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Analysis of Inflorescence Types of Elymus Species from Alpine
Regions with Branched Spike Germplasm Resources
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Abstract: The Elymus grasses, known for their strong ecological adaptability, are a primary genetic
resource for improving the quality of grasslands in the Qinghai-Tibet Plateau. This study focuses on the diversity
of inflorescence branching types among Elymus species in alpine regions. It examines 76 Elymus inflorescence
branching germplasm resources from different areas of the Qinghai-Tibet Plateau, measuring and analyzing the
related phenotypic characteristics. The findings are as follows: (1) There is significant variation among the 76
materials, with a high diversity index across 24 traits, averaging an H' index of 5.19. (2)In this survey, Elymus
inflorescences showed only primary branching, averaging 7.03 branches per inflorescence, with a mean
branching rate of 33.90%. Branches typically occur in the middle to lower part of the main inflorescence axis,
with the highest variation (98.14%) in the starting point of branching on the axis. (3) Correlation analysis
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revealed highly significant positive correlations between the number of branches and branch rate, branch width,
total length of branched spike, and total length of inflorescence. Branch rate was highly significantly positive
correlated with branch width and the endpoint of the branch. The total length of the branched spike was
significantly positive correlated with the total length of the inflorescence and the number of seeds on the branched
spike. (4) Principal component analysis identified 4 main components, accounting for 84% of the cumulative
contribution rate. The first principal component (36% ) reflects the variability related to the quantity and length of
branches. The second principal component (30%) reflects seed weight and distribution characteristics. The third
principal component (12% ) reflects variations in branch occurrence sites and overall inflorescence length. The
forth principal component (6% ) reflects the ratio of branch axes to inflorescence length and seed number weight
density. (5) Cluster analysis categorized the 76 Elymus inflorescence branching germplasm resources into three
types: less branching, more branching and balanced branching. With further phylogenetic relationships analysis
based on inflorescence phenotypic characteristics categorized the 76 Elymus inflorescence branching germplasm
resources into nine types: high branching, dense branching, long sparse branching, balanced branching,
heavy-seeded high-yielding, medium branching, sparse branching, short low-yielding, and uniformly stable-
yielding. These nine categories primarily reflect the characteristics of branching and seed yield, providing a
basis for further selection of ideal inflorescence types.In summary, the 76 Elymus inflorescence branching
germplasm resources show high diversity and phenotypic variation. The occurrence of branching alters the

pattern of seed yield, providing a theoretical foundation for improving seed yield of Elymus grasses in alpine

regions.
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Habitat information for 76 wild germplasm resources of Elymus spp.
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Fig. 1 Illustration of typical representative material for inflorescence branching in Elymus spp.
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Table 2 Variation and diversity of inflorescence characters of germplasm with branching in Elymus spp.

TESFHRFE FAE P STONEE FoME 5 FRE(% ) ZREMR R
Inflorescence characters Mean SD Max. Min. cv H'
4y 3% NOB 7.03 3.54 22.00 1.00 50.44 5.28
4335 (%)BR 33.90 18.46 100 2.70 54.45 5.27
4y U 55.(% ) BSP 13.00 0.12 100 2.00 98.14 5.07
93 3% 5. (%)BEP 42.00 0.20 100 3.00 46.51 5.27
I3 BERE(%)BW 30.00 0.18 94.00 0 60.03 5.22
4y 3¢ K (em) TLOBS 25.16 13.10 90.30 2.50 52.06 5.28
53 AP (em) ALOBS 3.74 1.30 11.25 1.97 34.74 5.36
J¥ 24K (em) TLOI 44.01 15.48 116.30 15.50 35.18 6.73
FAEFHHE (em)MIL 18.84 5.44 42.00 7.20 28.89 537
I3 i BB R B K (%) TLOBS/TLOI 54.00 13.00 82.00 11.00 24.62 3.46
53 3R/ FAE P (% ) TLOBS/MIL 140.35 78.39 470.00 12.00 55.86 5.26
MUNEEBINOS 54.92 21.58 143.00 14.00 39.28 5.33
F /R NOMIS 15.43 7.23 50.00 0 46.82 5.29
4332/ NEE#L TNOBS 39.85 21.88 136.00 3.00 54.90 5.26
¥R TS 93.52 46.84 267.00 18.00 50.08 5.29
FHIFIFEL SNOMI 4131 2233 133.50 6.65 54.06 5.28
43 R0 NOBS 5221 31.22 156.14 4.68 59.79 5.24
¥ RE(g) TSW 0.24 0.14 0.95 0.05 58.04 5.18
FHhAh T E (g) MISW 0.11 0.08 0.51 0.02 67.96 5.22
73 X HHFPT-H (g)BSSW 0.13 0.08 0.61 0.02 63.55 523
BAEFE (g) TIW 0.30 0.16 1.07 0.02 52.02 5.28
FhF B EH/AEF B (%) TSW/ TIW 78.24 9.84 97.06 33.33 12.58 5.40
Fp-FER % % (4~/cm ) SNLD 222 1.08 7.21 0.51 48.44 3.70
R FHUT 2% B (4~/g) SNWD 322.49 107.07 840.00 168.42 33.20 5.30

