FE R R 2016,21(10) :11-22 http: // xuebao. cau. edu. cn
Journal of China Agricultural University DOI:10. 11841/j. issn, 1007-4333. 2016, 10. 02

ETREMRMSSRIFIENLAGTHAEERFEEZHESH

KA EEE KRB OKREN KB EXEY FaRT BRI
AL A K2 A2 BE, 1P KA 030801 ;
2. WG RAME K2 Rl A TREAFS BT, IL7E KA 0308015
3. g Iz - vep S 4 5 IR R R R A R S SE 46 == L KR 0300315
A, ZRR BT B R R B A B R LD T A E A I R L LTS R A 030801)

H OE AAARMKKA SSRARMSLEGE AN HEMEETREFEHESHEREIN, EABKT, @355
DR E AR P RF MUARBRRBAFGNEER AALBFTARETRAABR AN FGHAR S K,
APt AR EREN TS F LT AL SR BHRZ. A 276, A AR REASHERBALRSIBFL2.0 4
AR SRFENREGRA DG B FERCRBRINLFERGEY, B3ARRLETH L FHAER
BRIDSAIANEE . F I EREIZEAAAIREG BREFERBFET;H 2L L2 RN AMM D REY AR T EIK
FiEIETEEANAHMSER AKE REF, RESHANAR SRS LBEF L AARBRINA —EMM£
W, EHFKF. AR 20 2F SSR 31%%#@5@1@1 L2 AFAEEF, FHEMEESA AR SRS PICH T34
A 0.66F0.61, RRRESH BREMOSN P ER> >N AR N HOFMEREFTRL>AT 3 £, .3 # 5%
HEUREFROR S ERFALR LA K AXN BN IAEBELE LG AR RERIN LR T A —H . AW RFE £
AAREFTENFARERRELGRASA RRZ N EAHERE,

XER FHEE; RAMIK;SSR AFT; B A S AN BIAREMN

hES%EES S554.3 XEHS 1007-4333(2016)10-0011-12 XHKER RS A

Genetic diversity analysis of green foxtail germplasm resources in
Shanxi Province based on phenotypes and SSR markers

ZHANG Yao-yuan'**, REN Yan-xin', HE Lu', ZHANG Yan-ming', ZHANG Bin',
WANG Xing-chun?*, LI Hong-ying?®, HAN Yuan-huai'??3*"
(1. College of Agriculture, Shanxi Agricultural University, Taigu 030801, China;
2. Institute of Agricultural Bioengineering, Shanxi Agricultural University, Taigu 030801, China;
3. Key Laboratory of Crop Gene Resources and Germplasm Enhancement on Loess Plateau, Ministry of Agriculture, Taiyuan 030031, China;

4. Shanxi Key Laboratory of Resources and Genetic Improvement of Minor Crops, Taigu 030801, China)

Abstract The genetic diversity of 41 green foxtail resources in Shanxi Province was investigated by phenotypes and
SSR markers. At the phenotype level, 14 character indicators such as the types of plant structure, shapes of panicle and
leaf were determined. The results showed that the phenotypic diversity of Shanxi green foxtail resources were relatively
abundant. The leaf color represented by chlorophyll content had the highest genetic diversity index (2.76),and the
genetic diversity index for the rest of the characteristics were about 2.0. Most of the green foxtail had spindle panicle,
with grains being cyan in color and spindle-shaped. These resources were divided into three groups by phenotypic
clustering,and each group had its own characteristics: The first group showed average phenotypes among all the

accessions including traits of plant height, panicle number,and etc; the second group mainly contained those of smaller
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plant height,fewer panicles and lower dry weight; the third group consisted mainly of those with bigger plant height,

more panicles, lower panicle weight and etc. It was discovered that phenotypic diversity had some correlation with

specific eco-geographical regions in Shanxi. At the molecular level, twenty pairs of SSR primers were selected to

analyze the green foxtail resources and a total of 102 alleles were detected,with an average of 5 alleles per locus. The

average value of gene diversity and polymorphism information content was 0.66 and 0.61,respectively. Although these

resources were all divided into three categories by three different methods including clustering analysis, population

structure analysis and principal component analysis, the classification of these resources were not completely

consistent. Moreover, these three clusters were also inconsistent with the distribution of eco-geographical regions in

Shanxi, indicating a partially mixed distribution of green foxtail resources in Shanxi and unclear boundary among regions.

