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Evaluation of Seed Morphological Characteristics Diversity
of Job's tears( Coix lacryma-jobi) Germplasm
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Abstract; Job’s tears( Coix lacryma-jobi L. )is a superior crop used as food and herbal medicine. For the better
utilization and conservation of Chinese Job's tears germplasm, principal component analysis and cluster analysis
were used to analyze the 15 seed morphological characteristics of 36 Job's tears accessions. The results indicated
that the 36 Job's tears accessions possess high morphological characteristics diversities. Variations were observed for
the 4 qualitative seed morphological characteristics. One-way ANOVA showed very significant differences among ac-
cessions for the 11 quantitative seed morphological characteristics. Coefficient of variation ranged from 8.43% to
68.01% with the maximum value recorded for weight of the hull and the testa,and the minimum value recorded for
seed length. Principal component analysis (PCA ) divided the 36 Job's tears accessions into 3 groups, which corre-
sponded to the central and south, north, and wild groups, respectively. The morphological characteristics of the 3
groups were significantly different. Cluster analysis divided the 36 Job's tears accessions into 5 clusters,i. e. the cen-
tral and south cluster, the north cluster and 3 wild clusters. Six Job's tears accessions FJNJ,TJ-BK-1,TJ-BK-2 ,MY-
BK-1,MY-BK-2 and JYSD were preliminary selected as accessions with high anticancer activity.
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Table 1 Name,origin and qualitative seed characteristics of different Job’s tears accessions
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Accession name ~ Accession code Origin Seed color  Seed hardness  Surface stripe of seed  Color of seed kernel
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Table 2 Quantitative seed morphological characteristics of Job’s tears accessions
LERIN ¥fH PRt e/ ME R E 5 R E(% ) F{&
Characteristic Mean SD Min. Max. cv F value
FhFE A (g)SW 0. 180 0.080 0.078 0.300 44.67 69.671 "
FPFIEE (em) ST 0.596 0.081 0.473 0.724 13.52 45.554 "
KB (em) SL 0.887 0.077 0.818 1.021 8.70 7.549 *
B F i (em) SWD 0.698 0.097 0.538 0.849 13.89 49.684 ™
FFRKF L LWS 1.291 0.176 1.033 1.561 13.65 30.730 **
A (g) WK 0.076 0.017 0.051 0.100 22.94 13.714**
Ah 5 40 iz B () WHT 0.104 0.071 0.020 0.205 68.01 104.077
FPZJERE (em) TK 0. 400 0.042 0.326 0.452 10.48 17.077
AR (em) LK 0.498 0.042 0.459 0.536 8.43 7.001**
A5 (em) WDK 0.537 0.058 0.434 0.622 10.79 24,538 *
KT LWK 0.936 0.124 0.776 1.151 13.21 27.814*

HLERWMEBE(P<0.01)

™ . Significant difference at 0.01 level. SW;Seed weight,ST; Seed thickness, SL; Seed length, SWD ; Seed width, LWS; Length-width ratio of seed, WK
Weight of seed kernel, WHT; Weight of hull and testa, TK : Thickness of seed kernel, LK ; Length of seed kernel, WDK : Width of seed kernel , LWK: Length-

width ratio of seed kernel. The same as below

2R BB K

XF 36 A3 E L ANRE 11 AR S BRI O
FIAHOCHESTHT (R 3) . FhFHE & FhFIEE Bl 58
JE R E S ROt AR R o R R AR
Vi EIX 7 A E PR (R 2 2 AR 3 R A G FL A
K R BRI R 7 5 A e F AR R A
KARECH 0.433™ A1 R B = 1 Aot 5 A0
B AR TR (r=0.989 ) K Rh 1R EE IR T
T (r=0.988"") , FPF4 T Lo AR~ T8 L 22 1]
B IEAH S HOCRECH 0.956 ™, HixX 2 Mk
ARG PR B AR B E IEA G (r = 0. 568 ,r =
0.585" ), SRR EEACHEA .35, 5 HAth 7
AR A 2 A G

