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MICROGRAFTING

or

SHOOT-TIP GRAFTING (STG)




2012

Rank Area Production (Int $1000) Flag  Production (MT)

1 J 3481071  * 18012560
| 1578237  * 8166480
¢l 1256177  * 6500000
4 966200  * 5000000
gl 708636  * 3666790
o ] 566080  * 2033800
7 | 538493  * 2786397
g 342163 * 1770503
q 321194  * 1662000
10 311691  * 1612828
11| 311490  * 1611784
12| | 275392 * 1425000
13 248336 * 1285000
14{ 185863  * 961738
15 | 173932 * 900000
16( ‘ 155092  * 802517
d 17 152983  * 791600
it | 120786  * 625000
19{ 104785  * 542207
20( | 100657  * 520845

\



2011

Rank Area Production (Int flﬂﬂll] Flag  Production (MT)
1 Brazil 3575879 * 18503139
2 United States of America 1445168 * 7477924
3 India 1153054 i 5966400
4 China, mainiand 1047071 * 5418000
5 Mexico 783010 & 4051631
6 Spain 601960 * 3114800
7 Eqypt 464015 * 2401015
g Italy 462594 % 2393663
g Indonesia 392101 * 2028904
10 Turkey 330567 & 1710500
11 Pakistan 290853 * 1505000
12 Iran (slamic Republic of) 290431 ¥ 1502819
13 South Africa 273379 r 1414585
14 Greece 174183 * 901300
15 Morocco 164114 & 849197
g 16 Argentina 161077 * 833486
v '-'l{_': 17 Viet Nam 140962 b 729400
R 18 Syrian Arab Republic 129270 r 668900
19 Algeria 112572 * 582496

20 Ghana 112089 % 580000




2005

Rank Area Production (Int $1000) Flag  Production (MT)
1 Brazil 3450320 i 17853443
2 United States of America 1622066 = 8393270
3 Mexico 794814 i 4112711
4 India 640457 a 3314000
5 China, mainland 492244 T 2547084
6 Spain 459225 i 2376230
7 ltaly 437034 i 2261404
8 Iran (Islamic Republic of) 435450 * 2253209
9 Indonesia 427876 . 2214019
10 Egypt 375001 * 1940420
11 Pakistan 332597 i 1721000
12 Turkey 279257 * 1445000
13 South Africa 240887 % 1246454
14 Greece 180907 & 936094
15 Argentina 171201 5 885871
[ 16 Morocco 161370 i 835000
- ""1 17 Viet Nam 116206  * 601300
Al 18 Ghana 96629 = 500000
19 Australia 96264 a 498112

20 Syrian Arab Republic 87408 i 452000




2000

Rank Area Production (Int $1000)  Flag  Production {MT)
1 Brazil 4122243 b 21330258
2 United States of America 2278643 = 11790680
3 Mexico 736831 = 3812683
4 India 516907 * 2674700
5 Spain 505605 * 2616220
6 [taly 362587 i 1876182
7 Iran (Islamic Republic of) 356283 = 1843504
8 Eqypt 311245 * 1610520
9 Pakistan 256646 * 1328000
10 South Africa 226074 * 1169806
11 Turkey 206786 i 1070000
12 China, mainiand 203693 i 1054000
13 Greece 182776 ¥ 945765
14 Morocco 168134 * 870000
15 Argentina 152112 i 787096
g 16 Indonesia 124468 i 644052
i 17 Australia Q8556 * 509973
"4l 18 Venezuela (Bolivarian Republic of) 96004  * 496768
19 Cuba Q0925 * 470487

20 Viet Nam 82463 i 426700




1998

Rank Area Production (Int $1000)  Flag  Production (MT)

1 Brazil 4029526 N 20850504

2 United States of America 23086592 e 12401000

3 Mexico 643771 * 3331152

4 5pain 474523 * 2455390

5 India 454967 2 2354200

6 Iran (Islamic Republic of) 338044 | 1749185

7 Egypt 278610  * 1441652

8 Pakistan 251815 * 1303000

9 ltaly 249994 * 1293580

10 Morocco 213318 = 1103800

11 China, mainiand 207559 * 1074000

12 Argentina 190133 = 083833

13 Turkey 187460 23 Q70000

14 South Africa 186221 7 963589

15 Greece 157225 * 813553

16 Australia 96587 * 490784

- 17 Indonesia 94877 * 490937
18 Venezuela (Bolivarian Republic of) 91802 23 475023

