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BWE ARTBB S RALTREE SHE SN HTEORCESALRINELRERAGLEZ, KRB EEET Ak
B HAERR A SRIEIRF LM T o5 2t F) A SDS-PAGE F 54 43t 2. 4% F KiE b fo A M B G #4783 45 S A M 547,
MEFRFEROREE, 9MHEESRF(2E GE AR)SERGLZTNNLE, ERAV M4 s aMttFEES
AFHh 17.58% ~28.67% , L P KEKEEEG b 86.12% ~91.40% , M E & 4.76% ~8.29% , #a % 4 &, TR s 2
FREEOLELEZ2EIRFEMX, 5 EIEMX, MEERGEZRAMX, S4B FRERRLEMREE SDS-
PAGE % #)#&m) th & G #7F 1588 &c4m 699 &, L P REM B O S B EBERRGETER 3, AR SHBIEHH 0 ~
0.50,A85F 5F F 42 24. 71 ~149. 54 Ku Z 18], B R #5 % & F T 24. 87 ~50. 41 Ku #&A8 5+ 5F & K F= 56. 34 ~88. 08 Ku & 48
NoFER;EEREOSBEIBRERRGHT LR 24 £, AW ZHMEIEH0~0.50, 48545 F F /£ 24.85~91.24 Ku =
B, ATRGHETHRESAE S MHE TR TR S AT AL, BAEEMAKEFEEAN0.60 ~0.91;R5E HKZH EH
S4B E RIS A 4 NI ER BEXBRGHF AR S LIRS F 4 0.23.0.18.,0.35 F2 0. 31, Shannon’s 13 & $5 4
574 0.33.0.41.0.52 #20.46, WRHEFREAEEFEF G, AN EEEERZHE M BT F2HREYH, RaA-T
EREOAETLZAEZIRFENME, RS GERERGEMERTK,

KR53 ;& 9 M4 F;SDS-PAGE ; & ik

Analysis of Protein Content and Genetic Diversity in
Pea Germplasm in Tibet

HOU Wei-hai, WANG Jian-lin, Dan Ba,HU Dan
(Xizang Agiricultural and Animal Husbandry College , Linzhi 860000)

Abstract ; To explore the genetic diversity of pea resources in Tibet plateau,and to analyze the relationship be-
tween the content of seed protein and the ecological and geographical environment. Fifty-four landraces of pea from
different ecological and geographical environment conditions of Tibet were collected , water soluble and salt soluble
protein content of above genotypes were examined. While ,the relationships between the protein contents ( total seed
protein content, water soluble and salt soluble protein content) of ahove genotypes and geographical factors ( longi-
tude , latitude and elevation) were analyzed. The results showed that the total protein content of 54 pea seed samples
ranged from 17.58% to 28. 67% ,among which water soluble proteins accounted for 86. 12% to 91. 40% ,and salt
soluble proteins accounted for 4. 76% to 8. 29% . The total protein content of Tibet field pea seed samples signifi-
cantly correlated with longitude ,and correlated with latitude , but negatively correlated with altitude. 1588 water solu-
ble and 699 salt soluble protein bands were detected by SDS-PAGE electrophoresis ; among them,43 band types of
water soluble protein and 24 band types of salt soluble protein based on migration rate were identified with diversity
index ranged from O to 0. 50. The relative molecular weight of water soluble proteins ranged from 24.71 Ku to

149. 54 Ku, showing concentrated areas of low molecular weight (24. 85-50.41 Ku) and high molecular weight
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(56.34-88.08 Ku). The relative molecular weight of salt soluble proteins ranged from 24.85 Ku to 91. 24 Ku.

Based on the cluster analysis of protein bands,54 pea resources were divided into 7 groups,and the variation range

of genetic similarity coefficient was 0. 60-0. 91. The 54 pea landraces were divided into 4 geographical groups ac-

cording to the altitude information,with genetic diversity indices of 0. 23,0. 18,0. 35 and 0. 31 ,and Shannon infor-

mation index of 0.33,0.41,0.52 and 0.46. The genetic variation of pea resources in Tibet was abundant, which

showed that the genetic variation was increasing with the increase of altitude. At the same time ,the content of seed

storage protein was positively correlated with the longitude,but not with latitude and altitude.