TR BRI B 22 TR AR OGP W 2, HL3Y
SRR B T A AR G AR SRR
KRR TC W E A, PP RESF PR
FhFIERE FhFoi i A Ea Fhie SN

2.3

FVFRA~ 50 B 2 0 35 E A O P K SR & Fh
TR S8 AR oE 54 i B ] S 2 £
I, SR 58 FE AR K 58 b S A0 0 3 IR AR OG,
HAHSE R BAR . FIE T DL SRR A 5 B %o T Fh 1 B
Fp ) EE S AU RS B X HE BE I sE /N
2.4 ERFHW

XPEER T 1 15 SRS MR AT PCA 207,
PRI 3 A F sy, RiFoiikAE N 92.84% (£ 4)
Hr s 1 FRorERFE e PR Fh 3R 4%
g My EE B RE SR MK A
{mHE R Fhoc M R Ea A TE R A K L
AR B B R B LT 4 0 TR B 4y
AR IR, STER R K 65. 56% ;55 2 TR ER
gt B R R R SO B A K e
2, BB A IR, BTER R 19.57% 55 3
TR EFFRE AR R w2, TR R 7. 71%
(F£4),



34 G RARAE R TIR SRR Z R 425

R3 BUMTFHEERKENEAXRY

Table 3 Correlation coefficients among quantitative seed morphological characteristics of Job’s tears

Fhse s
. ¥ b+ ¥ b+ i Pl pron B~ P~ A~ Pl
o i JELRE K LR KFEH GiR . JELE K R e i =
Characteristic e
SW ST SL SWD LWS WK TK LK WDK LWK
WHT
A SW 1
FhFJREE ST 0.965" 1
Pl SL 0.402*  0.408* 1
¥ 9L SWD 0.962* 0.988™ 0.397* 1
FFRIELL LWS -0.873™ -0.898* -0.010 -0.916™ 1
Pl HE i WK 0.631™ 0.720™ 0.418*  0.744™ -0.624" 1
Tl 5e 5 40P Bz T . " " - .
_ 0.989 ™ 0.933*  0.367* 0.926" -0.849* 0.513* 1
& WHT
PR JERE TK 0.549*  0.684* 0.282 0.696 ™ —0.627* 0.938™ 0.433* 1
K LK -0.482" -0.438™ 0.277 -0.403* 0.568™ 0.146 -0.561** 0.116 1
A5 WDK 0.856™ 0.924™ 0.400*  0.947* -0.857* 0.895* 0.781 " 0.858* -0.176 1
PR FE L LWK —0.909 ™ -0.946* -0.211  —-0.950** 0.956™ —0.665"* —0.881 " —0.647" 0.585™ -0.895" 1

O RVETE 0..05 AKP LR, ™ AHRNETE 0.01 KP LB
"+ Significant correlation at 0.05 level; ** ;Significant correlation at 0.01 level
F4 EBEUMFESERBERSSH

Table 4 Principal component analysis( PCA ) of Job’s tears seed morphological characteristics

eI FE ALY Principal components

Characteristics 1 2 3

Pl 7B {4 Seed color -0.644 0.540 -0.090
PR Seed hardness 0.863 -0.455 0.133
T2 11 4580 Surface stripe of seed -0.903 0.317 -0.058
F{B {5 Color of seed kernel -0.591 0.622 -0.267
P SW 0.983 0.008 0.109
7R ST 0.973 0.166 0.015
FF B SL 0.327 0.370 0.832
58 SWD 0.977 0.184 0.006
PRI LWS -0.922 -0.043 0.357
i E i WK 0.645 0.719 -0.035
Fhoe 54 i B WHT 0.969 -0.126 0.128
PR TK 0.588 0.738 -0.205
K LK -0.546 0.679 0.343
A58 WDK 0.880 0.452 -0.056
PR 5L LWK -0.956 -0.084 0.208
Z3 TR (% ) Cumulative 65.56 85.13 92.84

