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Annomayus. Cerexyuoneprap, 00amoa, 2eHomuniaphu S0posuii 2eHom Guran mapmubea cOAUHYE4U MOp-
Poroeuk xycycusmaapuza Kypa maniauwadu. Baxoranku, yumonAasmamux 2eHom, Xycyca, MumoxoHopus 6a
XAOPONAACI 2EHOMAAPY XAM OUOA0UK PYHKYUSAAPOA MyXUM POAb Viinaiiou. Llumonsasmamuk ea s0posuii ze-
HOMHUMZ 2eHEMUK UPCUTIAGHULL YCYAU BA XYCYCUSMAGPU 26H OKUMLU, IBOAOUUSCU, NONYASYUS MAPUXUHU JP2aHuul
YUYH KJUUMHA KUMMAMAU MaBAYMOmAAp bepadu. Tenemux madkukomaap yuyn yumonaasmamux AHK mapxep-
AGpUHU UMAGG wukuw, wyHunedex, G. hirsutum ea G. barbadense aunusaapu maxgmyacudazu yumonasmMamux
8a s0posuii zenom jszapumirapunu anuxsaw yuyn AHK mapkeprapunu kjarau maxcad kuiub orundu. Tora bes-
eurapuza arokadop 6jrzan 61 ma 9dposuti SSR sa 49 ma yumonaasmamux zenomea xoc 6jrzan undes 86a SSR
npatimep sypmaapu 20 ma G. hirsutum éa 74 ma G. barbadense aunusrapu yuyn uwramurdu. Ljumonaazma-
muk undes mapkepraprune yumoniasmamux SSR mapkeprapea nucbaman nosumopPuk IKanuu Ky3amurou.
Yimymuii namuncarap caparanzan 94 ma G. hirsutum ea G. barbadense runusrapunune uKkKuma kamma zypyxea
Oy runumunu kjpcamou. By aca bupunuu mapma 2y3a yumoniasmamux 2eHOMUHU Jpeanuul y4yH 2eHemuk 60cuma
xamda G. hirsutum ea G. barbadense runusrapunune YyumonAa3Mamux 8a 0posuil 2eHOMAAPUOA 2eHEMUK XUA-
MA-XUAAUKHU maKKocAaiiouzan xucobomuuy maxoum amou. Tadkukom Hamuiarapu cerekyuoHeprapea 2y3a Ha-
BAAPUHU IXUUAGUL YHYH 2eHEMUK XUAMA-XUAUKHUHZ MABCUPUHU MAKCUMAA 0aPAXkada owupuea Kapamui2an
HABIOPAUK Crpamezuscuru UAAb wukuwda épdam bepadu.

