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Abstract - Sesame (Sesamum indicum L.) is an ancient oilseed crop, which is usually cultivated for its seeds. Sesame
breeding aims to achieve high seed yield and quality, along with resistance to biotic or abiotic stresses. It is estimated that
sesame is originated from Asia or Africa continent. In this study, we characterized 10 agronomic traits and evaluated lignan
contents in 165 sesame germplasm originated from Asia or Africa, to select high-yield or high-lignan content accessions.
Sesame germplasm showed diverse phenotypes and highly variable lignan contents (sesamin: 0.5-12.6 mg/g, sesamolin:
0.1-3.5 mg/g, lignan: 1.1-16.1 mg/g). Based on originated continent, there are significant difference in agronomic traits, but
no in lignan content. Correlation analysis revealed that yield-related agronomic traits were negatively related with lignan
contents. Also, PCA analysis showed that most agronomic traits and lignan contents were principal components explaining
diversity of whole sesame germplasm. Sesame germplasm was clustered into three groups based on agronomic traits and
lignan contents. Finally, we selected high-yield (IT29416, IT167042, K276848, K276849) and high-lignan candidate
accessions (IT169254, IT170031, IT169250, IT154876, IT170034), respectively. These accessions are expected to be
valuable resources for breeding of high-yield and high-lignan contents functional cultivars.
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Table 1. Descriptor of 10 agronomic traits for sesame germplasm

gt g g Bt

Trait Abbreviation Unit/Range Description
Days to flowering DTF days Number of days from sowing until 50% of plants initiate flowering
Days to maturity DIM days Number of days from sowing until 75% of plants reaching

Number of capsules per

physiological maturity
1: one, 2: three, 3: mixture of one and three capsules

1: four, 2: six, 3: eight, 4: mixture of 8 and 6 locules, 5: mixture
of 4 and 6 locules, 6: mixture of 4 and 8 locules, 7: mixture of
4, 6, and 8 locules

Average length from base to the first capsule-bearing node in five

Average length from the first capsule-bearing node to the last
capsule-bearing node in five plants

Average capsule length of five randomly selected capsules from the
middle of main stem

Average capsule width of five randomly selected capsules from the
middle of main stem

1: white, 2: gray, 3: light brown, 4: brown, 5: brick red, 6: bright

black, 7: black, 8: olive

. NCPA 1-3
axil
Number of locules per NLPC 17
capsule
Height of ‘fhe first HFC -
capsule-bearing node plants
Capsule zone length CZL cm
Capsule length CL mm
Capsule width CW mm
Seed coat color ScC 1-8
1000-seed weight 1000SW g

Weight in grams of 1000 random seeds taken from the bulk harvest
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Table 2. Qualitative traits of 165 sesame germplasms including 71 Asia-originated and 94 Africa-originated germplasms

Germplasm (165)

Asia-originated (71)

Africa-originated (94)

Qualitative traits Observations " % " % " %
1 130 78.8 48 67.6 82 87.2
Number OZXCi"l‘psules pet 2 32 19.4 21 29.6 1 11.7
3 3 18 2 28 1 1.1
1 154 93.3 63 88.7 91 96.8
2 0 0.0 0 0.0 0 0.0
3 0 0.0 0 0.0 0 0.0
N‘““bercz;zzmes pet 4 7 42 6 8.5 1 1.1
5 2 12 0 0.0 2 2.1
6 1 0.6 1 1.4 0 0.0
7 1 0.6 1 1.4 0 0.0
1 83 50.3 25 35.2 58 61.7
2 0 0.0 0 0.0 0 0.0
3 32 19.4 14 19.7 18 19.1
4 12 73 9.9 5 53
Seed coat color
5 0.0 0.0 0 0.0
6 0.0 0.0 0 0.0
7 26 15.8 24 33.8 2 2.1
8 12 73 1 1.4 1 11.7

“Each value follows qualitative trait description in Table 1.

Table 3. Quantitative traits of 165 sesame germplasms including 71 Asia-originated and 94 Africa-originated germplasms

Quantitative Germplasm (165) Asia-originated (71) Africa-originated (94)
traits Range Mean+SD Median Skewness Kurtosis Range Mean+=SD* Range Mean+SD*
DTF (d) 44.0-97.0 63.0£9.8 64.0 0.6392  0.7745 44.0-93.0 59.4+£10.4° 47.0-97.0 65.7+8.5°
DTM (d) 90.0-147.0 122.3+11.9 124.0 -0.5268 1.0577 90.0-146.0 116.1+13.2°  106.0-147.0 127.0+8.1°
HFC (cm) 12.2-211.9 91.1£354 962  -0.0436 -0.0766 122-167.3  73.1+353°  24.0-221.9  104.6+28.9°
CZL (cm) 21.6-151.4 77.1425.8  76.6 0.4991  0.1848 21.6-151.4  822+263"  28.1-150.8  73.2+24.9°
CL (mm) 19.9-41.8  27.0+2.7 27.0 0.5399  4.7993 19.9-41.8 26.6+3.2° 21.2-333 27.242.3
CW (mm) 5.7-13.5 8.0+1.4 7.7 1.6956  3.6576 6.6-13.5 8.5+1.7° 5.7-10.0 7.7+0.9°
1000SW (g) 1.5-44 3.0+0.5 3.0 -0.1006  0.0344 1.5-4.3 2.8+0.6° 1.9-4.4 3.1+0.5*

