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STEEAT ST ST AT Grer 6t Serriaat: e & forg fAfgaret
Population Genomics and Endangered Plant Species: Implications for
Conservation

gl FAR A1g
mreareft - aaeqta s, Tanft Fawmee Fatara,

R LIS — AT,

T (Abstract)

Sg-fafaegar &1 @ g™ aqq| Jataw
W‘Tﬂ?ﬂﬁ'irwfr@(@%’l AATH-FaATr, AT [
TREdd, STHfds SErgal F7 Adared, AmEaS |
et Ioriaat, YU qAT AEET Tratatest
ST ST ol TSATaAT & [ % dehe &l A o
ST Tt gl FoheT ISITia o |2eqr & forg shaer Seeht
HEAT 3T WRTITorsh [Ea¥or T 7939 T8 8l o,
afed 3T Glljcl(\l_cﬁ fafaear qur woss &
IO AT & AR il AHAT FT ATHA %ﬁsquqw gl SEET Gﬁ'rﬁ'fil‘em

(Population Genomics) & HLETT SATTATIRT &l U A% (9T T&TT =l g AYHH Next-
Generation Sequencing (NGS), Whole-Genome Sequencing (WGS), SNP genotyping
JAT T genomic techniques F ATEAW & ey WSATId F genome-wide genetic
diversity, population structure, gene flow, inbreeding, demographic history, effective
population size TIT deleterious genetic variation T TferF T steaas foham T
qFaT Bl

JAIITT YLl | I UF g STAEEAT & FHIOT genetic drift, inbreeding X
genetic diversity T FHT STHT THEATY IS BT TR T 8| TEHT TRIEIAT § population
genomics HXET HT ATATHHATA T FeITa F2H, genetically important populations
&1 TgATT FA, seed collection T ex-situ conservation programmes &l Sgd< a=T
TAT ATAYTFRAT TS+ UT genetic rescue MY assisted gene flow FT AT AT |
HE@ Ul T 99T TdT 81 T8 ATg-UF ST SO i AT, TE
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qhATehl, TAITT qTl | TH6 SUAN, HLA TOAqTT, AT TAT ATAeT =l
HATATSA T [T T T g

HET 9M6a: - SAHEAT SAATHFT, S SO, TEITT qTel, et farfaear,
SNP, ST TaTg, ATAATAF TgTd, TASISIT, ST~ T erdT, HLeA|

1. IEQATAAT -

orer AT & qIRRATAE AT F AT qew gl o WieH, siufe, Sud, e,
AFHTST TAT AAF qIEAdH HATU TG FId gl T d1as@ A aaeqrd
TSI AHTT THT | THIT HLEAT Fhe HT GTHAT FL ol 8| TTHdH SAETEr A7
e, U tad TR &7 fGed, a9 fit wers, Taarg Taad adT IrEhdaE
HTLAT T ATAATIT g GTET T SATATET T AT TATAT FC 2T 2l

T G¥eror fase o et gonfa i ST w s, fAawrn, geEe qur
qraTe H Fufd w@ "@was Tg gl g Faa population size H FRHT SSITIA &
ST STTeded il T TR TTH A1 gl & THIT AHT fl SATaearar §
genetic diversity FT ¥q< T@RT BT THaT gl & population & sator fAfaear stfers
gRIT, IHH FaAdT qITELO 1 TRRITaaT o I SqHhd" il GATaAT TT&ATHRT ATeH
g Tt gl

IUCN & ATHATY genetic diversity IR survival, adaptation 3fI¥ resilience
&I YT odl H | TF gl T genetic diversity &1 =T monitoring HT&T0T
FTAFHT HT Aged 01 TRT T9dT ST Tol 2l

Population genomics ¥ H THEIT & THTATT & [T 4TI genomic datasets
3UsY FAT gl TITH conservation genetics § HITHA H®AT % molecular markers

T IUART ToFaT STaT 971, SaE Gilgﬁch sequencing technologies SITLI AT ATET
genetic markers FT [E&[ToT §9F FATAT 2|