Tasnu mywynuarap: xuima-xusrux, Gossypium, yumonaasma, 30posuii, SSR, dendozpamma, waxapa 0a-
paxmu, G. hirsutum, G. barbadense.
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Annomayus. CereKyuoHepbl 00b14HO 6b10UPAIOM 2eHOMUNBL HA 0CHOBE MOPPOLOZUMECKUX NPUIHAKOB, 6 Nep-
8y10 ouepedv pezyrupyembvix sdepHoim 2enomom. OOHAKO YUMONAASMAMUMECKUTI 26HOM, BKAIOHAS MUMOXOHOPUL U
XAOPONAACHIHbLE 2eHOMbI, MAKIHE UZPAEN BANCHYIO POAL NPU BLINOAHEHUU MHO2UX OUOAOZUMECKUX PYHKIYUIL 8 CeLek-
yuu xronuamuuxd. Xapakmepucmuxku u cnocob 2eHemu4ecko20 HacAe008aHUs YUMONAA3MbL U S0EPHO20 2eHOMA
darom 00NOAHUMEABHYIO YeHHYI0 UHPOPMAYUI0 OAS USYHEHUS NOMOKA 2€HOB, IBOAIOUUL U UCHOPUL NONYASYUL.
AsmopoL cmpemuucy paspabomams yumonasmamueckue AHK-mapieput 6 kauecmse uncmpymenma zenemu-
veckux uccaedosanuil u ucnorvsosams AHK-mapkepot 6 kasecmee uncmpymenma OAs 8bLI6AeHUS 2EHEMUMECKUX
UMeHEHUIL 8 YUMOonAa3mamu4eckom u sdeprom zerome 8 Habope aunuii G. hirsutum u G. barbadense. B uccaedo-
BaHUL UCNOAB308aHbL 61 napa npaiimepos SSR, c653aHHAS ¢ 8aANHBIMU CHEYUPUUHBIMU OASL BOAOKHA NPUSHAKAMU
s0eprozo zenoma, u 49 nap npaiimepos Indel u SSR, cneyuduunbix OAs YUMONAAIMAMULECK020 2eHOMA, OAS CKPU-
Hunea 20 aunuti G. hirsutum u 74 G. barbadense us pasauunvix zeozpadureckux mecm. Cozaacro HabawdeHusm,
cpedu Aunuii yumonaasmamuyeckue mapkepot Indel 6oree nosumopProL no cpasHenuo ¢ YUMONAAZMAMU1ECKUMU
mapkepamu SSR. Obuyue pesysvmampt nokasau, 4mo omobparmvie 94 AUHUL 8 YEAOM MONCHO pA3deAump Ha 0Be
wupokue epynnvt G. hirsutum u G. barbadense. Aannoe uccaedosanue enepevie npedocmasuro UHCMpymerm ors
2eHEMUHMECK020 UYHeHUS YUMONAASMAMUMECK020 26HOMA XAONYAMHUKA U OMHem 0 CPABHEHUL 2eHEMUHECK020
pasHoobpasus 8 yumonasmamuueckom u soeprom eeromax aunuii G. barbadense u G. hirsutum. Pe3yromamut uc-
CAe008AHUS NOMOZY CEAEKYUOHEPAM PA3PABOMAmb CeAEKYUOHHYI0 CIParme2uio, MaKCUMAALHO YBEAUHUBAIOULY IO
apPexm zeremuueckozo pazHoo0pAa3us OAs YAYHULEHUS AUHUL XAONHAMHUKA.

Karouesvte crosa: pasnoobpasue, Gossypium, yumonazma, sdeproiii, SSR, dendpozpamma, $urozeremuuec-
Koe depeso.
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Annotation. Breeders normally select genotypes based on morphological characters, primarily regulated by
nuclear genome. However, cytoplasmic genome, including mitochondria and chloroplast genomes, also play an
important role to perform a number of biological functions in cotton breeding. The characteristics and the mode of
genetic inheritance of cytoplasm and nuclear genome provide complementary valuable information to study gene
flow, evolution, and population history. The study is aimed to develop cytoplasmic DNA markers as a tool for genetic
research and to use the DNA markers as a tool to detect genetic variation in the cytoplasmic and nuclear genome in a
set of G. hirsutum and G. barbadense lines. The study involved 61 SSR primer pairs associated with important fiber
specific traits of the nuclear genome and 49 indel and SSR primers specific to the cytoplasmic genome to screen 20 G.
hirsutum and 74 G. barbadense lines from diverse geographical locations. It showed that cytoplasmic indel markers
are more polymorphic compared to the cytoplasmic SSR markers among the lines. The overall results showed that the
selected 94 lines could widely be divided into two broad groups of G. hirsutum and G. barbadense. The research for
the first time provided a genetic tool to study cotton cytoplasmic genome and a report comparing the genetic diversity
in the cytoplasmic and nuclear genomes of G. barbadense and G. hirsutum lines. The following research will help
breeders to develop a breeding strategy maximizing the effects of genetic diversity to improve cotton lines.

