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Abstract
The genus Onobrychis is a plant genus comprising many important forage species cultivated in different regions of the 
world, particularly for their good forage quality, drought resistance, and contribution to sustainable agriculture. This re-
view summarizes general information about the biological characteristics, economic importance, and taxonomic stru-
cture of the genus by combining different approaches. First, the growth conditions and phenology of Onobrychis spe-
cies are discussed. Morphological characteristics commonly used to identify and separate species are examined, along 
with recent changes in the genus’s classification and newly added species. Cytogenetic studies, such as chromosome 
number, karyotype analysis, and genome size differences, are presented to illustrate how they aid in understanding the 
relationships among species. The use of other tools, including DNA markers and phylogenetic analyses, is also desc-
ribed, particularly in addressing taxonomic problems where morphology alone is insufficient. Recent advances in geno-
mic techniques are also discussed, as they provide more detailed information about genetic diversity and support more 
accurate taxonomic decisions. Overall, this review brings together information from morphology, cytogenetics, mo-
lecular biology, and genomics to provide an up-to-date overview of the genus Onobrychis. The aim is to provide a cle-
ar and useful overview for researchers studying this group and those interested in its agricultural and economic value.
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Introduction

Fabaceae (Leguminosea) forage crops are a group of 
plants of great importance worldwide in terms of the 
sustainability of animal production, the preservation of 
soil fertility, and the reduction of environmental impacts 
1. These plants are essential components of agricultural 
systems due to their high protein content, their ability to 
enrich the soil through biological nitrogen fixation, and 
their adaptability to diverse ecological conditions. The-
refore, the genus Onobrychis is an important forage crop 
genus due to its high forage quality, drought resistance, 
and soil-fertility enhancing properties 1. The genus has a 
wide geographical distribution and is scientifically signi-
ficant due to its species diversity, morphological variabi-
lity, and complex taxonomic structure. In recent years, 
many studies have been conducted to determine the re-
lationships between Onobrychis species using classical 
morphological approaches as well as cytogenetic, mole-
cular, and genomic methods. These developments have 
not only contributed to a clearer delineation of species 
boundaries but have also made it possible to more accu-
rately assess the evolutionary history, genetic diversity, 
and agricultural potential of the genus. Therefore, brin-
ging together information obtained at different levels 
necessitates a holistic approach to the genus.

This review aims to present the current literature on the 
characteristics, economic importance, and taxonomic 
approaches of the Onobrychis genus. By considering 
morphological, cytogenetic, molecular, and genomic 
data together, the goal is to contribute to a better un-
derstanding of the genus’s systematic structure. Thus, 
the aim is to create a comprehensive and up-to-date 
reference source for both researchers working in this 
field and stakeholders interested in the genus from an 
agricultural and economic perspective.

Genus Onobrychis

Leguminosea or Fabaceae, which is among the flowe-
ring plant families in the world, is the third largest plant 
group with 19.400 species and about 730 genera are 
included in this group. The cultivation of the Fabacea 
family, which has an important place in providing the 
energy, protein and minerals needed by humans and 
animals, dates back to ancient times 1. Therefore Faba-
ceae family is an economically and medically important 
plant family 2. Commonly known as the pea family, Fa-
baceae are generally characterized by compound leaves 
and the production of fruits known as legumes 3. The 
Fabaceae family consists of subfamilies Papilionoideae, 
Mimosoideae and Caesalpinioideae found in temperate 
and tropical climates. Fabaceae are characterized with 
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trees, shrubs, vines, or herbs, with stipulate, often com-
pound leaves and typically pentamerous flowers, usu-
ally with a single, unicarpellous pistil with marginal pla-
centation and the fruit a legume 4. The leaves are usually 
compound, sometimes simple. Flowering is variable but 
typically bracteate. Flowers are usually bisexual, someti-
mes unisexual, actinomorphic, or zygomorphic, petiola-
te or sessile, hypogynous or periginous. The fruit is a le-
gume, sometimes divided into non-separating, winged, 
drupelike or transverse segments 4. Family members 
show great differences in terms of these characteristic 
features 5. The roots of members of the Fabaceae family 
have a symbiotic relationship with nitrogen-fixing bac-
teria that induce the formation of root nodules. Beside 
have an important place in agriculture with their ability 
to make nitrogen in the air usable by plants, thanks to 
the symbiosis they perform with the help of Rhizobium 
bacteria 1.

The first information about the genus Onobrychis star-
ted when Linneus (1753) included the species belonging 
to the genus Onobrychis in the genus Hedysarum in his 
work called Species Plantarum 6. Miller was the first per-
son to name this genus by collecting Onobrychis species 
under the genus Onobrychis 5. Then, many species and 
studies were carried out in the genus Onobrychis by dif-
ferent researchers 6. Taxonomically, Onobrychis Miller 
is a genus in the Dicoytledonae (dicotyledons) class of 
Angiospermae (angiosperms) in the plant kingdom, and 
in the Papilionoidae subfamily of the Fabaceae (Legumi-
nosae, Legume) family of the order Rosales. Onobrychis 
is a genus belonging to the family Fabaceae and the tri-
be Hedysareae, common in temperate regions of North 
America, Europe, and the Middle East 7. Onobrychis is 
one of the most difficult genera in the Fabaceae family 
to diagnose and characterize 8. In the literature, studies 
have been carried out on a small number of species, 
using a limited number of characters for the identificati-
on and separation of parts of the genus Onobrychis. Ge-
nerally morphological and cytogenetic characters such 
as annual or perennial species, chromosome number 
and size, flower color, number of ovules, pod color, and 
flower and pod shape have been focused on for Onobr-
ychis genus 8. The Onobrychis family is a genus that has 
problems in collecting material. This difficulty is due to 
the fact that the flower color fades and changes during 
the herbarium formation of the genus, and the flowers 
and fruits fall off easily after drying 6. In addition, the 
inadequacy of the species identification keys of the ge-
nus Onobrychis appears as another problem and causes 
differences in species studies 5.

