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Abstract: Shanxi province of China acts as one of the main producing areas of common millets and also
a center of local varieties and farmer germplasm resources.Exploration of genetic diversity in common millet
germplasms will provide a scientific basis for studying the origin and evolution of common millet, which
would strengthen gene transfer between varieties of common millet and facilitate the utilization of excellent
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resources.In this study, we analyzed the genetic differences among 57 common millet accessions from
Shanxi province by 27 pairs of SSR polymorphic primers.The statistical analysis were conducted by software
PowerMarker 3.25, PopGen 1.32, MEGA 5.0, Structure 2.3.4 and Ntsys 2.11.Within this accessions, 71
alleles were detected with an average of 2.6296 alleles at each locus.The number of effective allele account
for 76.94% of the observed one.The Shannon index of all primers ranged from 0.4140 to 1.0446, with an
average of 0.7686, The range of PIC was 0.0601-0.7158, with an average of 0.5667.The values of genetic
diversity indexes such as the observed heterozygosity have no much difference between two ecotopes.Basing
on Neighbor-joined genetic distance, 57 materials were divided into 3 groups, the group 1 belongs to the
Loess Plateau spring & summer-sowing ecotopes, the group II belongs to the Loess Plateau spring & summer-
sowing and Northeast spring-sowing, the same as the group Il .The analysis of genetic structure divided
57 common millet accessions into three groups.In terms of the values of Shannon’s information index and
PIC, the green group is higher than that of the others.The results of two cluster analysis are consistent and
they showed a close correlation between geographical region and the method of clustering.Meanwhile the
materials in northern of Shanxi province were distinguished from the middle and the southern of Shanxi
province by the means of PCA, The result indicated that the genetic background of two ecotopes has obvious
differences due to geographical and climatic factors, which is consistent with the result of genetic structure
analysis between populations.Thus, the genetic diversity of common millet resources in Shanxi province was
abundant.
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Table 1 Accessions of 57 common millet in this study

i Filt 44 Heik AR #ik
No. Name Origin Provider Note
1 JEF 75 IINEPNED) LG8 A AL B V) e 2E DRI 7 e LRl
2 SRS 7GR RRB X MR B AR R AT 5 Rl
3 PNEES LV KA i AR X rhEfO R B E R S o5 Rl
4 R IINEEpNET Ll PG4 A R] T I B ) A A R T
5 TR I PNED] Ll PG4 A R) T R T B PR - A R T
6 FIBETF LU P A M Tl LLPE I T LB 5 R S BN preail
7 HBET L PG48 M LG M T LB AL SR A RGN
8 PNEES I pNEP RO R B R 5T HbJ5
9 wRT LT H R Sl B LG A DT P s B = R Freail
10 KELLHE LINPEA T 2 FE B Lva4E s #E B E S R PR T
1 aAF g E Fe L VG4 5 #6 BT KRR RE T
12 1 R B L PG v g LA 5 28 BB 5K i b Preai
13 pNAR S LINPEAT e B LIV P L 5% B A VS
14 LIEET LU VG4 BRAR T LUV A8 R AR T RB X /N RE T
15 4T LG A5 R LG R P BRI R G Preai
16 ESSR LU VG A5 R LUV A PR P sk A A RGN
17 LTREF L VG4 AR T LU VG4 BHSR T T 2 L s RGN
18 ¥ LI P2 B AR T LIPS LR P e 1 B Sk preai
19 EAES Ll P2 B AR Tl LUV A5 BRR TP v B L R A RGN
20 eSS LG4 B T LIV A R AR P S0 B B R AT RGN
21 AN O LU VG4 PR AR T LUV R T T B2 H B R preai
22 ZIBET P2 B AR T LLVG A BR T B AR RS A ARGAN
23 Ak L VG AE BRAR LI VG4 PR P e L A A KT
24 e PG48 BH SR T LLVE A FHUR g B B R R R T
25 SIFRT LU VG A5 R LGS R o e 1 L B e A ARGAN
26 SIRF VG B LU PG4 BH SR T B e L S RGN
27 SESSS L7285 B LA FHR 1 S B p PR T
28 PNEES L P28 B AR T LI VG A R o B 1 L A RGN
29 BT L VG4 BAR L VG A R P B L R A R T
30 BN LLVEAE BRI LIV A LR - E 1 B Ay R T
31 BN LU VG A5 B LI VG A R o B L A ARGEAN
32 ®T LG4 BAR LI VG4 PR P Lok B SR VS
33 BN LLVGAE BRI LUV A LR 1 sk B T SR &
34 =T LI VG A5 R LA BH SR T2 Bf P L KR Preail
35 BT LI VG AE AR L PG AE BH SR T R OCHUE T A R T
36 SR LVEE B B A LI PG48 5 v T B LN BU A &l
37 T LG5 2 St LIPS 2 SCTT P BRI 0 e A A o preail
38 e PG L PaAE ¥ A B RGN
39 HRET PG RIAT IR R B 2 A &l
40 ZIBET IPEA IR LPE A IR T B 2R A RFEFh
41 ZIBETF LG A5 I 333 i PG4 I U T 2 7 B T R A, RGN
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%' Fift 44 B R ARIEA it
No. Name Origin Provider Note
42 FIEET VYA I 173 PG4 a3 7 2 AL S T A RGN
43 EEs PG 51l I EE=N SR iR SRS ) REF
44 iz P4 v - i L PG4 o - i B 1 S A A RGN
45 A VYA - IpcEey R it iglil e 772 ) PG
46 [ES VYA 5 1l LUV A o R 11 RGN
47 HZET VYA v~ i LI PG4 o T P RGN
48 SESS PG il LU A i3 - T U RO A PRGN
49 LRT PG4 5~ 1l LI PG4 o 1 DU R A RGN
50 H&ET VYA s PS4 e T I b A BT
51 UES PG 1l AR iR SUIE= ARGAN
52 HZET P4 v~ Tl IR SR RiE SITEAE RGN
53 PIER LY I 353 3 B AR BE MRl S T s iR
54 BET LPEAE il 7k B P4 oK LAl AT R RGN
55 FIBET IR ) VYA iz ks B AR RGN
56 BT L7524 Pt L7 T P B BB A
57 FIBET P4 s Sk i LU PG4 12 T I A L 24 3 RGN
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Fig. 1 The distribution of 57 common millet

