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AT 9T F S0 | STAEAT SHAaeg 6 fAawT: Tah G aHeT

Role of Population Genomics in the Conservation of Endangered Plants: A Comprehensive Review

qied FATC g
reTft - Ferfa s, Tt Rasmee ReafEenes aee weayeer - 9.

TS (Abstract)
oreg wa< 9¥ SE-fAfagar § &g Firae & w17 s e i
qrE gSTiaAt A F dhe T AEAT F TGl E| A A
faeer, Sy ufady, seafad 2|, Tguw, srwrHE &or, .
TSTTIQAT T FETL TLT TTHAH AT T faEe g arai |/ £ 57
T ST FT AN T a1 70 w1 & el oosmfa 5 | L o
ST ATeded & o0 Faer ST FaaTT STAEEIT T AN 25 '
T S A A 2, afen e e Bewe argfs | 0 e
Rrfrerer e e # At Tfed i s A e

SHAT T FATT T@AT Y AT g

SEEAT SATHFT (Population Genomics) ST SATTHE qaheahi T STTNT Fideh TTHAH
AT | A & ATl AT 190 ATl T TqTT FdT gl Next-Generation Sequencing (NGS),
Whole Genome Sequencing (WGS), Single Nucleotide Polymorphisms (SNPs), Reduced
Representation Sequencing TT Landscape Genomics STET T&elehi & YT TTLl &l SAAT0H
AT, TAEEIT Ao, s JaTg, Tl SHa T A, Jq:a9d, Uidgrieen s
TRETT TAT TATHT ATHAT 6 ATIT Tl SATeIH qeTdh 9747 gl

Tg FHTEAT FEIATT T F T § TAEEAT AT i T, T T 10l AT 90
fafarerdT % qeaT®, conservation units FT TZHT, ex situ T in situ HYEAW, climate adaptation TT
Ao T HLA0 AT FT 0T AU T5qd FAT gl ITAse AT F ¥ g & sharaen
STHRTE T IO qrifRerfas ug |eqor fafat & a7 Sehe Stfare TqTat i S deeqr
ot fareRterd T ST |ehcdt 2|

HET a8 STAHEAT ST HAd, TAITT G, T S 1HF, A 1qF [=faerar, SNP, NGS, WGS,

o L3 o o o
ST 94T, SIS, TATA LA, SAaTa [Fedrl-

1. 7R= -
ITeT Sa-fatagar gt & qriRatas T S Ruwar, @rer qear, ST ge e 9T 979
St & T 7T agcaol g1 T8 aTas(@ "4 AT edl % HI0T 99 T1&T TSIadi i raral
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A3aT =7z @I g1 st & oA va fowEq, Fv fear, qgiEwn, a9, aqi fif #wiels, daareas
STl Ua ATroroge g a9T STAqary TRadd oo 9T & o T3 gq< 3" T 31 &

BIET ST STT-TRT AT T AATUF TgT (genetic drift), 3T T (inbreeding) ¥ ST+
gaTg H FHT % T rfee deraaefier 7 acl g1 309 a9 Afaerar § w1 oY sger &1 %
ST & GaT Ao gial gl &l 9Tl & gl § genetic drift, inbreeding TAT gene flow XL F
fer Frgrqet e fers it &)

TIINTT ST AT qeda: HHT §&aT % molecular markers 9 A9 ot srgfa=
ST ST g9l SNPs T9T genome-wide markers & HTEAH & Fgl ST9F SATTH JTAHILT
SUsd FAT gl THH el IS & Hae ofie fafee srartes & &= srqafes Efegar qor
faradieneor 7 fere eaa i SIgaT ¥ ST 96T gl