TELLSS 1 FE R0 555 2 3 i d alos E JYSD ZJIY \ZJTS, & [ V)1 i MY-BK-1 MY-BK-2 .
36 (IR R A 43 3 K2, BB 2Kk AR TJ-BK-1.TJ-BK-2, 3K A& FIPC FINJ Mok A
KR ER A 12 0y A% B Fh 54 R, A 55 ok A T M Z=FEER PR GZXR YNSZ Fl GXXL, 452 2K



426 MoY o fe

T ¥ 18 %

3k H ALY LNYX SDHZ il AHBZ 3X 3 13 4% 35 Fh 5
YR, 56 3 25 6R 21 1 BF AR AR B4 A, 4ok B |
) 14 3 FpST, ok A SEMAY 2 O3PS Kok A =/ LT
TSR R ML A YNYZH, JSYC ., GDGZ,
CQCK 1 ZJLD( 1),

2.0+ |
L | J—
L5F <y ) sE N
//F’P‘* .tn BK-2 ME'M'% /// \j
1.0+ {“W(”;i"'ﬁ?m :‘} p My ISYG
NYZH TJ-2
0.5+ \ TBkTERD . INSE /|/ // gy gpoz e 1,"'
';g" ST e rﬂ:{,& i /
0r st e / -l
A / ! - /
: | PX
& 0S5-—————————— o, ——— mm—A————
Z o IR
3] -1.0F / ;mm\f /"r : COCK “zip
& 15l ||r ‘.qrw.} / I Gzay T
=Y J e
20! \ X I I 4
. N \ SCCD | //
- -
-2.5 2 \“-._.—-JI’/
3.0+ I
20 -15 -1.0 -05 0 0.5 1.0 1.0 2.0

PC1 (65.56% )
MBS Rl 3% 1

Accession codes were defined in table 1

E1 EFMFESEREER 36 HEEFRE PCA B=E
Fig.1 PCA scatter plot of 36 Job’s tears accessions

constructed by seed morphological characteristics
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Table 5 Mean values of quantitative seed morphological characteristics among the divided Job’s tears groups

R U A o 5 LR T B R AR o B F{E
Characteristics Wild group North group Central & South group F value
Fh 7 HE i (g) SW 0.236 +0.039 a 0.083 +0.005 b 0.106 £0.016 b 79.347 **
FhFEEE (em) ST 0.644 +0.048 a 0.483 +0.014 ¢ 0.538 £0.020 b 41.648**
FhFKJE (em)SL 0.896 +0.050 a 0.852+0.042 a 0.880 +0.037 a 1.388
FPF 5 BE (em) SWD 0.757 +0.057 a 0.558 +0.021 ¢ 0.629 £0.025 b 43,002 *
FhF R 9 H LWS 1.191 £0.096 ¢ 1.533 £0.024 a 1.404 £0.056 b 40.650 **
= (g) WK 0.080 +0.013 a 0.054 +0.003 b 0.076 +0. 006 a 8.104
Ah7e 5 R F i () WHT 0.157 £0.029 a 0.029 +0.002 b 0.031 £0.013 b 122.377 **
AR (em) TK 0.406 +0.034 a 0.348 +0.010 b 0.402 +0.016 a 5.746 "
K (em) LK 0.484 £0.019 b 0.501 +0. 020 ab 0.521 +0.014 a 17.440 **
Ff{~FEE (em) WDK 0.562 +0.040 a 0.449 +0.012 ¢ 0.516 £0.014 b 20. 404 **
F K 9 H LWK 0.866 +0.038 ¢ 1.124 £0.024 a 1.012 £0.035 b 56.511*

NE/INE FRE3RTE LSD #:56 0. 05 /K 2R W3

Different lowercases indicated significant difference at level of 0. 05 by Least- Significant Difference Test( LSD)
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Fig.2 Dendrogram of Job’s tears accessions constructed

by seed morphological characteristics

3 itie

AMFFE Y 36 43 85 B0 BT A Rh 8 A8 B i
ARTAIAFAE 22 57, FLBRCE: otk ] 22 S5 b B 3, SR X
36 BRI R TR SR AR . FE 1
AR MR RS S AN i RhFE R P E
AR S RBUR R, 43 R 68. 01% (44, 67% i
22.94% AEKRM R T, FREE SR IEA
B AR K K S 2R, AT A (O
¥ R ERIE B BRIE &) 1R/ BB A AR KR AR
SO AR AR B TR T
PO ROR A 3 F RS I AT WLARDESE
SR —EFREE I s T 8 SRR 5 [a] (8t % 25 5+, (1
W AN e 0 AR TR [ R o AR S MR 2
MK A5 BN RAEAS S A7 B i — 25 (9 537 .

