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OCuBger sy eualioeRiL 605860 &B0bG GBS SHIF
QeebeluBLd. @sea  cpevtd 0, eagub afag eanualamed
@Gsmal UL eovib. AmSauamL sug SO SBLILHID.

wewienllel S LNl SIPWITSSUILGLD.

any o pussuial day Gzmiguisd @ohe SiBHBBOLGD
sPall QUIGLSMEN HTEHML £ eRTeUTEL] UWISTLB\E S 60LO.
wn®, uved, Gemy usTENGET  SEMIOH ST LGP0
o ufliteumuyy CanEalenw SIMLOLILSHTE0 FBMTL 60
WTEFDL MBS HHHS (PIQULD.

e_Stery 2 Bufiisd srertupd SrEssorknat

1.

2_uflireuruy 2 _BuUSS) (AEGY:] eflsmeoonaIgnas
SimwwBaemihwruia SigliLeL & Gzevey oIFBLD.

ugmofioy, B Biwrsw  Apbs  (peppuied BmsHH60
Sieudwib.

GpTiguigiet stemuLGL GeiiuBensv, pH, C/N &z,
wRmI  UWRTUESSHID eoLIGLIT(BL &Be6it GuremeuBpie
SiguueLuiled o ulifeumu) o BugsH CeaupiLEib.

2 uliteuny o PusF CFTLILTG WS ST Gurglweney
alfiiyemTiey STeILILIL TenLD.
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Gupupty Bt opst Pmremupd

s.S.fFapourt, SysrriQurfitus Zieop, QurfSnfined b,
wrp. vsbzmesckapsd

W FWHSTWHIBGW s WHAWTIFH B e
WwTeU(HLD SPhsCs. GSQUILSBG LD, 2_Lme0d &FHBID
CauieusmE b, afleusTwsbms GumpOsmeitenayLd, o\eIEmy
2 PBUSHBGWL, Fowwed, almerwrl®  Cumem ueLGeumy
CrwBUTHBERSGL Bl LWRTUBHSHISSTEBILD.

Beomemauiey Byl QuBme Osmeiend  eufleuamnssel
Uev STemTULGHRBeT. BahBHISH6T, HHH6N, SDeWMISET, G6NHIH6I
aauaupedmbs  Begl  CuppsOsTeSlaCDBID.  Geummien
Cegupty B aaumsl udnl suTuIGeumb.

BITISI, BL6e060(HHHID mlev Gomuyuiedmhgib
speflwnd  Guwle sLHBUULGH), U seflwmer BT oHmES
BemiGd> SCp Hlev CuBuIiine aoens. Gbpia 96 ued
SLBIF6T, GNMBISsT, PEID BTHCHIEHEMmaT DLW 6lEhdw BT
sLaew OFainy SwLdamg. Cogd @ uGEH DesHIMaLTs
2 LUGhE Dosdne oiguisd CrlssiuGASBE. @bBITaim
Semml wyeGeun, GWPTus Slemm o mynasGeur
vweauGSsLILGSaDBE. WesssdHne UiGssb mT  Gupliupd
wrissmse GCoapuddamer. om UIGsHssdar wenanllar s,
weniewllel e  wpp HoiSHCsmmm oy Gunes
siyenllsei @oomar  BHiemwsdamer. pyrellunaig @OmS),
weopwns  allwbd, Bleoluglmu  SmLbg, BHiHCHEsMSE,
GenmdeT, LHBEIL  omseied  GslissiuGw  BGr  Gmugly
BT LD.

S, 2 _wihs Cuopuyiiiledibbs sMpbs
UG BEHHIL TS L IGEAE 1) uTengd aufiGw
2 _HanssuuGdapar.  GHs obdlda  uTdd  GuUBMmsWTS
5 HCHDHBSHVCEHU 2 BHaNSSILGIIBE. Bbs oSubE B
HL M6V QF SIBENLWITLDEO DI BB (5 SHM6N & BL1Q
BTHCH & HMmISED HE Feng FmpUyeuSH e ¢peoLd i
Bz afdaULHB GBS

weopalpsdlullamsd eum> B BOIHaw yGsHamsamen
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Bouesuigw. soumiaia s MBS o _efen
UGEMSB6T B 2 L ysalGwb S GMBHSHUWITSAYLD, LDETT60
wewl  elHd MOBONE 2 6N  UDHMBHE BT 2 ysalGw
ST FlgUDAITED STERTILG S TDE.