19 Syrian Arab Republic 84832 o 438960

20 Viet Nam 77593 * 401500
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Electron microscopic picture showing Yellowing symptom on vyounger leaves

Citrus tristeza closterovirus particles. Bar of Eureka lemon seedlings caused by seedling
represents 100 nm. vellows strain of CTV on left; healthy seedling
on right.
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Fig. 1. A freshly excised meristem tip from an axillary bud of the potato Solanum
tuberosum. The two smallest emergent leaf primordia are present. Scale bar repre-
sents 50
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Somatic embryogenesis from nucellar embryos in kinnow mandarin: {a) Embryogenic callus

from nucellar embryos on MS medium supplemented with malt extract (400 mg L'l} and
2,4-D (9.02 uM). (b) Somatic embryo formation on MS medium containing malt extract

{500 mg L'l} and ABA (7.56 pM). (c) Plantlet development from somatic embryos on 2
MS medium with MAA (10.74 pM). (d) A single plantlet on Y2 MS medium with NAA (10.74
pMy. (&) Nucellar embryo culture raised acclimatizated plantlet

19



ESTABLISHMENT OF VIRUS-FREE CITRUS NURSERY SYSTEM
Shoot-tip micrografting (STG)
Preparation of rootstock seedling
Preparation of citrus shoot

Micrografting of shoot-tip

Double grafting

20



Preparation of rootstock seedling

Troyer of Carrizo citrange is the commonly used rootstock for STG. However,
other citrus cultivars such us pummelo, lemon and sweet orange are also used.

(A) Culture of rootstock in solid medium.

21




15Preparation of Citrus STG Medium (pH 5.7)

1. Solid medium for growing rootstock seedling: MS salt mixture (Gibco
BRL), 2.5 g; sucrose, 20 g; ddH,O, 1 L; Agar, 1% (10 g

2. Liquid medium for growing STG seedling: MS salt mixture, 2.5 g;
sucrose, 30 g; growth factors (1 L/100X stock; i-inositol, 100 mg:
thiamine-HCI, 0.2 mg; pyridoxine-HCl, 1 mg; nicotine acid, 1 mg);
ddH,O, 1 L

22




Preparation of citrus shoot

Young shoots are collected from infected citrus trees in orchards.

Alternatively potted citrus plants in green house are forced to sprout by defoliating
and/or pruning. Young shoots of adequate size (0.5 cm~3 cm) are as scion

collected for STG.

shoots of different sizes for STG.

23




Micrografting of shoot-tip

(C) Cutting knife consists of cutting edge of razor blade
holder; pliers for making blade edge.

| i Ir‘:'_ i i
e X%
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(D) Making STG incision on upper top of rootstock seedling
with tip-bended forceps and cutting knife.

25
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(E) Cold beam illuminator, binocular microscope and
accessories within a laminar-flow bench. (F) Making STG incision on upper top of rootstock
seedling with tip-bended forceps and cutting knife.

26




- g —3 @ —_— Q E;Shﬂn
Shoot Showing Shoot-fip S
detachment line detached J

Rectangular triangle
hole in decapitated
rootstock seedling

(A) Diagram showing excision of shoot-tip with 2-leaf
primordia and rectangular triangle hole (0.3~0.5 mm) on a decapitated rootstock seedling by
removing cortex layer with cutting edge of STG knife.

wiln }
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(B) A shoot tip placed in the hole on a
decapitated rootstock seedling.

28



(C) Two-week old rootstock seedlings in solid medium (left), a sterile
test tube with a center-perforated filter-paper platform containing liquid medium (center), and a test
tube containing the micrografted rootstock seedling supported by filter paper platform on liquid
medium (right). (D) Different stages of STG rootstock seedlings, also showing a new sprout
regenerated from the grafted shoot-tip (right).

29




(E) Two new shoots of Hong China sweet orange
regenerated from ST in rectangular hole (left) and in V-shaped incision (right) of rootstock seedlings
one month after micrografting. (F) A new sprout from ST in rectangular hole on rootstock.

e 30




Double grafting

A double grafting technique has been developed to enhance the growth of STG-
plants.




