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Notes: In a hybrid relationship, the top of the " x " is the female parent, and the bottom is the male parent, and the arrow points to the hybrid
offspring. The dotted lines are connected to indicate the same cultivars. The somatic embryo induction rate of cultivars in black italics has not
been studied in this article. Somatic embryo induction rate of red font cultivars>20 %, and these cultivars were defined as high frequency
embryogenic cultivars; Somatic embryo induction rate of blue font cultivars = 10 % ~ 20 %, and these cultivars were defined as inducible; Somatic
embryo induction rate of black font cultivars<10 %, and these cultivars were defined as recalcitrant ; The somatic embryo induction rate of Haiken
2 was obtained from the published literatures®®'”). Most of the genetic relationships of the cultivars shown in the black boxes contain an high or
inducible somatic embryogenic parent, and most of their hybrid offspring are high or inducible cultivars; Outside the black box, most of the
cultivars do not contain high or inducible parents, and most of their hybrid progeny are recalcitrant cultivars. The proportions of recalcitrant
cultivars in the primary, secondary, tertiary and quaternary clones with known somatic embryo induction rates were 57.1%, 58.3%, 30%, and 0%,
respectively.

B 1 BEMRENEAERLERNERIN

Fig. 1 Pedigree analysis of rubber tree and analysis of differences in anther embryogenic ability


http://www.sysmex-partec.com
http://www.sysmex-partec.com

146 Mook B

R

i35 %

TERG R F, RUITRE AR 35 i b 21 A SR 5
s, WAk, B Rk, ST RBLE
FERT, D& PR107 AN EREKZ, 4
1414, LI PR107 HACARMFIA GT1, 93-114,
RRIM513., PB86. RRIM600 . ik 1 46 AL,
2.2 TEHAGALFE AL E S

A ZJ1 i JVRS RS 7 1Y

B AL 2y i 4

B FEILE 2, 2K 32 A AP RES T T At
HA, ZRGHFIE M FIREER S 53R 2 L@
HAGEF R, b, 314 AR 44
Rk 50% LA E (% 1), KUl i 414
7 PR AW AL B HLGE S BA)
.