Taxonomically, Onobrychis is a critical genus. The taxo-
nomy of Onobrychis is not completely determined, with 
contradictory schemes for its internal structure and spe-
cies content 9. This genus has high polymorphism in its 
morphological characters, so the boundaries of some 
taxonomic species are very clear. For this reason, many 
studies performed regarding its taxonomy based on 
morphological, cytological features and the compounds 
it contains. Researchers have suggested different clas-
sification according to fruit morphology, chromosome 
number and flower color. Furthermore several biosyste-
matics studies ranging from non-molecular data to DNA 
sequences have been carried out on Onobrychis genus 
10. Širjaev (1925) presented a classification for Onobryc-

his genus based on floral characteristics and the study 
is still accepted by many researchers. In that study, the 
genus consists of two subgenera, Onobrychis and Sisy-
rosema. Subgenus Onobrychis includes four sections 
Dendrobrychis DC, Lophobrychis, Onobrychis, and Hemi-
cyclobrychis while the subgenus Sisyrosema comprises 
four sections Anthyllium, Afghanicae, Heliobrychis, Hy-
menobrychis (Table 1) 11. Rechinger (1984) reclassified 
the two subgenera into four and five sections, namely 
Onobrychis, Dendrobrychis DC., Lophobrychis Hand.-
Mazz., Laxiflorae (Širj.) Rech.f., Anthyllium Nábĕlek, Afg-
hanicae Širj., Heliobrychis Bunge ex Boiss., Hymenobryc-
his DC. and Insignes (Širj.) Rech.f., respectively 12. Širjaev 
(1925) divided the genus into two subgenera, Onobryc-
his as EuOnobrychis (Bunge ex Boiss.) Širj. and Sisyrose-
ma (Bunge ex Boiss.) Širj. each with four sections based 
on floral characteristics. However, the sectional positi-
ons of O. splendida Rech.f. & Podlech and O. freitagii 
Rech.f. have remained hitherto uncertain 10.

A karyological study found that unlike Onobrychis sub-
genus, Sisyrosema subgenus is monophyletic 13. About 
with 30 species Heliobrychis is one of the richest parts 
of Onobrychis in terms of species, which includes pe-
rennial species found in Iran, Turkiye and Caucasia 14. 
21 Onobrychis species found in Iran are included in the 
Sisyrosema subgenus class 15. The flowers of Onobryc-
his subgenus are commonly pink, rarely cream or whi-
te. The flowers of the Sisyrosemae subgenus are com-
monly yellow, rarely cream or white. Onobrychis genus 
has included perennial or annual members. The exact 
number of Onobrychis species is not known. The center 
of Onobrychis diversity is western Asia and the eastern 
Mediterranean regions, with about 130 species of this 
species mostly found in temperate regions 16. According 
to the classification of Onobrychis developed by Širjaev 
(1925), it is accepted that there were originally 126 spe-
cies of this genus 11. The Onobrychis genus is represen-
ted throughout the world with 162 species and in Tur-
kiye there are 52 species 60 taxon.  27 of these species 
found in Turkiye are endemic. Onobrychis is especially 
concentrated and diversified in the Anatolian-Iran-Cau-
casus triangle. In these regions, there are 53 species in 
Iran, 52 species in Turkiye and 39 species in the Cauca-
sus 5. There are also 62 species of Onobrychis in Russia, 
17 species in Afghanistan, nine in Turkmenistan, nine in 
Tajikistan and 14 species in Iraq 17. Approximately 173 
species are existed by the International Legume Data-
base and Information Service 18. Yildiz et al. (1999) in 
study conducted according to fruit morphology, it was 
determined that there are 170 species, eight sections 
and two subgenera of Onobrychis genus 8. Another 
study reported that Onobrychis Mill. genus Hedysare-
ae (Fabaceae) is the second largest genus of the tribe 
and has more than 173 annual or perennial species 19,20. 
In another study, 342 perennial and annual species of 
Onobrychis were indicated 21. In the Healthy Hay project, 
which is the European Union Legum Forage Crops Rese-
arch Project, carried out in 2012, 362 different sainfoin 
species were identified across Europe 22.

Economic importance of member of Onobrychis and 
sainfoin

Genus Onobrychis has a large number of species. Agri-
culturally important Onobrychis species are O. viciifolia 
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Table 1. Taxonom
ic classification of the genus O

nobrychis 10rpl32/rpl32-trnL(UAG.

Širjaev (1925, 1926)
Boisser (1872)

Tow
nsend (1974)

Rechinger (1984)
Aktoklu (1995)

Present study

Subgenus EuO
nobrychis (Bunge ex Boiss.) Širj.

EuO
nobrychis Bunge

Subgenus O
nobrychis

Subgenus O
nobrychis

Subgenus O
nobrychis

Subgenus O
nobrychis

Sect. Eubrychis DC. (including subsects. M
acropterae Hand.-

M
azz., 

M
acrosem

iae 
Hand.-M

azz., 
Brachysem

iae 
Hand.-

M
azz., albae Hand.-M

azz., Hispanicae Širj. and Vulgatae 
Hand.-M

azz.)

Sect. O
nobrychis

Sect. O
nobrychis

Sect. O
nobrychis

Sect. O
nobrychis

Sect. Dendrobrychis DC. (including sers. Dielsianae Širj. and 
Litvinovianae Širj.)

Sect. Dendrobrychis DC.
Sect. Dendrobrychis DC.

Sect. 
Dendrobrychis 

DC.