2. ALTAT F 3297 :-

TH 9TTE-T7 & TE 3¢ Hwferiad §—

. Population Genomics FT STAELTIUIT T T FTATI

RUGEIRI gTert T genetic diversity & T | genomics T V-cl\ﬂ\-l T T AEFIA HLAT
NGS, WGS 3T SNP-based techniques FT ITATRET 7 fAgeor AT

Population structure 9T gene flow T Tg=TT H genomic approaches Fr STH=T
HHACTI

5. Inbreeding TAT genetic load F THTAT FT ALTTT FLATI

b=
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6. Endangered plant species 3 conservation programmes ¥ population genomics &
STARETIE ITTNT T T or FHeaAT|

7. In-situ TIT ex-situ conservation % foIT genomic information FT ITARCAT FT
AT AT

8. 9T ¥ conservation genomics T HHTAATSAT ST FATTAAT %0l TgATT FHLAT|

3. aE-9gfd (Research Methodology)
Tz orer-T7 Review Research Methodology 9% ST&TRT %’I Feqa_ & forg
conservation genetics, population genomics TT threatened plant conservation ¥

Tatga a1 -9, review articles, [UCN publications qIT =T EELEIR

Q

ST ST T sTeaa= 36 17 2|

a&wﬁﬁaﬂaﬁuﬁaﬁwwaﬁmwé—
Genetic diversity

« Population structure

« Effective population size

« Gene flow

o Inbreeding

« Genetic drift

« Demographic history

« Genetic load

o Local adaptation

« Conservation genomics

+ In-situ conservation

« Ex-situ conservation

« Genetic rescue

AT conservation-genomics literature § NGS TT WGS 3TeTRa datasets &
endangered plants ® genetic diversity, population differentiation, demographic history,
runs of homozygosity 3% deleterious mutations T ST&I= AT ST LT 2

4. Population Genomics T TETIIT :-

Population genomics feT SSTTTer &Y fA TS populations & genome-wide genetic
variation 3 FETAT FHT Fgl AT | THHT I29T T THSAAT & T genetic variation e
THTT populations = = 3T population F Ha¥ faaRa gl

Traditional population genetics ¥ microsatellites aIT HITHT molecular markers
T AN AR &9 § AT STAT BT g1 T8 fa9d population genomics gSITET &
ATET SNPs TIT 7T genomic variants T STINT ¥ ThaT g
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Population genomics & ATEAH F Aerferfera eIt T I AT FRAT ST FehcT %—
. TRHET species ® genetic diversity fhasT g?

« FHIF-HT population T TTerF genetically diverse g2

« populations ¥ = genetic differentiation fRa=T g2

« AT populations F &= gene flow BT T&T 82

« AT population  inbreeding T T&T g2

« AT population FT STFHIT UAGTIEF T & =TT 82

« T genetic bottleneck g3 g2

« HIF-T genomic regions environmental adaptation ¥ H&Tard &2

« HIF-UT population conservation & oo grerfasrar 1 ar=r 22
pop

5. AT el ® srga v fafaerar &1 agea -

Genetic diversity T species % evolutionary potential T IIWTJT AT Bl
37 genetic diversity aTAT population § fAfHS environmental conditions & Wi
adaptation #T TTAATT T2 T Thel T B

Ta% fAOIa, T population § FRTATY genetic drift 3 FTLT alleles FT loss BT
AT gl ATE population T THT TH Flel AT isolated TZAT &, T inbreeding I
TqFRAT & TAT fitness H FHT 3T ThaT 2

FAITT ate § eferied et a9y araT=a: Agcaqul gf dahdl § —
5.1 Genetic Drift :-

IET populations H random genetic changes FT THTE TTerT AT 81 THE HTLY
rare alleles TS & THTH g1 T 3
5.2 Inbreeding :-

fAe TaefT individuals % = breeding ¥ homozygosity I8 THAT gl THH
deleterious recessive alleles 3 expression T HHTAAT FE THAT B
5.3 Genetic Bottleneck :-

ST population size FATHH FH gl ATl g, AT genetic diversity FT Hgeadol
feedT °@r T gl
5.4 Isolation :-