Qurgleuns  eueyefwim, OO LOTCUL L KiSel wenpafipsF &
Gopbsy agamiL  NBssmse. uHeoned, Selwnsd s
ambpeons o eenGUIFgNd, GmE wariala SEDL BoIsCHHA
DSBS SalQUIHTS o aTengl. (DS  LOTeUl L &SN enl
slamgueiien  UGpenismeng sally). aaGe, wewalpsd apeow
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2 swmajll urgisrin] AzrLjurar srertenrdasiskaend
sripzaronizis Ppoporsbpd

Q. Banur, preomd, wmyd usbasoeokapad

uTSIsTuUB®D 266y sITUG! wefls &SNHNIU
UgFFemenuns ey eonmnilesr (LPS60 ugleysefCeoBus
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2 _edle  ueLBeum  BIBH®ST  UTHISTUUTE 2 _6wi6)
apCurasmen  CLLUBHHIVSBEG - SEGeTTeOTE  LCID
CewBurBasemen Fmbs pemmuiled QFwBuBSHISeTmauD,
sl pSIueL b LOBmID SN mSHSHwenL bl UMHB D
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LWSUBSSIULE — QIGSaDE. 200560  FjauBsHs  HyByemw
Siemwliy (ISO), 1SO 2005:22000 SIBJ N WHMSD
a(PpaULBHIWE. BSHITHIwOTEG 2 _aaF Fudedulgsien
appoeunm Ozmhd (WWwuBdeEG Cohemeuwmer, 2 _eodssomeiius
fPullsd QPoRAmeMEEIULSHMYW @M 2 We| LTSS
WarmwHaHie mwillmens GCaTemBeTengi.

o _owrey urgisriy Qzrrfursr sr Bwonbsat
CODEX

2 _MUTNG WANSHFH UTUNMDBG CUTHHDHLOTRHTHEID
UTHISTUUTEISTEOD  DOHEECaMIGL. o2 aie afHseHDHl60
Pwruwrel  ajHssd boL(popsmen 2 mg  OFuwGsuemi(Bid.
2 _cefler SILOTEISI, efleugmw BlevSHF e mibSH! 2_emi6)
2 L Qsneieug euenguled Ueupplu GeuewiGo. CODEX sieng
usBaup UFbGULL o ewe QFHTLIUTEN HJ  BILILORKISMET
Qe BeTenSHIL 6, 2 w6y 2_BudbISujL e FOUBSUUL L
BLONQHMBHHEHHHTEN BUIoBISMmeTUD CETaiiBeTendl. SiSHSIL 6,
2 e  SGHIBUSHBS @) DI  DRSHINBHMSB
BbUBHHNS, @eubaurm SHIMBEHG LD QUTBHSHSHIaIgW
SellHIHuone SSTSHTY bLeNgSHmesmenud elufldbgieiengi.

2wy grHPHeonenr o ewe] urmsTuIBEe CODEX
Gl HACCP  &njbs WS WPmBnWBw uflibgieny
Qewigieiieng. HACCP eadiug Shgsamen Quie OQFUIsgb,
feseonen SLEUUTLEL yeellsmen SamsTamgd H&Wb. @0
Wmwrer 2 _eneUuUIRISTULS HLLSIHO  SMLUUSDEG
CODEXgyenLus UPSBML_L_60B(EIHLD, HACCPuWignenLwi
SIFIG (PMBHEHD QuEmselsd LWaTLGS BB

ISO 22000

ISO 22000 e6iug @@ Oungieuren o _ewiey UTHISTUY
WanTmwiHEHer  HILTGWL. 2 ameF srdedulsd  FEULGsiTen
absOeun®m Bpeuarpn ChIgursBam  Si6V60FH  EHB(LPEHLTSCeuT
Bpoma  LWELESS PYWD. 96 PHS o eme uLTHIGTUY
(WPBTENDSHSHIY DMWDUILTOIGI, 2 _6W6] UTHISTUY OFHTLjumer L
Caneienssmen UWiHgE — OFuegLei  FLL  Osmeiensssit
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G apeoons @ eendHauentw vwer (effectiveness)
wpob Hmer  (efficiency) aduamioa  simLwwydng. ISO
- 22000, 6% CODEX 21,6060 @ (e HID HACCP@a
CaTLun@®er, HB@D 2 ewmey uTHISTUY  SLEUUTRSEHSES
Comanwnar  we#@smer L  (Pre-requisite  program)
aauaBpiL el QFwell® allesHHe0 e seUUL BeTengl.

