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Abstract 

 

White clover (Trifolium repens L.) is an herbaceous perennial plant of the Fabaceae family. It is native 

in Europe and Central Asia and now globally cultivated as a forage crop. For centuries, white clover 

has been widely used as a feed for livestock due to its high protein content or as a cover crop due to its 

spreading properties. In addition, due to characteristics such as color and pattern of leaves, it has 

excellent potential as an ornamental plant. In this study, I classified 5 types of parental clover (Ladino, 

Green ice, William, Pentaphyllum and Dragon’s blood) and 6 types of hybrids clover [JH-1(Ladino x 

Green ice (Overlap)), JH-2 [Ladino x Green ice (White V mark)], JH-3 (Ladino x Dragon’s blood), JH-

4 (Pentaphyllum x William), JH-5 (William x Dragon’s blood) and JH-6 (Pentaphyllum x Dragon’s 

blood)) with a 11 Morphological traits such as plant form, leaf shape, leaf edge shape, upper lamina 

color, lower lamina color, white V mark, midrib color, Front side of leaf pattern, Back side of leaf 

pattern, flower color and peduncle color. After the morphological classification, I also developed RAPD 

(Random Amplified Polymorphic DNA) and SCAR (Sequence characterized ampified region) markers 

to classify the parental and hybrids of white clover at the molecular level. In the RAPD analysis, 13 of 

the RAPD primers (OPC-13, OPD-06, OPE-08, OPE-10, OPE-18, OPG-04, OPG-12, OPH-02, OPH-

16, OPH-11, OPI-16, OPJ-12 and OPK-01) were found to exhibit genetic polymorphism between the 

parental and the hybrids of white clover. In this study, RAPD polymorphism bands showing all the 

polymorphisms identified in the two parent breeds in the hybrid were converted to SCAR primers by 

performing sequencing of polymorphic bands. As a result, only about 26% of 38 SCAR primers were 

converted to SCAR markers. In this study, it was demonstrated that the combination of 11 

morphological traits, RAPD and SCAR markers can be used to identify varieties of white clover. It is 

also expected to be usefully used for breeding and identification of new varieties of white clover in the 

future. 
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Ⅰ.  

 

 (Trifolium repens L.)        

      (Frame et al., 1986).    

      ,     

          (Gibson 

et al., 1985, Frame et al., 1986).          

    V   3       

   (Caradus, 1986, Griffiths et al., 2019).     

            

, Brewbaker(1955)  V     no V, V    Full V, V  

     Broken V  V     V-point 

  4   V      , Corkill(1971)  

V    V marking,         

Red leaflet, V      V    Halo marking,   

  Red midrib,        Diffuse 

red leaf      Red leaf   6      

 .  Rebecca et al.(2010)  V     No V mark, V  

  Full V, V       Broken V with 

yellow tip,    Marginal mark,      Redspot, Red 

leaflet,     Red midrib,     Red leaf,  

    Red fleck   9       

.  

       Trifolium occidentale  Trifolium pallescens



  4  (Rebecca et al., 2010, Griffiths et al., 2019),   

       ,     

,     (Rebecca et al., 2010). ,    

      (Ballizany et al., 2014),  

       (Till, 1987). ,  

       (Zhang et al., 

2018).         , 

            

      (Lee et al., 2011).   

     , SSR(Single Sequence Repeats), SNP(Single 

Nucleotide Polymorphism), RAPD(Random Amplified Polymorphic DNA), AFLP(Amplified 

Fragment Length Polymorphism)     (Cho et al., 2017). Zamani et 

al.(2007)   (Punica granatum L.)    RAPD   24  

   ,   Meilawati et al.(2021)  

(Piper nigrum L.)      RAPD    

 . Anggraheni and Mulyaningsih(2021)  (Mangifera spp)  

          RAPD  

   .       Rosa 

rugosa       RAPD   

(Joung et al., 2010),  5    Perilla      

SSR       (Oh et al. 2021).  

      , Jones et al.(2003)    

   AFLP       , 

SSR   48%    . Khanlou et al.(2011)   



    Aberherald clover,    

  Riesling clover,       

Rivendel clover      EcoRⅠ/MseⅠ   

  3bp adapter    6   AFLP    

.  Ma et al.(2020)  10    (Sivit, Jumbo, Miligro, 

EmuNo.2, Klondike, Huia, Haifa, Sulky, Purple, Ladino)   SSR    

     .  , RAPD, SSR   

  (Gustine et al., 2002, Bortolini et al., 2006, Zhang et al., 2007),   

V            

    . RAPD   DNA  

          

,        (William et al., 

1990).  RAPD         

       (William et al., 1990). Huang et al.(2000)  4

    3   RAPD      

   .   10       

  DNA         

(Cho et al., 2010, Hong et al., 2016).     SCAR(Sequence 

Characterized amplified region)    . SCAR(Sequence characterized 

amplified region)          . 