Habitat fragmentation & FTZUT populations TH-FHL H AT Bl T T gl THH
gene flow FH BT 1T |
5.5 Genetic Load :-

gTHTLH genetic variants population § STHT T Tahd gl JATAF genetic load
population #FT long-term viability T THTT FHT THaT B
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Threatened plants ® population collapse F TEIIT Tg TATT g T demographic
decline, inbreeding 3T genetic load &I conservation planning ¥ T |TT AT
AT B

6. Population Genomics Y @ T :-
6.1 Next-Generation Sequencing :-

NGS & 92 genomic datasets FT FH THI ST ATATHT FH ARTT H ITH HLAT
T F9TAT g1 T endangered species F 7T 921 genetic markers T 9891 T AT
qFT Bl

6.2 Whole Genome Sequencing :-
WGS g1 ‘f{ genome FT sequence ITH AT ST T %’I Ig approach genetic
variation #T STTerF =ATTH TEAIT T&TH FLAT B

6.3 SNP Analysis :-

Single Nucleotide Polymorphisms 3T3Td@ SNPs population genomics & Ha&
STARIT markers § & &1 SNP data & population structure, genetic differentiation TT
demographic history T T&aa= AT ST AT 2

6.4 RAD-seq 73T Reduced Representation Sequencing :-
ST reference genome IT<TsEl dé\l' gldl AT II0 genome sequence AT FA
2Iar g, 99 reduced-representation methods ITTRIT BT T 2

6.5 Chloroplast Genomics :-
9Tet ® chloroplast genome T 3T2Td phylogeography, maternal lineage TT
historical dispersal patterns T THAT § ITTRT BT THAT 2

6.6 Transcriptomics :-
Transcriptomic approaches I8 HHHAT H HEMEAT FLdl & [ environmental

stress 3 AT &l @(—genes CIED] ‘@%r %I

7. Population Structure i< Gene Flow :-

Population genomics TS populations = genetic differentiation T TTIT
H qeA% 8| TH9 I8 etia raT ST aeRar g & #1E species aT8qa # TH genetically
connected population g 34T % genetically distinct populations ® s g
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Gene flow [T species T genetic health & &TT Hg@Ul 2l HFAT gl TS
populations F &= TATH gene flow g AT genetic diversity ST ¥ THAT gl AT
habitat fragmentation 3 FTXT gene flow STIET g 9¥ populations H differentiation
I T gl

Genomic studies conservation managers FT Ig TF FIA § TEIIAAT FT THT &
&

« T populations T STTEAT ATRT;
« T populations # genetic material T exchange ITTR(T ZMIT;
« T populations T T evolutionary unit % &9 § HI{erd F-RAT SITAT =TT

8. Effective Population Size :-

Effective population size (Ne) aTEdta® population size ¥ = g1 Tl g1 T8
S population size FT FIATAT g ST genetic drift F T | FTEATAH population F THTT
genetic behaviour T&TTA FAT Bl

F% endangered plant populations & census population size fR@Ts 39 § dgd &HH
gl grdl, o effective population size dgd ZIET BT Al g1 TATAT conservation
planning ® Fa« individuals FT AT 9 4% TgAT 7277 921 81

Population genomics effective population size ¥ THTT Fl SATF Tl TATT H
TAZTIAT FLAT 81 Genomic data conservation biology ® effective population size TT
migration rate S/ Hg@IUl parameters & SITHTT I precision TET TFHAT 2|

9. Demographic History T &4 :-
Population genomics & ATeTH & TR species AT I demographic history
T ATHTA =TT ST HehdT s@

TEE g TAT AT 7 qadT 8 o —
« population Fa FTET 5‘%;
« d population decline g3,
=T historical bottleneck gaT;
« 47 climate change 7 population size T THTT fF4T;
« AT ZTA & population decline AT I TATATT & Hefera g1 TohaT g
UHT ST conservation strategy T FdHTT population size % 3T IT &I
Tal, afe® evolutionary history # ST&ITT T T TITT FIA § TEMAAT Il g
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10. Inbreeding 3T Runs of Homozygosity :-

