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Synopsis of Thesis
Title:
Characterization and development of the LTR retrotransposon-based DNA markers in 2 biofuel crop,

Jatropha curcas L.

(BEHEY I Jatropha curcas LAIZEIT ALTRE V b b5 VAR Y EFIA LIEDNAY— 1 —DHE
OFER L B3E)

Name of Applicant: Atefeh Alipour

In recent years, Jatropha curcas L. (jatropha) has attracted global attention for its potentiai as a source of
biodiesel. Although several genetic studies using DNA markers have been conducted, relatively little is known about
the genetic variability and population dynamics of this oil crop. Therefore, it is necessary to identify more powerful
markers to assess genetic variations. Given the activity of retrotransposons in driving genome diversification, the)}
have recently exploited as more informative molecular markers to assess genetic diversity, gene tagging and the
marker-assisted selection of plant species in various ways. However, despite promising features of long terminal
repeat (LTR) retrotransposons as ideal genetic tools, retrotransposons have not been characterized in the jatropha
genome yet. In an attempt to genotypic characterization of jatropha, two types of LTR retrotransposons (gypsy and
copia) were identiﬁed herein for the first time in the jatropha genome. Subsequently, I examined the diversity,
evolution, and genome-wide organization of copia-type retrotransposons among twelve jatropha populations from
Asia, Affica, and the center of origin, Mesoamerica, and introduced the retrotransposon-based marker for this biofuel
CrOp. '

In this dissertation, I presented the diversity and chromosomal distribution pattern of gypsy-type
retrotransposons in Asian accessions of jatropha. A subset of the gypsy-type reverse transcriptase (RT) gene was
amplified by PCR using degenerate oligonucleotide primers. Analysis of 50 isolated PCR-amplified fragments,
showed a range of heterogeneity among predicted amino acid sequences. Comparative phylogenetic analyses of
isolated RT fragments together with retrotransposon families from other plants allowed us to identify three families
(Jg1-3) of gypsy-type retroelements in the genome of jatropha. Jgl and Jg2 were found as jatropha-specific and
belonged to the same lineage which had primer binding sites (PBS) complementary to tRNAA®E. On the other hand,
Jg3 of a different lineage included elements of other species and had PBS complementary to tRNAMe, The computer-
based data mining of whole-genome of jatropha allowed us to identify a high-copy nﬁmber gypsy-type family R1 of
the same lineage as Jgl and Jg2 that had PBS complementary to tRNA%®, Further, Fluorescence in sifu hybridization
(FISH) analysis demonstrated that these gypsy-type elements are located in the pericentromeric region of jatropha
chromosomes.

In this study, the diversity, evolution, and genome-wide organization of copia-type retrofransposons in the

five African and Asian accessions of jafropha have presented. In total, 157 PCR fragments were amplified using the
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degenerate primers for the reverse transcriptase (RT) domain of copia-type retro-elements. They were then sequenced
and aligned to construct the neighbor-joining tree. Phylogenetic analysis demonstrated that isolated copie-type RT
sequences were classified into ten families, which were then grouped into three lineages. An in-depth study of the
jatropha genome 'for the RT sequences of each family led to the characterization of full consensus sequences of the
jatropha copia—tyﬁe families. Estimated copy numbers of target sequences were largely different among families, as
were rates of the gene presence in flanking regions for each family. We discovered five copia-type families as
appealing - candidates for the development of DNA marker systems. Fluorescence in situ hybridization (FISH) of
metaphase chromosomes reveals thai copig-type retrotransposons \;V'ere scattered across chromosomes, and were
mainly located on the distal part regions. These findings provide valuable genetic informatioﬁ for the utilization of
copia-type retrotransposons as markers of desired genes in breeding programs. |