SCAR  RAPD  AFLP      DNA  

   ,    PCR    

        (Paran et al., 1993, Cho et al., 

2010, Chung et al., 2013, Hong et al., 2016, Han et al., 2021).    



SCAR     (Hong et al., 2016),   

   RAPD-SCAR      

(Chung et al., 2013).  

           

,            

   . , RAPD     

  , RAPD       

 SCAR           

 . 

  



Ⅱ.    

 

1.   

         5

(Ladino, Green ice, William, Pentaphyllum and Dragon’s blood)     6

[Ladino x Green ice(Overlap) (  JH-1), Ladino x Green ice(White V mark) (  JH-2), Ladino x 

Dragon’s blood (  JH-3), Pentaphyllum x William (  JH-4), William x Dragon’s blood (  

JH-5)  Pentaphyllum x Dragon’s blood (  JH-6)]  11     

(Fig. 1). 

  



 

 

Fig. 1. Images of five white clover parental varieties and six white clover hybrid varieties. (A) Ladino 

(B) Green ice (C) William (D) Pentaphyllum (E) Dragon’s blood (F) JH-1 : Ladino x Green ice(Overlap) 

(G) JH-2 : Ladino x Green ice(White V mark) (H) JH-3 : Ladino x Dragon’s blood (I) JH-4 : William 

x Pentaphyllum (J) JH-5 : William x Dragon’s blood (K) JH-6 : Pentaphyllum x Dragon’s blood 

  



2.      

        

 (Plant form),  (Leaf shape),  (Leaf edge shape),  

(Upper lamina color),  (Lower lamina color), (Midrib color),  V  

(White V mark),    (Front side of leaf pattern),   (Back side of 

leaf pattern), (Flower color),  (Peduncle color)  11     

  5    (Fig. 2).   11   

   3      ,    

RGB  . 

  



 

Fig. 2. Characteristics used for the morphological classification of white clover (Ministry of Agriculture, 

Food and Rural Affairs, Korea Seed & Variety Service, 2012). 

  



3. Genomic DNA  

   5   6       

  .   Genomic DNA  CTAB method   

(Porebski et al., 1997). 

 50mg  1.5mL tube    CTAB buffer(2% CTAB, 1.5M NaCl, 100mM Tris, 20mM 

EDTA, 0.3% B-mercaptoethanol)  1mL  vortexing   65℃  10  

inverting   30  .  700μL   1.5mL tube    Chloroform : 

Isoamylalcohol(24:1)  600μL  5  inverting   10000rpm  10   

.  600μL   tube   RNase A(10mg/μL) 1μL   37℃

 15   , Chloroform : Isoamylalcohol(24:1)  600μL  5  

inverting  10000rpm  10  .  2mL tube   500μL, 4M 

NaCl 250μL, 100% EtOH 1mL  5  inverting   12000rpm  10  

.   70% EtOH 1mL  12000rpm     

 15      TE buffer 100μL   DNA  . 

 genomic DNA  1.5%       

ThermoFisher Scientific  NanoDrop 2000   genomic DNA   5ng/μL  

 PCR  . 

  



4. RAPD  

  OPA  OPL  240    RAPD  

(Table 1).          

 2        Ladino, Green ice, JH-1, 

JH-2    , Ladino, Dragon’s blood, JH-3    , William, Pentaphyllum, JH-

4    , William, Dragon’s blood, JH-5    , Pentaphyllum, Dragon’s blood, 

JH-6      RAPD PCR  . 

RAPD PCR  TOPsimple DyeMIX-nTaq(Enzynomics, Seoul, Korea) PCR tube   

DNA 25ng  10pmol      20μL  . PCR  

Takara  TaKaRa Thermal Cycler Dice Touch TP350   94℃  5   

denaturation  , [94℃  denaturation 1 , 40℃  annealing 1 , 72℃  

extension 1 ] 35cycle    72℃  5  . PCR  2% 

  . PCR        

  RAPD  Re-PCR   . 
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5.  RAPD  SCAR   

RAPD PCR            

PrimePrep Gel purification kit(GeNet Bio, Seoul, Korea)   PCR  . 