W ARIFIRERE; BAIJFIES; CRINMESITETR: DAL R A HE; E USRI MbaTIVAENLE; FAMBEMEM; GAIRm L
Notes: A. Unopened male flower; B. Peeled calyx; C. Strip the stamen and cultivate; D. Callus formation on anther wall; E. Differentiation of
torpedo-shaped somatic embryo on the surface of callus; F. Cotyledon-shaped somatic embryogenesis; G. Somatic embryo plantlet
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Fig. 2 The Induction process of anther somatic embryo plantlet of rubber tree
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Table 1 Induction rate of anther callus, somatic embryo, cotyledon somatic embryo of
different rubber tree cultivars
ARSI R % PRI B % TR R % S
Callus induction Somatic embryo Cotyledon somatic ﬁi%ﬁ?%ﬁﬁﬁﬁz\ﬁ
Eh AR5 21 Ly rate induction rate embryo induction rate ~ Somatic embryo
Cultivar classification Cultivar - induction ability
MEEFRIE  SEigR3 ME; 77 5 Sk FHE ME; 77 5 SE; IRk classification
M medium S medium M medium S medium M medium S medium
PR107 (82.2+16.8) (61.9+21.8) (4.23.3)i (343) g (0)e (0)c X Recalcitrant
GT1 (75+8.1) (75.8+16.2) (0)i (0.320.6) g (0)e (0)c i Recalcitrant
PB86  (66.5+11.7) (55.5¢25.1) (26.8+13.8) efgh (19.8+9) defg (0)e (0)c % High
PR Tl (59.215) (58.9419.3) )i ©0)g ©0)e (0)c A Recalcitrant
First--generation clone
HER1 (73.742.1) (50.849.6) (31.8#3.7)cdef  (7.9+2.1)g (4.121.5) de (0)c 5 High
KAE31-45 (35.9+22.4) (28.9+18.6) (0)i (0)g (0)e (0)c X Recalcitrant
G311 (68.3%31) (74.6£26.2)  (10.743.8) hi (11£3) fg (0)e (0)c A Inducible
=WET77-2 (40.9+10.9) (34.4£19.5) (0)i 0)g 0)e 0)c M Recalcitrant
ZHFT7-4 (57.2423.2) (46.7+19.6) (0)i (0)g (0)e (0)c X Recalcitrant
ZAf73-46  (71.8+13) (73.748.6) (6.7£1.4)i (0)g (0)e (0)c X Recalcitrant
f*551-285 (68.919.8) (59.6£22.9) 0)i (0)g (0)e (0)c X Recalcitrant
93-114  (77.546.6) (66+13.5) (0)i (0)g (0)e (0)c X Recalcitrant
WEREER RRIM513 (74.7+1.4) (76.3%21.1) )i ©0)g ©0)e (0)c A Recalcitrant
Second-generation clone
IAN873 (74.2+18.5) (73.5+14.1) (0)i (0)g (0)e (0)c i Recalcitrant
KF95 (55.5+27.2) (37.9415.4) (13.5¢4.1)ghi (30.9+34.3) cdef (1.7+2.9)de (6+10.3)b % High
RRIM600 (77.8£19.2) (76.9£20.7) (13.2#13.8)ghi  (11£10.1)fg (0)e (2.5+4.3) bc I Inducible
H141-2 (68.9+33.2) (61.3¢43.7) (48.1+34.2)bc (47.2¢39.1)bc  (13.3+10.4) b (3.841.1) bc % High
SCE217  (87.646.9) (92.4+10.9) (17.6+1.2) fghi  (16+2.6) defg (0)e (0)c A Inducible
HiR32713 (69.2+18.8) (56.7+10.3) (0.7£1.2) i 0)g (0)e (0)c X Recalcitrant
KE117  (51.24¢3.1) (43.3x8.4) (15.60.7) fghi (0)g (3.2£0.3) de (0)c A Inducible
#AF217  (70£30) (49.3+33.4) (0)i (0)g (0)e (0)c X Recalcitrant
LE11 (94.445.9) (89.8£#10)  (11.5x2.2) hi (6£1.7) g (0.6x1) e (0)c A Inducible
WAH917 +5. A 6% T+24. 6% High
MR i (86+5.2) (73.1217)  (47.6+19)bc  (35.7424.4)bcd  (0.6¢1)e (0)c % Hig
Third-generation clone 473397 (85.3+2.7) (79.1%6.7) (95%5) a (94+10.4) a (23.1¢8.2) a (17.3x5.1)a % High
RHE3  (79£20.1) (74.8422.3) (46.7+2.6) bed (56%1.7) b (6.6£0.9)cd (5.6+1)b % High
fR523412 (94.1£5.2) (94.36.1) (4.3£1.5) i (3.7¢1.4) g (0)e 0)c M Recalcitrant
#F88-13 (90.1x7.9) (81.3t7)  (83.5¢11.7)a  (77.4£19.9)a  (11.5%6)bc (3.8+3.9)bc % High
PB235  (46.9+12) (53.7¢+13.4) (35.5+0.8)cde (37.1¢1.1)bcd (2.9+2.9)de (6+0.3)b % High
628 (87.4+4.6) (80.8+20.1) (4.424.2) i (12.4+9.7) efg (0)e (0)c A Inducible
DU AR T R #E525 (79.4£10.3) (67.2¢11.1)  (56.9+19)b  (35218.2) bcde (7.2¢4.6)cd (6.1¢5.4)b % High
Fourth-generation clone #1879 (90.9+10.1) (78.6+16.6) (31£20.7) cdefg (32.5+15)cdef (3.746.4)de  (0)c 5 High
HAF918  (96.543.1)  (79+22)  (29.7410.4) defg (36.1£17.7)bcd  (7.5¢5)cd (3.524.3)bc %) High

Ee S AT BB RR =R EEME, NS e AR E . RAERTNE R R2E AL B E1E96.1%, HIETEk#%
(45.0¢3.5) %, JE T 5, Bk B SCHR5,17].
Notes: In parentheses, the numbers before the plus and minus signs represent the mean of three repetitions, and the numbers after the plus
and minus signs represent the standard deviation. The callus induction rate and the somatic embryo induction rate of the secondary-generation
clone Haiken 2 were 96.1% and (45.0+£3.5) %, respectively, which belonged to high frequency embryogenic cultivar, the data came from the

literatures[5,17].
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Fig. 3 Flow cytometric analysis
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xR 2 BEMAREREZEESFERNER
Table 2 Ploidy test results of somatic embryo plants
of different genotypes of rubber tree