“Means with the same superscript letter are not significantly different between continents (» < 0.05). SD, standard deviation;
DTF, days to flowering; DTM, days to maturity; HFC, height of the first capsule-bearing node; CZL, capsule zone length; CL,
capsule length; CW, capsule width; 1000SW, 1000-seed weight.
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Table 4. Lignan contents of 165 sesame germplasms including 71 Asia-originated and 94 Africa-originated germplasms

Germplasm (165)

Asia-originated (71)  Africa-originated (94)

Contents - -
Range Mean+SD Median Skewness Kurtosis Range MeantSD* Range MeantSD”
Sesamin (ng/g)  0.5-12.6 3.7%1.5 3.67 19222  9.7766  0.5-12.6  3.7£1.9° 14-66  3.6£1.0°
Sesamolin (mg/g) 0.1-3.5  1.6+0.6 1.67 0.2415 0.1785 0.1-3.5  1.7¢0.7° 0.5-3.5 1.6+0.6"
Lignan (mg/g) 1.1-16.1 5.3+£1.9 5.16 1.6041  7.0335 1.1-16.1 5.4+2.5° 2594 5313

"Means with the same superscript letter are not significantly different between continents (p < 0.05). SD, standard deviation.
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Table 5. Lignan contents according to qualitative traits

Content (mg/g)

Qualitative traits Observations” n

Sesamin” Sesamolin® Lignan”
130 3.7+1.5°% 1.6£0.7° 5.3£2.0°
Number of c.apsules per ) 10 3 441,07 1.840.4° 504130
axil 3 3 49420 1.9+1.0 6.843.0
154 3.6+1.3 1.6+0.6 5.3+1.8°
4 7 3.742.5% 1.8+0.8° 5.5+£3.2%
Number of locules per 5 ) 3.6£0.7 1.240.2 4.840.5
capsule
6 1 3.6 2.2 5.8
7 1 9.8 2.2 12
1 83 4.1+1.5° 1.8+0.6 5.8+1.9°
3 32 3.3+1.6® 1.540.6° 4.841.9*
Seed coat color 4 12 3.2+1.0° 1.3+0.6° 4.5+1.1°
7 26 3.1+1.1° 1.5+0.5° 4.6+1.4°
8 12 3.9+1.5% 1.8+0.8" 5.742.1°

“Each value follows qualitative trait description in Table 1.

YEach value is presented as the mean + standard deviation, and means with the same superscript letter are not significantly
different between observations of qualitative traits (p < 0.05).

*Observation which is less than 5 accessions was excluded for the test.

Sesamolin 0.76
Sesamin 0.55 0.96
1000SW -0.38 -0.61 -0.5

on s 6w u
Mo
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cL 0f7 03  0g1 017 04 v
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CZL 0.17 024 0.17 -0.19 -0.25 -0.23

HFC -0.68 }é -0.32 M 0.2 0.16 0.21
DTM 0.7 -0.35 >0€ -0.25 0.22 % }0{ M
DTF 0.68 0.87 -0.68 }é -0.2 M 0.23 0.21 0.25
O«\\\ \g(C; & &= QQ%*A 6’3‘6\\0 6‘6\0 \QQZS\
O X %e.‘g'b %

Fig. 1. Correlation analysis among quantitative traits and lignan contents. The positive and negative correlation are represented by
pink and yellow color, respectively. The correlation is stronger when the hue is darker. Non-significant correlation coefficients (p >
0.05) are marked as “X”. DTF, days to flowering; DTM, days to maturity; HFC, height of the first capsule-bearing node; CZL,
capsule zone length; CL, capsule length; CW, capsule width; 1000SW, 1000-seed weight.
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Fig. 2. The biplot of principal component analysis (PCA) of 165 sesame germplasm based on quantitative traits and lignan contents.
The accessions indexed as red and blue indicate high-yield and high-lignan candidate accessions, respectively. DTF, days to
flowering; DTM, days to maturity; HFC, height of the first capsule-bearing node; CZL, capsule zone length; CL, capsule length; CW,