Keywords Setaria viridis; phenotypic traits; SSR markers; genetic diversity; population structure
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Table 1 Resource profile of Setaria viridis in the study
Hb X 3 e S R X Hb X 5 ErRe S R IX
Region Source No. Region Region Source No. Region
- £ SX1-2 1 1Ak B SX41 ]
FH =TT SX3 VI pVACR SX42 I
FHIR Yangquan FH SR T SX7 I ¥y BH T SX47 Vi
- . E % Lvliang
£ H SX8 1 ¥y A T SX101 Vi
it SX80 ! BBl SX103 ]
R SX10 i Eyid SX105 W
iz Y SX12 /
ekl A O 7 SX58 v
iz SX14 v
3% Yuncheng I M Xinzhou A SX110 VI
PoEZ = SX15 v
i JRSE T SX55 Vi
qgH SX16 v
i Jinzh % SX65 /
— SX18 W & H Jinzhong = 5 VI
- . i SX75 /
FIE SX21 v KJE Taiyuan RIRT ’ v
R SX?23 v KR T SX76 Vi
I % Linfen Y B SX25 I\ Y= SX106 M
iz SX93 VI W B SX107 VI
S < s A SX109 y
BmE  SXo4 a I Shuorhou T !
FeiH SX33 Vi M 117 SX50 I
ELSiE] SX98 V N SX51 V
K1 Changzhi FEEE 1 M T I
Kigm SX96 Vi WA M T SX108 Wl
Kinii SX99 v N SX119 v
— L Tk Jincheng )
K[ Datong KT SX37 VI foE A SX120 I\

1.3 SSRE|¥MRFiX
1.3.1 34 kR

Z 8 Wang 557 16 45 7 MR 85 40 23 1% 2 4
PEBFSE N 6 SSR 514, L83t 50 X514, i IK
Pl K EE A= BB 28 | A i, OF DA A i 2 1 2 S
PERSAF Y 20 XFH T ABEGE TR 2.
1.3.2 SSR X Hit 42

PEHC AL Gy (L VG T M e BT B U AY 4 i &R R 4
DNA:FRHL 0.2 g M A ST/ JE & T 2 mL
BT AR 65 CHIAIER A 750 L J3F
W B 375 pL Al RNase A ¥ ik (10 mg/mL) 15 pL,
#E 5 min, A 200 uL S 7. IR 40, 12 000
rpm/min &0 2 min, % H LIERT 1.5 mL B.08
OIEMA S HFEAR R SN EE T E0E IR,
12 000 rpm/min #.0» 3 min, 7 I3, 1 mL 75%
SV DLTE . 12 000 rpm/min B> 3 min, # I

WHeEAE 1 WEME ZEEK T, &EMA 50~
100 pL 4K % DNA JUIE. R 1% 8 B8 b
TR i L VR T L S A, o RE RN 5 L, AR IR
FR G ST IR B A R A3 A SR I 4 32 1A
R 1 pl, SSR WK ZE K 20 pL A FR.10 pL
Mix,1 pL Primer F (10 pmol/L).1 pL Primer R
(10 pmol/L) 1 pL i % DNA #ik (10 ng/pl)
7 ul. ddH,O, PCR ¥ 384 /¥ N .94 °C i A ¥
5 min; 94 C A8 #: 50 5,60 “CiB k 40 s,72 °C fEAf
1 min, #E47 30 MEFR;72 “CZEMH 10 min. )5 4 C
TRAF . SR 226 (R 35 1 W 068 B o Tk A T PCR 7= 4,
PEATEI MR ik . X PCR 7= 9 0k 47 58 19 0 1k e 45
Ji2 R K A R AR e S T 5 B A% T T VR R R
B 25 HEAT GE 1. B HG A LE H UK BE S T Y A X
BLORH 0—1 RGC % HRELER A& EAWICH
L, Jeai ek 0. JR A5 40 5 .
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Table 2 SSR primers used in this study