Key words : pea;protein content; SDS-PAGE ; Tibet

Wi ( Pisum sativum L. ) J& SR B 58 —4F 5§
AR A RUAKE ), HATT 5 T 5E TP S5, o
HAMG) iz AR R 90 AN E KA, 2 A
PR = RE Y, e EE IR N SR A E Y A&
fEREZ — U AR TR A R B RN R A
OH i 3R | R AR RE A JEURE T 2 AR T A A%
' HEEA ERARALU(FAO) 4iiT,2013 4E3k
BT TR 138 U7 ¢, SRS 2 4, A T
SRUT A, T E R R LS S PR — K
[, W AE PO S A B R s R PR AL e
VORAEY) 2 — , HAE R AR T3 B /N2 A
S, 2 VU R E A RRARL R VR . T R T
FE TR SR8 A, TRV B s I o A iz, e B A
EBRIKE] 4500 m, # 5T BR MR /D22 TR Bk
PRI SEARK TP B S A A T AR S,
S L AL BT R, HRR R T RS AR TR 1
Z AT B AR T G A 5 B IR ORAS 2 A AL
A AR, BRI LT %, FtaR
00 PG 5 A 5 % U AT RO A A g
& 53 A FEHRA S 90 AN BT IR, B 5 B K]
JE | DA S 7 e 52 M K e

Fp—FIt 8% & H ( SSP, seed storage proteins ) J& 5
ARG e R ¥ E B, CoAE il
BRI 2 W T 4 A5 T BRHBREAE Z AR 31T
YE R DGR 8L BEIRRAE FN R AR C A YY)
Yife AR B FIIET, BT SDS-PAGE Fhf
BV E Z U — MR A ) 328 HEA IR
A RRFIZZ R ) S R B RRAE 23 A AR SE R AH 5C
FEMA & RS [ A N K
WK KA KT S s R R A
(] R ASZSHE | RRA 8} ) o T 2 1 v B 22
B, X P2 EE d e W R g B
0, T ORI 1 AT | BE TR A E A
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[] R RO 25 200 1 H A o R A ] A

S L A N NIR e By 2= P 2= ST G
WA 0. 248 0. 249 F10.209, V. Velusamy 25! F|
SDS-PAGE XJ#i [l 8 ~A= 248 M 3 X 1% 722 53 K 5
T L 2R M kB, b e} ) 2 1 I 3
ZHEMAE 0 ~0. 2642 Z 1], SFHI{E R 0. 1565, FIH
SDS-PAGE X/NZ MM & A BB RS2
BSHVR, RIS S5 T i, i 2R F I
BAMSABAAEF RN E 280, fE—CRE L
RS BEI AT AL B R 2 5 R P2 B n T 15
EIRINFF MG 77 0y /N3 b TR R B R A Ik
e 2R 43 B, e BLAE R B} B v &R S R 2 8
YRR, B W e 20 RIS I Atk
MR 6 R, WBGE R — g LR T
PR RLE B SR 4 e R, A B %Y R A SDS-
PAGE RN 101 57 % &l Jox B¢ I 7% 28 11 FL UK 43
BraR A, HEC AR & AR T A R
1) 22 A, AR 35t 12 AH L R B804 B R B K g i
WA A e ) 0 S 2% 06 R, R RASE T R
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AERT 5 f A7 A B K AR S, R 0 A 1 35 R % 7 o
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R AR B R PR A X, HLA 4 BR d5 LY ) 37,
PR3 FCH TR T S R 2, HIERR R L |
AT T 20700, 774 T 35 W5 G 5T BT R,
ATIFFE LA VY B AR G B A I A R dA L
SDS-PAGE A X} 8 0 #0811 2 & #1753 #r,
AR B K- A P s S o 5 T 1Y) 152 4% 22
PEFIZEG R IFE AR PR T KRR T
EAGENRI, M EA TR BEERK,
RGO R I HHE C2R A R RL, SRy PO e i 2 BRI
L R AEA RO AL PSR

®1 4 BBEMEMRERESR

Table 1 Basic information of 54 pea landraces

1 #MR5FE

1.1 #F§l
ZRAPR Ry V4 55 5 A G R RN Y A Sl xR 51
Oy HR R ARE 2, W) HAcgE B 1 (R 1),
T 2015 4F PP # Bt H N B Sk L g H i
LTI e IR A A, 2016
AE3 H 20 H 4%/ X 5 A AE VG R B BE R
(26°52" ~30°40'N,92°09" ~98°47'E, #2900 m) ,
SRR R E 8] 8 2 3 R b k) L R
IS AR, AR T AT a2,

HEHS _ % HipE R || RS _ G a4 %73

Material REALR (E) (N) (m) || Material AR (E) (N) (m)

