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1 Adianth Trading Company www.adinathherbs.com

2 All rare herbs www.allrareherbs.com.au

3 Bruno Nebelung GmbH & Co www.nebelung.de

4 Burpee www.burpee.com

5 C N Seeds www.cnseeds.co.uk

6 Carl Sperling & Co www.sperll-samen.de

7 Companion plants www.companionplants.com
8 Crimson sage — Medicinal Plants Nursery WWW.Crimson-sage.com

9 Delley Seeds and Plants WWW.SWissem.ch

10 Digital Raingardens Www.raingardens.com

11 ED HUME www.humeseeds.com

12 Eden Brothers www.edenbrothers.com

13 Eric Schweizer Samen www.schweizerseeds.ch

14 Exotic Plants www.exotic-plants.de

15 Exotic plants and seeds rarities online Www.exoga.de

16 Garden Medicinals and Culinaries www.gardenmedicinals.com
17 Gourmet Seed Company www.gourmetseed.com

18 Harris Seeds Company www.harrisseeds.com

19 Heirloom Organics Company www.non-hybrid-seeds.com
20 Heirloom seeds www.heirloomseeds.com

21 Herbiseed www.herbiseed.com

22 Hild Samen www.hildsamen.de/

23 Horizon Herbs www.horizonherbs.com

24 Horticultural Impex www.ehorticulture.com

25 Ingenoli www.ingenoli.com

26 Jelitto www.jelitto.com

27 JuliWa www.juliwa-hesa.de

28 Kieft Seeds Holland www.kieftseeds.com

29 KPR www.kpr.eu

30 Daehnfeldt www.daehnfeldt.com

31 Medicinal herb plants www.medicinalherbplants.com
32 Medicinal plants and seeds www.samen-online.com

33 Mountain Rose Herbs Company www.mountainroseherbs.com
34 N.L. Chrestensen www.chrestensen.de

35 Nature’s garden seed Company www.nhaturesgardenseed.com
36 Nicky’s nursery Www.nickys-nursery.co.uk
37 Organica Seed Company WwWw.organicaseedco.com
38 Pagano Constantino WWW.paganoconstantino. it
39 Pharmaplant www.pharmaplant.de
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40 Pharmasaat www.pharmasaat.de

41 Plant World Seeds Company www.plant-world-seeds.com
42 Pleasance Herb Seeds www.pleasanceherbs.com.au
43 Richters Herbs www.richters.com

44 Rieger-Hofmann GmbH www.rieger-hofmann.de

45 Rivers Source Botanicals www.riverssourcebotanicals.com
46 S.A.LS www.saissementi.it

47 Saatbau Linz www.saatbaulinz.at

48 Sacred seed www.sacredseed.com

49 Salt Spring Seeds www.saltspringseeds.com
50 Sand mountain herbs www.sandmountainherbs.com
51 Seed Man www.seedman.com