   , Gel-B buffer  gel  3   50℃  10

   PrimePrep Gel purification kit   13000rpm  1  . 

   Gel-B buffer 500μL  13000rpm  1   , PW buffer  

700 μL  13000rpm  30   . 13000rpm  1  

    ,  1.5mL tube   , PE buffer  50μL  

 1    13000rpm  1   DNA  . 

Gel elution    PCR  ThermoFisher Scientific  MG TA TOPO Cloning Kit

  pTA TOPO vector  Ligation  , DH5-a Competent cell    

50μg/μL kanamycin   LB   37℃  16   

.     PCR  . PCR  94℃  

denaturation 10   [94℃  denaturation 30 , 58℃  annealing 30 , 72℃  

extension 1 ] x 28cycle  , 72℃  extension  5  .  PCR 

   RAPD       

  50μg/μL kanamycin   LB  37℃  16   

  DNA  .   DNA  

(http://www.bionicsro.co.kr)    . 

 RAPD     NCBI 

Blast(https://www.ncbi.nlm.nih.gov/BLAST/)        

20mer   SCAR  .  SCAR   

    PCR  . PCR  TOPsimple DryMIX-

nTaq(Enzynomics, Seoul, Korea) PCR tube   DNA 25ng  10pmol    



  20μL  , PCR  94℃  5   denaturation  , 

[94℃  denaturation 30 , 55~60℃  annealing 30 , 72℃  extension 1 ] 30cycle  

  72℃  5  . PCR  2%   . 

 

  



Ⅲ.    

 

1.     

             

 (Lee et al., 2011),       

    (Ballizany et al., 2014). ,    

 11           

 ,     RGB  (Fig. 3~13, Table 2~12). 

  



1-1.      

1-1-1. Ladino 

Ladino         .  

        ,   

   [RGB(83, 134, 56)]     .    

   V    (Type 1  Type 6).    

,     [RGB(229, 241, 241)]       

[RGB(123, 151, 98)]   (Fig. 3, Table 2). 

 

Fig. 3. Image of Ladino. 

 

Table 2. Morphological traits of Ladino. 

 



1-1-2. Green ice 

Green ice           

 .       [RGB(142, 191, 136)]  ,  

   [RGB(88, 137, 66)]  .       

   (Type 2)  ,      (Type 5)  

.   ,    Ladino     

(Fig. 4, Table 3). 

 

Fig. 4. Image of Green ice. 

 

Table 3. Morphological traits of Green ice. 

 

  



1-1-3. William 

William        ,   

 .     [RGB(205. 121. 136)]     

 [RGB(174, 208, 112)]   .        

 (Type 3)  ,        

(Type 5)   .    ,     [RGB(254, 167, 

245)]      [RGB(75, 35, 36)]   (Fig. 5, Table 4). 

 

Fig. 5. Image of William. 

 

Table 4. Morphological traits of William. 

 

  



1-1-4. Pentaphyllum 

Pentaphyllum        ,  

  .     [RGB(101, 62, 75)]   .  

            

(Type 8).   ,   [RGB(239, 252, 250)]     

 [RGB(188, 223, 132)]   (Fig. 6, Table 5). 

 

Fig. 6. Image of Pentaphyllum. 

 

Table 5. Morphological traits of Pentaphyllum. 

 

 

 



1-1-5. Dragon’s blood 

Dragon’s blood      ,   ,  

   .       [RGB(194, 216, 

170)] ,     [RGB(107, 155, 64)]  .   

 Green Ice        ,  [RGB(90, 55, 

54)]      (Type 4)   .   

   [RGB(90, 55, 54)]    (Type 7)   . 

   ,    Ladino  Green Ice    

(Fig. 7, Table 6). 

 

 

Fig. 7. Image of Dragon’s blood. 

  



Table 6. Morphological traits of Dragon’s blood 

 

  



1-2.      

      11      

    6  . 

 

1-2-1. JH-1(Ladino x Green ice) 

JH-1  Ladino        , Green ice

        [RGB(139, 173, 87)]    

(Type 5)  ,     Green ice       

   Ladino  V      (Type 1+2)

   (Fig. 8, Table 7). 

 

 

Fig. 8. Image of JH-1 and their parental species(Ladino and Green ice). 

  



Table 7. Morphological traits of JH-1 and their parental species(Ladino and Green ice). 