Sect. Lophobrychis Hand.-M
azz. (including subsects. O

cci-
dentales Širj. and O

rientales Širj.)
Sect. Lophobrychis Hand.-
M

azz.
Sect. Lophobrychis Hand.-
M

azz.
Sect. 

Lophobrychis 
Hand.-M

azz.

Sect. Hem
icyclobrychis Širj.	

Sect. Hem
icyclobrychis Širj.

Sect. Laxiflorae (Širj.) Re-
ch.f.

Subgenus Sisyrosem
a (Bunge ex Boiss.) Širj.

Sisyrosem
a Bunge

Subgenus 
Sisyrosem

a 
(Bunge ex Boiss.) Širj.

Subgenus 
Sisyrosem

a 
(Bunge) Grossha

Subgenus Sisyrosem
a 

(Bunge) Grossha
Subgenus Sisyrosem

a (Bunge 
ex Boiss.) Širj.

Sect. Afghanicae Širj.		


Sect. Afghanicae Širj.
Sect. Heliobrychis

Sect. Afghanicae Širj.

Sect. Anthyllium
 N

ábĕlek (including subsects. Fedtschenkoa-
nae Širj., Lipskyanae Širj., M

irae Širj. and N
ábĕlekianae Širj.)

Sect. Anthyllium
 N

ábĕlek
Sect. Anthyllium

 N
ábĕlek

Sect. Hym
enobrychis

Sect. Lipskyanae (Širj.) Am
i-

rah. &
 Kaz. O

saloo

Sect. Heliobrychis Bunge (including subsects. Szovitsianae 
Širj., Boissierianae Širj. and Persicae Širj.)

Sect. Heliobrychis (Bunge 
ex Boiss.) Širj.

Sect. Heliobrychis Bunge 
ex Boiss.

Sect. Heliobrychis (Bunge ex 
Boiss.) Širj.

Sect. Hym
enobrychis DC. (including subsects. Insignes Širj., 

M
odestae Širj., Pulcherrim

ae Širj. and Laxiflorae Širj.)
Sect. Hym

enobrychis DC.
Sect. Hym

enobrychis DC.
Sect. Hym

enobrychis DC.

Sect. Insignes (Širj.) Re-
ch.f.

Sect. Insignes (Širj.) Rech.f.

Sect. Laxiflorae (Širj.) Rech.f.

Sect. Litvinovianae (Širj.) Am
i-

rah. &
 Kaz. O

saloo

***DC. : De Candolle, Hand.-M
azz. : Handel-M

azzetti
, Širj. : Širjaev, Boiss. : Boissier, Rech.F. : Rechinger Filius, Rech. : Rechinger, Grossh. : Grossheim

, Subg.: Subgenus, Sect.: Section, Subsect.: Subse-
ction, Ser. : Series, Incl.:Including 
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(Common Sainfoin), O. arenaria (Anatolian Sainfoin), O. 
transcaucasia (Caucasian Sainfoin), O. montana D.C., O. 
sativa var. persica (Širjaev pro var.) 23. Among these spe-
cies, O. viciifolia, which is called common sainfoin and is 
widely cultivated around the world 24. Onobrychis is an 
important forage legume crop with perennial and annu-
al growing habbit 7.

The history of sainfoin as a forage extends for centuries 
in Europe and the Middle East, with reports of its use as 
early as the 1500s. The initial reported scientific trials 
about sainfoin in the UK were conducted as early as 1668 
25. Sainfoin was widely grown in Euroasia before the wi-
despread use of commercial fertilizers 7 and production 
spread to North America in the 19th and 20th centuries. 
It is a very tasty and nutritious legume fodder plant that 
produces hay and pasture 26. Studies show that sainfoin 
has anthelmintic properties, methane control potential 
from ruminants, and protein protection ability against 
premature deterioration in the rumen when used as 
a fodder in the diet of ruminants owing to the tannin 
compound it contains 27. The plant is resistant to drou-
ght, cold and low nutrient availability but is not resistant 
high soil salinity and high water tables 26. Sainfoin is an 
important component in sustainable agriculture due to 
the ability to convert atmospheric nitrogen into bioa-
vailable compounds, which reduce the dependency to 
regular input of inorganic nitrogen 9.

The genus Onobrychis, which grows naturally in Anato-
lia, consists of two subgenera, Onobrychis and Sisyrose-
ma. Onobrychis subgenus divided into 3 different sec-
tions as Dendobrychis, Laphobrychis and Onobrychis 5. 
Approximately 70 Onobrychis species naturally grow in 
Turkiye as the country is situated on the natural distri-
bution range of the genus and is one of the centers of 
genetic diversity 28. Sainfoin is also known as görüngen 
or korunga in Turkiye 29. Sainfoin is defined as the king 
of forage crops in Turkiye due to its superior agricultu-
ral characteristics, high yield and quality feed that can 
adapt to different ecological regions of Turkiye 30. Sain-
foin has a large cultivation area, especially in the Eastern 
provinces of our country, and also found in many places 
in Central Anatolia 29. Unlike alfalfa and some other le-
gumes, sainfoin does not cause bloat in animals owing 
to the concentrated tannins 31.

Since 1990, the production of sainfoin has an increasing 
momentum in Turkiye. According to TÜİK data, sainfoin 
cultivation area has fluctuated in recent years. Sainfo-
in cultivation area increased from 957,590 hectares in 
1990 to 1,792,534 hectares in 2020 and 1,814,737 he-
ctares in 2021 32. However, it decreased in subsequent 
years, reaching 1,241,541 hectares in 2024. Similarly, 
sainfoin’s green forage production was determined to 
be 1,781,789 tons in 2020 and 1,468,830 tons in 2024 
33. Because of the high amount of nectar it contains, the 
sainfoin functions as a good bee pasture. It is seen that 
high yield and honey quality are obtained from beehives 
in areas where sainfoin is cultivated 29.