Key words: diversity, Gossypium, cytoplasm, nuclear, SSR, dendrogram, phylogenetic tree, G. hirsutum, G.

barbadense.
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Introduction

Cotton is the leading textile fiber and the
second most important oilseed crop in the world
generating over 26 Mt of fibre in 2014/2015
on more than 33 million hectares [1]. Upland
cotton (Gossypium hirsutum L. AD1, 2n =
52) is the most widely grown cotton species
worldwide due to its superior yield potential,
whereas G. barbadense L. (AD2, 2n = 52) is the
only other cultivated tetraploid species, grown in
some areas because of the price advantage due to
superior fiber quality[2] (Figure 1). The genetic
improvement of any crop species depends on
the extent of genetic variation for desirable
alleles and the accurate characterization of
the variability among germplasm accessions.
Breeders normally select genotypes based on
morphological characters, primarily regulated
by nuclear genome. However, cytoplasmic
genome, including mitochondria and chloroplast
genomes, plays also an important role to perform
many biological functions. The narrow genetic
base of cultivated cotton germplasm is the
primary impediment in its genetic improvement.
The characteristics and  genetic inheritance
mode of cytoplasm and nuclear genome provide
complementary valuable information to study
gene flow, evolution, and population history
in any cotton breeding program. Hence, the
limited information is available on the genetic
variation especially on cytoplasmic genome of
the improved cotton lines of G. hirsutum and
G. barbadense. The aimof the research is: 1) to
develop DNA markers specific to the cotton
cytoplasmic genome as a tool for genetic studies
and 2) to make use of DNA markers to detect
genetic diversity in the cytoplasmic and nuclear
genome respectively in a set of 94 improved G.
hirsutum and G. barbadense lines.

Materials and Methods

The study involved 61 SSR primer pairs
associated with important fiber specific traits
of the nuclear genome and 49 primers specific
to the cytoplasmic genome to screen 20 G.
hirsutum and 74 G. barbadense improved lines
from diverse geographical locations. The overall
methods of standard technique of PCR and gel
methodsusingan ABI3130XL witha 96-capillary
system for molecular analysis have been used.
The nuclear SSR primer pairs were selected

based on the previous studies considering their
presence covering almost the whole genome
and association with important fiber traits. The
molecular marker data have been assessed as a
dominant marker to avoid ambiguous scoring
for allelic relationship without pedigree data
of the cotton lines in the present experiment
(Figure 2). The marker data were analyzed to
evaluate the genetic similarity between cultivars
based on the simple matching coefficient (SI)
and constructed phylogenetic trees using JMP
Genomics software (SASTM). 27 CPSSR and 22
indel specific primer pairs were detected from the
cotton chloroplast genome using NCBI database
using a cost-effective data mining strategy.

DNA extraction

Approximately two mg of fresh leaf samples
of individual line for DNA extraction using a
QIAGEN DNeasy Plant Maxi kit (QIAGEN
Inc., CA) and/or with a QTAGEN DN easy Plant
Mini kit following the manufacturer’s protocol
have been used. DNA solutions were diluted to
a working concentration of 10 ng ul and stored at
40C until PCR amplification.

PCR method with universal labeled primer
for cpSSR

PCR reactions were performed in 10 pl
volumes containing 10 ng of cotton template
DNA, 19 GeneAmp PCR Gold buffer from
Applied Biosystems, (109, 150 mM Tris-HCI,
PH 8.0, 500 mM KCl), 1 mM MgCI2, 0.2 mM
dNTPs,0.5 uM of forward and reverse primer
mixtures, 0.35 ul of AmpliTaq Gold, (Applied
Biosystems). Dye-labeled chromosome specific
forward and unlabeled reverse primers were used
in all PCR reactions. We used a modified PCR
protocol to be cost effective by using a universal
Fluorescent labeled HPLC Purified T13 primer.
In order to use a universal primer, a 19 bp long
sequence of CAGITTICCCAGTCACGAC
were added to the SO left end of each forward
primer, and a 4 bp short sequence of GII'T to
the 50 left end of the respective reverse primer
(CAGITTITCCCAGTCACGAC) [3]. 'The
modified forward and reverse SSR primers were
dissolved in water respectively to make a 100
uM stock solution. Afterwards, the forward and
reverse SSR primers were combined to make a
diluted 5 uM working solution. PCR reaction
was carried out in 10-ul reactions containing
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2.5 ul of DNA, 10x Gold Taq Buffer, 20 mM
MgCI2, 10 mM dNTPS, 0.3 of each 3 primers,
1 unit of Taq polymerase and 4.4 milliQ water.
The PCR amplification profile consisted of an
initial denaturation of DNA at 95 0C for 3 min,
followed by 95 0C for 1 m, 60 0C for 1 m; GOTO
2:1 time, 95 0C for 30 s, 60 OC for 30s, 68 0C for
30s; GOTO 5; 26 times and a final extension of
4 mat 68 0C.