 

  



1-2-2. JH-2(Ladino x Green ice) 

JH-2  Green ice     , Green ice    

     [RGB(177, 197, 151)]    (Type 5)  , 

    Green ice         

 Ladino  V     (Type 1+2)    

(Fig. 9, Table 8). 

 

 

Fig. 9. Image of JH-2 and their parental species(Ladino and Green ice). 

 

Table 8. Morphological traits of JH-2 and their parental species(Ladino and Green ice). 

 



1-2-3. JH-3(Ladino x Dragon’s blood) 

JH-3  Ladino        , Ladino  

     [RGB(144, 183, 100)]  ,    

 Ladino  V     Dragon’s blood    

   (Type 1+4). ,     Dragon’s blood  

  (Fig. 10, Table 9).  

 

 

Fig. 10. Image of JH-3 and their parental species(Ladino and Dragon’s blood). 

 

Table 9. Morphological traits of JH-3 and their parental species(Ladino and Dragon’s blood). 

 



1-2-4. JH-4(William x Pentaphyllum) 

JH-4  William  Pentaphyllum     , Pentaphyllum  

     [RGB(94, 40, 42)]  ,     

Pentaphyllum        William    

    (Type 3+8). ,     Pentaphyllum  

      (Fig. 11, Table 10).  

 

 

Fig. 11. Image of JH-4 and their parental species(William and Pentaphyllum). 

 

Table 10. Morphological traits of JH-4 and their parental species(William and Pentaphyllum). 

 



1-2-5. JH-5(William x Dragon’s blood) 

JH-5  William      [RGB(154, 48, 66)]   , William

   [RGB(112, 123, 62)]     Dragon’s blood  

     (Type 3+4). ,     

William   Dragon’s blood    (Fig. 12, Table 11). 

 

 

Fig. 12. Image of JH-5 and their parental species(William and Dragon’s blood). 

 

Table 11. Morphological traits of JH-5 and their parental species(William and Dragon’s blood). 

 

  



1-2-6. JH-6(Pentaphyllum x Dragon’s blood) 

JH-6  Pentaphyllum       [RGB(94, 43, 55)]    

      , Dragon’s blood    [RGB(112, 

122, 57)]       (Type 4+8). ,  

   Pentaphyllum    Dragon’s blood    

(Fig. 13, Table 12). 

 

 

Fig. 13. Image of JH-6 and their parental species(Pentaphyllum and Dragon’s blood). 

 

Table 12. Morphological traits of JH-6 and their parental species(Pentaphyllum and Dragon’s blood). 



2. RAPD         

        5    

 6      5    240    

 RAPD PCR  . , RAPD      

2            

         PCR  

 (Fig. 14~22). 

 

2-1. JH-1 and JH-2(Ladino x Green ice) 

Ladino  Green ice  2      JH-1  JH-2 

 2 ,  4      RAPD   ,  13  

 (OPA-06, OPB-02, OPC-07, OPC-09, OPC-13, OPD-01, OPD-06, OPF-15, OPG-04, 

OPG-15, OPH-11, OPJ-06, OPJ-07)       (Fig. 

14).   OPA-06, OPB-02, OPC-07, OPC-09, OPD-01, OPF-15, OPG-15, OPH-11, OPJ-06, 

OPJ-07           

 , OPC-13, OPD-06, OPG-04       

     (Fig. 14).  

Ladino  Green ice    JH-1, JH-2      RAPD

  (Fig. 15), OPC-13  JH-1  Ladino    800bp, 2500bp 

  Green ice    750bp, 2100bp    , 

JH-2  Ladino    2500bp   Green ice    

750bp, 2100bp    . , Ladino  Green ice   

   280bp   , JH-2  RAPD  Dragon’s 

blood  RAPD    (Fig. 15A). OPD-06  JH-1  JH-2



 Ladino    1750bp   Green ice    1550bp 

   . , JH-2      1400bp  

 , JH-1  RAPD  Dragon’s blood  RAPD   

 (Fig. 15B). OPG-04  JH-1  Ladino    400bp, 1400bp 

  Green ice    1700bp      , 

JH-2  Ladino    400bp, 1400bp   Green ice    

250bp, 1700bp    . , JH-2  RAPD  William  

RAPD    (Fig. 15C). 

