

ثذر افلاح ؽذُ یب ثذر ًَولئَط

.ایي ثذر سیز ًظز هغتمین افلاح گز تَلیذ هی ؽَد ٍ ؽجزُ حمیمی یه رلن را ًؾبى هیذّذ

ثذر پبیِ

هؼوَلاً ایي  .ثِ اٍلیي ثذر ی وِ اس تىثیز ثذر افلاح ؽذُ ثِ دعت هی آیذ، ثذر پبیِ هی گَیٌذ

ثذر پبیِ. هیؾَدافلاح گز اًجبم وٌتزل  تحتوبرضوي ػمذ لزار داد ثب عبسهبى ّبی ثذر پبیِ ٍ 

.  ثب ثزچغت عفیذ گَاّی ثذر هؾخـ هی ؽَد

Breeder's seed 

Foundation seed 



Seed certification 

ثذر ثجت ؽذُ

ّذف اس ایي  . ثِ ثذر ی وِ اس تىثیز ثذر پبیِ ثِ دعت هی آیذ، ثذر ثجت ؽذُ هی گَیٌذ 

ثذر. هزحلِ افشایؼ ًغل دیگزی اس ثذرلجل اس الذام ثِ تَلیذ ثذر گَاّی ؽذُ هی ثبؽذ

ثٌذی را ثب ثزچغت ارغَاًی هؾخـ طجمِایي . ثجت ؽذُ در ردُ تجبری لزار ًوی گیزد

.هی وٌٌذ

ثذر گَاّی ؽذُ

ثذر ی اعت وِ اس تىثیز ثذر پبیِ یب ثجت ؽذُ ثِ دعت هی آیذ، ٍ آخزیي ولاط ثذر در 

.  ثب ثزچغت آثی رًگ ػلاهت گذاری هی ؽَد طجمِایي . ثزًبهِ گَاّی ثذر هی ثبؽذ

Registered seed 

Certified seed 














