519 % PR Yo A A HIT Gik71:2]
Name Chromosome  Repeat motif Primer sequence
F.CCCGTATAAATGTCATCATCCC
B186 3 (GA) 4 o
R:GCACCTGGCTTCCCTT1
F:CGCCCATACTACCCAACAG
B166 9 (CT)y, ISR N i
R: ACCTCACCTTCCACTCCTC
. F:CACGCACGTAGTATTGCTAT
3241 9 ((J’A)gf; N N
R:GTTCTGGGCTTCTGGCTG
F.:ACCTGGTCTTCGTTTTGG
B249 * (GA),, oo .
R:AAAATTCTGCACCCAATGAA
F:GCAGAAAGCATGCCGTAGTC
P3 1 (G . A T A i .
R:GCTTGGAGTCCACATGGATAG
123 ; (AC) F:GGTGTTCTCCTGTGTGC
: " R:AGAGTTATTTCCAGCATTAGTG
. F.GTGCGTGCCTCCCTTTA
B269 9 (GA) s
R:CCAGATGCTTCCACGGT
B102 . ) F:CCGTGAAACCCACCACTATT
‘ o R:GCACACACAAACCCGTCA
. F:CACCACCACCCCGTTATATT
BL71 9 (CT)y
R:GGAGGAAGTTTGGAGGGAAG
-_ . A F. TTTCGGGTAAGAATTGAGATGG
‘ % R:GGTAGCAAGGTGACAAAGTT
. F:ACCCAACACATTCTCCTGAA
B153 1 (G
R:TGCTATCAAAATAGTGCTAGAAT
, F.TCTGGACCAGCATTCTGTCTT
B236 4 (CT)ys o I
R:GGTAACTCTGCTTGGACGAG
. F:CACTACCACTGTTCCAGATCG
B242 2 (GA)y, :
R:CAGGGACCTTGCTTGCATAC
i F:CACGCACGTAGTATTGCTAT
B246 9 (GA)s
R:GTTCTGGGCTTCTGGCTG
F.GGGCCAATAATGGTTGCATA
B258 8 (CA)G(GA)s; IR
R: TTGCACATCCAAATCTTTCC
- ; . F:GATGAGCACACGTTGATTGG
" R:GGACTTCACCACCGAGATG
F:GTGCCCGCTTAGCTTTAATC
P20 9 (CA 5 (GA) IR .
R:ATGCACGTGGGACCCATAC
_— ; (AC) F. TAATTTTGTGGCGTGGGATG
7 o R:GCACTGGTTTTGTTGAATGG
F.CAAGCCACCCAGTCTAGAGG
Pss 1 AC); (GTp
(AD: (GDz R: TTCATCAGAACTGCGCAAAC
. F.CGCTAGCTGTAGCAGCCTTC
P4 9 (GT) s

R:ATTCGCAGCAGCTGAAACTC
TE: » RORZARICRE N T ARG Ak, 2 02 % 30k 22],

Note: * represents the marker is not located on chromosome, please view reference [ 22].

1.4 HIBEAIETE WAL ZREPERE B AR AR A PR 0 S 380 (XO FlgR
1.4.1 £ AMK%H HEZS) HEEES R 10 % B 1 %[, <(X—

FIH Excel Xf 14 />R AU AR 47 Gt I 11 & 2 1FN A 10 K [, > (X +2S) 7, v ] 55 2% ] 2%
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0.5S, 5 — G (i M XA 3 ) T 3T 3 2 RE R 20
FIH DPS B b iy R G5 Ward ¥ 5B R 7L
BEUR A BEREZ 8] 1 W R B AR ALK X Ay R
BRIR AT IR .
1.4.2 SSR itk 3 A3 AT S0