2. AT & I29F :-

= FHIEAT % T 3297 Auferfag § —
Wﬁa‘rﬁaﬂﬂwsﬁ?ﬁﬁaﬁﬁwwaﬁWW|

AT TATargaT o STeror § SOATHE Tae il i JIHERT HT TTAT HLAT|

NGS, WGS 3fiT SNP merta a1t o START T frgwor 77|

SEEAT HAAT UF gene flow % HLXEAVTHE Hged il THAT|

TATAT STEEAT TR TAT demographic history & STHAT T TETAT FHLATI
inbreeding TH deleterious mutations T Tg=T H genomics T THFHT T FHIATI
AT Iieadd & g2 H local adaptation TT adaptive variation T TeTI FHIATI

in situ TH ex situ HXEA & o7 genomic information & ITTT T HeATH HIATI
a7 FT conservation genomics TIFITAAT & oI HATAATSAT UG FAITAAT sl Tg=TT HLATI

. STEEAT ST T ST -

STTEEAT ST ITHE, STEEAT AA 90! &7 faega &7 g Srad ot sefa & s srarfeai
H ¥ genome AT genome ¥ I AT H HIYE A9 variation FT LTI AT SITAT 21
THHT H&T 3297 Tg OHA9T § foh—
. AETRE AT FRt w2
o FIF-HT ATATIAT SATTATAF T & T &,
o At sraTieat & = gene flow FFa=T ;
e population size T F ATT F4 T,
« FIA-H genomic regions environmental adaptation ¥ HETId ¢;
o T sraTfadt # inbreeding FT T ATAF 2

Genome-scale data 3 T conservation researchers 9 effective population size, migration

rate, demographic history 3T adaptive variation S/ parameters FT STTEF TS TTTT FL Thd 2l

A A IR N o e

w

4. FEI 9T T @ At e
4.1 s T fafeear # i

TIET ATt | genetic drift % FTOT alleles & @I T FATAAT I8 SATAT Bl Genetic diversity
H FHT g 9T AT | Fad TITaL0 & ST AT AAHdT TATd gl qhel gl
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AL T AT AT 3=d qal g (& Tod® endangered species # genetic diversity Igd &8 &l
T 2024 #FT T IT9F synthesis § TTIT AT T3 endangered plants FHAT low genetic diversity @&
HITHT &1 gid; a1 T population declines & FTASE TS TSATAAT TATH ALATAF variation TATT
g TqHAT g

4.2 Genetic Drift :-
ST TRl SaTT T effective size BT FIAT &, AT TN F FIL0 allele frequencies ISt
T gl gl T | 389 gaA alleles % T[T g4 &T G9TEAT 9 SATAT &

4.3 Inbreeding :-
TIET 3T isolated populations H e HaeT =TRAT % d= IS FT TATIAT 98 THAT Bl
THH homozygosity TEAT & 3T recessive deleterious alleles  ZIh g1 T @<l 98 TFdT gl

4.4 Gene Flow & FHT :-
Habitat fragmentation 3 TZUT populations 3 T pollen 3T seed dispersal FH T TFHAT 2|

THH genetic isolation TEAT g1

4.5 Deleterious Mutations :-
T AIATT AETEAT § harmful mutations FT accumulation STE#HTAI fitness & T THEAT
I THRAT g1 AYAH genomic sequencing UH variants T TZATT FLd H AZTAAT HL Tahel [ g

5. STTHEAT STATTHAFT | TI<h THE T 14 :-
5.1 Next-Generation Sequencing :-

NGS & FH ANq 3fi¥ 92 TH 9% DNA sequencing T §9d IATIT g1 THH ATLAH F IS¢
&7 § samples & genome-wide genetic markers YTH T ST Tahd 21

5.2 Whole Genome Sequencing :-
Whole Genome Sequencing ZT¥T organism  FTHIT H"Iﬂf genome T FLAAT FHAT FTAT 2|
THH neutral TAT potentially adaptive variation T T STEAAT TAT ZIaT 2l

5.3 SNP Analysis :-

Single Nucleotide Polymorphisms STeafar® H&IT H IUas4 genomic markers &1 SNP-based
analysis BT population structure, genetic differentiation, gene flow 3fI¥ demographic history =T
T FoRAT ST ThaT B

5.4 Reduced Representation Sequencing :-

SEl ‘?ﬁ genome & sequencing W'{’Tﬁ AT TEHATR T F HIST '@, dd RAD-seq TIT =T
reduced-representation approaches & ATEIH H genome & AT AT T AT markers ITH T ST
qFd 2l
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5.5 Landscape Genomics :-