Gel electrophoresis

The PCR products were diluted 1:20 before
loading into capillaries and run in a denaturing
capillary electrophoresis in an ABI 3130XI with
a 96-capillary system using POP-7 polymer
(Applied Biosystems, USA) following the overall
methods[4]. The size of amplified products
was detected using GeneMapper 3.7 (Applied
Biosystems, USA) as well as confirmed by visual
corrected for appropriate sizes. The nuclear SSR
product sizes were also confirmed based on the
available SSR amplicon product sizes where
available in the panel of CMD web page [5].

Result and discussion

Results from the hybrids (F1) of the
reciprocal crosses between G. hirsutm (TM-
1) and G. barbadense (Pima 3-79) confirmed
the association of these markers specific only
to the cotton cytoplasmic genome. also It was
observed that cytoplasmic indel markers are
more polymorphic compared to the cytoplasmic
SSR markers among the lines. The overall results
from the dendrogram revealed that the selected
94 lines could be divided widely into two broad
groups of G. hirsutum and G. barbadense.
However, the dendrogram results also showed
that two accessions of G. hirsutum and two
accessions of G. barbadense clustered with
different species group respectively suggesting
the interspecific introgression of gene pool in the
development of these lines. The overall results
suggested that the genetic diversity in the group
of G. hirsutum is narrower in both cytoplasmic
and nuclear genomes compared to the group
of G. barbadense. The average coefficient of
similarity based on IBD value (identical alleles)
in the cytoplasmic genome is 0.48 (S.E. %
0.005). However, the nuclear genome average
IBD value is 0.44 (S.E. £ 0.005), which suggests
the genetic diversity in the cytoplasmic genome
to be more conserved compared to the nuclear

genome among the lines. The average IBD
value is 0.42 (S.E. £ 0.005) combining both of
the cytoplasmic and nuclear markers among
the lines. Results from the dendrogram pattern
showed that the accessions in some cases from
the similar breeding sources or geographic
locations clustered together suggest the use
of similar in-house gene pool in the breeding
program. Genetic variation for desirable alleles
for fiber traits and the accurate characterization
of the variability in the targeted lines of interest
are the foundation for any successful breeding
program. The study provided for the first time a
genetic tool to study cotton cytoplasmic genome
and a report comparing the genetic diversity
in the cytoplasmic and nuclear genomes of
improved G. barbadense and G. hirsutum lines.
The research will help breeders to develop a
breeding strategy maximizing the effects of
genetic diversity to improve cotton lines.