Provedure of double grafiing with micregrafted rocstock seedlings as sclan. (A} Sprouting
o micragrafied seedlings in lesitube cullure. (Bl Twa STE seedbings with sprouds laken owd fram
fesd fubes for seeandary grafling (O] A polled vigorsus modsosk seedling side-grafied with a ssion 32
Fam the ST-seedling. (O The grafted part of rooisiock seedling covered with a mowth-sealed
plastic bug (B} A mew maduns bwigy gown from the double grafled roostoek three months afier
doukle graft g



Srientia Horticulturae 125 (2010) 381- 357

Contants liste available at ScianceDirect

Scientia Horticulturae

ELSEVIER journal homapage: www .eleaviar.com/locate/scihorti

Micrografting of almond (Prunus dulcis Mill.) cultivars “Ferragnes” and
“Ferraduel”

H. Yildirim##, A. Onay?®, V. Siizerer®, E. Tilkat®, Y. Ozden-Tokatlid, H. Akdemir?

# Dicle Undversity, Facuity af Agricuinire, Deparrment af Rarticulnere, 21280 Diyarbalar, Turkay
= Dicle University, Raculny af Science and Arfs, Deparmment af Biolagy, Diyarbalar, Turkey

= Barman University, Faculty af Sclence and Ars, Deparement af Biology, Barman, Turkey

2 Gohze Instnere of Technalagy, Faculty af Science, Deparmment af Bialagy, Kacael, Turkey

ARTICLE 1MFOD ABSTRACT
Article hisrary: The success of various in vitrs micrografting techniques, establishment of the rootstock, size of the
Recaivad @ Dacambar 2008 microscion, and the effects of culture medium on the grafted seedling development for almond culti-

Recaived in mvisad form 21 March 2010

cepted 13 April 2010 vars “Ferragnes” and “Ferradusl” were studied. in vitro germinated wild almond seedlings developed

from seeds were used as rootstocks Shoot culture initiation was successfully achieved from the above
almond cultivars by culturing mature shoot tips from forced nodal buds, about 3-3mm, on 0.7 mgL BA

Kepwards: and 0.01 mellL NAA containing 2 MS medium. The regenerated adventitions shaats fram invitro cultures
ﬂgz;amng were maintained and proliferated by sub-culturing on a fresh medium every three to 4 weeks. Regen-
Rastoring erated shoot tips, which were micrografted onto B vitro seedlings, resulted in the restaration of shoat
Rejuvanation prolifaration. The results indicated that the most successful method for the grafting of tested almond
Rootstocks cultivars was slit micrografting. High levels of micrograft take were achieved with all ranges of scions
Srions [4-15 mm}obtained from the regenerated shoot tips. Slow growth and lack of axillary shoot development

on the micrografts were noticeable when the micrografts were cultured on hormone-free germination
medium. n vitro micrografted plantlets were successfully acclimatized and no problems were encoun-
tered with the establishment of micrografted plants in viva. The developed technique has demonstrated
& high patential for application in the micropropagation of almond 2vs “Ferragnes” and ~Ferraduel” and

thereby, represents a feasible method for the renewal of almond archards in Turkey and elsswhere in
the warld,



SCIENTIA
HORTICULTURA

Scientia Horticulteras 92 {22) 1T77-1EZ

wowrw elsevier.comdlocate'scthorte

Short communication
In vitro grafting of cashew
(Anacardium occidentale L.)
Tllimmappaiah*, G.T. Puthra, Shirly Raichal Anil

Marional Research Cenrre for Cashaw, Qndian Cowecil af A gricuiiergl Ressarch,
Purtur, Karnatekae 574202, fndia

Arcepted |1 May X1

Ahstract

A sucosssful micrografling technique in casheaw was developed using in vitro  germinated
seadlings as rootstocks and axenic shoot culiures (shoot-tip and nodal culures) established from
mature trée source as microscions. In vitro germinated sesdlings, which emerged 20235 davs after
incculation on ghsorbent cotion, were decapitaied and vsed as rootstock. Mature tree explants
initiated on hormons-free Muorashige and Skeog [Physiol, Plant. 15 (1962} 273] (M5} modified
madium weare made into scion of 3—15 mun length for grafting. Micrografts could be sasily culturad

\ ﬂl on hormone-frea Liquid half=-MS medium and were potted out after 10—12 weaks of culture growth.

