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Evaluation of Quality Traits and Genetic Diversity Analysis for
Waxy Maize Germplasms by SSR Markers
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Abstract; A set of 165 accessions of Chinese waxy maize including landraces and self-bred lines were analyzed
for ear traits and starch properties and for the genetic diversity with SSR markers. The results revealed a wide range of
genetic diversity for ear and starch quality traits in the Chinese waxy maize germplasm. Among the 165 accessions,a
total of 281 alleles were identified at the 60 tested SSR loci with a range of 2 to 9 alleles per marker and the size of
PCR amplification products ranged from 90 bp to 690 bp. The average number of alleles per marker across genotypes
was 4. 68. The allelic polymorphism information content ( PIC) values ranged from 0. 332 to 0. 860, with an average of
0.6924. The UPGMA analysis classfied the 165 germplasms into three groups, which was generally consistent with
their known pedigrees and breeding histories. The results indicated that most of the modern waxy inbred lines had a dis-
tant relationship with the southwest Chinese waxy maize landraces ,where the region was regarded as the origin of Chinese
waxy maize. The rich genetic diversity in these 165 accessions revealed in this study could provide genetic basis for waxy
maize genetic improvement and the utilization of heterosis.
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Table 1 Pedigree of waxy maize germplasm used in the study
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1.1 #HiRA R S5REET

RIGA LR 165 3 A YR A ] BRG T KPR 5, £
5 16 13Kk T KA Z A Rl AN 149 4351 3 88508 B L
MAZLHR(ELD),

HH [A] AP ARG T 2009 AR 7E 1 T Al B2 B
HH R AT B AR RN 20 Bk 2 17
X, 47H#E 0. 60 m, #kFE 0. 25 m, T 2 ¥R, Xk
T 7%, 7 4] HERE O (R IE it & A
750 kg/hm® , 14 A0t JR 2 150 kg/hm® | B i JR 2
300 kg/hm’