capsule width; 1000SW, 1000-seed weight.
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Table 6. Principal component analysis of quantitative traits and o] 32 545 7HAH, PC29) oFo] wgkol| ] A)et AFAEE N
lignan contents in sesame germplasm, eigen values, and 379} %77 An, 2AR a7 =1, AgZo] AT, 2
percentage of variation for three principal components U} gleko] ke EAS 71018 oF 2 9Jolt). w3k Fig 20]A]
Principal components PC1 PC2 PC3 & 7 SAGLS 1593 A1, ofA|of fAERFA 0]
Eigen value 36 26 12 ofzelt QAT HA 15 Aol A, $ue W L el
Percentage of variance 358 2.1 117 3HF Zmol| A ofx|o} YArIYI ] theFA]o] ol gl7| YAkAFY
) | ' ' oSS o 4 g
Cum“lj‘;zznlc’:“gl;age of 358 619 736
. s 05 ot Wl 59P Yt A1 gl 24 BY
DTV 05 07 ol ) SR AT} 2l g e A B4 e
HFC? s o6 o1 Th(Fig, 3, Appendix 6), 71 A3k, H7) AL 212t 674}¢)
" 0 03 o1 (241, 34A2A 2, 647 99 3740 2 o=
ow 5 05 o2 71, 447), 2Ak0) ol 1, AR, Ay, A1E A
1000SW* 05 0.6 04 US| Bato]l F& 542 Holow, 4 2= 7ieb, A7),
Sesammin 06 06 o4 2ANT, HAFO Bato] i, AARSN AR, A% WYF
Sesamolin 06 06 o1 of o] e B4 weT 24 82 Aab], 447, 24
Lignan 07 06 03 1) ipo] 3 13 2] F7 FEY $HE Bo
“DTF, days to flowering; DTM, days to maturity; HFC, ZAPARELOVE, AP AR, AEEO] Fato] w3Th E3E AL
height of the first capsule-bearing node; CZL, capsule zone 9, AR, Bl R 2 L 27 2 3R w2 &
length; CL, capsule length; CW, capsule width; 1000SW, e HYr} o]8 g, o 12 SefAdo] Yl g]aydo] o
1000-seed weight. B4, T 2 Sl BT 210 H] £ 54, 7
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Fig. 3. Clustering of 165 sesame germplasm based on quantitative traits and lignan contents.
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ofAJo} Ul o}Ze)7} YA Fll(Sesame indicum L.) FAAAS] @AY} 2l &=F H7)

e e 27 13} 39) 271 ol 2|1 ghgo] e oo
548 AYE & 4 U
& Aol v R ] T A 5 S0l 282
WA e W T T 944 2 4 Sl AU S BN A A FHALA A 5531 2
B Q170 YWD I B RAANE R Ty = opAlof, o2z} §lak 2 1653k 5lo] ool S EA 9
A 808 1 AES e ol AUES A I ERS RII 1 A, A SR o
& ATH= Table 77h 2, ohrdd FR A2 A |9 %7l AR e fick(Table 2, Table ), 2 Aol 7135
7} AAARAS] H2l 63.0Y, 122, 3Y E et &1, 37 A4S AF A WHolE Furat and Uzun (2010)1} Gedifew (2022) 9] &
Ko, A= AA AL B2l 91,1 emBEc} Wral, 2Rk FATEC}E =3t} o]= Furat and Uzun (2010)7} Gedifew

B
e ALY A1 77 L ek A, HHF2 AR (2022)& 42 7, ofElujof XS] dHg o] =3 7

spe A

9lo] el 3.0 ghTH AL Ao AT AT A SR HEhS TR kol 2 iz ofAlo} B ofzaf)

= P10 o2 FAS| ujs) W) SN QA hepel o] Tk Aloll 4 51 A BAell] wEolek A

TS )R A7} Hof RSt ATHTable 6. T AT, % ZhEich 2 Q7oA AL MR Sk 217} 0,5 ng/g
o]

42 91(1T29416, IT167042, K276848, K276849)0] Tk S o4 12,6 mg/g, 0.1mg/go| A 3.5 mg/g?] Yl HolE LFER L
A0z Auteloitt 3| ad 9222198 AT AARE O w(Table 4), 3T AI= Morris et al. (2021) (AIAFTI: 0.55

o] gtol 2|t gHeko] 71 =2 Ak 57) 2Felo & Aldlely) —8.98 mg/g, AIAFE™: 1,04—6.30 mg/g), Rangkadilok et al

o} 1 A}, 22y 3] 9.6 me/g o)4Fel 7449l 1T169254 (2010) (MIAFRL: 0-7.3 mg/g, MARE: 0-2.5 mg/g), Wang et

(16.1 mg/g), IT170031 (12.0 mg/g), IT169250 (11.1 mg/g), al. (2013) (JAFRL: 0,82-11,05 mg/g, AARET: 1.35-6.96 mg