Growth conditions and phenology

The growth stage of the sainfoin is defined as follows: 
seedling emerge (Em), vegetative stage - no stem elon-
gation (V1),  vegetative stage - stem elongation (E1), 
early bud: 1 to 2 nodes with buds; no flowers or seed 

pods (B1), late bud: > 2 nodes with buds; no flowers 
or seed pods (B2), early flowering: one node with one 
open flower; no seed pods (F1), peak/late flowering: >= 
2 nodes with open flower; no seed pods (F2), early seed 
pod: 1 to 3 nodes with green seed pods (P1), late seed 
pod: > 3 nodes with green seed pods (P2), ripe seed 
pod: nodes with mostly brown mature seed pods (P3), 
postharvest: after harvesting all seeds, fruit, or forage 
(PH1), dormant winter period (DO) 34.

Onobrychis species, which are highly resistant to drou-
ght and cold, can also be cultivated in barren and cal-
careous areas where other crop species cannot be cul-
tivated as it is adapted to high temperature, rainfall, 
drought, salinity, diseases and pests 35,36. Onobrychis can 
be planted in spring in areas with harsh winters, and in 
autumn in regions with mild winters 1.

Sainfoin has many hollow stems which arise from ba-
sal buds to form a branched crown 9. Pink, white, yel-
low or purple flowers of Onobrychis are highly attrac-
tive to pollinators. Sainfoin is an allagomous plant, and 
the female organ is longer than male organ. Sainfoin is 
generally cross-pollinated, mostly by honey bees (Apis 
mellifera L.) and leaf cutting bees (Megachile rotunda-
ta Fabricius.) 7. In addition, bumble bees (Bombus spp.) 
are also frequent visitors to sainfoin fields. Bombus spp. 
generally visit the sainfoin between morning and noon 
because there is not much wind, and flowers are ready 
for pollinators.  Pollination success is relatively high in 
sainfoin. The duration between the opening of the first 
flower and the withering of the terminal flowers on a 
raceme is about 2-3 weeks. Sainfoin produces single-se-
eded indehiscent brown colored pods. Seed color varies 
from olive to brown or black. The seeds are kidney-sha-
ped, with a smooth surface 37. Onobrychis species have a 
deep taproot and in addition to this taproot, it has thick 
and many thin roots that come out sideways. The len-
gth of this pile root can reach 1-10 m depths, depending 
on the soil and climatic conditions where the sainfoin 
grows. Thanks to its deep roots, it aerates the soil and 
uses the nutrients and water from the depths 28. There 
are less minerals such as calcium and sodium in sainfoin 
compared to other legumes. However, it has been de-
termined that it is rich in phosphorus, magnesium and 
potassium 38,39.

Fruit set depends upon the species and variety, but it 
can be correlated with the suitability and adaptability of 
its environment. The flowers open gradually over 24-h 
especially between night and sunrise 23,40,41. 

Morphology

The genus Onobrychis consists of annual or perennial 
(most of the species are perennial) herbaceous species 
and a small number of spiny-radius species. The stem, 
which is ligneous or buttress in the lower parts, can be 
hairy or hairless. The stipules, which can be seen as free 
or compound, are usually membranous and have hairy 
edges. The leaflets are whole-edged, round to oblong 
in shape, and the apex ends with a hard tip. The leaf-
lets are attached to the leaf axis at the base by a long 
stalk, and at the upper parts by a short stalk, and are 
rarely sessile. The inflorescence is axial and panicle. The 
calyx is bell-shaped, the teeth are unequal and usually 
lanceolate. Petals of flower can be yellow, pink, white, 
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cream or mauve and have dark veins. Flag leaf has an el-
liptic structure and in some species the back is hairy. The 
paddles are generally shorter than the sepals, with auri-
culares and scapus. The boat is shorter than or equal to 
the flag leaf. The ovary has 1-3 ovules. Male organs are 
in diadelphous structure. The fruit is nearly round, does 
not open when dry and contains 1-2 seeds. It is soft ha-
iry or hairless. Seeds are kidney or oblong shaped 5. 

Onobrychis is closely related to Hedysarum, but the fru-
it always consists of only one segment and the ovary 
has 1-2 egg cell, and the crown of Onobrychis species is 
standard and shorter than the tip 42. Hedge (1970) defi-
ned the characteristic features of sections of subgene-
ra as follows: Characteristics of Onobrychis subgenera, 
Dendobrychis section: plant semi-bush, spiny, perennial 
42. Characteristics of Onobrychis subgenera, Lophobryc-
his section: annual herbaceous. Onobrychis subgenera, 
Onobrychis section, characteristic features are perennial 
herbs, fruit has no distinct junction and stem. Charac-
teristics of section Sisyrosema subgenera, Heliobrychis: 
rarely annual, usually perennial herbs. Characteristics of 
the section Sisyrosema subgenera, Hymenobrychis: her-
baceous perennials 42.

Sainfoin (Onobrychis viciifolia) axillary tillers possess inf-
lorescences in an erect raceme, which contains approxi-
mately 70-80 flowers. The flowers have a pleasant scent. 
The sainfoin fruit is a semicircular, small flat pod with a 
single seed. The fruit pericarp surrounds the seed. The 
pericarps of the fruits are net-shaped, veined and form 
a protrusion on the semicircular edges 39. The top of the 
fruit is veined in the form of a net and the semicircular 
edge is thorny in the form of a protrusion 28. Fruit struc-
ture consists of bristly hairy or glabrous, rarely fine soft 
hairy, woolly or coarse hairy structure, two rows in the 
middle, honeycomb-like surface disc and margins of var-
ying width 5. Sainfoin is a deep-rooted perennial legume 
with erect or sub-erect hollow stems growing up to a 
height of 100 cm. It has a deep tap root system with few 
main branches and numerous fine lateral roots, which 
provide sites for root nodule development. Leaves are 
pinnately compounded with 5-14 pairs of leaflets and a 
terminal leaflet 37. It can be approximately 100-120 cm 
in length, its surface is slightly hairy and there are 5-30 
leaflets on its leaves. These, too, have a flat structure 
with a length of about 10-25 mm and a width of 3-8 mm 
39. Sainfoin has many hollow stems which arise from ba-
sal buds to form a branched crown 9. Pink, white, yellow 
or purple flowers of sainfoin are highly attractive to pol-
linators 27.