s B SCEEVERY B ML RN | RS H SCEEVERY OB JEPEHL fERhEf
No. Name  &fE(%)AC Type  Origin  Seed source|| No. Name &4 (%)AC Type  Origin  Seed source
SMVOI1 I EK 97.29 LR T SAGC SWLO89 SN1220 99. 83 SL 7R SDAU
SMV012  HHEEX 98.57 LR e SAGC SWL094 SN1243 99. 00 SL 7R SDAU
SMV017  HHEHKEXK 98.22 LR 1 SAGC SWL097 SN1255 97.40 SL AR SDAU
CMV048 B faklifak 99. 08 LR F CAAS SWL102 SN1301 99.33 SL AR SDAU
CMV050  HRIFEHG 98. 30 LR S CAAS || SWLI103 SN1319 99. 20 SL 7R SDAU
CMV052  ®IFH % 97.62 LR M CAAS || SWL104 SN1328 99. 48 SL AR SDAU
CMV053 & H1H& 99.43 LR Pyt CAAS SWL105 SN1330 97.39 SL 7R SDAU
CMVO056 DR 99. 07 LR = CAAS SWL107 SN1332 97.97 SL AR SDAU
CMV059  EREs 97.46 LR P CAAS SWL108 SN1336 98. 15 SL IR SDAU
CMV062  HIEEXK 98. 76 LR Pyt CAAS || SWLI109 SN1338 96. 92 SL AR SDAU
CMV067 R FHE 98.52 LR =M CAAS SWL110 SN1345 98. 39 SL INZR SDAU
CMV069  EfEEA 99.26 LR PN CAAS SWLI111 SN1359 98.01 SL INZR SDAU
CMV074 AHFEEA 9545 LR PN CAAS SWL112 SN1361 98.03 SL INZR SDAU
CMVO078 G EK 99. 51 LR PN CAAS SWL113 SN1362 99. 58 SL, INZR SDAU
CMV079 SRR 99. 62 LR = CAAS || SWL114 SN1363 97.89 SL 1A SDAU
CMV080  FRfL%s 2 96.79 LR (5] CAAS || SWL115 SN1368 97.92 SL A SDAU
SWL083 SN745 98.52 SL ITER SDAU || SWL118 HN118 98. 86 SL F SAAS
SWL087 SN1211 98. 84 SL ITER SDAU || SWLI20 HN120 98. 50 SL AR SAAS
SWL088 SN1219 98.25 SL IR SDAU || SWLI21 HNI121 96. 06 SL AR SAAS
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F1(8)
' R SCHEVERY M JEPEH HERRERALY || WS HFR SCHEVERY 2RI JEPEHh fERRERAY
No. Name T (% )AC  Type Origin  Seed source|| No. Name FH (% )AC  Type Origin ~ Seed source
SWLI122 HN122 98.98 SL 14 SAAS SWI218 HN218 98. 11 SL by SAAS
SWLI124 HN124 98. 02 SL 14 SAAS SWI1.220 HN220 98. 00 SL et SAAS
SWLI25 HN125 97.23 SL i SAAS SWI221 HN221 98. 12 SL WL SAAS
SWLI26 HN126 97.29 SL Wit SAAS SW1222 HN222 98. 54 SL WL SAAS
SWL127 HN127 99. 04 SL it SAAS SW1223 HN223 98.58 SL Wi SAAS
SWLI129 HN129 97.91 SL 14 SAAS SWI1224 HN224 97.71 SL WL SAAS
SWL130 HN130 98. 55 SL g SAAS SW1226 HN226 98. 68 SL it SAAS
SWL131 HN131 99. 84 SL 14 SAAS SW1230 HN230 98.31 SL it SAAS
SWL132 GN1 98.38 SL I SCAU SWI231 HN231 98.05 SL ity SAAS
SWL133 HN133 98. 14 SL 1A SAAS SWI1239 HN239 98.39 SL it SAAS
SWL134 GN2 98. 49 SL IR SCAU SW1244 HN244 98.59 SL it SAAS
SWLI35 I 1 RG 98.43 SL. 1A YSAI SWI.248 HN248 98. 84 SL g SAAS
SWLI138 it 98. 86 SL WA YSAI SWI252 HN252 98.53 SL g SAAS
SWL161 HN161 99. 11 SL 1R SAAS SWI253 HN253 97.92 SL it SAAS
SWL162 HN162 98. 66 SL IR SAAS SWI257 HN257 98.32 SL Tk SAAS
SWL163 HN163 98. 15 SL i SAAS SWI258 HN258 97. 86 SL it SAAS
SWL164 HN164 98. 44 SL i SAAS SWI261 HN261 97.96 SL AR SAAS
SWL165 HN165 98. 82 SL Jbat SAAS SW1262 HN262 97.92 SL it SAAS
SWL166 HN166 97.85 SL T SAAS SWI263 HN263 97. 84 SL EBIpyT SAAS
SWL167 HN167 97. 66 SL ity SAAS SWI1264 HN264 97. 82 SL IR SAAS
SWL169 HN169 97.97 SL M SAAS SWI265 HN265 97.96 SL IR SAAS