HR A SR A IEAR RIS B 5T A T Y
PCA 53 B al#E 36 13 &SR B3 3 K255 1 22
Fok B PR S R AR 12 A AR R, 56 2 e FE R
H AT 3 kR, 2 3 RN FEITA 21 B

AT, BRITHTHE 36 SR 5 RS,
RV e B A AR A (1 52) (AL S b (1
SO AR (M2 V3 V), PCA FIERSESr
S5 B B 2 Aol Jo -5 AR 55 ol i W S DX O, 3 W B
AR BT AR RN BT A BOR i ig L 22 5 . ARGE Rl
FIL PR LA s AR 53 b R A 1 A 35 8 R o
A C. lacryma-jobi var. ma-yuen L. , %A 8 EF B Ry
C. lacryma-jobi var. lacryma-jobi L. 23 M Fh
Y2 AR, RS REUL R SEA A TS
FIF QRG2S T MERY EATFREY,
B ENARLFANF, ~ P 7Ebkes AEF W R
e, SRR S H R SE U 2R B R B
Iz R B O O R A R SR A TR Y
23 [A) 0T R AR R T R R R IR (9 35 A
ZEFROR, JF HBFAEFP R DU TE st e S 7 BEfE
I EIGOET R0 BT, DS 0k B A Ao o ) A Sy R R
DU B2 R AR B E AR

R R 7 AT S RAT A Sy 40) 20 07 e e e 1
o 0 SRR T A R AR BE TR BUR T RS
PEAR 12 1 vl B i d AR B B JC I 1 PCA Z3 ATk
FERIE o M b B 2R O — 28, B FINJ | TJ-BK-1, TJ-
BK-2 MY-BK-1 ,MY-BK-2 Fl JYSD iX 6 { #i i 55
ZJJY .FJPC . ZJTS .GZXR ,YNSZ #1 GXXL 7&# FIE
S AR, AL SR R 5E R M IE 1
HRAH T B ORI 5L EATT AR 8 1k i o A R A 1 1
MR AT, 17 HL AP S B AR 5 F 5T 2))Y (FJPC.,
ZJTS (GZXR ,YNSZ Fl GXXL 7E3E Bl e £ 5%o
U R T e S A e Y PR, AR FIND | TJ-
BK-1.TJ-BK-2 MY-BK-1 MY-BK-2 I JYSD iX 6
o I3 ) DA e O P T BB R AT TR BT
P I AT 5 i — AP BRAIE

Bigt . v N g R A B AR 4 BT AT AR
2 IR RAABT S 4G 19 & AR AR

[1]  Zhou L,Huang B,Meng Z, et al. The amplification and evolution
of orthologous 22-kDa a-prolamin tandemly arrayed genes in
coix, sorghum and maize genomes|[ J]. Plant Mol Biol,2010,74 ;
631-643