(p1BsemaubFILotengl, &Hphs SIS CFwbuTBGasi
(GHP), &pps olastw GewpurGsst (GAP), fivhs sSwrfiny
Qewpun@asi  (GPP), finhs o pusbd OCswpurGsst (GMP),
fmhs aBéwrs Gswhur®esst (GDP), wpmb HAphs efwrury
Qewpun@sst (GTP) asiuamplamsd GUULILLuGETBS.

2 a6 UNHISIUY (WaTowdHHubHBE& 1SO 2200086

UpGwrassHPemen o _mig CFuig Osmeien Spsumbd QFwBUTBSHs
SiQUFWIDT SeTBe.

HACCP 7
oz HACCP
G + e unpasi + uflEeoenen
sULD
Ug &6t

2 _swral urgisridet ojphzerm
Guwur® wBmpd ugmofluy uulbdser

sywner apeoliGuImL ST, 2 BusHs QFwesi(wennssi, GFly,
QurHOFISH6, BEID alBHCwrsD

2 sy WwHpI &STSITD

HACCPGsnewr oipsbdubpizpizbasrar upipsmpsear
1. o pusglurens WeiGsmeud FLmsst wippd CODEX
s aduapdoa Yibs QelagI &,  QUHOD
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JBUBHSBImIgWs &y el enen (critical risk  factors)
QBT EIY (& BH L TE).

HACCP gL pdemen QpTILRIGUSHE (&1 <UD UEHSWITEN
WoHBsL ugsmen (Warbarhods GeoueiBLb.

HACCP@sir g Cam_un@senrse Csmeuwnen
BLOIYSMBHMEN (PeIQeBHE Ceouesit BHLb.

HACCP gl LsPenen enmuley Q&uiwBeuswiGio.

HACCPEat (paatemd ugmear

1.

eiiluter Gembamen aaywens sy CBT&H®D, D66y,
vweiu®  eenmise, OQeuefldsen semdsTuiaumenisst (third
party auditors), SIWPSOUBHHIUSHETE ANSHSTID,  OBEID
Qurgiing  peeoseT  a@UaBB  FHWTE  AISFWBIGSS
GoueamiBib.

HACCP sueaimen Qzfley GQeuiged swrfliy (production),
Qeweigpens (processing) fleyseNed@mhaId SIS Hamen
2 cien && GeadiGd. Guwgubd swrfliy QeFwsipenmasien
eflenssd HyuuL CeuewiBLb.

Curmer WHBEID HHT CFWESIWD aadLBED alLflsseo.
Qur@mellesl LWSILILG CHTSESHMET DIDLIWMETD HTERIED.
unwEssd Ceml®  eflenssluLgHemen  (flow  diagram)
SWGHSH60.

o flu @ msafled uTFFsd CHTLEG elendsiuSms o migd
QFuigH60.

HACCP Gergi Carlurimat

1.

gugsmen (hazards) oYnised weaBsmeas U LSH6
@alaur®  ugsefigud, wHED  SwIfiy, CFWsTL B Es6T
unwFsed  GaTLBL uULHHE  @aberm  BPeevsafigubd
SEGHMEN  YITUISH60.
feseoren sLGUUTLGU yeieflsemen (CCPs) @emmismenteo.
HBBEOMA  G1606MEVHMET 5 6ITEISHT 63T 60.
CCPasenen sLOUUBSHS LoBEID ST BTGNS ST 6T
SIMLMU 2 [HEUTEHE SH60.
o6 CCPoeig &LBUUTLE aO®aeEEs B  aaLg)
sastaiufler em s Opflwamblurs oisbaTar HHsS
BL MY SHMBHM6N  61HHSH60.
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6. HACCP glLwmeig FHobur JuUiGHSDHT 6aaums
FluTiss 2 DBIFUUGSBIUSDETE HML (LENDHMEN 2_(HEUTSH
GEM