SWL170 HN170 99. 38 SL FM SAAS SWI.269 HN269 98.35 SL it SAAS
SWL171 HN171 99. 81 SL B SAAS SWI271 HN271 97.57 SL it SAAS
SWL172 HN172 98.53 SL i SAAS SWI1272 HN272 97. 68 SL ity SAAS
SWL174 HN174 97.95 SL it SAAS SWI273 HN273 97. 80 SL g SAAS
SWL175 HN175 98.27 SL it SAAS SWI274 HN274 98. 67 SL IR SAAS
SWL176 HN176 97.99 SL 14 SAAS SWI275 HN275 97.96 SL IR SAAS
SWL177 HN177 98. 46 SL 14 SAAS SWI1276 HN276 99. 60 SL b SAAS
SWL178 HN178 98.73 SL 1A SAAS SW1277 HN277 98. 51 SL Jbst SAAS
SWL179 HN179 98. 36 SL 1A SAAS SWI278 HN278 98.26 SL T SAAS
SWL180 HN180 98.20 SL 14 SAAS SWI1.282 HN282 97.70 SL 1A SAAS
SWL182 HN182 99. 12 SL el SAAS SWI1.283 HN283 97.90 SL 1ifg SAAS
SWL183 HN183 98. 00 SL 14 SAAS SW1284 HN284 99. 07 SL it SAAS
SWL188 HN188 98.85 SL g SAAS SW1285 HN285 98. 44 SL it SAAS
SWL190 HN190 98.29 SL ity SAAS SW1286 HN286 98. 34 SL g SAAS
SWL193 HN193 98.76 SL i SAAS SWI1287 HN287 98. 15 SL ity SAAS
SWL194 HN194 97.55 SL i SAAS SWI1.290 HN290 98. 16 SL ity SAAS
SWL196 HN196 98.58 SL it SAAS SWI1.294 HN294 98. 42 SL ity SAAS
SWL197 HN197 98.75 SL 1A SAAS SWI1.296 HN296 97. 87 SL A& SAAS
SWL198 HN198 97. 80 SL g SAAS SWL304 HN304 98.37 SL IR SAAS
SWI.200 HN200 98.15 SL g SAAS SWL310 HN310 99. 10 SL i SAAS
SWI201 HN201 98.58 SL i SAAS SWIL312 HN312 97.71 SL ity SAAS
SWI202 HN202 97.83 SL i SAAS SWI.324 HN324 98. 34 SL ity SAAS
SWI.205 HN205 96. 65 SL it SAAS SWL325 HN325 98. 56 SL 1A SAAS
SWI210 HN210 96. 86 SL pinge:s SAAS SW1326 HN326 97.90 SL Lifg SAAS
SW1212 HN212 97.93 SL LR SAAS SWL328 HN328 96. 66 SL g SAAS
SWI213 HN213 98.28 SL Lo SAAS SWL329 HN329 98. 84 SL it SAAS
SWI214 HN214 98. 67 SL b SAAS SWL333 HN333 99.21 SL it SAAS
SWI215 HN215 98. 65 SL 1L SAAS SWI.334 HN334 98. 61 SL ity SAAS
SWI216 HN216 99. 00 SL Lo SAAS SWL335 HN335 99. 37 SL it SAAS
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s B SCEEVERY 8B ML R | RS E2 SCEEVERY OB JEPEHL SRR
No. Name % (%)AC Type  Origin  Seed source| No. Name  ##(%)AC Type  Origin  Seed source
SWL336 HN336 98.53 SL ITER SAAS || SWL367 HN367 98.25 SL G SAAS
SW1337 HN337 98. 60 SL g SAAS || SWL368 HN368 98. 24 SL Jeae SAAS
SWL339 HN339 99. 60 SL g SAAS || SWL370 HN370 99. 57 SL ity SAAS
SWL340 HN340 98.70 SL Eyr SAAS || SWIL371 HN371 99. 44 SL ity SAAS
SW1342 HN342 98.77 SL IR SAAS || SWL376 HN376 98. 56 SL T SAAS
SW1343 HN343 98. 58 SL G SAAS || SWL377 HN377 98.19 SL ERE] SAAS
SWL345 HN345 99.18 SL g SAAS || SWL378 HN378 98. 63 SL Lty SAAS
SW1348 HN348 98. 82 SL G SAAS || SWL379 HN379 99.17 SL AR SAAS
SW1349 HN349 98. 66 SL Jex SAAS || SWL380 HN380 98.35 SL BT SAAS
SWL351 HN351 98. 44 SL IR SAAS || SWL381 HN381 98. 36 SL iIF SAAS
SW1352 HN352 99. 43 SL Jes SAAS || SWL384 HN384 99. 14 SL 1A SAAS
SW1359 HN359 98. 46 SL L SAAS || SWL385 HN385 99. 07 SL g SAAS
SWL362 HN362 98. 68 SL g SAAS || SWL386 HN386 97.96 SL it SAAS
SWI.364 HN364 97. 86 SL Jext SAAS