52 Seed Savers Exchange www.seedsavers.org

53 Seed sellers www.seedsellers.com

54 Seeds now www.seedsnow.com

55 Seeds of Change Company www.seedsofchange.com

56 Sementi Dotto www.sementidotto. it

57 Sheffield’s Seed Company www.sheffields.com

58 Silver hill seeds www.silverhillseeds.co.za
59 Suresh Forestry Network www.treeseedsindia.com

60 Tropical Rainforest Medicinal Seeds www.tropilab.com

61 Wild Garden Seed www.wildgardenseed.com
62 ZENO Projekte www.zenoprojekte.at

63 Zorzi Girolamo Sementi Www.zorzisementi.it

64 Zziggysgal High Quality Seeds www.zziggysgal.com
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ABSTRACT

Some regions of the world suffers of drought which affects plant behavior regarding biochemical and
yield responses. This study aimed to estimate the general and specific combining abilities of coriander
(Coriandrum sativum L.) by analyzing its fruit yield, essential oil content (EOC) and fatty oil content (FOC).
To reach this aim, 15 half-diallel hybrids and their six parents, selected for their different response to
water stress in fruit yield, essential oil and fatty oil content were evaluated under well-watered, moderate
water-stressed and sever water-stressed conditions in the field and in glasshouse cultivation systems.
Fruityield in the field (FYF) and glasshouse (FYG), percent of de-hulled fruit, percent of hulls, EOC, essential
oil yield (EQY), de-hulled fruit fatty oil content (DFFOC), hull fatty oil content (HFOC), fatty oil content
(FOC) and fatty oil yield (FOY) were examined. Water treatment (WT), genotype and genotype x WT
effects were significant (P < 0.01) for all measured traits. For FYF, gene action was mostly additive while
dominance was more important for FYG. Genotypes gained different EOC and FOC in different WTs.
Genetic control of the EOC was affected by water stress and the portion of dominance in gene action
increased as water stress progressed leading to completely dominant genetic control of EOC under severe
water stress. For FOC and FOY genetic control was governed by dominant and over dominant gene nature
in all WTs. Parents including P, P4 and Pg were indicated as promising hybrid contributors for high
EOC, DFFOC and FOY. Similar genetic control mechanisms of the EOC, EQY, FOC and FOY suggests that
improvement of essential oil content and fatty oil content could be simultaneously achieved in coriander.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

The development of new crop products for industrial appli-
cations is an area of significant interest both scientifically and
environmentally. While methods are being developed for mod-
ifying the fatty acid content and composition of oils produced
by established crops such as oilseed rape (Brassica napus L.) and
soybeans (Glycine max L.), another approach is to investigate alter-
native species as potential sources of specialist essential and fatty
oils and pharmacological activities. An example of such a crop is
coriander (Coriandrum sativum L.), a member of the Apiaceae fam-
ily (Msaadaetal.,2009a). Coriander leaves can be used as a herb and
the fruits are a source of oils. Coriander fruits produce both fatty
oils and essential oils. The fatty oils and essential oils differ in that
composition and stability. The fatty oils are extracted by pressing or
extraction and the essential oils are extracted by hydrodistillation.

* Corresponding author.
E-mail addresses: dehghanr@modares.ac.ir, dehghanr@modares.ac.ir
(H. Dehghani).
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0926-6690/© 2016 Elsevier B.V. All rights reserved.

In the case of fatty oils, fruit contain 19-21% fatty oil (triglyc-
eride), of which petroselinic acid (C18:1A6) is the main fatty acid
(up to 80%) in the fatty oil (Kleiman and Spencer, 1982). Petroselinic
acid, an isomer of oleic acid, can potentially be used to manufac-
ture of medium chain fatty acids, since it can be split into lauric
(€C12:0) and adipic (C6) acids by oxidative cleavage. Lauric acid is
utilized as a raw material for softeners, emulsifiers, detergents, and
soaps. Adipic acid is used for the manufacture of a wide range of
polymers, including high grade engineering plastics. Methyl esters
of coriander fatty oil have excellent fuel properties as a result of
its unique fatty acid composition. The methyl esters exhibit high
oxidative stability, superior low temperature properties, and lower
iodine value than soybean oil methyl esters (Moser and Vaughn,
2010). Fatty oil composition of coriander fruit has been well char-
acterized by Ramadan and Morsel (2002). The fruit oil extraction
process affects oil yield. The oil content of whole coriander fruit
oil (17.64+0.1%) was reported to be less than de-hulled fruit oil
(37.6 £0.1%). Because, the hulls absorb a considerable amount of
oil (Evangelista et al., 2015).

In the case of essential oils, the fruit contain 0.3-1.2% essen-
tial oil, of which 60-70% is linalool, the compound that gives the
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Callus Growth of Hazel (Corylus
avellana L.)