number Collection site Longitude Latitude  Alitude || number Collection site Longitude Latitude  Altitude
1 e A ABLE AR 95°89’  29°79' 2874 28 Wil LR  fr 2 R 87°85"  28°72' 4325
2 than 8 £ A4k 94°26'  31°22' 3861 29 FARMELOS & IR 89°64’  29°39’ 3895
3 BT RATHRE=MA 91082 29°79° 3879 30 =i B AR R AR 89°92"  29°19’ 3972
4 Hol Eiii”)ﬁiﬁﬁ 103734735720 2000 31 WS NKS R 910727 29°127 3674
5 JEAREJE AR S AT 90°15"  29°44' 3841 32 WSS E K SHRAFH 91°72" 29°12' 3674
6 g BIgAR S SRR 920567 29°007 3446 33 DU ELVT IS5 5 3 90°62"  29°27' 3619
7 TLACEL A & AT 89°77'  28°84" 4189 34 1L/ = AN RN W Y 92°22"  29°04' 4010
8 R X/ EASE ) 94°77"  29°97' 2638 35 FLEBE & 2 3 91°30"  29°06’ 3959
9 PIE AR S Tk 94°37’  31°23' 3724 36 BRI S A H A 87°43"  29°21' 4313
10 A EZEE S 89°95"  29°17" 3972 37 GE H B UME/REIEPTRT 87°21" 28°59” 4266
11 g B & 2R 91°65’ 29° 3822 38 LR TI £ 55— h 89°38"  29°06’ 3935
12 KW E E o R 97°20"  29°31’ 3591 39 FLEB R G S EA 91°31"  29°15’ 3720
13 FAARBREL R AL 89°09’  29°66' 3991 40 BILEILH S HLH A 90°69’  28°37’ 4204
14 S0 Bty £ Sl AT 97°21"  29°16’ 3428 41 Wi B A% & 5 87°58"  29°10’ 4063
15 Bl Bonis & Bk 91°65' 29° 3822 42 e H SR R 9203’  28°49' 4104
16 KRS SO H K 91° 30° 3729 43 ILAE R S f AR 89°48" 29° 3975
17 BRI A 96°97’  31°22' 3326 44 TUELLEIZRZE S B URT  91°10"  29°16' 3671
18 FEEELINGE 2 TIkR 1000427 29°75" 3625 45 DU EL R 5 R 91°17"  29°42' 3693
19 {CAEEE ST AR 89°90°  29°20" 3956 46 MR &R S HIR 93°34’  28°98’ 3112
20 WHEK L BTN 95°69"  29°93' 2703 47 MR E R S 97°39'  29°99’ 2895
21 et B 5 Ak 89°67"  28°62" 4264 48 FHEHS BN 920 29°23' 3582
22 To7R B B R R R 91°75"  29°16" 3633 49 BHLEAE 2 0 Rk 91°03’  28°16’ 3570
23 Hiplmi RS infakd  88°89"  29°37" 3854 50 T T R 95°64’  31°39’ 3808
24 ﬁﬁ;iiiiﬁw 1037347 3572072000 51 KRR £ PR 96°13"  30°77" 3866
25 WAL TR DMERF  88°91"  26°47 2918 52 R ELA 32 £ R 92°73"  28°35' 3480
26 MR &R S 5 93°34"  28°98’ 3112 53 FHHEA S EER 92°14"  29°28’ 3583
27 e i £ B 93°66"  31°49’ 3920 54 LB IR LB R 90°77'  28°38’ 4037
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1.2 REHE

1.2.1 BEMHEFEASEMNNE ZM GB 50095—
2010 FE (N x6.25) HFfTHi G E R & &1
W5E

1.2.2 BEKAME . BEBAUEEANSBENEE
ME SHEREHEDKREE HEEEA
(53 B PR IO VA IS 2 kg, B2 ~ 3 R vl
Tl 8 T FV (O BF oA v 48 A 25 B O PR 78 o
i 2R, BRI 0. 15 ¢ Bi T M A 2 mL B0,
FEME 110 Fe B4 A 1.5 mL ZE M8 /K 1R i 7% %
RBA BT 4 CoKFMHEI 30 min, B8] 4E 5 min
)1 K ,6500 r /min &0 20 min, B FIH R A
WELE, NKEEEH, 4 CRAFSH., I
0.15 g BEE KM A 1.5 mL 1 mol/L A NaCl %
il B 4 °C vK A6 42 B 30 min, 6500 r /min & .0
20 min, B FVE R E 4 C KA BT 24 h 15 T8,
B0, H 40 pL 1 mol/L ) NaCl % i T ¥, A3
WPEE M, 4 CIRFRH

1.2.3 B EZEAHK SDS-PAGE B ik 43 5t
40 wL K% PR 8 H f L i 1 & 1, H NanoDrop
2000 ) 4 2 B JF AL E R 2. 5 mg/pl R
W, A 12 pL B2 v (250 mmol /L,
pH {8 6. 8 1Y Tris-HC1.10% SDS 0. 5% ¥ % 1%
50% Hil 5% B-#iFk W) , T 100 CHLH & b
5 min, B0 20 s, B H G FEAT AR, BHIKRAAN
T 23 R VN M T e 6 e P UK, VAR A SR BBE 5%, 43 S
A B 10% , L Tris-H 2 B2 AE y vl Al 22 vh W, 5
Oy REdh RN 20 pL, BEREE 1.0 mm, 7E
16 mA fH AT UK, 7848 7R 7 E B 2 IR
0 JE 2 ALK,