Landscape genomics genomic variation T environmental variables & #TT STl g1 THH TE
TqT T H "graar Hedt g % #F H-genetic variants TTIHIE, I9T, T@T, FATe AqAT I
environmental conditions # FTHAT | HATET gT Thd &l

6. ST 1 ferfereraT &1 Jeaie:-

Conservation genomics T Ha& Hgcaqul STTRT genetic diversity FT THAT gl

El'l{@' parameters H omfaer % —

nucleotide diversity;
e heterozygosity;
o allelic richness;
e private alleles;
« observed 3T expected heterozygosity;
o genetic differentiation;
e nucleotide polymorphisml

T parameters H conservation managers Ig HeTRT FX Td & & FE-HT populations

AT &7 F erfer fafeare § o 3 populations FT TEhT HLL hT AGLTHAT &

7. Population Structure #T Genetic Differentiation :-

REEIR utert #1 At populations WRTIerH iﬁ, ecological barriers 3fi¥ habitat
fragmentation 3 T ﬂlﬂ?f@l? & T AT g1 qhal T 2

Genomic data FTIT populations FT genetically distinct groups ¥ FarsTiord B ST @erat 21
A Conservation Units T Management Units ¥ 9= § GgTdAT [Herdt gl

T2 I populations FHTEIF T § AT Ive AT A-conservation units F & F Fafed
TFaT ST |RaT 81 9 O, T populations F S TATH gene flow IﬁFﬁ’ g a1 T FHHT §
378 U interconnected genetic system & &7 § @T AT TFdT 21

8. Gene Flow T HL&T0TcHE HEA :-

Gene flow genetic diversity 91T T« #T HZA lg\Uf JTHAT 21 Pollen 3T seed dispersal &
HTEAH § U population F alleles THLT population TF T &

Genomic analysis & gene flow #T fZ9IT ST ATAT FT ATHATT AT ST THAT gl ATS habitat
fragmentation % FTYOT gene flow IET FH &I AT &, AT ecological corridors, habitat restoration =T
I &9 & I genetic reinforcement 9% =TT FoFAT ST AT 21

9. Effective Population Size :-
Census population size 3T effective population size THTT A&1 gid | Effective population size
(Ne) 39 ATATAF T F TATAT ATATET o AL HI FATAT & ST genetic drift FT TT FHT TATET FAT

2l
Genomic data FT ITTNT Ne & SATHT & 10 FFAT ST FohdT €1 agT FH Ne AT populations
# genetic drift 3T inbreeding T @AXT AT FT THaT Bl
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10. Demographic History T T-l'ﬁ'q'fUT -
Population genomics Fae FAHT eI AT FaTdT afes FRAT population F T FT AT

T H AT TETIAT FAT B

Genomic data & TwTerd sreaTsti &1 eqas AT ST JhaT g—
e historical population expansion;
e population bottleneck;
e long-term population decline;
e migration;
e population isolation;
e historical range expansionl|
UHT STFHTET conservation planning ® @ ITAWT g FFI1h TR population FT FqHTH
genetic I FT 3TF evolutionary history & H&H H THAT AT THhaT gl Threatened plants F T
demographic history FT conservation genomics # 39T T & Ag@ Il AET 4T g

11. Inbreeding 3% Runs of Homozygosity :-

Runs of Homozygosity (ROH) genomic regions ¥ UH o segments & [oH @Al
chromosome copies FHTT ancestry ¥ 35 g1 T &l

ROH analysis & population # recent 31TaT historical inbreeding FT STHTT FRITAT ST TehdT
S| AT 9Tl § ROH &7 e7d= I e F3d § #8g F¥ d%dl ¢ % HA-9T populations JT

individuals genetic management # TorT ST A=At % a7 g

12. Local Adaptation 3T Climate Change :-

STAaT TRaad AiaeT § qre #7 survival & orT T FA1dT g1 T, a1, 9@, et $iw
T environmental factors H TR&AT species distribution 3T reproductive success &l T FX
a2l