Fruit morphology in the genus Onobrychis varies signifi-
cantly among sections. According to Yildiz et al. (1999), 
in section Dendrobrychis, the fruit is single-segmented, 
sessile, and generally spineless, though spiny varieties 
are rarely observed. The fruit, lacking any differentiation 
between dorsal and ventral surfaces, exhibits a symmet-
rical structure and bears a single seed (uniovulate) in the 
ovary. In section Heliobrychis, the fruit consists of a sing-
le disc with no apex. The fruits are curved and petiolate 
(stipitate), with a smooth stem and stiff hairs (setae) on 
the edges. Large, deep faveoles are arranged irregularly 
or in three or four rows on the fruit surface. The largest 
faveole is located apically and is usually spiny. The fru-
its of this section are densely hairy 8. In section Hyme-

nobrychis, the fruit is curved, broad-apposed, and often 
toothed or spiny. Deeply, large faveoles are arranged in 
two rows at the apex and on the disc, with linear to re-
ctangular faveoles located at the apex. In this section, 
which usually contains two ovules, the ventral suture 
is fully curved, and the fruit tips are fused 8. In Section 
Lophobrychis, the fruit is asymmetrical, with a toothed 
apex and two or three rows of deep, large faveoles on 
the disc. The fruits are sessile and often spiny. In Section 
Onobrychis, the fruit is sessile, erect, or slightly curved, 
and bears spiny or toothed crests on the disc and apex. 
There are no faveoles at the apex, while the disc has two 
regular rows of deep faveoles. The terminal faveole is 
longer than the others and generally spineless. The fruit 
is single-ovulated and has enlarged spines on its edges 
8. Zarrabian et al. grouped fruit types according to their 
morphological characteristics. Type 1 fruits are typical 
of Onobrychis section and are small, round, and slightly 
wrinkled; the oval to spherical seeds show no signifi-
cant textural variation. Type 2 fruits, typical of Sisyro-
sema section, are characterized by long, cylindrical, and 
smooth pods; the seeds are more angular, smooth, and 
generally larger. Type 3 fruits, typical of Lophobrychis 
section, have flat, prominently ridged pods; the seeds 
are large, irregularly shaped, and have distinct surface 
textures. The recently described O. crista-galli type fru-
its are distinguished by long, curved pods bearing ridges 
or spines; the seeds are large and have a rough surface 
43. Another study on Onobrychis fruit morphology repor-
ted that most species are reniform, single-seeded, and 
characterized by lateral curvature. Some species exhi-
bit round or slightly oval fruit shapes, while the edges 
may have spiny or wavy structures. Fruit surfaces may 
be completely smooth and flat, or they may be covered 
with fine hairs. Additionally, some species exhibit promi-
nent veins or bubble-like structures on the fruit surface 
44. 

Cytogenetics

Cytological markers are variations in chromosome num-
bers, band patterns, sizes, shapes, order, and positions. 
These variations reveal differences in euchromatin and 
heterochromatin distributions and can also be used in 
the identification of linkage groups and in physical map-
ping 45.

Most cytological studies in the Onobrychis genus have 
focused on chromosome number and length. Onobr-
ychis species have basic chromosome number of x=7, 
x=8 and in the genus 2n=2x=14, 2n=4x=28, 2n=2x=16, 
2n=4x=32 different chromosome numbers have been 
reported 46. The Onobrychis genus has included diploid, 
tetraploid or octaploid forms but generally Onobrychis 
is diploid or tetraploid. While tetraploid species may be 
autopolyploid or allopolyploid, it is unclear whether the 
inheritance is tetrasomic or disomic 23. This change in 
chromosome number has been thought to be the cau-
se of the evolutionary change in Onobrychis. According 
to some researchers, x=8 is the ancestral chromosome 
number of the genus Onobrychis, and with aneuploidy, 
species with the basic chromosome number x=7 emer-
ged, but according to some researchers, the evolution 
and change in the genus changed the basic chromoso-
me number from x=7 to x=8 is thought to increase 47. 
The genus Onobrychis has chromosomes ranging in len-
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ght from 1.6 µm to 2.6 µm and in metacentric, subme-
tacentric form 46.

O. viciifolia has seven basic chromosomes and includes 
both diploid and tetraploid varieties. O. viciifolia has 
an average length of 3.39 μm of chromosomes 48. The 
scarcity of chromosome markers in Onobrychis, which 
complicates karyotype analysis, poses a problem. To 
overcome this problem, karyotypes were produced for 
comparative analysis by examining the chromosome 
number and the evolution of ribosomal DNA (rDNA) 
loci in 29 Onobrychis species. As a result of the analy-
sis, two different basic chromosome numbers, x=7 and 
x=8, emerged in diploid and tetraploid species. In addi-
tion, it was determined that diploid Onobrychis species 
showed a high polymorphism in the number and locali-
zation of rDNA loci, and similar rDNA loci were present 
in polyploids. Chromosomal pattern analysis of rRNA 
loci in a phylogenetic context resulted in the restructu-
ring of an ancestral 5S rDNA locus and a 35S rDNA locus 
in the interstitial chromosomal position within the ge-
nus, inferring that the ancestral chromosome number 
was x=8, and the presence of diminished dysploidy and 
polyploidization as the main mechanisms of chromoso-
me number evolution 49.