K7 DAL HE R-250 VG4 €5 90 min, 7%1H
JKIEESE 2 YK, WA (25 mL To/K 2B +50 mL vk
M2 +475 mL ddH,0) €5 R4 2 ~ 3 O AR 2
MV Sl TR T, ZE IR K IRV IR A R
1.2.4 #ESITHH A SPSS 20 X 5i & 1
TR AR MR AT ARG A BT, SR
Quantity one XA F 3132 BB T2 /K i 4 A0 3k v 1 2R
F LK 3% 7, IF R AT AN T3 BB 1F ; 3 B R] — 7
BRI ARES 1, TEN 0,4 0,
1 HFE, @) NTSYS-pe 2. 1 BPFXF A iy 0 .1
FEEATAR NS 406 AT R 2 1A A% B
FRAE AL 25, FIH popgen32 BAF 1AL A4
AN TRLRE AR ] FIUAS [ B A P e — {67 8 79 &5 7 28
BRSO A R A 3L KL Shannon' s {5

BIEE R Z T8 £, il 1t Microsoft Excel if
BB R

2 HRESH

2.1 BIEMRMEBASEZEEASEHEXNE

S

HE B T ok 4 T 103°34" ~87°21'E 35°20 ~
28°16'N V4K 4325 ~2000 m /& J5 X, 75 25 30
J7LVE KB MY M A A A 2 b b I AN R X
P AR S AR R W] 2 S i DO
F S A7 o IE A G 246 ) 5 MLE 2 IE AL,
SRR R RAOC (R 2) . e RUEATEDY
S e Lo DX S AR ) g v 3 S e X H: B O R
A (3G I 5 BEE 2 BE 38, B GO Y
A BE IR A Bil A TR v BE S, B O E HA
TR B R 5

F2 WMEESEESHEEASEHXESN
Table 2  Correlation analysis of geographical factors and

protein contents of pea landraces

EgE| £231:3 G K
Item Longitude Latitude Altitude
&R 0.278* 0.196 -0.088

Crude protein

*.0.05 KF L EES

% ; Correlation is significant at the 0. 05 level (2-tailed)

2.2 BmMEFHHKAE RAEEARNSESH

AN AEZS X ) 54 40351 5 A R F B &
WAV 2ZER(R3), MR R s A E AR
&R 17. 58% ~28. 67% , Hor a8 (5T & i e i I B
BRI VY SESE I 1l X, B AR A RR A
VOIS rE R Ll R T PR B Bl PR R R T 25
SYBT B, 54 A5y B R T R R A B T AR
R

54 03 B 5 R OK B R SR R A
BiEEA—ENZER (E3), Hd, KintEEN
TR R E Y 86.12% ~91.40% b s v
Al TR M EE4.76% ~8.29% , KA &
HARHBEEEAMN 10 5, MERSKEEA
JAH B, W A T2 AR R KO R T )
RV UM L KIS R LA B S N
Rz B ESERE, Hitk, v ERAE)
2 BN R R
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Table 3 The total protein,water soluble and salt soluble protein content of 54 pea landraces
o HEN KRN s s HE KPR VAR
No. Total protein Water soluble Salt soluble No. Total protein Water soluble Salt soluble
protein protein protein protein

1 20. 63a 88.91 6.96 28 21.67b 85.63 6.72
2 19.51a 90. 47 5.04 29 20.94a 88.37 5.98
3 22.59b 88. 66 7.36 30 23.10b 90. 12 7.35
4 24.42h 91. 28 8.21 31 20. 88a 87.63 7.16
5 22.47b 89. 46 7.56 32 19. 32a 87.36 4.82
6 22.00b 89. 60 6.46 33 20.71a 89.13 5.96
7 25.37¢ 92.67 6.27 34 23.04b 90. 16 7.45
8 21.20a 87. 40 7.91 35 20. 44a 88. 74 6. 96
9 21.93b 89. 87 7.73 36 22.40b 89. 45 7.03
10 21. 86b 87. 84 6.36 37 19.01a 87.32 6. 14
11 17.58a 90. 31 5.56 38 23.95b 90. 67 7.49
12 28.67¢ 91. 20 8.01 39 20.73a 89.96 7.08
13 23.21b 87.37 6. 11 40 22.30b 87.63 6. 54
14 21.92b 90. 61 7.37 41 18.45a 86. 13 5.18
15 19. 19a 87.49 5. 65 42 19.25a 90. 00 4.76
16 20.37a 88. 66 6.24 43 19. 54a 86.79 5.85
17 21.05a 89.53 7.39 44 22.20b 90. 63 6. 63
18 22.86b 90. 01 6.76 45 19.42a 86. 12 5.52
19 24.58¢ 91.21 6. 37 46 23.51b 87.15 7.68
20 21.25a 88.24 5.92 47 22.38b 89. 62 8.52
21 25.71¢ 91.22 8. 11 48 20.92a 86. 16 7.15
22 23.66b 90. 60 8.29 49 21.31a 90. 43 7.74
23 22.73b 91. 40 5.52 50 23.48b 88. 69 6.83
24 23.60b 87. 80 8.24 51 25. 66¢ 90. 24 6. 48
25 21.95b 89. 12 7.83 52 20. 84a 86. 42 7.16
26 21.98b 91. 14 5. 06 53 20.99a 87.65 6.52
27 20. 56a 87. 60 6. 47 54 20. 19a 87.23 6. 68

