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Drought Resistance Screening and Genetic Diversity by
SSR Markers in Sorghum
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Abstract ; Sixty-one sorghum germplasm resources were evaluated on dry and irrigated land in order to identify
those with high drought resistance and superior yield performance for sorghum breeding. The results showed that 14
materials were drought resistant above grade 3, of which 2 were grade 1. Meanwhile, in order to study the genetic
variation of sorghum at molecular level ,109 simple sequence repeat ( SSR) markers were explored to characterize
those germplasm resources. The results revealed that 51 pairs of SSR markers were highly polymorphic,and 508 al-
leles were amplified with the average of 10 alleles per marker. The mean polymorphism information content ( PIC)
was 0. 6615 with an range from 0. 0322 to 0. 9134. The sorghum materials were classified into 4 groups based on the
SSR experiments. The clustered results were similar with those based on geographical origins and genetic back-
grounds. Genetic distances among chinese sorghum restorers were relatively close that indicating they had a narrow
genetic basis. It was suggested that the genetic basis of the restorer lines should be broaden in future breeding pro-
gram.
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Table 1 The sorghum germplasm resources used in this study

Jit, A AR B R GT AR AT b e i S
TRRARRMEFARLEAT T 055 i , I Xt i
B TR AR AT T s Z R SSR 2047, 1K
BN TLE A A B —28 T i i S pU AR 5
e Z2 BEHE, O BT 5 2K AR 1B I5C AT R AR 1 B
ek

1 #R5FHE
1.1 X5edf#t
e FH B L FROE 09 [ N A e S & MR R 155

ARFEIL6L Or(F 1), Hd B 38 1, KIFE T 3%
Y 14 0y EDEERY 9 fy

s MEZ R e KW || G MR R Zm KIE || s MR R e HeUR
No. Name Type  Origin || No. Name Type  Origin || No. Name Type  Origin
1 BTx3197 R RE |22 T),S;A-1/ WEZ A |42 Ho275 RFER I
2 BTx378 iR EH 192899-R473-2 43 Ho277 PREER B
3 BTx623 TFrR 2 |23 1220 WEZR hE |44 Hod47 eR BE
4 BV, TR EE |24 Tx7078 PR EHE |45 Ho260 RFZ B
5 A,7050 AEZ O |25 B35 PR EHE |46 Sc499-14E WER  XH
6 B,7050 2 B |26 Tx430 PR =M |47 Sc240-14E mE R KH
7 BTx623 bmi6 R kE |27 =R= mEFR  hE |48 3433-2 wEZ  PE
8 A Y45 AFR PHE |28 w1 WK% hE |49 Tx432 iR KHE
9 B 7 45 TR PR |29 R111 WEZ A || 50 R9188 ffexR %[
10 AE35/1% AMAFR dE |30 WS = mEF  PE |51 1877/17654 wEF  PHE
11 BE35/#¥ R hE |31 1383-2 WEZ  PE |52 A;R0-30/030 = EZR PH
12 AR B/Tx623-11B 4% &  of 32 SX-30 mEZHE 53 19198/TMS ffex P
13 AR B/Tx623-5B & i |33 363C/2691 WEZ hE || 54 0-30 wEF P
14 BSX44 R PHE |34 Sug HFF WEZR  BHE |55 53H WER  PHE
15 0-01 WEF  hE |35 Sug = FF mEFE  hHE |56 #7029 mE R PHE
16 038R WEZ HE | 36 B6-6 R PE |57 LEBE4/%7031-2 KER PHE
17 103R mEH  hE |37 TAM428 TReZR €M |58 T 7030-4 WEZ  THE
18 035R WEH  hE |38 HC356 WEZ TE |59 L2 R PE
19 16R mEF hE |39 B232E PR %[ |60 741324 mEH  PHE
20 12381-1 WEZR  hE |40 BTx7000 R RHE |6l E35-1 Rz B
21 TC1383-2-1 WEZ  THE |41 961547 WEFR  HE

1.2 mBHEE

1.2.1 MEBUEERZE REAELTIRKHET, X
XARREW £ 14 430 mm, BT 21X, B0
KA Y ST R DRI T
FH ] [ 2R 5858 ot M 52 e AT S e PN, i

6 A WE B A, B AT O — WK, 2R B IR K
B2 FhAb IR T R AL PR SE A RE A ARREOK X IRTE IR
SR AT REBEAN K o D8 T B LR AN [ X
FEAA L B 2 3 2 AL, AN T R RMERAT A4
B A IR R KA AR D B 41, BT R] AL X
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Table 2 Criteria for evaluating drought resistance in sor-

ghum during the whole growth period

i F 40 P S5 bR
Grade DRI Drought resistance
1 =1. 3000 3% (HR)

2 1. 1000 ~ 1. 2999 % (R)

