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Analysis of genetic variation in agronomic traits of half—sib families of Melilotus
albus in the second generation of recurrent selection
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ZHANG Ji-yu’

State Key Laboratory of Grassland Agro-ecosystems, Key Laboratory of Grassland Livestock Industry Innovation, Ministry of

Agriculture and Rural Affairs, College of Pastoral Agriculture Science and Technology, Lanzhou University, Lanzhou 730020, China

Abstract: This research formed part of a program to breed a new cultivar of Melilotus albus with high quality, high
yield and low coumarin content. In pursuit of this goal, we conducted a second recurrent selection at two sites, of 25
half-sib families of M. albus, on the basis of the first recurrent selection. Significant genotypic variation (P<C0. 05)
between half-sib families were found for plant height, dry weight, fiber content and coumarin content, and there
were significant genotype X environment interactions (P<Z0.05) between the two locations for most traits, including
dry weight, plant height and stem diameter. The predicted genetic gain of dry weight and plant height traits were
4.3% and 2. 6% , respectively, based on genotypic variance. The correlation analysis showed that the stem diameter
was significantly positively correlated with dry weight and plant height (P<C0.01) , and the crude protein

concentration was significantly negatively correlated with neutral detergent fiber and acid detergent fiber levels (P<C
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0.01). Principal component analysis was used to show the relationship among agronomic traits and the performance
of the half-sib families. The 25 half-sib families were divided into four groups by cluster analysis. Among these four
groups, the third group had relatively high dry weight and crude protein, as well as lowest coumarin content. This
second recurrent selection of 25 half-sib families will provide useful germplasm for breeding new lines of M. albus.

Key words: Melilotus albus; recurrent selection; half-sib family; low coumarin content; genotype-by-environment

interaction; genetic gain
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Table 1 The genotypic variance component of half-sib families traits of M. albus at Yuzhong

PEIR Trait B PH (em)  FEDW (geplant™')  ZEMISD (mm) M8 SN (No. ) HRIEIEN 54 PM M5 LSR
SEX{H Average 92 86.4 9.0 4.3 1.1 0.8
e KAH Maximum 120 145.0 12.0 7.0 4.0 1.3
B/MH Minimum 70 34.3 6.0 2.8 1.0 0.6
7, 8835 4174201 1.154:0.47 ns ns 0. 008-0. 004
o, 499439 2099+ 232 6.9340.55 2.214£0.22 0.09020. 007 0.04240. 005
H 0.73 0.71 0.71 0.38 0. 34 0.81

T ns Fm ZE R AR FE(P>0.05) ; PH AR ; DW: T SD: 28K ; SN 40 BRI PM: FUBMR IR S5 0 LSR M 2K 1 5 0% c SEBR T 22 567 iR 22 T 22
ety F .
Note: ns indicates no significant (P>>0.05) ; PH: Plant height; DW: Dry weight; SD: Stem diameter; SN: Stem number; PM: Powdery mildew

rate; LSR: Leaf: stem ratio; azg: Genotype variance; 526: Error variance; H: Heritability, the same below.

J5 22 50 W 3 B A b b DX P B FORBR bR R T ZEORL 025 R B B A S R R AR SR (P<C0. 05) , FU R
o 0 A R 3 BB 4521 TR ML 5% 2R TRIBE A R B B 3 25 53 (3R 1) 5 I V3% b DX T A 7 i P bR e 0 o I 35 1 i 1)
Y22 S, 5 MR B R RS T K A RORL B 1, AR A MR R B I 3 A S A 25 R (P<C0.05) (£ 2) . Ay
e — I T T b DX A A BT (3R 3) TT LA L R BB DA AE At A% 7 IR A AR i R R X A B 3 T AR
(P<<0.05),
2.2 B 5