(2] FEMCPE WL, Wk, R E0UR 10 35 15 78 S v BB B i Ak
[J]. A BEIR S P14 1994 ,3(2) 1 16-21

(3] BT RER S P EE DY A SR 2R KR
B[] AR FHBEIR 1995 (4) :4-8

(4] ZEoehtr, WYL PR SIS R AT 5 4326 (0] PU Ak
k2742 ,1995,8(4) :109-113

(51 B, 228 PSR B a2 aE [ I ], iAol B4,
1996(2) .81-84

(6] AWl i, S wIE 55, VU BURR 4 BT A 0 S I % 1Y



428 LI 7/ B S N A S 4 18 &
PER LEERLD]. R 25440 ,2010,35(4) :415-418 [25] EM, sRULE, (765, 45 TR IRPEIR A 28000 AR5
(7] B, ) Puas v IR ohar ok B S AL T]. ok Brid]. mrggell K44 ,2013,28(2) :157-162
A A2#,2003(3) :10-13 [26] ZFAE, THE 5 30, 5. 2 8 B BT B IR 2R i
(81  wislid, XA Bt AT RAE. e [ R 0 A 0 o I % LRI 5 1L ERT RS T[] AP 8 AL BRI, 2015,16 (2)
[J]. | ¥5E245,2006,37(2) :293-295 277-281
[9] B, B2 W, R A, S UG EE T Rh B R IR g R A [27] Ma K H,Kim K H,Dixit A, et al. Assessment of genetic diversity
[J]. VEEE A 22 ,2008,21(3) :792-797 and relationships among Coix lacryma-jobi accessions using mic-
[10] Lee M Y,Lin H Y, Cheng F,et al. Isolation and characterization rosatellite markers[ J]. Biol Plant,2010,54 :271-278
of new lactam compounds that inhibit lung and colon cancer cells [28] Li X, Huang Y, Li J, et al. Characterization of genetic variation
from adlay ( Coix lachryma-jobi L. var. ma-yuen Stapf) bran[ J]. and relationships among Choix germplasm accessions using RAPD
Food Chem Toxicol 2008 ,46:1933-1939 markers[ J]. Genet Resour Crop Evol ,2001,48 :189-194
[11] Chung C P,Hsu C Y,Lin J H,et al. Antiproliferative lactams and [29] B, BEoet, ka5 RV E R REMRI]. )
spiroenone from adlay bran in human breast cancer cell lines[ J ]. PigM Rl 2008 ,39(4) :413-418
J Agric Food Chem,2011,59:1185-1194 [30] ZBERM,ZAMAE, B FT SSR ARic i 5t M R EURP BT 3
[12] Kuo C C,Shih M C,Kuo Y H, et al. Antagonism of free-radical- Ut ZREVE BT[] AW 38 1% 98 5 2 42, 2012, 13 (2) »
induced damage of adlay seed and its antiproliferative effect in 317-320
human histolytic lymphoma U937 monocytic cells[ J]. J Agric [31] FA 452 AR RIE, S5 FHEFBURIRT SRAP 2 FAric i
Food Chem,2001,49 :1564-1570 FE[1]. P2 2015,46(1) :112-117
[13] Wang L,Sun J,Yi Q,et al. Protective effect of polyphenols extract [32] Aljane F,Ferchichi A. Assessment of genetic diversity of Tunisian
of adlay ( Coix lachryma-jobi L. var. ma-yuen Stapf) on hyperchol- fig( Ficus carica L. ) cultivars using morphological and chemical
esterolemia-induced oxidative stress in rats[ J]. Molecules,2012, characters| J]. Acta Bot Gallica,2010,157:171-182
17.8886-8897 [33] Malav P,Pandey A,Bhatt K C,et al. Morphological variability in
[14] Kim S O,Yun S J, Jung B, et al. Hypolipidemic effects of crude holy basil ( Ocimum tenuiflorum L. ) from India[ J]. Genet Resour
extract of adlay seed ( Coix lachrymajobi var. mayuen ) in obesity Crop Evol,2015,62:1245-1256
rat fed high fat diet;relations of TNF-a and leptin mRNA expres- [34] Méndez-Tovar I, Martin H,Santiago Y, et al. Variation in morpho-
sions and serum lipid levels[ J]. Life Sci,2004,75:1391-1404 logical traits among Thymus mastichina ( L. ) L. populations[ J ].