  



 

 



 

Fig. 14. RAPD Amplification profiles of white clover(Ladino, Green ice, JH-1 and JH-2). Lane M : 

100bp ladder, Lane 2 : Ladino, Lane 3 : Green ice, Lane 7 : JH-1, Lane 8 : JH-2 

 

 



 

Fig. 15. Selected RAPD amplification profiles with Ladino, Green ice, JH-1 and JH-2. (A) RAPD 

amplified with OPC 13 primer (B) RAPD amplified with OPD 6 primer (C) RAPD amplified with OPG 

4 primer, Lane M : 100bp plus ladder, Lane L : Ladino, Lane G : Green ice, Lane W : William, Lane 

P : Pentaphyllum, Lane D : Dragon’s blood, Lane LG1 : JH-1, Lane LG2 : JH-2 

  



2-2. JH-3 (Ladino x Dragon’s blood) 

Ladino  Dragon’s blood  2      JH-3 

 1 ,  3      RAPD   ,   

     (Fig. 16). 

 



 

 

Fig. 16. RAPD Amplification profiles of white clover(Ladino, Dragon’s blood and JH-3). Lane M : 

100bp plus ladder, Lane 2 : Ladino, Lane 6 : Dragon’s blood, Lane 9 : JH-3 

  



2-3. JH-4(William x Pentaphyllum) 

 William  Pentaphyllum 2      JH-4 

 1 ,  3      RAPD   ,  8   

(OPB-13, OPE-18, OPE-17, OPE-18, OPH-02, OPI-16, OPJ-12, OPK-01)   

    (Fig. 17).   OPB-13, OPE-17, OPE-18  

          , 

OPE-18, OPH-02, OPI-16, OPJ-12, OPK-01       

    (Fig. 17).  

William  Pentaphyllum    JH-4  RAPD (Fig. 18) OPE-18 

 JH-4  William    1000bp   Pentaphyllum  

  2500bp    . OPH-02  JH-4  William  

  1100bp   Pentaphyllum    1000bp, 1300bp  

 (Fig. 18B). OPI-16  JH-4  William    1600bp 

  Pentaphyllum    450bp   . , William

     850bp   (Fig. 18C). OPJ-12 

 JH-4  William    600bp   Pentaphyllum   

 1100bp   . , William  Pentaphyllum   

   1300bp   (Fig. 18D). OPK-01  JH-4  William

  1200bp   Pentaphyllum   1800bp   

. 



 

 



 

Fig. 17. RAPD Amplification profiles of white clover(William, Pentaphyllum and JH-4). Lane M : 

100bp plus ladder, Lane 4 : William, Lane 5 : Pentaphyllum, Lane 10 : JH-4 

  



 

Fig. 18. Selected RAPD amplification profiles with William, Pentaphyllum and JH-4. (A) RAPD 

amplified with OPE 18 primer (B) RAPD amplified with OPH 2 primer (C) RAPD amplified with OPI 

16 primer (D) RAPD amplified with OPJ 12 primer (E) RAPD amplified with OPK 1 primer, Lane M : 

100bp plus ladder, Lane L0 : Ladino no V mark, Lane L : Ladino, Lane G : Green ice, Lane W : William, 

Lane P : Pentaphyllum, Lane D : Dragon’s blood, Lane WP : JH-4 



2-4. JH-5 (William x Dragon’s blood) 

William  Dragon’s blood  2      JH-5 

 1 ,  3      RAPD   ,  10   

(OPA-08, OPB-10, OPC-15, OPE-09, OPE-10, OPG-06, OPG-12, OPH-11, OPK-17, OPL-

09)       (Fig. 19).   OPA-08, 

OPB-10, OPC-15, OPE-09, OPG-06, OPK-17, OPL-09     

       , OPE-10, OPG-12, OPH-11  

          (Fig. 19). 

William  Dragon’s blood    JH-5  RAPD (Fig. 20) OPE-10 

 JH-5  William    350bp   Dragon’s blood  

 750bp, 1500bp   . , Dragon’s blood    

  2200bp   (Fig. 20A). OPG-12  JH-5  

William    1500bp   Dragon’s blood   1300bp 

  , William      650bp   

(Fig. 20B). OPH-11  JH-5  William    250bp  

 Dragon’s blood   800bp   .  William  

    550bp   JH-5      2500bp 

  (Fig. 20C). 