Although the sainfoin is important from an agricultural 
point of view, its basic chromosome and centromere fe-
atures have not been defined yet. Therefore, in order to 
determine the phylogenetic relationship between spe-
cies in sainfoin, there is a need to analyze the centrome-
ric histone CENH3 by performing genome and centro-
mere analysis. In this study, four different CENH3 alleles 
were discovered in the sainfoin genome. The allelic di-
versity of OvCENH3s discovered in the sainfoin supports 
an allotetraploid origin that has not been clarified in the 
sainfoin 50.

Recent additions of species

The genus Onobrychis has a significant species richness 
as that is cross pollinated. However, it is a genus that is 
very difficult to define and determine species 6.  New 
species in Onobrychis have been determined according 
to such as characters: annual or perennial nature of the 
species, adnate or free stipules, ovule number; size, 
proportions, and indumentum of floral parts; and some 
morphological characters of the fruit (such as seed num-
ber, pubescence, with or without setae and spines, pre-
sence or absence of crest, stalked or stalkless fruit, and 
curvation of stalk). However, a limited number of cha-
racters are used in new species identification studies 8. 

Taxonomic relationship determined and defined of 
Onobrychis species found in the northwest Alborz 
Mountain range in Iran with other species that is aimed. 
O. alamutensis has been determined that has different 
characteristics compared to other species and is a new 
species. O. alamutensis, O. verae, O. ptychophylla and 
O. sosnowskyi were found to be more closely related to 
long-winged species. The morphological features of O. 
alamutensis were described as a dorsoventrally flatte-
ned capsule, invertebrate disc, short toothed apex of 
0.2-0.5 mm, and long wings 11 mm long 51.

Compared with Flora of Turkiye, Flora of URSS, Flora of 
Iranica, Flora of Iraq, Flora of Palaestina, and some ge-

neral references, plant samples collected from Kars and 
Malatya were found to be two new species belonging 
to the genus Onobrychis. The sample collected from 
Malatya was named Onobrychis fallax Freyn & Sint. var. 
longifolia Aktoklu var. nova (Sect. Onobrychis), and the 
sample collected from Kars was named Onobrychis at-
ropatana Boiss. var. grandiflora Aktoklu var. nova (Sect. 
Heliobrychis) 5.

Use of morphological traits in the taxonomy of genus

Morphological traits such as the presence and durability 
of sepals, fruit and seed size, shape, flower color, dor-
sal and abdominal ornamentation, wall thickness, pod 
opening, legume seed number play an important role 
in identifying species and revealing taxonomic relations-
hips in Onobrychis genus and are frequently studied in 
studies 52. Morphological traits, particularly those perta-
ining to the flowers, are the main diagnostic characters 
used to distinguish species. However, morphological 
traits have some advantages and disadvantages. So, the 
variability of these characters does not always allow a 
clear distinction to be made 53. Although these traits are 
relatively easy to examine, the effect of location, climate 
and environment, being exposed to epistatic or pleiot-
ropic effects on their formation reduces the reliability of 
the results. In addition, since Onobrychis is a cross-pol-
linated plant, it varies a lot in terms of morphological 
traits 54.

In the classification study performed on 77 species ac-
cording to pollen morphology, 7 species Dendrobrychis, 
5 species Lophobrychis, 14 species Onobrychis, 3 species 
Laxiflorae, 7 species Anthyllium, 3 species Afghanicae, 
3 species Insignes, 21 species Heliobrychis, and 12 spe-
cies Hymenobrychis with two unknown species deter-
mined to be included in the class 12. In the study on pol-
len morphology in Iranian Onobrychis samples, it was 
concluded that the pollen morphology was homogene-
ous and that the pollen morphology could be defined 
by three pollen subtypes in terms of features such as 
pollen size, shape and ornamentation. It was concluded 
that there are some differences between these pollen 
subspecies, but these differences do not cause any 
change in the classification of the species 16. Pollen size 
and morphology of 20 Onobrychis taxa found in Turkiye 
were investigated using both light and scanning electron 
microscopy. In Onobrychis, there is a correlation betwe-
en ploidy level or chromosome number and pollen size 
at the taxon level; An increase in pollen grain size was 
found in species with higher ploidy levels 55. In order to 
determine the level of difference between 5 different 
sainfoin species examined in Heliobrychis section, 27 
morphological characters were examined, and varia-
tion was detected between species in terms of morp-
hological characters. The reason for these variations is 
thought to be the high rate of cross-pollinated of these 
species and their growing in different ecological con-
ditions 54. The taxonomic evaluation of 44 populations 
of 36 Onobrychis taxa belonging to two subspecies and 
six divisions according to their pollen morphology was 
made by electron and light microscopy. Prolate (domi-
nant), perprolate and subprolate classes were determi-
ned according to the polar/equatorial axis length ratio. 
It has been observed that while the pollen grains differ 
according to the taxa in the equatorial view, the contour 
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shapes in the polar view are almost the same for all taxa. 
Three types of exines were found in the studied species: 
reticulated, suprareticula and micro-netted. The obtai-
ned results revealed that the palynological features of 
the genus are relatively homogeneous and have limited 
taxonomic importance 56. The genetic diversity betwe-
en and within species was evaluated by evaluating the 
fruit, seed coat and seed storage protein counts of O. 
arenaria, O. montana, O. viciifolia, O. alba, O. supina 
and O. caput-galli. It was determined that other species 
showed similarity in terms of fruit morphometric chara-
cteristics, but the length, width, thickness and number 
of spines of the fruit of O. caput-galli were higher than 
those of other species. The highest values of seed coat 
thickness were recorded in diploid species and seed co-
ats were determined to be highly variable. As a result of 
the evaluations made by electrophoretic analysis, it has 
been determined that the number and location of sto-
rage proteins vary between and within species 53. In the 
study carried out to determine the species belonging to 
the genus Onobrychis, which grows naturally in Erzurum 
and its environs in Turkiye, and to determine the general 
prevalence, morphological and quality characteristics, 
species samples were collected from different locations 
during the flowering periods of 2007, 2008 and 2009. 
At the end of the study, a total of ten taxa representing 
eight species and two subspecies genotype was found. 
As a result of morphological evaluations, O. atropatana 
has the highest number of leaflets grandiflora, leaflet 
length and width are highest in O. radiata, number of 
main branches in O. hajastana has found. Furthermore 
raw ash ratio is highest in O. stenostachya,  ADF and NDF 
ratio highest in O. cornuta and crude protein content in 
O. stenostachya has found 57.