BEA A5
i Mother
Cultivar plant

ROMARIR SR AR =R
Number of somatic Number of  Number of
embryo plants tested diploid plants triploid plants

ploidy
HE525 A 113 113 —
BHE141-2  —fEik 100 100 —
IHE73397 Ak 86 86 —
PIF17  —fEfE 50 50 —
8813 —fik 50 50 —
HE2 A 50 50 —
PR107 Y=Y 34 34 —
XE217 %k 25 25 —
XE1 Ak 16 16 —
Wi918 ik 14 14 —
ZWI73-46 =ik 8 — 8
AO311 3 3 —
A ik 1 1 —
EHITT4 =5k 1 — 1
f221-285 —ffik 1 1 —

JORR, Hodr, #EF 73397 BURLN IR S R B
ik 95%, M 879 MyfR ik 32% DL, BE ST
PN e

3.2 EFEZRATEHEYEHMEL £ NRXE
E&, FHRixfee &g,

Hodges &8, TEMRIAIEFRAMHT, £XK
A188 [ 28 Z 1 /R 41 B 1544 B8 g 3 v T Ho At
R, UHAERFEASHHARR N AL RIITH
2, R REA AR BANUAFIAFAfE
ZW AL RIITIE, FoscafbiiAae ithzs, %
PR S [) L R R R A PR A0 M P RE A Bk 25 57
H Al LR, Parrott 55 A& B, 5& R 8 X6 K G A 40
MR & A RE AR K, A R FAERE 5 R
1 H R R # A — S F A = A BE D B AH S R
A%, HE P R 3 P A S I A R S R AR ) 2
2 FUREB A RE S, RITK SR
AR 1A ERY, Niskanen 88 &3, SCARFIEEA
(18 2L R R RO AR A AR AN LR e ARG 5], FER
PEALURIETAE S B, AR TR, FEik
PEAL LU AR RIGTE BN B, ACAS 5 MR A G A 18
NS, AEg AL AR SR AR R 5 4L 2075 T

PSR Z G AR g, S SRS
A AT A 20055 B8 S AR AR R B IR O,
N[ R R 75 B R A 05 2E 40 R A AR RS
FAGHLEFRE S AT I, AR A R 20 B
IR AT, AT T 384 R AL 25 PR 4R
RAMGE, KA [E] SRR ] AR A R 2 A= B A7
R E 2SO ARG X 32 AN R
PIAELG A SUR AR A0 MRS SIS A T 400, &
PR IBA B 2 2055 T B S ASAEAE A B g S R AL
M), T AR 40 L S 2 A B T A7 A B I 1 5 PR B 52 i)
XFFR A A R APkt TR AR R
LSRR RN R AR RE I AHOG, AUARFIREAR ) 5 ]
FAURGIAR R RE S, B0 F A5 T AT
WA, FA G T iE R IEIE, R
TRANARE A Re ST siAE . JIAMARIFRE R IR, 0
RIS R AR At . A AT
PE R TS SRR 2 A A ERAR YOS, HEDN R
BoHHESFEAGHEEREANSE, FRT5i1ES
PRI A= i A A 12 i 22 A a3
3.3 EMEHERBLREHEEESR, RUAES
ERE=S; rrdE i iE K  EEEE YL
REBEERERRRETAEMBER N BIDE
E Bk

Gawel 544 B8 =2 RN ML VR (AR AL i A 5 R RE
PR AR AT 2228, A3 H T R AR R4
MR L ARE ST, Goil2h R BRI AL AN IR 4 A S
th Z S 58H0EY, S E SR 13 4~/
FATER R L FA AR AE 258538, RN AL
TR HEHE R Ak, R Z I
B PRARABAR O, ] P45 FH R]— b s 2 1 32
K728 F1ARHEAR 110 MR RIIAEZ, 25 R RBIK
FEAE 28555 102 th Z 3L Rl B, ak s AE %ok
JRFIEE . BVEATDEM 144 AR F E K A
F IR 0 20 20 0% T B T A SRR A T 0F
9%, GERRHFORMIERE TR 08 LA 5757 22 3L
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T4 455 3 7R /N7 rhoa 2Rk AR SE B TaWwOXs5,
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e, i ELR H P 2k WUS2 1 BBM 2511 5
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2 . BRI AR AR AR B T REE Y, A
TIFFE H Z2 AR IR b () A 200 M i e 3 2 v
ALNROBIFIR 25 50, HES 25 TR dtelt .
3.4 Z#HEERIFERER, BXERMSARLEE
WA RE R £ S HFEES M LA