3 0. 9000 ~ 1. 0999 4 (MR)

4 0. 7000 ~0. 8999 55(S)

5 <0. 6999 55 (HS)

1.3 s&HMESH

1.3.1 SSR#RIEAM  MHESCHR[ 10 SSR 514
R 100, 38 Ao R TR M T P 5 G L DK 1 EL AT B —
=) Yo T R 10 AN ETRE L A
T2 ASER SSR 514 51 X%}, FHZOEH kAR,
GBI AR RE G SE PR R B B e R, SR -G ATT
U HRECDNA, PCR §738REL 15 pL AR R 45 .
8.08 wL H,0;1.5 L 10 x Buffer( Mg** ) ;0. 12 pL

x3 ABMBRLEERE 3 RULEMH

dANTP(25 mmol/L) ;0.1 pL Tag(5 U/pL) ;0.2 pL
Primer] (#5717 M13 FE) (4 mmol/L) ;1 L Primer2
(4 mmol/L) ;0.8 L M13 (4 mmol/L) ;2 wnl. DNA
(20 ng/pL) , PCR 2T :94 C TiAS P 5 min;30
IMEFR(94 CAENE45 s IBJGIREE 45 °C 72 C HEfif
45 ) ;8 M (94 CAEME 45 5,53 TRk 45 s,
72 CHEH 45 ) ;72 C ZEAMF 10 min; 15 C R AF,
PCR [ . 7£ PTC-225 ( MJ Research) &R 4 #84% |-
BAT, P24 1E ABIZ730XL U7X
AT BANE B IK, M H Genemapper 3. 1 #K{F#E17%

PESCAE | FERRE S | 40 0 16 B 0 5 1100 40 7 B S TR B 5
Y B A T 5 o T e

1.3.2 HIESKITAIE ] Powermarker 3. 253 %
553 B 55 0 78 S 0O 2 25 PR 45 2 & & (PIC, poly-
morphism information content) , F| ] DARwin 5. 0 X
X LR TR

2 GRE5HMH

2.1 mMEBMHEE

A HPIREE SRR LR EGEL 0.9 DL E
(IR 8 1y, Hirh BE35/BEFN A, K. B/Tx623-5B
PUEIEEU M M 1. 34 F1 1,31, 3K 1 B RIKF; &
2 JIRHREAE 4 0y, 53 ) 961547 B Tx430 B35 Fil
BSX44 ;35 3 A BTx3197 Fil BTx623, MPTF FR
BOE B35 WP RBUR K, K5 0.95(%K3)

Table 3 Materials with drought resistance above grade 3 in group A

WL (5) Grain weight per panicle s VIR
HFR . Average grain b S HRITH
Name AL K Drought “_)/SISlance weight per panicle DRI Grade
Dry land Irrigated land ratio in dry land

BE35/ ¥k 46.13 55.51 0.83 28. 65 1.34 1
A, B/Tx623-5B 41. 14 45.05 0.91 28.65 1.31 1
961547 39.28 43.79 0.90 28. 65 1.23 2
Tx430 40. 45 47.00 0. 86 28. 65 1.22 2
B35 36. 44 38.17 0.95 28. 65 1.21 2
BSX44 36.51 39.84 0.92 28. 65 1.17 2
BTx3197 34.94 43.54 0.80 28. 65 0.98 3
BTx623 36. 29 48.01 0.76 28.65 0.96 3

M B AWM ERE, LRI R I A A
25 RTHHE 1 BT REMRL, BRI 2 AR
54y, & 363C/2691 ,0-01 \Ho277 103R F11 53H;
3Ry, 12381-1(5% 4)

PRI LT BE BT RPE TR (3 ) AR 14 17
MAFRARIE T, 38 3 >Fe U5 T v ] i) i SR A4 Rk, T 5
K12 oy, AR 5.3% ,2 G4 1y, b
10.5% ,3 2% 1 4y, 5 2. 6% ; KIETEER) 14 6y 5%
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Table 4 Materials with drought resistance above grade 3 in group B

FERIH (g) Grain weight per panicle e TP AR
HHK . Average grain EIIREE (e SHFHITH
Name i Kt Drought rf':smtance weight per panicle DRI Grade
Dry land Trrigated land ratio in dry land

363C/2691 47.44 51.30 0.92 34.05 1.29 2
0-01 47.44 54.74 0.87 34.05 1.21 2
Ho277 51.39 64.32 0. 80 34.05 1.21 2
103R 49.44 64.74 0.76 34.05 1. 11 2
53H 51. 67 70. 88 0.73 34.05 1. 11 2
12381-1 44. 66 61.77 0.72 34.05 0.95 3