IT154876 (10.0 mg/g), IT170034 (9.6 mg/g)7} ATFE|Qic}, Ak /g)2] ¥o|E} FARIYITE

5 0272 Fig 29] PCA biploto] A% BHo1aF 4= o)} 2 %Z%XF?H THEEL A EH%Oﬂ uteh i gl
9] Z}o|Z B GIrHTable 2, Table 3), E3], & Lol A= 7|

3}7] 9 A2:7]7} oo} YAAF HTh O}iﬂ 7} QAR o]l A

Table 7. Selected sesame germplasm with high-yield agronomic traits and high-lignan contents

High-yield DTF DTM NCPA* HFC CZL 1000SW
agronomic traits (4) (< 63.0 days) (< 122.3 days) =2 (< 91.1 cm) > 77.1 cm) >30¢g
1T29416 49 97 2 31.6 90.2 3.1
IT167042 47 106 2 29.0 143.3 3.1
K276848 54 121 2 57.8 127.4 33
K276849 49 121 2 24.0 104.4 3.3
High-lignan Sesamin” Sesamolin” Lignan”
contents (5) (mg/g) (ng/g) (= 9.6 mg/g)
IT169254 12.6+0.2 3.4+0.1 16.1+0.2
IT170031 9.8+0.1 2.240.01 12.0+0.1
IT169250 7.9+0.3 3.240.1 11.1+0.4
IT154876 7.1£0.2 2.940.1 10.0+0.2
IT170034 7.0£0.1 2.5+0.04 9.6+0.1

“Each value follows qualitative trait description in Table 1.

YEach value is presented as the mean + standard deviation.

DTF, days to flowering; DTM, days to maturity; NCPA, number of capsules per axil; HFC, height of the first
capsule-bearing node; CZL, capsule zone length; 1000SW, 1000-seed weight.
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Appendix 1. List of 165 sesame accessions used in this study

Asia continent

Country of origin (9) Accession No. (71)

IT169600
IT169616
IT169728
IT169746
IT169747
IT169750
IT169756
IT169758
IT169945
IT169947

Islamic Republic of Iran

IT28914
IT169575
Japan IT169578
IT169800
IT169801

IT137587
IT137589
IT137594
Kingdom of Thailand IT154876
IT170031
IT170033
IT170034

1T169337
People’s Republic of China IT169365
IT170020

IT169131

1T169441
Republic of India IT169442
IT169457
IT169512
1T28892
1T29100
IT29416
1T29435
K276839
K276840
1T29469
1T29940

Republic of Korea
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Appendix 1. Continued

Asia continent

Country of origin (9) Accession No. (71)

1129971
IT103159
1T103367
1T103957
IT104246

Republic of Korea 1T104927
IT105793
IT113593

K276841
K276842
IT160628

IT169250
IT169251
IT169254
IT169255

Republic of the Philippines

IT169236
1T169244
IT169248
IT169406
IT169420
IT169643

Republic of Tiirkiye

1T30449
IT146141
IT146142
IT146143
IT166731
IT166733
IT166734
IT167042
IT169626
IT169627
IT169628
IT169629

Taiwan, Province of China

Africa continent

Country of origin (6) Accession No. (94)

IT165634

Arab Republic of Egypt
P &P 1T169148
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i)

o+F

B

Africa continent

Country of origin (6)

Accession No. (94)

Arab Republic of Egypt

IT169149
IT169152
IT169155
IT169156
IT169160
IT169172
IT169174
IT169177
IT169180
IT169211
IT169212
IT169213
IT169214
IT169215
IT169216
IT169223
1T169224
IT169230
IT169231
IT169731
IT169734
IT169735
IT169740
IT169743

Ethiopia

IT169579
IT169614
IT169615

Federal Republic of Nigeria

IT169532
IT169533
IT169534
1T169997
IT169998
IT169999
IT170000
IT170001
IT170002
IT170003
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Appendix 1. Continued

Africa continent

Country of origin (6)

Accession No. (94)

Federal Republic of Nigeria

IT170004
IT170006
IT170008
IT170009
IT170011
IT170012
IT170013
IT170014
K276847
K276848
IT170016
IT170017
IT170018
IT170019

Republic of Mozambique

IT169622
IT169623
IT169624
IT169625
IT169725
IT169726
IT169727

Republic of the Sudan

IT170030
IT170077
IT170078
IT170079
IT170080
IT170081
IT170082
IT170083
IT170084
K276849
K276850
IT170094
IT170100
IT170102
IT170103
IT170104
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Appendix 1. Continued

Africa continent

Country of origin (6) Accession No. (94)
IT170106
IT170107
IT170108
IT170109
IT170110
IT170111
IT170114
IT170115
IT170122
IT170123
K276851
K276852
IT170134
IT170135

Republic of the Sudan

IT167146
K276843
K276844
IT167148

The Republic of Kenya
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