iz | PowerMarkerV3. 25 4% — K 514 2
FEPEFR bR EAT 2007 49 30 4 BE B H L 3285 BRI
AR R A R H R 2 A P45 0, Shannon” s £
HHRHE. ETREGEMZESEGFE S &
(Polymorphism information content, PIC) ¢ £ %4
fd, JF # # H UPGMA & % ®™., & H
STRUCTURE V2. 11 A4 Xf BEAR 4544 347 73 . 4%
B YR i BRI A% AR 43 S A () S B O E A B
BAE 25 A B pt s £ 2 Y . 8 NTSYS-pe
2,00 BRAE X 41 £y g R R BT IR R AT 32 84k A b
(Principal component analysis, PCA) , 18 33 84 #i &
P A [ B R 43 R AN TR R
2 BRESH
2.1 BHEERBZHEMSNT
2.1.1 LW HFHEFERAR WIS

A 2o Xt AN B PR L BLbR T RS L REORL LA
B RERC R K TORLE PRI RPRDIE AR I

AL BE KA B R 3R a3k 14 AN R AR B
B R & B L VG 7 R AR AR TR R RY | b R T
YR B m s e 2 FEPE (R 3, Wk 3 R,
MER L Z AR B O 2. 76 B A
1 ZREPEFE BORAR S 1. 495 FE A Motk 38 15 2 RE 1
TR RFFAE 2.0 Ko . ANRHOIRAS 5 R B A3
K2, A A Bl & 12, 31% ~95. 25% . 78 % R 5
FR I bk T &, 36 95, 25%0, HL vk & R, ik
81.75% » AT /INTF 40 %0, WA 46 A W2 bk T
AR A R K AR S L, s, BRI A& KX
FEROE A D7 H 2R B0 T 2 R BERL AT 4 L ] e
G RRIE L R 51. 22 %6 s KPR B 6 K 250k 5 6
A, 430 i 56. 1020 F1 26. 8300 ki Ik £
YiERIY .15 97.56 %0, AADECHBEHEIE . 5 2. 44 %,
H I AT ) 20 4RI L K 22 500 R 2 B R ) R R SRy 5 e
T o HFRL B FNE R 533 R 75 €6 25 R Y .
2.1.2 FHMREFERRRELBRBAL S

FIH] DPS 84k i & G2 2K Ward ¥, X i 2
EGRRAEAT R RS R E 1 FrR . AERKIREE
B 4. 13 i A B AR R IR 400 3 2K R 2k
(GroupD) 3t 13 B8 AL 45 - 58 I (5) L FH IR (3) . 9)
M2 s (DL RFE (D F (D, 8 2 %
(Group2) 3L 12 3 B8 AL 45 : 91 IH (3D T MM (3D L &

®3 NEERERRBEFHTRESEESHEEY

Table 3 Phenotypic statistics and diversity index of Setaria viridis resources
Kotk e i i T b 1 25 E%%M/% 1‘%%?%&?&?&
Characters Maximum  Minimum Mean Standard  Coefficient of  Genetic diversity
deviation variation index
FE S /em Height 162. 87 71.07 122.61 22.59 18.42 1.93
K /cm Panicle length 13. 37 5.29 8.32 2.00 24.03 1.98
ML /cm Panicle diameter 2.12 0.93 1.57 0.26 16. 86 2.00
%L Panicle number 299 17 81 66.05 81.75 1.49
M| K /cm Bristle length 1.18 0.48 0.79 0.18 22.72 1.97
Tk /g 1 000-grain weight 0.67 0.10 0.34 0.11 33.62 1. 86
M4k T 8 /kg Dry weight per plant 0.56 0. 02 0.13 0.13 95. 25 1.52
bk %% 8 / (4~ /cm) Vein density 71. 64 16. 68 49, 28 11.72 23.79 1.90
e AR (B ED /(mg/g) 53. 67 30. 93 42. 48 5.82 13.70 2.76
Chlorophyll content (FW)
bR RALE B/ (A /mm?) 121.53 50. 00 85. 21 14. 83 17. 41 1.97
Stomatal density of adaxial epidermis
T ERESALEE/ (A /mm®) 106. 94 66. 67 85.92 10. 57 12.31 2.01

Stomatal density of abaxial epidermis
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R ECHE S Euclidean distance