PRk, R R 1 BT RARE S RIA 2 It 3 RRRIER S MRS, B AN B R KB 1 Zdi
Oy, AR 21. 4% 3 GbPRL 2 63, 5 14.3% 5 SR BN 2 3 AT EAPREE  E MR SR
SIRE MR O O , R A B 1 ST RAORE LR AR AR (R 5) .

ik 2 RS 2 iy, A AR Y 22.29% 0 A3 A

%5 FRERFBEHEARERD

Table 5 Drought resistance performance among various materials from different countries

. 1 %% Grade 1 2 %% Grade 2 3 %% Grade 3 4 %% Grade 4 5 %% Grade 5
Z‘i:}jn mE NEE(%) R HEE(%) BEC NEE(%) B HERE(%) BB NEBU(%)
Number Percentage Number Percentage Number Percentage Number Percentage Number Percentage
hE 2 5.3 4 10.5 1 2.6 13 34.2 18 47. 4
XKH 0 0 3 21.4 2 14.3 5 35.7 4 28.6
EREE 0 0 2 22.2 0 0 2 22.2 5 55.6
2.2 SEYSH %, [ BE3S/M  AE35/#H E35-1 %8 3 MK E Mk

XF 6l R E A RIS T e AR RIEATIHAL SN, A A ORFER AR, SRETT N TE A, 40
ZREE TSR L 6, 51 X SSR SIW7E 61 i MU 5t FIRE RFP BT, 45 Sc240-14E \Sc499-14E
Sk AR P SEAG I H 508 AR FE P REARRIE BRIV AR S SRR T, 45 Sug fmFE Sug HFF,

AT 10 DA BRGSO T SSR #Ric X} 61 S id A B R LE R, =
2 ~24. BIY Xixp331 Kl 25 BL IR 22, M 24 IR RF RS L AT SR EA BB LR,
A, HOR 2 Xexp230 K W 2] 21 A4S, Xexp207 Al [Rl—SRURAG SRR 2B RO —25 S AN, N E SRR 2K
Xtxp208 /b, J 2 A, R 1 Wi S LR BfE BDRE IKE R (A, A,) REPR I —F, A, A1
5~12JuFEN, 51 XS EEEMEERTY AFRARRERERAI—F 210 ANKE RE
4 0. 4306, Xtxp33 e flk, 4 0. 1379 Xtxp207 fefmi, B AH—2E 2 DETERMA R —2  RE X R BiLiE
0.9833, FELRZEEMEN LA Xixp207 /i, M 0. 0328 ; iy R i %

Xtxp331 H &, 4 0. 9186, F 7 0. 6878, 51 X 5|4 SR )G HE 25, 61 M A kHW 8%
(4 PIC {8 75 I8 5 K, Xtxp207 A%, 7 0.0322;  FEESHIEE N 0.1 ~0.9011, 4K 0. 6941 , i f£HE
Xtxp331 H i, 4 0. 9134 FHE R 0. 6615, XU BiE/MRIE 363C/2691 5 A, R0-30/0-30 & =, 5%
JITERY 51 %F SSR 51917 61 ML ms i A L BEEECA 0. 1122, BV, 5 34-33-2 2 [l (& 1E 25

APEKE AR B K, H0.9011, MIKERZFIAE R 2 KEHEE, L
2.3 BELSW BE1 L IR BT 0. 1122 ~0. 6391, F-1 K

TR E 0. 5638 Ab%t 61 M HEEXA B8 0.5137 258 2 Wi G IR B EYE N 0.1 ~0. 8178, °F
4 REBECE 1), KB T 2 MENME, RK 80,6516, HILATE N, KE R 5142 R 1L
2RI KB E ANPGRS E MR R JEREERAS | N AE B P SR A R ARG SEAE
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Table 6 Amplification in 61 tested varieties by 51 SSR primes

519 SEAFENAR GO ENSHYE ZEMERR

519 SEENAR BN ENZHE ZEMEE R

Primer  Allelic frequency No. of allele Gene diversity PIC Primer  Allelic frequency No. of allele Gene diversity PIC