accessions in Shanxi province
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Table 2 The detail of SSR primers

519 1/ G5 -3") BB (C) TR
Locus F/R-Sequence (5'-3" ) Tm Repeated motif
RYWI TAACGCTTCACCTTCAGACC TGAGATGGAGTTGGCTGATG 55.2/56.2 ( TCATCT )6
RYW2 TTAGGGCTCTCCTGCATCC CAGCGAGTTCACCGTCAAG 57.4/57.0 (CGAAGC)S
RYW3 GGAGGCGTGACAATAAAAC GGCGTGAGGTGTTGTTTTT 52.8/55.7 (CCTTCC)S
RYW4 AATCCACAACGCACACGAC ATTTGCTCCTCTCGTCGGT 56.9/56.9 (GTGCCG )5
RYW6 AGCCGATTTGCTGTGGAGT CTGCCTCCGATGAGTTGGT 57.8/56.4 (ACACC)5
RYWS GGGTCAGAGAATACACAGCG GTAGGGAAGGAGAAGTGGGT 55.3/56.0 (AATAG )5
RYW9 GGACCCTTCCCTCACAGATT TCCAGTTGCTCTTGCCGTT 57.6/58.9 (CTAG)6
RYWI10 TGGATTGGGTGGTGGTAT AAGGACGGCAGCACAAAT 53.0/56.0 (CGAG)S5
RYWI1 TGCTCGTCTTCTCGCTTCG AGTAGTCCTCCACCGCCATCT 59.7/60.1 (GGTA) S5
RYWI12 ACCATCCCAGCACAAACCA TGCCTGAAGGAGAAGAGCG 58.9/58.6 (AGCT)S5
RYW13 CTCCTGCTCTGCTTCGTTT CTTCCAGCAGACCTTCACTC 55.3/54.4 (CGGC)5
RYWI5 ACCGTGAAAAGAAATGCTG GTCCTGGATGTCGTCAACT 53.4/51.9 (ACAA)S
RYW17 TCAGCTACTTCGAACGGC GGATCATGCGATACATTTGG 54.2/56.1 (TTTC)S
RYWI18 CTCCCTCTTTGTCCTCGTT GCTGCCTCTTCGCTATCTT 53.8/54.8 (AGTT)6
RYW20 ACCTCTTGCCGCACACTAC TTCTACATCCCCGAACCAC 55.6/55.2 (TTGG )6
RYW21 CCCTCCTACTGCTCCCTTT ATTACTCGTTCTCGCCTCG 55.8/55.3 (CGGA)6
RYW22 AAGCCAACACATTTGAGGT CGTGATAACTGAATACGAGCC 52.4/55.3 (GGAA)S
RYW27 GCTGCTGGTTTCATTTTCC CCAAGATTGATTCGGTTCG 55.5/56.1 (GGAA)S
RYW29 CTTGATTTCTCACGCACCG TGTCCAGCAGTAGTCGTTCCT 57.1/57.2 (GCAG )5
RYW30 TAGCCTTCTTTGCCACCACT GCCCGTGATGATATTCGAC 57.5/55.7 (TTTC)S
RYW31 ACCCAGAGTCCAGAGAAGC GATGTCCTCCTCCTTCTCC 53.4/52.6 (AGCG )5
RYW40 TGCTCTTCGGCTCTTCTCC ATCAGCTCATCGTGACCCC 57.7/57.5 (CAGC)6
RYW42 AGACACCCTGGGCAACATC CTGGACTGGGCTTCGTTCT 57.4/57.3 (GGCT)5
RYW43 GGGAGATGCTTGCTTGGTT GCTTTCTTTCCTTAGCCGAT 57.4/56.1 (GGAA)6
RYW46 TAGCGGATTCACGAACGAG AGACGCTAAAAAGCCCGAC 56.9/57.3 (CCTC)6
RYW61 ACTGCTGCTTGCTCCTTGT ACATCCCGAAACCCTAACC 55.5/56.2 (ATAC)5
RYW79 TCAGCAGACAACCCAAAAG CGATTGTTGAGGGAAGTGA 53.9/53.5 (ATCA)S
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A Ho A 8 A8 S o I 25 A AR S 1Y) 76.94%
57 4y B BEAE 27 A 7 o5 1 3k R 2 BE P 48 E0 o
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Table 3 Genetic parameters from the 27 polymorphic SSR markers used in the study