Conclusion

Twenty-sevenSSR and 22 indel specific
cytoplasmic primer pairs were developed using
a cost-effective data mining strategy as a genetic
tool to study cotton cytoplasmic genome. Results
from the hybrids (F1) of the reciprocal crosses
between TM-1) and Pima 3-79 confirmed the
association of these markers to be specific only to
the cotton cytoplasmic genome (Table 1); The
overall results from the dendrogram revealed that
the selected 94 lines could broadly be divided
into two distinct groups of G. hirsutum and G.
barbadense; Results suggested that the genetic
diversity in G. hirsutum lines is narrower in both
cytoplasmic and nuclear genome compared to
G. barbadense lines. The average coefhicient of
similarity based on IBD value (identical alleles)
in the cytoplasmic genome is 0.48 (S.E. £ 0.005).
However, the nuclear genome average IBD value
is 0.44 (S.E. £ 0.005) suggesting the genetic
diversity in the cytoplasmic genome is little more
conserved compared to the nuclear genome
among the lines. Results from the dendogram
pattern showed that Acala Ultima (G. hirsutum)
atalltime clustered with G.barbadenseaccessions
and Bahamas-1 (G. barbadense) grouped
with the G. hirsutum accessions suggesting
the possibility of interspecific introgression in
these accessions. Results from the dendrogram
showed that the accessions in some cases from
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the similar breeding sources or geographic
locations clustered together suggest the use of
similar in house gene pool in the development
of these accessions; The research provided
for the first time a genetic tool to study cotton
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Figure 1. Morphological differences between G.hirsutum and G.barbadense
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cytoplasmic genome and a report comparing the
genetic diversity in the cytoplasmic and nuclear
genomes of improved G. barbadense and G.
hirsutum accessions (Figure 3;4).
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Figure 2. Electrophorogram gel picture of ABI 3130XL Capillary electrophores
polymorphic nuclear SSR markers between G. hirsutum and G. barbadense

Ham-pan ea unnosayuon pusoxsanuw / 2019 No2



<

KHIIAOK XY>KAAUTH ®AHAAPH

01730
054761
OGIZA 7

O Giza 7!

O SURHAN
Oamx_i 7]

iz

Ash 2 & E g 3

mouni 2 5 g
m_Nm € i s g m, i m
OTadls. 25 E £ 324 :

-] b g =
= B B m z = "B ¢ & B 3 g = m & E 5 @
PEl iiisislegifiEisiogifrsc_fscf 3
SR EEESEEEEEEEEREEEEEREEEE RN )
E2ixss:EssiizZi2EEESC 2R 2z fiogod b
oo o000 OODOD OO0 OO0 000000 0000000000 p
+Domaine Sakel -1 - -1 - -1 -1 | - |—|“— |—|h_ -1 - |_|“— @
el +v»m_\:mr .55 - - m
+TADLA 116 W
+Tadla_16 I [
+u5m3 v >
S . o
1Y - .
3 O
S v
- =
+§_m-w W = = > 1)
[ el
L) )
o
S <
= 3
= | :
, N L=
3 [7.)
[
9
Om_mm_nTw__mmlw,m:n_ - nnw
ORed Sea [sland o
u G SEABROOK SEA =
OSEA ISLAND o
QCOASTLAND_RN 5%
X504 B -
®N records
Iwms._ 2680 : 7 ()

ONWSouthAmerica m
XPNK 79
% Tanguis 52E =]
¥ATK BO n
X TANGUIS 45 [
»rrq 502 z 7o)
TanguisLMW12-40 -

,,m Em.‘mzb. 7731 9
D.—m:nc,m 528 ot
ATenguis_52F m
ATanquis 53.C 7
ATznquis 52 D - <
ATanauis 52F —
ATanguisPlateado234 o
D.?J_, GLIS52.C )

L

>~
¥ Tanguis 52 A C
VPima3-79xTM-1. F1 .
VTM-1xPima3-78 FL -+
Vhzas 501
241659 m
zZT- 2320_USSR m m

] =
Arkat 9314 3

8 »

=~
-
-
*.—b_(_ 182- 33 HS G-
*TAMB133 £
=1
OFN_ mmm




CEABCKOXO3AUCTBEHHBIE HAYKH

Table 1
Used chloroplast specific SSR and indel primer pairs. Genotyped by parental crossing
Polymorphic | Monomorphyc NA
Entry name Total| CP | Indel Ccp = III:del cp III;I:le;r cp Indel
SSRs | SSRs | SSRs

SSRs | SSRs | SSRs | SSRs | SSRs | SSRs
TM1 56 32 24 13 14 18 8 1 2
(TM-1xPima 3-79) | 56 32 24 13 14 18 8 1 2
Pima 3-79 56 32 24 13 14 18 8 1 2
(Pima3-79xTM-1) | $6 32 24 13 14 18 8 1 2
Acala Ultima 56 32 24 13 14 18 8 1 2
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