AC: SCHEREMY O s LR HTTFH; SL: HACHR; CAAS: H AL BH2 B [E SR B ; SAGC: LTk A My I o 5 SDAU: th AR Al K2

SCAUAERIAML K% YASL AR FHEE ; SAAS: FIETT AR B2 B

AC: Amylopectin content, LR ; Landrace , SL; Self-bred line, CAAS: Chinese Academy of Agricultural Sciences,SAGC :Shanghai Agrobiological Gene Cen-

ter,SDAU ; Shandong Agricultural University , SCAU ; South Chinese Agricultural University, YASI: Yantai Agricultural Sciences Institute, SAAS ; Shanghai

Academy of Agricultural Sciences
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730 d J5 , 2 IR AR 1 05 40 B E A, W
itk R R I R B Y 5 B TE A
FrER I S R P LU a3k SRR TEA B =
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Al A =B RVA (rapid visco analyzer, model 3D) , 3 FH
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1.4.1 E[[F4 DNA hl & SA00 Fhb EHREHL
VRIS A Bk, DA BB B IR A o R (2B
Jik) BITE IR & AT DNA [yl . SR CTAB 42
HU DNA
1.4.2 SSRGI¥IF5I  7ETOREENA E B 115
X ZAPERGFRY SSR i, FRic (5 Bk H T MaizeG-

1.2

DB K PR 2 B4 JE (http <//www. maizegdb. org) ,
i E AR T AR TR ORI S5 AT BRA R 5 .
1.4.3 SSR&#T  SSR RIWHEAHL M B. J. Bassam
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SEAR L F K, JF AR5 AR L R BOUE B, b
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Table 2 Ear traits performance of waxy maize germplasm

R BRI TR R
AR 5 10 A SR AR A S 2R B A S Pt
R Ut I ORT 5 KR B 9 SR AR MR A S R i
B TOREOROR BB 5 W, A7 51857 R IE
PBERE R B B8 5 O R TR T AP
HREE TN AST N

Pk BifE b2 A5 RE(% ) SEYNIEL He/ME
Traits Mean SD cv Max. Min.
T4 (cm) Ear length 10.75 2.22 20. 62 17. 40 6.25
FETH (em) Bare tip length 0.89 0. 69 77.39 5.00 0
FEATEL(1T) Ear rows 12. 86 1.96 15.27 18. 50 6. 00
ATRIEL (KL) Row grains 17.15 4.85 28.27 30. 50 6.50
ML (cm) Ear diameter 3.58 0.38 10. 50 4.48 2.40

ik Pt B S i AU S S -3 g = NS R LS
ERIABOKAGY MFEEM, &3 i, gl
HTTIEA by SRR v B4 45 (B0 2 72 e R SOOI U
(EFREE AR ZABRE L | I A2 (R AR S R AR
RHLTE R 0 (LN [1) MW A I 38 772 53 R BB

F®3I BEXAFREMPBMOSRERER

BEIADRL T SRR E R O B R R AN, AR R
4 95.45% ~99.84% , IR T 95% , R Ikl B2
AU AR AR S 3 BORAR SR B K, U A
A BHIE K3 i AR R R 22 53, W AVE DA oKt B ek
R FH BRI TR

Table 3 Quality character performance of waxy maize germplasm

LGN ¥E bR A RE(% ) S YNIE] He/ME
Traits Mean SD cv Max. Min.