Genome-wide data & Runs of Homozygosity (ROH) FT 9g=T9 #T AT TahaT 2|
T ROH |ATHTT: T @l inbreeding T Hohd < AFdT &, &l el ROH T
demographic events & HaTerd g1 Tl 2

Endangered plant populations # ROH analysis g TgaT9 | STTR(T FT TR
g -
« FHAF-HT population # inbreeding T2 g;
« FA-¥ individuals genetically 3Ter related &;
« conservation breeding ® T individuals T == 3T ST AT U

TH THT genomic data conservation breeding programmes T TferF IATHF
AT § HETIAT T ThaT gl

11. Genetic Load 3fi¥ Deleterious Mutations :-

Y population H 3T harmful genetic variants T genetic load F HaH H
a@T ST 9%dT gl TT< population Tl THT T Flet Tgdl g, al deleterious mutations
THTE S accumulation T T HE@L I STAT 2|

Conservation genomics endangered plants ¥ deleterious mutations TT genetic
load #FT TEATT T % foIT genome-wide data FT ITANT FT THhdT gl T HAT &T
39 species & ToIT Agcaqur § ST populations el THT & dgd FTET ST isolated |

12. Conservation # Population Genomics F TH@ JTIIT:-
12.1 Conservation Units T 9= :-

Genomic information ¥ STETT 9T genetically distinct populations T 3T
conservation units % ¥ H TgATAT ST THdT |

12.2 Genetic Hotspots T 92971 :-

$= populations =T populations EN) AT ¥ orfa genetic diversity ¥@ Tl
2| THT populations T priority conservation areas SHTAT ST FehdT 2|

IUCN #it genetic diversity monitoring guidance ¥T genetic diversity hotspots
3T refugia FT TZATT & conservation planning T HZa LUl AT AT gl

12.3 Seed Collection :-
Seed banks ¥ Fad TTEF HEAT § seeds HUTRA FHLAT TATH Al g AAT-I
genetic populations T TITH YT H e gHT AR TN
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Population genomics Ig &M Fxd # #A&T FT TFdl g T seed collection
9 populations & 3T AT genetic representation = AT fFAT STT)

12.4 Ex-situ Conservation :-
Botanical gardens, seed banks, tissue culture T9T living collections § genetic
diversity HTT T@ % oTT genomic information START B THAT B

12.5 Genetic Rescue :-
gfe T isolated population ® genetic diversity dgd HH g, dr carefully
planned introduction of genetic material & genetic rescue T THATAAT IcAT I Tl |

gl
gTATTH genetic rescue I outbreeding depression, local adaptation ¥ loss
AT pathogen introduction STH ST FT ST T ATFITF B

12.6 Assisted Gene Flow :-

Climate change % #TXUT fRHET population % forT T T habitat unsuitable T
TFAT g1 UH HIEAT H genetically appropriate populations % 19 gene flow
conservation strategy T ‘IE%HI AT ST "Hehd %’I

13. In-situ 3T Ex-situ Conservation T T&HIeh<T ;-

Population genomics conservation &I *ae laboratory-based activity qgT a+TdT,
e field conservation ¥ SITEdT |

In-situ Conservation :-

THH species H I TTHA% habitat F Fferd gt 1T 7
Genomic information #T FgTIaT ¥ —

« genetically diverse populations &Y EEEIGH

« habitat corridors #¥ TTST;

« fragmented populations ¥ &= connectivity;

o priority populations el monitoring ¥ ST THhAT %’I

Ex-situ Conservation

O species HT Sﬂ?ﬁ?ﬁ habitat % TTET seed banks, botanical gardens, tissue
culture laboratories 3Ts # H¥fera fFaT STAT 2

Genomic screening g AT F¥A H TTAAT FLAT § [ ex-situ collection H
species T ATEAT % genetic diversity TATH & | Y= e HLdl gl
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14, 94T IfEdd 3T Population Genomics :-