1 EFRBERN N BHARERREREE

Fig. 1 Dendrogram of cluster analysis for 41 Setaria viridis resources based on phenotypes

(2 R 2)VKE DOV IEE (1), 5 3 2%
(Group3) 3t 16 ¥ AL 45 : B R (D (KIH ) |
Y (3) I (2) KJFE (D VGBI (D M (D,

W TR GE R 5 1L P o A S B X R B
551 20 R IR 2Bk [ 38 IR A b I T A
A B R 0 A A S T X 5 5 2 2K Ok
H R[] 28 23 M R B 3 1l A5 VG 5B A 7 b B
M X & T A i M 2R S R IX 5 3 2k R m R
F B3R Bk AR A R AT 1L bk P R 2 D) A KA A
R i 2 b, 5 3R I % 2 b JE T v R R A M R S
HbBRIX, T LA AR S L PR A S X
—EAHE . KL R 3 R 11 B R B
PEATHEHE, 5 UL 36 4. 2 b AR R BE AR ] — %
RPERTFEES SR R RN ES KB 3 K
PR B R TR) (B AR RRAE - 28 1 SSRFIAR R I Ry ik s
TS AR TS b o, I Bk B K 5 2 RBEIR R
B R AR X i /0N R Rk T E AR, AR R
ER T RY RIES RN SR SN N 8 A

CERL LY /S B C = I ol N e W Ml - L o 7 s
NGHTEK .
2.2 HEERESSRIFCHBESHEESF
2.2.1 SSR MFiL#y iRt $ M

FIH 20 4~ SSR Aric Xt A1 53 #y 2 5% YR ik 4T
LR M S5 AN 5 Fn SR I E] 102 A4S 4
ARSI AL 5 A S 2R 0. 66,
AR JE I 0. 39~0. 84, PIC 418 0. 61, 284k 1
)2 0. 34~0. 82, Hrf,B102 fif si kI ] 8 4%
AR S A 13 A KL DAL, 5 HoA AR 12 A7 L B £, PIC
R 0.77:B269 fif & Z A8 $ e K, H1. 79
B269 fii &5 PIC iz K. 4 0. 82,
2.2.2 BAREHMHN

R T R b AE A R R Y 5 A 2 L A
%549, 36 F§ STRUCTURE V2. 11 54Xt 41 4347 2
PG IR AT AR SRR Sy, I E K=2~11, 84
KAEZ47 5 W LA K {H A8 A bR AK {5 9\
AR AT LR . g5 R AR 2.3 it K (ERE R 3,
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Table 4 Analysis for population characteristics of 3 groups of Setaria viridis
A1 Rk 2 EiEE N
Group 1 Group 2 Group 3
Characters e ERREOC L BRRMON L ERREY
Coefficient of Coefficient of Coefficient of
Mean o Mean o Mean o
variation variation variation
F# 4 /em Panicle length 7.81 0. 24 6.79 0.17 9.76 0.17
MUHL/cm Panicle diameter 1. 49 0.16 1.49 0.19 1.63 0.16
T84 Panicle number 65 0. 46 45 0. 46 112 0.77
Wl &4 /cm Bristle length 0.71 0.12 0. 69 0.22 0.92 0. 20
Hipk T 5 /kg Dry weight per plant 0. 10 0.79 0. 06 0.38 0.22 0.69
K& /em Height 122.94 0.19 105. 05 0.15 135.52 0.14
T T /g 1 000-grain weight 0. 30 0.13 0.33 0.31 0.37 0.41
EREAAFE/ D/ mm®) 87.02 0.17 87. 50 0.15 82. 42 0. 20
Stomatal density of adaxial epidermis
TREKILEE/ D /mm®) 87. 45 0.12 86. 81 0.09 84.03 0.15
Stomatal density of abaxial epidermis
k% B/ (em™ ') Vein density 54.81 0.15 52.56 0.23 42.33 0.26
442 G (BETE) / (mg/g) 42.06 0. 14 44. 36 0.13 41. 41 0. 14
Chlorophyll content (FW)
FS5 20 4 SSRiRIZHEHMESIT
Table 5 Diversity statistics of 20 SSR markers
AN R HE P AL . Shannon’s . .
N EADANE N FEHZ R N EA
2 I BHH . Z TR AL . ARG RE
M H Gene . BE&
Name Major allele Genotype Shannon’s Heterozygosity
Allele No. ) . diversity PIC
frequency No. diversity index
B186 0. 50 7 5 1. 31 0. 65 0. 33 0. 60
B166 0. 45 10 7 1.62 0.72 0.51 0. 68
B241 0.76 4 5 0.71 0.39 0.02 0. 34
B249 0. 44 4 4 1.23 0. 68 0 0.62
P3 0.33 11 6 1.51 0.75 0.8 0.71
B123 0.39 10 6 1. 29 0.73 0.63 0.68
B269 0. 24 15 7 1.79 0. 84 0. 83 0. 82
B102 0. 28 13 8 1.71 0. 80 0.76 0.77
B171 0. 33 5 5 0.94 0.73 0. 89 0. 68
B174 0. 38 9 7 1.66 0.75 0.63 0.72
B153 0. 40 12 6 1.47 0.73 0. 66 0. 69
B236 0.68 5 3 0.83 0. 46 0.13 0. 39