% H Duncan’s multiple range test 77543 0T, 25 FF 5 (02 H B8 & 5 8 1 BT & RE SR AR 11 5 FE S A L, [R) — 510K /) 55 8 360 o 25 M 22 %

oy

(P<0.05,n=3)

Using Duncan’s multiple range test method, different letters in the same column indicate significant differences( P <0.05,n=3)

2.3 BEKAMZEBK SDS-PAGE 4317

54 15y B 50 BFFRLK B P B 1 4 SDS-PAGE
HLUK , R AT 2RA 22 F 38T | 15 B0R R b
SE(E1-A) o BRI 2 89 1588 457K i 1 2R
g, B R [F iy 43 5%, HAR S
H 6 ~43 % P B MR K R R S AR ECH
20. 4 5, Hi 31 5 5 A RL AR B KIS PR R A
AR B £, N 36 45,10 18 51 40 S b RHE AL
e, b 22 4.

TE 43 SANFERS RT3 7E 54
AR B BULE 6 ~ 54 YR, MR Y H BRAT R
FAL11% ~100% (3 4) , Fe N Z R 48 506 Bl E

0~0.50 Z[A]($5),HH3 457 21 f138 S
TEFTA L R 34 B, L AR 100%
SR ZREERR B 0, G ;6 S 7 54 10 i
SRR PR AR, A 11 1% XU 6 Y B s
MRk B, A T A RS | R R AR R,
AR, 8.12.15 .27 34 140 S3EA471E 54 Gy b1k
() H BRUCETE 40 WA (RS S P 2 RE S B0
K, 0 0.50, F WXLy A8 Sl vy 28R, Bl
LKV PE A% I KL A R A TV LA 24,71 ~
149. 54 Ku Z 7], HHp A~ DXk L gk g iy 48 o B
439K 24. 87 ~50. 41 Ku AT 43 (1) 8 1 3
F156.34 ~88.08 Ku X/ FHME AL, 7F
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43 5 HE Ik, M Xy TR TE 88.08,68.25 ., SRR, VU5 A B K IR K F B A
62. 38 .44.76 F129. 89 Ku ZbMiE M HE HIH W, X  EHFEHBREES,

MRS 6 ¥ B B

- i

:
! £i¥
f‘ - -

14
25 - - -
M. 7 15 Marker, & #7 8 475 HEAT , HARX 207 B 40901y 25 Ku 35 Ku 45 Ku .60 Ku.75 Ku,100 Ku 140 Ku.180 Ku;
A H 10 ~ 18 S E BB K A M8 11 SDS-PAGE Lk [, 54~k 18 TR A 22 m X oL ) 75 BR A 155
B: W 1 ~9 SHBRM BT H SDS-PAGE HLIK IR, R TKGE TR 53 7R X 17 (1 75 BR AR
M Protein Marker, contains 8 protein bands,and their relative molecular weights are 25 Ku 35 Ku 45 Ku .60 Ku.75 Ku,100 Ku,140 Ku,180 Ku,

10 11 12 13 M 14 15 16 17
Ku

A
180
140

100

10

N/

60

A :SDS-PAGE electrophoresis of water soluble protein form No. 10-18 hulless barley material ,at the top of each lane number
corresponds to the digital representation of barley materials,
B:SDS-PAGE electrophoresis of salt soluble protein form No. 1-9 hulless barley material ,at the top of each lane number
corresponds to the digital representation of barley materials
E1 54 BmEMHFHERKREMBREER SDS-PAGE Bik
Fig. 1 SDS-PAGE electrophoresis bands of water and salt soluble proteins of grain of 54 field pea landraces from Tibet

*4 54 BBEHRFF SDS-PAGE BikiG w5t
Table 4 Statistics of seed protein bands in 54 pea landraces by SDS-PAGE electrophoresis

S KEMEERE  BIEMEER || MRS KEMEERR  BEMER || MRS KEMEER HRETEEA
No. JEH WPB 7% SPB || No. i WPB 7% SPB || No. i WPB ik SPB
1 30 12 19 27 14 37 34 16