Climate change W€l # fo(U qTIHTH, U1, T@T, THE-FAT J1§ TAT seasonal
changes STHT 9% IR RaTAaT Ieqs w2 TET 2

Population genomics climate-associated genetic variation I TgHTT FLT §
TZTAAT T ThadT gl THH researchers g THH T g 1o HIF-HT populations drought,
heat, salinity IIT 37T environmental stresses & ST 3TTerF adapted BT T T 2|
Genomics-based restoration # seed sourcing FT climatic TIT genetic information
AT SIS il &HAT g

15. AT 9Tl F €A g TEdTiad Genomic Framework :-

T THTAT conservation genomics programme H THH =TT STIATT ST Tl & —

Population Identification — Field Sampling — DNA Extraction — Sequencing —
SNP/Variant Identification — Genetic Diversity Analysis — Population
Structure — Gene Flow — Demographic History — Inbreeding/Genetic Load —

Conservation Planning — Monitoring 39 framework FT 3297 genomic data T HT&r
practical conservation decisions § F&AT gl AT conservation literature HT basic
genomic research 3¥ practical biodiversity management & &= % gap &l FH FLA T
AFITFHAT T T =T gl

16. T & e H HgA :-
AT Sa-fafaear i g2 & rdq Agaqor a9 gl JATe, gty =1e, @y
AT, ASHH-TAHIETE TAT T ecological regions H 3% endemic TH threatened

plant species 9T ST g

aa o population genomics T STTRT {99 &1 § 39w =7 7 399rh @ Hehdl %’—
. Endemic medicinal plants =T &0
Forest tree species ET) genetic monitoring|
Rare 9T threatened plant populations T &I
Climate-sensitive Himalayan plants &T G|
Western Ghats T fragmented plant populations T &I
Wild relatives TT traditional plant genetic resources =T HY&TT
Seed banks TF botanical gardens ¥ genetic representation SETHTI
AT S8 fremer T Sa-fafaer T97 § genomic conservation & field ecology,

taxonomy, traditional knowledge 3% community-based conservation & |TT STTEHI
AT TqTET 27 ThaT 2|

NSk b =
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17. Population Genomics Y @ JAIAT :-
T population genomics AT ARATAT et &, THT AT THF ATHA T

Tt 2
17.1 3¢ 91 :-

Whole-genome sequencing 3fi¥ bioinformatics infrastructure % for@ TaTw
=i SETeAT FT SraeTHhar gl Tl g

17.2 Reference Genome #I FHT :-
F% non-model plant species % ToIT high-quality reference genome IqTse AZI
gl

17.3 Bioinformatics faaresrar :-
Genomic datasets dgd &8 BId @ ¥ 3% analysis % forT advanced

computational skills T ATaeTHAT Il 2|

17.4 Sampling Bias :-
TfT sampling Fae %< populations T #HHT g7 T genomic conclusions ‘1’&

species T¥ AN A5l (T ST Tehd |

17.5 Genomic Data Y STEAT :-
2% genomic difference adaptive significance qgT ¥@aTl Neutral 3T functional
variation ® (A< FAT HZAT 2|

17.6 Ethical 3% Policy Issues :-
Genetic resources & IJTAN H access and benefit-sharing, indigenous
knowledge TT national biodiversity regulations FT £IT T@HT ATTITF 2|

18. ey Fit FATIATY ;-

A Tr 991 | conservation genomics H T Hgcaqul Tashte UTerd | Tgdl,
endangered plants & foTT 3TfF reference genomes ITsE I FTHT, long-read
sequencing 9T improved assembly technologies complex plant genomes % &I T
SgAY FATUIN| AT, Al 3T machine learning genomic TT ecological datasets T
TWehleha T extinction risk 3T conservation priorities & STHTT H HZTAAT HT Tehl
2! Genomic data % &TT Al approaches T conservation applications § STIRT Tgel &

ferfer 21 22T 2l
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TH ATdi<eh, genomic prediction, climate modelling, remote sensing 3T
ecological monitoring T THIFd Feh aATerF predictive conservation programmes
ARt o ST a2