7. B&0HTETMBUIL 6T OHTLFyenLW HEDL (LPEDBEHET,
CerwBUTHSHET JADHMBUD L OUETILGSHHE0.

el @&Casmunpsst gabaunaienpwd efiflurs uTFOGUTD

1. Seipmmar oyrriulized

2_amiey 2_BuHIBIL 63 QFHmLjyenL W S H GBI
Peneoseligud, BTG (WSS 2 BUSS),  USILGHDH6D,
seMEhAWILGSHH60, IPICWIsD WHPW HSTey  seTuebBImIL 6
OsmLjysmLw  SuGHMmeT  SeoLwnend  sremied  Geuewi(BLb.
SGHFIL G, OHTRGBET — BHEDUSHEGIW  FTHHUIST DS
QIMWHS SBon  &LGUUBGSSINSBEGIIW bl 6UgSHMmEHMETULD
Remisrenr  Ceuewt(BLD.

gugasmen FHUIEG CFwwwlurs, @@Ly wHuureg 1-3
auemywner SienaBsredemsd oenefi uu®Lw.

1 - GOBHBHNUT HHG

3 - oiPlsmaNar HHIG

Guogub, Galghden FUILUTEIH 1-3 euedTWTET DisTiaY
Banelemmed SiemeliLILIBLD.

1 - Gophspeneunen gHeljd

3 - gagweneunen geljd

Bui wFitaly = Gt wFy x Fuyh

@y wHUIL N, 4@ ement allLé Fa(BLOBUN G
Siiyseflwnengy  Hbseonen  sLEUUIL GO yeiefwrss  (CCP)
SMHSULGLD.

2. Fameorar sCHOUrtpl yatafzmsoar @ ernksremrsd
o_eme) uTHISMIY Sutwrsamend (food safety hazards)
SHHBH0, BEGDH60, WLHEID HhHGT euelMad  GMBHHEO
aiTueUBIID ST 6o s_GUun.® HL6UIQ &H6M 6T Q]G]
vwesHsLUGL. CCP@emen (puwerwwns LHEIL  Hevelwions
GRRIBTEHILS 2 _6w6] UTHISIIL SUTWRKRISENS gLl WT@ELD.
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3. Fdmeowar mLHOUTLY rsbensomeer Gerndimresrsd

Qemsremiul L gatan® CCPésers@n ombhibsTan
SLEUUTLE ecicbemeosamen @emiisien GoswiBlo. @m Hbseore
Gieemey el QuTFiNs  @m  emdiy aé‘)eog nm
SiaugnailiungLb.

Hooe0men 616LEM6V L] 2_emi6) UNGISmiL
SIUTWBISEET SOULSDBS SIFOEVGI JBpISQETETENSanigul
oenaliB® GMPUUSDHETS, 2 ulflwesd @ystwer WHEID Cuenga
Snyewflsenen Hése0men s BUum B yeireriuiled
&L BULGSSHINSHBETEN DBl Smigus WBE@ID GMBHS
QuuILFH6T QYGIW.

o0 doseonen  acvenev  aeiug, @m CCPullgysien
UTGISTOUTET WHBEHID LTHISTUUDYE QWds Bomesmen CapLbss
2_56|BAmaE!. HdsBe0m e 61606NEVLLIT I (critical  limit)
Qswedum G  etevemeoulefimhba  (operational limit) GoumIuL L &I
QsweduM (G  eeOemeOWNENE!, o_6wiey urgIsTuy  Selfhs  Geumi
STPIBIBEHSHETH DIMOSBULLL G SIEHEUWLITEIE:

°  Qalupeney

e Gpyw

* gy RyLLGEN

°*  FJUUSEH

o  Geneseafler ieney

°  Hp URSH
606w 6160ENEOWIT T ) GBI QOFHTeiipr seayb
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Heavy Metal Contamination - Lead and
Mercury in the Environment

V.Sowthini, Department of Agricultural Chemistry, Faculty of Agriculture,
University of Jaffna

Since the beginning of the Industrial revolution,
anthropogenic activity has been introducing numerous hazardous
compounds into the environment at an exponential rate. These
hazardous pollutants consist of a variety of organic compounds and
heavy metals, which pose serious risks to human health. Heavy
metals are primarily a concern because they cannot be destroyed by
degradation. Frequently, the remediation of contaminated soils,
groundwater, and surface water requires the removal of toxic metals
from contaminated areas.

Heavy Metals

The most common heavy metals which contaminate soil
are Cadmium (Cd), Chromium (Cr), Copper (Cu), Lead (Pb),
Mercury (Hg), Nickel (Ni) and Zinc (Zn). Among these, lead and
mercury are most significant contaminants, posing serious and
sometimes life threatening health hazards. The World Health
Organization (WHO) has estimated that each year 10,000 tons of
mercury is released globally from both natural and anthropogenic
sources.