Received: 7 July 2017 © Mina Salehi!, Ahmad Moieni' & Naser Safaie(®?
Accepted: 1 November 2017 :
Published online: 15 November 2017 Paclitaxel is a powerful antimitotic agent with excellent activity against a range of cancers. Hazel

has been described as a paclitaxel-producing species among angiosperms. Fast-growing callusis a
prerequisite for the success of callus production and then paclitaxel production. Therefore, optimizing
the medium culture for enhancing callus growth is a crucial step for paclitaxel production. In this
research, Murashige and Skoog (1962) (MS) medium was optimized for improving callus growth of hazel
(Corylus avellana L.). The M;, medium (MS medium with pH 6.0 and supplemented with 1000 mg|—?
spirulina powder, 1000 mg |~ casein hydrolysate and 3 gl~* gelrite) significantly improved hazel callus
growth. This modified MS medium increased callus fresh weight (55.8%) as compared to the control.
M,, medium increased fatty acids yield of callus (66.7%) as compared to the control. Liquid M,, medium
maintained growth over a longer period of time and also increased slightly, the paclitaxel production as
compared to the control. This novel medium is promising for facilitating the mass production of hazel
callus as a source of valuable metabolites including paclitaxel, linoleic and oleic acids.

Paclitaxel is a powerful antimitotic agent with excellent activity against a range of cancers'. The major limitation
in the extensive use of this valuable secondary metabolite is its low supply, since Taxus spp. contains very low
amounts of paclitaxel®. Extraction of paclitaxel from this tree has imposed important ecological effects, resulting
in the extinction of Taxus species®. Plant cell suspension culture is considered as the most promising approach to
the production of paclitaxel*. The availability of this drug is still restricted and its cost is very high, mainly due to
the recalcitrant behavior of Taxus spp. under in vitro conditions?. Therefore, the search for alternative sources of
paclitaxel was considered as crucial. In addition to Taxus spp., hazel (Corylus avellana) has also been described
as a paclitaxel-producing species through bioprospection among angiosperms>®. The major advantages of pro-
ducing paclitaxel through hazel cell cultures are that hazel is widely accessible and its in vitro cultivation is easier
than that of yew?’. It is stated that in vitro cultures of C. avellana can become a promising and cheaper source for
paclitaxel production®. Besides the use of the nuts of hazel tree as a source of protein, its leaves are used to relieve
the symptoms of hemorrhoidal and varicose veins’. The kernel and green leaf/flower portions of the hazel tree
have antioxidant activity™. It is found that the consumption of nuts is protective against cardiac morbidity and
mortality!!.

In addition to the use of hazel cell cultures for paclitaxel production, hazel plantlets can be regenerated from
callus tissues by differentiation induced by exogenous growth regulators. Plant regeneration from calli is possible
by somatic embryogenesis or in vitro organogenesis. Meanwhile, infrequent somaclonal variants resulting from
genetic diversity in somatic cells, mutations, chromosome aberrations and environmentally induced epigenetic
changes can be isolated by plant regeneration of callus!2.

Fast-growing callus is a key prerequisite for the success of mass callus production and then paclitaxel produc-
tion, plant regeneration and transformation. Therefore, optimizing the culture medium for improvement of callus
growth is a crucial step in mass callus production. For study of in vitro production of metabolites, in addition to
a suitable protocol for callus induction, obtaining large amounts of callus biomass is a prerequisite’®. Also, setup
of fast-growing in vitro cultures is an important stage for producing secondary metabolites from the plant cell
cultures'. One of the key problems in commercial production of secondary metabolites by plant cell cultures
is slow growth of plant cells. The large-scale culture of low-growing cells is expensive and also basic laboratory

!Department of Plant Breeding and Biotechnology, Faculty of Agriculture, Tarbiat Modares University, Tehran,
P.O. Box: 14115-336, Iran. 2Department of Plant Pathology, Faculty of Agriculture, Tarbiat Modares University,
Tehran, P.O. Box: 14115-336, Iran. Correspondence and requests for materials should be addressed to A.M. (email:
moieni_a@modares.ac.ir)

SCIENTIFICREPORTS | 7: 15598 | DOI:10.1038/s41598-017-15703-z 1


http://orcid.org/0000-0001-6065-7010
mailto:moieni_a@modares.ac.ir

'," frontiers
in Plant Science

ORIGINAL RESEARCH
published: 20 April 2017
doi: 10.3389/fpls.2017.00568

OPEN ACCESS

Edited by:
Erik Harry Murchie,
University of Nottingham, UK

Reviewed by:

Juliana S. Medeiros,

The Holden Arboretum, USA
Dennis H. Greer,

Charles Sturt University, Australia

*Correspondence:
Hamid Dehghani
dehghanr@modares.ac.ir

Specialty section:

This article was submitted to
Plant Abiotic Stress,

a section of the journal
Frontiers in Plant Science

Received: 09 January 2017
Accepted: 29 March 2017
Published: 20 April 2017

Citation:

Khodadadi M, Dehghani H and

Jalali Javaran M (2017) Quantitative
Genetic Analysis Reveals Potential to
Genetically Improve Fruit Yield and
Drought Resistance Simultaneously in
Coriander. Front. Plant Sci. 8:568.
doi: 10.3389/fpls.2017.00568

Check for
updates

Quantitative Genetic Analysis
Reveals Potential to Genetically
Improve Fruit Yield and Drought
Resistance Simultaneously in
Coriander

Mostafa Khodadadi', Hamid Dehghani' and Mokhtar Jalali Javaran?

" Plant Breeding Department, Faculty of Agriculture, Tarbiat Modares University, Tehran, Iran,  Biotechnology Department,
Faculty of Agriculture, Tarbiat Modares University, Tehran, Iran

Enhancing water use efficiency of coriander (Coriandrum sativum L.) is a major focus
for coriander breeding to cope with drought stress. The purpose of this study was; (a)
to identify the predominant mechanism(s) of drought resistance in coriander and (b) to
evaluate the genetic control mechanism(s) of traits associated with drought resistance
and higher fruit yield. To reach this purpose, 15 half-diallel hybrids of coriander and their
six parents were evaluated under well-watered and water deficit stressed (WDS) in both
glasshouse lysimetric and field conditions. The parents were selected for their different
response to water deficit stress following preliminary experiments. Results revealed that
the genetic control mechanism of fruit yield is complex, variable and highly affected by
environment. The mode of inheritance and nature of gene action for percent assimilate
partitioned to fruits were similar to those for flowering time in both well-watered and
WDS conditions. A significant negative genetic linkage was found between fruit yield
and percent assimilate partitioned to root, percent assimilate partitioned to shoot, root
number, root diameter, root dry mass, root volume, and early flowering. Thus, to improve
fruit yield under water deficit stress, selection of low values of these traits could be
used. In contrast, a significant positive genetic linkage between fruit yield and percent
assimilate partitioned to fruits, leaf relative water content and chlorophyll content indicate
selection for high values of these traits. These secondary or surrogate traits could be
selected during early segregating generations. The early ripening parent (P1; TN-59-230)
contained effective genes involved in preferred percent assimilate partitioning to fruit and
drought stress resistance. In conclusion, genetic improvement of fruit yield and drought
resistance could be simultaneously gained in coriander when breeding for drought
resistance.