Eik) WEMAERLEE ARCEGEEN SRR AR WA ERGE Nels MEERAGE  ZEMEEE SR
Locus Na Ne 1 Ho He Nei PIC
RYW1 3 2.7332 1.0446 0.5349 0.6416 0.6341 0.6956
RYW2 3 1.9618 0.7923 0.5349 0.4960 0.4903 0.6441
RYW3 2 1.6964 0.6008 0.5000 0.4186 0.4105 0.5337
RYW4 3 1.9428 0.8280 0.3864 0.4909 0.4853 0.6689
RYW6 3 2.4342 0.9580 0.5745 0.5955 0.5892 0.6944
RYWS 3 2.1590 0.8716 0.4464 0.5417 0.5368 0.6285
RYW9 2 1.9347 0.6762 0.6122 0.4881 0.4831 0.6054
RYW10 3 2.6601 1.0351 0.1731 0.6301 0.6241 0.6901
RYWI1 3 2.1298 0.8919 0.4130 0.5363 0.5305 0.6873
RYWI12 2 1.5888 0.5575 0.4912 0.3739 0.3706 0.3748
RYWI13 3 2.0058 0.7540 0.5536 0.5060 0.5014 0.5505
RYWI15 2 1.5463 0.5383 0.4167 0.3570 0.3533 0.5718
RYW17 2 1.8394 0.6488 0.4773 0.4616 0.4564 0.6384
RYWIS8 2 1.7808 0.6303 0.6491 0.4423 0.4384 0.3831
RYW20 3 2.2061 0.9236 0.5098 0.5521 0.5467 0.5972
RYW21 2 1.7101 0.6058 0.4706 0.4193 0.4152 0.5899
RYW22 3 1.2691 0.4140 0.2000 0.2140 0.2121 0.3574
RYW27 3 2.5294 1.0109 0.2632 0.6100 0.6046 0.6624
RYW29 3 2.1418 0.8299 0.4490 0.5386 0.5331 0.6796
RYW30 2 2.0000 0.6931 1.0000 0.5045 0.5000 0.0601
RYW3l1 2 1.9665 0.6846 0.7826 0.5024 0.4915 0.4443
RYW40 3 2.1895 0.8490 0.4884 0.5497 0.5433 0.6732
RYW42 3 2.3855 0.9638 0.5577 0.5864 0.5808 0.5874
RYW43 3 2.2555 0.8836 0.3958 0.5625 0.5566 0.7158
RYW46 2 1.9810 0.6883 0.8235 0.5001 0.4952 0.4307
RYW61 3 1.6493 0.6412 0.4038 0.3975 0.3937 0.5431
RYW79 3 1.9321 0.7374 0.4038 0.4871 0.4824 0.6442
SEH{E Mean 2.6296 2.0233 0.7686 0.5004 0.4964 0.4911 0.5667
brife2: SD 0.4921 0.3441 0.1657 0.1755 0.0932 0.0923 0.1467

Na: Observed allele number, Ne: Effective allele number, /: Shannon's information index, Ho: Observed heterozygosity, He: Expected

heterozygosity, Nei: Nei's ( 1973 ) expected heterozygosity, PIC: Polymorphism information content. The same as below

R4 FRESEKEFHEESHEEST

Table 4 Evaluation of genetic diversity of different ecotopes of common millet

; - PUNIIESZva AL LR AR N EZ 3
S TEIREL o WL A 32 WA B e A

. _ e FEH B¢ 14 5B i
Origin Accessions Ho He

Na Ne 1 PIC

dtJ7 #BE T [X Northern 13 2.3704£0.4921 2.0343 £0.3882  0.7496 +0.1812  0.5015+0.2416  0.5166 + 0.1064 0.5376
spring-sowing ecotope
W+ AR E BT IX 44 2.5926 £0.5007 1.9832+0.3831 0.7478 £0.1802  0.4964 +0.1836  0.4831 +0.1076  0.5451

Loess Plateau spring &

summer-sowing ecotope
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Fig.2 Cluster diagram of 57 common millets based
on genetic distance
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Fig. 3 Population structure analysis based on model
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Numbers in the horizontal axis represent serial number of accession
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Fig. 4 Population structure of common millet germplasm resources ( K=3 )
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Table 5 The statistics among the different sub-populations
ES PRRGEL O WSEMIEEDN ARCSEAIED R ERREREL WIZAIE Nei’ s WIERGE  ZAMEFEE AR
Cluster Sample size Na Ne 1 Ho Nei PIC
£1{% Red 17 2.2963 1.8598 0.6789 0.4965 0.4564 0.4753
Zj(4, Green 22 2.5185 1.9565 0.7393 0.4366 0.4821 0.5353
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