'8 L E R

2016 4 55 21 &

5080
AL R H R Shannon’s
. S5 AR S . N A Z HE EF
3 e HH ﬁ;‘ LR B . St I oo
ene S H
Name Major allele Genotype Shannon’s Heterozygosity =
Allele No. diversity PIC
frequency No. diversity index
B242 0.40 5 4 1.17 0. 66 0.03 0.59
B246 0.33 13 6 1.62 0.77 0.59 0.73
B258 0. 37 7 4 1.24 0.68 0.4 0.61
P29 0. 46 13 7 1.59 0.72 0.61 0.68
P20 0.53 4 3 1. 00 0.61 0.06 0. 54
P59 0. 64 4 3 0. 68 0. 47 0.22 0. 37
P88 0. 56 3 3 0.78 0.51 0 0.40
P4 0.48 4 3 1.01 0.61 0.07 0.53
SE#4{H Mean 0. 45 8 5 1. 26 0. 66 0.41 0.61
ol I ¥y (1) 5 W AR 3 HKBFK (Popd) , AL 13
21 e Y — 5 y N
" VEIR 23R ) LI B (2) B3R () M () M (2)
g T (1) LR R S 8554 1 5347 » 5 91
2512 REZHOK H R — 4 X 1 % IR ATE 3 SRR ¥ A 43
o A Bl 5 UL I — 22 25 X Bl 6 0 2 8 0L b 54
3 SEARA 2 WA R BB AR SRR E
0 ——— 2.2.3 EARASN

3 4 5 6 7 8 9 10 11
FERES KA T
K value prediction of population structure
B2 MEERAFRFLEHNRAKERE
Fig. 2 Determination of the optimal value of K for population

structure of Setaria viridis resources

SRR Popl  |B22RER Popd] 4532501 Pop3

B3 M ARERENEGEEREN

Fig. 3 Population structure of 41 Setaria viridis resources

RIVHs BT A 0 R R IR Sl 3 AN SR L AN TR B AR
BRI AR AN TR B35 0 o5 ) BG40 A D32 %
30 73 B AH AR A B0 AT REME DR . ZDARUERER 1 3
HEAR (Pop D) AL4H 17 By BE . B2 () IR (3) (1)
M3 I (2) A YA 2 TN (D IR (D) K [A]
(D2 A AURE 2 KA (Pop2) A 4F 11 Ay B4 .
FHAR (2) G238 (2) AR (2) RS (2) I (D G (D

iz HI NTSYS-pe 2. 10 ¥4 41 43 b4 8F AT F 53
SR AR NE 4 FOR M R B BEIR 4r S 3 S HE,
BER A(PopA) JBffK B(PopB) MIEEA C(PopC) ., H
AT SNRERZ, EEL S T M T
LB TR Iy IE AR, A BT R A SR R
G YR B [ A L b DX g R A M XX 2 KA
X,
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Fig. 4 Principal component analysis (PCA) for 41 Setaria viridis resources
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