1E H AT Ak 1 2R SR, % PB86.
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% 31-45. 93-114 il RRIM513 253574 1 J5 AR AR IR
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SAEILRY b AT ORIR B R R AL, A0 S A
PR SACHE | BEAREESRILOHE | B2 R R . Lk
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Differential Analysis of Anther Embryogenesis between
Different Genotypes of Hevea brasiliensis

GU Xiao-Chuan', PENG Su-Na', DAl Xue-Mei', ZHOU Quan-Nan', SUN Xiao-Long?,
GUI Ming-Chun?, HUANG Hua-Sun', HUA Yu-Wei', HUANG Tian-Dai', ZHANG Yuan-Yuan'

(1. Key Laboratory of Biology and Genetic Resources of Rubber Tree, Ministry of Agriculture and Rural Affairs, Rubber
Research Institute, Chinese Academy of Tropical Agricultural Sciences, Haikou 571101, Hainan, China;
2. Yunnan Institute of Tropical Crops, Jinghong 666100, Yunnan, China)

Abstract: [Objective] Clarifying the effect of genotype on rubber tree somatic embryogenesis and combin-
ing with pedigree analysis to classify and group will provide a theoretical basis for accurately optimizing the
somatic embryogenesis system of rubber trees. [Method] The genetic relationship between the 32 main
rubber tree cultivars and their parents preserved in China National Rubber Tree Germplasm Repository
was clarified through pedigree analysis. The two mediums with high somatic embryo induction rate in mul-
tiple cultivars in the previous experiment were used to induce callus and further induce somatic embryo-
genesis with anthers as explants. Finally, the induction rate of somatic embryos based on genetic relation-
ship was analyzed. [Result] The pedigree analysis of 32 rubber tree cultivars showed that 7 cultivars were
primary clones including PR107, GT1, PB86, Tjirl, Haiken1, Tianren31-45, and Hekou3-11. Twenty-three
of the remaining 25 cultivars are genetically related to 1-3 of the above 7 cultivars. It is clear that the
source of parents of rubber tree cultivars in China is narrow. Combining pedigree and somatic embryogen-
esis analysis showed that the somatic embryogenesis ability of rubber tree cultivars is closely related to the
parental source, and the parental somatic embryogenesis ability determines the somatic embryogenesis
ability of its offspring cultivars. When both parents are recalcitrant to somatic embryogenesis, most of their
hybrid progeny are recalcitrant. When one of the parents has high somatic embryogenesis efficiency, even
if the other parent is recalcitrant, most of its hybrid offspring have high somatic embryogenesis efficiency.
However, the frequency of somatic embryogenesis varies significantly among these offspring, and there is
a phenomenon of super-parental, which indicates that the rubber tree somatic embryogenesis is controlled
by the participation of multiple genes. GT1, Tianren31-45, 93-114, RRIM513, and other parent-derived cul-
tivars have low somatic embryo induction rate (e.g., Yunyan77-2, Yunyan77-4, Yunyan73-46, Baoting1-
285, Zhanshi32713, and Reyan217), and PB86, RRIM600, Reyan88-13, and, Haiken1 and other parent-
derived cultivars have high somatic embryo induction rate (e.g., Dafeng95, Haiken2, Reyan917,
Reyan73397, Reyan879, Reyan918, Xuyu3, and Xuyu141-2). [Conclusion] There are obvious genotypic
differences in rubber tree somatic embryogenesis, and this difference can be heritable. According to the
somatic embryo induction efficiency and genetic relationship, analyzing and grouping 32 main rubber tree
cultivars and their parents provide a way to optimize the somatic embryogenesis of rubber tree cultivars by
genotype grouping.

Keywords: rubber tree; genotype; inheritance; parent; pedigree analysis; somatic embryogenesis; ploidy
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