2 30 11 20 24 13 38 26 17

3 28 14 21 30 10 39 32 9

4 30 15 22 34 12 40 22 15

5 26 15 23 27 11 41 30 12

6 28 9 24 29 12 2 29 15

7 28 14 25 31 17 43 27 16

8 27 16 26 32 10 44 32 6

9 28 10 27 26 12 45 29 8

10 29 15 28 26 14 46 27 14

11 30 12 29 33 14 47 30 14

12 33 15 30 30 18 48 30 14

13 32 12 31 36 13 49 30 12

14 32 7 32 34 11 50 28 10

15 26 17 33 34 9 51 34 13

16 27 16 34 34 13 52 30 17

17 32 14 35 30 9 53 25 13

18 22 16 36 31 12 54 27 14

WPB KPR (& ; SPB . Bh A PER (g
WPB : Water soluble protein bands,SPB;Salt soluble protein bands



258 N7/ S O G S 19 %
x5 MBRBEEMAMFTFAREEEREESEESN
Table 5 Diversity analysis of water soluble protein bands in the seeds of 54 field pea landraces
HHE ;Efﬁ¥ - HEEUEES HHE *E§%¥ —_— REEPES
T O S ST P e R C S S P
Protein Relative Oceurrence Occurrence PFR%C H || Protein Relative Oceurrence Occurrence TEFRE H
band No. molecular times frequency band No. molecular thmes frequency
mass mass

1 149. 54 44 81.48 0.48 23 44.93 17 31.48 0.30
2 138.95 51 94. 44 0.34 24 44.76 43 79. 63 0.48
3 125. 37 54 100. 00 0. 00 25 43. 49 50 92.59 0.39
4 116. 28 54 100. 00 0.00 26 42.31 47 87.04 0.43
5 107.76 54 100. 00 0. 00 27 41.27 41 75.93 0.50
6 96. 66 6 11. 11 0.11 28 40. 34 12 22.22 0.20
7 88. 08 54 100. 00 0. 00 29 38.02 44 81.48 0.49
8 82.56 39 72.22 0.50 30 37.35 37 68. 52 0.49
9 82.07 35 64. 81 0.48 31 35. 67 18 33.33 0.31
10 78.28 33 61.11 0.47 32 34.08 23 42.59 0.36
11 75.36 22 40.74 0.36 33 33.61 45 83.33 0. 47
12 69. 96 40 74.07 0.50 34 33.15 40 74.07 0.50
13 68. 25 31 57.41 0.47 35 32.55 33 61.11 0. 47
14 65. 68 31 57.41 0.45 36 31.97 15 27.78 0.26
15 62.38 42 77.78 0.50 37 31.12 44 81.48 0.48
16 60. 08 30 55.56 0.44 38 29. 89 54 100. 00 0.00
17 59.55 44 81. 48 0. 48 39 28. 45 52 96. 30 0.26
18 57.19 23 42.59 0.37 40 27.19 39 72.22 0.50
19 56.34 8 14. 81 0.13 41 25.84 14 25.93 0.24
20 50. 41 35 64. 81 0. 48 42 25.47 52 96. 30 0.26
21 49.31 54 100. 00 0. 00 43 24.71 53 98. 15 0.19
22 46. 12 31 57.41 0. 46

2.4 BERBEEOMBRKBIXD T

54 1y 5 24 B R i PR R 1 48 SDS-PAGE
HLPk, 360y 85 699 A ER Mg, Hoh i B R AR ]
g 24 7%, WA RIEE K 6 ~ 17 %, F ¥ &4
MOEHETT 5500 20,4 %, Horp 30 5 8 5 A R
B R S AR 2, 18 &, 1M 44
SHRRNE R B, 6 K (F£4), 24 KA
TR RN kA 72 54 0 B A Rt bt 310 A Ry
18.52% ~100% , 3K Z FEPEFE 200 0 ~0.50, 6
S A T BRI R P A R R