 

 



 

Fig. 19. RAPD Amplification profiles of white clover(William, Dragon’s blood and JH-5). Lane M : 

100bp plus ladder, Lane 4 : William., Lane 6 : Dragon’s blood, Lane 11 : JH-5 

 



 

Fig. 20. Selected RAPD amplification profiles with William, Dragon’s blood and JH-5. (A) RAPD 

amplified with OPE 10 primer (B) RAPD amplified with OPG 12 primer (C) RAPD amplified with 

OPH 11 primer, Lane M : 100bp plus ladder, Lane L : Ladino, Lane G : Green ice, Lane W : William, 

Lane P : Pentaphyllum, Lane D : Dragon’s blood, Lane WD : JH-5 

  



2-5. JH-6(Pentaphyllum x Dragon’s blood) 

Pentaphyllum  Dragon’s blood  2      JH-

6  1 ,  3     RAPD   ,  8  

 (OPA-10, OPE-02, OPE-08, OPE-19, OPG-15, OPH-06, OPI-20, OPJ-08)  

     (Fig. 21).   OPA-10, OPE-02, OPE-19, 

OPG-15, OPI-20, OPJ-08          

  , OPE-08, OPH-06       

     (Fig. 21). 

Pentaphyllum  Dragon’s blood    JH-6  RAPD (Fig. 22) OPE-

08  JH-6  Pentaphyllum    500bp, 1800bp   Dragon’s 

blood    1300bp, 2500bp   . , Pentaphyllum  

Dragon’s blood      450bp   , JH-6 

RAPD   Ladino RAPD     (Fig. 22A). OPH-06 

 JH-6  Pentaphyllum    900bp   Dragon’s blood  

  800bp   . , Dragon’s blood    

  400bp   JH-6      280bp   

, JH-6  RAPD  William  RAPD    

(Fig. 22B). 

RAPD           

    OPD-06, OPH-06 OPH-11    

      , OPC-13, OPE-08, OPE-10, OPG-

12, OPH-02, OPH-06, OPH-11 OPI-16, OPJ-12      

    .      

    . JH-1  JH-2 RAPD    William



 Dragon’s blood  RAPD  , William     Dragon’s blood 

        . JH-4  

Dragon’s blood   RAPD  , Dragon’s blood     

     . JH-6  RAPD   Ladino

 William  RAPD  , Ladino  White V mark  William    

      .     RAPD 

           

.  RAPD         

   . 

  



 

 



 

Fig. 21. RAPD Amplification profiles of white clover(Pentaphyllum, Dragon’s blood and JH-6). Lane 

M : 100bp plus ladder, Lane 5 : Pentaphyllum., Lane 6 : Dragon’s blood, Lane 12 : JH-6 

 

 



 

Fig. 22. Selected RAPD amplification profiles with Pentaphyllum, Dragon’s blood and JH-6. (A) 

RAPD amplified with OPE 8 primer (B) RAPD amplified with OPH 6 primer, Lane M : 100bp plus 

ladder, Lane L : Ladino, Lane G : Green ice, Lane W : William, Lane P : Pentaphyllum, Lane D : 

Dragon’s blood, Lane PD : JH-6  

  



3.      SCAR   

RAPD  10bp       PCR  

          . 

    RAPD     ,  

     SCAR   (Paran and 

Michelmore., 1993).   RAPD      2  

    OPC-13, OPD-06, OPE-08, OPE-10, OPE-18, OPG-04, OPH-02, 

OPH-06, OPH-11, OPH-12, OPI-16, OPJ-12  OPK-01    

   , NCBI Blast(http:www.ncbi.nlm.nih.gov/BLAST/)   

  , NCBI Primer-Blast(https://www.ncbi.nlm.nih.gov/tools/primer-blast/)   

38  SCAR    PCR   SCAR   (Table 

13).          10  SCAR  

(Fig. 23~30). 

  



Table 13. List of SCAR primer. 

 



 

  



3-1. JH-1 and JH-2(Ladino x Green ice) 

JH-1  JH2  OPC-13  RAPD     740bp   

  Trifolium occidentale  1  (Ch. 1O)  6  (Ch. 6O)  

 93.76%  92.19%   (Fig. 23A), OPD-06  RAPD  

   1762bp   Trifolium occidentale  8  (Ch. 8O)  

91.64%  , Trifolium pallescens  4  (Ch. 4P)  91.41%   

(Fig. 23B). , OPG-04  RAPD    1533bp   

Trifolium occidentale  5  (Ch. 5O)  97.73%  , Trifolium pallescens  3  

(Ch. 3P)  92.66%   (Fig. 23C). 

       SCAR    

      PCR   , 1-8  

Green ice   743bp  , Ladino   (Fig. 

24A), 4-2  OPD6-L  Ladino    1533bp  1733bp  

 Green ice   (Fig. 24B, Fig. 24C).    OPD6-L + 1-

8    OPD6-L + 4-2   JH-1  JH-2  Ladino  

Green Ice  2           

  .  