In order to detect sufficient diversity within J. curcas around the world for selecting breeding lines, we
established the RBIP system for profiling jatropha accessions using several recently-retrotransposed elements with
completely identical LTR pairs as DNA marker candidates. The PCR analysis of copia-type retrotranspesons among
twelve jatropha populations from Asia, Africa, and Mescamerica, the center of origin, showed that three RBIP markers
nominated as JC7-1, JC8-1 and JC9-1 showed absence of the corresponding retrotransposons in some Mesoamerican
jatropha accessions. These copia-type elements were present in gmer accessions, including the rest of Mesoamerican
accessions and all of Asian and African accessions. These results suggest that the retrotransposition of these marker
elements into their loci occwrred in Mesoamerica before propagation to other continents. The data presented here
revealed that this marker system could provide precise genetic information of jatropha genetic resources that is
necessary for breeding programs.

This is the first report on the genome-wide analysis and the cytogenetic mapping of LTR retrotransposons of
jatropha, leading to the discovery of families bearing high potential for DNA markers. We established the RBIP
system for profiling jatropha accessions using some of copia-type retrotransposons as DNA markers. This is a simple
technique that can easily be executed by PCR. The data presented here suggests process of jatropha distribution from
Mesoamerica to the rest of the world. Altogether, the findings in the present study are of great pra.ctical importance for

jatropha breeding programs.
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Jatropha curcas L. (V¥ b Z 7)) AF L ahbhichil ToME S FEEETH8EHER TH S, ERA L
AT AR LS LAVREROBEHED L L THHSh TV A, TOFHITEZHoiiiThh Ty,
FAZIROAT 2 D IILEFEMEDOE L DNA ~— A — %22 L BBETHD, L b b FARYS VIEE
EDY ) DELSFETD, RN 2P E LTEBTIEBETFTHLD, TOMALEELRE Lz RBIP
(Retrotransposan—Based Insertion Polymorphism) ~=—Hh—if, H{EMETHY , - E0EEREEFTHHTH
HZEML, BLEEEOE VDN = —H—OULDTHD, EBIIEs—DI—EV o FI U AF U OEAOE
EVRIER{FEEMRMERKELERTAZENTER LN, ZESEOESRZNS FTLEDDTHEHRTHS,
L LYy brZyDb ha PFRARS AAZOWNTH, ZhETHELASEEIRTE LS, RBIP w—H—Zon
CHEESN T Rt |
ZOLIRERICETE, B2EPEER, P o7 sIiiBi5 LR AL o T AR VERELTEORE
FHLMNCL, ELEZhoORGEHELEICBSTASMEAL NI LT, 2. TORBRICEIE RBIP v —F—2FRL
Ty a7 7y OFRBENTZTV, Py ba7 07 A ) ARENSOEEL— MET 3 HERHREE,
FURFERIToARFROHEEMI _AbiTohd, —RBOEEMHI, Yy herry0 LR BL e TR
K ORE L EAEEOSMERGNILIEZLETHL, LIRE L b T2 ARV /T copia B & gypsy B 2
HIIRKELSToEH, AFFEICK T copia BOEMN gypsy L VBEFOLWEEICHOFLTCED, ~—F—
ERUCE L TWAZ LAVRENT, £ LIREBL b bF U ARY AMED YT /7 JZBV TR LIELBREROD
EDTHY, ZOMAIL LDERERITEMRPHES IO RELFLELTVREZELLN TS, TORY, O
ELaFEMBATIZEE. Py havr0d ) ABLUCT O F LRI TR REEE =R, &6, g
TP LRILERICESE L AL e b 2BYvD 77 2 ) —2RAETHZ LR TEBRD, AMEORERIL,
Lo R AR OBAERFIHLUTREREREEODERL RN VAR I X I L ABGEIRE~DEE
WHIRN S Z LRI TE S,

ZHBOEEEII. VY Pu T BT LIRBE L e b T AR R EBRBIPv— I —3BR LI LTS,
RBIP = — A —{X EDFAD LV ha b7 AR 2RO THERTD Z LIEFREEN, LR B be bF AR
% RBIP = — W —ICHWSHIRIL., E0zr—#ogs s, EAOLREFIZHE TS Z L CEBEREHETES 2
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