Grafting sucoaess was dependent on the meathod of grafting and size of the scion. Shoot-tip grafting
and side grafting wers aqually successiul (79.53—100%: ). Langth of scion shoot had significant affect
on e rografting sucoess. Graft success was high (79.3% ) when the scion length was >3 mum and it
wis less ((,.3%) whean size of scion was small (3—3 mm). Scion présoaked in either water or (.01%
asoothic acid and D0153% citric acid (1:1) reduced phenolic browning and dryving of scion.
Micrografiing techniques standardized could be used for rejuvenation of shoot explants of maturs
tra=. [T 2AW2 Elsevier Science B.Y. All rights ressrvead.
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Three levels of genome research
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Proteomics




* The complete set of proteins found in each
cell is known as the proteome

« Approximately 25,000 proteinsin a plant
cell

 Proteins concentration (and activity) may be
different than gene expression due to post-
trandlational modification




available at www.sciencedirect.com
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www.elsevier.com/locate/jprot

Review

Plant proteome changes under abiotic stress — Contribution of
proteomics studies to understanding plant stress response

Kldra Kosovd®*, Pavel Vitdmvds®, Ilja Tom Prdsil®, Jenny Renaut”

*Department of Genetics and Plant Breeding, Crop Research Institute, Drnovskd Street 507, 161 06 Prague 6 - Ruzyné, the Czech Republic
®Centre de Recherche Public, Gabriel Lippmann, Rue du Brill, 4422 Belvaux, Luxembourg




Non-

stress Stress Recovery
lT;,_!EEIm"EE Alarm Acclimation Maintenance Exhaustion
ln'ra.'lﬂ'rm.u'r.* : . :
| | ]
| | |
! : \  new standard
1 Stress
standard : : ' new standard
|
| |
| | i new standard
: : Restifution
| |
" | |
minimum I
X
Acute damage Chronic damage
Stress duration g g

Fig. 1- A generalised scheme of a dynamics of plant response to abiotic stress factors (modified after [2]). Each stage of plant
stress response corresponds to a different proteome composition. Non-stressed plants reveal active growth and developmental
progress based on cell division. These processes are associated with a de novo biosynthesis of several cellular components. In
stressed plants, a profound reorganisation of the whole cellular metabolism is observed. There is a shift from an active growth
and developmental progress to stress acclimation. Early stages of plant stress response (alarm phase) are associated with an
induction of stress-responsive signalling pathways and a strong oxidative stress. Later stages (acclimation phase) are
associated with a de novo biosynthesis of several stress-protective proteins (e.g., chaperones, COR/LEA, PCs, ROS scavenging
enzymes) and other compounds (e.g., antioxidants — carotenoids, tocopherols; osmoprotectants — GB, proline). During
recovery, processes leading to degradation of stress-protective compounds are activated and a new cellular homeostasis is
being established.



Stress signal

— — Lress sensor e — .
5 transduction

Synthesis of "stress proteins”
LEA

Osmotic adjustments D?;}-’dr'l i !
Membrané protection E[Eil-'h Alkred gene
: : : g ;

Chelation of metal ions &
Osmotin expression

Transcription factors
Chaperons

Phytochelatins
Metallothioneins

| Anacrobic polypeptides
L Pathogenesis-related proteins

Traditional breeding

Stress-tolerant plants

FIGURE 19.1  Stress-induced protein synthesis in plants. Stresses cause important modifications in the gene
expression in plants, which leads to the synthesis and accumulation of stress-related proteins, These proteins
provide enhanced survival value to plants under adverse environmental situations and can he used to produce
stress-tolerant plants by genetic (ransformations. For details, refer Section 9.2,



Water deficit

Anaerobiosis

- Pathogenesis
Abscsi ..'-'.,--._r;,1lu.-l.'.' (IR
aiil o 0,05, 75, U5, 160 KD
= At h.l.'- pretoine
= i
, ] |-LT IR Gaseous poliutants
i - b F