  



 

 

 

Fig. 23. Isolation of DNA fragment obtained by RAPD profiles(Ladino, Green ice, JH-1 and JH-2) and 

compared to white clover genome sequence. The sequence of SCAR primer are indicated in red color. 

Lane M : 100bp ladder, Lane L : Ladino, Lane G : Green ice, Lane JH-1 : JH-1, Lane JH-2 : JH-2. (A) 

Sequence of OPC-13 primer RAPD-derived DNA fragment to JH-1 (B) Sequence of OPD-06 primer 

RAPD-derived DNA fragment to JH-1 (C) Sequence of OPG-04 primer RAPD-derived DNA fragment 

to JH-1 



 

 

Fig. 24 . Amplification of the PCR-based SCAR markers for the Ladino, Green ice, JH-1 and JH-2. 

Lane M : 100bp ladder, Lane L : Ladino, Lane G : Green ice, Lane JH : JH-1, Lane JH-2 : JH-2. (A)

Identification of Green ice, JH-1 and JH-2 using SCAR marker derived from OPC-13 fragment (B)

Identification of Ladino, JH-1 and JH-2 using SCAR marker derived from OPD-06 fragment (C)

Identification of Ladino, JH-1 and JH-2 using SCAR marker derived from OPG-04 fragment 

  



3-2. JH-4(William x Pentaphyllum) 

JH-4  OPI-16  RAPD     457bp   Trifolium 

occidentale  3  (Ch. 3O)  4  (Ch. 4O)   80.63%, 78.63%  

 (Fig. 25A), OPJ-12  RAPD     610bp 

  Trifolium occidentale  7  (Ch. 7O)  8  (Ch. 8O)   98.36%

 73.66%   (Fig. 25B). 

       SCAR    

      PCR   , 6-1  

Pentaphyllum   399bp   (Fig. 26A), 9-3  

William   610bp   Pentaphyllum   

(Fig. 26B).    6-1 + 9-3   JH-4  William  

Pentaphyllum  2           

  .  

  



 

 

Fig. 25. Isolation of DNA fragment obtained by RAPD profiles(William, Pentaphyllum and JH-4) and 

compared to white clover genome sequence. The sequence of SCAR primer are indicated in red color. 

Lane M : 100bp plus ladder, Lane W : William, Lane P : Pentaphyllum, Lane JH-4 : JH-4 (A) Sequence 

of OPI-16 primer RAPD-derived DNA fragment to JH-4. (B) Sequence of OPJ-12 primer RAPD-

derived DNA fragment to JH-4 

  



 

Fig. 26. Amplification of the PCR-based SCAR markers for the William, Pentaphyllum and JH-4. Lane 

M : 100bp plus ladder, Lane W : William, Lane P : Pentaphyllum, Lane JH-4 : JH-4. (A) Identification 

of Pentaphyllum and JH-4 using SCAR marker derived from OPI-16 fragment (B) Identification of 

William and JH-4 using SCAR marker derived from OPJ-12 fragment 

  



3-3. JH-5(William x Dragon’s blood) 

JH-5  OPE-10  RAPD        731bp  

  Trifolium pratense  4  (Ch. 4P)  Trifolium occidentale  6  (Ch. 

6O)   99.68%  91.94%   (Fig. 27A), 373bp    

Trifolium pratense  4  (Ch. 4P)  Trifolium pratense  7  (Ch. 7P)   

 97.99%  90.59%  (Fig. 27B). , OPH-11  RAPD  

   257bp   Trifolium pratense  1  (Ch. 1P)  

Trifolium occidentale  4  (Ch. 4O)    93.82%  99.61%   

(Fig. 27C). 

       SCAR    

      PCR   , 11-1  

731bp  Dragon’s blood    William   

(Fig. 28A). , 12-1, 15-1   373bp  257bp    William

  , Dragon’s blood   (Fig. 28B, 28C).  

  11-1 + 12-1    11-1 + 15-1   JH-5  William  

Dragon’s blood  2          

   .  

 

  



 

 

 

Fig. 27. Isolation of DNA fragment obtained by RAPD profiles(William, Dragon’s blood and JH-5) 

and compared to white clover genome sequence. The sequence of SCAR primer are indicated in red 

color. Lane M : 100bp plus ladder, Lane W : William., Lane D : Dragon’s blood, Lane JH-5 : JH-5. (A) 

Sequence of OPE-10 primer RAPD-derived DNA fragment to JH-5 (B) Sequence of OPE-10 primer 

RAPD-derived DNA fragment to JH-5 (C) Sequence of OPH-11 primer RAPD-derived DNA fragment 

to JH-5 



 

Fig. 28. Amplification of the PCR-based SCAR markers for the William, Dragon’s blood and JH-5. 