2026 ¥ conservation-genomics literature ® restoration genetics 3¥ genomics
T biodiversity restoration & STE« 9% HT F=aT &9 [*@T2 AT 2|

19. 94T (Discussion) :-

TATT GTeT T HLEAT Fad population numbers F TETT FT TT Al gl AR
TR species F individuals T HEAT FET & ATT TR ITehT genetic diversity TRTATE
Hqed ¥, AT ST long-term evolutionary potential FHSIT T TFHdT |

Population genomics TH THEAT F genome-wide FI¥ T @ FT ATHL <dT Bl
g conservation biologists T Tg THAT H TZMIAT FLdT & o HIA-HT populations
genetically Fgeaqul &, & populations # inbreeding T8 & 3fT FJI gene flow Tl
FATT TG AT [IEATAT e il SAAHAT 5

gTAith genomic information FT ecological information T faFeT Tgl AT
SITHT ATRUI Habitat quality, reproductive biology, pollination ecology, population
demography ¥ species interactions HT conservation success % o7 Ia= g1 Hgd l;_Llllc

2l

qd: FEH TATAT T{fﬁ?ﬁ'ﬂT “Genomics + Ecology + Demography + Local
Knowledge + Conservation Policy” T T# Fd HiTA g1 ATl

20. FTeror {ifa & forg g1 -

RGELRI GTe % LW T population genomics F TATAT ITANT F forw A qatq I

ST o & —

1. Threatened plant species %F {17 national genomic databases ICEIRGRES I

2. Genetic diversity T =@ monitoring T STT|

3. Genetically distinct populations T conservation planning & freT yrrfaraar ¥

Sy

Seed banks & genetically representative samples ELTF?FCT o ST

Conservation breeding programmes ¥ genomic relatedness T ITIT -hAT STTY

Habitat fragmentation T FH FA & o0 ecological corridors EEARSREaUS I

Genetic rescue IAT assisted gene flow FT IS genomic assessment & dT& BT

FYATAT FATU)

8. Universities, botanical gardens, forest departments T research institutes % 1=
SERINECIRIE 1Y

NSV
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9. Genomic resources % SYANT H biodiversity TAT access-and-benefit-sharing
regulations T ITe F-RAT ST
10.Genomic results FT & field-level conservation action § TfRafad F4 & forw
interdisciplinary programmes farsf#a fFu STU|
IUCN guidance ¥ ¥T genetic diversity assessment % ST&TT 9T neutral TAT
functional variation, population connectivity 3T STFAHAT T2 I gene-pool mixing
TAT ex-situ conservation ST& FEaedl 9¥ A= F4A it ®TET T&T 0l 1= g

21. =%t (Conclusion) :-

Population genomics 7 endangered plant conservation % = § T wg‘ca’tgﬁ
AT TRAAT eI 3T g1 Traditional conservation genetics T T@CT H genomic
approaches dgd AfI® molecular markers & ATETT | genetic diversity, population
structure, gene flow, effective population size, demographic history, inbreeding 3T
genetic load FT TAFqq Teqa= AT FATAT B

FATT qTeT % M0 genomic information FT A€ Agea@ 0 ANTET I & T Tg
conservation decisions T Fae population size F STETT T A % F9TT evolutionary

3T genetic information I¥ STETRT TATAT |
afasT § Whole Genome Sequencing, population-scale SNP analysis, long-read

sequencing, environmental genomics, Al @IT climate modelling F THIHLT &
endangered plants % conservation programmes 3T&F predictive 3T effective BT Tahd

gl
T T genomics FT conservation T ST THTETH A1 HTAT ST ThaTl Habitat
protection, ecological restoration, sustainable resource use, community participation
#TT effective environmental policy % AT population genomics FT STTSHT ATTITF |
AT: ATECAT SR T AITT GTeT & G % forT TF decision-support
technology % &7 ¥ fa&faa <A1 %IT%Q, fSraeT IT9T genetic diversity T 9T
@, adaptive potential T {R‘f@ﬁl’ TE@HAT AT ISTTagT FiT KR evolutionary

resilience AT AT 2T
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