Use of cytogenetic tools in the taxonomy of genus

Most of the earlier cytological studies in the genus are 
on the chromosome number 58. Chromosome num-
ber, chromosome structure, size and behavior are the 
most widely used cytological characters. Chromosome 
structure and behavior in meiosis have important imp-
lications in explaining the degree of relatedness among 
populations and their evolution. In a karyological study 
within the Onobrychis clade, the subgenus Sisyrosema 
was found to be monophyletic, unlike the Onobrychis 
subgenus 13. Previous nrDNA ITS-based in a study for 
phylogenetic purposes showed that the Onobrychis su-
bgenus was not monophyletic, while the Sisyrosema su-
bgenus were monophyletic 59. Another study suggested 
that neither of these two subgenra were monophyletic 
10. 

The morphological characters and meiotic chromoso-
me numbers of O. viciifolia, O. transcaucasica and O. 
altissima populations in Iran were determined. It was 
stated that all taxa in the study had seven basic chro-
mosome numbers and exhibited regular bivalent mating 
and chromosome separation in meiosis. In the study, it 
was determined that O. viciifolia and O. altissima were 
tetraploid (2n=4x=28), while O. transcaucasica was dip-
loid (2n=2x=14). It was also determined that although 
O. transcaucasica is diploid, it has similar morphology 
with the tetraploid O. transcaucasica and O. altissima 
species 58. Chromosome numbers and morphological 
characteristics of O. caput-galli, O. fallax, O. cappado-

cica, O. aequidentata, O. lasiostachya, O. viciifolia, O. 
oxyodonta, O. hypargyrea species were determined by 
karyological techniques. In the study, it was determined 
that O. cappadocica 2n=16, O. viciifolia 2n= 28 and the 
other species 2n=14 and the karyotypes consisted of 
submedian-centromeric (sm) chromosomes in O. ox-
yodonta and median-centromeric (m) chromosomes in 
other species 60.

In the cytological characterisation study on O. viciifolia 
varieties and related species, the 2C value of sainfoin 
was determined to be approximately 2.5 pg. O. viciifolia 
each chromosome length <5 μm and diploid (2n=2x=14) 
and tetraploid (2n=4x=28) varieties, O. aequidenta-
ta and O. crista-galli. The basic chromosome numbers 
were determined to be eight 48.

Use of moleculer tools in the taxonomy of genus

A considerable amount of work has been performed 
for taxonomic evaluation and delineating of genetic di-
versity in the genus Onobrychis. Molecular markers are 
polymorphisms that exist between the nucleotide sequ-
ences of different individuals. Insertion, deletion, point 
mutations, duplication and translocation are the basis of 
these polymorphisms. An ideal DNA marker type should 
be co-dominant, evenly distributed throughout the ge-
nome, highly reproducible, and capable of detecting hi-
gher levels of polymorphism 45. Many marker systems 
employed in the genus Onobrychis up until now. 

The nuclear internally transcribed spacer region of the 
chloroplast genome and DNA sequences for the trnH-ps-
bA and trnT-trnL intergenic spacers among Onobrychis 
species showed significant genetic diversity between O. 
viciifolia and other Onobrychis species with. Furthermo-
re, a genetic distinction is defined between O. viciifolia 
accessions from western Europe and those from eastern 
Europe and Asia, reflecting a similar division based on 
agronomic properties 9. Genetic diversity characteriza-
tion was performed among a panel of genotypes that 
included a total of 29 O. viciifolia, 40 other accessions 
from sect. Onobrychis, seven from sect. Hymenobrychis 
DC., six from sect. Lophobrychis, and two from sect. He-
liobrychis Bunge ex Boiss. DNA sequences were obtai-
ned for the nuclear internal transcribed spacer region 
and the trnH-psbA and trnT-trnL intergenic spacers of 
the chloroplast genome revealed that there was a clear 
distinction between Heliobrychis and Hymenobrychis, 
and similarities between Lophobrychis and Onobrychis 
were evident 9. In the cytological characterization study 
on O. viciifolia varieties and related species, the 2C va-
lue of sainfoin was determined to be approximately 2.5 
pg. with each chromosome length <5 μm and diploids 
having 2n=2x=14 and tetraploids having 2n=4x=28 ch-
romosomes. O. aequidentata and O. crista-galli were re-
ported to have the basic chromosome numbers of eight 
48. 

Use of genomic tools in the taxonomy of genus

Genomic studies on sainfoin are very few in contrast to 
other forage crops such as alfalfa 61. Researchers gene-
rally prefer polymerase chain reaction (PCR) based mar-
kers in their studies. These methods are Cleaved Ampli-
fied Polymorphic Sequence (CAPS), Amplified Fragment 
Length Polymorphism (AFLP), Simple Sequence Repeats 
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(SSR), Inter Simple Sequence Repeats (ISSR), Sequence 
Characterized Amplified Region (SCAR), Random Amp-
lified Polymorphic DNA (RAPD) and Single Nucleotide 
Polymorphism (SNP) 62. RAPD, AFLP, SSR and ISSR have 
recently been used in genomic studies to determine po-
pulation structure, taxonomic relationship and genetic 
diversity in sainfoin 61. 