R A H — 11 V5 VR 2 TR B R AR 45 PR A BLUP (B 2B i 3= 4 B (B D R TR S5 M E A 2 IEH K
A EFECREMIMAEXZ;FOREHEAL HEAZEMXXER, TESORRBRERLZEAMELR. £
PR KR RO T o Brah RS — F o i B T A5 A8 5 10 26. 1%, 5 = F R B T 8t 48 = 10
20.6% . REHHHIX 250 AL ARB LRI K R N4 (R4, HP 8 424 6 A 555 R EAF, HAE
RV EERMEN0.35%, FHY T ERE N 106. 74 g-plant ', BN YL AR E RN 1. 27,55 SIS IR 5
FHFEREAMCN59. 11 g-plant ', FER G ENO0. 47X HMEA G 12. 120, HEIRK Z.
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F2 WEHRKAREABLrERNIZSUERERRFEAS
Table 2 The genotypic variance component of half-sib families traits of M. albus at Linze
PR Trait B PH (em)  FEDW (geplant ') Z8HISD (mm) 2SN (No. ) H k9% PM 25 LSR
-4 {H Average 136. 6 112.9 8.9 4.5 1.7 0.6
% FAH Maximum 158.0 224.7 11.8 7.5 4.0 1.0
/M Minimum 109.0 44.1 6.3 2.7 1.0 0.4
7, 125-+48 8114400 0.51-+0.27 0.61-+0.31 0.088-+0.037 0.03+0.01
o 611448 4611480 5.5040. 44 7.1040. 56 0.58-0.05 0.06£0.01
H 0.75 0.73 0.58 0.55 0.69 0.86
AR Trait FHEE ML 141 P e U v i MV R ANV T
Cou (%) CP (%) 24 ADF (%) -4 NDF (%) A FE ADL (%) WK ATA (%)
{8 Average 0.44 8.89 30. 93 44.35 6.62 0.90
15 KA Maximum 0.87 20.25 43.19 56. 71 9.25 1.88
2 /IME Minimum 0.14 9.22 19.42 32.48 3.93 0.28
7, 0.007-0.003 ns 3.3941.55 4.9242.21 0.1640. 77 ns
o 1.4540.19 2.56+0. 32 15.7541.96 15.5241. 92 0.5820.09 0.04£0.01
H 0.70 0.43 0.72 0.74 0.70 0.46

e CPME I ;Cou: HE R ADF  RPEVE VR LT 45 s NDF - iP PR R £T 48 s ADL « R VE VR AR BT R 5 ATA - BRANIE PR IR 53 4y i 8 3t DI 2 R R IR

Note: CP: Crude protein; Cou: Coumarin; ADF: Acid detergent fiber; NDF: Neutral detergent fiber; ADL: Acid detergent lignin; AIA: Acid-

insoluble ash were determined at Linze. The same below.

®3 ERBEXFEEETEREABLEERASERNEEAEAS

Table 3 The genotypic variance component of half-sib families traits of M. albus under genotype—by—location interaction

PR Tarit Bk PH (em)  FEDW (geplant™ ') Z5H1SD (mm) M4SN (No. )  HBHKEIR %4 PM 22 LSR
F-#{H Average 114.2 99.9 8.9 4.4 1.4 0.6
I KA Maximum 136.7 150.0 10.8 7.4 2.2 0.9
$5/ME Minimum 87.2 57.0 6.8 3.4 1.1 0.4
ng ns ns ns ns ns ns
oy 6530 5744208 0.6220. 31 ns 0.0420.02 0.01020. 005
o, 555430 2179+ 207 6.200. 36 4.61+0.26 0.3420.02 0. 040+0. 004

0" 2 B IR R 5 4 £ T4 J7 2 Genotype-by-location interaction variance.

2.3 AXMSAH

R SAE 23 M7 45 2R REME B 2 /R PIOIR TR) B A Sk B 8 28K o MG R BN R 5 i, il LA 25 S T3 bk
Z AV AR 2 (P<<0. 01) B IEAH 5 5C 2 5 B e 19 i 28 TG 22 B 35 (P<<0. 01) B9 BAUAH 5 3G 2 5 R M ok U4k &7 4 7 33
SRRPEVE AR BT (TR AN K 43 R R 3 (P<<0. 01) R 3 (P<<0. 05) I IE AR JCOC 2 s ML AR 11 5 R M VR I 2F 2
HPEVE R T AP AE R 3 (P<<0. 0D AR C R . T8 HER FURTE - HZ ML CR SR 14
S —2 .
2.4 A G TS