NOB: Number of branch; BR: Branch ratio; BSP: Branch start point; BEP: Branch end point; BW: Branch width; TLOBS: Total length of branch
spike; ALOBS : Average length of branch spike; TLOI: Total length of inflorescence; MIL : Main inflorescence length; TLOBS/TLOI: Total length of
branch spike to total length of inflorescence; TLOBS/MIL: Total length of branch spike to main inflorescence length; NOS: Number of spike;
NOMIS : Number of main inflorescence spikelet; TNOBS : Total number of branch spikelet; TS : Total number of seed; SNOMI: Seed number of main
inflorescence ; NOBS : Number of branch seed; TSW: Total seed weight; MISW : Main inflorescence seed weight; BSSW : Branch spike seed weight;
TIW: Total inflorescence weight; TSW/ TIW: Total seed weight to total inflorescence weight; SNLD: Seed number length density; SNWD: Seed

number weight density ; The same as below
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Fig.2 Correlation analysis of inflorescence characteristics in branching inflorescences of the genus Elymus in alpine regions
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Table 3 Principal component analysis of inflorescence diversity in branching inflorescences of the genus Elymus in alpine

regions
AESFHRHE E S 552 B> ETRENI T E eI
Inflorescence characters PC1 PC2 PC3 PC4
Iy HNOB 0.3082 -0.0197 -0.0508 -0.2702
4337 BR 0.2909 -0.0856 0.1888 0.1267
43 3 B BSP -0.0978 -0.0990 0.2769 02112
4337 4 15 BEP 0.2411 -0.1084 0.2920 0.1303
4y e BW 0.3056 -0.0592 0.1461 0.0244
3 XK TLOBS 0.3138 0.0513 -0.1801 0.0651
43 YK ALOBS -0.0308 0.1013 -0.1574 0.6909
K TLOT 0.2584 0.1010 -0.3105 0.0909
FAEFFRC MIL 0.0215 0.1547 -0.4292 0.1007
4y XK /AEY MK TLOBS/TLOI 0.3035 -0.0591 0.1098 0.0778
43 SRR/ FEAE T4 TLOBS/MIL 0.3046 -0.0364 0.0851 0.0406
SU/NMEENOS 0.2673 0.0539 -0.2528 -0.1525
F A/ VS NOMIS -0.1575 0.0998 -0.3074 -0.3944
4y /NS TNOBS 0.3176 0.0156 -0.1443 -0.0419
FhFHELTS 0.1083 0.3312 0.1028 -0.1055
53 ERF AU NOBS 0.2079 0.2682 0.1096 -0.0819
FhbFPF4 SNOMI -0.0369 0.3443 0.0740 -0.1141
FilF BT TSW 0.0111 0.3601 0.0571 0.0816
43 SRR BSSW 0.1108 0.3259 0.0706 0.1060
FHFPTEMISW -0.0949 0.3429 0.0390 0.0512
SSAESFE TIW 0.0310 0.3584 0.0083 0.0835
FfF B /ALT B TSW/ TIW -0.1096 0.1927 0.2250 0.0085
Fh—F A2k % B SNLD -0.0655 0.2774 0.3168 -0.1473
T4 1% [ SNWD 0.1250 -0.0785 0.2309 -0.2836
HEAE{H Eigenvalue 8.80 7.37 2.97 1.36
DTk (% ) Explained variance ratio 36 30 12 6
ZRUBTHR % (% ) Cumulative explained variance ratio 36 66 79 84
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Fig.3 Comprehensive principal component analysis of different germplasm resources of branching inflorescences in the