Lane M : 100bp plus ladder, Lane W : William., Lane D : Dragon’s blood, Lane JH-5 : JH-5. (A)

Identification of Dragon’s blood and JH-5 using SCAR marker derived from OPE-10 fragment (B)

Identification of William and JH-5 using SCAR marker derived from OPE-10 fragment (C)

Identification of William and JH-2 using SCAR marker derived from OPH-11 fragment 

  



3-4. JH-6(Pentaphyllum x Dragon’s blood) 

JH-6  OPE-08  RAPD     1717bp    

Trifolium pratense  5  (Ch. 5P)  6  (Ch. 6P)   99.82%  93.49%  

 (Fig. 29A). , OPH-06  RAPD     

720bp   Trifolium pratense  2  (Ch. 2P)  1  (Ch. 1P)   

97.79%  97.24%   (Fig. 29B) 

       SCAR    

      PCR   , 9-3-1  

Pentaphyllum   1714bp  (Fig. 30A), 10-2-1  

Dragon’s blood   720bp   Pentaphyllum   

(Fig. 30B).     9-3-1 + 10-2-1   JH-6  

Pentaphyllum  Dragon’s blood  2        

     .  

  



 

 

 

Fig. 29. Isolation of DNA fragment obtained by RAPD profiles(Pentaphyllum, Dragon’s blood and JH-

6) and compared to white clover genome sequence. The sequence of SCAR primer are indicated in red 

color. Lane M : 100bp plus ladder, Lane P : Pentaphyllum., Lane D : Dragon’s blood, Lane JH-6 : JH-

6. (A) Sequence of OPE-08 primer RAPD-derived DNA fragment to JH-6 (B) Sequence of OPH-06 

primer RAPD-derived DNA fragment to JH-6 

 



 

Fig. 30. Amplification of the PCR-based SCAR markers for the Pentaphyllum, Dragon’s blood and JH-

6. Lane M : 100bp plus ladder, Lane P : Pentaphyllum., Lane D : Dragon’s blood, Lane JH-6 : JH-6. 

(A)Identification of Pentaphyllum and JH-6 using SCAR marker derived from OPE-08 fragment (B)

Identification of Dragon’s blood and JH-6 using SCAR marker derived from OPH-06 fragment 

 

 



Ⅳ.   

 

          

 , , ,  ,   28     ,  

   10       .    

            

 (Lee et al., 2011),        

   (Ballizany et al., 2014).     

          

 , ,          

    (Joung et al., 2010, Lee et al., 2011).   

   ,       , 

           

 (Rebecca et al., 2010). ,     V   

  no V, V    Full V, V      

 Broken V  V     V-point   4   V   

 (Brewbaker et al., 1955),   V     

No V mark, V    Full V, V       

Broken V with yellow tip,    Marginal mark,     

Redspot, Red leaflet,     Red midrib,    Red leaf, 

     Red fleck     

(Rebecca et al., 2010). ,       

      11      

    . 



,     RAPD       

.        RAPD    

2        (Huang et al., 

2000),  RAPD     (Oh et al., 2015). , 

RAPD          

     .  RAPD   

            

  (William et al., 1990, Huang et al., 2000). , RAPD  

       3      

   . ,   RAPD   

         RAPD  

    RAPD      

  .      RAPD  

   ,     ISSR  

           

 (Joung et al., 2010, Lee et al., 2011). 

      RAPD   10

 SCAR  . 1-8, 4-2  OPD6-L   Ladino, Green ice, 

JH-1  JH-2  (Fig. 24), 6-1  9-3   William, Pentphyllum  

JH-4  (Fig. 26). , 11-1, 12-1  15-1   William, 

Dragon’s blood  JH-5  (Fig. 28), 9-3-1  10-2-1   

Pentaphyllum, Dragon’s blood  JH-6  (Fig. 30).    

          .  

        RAPD  SCAR



    38  SCAR    26%  10  SCAR 

 ,  RAPD      RAPD

 SCAR      (Paran et al., 1993, 

Bernet et al., 2003, Cho et al., 2013). 

           

, RAPD  SCAR         

    .      

            

            

     . 
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