"‘]’A . [1.1.]. « Llsmolin .rh:\'_ (Al ST | IR | B TS T B -?I'lg.lmh'.l.'.ll‘-‘-
ILI-'J: 5 ,j 4l & Sircas-asdcidel * Dehydring Cotoaalic B, 70, &1, 90 kD = Mhenylpop il '\'lllt":'h”-"‘“""r.'
LEA 502 uk A4 s L AH prote . | J : 1
JEAL G 'I‘: | RCOTLins Shi] !}“HI (oEein Mito sl el il Whed qur By edn 2y ey oratien Complexes

| =t 1 i '] A

L e « HL-Lip Lyl | 0rgam: Lane 18, 30y 22, 24 e L -.IL|.|--'

sermin Bl T, Sk e <P EAT sy Delane

gl b

# Lyl abine
+HVA I e 10 !
L peiak LT =0 kLl w0 v s
5
1 . X

o T A prorolne S-carbosylase | 1® """'-" M Crogc BrTCIY . 'I':'UI|I T o * K. predair g i labed plli

syl ase C ke laslie RSN 32, +.-'::1.-._r.| TR T S | | a1 Caelh i .
o= AL pvrraline & conbos vlase Il.l.""-l' H "":"":'!" AT BT I Cralahecrile 2ok sl s

resline Lase « Glvomalared coll wall 'I:. o a P v oML Carlsen e

s FRECMRC w1 Ty
o | Borng abiluhyde protu S A o ol vl il a | Etbeeat i el o e
':I"‘-'h'!"':l""'rl-*"”""“" o uaantylasy 8 bl i e {ic vl togien
«1 Cu=*-AT Pare « SR TS SN AN « Thalaglicarn "
« Supcrnxide dismutass o= aling 3 acan by ke by Ay s
EE e dii ]

o1 Pernyidase st et b Ead ki ko ik

o Glutathione reductase

o2 KUK earbovylose o LB carbosylsy s DU 1] oS by .
T LS (oduct ast s _PEP carboxilase ST ke pertibimnns

& Probasss

o TP R c anes

™) Lyaaipiaim? sbTInTRE=)

L=

FIGURE 19.2  An overview of stress-induced protein-synthetic responses in plants, Ditferent stresses induce
the synthesis of various groups of proteins and cause either elevation (1) or decling (4) in the levels of enzymes,
Some of the responses of salinity. drought, and chilling are common and are mediated via elevated levels of
ABA. For details, refer Section 19.1.
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In the membrane, AQPs form tetrameric structures with each
monomer acting as an independent water channel
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Separ ating the Proteome

« The protaein genome is separated by several different
methods.

* The most commonly used method is 2-dimensional gel
el ectrophoresis.

— Congists of using Isoelectric focusing with SDS
polyacrylamide gel electrophoresis




| soelectric focusing

* This separates proteins based on isoel ectric point

» The isoelectric point isthe pH at which the protein
has no net charge.

* pH gradients may be large 2-10 or small 6-7

» Typically thisis done with an immobilized pH
gradient gel strip or with atube gel containing alow
concentration of polyacrylamide.

« Ampholytes are added to create a pH gradient in an
electric field and the proteins are loaded.

* The IEF gdl Isplaced in an electrophoresis system
for up to 24 hours and the proteins form tight bands
at their 1soelectric point.
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SDS Polyacrylamide Gel Electrophoresis

 The second dimension separates the proteins based on size.

» There are two parts, the stacking gel which concentratesthe
sample and the running gel that is used to separate the
proteins.

» The IEF gel i1s soaked in a solution containing chemical to
denature the proteins including sodium dodecy! sulfate a
detergent which gives the proteins a net negative charge.
Thismeans that all proteinswill move in one direction.

» The IEF gel isthen put in the one long well in the stacking
gel, sealed in place with agarose, and the proteins subjected
to an electric field to separate.

» Thelarger proteins are found at the top and the smaller ones
are found at the bottom of the gel.
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Sample preparation Proteomics in ABRII

Protein extraction
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M ass Spectrometery

Separates 1ons based on mass to charge ratio.
—  Charges are placed on the protein or the peptide by
lonization.
Two most common types of ionization are:
Matrix-Assisted Laser Desorption |onization.

— MALDI causes fragmentation of the protein during
lonization. Can be used to get more information about
the fragments. Easier to do than ESI.

Electrospray 1onization (ESI)

— ESI can give whole protein masses as well as complex
masses. If the proteinsisfirst separated by reverse phase
HPL C before injection only the subunits masses will be
Known.
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Protein ldentification Using Mass Spectrometry
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Bsharvand, Fathi, VanHoof, Hozseini Salexkdeh, 2007, Stem Cells, 25: 18588-1303.




Protein Identification Using Mass Spectrometry
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Protein Identification Using Mass Spectrometry
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Protein Identification Using Mass Spectrometry
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Sample preparation Proteomics in ABRII
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Amino Acid M asses
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Proteome analysis of canola root
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