Landscape genomics environmental variables 3T genomic variation = Haell FT FLTAT
T local adaptation % FNTAT Hehas @IS Tl | ST conservation research # evolutionary
potential FT TATT TEET TH THE & |1 ST ¥ET 2

TH STHHIET T ITTNT climate-resilient populations #T TZ=TH ST restoration planning ®

T ST JhaT 2

13. Conservation Units %t =T :-
Genomic information FT TF Hgca0 ITANT Conservation Units Fif Tg=T gl

TAH THE ®T H —

1. Evolutionarily Significant Units (ESUs)
2. Management Units (MUs)

3. genetically distinct populations

4. locally adapted populations

AT BT T g T ATHLI conservation resources FHl TATHHRAT & AT FAad Fed o

TETIAT FHaT gl
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14. In Situ Conservation ¥ SEH&AT ST :-
In situ conservation FT &% § TSITATT Tl I TTH(AF habitat § HIIT FHLATI

Genomic information ST —
« genetically diverse populations T Tg4TH;
o isolated populations T IdT;
o gene flow barriers FT TZ4TH;
o habitat corridors FT FISAT;
o genetically important individuals FT Tg=TH;
restoration sites T =& FoHAT ST AT 2
TH THTY conservation genomics TR protected-area approaches T genetic information

= |1 STIEAT gl

15. Ex Situ Conservation H STTHEAT S{IHTTHF :-

Ex situ conservation # seed banks, botanical gardens, tissue culture collections 3f¥ living
collections T ITANT FFAT STAT 1

Genomic analysis Tg AT F4A | TGTAAT FHAT & % ex situ collection # T species it
TATH genetic diversity T {erfcad gnl

T seed bank ¥ STe®T9r samples TH &I genetic lineage & &, T TIT species Fl genetic
diversity H¥ferd Ag1 g7 Tl ST sampling strategy # genomic information FZaqIT 5|

16. Restoration 3fi< Reintroduction :-

ST TRt endangered plant T 3H% YTHIAF habitat H T: TATAT FFAT STAT &, T source
population FT FIT AT TZAT g1aT g | Genomic analysis H Tg TAT AT ST TFhaT g T —
 #IF-7 individuals genetically diverse g;

o T3 populations FT source F T H ITANT FIAT ATR;

« T source #1Y recipient populations genetically compatible g;

T excessive hybridization FT @ &

TH THTT genetic information reintroduction programs T THAAT T&T TFAT 2

17. Hybridization 3T Introgression :-

FHT-FHT endangered species FT e HaeT species & AT hybridization g7 TFAT 81 TE )
gffRafaat # genetic diversity T&T TFAT &, AThd TALT TREATTAT F original genetic identity T
FALT T AT Tl &

Genome-wide markers hybrid individuals TT introgressed regions ¥ Tg=TH H TETIAAT FX
AFd gl TATIT conservation managers T hybridization FT EHET THIIIHE AT THRITHE ATAT ®
TSTT species-specific evidence F ATLTT T 9T AT ATRTY
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18. Genome Editing FY FWTEwTY :-

Genome editing, ferT=T CRISPR YT approaches, WA # conservation biology &
T e =T F&dr g1 2024 FT THAT H endangered plants % HIW # climate change,
pathogens 3T pests STHT AT AT & a2 H genome editing T FATAATS 9% F=AT il TS &l

gTeAIToh g Tahe 19 STHT SATEHTT conservation applications H FTRISE w1 § § 3 THF
ecological, ethical, technical TT regulatory =11 9% 9T A=< srae s 8|
=T FdATT T9T § genome editing FT conventional conservation T faeT dg1 afed TdTIaq
future tool HTAT STAT AT

19. STHHEEAT SATTHFT ST It Geeror fer 7 vshieha ;-
AT genomic data # STET TT conservation decisions AT TATH AGT 21
T TATAT conservation framework & fRerferfaa 1 wh fd ERISIEIE Il%l\l —