Sources of Lead and Mercury
Lead (Pb) '

Lead (Pb) is a bluish-grey metal that rarely occurs naturally
within the earth’s crust. It has also been referred as plumbum, Lead
metal, and pigment metal. Frequent use in many industrial processes
is the main reason for Lead contamination of the environment.
There are a variety of industrial processes that involve the use of
Lead such as mining, smelting, manufacture of pesticides and
fertilizers, dumping of municipal sewage and the burning of fossil
fuels that contain a Lead additive. Many commercial products and
materials also contain Lead including paints, ceramic glazes,
television glass, ammunition, batteries, medical equipments (x-ray
shields, fetal monitors), and electrical equipment. The use of Lead
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for roofing and the production of ammunition has increased now a
days.

Mercury (Hg)

Mercury (Hg), also a naturally-occurring element which is
a silver-white liquid at room temperature. Due to this property, it is
also referred to as kwik, liquid silver, hydrargyrum, and metallic
mercury. The most common mineral form of Mercury is the non-
toxic, insoluble Mercuric sulfide or cinnabar (HgS), a by-product
obtained from the processing of complex ores that contain mixed
sulfides, oxides, and chloride minerals. Naturally occurring Hg is
released by degassing of the earth’s crust, volcanoes and the
evaporation from oceans. Mercury has a wide variety of uses in
industry, namely medicine, dentistry, science, and military
applications. The buming of fossil fuels and medical waste
incineration accounts for more than 80% of all anthropogenic
sources.

Health Effects of Lead and Mercury
Lead

Lead has been recorded as a potential carcinogen in the
EPA Toxic Release Inventory (TRI). Inhalation and ingestion are
the two ways of exposure, and the effects from both'are the same.
Pb accumulates in the body organs (i.e., brain), which may lead to
poisoning (plumbism) or even death. The gastrointestinal tract,
kidneys, and central nervous system are also affected by the
presence of Lead. Children exposed to lead are at risk for impaired
development, lower 1Q, shortened attention span, hyperactivity, and
mental deterioration. It has been observed that children under the
age of six being at a more substantial risk. Adults usually experience
decreased reaction time, loss of memory, nausea, insomnia,
anorexia, and weakness of the joints when exposed to lead.

Mercury

The problem with Methyl-mercury is that it is consumed by
aquatic organisms, especially fish and bio accumulates in their
tissues. Bio magnification of Methyl-mercury poses a serious human
health risk, which causes irreparable neurological damage from the
consumption of Mercury contaminated seafood. Mercury poses such
a huge threat to human health because once it enters the body the
destruction that occurs is usually irreversible. Symptoms associated
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with mercury toxicity are tremors, ataxia, paresthesia, sensory
disturbances, cardiovascular collapse, severe gastrointestinal
damage, irreversible damage to the brain, kidneys, and developing
fetuses, and even death. Studies conducted have shown that
neurological symptoms caused by Methyl-mercury can continue
indefinitely even after exposure from the source has ceased.

Remediation of Heavy Metal Contamination

in the Environment

Environmental contamination with heavy metals,
particularly Lead and Mercury, is a significant concern. Now, with
these extensive environmental problems, a cost-effective means of
remediation pertinent to the contaminated areas must be found.
There are a number of conventional remediation technologies which
are employed to remediate environmental contamination with heavy
metals such as solidification, soil washing and permeable barriers.
But a majority of these technologies are costly to implement and
cause further disturbance to the already damaged environment.
Phytoremediation is evolving as a cost-effective alternative to high-
energy, high-cost conventional methods. It is considered to be a
“Green Revolution” in the field of innovative cleanup technologies.

Phyto-remediation

The term phytoremediation (“phyto” means plant and the
Latin suffix “remedium™ means to clean or restore) actually refers to
a diverse collection of plant-based technologies that use either
naturally occurring or genetically engineered plants for cleaning
contaminated environments. The primary motivation behind the
development of phytoremediative technologies is the potential for
low-cost remediation. Phytoremediation consists of four different
plant-based technologies each having a different mechanism of
action for the remediation of metal-polluted soil, sediment, or water.
These includes,

1. Rbhizofiltration: this involves the use of plants to clean various
aquatic environments. It is defined as the use of plants, both
terrestrial and aquatic, to absorb, concentrate, and precipitate
contaminants from polluted aqueous sources in their roots.
Rhizofiltration can be used for Pb, Cd, Cu, Ni, Zn, and Cr,
which are primarily retained within the roots. Sunflower, Indian
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mustard, tobacco, rye, spinach, and corn have been studied for
their ability to remove Lead from water, with sunflower having
the greatest ability. In a study, after one hour of treatment,
sunflowers reduced Lead concentrations significantly.