The intensity of population genomic studies on the 
genus Onobrychis has lagged behind other cultiva-
ted plants with high economic values. The first reason 
for this situation can be attributed to the fact that the 
number of researchers working on the Onobrychis ge-
nus is much less than other crops and the low interest 
of private companies in crops that do not need to be 
planted every year. Another reason is the scarcity of 
early genomics tools available for population genomic 
studies. Many molecular applications have restricted its 
use in population genomic studies, where the discovery 
and use of a dense and robust set of genetic markers 
in many individuals is required. Ideally, population ge-
nomic studies should be conducted with molecular to-
ols that allow large numbers (hundreds to thousands) 
of polymorphic markers to adequately cover the entire 
genome in a single experiment. Because of polyploidy, 
obligatory cross-pollination, and large genome sizes, 
marker discovery and technical development in Onobr-
ychis use to be very costly 61. The first boring, unsound, 
and low-yield marker systems such as RFLP, AFLP, and 
RAPD were quickly replaced by more abundant and ro-
bust markers on the clover. As marker technology evol-
ved towards low-cost and highly abundant SNP markers, 
high-resolution melting (HRM) technology based on 
transcriptome sequencing, and finally GBS-based SNPs 
were used in alfalfa genome mapping. These new and 
efficient population genomic tools are being used in al-
falfa population genomic studies to understand patterns 
of genetic diversity, population structure, and associati-
on mapping 61.

Genetic diversity was determined in 80 sainfoin accessi-
ons using anatomical, morphological and molecular (by 
ISSR analysis) markers. As a result of the morphologi-
cal evaluation were divided into three different groups 
that can be easily identified by features such as pala-
tability, resistance to powdery mildew, and percentage 
of plant shoot and leaf. For anatomic features variation 
was found especially vessel diameter, sieve diameter, 
phloem width and xylem/phloem ratio. In the study, ge-
netic diversity assessment was performed using 45 ISSR 
primers. As a result, it was concluded that the majority 
of genetic diversity is between accessions, there is less 
variation between geographic groups, and Asia and Eas-
tern Europe may be the main diversity centers for this 
species 63. RAPD markers and genetic diversity of 36 O. 
sativa populations cultivated in Iran were investigated. 
It was determined that 79 bands out of 5 of the 20 RAPD 
primers in the study were polymorphic and because of 
RAPD primer analysis, the genetic diversity value (uh) of 
36 populations varied between 0.08 and 0.43, and the 
mean uh value was 0.25. Genetic diversity with analysis 
of molecular variance (AMOVA) showed greater varia-
bility of 78% in populations. In addition, in the study, it 
was determined that the populations were divided into 
3 groups according to the phylogenetic analysis 64. In 
the study in which the Azerbaijani and Iranian sainfoin 

populations were analyzed using ISSR markers, it was 
determined that the rate of polymorphic ISSR loci was 
between 38.75% and 61.25% among the populations, 
and the neutral genetic diversity value of Nei varied 
between 0.118 and 1.179 as a result of ISSR analysis 65. 
In another study, a total of 68 alleles were identified in 
91 samples to determine the genetic diversity of two 
O. viciifolia cultivars (Özerbey and Lütfübey) and three 
local populations in Turkiye (Pleven, Kırşehir-1 and Kır-
şehir-2) using 10 nSSR loci specially designed for Onobr-
ychis species. It was reported that a high level of gene-
tic diversity was observed at the rate of %92 within the 
population and %8 between the populations. According 
to the UPGMA dendrogram obtained as a result of the 
study, it was determined that the samples were divided 
into 2 groups: Özerbey and Lütfübey were in one group, 
and Pleven and Kırşehir-2 were in the second group 66. 
In the study in which the diversity of 83 sainfoin geno-
types determined according to their agronomic perfor-
mances was evaluated, ten nuclear simple sequence 
repeat (nSSR) primers were used, and it was concluded 
that all nSSR loci were polymorphic, and a total of 92 
alleles were detected and the average allele number 
observed for each locus was determined as 9.2. In the 
study, Shannon Index I = 0.375, unbiased genetic diver-
sity value uh = 0.243, and mean polymorphic informati-
on content PIC = 0.240. According to the data obtained 
from the studied sainfoin genotypes, it was concluded 
that they were divided into 2 main groups in the UPG-
MA clustering method analysis and into 3 main groups 
in the STRUCTURE analysis 67. 

Conclusion and future perspectives

The genus Onobrychis represents a group of plants that 
are valuable for sustainable agriculture and high-quality 
forage production yet have not yet been comprehensi-
vely and widely evaluated. This review combines findin-
gs from morphology, cytogenetics, molecular biology, 
and emerging genomic tools and highlights how mul-
tilevel approaches can clarify long-standing taxonomic 
uncertainties.

Given the progress in the research on the genus and ad-
vancement of the genomic and phenomic tools, several 
research venues could be suggested to further unveil 
the genus. Given the variation in the ploidy levels of the 
taxa included in the genus, a set of highly conserved plo-
idy independent genomic tools such as chloroplast and 
mitochondrial genome-based SNP markers can help to 
understand the statue of and relationship among taxa. 
Moreover, broader germplasm sampling while emplo-
ying such markers would also be an interesting research 
venue. The use image based phenomic approaches can 
more accurately define quantitative traits in the taxa 
and help identify species boundaries. Combination of 
genomic and phenomic tools would be another interes-
ting research topic to follow.
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