HMLBERS & 8 (% ) Crude starch content 62.74 3.37 5.38 69.73 51.42
SCHEVERY £ (% ) Amylopectin content 98.38 0. 65 0. 66 99. 84 95.45
I LB (RVU) PV 82.90 32.52 39.23 147. 08 -56. 54
PEFHE (RVU) TV 3.89 13.72 352.42 31.25 -57.13
HAfR{E (RVU) BD 78.73 20. 07 25.50 117. 83 0.58
ZAHFE (RVU)FV 17.77 17.34 97.54 44.58 -56.59
[l & {4 (RVU)SB 13.88 6.33 45. 60 37.33 0.54
VB B[] (min ) PeT 4.25 0.21 5.03 5.27 2. 14
WAL IEEE (°C) PaT 82.23 3.53 4.29 88. 80 41.13

PV (AR ; TV . A EFEE; BD. iffE; FV . Z(HAIEE; SB. I (H; PeT WEHATE ; PaT . HIfLIEEE
PV Peak viscosity, TV : Trough viscosity , BD : Breakdown , FV : Final viscosity,,SB:Sethack , PeT : Peak time,PaT; Pasting temperature

2.2 =EZHMR SSR o1

2.2.1 BEETRSW  FHEEUY 115 X SSR Fr
0, % 165 0KG EKRFP BT AT 28000, ik th 47
W R 28 E VRS 60 X514,
PIAER W 4, 60 X5 HTE 165 b4} a] A4S I
281 PR B (3 FAE ), PCR §748 A B
KM T90 ~690 bp ZI[H], &EXF 5 PFE] 2 ~9
ANEERIFE SR 4. 68 45 BT SSR SN2
(5 B (PIC) 1E 0.332 ~0.860 ZJa], ‘F-1 Xy

0.6924 , A 51 ¥ umel845 ) PIC {H & K, ik 3|
0. 860,51 % umc1936 (1) PIC {H#/IN, M 0.332, 7
1 ~10 Jefafk 143 Hlkaiz] 10.9.7 4.3 4.8.3.8 4
AL, B SRG ER B A A I 40 43 43 19,
16,19 32 .17 .37 15 DAEAL L, R4 Y ok -
PIC {43 5 M 6.961 ,6.396 .5.441 .2.961,2.203
2.747 4.992 2.115 5. 106 2. 625 %5 1.2 Fl1 3 Jefn,
R RFEEZ, PIC (HBE K, DL LS RRFEK
VKR FORFP BT BAT 5 st 2k,
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Table 4 Polymorphic analysis of 60 SSR primers in 165 germplasms
R aMsRK %’éi%ﬁi ’i*ﬂﬁ %i " B B Ak %’éjﬁﬁi ’i‘ﬂz %i:fi BRI
No. Primer name e EAK fR R (% (bp) No. Primer name fre EAK fRR&E%) (bp)