Phytostabilization: where plants are used to stabilize rather
than clean contaminated soil. Phytostabilization, also referred to
as in-place inactivation, is primarily used for the remediation of
soil, sediment, and sludges. It is the use of plant roots to limit
contaminant mobility and bioavailability in the soil. The plants
primary purposes are to,
- Decrease the amount of water percolating through the soil
matrix, which may result in the formation of a hazardous

leachate.

- Act as a barrier to prevent direct contact with the
contaminated soil. Y

- Prevent soil erosion and the distribution of toxic metal to
other areas.

Phytostabilization can occur through the sorption, precipitation,
complexation, or metal valence reduction. It is useful for the
treatment of Lead (Pb), Arsenic (As), Cadmium (Cd),
Chromium (Cr), Copper (Cu) and Zinc (Zn).

Phytovolatilization: which involves the use of plants to extract
certain metals from soil and then release them into the
atmosphere through volatilization. Mercuric mercury is the
primary metal contaminant for that this process has been used.
The advantage of this method is that the contaminant, mercuric
ion, may be transformed into a less toxic substance (i.e.,
elemental Hg). The disadvantage of this method is that the
Mercury released into the atmosphere is likely to be recycled by
precipitation, and then redeposit back into lakes and oceans,
repeating the production of Methyl-mercury by anaerobic
bacteria.

Phytoextraction: where plants absorb metals from soil and
translocate them to the harvestable shoots where they
accumulate. To remove contamination from the soil, this
approach uses plants to absorb, concentrate, and precipitate
toxic metals from contaminated soils into the above ground
biomass (shoots, leaves, etc.). Discovery of metal hyper
accumulator species demonstrates that plants have the potential
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to remove metals from contaminated soils. A hyperaccumulator
is a plant species capable of accumulating 100 times more metal
than a common non-accumulating plant.  Most
hyperaccumulator species accumulate Ni while others have
been shown to accumulate Cd, Co, Cu, and Zn. Currently there
are no known Pb hyperaccumulators. Certain plants can extract
Lead from contaminated soils, but only when certain soil
amendments have been added.

Although plants show some ability to reduce the hazards of
organic pollutants, the greatest progress in phytoremediation has
been made with metals. Phytoremediative technologies which are
soil-focused are suitable for large areas that have been contaminated
with low to moderate levels of contaminants. Sites which are
heavily contaminated cannot be cleaned through phytoremediative
means because the harsh conditions will not support plant growth.
The depth of soil which can be cleaned or stabilized is restricted to
the root zone of the plants being used. Depending on the plant, this
depth can range from a few inches to several meters.
Phytoremediation should be viewed as a long-term remediation
solution because many cropping cycles may be needed over several
years to reduce metals to acceptable regulatory levels. This new
remediation technology is competitive, and may be superior to
existing conventional technologies at sites where phytoremediation
is applicable.
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Plant R Genes and Its Application in
Defense

S.Suvanthini, Department of Agricultural Biology, Faculty of Agriculture,
University of Jaffna

Plant diseases can drastically decline the crop yields as the
degree of disease outbreak is getting severe around the world.
Therefore, plant disease management has always been one of the
main objectives of any crop improvement program. Plant disease
resistance (R) genes have the ability to detect a pathogen attack and
facilitate a counter attack against the pathogen. Numerous plant R
genes have been used with varying degree of success in crop
improvement programs in the past, and many of them are being
continuously exploited. With the onset of recent “genomic,
bioinformatics and molecular biology techniques, it is quite possible
to tame the R genes for efficiently controlling the plant diseases
caused by pathogens. This article summarizes importance of R
genes and its applications.