1t 1 4 2 e MR A 2 ) i 5K AR T4 POIR 5 DR R 5 B 5 A 9 st A O 22 T EAT TG O . SR 6 T, T ML
B UR S EN B GG 5 o B 4. 3% 1. 64% . —11. 51 %, 77 s IR st A% 18 £5 39 & 43 e Kb
WU 5 25T e BOB ZERL bR s T R A AR S N o L A 2, T A B A AR 0 A o B B
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Fig.1 Principal component analysis of traits of M. albus
[ Hp 4 T B €8 2% 7R 44~ 401 Four colors in the Figure indicate four groups.

Table 4 The group information and the average of traits within group of M. albus

Syl OEL Mk Tf M B MR MR FEER O OMEN MUEmRE hvkie Mtk mAwEHE
Group Number — PH DW SD SN %% LSR  Cou CP  ZF#EADF  £F4ENDF  KFEZEADL K> AIA
ofgroup  (ecm)  (geplant™')  (mm) (No.) PM (%) (%) (%) (%) (%) (%)
1 13 117. 96 103.57 9.37  4.15 1.40 0.60  0.48 13.37  29.50 42.81 6.15 0.85
2 4 121.04 103. 80 9.47  4.42 1.43 0.60 0.43 11.85  33.90 48.61 6.86 0.89
3 2 97.22 59. 11 6.98  3.71 1.32 0.83  0.47 12.12  29.93 44.36 6.11 0.85
4 6 110. 36 106. 74 8.77  5.12 1.27 0.70  0.35 12.83  30.16 44.02 6.27 0.94
5 FWHSMWBEEREEREBNOREBEXRY
Table 5 Phenotypic correlation coefficients between M. albus traits across two locations
PEIR /35 T& R R ABPREGR MEs BEE S OMER MR PEvEE MMRRA
Trait PH DW SD SN 9 PM LSR Cou CP 214k ADF  £F4ENDF & ADL
THEDW 0.37
25 SD 0.61%%  0.59%*
SFERSN 0.01 0.32 0.12
11493 9 s 45 2 PML 0.27 —0.23 0.12 —0.27
25 [ LSR —0.71*  0.001 —0.38 0.12  —0.13
& Cou —0.17  —0.17 0.03 —0.33 0.24 0.14
M A CP 0.18 0. 30 0.32 —0.07 —0.12  —0.06 0.22
PR PE Uk U 27 4 ADF 0.18 0.11 0.16  0.24 0.13 —0.13  0.03 —0.52%*
PR i 2T 4E NDF 0.17 0.03 0.09  0.23 0.13 —0.10 —0.06 —0.61%% 0.95%*
FRMEVE A RIZ ADL  0.01 0.39 0.19  0.32  —0.21 0.10  0.15 —0.18 0. 63%* 0.54
RS ATA —0.12 0.09 —0.02 0.27 —0.01 0.09 0.11 0.25 0. 40% 0.25 0.37

e e I R i M 25 5 (P<C0. 05) Fildl @ 35k 22 5+ (P<C0.01)

Note: * and ** indicate that the difference is significant at P<Z0. 05 and P<<0. 01.
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6 ETHHARITNEERXZNERET —MEERABRESNTAEMEES
Table 6 Predicted genetic gain (AG) of per selection cycle in response to direct single trait selection based on the half-sib

families evaluated across two locations

L6 TN/ 1 TE E-Viil SR M FUR KMEA RMUERSE PSR REEREA RAEMERKY
Trait PH DW SD SN LSR Cou CP ADF 24 NDF JiiZE ADL ATA
(cm) (g-plant ') (mm) (No. ) (%) (%) (%) (%) (%) (%)
AG 2.9 4.2 0.25 0.15 0.03 —0.05 0.21 0.82 1.34 0.22 0.037
AGY 2.6 4.3 2. 80 3.50 4. 00 —11.51 1.64 2.60 3.03 3.51 4.200

TE: AG TP AL I 45 5 AG 06 - AR SR AS Y38 4% 159 45 18 m i 23 1

Note: AG: Predicted genetic gain; AG % : Percentage increase in genetic gain relative to the parent.