Bin No. of alleles PIC Size Bin No. of alleles PIC Size

1 bnlgd39 1.03 4 71.0 205 ~240 || 33 umel153 5.09 5 68.3 105 ~ 120
2 umc1397 1.03 4 65.6 225 ~270 || 34 phil26 6. 00 8 79.3 140 ~ 185
3 umcl479 1.03 5 75.0 380 ~560 || 35 umcl857 6. 04 5 73.6 140 ~360
4 umcl598 1.03 5 75.0 90 ~300 36 mmc0241 6. 05 4 71.8 160 ~207
5 umc2390 1. 04 4 73.2 125 ~190 || 37 umcl795 6. 05 2 50.0 300 ~310
6 umcl515 1.05 4 72.7 205 ~380 || 38 umc1241 7.00 3 50.0 300 ~375
7 umc2237 1.07 4 69.7 230 ~260 || 39 phil12 7.01 3 50. 4 135 ~160
8 umc1706 1.07 3 64. 1 500 ~690 || 40 umc1339 7.02 5 77.1 120 ~240
9 umcl1446 1.08 3 66.3 340 ~430 || 41 umcl936 7.03 2 33.2 200 ~290
10 phiO11 1.09 4 63.5 190 ~230 || 42 phi328175 7.04 4 68. 1 100 ~ 125
11 umc2246 2.00 3 62.6 240 ~315 || 43 umcl768 7.04 3 60. 8 140 ~250
12 umcl261 2.02 4 73.3 155 ~240 || 44 umc2333 7.05 6 76.6 180 ~330
13 umc1845 2.03 8 86.0 135 ~365 || 45 phil16 7. 06 6 83.0 150 ~440
14 bnlg381 2.04 7 83.8 175 ~250 || 46 bnlg2181 8.00 8 80.7 195 ~225
15 umcl026 2.04 4 67.0 125 ~245 || 47 phi080 8. 08 6 78.2 140 ~ 165
16 umc2252 2.05 6 77.1 135 ~375 || 48 umcl663 8.09 3 52.6 350 ~375
17 umcl 156 2.06 3 65.6 115 ~175 || 49 umcl867 9.01 3 54.4 230 ~260
18 umc2085 2.08 4 61.1 355 ~450 || 50 bnlg244 9.02 8 81.6 130 ~210
19 umel551 2.09 4 63.1 150 ~170 || 51 umcl636 9.02 6 82.3 175 ~530
20 umc2101 3.00 4 70.7 140 ~ 165 || 52 umcl267 9. 04 4 70.6 115 ~230
21 umc2255 3.00 6 82.3 145 ~250 || 53 umc1654 9.05 3 52.6 150 ~235
22 umc2071 3.01 9 75.2 140 ~400 || 54 umc2345 9. 06 9 81.9 110 ~340
23 bnlg197 3.06 6 81.0 100 ~125 || 55 umcl1505 9.07 2 46. 6 430 ~ 445
24 umcl286 3.07 6 73.4 225 ~248 || 56 umcl277 9.08 2 40. 6 140 ~ 143
25 umc1844 3.08 6 78.9 130 ~250 || 57 umc1380 10. 00 3 56.4 147 ~ 155
26 umc2048 3.10 6 82.6 115 ~270 || 58 umcl319 10. 01 4 70.9 120 ~225
27 phi072 4.01 4 69. 4 145 ~160 || 59 umcl 196 10. 07 4 70.3 135 ~ 155
28 umcl276 4.01 6 83.1 90 ~ 195 60 umc2021 10. 07 4 64.9 220 ~250
29 umcl791 4.05 4 74. 6 140 ~335 || A1t Total 281
30 bnlg2162 4.08 5 69.0 135 ~175 || {8 Mean 4. 68 69.24
31 ume1705 5.03 5 74.2 125 ~145 || yu[ Range 2~9 33.2~86.0 90 ~690
32 umcl355 5.03 6 77.8 140 ~ 340

2.2.2 RBESH  HKHE 60 X SSR TIMITE 165 Bk AIRE VYR = 5B X AORE F R T M, 55 T 2R

TRF A RL 38 ) 281 AN SRR S 3
BT A RE 22 0] A 3 A% BE B s AR AL R 50 L 165
I PR Z B35 A AR AL R 5028 AR5 LR 0. 33 ~0. 98,

HRAE AL AL R B %, FEA T UPGMA 25347,

AL R 5L 0. 35 4b K T A R STA BE53 3 A
FKHEEDEHE D UMM (K1) o KRELER S5H
ﬂé’))??ﬁé’éﬁﬂﬁwr G o T R I, 40 53 45 SR B AL
A ARNRIEE O, 5 1 BB 44 DR R,
oy dh A 14 0y AR 30 0y, R G AL R B
0.37 4K 56 T 25860 A B 2 AL RE, B WA 35
JEM ARG HE PR FoR AR, A W 28 2ok

A 63 (A BRRE, 2R MR EH T A T it X Y
MR E ST R AR, KRR
58 (R BUA AL, T B AR [ A6 5 X Ao ol v e
FEGIERRE TR A3 &R HETA ™ P B
ERMBIFZOR AR  MAMEHRE L PRy B I
A, B AR TR E AL T7 o XA VI P R I 4 XY
FRERRRE, Ik F A T 2EHE TR A LR AY P R X
FEBHERR TR 458 F Bl B R B IF A 22, B oy
B LR F A2 AR U0 R PG R A X B A
il TR M7 5 A B R R R LA A
I RGERR,
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