HF100% , A7 5 17 S 3% B R 5 AR, R
18.52% ,AXAE 10 o G B b 8, 7 .13 Fi 22
Tk B Z AR U R, T 0.5 SR X Rl
W RRFEE(EKRG) .,

Wi AR VPR IR 45 0 BE AR X 4 R R TR
24.85 ~91. 24 Ku, HH  FHXI 018 AE 69. 32 44.22
36.06 F134.28 Ku ARy W1, 551 G KR
P FEAR ST 43 A HE , — BB X i R A 2R 1%
I 3K BRI e B Y R i S R K T
AT AR FENBE 25,
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Table 6 Band analysis of salt soluble proteins
N AR 53T . AHXS 3T
E i " BB B ) R
e Bt (ku) HEERV €4 N e Ji s (ku) HEEIR €3¢ .
Wi (%) HENZH || WS (%) BEHZHE
Relative Occurrence . Relative Occurrence .
Protein Occurrence e % H Protein Occurrence TIe% H
molecular times molecular times
band No. frequency band No. frequency
mass mass
1 106. 67 53 98. 15 0.19 13 36. 61 39 72.22 0.50
2 94.92 13 24.07 0.23 14 36.37 20 37.04 0.33
3 75.63 35 64. 81 0.48 15 34.93 29 53.70 0.44
4 72.52 19 35.19 0.32 16 34.58 21 38.89 0.35
5 69. 90 21 38.89 0.34 17 33.79 10 18.52 0.16
6 65.50 54 100. 00 0. 00 18 32.73 45 83.33 0.48
7 46. 00 38 70. 37 0.50 19 32.02 20 37.04 0.34
8 45. 08 16 29. 63 0.28 20 30. 86 49 90. 74 0.39
9 43.92 42 77.78 0.49 21 30. 68 10 18.52 0.18
10 43.44 19 35.19 0.32 22 28.58 38 70. 37 0.50
11 42.12 24 44. 44 0.38 23 26. 39 43 79.63 0.48
12 41.39 13 24.07 0.23 24 25.19 28 51.85 0.42

2.5 BESW

AR A 1 B3 (UP-GMA) X 54
HEAP RS T PRI T R S T RIS Rk
WY& 2) , B BEbE ek it 4% A AL 3R 250748 S 1Rl R
0. 60 ~0. 91, R IE T VU A [/ X B A 3 2 AR K
ot b5 Fh ] B4R 15 5022 AR K, 23 124 SR
53 F1 54 SRR E] ()38 1L AR R B K, S 0. 894,
FWIX 2 AMRRSL 22 55/, R KRR, 54 7
MRMEBAEHH IR S GS {HH 0. 6 KF-_E2HE N
— 2 TEBAERIL B 0. 696 K- I8 8 NARE,
S TR 1 RE S ITZREE R 1 bRl 5 T2t
B8 kL, AT oy ok 2 AW S IVISEE R 3 04
50 VIEREA 3 oA 58 VIZERER 13 btk 73
R 2 AN S VIR 1 kbRl S5 VISR i
KIEGZERE, A 25 M RE FEs AL FR £ 0. 76 7KF-
L AR T A ERE, HUE R K P AN [
TR FE R M b R RO IR B SR Rl
T2 A SUR S, R AN T (b kL 2 A A s
2 5 b PRI 2 R IR R &R
2.6 ARABHRHSEMRBEANEESHEER

R 5518 7 A Ak R S LT 4 15 B, 54 1 78 B
5y R 4 A AESIREEIERE , BEHALT 3000 m (2K
IR 3000 ~ 3500 m BYZEHE AR 3500 ~ 4000 m
AOZRBEFNEAR = 4000 m AUZERE, 451 3K 86 5 A4 B

SRR SR W T, S5 R TR IR
Kb, 4 ARSI 54 00 B RHFP 25 (1 LTk
RIS AECR 67 %%, BB R 60 5, 2 H
4 89.55% , MWL ZREEFE B (H) 7 0.34, 2%
FEN - R ZREERR O 0. 27, 4 ANAESZEHE
K 2RI — 2 2 5, 28R BUR IRE
BBl } 39 ~55 45, P21 50. 5 5% 280 A 4 R AR g
4 58.21% ~ 89.55% ; Shannon's {5 5 48 %5 2% & 115 ]
90.33 ~0. 52, SFIIME A 0. 43, 4 RS0 HE KT (Ne)
AR 1. 41 ~ 1. 62, SFIE R 1. 52 48 A A8 5 i oy
[ ( Ne/Na) 2215 0. 85 ~ 0. 89, F-34{E Hy 0. 87 ; KA
AR R CH) 288 ] 0. 18 ~0. 35, F¥{E 4 0. 27,
54 B LA RIS RE (] I R AR AR B (He ) 2
0.3223 , B N L Z HE 48 50 (Hs ) /2 0.2929,
LR S S 34 R B0 (Gst ) 42 0. 0913, FEAR AL 311
FEPRIAE (Nm) J2& 4. 7971 (% 8)
LA ATE ,1E 2500 ~4000 m 7K K
I A IRV BT AR AR AL TR K, AR TP L
Foft i A7 S = 0 4 X 5 B0 A 7R MR 3500 ~
4000 m AYAEZS X, HRJE >4000 m KL EAGHBIX , 1
285 AR EIIE T P4 i o 7 X FR B A AR IR
3500 ~4000 m FY H W 0] | 1L e X, A 0 A0 AR B
PR RE R, 52 AR A e KB G Rk A T £