Keywords: assimilate, coriander, drought escape, gene action, root, transpiration, water deficit stress
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Artemisinin, a sesquiterpene lactone produced by some Artemisia species, is an efficacious anti-malarial drug,
effective against cancer, hepatitis, and schistosomiasis. A. annua is a main source of artemisinin while other
Artemisia species produce less artemisinin content. The aim of the current study was to identify the limiting
factor of artemisinin biosynthesis in studied Artemisia species, compared to A. annua. The specialized 10-celled
biseriate glandular trichomes on the leaves, stems, and inflorescences of some Artemisia species are as a site of
artemisinin synthesis. The leaves of five Artemisia species, having different artemisinin contents were assessed in
terms of the glandular trichomes density, and area per leaf, and the expression of artemisinin biosynthesis genes
and two genes (Aa-TTG1 and Aa-TFAR1) involved in trichome formation. This study identified one novel plant
sources of artemisinin (A. deserti, 5.30 mg g~ ' DW) that statistically performed as well as A. annua of Iran
(6.27 mg g~ ' DW), but inferior to A. annua cv. Anamed (14.50 mg g~ DW) at the flowering stage. A. deserti had
the highest trichome area per leaf area accompanied with a high expression of Aa-ADS, Aa-AIDHI, Aa-
CYP71AV1, Aa-TTG1, and Aa-TFARI genes. A. persica with low artemisinin content had a high density of
glandular trichome, high expression of TTG1 and TFAR1, but low expression of artemisinin biosynthetic genes.
A. khorassanica with no artemisinin content had a very low density of glandular trichome and gene expression.
The artemisinin content of A. deserti is significantly as same as A. annua of Iran and inferior to A. annua cv.
Anamed despite having the highest glandular trichome area per leaf, and high relative expression of Aa-ADS, Aa-
ALDH1, Aa-CYP71AV1, Aa-TTG1, and Aa-TFAR1. We suggest that it is related to the preferential oxidation of
artemisinic aldehyde to artemisinic acid than the reduction of the artemisinic aldehyde to dihydroartemisinic
aldehyde, due to the very high expression of Aa-ALDH1 and Aa-CYP71AV1, and the low expression of Aa-DBR2.
It is possible to develop high artemisinin producer plant by overexpression of Aa-DBR2 in A. deserti. It is con-
cluded that there is a relationship between the enhancement of artemisinin content and increased expression of
some genes.

1. Introduction

Malaria is a global health problem which is the main reason of
disease and death in humans for over a century (Xiao et al., 2016;
Muangphrom et al., 2016). Artemisinin, a sesquiterpene lactone, an
efficacious anti-malarial drug and effective against a number of cancers
and viral diseases (Efferth et al., 2009), is produced by some Artemisia
species (Duke et al., 1994; Willcox et al., 2004; Arab et al., 2006; Hsu,
2006; Zia et al., 2007; Mannan et al., 2010; Ranjbar et al., 2015). Tu
was awarded her Nobel Prize in Physiology or Medicine in 2015 for the

discovery of this effective antimalarial compound as a head of a sci-
entific group in 1967-1969. Artemisia L. is a genus of small herbs and
shrubs, belonging to an important family Asteraceae. It has over 500
species which are mainly found in Asia, Europe, and North America
(Bora and Sharma, 2011) and Iran has 35 species of the genus (Abad
et al., 2012). Artemisia species inhabit in all provinces of Iran, some of
those are limited to the special area (Naghavi et al., 2014), and there-
fore the science of sesquiterpene biosynthesis in Artemisia species is
substantial for natural products research in the near future. In Flora
Iranica, Podlech, (1986) classified Artemisia genus into three subgenera,

* Corresponding author at: Department of Plant Breeding, Faculty of Agriculture, Tarbiat Modares University, P. O. Box 14115-336, Tehran, Iran.
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Abstract

Objective To develop a deliberately engineered
expression and purification system for an active
chimeric-recombinant tissue plasminogen activator
(crtPA) using co-expression with polyhydroxybu-
tyrate (PHB) operon genes.

Results  Fusion of crtPA with PhaC-synthase simpli-
fied the purification steps through crtPA sedimentation
with PHB particles. Moreover, the covalently immo-
bilized crtPA was biologically active as shown in a
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chromogenic assay. Upon WELQut-protease activity,
the released single-chain crtPA converted to the two-
chain form which produced a pattern of bands with
approx. MW of 32 and 11 kDa in addition to the full
length crtPA.

Conclusion Fusion of crtPA with PhaC-synthase not
only simplifies purification from the bacterial host
lysate, but also co-expression of PHB operon genes
creates an oxidative environment, thereby reducing
the inclusion body formation possibility. The isolated
crtPA-PHB granules exhibited crtPA serine protease
activity. Thus, fusion with the PhaC protein could be
used as a scaffold for covalent displaying of functional
disulfide-rich proteins.