AR5 A W 3 A e AN AS ] A A 2 358 e X 11 4 B R B 2 [ M 5% 3R R AT 5 AR Il B E — 2B A5 U
MR 7 AR T E FRIERE . PR R R B R AR 0T B H bR, AR 1~2 T P X T S R e AR
1% 3 R /IN 2 AR v i X, P I 3 426 I V5 e DX 0 B 6 A RE 2R AT T A DG A8 bR RN A T S R E . AR ST
FE SR S DR B (Y 25 003 1 A6 B AR 2 [n] i 5% 3 7 A RN 56t X 1 TR AR 7 IR AR b v R AR
HEA B E WSS 5 AN S5 B AR, RUPERIM R RAAEMR S8 HoA 3 — P b e R 098 77 o

BAE 2 A MR HEAT O A B, 00 00 1A A5 MR TR 8 DG o AR BT 9 R FH 2 AR R 3 TR AR 5 45 A A A
TR Z ) TR o IR AN R AT G, T S 2R Bk AR i 2K LA DG AR TR S L R
AW ST I VAR AR 70 /0 AR T AR m AR . ADF NDF 258 27 4 48 b5 5 0 BoBCE B % VMM 56 6 & W] 27 48 %
T AR R 5 T B B S SR R R T A S TE AR G, 2 T RT DA G SR B Y ) AR S R R
PR BRPWEAL AR AP E R SE N1 75%~1.82%, K 0.61%~0.97% ., & EM E AR
B I R AR T, 5 25 B A T AR R RN R A e (R AR AR TR IR A DE G FR L X T RE S A AR R AR
MR A G R A T2 R RN R T DE N RE R E RN e, AU R SR RS
AR R i 57 i F RS EA EHOCOCR , R 5 5 iU A 0 78 28 £ 75 Fh s 2 ) S B, D8 A 7 A DR
MR TR R R 0GR AT LR — 2B A SR R AL A U D R R R I R R T
TAEA R AN T T A . Jahufer 257 WF 28 Ml AL BR ( Panicum virgatum) 7= & K & L BERE, 6 FHIS LY
T3 A R TR A 1

T LAY 5 RSN I A G A 24 AT Bl RS A2 4 R BT 1 L R R 5 IR 19 56 &R o Davodi 4R AR
AT, A 12 AN HIR R L 6 200 10 58 76 7 A T 98 U G R BLIEAT T 455 4307, LUIBIRT S0 6 5 1 00 7 & 0 b
JRUEAT R o APPSR Mgt SR (B 1, R ) RIS — | i e Tl fE A8 i 46. 7% I Kbk T H %
124 PR B M 56 56 28 DA S 25 13 b R 45 PR 1 i 2R SRR AT BB AR T B o AR I 45 PR TR A& 4R MRS R T BLUP
SERAA R S Oy ok R AL I R R — 28, W R A LR IUORF L 5 4 4043 64> Wbt m] LUAE
NG SN E R BE MR, BRI A R AR U R S o 111 %, i 0. 21% , P (E A
0.50% , 55 — W He M e £ AL AL R RM L, 50 kB RIS H G & T RGBT ER0.44% , MK
A FTREAR . N T HE— 25 B UE XA U ] e R ) MK R I IR BT SR L TE 2090 IR B R O AR T A
PR 00 3 15 3 25 L 33X 25 0 F, A6 SRR [ i 58 3R 200 — A J 309 00 4 (ol 3o 428 7 7= et 1 A T 9 v, 06 I 25l P4
R JG  RE T BT RN, B GRS R TR . KON RS E R AR T A
4 it

TR ELAT I 2 RO R R R R A e T A 7E R A T BRI PR X 25 63 1 A6 B
AR [R5 2R HEAT 58 S Il e B (o AR 1 7 o | T o 1 R B R A R i U] R AR B
R K & Pl 5.
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