genus Elymus in alpine regions
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Table 4 The top ten germplasm resources and the contribution value of main inflorescence characteristics
s OISR SN SRR Ik visd Fh iy BdER T G Mr e
No. IS8 TR VARSI NOB FERE Fh¥- S N RiFEC ArE SR (5
TLOBS TNOBS TLOBS/TLOI BW MISW TSW TIW NOMS BSSW TS Score
DS7 0.51 0.33 0.10 0.02 -0.11 0.80 0.98 1.04 0.52 0.86 0.54 11.11
DS6 -0.50 -0.49 -0.47 -0.63 -0.57 0.80 0.45 0.35 0.37 0.07 0.05 9.32
DSI1 1.07 1.13 0.63 0.71 0.58 -0.29 0.00 0.13 -0.33 0.22 0.02 7.77
DS68  -0.08 -0.11 -0.10 -0.20 -0.13 1.39 1.34 1.28 1.51 0.97 1.16 7.56
DS50 0.56 0.87 0.08 0.64 0.17 0.25 0.33 0.40 0.54 0.30 0.56 7.27
DS3 -0.57 -0.53 -0.66 —-0.48 -0.39 0.94 0.40 0.38 0.68 -0.11 0.13 7.07
DS48  -0.14 -0.15 -0.07 -0.09 0.03 0.99 1.03 0.95 0.68 0.82 0.55 7.03
DS19  -0.55 -0.55 -0.53 -0.52 -0.45 -0.24 -0.40 —-0.42 -0.34 -0.41 -0.42 6.95
DS20 0.73 0.62 0.35 0.71 0.50 -0.39 -0.35 -0.31 -0.08 -0.22 0.21 6.92
DS16  -0.62 -0.58 -0.81 -0.56 -0.51 -0.04 -0.30 -0.33 -0.21 -0.41 -0.39 6.68
24 SEREBERBEFSXIMRRRESHEMEER 55 2 2RI 19 Mt , e KRB A K A
KoM J5 O RE R o X — 25 B 73 SRR 3 SRR

| F K-Means 3872 X5} 5045 617 R 2800 Br 9 45
4 t-SNE SEATFE4E (E 4) K 76 0 B4 RHG> S 3426
BT T 3N RBEAE PR IEE (£ 5) o

55 1 2L 40 Fh 5T, AR T HAB RS, R I
BEMBRSF I AR AFRAE o 3 — 3 0 43 S BORE G
BN 5394 5 43 SR MAAIR, O 26.48 % [F]
iF, 23 SR K (18.65 cm) FIAEF 0K (36.96 cm)
Je T HABZE
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Fig. 4 Cluster analysis based on K-Means algorithm and t-SNE dimensionality reduction
F=5 BESWHI3IAN LB ROEFHHERE
Table 5 Inflorescence feature values of the 3 class in cluster analysis
ACFFRHIE AR S EVES EXES
Inflorescence characters Class 1 Class 2 Class 3
72 HINOB 5.39+1.99 9.3342.05 7.40+2.05
4y %% (%)BR 26.48+9.37 49.32+13.02 29.38+6.03
355 (%) BSP 15.0049.00 11.00+4.00 9.006.00
53 X2 5. (%)BEP 36.00+12.00 56.00+12.00 35.00+7.00
5% (%)BW 21.00+8.00 45.00+11.00 27.00+8.00
7K (em) TLOBS 18.65+6.01 33.08+9.08 29.2247.69
734K (em) ALOBS 3.79+1.18 3.60+0.68 4.02+0.96
167 B (em) TLOI 36.96+8.94 49.93+11.09 52.47+10.82
FATF K (em)MIL 18.31+4.51 16.8543.57 23.25+3.86
A3 SR KRR 3K (%) TLOBS/TLOIL 106.95+35.97 204.44+54.38 126.22423.83
I3 R/ FE AR PRI (%) TLOBS/MIL 48.47+9.53 64.55+5.41 54.32+4.09
B/ NEEINOS 45.24+12.73 64.88+15.09 62.55+15.66
FH/NEEINOMIS 16.58+4.37 10.98+4.53 18.27+3.79
4332 /NEE TNOBS 29.89+10.92 53.90+15.12 44.28+14.61
T RBELTS 72.75+21.23 95.28+20.57 157.85+35.88
FHhiFhT-% SNOMI 36.93+13.66 32.85+7.59 71.69+19.14
43 X HEFPFEINOBS 35.81+12.33 62.43+15.59 86.16£19.24
FFRE(g) TSW 0.21+0.08 0.21+0.06 0.44+0.15
F4FPFE (g) MISW 0.11£0.05 0.07+0.03 0.20+0.08
43 S FFPFE (g)BSSW 0.10+0.04 0.14+0.04 0.24+0.08
BAEFE(g) TIW 0.26+0.09 0.28+0.07 0.53+0.17
7 BT/ BT (%) TSW/ TIW 79.99+6.67 74.44+8.10 83.3243.31
PR % (4~/cm) SNLD 2.11£0.91 2.01+0.49 3.17+1.09

FhFHm % B (4~/g ) SNWD 293.92+76.41 372.84+126.35 317.27467.04
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Fig. 5 Phylogenetic analysis based on inflorescence morphological characteristics
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