Keywords PhaC-synthase - Polyhydroxybutyrate -
Tissue plasminogen activator - WELQut protease

Introduction

Acute ischemic stroke-related blood clots can be
treated with recombinant tissue plasminogen activator
(rtPA) (Zivin 2009). Considerable efforts have been
undertaken for improvement of tPA expression in a
reductive environment. These include removal of both
cytoplasmic redox balancing systems (Bessette et al.
1999), targeting the protein to the periplasmic space
(Obukowicz et al. 1990) or co-expression of tPA with
disulfide bond (Dsb) proteins to help its folding

@ Springer
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Drought is a worldwide problem seriously influencing production of agricultural plants such as coriander,
but development of tolerant genotypes is inhibited by a lack of effective selection criteria. The objective of
this study was to interpret the relationship between fruit yield and related traits in coriander to evaluate
genotype by trait interaction by considering genotype x irrigation interaction. According to this aim, 16
Iranian endemic coriander genotypes were grown in a glasshouse under well watered (WW) and water
stressed (WS) conditions. Structural equation modeling (SEM) was used, based on genotypic correlation

Ié?r/ :/:ﬁ;desr coefficients and genotypic variance estimates obtained from combined analysis of WW and WS conditions
Genotypic correlation and genotype-trait (GT) biplot analysis. Applying both types of analyze to the multiple trait data revealed
GT-Biplot that SEM and DC+YPr data based GT biplot results are similar. The GT biplot graphically displayed the

interrelationships among traits and facilitated visual comparison of genotypes for selection. Predictors
in the causal diagram could explain 70.8%, 80.9%, 100% and 41.7% of the total variation in fruit weight
per plant (FWPP), fruit number per plant (FNPP), day to end of flowering (DTEOF) and umbel number
per plant (UNPP), respectively. Also, the GT biplots explained 81.2% for WW data, 74% for WS data and
79.7% for DC+YPr data. It was found that selection for high SPAD chlorophyll content in the grain filling
stage (SCCIGFS), UNPP, FNPP and branch number per plant (BNPP), and low shoot dry weight per plant
(SDWPP) and DTEOF should be considered as priorities in breeding programs for coriander aiming for
more productive and drought tolerant genotypes. Furthermore, G13 (TN-59-353) can be used as a drought
tolerance donor in breeding programs.

Structural equation modeling

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Coriander (Coriandrum sativum L.) is an annual herb that belongs
to the Apiaceae family and is a diploid cross pollinated crop
(Diederichsen, 1996). It displays broad adaptation as a crop around
the world, growing well under many different types of soil and
weather conditions even at extreme latitudes and elevations.
Coriander has long been cultivated in the Mediterranean region,
southern Europe, Asia Minor and the Caucasus (Lopez et al., 2008).
Coriander is commonly used in domestic remedies for reducing
fever and promoting a feeling of coolness. Also, dry coriander has
been used in treating diarrhea and chronic dysentery (Tomar et al.,
2014). Essential oil obtained from seeds of coriander possesses
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http://dx.doi.org/10.1016/j.scienta.2016.01.003
0304-4238/© 2016 Elsevier B.V. All rights reserved.

fungicidal and bactericidal activity which is used in aromatherapy,
perfumery, soap making and as a food flavoring (Pareek et al.,2011).

The predicted worldwide increase in arid areas and water stress
episodes will strongly affect crop production (Erice et al., 2011).
Therefore, identification of genotypes that have a better ability to
use limited available water is important to enhance crop produc-
tivity in the semi-arid tropics (Hamidou et al., 2012). The response
in adaptation to water-limited environments to direct selection for
seed yield may be unpredictable, unless there is good control of
environmental variation. Plant breeders are rarely interested in a
single trait in isolation, therefore, they need to examine the rela-
tionships among various traits, such as between seed yield and
other traits (Hui et al., 2008; Leal-Bertioli et al., 2012). For exam-
ple, leaf greenness has been used as an indirect selection trait for
drought tolerance in potato (Rolando et al., 2014), sorghum (Borrell
et al., 2000) and wheat (Christopher et al., 2008, 2014). Selection
strategies based on, several statistical techniques including corre-
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