Genomic data + Ecological data + Demographic data + Geographic data + Phenotypic
data Landscape genomics T¥ e[fa THIEAT Wt T2 FaTdT g T genomic approaches T established
population-genetic TAT ecological approaches F AT FAATHT ITANT FHTAT ATAF TATAT |

20. THE FATqAT1
20.1 37 ARG
Whole genome sequencing 3% downstream bioinformatics 3THT 9Y %% endangered plants %

e weft 2wt 21

20.2 Reference Genome F Ff1 :-
a‘g%r—%ﬁ threatened plant species % @0 3g NUENI T reference genomes STASY Al gl
Plant conservation genomics ¥ reference genome gaps Tt T 7% ﬂ%c_cl'ﬂ'\ﬂf THEAT B

20.3 THAT TUZ it FHioATS -
AT TN species T TATH samples STH FIAT HIST g1 T 5

20.4 Bioinformatics f3Qrosar:-
Genome-wide datasets STcTTe o2 I & ST T analysis % o7 computational expertise
EICERER

20.5 Genetic Data F TeIq =ATEAT :-
High genetic diversity T 372 94T high conservation priority IT high fitness Tg1 grarl THT
THTT low genetic diversity T 39 T extinction FT A T 7l gl

20.6 Ethical 3fiT Regulatory Issues :-
Genome editing TT genetic manipulation ST technologies % TTRT # ecological risks 3f¥
regulatory frameworks T &3TH TEAT ATTYTF B
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21. WSy & FHTEI :-
AT ATer auT | endangered plant conservation § TR 2131 T Hged I@ i TWTAAT § —
Pan-genomics
Long -read sequencing
Single-cell genomics
Landscape genomics
Environmental DNA
Al-assisted genomic analysis
Ancient DNA 3fi¥ historical herbarium genomics
Genomic-assisted restoration
Climate-adaptive conservation
10 Genome editing
11. Integrated seed-bank genomics
12. Genomic monitoring
Global biodiversity policy & genetic diversity & species #T adaptive potential & STEHT

TEAT increasingly g0l 21 ¥&T 2

00N AU R W~

22, IRA & € § HgA :-
AT Sa-fafaear & 32 & odq 995 397 g1 Bare™, 9fawT 91e, @iy 9d, dS9H-
TR IETE T9T HeT 9T § 379 endemic 31Y threatened plant species TS SITdT &1
AT # population genomics F ATEAH T FAT & & % &A1 | research FT ST THhdT g—
o STl 9T AT genetic diversity;
e endemic medicinal plants;
o forest tree species;
orchids;
rare herbs;
threatened Himalayan plants;
Western Ghats endemic species;
o WET WA Al gAH aTEq (AT
e T2 I T § ot aeafa Sa-fAf=aeaT, medicinal plants TT forest-dependent species
9% population genomic studies conservation planning % forT #gea lg\UT 2T Tl gl

24. AT :-

TATT TTET T LAV g Il HEAT TR T HITHT Al g|T ATTGT| ZTHHTATT HLET
T genetic diversity, evolutionary potential 3f% adaptive capacity FT Fferd T@AT MATAF gl
Population genomics 7 endangered plants & &7IT | TFH Hgcad Ul Teadd i« AT g1 NGS,
WGS 3T SNP-based approaches F ATeIH | 3T genetic diversity, population structure, gene flow,
effective population size, demographic history, inbreeding 3% local adaptation FT genome-wide TI¥
U AT [HAT ST FHaAT B

Wgﬁ% ey g AT TATaT § T endangered plants ® genetic diversity FT Fq¥ TSITId-3<-
TSI 9 BT TehdT 8; TATTT Fael population size 3 SATHTT TT conservation priority T FHTAT TATH

SELEA
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qfaT # conservation genomics T ecological monitoring, remote sensing, climate

modelling, seed banking, habitat restoration TT demographic studies & HTT THIFd FIAT ATerH
TATAT HLEATT YOI A1 o TR ® Agea ol qieet A

A TAEEAT SO T “HHheTed TSIl AT AR ST Hi TZATT § AH AR

TG T AT T T TRl STEAF ITHL o6 & H a@T 7 TdT g
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