FERYAS S5
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Fig. 2 N-J phylogenetic tree clusters of water soluble and salt soluble
protein subunit band patterns in 54 pea landraces
F7 AEBEBENREESKBRESHEST
Table 7 Genetic diversity analysis of pea ecological groups from different altitudinal gradients
. . . s . AR ) LM
S WAL SIS F R e 2R - Shannon's LR
R (m) " " " GE N A HAE(% )
No. of HEREL FE L 8% H ISR No. of
Altitude Ratio of Percentage of
accession Na Ne I polymorphic loci
Ne/Na polymorphic loci
A <3000 4 1.58 1.41 0.23 0.89 0.33 39.00 58.21
3000 <A <3500 8 1.72 1.50 0.18 0.87 0.41 48. 00 71. 64
3500 <A <4000 33 1.90 1.62 0.35 0. 85 0.52 60. 00 89.55
A= 4000 9 1.82 1.57 0.31 0. 86 0. 46 55.00 82.09
-] Average 1.75 1.52 0.27 0. 87 0.43 50. 50 75.37
SR Total 54 1.90 1. 60 0.34 0. 84 0.50 60. 00 89.55

A Altitude, Na ;: Observed number of alleles, Ne: Effective number of alleles, H : Genetic diversity index,/:Shannon’s information index
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Table 8 Estimates of genetic diversity of 54 pea landraces

R R LN FRENEER  BERIAES O REK
pEY ¢ SRR SRR PR PR
Sample Hi Hs Gst Nm
54 0.3223 £0.0287 0.2929 £0.0251  0.0913  4.7971

Ht ; Total genotypic diversity among the population, Hs ; Total genotypic di-
versity within the population, Gst : Mean coefficient of gene differentiation,
Nm ; Estimated gene flow in the population, Nm: Estimate of gene flow

from Gst or Ges. E. g. ,Nm =0.5(1 - Gst)/Gst

3 g

5 ol 10 358 1 72 S B A A 3k DL P A
FRYET , 458 WA i) 2R 206 Z2 R LI ) X0 B 4 1T
Feg SR RRAE B S T R R R
DNA 73 FHric A 18 4% 2% | 2E P Ak 2 A0 36 RURRAE
ST AT T AL AR S S A S e i oY AR
AFF 9% 38 3 X6 PR 54 1) B G AR S A4 0T 2 R
IRk B gt 1 2 B E B 40T, R B K I A
FER MR A SE I Z R TR B 7E 0 ~0.50 2
B, HUEATDAE PO G A R IR A EE R
WAL AR5 F0 50 F I e B B2 8 A 50 e i v
BRI AL T 5, kW R T R e RO B R B e
FEl,

HR KV e RN Fh Vs R B i iy 22 5%, 7R st (B A
RIRECH 0. 696 KF- - 54 G5 270 B4R 3 Ry
8 ANZHE, AN IR E (R b Rk ] I A 22 90 1 B A )
oA RS, 5 R o (1) b R JE A B 1)
FEHRAE X5 TR e RUT A Y B g 4
B, X T BES U R X AR A b A B AR
K, ANTR) XL [R) FRSRE 2 P 5, FLR 1L BELRR T 9 0
JBT (] A R IAE , P R 0 3 1 B 5 ) o AR v 5
PR VRR A ] (1 B4R, i AN [ 40 o R ) £ 58
X RIS IR R R A AR A IR B T W A
Jo % IR A% 22 RE R R B — E R0, B 4R
3500 mPA b, B SR st L 2RV e bR 8 i
THFHRART 3500 m WAESIRELIX, BLa5 R 5 TE =4
25054 1) ] RAPD 1 ISSR 4347 PG J8 T 2% 5 A K 3 33t
& 2 REVE I 25T AARL , BV e B, (kA i)
AR A AR NI N AT SR RN B VA R R
SR BEBMT N I U R R SR R T R
A, 45 Figs s IR 08, S 38500 R o W U5 AR 740
FoEE

iR e AN IS AR L S A S I ¥ PS o)

EH L BIGME A RS2 R EAHE, 545
JERIEASE, M S5k B R A G (R 2), Mg
SRR A G 5 e D DX 97 380 8 g DX
SRR A —E RN B 26 R R 3G, i AR
H o A Y 3 B G 4R FE RS N, B L AR
AR R

54 03 B SR Rb BT SR R s AR ZAEVE (H) N
0. 34, W57~ & JT A At b Rk ] 35t 4% 742 5 19 34%
M A1 64% 1Y it 15 2 5 k£ REAR N,
F. C. Yeh 250k Gst JEEIAE 0. 151 ~0. 25 fLFEK
35t f% 22 5 B T I R, PR 2 4 > b FA 250
TRRI B 55 P REAAR ) o34k, ARG B 0 L R It
Nm N 4.7971,S. Wright Ik N Nm 8T 1 BR &
TR R by 5t A% T2 88 JF 45 43 4k, 1 J. M. Mcdermott
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