The activation of plant defense to restrict pathogen
invasion is often conferred by resistance (R) proteins. The most
prevalent class of R proteins contain leucine-rich repeats (LRRs), a
central nucleotide binding site and a variable amino terminal
domain. Other classes possess an extracellular LRR domain, a“
transmembrane  domain and sometimes an intracellular
serine/threonine kinase domain. R proteins function in pathogen
perception and/or the activation of conserved defense signaling
networks. Upon infection, specific effectors produced by pathogens
and presumed to promote growth in host tissue, are either directly
recognized by different R proteins or are recognized by a targeted
plant protein which is itself guarded by R proteins. Subsequently,
various defense signaling networks are activated via R protein
phosphorylation, oligomerization, degradation, conformational
changes and by the shuttling of R proteins between the plant cell
cytoplasm and the nucleus. The overall outcome is dramatic cellular
reprogramming and the activation of coordinated defense responses

both locally at the site of infection as.well as systemically
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throughout the plant. For a century, plant breeders have genetically
characterized and used R genes to reduce the impact of pathogens
on crop production. More recently, various transgenic approaches
have been tested to provide broader spectrum control and improved
durability (Kosack e al., 2007).

Classes of R Genes

Plant resistance genes can be broadly divided into eight
groups (Table 1) based on their aminoacid motif organization and
their membrane spanning domains. The LRRs represents the
components having an important role for recognition specificity and
these domains are present in the majority of R proteins.

Table 1: Description of R genes classes and its sources (Zhang ef al., 2014)
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No R Gene classes N
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2l |z |2 s [ |B |82 |2
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R Gene Mediated Defense in Plants

Phytopathogens produce certain molecules called
‘effectors’, encoded by Avr (avirulence) genes, which are delivered
directly into the plant cells during initial stage of infection. These
effectors either change the physiological state of host plant in order
to benefit pathogen colonization or are used to interrupt the
activation of host plant defenses. However, plants have subsequently
developed a form of immunity that is based on perception of these
proteins by host resistance proteins called R gene mediated
pathogen resistance.

In gene-for-gene relationships, a plant carrying a resistance
gene resists pathogen races with the corresponding effectors. The
effectors found in bacteria, virus, nematodes, fungus and insects
cause a plant pathogen to elicit a resistance response in a host plant.
This resistance response is appended with another reaction called
Hypersensitive Reaction (HR) which is a form of programmed cell
death. The signaling cascade behind the HR is triggered either when
an appropriate disease resistance gene recognizes an effector or by
an elicitor of plant defense responses recognized by a specific
receptor. Either of these signals accompanied by other factors like
influx of Ca®" jons from the extracellular space and/or anion flux
results in an oxidative burst producing Reactive Oxygen
Intermediates (ROIs) and defense gene activation, finally resulting
in development of local and systemic disease resistance.

Application of R Genes

R gene mediated resistance has several attractive features
for disease control. When induced in a timely manner, the concerted
responses can efficiently halt pathogen growth with minimal
collateral damage to the plant. No input is required from the farmer
and there are no adverse environmental effects. Unfortunately, R
genes are often quickly defeated by co-evolving pathogens (Pink,
2002). Many R genes recognize only a limited number of pathogen
strains and therefore do not provide broad-spectrum resistance.
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Furthermore, introgression of R genes into elite cultivars by
conventional breeding is a lengthy process. However, recent
molecular-level insights into the function of R proteins and
downstream signal transduction pathways might provide strategies
to remedy these deficiencies.

Benefits of R Genes

The primary benefit of deploying resistance genes in
transgenic technology is its ability to overcome the fertility
restraints for the dispersal of genes originating from a different
species; for example, Bs2 resistance gene was identified originally
in pepper and its resistance has been found durable in the field
against isolates of B. campestris. Another advantage of resistance
genes usage in transgenic technology is that it allows introducing
several different resistance gene alleles, each effective against a
single pathogen species or race, into semi-clite and elite germplasm.
Moreover, most resistance genes exhibit exquisite recognition
specificity and to overcome this deficit, new resistance genes have
been created in the laboratory through single point mutations, which
are autoactivating. Cloned resistance and effector genes can be used
in combination to promote acquired resistance. The rapid activation
of localized defense responses at the site of pathogen infection,
often associated with an HR, is the most prevalent and effective
mechanism used by plants to minimize pathogen attack. By
combining R and Avr gene expression in a single plant genotype, it
is possible to engineer a ‘frigger’ for HR. Efficient application of
functional genomics tools for disease resistance could not only help
us better understand the plant defense signaling, it could reveal
novel insights on the interactions between these signaling pathways
and other plant processes (Bent and Mackey, 2007).
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