Xixpl 0. 1803 16 0. 8948 0. 8859 Xixp211 0.2377 10 0. 8461 0. 8284
Xitxp3 0. 4667 11 0.7399 0. 7200 Xixp212 0. 5410 6 0. 6160 0. 5593
Xtxp7 0. 4426 7 0. 6385 0.5703 Xtxp225 0. 4068 8 0.7139 0. 6685
Xtxp8 0. 2705 16 0. 8729 0. 8626 Xtxp229 0. 7705 5 0. 3859 0.3615
Xtxpl2 0. 2459 14 0. 8576 0. 8427 Xtxp230 0. 1525 21 0.9032 0. 8955
Xixpl4 0.4016 10 0.7533 0.7213 Xtxp231 0.9180 5 0. 1553 0. 1522
Xtxpl5 0.4333 8 0.7418 0.7122 Xixp265 0.2049 12 0. 8748 0. 8629
Xtxpl7 0.4426 7 0. 7208 0. 6844 Xtxp267 0.3279 9 0.7982 0.7719
Xtxpl8 0. 1583 16 0. 8976 0. 8888 Xixp284 0.2705 11 0. 8402 0. 8222
Xtxpl9 0.2377 17 0. 8584 0. 8445 Xtxp289 0. 8033 4 0. 3397 0.3202
Xixp21 0.5738 9 0. 6242 0.5922 Xtxp294 0. 3559 6 0. 7475 0. 7070
Xtxp23 0.4262 8 0.7251 0. 6874 Xtxp295 0. 4407 10 0.7239 0. 6897
Xitxp31 0.2623 16 0.8718 0. 8609 Xtxp296 0.3417 10 0. 7501 0. 7098
Xtxp33 0. 1379 15 0.9120 0.9053 Xtxp298 0. 1667 14 0. 8907 0. 8808
Xtxp40 0.9344 5 0. 1254 0. 1228 Xtxp302 0. 6500 9 0.5522 0.5305
Xtxp43 0. 2869 10 0. 8202 0.7979 Xixp303 0.4833 6 0. 6806 0. 6372
Xtxp45 0. 6346 11 0. 5764 0. 5592 Xixp312 0.4180 12 0.7816 0. 7650
Xtxp88 0.5410 5 0. 5386 0. 4395 Xtxp316 0.2542 16 0. 8615 0. 8485
Xixpl41 0.2213 9 0. 8581 0. 8422 Xtxp320 0. 4083 13 0.7883 0.7718
Xtxpl45 0. 4237 10 0.7331 0. 6996 Xixp321 0.9727 3 0.0534 0. 0526
Xixpl49 0. 5410 3 0.5112 0. 3962 Xixp327 0.3333 12 0.7871 0. 7587
Xixpl59 0.2328 9 0. 8395 0. 8196 Xixp329 0.3934 14 0. 8019 0. 7870
Xtxp168 0.5574 4 0. 6031 0. 5469 Xtxp331 0. 1667 24 0.9186 0.9134
Xtxpl77 0.3250 5 0. 7365 0. 6898 Xitxp340 0. 3607 9 0.7811 0. 7526
Xtxp207 0.9833 2 0.0328 0. 0322 Xtxp355 0.3167 14 0. 8233 0. 8046
Xixp208 0.9016 2 0. 1774 0. 1616 EHH 0. 4306 10 0. 6878 0. 6615

Mean

M BT AR (I 1) B 14 DR AR
f) 38t 1% 5 B85 (5 75 L o 0.2059 ~ 0. 8639, SF- 4
0.7312, H:rp 53H M1 1.2381-1 Z AL R &5 /N,
0.2059, H: ¥ J& 103R #1 0-01, 5 &4 0.2451;
12381-1 F1 363C/2691 Z [A] B &5 24 0. 39915 53H
H1363C/2691 Z A BRI M 0. 3866, HHILAFE HI,
TERTIE S BPT AR b, v [ s SRR &2 3R 22 ) 1Y) 53
G R RG, mAEE R e A, hE R RKE R
12381 SENRE R 5 Ho277 AL B e K, G R
{H°M 0. 8639, Ho277 5 [E & 5 103R ,0-01,363C/
2691 HIFRAEIE BT 0. 8 DL b, X #k— L EIE T
Hh ] e B B R e B A e B A A 0L B R T Y Al
3 itig

FETE) F1 4% 2 5 3k o) B0 5 AT, T F IR B0
FE 7 R BB HE Bt 45 € T RE 7T 4 A A R

FEA K T ARk RN S R A B S 0
AR, AR 4505 K W S bRl Bl i,
JIT AR 45 S RE 05 45 70 43 b 3 3k R AG A PR P i
PrRME AR T T 32 B K SR B 5 R R i R 4R
PrIa] %8 5 25 1 e LA — 80, 25 SR ARk ok, P,
FH ] [ 98 5 8 05 AT L R0 4 7, Qs 2 100
i 00 3 5 6 b 20 B R R D AT
BRI X

] PN NPT 5 2 0 K 22 R FH TR0 6 2, 5% it 4 35
HR O K B AR BRAS BB A R R X R
G5 e S P UE RE A R L, (L 150t 25 5
D5 RPN A A 1) 7 PR AR KA Jmy BR A, K
IR R R BRI T =5 0 78 ik, 20 4l 80 4F
AT, LG AR B 2 e e SR 53 e 85 75 577 i A R
FHPU R R ECEXT 1000 43 03 v [ w5 S i B8 IR 2E 4T
TR R O, (R 2k BB REARMAN  e H
AT SRS T 5 A SRR B, AN BE S i b A 7 o
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Fig.1 Clustering figure of 61 sorghum materials
by SSR markers
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