[15] Seo W G,Pae H O,Chai K Y et al. Inhibitory effects of methanol Genet Resour Crop Evol ,2015,62:1257-1267
extract of seeds of Job’s tears ( Coix lachryma-jobi L. var. ma- [35] Schaaffhausen R V. Adlay or Job’ s tears-a cereal of potentially
yuen) on nitric oxide and superoxide production in raw 264. 7 greater economic importance[ J]. Econ Bot,1952,6:216-227
macrophages [ J ]. Immunopharmacol Immunotoxicol, 2000, 22 . [36] Banerjee D K,Jain S K. Preliminary observations on the ethnobot-
545-554 any of the genus Coix[J]. Econ Bot,1974,28.38-42
[16] Chang H C,Huang Y C,Hung W C. Antiproliferative and chemo- [37] Rao P N,Nirmala A. Chromosomal basis of evolution in the genus
preventive effects of adlay seed on lung cancer in vitro and in vivo Coix L. (Maydeae) ; a critical appraisal [ J]. Nucleus,2010,53;
[J].J Agric Food Chem,2003,51:3656-3660 13-24
[17] Lu X,Liu W,Wu J,et al. A polysaccharide fraction of adlay seed [38] XiXJ,Zhu Y G,Tong Y P,et al. Assessment of the genetic di-
(Coix lachryma-jobi L. ) induces apoptosis in human non-small versity of different Job's tears ( Coix lacryma-jobi L. ) accessions
cell lung cancer A549 cells[ J|. Biochem Biophys Res Commun, and the active composition and anticancer effect of its seed oil
2013,430.846-851 [J]. PLoS ONE,2016,11 :e0153269
[18] Kim S O,Yun S J,Lee E. The water extract of adlay seed ( Coix [39] s ¥, sk, EuNgs, 5. EE0H AR Fd: | — Bk
lachrymajobi var. mayuen ) exhibits anti-obesity effects through FEPEMNHE i BF R ()] 4 3k A% B R 24 41, 2016, 17 (4) -
neuroendocrine modulation [ J ]. Am J Chin Med, 2007, 35. 692-697
297-308 [40] #HbRAR, T 268, 55, KRS RO Fp TR AL MR 5 1% 2 e M
[19] HsiaS M,Chiang W,Kuo Y H,et al. Downregulation of progester- M BT [T ] VEY 4R 2012 ,38(5) :829-839
one biosynthesis in rat granulosa cells by adlay ( Coix lachryma- jo- [41] TR, ZpE2  m A E, 5. B S R 4258 F, [ MR 4
bi L. var. ma-yuen Stapf. ) bran extracts [ J]. Int J Impot Res, BT Al B AR 24 B 2= 4 ,1993,7 (4) 148-51
2006, 18 :264-274 [42] CRFIE BLEW, 200, 5. R0 i) 28 Aol 25 i g2 Al
[20] A7l , 25503 R B A 2 85 A0 95 00 %o 2080 7 5 14 S i PRI 7. vl K% 24k 11993 ,13(3) :199-202
FABKMEAHTLI]. P EAR 58 ,2010,26 (13) :149-152 [43] Frifl, Zofs m B, 4. PR B0 R H F MR R T
[21] ZERATE, ZE0i i, SRARAR, 5. 3R Ah 00 385 0 A K M P i i 52 P25 1995 ,26(2) :88-91
[ J]. R ,2013 ,41(8) :3384-3385 [44] ZESi4, BBl RFEIE B x I m A3 o[ 1] 1E
[22] BRSO XM BRI IR A 2 B A 7= e R[], 52N Y1244, 1997 ,23 (1) :118-122
P ,2014 ,42(8) :72-75 [45] ZFkE=. BECRIA 2SS ARILAERER BT ]. i 2 2
(23] bk M. AN [ ol B2 At A 7 S 88 1807k B ) A P 2 1 ,1998,23(3) :147-149
[ )]. hER AR, 2008,24(6) :217-221 [46] HhAEMR BRI 225t 4. EOURRNE AR F) MR (4 i i 52
(24] BT PO, R, 55, o B i = 8 SR B 8T IRt % [J]. tipE ARy R 2244k, 1998 ,18 (1) :20-23

LRI 1]. ) AR RN: ,2006,37 (4) 1341-344



	植物遗传3期（优化）_部分43
	植物遗传3期（优化）_部分44
	植物遗传3期（优化）_部分45
	植物遗传3期（优化）_部分46
	植物遗传3期（优化）_部分47
	植物遗传3期（优化）_部分48
	植物遗传3期（优化）_部分49
	植物遗传3期（优化）_部分50

